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BCTYII

Cnouarky Oysno CcJlOBO «an1 Xxemi» a0o
«anximia». BBaxaTb, II0 BOHO IIOXOIUTH BIJ
€ETUMNETCHLKOTO 1€poriipa «xmi», M0 MaB 3HAYECHHS
«UOPHHUI» 1 acoLiloBaBCA 3 POJIOYUM YOPHUM
IPYHTOM, IO 3aluIIaBcs micas posznuBy Hury. Lum
xKe ileporaipomM Tmo3HaYanM 1 caMm €rumer, Ha
TEPUTOpPii  SKOro,  SIK  BBaXKalTh,  BHUHHUKIA
MOoNepeaHUIS XiMii, IKY Ha3BaJIM «ETUIETCHKUM MUCTENTBOM». B nepiuii pa3 uei
TEpMIH BXHTO B pykomwmci natuHsHuHa HOmis ®ipmika B IV c1. (mat. Julius
Firmicus Maternus). Himenpkuii HaykoBens FO. JIioix (mim. Justus von Liebig)
MKCaB MPO aJIXiMII0, 1110 BOHA «...HIKOJIU HE OyJia HIYUM IHIIHNM, SIK XIMIEIO».

HactynmHuM TEpMIHOM CTaJIO CIOBO «AMIPOXIMIA» — HANPSM HPUPOTHUUYUX
HAyK Ta MeIMUuHH, skuil chopmysasca B XVI cr. Ii izes monsrana B Tomy, 110
OCHOBHOIO MPUYHUHOIO XBOPOO € MOPYILIEHHS HOPMAJIbHOTO MPOTIKAHHSA XIMIYHUX
MpoIleciB B oOprani3Mmi. Bmepiie BHCIOBIEHO i€0 MPO TMOMIYK XIMIYHHUX
npenapatiB Jjisl JiKyBaHHS. BUHUKHEHHS Ta PO3BUTOK STPOXIMIi, fIKa OjeprKaja
HalOublle po3noBclokeHHss B Himeuunni Tta Hinepnangax, mnoB’si3aHl 3
TISUIBHICTIO IIBEHIIAPChKOTO anxiMika Ta jikaps Ilapamensca (1493-1541) (ar.
Paracelsus) ta romianacekoro Jikapsi, anatoma i ximika ®. boe (1614-1672) (nat.
Franciscus Sylvius Boe). OctanHiii copMyIItoBaB OCHOBHY KOHIICIIIIIO XiMii Ta
OpraHi3yBaB IMeplUly aHAIITUYHY JabopaTopilo mpu YyHiBepcutTeTi M. Jleiaen
(Himepmanau). B mexax 11i€l KOHIEMITIT JOCTIIKYBAJIUCS TPOIECH METa00Ii3MY,
nii  (i310J0TTYHUX PIAMH OpPraHi3My; PO3PIZHSIM XBOPOOU «KHCIOTHOIO» Ta
«ryxHoro» TumiB. Ilpore sTpoximis Hanpukinii XVIII cr. BTpatmna cBoe
3HAQ4YE€HHS B MEIMIIMHI, TPOTE 3al0YaTKyBaJla €KCIIEPUMEHTAIBHY XIMIIO.

bunbmiicts ximikiB XVI-XVIII cT. 32 ocBiTOI0 OyiiK MeauKkamMu Ta 3apo0iasian
Ha KUTTA K papmaueTu. Ha BiniMiHy Bi cydacHUX (paxiBIiB, anTeKapl HE MaIH y
CBOEMY PO3MOPSKEHHI METO/IB (hapMalleBTUYHO1 XiMii. AKTUBHI CyOCTpaTH Jist
JiKiB 00yBanM 13 MPUPOTHUX 00’€KTiB (MiHEpasiB, POCIHH, TBapHH). Tomy
3’sIBUJIACh MoTpeda po3poOKH METOMAIB €KCTpaKIlli, KOHIEHTPYBAaHHS, OUYHUIICHHS
uux peuoBuH. lle OyB mouarok aHamiTuyHoi Ximii. I[lomanmpmmii po3BUTOK
BIMICRKOBOI CIpaBH, 3alUTH MeETalyprii, namnepoBoi, (papOyBaibHOI, IOBEIIPHOI,
Xap4oBOi MPOMUCIOBOCTI Il MOYaTOK CTPIMKOMY PO3BUTKY «JI€pEBa» XIMIUHHUX
HayK.

Hapasi ximis BKJIIOYa€ 5 OCHOBHUX MIJIPO3/ILIIB. aHATITUYHY, HEOPTaHIYHY,
opraHiuny, Oioximito, (pi3uuHy Ta npukianHy ximiwoo. llomanpiia cnerianizaiis



-7 ~

npuBeyia A0 YTBOPEHHS JECATKIB Mijcekuil. Taka >k curyauis 1 y BUKIaJaHHI
XIMIYHMX HayK Ta BUJABHULITBl HAYKOBUX JKYPHAJIIB.

SIK110 po3rasiHYyTH OCHOBHI crieniamizaiii B andaBiTHOMY HOPSAKY, TO BiH
BUTJISIJIA€ HACTYITHUM YHHOM

AHajiTH4YHA XiMifl 3aiiMaeTbCA PO3POOKOI0 METO/[IB BU3HAYAHHS XIMIYHOTO
CKJIaly pe4yoBUH uu cymimiedl. CTporo KaxKydu, BOHA BHUJLIWIACA B OKpeMUU
HanpsMm panime iHmwMX. Jlo kinmsgs XVII cT. xiMiero BiacHe BBaXkalld HAyKOBY
rajxy3b 3HaHb, 1110 BUBYaJIa CKJIaJ] PEUOBHH.

Arpoximia — nepeBakHO NpPHUKIAJIHA Taly3b, 00’€KTOM BHBYEHHS $IKOI €
XIMIYHI TIPOILIECH B I'PYHTAX Ta POCIHMHAX, ONTUMI3allisi MiHEPAIHHOTO >KUBJICHHS
pOCIIMH, OOIPYHTYBAaHHS BUKOPHUCTAHHS OPTraHIYHUX Ta MIHEPAIbHUX J1I0OpUB,
MEJOpaHTIB. ATrpOXIMIYHUHN aHali3 CHElIali3yeThCsl Ha BU3HAYEHHI B IPYHTAX,
MPOAYKINi 3emMjepoOcTBa  BMICTY OUIKIB, aMIHOKHCJIOTHOTO CKJIaly, KUPIB,
BYIJICBO/IIB, OKPEMHUX XIMIYHUX MIKPOEJIEMEHTIB, BITaMIHIB, BH3HAYCHH1
MIHEPAJIOTTYHOIO CKJIaAy I'PYHTIB, BMICTY OPraHIYHOi PEYOBUHU IPYHTY, TyMYyCY,
MIHEpaJbHUX KOMIIOHEHTIB IPYHTOBOTO po3uuHy Touro. [lpuitomu arpoximii
BiJIOM1 JIFOJICTBY 3 JdaBHIX d4aciB. Jlo BIIHOCHO HOBHX HANpsIMiB CJiJ BIIHECTH
XIMIIO OTPYTOXIMIKATIB, CTHUMYJSITOPIB POCTY pOCIHH. baratokpatHuii pict
BPOKaMHOCTI OCHOBHHUX CUTBCHKOTOCTIOIAPCHKUX KYJIBTYpP MPOTITOM ocTaHHixX 30-
50 pokiB 3aBasUy€E HE TUTBKH YCITiXaM CeJIeKIlii, TeHHO1 imKeHepii, 010TeXHOIOr1i, a
1 arpoximii Ta XiMii 3ac001B 3aXUCTy POCIUH Ta CTUMYJIATOPIB.

AHajiTHyHa XiMifl eJleMeHTIB CIHelIali3yeThCcsl Ha  y3arajlbHEHHI
KUTBKICHUX METO/IIB BUSHAUEHHSI OKPEMUX XIMIYHUX €JIEMEHTIB B PI3HHX 00’ €KTax
— CIUlaBax, TEXHOJOTTYHUX CyMilllaX, MIHEpaJlbHIA Ta MNPUPOJHIN CUPOBUHI,
OlocyOcTpaTax, MPUPOAHHUX, CTIYHUX BOJIAX TOILIO. 3HAYHY YBary MPUJIUISIE€THCS
MUTAHHSIM  TPOOOMIATOTOBKM,  KOHIICHTPYBaHHS  €JIEMEHTY,  PO3LICHHS,
MacKyBaHHsI JIOMIIIOK, IO 3Ba)KalOTh BH3HaueHHIO, Tomlo. Hapaszi Iucrutyt
reoximii Ta anamituyHoi ximii PAH iM. B.I. Bepnaacekoro Bumae cepito
MoHorpadii (BumaHo 52) 3 JgeTalbHMM BHUCBITJIICHHSM BKa3aHHUX TPOOJeM
(mampukotan, [1-10]).

AcTpoximMiss — BIIHOCHO HOBa Hayka, BHBYa€ XIMIYHI peaKIii Mpu
EKCTPEMaJIbHO HHU3bKUX TEeMIlepaTypax KOCMIYHOTO MPOCTOPY, a Takoxk y ¢asi
YTBOpPEHHsI 31pOoK Ta IiaHeTHuX Tul. Tak, TepmosinepHuit cunte3 He MoxHa
BB)KATU TMOYATKOBOIO JIAHKOIO PEIITH PEaKIii yTBOPEHHS XIMIYHUX E€JIEMEHTIB
BceciTy, mepmuMm eramnoMm 3apo/pKeHHS OKUTTA Ha 3emii. CuHTE3 IHIIHX
€JIEMEHTIB, aX J0 3aiiza Fe, BinOyBaBcs B HajJpax 31pOK BHACHIIOK 3JIUTTS slEP.
Haui, mounHarouu 3 ko6ansTy CO, XiMiUHI €JIEMEHTH CUHTE3YBAJIUCS TPHU BUOYyXax
HaJIHOBHUX 3IpOK 4Yepe3 siapa, IO MICTATh HAJJIUIIOK HEHTPOHIB, 3 MOJAJIBIITUMHU
cepisimu fB-po3naniB. PamioacTpoHOMIUHI CIIOCTEPEXKEHHS, @ B OCTAHHI POKH — 1
MpsIMi BUMIPIOBAaHHSA Ha KOCMIYHUX TiMaX — IMOKa3aJlM HAsBHICTh Y MDK30PSHOMY
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NUiay Ta B CKJIaJl KOMETHOI PEYOBHMHM CKJIAJHUX OPraHiuHUX MOJEKYIL.
MonexkynsipHa pajioacTpOHOMISI TO3BOJIMIIA 1ACHTU(IKYBATH 11 MOJIEKYJIH 3a iX
CIIEKTpaMH B MIKPOXBHJIbOBIN 00JIACTI.

Bioneopraniuna ximifi JOCIIPKy€ CUHTETHYHI Ta MPUPOJHI OiomoiMepu
Ta HU3bKOMOJICKYJISIPHI TPUPOJIHI PEUYOBHHHM, B SKHUX AaKTUBHUMHU IIEHTpaMu
(EepMEHTHUX CHUCTEM SBIISIOTHCS KAaTIOHM METaIIB-MIKPOEJIEMEHTIB, PErysIiio
eJIeKTPOXIMIYHKX Tporiecis 3a yuactio ionis Na', K¥, Ca**, Mg*, Fe?*, Mo®*, Co**
Ta 1H. B TKAHWHAX XUBHUX Opra"i3MmiB. [IpakTuuyHe 3acTOCyBaHHS TOB’s3aHO 13
CHUHTE30M METAJIOBMICHUX (PapMaKOJIOTTUHUX CYOCTpPAaTIB.

Bioopraniuna ximisi BUB4a€ 3B'1I30K MK OyJOBOIO OpraHiYHUX CHOJYK Ta
iX (yHKI[IOHATFHUMH O10JIOTTYHUMH BIACTUBOCTIMU; cpopMyBasiacsi Ha NEPETUHI
O1oximii Ta opraniyHoi Ximii. Jlo iX 00’ €KTiB JOCTIKEHHS BIAHOCSATHCS BiTaMiHH,
TOPMOHH, aHTUO10THKH, OlononiMepu Touo. Jlo chepu NpukIaaHUX TOCTIKEHD Y
i ramgy3l BIJHOCSATBCS MEAUYHI, OIOTEXHOJIOTIYHI, CLIbCHKOTOCIOIAPCHKI
npo0JieMu, 001aCTh XapuOBOi IPOMHUCIOBOCTI.

Bioximia nociipkye XIMIYHI CHOJIYKM B CKJIaal XKUBOI MaTepii, iXHIO
CTPYKTYpY, PO3MOALI, (PYHKIIOHAIBHI MOXJIMBOCTI, IEPETBOPEHHS, PO3MOALI Ta
MpoIleCH, SIKI NPOTIKAIOTh B JKUBOMY opradiami. llg Hayka Bumiimiacs 13
opraniunoi ximii. Himenpkuit ximik @®. Bemep (wim. Friedrich Wohler), sxwii B
1828 p. Bmepmie cuHTe3yBaB ceuoBUHY B 1828 p., 3pyiiHyBaB ysBJICHHS IpO
(OKUTTEBY CHIIY», sika Oepe ydacTb B CHHTE€31 PEYOBUH KUBUM OPIraHi3MOM.
BropoBamxkenas B 01osoriro ¢Gi3WUYHUX Ta XIMIYHHX METOIIB, CHPOOU TOSCHUTH
yepe3 OyJ0BYy Ta BJIACTUBOCTI OIOMOJIMEpPIB TaKUX SBHIN, $K CIaJKOBICTb,
MIHJIMBICTh 200 CKOPOYEHHS M’ S30BUX BOJIOKOH, OOMEXEHICTh IIMKJIB JUICHHS
KJIIITUHYU, XPOHOOI0JIOTTYHUX SIBUII, TPUBENO B cepeauHi XX CT. 10 BIAJAUICHHA 13
O10x1Mi1 HayKu MoOJIeKyIsipHOT O1osorii. [loTpedu BUpOOHUIITBA TPUBEINHU JI0 MOSBU
TexXHIYHOi OloxiMii. B ocranHio nekany Oi0xiMis cTajia JIIEPOM Cepeld XIMIUHHMX
Hayk. Ha noka3 mporo ciyrye Toil ¢akt, mo Ouibiicts HoOeniBCchkux mpemii 3
ximii B XXI cT. Oyno npucyxeHo came 3a poOoTu B 001acTi 610XiMii.

Byrueximiss BHUBYa€ MOXOMXKEHHS, CKJaJ, OYyJOBY, BJIACTHUBOCTI, METOIU
nepepoOKu TBEpAUX Toprouux KomaiuH. OCHOBHA 3a/1adya — po3poOKa TEXHOJIOT1H
OJIEpKaHHS 13 BYTUUISI Ta MPOAYKTIB MOro mepepoOKH Ta 1HIIOTO BYIJIEBMICHOT
CUPOBUHU HOBUX BYIJICIIEBUX MarepiajiB Ta aicopOeHTiB. OIHUM 13 MOMYISIPHUX
HaMpsIMKIB BYIJIEXIMIi € JOCHIIKEHHS MPUPOJHUX Ta IITY4YHUX (QYJIEPEHIB.
Byrneximisi — TeopeTHYHA OCHOBA KOKCOXIMIi.

Tanypris — po3ai1 XiMIYHOT TEXHOJIOT1T BUPOOHUIITBA MIHEPAILHUX COJIEH,
K1 HallyacTille BUAUISIIOTH 13 CUPOBHMHU MPHUPOJHOTO MOXOKEHHS — MOPCHKOL
BOJIM, O3€pPHUX, MIA3EMHUX pO3COJIIB, MIAXTHUX BOJ. 3adadl — MNPOEKTYBaHHS
KaJIIMHUX, CONSHUX, CylbhaTHUX, POoCPOPUTHUX BUPOOHUIITB TOIIIO.
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I'eoximist qociimkye XiIMIYHUN CKJIaJ HAIIO1 IUIAHETH, IPOIIECU IEPBUHHOTO
po3Moly Ta Mirpamii XIMIYHHX €JIEMEHTIB 1 IXHIX 130TOomiB B reocdepi;
3aKOHOMIPHOCTI T€0JIOTITYHOIO Kpyroo0iry 3 ypaxyBaHHSAM MPUPOJHUX Ta
TEXHOT€HHUX TMpoIleCciB. ICTOpUYHO TreoxiMil0 3amo4yaTkoBaHo poboTamu A.€.
®epcmana ta B.1. BepHancbkoro sik xiMmito eieMeHTiB B reocdepax. Hapaszi gpokyc
i€l HAyKH 3MICTHUBCS, BUXOASYM 3 TOrO, 110 BJIACTUBOCTI PEYOBUH HAIPSAMY
noB’s3aH1 3 ix (pazoBum crtanoM. B XX cT. 3’siBuiivcst MeToau aHamizy ¢pa3oBOro
pO3MOILTY, TOMY CY4aCHHM r€OXIMIYHUNA TPEHJ — XIMIUHI AOCTIHKEHHS (pa30BOT0
po3noauly eieMeHTiB B reocdepax. OueBHIHO, 1O B TOJBOBUX YMOBaX
€JIEMEHTHUM aHalli3 TEeOJIOTIYHUX NPOoO CYIPOBOKYEThCS aHamizoM (pa3zoBoro
ckiany. lle nmae wiHHy 1HQOpMAaIil0O MO0 CTPYKTYpPHOTO pIBHS OpraHizarii
PEYOBUHU: Bl XIMIYHOTO €JIEMEHTY, 4epe3 Horo MiHepasibHy (a3y, moTiM — HOTO
Mopo/a, 1, HapelITi, TeoJOoT1YHE TLIO.

ligpoximiss BuBYae XIMIYHI XapaKTEPUCTUKU CKJIaay TMPICHUX Ta
MIHEpai30BaHUX BOJI Ta 3aKOHOMIPHOCTI iX BapiaOeNbHOCTI 3aBASIKU  BIUIUBY
MPUPOJIHUX Ta AHTPONOTEHHUX YMHHUKIB. 3a/1auei0 HAyKH € BCTAHOBJICHHS BMICTY
OCHOBHUX €JIEMEHTIB €KOCHCTEM OKEaHIB Ta MOpPIB, MPOIIECIB iX O10reoXiMIYHOI
TpanchopMarlii Ta €BOIOLIII.

Iicroximis € migpo3A1I0M TiCTOJIOT1, Ie BUBYAIOTh PO3IO/I1J OPraHOT€HHUX
XIMIYHUX PEUYOBHH Ta METa0OMdITIB B TKaHWHAX. Tak, ps METOAIB 3a0apBIICHHS 3
BUKOPHUCTaHHSAM crHeuu@iyHux OapBHUKIB, Kl Ju(epeHIliaibHO 3a0apBIIOIOTh
BKIIIOUCHHS OKPEMHX CHONYK (KHpiB, HYKICOMPOTEINiB, TJIIKOTCHY, PsIy
dbepMeHTiB TOImIO). PO3BHTOK TiCTOXIMIT CTHMYJIIOE TOIIYK HOBHX OapBHHUKIB,
30KkpeMa, GayopoxpomiB, dhepMEHTHHUX MpemnapaTiB. BHacaigok B3aemomdli mux
cuenu(iuHUX peareHTiB 3  MEBHUMHU IMYHOTJI0OyJiHaMu (aHTHTIIaMH) CTa€e
MOXJIMBOIO 1IeHTU(IKALIS KIITUHHUX CTPYKTYp, IO € TPEAMETOM BHBUYECHHS
iMyHOTiCTOXIMii. BuUKOpUCTaHHS IMYHOJOTIYHMX MapKepiB B CBITJIOBIA Ta
€JIEKTPOHHIA MIKPOCKOMIT JI03BOJISIE BUBYUTH OIOJIOTII0 KJIITUHH, a TaKOX
MIABUIIUTH AKICTh MEIUYHOI J1arHOCTHUKH.

I'a3zoximisi — ramy3p XIMIYHOI TEXHOJIOTII Ta MPOMMCIIOBOCTI, sIKa BHBYAE
TEOPEeTHYHI Ta MPHUKIAAHI AaCHEeKTH TMPOIECIB TMepepoOKHu  MPUPOTHOTO,
TEXHOJIOT1YHOTO Ta CYMyTHHOTO Ta3iB.

EBosoniiina ximMifl 1o CyTl € KOHLENTYaJIbHOIO CUCTEMOIO, SIKa BKJIIOYAE
710 XIMIYHOT HAYKU MPUHITUI JAapPBIHIBCHKOT T€OPii a0 MPUHIUII ICTOpU3MY. Y 1HX
MeKax po3poOsSeEThCs TEOPisl MPOLIECiB CaMOOpTaHi3allli peuOBHHU BiJl aTOMIB Ta
MOJIEKYJ /10 »HBOrO OpraHi3aMy abo XIMIYHOi €BOJIOIIi HEOPraHiyHOI MaTepii.
[Tepmmii kpok B 1iKi ob6macti — Bigkpurts B 1958-1960 pp. amepukaHCEKUMU
ximikamu A. I'yormi (A. T. Gwathmey) Tta P. Kanniarem (R.E. Cunningham)
SBUI]A CAMOBJOCKOHAJEHHs KaTtamizatopiB y peakuisx. [Ipodecop MI'Y O.IL
Pynerxo B 1969 p. copmyiiroBaB OCHOBHI TIOJIOKEHHSI TEOPil XIMIYHOI €BOJIFOIIIi.
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ITo cyTti, BoHa € OOrpyHTYBaHHAM Teopii OI0XIMIYHOI €BOJIIOIII MOXOJKEHHS
xutTs (Onapina-XomzaeitHa). B ocHOBI — ies Ipo Te, 0 caM03apOKCHHS KUTTS
B110yBaJIOCS 13 HEOPraHIYHOT MaTepii Yepe3 CaMOPO3BUTOK KaTaTITUYHUX CHCTEM.
Karanizatropu camoy/10CKOHAIIOIOTHCS 32 MPUHIMIAMU €BOJIOLIT )KHUBOTO, TOOTO
€BOJIIONIMHI 3MIHM KaTali3aTopy BIIOYBalOThCS y TOMY HampsSMKy, 1€
MIPOSIBJISIETHCSI HOTO MaKCUMallbHa aKTUBHICTH. HoOemiBchky mpemiro 3a 2018 p. 3
X1MIi MPUCYJKEHO caMe B 111 rany3i. OJiHa 13 naypeariB, aMepUKaHChbKUN XIMiK O.
Apuonbn (Frances H. Arnold) onmepskana moJioBUHY HAropoau 3a JOCIIIKCHHS
HaIpaBJIeHOi eBOJIIOIIT pepMeHTIB. @. ApHOJIb]I eKCIIEpUMEHTYBaNA 13 PEepMEHTOM
CyOTUII3MHOM, SIKUW PO3UIEIUII0E MOJOYHUM O1710K Ka3eiH. Ined momnsrana B ToMy,
o0 3MyCUTH MOro (pyHKIIIOHYBaTH HE Yy BOJHOMY PO34YHHI, & B OPraHIYHOMY
po3unHHuKy gumeTmipopmamini (IM®PA C3H;NO). Ha yac mnpoBeneHHs
JOCIIJIPKEHHST Bxke OyJ0 po3po0JIeHO TEXHOJIOTII0 BHUPOIIYBAaHHS OUIKIB Y
OakTepisx. 3ajaya mossArajga B TOMY, 00 METOJaMU N€HHOI 1HXKEHEepli BBECTH Y
OakTepito moTpiOHUM OinoK. @. ApHOIBA 3 CHIBPOOITHUKAMHU BHOCHIIM JI0 TE€HY
CyOTUTI3MHY BMNAAKOBI MyTalli Ta BBOJWJIM MYTaHTHI T€HH Yy OakTepiio.
AKTHUBHICTD ofiepKaHUX OUIKiB TecTyBanu B 35 %-nHomy po3umni AM®DA. s
HACTYIHOI 1Tepalii BiiOupaiu Ti OUIKH, sIK1 MPOSIBUINA BUIIY aKTUBHICTh, IO SIKUX
3HOBY BHOCWJIM HOBI PI3HOBUAM MyTaIlii 1 Tak Aani. GakTUUHO 11e NUISX KIaCUYHO1
eBouIoLii 3a /lapBiHOM, TIIBKH y BUINAJKY 3 (EPMEHTOM, HA BIIMIHY BiJ MULIEH y
MPUPOJIl, YMOBU 3a/IaBaB €KCIIEPUMEHTATOp, BiH K€ BHOCHB 3MIHU y OLJIOK Ta
BiOMpaB Kpamii BapianTu. Yepes Tpu iteparii («TpeTe MOKOIIHHSA») TOCITITHUKA
oJlep Kl TaKWii BapiaHT (HEPMEHTY, SIKHU MPOSIBISAB akTUBHICTH B JIMDA B 256
pa3iB BMINY, HDK BHUXIJHUM OuUTOK. B 1pomMy mpoaykTi O10XIMIYHOI €BOJIIOII]
BusBwiocs 10 myrtariif, siki MOBUHHI BUSBHUTHCS CaM€ Yy €IMHOMY aHcamO:i, 00
OJIMHOYHI MYyTallil HE JJAI0OTh TAKOTO PE3yIbTaTy.

Exogoriuna ximiss — Hayka nmpo XiMi4HI IpOIIECH, SIKI BUBHAYAIOTh CTaB Ta
BJIACTUBOCTI AOBKULIS — aTMoc(epH, TiApocPepu Ta IPyHTIB, €KOJIOTIYHI SBUIIA Ta
npoOJjieMH, TOB’sA3aH1 13 XIMIYHUM 3a0pyJHEHHSIM. 3aBISKU JOCATHEHHSM Il€T
rajxy3l HIMPOKO 3aCTOCOBYIOTHCS XIMIUHI TEXHOJIOT1i MOTJIMHAHHS aHTPOMOT€HHOTO
CO,, xoHBepcii Ta 3HE3apaX€HHS BIAXOMIIB, OYMIICHHS IOBITPSA Ta CTOKIB,
pemeiamnii (BiJTHOBJICHHS) IPYHTIB, IPUPOAHHUX BOJI 1[0 CYTTEBO 3MCHIIYE XiMiYHE
HaBaHTAXXEHHSA Ha JOBKULI. B neskux BUMajkax €KOJIOTIYHY XIMIIO BBa)KalOTh
TOTOKHOIO XIM1i HAaBKOJMIITHBOTO CEPEIOBHINA, aje 1€ He 30BCIM BIpHUH MiAXIi.
Ekornoriuna XiMmisi AOCHIJKYE PO3MOBCIOJXKEHHS, METa0OJI3M Ta pO3MOJLT B
00’€KTaX HAaBKOJMUIIHBOIO CEpPEAOBHUIA TOJIOTAHTIB SK MIPUPOJHOrO, TaK 1
IITYYHOT'O TIOXOJKEHHSI BHACIHIJIOK i KUCIOTHUX JAOIIIB, (POTOXIMIYHOTO CMOTY,
pyiiHYBaHHSI O30HOBOTO IIapy, aTMOcPEepHUX aepo3odiiB Toio. [IpukiamoMm Moxe
OyTH MOJEIIOBAHHS PO3MOBCIOJIKEHHS 3a0py/IHEHHS HAPTOI MICHsA OJHIET 3
HaWOUIBIINX TEXHOIeHHUX KaTtacTpod Ha HadTomoOyBHIM mnatdopmi Deepwater
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Horizon B Mekcukancekiii 3atomi 20.04.2010 p., xonu 1moma po3yiuBy HadTH
cknana 6ins 75 tuc. km?. s 00poTHOM 3 HA(TOIO BUKOPUCTOBYBAIU PO3MUICHHS
JUCIIepraTopiB, KOHTPOJIbOBAaHE BUMATIOBAHHS 1 IITYYHO BHBEIEH1 OakTtepii-
JNECTPYKTOpHU. 30Kpema, y SKOCTI JUCIEPraTopiB BUKOPUCTOBYBAIU CEPIIO
po3unHHKKiB Kopekcit — Corexit 9527 Ta 9500. Hadra, sika migHiMaeThcs Ha
MOBEPXHIO BOJM Ta YTBOPIOE IUIIBKY, PO3UMHSETHCS AUCIEPIEHTOM Ta HEBEJIHUKI
KpaIUIMHH, SIK1 YTBOPIOIOTh Y BOJI1 3aBUCI1 KOJIOiIH.

Enextpoximisi A0CHipKye BIACTUBOCTI CHCTEM, HIO0 MICTATH MIIPYOUi
HOHU, a TaKOX SIBUIA €JEKTPUYHOI MPUPOAM, SIKI CIOCTEPIraroThCsl HA TPAHUIII
IBOX (a3  BHACIIOK MEPEHOCY  3apsyKEeHHX  YacTUHOK.  Pe3ynbpraTn
CEKTPOXIMIYHUX  JIOCHIUKEHb  BTUIEHI B TEXHOJIOTISIX  €JIEKTPOII3y,
raJlbBaHOTEXHIKH, €JIEKTPOXIMIYHOTO  aHTUKOPO3IMHOTO  3aXHCTy  METaliB,
XIMIYHUX JOKEpeS CTpyMmy. ENeKTpuuHi akyMyJsITOpH, XIMIYHI JpKepena CTpyMy
OaratokpatHoi 1ii — 1e NoOYyTOBI BTUIEHHS MOCATHEHb enekTpoximii. Tak,
JTIMITYIOUMM YHHHUKOM PO3BUTKY €JIE€KTPOMOOIIBHOI TEXHIKM € €MHICTh OaTapei,
Je XIMIgHa €HEeprisi 000POTHHUX OKHMCHO-BIJHOBHHUX ITPOIECIB MEPETBOPIOETHCS Ha
€JIEKTPUYHUN CTpyM. B cBoOro dYepry, BUpPOOHHMITBO aKyMyJSATOPIB JIIMITY€EThCS
JOCTYIHICTIO CIONYK XIMIYHMX €JI€MEHTIB, HEOOXIIHMX Ul iX BUTOTOBJIEHHS.
Tak, y 3B’3Ky 13 OypXJIMBUM PO3BUTKOM €JIIEKTPOMOOLIIB BXXUBAIOTHCSI TEPMIHU
«J1ITIEBUN» Ta «KoOanbTOBHI» rojoxa. CrnpaBa B TOMY, IO TUIIOBA JITiH-OHHA
OKcHUHa OaTapes BKIIIOYa€e KaTo, 1o ckiamaerbes Ha 73 % Ni, 14 % Co, 11 % L.,
2 % Al, Ta rpadirosuii anon. Tak, B 2017 p. Oatapes mns Tesla mictuts 4,8 kr
KoOamnbTy, IiHA SKOTO CTPIMKO 3pocTae. ToMy MEMHCTPIMOM e€IEKTPOXIMIUHHUX
JIOCIIJIPKEHb € MOUIYK HOBUX THUIMIB JPKEPENl XIMIYHOI €HEeprii — 3 BUCOKUM K.K.I.,
€KOJIOT1YHO OE3MEeUHUX Ta JICIIEBUX.

3esena ximin, ska BuHukia B 90-1i pokm XX cT., — HampsM, J0 SKOTO
MO>XHa BIHECTH Oynb-iKE€ YJOCKOHAJIECHHS XIMIYHUX MPOLECIB, SKE MIHIMI3Y€E
HETaTUBHUH BILJIUB BUPOOHUIITBA HA JIOBKIJUIS.

[Ipeamerom  mocnimxkeHHs — iMyHoximil €  XimiyHu#  Oa3uc Ta
(yHKLIOHYBaHHSI MEXaHI3MY IMYHITETY: Oy/10Ba Ta BJIACTUBOCTI OUIKOBUX aHTHUTLII,
AHTUTEHIB, B TOMY YHCJI1 CUHTETHYHHUX, 3aKOHOMIPHOCTI IMYHOJIOTTYHUX peakiiii
PI3HUX OpraHi3MiB Ha XIMIYHOMY piBHI. MeTO/Il IMyHOX1M1i BUKOPUCTOBYIOTh MPHU
pO3B’sI3aHHI NpaKTUYHHUX MpoOsneMm. Hampuknaa, 1ie BUAUICHHS Ta OYHUIICHHS
JIIOYHUX PEUOBUH BaKIMH Ta CUBOPOTOK, iX KOHCEpBaIlisi Ta Mpo0JieMHU 1HAKTUBAIIIi.

KBantoBa ximig 0a3yeTbcs Ha KBaHTOBO-MEXAHIYHUX YSBIICHHSX,
po3risigaroun OyAOBYy Ta BIACTUBOCTI XIMIYHUX CIONYK, iX peakIiiHy 3[aTHICTS,
KIHETUKY Ta MEXaHI3MH XIMIYHUX 1poleciB. BHacmimok  ckiagHOCTI
0aratoaTOMHHX OO’€KTIB 3aCTOCOBYIOTh, SIK MPaBUJIO, HAONMKEHI METOIU
po3paxyHkiB. [IpukiiaiHUM BTUIEHHSIM KBAaHTOBOI XiMli € KOMII'IOTE€pHA XiMis,
3a7a4a SIKOI — PO3pAaXyHOK Ta MOJCIIOBAHHS BJIACTUBOCTENM  MOJIEKYII
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MaTeMaTUYHUMU MeTojaMu. Hampukinas, 1e BU3HauYeHHS aMIUTITyA UMOBIPHOCTI
3HaXOJKEHHS €JIEKTPOHIB B aTOMaX, MOJIEIIOBaHHSI YTBOPEHHS XIMIYHHUX 3B’S3KiB
TOMIO.

Konoigna ximisi — Hayka mpo AUCHEPCHI CUCTEMHU Ta MOBEPXHEBI SBUIIIA.
OCKUIbKM YaCTUHKHU JUCTHEepCcHOI (a3u Ta AUCHEPCIHHOrO CepeAoBHUINA MalOTh
3HAYHY IUIONIY IIOBEPXHI pO3MOJUTY, TO CaMe€ IIOBEPXHEBI SBHINA  MAalOTh
BU3HAYaJIbHUNM BIUIMB Ha BJIACTUBOCTI cHCTeMU B 1uioMmy. IlpenMerom miei
XIMIYHO1 JIUCUMIUIIHU € JOCHIIKEHHS TMPOIIECIB YTBOPEHHS, BIACTUBOCTEH,
pylHYBaHHS JHCIEPCHUX CHUCTEM Ta NPUTPAHUYHMX IIApIB 332 PaxyHOK
pEryJIIOBaHHS MDKMOJICKYJISIDHUX B3a€EMOMAIM Ha TpaHumi mnoxainy ¢a3 3a
JIOTIOMOT010, HANPUKJIAJl, TOBEPXHEBO-aKTUBHUX PEUOBUH, 3IaTHUX CaMOJOBLILHO
KOHIICHTPYBATHCS HA MOBEPXHI MILIEJIN AUCTIEPCHOT (a3u.

Came 3 KOJIOITHOT XIMii BIJIOKpEMHJIacs HAHOXIMIfl, sIka BUBYA€ OKPEMUI
PIZHOBUJ JUCIIEPCHUX CUCTEM HaHOPO3Mipy. Came CII0BO YTBOPEHO BiJl TPEIBKOTO
navog — xapnuk. Ilo cyTi, HaHOXIMIs 0a3yeTbcsi Ha TaKk 3BAHOMY PO3MIPHOMY
e(eKTI 110 MoJIsIirae y sKiCHIM 3MiHI (PI3UKO-XIMIYHUX BJIACTUBOCTEN CHUCTEMH, Il
peaKIiiHOl 3JaTHOCTI NpH 3MEHIIEHHI KUIBKOCTI aTOMIB UM MOJIEKYJ B Miteni. Sk
MIPaBUIIO, 11l e(hEeKT BUABISETHCS, KO PO3MIPHU MIllelIu CTaloTh MeHImuMu 3a 100
HM, XO4a Il BeJIMYMHA JOCUTh yMOBHA. [lin HaHOCHCTeMamMu pPO3YMIIOTH Tila,
OTOYEHI Ta30BOI0 a00 pigKo0 (Ga3oro, po3mip SKuX He BEXOAUTH 3a Mexi 0,1-100
HM: OararoatToMHi KJIacTE€pHU Ta MOJICKYJIHM, TaK 3BaHl «HAHOKpAIui» Ta
«HAHOKPUCTANIW», SKI 3ailMaloTh 3a pPO3MIpaMHU MPOMDKHE TMOJIOKEHHS MIXK
aToMaMU Ta MaKpOCKOMIYHUMHU TimaMu. OcoOJIMBI BJIACTUBOCTI 3yMOBJIEHI THUM,
[0 YacCTKH JUCIIEPCHOi (a3 MaroTh PO3MIpU OJHOTO MOPSAKY 3 paaiycoM Aii
MDKaTOMHUX cui. Came TOMy HAHOTUIA B3a€EMOJIIIOTh MIDK COOOI0  1HAKIIe
MOPiBHAHO 3 MakpoTutamMu. CyTTEBO, IO Maca HAHOYACTUHOK JOCTAaTHHO Maja st
TOro, o0 KOKHA YaCTMHKa MOTJja MpUiiMaTu y4acTh B TEIUIOBOMY PYCl SIK €JUHE
uie. I{s obcraBuHa 00’ €IHy€ BC1 PI3HOBUAM HAHOYACTUHOK, MAalOYU MPUHIIUIIOBE
3HA4YEeHHS I TOro, mo0 cTajga MOXJIMBHM CaMO30MpaHHS HAHOYACTHHOK Y
BI/IMOBIIHI HAHOCTPYKTYPH 1O 3HAXOJKEHHS B KIHII KIHIIB TE€PMOJMHAMIYHOI
pIBHOBaru.

HanocTpykTypu iCHYIOTH B HpuUpoJHHMX Tinax. HaiOuibin mikaBuM € ix
YTBOPEHHS B OUIKOBUX TUIAaX, /1€ caM€ B HAHOCTYKTypax J>KHMBOi KIITUHU
MPOTIKAIOTh HaWOUIbII BaxyMBl OlonoriyHi peakiii. [lpukinan — mnirMeHTHO-
OLTKOBUH KOMILIEKC PEAaKIIMHOTO IEHTPY (OTOCHHTE3Y, B SKOMY 6 MOJIEKYI
XJIOpO1JI0OBOT MPUPOAU BOYIOBAaHO B OILIKOBY MATPHIIO B MOBTOPIOBAHOIO [0
JECITUX YaCTOK aHTCTpeMa TOUHICTIO. Lleit koMmIiekc 311iMCHIOE eHePTii KBAHTIB 3
SHEPTit0 PO3AUICHUX 3aps/IiB 3 KBAHTOBOIO e(pekTuBHICTIO, 6mm3bKoto 10 100 %, 3a
PaxXyHOK BHUKJIIOYHO IIBUJIKOTO MEPEHOCY E€JIEKTPOHY MK MOJIEKYJIaMU MIrMEHTIB
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— mopsiaky 20 demrocexynz (20-10™ ¢). Taka eeKTHBHICTb HEBiZOMa HABITH WIS
(13UYHUX MPOLECIB.

[lpeqMeToM BUBYCHHS KOCMETHYHOI Ximii (BiIl Tpeubk. koountixy -—
MHUCTEITBO MPUKPAIIATH) € 3aCO0M Ta METOAM MOKPAIIEHHS 30BHIIIHOCTI JIFOAUHH
3 BUKOPUCTAHHSIM 3ac00i1B JIIKYBaJIbHOI Ta JI€KOpAaTHUBHOI KocMmeTuku. CyuacHa
KOCMETHYHA XiMisi BUKOPUCTOBYE JaH1 (PI3UKH, XIMil IPUPOJHUX Ta CUHTETUYHUX
croiyk, Oioximii, meaunuuu Ttomlo. [lpukmanHa 3amaya — CTBOPEHHS Ta
BUPOOHUIITBO KOCMETHYHUX 3ac00iB. Hapasi B KOCMeTHIlI BUKOPUCTOBYETHCS OLIst
20000 mpupomHUX KOMIIOHEHTIB, OCHOBHA TpOOJieMa BUKOPHCTAHHS SIKUX €
HECTAOUIbHICTh CKJIaAy Ta mnpobiemu 30epiraHHsa. CHHTETHYHA CHUpPOBHHA
BI/IPI3HSETHCSI BUCOKUM CTYIIEHEM YHUCTOTHM Ta CTAOUIBHICTH (PI3UKO-XIMIYHUX
BJIACTUBOCTEM.

KocMmoximisi nocnipkye XiMIiYHUN CKkiaj 1HIIUX Tin BceecBiTy, 3akoHu
PO3MOBCIO/KEHHSI Ta PO3MOAULY XIMIYHHUX €JleMeHTIB Yy BcecBiti; mnporec
YTBOPEHHSI KOCMIYHOI MaTepii. BHUBYAIOTHCS MEpeBa)KHO TaK 3BaHI «XOJOJHI»
MPOIIECH HAa PIBHI aTOMHO-MOJEKYJISIpHUX B3aeMoJiid. CTaH IJIa3MH, HYKJICOTE€HE3
— «rapsivi» sAIepH1 MPOILECH BCEPEAMHI 31pOK Ta B KOCMOCI BHBYA€ acTpodizuka.
[lepmi kpoku 3poOieHO mpu BiAOOpi peromity Micsisi, PEeYOBUHU KOMETHU
UypromoBa-I'epacumMeHKO, MapCiaHCHKHUX MOPII.

Kpioximisa BHBYae XIMIYHI MpPOLECH 3a YMOB HHU3BKMX YHM HaBiTh
HaJHU3LKUX TeMIepaTyp. 1i 3a1adi — ofepKaHHs CHONYK, AKi 3a 3BMYAiHUX YMOB
XIMIYHO HECTINKI, BCTAaHOBJEHHS HHUXHbOI TEMIIEpATypHOI MeEX1 XIMIYHOI
aKTUBHOCTI Martepii, po3po0JeHHsI HU3bKOTEMIIEPATyPHUX XIMIYHUX TEXHOJIOT1H.
[IponykTu Kpioximii — aHaJITUYHI PEAKTUBH, KaTaldi3aTopH, MOPHUCTa Kepamika,
MOHOKpHUCTaNM,  aACOPOEHTH, IMYHO(PEPMEHTH,  EJIEKTPOAH, KOMIIO3UTHI
Martepiaiau, I’ €3oMaTepialiv, KOMIO3UIIi1 A1 CKIOBapIHHS.

Kpucranoximisa BuBYa€e 3aKOHM pO3TallyBaHHS aTOMIB Ta TUIHU CUMETPIi B
KpuUCTaTIYHUX Timax, gedextu ix OymoBu. Hapasi ommcanmo 6ims 120000
KPUCTATIYHUX CTPYKTyp, 3 HuX Oims 40000 — neopramiuamx, monax 80000 —
OpraHiYHUX, B TOMY 4HuCHI1 OUIKH, Bipycu. JlaHl Mpo CTPYKTYpy OAECPKYIOTh 3a
J0MOMOTrol0  AUGPAKIIHHUX  METOMIB:  PEHTICHOCTPYKTYPHOIO  aHaji3y,
eilekTpoHorpadii, HeilTpoHorpadii, MeccOayeprpadii (smepHOi pe30HAHCHOT
dyopectieHilii). YTBOpEeHHS KpPUCTAIIYHUX CTPYKTYP BH3HAYAETHCSA 3araJbHUM
MPUHIIAIIOM TEPMOJMHAMIKHU: HAUOUIBII CTIMKOIO € CTPYKTYpa, SKa 3a JaHUX YMOB
(THCK, TeMIiepaTypa) Ma€ MiHIMaIbHYy BUIBHY eHeprito. B 1892 p. kpucranorpad,
matemMatuk €.C.DenopoB ctporo AoBiB icHyBaHHS 230 MPOCTOPOBHX CTPYKTYP
CUMETpIi, BCTAHOBUBIIN (YHIAMEHTATBHUNA 3aKOH MPUPOJHU, IO IO aHaIorii 3
[lepioguunoro Tabnunetro J.I.MenneneeBa He Ma€ MaTEMAaTHYHOTO BUPA3y.

Jlazepna ximifg BHBYa€ XIMIYHI OpoOUECH i JI€0  JIA3€PHOTO
BHUIIPOMIHIOBAHHS. 3aBASIKM  BHCOKIA ~ MOHOXPOMATHYHOCTI  JIa3€pPHOTO
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BUMNPOMIHIOBaHHSI BJAE€THCSI CEJIEKTUBHO TMEPEBOJUTH Yy 30YJKEHUM CTaH CTPOTO
OKpPEMOro BHJly, NPU TOMY IHIII MOJIEKYJIH 3aJUIIAIOTBECA y OCHOBHOMY CTaHI.
MoxnuBicTh (OKYCYBaHHSI JIa3€pHOTO BUIIPOMIHIOBaHHS JO3BOJISIE MIATH Ha
peakiiHuii 00’eM JokandpbHO. Lledl TuUM BUMPOMIHIOBAHHS MOXE [ISTH Ha
peaKIiiiHy CyMINI IUJISXOM TEIJI0BOr0 Yu ()OTOXIMIYHOTO BILIUBY.

[IpenmeT mocmimkeHHS JiicoXimii - XiIMIYHI BJIACTUBOCTI JEPEBHHH Ta
TeXHOJIorii 11 mpomucioBoi o00poOku. B micomepepoOHili MPOMHMCIOBOCTI Ha
nepuioMy Micii 3a 00’€MaMHM CHPOBHHH, sIKa NEpPEepoOsSeEThCsS, Ta TOTOBOIO
MPOAYKIIEI0 — BHUPOOHUIITBO TAamepy Ta CYMDKHUX MNPOAYyKTiB. IIpogykTu
nepepoOKu - 1IeNr0J03a, JEpeBHAa Maca, 3 SKOi OAEPKYIOTh THarip, KapToH.
Hitpyroun mnemtono3y cywmimmro koHneHTpoBaanx HNO; 1 H,SO,4, omepxyroTh
TPUHITPOIIENIONO3Y — OCHOBY BUOYXIBKH MipOKCWIIHY. Bigxoau nepeBoo6poOku —
CHUpOBHMHA I TiApomi3Hux BupoOHUITB. Hampuknax, i3 1000 kr cyxoi macwu
BIIXOJIIB XBOWHUX Topin oxepxkytooth Oinsg 170 m eramomy C,HsOH, a 3
micisicnupToBoi Oapau MoxkHa otpuMatu 30-40 kr kopmoBHX IpiKmMKiB. J[o
KOMILIEKCY MIJIMIPUEMCTB 3 IEPEPOOKHU IEPEBUHU BIAHOCITH Takoxk (GypdypoiabHO-
npixmrose BUpoOHUNITBO. 3 1000 KT CcyX0i IepeBHOI CHPOBUHU CHHTE3YIOTH /0-
80 xr ampaeriny ¢ypbypony CsHsO, — pearenty s HadToXiMidHHUX  Ta
opra"iyHux cuHTE3IB Ta ofepxkytorh Oims 100-120 xr apixkmki. ['impomizHuit
JITHIH, 0 € BIIXOJ0M TaKOTr0 BUPOOHHUIITBA, 3HAXOIUTh BUKOPUCTAHHS Y BUTJISA1
MajuBa, HAMOBHIOBaYa OpPraHO-MiHEpaJbHHUX JOOpPUB, MEITIOPAHT, HANOBHIOBaYa
noyiiMepiB. 3 HbOTO BUAUISIOTH OLITOBY Ta IIABJIEBY KHUCIOTH, peHonu. [lepeBuHa
Ta Biaxoaum 1i mepepoOku (kopa BepOH, SJIMHH, MOAPHUHHU, THpca Ay0a, JIUCTA
0amaHy, KalTaHy) € IIHHOK CHPOBHHOIO I €KCTPAKIlii JyOMJIbHUX PEYOBUH, a
13 CMOJIM XBOWMHUX TOPiA BUAUISIOTH KaHi()odb. JlepeBHE BYruuisl OJEPKYIOTh
[UISIXOM MIpOJi3y JE€PEBUHH.

MarseTtoximisi JOCIIKye B3a€EMO3B’SI30K MDK XIMIYHUMH 1 MarHiTHUMH
BJIACTUBOCTSIMU XIMIYHUX CIIONYK, SIK BIUIMBA€ MAarHiTHE IOJ€ HAa MPOTIKAHHS
XiMigHUX mporeciB. CninoBa Ximist (OKpeMui MigPO3/iT MATHETOXIMIT) PO3IIIsIIae
MarHiTHI B3a€MOJIii Ha PIBHI XIMIYHUX PEUYOBHH. XO04Y EHEPris MAarHiTHUX
B3a€MOJIIH 1 HE3HAYHA, MPOTE MArHITHI B3aEMOJIT MOKYTh KOHTPOJIIOBATH XIMIUHY
peakiiiiny 3aatHicTh. OepxKaHHS MOJEKYISIPHUX MArHeTHUKIB, MAarHITHUX PIIUH,
0aratocmiHOBUX MOJIEKYJ, 10 MICTATh HECMAPEHI EJIEKTPOHH, KCIIIHOBUX MITOK» —
00J1acTh BUKOPHUCTAHHS JIOCATHEHb CIIHOBOI Ximii. Hampukian, MarHitai piiuHu —
KOJIOiTHI quctiepcii 3 9acTHHKaMu po3MipoM Bix 5 aM 10 10 MkM dpepoMarHeTukin
((epuTiB, MArHETUTIB), 1[0 MAIOTh PO3Mip YacTUHOK 5-10 MKM, cTabiTi30BaHUX Y
nojisipHoMy  (BOJHOMY 4YH CHHPTOBOMY) ab0 HENmoJsIpHOMY (BYTJICBOJIHI,
CHJIOKCAHHW) CEPEIOBHUINAX IUIAXOM JOJABaHHS MOBEPXHEBO-aKTHBHHUX PEYOBHH
(ITAP). CtabibHICTh TaKUX PIIMH JOCTaTHHLO BHCOKA, BOHH 30€piraroTh MarHiTHI
BJIACTUBOCTI Y BUTJISIAI PITUHU TIPOTATOM 2-5 POKIB.
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Meauuna Xximiss mnoegHye O10JIOri4HI, MeIW4yHi Ta (¢dapMaleBTUUYHI
nociikenss. Lle obmacts xiMii, B AKid BUBYAIOTh METOJU BUSABJICHHS, CUHTE3Y,
inenTudikamii, MoAu(IKyBaHHS CTPYKTYpU OI10aKTHMBHUX CIOJYK, BUBYEHHSIM
NUISIXIB IXHBOTO MeTaboJ13My, NMepeOyA0BU CTPYKTYPU Ha MOJEKYJISIPHOMY PIBHI
Ta JOCIIUKEHHSM  B33a€MO3B’SI3KIB «CTPYKTYpa-aKTUBHICTH». XiMIs YacTKOBO
Hapoawiacs 13 ¢apmaneBTuku B XVI cT., 1 3HOBY NMOBEPTAETHCS O MEAMIIMHHU,
HE3Ba)XKar0UM Ha CKercuc MenukiB. JloctaTHbo BigmiTuTH, mo 70 % mikapchkux
mpemnapariB — MPOAyKTH cuHTeTHdHOi XxiMmii, pemrra 30 % — ditoximii. Came 115
rajry3b XiMii TOBHHHA T[IOCTABUTH KpamKy B JUCKYyCil MOAO0 €()EeKTUBHOCTI
roMeomnartii (rpernpk. Holo¢— «momioHuit», maboc— «xBopoba»). Ile Tak 3BaHa
«aNbTepHATHUBHA MEIUIIMHA», SIKa MPAKTUKYE JIIKyBaHHS CHIBHO PO30aBICHUMU
npenapaTaMu, siKi, Ha IepeKOHaHHs 11 aloJIOreTiB, BUKIUKAIOTh Y 3JI0POBUX JIIOIEH
CUMIITOMH, MOJIOHI /10 CHUMITOMIB XBOpOOHW, Ha SIKy cTpaxiae mnaiieHt. Lls
KOHLENUiA  (QOpMyTIO€TbCcs K  «MOAIOHE  BUIIIKOBYETBCS  HOJMIOHUMD.
['oMeonaTuyHi mpenapaTd MaloTh CTyHiHb posbasienHs 12C i Oinbie, sKi
TOTYIOTHCS HACTYITHAM YMHOM: BUXIJIHWHA PO3YMH aKTUBHOTO cyoOctpaty 12 pasis
po36aBistroTh B mpomopirii 1:100, To6To KiHIeBU PO3YNH Ma€ KOHIIEHTPAIIIF0 1012
BUX1JIHOTO 1 BuIe. [lo cyTi, Takux KUIBKOCTI aKTUBHOTO CYOCTpaTy HEMOXJIUBO
BUSIBUTH CYYaCHUMM METOAaMU XiMiuHOro/¢i3uyHoro ananizy. Ilo cyrti, e uucra
BOJIa, JJAKTO3a, MaJbT03a YU €TaHOJ. TOOTO, SIKIIO MOPIBHATH 3 BEIUYMHOIO YKCIIA
Asoragpo (6,02:10% wmons™), romeomarnuni 3aco0M NPAaKTUYHO HE MICTATH
OJHOI MOJIEKYJIM Jit040i pedoBUHU. Tomy O10XIMIYHHMM MeEXaHI3M il TaKux
MpenapaTiB HEMOKIIUBO MOSICHUTHU 3 TOYKH 30PY aTOMHO-MOJIEKYJISIPHOT TEOPIi.

MeTanyprisi — CUHTE3 HayKU Ta TEXHIKH, 1110 BUBYAE MPOILIECH OJCPKAHHS
METaJIIYHUX €JIEMEHTIB 13 Pyl Ta I1HIIOI CUPOBHHHU, 3MIHY XIMIYHOIO CKJIany,
MEXaHOXIMIYHUX BJIACTUBOCTEH, CTPYKTYpH CIUIaBiB. AHAJOTIUH1 JOCIIIKEHHS
CTOCYIOThCA ¥  BHUpPOOHUIITBA  HAMIBNPOBIAHMKIB. OKpeMO  BUIUISIOTH
mipoMeTanyprito (BUCOKOTEMIIEPATYPHI MPOIECH), TiapoMeTaIyprito (BUAUICHHS
METaJIiB 32  JONOMOIOK  XIMIYHMX  peaklidi 3 BOJHUX  PO3YHHIB),
CIIEKTPOMETATYPTif0 (€JICKTPOITI3 PO3IIaBiB Ta PO3YUHIB).

MexaHoximisfi BHBYa€ XIMIUHI TpOIECHM TMPU MEXaHIYHIA oO0polui -
nedopmaiiii, TepTi, yanapuoMmy cruckansi. [llnsxom miactuynoi gedopmaiii Tiia y
TBEPJIOMY CTaH1 MOKHa 30UIBIINTU KUIbKICTh e(PEKTIB KPUCTATIIYHOI IPATKH, 11O,
B CBOIO Uepry, 30UIbIIy€E peakiiiiHy 34aTHICTh TaKUX PEYOBUH. Takum crocoOoM
BJIa€ThbCsl €(DeKTUBHO MPUCKOPIOBATH PEAKIIil, 3HU3UTU TeMIEepaTypy cuHresy. Tak,
Ipyd TPOCTOMY MEXaHIYHOMY T€peTUpPaHHI TMpU KIMHATHIA TeMIeparypi
BiIOyBa€ThCS  peakiiss MiXK JApIOHOAUCIEPCHOI METAIIYHOK MUK  Ta
KapOOHATOM aMOHIIO.
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MexaHOXIMIYHI METOAU BUKOPUCTOBYIOTH JIS JECTPYKIl MOJIMEpIB,
cuHTe3y (epuTiB, IHTEPMETaNiAiB, OJEpXKaHHS aMOp(HHUX CIUIaBiB, aKTUBAIlli
MOPOIIKOBUX MaTepiaiiB.

Hadroximia nocmimkye xiMiuHi TpaHchopmMmalii CKIAJOBUX Ha]TH,
MIPUPOJIHOTO Ta3y B Mpollecax ix nepepoOku. [[o nporo miapo3auty XiMiuHOI HAYKU
BIIHOCSITBCSA XIMIUHI TEXHOJOTrii Ha(TOXIMIYHOTO CHHTE3Y 3 BUKOPUCTAHHSIM
PI3HUX THUIIB peakiid ajis NepepoOKH BYIVIEBOAHEBOI CHUPOBHHM B IIUIHOBI
npoAykTd  (pekTudikaiis, Mipoji3, pUPOPMIHT, KpPEKIiHI, KOKCYBaHHS,
130Mepu3allisi, aJKUTyBaHHS, TIApyBaHHS/AETIAPYBaHHsS, TiIpaTailisi, aMOHOJII3,
HITpYBaHHS OKHCIICHHS, TOIIO).

Heiipoximisi sBJISIETBCS CKJIAJOBOI0 YAaCTHMHOW O10XIMii, siKa Hapasi
OypXJIMBO PO3BUBAETHCS, B SAKIA XIMIUHI Tpoiiecu (YHKI[IOHYBAaHHS HEPBOBOI
CUCTEMHU JTOCHIKYIOThCS Ha KJIITUHHOMY PiBHI. BUNIIIAIOTE 3arajibHy HEWPOXIMIIO,
MpPEeAMETOM JOCIIIKEHHS SIKO1 € XIMI4HI IPOoIlecu 0€3 BpaXyBaHHS iXHbOTO 3B’ A3KY
3 MEBHOIO (P1310JIOTTUHOIO aKTUBHICTIO; Ta (PYHKILI1OHAJIbHY, 1€ BUBYAKOTHCS XIMIYHI
TpancdopmMallii py¥ BUKOHAHHI HEPBOBUMH KJIITHHAMHM KOHKPETHOI (P131070TTUHOT
poui. B Mexax 11i€i mapagurMu 3’ IBUJIKCS TaKl HETPUBIaIbHI HAMPSIMKH SIK «XIMIs
KOXaHHSI», J€ BHUBYAIOTHCA JIOJICbKI TOBEIIHKOBI CTEPEOTHUIN YEpe3 MNpU3My
XIMIKO-TOPMOHAJIBHOT ~peryisiii HeWpoxiMiuHuX mporeciB. OdeBUIIHO, IO
HEWpoOXiMisg CHOpiIHEHA 3  MOJEKYJISpPHOK  OIOJIOTIEI0 Ta  T€HETUKOIO,
Helipodizionorielo Ta Hedpomopdosoriero, 1 JOTUYHA A0 MNPUKIAJAHUX HAYK
(HeBpOMATOJIOT1, TICUXiaTpii).

Heopraniuna ximisi a0ochixye OKpemi XIMIYH1 €JIEMEHTH, MPOCTI Ta
CKJIaJHI CIIOJIYKH, YTBOpEHI HHMH (32 BHUKIIOYCHHSIM OPTraHIYHUX CIOJYK
kapOony). [lepeik HeOpraHIYHUX PEUYOBHH, IO MAIOTh MPUKJIAJIHE 3aCTOCYBaHHS,
HaOmmwkaetscs 70 400000. B Ilepiogmuniii cuctemi [[.I. MenneneeBa yxxe maiixke
3HUKJIIM «3aCTIAHI» 30HU, MPAKTUYHO BCl €JIEMEHTH aKTUBHO 3aCTOCOBYIOTHCS B
HOBUX MaTepianax. [Ipuknag — BUKOPUCTaHHS CaMHUX <MOJIOJUX» 3a YacoM
BIIKPUTTS XIMIYHUX €JIEMEHTIB peHito Re, texHenito TcC, ppaniito Fr, He kaxyuu
BXKE€ Mpo MmIyToHIA Pu, amepuniii Am Ta iHII akTuHOinu. Tak, B OCTaHHI POKHU
ayxe 3aTpeOyBaHHUM CTaB TaKWUH CIIEMEHT, fAK JaHTaHoin HeomuMm Nd, skui
BUKOPUCTOBYIOTh B TaKUX PI3HOPIIHUX OOJIACTSIX, AK JETYBaHHS CILIAaBIB Ta CTall
(mampuknan, BeeaeHus 1,5 % Nd B 1,5 pa3u migBuIIye MIITHICTH METATIYHOTO
TaTaHy T1; BUpoOHMITBO HaamoTyxHux MarHitiB (Nd-Y-Co; Nd-Fe-B);
HEOJMMOBOIO CKJia, 10 MPOSBIsE psij celupIYHUX BIACTUBOCTEN MPOMYCKAHHS
pi3HUX o0yacTell BUAMMOTO CIeKTpy (TopriBesibHa Mapka Heodan); BUpOOHHUIITBO
ONTOBOJIOKOHHHUX CBITJIOBOJIB, IO MICTSITh (TOPHUA HEOAUMY; B arpoximii — Jyist
00pOoOKHM HACiHHS TIepe]l BHUCIBaHHSAM OOpOOJSIOTH HEOAUMOBHUMH MarHiTaMu 3
METOI0 TIPUCKOPEHHSI CXOXKOCT1 Ta BPOKAWHOCTI, BIIJAUICHHS HACIHHS 3JIaKiB BiJ
HaclHHA Oyp’sHIB.
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Ilepexim Bim OKpeMHX XIMIYHHX €JIE€MEHTIB J0 MaTepiajaiB BHKIIOYHO
CKJIaJIHUM, B IIbOMY HaBITh HE MOXXHA IMOKJIAJaTHCS HAa METOAU KOMOIHATOPHOI
X1M1i, TaK sIK MOXJIMBO O€3J114 MO€HAHb PI3HUX XIMIYHHMX eJeMeHTIB. Hampuknazn,
TUIBKH U1 XIMIYHUX €JIEMEHTIB, 110 MAIOTh CTAOUILHI 130TOIH, TAKUX KOMOIHAIN
MoOxe OyTH Ouibliie 7-10%, s KITBKICTh 30UTBITUTHCSA Ha OaraTo MOPSAKIB, SKIIO
BpaxyBaTH, LI0 OUIBIIICTh CY4aCHHX MaTepialliB CUHTE3YIOTh, BUKOPHUCTOBYIOUH
MeTacTaOuThbHi cTaHu pedoBuH. CmopaBa Tomy, mo 99,9 % HeopraniuHmx
MaTtepialliB 3HAXOASIThCA B HEPIBHOBAXXHOMY CTaHl, TOOTO BOHU 3MIHIOIOTHCS 3
4acoM — HalpUKIaJ, METAIl OKHUCIIOIOTHCS, CKIO KpucTtamizyeTbes. Lli mponecu
MOXYTh BIJOYBaTUCS AY>KE€ MOBUILHO, TOMY 3JAa€ThCS, 110 MaTepiaja CTaOUIbLHUM.
PizHuIs Mixk MeTacTaOUTBbHUM 1 CTAaOUTBHUM CTaHOM IIOJISITAa€E B TOMY, IO TPH
¢ikcaiii BCiX mapameTpiB, SIKI XapakTEPU3YIOTh CTaH CUCTEMH, TO TIIbKU OJHE
Oyne TepMOAMHAMIYHO CTAaOLIbHUM, a BCl I1HINI — MeTacTaOUTbHUMH. TaKux
MeTacTabUIbHUX 03114 HaBITh JIJIsi OJIHIET pEUYOBUHHU, 10 Ma€ (hIKCOBAHUM CKIIA/,
a BJIACTUBOCTI IIMX CTaHIB PI3HI.

JloCIiIPKEHHSIM 130TOMHOTO Ta XIMIYHOTO CKJIa[y OpPraHIYHUX CIONYK, SIK1
MICTUTBCSA B JiToc(epi, iX €BOJIOINII0 1 MEPEepO3MOJT MPOTITOM TEOJOTTYHOI
icTopii 3ailMaeTbcsl opranidyHa reoximiss. Bona BuByae pojii opraniyHux (Gopm B
MIrpaliiHuX Mpolecax XIMIYHMX eJIeMEeHTIB B Oiocdepi, popMyBaHHS MOKIAI1B
KOPUCHUX KOMAJIMH OPTraHIYHOTO MOXOJ/KEHHS, 30KpeMa THUX, 110 MICTITh METalu
(U, Cu, V, Ge, Mo, Au).

OpraHiyHa reoxiMmisi JOKYMEHTY€E CBITUEHHS MOXOJKEHHS >KUTTS Ha 3eMJl
(muB. po3ain 4), BUBYae O1OXIMIYHI CIOJYKH, SKi € MPEKypCOpaMH OPraHiuHOT
ckiamoBoi reocdepu  (ByrieBomiB, OUIKIB, JICHIHY) Ta MNPOAYKTH  iX
MikpoOiosioriunoi Tpanchopmaiii (IeTpuT, TyMyc, TOHHI BiIKJIaJH, CampoOIeib,
HadTa, roproYi ClIaHIli, KaM’sHe Ta Oype Byrumisi) tomo. OpraHidHa reoximis
BKJIIOYA€ OPraHiuHy KOCMOXIMIIO B YAaCTHUHI BUBYEHHS OPraHiuHOI CKJIAJ0BOi
KOCMIYHUX 00’ €KTIB.

Opraniyna ximig - Hayka 0OpO CHOJYKH BYIJICII0O Yy TO€JHAHHI 3
OOMEXCHHM PSJOM IHIIMX €JIEMEHTIB (IEPeBaXKHO BOJHEM, KHUCHEM, CIpKOIO,
dochopom). Hanpukinmi XX ¢TI. KUIBKICTh ONHCAHUX  IHAMBIAyadbHUX
opraniyaux pedoBuH mepeBummia 10 mumH. IloTpeba B YMCIACHHHX OpraHIYHUX
MpOJAYyKTaX CHUHTE3y IMpHUBeJa JO0 TMOSBU psAy Taly3eil MNpOMUCIOBOCTI —
CUHTETUYHUX OPTraHIYHUX OapBHUKIB, BUCOKOMOJICKYISIPHUX CHOJYK, HITy4HOTO
PIIKOTO MajanuBa, XapuoBHUX MPOAYKTIB, 010aKTUBHUX CIOJYK (BiTaMiHIB, TOPMOHIB,
dbepmeHTiB). UNCIICHHICTh OPTaHIYHUX CITOJIYK 3yMOBJICHA TIEPEBAKHO 130MEPI€I0 —
BJIACTUBICTIO CIIOJYK OJIHAKOBOTO SIKICHOTO CKJIaJy Ta Macu MaTu pi3HYy
MPOCTOPOBY OYIOBY, MICTUTH PI3HI (YHKIIOHAJIbHI TPYIH, BHACIIAOK 4YOTO
BIAPI3HAIOTHCA 1X (i3uuHi Ta XiMiyHI BiacTtuBocTi. Cama opraHiyHa Ximis
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NOAUISIETECA  HAa  YHUCENbHI  MIAPO3AUIM —  XiMis  BYTJIEBOJHIB,  XiMis
BHCOKOMOJIEKYJIIPHUX CIIONYK, XIMisl OJIIMEPIB TOLIO.

Opraniynuii cUHTEe3 — NPUKIAJHUNA AaCMEKT OPraHiyHOi XiMii, BHUBYAE
NUISIXM Ta METOJM IITYYHOTO CTBOPEHHS oOpraHiyHux cnoiayk. CydacHi
MOXJIMBOCTI MOr0 HAJ3BUYANWHO HIMPOKI, MOCTIMHO PO3MIMPIOIOTHCA 3a PaXyHOK
3aJIy4eHHS PI3HUX TEXHOJOTTYHUX MPUUOMIB Ta arapaTHUX 3aco0iB.

XiM14H1 ME€XaH13MH NATOJOTIYHUX MPOIIECIB B OpraHi3Max JitoJiei Ta TBapUH
BUBYae nmaroximisa. Hanpuknaz, e 610XiMIYHUN MEXaH13M BIATOPTHEHHSI OPTaHiB
npu ix TpaHcuiantosnorii. Bona BuBYae mnpoOieMu nOaTOJMOTIHYHOI (i310JI0T1i
MeTaboJI3My, BKJIIOYAIOUM THIIOBI TOPYIIEHHS OOMiHY OUIKIB, HYKJIEIHOBHUX
KHUCJIOT, JINIAIB, BYTJEBOJIB, BOJAM Ta MiHEpalbHUX peuoBUH. Kpim Toro,
JOCIIKYIOTBCSL ~ XIMIYHI ~ MEXaHI3MHM  MAaToJorii  €HEePreTUYHOro  OOMIHY,
BITaMIHOJIOT110, OOMIHY MIKPOEJIEMEHTIB.

IleTpoximia BUBYaE pO3MOALT XIMIYHUX €JIEMEHTIB B FPCHKUX MOPOJaX Ta
MOPOJIOYTBOPIOIOUMX MiHEpasiaX, XIMIUH1 aCIEKTH MpoueciB (GOpMyBaHHS T1PChKUX
nopij. Sk nmpaBwiIo, BUAUISIOTH TPH TOJOBHUX HANPSIMKIB MeTpoxXimii: 1) BUBUCHHS
CIIBBIJHOIIEHHSI MIX XIMIYHUM CKJIaJ0M PI3HUX TIPCHKUX MOPiJ Ta X MPUPOTHUX
acolianii; 2) OIiHIOBaHHS YCEPEIHEHOI0 XiMIYHOTO CKJIaTy BCiX BHIIB TMipChKUX
nopif; 3) BUBYCHHS XIMi3My IOpPOJOYTBOPIOIOYHMX TPOIECIB 3a JJOMOMOIOKO
EMIIIPUYHUX JaHUX OpO XIMIYHUM ckiaa Tipcbkux nopina. [loHSTTs merpoximii
BBENICHO paasHChbkuM reoxiMikom O.M. 3apaunbskum B 1944 p. Ilepmoueproso
MeTPOXiMisi BUBYAJIAa TIIBKM MarMaTU4HI TOPOAU, 30KpeMa, 3aKOHOMIPHOCTI
OyJlI0BU 1 €BOJIIOIIIT peuOBUHM JiTochepu 3emill, OB’ A3aHl 3 YTBOPEHHSIM MarmMu —
CHWJIIKATHOTO pO3IUJIaBy, il Mirpami€l0 y BEpXHI IIapu TBEpJ0i OOOJIOHKH,
KpUcTalizaiiero, AudepeHIiamnieo Ta TBepAHEHHAM. B mopanbsmomy 1o cdepu
HayKH MOTpanuivu i Meramop(iuHi, METaCOMATHYHI Ta 0CaJIKOBI T'1PChK1 MOPOIH.

Ierpypris - oOnactb  XIMIYHOI  TEXHOJIOTHi 3  BUPOOHHUIITBA
CKJIOKpUCTAIIIYHUX MaTepiajaiB Ta BHPOOIB 13 PpO3IUIABIB TIPCHKUX TMOPiA
(Hampukiaa, Oa3anbTiB Ta fAia0a3iB) Ta MPOMHCIOBUX BIIXOMIB (HAIIPHKIIAT,
IIJIAKIB Ta 30JIM) METOAOM JUTTs. IleTpypriuni marepiaqv MaiOTh psj Nepesar
nepes NpoayKTaMu METalyprii, Tak sSIK CTIKI B OKUCIIOBAIbHIN aTMochepi 3emii
Ta HamnpsMy BUKOPUCTOBYIOTh MPHUPOJHY CHUPOBUHY O€3 €HEproeMHoOi cTaili
BUJIUICHHSI YUCTUX KOMMOHEHTIB. [leTpypriune BUpOOHUIITBO y SIKOCTI MPOAYKIIIi
BUIyCKa€e TpyOW, MIIMTH ISl 3aXUCTy POOOUMX MMOBEPXOHb OYHKEpIB, BY3IIB
ripcbKko-30arauyyBajbHUX, METAIYPrifiHUX Ta  EHEPreTUYHUX  YCTAaHOBOK,
KUCJIOTOCTIMKI TJIUTKM Ta (AcCOHHI JeTani Juisi XIMIYHOI MPOMHUCIOBOCTI,
(dyTepoBKa KyJIhOBUX MJIMHIB Ta IHIIUX BUPOOIB, AKI MPAIIOIOTh B EKCTPEMaATbHUX
yMOBax — J[1i KUCJIOT, JIYT1B, a0pa3suBHUX CUITYUYUX CEPEIOBUILL Ta MYJbIH, a TAKOXK
0azabToBe (MiHEpaJIbHE) BOJIOKHO.

Iernioximist — 06;1acTh XIMIYHOTO (POJIBKIIOPY.



~19 ~

Ilna3moximiss mocnipkye XiIMIUHI TPOIECHM B IUIa3Mi, Jie TeMIeparypa
SHAXOMUTBCS B miamasoni 10°+10° K (Tak 3BaHa «HU3BKOTEMIIEPATYPHA» TIA3Ma),
B SIK1i CTYIIHb 10HI30BaHOCT1 CKJIa/Ia€e 107'+107°. Taxi YMOBHU CTBOPIOIOTH YMOBax
€JIEKTPOAYTOBOTO, BUCOKOYACTOTHOTO 1 HAJIBUCOKOYACTOTHOTO T'a30BOr0 PO3psAY,
YCTAHOBKax aJ1a0aTUYHOrO0 CTUCHEHHS, B YAapoCTIMKUX TpyOKax Majaoro
JiaMeTpy Toulo. BuauisitoTh Taki BUAM YMOB CHUHTE3y B HHM3bKOTEMIIEpaTypHiH
IJIa3Mi: K6a3ipieHOBadCHI 32 YMOB aTMOC(EPHOTO THUCKY 1 BUIIE; HEPIBHOBANCHI,
ko Tuck Hmwkde 30 klla. 3a Takux yMOB TeMmriepaTypa OJMHOYHUX EIEKTPOHIB
Ha0arato BULIAa 3a TEMIEpaTypy MOJIEKY] 4d HOHIB. KiHETHUYHI 3aKOHOMIpHOCTI
KBa31piBHOBAXKHUX MPOIECIB AETEPMIHYIOTHCS JUIIE TEMIIEPATYPOIO BIIACHE CaMUX
YaCTMHOK, a HEpPIBHOBAXKHI MPOILIECM BHUBYAIOTH peakilli, SKI aKTUBYIOThCSA
«rapssyuMu» enexkTpoHamu. llpukinan miaa3MoXiMIYHOT TEXHOJOT1l — OJep>KaHHS
anetmieny C,H; B enextpopospsinaiit ycranositi mpu 1600 °C i3 mpupoaHOTo Tasy:

2CH,; = C,H, + 3H,.

IlpukiaagHa XiMisi — B OCHOBHOMY 00’€/IHy€ Ti HampsMKH, IO MalOTh
npsiM€ 4Yd OMNOCEPEIKOBAHE BIAHOIICHHS 10 MOTPEO BIHCHKOBO-IIPOMUCIOBOTO
KOMILIIEKCY.

Panioximisi BHBuUae wMirpairito, BJIIACTUBOCTI PaJI0OaKTHBHHUX €JIEMEHTIB,
METOAM iX BWJUICHHS, KOHIIEHTPpYBaHHs, pos3auieHHa. lle HaykoBa ocHOBa
TEXHOJIOT1M OJiep)KaHHsS BHUCOKOAKTHBHUX MaTepialliB Ta pereHeparii siaepHOTO
najguBa, po3poOKU METO/IB BUKOPUCTAHHS PaJIOHYKIIIIB.

Conoximisg BHBYa€e XIMIYHI peakilii Mia M1€l0 YIbTPa3BYKY; 1€ PI3HOBUJ
MEXaHOXI1MIi, SIKUi BUBYAE TpoliecH y piauHi. [IpyxHi XBUI1 AlIOTh HA PEYOBUHU 3
METOIO 3MIHM iX CTPYKTYpH Ta BIACTUBOCTEH. ['0JOBHUI IHCTPYMEHT COHOXIMII —
KaBITallisl, yTBOPEHHS MacH MYJIbCYIOUMX MYXUPILIB y PIIKOMY CEPEIOBUIII, TUCK B
sxux 3poctae g0 800 MIIa, remmnepaTypa, 3a TeopeTnaHnMH orinkamu, 10 7400 K.
[Ipy 1bOMY CHOCTEPIratOTHCS EIEKTPUYHI PO3pSau, BIIOYBAEThCA 10HI3AIlS,
BUHHUKA€E SIBUILEC COHOJIOMIHICIIEHIII — 3BYK TMEpPETBOPIOEThCA Ha CBITIIO.
JocnipkeHHs MOKa3ylTh, M0 MpPU COHOJIOMIHICUEHLII B1IOYyBa€ThCA
KOHIIEHTpAIIlsl €Heprii B 10% pasiB. Lleit gakT € MOTEHIIATIbHOIO MOKJIUBICTIO JIJIS
BUKOPHCTaHHS yIbTPa3ByKy y Baxkii Boai (D,0+T,0) s peanizaiiii Tak 3BaHOTO
«IYXUPIEBOTO TEPMOSTY».

Crepeoximisaa BUBYa€E IPOCTOPOBY OYIOBY MOJIEKYJ Ta ii BIUIMB Ha XIMI4HI1
BJIACTHBOCTI CHOJYK (CTaTMYHA CTEpeoXiMis) a0 Ha KIHETUKY XIMIYHHMX peakIlii
(IMHAMIYHA CTEPEOXiMisl).

CynoBa (kpumiHajgicTHuHa) XimMisi — TIACTpyKTypa TEPEBaKHO
aHamiTuaHO1 Ximii. Ile myke mmpoka 00J1acTh CTOCOBHO 3ajay, SIK1 BUPIITYIOTHCS.
dakTU4HO OyAb-sIKe XIMIYHE MOCHIIKEHHS MOXKe OyTH PIZHOBUAOM XIMIYHO-
cynoBoi ekcneptusu. OO’ eKTaMu TOCHIHKEHHS bOTO MiIPO3JUTy XiMii € MOBITPS,
BOJIa, TPYHT, XapuyoOBl Ta CMAaKOB1 MPOAYKTH, MPEAMETU MOBCIKICHHOIO BXHUTKY,
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(b1310J10T1YH1 CYOCTpaTH JIOJIMHU Ta TBAPHWH, TEXHIYHI MpEnapatd, PyKOINHUCH Ta
JIpYKOBaHI Marepiajid, CUPOBUHA Ta 00poOieH1 jJikapchbki mpemnapatu. [loyaTok
CyloBa XiMmis Oepe 3 aHANTHUYHUX JOCHIIKEHb OTpyT. OueBUAHO, 110
KpPUMIHAIICTAYHA XIMIS TICHO TOB’s3aHa 3 TOKCHKOJOTi€0, (hapMaKoJoTiEro,
Tepamiero, ¢i310I0TI€RO.

CynpamoJjiekyasipia Ximiss — BIJJHOCHO HOBA, IIBUAKO MpOrpecyroya
cknajgoBa Ximii. Ii HasBa Ta ocHOBHI moHATTA, cdopmymboBani B 1978 p.
¢panmy3pkum xiMikom JK.-M. Jlenom (¢p. Jean-Marie Lehn), me He cramu
3araJbHOBMU3HAHMMHU. 3a HOro BHU3HAYEHHSIM, LEH PI3HOBUI XIMIYHOI HAYKH
BHUBYA€E MPOLIECH <1032 MOJIEKYJIOIO», a caMe€ CTPYKTypy Ta (QyHKIIi acoriamii
IBOX 1 OUIbIIE MOJEKYJI, SIKI YTPUMYIOTBCS MIKMOJIEKYISIPHUMHU 3B’ si3kamMu. Yacto
CKJIaJIOBI CYNMPaMOJEKYJISIPHUX CTPYKTYp  MOXXHA pO3MVISIAATH K aHAJOTU
CTPYKTYp B MOJEKYJSApHIA O10J70Tii: SK MOJEKYISIpHUN perentop i cyocTpar,
MPUYOMY OCTAHHIA Ma€ MEHII PO3MIpH 1 caMe HOTO CIiJi 3B’S3aTH 3 PEIENTOPOM.
YMOBHO CyIpaMoOJIeKyJIsipHa XiMisl BKJIFoYae: 1) XiMito CyMmepMoJIeKys, 00’ €KTOM
JOCIIIPKEHHST  AKOi € CTaOUIbHI  OJIITOMOJIEKYJISIPHI ~ KOHTJIOMEpaTu, 110
(bopMyIOTbCSI MIKMOJIEKYJIIPHOIO acolllalli€eld  perenTopy Ta ioro cyOcrtpary,
BOHU (POPMYIOTHCS BIMOBIAHO JO MPHUHIUIY «MOJEKYISIPHOTO PO3IMi3HABAHHSI»
(«KITFOY-3aMOK»); 2) XiMisS «MOJIEKYJISIPHUX aHCaMOJIiB» — MOJIMOJICKYJIIPHUX
CUCTEM, MPOAYKTIB CaMOJOBLILHOI acoliallii 3MIHHOT KUIBKOCTI ckiIagoBux. Ilicis
IOTO YTBOPIOEThCA crelnudiuna ¢aza, ska Mae 4ITKO BU3HAYECHY MIKPOCKOIIUHY
opraHizaiito, 3ymoBiieHy ii mpuponor. lle mimenu pi3zHOi OymOBH, KiaTpaTHI
ancamO1, MeMOpaHHI KoallepBaTH, BE3UKYIH TOIIIO.

B cynpamonekynspHiii XiMii BH3HauyaJdbHYy pOJIb MalOTh pO3MIp Ta
npocTopoBa (popMa MOJIEKyYJI, a HE IX XIMi4HA Hpupoja. Tak, aHajioraMu 3 TOYKHU
30py TakK 3BaHOI KJIATpaTHOI XiMii SBJISIFOTH KCEHOH X, cipkoBoaeHb H,S, xmop
Cl,, metan CHy, cipunctuii raz SO;, ¢hocdin PH;. He3Baxaroun Ha pisHY XiMidHE
MOXOJIXKEHHS, MOJIEKYJIU IIUX PEYOBUH MEBHOIO MIPOIO BIAMOBIIAIOThH 32 PO3MIPOM
Ta (QopMOI TeoMeTpii MOPOXKHUH Yy TaK 3BaHOMY TiapatHoMmy kapkaci. Li
PCUOBUHHN MOXYTh OYTH «TOCTSIMH» B KjaTpaTaxX T'iIpoXiHOHY (KpiM XJIOpy, SKHiA
HOr0 OKHCITIOE).

Tomy 3 TOUKM 30py KJIaTpaTHOI XIMIii MOKHA MOSICHUTHU ICHYBaHHSI CTPYKTYpP
tuny  Xe-6H,O, C3Hg:17H,O0, CCls17H,0, anykrtiB  cedoBHHH  N-
C14H30'10,9(N Hz)zCO abo Ar'8,8C5H602.

[IpakTuHe 3acTOCyBaHHS SIBUIA KJIATPATOYTBOPEHHS —  PO3AUICHHS
HOPMaJIbHUX Ta BTOPUHHUX AJIKIJIAMiHIB, aJIKaH1B TOIIO.

TepMoximisi BUBYa€ TEIJIOBI SIBUIIA, SIKI CYIPOBOJIKYIOTh XIMiUHI MPOLIECH.
TepMoxiMiyHI KOHCTAHTH (3HAYCHHS TCIUIOTH YTBOPEHHS Ta 3TOPSHHS XIMIYHHUX
CIOJIYK, TCIUIOBI €EeKTH peakiliii) BUKOPUCTOBYIOTh B XIMIYHIM TEXHOJOTII, MpH
CKJIaJJaHHI TeIJIOBUX OanaHciB. BOHM € OCHOBOIO pO3paxyHKIB XIMIYHOT
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TEPMOJIMHAMIKU. 3a TONOMOIOK TEPMOXIMIYHHMX JaHHUX 1IEHTU(]IKYIOTh CHOJYKH
Ta CyMillli, 0COOJIMBO Y OpraHiuHIi XiMii.

TexniuHa Ximisi BKJIIOUa€ TEKCTHIIBHY XIMilO, XiMil0 0OpOOKHM MaTepialis,
XIMiIO CKJa, XIMIYHI aCIEKTH €KOHOMIKU. ElleMeHTH TeXHIUHOT XiMIi 3yCcTpiyaincs
Bke B XV-XVII ct. Tak, B cepeauni XV cT. Oyno po3poOJE€HO TEXHOJOTIIO
MOBITPSHOJYBHUX TOPHIB [JIsi BUIUIABIAHHS MeTaniB. [loTpebu BilicbKOBOI
MPOMUCIIOBOCTI  CTUMYJIIOBAIA POOOTH 3 MOKpPAIIEHHSI TEXHOJIOT1i BUPOOHHUIITBA
nopoxy. Tofl 3 moyanacst po3poOka XiMIYHUX TEXHOJOT1M KOHCEpBallii IPOIYyKTIiB
xapuyBaHHs, (apOyBaHHS TEKCTWIIIO, OyAIBEIbHHX MaTeplaliB, CKJa, 0OpoOKH
IIKipYU, BUPOOHHUIITBA ETUJIOBOTO CHOUPTY Ta aJKOTOJBHUX HamoiB. BupgaTtHum
XIMIKOM-TEXHOJIOTOM TOro 4acy OyB Bamnoudo bipiaryudo (itan. Vannoccio
Biringuccio), #oro kmacuyna mpams B 10 Tomax «IIpo mipoTrexHiky» Oyi0
HagpykoBaHo y Beremnii B 1540 p. BoHa siBisijacst eHIMKIIOTIETIEIO BITOMUX HA TON
4yac TEXHOJOT1 J0OyBaHHS pyJ, BUIIPOOOBYBAHHS MIHEpaliB, BUAUICHHS METaNIB,
MEPEroHKH, BIICKKOBUX TEXHOJIOT1H Ta (eepBepkiB. [HIINI BITOMUN TpaKTaT, IO
MIAIIOB 10 HAIIMX YaciB, [0 MICTUB ITIOYAaTKHA TEXHIYHOI X1M1I, HAIIUCaB HIMELbLKUN
HaykoBellb ['eopr Arpikonma (mar. Georgius Agricola, crparxue im’s ['eopr
[TaBep, Him. Georg Pawer) «IIpo ripceky crpaBy Ta Metanyprioo» (1556 p.).

Tomoximisi BuB4Yae TBepa0da3Hi peakiiii, Kl MPOTIKAIOTh B TBEPAUX TLIAX
a00 IXHIX OKPEMHUX YACTUHAX. [CTOPUYHO TOMOXIMIsl MPOMIILIA UISIX BiJl BUBUYCHHS
MPOIIECIB KaJbI[MHALIIl MIHEpPaJIbHOI CHPOBHUHU JO MOJEKYISIPHO-IPOMEHEBO1
emiTakcii — OpPIEHTOBAHOIO POCTY OJHOTO KPUCTAly Ha MOBEPXHI IHLIOTO, SKY
aKTUBHO 3aCTOCOBYIOTh B MIKpOENeKTpoHili. Opil€eHTOBaHUNA PICT OJHOIO
KpHCTaly BCEpEMHI IHIIOrO HAa3UBAIOTh €HJOTaKcielo. i  crocTepiraioTs,
HaIpUKIIAJl, PU CIIOHTAaHHIN KpucTaiizallii, B mpolecax Kopo3ii

dapmakogoriyna ximisi (papmamest) (ot ap.-rper. QAPLOKOV — JIIKAPCHKI
3ac00M) — HayKa Mpo XIMIYHI BIIACTUBOCTI Ta MEPETBOPEHHS JIKAPCHKUX PCUOBHH,
MEeTOJax 1X pO3pOOKH Ta CHHTE3y, XIMIYHHUX NEpeTBOPEHb MNpu 30epiraHHi,
SAKICHOTO Ta KiIbKicHOTO aHani3y. [lepeBipka Oe3mneuHocTi papMIpenapaTiB TaKOX
BITHOCUTKCS 10 3amad (apmakoiorigHoi ximii. B cepemapomy, i3 400 xiMigHHX
CIIOJIYK, SIKI TPOSIBISAIOTH (hapMakoJIoriyHuM edekT, micias BUMPOOOBYBaHb [0
BUPOOHUIITBA MPUNMAETHCS TUIBKU OJTHE.

®demTOXiMifl BUBYAE MPOTIKAHHS €IEMEHTApPHUX aKTIB XIMIYHUX PEaKIii y
demrocexyrnHoMy miamasoni (107°+107% ¢). Bin 3Ha4yHO MeHuMil, HiX mepiox
KOJIMBaHHS aTOMIB Y CKJaJl MOJEKYJI (10"13+10"11 c). 3aBOgKH Cy4aCHHM
TEXHOJIOTIAM (EeMTOXIMIST «0ayuTh» MPOTIKAHHS XIMIYHOI peakuii — 3MIIMICHHS
aTOMIB B Yaci Ta OpoCTOpl a Tmpolieci «mnepe@opMaTyBaHHA» pPEareHTIB Yy
NPOJAYKTH, SIK BiAOYyBaeThbCsA akTHBalisl MojeKkys. [lo cyTi, med miaxia 103BOJIsE
criocTepiraTd XiMigHy peakiito in situ (Oe3mocepenHb0 Ha MicCIli), a, 3HAYHTH,
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pO3pOOIATH NUISAXW YOPaBIiHHS HE0. YCHIXH, JOCATHYTH MpPU BUKOPHUCTAHHI
(heMTOCeKyHAHUX IMITYJIBCIB, MAJIM HACIIIKOM NOSIBY (heMTOO10JI0T1i.

®diznuyHa ximis BUBYA€ 3arajibHl 3aKOHU OYJOBH Ta XIMIYHUX MEPETBOPEHD
pPEYOBUH TMpU 3MiHI 30BHIIIHIX yMOB. € Taka CEHTEHIlSl: XIMIKM MpaIoiTh
YUCTUMHU METOJAMHU 13 3a0pyJAHEHUMHU pEUOBUHAMH, (I3UKU — «OpyAHUMU»
METOJIaMU 3 YUCTUMHU PEUOBHHAMU, a (PI3UUHI XIMIKU — «OpYJHUMU» METOAAMHU 13
3a0pyAHEHUMH PEYOBUHAMH, TOOTO ITOCHIIKYIOTh XIMIYHI Ipolecu (Pi3UNYHUMU
Metogamu. Crovatky Iie¢ OyJaud oOpraHojenTwyHi Metomu (cMmak, 3armax,
TEMIepaTypa, 3a0apBICHICTh, KOHCHUCTCHIIS), TOTIM 3’ SBHJIMCSA CIEKTPaJbHI
Metonu. [lepenoMHUM MOMEHTOM B PO3BUTKY (DI3UYHOI XiMii CTall0 PO3YMIiHHS
TOoro (Qakry, II0 CBIT PEYOBUH CKOpillle 32 BCE HEPIBHOBAXKHUN, TOMY
BUKOPHUCTOBYBAaTU YCTaJIEHI TEPMOJMHAMIYHI 3aKOHHM Jii PIBHOBa)XKHOTO CTaHY
HEKOpeKTHO. [lioHepchbki poboTH Oesbriiicbkoro (izuko-ximika I. [Tpuroxkuna (dp.
llya Prigogine) Bmepmie mokasay, 10 iCHYIOTh HEPIBHOBa)KHI TEPMOJAMHAMIUHI
cucTeMH. IX NpHMHLMIOBA BiAMIHHICTH BiJ] «KJIACHYHUX» TEPMOJAMHAMIUHO
3aMKHEHUX PIBHOBXXHUX CHUCTEM Yy TOMY, LIO BOHH, NOTJMHAIOYU E€HEPTil0 Ta
PEYOBHHY 13 JOBKUUIS 32 NIEBHUX YMOB, MOXYTh 3J1MCHUTH SIKICHHI CTpHOOK 10
IHIIOTO PiBHs opraHizaiii (Tak 3BaHI «JIUCUIATHBHI CTPYKTYpw»). [IpuHIMIIOBO,
110 TaKU¥ SIKICHUM MepeXili HEMOXKIMBO NepeadaynuTH Ha 0a3l KIaCUYHUX 3aKOHIB
TEPMOIMHAMIKH 1 CTaTUCTHUKH. Taxki1 CUCTEMHU MI3HILIE Ha3BaJHu
«pUroXuHCbkuMu». L1 miAX0au J03BOJUIU MO-HOBOMY PO3TIISHYTH MPOOIeMy
MOXO/KEHHS JKUTTS Ha 3emuti (IuB. po3ai

4). ®izuyHa XiMis MOSICHIOE, HANPUKIIAI, YOMY TOPYIIYIOTHCS TPATUIIIHHI
VSBIICHHS TpPH TaKWX, HA NEPIIMM TOTrJs[, MPOCTHX IMpolecax 3MilllyBaHHS
€TaHOoJy 1 BOJHM, KOJIM CyYMapHUW 00’€M Cywmilll MEHUIMH, HDXK cyma 00’€MIB
Buxigaux piguH (50 Mo Co;HsOH+ 50 M H,O = 96 Mo cymini + Terio).

®dizuyHa opraHiyHa XiMis BHUBYA€ MEXaHI3MHU OpPraHIYHUX peakKilii,
KUIbKICHI B3a€MO3B’SI3KM MDK XIMIYHOKO OyJOBOIO OpraHIYHUX CIONYK, IXHIX
BJIACTUBOCTEN Ta peakUIHHOIO 3AaTHICTIO. OJHO 13 TOCATHEHb LI€T rairy3i XiMii —
BIIKPUTTSL Ta MOJAJIbIIE MPAaKTUUYHE BUKOPUCTAHHS CTAOUIbHUX pajguKaiiB. Y
Apyrii noaoBuHi XX CT. MOYaBCs PI3KUM CTPUOOK THTEpECY XIMIKIB O CTaO LTbHUX
HITpOKCHWIbHUX panukaiiB (HP) — opraHiyHUX MOJIEKYJI, 1110 CKJIaay SKUX BXOJIUTH
HiTpokcmibHa rpyna N-O, Ha 4Kild JOKaTi30BaHO HECMApPEHUH EIEKTPOH.
Pagsuceki ximiku O.JI. Jlebener ta C.M. KazapHOBCHKMI BIIEpIle CIIOCTEpIraiu
nel Jayxe CTaOUIbHUN pajuKall, KWW MIT ICHYBaTH y PO3YMHI HEOOMEXKEHO
nosruii yac. CriHOBa ryCTHHA B IIbOMY PaJUKalll AEJIOKAII3Y€E€ThCA Ha IBOX aTOMAaX
N Ta O, 1 IpOro JOCTATHLO IS MOT0 XIMIYHOI CTIHKOCTI, peKOMOIHAIlI I[bOTO
CTaHy €HEPreTUYHO HEBUTIAHA, OO MPUBOJAUTH 10 YTBOPEHHS BKpail HECTIHKOIO
naamory  N-O-O-N. Criiikicte pagukamy e Ourbime 3pocrtae, sikno HP
3HaXOJAUTHCA B TETpaalKiIbHOMY oOToueHHI. CunTe3 HoOBuUXx HP posmmupun



~23 ~

MOJKJIMBOCTI CHEKTPOCKOIIi EJIeKTPOHHOTro mapamarHiTHoro pe3onancy (EIIP),
SAKAWA CTaB YHIBEPCAJIbHUM JIOCHIIHUIBKUM 1HCTPYMEHTOM XIMIiKiB, O10JIOT1B,
MeauKiB. 3a goroMoror HP (Tak 3BaHUX «CIIHOBHX MITOK») MOKHA BHMIPIOBATH
B OIOJIOTIYHMX TKaHWHAX KoHIeHTpamito okcuay a3ory(ll) NO, skuii B 1992 p.
KypHaJT SCience Ha3BaB «MOJICKYJIOIO poKy». Ll pedoBHMHA, He3Ba)karoyW Ha
npocty (GopMyiay, BUKOHYE B JKHUBOMY OpraHi3My psiji BaKJIUBHX (QYHKIIIM:
30KpemMa, MIOMITHO BIIMBAE Ha CTAaH CyIUH, TIaAKol MycKynaTypu Tomo. B 1998 p.
3a BHUSIBJICHHS POJII 11€1 MOJIEKYJIH, SIKa caMa IO cO01 SBISETHCS HAUMPOCTIIIMM
HP, rpyna amepukanchbkux HayKoOBIIIB ojep:kanu HoOeniBCcbKy mnpemMiro B 00acTi
¢i3ioyorii Ta MEIUUUHM. JledKi KPUTHUKUA CTBEP/KYBAJIM, IO HACIPaB/l MPEMIIO
MPUCY/KEHO Ta CTBOPEHHA Mpemnapary «Biarpa», mpuHOMNO il SIKOrOo fK pa3 1
noJisirae B perynoBanHi koHueHTpamnii NO.

3agaua ¢iroximii — CTBOpeHHS €(PEKTHBHUX JIKIB HA OCHOBI POCIMHHO1
CUPOBUHU. [HIIWNA HampsMOK — Oe3MeuHi 3aco0M 3axXUCTy POCIHH, METOIU
¢ditopemenianii. 1106 BUABUTH O10JIOTIYHO AaKTHUBHI CHOJYKHM B MPUPOJHIN
CUPOBUHI, BUKOPUCTOBYIOTh J1Ba MeTOAH. [lepiunii — CKpiHIHT a00 «IIPOCIIOBAHHSI»
— mnepeOupaHHs BCIX MPUCYTHIX PEUOBUMH 0O€3 YSIBIEHHA MpO Te, fSKa came ii
CTPYKTypa, TOOTO «ciime» TecTyBaHHsi. Bmepme meil MeTon 3acTocyBaB Ha
novyaTky XX CT. HIMEIbKHM JIIKap Ta XIMIK, 3aCHOBHUK XIMioTeparmii, Jiaypeat
HoGemiserkoi ximii (1908 p.) IMayns Epmix (mim. Paul Ehrlich). Bin anmpo6yBaB
CKPIHIHT HUISIXOM JOCIIIP)KEHHSI OpPTraHIYHUX CIIOJIYK MUII Ky AS [ BUSBICHHS
edexTuBHOrO 3aco0y mpotu cudimicy. Jpyruil HanpsiM — HampaBJICHUM CUHTE3,
KOJIM HAyKOBEIlb MOCTYIOBO HAKOMUYY€E AaHI MIOJI0 KOPEJSIii CKIIanly aKTHBHUX
XIMIYHMX CyOCTpaTiB Ta MNposiBy ix OlojoriyHoi aii.  MoJekyiau pedyoBUH,
BUJIVICHUX 13 MPUPOJHUX OO’ €KTIB, BUKOHYIOTh POJb «Ipaodpa3iB» JJIsi CUHTE3Y
[ITROBUX CHONYK. Takux mpuKiIamiB Oararo: 2-TimpokcnOeH3oiHa abo (enompHa
kucinora CgHy(OH)COOH na3Bana caninuiioBoro, 00 ii Bepiie BUILIEHO 13 KOpU
BepOu (irat. Salix), 3Haiiia 3acTOCyBaHHS SIK Xap4YOBHA KOHCEPBAHT; MIPETPUHH —
BiJl Ha3BM TMEPCHICHKOI pPOMAIIKH, IMpeTpyMy poskeBoro Pyrethrum roseum
(Adam) Bieb., Pyrethrum carneum Bieb., Chrysanthemum roseum Adam., cyusitts
ta TpaBa skoi Mmictuth 0,2-1,2 % miperpuHiB Ta IiHepuHIB (ckiamHi edipn
KETOCTIUPTY MIPETPOTOHY ab0 I[MHEPOJIOHY BIAMOBIAHO 3 XPU3AaHTCHOBUMU
kuciaoramu). Lli CHOMyKH SBISIOTBCS KOHTAKTHUMH OTPYTaMH, sIKi PYHHYIOTH
KIITHHU TEHTPaIbHOI HEPBOBOI CHCTeMH Komax (HEUTpOTOKCHHH). CHHTETHYHI
MIPETPOiA B MACOBUX KUIBKOCTSIX HAQMIMIUIA Ha PUHOK mecTuruaiB B 1976 p.
Hapa3i ix acoptumeHnt HapaxoBye Oinms 40 mpemapari. [IpoTe BUPOOHHUIITBO
MPUPOAHOTO MIPETPyMy HE MPHUIMHUIIOCS, X BUPOOsIoTh Outst 20 Thc. T/pik —
JanMaTchky pomainky BupomyroTh 1 Kenii, VYrawai, Tanzauii. I[Ipupogni
MIPETPUHU Ta CHUHTETUYHI MIPETPOiTU YCHIIIHO BUKOPUCTOBYIOTH JI 3aXUCTY
0aBOBHUKY, OBOUEBUX Ta IJIOJOBUX KYJIbTYp, BUHOTPAy, KYKYpPYA3H, IJIs 3aXUCTY
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niciB. BUKOpUCTOBYIOTH iX 1 B caHiTapii, Ajisi O0poThO1 3 eK30Iapa3uTaMu TBApHH,
IIKITHUKaMH TPOJOBOJIbYMX 3aMaciB, MIKITHUKAMU XyTPa, MIKIPH, TKAHUH TOLIO.

He3Baxkaroum Ha JOCSATHEHHS CHUHTETHYHOI (¢apMaleBTUYHOT Ximii, 13
POCIIMH OJEPXKYIOTh OISl TPETUHM JIIKAPChKUX CyOCTpaTiB. BapTicTh cuHTE3y Ta
OYMINCHHS I1XHIX CHHTETUYHHMX aHAJOTiB HACTUIBKA BHCOKa, IO MPUPOIHA
CUpPOBHHA 1€ JOBro OyJe CIyryBaTH €IWHUM JKEPEIOM BHUIUICHHS TaKUX
MOIIMPEHUX MpernaparisB, K BIHOJACTUH (LIUTOCTATHK, OAEPIKAHUHU 13 aJIKaIOImiB
OapBinky Vinca), kapaioraiko3uaiB, KOJIXIIMHY, MUIOKApIiHY, pe3epIiHy, XiHiHY
TOMIO.

doroximMisg BuBYAE peakiii, AKl1 30ymKylOTbcs cBiTiIoM. IlpuknanHa
dboToximist — Gororpadiuni npouecH, poTtoniTorpadiuHi TEXHOJIOT1i BUTOTOBICHHS
APYKOBaHMX  IUIAT,  MiKpocxeM,  (OTOXiMiYHWUK  cuHTe3  (HampUKiIan,
Karpojakramy). Jlo mpeaMeTy MOCIIDKEHHS Ii€l Tay3i XiMmii BiJHOCHTBCS
dboTocuHTe3. [HTEHCUBHO PO3POOISIOTHCS TEXHOJOrIT IITYYHOTO (DOTOCHUHTERY.
IToku 11 AOCHIIKEHHS 3HAXOIAThCA Ha CTaali J1abopaTOpHUX PO3POOOK.
Hanpuknaza, HanmiBOpOBIJHUKH Ta KMB1 OakTepli MOMIMYIOTh Y (POTOCUHTETHYHY
OloriOpuaHy cucteMy (IITYYHHHA JIMCTOK), HAa SKY JIIOTh COHSYHHUM CBITJIOM.
HamiBrpoBifHUKY 30UpaloTh MOT0 €HEPriio, TeHePYIOUr €IeKTPOHHU, TOTPiOH1 s
peakKIlii y po3unHi BOJAMU Ta BYIJIEKUCIOTO ra3y. bakTepis BUKOPUCTOBYE €IEKTPOHU
it iepeTBopeHHs moiiekynu CO,, BupoOisitoun BojieHb Hy, Mmetan CHy, etanon
C,HsOH. A Boma B TOM XK€ Yac OKHCIIOEThCS Ha TOBEpPXHI IHIIIOT'O
HaIBIPOBIAHUKA, B IPOIIECI HOTO BUALISETHCS KUCEHB O».

Metoro xapuoBoi Ximii € 3a0e3nedyeHHs BHUCOKOI SKOCTI MPOJIYKTIB
XapuyBaHHsS, Po3poOKa METOMAIB aHali3y Xap4yOoBUX MPOJYKTIB. XapyoBYy XIMIiIO
3alOYaTKOBAHO HA TOYATKY JIIOJICBKOI IMBUIIRAIT 3 TMOSBU JAPDKIKOBUX
TEXHOJIOT1H.

HaiiO11b11 akTUBHO PO3BUBAETHCS XIMisl XapuyOBUX J00aBOK, 3aCTOCYBAHHS
JOCSATHEHb $IKOi YacTO BHUKJIMKAE€ HEraTHMBHY peakulilo cycniuibcTBa. lIporte cimin
PO3YMITH, 1110 BBEJCHHS B MPOAYKTU XapyOBUX J00aBOK, KOHCEPBAHTIB — II€ IJIaTa
JIOJICTBA 3a T€, 10 BOHO 3BUILHUJIOCS BiJl BEJEHHS BJIACHOPYYHOI'O0 HATYPaIbHOTO
rocrmogapcTBa. XiMiuyHI J00aBKM MalOTh METOK MOJIMIIEHHS TEXHOJOTIT
BUPOOHUIITBA, CTPYKTYPH, TEPMIHIB 30€piraHHs, OpraHOJICNTUYHUX BJIACTUBOCTEN
MPOAYKTIB, 301JIbIIIEHHS iX MOKUBHO1 I[IHHOCTI.

OOnactp AOCHIPKEHb M€l ramy3l XiMii — CTBOPEHHS CHHTETHYHOI YU
IITY4YHOI 1K1, Ji€ BXK€ JOCSITHYTO NMEBHUX ycmixiB. lle mpoaykTH, cHHTE30BaHI 13
OUIKIB, KHUpIB, BYIJIEBOMIB, TMOMEPEIHbO BUIUICHUX Yy YUCTOMY BUIJAIL 13
POCJIMHHOI YM TBAPUHHOI CUPOBHUHU 200 CUHTE30BaHUX 13 MIHEPAJTIbHUX PEarcHTIB.
Sk BUX1JTHY CHPOBHUHY BUKOPUCTOBYIOTH BIIXOAM TBAPUHHUIITBA Ta MTAaXIBHUIITBA,
nepepoOKU MOJIOKA, POCIMHHHUIITBA, OlOoMacy MIKpOOpPraHi3MiB, HaIlpUKIA/,
JIPLKIKIB, TIAPOOIOHTH — BOJOPOCTi, MiIKpodaopy. OCBOIOETHCS aCUMETPUUYHUN
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CHUHTE3 XipaJbHHUX 130MepiB. PO3pI3HAIOT, CHUHTETUK-1KY, OJEpXKaHy 13
CUHTETHUYHOI CUPOBHHH, KOMOIHOBaHI MPOAYKTH 13 HATypajlbHUX MPOAYKTIB Ta
MITYYHUX J00ABOK, a TAaKOXX IMITAIlIF0 HATypaJbHHUX MPOIYKTIB (HAIIPHUKIIAI,
YEpPBOHOI UM YOPHOT IKPH, KYPSIUUX SIEIID).

XiMiYyHA TEeXHOJIOTifl BHUBYAE METOAM XIMIYHOI NEPEpOOKH MPUPOIHOL
CUPOBUHH, MPEKypcopiB, MOOYTOBHX Ta MPOMHUCIOBUX BiaxoAiB. Heopraniuna
XIMIYHa TEXHOJOTiSI Ma€ TPEeaAMETOM JOCHIKEHHS CIOocoOM TepepoOKH
MiHEpaJbHOI CHPOBUHHM (32 BUHATKOM METAJIIYHUX PYH), METOJHU CHHTE3Y OKCHUJIIB,
KHUCJIOT, JIYTIB, COJIEH, MiHEpalbHUX J00puB. MeTOIM OpraHiuHOi XIMIYHOI
TEXHOJIOT11 3aCTOCOBYIOTh JUIsI MEPEpOOKH TOprounx KomaiauH (Hadrta, Byrijmis,
NPUPOJIHUN Ta3 TOIIO), CHHTE3y IOJiMepiB, OapBHUKIB, (apMareBTUIHHX
cyOcTpaTtiB, XapyoBUX J00aBOK, JIOMIHO(OpPIB, 3ac00IB 3aXUCTy PpOCIHH,
napyMepHUX KOMITO3UII1i TOIIO.

Ximiuna ¢izuka TOCHIKYy€E €IEeKTPOHHI CTPYKTYpU MOJIEKYJ 1 TBEPAUX
(ha3; MOJEKYJSPHI CIIEKTPU MOTJIMHAHHSA Ta BUIPOMIHIOBAaHHS, €JIEeMEHTapH1 aKTU
XIMIYHUX peakiiil Tomo. Ha3By 1iii ramy3l Haykd 3amporOHYBaB HIMEIbKHUI
¢izuko-ximik A. Eitken (wim. Arnold Eucken) B 1930 p., sikuii 3amporoHyBaB
BUKOPHUCTATU TIOHSITTS KBAHTOBOI MEXAaHIKW MJISI PO3YMIHHS XIMIYHUX SIBHUIIL.
['panuiis Mk XiMidHOIO (i3UKOIO 1 (PI3UUHOIO XIMI€IO TOCUTHh yMOBHA. HallOiunbIni
JOCSITHEHHS 111€1 HAyKU — TEOpis JAHI[IOTOBUX XIMIYHUX peaki(id, CTBOpEHa
BHJIATHUM paasHChKUM XiMikoM M.M. CemenoBuM, sikuii B 1956 p. omepkaB
HobGeniBcbky mpemiro 3 XiMii 3a 1€ BIAKpUTTS. MexaHI3M JIaHIIOTOBUX peaKIlii

CTaB KJIIOYEM JUIsi PO3YMIHHA PI3HOMAHITHUX SIBUI] — TOPIHHSA, BHUOYXY,
010XIMIYHUX peaKIlii aBTOKATATITHYHOTO TUITY (IUB. po3ait 4.2.2).
XimiyHe 030po€HHsI — Tany3b MPUKIATHOI XIMIi, $SKa 3alMaeThbCs

TEXHOJIOTIIMU  BUPOOHMUIITBA OONHOBUX OTPYMHHMX PEYOBHUH, 3aco0aMu iX
3aCTOCYBaHHS, HeWTpamizamii Ta 3aXUCTy. 3acTOCYBaHHS XIMIYHOI 30poi
3aboponeHo JKeHeBchbkuM mpoTokoioMm 1925 p., skmit patudikyBamm Oimeme 100
nepxaB. [Ipore ii po3poOka, BUPOOHHUIITBO Ta HAKOMHMYEHHS B JIESIKHX KpaiHax
MOJIOBXKYETHCH 1 3apas.

IcTopist 3acTocyBaHHS cy4acHOT XiMidHOT 30poi po3moyanacs 22 kBitHs 1915
p. 13 3acTOCyBaHHS Tra3omoJiOHOr0 XJIOPY Ha 3axigAHOMY (POHTI HIMEIBKOIO
croponoto mig M. Inp (Benwris). JKeprBamu mepmioi ataku ctanm Ouis 15 twc.
qyosnoBik, 3 HuX 5000 momepnu. Ilepmuii edekTHBHUN apMiCHKUN TPOTUTA3 B
1915 p. po3pobuB BumaTHUi pociiicbkuit XiMik M. JI. 3emiHChKHIA 3a y4acTiO
imxeHepa-textosnora M.M. Kymmanrta. BiH epekTUBHO 3axullaB Bij IIMPOKOTO
CHEKTPY OTPYyT 3a paxyHOK BHCOKOI HecreuudiyHoi copOuii Ha MNOBEPXHI
aKTHBOBAHOIO 0Oepe30BOro abo JIUMOBOIO BYrUUIA. 3 MOPaJbHO-ETHUYHUX
MIpKYBaHb 3€JIIHCHKUI HE 3alaTEHTYyBaB BUHAXI1J, MEPEIaBIIN HOTO0 COIO3HUKAM.
Bxe mo kinmg 1916 p. Oymo BupoOseHo Oimpme 5 mutH. mpoturasiB. Hapasi
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(GUIBTPYyIOUl Ta 130JIF0I0Y1 MPOTUTAa3U BUKOPUCTOBYIOTHCS JUISI 3aXUCTY HE TUIBKH
BIMICHKOBUMH, a U JJIsl EKCTPEMAIbHUMU CITy:k0aMH, y OyAIBHUIITBI Ta OOYTI.

HaiiGinbmr  MacmutaOHMM — 3aCTOCYBaHHSAM — XIMIYHOI  30poi  cTajio
BukopuctanHs CIIA mix gac Biithu 3 B’erHamom. [Tounnaroun 3 1963 p., CIIIA i3
JiTaKiB 00poOWIN aepo3oiisiMu jaedorianTy (3aco0y, SKAH BUKIUKAE OIaJIaHHS
aucts pociimH) ««Agent Orange» JicoBi TepuTopii Ta Oe3mocepeHb0 HaceleHi
INYHKTH npu OomOapayBaHHi. B cymimax OyB HpHCYTHIA JlOKCHMH. YucieHH1
BpPO/KEH1 KaIIITBA € HACHIIJAKOM TepaToreHHoi Aii nedosianty. B pesynbrati Bia
XIMI9HOI aTaku mocTpaxknano Oins 4,8 MaH. JI0ACH, TPUYIOMY OTPYEHHS
MPOJIOBXKYETHCS 110 ChOTOAHI. BuKopucTaHHs XiMIYyHOT 30poi mpuUBENO 10
€KOJIOT14HOI KaTtacTpodu - Mail>ke MOBHICTIO 3HUILEHO YHIKaJbHI APEBHI MAHTPOBI
micu Ha TepuTopii B’eTHamy, 3arunysno Oinst 140 BumiB mTaxiB, y BogodMax pizko
CKOPOTHJIACS KUIBKICTh PUOH, TPOTE HAAMIPHO POZMHOXKIIIUCS LIIyPH — HOCIT YyMU
Ta 3’ IBUWIKCS KJIII — HOC1T eHuedamiTy.

Papiamiiina ximisa a0o XiMisi BHCOKMX eHepriil JOCHUDKye XIMIYHI
MPOIIECH MiJ A1€I0 HETEIIOBOI €HEeprii, a caMe MPUCKOPEHUX EJEKTPOHIB Ta HOHIB,
MIBUJAKUX Ta TOBUIBHUX HEUTPOHIB, - Ta [-4aCTUHOK, IMO3UTPOHIB, MIOOHIB,
MIOHIB, aTOMIB 1 MOJIEKYJ, PO3IHAHUX JO HAJA3BYKOBO1 IIBUAKOCTI, KBAaHTIB
€JIEKTPOMArHiTHOIO BUIIPOMIHIOBAHHS, @ TaKOX IMIYJIbCHUX EJIEKTPUUYHUX,
MarHiTHUX Ta aKyCTUYHHUX MOJiB. Taki mpouecu KIacu@ikyloTh 3a TPUBAIICTIO,
MOAUISIIOUN Ha hi3uyHi, IK1 TPOTIKAIOTh MPOTATOM (PEMTOCEKYH/T 1 HABITh IIBU/IIIE
(muB. ®demTOXiMIisf), TPUYOMY TMPOTATOM IIHOTO 4Yacy HETEIUIOBA CHEepPTis
PO3MOAUISETHCA B CEPEIOBUILII HEPIBHOMIPHO 3 YTBOPEHHSIM TaK 3BaHOI «rapsidoi
WISIMU», Ta Qi3UKO-XiMiuHi, TIPOTATOM SIKUX BUSIBISE€TbCS HEPIBHOBAXHICTH Ta
HETOMOTEHHICTh MPOLECIB B «rapsiyiil MsiMi», 1 XiMiuHi, B SIKUX TEPETBOPEHHS
B110YBaIOTHCA BIJAMOBIIHO O 3aKOHOMIPHOCTEM 3arajibHOi Ximii. B pe3ynbraTi
YTBOPIOIOThCA 30y/IKEH1 MOHM, aTOMU 1 MOJIEKYJIH, SIKI 332 3BUYAHHUX YMOB HeE
MOXYTh B3a€EMOJIISITU BHACIIIOK HEMOXKJIMBOCTI 3MIIIEHHS CTaHy PIBHOBArH.

Po3nin opraHiuHoi Ximii, 110 BHBYAa€ BHCOKOMOJIEKYJSIPHI CHOJYKH
(BMC), mae 3Ha4Hi TOCSATHEHHS B CHHTE31 Ta JOCHIHDKCHHI OYJOBH CHHTETUYHHX
YU MPUPOJHUX MAKPOMOJIEKYJ, Kl CKJIQJal0ThCs 13 MOBTOPIOBAaHUX MOHOMEPHHUX
nanok. Ximiss BMC pocniikye TakoX T€TEPOATOMHI CIIONYKH, IO MICTATH B
rOJIOBHOMY IMOJIMEPHOMY JIAHLIOTY, KpIM aTOMIB BYIJIELIO, TaKOX KHCEHb, a30T,
cipky. HoBiTHi (yHKITIOHAIBHI MaTepiaan Ha ocHoBi BMC (mosimepiB), B TOMY
YUCJI1 TaK 3BaH1 IHTEIEKTyaJIbH1», IIMPOKO BIIPOBAKYIOTHCS B Cy4aCHE HKUTTS.

Ximist karTajgizy [IOCHIKye pEYOBUHM, SIKI BIUIMBAIOTh HA ILIBUIKICTb
peakiiii. Karaniz 1 Hapa3i 3aIUIIA€THCI OCHOBHUM YMHHHUKOM PETyJIsilil XIMIYHUX
BUPOOHMUIITB, ¢ BITHOCHA YaCTKa KaTAIITUYHUX TporeciB ckiranae mo 90 %, xoua
3apa3 3’SIBHJIMCSA HOBUX METOAM aKTHBAIlli peakiiid (rurasMoximis, pamiamiiHu,
aKyCTHYHHH, JIa3epHUI YMHHUKH TOI0), OCOOIUBOIO YBAroko 3apa3 KOPUCTYEThCS
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MONIYK KaTalli3aTOpiB aCUMETPUYHUX CHHTE31B, KOJIM OpraHiuyHi MNPOAYKTHU
NPEACTABIAIOTh COOOI0 CYMIII ONTHYHUX 130MEpIB, A€ TUIBKA OJHWH 3 HUX €
UTBOBUM TIPOAYKTOM (Ous. po3zoin 4.2.4). YHiBepcaJIbHOI Teopil KaTamizy Hapasi
HE ICHY€, B IIJIOMY BBAXAETHCS, IO KATaJITUYHI pEaKIlii MPOTIKAIOTh Yepe3
YTBOPEHHS MPOMDKHHUX CHOJIYK, YTBOPEHHS SKUX 3HI)KYE €HEpril0 aKTHBALi.
[lpore icHyBanHS OykeTy Teopii Karamizy (MyJbTHILICTHA, TEOpis aHCaMOIIiB,
HAIIBIIPOBIJHUKOBA, JIAHIIOIOBa, KOMIIEHCAIliiHA TOIINO) CBIAYUTH IMPO T€, IO
MEXaHI3MU KAaTAITUYHUX peakiiii pi3HoMaHiTHI. B  Olojmoriunii  Ximii
IEHTPaJbHUM TNUTAHHSIM € BUBYEHHS MEXaHI3MIB JA1i (PEPMEHTIB, AKiI MO CYTI €
KaTanizaropamMu 010XiMIYHUX MPOILIECIB.

Ximisl cuiiikaTiB BUBUA€E TEOPIIO Ta MPAKTUKY OJIEPKAHHS Ta 3aCTOCYBaHHS
CoJiel KpEMHIE€BOi KHCJIOTH. Y POJII KaTIOHIB B CKJIAJl CHJIIKAaTIB BHCTYIAKOTh
enementu I, 1, IV nepioais Ilepionuunoi Tabmuii J[.I. Menneneesa. B npuponi
CUJIIKATH MPEJCTABICHO Y BUIJISIAI MIHEPAB, K1 BXOJATh JO CKJIaqy OLIBIIOCTI
TipChbKHX MOPi, Ha KpeMHil npunagae 25 % macu 3eMHOT KOpH 10 MIIHOUHU 15 KM.
ToMmy JOriyHO, 110 CHJIIKATH CTadd OJHUMH 13 OCHOBHHMX MIHEpAJbHUX PECYPCIB
i mojacTBa. Kepamika, BUpoOu Ta MaTepiaiu, Ki OJIEpKYIOTh CIIKAHHSIM TJIUHU
Ta iX cyMmileld 3 MiHepaJbHUMH J00aBKaMmu (OKCHJIB Ta IHIIMX HEOPTaHIYHHX
CHOJYK) cTaja HOCIEM HE TUIbKM MaTepiaibHOT KyJbTYpH, a ¥ iH(pOpMaIliitHIM
HOCIEM CcaMOT1 JIPEBHBOT CUCTEMH IMUCEMHOCTI JIF0/ICTBA (HaHApEBHINIA KIMHOIACHA
TabJIMJKa Irymepcbkoro nuckMa i3 Kima mgaryerses 6inst 3500 pokiB 10 H.¢.).

XiMisi IPUPOIHUX CHOJYK — PO3JUI OPraHiyHO1 XiMii, 1110 BUBYAE METOU
oJiep>KaHHsI, OyJIOBy Ta BIJIACTUBOCTI MPUPOJHUX O100PTaHIYHUX CHOJYK KJacy
BYIJIEBO/IIB Ta IXHIX CHUHTETHYHUX aHaioriB. Hampukian, Takuil npuBaOIuBUN
3amax KaBW 3YMOBJICHWH O BHUIIICHHSM Tpu 3aBaproBaHHi Oinst 500 meTkmx
KOMIIOHEHTIB. PoOoTH HiMerpKoro XiMmika-opranika A. baitepa (mim. J. F. W. A.
von Baeyer), skuii BHBUaB OyIOBYy Ta CHHTE3 IHIWTOBHX MOXiTHHMX (IHIOJ Ta
CHHTE3 MPUPOJHOTO OapBHUKA CHHBOTO 1HAUTO — 1€ KOJIP KIACHYHHMX JKHHCIB),
MIPUBENH 10 CTBOPEHHS XiMii cmHTeTHYHUX OapBHUKIB Ta HobemiBchkoi ximii 1905
p.- 3a mi poOOTH, SIKi JajM MOYATOK IUI ramy3i BUPOOHMIITBA aHLIIHOBHUX
OapBHHKIB. 3 OCTaHHIX JOCSITHEHb MOXKHA BimMiTUTH po3pobieHy B 90-x pokax
XX cT. opuriHajibHy TEXHOJIOT10 AOOYBAaHHS MPUPOAHUX O10JIOTIYHO AKTUBHUX
CIOJIYK 13 POCIMHHOI 1 TBapUHHOI CHPOBUHHU 3a JOMOMOTOK HAJAKPUTHYHOT
(bmroinHOI eKCcTpakilli, HampuKiIaja, ankanoigy kodeiHy 13 KaBOBOTO 3€pHa PILAKUM
CO,. He3Baxkarouu Ha po3poOKY CHHTETUYHOTO METOJY OJIEpKaHHS PI3HUX BU/IIB
KayudyKy, /10 HalllUX 4aciB HE BTPATUJIO CBOTO 3HAYEHHS 100YBAaHHS HATYypPaJIbHOTO
KayuyyKy — OpupojgHoro mnoisimepy 1,4-nuc-momiizonpeny, SIKUil OAEPXKYIOTh 13
HATYPAJILHOTO JIATEKCY Koaryssiiero (oca/pkeHHsAM) KuciIoTamu. [IpupomHumu
JDKepellaMu  JIaTeKcy € reBes Opasmibcbka (Hevea brasiliensis), Tay-carms
(Scorzonera tau-saghyz), xok-caru3 (Taraxacum kok-saghyz), xkpum-carus
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(Taraxacumhybernum Stev.). B TpboXpi4yHMX KyJbTypax OCTaHHIX TPhOX
NPEICTAaBHUKIB MOJIOUAEBUX B KOpeHSIX HakonmuuyeThes 10 10-15 % kaydyky TB.
2-3 % cmon. Bceymeped mporHo3aMm, 00yBaHHS HATypPaJIbHOTO KaydyKy
MIPOJIOBKYE PO3BHBATHUCH, SKIIO B 1963 p. fioro BupoOHUIITBO ckianmo 2,17 MiH. T,
B 1981 p. — 6inst 4 muH. T, B 2017 p. — 12,4 muH. 1. Tak, B Kurai 3a 2017 p. monut
Ha 1ed mpoaykT ckiaB 4,896 MIH. T, MPUYOMY OCHOBHA Taly3b 3aCTOCYBAaHHS —
BUPOOHUIITBO pajiajJbHUX IIUH.

Texnomorii xXiMmii NOPUPOAHUX CHOJYK MAKOTh PSAJ  HPUHLIUIIOBUX
BIZIMIHHOCTEH BIJl KJIACH4YHOI XiMi4HOi TexHosorii. CrnpaBa y ToMy, o Oarato
MPUPOJIHUX CIIONYK JIOCUTh YUYyTJUBI JO HE3HAUHUX KOJIMBAaHb TEMIIEpATypH, iXHs
KOHIICHTpAIlisl B IPUPOHIN CUPOBUHM YaCTO JTy>KE€ HU3bKA, IHKOJIH 1€ 10°-10° %.
Tomy Taki TeXHOIOTIi MOB’sA3aH1 3 NEPEPOOKOI0 BEIMKUX MAC BUX1JHOT CHPOBHUHH.
OpnepxaHi TPONYKTH JOBOJUTHCS BHUBYATH 3 BUKOPUCTAHHSIM CHEUH(PIYHUX
METOIUK POOOTH 3 MIKpOKOHLEHTparissMu. CKIaAHO TaKOX PO3AUISTH CYMIIII,
K1, SIK IPABUJIO, OJEPKYIOTh Ha MEPIIii cTajli mepepoOKHU CUPOBUHH.

Ximifi TBepAOro Tijia BUBYA€ peakilii, B SIKUX MPUMMAE y4acTh OJHA YU
Kilbka PEYOBUMH y TBEPAOMY CTaHi. li JOCATHEHHsS 3HAXOMATh 3aCTOCYBAHHS B
MIKpPOCJICKTPOHIIll, CHHTE31 HOBHX MarepiaiiB (KEpMETiB — TIeTepOreHHHX
METAJIOKEPAMIYHUX  KOMITO3MIINA;  HAANpOBiTHUKIB). OmuH 13  HaWOLIBII
MPOTPECUBHUX METOJIB XiMii TBEPAOro TiIa — BHCOKOTEMIIEPATypHUN CHUHTES,
skuii camopo3mnocBiopkyeThest (CBC). Ilpukmamom Moxke OyTH €K30TepMIYHHNA
MPOIIeC TOPIHHS, IKUN MPOTIKAE B ABTOXBUILOBOMY PEXUMI y CyMIIIax MOPOIIKIB.
Bin npuBOIUTH 10 YTBOPEHHS KOHIEHCOBAHUX MPOAYKTIB, Kl MAalOTh KOPUCHI
BrnactuBocTi. CBC — pexuM NpOTIKAHHS EK30TEPMIUHOI peakilii, B SKOMY
BUJIUVICHHSI TeIUla JIOKAJII30BaHO Y BY3bKOMY IIapi Ta MEPENa€ThCs MOIIAPOBO
nuisxoM Temtonepenadi. B 1967 p. rpyma paasHacekux HaykoBiiB  (LII.
boposunceka, B.M. [Illkipo, O.I'" MepxaHoB) Opu  JOCHIIKEHHI
EKCIEPUMEHTAIBLHUX MOJIENe TOPIHHS KOHJIEHCOBAaHUX CHUCTEM BIJIKpHJIAa HOBE
ABUILE, SIKE OJEPXKAI0 Ha3By «TBepaoro noiaym s». B ocHoBy CBC moxkianeno
MNPUHIUAN MaKCUMaJIbHOTO BHUKOPUCTAHHS  XIMIYHOI €HEprii peareHTiB s
OJIep>KaHHSI HEOPTraHIYHUX CIIONYK, MaTepialiiB Ta BUPOOiIB PI3HOTO MPU3HAYCHHS, a
TaKOXX ONTUMI3allil BUCOKOC(PEKTHUBHUX TEXHOJOTTYHUX TMPOIECiB. Y SKOCTI
pearyrounx CHCTEM BUKOPUCTOBYIOTh CYMIIl METAJIB 3 HEMETAJIaMH;, METANIIB 3
MeTajaMH;, HEMETaJB 3 HEMETalaMH; COJIEH, sIKI TPU B3a€EMO/IIi BUAUISIOTh 3HAYHY
kuibkicTh eHeprii. CBC-npogykramu, 0 MarOTh NPAaKTHYHE 3aCTOCYBaHHS,
SBJISIIOTHCS HEOPTaHIuH1 CIOJIYKH PI3HMX KJIAciB: TYroIwiaBki kapOimu, Oopuaw,
HITPUIHU, CHIIIUIA, OKCUIM METATIB; TIAPUANA METalIB; XajabkoreHiau (cymbdimy,
CCJICHIM, TeIYPHUIH); IHTepMeTaIian (QTIOMIHIAN, HIKSTIIU, TepMaHian); Gocdiau
METaJliB Ta HeMeTaliB, oOAHO(a3HI TBEpAl PO3ZYMHU Ta TETEPOTCHHI
O0ararokommnoHeHTHi cuctemu. [Iponyktu CBC cuHTE3y BHKOPUCTOBYIOTH IS
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BUPOOHUIITBA  TBEPAUX CIJIaBiB Ta  a0pa3uBiB, BUCOKOTEMIIEPATYPHOI
KOHCTPYKIIITHOT Ta JKapOCTIMKOI KepamiK¥, MaTepialliB EJIeKTPOHIKH Ta
CJEeKTPOTEXHIKHA, HAAMPOBIIHUX MaTepiaiiB, KOPO3IMHOCTIMKMX 3aXUCHUX Ta
3HOCOCTIMKUX MOKPHUTTIB; KaTali3aTOpiB B XIMIYHINA MPOMUCIOBOCTI; MaTepialiB 3
nam’sITTio GOpMHU 711 METULIUHH.

Ximisl eJIeMEeHTOOPraHiYHUX CHOJIYK JOCIIKY€e OyJIOBY Ta MEPETBOPEHHS
PCUOBHH, JIe ICHYIOTh XIMI4HI 3B’s13KU OyIb-IKHX eleMeHTiB (3a BuHaTkoM H, O, S,
Cl, Br) 3 BymreneM. OcHOBHI iX KJIach — MeTajoopraHiuHi, ¢gochopopranivsi,
OopopraHiuHi, KpeMHIHOpraHiuHi, ¢TopopraHiyHi. MeTanoopraHiyHi CHOJIYKH
(MOC) wmictarh 3B’sA30K «MeTan-Byriernb». CiiJ BiIMITHTH, IO TPaIUIIAHO
mia”iayd, kapOigu, KapOOHUIM MeTaliB, sKI TaKOX MICTATh TaKui 3B S30K,
BIJIHOCATH JI0 HEOpraHiyHuX crnoiayk. B psal Bunagkis no MOC BigHOCSTH
opraniuni cronykn B, Al, Si. HaiOinem BigomMi MeTaloOpraHivyHi CHOJYKH
MPUPOJIHOTO MOXOJKEHHSI — TeM, SIKU MePEHOCUTh KIUCEHb B OpraHi3Mi JIoJiel Ta
TBapWH, TeMolliaHiH («rojgyba KpoB») — JOUXaJIbHUH MIrMEHT TPYIH
MetanonporeiniB, CU-BMICHHM (YHKIIIOHAIBHUN aHajIor TeMOTJo0iHy, 110
3YCTpPIYAETHCA Y KpPOB1 MOIJIIOCKIB, OHixodop; Bitamin Bj; — Co-Bmicna MOC;
xsiopodin — 3enenudt nirment, Mdg-Bmicaa MOC.

@DyHKIIT €1EMEHTOOPTaHIYHHUX CIIOJIYK B )KMBUX OpraHi3max Iie 10 KiHIs He
3’sICOBaHO, X04a OYEBUIHO, IO eleMEHTOoOpraHiyni crnonyku Si, P, Se Baximsi
JUTSl OPTaHI3MIB, 1[0 CTOSITh HA BUCOKUX PIBHSX €BOJIOIIHHOTO PO3BUTKY.

Hapaszi mnpoBoasiTbCsi €KCIIEpUMEHTAIbHI CHUHTE3W TMojJiMepiB 13 45
XIMIYHUMU elleMeHTamu. Bceranosneno, mo B, Si, Ti, Sn, Al, Sh, Fe, Pb, P, As y
KOMOIHAIlli 3 KHCHEM Ta a30TOM YTBOPIOIOTH MOJIMEPHI JIAHIIOTH 3 OIYHUMU
OpPraHiYHUMH Ta opraHo-cwiokcaHoumu rpymnamu (R-(SiO),, ne R — opraniunmii
pajmKan).

[IpuknanHi acnmekTH BKa3aHOi HAYKU IIOB’SA3aHI 13 CTBOPEHHSM HOBHUX
(hapMalleBTUYHUX CyOCTpaTiB, MaTepiaiiB JAJisl IPOTE3yBaHHs, IIOBHOTO MaTepiany
st xipyprii, ¢oTo- Ta CBITJIOYYTJIMBUX MarepialiB, HaMiBOPOBIIHUKIB,
(epoMarHeTukiB, CTUMYJIATOPIB POCTY POCIWH, NECTULHU/IIB, TepOIlKIIB,
KaTajai3aTopiB, MPHUCAJOK JO MOTOPHHUX Macej Ta MajuBa; 3aco0iB OyaiBeIbHOT
X1M11 Ta 03/100J1I0BaJIbHUX MaTepialliB.

XiMifi HABKOJIMIIIHBOT0 cepeloBuIA 00’ eHana Npo0IeMaTUKy TeoXiMmii,
ripoximii, Ximii TIpyHTIB, artMocepu, NTPUPOJHUX OPTraHIYHUX CIONIYK,
OioreoxiMii. BoHa BuBYa€ XIMIYHI MPOLECH y CYKYNHOCTI BCIX CKJIQJOBUX
6iocdepu, mitochepu, rinpochepu, armocdepu, kpiochepu, aKIEHTYIOUH yBary Ha
XIMIYHUX TEPETBOPEHHSIX IMpu (Pa3oBUX IMepexoaax, Ail (pakTopiB AOBKULIA
(TeMriepatypH, BOJIOTOCTI, aTMOC(hepHOro THCKY Tomio). OKpeMo pO3TIIIaeThCs
XIMI3M TpaHcopmallli aHTPONOIEHHUX TMOJIOTaHTIB. ApceHan 3aco0iB  XiMmii
HABKOJIMIIIHBOTO CEPEIOBUINA BKIIOUAE K KJIACUYHI METOAU XIMIYHOTO, (hi3UKO-
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XIMIYHOrO0 Ta (Pi3UYHOrO aHami3y, TaK 1 BHCOKOYYTJIMBI Cy4YaCHI METOAHU —
XPOHOMOTEHIIOMETPII0 3 PI3HUMHU MoAu(iIKaliaMu ¢ikcallii eIeKTPOXIMIYHOTO
CUTHaTY, BHUCOKOE(EKTUBHY PIAMHHY XpomaTorpadito, ra3oBy xpomarorpadiro B
KOMOIHAIli 13 Mac-CIEeKTpOMeTpiero Ta iHII. HeoOXImHICTh TakuX JIOpPOTUX

METO/I1B IEeTeKIT 3yMOBJIEHA oTpedoro BU3HAYaHHI MIKpO- Ta
YIBTPAMIKPOKOHIIEHTpAIId IIMPOKOTO aCOPTUMEHTY MOdIoTaHTiB. OkpeMo
BUBYAEThCA NpoOJeMa aHAIITUYHOI XIMIl JOBKULIS — KOHIEHTPYBaHHS Ta

pPO3MIJICHHS ~ TOJIOTAHTIB ~ OMM3bKOi  XiMiuHOT  mpupomu  (Hampukian,
TPHUTAJIOMETAHIB y TUTHIM BOII).

Huroximis 3acTOCOBY€ XIMIUHI METOJIM JJisi BUBUCHHSI OyJOBU Ta (PyHKIIIH
KUBUX  KIITHH, BHYTPIIIHBOKIITUHHUX  CTPYKTYp Ta  MPOAYKTIB  iX
KUTTEAISIBHOCT1 — MpernapaTax KpoBi Ta 1HIUX (P1310J0TTYHUX PIAUH, KICTKOBOTO
MO3KY, PakoBUX NyXJUH TOIIO. OCHOBHUM MPUHOM HHUTOXIMIi — BUKOPUCTAHHS
cnenuPiyHUX SIKICHUX TECTIB 3 BHUKOPHCTaHHSM OapBHHKIB, IO CEICKTUBHO
3a0apBIIOIOTh TMEBHI PEYOBMHMU B IUTOMIIa3Mi. AHAaII3yl0Oud IHTEHCUBHICTh Ta
XapakTep 3a0apBiEHHS, OIIHIOITh KUIBKICTh YH aKTHUBHICTH PEUYOBHH, SKi
JOCIIJKYIOThCS. Jlo TepeBar 1MX aHali3iB BIJHOCUTHCS iX HEBHCOKA BapTICTh,
MPOCTOTa Ta WIBUJIKICTh MPOBEJACHHS MOPIBHSHO 3 KUIBKICHUMHU O10XIMIYHHUMU
BU3HAYCHHSMU. HamiBKUIbKICHA OIlIHKA PE3YJIbTaTIB HUTOXIMIYHUX JTOCHIIKEHb
0a3yeThCs Ha MPUHIIKIIL, 3aIIPOTIOHOBAHOMY 1TalmiicbkuM OloxiMmikoM JIk. AcTtanai
(ir. G. Astaldi). BinmoBigHO 10 IHTEHCUBHOCTI CHEIM(IYHOTO 3a0apBICHHS, SKE
MPOSBIISIETECST TIPHU  B3a€EMOJIT  JOCTIIPKYBAaHUX €JIEMEHTIB 3 1HAUKATOpaMH,
BUJIUISIFOTh YOTHPH TPYITH €JIEMEHTIB: 110 Tal0Th HETaTUBHY (-), CIIA0KOTIO3UTUBHY
(+), mos3utuBHy (++) Ta pizko no3utHBHY (+++) peakiito. Haigacrimie npoBoasTh
IMUTOXIMIYHI JOCTIIDKCHHSI aKTHBHOCTI pepMeHTIB (JTy>kHOT uM Kucioi (ocdaTasmy,
MI€JIONEPOKCUAA31, IUTOXPOMOKCHIA3H, HeCeU(pIYHUX ecTepas, AeriaporeHas),
JMIiIB, TIIKOTeHY, Heremorio0iHoBoro 3ami3a, JJHK ta PHK, kaTtionHoro Ouiky,
TECT BIIHOBJICHHS HITPOCHHBOTO TETPA30JIIIO.

Slnepna Xximisi BHHUKJIA Ha CTUKY SJ€pHOi (i3uKH, pamiamiiiHOl XiMii,
ximMiuHO1 (i13uku. [IpeamMer nociaiKeHHs: — 3aKOHOMIPHOCTI MEPETBOPEHb ATOMHUX
aep y 3B’SA3Ky 3 MepeOyloBOI0  €JIEKTPOHHUX OOOJIOHOK aTOMIB Ta MOJEKYIL.
SnepHa xiMist He TOTOXKHA pajianiiHii xiMii. PagioxiMis BUB4Yae 3BUYaliHi XIMIYH1
peakiii miJ BIJIMBOM BHUIPOMIHIOBaHHS, TOJl SK sIEpHA XiMis BHUBYAE
MEPETBOPEHHS MOJIEKYJl YU aTOMIB pPaJl0aKTHUBHUX I130TOMIB Ta iX peakiiHy
3natHICTh. Tak, 1g HaykKa JOCHIIKYE SACPHI peakili Ta iX XIMIYHI HACIiJIKU Ha
NPUKIIATI «HOBHX aToMiB» — mo3uTpoHito (PS), mroonito (MU), HOBI BHIH
panmioaktuBHUX po3nafdiB [11, 12]. locarHeHHs sAepHOT XiMil TyKe MepCIeKTUBHI,
HalpUKIaJ, BOHU € OCHOBOIO CTBOPEHHS TaK 3BaHUX «BIYHUX» 130TOMHUX
€JIEMEHTIB KUBJICHHS.



~31 ~

CnHCOK AIKepeA AiTepaTypH

1. Boubigery B.®. Ananmutnueckas xumus azora / B.®. Bonsmnen, M.I1. Boabiaen. — M.:
Hayxka, 1977. — 307 c.

2. TuxonoB B. H. Anamutnueckas xumusi amromunusi / B.H. Tuxonos. — M. : Hayka,
1971. — 266 c.

3. ®pymuna H.C. Ananurndeckas xumust 6apust / H.C. ®pymuna, H.H. I'opronosa, C.H.
Epemenko. — M. : Hayka, 1977. — 199 c.

4. byceB A.W. Ananutudeckas xumus 3oimota / A.U. Byces, B.M. Banos. — M. : Hayka,
1973. — 264 c.

5. Hemoapyk A.A. Anamutnyeckas xumus 6opa / A.A. Hemonpyk, 3.K.Kapanosa. — M.
Hayxa, 1964. — 283 c.

6. [Taranukwii U.B. Ananutndeckas xumust cepedpa / WU.B. [Tataunkuit, B.B. Cyxan. —
M.: Hayxka, 1975. — 264 c.

7. ®pymuna H.C. Anamutnyeckas xumusi kanpnusi /| H.C. ®pymuna, E.C. Kpyuxkoga,
C.I1. MymrakoBa. — M. : Hayka, 1974, — 252 c.

8. Kopeaman U.M. Ananurudeckas xumus kanus / .M. Kopeaman. — M. : Hayka,
1964. — 256 c.

9. Anamurnueckas xumus ypana / [lox pen. M.I1.Bonbsiana. — M. | Hayka, 1962. — 431 c.
10. Ananutnueckas xumusi pocdopa / enopoB A.A., Uepnsixosckas @.B., Bepaumyo
A.C. [m np.]. — M.: Hayka, 1974. — 220 c.

11. A6necumoB H.E. Cunoncuc xumuu: CripaBoqHo-yued. nocodue mo obmieid xumun /
H.E. A6necumoB. — Xabaporck: U3-so JIBI'VIIC, 2005. — 84 c.

12. AbnecumoB H.E. Ckonbko xumuii Ha cBere? / H.E. A6aecumoB. // Xumus v )Ku3Hb -
XXl Bek. 2009. Ne 5. - C. 49-52; Ne 6. - C. 34-37.



~32 ~
PO3OIA 1 IPEOAMET I 3AOAYI BIOT'EOXIMII

- bioreoximito (BI'X) sk caMoCTiiiHY HayKy BH3HAIIU
BiTHOCHO HemaBHO — HampukiHIli 80-x pokiB XX ct. [[o Toro
BOHa po3rysfanacs SK CKiIajoBa reoxiMmii. BoHa BuHHKIA
3aBIsku  ¢dyHaameHTanbHUM TmpansMm B.l. Bepnancbkoro,
aKui  Brepiie copMyiroBaB 10 MPO  POJb  KHUBOI
PEUYOBMHHM $IK OCHOBHOI pYIIIMHOI CHUJIM Yy IUIAHETAPHUX
reoxXiMiuHuX nporecax [1, 2].

bI'X 4k ckmagoBa NIATOTOBKM (axiBUIB Yy Tramxy3l €KoJOrli, MOBHHHA
IHTErpyBaTH HAaBYAJIbHI JUCHHUIUTIHU TPUPOJIHUYOTO IUKIY 3 METOI BUPOOJICHHS
LUTICHOTO  YSBJEHHS Npo OIOreoxiMiyHl 3aKOHOMIPHOCTI (DYHKIIIOHYBaHHS
o0iochepu. IlpaktuuyHe 3HaueHHs BuBUeHHS BI'X monsirae y Tomy, 1O BOHa
MOBUHHA J1IaTU TEOPETUYHY Ta MPAKTHYHY OCHOBY BUKOHAHHS OCHOBHOI (pYHKIIIi
(haxiBIsl TPUPOIOOXOPOHHOTO MPOPLII0 — 3HUKEHHS AHTPOIOIEHHOTO THUCKY Ha
Olocepy MNIUIAXOM CTBOPEHHS O10reoXiMiuHMX Oap’e€piB Ha NUISIXY MIrpaiii
MOJIOTAHTIB, CaHaIllli JOBKULIA MeToJaMu  OloJioriyHoi  pememiamii 3
BUKOPHUCTaHHSAM 010re0XiMIYHUX (PYHKIIIH >XKMBOI MaTepii, MOHITOPUHTY MIrparlii
MPUPOJIHUX CIONYK Ta KceHoOloTukiB. KpiM Toro, 3akonu ta npuniunu bI'X e
OCHOBOIO CHCTEMHOI'O aHadi3y B €KOJIOTll, MAaTeMaTUYHOTO MOJIETIOBAHHS
XIMIYHMX Ta EHEPreTUYHUX IOTOKIB EKOCHCTEM, IPOTHO3YyBaHHSA Yy o00’acTi
SKOJIOT1i Ta 30aJTaHCOBAHOTO MTPUPOIOKOPUCTYBaHHs (Hampukiaz, [3-7]).

Buknananua bl'X y BUIIMX HaBYaJbHUX 3aKjIagax Y KpaiHU NPOBOAUTHCS K
CKJIQJIOBa HOPMATHBHOI IUCHUILIIHM «XiMisd 3 ocHoBaMHM BI'X» V¥V OumbmiocTi
yHiBepcuteTiB CIIA Tta €C 15 qucuuiiiHa BUBYAETHCS OKPEMO Ha 3aKIIOUYHOMY
eTami TMiAroTOBKM (haxiBIIB 13 €KOJOTIYHOI 1HXKEHEepii, OXOPOHH JOBKIIJIA,
MOHITOPUHTY ekocucteM. Yacto ii audepeHIioTh, BHUKIAJAI0UA OKPEMO
010reoxiMil0 PIYKOBUX Ta MOPCBKHX €KOCHCTEM, aTMoc(epH, IPYHTY, IPYHTOBUX
BOJl TOIIO, 3aJIEXKHO BIiJ cremiamizaiii. Buknaganus teopetnunux ocHoB bI'X
CYNPOBOJIKYETHCA JTA0OPATOPHUM MPAKTUKYMOM, IO BKIHOYAE B OCHOBHOMY
XIMIYHI aHaJi3¥ 13 BU3HAYEHHS MPUPOJHUX Ta AHTPONOTCHHUX KOMIIOHEHTIB Y
CKJIaJl BOJU, JOOpUB, MPOJAYKTIB XapuyBaHHs, TOOYTOBO1 XiMii TOIIO.

Cnig Bigmitutu, mo BI'X — OaratorpanHa Hayka. ToMy 3ajiexHO BiJ
cnenudiku yHIBEpCUTETY i1 MOXYTh BUKJIAAaTH (axiBli pi3HOTO MNpoduio -
reosiord, exosioru, Ximikua. Y HYBill Ykpainu npu i BUBYEHH1 aKIIEHT 3p00OJICHO
Ha XIMIYHIA KOMIOHEHTi, 00 BOHA BXOJUTH N0 OJOKY XIMIYHMX AUCIUIUIIH
miATOTOBKH OakanaBpa B ramy3i 3HaHb 10 — [IpupogHudi HaykH 31 CHEMiaIbHOCTI
101 — Exouoris.

Bioreoximisnn (BI'X) — camocTiliHa HayKOBa JUCIMILIIHA, 1[0 BUBYAE JKUBY
MaTepio IK OCHOBHUM YMHHUK MIrparlii Ta Iepepo3noaily XIMiYHUX €JIEMEHTIB Ha
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Hamii miadeTi B uuiomy. Kpim Toro, mpeamerom BuBYeHHs bI'X sBastoThCA
MUTAHHS BUHUKHEHHS >KUTTS Ha 3eMJi, IMPOILECH Maco- Ta €HEprooOMIHYy MIXK
KUBOIO MaTepiero Ta ii oroueHHs M. OcoOnauBy yBary BI'X mpuainisie oliHIOBaHHIO
Ta TMOMNEPEIHKCHHIO HETaTUBHOTO AaHTPOINOrE€HHOTO BIUIMBY Ha XIMIYHUU Ta
130TonHui ckiag Oiochepu. BI'X — MibkaucuuiUiiHapHa Hayka, 1[0 BUHHUKIA Ha
CTHKY OioJiorii, reosorii, pizuku i ximii (puc. 1.1).

oy
A
2 Bionoris MeTteopo.Joris I'eonoris Biosorisi mopst
=

- Ximisn Ximisn r

e . . ‘PYHmMYy ° o

= Ximin ammocepu ma seoxinin || XEMiA OKeany

=

o . diszuka . .

Z di3zuka atMocdepu leogiszuka di3uKa okeaHy

—

Macurad 10CaiIKeHb

Puc. 1.1. Cxema MbKIuCHUTUTIHAPHUX cep O10reoxiMii Ta IHIIUX MPUPOTHUINX
HayK

OcnoenHa 3adaua BIrX - eueueHHsl Jcummsi ma 2e0XimiuHo20
cepedosuwia 6 iXHilL eOHOCMi sIK cucmemu opzaHizoeaHocmi
po3eumxy, 6yooeu ma pyHkyiu 6iocpepu.

Ha Binminy Big exosorii, BI'X He po3rismae okpeMi yrpyrnyBaHHS >KHBUX
OpraHi3MiB, a pO3IJsiae IXHIO CYKYNHY ASUTBHICTD SIK oicueoi pewosunu (3a
tepminonoriero B.I. BepHajcbkoro) 3 Toukm 30py XIMIUHUX TpaHCchOpMaIlii
reoximMiuHoro cepemopuia. Otmxke, meromonoriuna ocHoBa bBI'X — mocmimkeHHS
KUTTS K 010C(EepHOro SBHILA 13 3aJyYEHHSAM METOMAIB Ta JaHUX LIUPOKO CHEKTPY
npupoaHux Hayk. Ciify 4iTKO PO3yMITH, € NMPUHIUIOBA Pi3HULA TPEIMETIB
BuBueHHsT BI'X — B3aeMo/ii *KUBOi Ta HEXKUBOT MPUPOAN B MaciiTabl manamadTy
(GiorieHO3y, eKocHCTeMH), 010reoXiMiuHOT MPOBIHINT, KpaiHH, KOHTUHEHTY, CYIIi
Ta Bciei 0iocdepu 3emiti; Ta reoximii, sska (aKTUYHO BHUBYAE A0iOTHYHUM acTIEKT
Mirpamii Ta 3MIHM XIMIYHOTO CKJIaJy pPEYOBUHHU JiTocepu MiJ BIUIMBOM
TEKTOHIYHUX MPOIECIB, BYJIKAHIYHOI AISUTBHOCTI, IPOIIECIB BUBITPIOBAHHS, €pO3li,
(h13UYHOTO MacoIEepeHOCY TOIIIO.

bioreoxiMiuHuii METOJ AOCHIJKEHHS >KMBOiI PEUYOBHMHU 3 BpaxyBaHHSIM
Ol0reHHUX IMUKJIIB €JE€MEHTIB 0a3yeTbCAd Ha KUIBKICHHX JAaHUX MPO E€JIEMEHTHHM
CKJIaJ] OpPraHi3MiB, iXHI MeTabOJI3M Ta MPOLECH PETYIIOBAHHS CKJIaay Ol10reHHO1
pedyoBunu. Tomy BI'X nepetnnaethcs 13 61oxiMiero Ta dizionoriero. Ane bI'X npu
bOMY TIEPETBOPIOE  OI0JOTiuHE, TeOoXIMIUYHE JOCHIIPKEHHS TpaHcpopmariii
OpraHOT€HIB, MaKpO- Ta MIKpPOEJIEMEHTIB y OloreoxiMmiune, 6iocepHe Ta BBOJUTH
Horo 70 mepeniky mpodsieM eKoJoriuHoi OyaoBu 6iocdepu.
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[Ipobnemu BI'X xuBOT peyOBHMHM CIIJI PO3IIISLAATH B TICHIM B3aemMoii 3
JOKaJIbHUMH BIACTUBOCTIMU OlocdepH, y IKUX PO3BUBAIIOCA JaHUM 010r€O01eHO3,
TaKk K€ SIK JIOKaJbHI BJIACTHUBOCTI Olocdepu chif po3risgaTd y 3B’SI3Ky 3 ii
r00aJTbHUMH BJIACTUBOCTSIMHU, a XapaKTEPUCTUKY Bciei Olocdepu 3emmui — y
mpoiieci ii B3aeMO/1i1 3 KOCMIYHUM OTOYEHHSIM.

Cnmig BigMITHTH, 10 B3aeMmoBimHocwuHU ine B.[l.Bepnaacekoro 3
010JIOMYHUMHU HayKaMH ckjianucs KOH(MIIKTHO. BiH BBaXkaB, 010J0TH JOMYCKAIOTh
INPUHIMIIOBY METOJIOJIOTIYHY IOMWIKY, BHBYAKOYM OpraHisM 0e3 3B’s3Ky 3
CEepelOBUIIIEM MOro MPOXXUBAaHHS, 3aJMINAIOYM MpU I1bOMY 0€3 yBaru
(yHKIIOHAJIBHI B3a€MO/I1T 3 IOBKIJUISIM, @ BUKOPUCTOBYIOTH CIIPOIIEHI MOJEI.

B Ttoii ke yac npencTaBHUKH (i3UKO-XIMIYHOT 01070711 KPUTUYHO CTABUIIHCS
no BI'X, 00 He BOadanum CMHUCIY y BU3HAYaHHI KUIBKICHOT'O BMICTY XIMIYHHX
eJleMEHTIB y oprauismi. IXHs Touka 30py Honsrana y ToMy, 0 NOTPiOHO BUBYATH
BMICT, MOJEKYJSIDHY CTPYKTYpPY, B3a€MO3B’SI3KM Ta PO3MOALI B OpraHizMax
KOHKPETHUX OpraHiuHux cnoayk. IIpore BapTo akieHTyBaTh yBary Ha
MPUHIIMIIOBHI MOMEHT. OCHOBHa 3afaya bI'X — BHBYEHHS NUIAXIB Mirparii Ta
MacoOOMIHY XIMIYHUX €JIEMEHTIB MIX XHUBOK PEYOBHHOIO SIK CYKYIHOCTI KHUBUX
oprai3MmiB Ha 3emull Ta AOBKULIAM, O ii oTouye. O4eBUAHO, LIO 3 TaKa TOYKa
30py HE BHBYAETHCSA KOMIUIEKCOM O10JIOTIYHHMX YM XIMIYHHMX Hayk (0iodi3zukoro,
Oioximiero, OlOHEOpPraHIYHOIO, O0I0OPraHiYHOI, MOJEKYJISIPHOIO XIMIEI0), MPOTE
Oln3bKa J0 CHUCTEMATOJOTIYHOIO HAMNpPSIMKY MPUPOJO3HABCTBA, SKUWA BHUBYAE
3B’SI3KM OpPraHi3MiB Ta CepeJOBHINA iX ICHYBaHHA (CUCTEMHAa €KOJIOTis,
reo0OTaHiKa, MEJIMYHA SKOJIOTisA, O10IIEHOJIOTIs, TeorpadiyHa MEeIUIIMHA TOIIIO).

[nrocTparni€ero i€l TOYKU 30py MOXKYTh OYTH TI100aIbHI T€OXIMIYHI HACTIIKU
JUSTBHOCTI MIKPOOPraHi3MiB, $5IKi, HE3Ba)Kal0UM HA KOPOTKY TPHUBAIICTh iX
KUTTEBOTO IHUKIY, MAIOTh 3pUMI pe3yJbTaTH Yy BUIJISIAI YTBOPEHHSI OCAJOBUX
nopia, OioreHHux pyaHux Tul. Lle cBimuuTh Ha KopucTh 0a30Boi imei BI'X mpo
ITMOOKUM B3a€EMO3B 30K CKJIaAy HABKOJHUIIHBOTO MPHUPOTHOTO CEPEIOBHUINA Ta
#uBoi Matepli. Caig BIAMITUTH, 110 1t OCHOBHUM npuHuun BI'X OyB ogHO3HA4YHO
BU3HAHUM MIKPOOIOJIOTIYHOIO HayKolo. Tak, Hampukiaajg, MIKpOO10JOTriyHI
JOCIIJIPKEHHST BUSBIIIM (DAKT 3aKOHOMIPHOI TpaHc(opmailii BMICTY OCHOBHHUX
HEOPraHIYHUX KOMIIOHEHTIB Yy BOJl 3aMKHEHMX OacelHIB BHACIIJIOK
KUTTEAISITBHOCT1 MIKpOO10TH Ta ii MPOBIAHY POJIb Y TJI00aTbHOMY Fa30BOMY LUK
3emii. 3 1HIIOro OOKYy, BHSABJIEHO, IO MIKPOOPTaHi3MH JOHHUX BIAKJIAIIB Ta
IPYHTIB, TMpeJCTaBiICHI aKTUHOMIIETaMH,  OakTepisiMH, 3JaTHI  JIETKO
PU3BHYAITHCS 10 3HAYHUX KOJMBaHb KOHIeHTpamii TokcuHiB (Co, Mo, Cu, V, U,
Se, B), mpuuomy Il BJIACTHBICTh IEpEAAETHCA T'CHETHYHO. BHACHimoK Takoi
ajanrarii BiOyBaeThCs mepedya0Ba MomyJIsIii Mikpoopraizmis [8].

[Ipyu BuBYEHHI OIOT€OXIMIYHMX TMPOIECIB MacumTabu 1abopaTOpHOTO
exkcriepuMeHTy  (in VItr0) HEMOXXJIMBO EKCTPANoJIOBATH HAMpsAMy Ha BCHO
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oiocepy. Ilpore nns mogaentoBaHHS (YHKIIOHYBaHHS JAESKUX MHPUPOJHUX
exocucteM (in VIVO) BHano 3acTOCOBYIOTh HATypHUI ekcrepuMeHT. llikaBuit
NPUKJIaJ] — OPUTTHAIBHUI €KO-CyBeHIp «AKBaekocepa»: MOJIEIb 3aMKHEHOI M1HI-
O0locepu, 13 OIM3BbKOIO JO ieany 30aJlaHCOBAHICTIO MaTepiaJbHHUX Ta
€HEepreTHYHUX MOTOKIB. B 3amasiHy CKJISIHY €MHICTHh Pi3HOrO 00’€My IMOMILIEHO
Oypi BOJOPOCTi, KPeBETKH, KaMIHI[I Ta MEBHI IITaMH MikpoopraHizmis (puc. 1.2).
[[i KOMIOHEHTH MOJEIIOITh KUBY MaTepil0 PI3HOTO pIBHSA oOpraHizailii,
nitochepy, atmochepy ta riapochepy. g nonepeakeHHsT HAAMIPHOTO PO3BUTKY
MIKpPOOPTaHI3MiB TiepeA0adYeHo Takuil MpUHOM: cepell KaMIHI[IB € HIMaTO4YOK
MarHeTuTy. SKOoio migHECTH 30BHI MAarHiT, LEeW IIMAaTOYOK HPUTITYETHCA [0
CKJISTHOT MOBEpXH1 3cepenHH. Pyxarouu 30BHINIHIM Mar”iToM, MOXHa 3YUCTUTH
3cepeIuHu OaKTepialbHUI HAJIIT.

Puc. 1.2. «Exocdepa» — wmomenp CTilikoi BOAHOI OlocucTemH, sKa
(yHKL10HY€ aBTOHOMHO MPOTSITOM POKIB

s Mmonens po3pobiena HaykoBisiMu JlaGopatopii peaktuBHOrO pyxy Kiep
doacom (C. E. Folsome) i /Ixxo Xenconom (J. A. Hanson) [9]. Lieit 00’ext craB
MPOAYKTOM JIOCHIPKEHb 31 CTBOPEHHS 3aMKHEHUX aKBACKOCHUCTEM [JIsl JalbHIX
KOCMIYHUX TEpPeNbOTIiB, € MOTPIOHO MIATPUMYBAaTH MaTepiajpHUN OamaHc, 00
330BHI y Kopa0Oeib MOX€ IIOCTYNaTh Julle eHepris. Tak Oylo CTBOpEHO
OpUTIHAIbHY AaBTOHOMHY TI'€PMETHYHO 3aMKHEHY cdepy, TapaHTIMHUA TEepMiH
icHyBaHHs fKOi piBHUH 3-pokiB. JlIMITYIOUMII UYWHHUK — S>KUTTEBUH UK
KpeBeTok. [IpoTe kinbka mepmmx eK3eMIUIApiB GyHKIIOHYIOTh POTAToM 18 pokis,
X04ya KpPEBETKH BXKE 3arMHYyJH, ajie ICHYIOThb MIKPOOPIaHi3MU Ta BOJOPOCTI, fKI
nepepoOuid BiAMEPILY MaTepito.

Hapasi po3poOsieHO 4YHCIEHHI TOJbOBI MNPUMOMH, IO JO3BOJSIOTH
JOCTIIUTH 010re0XiMIYH1 IPOLECH Yy MOJEIbHUX NPpUPOAHUX YMoBax. Hanpukian,
L€ HEBEJMKI  BOJONMH,  EKCHEpUMEHTaJIbHI JUISIHKK B  NPUPOJHUX
arpoexocuctemMax Tomo. Takl HpUKIangu HaBedeHO y po3d. / «bioreoximidHi
uuKiIn».  Hampuknaa, TakuM — IIHPOKOMACIITAOHUM  €KCIEPUMEHTAIbHUM
MOJIITOHOM B YKpaiHlI 3 BIJIOMUX [pPUYUH CTajla 30HA BIAUYKEHHS
Yopuoomnscrkoi AEC, ne BuBYaeTbCcs JuHaMiKa O10re€oXiMIYHUX IIPOILIECIB
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Mirpaiii pagioakTUBHUX HYKJIIJIIB y CKJIaJA0BUX Olocdepu Ta OJIHOYACHO MPOIIECH
TpaHchopmarrii 610reoIeHO31B PH 3HIKEHHI aHTPOTIONeHHOTO HaBaHTaxeHHs [10,
11].

Hesin bpoyep (David Ross Brower), nopaHHK pyXy 3aXHUCHHKIB JOBKIJLIA,
HaIKUCcaB HACTAHOBY IIOAO €KCIUTyaTallii 3emill, BUKOPUCTABIIU CTUJIb IHCTPYKIIIH
710 TOOYTOBUX MPUJIA[IB!

1. [Inanera mocTaBjieHa CIOXMBA4€Bl y MOBHICTIO pOOOYOMY CTaHl Ta He
niayiarae oOMiHy Ha HOBY;

2. bynp-macka, He pEryJIOWTe TeMIepaTypy Ta CKiaa atMochepu, BOHHU
MOIePEIHHO BUCTABJICHI BUPOOHUKOM;

3. biocdepa perenpHO 30amaHcOBaHA, TEpeBipeHa Ta YIOCKOHAJICHA
MPOTATOM 3 MIIPJI. POKIB TECTYBAaHHSI 1 OCHAIIIEHA TEPMOSIICPHAM PEAKTOPOM, KU
He moTpeldye 00CIyroByBaHHS, 1 OyJe MOCTaYaTH IJIAHETY E€HEPri€l0 MPOTATrOM
HACTYITHUX O MJIPJI. POKIB;

4. TloBiTps 1 BOJa HAsIBHI B 0OMEXEH1M KUTBKOCTI Ta HE MIJIAraloTh OOMiHY;
iX KpyrooOir Ta OYHUIIEHHS BiI0OYBAa€TbCS aBTOMATUYHO, SKIIO HABAHTAXEHHS HE
MEPEBUIIYE JOMYCTUMHUX HOPM;

5. KoxkHOMY ekcIiyaTaHTy MJIAaHETH HAJlaHO TUIbKU OJHE JKUTTS, 1 10 Hel
CIiJA BITHOCUTUCS 3 ToBarow. I[HCTPyKIil W00 HAPOHKEHHS, AiSUTBHOCTI,
0o0CITyroByBaHHs Ta BHUJAQJICHHS KOXKHOI >KUBOI ICTOTH PETENbHO MPOAYMaHl Ta
BTUICHI y JKUTTA KOMII IOTEPOM, SIKMM (PYHKIIOHY€ MOBHICTIO B aBTOMATHYHOMY
pexuMi. SKmo 11 IHCTPYKIli Oyae BTpaueHO ab0 MOIIKOMKEHO, BUKOHAHHS
MOBTOPHUX 3aMOBJIEHb Oy/ie BUMaraTi 3Ha4HOIO 4acy;

6. Skmo KUTBKICTh EKCIUTyaTaHTiB Oyae HaaTO BEIHKOK Ta YMOBH IX
ICHYBaHHS CTaHYTb KPUTUYHUMHM, YUTAWTE KEPIBHUITBO IMPO TMOBEAIHKY B
aBapiIHOMY PEXUMI Ta PETENIbHO CHIIKYWTe, M00 HisKi 4y)OpiJH1 a00 TOKCUYHI
PCUOBUHM HE MOTPAILISIN Y TIOBITPs, DKy Ta Boxy [12].

[Ipu nesaxi mapoaiMHOCTI CTHJIFO HACTAaHOBM CIIiJI BIAMITHTH, III0O BOHA
BioOpaxkae icTuHy. IIpy KPpUTHYHUX HABAHTAXKEHHSX €IUHUN CyNEepOpraHizM —
Hallla MIaHeTa — MOXe BUWTH 3 naay. CrnoxkuBad moOyTOBOI TEXHIKH, SIK MPaBUIIO,
HE Ma€ YSBICHHS, SK BOHA BIIAIITOBAaHA BCEPEAMHI Ta 3a SKUMU MPUHIMUIAMU
¢dyukiionye. Hayka BI'X Mae MeTOI0 BUBHAUUTH XIMi4HI 3aKOHU (DYHKI[IOHYBaHHS
Olocepu Ta BUKOPUCTOBYBATHM iX JUIsi TOMNEPEIKEHHS  HE3BOPOTHUX
«TOIIKOJIKEHB», 110 MOXKYTh 3pOOUTH HAIlly TUIAHETY HEMPUAATHOIO JI0 YKUTTSI.
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PO3IIA 2 TEHE3HUC BIOT'EOXIMII

2.1 IcTopia 3apoAKeHHA HAYKH

BIOI'EOXIMIS - camocrtiiiHa Hayka, sfiKa BiAraixy3wiacs

g
\</\<\ BiJl reoximii, octatouHo copmyBanacs B 80-x pp. XX cT., y TOMy
1 =~ J_ yucii 3 TOSBOKO  MDKHAapOJHHUX  HAyKOBUX  JKypHaIiB

Biogeochemistry (BI'X, 1984) ta Global biogeochemical cycles
(I'nmo6anpHi Gioreoximivni ki, 1987).

Tepmin BI'X 0yB 3anpononoBanuii B.I. Bepnaacekum (1926) [1].
Croyarky me OyB oauH i3 HampsmiB reoximii. 3 1916 p.
3 SBISIIOThCS niepiii poootu B.1. BepHancbkoro, mpucBsSYeH1 «KUBIA pedyoBUHI». B
rpyaai 1918 p. B maGopatopii TexHiunoi Ximii KuiBchkoro yHiBepcutety B.I
Bepnaacekuil po3nodyaB JOCHIIPKEHHS KUBOI PEYOBHMHU 3 METOK BHU3HAUYCHHS
CEepEHBOTO XIMIYHOTO CKJaJy pOCIMH Ta TBapuH, IiXHbOi OloMacu 1
MPOJYKTUBHOCTI JJISI HACTYMHOI KUIbKICHOT F€OXIMIYHOI OIIHKH, Ky IPOJOBXKUB
HacTynHOTro poky Ha Crapocenbcbkiii OiocTaHIii. B TaBpuicbkoMy yHIBEpCHUTETI
Ha Canripcbkiii moMomnoriuHiil cranuii BepHaickkuil mpoaoBKHUB O10T€OXiIMIYHI
nocmimkeHds npotsarom 1920 p. 3a #ioro iHIIIaTUBY B YHIBEPCUTETI CTBOPIOETHCS
npobnemMHa Jnaboparopisi «Poib XKMBHUX Opra”i3mMiB B MiHepalioreHesuci». B
ctpykrypi Axamemii Hayk CPCP B 1928 p. Oyno opranizoBano bioreoximiuny
naboparopito (BIOI'EJI), sixky ouonus B.I. BepHajacbkuii i kepyBaB HEIO JO KIHIISA
KUTTS B 1945 p.

[lepma 3amaua mocnimxeHHs Olocdepu, 3a BepnHancbkum, monsirana Yy
BHUBYEHHI XIMIYHOI'O CKJIAJy KMBOI MaTepii, TOOTO CyKYNMHOCTI )KMBUX OpraHI3MiB.
3actynHukoMm Bepnaacekoro y BIOI'EJI 6yno npusHaueHo monozaoro ximika O.I1.
BunorpagoBa.  BaXko OIIIHUTH BC1 CKJIQTHOINI, SK METOJOJOriYHI, TakK 1
opraHizarliiiti, 10 BUHUKJIA IPU BUKOHAHHI I[1€1 MoHEpCchKoi podotu. Hampukian,
TaKi MpoOJeMU: MPU BUBYEHHI CKJIAAy POCIMH iX CIiJ BUCYUIyBaTH 0 aHANI3y 4d
HI; 4yd anmpoOyBaTH iX UUIMMH, YU OKPEMI OPraHH POCIHMHHU; KOJU BIIOUpaTH
3pa3kd — 0 UBITIHHSA, MICAS YW TICHS JO3PIBaHHS IUIOJIB; SIKI cCaMe€ POCIUHU
anpoOyBartH, ajke ix coTHi BuAIB. llle ckiannimow Oyna crpaBa 3 KOMaxamu Ta
tBapuHamu. Bxe B kiHmi 1920-x — ma mowarky 1930-x pp. 3’sBuiucs mepii
noBigomieHHs criBpoOiTHUKIB BIOI'EJIa npo HakonmuyeHHS MapraHillo KoMmaxamu
ta Oarato 1HmMX. Jlani moOauuno cBiT ¢yHaameHtanbHe pochimxenHs O.I1
BunorpagoBum 0Oioreoximii Mopchkoi (uiopu Ta ¢ayHu, MOTIM — CEHcallliiHe
BUSIBJICHHSI IIPHYMH YPOBCHKOI XBopoOu B Cubipy (ous. poszoin 6.3) ta po3poOka
koHrenii bI'X mpoBiHIIi.



Puc. 2.1. CTYI[GHTI/I
MPUPOTHUYOTO BiJIUTCHHS
(h13UKO-MaTeMaTUYHOTO
¢dakynbTeTy IlerepOyp3bkoro
YHIBEPCUTETY B.LL
Bepnancekuit (ctoith), A.M.
Kpacnos, €.1. Peme3oB micus
CKJIaJlaHHsS ICIUTY 3 XIMii,
SIKUH MpUKiMaB
J.I.Mennenees (1882 p.).

Puc. 2.2. 12 OGepe3ns 2013 p. Google
Bim3HaunB 150-Ty piyHUIIO 3 JOHA
Hapo keHHs B. L BepHaI[CBKOFO

Vol 18 Hoa.1-3 Juna. [

Biogeochemistry

&) Springer

Puc. 2.3, MikHapomHHuid  KypHAI
Biogeochemistry (BumaBHuMuTBO Springer,
iMIakT-(hakTop 3,488, CaT
http://link.springer.com/journal/10533)

Minepas SemHEA Eopa IMaameTa w

(T . Paaioreoaoris

Minepasoria| | reonponcaoris) | soscepy (1925,

(1898-1908) | | (1910-1937) 1938-1945)
Teoximis Bioreoximis

(1916-1926)

Puc. 2.4. 'ene3uc HaykoBux intepecis B.I. Bepnaacbkoro

HaykoBa mporpama maGopaTtopii 3 KUIBKICHOI OIIIHKM CKJIaay KHBO1
pedoBuHH, po3nodaty B 1930-x pp., y moBHOMY 00cs3i He Oyio 3aBepieHo. [Ipore
BOHA Jlajla CTapT IIMPOKKUM OioreoxXiMiyHUM nociimkeHHsM sk B CPCP, Tak 1 B
Oaratbox i1HmMUX KpaiHax [2-7]. 3 imimiatmBu B.I. BepHancekoro B e ke yac

po3noyato po3podky BI'X meTony nouryky pomoBuIL.
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2.2 CTpykrypa bioreoximii

BianoBigHo 10 piBHS oprasizaiii 0iocdepu Ta 3amad BUIUISIOTH HACTYMHI
posainu bI'X:

- I'nobanvna BI'X — BUBYae XapakTep B3a€MO/IIi 3eMHUX OOOJIOHOK Ha
piBHI 3emill Ta MUTAHHS 1XHBOTO €BOJIIONINHOI B3aemosaii. Ha cydacHomy etami
HAayKOBOT'O MI3HAHHA II€H PO3/LI TICHO MOB'I3aHUM 3 MUTAHHSIMU TEXHOTEHE3y Ta
SIBMIII, 1[0 MAaIOTh BCEIIaHETHHUI XapakTtep [8];

- BbI'X kKommunenmie — BUBYAE IMOXO/HKEHHS KOHTHMHEHTIB, IXHIM
CydyaCHHM O10T€0XiIMIYHMM CTaHOM Ta OCOOJMBOCTSIMU HE TIIBKH JIITOJOTTYHOTO
CTaHy, @ W POCIMHHOIO IMOKPUBY SKMH BimoOpa)kae OCOOJMBOCTI KIIMAaTy Ta
XapakTepy 010reoXiMivyHOT IIUKJITUHOCTI;

- bI'X pecionie — po3rasijae 0COOIUBOCTI OKPEMUX 3HAUHUX TEPUTOPIH,
OUIBII-MEHIII OJHOPIAHUX y O10re0XiMIYHOMY BiJIHOIICHHIO. TUIOBUM MpUKIIAT —
po6otu B.A. KoBau [9], e 3anmpornoHoBaHO TMOTETHYHY CXeMY PO3BUTKY PychKoi
PIBHUHU B MICIISUTbOIOBUKOBUIN MEPIOJ;

- bI'X o6iomie — onHa 13 HaWOUIBII JAETaJIbHO PO3POOJCHUX B
010reoXiMIYHOMY BIJHOIIEHHI CUCTEM — Kiacudikailis 010J0T14HOTO Kpyroooiry,
sarporioHoBana H. 1. baswreBmu [10, 11]. B mexax BI'X me nae mpHHIHAIIOBO
BAKJIMBY OCHOBY JJI aHaNi3y OCOOJIMBOCTEH O10reoXiMIYHUX IMPOLECIB Yy Mekax
O010MIB;

- bI'X zeoximiunux nanowiagpmie — i OCHOBY CKJIAJA€ BUCHHS IPO
reoximiuni JstagmadgTa  3a  b.b. [lommuoBum [12, 13]. HailiBaxumsima
OloreoximiuHa izmes i reoximMiyHux danamadTiB peanizoana O.1. [lepensmanom
[14], sixuit TPOJOBKMB 3HAYCHHS OIOJIOTIYHOTO KPYrooOiry g0 JIOTIYHOTO
3aBEpIICHHS, MIAKPECIIOYM, M0 OIlOJOriYHUN KpyrooOir € OJHUM 13
HalBaXXJIMBIIIUX 3aKOHIB TeoxiMili mangmadtiB. Buxomsuu 3 nworo, O.L
[lepenpMan 3amponoHYyBaB TIpynyBaHHS OlOreHHUX JaHAmadTiB HAa OCHOBI
XapaKTEepUCTUK Tpoliecy OioreHHoi mpoaykiii. BI'X mporeciB Ha 1bOMY piBHI
3yMOBJIEHA BHUKOPHCTAHHSIM CHCTEMATHKU OIOr€OLIEHO31B Ta CaMoro IbOro
noHaTTs 32 B.M. Cykauoum [15]. JIns pi3HUX BHIIB 0I0T€OIEHO31B pO3POOIJICHO
yuclIeHH1 Mozeni [16, 17];

- BbI'X okpemux 6210Kié 6iozeoueno3ié — TOCTITKEHHS 3I1HCHIOIOTHCS
3aJIEXKHO B1JI CTYIIEHS PO3JUIEHHs 010reoleH031B Ha CKJIaJ0B1, 32 YMOBH, 110 JaHa
MiJICUCTEMa Ma€ TEBHI PIBHI LUIICHOCTI Ta MOX€ OyTH BHJUIIEHA HE TUIBKH SIK
KOMITOHEHT Ol10T€OIeHO31B, @ ¥ BH3HA4Y€HAa B TOYHHUX AMCKPETHHUX MEXKax, sKi
3YMOBIIIOIOTh i MiHIMAJIbHY €MEpPIUKCHTHICTD (emepoicenmuicmv — OCOOHBI
BJIACTUBOCTI OyIb-KOI CHCTEMH, SKHX HE MAalOTh 1i €JEMEHTH OKpEMO,
HEMOXXJIUBICTh BHUpa3y BJIACTUBOCTEM CHCTEMH Yepe3 CyMy BJIACTHBOCTEH il
KOMIIOHEHTIB (OJIHE JepeBO — HE JIC), CHHOHIM - «CHCTeMHHU edekt»). [lpwm
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MoAaNbIIIIi eTani3alii MoBa Moke T, Hanpukial, npo bI'X micoBoro nmokpusy
[18], npuponuux Box [19, 20], okpemMuX BHIIB POCIHH TOIIIO;

- bI'X i3omonie — npukiagoM MoOxe OyTH BHUKOPUCTAHHS B
IPYHTO3HABCTBI CITiBBITHOILICHHS 2CI*C 3 MeTor0 BH3HAYCHHS BiKy IpyHTiB. LIL
['epacMOB Tak Cc(OpPMYIIOBaB IMOJIOKEHHS po JaBi Gopmu Byriemro [21, 22]:
nepmia gopMa — Ta, 10 AKTUBHO LUPKYIIOE B KPYrooOiry, a apyra 4yacTUHa — sKa
BUIIAJIa 3 KPYrooOIry Ta BIJHOCHO Hakomuuwmiacs B IpyHTi. Hapasi BaxiuBuM €
nociimkenns BI'X Takux nomoTanTis, sk ' Cs, *°Sr [23] Towo;

- Icmopuuna bI'X;

- bI'X mexnozennux nanowiagpmie — OCTaHHIMU POKAMHU 3HAUYECHHS
JOCTDKEHb B Iid oOmacti 3HauHO 3pocio [24]. Hocute dwacto mpobOiieMu
TEXHOTE€HHUX 30H JOCHUTh cnenu@iuHi, 00 3yMOBJEHI CIEeUu(}IKOK IMOITIOTAHTIB.
Tak, mmpoko BigoMi 30HM 3a0pymHeHHs Bakkmmu Mertaidamu (Hg, Cd, Pb)
HaBkosio Tpumninbcbkoi TEC, po3ramoBaHoi B rycroHaceneHoMY OOyXiBCBKOMY
paiioni g KueBom [25], Teputopii HaBkosio BopTHuIbKoi cranmii aeparii [26]
(MikpoOi0JIOT1YHE, pai0aKTUBHE, COJIbOBE 3a0pyAHEHHS IPYHTIB, IPYHTOBUX BOJ 1
HaBITh apTE31aHCHKUX TOPU3OHTIB), TepUTOPil mig M. BacunbkoBom KuiBchkoi 0011
Ha Micii MacmrTabHoi moxexi Haprtobasm B 2015 p. (3a0pymHeHHs
HaTOMPOTYKTAaMH, 3aKHCIICHHS I'PYHTIB) TOIIO. B 11iif 00acTi iHAMKAIiiHA POJIb
KUBHUX OPTraHi3MiB € 0COOJIUBO BaXKJIUBOIO;

- bI'X enoemiunux paitonie — 4YaCTKOBO TIIEPEKPUBAETHCA 3
reorpaiyHO0 MEIUIIMHOIO, JI€ BUBYAIOTh BIUIMB AHOMAJbHUX TMPUPOAHUX YU
TEXHOTC€HHUX KOHIICHTpAIlid XIMIYHUX €JIeMEHTIB Ha OOMeXeHHX TreorpadiuHuX
tepuTopisix. B 1upoMy BinHomieHHI ¢yHIAMEHTaIbHI 171e1 Oylio 3aKiaJieHO
B.B.KoBanbChkM Ta peani30BaHO y BUIVISIAI KOHIEMIi Tak 3BaHUX
010reoXIMIYHUX MPOBIHIIHN (TUB. po3din 6.2);

- Excnepumenmansna bI'X — monctBo (akTuuHO B MaciTadbax
IJIAHETH MPOBOJUTH E€KCIEPUMEHT 3 OioreoxiMiyHoi TpaHchopmMarii Oiocdepu.
Po3oproBaHHsS 3HAYHMX TEPUTOPIA, BHECEHHS AOOpWB, 3MiHA OJHHUX IICHO31B Ta
1HII1, MaclTabHe OCYIIYBaHHS YW 3POIUICHHS BEJIUKHX TEPUTOPIA — IpPUKIAIU
nedopmariii MUKIIIB OPraHIYHOI PEYOBUHH, O10T€HHHUX €JIEMEHTIB.

B poboti «IlepcriekTriBun B Oioreoximii» (1989) BumaTHOro HIMEIBKOTO
oioreoximika E. Jlerenca (mim. E. T. Degens) 3ampornoHOBaHO OpHTiHAJIBHY,
MOCJIIJIOBHY ICTOPUYHY PETPOCHEKTHUBY PO3BUTKY HAYKOBHX 010r€0XIMIYHUX KL,
30kpema, pgociipkeHHs BI'X mukmiB. Ha mnepmomy Micii — 0€3yMOBHO 3a
pociiicbkoro/pansHcbkor0  mkoaow (B. 1. Bepuaacekuii, O. €. ®epcman, M. M.
Kononoga, O. I. Omapin, O. B. PonoB), npencraBauku skoi me 80 pokiB Ha3aj
3MOTJIM BIpHO OLIIHUTU BHECOK bI'X HMKIIB B €K30r€HHHI KpyrooOir peyoBHH.
Jlpyroto 3rajgaHa HiMmeIlbKa IKoia, npenactarieHa B. M. TNomgmminrom (HiM. V.
M. Goldsmidt), P. Bpikmansom (HiM. R. Brinkmann) i A. Tpeitocom (mim. A. E.
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Treibs). Jami ciig BiIMITUTH TNPEACTaBHHUKIB OPUTAHCHKOI Ta aMEPHKaHCHKOT
mkir: I'. Xaraurcona (G. E. Hutchinson), JI. IMoniara (L. C. Pauling), T'. bpiami
(G. W. Brindley) Ta JIxx. bepnana (J. D. Bernal). CunbH#HIA TOIITOBX TOJAIBIIOMY
po3Butky bI'X B apyriii monoBuHi XX B. 1 J0 HAmIOr0 4Yacy Jaidd BHUIATHI
nocmmkenas b. I'. Pozamosa, B. B. Kosamncekoro, O. II. Jlicimmaa, B. B.
€pmakosa, I'. O. 3aBapsina, A. Peadinsaa (A. C. Redfield), /Ixx. Jlasioka (J. E.
Lovelock), A. P. ¢ou I'eprepa (A. R. von Gaerner), C. Mumnepa (S. L. Miller), T'.
FOpi (H. C. Urey), 1. Bperepa (I. A. Breger), ®. A6enona (Ph. H. Abelson), II.
AnpoOpexta (P. Albrecht), Z. Xapra (J. M. Hart), M. Teitumiomrepa (M.
Teichmuller), T. Henema (T. Hallam), 1. Atkiacona (D. R. Atkinson), Ix.
Erniarrona (G. Eglington), b. Ticco (B. Tissotand), M. baromiepa (M. Blumer), V.
[Inesinrepa (W. H. Schlezinger), P. Xosapra (R.H. Howarth), P. Eiicnepa (R.
Eisler) Ta inmmux.

IIpeamer BI'X - mocainzkeHHA MacOoOOMiHY MiXK XXKHBHMH
opraHizMaMH Ta AOBKIAAAM, IO € OAHIKYO0IO 40O MEeTH
0ioAOriYHHX HayK, IO BHBYAIOTH 3B A3KH MixK
OpPraHiZ3MoOM Ta CepedoOBHIINEM IXHbOI'O iCHYBaHHH:
reoboTaHiKH, 0ioIleHOAOr'il 1 0COOAHBO €KOAOT1I.

2.3 3B’a3KH Oioreoximii 3i cmopiAHeHHMH AHCHHNIAIHAMH

I'enetnunuii 38’5130k BI'X 13 ciopiiHEHUMH HayKamu Ta ii MICIIE B CUCTEMI
MOHATIHOTO amapary Hayk mpo O6iocdepy mokazano Ha puc. 2.5.

[IpyHUIUMIOBUM € TUTaHHS NOPO PI3HUIIO MDK OpeAMETOM 1 00’€KTOM
aKaJIeMI4Hl  JUCHMIUIIHKM  JOCHIDKYIOTh NPUHIMIU  MPOCTOPOBO-YACOBOTO
pO3MOALTY B AOBKULII OKpPEeMHUX XIMIYHUX €JIEMEHTIB, MOSBY Ta MEPETBOPEHHS
pi3HUX ¢GOpM IXHBOTO ICHYBaHHS, MIrpaliiHi MOpoLEecH, SBHUIIA AUCHEPCII,
HaKOMWYEHHS B PI3HUX CKJIAT0BHUX MOBKULIA. [[pHHITAIIOB] BIAMIHHOCTI MK ITUMHU
HayKaMu:

- I'eoximia B OCHOBHOMY JIOCHI)KY€E MEPETBOPEHHS K OKPEMHUX XIMIYHUX
€JIEMEHTIB Ta IX CHOJYK Yy pO3IUIaBICHOMY CTaHi, B TMpoliecax KpucTamizaiii
MaHTIMHOT PEYOBHMHHU, MPUPOJHUX BOJHHUX PO3UYMHAX TONIO; JJIsi OMUCY IMX
MpOIIECIB ~ BUKOPUCTOBYIOTHCS  3aKOHU  PIBHOBAJNCHOI  MEPMOOUHAMIKU,
KpUucmanoximii, Qizuunoi ximii, KonoioHoi Ximii,

- BI'X taxox AOCIIKYye MIrpalliio Ta Iepepo3noAl XIMIYHUX €IEMEHTIB y
Oiocdepi, TPOTe OCHOBHUM PYIIIEM SBISETHCS OIsIbHICHb HCUBOT Mamepii.

s pi3HMIE HACTUIBKM K TIMOOKa, SK, HANpUKIad, SK BIAMIHHOCTI
npeaMeTy Ta METOAIB JOCHIIKEHHsI 010XiMii Ta HEOpraHiduHoi Ximii. 3po3yMmiio,
0 ICHYIOTH 00JIacTi MepeKkpuBaHHA 1HTepeciB reoximii ta BI'X, ski B3aeMHO
30arauyioTh ofHa ojHy. [Ipukiamom Moxe OyTu iAes, siKy BrOepiie BUCIOBUB B.I.
Bepnaacbkuii, mpo BceIIaHETapHy poJib KUBOiT MaTepli. [ KoHuenIliss npupoaHo
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BBIMIIJIa 10 TEOPETHUYHOro Oa3uCy Treoximli, NOSICHUBLIM MNPUPOAY 0a3z0BUX
T'e0JIOTTYHUX MpoIieciB (0CaI0yTBOPEHHS, TilEpreHe3y TOIIO).

I'eoximiyHa
Puc. 2.5. JluHamika HayKOBUX YSIBJICHD IO miAicHicTp 3emai
Oiocdepy Ta 1i MiClie B Cy4acHOMY Ta 6iocepu
npupo103HaBcTBl Ta bI'X

Pobotn B. I. Bepnaacekoro B o0usacri Bioreoximiuua
reoximii I'pyHTIB CIpHsUTA PO3BUTKY BUCHHS PO oiAicHiCTB
KUBY MaTepito Ta ii posib y (YHKI[IOHYBaHHI Giocdepu
0iochepu. HaneBHe, B xkomHoMy 3 OiocepHUX
KOMIIOHEHTIB ~HE  ICHy€ TakKoro  TICHOTO
B3a€MO3B’SI3KY JKMBOI PEYOBHMHU Ta MiHEpaIbHOT
KOMIIOHEHTH, SIK B IPYHTax, ToMy BepHaIcbkuii
Ha3BaB 1X Oiokocnum minom. Ha ¥oro nymky,
IPYHTH — TOJIOBHHHI elieMeHT Oilocdepu, e
MEPEKPUBAIOTHCS  LUKIW  MIrpaiii OCHOBHHUX |[liaicHicTH BcecBiTHBOA
opraHoreHiB. B.I. BepHanacbkuii 3amnporioHyBaB |icTopuunoro mpouecy
BUJIUIUTU TPYHTOBY OOOJOHKY 3€MJl B OKPEMY |CTAHOBAGHHS AIOACTBA
CKJIaioBy Oiochepu — mnedocgepy. Ha iioro

BuyeHHSA npo
Giocdepy

IyMKy, XIMIYHUK ckiag Bog CBITOBOIO OKEaHY

HampsiMy 3aJIeKUTh BIJl TPOILECIB Mirpamii Ta Hayxa sx

TpaHcdopMmallii XiMIYHUX €IEMEHTIB B neaocdepi nAaHeTapHe
SIBHIILE

Ta 3  IUIaHETapHUM  MACOMEPEHOCOM B

MOCJIZOBHOCTI TIPYHTH — TOBEPXHEBI BOIU —
okeaHluHi Boau. Llg rimore3a BepHaacekoro Oyia | Buemns mpo moocdepy
Mi3HilIe eKCIepHMEHTAIbHO MiATBEpIKeHa mpu | =% SAmocTi Giocpepx i

. . . ImAaHeTapHOTroO
BHBYCHH1 ITMHAMIKH MAaCOIICPCHOCY aCpPO30JI1B. AIOJACBKOT0 PO3yMy
[Mpunuunu bBI'X 3acTocoBylOThCS 1 B
reHeTHYHOMY IPYHTO3HABCTBI. BukopucroByroun 1X, PaasSHCHKUI

IpyHTO3HaBelb Ta reoxiMik b.b. IlonuHOB 3amodaTkyBaB HayKy — T€OXIMIIO
naunmadTy [12]. Jinenns va BI'X, ekonoro-reoxiMmiuHi, IpyHTOBO-T€OXIMIYHI Ta
JaHaAmagTHO-TEOXIMIUHI JOCTIIKEHHS € JTOCUTh YMOBHUM. HampsimMku cydacHoi
bI'X moka3aHo Ha puc. 2.6.
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HAYKH [TPO 3EMIIIO, ©I3UKA, XIMIA, BIOJIOITA

¥

Bloreoxmm Bioreoximis
oxeany “@=g>| BIOT'EOXIMIA (BrX) = omranenis
MiKpoeleMenTiB
Pagmio-BI'X
bI'X syraemio i : =
OpramiuHoi peJoBHHH L ] Arpobioreoximia
BI'X i30TOMiB | _
BI'X rpyntie T'eoxiMiduHa eKo0Ti™
MiKpoopragismis, poc/JIHH,
BI'X pocann TRAPHH Ta JHHA

Puc. 2.6. Cyuacui Hanpsimku BI'X
2.4 TIpuraanHi acnekTn BIrr'x

1. T'eostoriyHi MOMIYKH POXOBUI KOPHCHUX KONMAJUH 3 BUKOPUCTAHHSIM
010reoXiMIYHHUX 3aKOHOMIPHOCTEH. [aess MeTony reosloropo3BiIKM MOJSATrae y
MOIIYKY AUISHOK 3 BUCOKMMH KOHILIEHTPALIIMH PYIOYyTBOPIOIOYMX E€JIEMEHTIB Ha
OCHOBI XIMIYHOTO aHaNi3y POCIWH, MPOAYKTIB iX JECTpykKIli, MetabomniTiB. Ha
MOBEPXHI HAIOi IIJIAHETH € MUITHKY IJABUIIEHUX KOHIICHTpalliii MeTalliB B
IpYHTaX, SIK1 Jajii B JAHIIOTaX >KUBJICHHS KOHUEHTPYIOTh POCIHMHHM, 1I€ TaK 3BaHI
biozeoximiuni anomanii (Ous. po3din 6). IxHe BUABIEHHS Ja€ MiACTaBy AOMYCTUTH
HasBHICTh OJIM3bKUX BUXOJIB pyAHUX TUI. 1[I aHOMaii MOXKHA IHTEPIPETYBATH K
OpEOJIM PO3CISIHHS PYAHMX aKyMYJIALIH, Kl YTBOPIOIOTHCS B IPOLIEC] 3aJy4EHHS
MeTaliB y OIOJOTTYHUN KpyrooOir Ta HAKOMWYEHHS iX IPYHTaX 1 pPOCIUHAX.
[lomyku poAOBHUI KOPUCHHUX KOMAJWH HA OCHOBI OIOT€OXIMIUYHHUX YSBJICHBb
BKJIFOYAIOTh HACTYIIHI €TaIln:

- KinpkicHUAN aHaTI3 XIMIYHOTO CKIIAAy )KUBUX OPTaHi3MIB (IIEpeBaskHO
POCJIHH);

- BusHauaHHs BUIOBOrO CKIaay pOCIHH,

- JocniixeHHs: MOp@OJIOrTYHUX 0COOIUBOCTEM POCIIHH.

3actocyBanHs BI'X meTomy mNoONIyKy pOJOBHUIN B T€OJIOTIi CKOpOUye ix
TPUBANICTh Ta 3HWXKYE BapTICTb pOOIT, OCOOJMBO  HAa  BaXKKOJOCTYIHUX
Teputopisx. Brnepie cxunbHICTh 10 6l0akyMyIsaLii MeTamniB BUsBIeHO B 1948 p. y
pociauaE poxy Oypadok Alyssum bertolonii, sixka pocte B Itanii. SIk mpaBwmiio, 1o
TaKUX aKyMYJSITOPIB BITHOCSITh BUH, JAJIA AKUX KOHIEHTpallis meTtaniB csrae 1000
MT/KT cyxoi 6iomacu. Hapasi mepernik Takux pociuH Bkirodae Oinbie 7000 Buais,
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ski koHHeHTpyroTh pi3Hi enementu (Ni, Cu, Co, Cr, Mn, Zn, Se, Tl, As, Pb).
IlikaBo, 110 CTIHKICTH A0 TOKCHYHHUX METajlB IMEPEHAEThCSI T'€HETHYHO.
HemonaBuo y Buutimmx kytouykax pgomoBux JjgiciB Hosoi Kanemonii BusBMIN
yHiKabHe JepeBo Pychandra acuminata, cik SIKoro HeE3BUYHOTO CHHBO-3EJICHOTO
KOJIbOPY, Tak K Ha 25 % ckmamaeThcs i3 akBakomIuiekciB Hikens Ni. OmgHa
pOCIIMHA MICTUTH JI0 S KI' [HOTO METAIYy.

JlocBim 3acTOCYBaHHS OMMCAHOTO METONY MOIIYKYy pya y3araabHuiu O. IL
Bunorpanos, JI. I1. Mamtora, O. JI. KoBaneBcekuii [27-28].

Kinvkicna xapakmepucmuka eeonociunoi poni b6iocennoi miepayii’ Ximiuno2o
eleMenma — BITHOIIEHHS WOro BMICTY B 30JI1 POCIHMH JO KOHIIEHTpalli B
IPYHTOBOMY TIOKpPMBi, Ha SIKOMY BOHH pOCTyTh. L[l10 BeIMYMHY Ha3UBAIOTH
KoedimieHToM 0100T14HOTO MoriauHaHHs bIT:

BII=C,;5/ CrpyHT,

1€ C,oma — BMICT €JIEMEHTY B 030JICHOMY 3aJIUIIKY pociuH, % (Mac.) abo 1/T;

Crpynr — BMICT €JIEMEHTY B IpyHTIi, % (Mmac.) abo r/t.

BI'X Meroau BUKOPUCTOBYIOTH 3a YMOBH, KOJM BOHM €(QEKTHUBHILI 32
JTITOXIMIYHI YH TiAporeosioriydi. BctaHoBiaeHo, MO iX JOIUTFHO 3aCTOCOBYBAaTH B
HACTYIHUX KJIIMAaTUYHUX 30HAX 3 TAKUM JaHIa(THO-T€OXIMIYHUM OTOUCHHSIM |

1. T'ymigHa 30Ha 32 YMOB CHOBUIBHEHOI JeHymamii (CYKyIHOCTI MpPOIECIiB
pydHaIii TIpChKUX TOPIA 3a paxyHOK il (i3UKO-XIMIYHMX YHHHHKIB), SKIIO
BIIOYBAaIOTbCA MPOLIECH BUIYTOBYBaHHS IHAMKATOPHUX XIMIYHHUX €JIEMEHTIB 13
KOPH BUBITPIOBAHHS Ta BiAKIamiB (€/1t0BiaIbHO-ACTIOBIaTbHHX);

2. 'ymimHa Ta MOMipHO 3BOJIO’KEHA 30HA, /e BTOPUHHI JITOXIMIYHI OPEOTH
MIEPEKPUTO IPUHECCHUMH 31aJICKy BiJIKJIalaMH, TOTYKHICTh Iapy sikux csrae 40
M, 1HKOIM — 10 80 M;

3. Ilyctenmi/HamiBmycTeN a3uIHOT KIIMAaTHUYHOI 30HH 3 Majol0 KUTBKICTIO
OMajiB, JIe BTOPUHHI JITOXIMIUH1 apeoid YU PYAH1 30HU MEPEKPUTO MTPUHECEHUMU
3ManeKy BiAKIagaMu, TOTYXHICTh skux ckianae 20-40 w;

4. 3a0onoueHi pIBHUHU Ta TOp(D SHUKH, SIKI NPOMEP3al0Th B3UMKY, €
KOPiHHI MMOTCHIIIHO PYJIOHOCHI TOPOIH 3aIATal0Th HerTHOOKO (2-10 m);

5. JlinsHKY, BKPUTI CYIIUIBHUM MOXOM YH IIUIBHUM POCIMHHHUM MOKPOBOM,
Ha SIKUX BaXXKO B1I10paTH JITOXIMIYHI MPOOH;

6. JlinsHKH, TEPEeKPHUTI KPYMHUMHU OpHiiaMH 3 KYpyMOBHX OCHIIaHb, SIK1 JI0
TOTO X T'YCTO MOPOCTU BUCOKOIO POCIMHHICTIO.

[IpuknagoM MoXke CIyryBaTH HAKOMMYEHHS 30J10Ta B CTOBOYpax JiepeB, 110
OaratokpatHo (iKCyBajocs B pailoHaX PO3BUTKY 30JI0TUX PyI Ta po3cumiB. B
OypomMy Ta KaM’ SHOMY BYTULIl HEPIIKO (DIKCYIOTh aHOMAJIbHO BHUCOKHUUA BMICT
30710Ta, IJaTuHH, cpidna. Ile cBigUUTH Tpo BHUOIPKOBE HAKOMUYEHHS IUX
€JIEMEHTIB, 110 Bi0OYBaJIOCA MPOTATOM MONEPEAHIX TeOJOriyHMX enox. Bimomi
YUCJICHH] BUIMAJAKU 30aradyeHHs 30JId JEPEeB Ta TPaB KOJIbOPOBUMH Ta PIIKUMU
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MeTanaMu no0au3y poaoBuil. Topd’ ssHUKM — ePEeKTUBHI KOHIEHTPATOPU ypaHy
[29].

bI'X momryku, 3aj1€3KHO BiJ METH, MOJUISIIOTHCA 332 MAacITabOM Ha:

- Perionanpi (1:200 000 — 1 :100 000);

- besnocepenuro mormrykosi (1:50000 — 1:25000);

- Heranizorani (1:10000).

PerionanpHMii  MOWIYK  NPU3HAYE€HO Ui  BU3HAYAHHA  3arajibHOI
reoXIMI4HO1/010re0XIMIYHOT XapaKTEPUCTUKHU PailloHy, TPH iX MPOBEACHHI MOXXHA
OKOHTYpUTH O10T€0XIMIUHI Opeosid po3citoBaHHs. [IepBUHHI JaH1 AETali3yIOThCs
MpU MOPOBEJCHHI BJIACHE MONIYKOBUX POOIT, J€ OUIKYETHCA TOYHE BUSBICHHS
pOJOBHMINIA Ta 3aKOHOMIPHOCTI HoOro posmimieHHs. JleTanbHi J03BOJISIOTH
BU3HAYaTU KOHTYPU OKpPEMHUX HEBEIUKHUX pyAHuX 30H. bI'X momyk 4acrto
KOMOIHYIOTb 3 0OTaHIYHUMH OOCTEKEHHIMHU.

[Ipu nmpoBenenni bBI'X moiykiB 3HaYHYy yBary cClij OpUAUIATH HasBHOCTI
OilosoriuHux 0ap’epiB copOIlii NEBHUX €IEMEHTIB, a00 TaK 3BaHUM «0ap’€pHUM» Ta
«0e30ap’epHUM» BUIaM POCIHH.

Hocnimkennss bI'X mpo0 cBiguuTh Ipo Te, 110 iICHYE (i3ioa0oriuHuil 6ap’ep
HAaKOMUYECHHS MOHIB METAaJIB, SIKI 4acTO SIBJISIIOTHCS Mapkepamu opyaHeHHs. Llei
Oap’ep MOYMHAE JIATH MICIS TOTO, SIK POCIWHA OJIEPKUTh TaKy KUIbKICTh PYAHOTO
€JIEMEHTY, sSIKa TMEPEBUIIYE HOPMAIbHUNA BMICT LOIO €JIEMEHTY B POCIMHHOMY
OpraHi3Mi JaHOi IPUPOJHO-KIIMATHYHOI 30HU. TOMY JJIT KOXKHOTO BUJY POCIHH
CJiI BCTAaHOBUTU NOMEPEAHHO (POHOBUI/AaHOMAIIBHUI BMICT B KOHKPETHOMY
reoXIMIYHOMY JaHamadTi.

[Ipu BimOoOp1 Mpod POCIMH HEOOXITHO MPUIAUIATH yBary Mop(ojaoriayHum
O3HaKaM, I[0 CUTHAJI3YIOTh MPO TE€, IO BOHU 3POCTAIOTH y 30HI BUXOAY PYAHUX
TUT YU IX apealiiB po3citoBaHHs. Taki 03HAKU J0Ope AOCIIKEHO HA 1HIUKATOPHUX
Bunax (puc. 2.7 Ta 2.8).

Ha Teputopisix pynHHX aHOMadid NOPOSBISIOTHCS  (PI310JIOTTYHI ¢
MOPQOJIOTIYHI 3MIHM POCIMHHHUX OpraHi3MiB, 3 SIBISIIOTHCS JIOKaJdbHI YU
YVHIBEpCAJIbHI POCIUHU-IHIUKATOPU. Takok MOXIJIMBA 3MiHAa BUIOBOTO CKJIAdy
pPOCIIMH, SIKY HE MOJKHA TMOSCHUTU JIUIIE JUHAMIKOIO 3MIH YMOB JOBKLILJIS.
3yCcTpiuaroThCA CYTTEBI aHOMAJlll OHTOI€HE3Y — PAaHHE/MI3HE IBITIHHS Y OMNaJ
JIMCTS, KIIBKICTh HACIHHS TOIIO. /[1arHOCTHYHOI0 03HAKOI MOXKE OyTH JIOKaJbHE
MPUTHIYEHHS a00 BIICYTHICTh POCIUHHOCTI.

O6pobka mpo6 mpu npoBeaeHH1 bI'X momrykiB BK/IIOYa€e Taki e€Tamnu:.

- 310paHi B MOJLOBUX YMOBAX 3pa3KH CYIIATh, MOJIPIOHIOIOT;

- ¥V BUNAQJKy CYTTEBOTO 3alUJICHHS MPOOU JJd MONEPEIKEHHSI CHOTBOPEHHS
PE3yAbTATIB €JIEMEHTHOIO aHali3y 1i BOAOIO;

- O30:11010Th TTPOOH B J1abopaTopHuX ymMoBax (y mydenri mpu 400-600 °C) mo
MOBHOI JECTPYKIIil OpraHiyHO1 pEUOBUHH;
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- 30J1a aHANMI3YETHCA METO/IaMH CIIEKTPAIILHOTO aHAII3Y.

a) 6) "
Puc. 2.7. Mopdonoriuai 3MmiHM OifOpryHy (€KOBHHK COJIOHUAKOBHUH)
(Anabasis salsa) mix BruinBoM BrCOKOi KoHIIeHTpallii 6opa B [4]:
@) — HOPMALHA POCIUHA;
0) — mymosuacme (Kinbuacme) po32anyHceHHss cmebaa Ha OLIAHKAX IPYHMY,
36azaueHux bopom,
8) — HOPMANLHA POpMA 3UNEHYBAHHS;, 2)— CHOMBOPEeHA (hopMa 34NIeHy8aHHS HA

OinanKax, 30a2a4eHux OOpoM.
firoau HopMaAbHOI GopMH

" ! y [}
AiineBunua Cdepuana CpyIioBu HA

Sironu He3BH4YHOI pOpMH HaA TepPHTOPIi
poaoBHIIA

3ByxeHa [uaiggpuyHa Cybumainapmiga

Puc. 2.8. 3mina popmu siroam moxuuu (Vaccinium uliginosum) wa teputopii
ponoBwIa ypany B paiioni Uepuinas, Manirooa (o X. Haknerry, 1962) [30]

[Tpu BU3HAYaHHI KiJIbKICHOTO BMICTy JieTKuX eneMeHTiB (Hg, As, Sb ta iH.)
npoOOMiITOTOBKA MPOBOAUTHCS METOJIOM  «MOKPOTO  O30JICHHS»  IUISIXOM
posunHeHHs B HitpaTHi kumcimori HNO;3; (kBamidikamii  o.c.u.). Hapasi
PO3MOBCIO/KEHHSI  OJIEP’)KAB  PEHTIEH-PAIIOMETPUUHUM  EKCIpec-aHalli3 mpood
pPOCIIMH, IO BUKOPUCTOBYETHCS [UISl TOLIYKY XPOMITIB, CHIJIIKATHO-OKCHIHHX
HIKEJIb-KOOAThTOBUX PY/I Ta 1H.
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MeTtoauky MOIIYKY PYOHUX Tid, 110 HE BUXOSATh HA MOBEPXHIO, MIISAXOM
BHU3HAYaHHS KIJIbKICHOTO BMICTY METAJIIB Yy POCIMHHUX OpraHi3Max 3alaTeHTYBaB
mBeacbkuid reosior H. Bpynaia (N. H. Brundin) [31, 32].

B pesynbrari 3acrocyBands bBI'X MeTony BIAKPUTO psAJl POAOBHII IITHHUX
enemMeHTiB. Tak, micas KUIBKICHOTO aHadi3y 30JM OpraHiB XBOWHHMX IMOpiJ Ha
teputopii bpurancekoi Konym6ii (Kanana) 3HaiieHO MOJIIOACHOBE POOBUIIE
monioneny Mo (Ennmako); mini Cu ta monioaeny Mo (betiiexem). Ha niBneHHOMY
cxoni CHIA BigKpuTO psii HEBEMUKUX poAoBulll ypany U B pe3ynbTaTi aHamizy
30JIM T1JIOK YarapHUKIB, Jaepes, actparaiiB (pin 606oBux mat. Astragalus).

Bigomuit OGioreoximik O. JI. KoaneBcbkuit po3pobuB metonuky bI'X
nomryky ponosuny oepuiito Be. Ha ocnoBi kommiekcHux BI'X pocnigxeHb BiH
JUUIIOB 0 BUCHOBKY, 110 CHIJ IIYKaTH HE 3a OyJb-SKMMH, a TUIBKHU 32 EBHUMHU,
TaK 3BaHUMH 0e30ap’€pHUMU BHJAaMU Ta 4YaCTMHAMM POCIIHH, 1 HE BCiX, a TUIBKH
TUX, 1[0 € MiIHEpaJOTriyHO cupusTAuBUME i1 BI'X moinykiB MiHepadibHHUX THITIB
pya. Ha ocHoBi BuBYeHHS Oio- Ta sitoreoximii Be, F, Mo, Pb, Zn, Ag, Li, Zr ta
IHIIUX €JIEMEHTIB-IHANKATOPIB T€HETUYHOTO THUNY Ta PiBHA €pO31MHOr0o 3pi3y
MEPBUHHUX OpEOoJIiB OepuiIieBOi MiHepami3ailii, HUM po3po0ieHa OpUTriHalIbHA
Metoauka 0e30ap’epuux BI'X momykiB OepuiiieBUX pojoBuill. Bona mno3Bolisie
BUSBJISITH M CYNyTHI MOJIMETaNI4Hi, MOJIIOJIEHOBI Ta AEsK1 IHIII PyAH1 POJOBUIIA.
BaxnuBo, 1o B MOJbOBUX YMOBaxX €KCHOPECHUN aHali3 pPOCIUH Ha BMICT
€JIEMEHTIB-1HANKATOPIB MOKHA MPOBOJUTHU 3 HEO30JICHUX MPOO Ta X KOHIIEHTPATIB
3 BUKOPUCTAHHSAM (DITyOPECIIEHTHUX PEHTTEHOCIICKTPAIbHIX IHAMKATOPIB [33].

2. BuBueHHS BIVIMBY PO3MOALTY XiMiYHHX e/IeMeHTIB B HABKOJIUIIHbOMY
cepeoOBHUINi HAa OpraHi3Mu Jwiaeid, TBapuH (reoximiuna exoJoris). Ciin
MIIKPECIUTH, 10 JOCHKYIOThCA PiBHI NpUPOAHUX (OHOBUX KOHIIEHTpaliid. B
OKpEMHX pEerioHax CBiTy, B TOMYy 4HCJi ¥ B YkpaiHi, reoximiudi aHomaii (bI'X
NPOBIHINIT, JWB. po3nil 6) OyBalOTh HACTUIBKM 3HAYHUMH, M0 BHKJIHKAIOTH
MaToJIOTIYHY peakilio opraHizmy mtojaeil 1 TBapuH. Tak, B. B. KoBanbchkuit i3
criBpoOiTHUKamMu (1974) BUSBWIM KOPENSAIII0 MiX HPOJTYKTUBHICTIO CBIHCBHKOT
xynoou ta Hammmkom/nedimurom B, Co, Cu, Mo, Se nHa Ttepuropisx ix
npoxuBaHHsA. AHayoriuni naHi ogepxkas B CIIIA JIx. Ye60 (J. Webb), miznimre —
P. Eo6enc (R. Ebens) B Anurnii Ta Ipmannii. bioreoximik i3 Kanagu I'. Yoppen
(H.V. Warren, 1961) O0yB mioHepoM JOCITIIPKEHb BIUTMBY BMICTY MIKPOCIEMEHTIB y
MUTHIM BOA1 Ta MPOAYKTAaX XapuyBaHHS Ha 3JI0pOB’S JIIOJEH Ha PEriOHAJIbHOMY
piBHi. [llupokuii couianibHUN pE30HAHC MAIOTh BIJOMI MPUKIAAU HOAOAECPILUTY
sk nposB bI'X anomaniii. Caig BiAMITHTH AOCIiKeHHS, mpoBeaeHe B 1970 p. B
mrrati Jpxopmxkis (CLHA) X. Hlexnerrom (H.T. Shacklette), npo HasBHICTE 4iTKOT
KOpesslii MK BMICTOM MIKPOEJIEMEHTIB Yy POCIMHAX 1 IPyHTaxX Ta pPIBHEM
3aXBOPIOBAHb CEPIICBO-CYAUHHOIO THMY. AHanoriddo reoximik M. Cambmi (M.
Salmi) 3 ®imnsgaaii BB 1963 p. BHABHB CTATUCTHYHO JOCTOBIPHY KOPEIAIIIIO
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BMICTY CBHHIIIO Ph B ripchkux mopoax Ta piBHEM pO3IMOBCIOIKEHOCTI PO3CISTHOTO
ckiiepo3y. [laHi ykpaiHCHKMX HAyKOBIIB IIOJO0 PO3MOBCIOJKEHHS Ta MPUYUHU
CHIEMIYHUX 3aXBOPIOBaHb MpoaHaizyBaB akan. I. M. TpaxrenoOepr [34].

HaykoBi konexktuBu min kepiBHuuTBoM B. A. KoBau ta M. I'. 3upina B
Apyrid mojgoBuHI XX CT. MOMIMOJIEHO BHUBYAIM MPOOJIEMATUKY TE€OXIMIYHOI
eKoJorii. 3HAYHUM KPOKOM Briepes] crana myourikaiis B 1991 p. monorpadii A. JI.
KoBanerchkoro «buorecoxumusi pacrenuii» [35], me cucTteMaTn3oBaHO YHCICHHI
eKCIEepUMEHTAIbHI JaHl PO XIMIYHMM ckiaj pocauH B 30Hax BI'X anomanniii, mo
BAXKJIMBO SIK JUJIS TOIIYKY PYIHUX POJOBHIN, Tak 1 A gociimkeHHs bBI'X
MEXaHI3MIB MIrpaiii XIMIYHHX €JIEMEHTIB JIaHI[foramMu >KuBjiaeHHs. Lls poOota
cTajga OCHOBOIO I PO3POOKH MPUHIMUIIB €KOJOTIYHOTO HOPMYBAHHS 3 TOYKHU
30py BI'X Tta ¢izionorii pocimn [36].

3. TlosBa TexHorennux bI'X aHoMmaniii cTuMymroBajza MOCTIKCHHS Y
00yIacTi MpUPOAX Ta MPAKTUIHOTO BHUKOPHUCTAHHS TaK 3BaHUX OioreoxXiMiuHMX
0ap’epiB, sKi MONEpPEIKAIOTh PO3MOBCIOIKEHHS XIMIYHUX MOJIOTAHTIB y IPYHTAX,
npuponnux Bojax. Ilim BI'X Gap’epamu po3ymitoTh CKIaJ0BI T€OCUCTEM, 1€ Ha
KOPOTKHUX BIJICTaHSX BHACHIIOK crenudiuHoi koMmOiHaii 0ionoriyHux, (i3uko-
XIMIYHUX, MEXaHIYHUX YMHHHKIB BiJIOYBA€THCSI CEJICKTUBHA aKyMYJAIlsl MEBHUX
XIMIYHUX €JIEMEHTIB a00 BUAAJCHHS 1HIIMX. [I[puunHOIO SBISETHCA pi3Kka 3MiHA
YyMOB Mirpaiiii CHOJYyK, IO MICTSITh MEBHI €JIEMEHTH, L0 MPUBOIUTH N0 iX
HaKOMUYEHHS B 0OMeXeHuX obnactax. B mpupoii HaltOUIbI pO3NOBCIOI)KEHUMU €
taki Buau BI'X Oap’epiB — pOCIMHHICTH, IPYHTHU, NMPOHUKHI BOJOHEHACHUYEHI
ripchbKi MOpOAM, 3acTiiHi obnacti migzeMHux Boa. bI'X Gap’epamu moxkHa 10
MEBHOT MEXi ynpaBiiaTd (NMOCHIIOBATH a00 IMOCITA0IIOBATH TOCTA0IIOI0YN TXHIO
1i10), cTBOprOOYM mTy4yHI O0ap’epu [37]. Hanpuiran, 3MeHIIyIOYH MPOMHBAHHS
IPYHTY Ta BEPXHIX TOPU3OHTIB OCAJOBUX IMOPiJ, MOXHA JOCUTH €(EKTUBHO
3aXUCTUTH MiA3€MHI BOAHI TOPU3OHTH. HaBmaku, NOCWUIMBIIKM MPOMUBHICTD
IPyHTIB, MOXXHa BHUMHUTH 3 HHUX, HampUKiIag, copOoBaHI pamioHyKIiau. Jlms
nokamizamii oOnacTi 3a0pyAHEHHS, HamNpukiajd, HaQTONMPOAYKTaMH, MOXHa
oOnamTyBaTd TiIpodi3uyHUN Oap’ep y BUIJISAI CHUCTEMU HarHiTaabHO-
B1IKAUyBaJIbHUX CBEPAJIOBUH, SIKI HE JI03BOJISITH 3a0pYJHEHUM IIIJI3EMHUM BOJaM
MOTPANUTU 10 BOAOTOKIB Ta BOoa03ab0piB. [yxe epeKTUBHUM € OJHOYACHE
BUKOPHCTaHHS O0ap’€epiB pi3HOTO TUMY (O10JOTIYHUX, MEXaHIYHHUX, XIMIYHUX TOIIIO)
(mmB. po30in 5.6).

4. «Mikpoona» BI'X - mnpukiangauii HampsMm, 1m0 0Oa3yeTbcs Ha
BUKOPHUCTaHHI MIBUAKOrO METAa0O0dI3My Ta PO3MHOKEHHS MIKPOOPraHi3MIB JIst
MiABUIIICHHS HadTOBIAAaYl CBEPAJIOBHH; TIONIepeIKeHHs YTBOpeHHs MeTany CHy B
maxTrax; MIKpOOHOT €KCTpakiii MeTadiB 13 B MaJIONOTYXKHUX POJOBHUIIAX
(biomemanypeis). B nauiii oomacti Bigomi pobotr M. B. IBaHoBa Ta #oro yuHiB A.
1O. Jlein, C. C. busera, B. ®@. 'anbyeHko Ta iHIIKX.



~50 ~

Otrxe, 3apa3 bI'X Bigoma sK TNPOAYKTUBHA MPIOPUTETHA HAyKOBa
JUCIUILIIHA, 0 00’ €IHY€E Psifl IPUPOJTHUUUX HAYK, BAKOPUCTOBYE MaTeMaTUUHUN
amapaT Ta (i3UYHI METOAM, MEIUIMUHY Ta CoIllajdbHI HayKd 3a cQeporo
3aCTOCYBaHHS HAyKOBHX Pe3yJbTaTiB Ta NMPakTHYHUX BHCHOBKIB [38]. BI'X, 1o
BUBYAE MIrpallil0o Ta MacOOOMIH XIMIYHUX €JIEMEHTIB 3a y4acTIO KUBOi MaTepii,
TpaHcdopMallio iX CoayK y JOBKULIL, 3B’ SI3y€ B €JJMHE T€0JOTIYHE OTOUYECHHS Ta
’UB1 OpraHi3MH, SIBJISIEThCS TEOPETUYHUM  MIATPYHTAM  MacHITaOHUX
KOMIUIEKCHUX JOCIiKeHb OiocdepH, M0 NPOBOAATHCA B YKpaiHi Ta cBiti. [i
pe3yAbTaTU BUKOPUCTOBYIOTHCS IS PIMICHHS aKTyaJbHUX €KOJOTTYHUX MpoOjIeM
Cy4acHOI IIUBLII3AIlI.
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PO3OIA 3 XIMIYHA APXITEKTYPA BIOCPEPHU

3.1 IcTopia Tepminy «Giocdepar

P Tepmin «Oiocepa» Bnepie BBIB y HAYKOBY JITEPATYPY B
@ = 1875 p. aBcTpiiicekuii reonor E. 3rocc (mim. Eduard Suess) [1].
f ( ) Criz 3BepHYTH yBary Ha Te, IO, HA AyMKy 310CCa, JKHTTS iCHY€E
3 JUIIE Ha CYIIl 1 BEPXHHOMY IIapi OKeaHy, a OKEAHChKI ITHOUHU
/ ~ mos0aBneHi KuTTA. IIpore 1€l HOBMH TEpPMiH 3anMIIUBCA O€3

b - MOSICHEHHSI, 10 ¥ MPU3BEJIO 10 KOro PI3HUX TAyMayeHb.

Ocranniit i3 enmuionemuctie @®.0. 'ymbomer (HiM. F. H. A. von
Humboldt) B po6oTi «Kocmoc» HabIU3UBCS 10 Cy4acHOTO TPaKTyBaHHS OiocdepH,
c(hopMyJIIOBABIIM KOHIIETIIF0 3eMJI1 SIK €IMHOTO IIJIOTO Ta BUCIOBUBIIH 1JI€I0 TIPO
MOBCIOIHE PO3MOBCIOIPKEHHS JKUTTS Ta KOO 3B’ A30K 3 HEOPTraHIYHUM CBITOM.

[aTerpanbHuii  miAXim g0 NOpUPOJO3HABCTBA PO3BUHYB BuuTenb B.L
Bepnancekoro B.B. [lokyuaeB, skuii BUBIB Ha MEPIINH IJIaH MPOLIECH B3a€MOA1T
XHUBOI Ta HEXMBOi (KOCHOI) Matepii, SIKi yTBOPIOIOTH €IHICTh, Ha3BaHy HUM
«BMILOI MPUHATHICTIO TPUPOAO3HABCTBA». Taka B3aeMOJis MOPOJKYE MPHUPOIHI
TiJ1a HOBOI SIKOCTI. TakuM SIKICHO HOBUM O10KOCHUM YTBOPOM JlOKy4aeB BBaXkaB
IPYHT.

B Oararbox migpyunukax [2-5] BkasyeTbcs, IO MOHATTS 1 TepMiH
«biocepa» Oynu Breprne BBeaeHI B Hayky Oionorom JXK.b. Jlamapkom (¢dp. J.-B.
de Lamarck). Lliei Touku 30py motpumyBaBcs it B. 1. BepHancokuii. BusBiiserncs,
e He 30BciM BipHO. Tak, A.B. Jlamo [6, c. 13] BBaxae, mo Jlamapk BBiB TepMiH
«Olonoris», a He «Oiocdepa». Ilpore igeiino Jlamapk OyB ayke ONM3BKHM [0
mporo, kosm mnwcaB B pobori «[igpomoris» (1802): «CxnamHi MiHEpaabHI
PEYOBHMHHU BCIX BUIB, IO YTBOPIOIOTH 30BHIIIHIO KOPY 3€MHOI KYII, ... SBJISIOTHCSA
BUKJIIOYHO TMPOAYKTAaMU TBApUH Ta POCJIUH, SIKI ICHYBaJIM Ha LHMX AUISTHKaX
MOBEPXHI 36MHOI KYJII».

Cyuacne ¢opmynosanns 3MicTy TepMiHy «0iochepa» naB B.1. Bepnancbkuit
y pobori «biochepa» (1926) — mnepepobieHiid Bepcil Kypey JIEKIid, SKUH BiH
npountaB mpotsarom 1922-23 pp. y Cop6oni (I[Taprxk). Bin naB pi3Hi BUSHaYCHHS
6iocdepw, 13 SKUX HAHOLIBII BIAOMI JIBa:

BBiocghepa sense coboro obononky sxumms - obnacme
iCHYEAHHS HUBOT PEeUOBUHL;

B Biocghepa - obnacme zemHol Kopu, "zalinama
mpaHcopmamopamil, AKi ﬂegeendﬂmb eHepezito
KOCMIUHOZO0 SUNPOMIHIOBAHHA 6 00Ul 2eMHY eHep2iro -
enexmpuuHy, MexaHiuHy, mennosy mouio.
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B.l. Bepuancekuii nonuiaB Oiocdepy 11e Ha 4YOTHUPU «reocdhepu», Kl
OXOILTIOIOTE mponocgepy, 2iopocgepy, OBEPXHEBY YACMUHY CYUli KOHMUHEHMIB
ma ocmpoesie Ta K00JIACT1 NI03eMHO20 HCUMMY.

3a B.I. Bepraancekum [7], 6iocdepa BKIIOYAE CIM «Pi3HOPITHUX YACTHHY:

1. CyKkynHICTb KUBUX OPraHI3MIB — JCUBY peuosury, mMaca sikoi B 01ocdepi
cknagae Bcboro 0,25 %, omHak BOHA HACHMYEHA CHEPTIEI0 € TEOJOTIYHOI CHIIO0
O01oreHHO1 Mirparlii XIMIYHUX €JIEMEHTIB,

2. bBesznocepeoni npooykmu 6iocgpepu, martepianizoBaHi B ctpatuchepi,
TOOTO cTBOpeHi «OyBmuMU Oiochepamu». lle OioreHHi ocaakoBI MOPOAH —
Oionimu, HAPUKJIaJ, BUKOIHE BYTLIA YU KapOOHATHI MOPOH;

3. PeuoBuHa, «... yTBOpeHa MPOIIECaMH, B SIKUX )KHBA PEUOBUHA HE MIpUITMae
Yy4acTi: KOCHa PEYOBUHA, TBEPHA, PiJKa 1 ra30moai0Ha»;

4. CyMill >kMBO1 1 KOCHOI PEYOBUHH, SIKA YTBOPIOE €JIMHI1 CUCTEMU, B SIKUX
TpaHchopMyeThest 010reoXiMIgHa EHEPrisl AKUBOI MaTepii,

5. Padioakmueni enemenmu ta IpOJYKTH IXHHOTO PO3MANy;

6. Po3scisni amomu, IPONYKTH SAEPHOTO CHHTE3Y ITiJl BILTMBOM KOCMIYHOTO
BUIIPOMIHIOBaHHS,

[. Kocmozcenna pewosuna B aTOMHIH, 1, MOKIJIMBO, MOJIEKYJIAPHIN (opMmi.

[Ipu ubomy «kuBa 1 OI0KOCHa PEYOBMHA 3YCTPIYAETHCA HA HAIIIM TUIAHETI
TUIBKH 1 610cepl, O10reHHa peuOBUHA TAHY€E B CTpaTUChEpi».

Kputnunnii ananiz nanoi knacu@ikaiiii CBIAYUTH PO 11 JIOTTYHI MPOTUPIYYS.
OueBuaHo, MO0 O010KOCHA pEUYOBHMHA — HE OJIHOPIJIHA, a CKJIajJeHa CyOCTaHIlis, a,
OT)K€, HE IHIUBIAyallbHa; KOCMOT€HHAa pEeYoBHMHAa — KocHa Tomo. HamesHo,
npuurHa B Tomy, mo B.[. BepHancbkuii He HOTpUMYBAaBCA NPUHLUNY €IUHOT
OCHOBM IIPU OJIHOMY MOALTI, a 3aBXJ1 BUKOPHUCTOBYBAB KUIbKa KilacuUiKaliiHUX
O3HaK, HE TYpOYIOYHUCH MO iX l€papXit0: y HhOTO OyB CUCTEMHHU, CUHTETUYHUI
OIX1.

Caiif BapiaHT kinacudikamii HaBoauTh A.B. Jlamo (ta6u. 3.1). AHani3 gaHux,
nmpeacTtaBieHux B Tabn. 3.1, cBiguMTh Tpo Te, MO OIOTeHHAa pPEYOBHMHA — HE
CHHOHIM PEUYOBHHHU OpraHiyHoi, sik BBaxanu B XIX ct. Hanpukmnaza, Hapasi BiioMO
Mpo ICHYBaHHSI a010T€HHUX OPraHIYHUX CIOJYK Yy CKJIaJlli METEOPUTHOI pEUOBUHU
BYTJIUCTHX XOHIPHUTIB (muB. m. 4.3.3), Toml sSK Ha Hamid IUIAHETI € Maca
HCOPTraHIYHUX PEUOBUH OIOTEHHOTO IMOXOKCHHs (Hampukiaa, KapOOHATHI YU
KpeMHieBI MyIUI1i). MOXIUBO, OUTBII MPaBUJIBHO HA3BAaTH OPraHIYHI PCUOBUHU
8y2/1eB00HEBUMIL.

Cnig BIIMITHUTH BUKIIOYHE 3HaueHHs, ske B.l. BepHancekuii HamaBaB
moctiii gpopmi pedoBuHu Olochepu, a came KOCMIYHOMY BHUIIPOMIHIOBAHHIO,
0CO0JIMBO BUOYXaM HAJHOBUX 3IPOK, MAAiHHIM KOCMIYHMX Til1. BiH BigMiuaB [7, c.

270]:
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... €Hepeis NPOHUKAUUX KOCMIUHUX SUNPOMIHIOGAHbL ... -
cama NomyzKHa eHepels, eidoma Yy biocghept. MoxHa esaxamu
AKULO HE 8CIMAHOEMEHUM, MO GLIbUL HIHK TIMOGIPHUM i1 38 °530K
12 Hawwor eanakmuroro — Hymaubkum [lnsxom, 13
13A20PSHHAMY 8 HbOMY Ne8HUX 3IpoK, tHosuwx» 3ipox — Nova 1
Supernova Zwikki. Ile saeuuwe muimbKU WOUHO exodumb 00
Hawo2o caimoansidy, 1 6OHO, OUeBUJHO, He SaISEMbCs
NOCMIUHUM Ma AKICHO HESMIHHUM UUHHUKOM, KU SNIUSAE
Ha suey peuosuHy. BoHo mae nouamor, zazsuuail mpueae
KLibKa OHI8, PIOKO pPOKI8, 1 SMIHIOE 8CH0 0DCMAHOE8KY HUEOoL
pevosuHu Glocgpepu. [Jyxe Mozxke BYmMuU, Wo 3 UIEO eHepealen
nompibHo paxysamucs danl NOSCHEHHS NOXOOIKEHHS munie
meapuHHo20 yapcmea. Tpeba mamu Ha ysasi W 3as8y npu
obzoeoperHl Hydosu Giocghepuis.

Ta6auusg 3.1. Tunu peyopunu 6iochepu 3emii [6, c. 40]

Xapakrep | IloxomxeHHst Micue 3apoaKeHHs] pe4OBHHU

PEeYOBUHM | PEYOBUHHU 3emast Kocmoc
biorenne 7KuBa peuoBuHa Hesigome

JKupa (6ioc, OioTa)
AGioreHne Hesinome Hesigome
biorenne a) HeoOiorenne Hesimome
Hesxupa 0) [Naneobiorenne™ OpraHqui**
peYOBUHA
B) KocHe™* €, ajie qyxe MaJo
[TpumiTkw:

* B momy uucni opeaniuna pevosuna ocadosux nopio (OP), sik poscisana
(POP), max i konyenmposarna (KOP);

** B momy uucni i yenesoonesa OP manmiiino2o noxooscenms (Hanpuxinao,
Memat);

*** B momy wucni OP kocmiuno2o noxooicenns (gyenucma pevosuna
XOHOPUMIB).

Hapa3i 3 TakumMu KOCMIYHMMHM SIBUIIAMH PsiiI HAYKOBIIB I1OB’S3YIOTh
OiotuuHi kpusn Ha 3emui [8, 9]. [Ipukian — iMIakTHA TiMmoOTe3a, MO 0a3yeThCs Ha
BUSIBICHOMY HA CTHUKY KpeHAsSHOro mepiogy 1 TajeoreHy rio0aabHO
PO3IOBCIO/KEHOT «IPUIEBOI aHOMANIi», MI3HINIE — YyJAapHO-MeTaMop(i30BaHUX
3epeH KBaplily Ta MOJILOBOTO IIMATy, MIKPOTEKTUTIB-C(EPOiiB, a Takox caxi. Lle
OJIHO3HAYHO CBiAYaTh MPO Te, M0 Ha Iii Mexl BiIOynacs eKcTpaopAuHapHa
IMITaKTHA MOIs — 3ITKHEHHS 3eMJli 3 KPYITHUM KOCMIYHUM TijioM (acTepoimoMm 4u
komeToro) [10, p. 246-250]. HaitGinbin apryMeHTOBaHO Ha KOPHUCTh pPeabHOCTI
ICHyBaHHS B icTOpii 6iocdepu 3eMili riraHTChbKUX IMIAKTHUX MOJIH, SIK1 32 CBOIMU
MaciTaboM MOTJIM JIaTH MOIITOBX OI0TMYHUM KpHU3aM, PO3IIISIHYTO B poboTi M. A.
Hazaposa [11].
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3.2 HayKkoOBi nmiaxoau no BHBYEHHS Oiocdepu

Buainisitorb 5 OCHOBHUX HAYKOBUX IM1IXO/IIB!

- Enepeemuynuii — BUBYa€ B3a€MO3B's3KM OlocepHUX SBHUI 13
KOCMIYHOIO pajiamicro (mepeBaXHO 3 COHSYHHM BHIPOMIHIOBAHHSM) Ta
pPamgioaKTUBHUMU TMIPOIIECAMH Y HaApax IUIAHETH;

- bioceoximiunuii — BUBUA€ poJib )KMBOI MaTepii B EPEpO3N0Aisii aTOMIB
XIMIYHHUX €JIEMEHTIB Ta iX 130TomiB y O6iocdepi;

— Ingopmayitinuii  — 1OCHAIHKYE 3aKOHOMIPDHOCTI —Oprasizamii  Ta
YOpaBJiHHS Y IPUPOT,

- Ilpocmopogo-uacosuti,  TPEAMETOM  JOCIIKEHHS  SIKOTO €
(dhopmyBaHHSI Ta €BOJIIOLIS CKIaA0BUX Olochepu;

— Hoocgepnuii — nocnimkye rinodanbHI 3aKOHM BIUIUBY JIOJAWMHU Ha
TOBK1JLJISL.

Jlns Giocpepu xapakTepHi KpyrooOir aroMiB — HHUKIIYHI mpoiecH. Pi3Hi
IIUKJIM MalOTh PI3HY TPHUBAJIICTh. BiJ TOAWH Ta 110 10 0ararb0X MIIbMOHIB POKIB.
Hanpuknaza, BCTAaHOBIIEHO TaKy TPUBAJIICTh LIMKJIIB OHOBJIEHHA: 010Macu B OK€aHl —
33 mHi; ditomacu cymi — 14 pokis; CO; B atmMocdepi — 6,3 pokiB; BCi€i XUBOT
pedoBuHH — 8 pokiB; Boau B rigpochepi — 2800 pokiB; kucHIO B atMochepi —
KUIbKa TUCSY POKIB.

Jlag 1IUX KpYrooOiTiB XapaKTepHI TPH OCOOAWBOCTI — TPH
OioreoximiuHi npuHIHNIH BepHaacpKoro.
Ilepwiulli, Ha3BaHHUU A.L [lepeabMaHOM «3aKOHOM

Beprancekoro»: «bi02eHHA Mizpayist amomie XiMiuHUxX elemeHmi’
biocpepi 3a82K0U npazHe 00 MAKCUMAJIbHO20 CR020 hposisy» [7, c.
248].

Jlpyeutl TPUHITAT, IO CTOCYETHCH OIOAOTIIHOI EBOAFOITII:
«EBoaIOIlIT BHAIB y XO/1 I'€OAOTIYHOTO Hacy, M0 NPHBOAHTH 0
VTBOPEHHS (POpPM ZKHUTTH, CTIMKHUX y 0Oiocdepi, ile y HaIpsaIMKY,
SAKUU 30IABIIIYe DIOTEHHY MIrpallilo aToMiB biocdepuy.

Tpemili TPUHIUII [OIMOBHIOE MEPINHH: IPOTITOM BCHOTO
T€OAOTIYHOTO dYacy, 3 KPHIITO30I0, 3AaCEeA€HHSI IIAAHETH ITOBHHHO
OyTH MaKCHMaAbHO MOIKAHUBHUM [AS BCi€i JKHBOI PEYOBHHHU, AKa
TOM1 ICHYBaaay [7, c. 263].

biochepni mukau 3amkHeHi HermoBHICTIO (Ha 90-99 %). fxmo 6 mporo He
Oynmo — Ttomi 6 B crpatocdepi He Oyino O OpPraHOreHHUX TIPCHKUX MOPI,
atMochepHoro noBitps — bionimig. Came B.1. BepHancbkuii Briepiie BiIMITUB, 1110
MDK KinbkicTio opranigyHoro Byriemio (C,p), 3aXOpoHEHOro B cTparocdepi, Ta
KUIBKICTIO (DOTOCMHTETUYHOTO KHCHIO, o0 HaAIMmoB B aTMocdepy, ICHYe
(dyHKI[IOHANIbHA 3aJEXKHICTh. UYuM Oulbllle  3aXOPOHIOBAJIOCS  OPTraHIYHOIO
BYIJICI[IO, TUM OLIbIIIE KUCHIO Haaxoamio y atmocdepy. ToMmy mepioan MacoBOro
YTBOPEHHS BYIUJUISI Ta YOPHUX CIAHLIB OyJH, SIK BHUSABISETHCA, 1 NEpiojaMu
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MOCUJIEHOTO HAAXO/KEHHS B aTMoc(epy KHUCHIO, BMICT SIKOTO B JESIKl €MOXHU
HaBITh NEPEBUIYBaB cydacHui [12, c. 59; 13].

3.3 XimiuHa cTpyKTypa 6iochepu

J17ist OIlIHIOBAHHS T€0XIMIYHOI pOOOTH KMBOI PEYOBUHU CJI1/I BUSHAUUTHCS 13
il XIMIYHMM CKJIag0OM — KUIBKICHUM Ta SKICHMM, BJIaCHE 3 YOIr0 pO3I0YaB
oioreoximito B.1. BepHaacekuii.

Bce xwuBe Ha 3emsi noOynoBaHO 3 IIECTH XIMIYHHUX €JIEMEHTIB
(opranorenis): Byriemo (18 %), Bogato (10,5 %), kuchro (70 %), asory (0,3 %),
dochopy (0,3 %) rta cipku (0,05 %), saxi ckimamaroth B cymi 98,85 % mac.,
npudomy 2/3 miei Macu mpumagae Ha Boay. [HIII XiMiyHI eJIeMEHTH MPUCYTHI Y
BUTJISIZII HE3HAYHUX JIOMIIIOK, X04a, 3BUYANHO, HA3BATH 1X «IPYTOPSIAHUMU» HE
MokHa. Hampukiaz, 6e3 Mg, cepenniii BMicT sikoro ckianae 0,04 %, HemoxnmBe
ICHYBaHHS 3€JICHOTO MIrMEHTY XjJopodily, 3a JOMOMOIOK SIKOTO 3/I1IMCHIOETHCS
(OTOCUHTE3 — OCHOBa BCHOTO >XMBOrO Ha 3emill. Tomy 6csi pi3HOMAHIMHICMb
OP2AHIMHUX CROJYK O0CA2ACMbCS He 3MIHOI0 HAbopy Ximiunux eiemenmie (8in
NPAKMUYHO OOHAKOBULL), d Maldce BUKIIOYHO IXHIM PO3MAUYBAHHAM —
CMPYKMYPOIO MOJLEKYL.

Bazoee zanumaHHa bBIX - a uomy ece sSkuee
cxnadaemsea 3i Cnonyx eyaneuro 3 obmerceHum Habopom
iHwux opaanozeriea (O, N, H, C, S, P - “Big Six” - max 2eaHoi
weenurxoi uwicmxus) ?

CrangapTHa BiAnoBinb — 00 TUIBKM aTOMHM KapOOHY 3/1aTHI yTBOPIOBaTH
MOJIIMEPH1 JIAHIIOTH, KUIbLA, CTBOPIOBATH HEOOMEKEHY apXiTEeKTypy OpraHiuHHUX
MOJeKyld. A BoJa — yHIBEpCaJbHUM TOJAPHUM PO3ZUMHHHK, CTaOLIIZye
TEMIIepaTypy 3a PaXyHOK BUCOKOI TEINIOEMHOCTI, TEIUIOTH 3aMep3aHHs Ta TEIIOTH
BUNIApOBYBaHHS. Ek300ioyoriuHi momykn (MOIMIYKH JKUTTS 1032 3eMIICI0)
30CEpeKYIOThCS HA MOIIYKY THUX IUIAHET, JI€ TEMIIEpaTypHUN PEKUM JIOIYCKAE
nepeOyBaHHsS BOAM Y piakomy cTani. Bumatauit actponom K. Caran (C. Sagan) B
kHu31 «Kocmiunuii 3B's130k» (“The Cosmic Connection”, 1973 p.) KpUTHUKYBaB 1110
MO3UIII0, HA3MBAalOYM 11 «BOJHO-BYTJIELUEBUM IIOBIHI3MOM». AHAJIOT14HO
Bucinomucs actpodizuku K. Cinoep (K. Silber), B. Crinmkep (V. J. Stenger)
[14]. Ctinmxkep pU3MKHYB JOIYCTHTH, IO BBAKATH aKCIOMOKO ICHYBaHHS B CKJIaJi
KUBOTO BUKIIIOYHO MOJEKYJI — «MOJIEKYJISIpHUHM MIOBIHI3M». BiH nonycTuBs, mo y
BcecBiTi MOXKIIMBO iCHYBaHHS SIIEP aTOMIB YU IHIIUX HEMOJIEKYJISIPHUX CTPYKTYD 3
MPUHIUAIOBO 1HIIMMU BIACTUBOCTSIMH, SIKI MOTJIM O KOMOIHYBaTHUCA 30BCIM
HE3B1JaHUMU Cy4YacHIN Haylll crnocobamu.

HaiiyacTime anbTepHATUBHUMU BYTJIELEBOMY BBaXKalOTh KPEMHIMOPraHiuHe
abo OopopraHiyHe XHUTTS, a B SIKOCTI pO3UMHHHUKIB — amiak NHjz uu rigporen
¢ropun HF. Yomy x Bce Taku peanbHO ICHY€E TUIBKU BYIJICLIEBUU THII, TOSCHEHHS
nae saepHa (izuka Ta XiMisl.
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AHai3 po3nOBCIOXKEHOCTI XIMIYHUX €JIEMEHTIB y BcecBiTi CBIAUYUTH MPO
Te, 10 JieTKi eeMenT — Li, Be, B — nocuts piaki (puc. 3.1).

»H lg C - po3noBCcHOAMNKEHICTE ATOMIB
10 [ i He (aorapradmiuna mraaa);
: [] - aTOMH 3 HeIAapHHM HYKAOHHHM YHCAOM
8 | o ) (mopaaxoBumM Homepom Z);
G r. l - ATOMH 3 NapHHM HYKAOHHHM YHCAOM
E (mopaaxoBum HoMepom Z).
o |
24
ol
Be
O Ph
-I-'I-_-_.-I .. - i-'; Il:'l-.-l
-2 [ [ L L L I [ [ [ [ [ I [ .-I. 1 1 1 I
0 30 60 20
Z

Puc. 3.1. Po3moBciokeHICTh XiMIYHUX eaeMeHTiB B [amakruii [15]
CryniHp pO3MOBCIOIKEHOCT! saep y BcecBiTi 3yMoBiieHa mporecamu ix
yTBOpeHHs. HalOiunbil po3nmoBCIOKEHA TEPMOSIAEpHA peakilisi — MEPEeTBOPEHHS
BOJIHIO B TeJill 3a CXeMaMH NPOTOH-TIPOTOHHOTO HuKIy (1e P — mporoH, D —
neiiTepiit, € — MO3UTPOH, Ve — ETEKTPOHHE HEHTPHHO, Y — (POTOH):
ptp—D+e +v.+ 04 MeB,
D+ p— - He+vy+ 549 MeB,
‘He + *He — *He + 2p + 12,85 MeB
Jlitiii Li, Oepwriii Be, 6op B yTBOpIOIOTHCS iHAKIIIE — B MarHiTHUX IMOJIIX
BEJIMYE3HOI THTEHCUBHOCTI M JI€I0 €JIEKTPOHIB, Kl PYXaOThCA IyXKE IIBUIKO.
Hapasi BBaxkaeThcs, M0 Taki €KCTpEeMalibHI YMOBU MOXXYTh BUHUKATH BUHHKAIOTh
MpU YTBOPEHH1 HAJHOBUX 3IPOK YM B TaK 3BaHUX <«3IpKOBUX MssMax». Lli
€JIEMEHTH PO3MaJaloThcs Mpu OomMOapAyBaHHA siApaMy BOIHIO, TOMY B PEaKIlisiX
TEPMOSIIEPHOTO CUHTE3Y BOHU «BUTOPAIOTH», NepeTBoprotounck Ha He. Came Tomy
posnoBcrokeHicTh Li, Be, B Hu3bka He TUIBKM B 3eMHIil Kopi, a i y BcecBiTi B
uiiomy. ToMy iCHyBaHHS >KMTTS Ha OCHOBI Oopy B cynepeunTs maHuM siiepHOi
¢13uku. Xou ximis 6opy B nocuth pisHOMaHiTHA, a B napi 3 a30ToM N BiH MOXke
YTBOPIOBATH OJIU3bKi aHAJIOTH OpTraHiyHuX cronyk Byrierio C (puc. 3.2):

Y H

H r]\l H H |

\B/ \B/ \ /B\ /H
@) B X8

i NNy H ) Bty

Puc. 3.2. bopazon B3HgN3 (ananor 6en3ony) i mentadopan BsHg
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[3 KpEeMHIEBUM JKUTTSM CHUTYallis CKJIAAHIMA. Si 3HAXOJUTHCS HA PYrOMY
MICITi 32 PO3MOBCIOJKCHHSIM B 3eMHiM kopi (3a pisHumMu nanumu, 27,6-29,5 %
Mac.), y MOPChKil BOJIi HOTO BMICT CKJIaaa€e 3 Mr/am [IpoTe B MpUCYTHOCTI KUCHIO
1 BOJIU BiH CXWIbHUN YTBOPIOBATH AY>KE€ CTIMKI, TYTOIMIABKI HEPO3UMHHI CUJIKATH.
Ha Bigminy Bix Byriemto C, kpeMHi#t Si He yTBOPIOE JIeTOKaTi30BaHi 7T-3B’A3KH, SIK1
3B’SI3YIOTh OLIbIIE JIBOX aTOMIB, — a TUIbKU 3aBJASIKU HUM OpraHi4Hl MOJEKYJIU
3MaTHI JI0 CKJAJHUX B3a€EMOJIM 13 CBITJIOM, HEOOXITHUX M7 (POTOXIMIYHUX
peakiii, 3akinaytoun ¢orocurTe3oMm (puc. 3.3). Kpim Toro, noBxuHa 3B’ s3KiB Si-
C Ta Si-Si 6inbia, a eHepris — meHia, Hix C-C.

Puc. 3.3. CrpykTtypa H,C CH,
JIeKaMeTHIIITUKIIO-TICHTACHIIOKCAHY - ! /
ONIHI€T 13 CTIMKUX KpEeMHIMOPraHi4YHUX H.C o— Si CH
CTIONYK, [0  3HAaXOAUTh  IIHPOKE 3 S ./ \ P 3
3acTocyBaHHA  (HAampHKIaj, B H,C— SI' Sl' ~~CH,
KOCMETHYHUX 3aco0ax sK 1HEpTHHUM
KoMmnoHeHT D5, a1 XIMIYHOIO YHMIIEHHS O\ A
OJIATY). Si Si

y) H3C// ~0— \\CHS
HsC CH;

Tak, nns ankaniB eneprist 38’s3Ky C-C ckiagae 347-356 xJ[x/monb; a Si-Si
— 226 x/[x/mons. B monekyni merany CH, nomxwuna 38’s3xy C-H — 109 mm,
e”eprist — 415 x/[x/Moib, Toal K B MOJIeKy i cuinany SiH, — BignosigHo 148 nm
ta 320 kJI>x/MOJIb.

Cunte3 OUIBIIOCTI KPEMHIMOpPraHIYHUX PEYOBUH  MPOBOJUTHCS Y
0€3BOJIHOMY cepeJloBHIIli, 00 y BOJ1 BOHH TiApOdi3yt0Th. HallOinpin npuaaTHU
po3uuHHUK - (ropoBogeHb HF. Onpnak eguuuil criikuii 13oton (TOpy =
YTBOPIOETHCSI B 30pSIHUX SIIEPHUX PEAKIISAX 3 JOCUTh HU3BKUM BHUXOJOM, TOMIi
BMmicT ¢Topy F y Bceeciti mpubnuzao B 10000 pasiB Hkumid, Hik kucHiO O.
Kucens O Ta Byriens C € HalOUIBII PO3MOBCIOKEHUMH elleMeHTaMu BcecBity
micyist BogHio H Ta remito He (puc. 3.1), Tomy He JMBHO, IO KHMBI OpraHi3Mu
CKJIQJIaIOThCSl CaM€e 3 HUX.

Omuke, 3 mouku 30pyY cyuacHoi ximii ma sidepHoi ¢isuxu,
nosiea Heeyzaneyeeoi hopmu 3 ueoi mamepii ManoumoseipHa.

[Ipote MOXXHA TONMYCTUTH, 110 HA OCHOBI THUX K€ €JIEMEHTIB MOXJIMBA 1HIIA
OloxiMisi, HECXOXKa Ha 3€MHY. MOXIMBO YSIBUTH, HANpUKIAJ, IUIAHETapHI
cepelioBUIlA 3 IHIIMMHU PO3YMHHHUKAMH, B SAKUX OI0XIMIYHI peakiii OyayTh
BinOyBartucs iHakmie. [lepiia X BIAMIHHICTE BiJ BOAM Oyje MOB’si3aHa 13 TUM, 1110
TIIBKM BOJA MAa€ YHIKaJdbHY BJIACTUBICTh MEHILIOI T'YCTHHH JIbOJIY IOPIBHSHO 3
piauHOIO. Y pe3epByapax, 3alOBHEHUX IHIIMMHU PO3UYMHHHUKAMH, 3amep3ia (asza
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Oylle TOHYTH, 1 TOBHE 3aMEp3aHHs HACTYNHUTh MBHIAKO. Kpim Toro, mim Ha
MOBEPXHI 03¢p Ta MOPIB Ma€ 3HAYHO BUIIEC alb0ea0 A (BiTHOMIECHHS IMOTOKY
BIiIOMTOTO (PO3CITHOT0) MOBEPXHEIO y BCiX HANPSMKaX BUIMPOMIHEHHS 70 MOTOKY
BUIIPOMIHCHHS, 1[0 HAJAXOAMUTH): IJIs BOJHOI MOBEPXHI BOHO cKianae Oiast 5%, mis
aeony — 30-40%. Tomy mix BimOMBae COHsSIUHE CBITIO 3HAYHO Kpalle, HDK BOJHA
MOBEPXHS, [0 MPUBOJUTH 110 MIBUAKOTO OCTUTaHHS IUlaHEeTU. ToMy HacTymaHHs
JTHOJOBUKIB — MpOLEC, SKUU CaMOMIATPUMYEThbCs. SIkOM pinuHOIO Oyna 1HIIA
CIOJIyKa, KJIIMAT MJIaHeTH OyB OM 3HaYHO OLIBII CTIMKHM.

OueBusiHA anbTepHATUBA BOJI — 3pidacenuil amiak NHs, Monexkynu skoro
TaKOXX TOJISIPHI Ta CXWIBHI JI0 YTBOPEHHS BOAHEBHMX 3B’s3kiB. Ll cmomyka
3HaXOJUTHCA Y PIIKOMY CTaHl y OCUTh IIMPOKOMY TEMIEPATypHOMY Jlana3oHi:
Big -78 10 -33 °C mpu arMocepHOMY TUCKY, 100pe po3dMHsSE 0arato MOJISIPHUX
pedoBuH. llepimia BimMIHHICTH O10XiIMIi B PIAKOMY amiaky MOJISITA€ B TOMY, IO
KapOOHUIBHI Tpynu C=%€) B HbOMY HIBHAKO TPaHCPOPMYIOTHCS B IMIHOTPYIH
C=NH. ¥ amiaunomy cepenoBuiii iMiHOrpyna 3a0e3neyyBaia Taki *K mepedyaoBH
KapOOHOBOTO CKEJETY, SIK 1 KapOOHLIbHA rpyna y Boail. Jpyra BiIMIHHICTh P1IKOTO
aMiaky BiJl BOAM — y HbOMY 3HAYHO BHIIAa PO3YUHHICTH HEMOJISPHUX MOJEKYI.
Bnacninok nporo (QyHkmii JimigHUX MeMOpaH BIAOKPEMIJICHHS KIITHHU BIJ
JOBKLULISL Y B TAKOMY CEPEIOBHUIII HEMOKJIUBI.

3a HasBHUMU JaHuMH, y ConsuHiii cuctemi NH; y BUIBHOMY cTaHi He
3yCTpIYA€ETHCA, a JIMIIY B CYMIllll 3 BOJIOI0 4u MeTaHOM. lle — okeanu Ypany Ta
HentyHy, n1b070B1I KOMETH, CYNYTHHKM JalbHIX IUIAHET Ta OO €KTU TMOSCY
Koiinepa. Ha Turani (cymytHuk CaTypHy) Mia 3aMep3JIMM IIApOM BOJH, SIKUH
mictuth 10-15% amiaky, 3HaXOAWTHCA TAUOOKHUN OKeaH i3 BOAHOTO amiaky. Y
BOJITHO-aM1ayHOMY pO3UYMH1 O10XIMIYHI MPOLECHU 3a JEIKMMH O3HAaKaMH MOXYTh
BIIOyBaTHCS HAaBITh Kpalle, HDK y uuctomy amiaky. Tak, cymim HyO-NHj
3aMep3ae MpH Ile HIKYUX TeMIepaTypax nopisasHo i3 unctum NHs (10-96 °C) i
HE PO3YMHSE BYIVIEBOJHI. 3aBISKH LIbOMY JIIIHI MEMOpPAaHU MOXKYTh BUKOHYBAaTH
cBOi (PyHKIIII aHATOTIYHO O BOJHOTO cepe/loBUIlla. B TakoMmy cepeloBHII MOXe
Bi1OyBaTHCs OuIbllIe PI3HOMAHITTA O10XIMIYHUX MPOIECIB 3a y4acTH OJIHOYACHO
nBox (pyukmionansaux rpyn C=0, C=NH.

Ime ommr MoxnwmBuE BapianT poszumHHMka — H»SO, Temmeparypa
samep3anns skoi +10 °C, xuminna +290 °C. Cipuana kuciora, K Bimomo, 100pe
pPO3UMHSIE PEYOBHHM PIZHOI NPHUPOAM Ta 3yCTpidyaeTbcs y BcecBiTi y BUIBHOMY
ctaHi (Hanpukiaj, B xMapax Benepu). Ha moBepxHi miaHeT, siKi OCTUTIIN IO OUTBIII
HU3BKOT TeMIlepaTypH, HiK Ha cydacHii Benepi, moxxnuBo icHyBauHs H,SO,4 y
piakoMy ctaHi. B TakoMy cepeoBuIIl JOCUTH JETKO MPOTIKAIOTh XIMIUHI peaKIii
pi3HOi mpupoau. Y CIPYAHOKUCIOMY CEpPEIOBHIINI BJIACTHUBOCTI, AHAJOTIYHI O
kapOoHiTbHOT Tpy C=0, moxe npossisita rpyna C=CH; (puc. 3.4).
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Puc. 3.4. Mexanismu ¢opmyBanHs momiMepHoro 3B’s3ky C-C vy
CepeIOBHINAX PI3HUX PO3UMHHHUKIB [16]:

a) peaxkyisi y 600HOMY Cepedosuyi Midc 2MiKOAbAIbOe2i0oM | ayemoHoM
giobysacmucs 3a60sxu epynam C=0 (arb0oabHa KOHOEHCAYis, TeHCUums 6 0CHOBI
peaxuyii bymneposa);

0) 6 piokomy amiaxy auanozom ¢yuxyionanenoi epynu C=0 moacymo
sucmynamu epyna C=NH;

8) ananociuna peaxyis 6 cepedosuwyi H,SOy4 6i00y6acmbcs 6 micyi 36 ’s3ka
C=C.

HeMox1uBO 1aTW OJHO3HAYHMM MPOTHO3, SIKI caMe€ MOJEKYIU MOXKYTh
BUKOPUCTATU TMpupoaa Ajisi (opMyBaHHS KMBOi MaTepli B aMiauHOMY 4Yu
CIpYaHOKHUCIIOMY cepeoBuiax. OueBHAHO JIMIIE, 10 ICHYIOYl HA 3eMJll a30THUCTI
OCHOBU OyAyTh HENPUIATHHUMHU Y SKOCTI TMOJIMEPHUX HOCIIB  CHAaJKOBOi
iHpopMmanii. [lpuunHa B TOMy, 110 BOHM YTBOPIOWOTH mNapu Jjwuiie npu pH
cepenoBumia Bix 6 10 9. V cipuanokuciomy cepenoBuii a0 aminorpynu NH,-
aZeHIHYy Ta 1UTO3UHY TMPUETHYETHCA TNPOTOH 3 YTBOPEHHSAM MO3UTUBHO
sapsgxenoro Hony NH;'-. HaBnaku, B JIy’)KHOMy amMiadHOMY CepeOBHILi I'yaHiH
Ta ypalui BTPATITh NPOTOHHU, 1 kapOoHUIbHA Tpyna C=0 oAep>KUTh HETATUBHUM
3apsia. BHacniiok 115010 Oy/ie mopymuThess KOHMIrypailis BOAHEBUX 3B A3KIB MIXK
aMIHOKHCJIOTaMH, 1 Tiepejaya crnajakoBoi 1H(opMallii cTaHe HEMOXIUBOW. Tomy,
HalpuKiIaA, 3€MHI MIKpOOPraHI3MU MAalOTh MEXaHI3M MiATPUMAaHHA Y
BHYTPIIIHbOKIIITUHHOMY CEPEIOBHUIII HEUTpaIbHOTO 3HaueHHs pH, HaBITH SKIIO
BOHU MENIKAIOTh B CUJIBHO KUCIOMY YU JIY)KHOMY cepenoBuiii. Ciia BiAMITUTH,
10 MPOIEeCHU HeUTpanizaii moTpedyoTh 3HAYHUX BUTPAT €HEPTIi.

[Ile MOXHA YSIBUTH 3aMIHy BOJU SIK CEpEIOBUIIA KUTTA HA piOKull 0ioKcuo
gyeneyro CO,. 3BUYaiiHO, BIH HE ICHYE B PIIKOMY BHIJISIl B 36MHUX YMOBax IpH
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aTMoc(hepHOMY THCKY, ©00 13 TBepmoro craHy («cyxui Jim») 3pasy XK
BUIIAPOBYETHCS (CyOiMyeThest). Ane ipu 70 aTM B TeMIiepaTypHOMY JTiarma3oHi Bij
-50 1o +31 °C CO; nepeTBOPIOETHCA Ha pinuny. Buine kpuruuHoi Touku (TUCK 74
at™, temreparypa +31 °C) CO, nepexoauTs y HagKpuTHIHUH cTan (puc. 3.5).

10 000 =
TBEPOA HAOKPHTHYHA
$PA3BA PIOJHHA
1 000 -
2 93,3 - 98,7 aTM™
& PIITMHA o 25 39C
® 1004, _ m
-~ 1 QTG (I
E 72,84 aTm E KPHTHYHA TOHYKA
e 104 moTpiiHA TOYKa E
ToOUKa cyDAaIMamil !
I'A3 ;
TKP= 3151 DC
1 | | T
73,15  -23,15 26,85 76,85

TemnepaTtypa, °C

Puc. 3.5. ®azosa miarpama CO, [17]

Jlis Boau 1i mapaMeTpH ckinanarTh + 374 °C ta 218 arm. V Takomy craHi
pEUYOBUHA TMOEIHYE TYCTUHY PIIUHU 3 PYXJUBICTIO a3y 1 PO3UMHIOE PI3HI
PEUYOBUHU 3HAYHO AKTHUBHIIIE, HIXXK 3BMYaiiHa pifuHA. SK MpuUKIag MPakTUYHOTO
3actocyBaHHs CO; B TakoMy CTaHl MO’KHa HABECTH TEXHOJOTIYHUH MPOIEC
noOyBanHs kodeiHy 13 kaBoBHX 3epeH. i1 1bOro 3epHa MNpsAMO Yy MIIIKax
MOMINIAIOTh B aBTOKJIAB, MOal0Th razononioauii CO,, migBumlyoTs TUCK 10 120
atM. Pimkuit CO, micnst exctpakiii, sika Ha 99 % Bupanse xkodein i3 CHpOBUHH,
3JIUBAIOTh y BIAKpUTY €MHICTh. [Ipu atmochepuomy tucky CO, 3BITPIOEThCS, 1 B
€MHOCTI 3aJIMIIAI0THCS KPUCTAIU YUCTOTO KO(deiHy, sKuil He mMOTPiOHO JT0JATKOBO
OUHMIIYBAaTH Ta 3BUIBHSATU BiJl PEIITOK PO3UYMHHHMKA. 3 €KOJOTTYHOI TOYKU 30pYy
Hagkputuuauii CO; — i1eaIbHUN PO3UYNHHUK.

Pinkuit nmiokcun Byrieuro CO,, moaidbHO A0 BOAM, PO3UUHSE Oarato
pedyoBuH. OnHa 3 HUX — BojeHb Hy. Binbiie Toro, neil po3uMHHUK 0araTto B 4OMY
CYMICHUI 3 OCHOBHUMH 010XIMIYHUMHM MpollecamMu B kUBiil maTepii. Hampukian,
B HaakputuuyHomy CO, nminmazu ¥ Aeski iHIIT (EPMEHTH IEMOHCTPYIOTh BHIIY
aKTUBHICTh, HDK y BOJIL. L{d 0COOIMBICTE BUKOPUCTOBYETHCS B O10TEXHOJIOTII.
Tak, magkputnunuiit CO,; — M’SKHM CTepWi3aTOp XapuyoOBHX NPOIYKTIB, HOro
aHTUOaKTepialibHA i MPOSIBISETHCS NUISIXOM PO3YMHEHHS MeMOpaH KIITHUH, aje
H1 OUIKM, H1 HYKJIETHOB1 KUCJIOTH IIPH IIbOMY HE MOIIKOKYIOThCS.

Icaye psg mramiB MikpoopranizmiB (Hampukiaa, Pseudomonas putida),
TN SIKUX 3aBJSIKA OCOOIUBOCTAM OyIOBH MPOSIBISIOTH CTIMKICTh Y CEPeOBUIITI
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NeIKUX OPTraHiuHMX PO3YMHHMKIB. IXHS >KMTTE€3[aTHICTH 30€piracThcs TaKoXK B
cepenoBuili HaakputuuHoro CO,.

Busineno npupoiHi MikpoOH1 0101I€HO3H, K1 a1anTyBaIUCs 0 ICHYBaHHS B
pinkomy CO,. Tak, B 2006 p. Ha gai OKiHABCHKOTO X000y B CXiTHOKUTAHCHKOMY
MOp1 3HANAEHO KiUJIbKa TiIpOTepMalbHUX TIOJIB, JI€ Ha MOBEPXHIO 13 HAJp
BUXOJUTH PIIKa ByIJIEKUCTOTa. JIOCIIIKEHHS SMOHCHKUX OKEAHOJIOTIB MOKa3alH,
110 Ha MOJIi, HA3BaHOMY ﬁOHaFYHi Kuomn 1V, va rmmubOuni 1380 M B TOBIII OcaaiB
HA MOPCHKOMY JIHi icHye mine o3epo pimkoro CO, [18]. Moro miamerp — 200 M,
tosiuHa mapy CO, — 6ins 20 cM, Temneparypa — B gianasoni Big +3 mo +10 °C.
B riuHMCTHMX BiAKIaACHHSAX Haa o03epoM, mpocodeHux piakum CO;, icHye
MIKpOOHE CHIBTOBAPUCTBO, JI€ YHUCEIBHICTh Opra”iamis B 1 oM’ 00’emy csrae 1
MIpa. JKUBUTHCS BOHO 32 TUIIOM XEMOABTOTPO(]PIB 32 paXyHOK OKHCIICHHS METaHY
CH; Tta cipxoBoguto H,S, sxuit HagxomuTs 3HU3Y. B ToBmi o3epa i3 CO;
MEIIIKAIOTh T1 K OPraHi3MH, TUIBKA B MEHIIIH ducenbHOCTI. OTxe, (pakTu CBIAYAThH
mpo Te, mo cepenopuiie piakoro CO, npugaTtHe A ICHYBaHHS KUTTS 3€MHOTO
THUITY.

Ao 3MoJenoBaTH YMOBHM IUTAHETH, OUIBII MacHBHOI 3a 3eMIIto, [0
MOBEPXHI1 SIKOi JOXOAUTH CIaOIIMI CBITJIOBUU MOTIK, 0 BKPUTA OKEAHAMU PIAKOT
BYIUVICKUCIIOTH Y HAAKPUTUYHOMY CTaH1 3 MEBHUM BMICTOM BOJIU, TO KUTTA Ha HiA
MOX€ MaTd aHAJIOTIYHY J0 3€MHOi CTPYKTYpPY HYKJIEIHOBHUX KHUCJIOT Ta OLIKIB,
TIIbKM MEMOpaHU KJIITUH MOBUHHI MaTH 1HITY Oy/OBY.

[HmMit BapiaHT anbTEPHATUBHOTO PO3YMHHUKA — JOCTATHHO O€3MEYHUN ISt
xuBuUX KIiTHH ¢opmamio NH,CHO. Bin BxomuTh 10 CKIagy cymimend s
Kp1OKOHCepBallii TKaHUH Ta KJIITUHHUX KYJBTYpP Y SIKOCTI KpIOMPOTEKTOpa, SKUN
3axXWIla€ KIITHHHI MEMOpaHW Bil po3puBy mpu 3amep3aHHi Bomau. NH,CHO
BHIUISETHCS TIPH TiapaTallii I111aHOBOIHIO:

HCN + H,O = NH,CHO.

®opmamin — piguHa mpu Temmepatypi Bim +3 mo +220 °C, i#ioro muroma
TEIJIOTa BUIIAPOBYBAHHS OJiM3bKa J0 BOJAU. B HbOMY pO3UMHSIETHCS OUIBIIICTH
BOJIOPO3UUHHUX CMONYK. MOXINBO, 1 KUTTA Ha 3eMJli 3apO/IKYBAJIOCA HE Y YUCTO
BOJHOMY CEpelOoBUIIl, a Yy BoAHO-popMaMmigHuUX cymimax. ToMy MOXHa
JOMYCTUTH, IO HA IUIAHETI, IIe piaka OOOJOHKa CKIaJgaeTbes 13 (opMaminy,
KUTTS MOKe 0a3yBaTHCS Ha TaKUX K€ a30THCTHUX OCHOBAaX, MPOTE€ MaTH IHIIUX
Ha0lp aMIHOKUCJIOT Ta 1HIII KJIITUHHI MEMOpPaHHU.

Ski & opraHiuHi peYOBUHU € OCHOBHUMH (PYHKIiOHAJIBHUMM IpPyHamMu
*kuBoi pedoBunu? Ha nymky E. Jlerenca [19, c¢. 189-190], ocHOBHuUMH
KOMIIOHEHTaMU TKaHWH BCIX POCIMH Ta TBAapUH SBISIOTHCA OPraHiuHI CIIOTYKH
YOTUPBOX TPYI: AMIHOCNONYKU, Gy2neoou, ainiou ma niemenmu. KpiMm Toro, B
TKaHMHAX BUIIMX POCIWH MPUCYTHI CIOJYKH I’SITOI TpynH — Jjieninu. Bcl 1HIII €
APYTOPSTHUME (HAIIPHKIIAJ, BYTJIEBOAHI piako ckianaaroTh Outbime 0,005 % cyxoi
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Macu JKWMBOi pe4yoBwHM). B Tabn. 3.2 HaBeaeHO npHONM3HI JaHi
KOMIIOHEHTHHUH CKJIaJ] )KMBOI PCUOBUHH (ITEPEBAYKHO POCIUHHOI).
Ta6muus 3.2. KomnonenTHuid (010XIMIYHHI) CKJIa)l OpraHi3MIB Ta JISIKUX

tkanuH (% macu cyxoi pedoBunn) [20]

po

Opramnismu Biaku | ByraeBoamu | AirHin HupH, Bocki,
YH TKaHHHH CMOAH
Bakrepii 50-80 5-20 - 10-30
Bomopocri 20-30 20-40 - 20-30*
Moxu 15-20 30-50 8-12 7-12
XBOWHI, JINCTSHI 10-15 40-50 20-30 3-5
Hanopor, xsomth, |4 7 50-70 20-30 1-3
Ay HH
JlepeBuHa 1 60-75 20-50 2-3
Jlucts 8 65 20 5-8
Kopa 2 70 10 10-15
Ex3una cniop ta 5 5 i 90
HJIKY
DITOMIIAaHKTOH 10-61 10-20 - 8-10

* Cmonu 8iocymHi

AHani3yrouu JaHi, HaBeleHi B Taba. 3.2, 3 TOYKU 30py MOKUBHOI IIHHOCTI
(BMiCT kHMpiB Ta OUIKIB), MOXXHA BIJIMITUTH, IO HAWOLIBII Oarari OULIKaMH
OakTepii, a )KUPIB 0cOOIMBO Oarato y BoJopocTsx Ta Oaktepisx. LlikaBo, mo B
MOXaxX 1 MamopoTsAX TaKOX JOCTaTHHO Oarato OUIKIB — Habarato OuIbIle, HIXK Y
BUIIUX JepeBHUX pociuHax. [lopiBHIOIOYM 3 JaHUMH TPO BUCOKY MOXHBHY
LIHHICTbh MOPCHKOI'O IUIAHKTOHY, 3pO3yMUI0, YOMY HalOuIblIi Ha 3eMJyl CCaBIl —
CUHI KUTH — KUBJIATHCS CaMe HUM.

KuBi opranizmMu po3nojuieHl y mexax Oiocdepu HepiBHOMIpHO. JKuTrs
30CEepE/IKEHO TOJIOBHMM YMHOM Ha Mexi Jitocdepu, rimpocdepu, atmocdepw,
TOOTO Ha MOBEpPXHI Cylll Ta OKeaHy. I3 cykymHoi Oiomacu 3emill, siKa CKJIaaae
npuGmusuo 2,4-10% 1, 97 % npumagae Ha pociuuu, mume 3 % - Ha TBapHH.
biomaca okeany ckmamae mpuommsHo 0,13 % Oiomacu cymii. Lle moB’s3aHO 3
HIDKYOI0 e(PEeKTUBHICTIO (POTOCHHTE3y B pocinHax CBITOBOTO OKEaHY: 3aCBOEHHS
cBiTioBoi eHeprii Conrsg nosepxuero CitoBoro okeany ckianae 0,04 %, tomi sk
cymti — 0,1 %.

B Tabn. 3.3 HaBegaeHO ycepemaHEeHi MPUOIHM3HI aHi MPO BAJOBUH XIMIYHUN
CKJIaJ] OCHOBHUX O10XIMIYHMX KOMIIOHEHTIB ’KUBOI PEUOBUHHU.

AHali3 JaHMX, HaBeJCHHX B TaOu. 3.3, CBITUUTH Mpo Te, MO JIIiaH
30araueHi BojgHeM. Tomy, Hampukiaja, MOXOKEHHS HaTU CHiF pO3TIAIaTH Y
3B’SI3Ky 3 BHCOKHM BMICTOM B Hili 1Iboro enemeHty (9-15 %), mo BkiamgaeTbes y
napagurmy Tinmpumaoi Teopii B.B. Jlapina (0us. pozoin 7). Takox BaXIUBUM €
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MPUCYTHICTH Y O1IKaX a30Ty, cipku Ta pocdopy. [Ipu po3nami OUIKIB yTBOPIOETHCS
amiak NH3 (BaxkauBuii ynnHuk migBuineHHs pH cepenosuiia), cipkoBoacHb HyS,
KW 3B’s3y€ Y HEPO3UMHHI cIionyku Honu psny meranis (Hg, Pb, Cd, Cu, Zn),
dbochatn, sSKI € TPUUYMHOK YTBOPEHHA TMOKIAAiB ¢GochopuTiB. 3po3yMilio,
HEOUIKOBI PEYOBMHM HE MOXYTh OYTH CYTTEBUMH JIKE€pEIaMH BKa3aHUX
€JIEMEHTIB.
Ta6mmus 3.3. Cepenniii ximiuaui ckman (% mac.) OCHOBHUX KOMITIOHCHTIB

XuBOi peuoBuHHM [21, c. 27-28]

KommnoneHT C @) H N S P
Binku 50,6- 21,5- 5,6- 15,0- 0,3- 0.5-0.6
54,5 23,5 7,3 17,6 0,25 T
Jlinigu 75-85 4-14 9-14 - - -
ByrneBogu™ 44,4 494 6,2 - - -
Jlirain 63,8 29,7 6,0 - - -
* yenronosa

1. Aminocnonyku: ginvni aminokuciomu, nenmuou ma 0inKu; HeOiNIKOGI
noxaimepu, ujo micmams aminokucaomu. CrijibHa prca BCIX CIOJIYK IOTO PSAY -
HasBHICTH amiHorpynu NH,- Tta xkapbokcmwiesHoi Tpymu —COOH. Sfkmo
MOJIEKYyJIIpHA Maca aMmiHokucioTHoro nojimepy menme 10000, BiH Ha3uBaeThCS
nenmuoom, a SIKIo Oulble — Oirkom. B cBoro uepry, OUIKM AUISTH HA npocmi
(mpoTeiHn), MOJIEKYJIH SKMX CKJIAAIOTHCS TUIBKH 13 TOJINEHTHIHUX JAHIIOTIB, Ta
CKIAOHI — MIPOTEINN, O MICTSITH i 1HIII CTPYKTYPHI1 €JIEMEHTH.

BnactuBocTi nenmuoig 1 6inkié BU3HAYAIOTHCSI TPhOMA YNHHUKAMU |

- JIOBKUHOIO MOJIMEPHUX JIAHIIOTIB 1, BIAMOBIAHO, MOJICKYJISIPHOIO
Macolo;

— Pi3HOBHIaMU CKJIaJOBUX aMIHOKHUCIIOT,

- [TociiTIOBHICTIO aMIHOKHUCIIOT B NENTUIHOMY JAHIIOTY.

Bracnigox mporo 20 amMiHOKHCIOT, IO BXOISATH JO CKJIaay TBapUHHHUX
0inkiB, MOXyTh yTBOproBatu Ounbme 2 500 000 opraHiYHUX PEYOBHH 3 Pi3HUMHU
XIMIYHUMH, PI3UIHUMH Ta 010JI0TTYHUMHU BJIACTHBOCTSIMHU.

OcoOnmBa rpyna OukiB — ¢gepmenmu  (ensumu). Ile Oionoriusxi
KaTali3aTopH, K1 0araTOKpaTHO MPUCKOPIOIOTh MPOTIKAHHSA O10XIMIYHUX PEAKIIH.
Bonu Bucokocnenu¢piuyHi — OJHI 3a0e3MeuyroTh Npouecu (POTOCHUHTE3Y, 1HII —
MPOTIKAHHS OKHUCHO-BIIHOBHUX peakilii Tomro. HaiOinpm BimoMi cepea HUX —
IepPOKCcHaa3a, XapyoBi ¢pepmeHTH (merncuH, TpuicuH). Jlil0 Karajga3y MOXHA
CIIOCTEPIraTH Bi3yallbHO MpHU OOpOoOIll paHU PO3UYMHOM Mepokcuay BoaHio H,O».
@depMEHT KaTalli3ye peaklilo po3KIaay, IO CYINPOBOMXKYETHCS BUIUICHHSIM
aTOMapHOI'0 KMCHIO O, sikuit BIacHe i € nesiadexranrom: H,O, — 2H,0 + 0.
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TlenchH BXOIMB JI0 MOYATKOBOTO PELENTy BiIOMOTo Hamo. HMoro poms —
KaTai3 po3LIEIICHHs OUIKIB 10 MOJINENTHAIB Y MPOIeCci TpaBiieHHs. OnTuManbHe
sHaueHHss pH mans gii memcuny 1,5-2,0. Ilemcun He mTposBIsSE BHCOKOI
cnenuiyHOCTi, TOMY MOXKE TIAPONI3yBaTH TMENTUAHI 3B’SI3KH, YTBOPEHI
aMiHOTpyllaMd  apOMATUYHHUX  aMIHOKUCIOT  (THpo3uHy,  (eHimanaHiHy,
Tpuntodany) Ta KapOOKCHILHUMH TPyIaMH JICHIIUHY, TIFOTAMIHOBOT KHCJIOTH Ta
iH.

[il' 0 0 O 0
—HH—CH—&—HH— CH —H —HH—‘GH—E"‘I— HH—CH—-—&—I HH-—EH—&—
sz Ha IHE Ha 'L_l'.-Hj

H H
ég% Hs

EE|HSKEL IO POSIICIIARIOTECH ITEIICHHOM

[Ile ogHy rpyry yTBOPIOIOThH Ko/ld2eHyu — MATPUYHI OUIKH, SIK1 YIPaBISIOTh
nporiecamu  Oiominepamizamii. E. Jlerenc [19] Bka3ye, 1o poiib MaTpUYHHUX
CTPYKTYp MOXYTh BUKOHYBaTH U IHIII PEYOBMHU — BYIJVIEBOJAM, aMIHOIIYKpH,
MOXJIMBO, JINIOM Ta JITHIHK. 3a3BUYail MOJEKyJlIa KOJIareHy BKIIOYA€E TpU
TOJIITIENITH/TH1 JIAHITFOTH Pi3HUX THITIB (TaK 3BAaHUX O-CITipajIi), 3aKpy4eHi y BUTIIAI
MpaBoi MOTPiHOI cripati.

[TominenTuH1 JAHIIOTH, B CBOIO 4epry, MoOyAOBaHO 13 (parMeHTiB, 5Kl
MEepPIOAUYHO TMOBTOPIOIOTHCS, Ta BKIIOYAIOTh XapaKTEpHY MOCHIIIOBHICTb
aMIHOKHCIOTHHX 3auKiB -X-Y-Gly- (koxen Tpetiit — riinuH). Y nojoxeHHi X
gyacto cToith npouiH (Pro), y momoxxenHi Y Moke 3HaAXOJUTHUCS 3HOBY MPOJIiH 200
4-rinpokcunpoiin (4Hyp). Monekyna KoJIareHy TaKOXK BKIIIOYA€E 3alIUIIKU 3-
rigpokcumnpodiny (3Hyp) i 5-rigpokcwrizuny (5Hyl).

HasBHicTb y CKJIaI1 MOJINENTUHOTO JIAHIIIOTa 3QJIMIIIKIB
TIIPOKCOAMIHOKHCIIOT — XapaKTepHa puca KonareHy. JII3MHOBI Ta MNPOJIHOBI
3QJIMIIKHU T1IPOKCUIIIOIOTHCS TOCTTPAHCIISIINHO, TOOTO MiCIs IXHBOTO BKJIFOUECHHS
70 CKJIaAy HOJINENTUAHOro JaHuoora. OAMH 13 KiHI[IB MOJIEKYJIM KOJIareHy 3LIUTO
KOBJICHTHUMHU TONEPEKOBUMHU 3B’SI3KaMHU, $KI YTBOPIOIOTH OIYH1 JIAHIIOTH
JTI3UHOBUX 3aJIUIIKIB.

Ha puc. 3.6 300paxeHo cxemy OiocuHTe3y KomareHy. I[Ipo-o-maHIioru
CHUHTE3YIOThCSI Ha moJiipubocomax, Il JIAHIIOTM MAalTh KIHIIEBI HecHipaibHI
JUISTHKH, SIKI HE MICTSATh THIIOBOT JJis KojareHy mociigoBHocTi Gly-X-Y. Ilpo-a-
JAHIIOTH 00’ €THYIOTHCS B KIIITHHAX B MOTPIAHY CHIpaJIb MIPOKOJIATEHY 32 PaXyHOK
YTBOPEHHSI BOJHEBHUX 3B’SI3KIB, & MOTIM BUIUISIOTHCA Y MUIKKIITUHHUN MaTpPHKC.
Cnenudiuni nenTuaazu BUAAISIOTH 3 000X KIHI[IB MPOKOJAreHy MpOINeNnTHaAH, B
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pe3yiabTaTi dYoro YTBOPIOETHCA MOHOMEp KoyareHy. JII3MHOBI  3aJUIIKH
MOIU(DIKYIOTbCS  (pepMEHTaMH Ta YTBOPIOIOTH KOBAJIEHTHI 3B’SI3KM  MIXK
JaHIoraMu. MoHomepu KoJjlareHy o0’ €qHYIOThCS B MIKpodi0puin. MoHoMepu
YTPUMYIOTBCSI TOPSJ 328 PaXyHOK KOBAJEHTHOIO MOINEPEKOBOrO 3IIMBAHHSI MIXK

MO (IKOBAaHUMHU JII3UHOBUMU 3QJIUIIIKAMH.
OduHuUUHUE nenMuOHULL NaHUI02

liapoKCcHIOIpoOAIR

3a JOMOMOTOI0 KOJareHiB OpraHi3Mu OyayroTh CBOi BHYTpilIHI (KiCTKH) Ta
30BHIMHI (MyIUT, TaHIOUPH) CKENETH, SKi CKIagaroThess 3  ¢ocdariB  um
KapOOHaTiB, 3pigka — 3 Oulbll cHeuu(iuHUX MiHepasiB: amop(dHoro
TripaToBaHOro KBapiy (MO CyTi, MOJIMEPiB KPEMHIEBOI KUCIIOTH), JICTOHOBAHOTO
HAaBKOJIO OUIKOBOI OCHOBU (HampWKIajd, Tak 3BaHI CKISHI TyOKH pPOIMHH
Euplectellidae («kommku Benepu») (puc. 3.7a) abo cynbhaTy CTpOHIIIO —
MiHepairy nenectuny (pamionspii) (puc. 3.70).
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ZIIHEAHHA

Puc. 3.6. Cxema OiocunTte3y kosiareny (AK — amiHOKHCITIOTA)

Puc. 3.7. KpewmuieBuit ckemer (SiO,nH,O) ckustHoi TyOkm (a) Ta
nenectuHoBui (SrSO,) pamionspii (0)

Kpim Toro, mo mpoieciB OiomiHepasi3alii BIZTHOCUTHCS yTBOPEHHS TaKHUX
MIHEpaJbHUX PI3HOBUIIB SIK @himonimu — «KICTKA» POCIHUH, SKI TaKOX
CKJIAJAIOThCS 13 KpeMHe3eMy. |HKoIM iX NpUMAaroTh 3a CIIM «03a3€MHOI» 4H
«JIpeBHBbOI BUCOKOTEXHOJIOTTYHOI mUBLII3ALIT», OO0 BOHM MAaIOTh BUIVIAL
peryssipHuX GpakTagonoaiOHux (TBHHTOMOMIOHUX, (PeCTOHYATHX, BISJIOMOMIOHUX)
ctpyktyp (puc. 3.8). ®iromiTH BHBYAOTH MaleoOOTAaHIKH, IIi Mikpodocuiii
OpPraHOCHJIIKATHOTO TMOXOJ/KEHHSI 30epiraloThCsi y IPYHTI Ta OCaJlOBHX MOPOJaX
MUIBHOHU POKiB. AHami3 (DITOJNITIB I[IKABUTh apXeoJoriB Ta ICTOPUKIB, 00 BOHU
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JIOCTOBIPHO CBil4aTh MPO PO3BUTOK JIFOJICHKOI IIUBLII3AIII — BUAM BUPOUTYBAHUX
KyJIbTYPHUX POCJIWH, HIBUAKICTH OCBOEHHS 3€MEJlb, LUISIXM MIrpalii JIOACTBA,
3MIHU KJIIMaTy TOHIO.

ENTH A pm
— ‘ —

Puc. 3.8. Mikpodotorpadii ¢iromitiB 3nakiB, namsmu [22, 23]
XiMI4HA CTPYKTYypa OPraHOCHIIIKATHUX CIOJYK B CKJIaAl POCIMHHUX TKAHUH
HACTyIHa!

—Ser—Ser— Gly—Thr— Se|r— OH O—TAIOKO3a
| |
Q /0 (|) C|) HOOC—CHz—NH—S|i—OH HO—Si—O-raroxo3sa
; |
S —0-8i—0-Si—0 OH OH
0o 0 5 &
T a) § 6) B)

@) «CUnikoHoea 00OONOHKA» OIIK08020 waApy KIIMUHHOI MeMOpaHu,
YmMEOpeHa OpmMoKpemMHiesolo ma onicokpemuiesoro kuciomamu (36 ’ssku Si-O 3
oxcozpynamu aminoxuciom, de Ser, Gly, Thr — aminoxucnomu cepun, eniyun,
MPEoHiH);

0) ymeopenns 36 ’a3xy Si-N 3 aminoepynoro aminoxuciomu;

8) Si sk «Bwwusarouu micmok» 6 noaicaxapudax (36’sz30x Si-O-C i3
3ANUUKAMU YYKDIB).

2. Byzneeoou — noiOKCHCIIONYKH, IO MICTATh albJETiIHI (3HAYHO piamie —
KETOHOBI) IrpymH, a00 SIKi yTBOPIOKOTH 1li TPYIH B PE3yJIbTAaTI Tiapoizy. Y npupoai
cepell HUX MEePeBaXKaroTh MPOCTI MYKpH — MOHOcaxapuau (MEHTO3HM YU TeKCO3H).
Yepes rmikosugauii  3B's30k  (-O-)  mykpm  GopmMyroTh  moiimMepu  —
HU3BKOMOJIEKYJISIpHI (01icocaxapudu), Mo MIcTATh 2-9 MoJIeKys MyKpiB (dacTime
nBa abo Tpu), ab0 BUCOKOMOJIGKYJSIpHI — noxaicaxapuou. HanOutbm
PO3IMOBCIOKEH1 TTOJTICaXapUid — LIEJF0JI03a Ta KPOXMallb.

Oco0nuBO BaXJIMBUM 3 TOYKH 30pY OpraHizalii )KMBOIO € SBHUILE ONTHYHOI
130Mepii ByTiIeBOIiB, SIKE N€TaJbHO BUKIAACHO B po3. 4.2.3.
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Llemtonoza sBnse co6oro maniror i3 2000-3000 miecTHWIEHHUX KIIbLIEBUX
CTPYKTYp, CHOJIYYEHUX YEpe3 KUCEHb, SIK1 TUIbKU 30BHI CXO0Xk1 Ha OeH30ibHI. L1
MOJIIMEPH CTIMK1, 00 MpHU IX MONIKOH/EH Il BUAUIHATIACA BOJA. 3BOPOTHUHN MTPOIIEC
TiIpoJIi3y — €HJAOTEPMIYHHN, TOMY LENI0I03a CTIKa y BOAHUX po3urHax. CTymiHb
nonimepm3anii csrae 10°, MonexymsapHa Maca — Bix 220000 10 KiTbKOX MiTbiOHIB.
Taxk yTBOPIOIOTECS HUTKH KIIMKOGUHU, 1110 € OCHOBOIO POCIIMHHOI TKAHUHH.

KpiM 1ykpiB, BenuKe 3HAUYEHHS MAalOTh I1XHI MTOXIAHI — aMIHOYYKpU,
MOJIIMEPH SIKUX, HAITPUKIIAJI, CKIaAal0Th OCHOBY XITHHY — BaXJIMBOT'O KOMIIOHEHTY
00OJIOHKH TPHUOIB, TUT psaxy Oe3xpeOeTHUX (WICHHCTOHOTUX, MOJFOCKIB, YEpBIB,
HEMAaTO).

CH,0H CH,OH CH,0H

CH,0H CH,0H CH,0H 0 0 0
: I< >| 0-KO0H 0-KOH 0-K OH 0--
"0~-KOH “0@0@0-.. Q Q Q
NH NH NH
OH OH OH CO-CH,  CO-CH,  CO-CH,
Ilearono3a XiTHH

3a3BUuail came IIIOKO3Y NPEICTaBISAIOTh Y SIKOCTI OCHOBHOI'O MPOAYKTY B
HaJ3BHYaiHO CKJIaAHIH, OaraTocTyniH4yaTiid peakuii GOTOCUHTE3Y:

6CO, + 6H,0 + g; + &5 — CgH1,04 + 6H,0 + 60,,

Je € Ta & — KBaHTH €HEpPrii CBiTIA 3 JOBXKHMHAMHU XBWIl A;=670 HM Ta
A=700 uM, HeoOXimHi s poboTu ximopodiny ta HAJl — HikoTHH-ameHiHY (3a
CKJIaIoM Tie TU(HOCHOPOTIPUAMHHYKICOTH ) — CIOJNYKH, SIKA 3IHCHIOE OKHCHO-
BIJIHOBHY (PYHKIIIO IIUISIXOM [IEPEHOCY BOAHIO,.

Crnig BIAMITHTH, IO B aHTJIOMOBHIM €KOJIOT1YHIN Ta 010J0T14HIM JiTepaTypi
4acTO BUKOPUCTOBYIOTH CIPOIICHUM 3amuc peakiii (GoTtocuHtesy, 1€ 3amicTh
TJIIOKO3H BKa3yloTh i1 Haimpoctinry Gopmyny — CH,O (manpuxian, [23]):

CO; + H,0 = [(CH,0] + H,0) + O,

Ha nam normnsan, 3 Touku 30py ¢GopMaibHOI XIMIYHOT JIOTIKHU 11€ HOHCEHC, 00
dopmyna CH,O Bignoinae MeTaHaao (MypammHOMY ajbJAETiAy) — PEYOBHHI, sKa
BIJIHOCUTHCSL /IO IHIIOIO KJIACy OpPraHiYHUX CIOJYyK 3 MPUHIMIIOBO I1HIIUMU
XIMIYHUMH BJIACTUBOCTSIMU MOPIBHSHO 3 IIyKPaMHU.

JpyruM HallBaXKJIUBIIINM BYTJIEBOJOM € pub03a — IyKOP, IO MICTUTH I’ SITh
aTomiB Byriento. OauH 13 HOro pi3HOBUJIB, O-I€30KCUPHO03a, MOKE YTBOPIOBATH
CTIMKI cnoiyku 3 (pocdaTHOIO KHUCIOTOI0, YTBOpIOOUM Je3okcupudodocdar, B
akoMy (ocdaTHa rpyna NPUETHYETHCS 10 YETBEPTOrO aTOMY BYTJIELIO B KUIbIL
Ca:



['onoBHA 0COOIUBICT TAKOTO €CTEPY — 3[ATHICTH JI0 MOJdIMEpHU3aIlii HUIIXOM
npueaHanas Gocdary (depes rpyny —OH) 110 TiAPOKCUIHOT TPYIH TPETHOTO aTOMY
Byriemio (Cs3) HACTYMHOTO KibIs. TakMM YHMHOM, BHHHKA€E JOBTUH MOJTIMEPHUI
JIAHITIOT, IO YTBOPIOE TPOCTOPOBY OaraToBUTKOBY cmipainb. Atomu C; i C,,
HEe3a/isiHI B YTBOPEHHI MOJIIMEPHOTO CITIPaJIbHOTO JaHII0Ta, MOXKYTh 3B’ I3yBaTUCS
13 atromoM a3oTy N. BaxiuBicTh 1IbOTO SIBUINIA — B TOMY, 1110 JIB1 CIipasi, A€ aTOMU
C; ta C, criosrydeHo 3 TaK 3BaHUMU a30THCTUMHU OCHOBaMHU (aJieHIHOM A, TYaHIHOM
G, TumidoM T Ta nuto3uHoM C), mpu 3’€THaHHI MICTKaMH KOMILDTIMEHTapHUX TIap
OCHOB (aJCHIH-THMIH, TYaHIH-I[ATO3WH), yYTBOPIOIOTh PEUYOBHHY, SIKa € HOCIEM
CHAJKOBOCTI, — noO08ilny chnipatv Yomcona-Kpika. 1lpu 3MiHI TOPSAKY
pO3TalllyBaHHs a30TUCTUX OCHOB 3’SIBISIETHCS 1H(GOpPMAIliifHA OCHOBA T€HETUYHOTO
KOJly, BaplaOeNbHICTh SKOTO MPAaKTUYHO HeBUueprHa. lle BIAKPUTTA MIUPOKO
BiJIoMOro 3apa3 (hakTy mpo Te, 10 OCHOBHI MPUHIMIMN KOJIYBaHHS CIaJKOBOIi
iH(dOopMaIlii B )XKUBUX OpraHi3Max HaJI3BUYANHO MPOCTI — OJHE 3 HAWBaKIIMBIIINX
BIJIKPHUTTIB JItOJCTBA [24].

PHK Bukonye ponb «mocepeqHHKa» B CHHTE31 OUIKiB i3 aminokucioT 20
BHJIIB BIAMOBIAHO OO MOCHiMOBHOCTI TpuruieTiB B nganiprax JIHK. Bimomoro
BiaminHicTio PHK Big JIHK € Te, mo cranpaptHuii HaOip a30THUCTUX OCHOB ii
TPHUILIETIB MICTHTh 3aMicTh TUMIHY (T) mOyke CXOXUU Ta CHOPITHEHHHA 3 HUM
yparmn (U), a Tomy komoBuit andasit PHK cknagaerses 3 Habopy A, C, G, U

(ous. pozoin 4).
0

NH2 NH;
Ty T s S S
= =
N~ "N N /J\m
N N N 5 N"So N“ o N0
Anenin I'yanin IluTO3HH TaMiH Ypaumna
ITYPHHOBI ASOTHCTI OCHOBH IMPHMIHHOBI ABOTHCTI OCHOBH

A3zotucti ocHoBu B JIHK Ta PHK BigHOCSTBCS 110 PI3HMX XIMIYHHMX KJIAciB —
NIPpUMIJUHOBOMY Ta MypHUHOBOMY. IlipUMIAMHOBUMH OCHOBaMH SIBISFOTHCS
uto3uH C ta ypamn U ab6o tumin T, mypuHoBumu — ryanid G i ageHin A.
Hayxkoswii ciiBpo6iTHHK (ipmu IBM XK.-K. TTepec (¢pp. J.-C. Perez) 8 1990
p. 3pOOMB BIAKPUTTS B AAJICKIN, HA NMEPIIUI MO, Bia 00JacTi MporpaMyBaHHs
rajy3l Haykd — TE€HETHYHOTO KOJyBaHHSA. BiH BHUSBUB MaTeMaTH4HY
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3aKOHOMIPHICTh, sika ympanisie Bcepenuni JIHK camoopranizamiero a3zoTuctux
ocioB TCAG: mochimoBHi MHoXxuHH HykineotuaiB JHK opranizoBano B
CTPYKTYpH [JalbHOrO MOPSAKY, Ha3BaHl «pe3oHaHcamu». Lle —  ocobOimBa
nponopuig, mo auute JHK Ha cTpykTypoBaHi (parMeHTH, AOBXKHHA SIKUX
OMHCYETLCS PSIAOM yucen didonavui (1, 2, 3, 5, 8, 13 ...) (puc. 3.9) -
MOCJIITOBHICTIO, JI€ KOXKEH HACTYITHUN YIEH € CYMOIO JABOX IONEPEIHIX.

. 4 i

Puc. 3.9. XymoxHniii o0pa3
OUHAMIYHO1 MOJIEKYJISIPHO-
TEHETUYHOI CTPYKTypH
«PE30HAHCHUX» IUISTHOK JIHK
JTATbHBOTO MOPSIKY [25]

[likaBo BiAMITHTH, 110 IE Ta X
MPOTOHIIIS  «30JI0TOr0  MEPETUHY,
gKa BHU3Hauae Mopdosorito B
NpUPOAl:  HANPHUKIAZA,  COCHOBOI
IIUIIKYA, [BITHOI KamyCTH, aHaHacy,

L

[,

Puc. 3.10. Psag ®i6onaydi B cripansx KBITOK, OBOYIB Ta GPYKTiB:
a) Ksimka consunuxa micmume 55 cnipaneu, 34 - 3a 200unnuxo6oi

cmpinkoio ma 21 — npomu,

0) L{simna kanycma micmums 5 cnipanetl 3a 200UHHUKOB0I0 CIMPIIKOIO ma 8
— npomu;

8) Ananac micmums 3 munu cnipaneii — 8 — 3a 200uHHUK06010 cmpiikoro, 13
— npomu ma 21 — y maiisce nepnenOuxyisapHomy Hanpsamky [26]

[Tounnaroum 3 1990 p., BkazaHa 3aKOHOMIPHICTH OyJO OaraTOKpaTHO
MEpPEeBIPEeHO Ta MIATBEP/KEHO OararbMa BHAATHUMHU O10JioraMHu, 30Kpema
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npodecopamu JI. Monranbe (pp. L. A. Montagnier) ta X.-K. Illepmarntom (¢p. J.-
C. Chermann), sixi mocimkysanu Bipyc CHIJTy [27].

[lo  JNeXUTh B OCHOBI O10JOTIYHOrO OOIPYHTYBAaHHS BKa3aHOTO 3aKOHY?
ABtop Bigkputta llepec naB HactynHe mnosicHeHHs (eHoMeHy. JlochimkeHHs
gytiauBocTi JIHK 10 myMiB Ta He3HaAUHHMX 30BHILIHIX BIUIMBIB MOKA3ye€,ll O TaKHU
npuHiun nodoynosu JHK sBiseTbcs cynepuyyTiuBHM A0 HE3HAYHUX 3MiH. B
pe3yibTaTi BHUHUKAE MapaJoKcalibHa TOTO/PKEHICTh MDK CTaOUIBHICTIO Ta
qyTIuBICTIO. be3 CyMHIBIB, 1€ BUJATHE BIJKPUTTS, 110 3HAliJe BUKOPUCTAHHS B
reaHiil imkenepii. SUPRA-kom, Ha QyMKy aBTOpa BHHAXOMy, € YHIBEpCAITHHUM
010-MaTeMaTUYHUM 3aKOHOM, SIKMM BKa3y€e Ha HaWBUIIUN PIBEHb CaMOOpraHizarii
HykieotuAiB B JJHK BiANIOBIIHO 10 NPUHIIUITY «30JI0TOTO MEPETUHY».

Otxe, cepell OpraHiyHUX CIOJYK B Olocdepl mepeBakae came IENI0I03a,
KA YTBOPIOE KIIITHUHHI CTIHKU BUILUX POCIHH. SKIIO piTOMAaca CyIili OLIHIOETHCS B
1,058-10° T, To 300Maca — Bceoro 10,5:10° 1. diromaca — mepeBaxHO IicH, a
nepesuHa — 11e Ha 40-50 % nenrono3za, me 20-30 % npunanae Ha mirHiH. Po3nomin
Oiomacu B OKeaHI Mae TPOTHICKHHI xapaktep (3oomaca nmpubiau3Ho B 20 pasiB
nepeBuInye Gitomacy), npore cama Oiomaca Habarato meHmia (BiamosigHo 35,8 ta
1,9 mupxa. 1). OTxe, 6ioMaca okeany ckiagae npudnusHo 0,13 % Giomacu cyui.
[le moB’si3aHO 3 OUIBII HUBBKOI E(DEKTUBHICTIO (DOTOCHHTE3Y B OKEAHIYHUX
YMOBaX: BUKOPUCTaHHS TpoMeHeBOi eHeprii CoHIls Ha ouHUIIO 10111 CBITOBOTO
okeany ckmnanae 0,04 %, Toni six cymri — 0,1 %. O1xe, 11e105103a € MepeBaKar0Y0I0
cnoytykoro ¢itomacu 6iocdepu.

[HIIMM BaXXITMBUM TOXIAHUM IYKPIB SIBISIOTHCS 271iKO3UOU, JI€ BYTIEBOJ
3B'SI3aHUM 3 PI3HUMH OKCHCTONyKamu (armikoHamu). 3a cBigueHHsM Jlerenca [19,
c. 215], rmiko3umaMu € psa NPUPOJHHUX IWITMEHTIB, (DEHONIB, CTEpPOINmiB, SKi
3yCTPIYaAIOThCS YaCTIllIe Y POCIUHHOMY CBIT1, MOJAEKYU - B TBAPUHHOMY CBITL. L[5
rpyla peyoBUH OJep)Kajia Ha3By Bia rpernbkux TepMmiHiB glykys — comonmkwii Ta
eidos — BHJ, 3aBIIKH TOMY, IO T1IPOJI3YIOTh 3 YTBOPEHHSAM IIYKPUCTOI (BYTJICBO/
YM KUTbKa BYIJICBOJIB) Ta HEIMYKPHUCTOI (ariikoH) CKIamoBUX. YacTo TIIKO3HIU
TOKCHYHI UM TPOSBIAIOTH 3HA4H1 (Di3i0JIOTIUHI €dEeKTHU. HAMPHKIIAJ, TIIKO3UIU
nanepcrsaku  (Digitélis), crpodanty (Strophanthus) ta im. I{i BmactuBOCTI
BUKOPUCTOBYIOTHCS B (DapMaIleBTHIII.

[Naponizyroda akTUBHICTh (DEPMEHTY, K MPaBUIIO, MOB’s3aHa 13 XIpaTbHOIO
130Mepi€l0 TIIKO3Uy Ta aCUMETPUYHHM OTOUYEHHSM aTOMIB BYIJICIIO y CKJaIl
IyKpiB (MuB. po3odin 4.2.3).

Tak, Hanmpukiaz, MNpaBoOOEPTAIOUUM O-METUITIIIOKO3U TIAPOJI3ye T
BIUIMBOM IHBepTHHY ((pepMeHTy, IO pO3MICIUIIOE caxapo3y Ha TIIIOKO3y 1
GpyKTO3Y), TOMI SK JIBOOOEPTAIOUNH 130MEP MPU OMY 3IAIIAETHCS HE3MIHHUM.
Jlist emynbcuHy ((hepMEHTY TIPKOTO MHTIAI0), HABIAKH, BUKIUKAE PO3IICTUICHHS
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B-MeTHITTIOKO3Uly, TOI SIK 0-130Mep He TiaponizyeTbes. [IpupoaHi riaiko3uay,
10 PO3IIETUTIOIOTHCS EMYJIBLCUHOM, JIBOOOEPTAIOYI.

B camiii pocnuHi BiIOYyBa€ThCA YaCTKOBE PO3IICTUICHHS TIIKO3UIB, TaK K
€H3UM, SIKUW B Hil 3HaXOAUTHCA, IHKOJIU BCTYIA€ 3 HUMU B KOHTAKT, HE3BAKAIOUU
Ha Te, 110 BXOMAATH /10 CKJIaAy PI3HUX KJIITHH. 3a MEBHUX OOCTaBHUH TIAPOII3 MOXKE
B110yBaTHCS B MPOIECI BUCYIIYBaHHSI POCIMHU a00 €KCTPaKIlii TIIIKO3U/IIB 13 HE.
Tomy cknaj Ta BMICT TJIIKO3UIB Yy BUCYIIEHIA Ta CBLXKIM POCIMHHINA CUPOBHUHI
MOXYTh 3HA4YHO BiApi3HATUCA. Ilicas 3HeBOJHEHHS (EepMEHTH BTPavaAOTh
aKTUBHICTB, ajie TIPH 3BOJIOKEHHI Ta HarpiBaHHi g0 35-50 °C ix rigpomiTudHa mis
iHTeHCU}iKyeThcsl. DEepMEHTH 1HAKTUBYIOThCS 3a TemmepaTypu Bume /0 °C i1
pyitHytoTbes. Ilpu 3amMOpoXKyBaHHI POCIAMHHOI CUPOBUHHU, HaBITh y BOJOTOMY
BUTJISI1, (DepMEHTATUBHA T1IPOJITUYHA AKTUBHICTh MPAKTUYHO HE TPOSIBISETHCS.

brnu3pki 10 TIIKO3UIIB nEeHmMO3uou Ta pamMHO3uou, SIKi, TIAPONI3YIOUHCH,
YTBOPIOIOTH arliKOHH Ta paMHO3y (KBEpIETHH, (DpaHTYIIH), pAMHO2TIOKO3UOU,
SO PO3MANAIOTHCS Ha TIII0KO3Y, paMHO3Y, IHIII IIYKPH (PYTHUH, HECTICPHUIHH).

[Ipukinamom Moxke OYTH peakilisi KHCJIOTHOTO TIAPOJi3y PYTUHY 3
YTBOPEHHSM KBEPIIECTUHY:

HO
H,O/H™

—_—

PyTHH KBEpIEeTHH

Crnig BIAMITUTH, 1O KBEPLETUH BXOJIUTH O CKiIaay OaraTboX 010JI0TTYHO
aktuBHHX 100aBok  (BA/liB), anpTepHaTMBHA MEIWIIMHA BBAXKA€E HOTO
AHTUOKCHUJIAaHTOM 1 MpOTHU3analibHUM 3aco0oM. [Ipote YnpapiiHHS 3 caHITApHOTO
HaTJIAoy 3a SKICTIO Xap4yoBHX MNpoaykTiB Ta MmenukamentiB CIIIA (US FDA)
0araTokpaTHo TMOMNEPE/KYBalo, 110 KBEPUETUH HE SBISETHCS HE3aMIHHUM
HyTpieHTOM. J[Jis HbOTO HE BU3HAYEHO PEKOMEH]IOBAH1 JIEHH1 HOPMH CITOKHUBAaHHS,
BiH HE 3apPEECTPOBAHUN SIK OKPEMUIA

OH HiTpWIbHA JIKyBaJIbHUH 3acio.
rpyma . o
O 0 [lpuknax THiKO3UAY, SIKUH
HO 0 @ MICTUTh HITpWIbHY Tpyny N=, €
OH S TeHIMO103UT HITPWITY MHTAATBHOI
HO KUCIOTH amieoanrux (Bl Tpell.
HO o

Cuoyddin — muraanbs) CooH7NOy;.
I'ipkuit Ha cmak, BIH MICTHUTHCS B
SApax KICTOYOK OaratboX pociauHHHX BUAIB poay Crmusa (Prunus). Amirmaaud ta

OH
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HOro MoxiAH1 MiJi TOPrOBUMU Ha3BaMHU «JIaeTpuiI» 1 «BiTaMiH B17» pekiiamyroTh sk
NpoTUpaKoBi 3acobu. OHAK CepHO3H1 KITHIYHI JJOKa3u KOPHUCTI iX BXKUBAHHSA IS
OHKOJIOTIYHUX XBOPHUX BIJICYTHI. ICHY€ BUCOKHI pU3UK MOOIYHUX €(EKTIB MpH iX
B)KUBaHHI, 30KpeMa, BHACIIJIOK OTPYEHHS CUHWIBHOIO (IiaHiTHOI) KHUCJIOTOIO
HCN, sika yTBoproeThcs mipu Horo poskiaji. Hamonansauit inctutyT paky CIIA
(National Cancer Institute) mosigmomiisie maiieHTaMm, 10 JIAeTPUI He cxBaneHuit US
FDA (mani Ha 17 6epesnst 2017 p., [28]).

OcobnuBo  BaxwumBi  Takli  N-rmiko3uau, sSK  puboHYKIeo3uou  Ta
0€30KCUPUOOHYKNEeO3UOU .

reTepoIHKAIYHA

HOH,C \N/ OCHOBaA

(0] -— N-rAiKO3HAHEH
3B'S30K

sixknio
R - OH, e pHOOHYKA€O3HA;
R - H, nme me3oxcH-
OH R PHOOHYKAECO3HIA
3. Jliniou ma ninoiou. B mmpoxoMy po3yMiHHI — IIe PEYOBHHH, HEPOZUNHHI
y BOJ1, aje pO3YMHHI B HEMOJSIPHUX PO3UYMHHUKAX. JI0 BllacHE JNiMiAiB BIAHOCSTH
KUPH Ta BOCKH, JI0 JIMOIAIB — PI3HOMAHITHI )KUPOMNO/110H1 pEYOBUHU — SIK BITHOCHO
npocTi (i30MpeHoInHr, CTEPOian), TaK 1 JyKe CKIaaHi cyMmimti (cMoiu). Ko Oiku
Ta ONPOTEIHU — PEYOBUHHU, 110 BIAMOBIIAIOTH 3a

40 MeTaboi3M JKMBOi Matepii, BYIJIEBOAHM — B

CH» O C\ OCHOBHOMY OY[IBEJIbHUI MaTepiajl KIITHUH Ta
Ry ocoBa mia JIHK, To miminm B mporect

%O €BOJIIONII  JKMBOTO CTajlu aKyMyJsTopaMu

CH O C eHeprii, a B CKJaJl KOMIUIEKCIB 3 OUIKamMu —
\RQ MarepiajioMm KIIITUHHUX MeMOpaH

40 (zinonpomeinosi  komnnexcu). Jlimign Ta

CH 2 @) C JIIoinu IMOBUIBHIIIE M1IJal0ThCS
\R3 MIKPOOI0JIOT1UHIM  JIeCTPYKIli TMOPIBHSAHO 3

OUIKaMH Ta BYTJIEBOJAMH, 10 MAa€ BAXKIMUBO MJi OPraHIYHOI reoximii. 3 TOUKHU
30py (hopManbHOi CUCTEMAaTUKH OPraHiyHOi XIMii, )KUPU — €CTEpPHU TIILEPUHY 1
KapOOHUTbHUX HACUYCHUX/HEHACUYEHUX KHCIOT 3 JOBIUM, SK MPaBuUIo,
HeposranypkeHuM JaHmiorom (me R;, Ry, Rz — 3anmumky >KUpHHX KHCIIOT).
Haliuacrime 3ycTpidarOThbCsl 3alUIIKKM HACUYEHUX KHUCJIOT — MaJlbMITHHOBOI
C1sH3:COOH, creapunoBOi Ci7H3sCOOH, 1 HeHacu4yeHHX — J1HOJIEBOI
C17H3:COOH Ta ninonenoBoi Ci7Hy9COOH. TakuMm ynmHOM, (QyHKIIOHATBHUMU
IpyllaMd B CKJAJl JKUPIB € TIIPOKCHUAHA rpyna (IK B CKJIaai BYTJCBOJIB) 1
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KapOOKCcHIbHA Tpyma (K B amiHOKHCIOTax). B Tabn. 3.4 HaBeAeHO XiIMIYHUHN
CKJIaJT BEPIIKOBOT'O Maclia, MaJIbMOBOT Ta COHSIITHUKOBOT ouii [23].
Ta6muus 3.4. XimiuHuii ckiIaa NpupoaHUX Macel (ycepeTHeHMi)

Bun xxupy un Macia
Kupna IIpuiinsare Bepurkose
CHCITOTA O3HAMCHHS™ MBCTIO [TaneMoBe COHSIHIP.II/IKOBa
BOJIOTICTIO Maclio OJIist
33%
Macnsna Cc4:.0 3,0
Kanponosa C6:0 1,0
Kanpinosa C8:0 1,5
Kanpionosa C 10:0 3,0
JlaypunoBa C12:0 4,0 0,1
MipuctuHoBa C 14:0 12,0 0,1 Crainn
[TanpmiTHHOBA C 16:0 25,0 443 6,4
CreapuHoBa C 18:0 9,0 4,5 4,6
ApaxiHoBa C 20:0 1,0 0,3 0,3
berenona C22:0 0,7
JlirnouepuHoBa C24:0 0,3
Mononenacuueni
JlaypooneinoBa c1l2:1 0,4
Mipucroosneinosa C1l4:1 1,5
[TanemiTooneiHoBa Cle:l 4,0 0,2
OneinoBa c18:1 38,7 20,4
TI'agoneinosa C20:1 1,0 0,1

Tloninenacuueni

Claz s e

Tpunenacuueni
JlinosenoBa C 18:3 0,3 Cruimmn
* (CniggiOHOWEeHHsT NOKA3Y€E KIMbKICMb amomie 8yaneyio 6 JAAHYI02Y/KiIbKicmb
NOOBIUHUX 36 513KI8 8 HLOM) .

[TopiBHSIHHS CKJIaay >KUPIB PI3HOTO MOXOAKEHHS CBIAYUTH PO MPUHITUIIOBY
PI3ZHUINIO 3 TOUYKHU 30PY iX XIMIYHOTO CKJIaAy — Y POCIMHHHUX OJIAX 3HAaYHO OiJIbIiie
3aJTUIIKIB HCHACHYEHUX KHCIIOT, YUM Y MOJIOYHOMY JKHpi (BEpIIKOBOMY MacIi).

[30npenoiou — e BYTJIEBOJIHI-130QJIKAHHU, TOOTO QJIKaHU 3 PO3TATYXKEHUM

CHy pammorom. Ile moximmi i30mpeHy, II'ATUYIEHHOTO HEHACHYEHOIO

ByriieBoaHI0 CsHg Ta ckilanaroThes 13 MUX JIAHOK, MAlO4M 3arajbHy
EHZ (I)OpMy.ny (CsHg)n, men—-2,3,4,618. Imomi B niTepa?ypi
3YCTPIYAEThCSI ~ Ha3Ba  «mepneHosi  8y2neo0u»  3aMiCTh

l 130MPEeHOITHNX. AJie 11€ HEe 30BCIM TOYHO, HACIpaB/l TEPIICHOM CIIiJI

HA3WBaTH KOHKpETHUH ByrieBojeHb MoHoTeprneH CioHips (mBi
130TIPEHOBI JIAHKH):

HsC” “CHs
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BaxnmBuM  TIpencTaBHUKOM  130TPEHOINIB  SBISIOTBCA  KAPOMUHOIOU
(kcantodinu, kaporunu). Jerenc [19] Bkasye, M0 pOCIMHHI TKaHUHU MICTSTh
npubm3Ho 0,1% kapoTuHOIAIB B mepepaxyHKy Ha cyxXy macy. [3ompeHoinu B
TKaHWHAX POCIHH 3YMOBIIOIOTH iX 3anax (edipHi Macma) Ta 3abapeneHius
(KapOTHHOIIHI ITIrMEHTH).

DOTOCHHTETHUKU MICTATh YUCIEHHI PI3HOBMAU KAapOTHHOIMIB. IX pomb —
MOTJIMHAHHS BUITPOMIHIOBAHHSI Y BUCOKOEHEPIeTUYHIN KOPOTKOXBHIHOBIN 001acCT1
Bugumoro crekrpy (400-550 uwm), 3axumarodu (HOTOCUHTE3YIOUHMIA amapaT Bif
VIIKO/DKCHHST B pe3ynbrati ¢GotookucHeHHs [29]. B peakmisx ¢orocuHTE3y
KapOTHHOIN MIFOTh TAaKOX K XiMiuHi Oydepu. 3apa3 inentudikoBano 6imxs 600 ix
NPEJCTaBHUKIB (HeOKcaHmuH, GiONAKCAHMUH, 3¢AKCAHMUHN Ta 1H.).

3€AaEKCAHTHH

Kaporunoinu, mo ananorii 3 xmopoduiamMu, MICTIThCA B MeMOpaHax,
MPUYOMY BOHHU iX 3B'I30K 3 MEMOpaHHUMH OUTKaMu CiaOkuid, 0€3 KOBaJEHTHOI
CKJIaJIoBOi. Mojellb MEXaHI3My 3aXHUCTY HACTyIlHA. KapoTHHOiA 3abupae
HAJJIMIIKOBY €Heprito Bl (HOTO30yKEHOTO  XJIOpO(DUIHLHOTO  KOMILIEKCY,
3anoOiraroun oro ¢orookucHeHHo. [lepeHecena eHeprisi BUAUISIETHCS Y BUTIISAL
Teria, XJopodiibHa MOJIEKyJia TOBEPTAEThCA B He30yxkeHul ctaH. Ha momatok
KapOTUHOIIM BUKOHYIOTH JOCHUTh crnenudiuny (yHKIII0 B peryJrOBaHHI
(hoTOCMHTETUYHOTO amapary. BimoMo, 110 B KIITHHI €HEPTio sl MepeMillleHHs
XJIOPOIUIACTH OTPUMYIOTh BiJl CHHHOTO BUIIPOMIHIOBAHHSI, SIK€ TAKOXK MOTJIUHAIOTH
kapotuHoinu. Kpim  eHeproperynaropHoi  ¢yHKOii y  (QyHKIOIOHYBaHHI
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(hOTOCMHTETUYHOTO amapary, KapoTHHOINM TPAHCHOPTYIOTh AKTUBHHUM KHUCEHBD,
NpUNMalOTh y4acTh B OKHCHO-BIJIHOBHUX TMpOIlecax 3a pPaxyHOK HAsBHOCTI
yucieHHux 3B's13kiB C=C, sk, HaNpuKIIaj, B JIKOMEHI:

BinbH1 mepoKCHIHI aKTHUBHI pauKalld MOXYTh NPHUEAHYBATUCS B MICIIl
KpaTHOTO 3B’A3KY B CKJIaJ1 MOJICKYJIM KapOTHUHOIY:

ROQe + Kap — *Kap-OOR.

[Hma peaxiiisi - nepeHeceHHs: aToMa BoAHIO H Big MOJeKkyau KapOTHHOINIB
710 IEPOKCUAHOTO paUKaIy:

ROOQe + Kap — Kape + ROO-H.

[li peakmii OMNUCYIOTh MEXaHI3M AaHTUOKCHJAHTHUX BIACTUBOCTEH
KapOTHHOITIB.

OcHoBHi GyHKITIT KApOTUHOIIB HaBeIeHO B Tabi. 3.5.

Bimamin A e mutepnieHoM (C=20), HaTypalbHUN KayyyK — TMOIITEPIECHOM.
[loximne  ceckBitenpena  @apuezon  CisHpsOH  Bxogute g0 ckianmy
OakTepioxnopodiny; moximue aureprena ¢imon CypHyu OH Bxoauts mo ckmanmy
xJiopodi1y pociuH; moxigHe TepneHy cxsaner CszoPsyp — MPOMDKHHI MPOIYKT
010CHHTE3Y CTEPOiAiB @ KOMIIOHEHT KU PIB 0araTb0X MOPCHKUX OPTaHi3MiB.

JIo UMKIYHUX TOXIJIHUX TEPHEHIB BIAHOCITHCA CMOJISIHI KHUCIOTH
C1gH29COOH, Hanpuknazn, abiemunogy, 1O BXOJIUTh 10 CKIaay Oalb3aMiB
XBOMHUX JIepeB; TPHU TEPICHU PANY 20naHa, SIKI CUHTE3YIOThCS OakKTepisiMU Ta
CUHBO-3€JICHUMHU BOJOPOCTSIMH Ta POy oOJeaHana, HANPUKIAJ, OJEaHOJIO0Ba
KHUCJIOTA, 10 BXOJIUTH JI0 CKJIaJy BOCKIB BUIIIMX POCIIHH.

CHs

"% COOH

abiecHTHHOBa CHs
KHCAOTA
oAeaHOAOBA
KHCAOTA

Ta6munsa 3.5. Y3araibHeHa xapakTepucTHKa (YHKIIH KapOTHHOIMIB s
XuBO1 MaTepii [24]
PocanHH TBapHHH
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CeiTonornuHay abo JOMOMDKHHM | A-TpoBITaMiHHA aKTUBHICTh
aHTCHHUU MmirMeHT (30uMparounii
CBITJIO)

[IpoBigHUKHN eHeprii CBITIa BrmBatoth Ha  po0OOTY  €HAOKPUHHOI
CUCTEMH

3axuct Bl  HecnpusTuBUX | O0epirae BiJ HeCHPUATIUBUX (HAKTOPIB

(hakTOpiB TOBKULIA JOBK1JIIS

MewmOpanocTtabunizyroda pyHkiiss | MemOpanoctaOuiizyroda ¢ yHKIs
CurnanbHa byHKIIIs npu | Ctabinizalist IpoTeiHiB

3a0apBIIIOBaHH1 3amax  KHCHIO B  HEUTPOHAIBHOMY

TUXaJIbHOMY JIAHIIIOTY
Copusie  TpaHCHOPTY  KaJlbIlil0O  4Yepe3
MeMOpaHH

IMyHOCTHMYITIOrOYA POJIB

CurnanbHa QyHKIIis Ipy 3a0apBIOBaHHI

Cmepoiou — CIONYKH, 1110 MAalOTh [IUKJIONEHTaH(EHAHTPEHOBHI BYTJICIICBUMA
CKEJIeT, HalvacTille 1€ CIUPTU — cmepoau. BoHU BIAINParOTh BAKIUBY O10XIMIUHY
1 (I310JIOTIYHY POJIb, HANPUKIAA, 10 HHUX BIJIHOCATHCA CTaTE€BI TOPMOHU
(TECTOCTEPOH, EKCTPOreHH — EeCTPOH, ecTpamion, ecTpion). JoOpe BimomMum
MPEJICTABHUKOM CTEepoimiB sBisseTbecss  xonecmepun Co7HyisOH, Bitamin  Ds
(kanvyitighepon), SKWH, SIK BBaXKAIOTh, BIJIrpae 3HAYHYy pOJIb B TpoIecax
Oionoriunoi MiHepaizanii [19, ¢. 222].

OH

OH

XOAECTEpPHH TEeCTOCTEPOH ecTpioa

||IIIOH

HO

4. Ilicwenmu — y XIMIYHOMY BIJTHOILIEHHI 1]l UM 301pHUM HalIMEHYBaHHIM
PO3YMIIOTh TaK 3BaHI T€TEPOIMKIIIUHI CHOJYKH, B SIKMX pPa3oM 13 BYTJICLIEM B
YTBOPEHHI IUKJIIB NPUUMAIOTh Y4acTh «TE€TEPOATOMHU» - YACTIIIE 32 BCE KUCEHD,
a3oT 1 cipka. opManbHO 70 TeTEPOIUKIIIB BITHOCATHCS TAKOXK JEAKI apoOMaTUUHI
aMIHOKHCJIOTH Ta BYTJICBOIH.

['ereporukiy MoxyTh MicTuTd Bim 3 g0 10 uneHiB, HaWOULIBII BaXKITUBI
I’ SITH- Ta IMECTUWICHHI MUKW, J[0 mepimmx BiHOCITHCS, Hanpukiaan (B ayKkax
BkazaHo retepoatrom): nipon (N), miogen (S), ¢ypan (O), 1o npyrux — nipuoun,
nipumiour (N). IloemHaHHS T’ ATH- Ta MIECTHWICHHUX KUICHb YTBOPIOE [HOO Ta
nypun (N), oenzopypan (O), a moemHaHHs ABOX ImecTUwieHHUX — kymapun (O),
xinonin 1a nmepuoun (N).
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RO DD 00 Y

TeTparizpo-
dbypan

NipHAHE minepuauH nipamizne mipasan asedinl 4-auaszedin 4H-nipan TeTparizpo-

: ,, nipaH
; i : :'\; ( I R: @ O\/j

immoaA XiHOAIH i30XiHOAIH

nipoA mipoaizmma imizaszoa Tiazoa Tioden Tioaan dypan

Gernsodypan XpoMaH
= N - N
., 1)
NP M .
NN N~ °N o~ ~o
OypHH OTepHAHH KyMapHH

3a ceimuennsm Jlerenca [19, c. 223-224], Garato TpHPOIHUX PEUOBHH
CHOPIIHEeH1 JI0 IMX MPOCTUX TETEPOIUKIIYHUX CHOJYK: mippoiy (reMorio0iH,
xjopodin, Bitamin Byyp), ingony (TpunipodaH, Ieski aakaaoiny, CTpUXHIH, 1HINUTO),
nypuHy (ameHiH, TyaHiH, JAedKi aimkajaoimd Ta KodeiH), mipuMmiauHy (TUMIH,
IIUTO3MH, Ypalwi, TiaMiH), TIpUINHY, XIHOJIHY Ta 130XiHOJiHY (BiTaMiH Bg Ta psin
aJIKAJIOTNIB — HIKOTHH, XiHiH, MOp(]iH), mipaHy (AesKi pOCIHMHHI (EPMEHTH, TaKi K

(GJ1aBOHM Ta aHTOIIAaHM), MTEPUAMHY (BiTaMiH
Bio).
Bixe Timbku 1€l mepenik CBIIYUTH PO
BAXKIIUBICTh reTEePOLMKITYHUX CIIOJIYK
(mirmenTiB) y Oiocdepi. OcobnMBO BaXKIUBO,
0 O€sAKl 13 IMX MOICMEHTIB, a caMe NOXIAHI
Miposty — NOp(ipuHU — MAIOTh TETPaNippoJIbHE
AIpo, 1O  XapaKTEPU3YETHhCS  BUKIIOYHO
BHCOKOIO CTIMKICTIO HE TIIIBKH y
HalinpocTimui mopdipuH - MIKpoOIONOriYHUX, a W Yy T€OJOriuHUX
nopgin npoiiecax. Tomy nopdipuHu 30epiraroTbes siK B
MOJIOJIUX OCajJlaX, TaK 1 y APEBHIX OCAJOBUX MOPOAaX, BUKOHYIOUH, TAKUM YHUHOM,
POJIb IHAUKATOPIB O10T€HHOI JISITFHOCTI )KUBOI MaTeii.

Tak, B 1934 p. nimenpkuii Ximik-opranik A. Tpeioc (Alfred E. Treibs)
BiIKpUB B Hadrax mopdipunu. Ili3Hime ix BusiBwiIM B HadTax camMoro pizHOTO
NoX0KeHHs. BoHM Onu3bki 3a OymoBOIO 10 reMiHy (SKkuii Hajgae 3a0apBiICHHS
KpOBI) 1 XJtopodimy.
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CH,=CH CH,=CH

C C
\ CH=CH, \ CH=CH,
NH
/ N

HsC CHj HBCAQ )Q—
CH
H, H,
HCOO—|CH2 CH,-COOH HCOO- CH2 CH2 COOH
IIporonmopdipun HacdhTH I'em remoraobiny

[lopdipruHu cXunapHI 10 YTBOPEHHS! KOMIUIEKCHHUX CIONYK 3 MeTanamu. B HadrTax
BOHU 3HaXOJATHCS SIK Y BUIBHOMY CTaH1, TaK 1 y BUIJISI/I1 KOMIUIEKCIB 3 BaHAJlEM V,
Hikenem Ni ta 3amizom Fe:

CTpyKTypa KOMIAEKCHOL / CrpyxTypa
CHoAYKH nopdipuny 3 V, RO-C :
BHAireHOI A. TpeiiGcom 02 xaopodiay
iz HadTH

HasBHicTh mopdipuHiB y ckiaal HaQT BBaXA€TbCS EKCIEPUMEHTAIbHUM
J0OKa30M  TIMOTE€3W  OPTraHIYHOIO0  MOXOKEeHHS  Ha]TH. IHopanemmmu
JIOCIIIJIKEHHSIMU OYJI0 BUSIBIIEHO CITOJIYKU MOPQIPUHOBOI OYA0BU CKJIaJll CYyYaCHUX
Ta JIPEBHIX MPICHOBOHUX Ta MOpchkux ocaxis [30, c. 37-38].

5. Jicninu ma cnopioneni pewoeunu. XiMIYHOIO OCHOBOIO JIITHIHIB Ta
CIOPIIHEHUX 3 HUMHU JYOWJIbHUX PEUOBUH € apOMAaTU4HI CIONYKU — heHou Ta
XiHOHU, IPOJYKTU OKUCJEHHS (eHoiB. JIIrHIH — 1€ IHKPYCTyloua peuyoBHHA, sIKa
pa3oM i3 1enrI03010 (KIITKOBHHOIO) YTBOPIOE JCPEBUHY BHINUX POCiauH. Jleski
nociipkeHHs [31] mokaszany mpUCYTHICTH PI3HOBUIIIB JITHIHIB Y MUIKY, CIIopax, a
TaKOX B OypUX BOJOPOCTSIX.



~-82 ~

VY XiMIYHOMY BIJHOIICHHI JIITHIH — CKJIaHui nojimep (puc. 3.11).
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Puc. 3.11. Ctpykrypa noaimepy JIrHiHy

OCHOBHHMM CTPYKTYpPHUM €JEMEHTOM JIIrHIHY € (PEHLUI-IPOMAHOBl JAHKH,
3’¢HaHI MPOCTUMHU edipHUMH (€TepOBHMHM) 3B’SI3KaMHU; KpIM TiAPOKCHUIBHHUX,
BOHH MICTITh MeTOKCHIbHI Tpynu — OCHjz (10-20 %) Ta xapOonunbHi rpymu =CO.
OcraHHI Tpynu XapakTepHI JUisl KETOHIB Ta aibiAeriiiB. Pazom 13 mimigamu Ta
nopdipy HOBUMH SApaMH, JITHIH BIJHOCHUTBCA JI0 4YHCIA HAWOLIBII CTaIMX
KOMIIOHEHTIB UBOi pe4oBUHU. JlereHc BiIMivae, MO0 MPUCYTHICTh B KIITUHAX
KUBHUX OPraHi3MiB MponuieHoiB, SKi BAITPaOTh POJib IUXaJTbHUX XPOMOTEHIB,
MOXYTh BBa)XaTUCS HAWMOUIbII WMOBIpHMMHM TONEpPEAHUKAMU JITHIHIB. B
pe3yabTaTi CydacHUX O10XIMIYHUX JOCHIIIKEHb BUHUKIJIA HABIThH 1lies MPO T€, IIO0
JITHIHA HE TpocTo (i3WYHI BKIIOUEHHS Yy KIITHHI, SIKa J03piBa€, - BOHU TICHO
oB’s13aHi 3 11 auxanusm [19, ¢. 230].

Takum unHOM, OloXiMiuHAa Ta OloreoxiMiuyHa apxiTEeKTypa KUBOi Marepii
BUBYEHA HA CBHOTOJIHI JOCTaTHHO JAETATbHO, 3aBISKU 3yCHWUIAM LUIOTO PSay
HAayKOBHUX JUCIUIUIIH — reoXimii, 610J0r14HO1 XiMii, 010XiMii, O10HEOpraHiyHO1 Ta
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Oioopraniynoi ximii. IIpoTe 111 gaHi He AAIOTH BIAMOBIAlI HA JBAa IMPUHIMIIOBUX
MMATAHHS.

- YumM xuBa MaTepis BIIPI3HAETHCS BIJ HEKHUBOI;

- Slke MOXOKEeHHS KUTTS Ha 3eMJTi?
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PO3OIA 4 TEOPII IIOXOMXEHHSI 3IKHUTTS HA 3EMAI

4.1 KaacH4YHaA TepMOAHHAMiKa Ta eHTPOHmiHHuH dakTOp

Ha nymky akaan. E.M. TamimoBa [1], He icHye
OJIHO3HAYHOTO BU3HAYEHHS MOHSITTS OKUTTS». EHIUKIIONE IS
Britannica [2] mae HacTynmHe BUW3HAYCHHS: «... ye CMAaH
MamepianbHO20 KOMNJIIEKCY qu iHOUBIOYyyMY, wo
Xapaxkmepu3yemucsi 30ammuicmio BUKOHY8aAMU nesHi

@yukyionanoui  O0ii,  6KIOUQOYU  Memabonizm,  picm,
8i0mMeoperHs ma 0esKi popmu peazysanns ma aoanmayii». EHIIUKIONEA1s, OJTHAK,
BU3HAE, 110 UMMM BJIACTUBOCTSAMU MOXYTh OYyTH HAAUIEHO M LITYYHO CTBOPEHI
MexaHi3MU. YacTo UUTYIOTh BHU3HAUEHHS, IO HAJIEXKUTh (PaHIY3bKOMY
MikpoOiosiory Ta reHetuky ®pancya [[xexooOy (¢bp. F. Jacob) [3] — «Kusi
Opeauizmu npeocmasisaoms cooo 06’ckmu, 0e 3ycmpiuaromscsi mpu HOMOKU:
peuosunu, euepeii ma ingopmayii». OIHAK BOHO IIJIKOM TMIAXOAUTH 1 A
TOKAPHOT'O BEPCTATy 3 YMCIOBUM MPOTPAMHUM YIPABIIHHSIM.

Tomy, IMOBIpHO, HE MOXHA BU3HAYUTH >KUTTS 4Yepe3 BIACTUBOCTI ab0O CTaH
KUBHUX OpPraHi3MiB Ta cUcTeM. [IpuHIUIIOBA BIAMIHHICTh OPTaHi3My BiJl MallUHU
MOJIsiTa€ HE B PI3HMIN iX BIACTUBOCTEH, a B ICTOPIi, O Mepeaye ix mossi. Tomy
CIiA BIAAATH TEepeBary BU3HAYCHHIO JKHUTTS, SIKE BKIIOYA€ (PAKTOp EBOJIOIII.
Hanpuknaza, Ha I1yMKy BiZOMOro aMmepukaHcbkoro Oionora Jlxepanpna Jlxorica
(G.F. Joyce), xuTTS — II¢ CcaMOperyjibOBaHa CHCTEMa MOJICKYJ, SKa MOXKE
MiJIaBaTUCS JApBIHIBCHKIN cemekilii 1 eBostolii. OqHaKk BU3HAYCHHS HE MOXKE, 5K
MPaBUJIO, MICTUTH XapaKTEPUCTUKY, SIKy CHOCTEpiraroTh, 0e€3 i JOBLIBHOI
iHTepnpeTanii. Hampukinan, «aapBiHIBChKa CeNeKIis» ab0 OyIb-IKWWA I1HIIHH
MEXaHI3M €BOJIONIi — 1I¢ THUTaHHA IHTEpHOpeTallli sBUIIA, a HE MOro
XapaKTePUCTHKA.

O4YeBHAHOIO Ta HAHOIABII 3araAbHOI0 XapaKTEPHCTHKOIO
KHTTA € 3POCMAHHSI CMYneHsi 6NOPSIOKY8AHHST mamepiany,
3aAy49€HOr'0 B NIPOLECi KHTTEAIAABHOCTI, AK NPOTArOM XKHTTSH
iHAHBiAyyMy (OHTOreHe3y), TaK i IPOTAroM €BOAIOIII KHTTH,
MOYHHAIOYH BiZ ii 3apOoAzKEeHHS.

Tomy citi po3rIIHYTH CYTHICTB SIBUILA BIOPSAKYBAHHS, JUIsl HOrO MOTP1OHO
3BEPHYTHUCS JO TEPMOJUHAMIKH.

benbriicekuit muroior Ta Oioximik [e MioBe (bp. C. R. de Duve) 3
rYyMOpPOM BIAMITHB, 10 <«KUTTS — 1€ Te, IO € CHUIBHUM MJISi BCIX >KUBHUX
CTBOPiIHB». 3 TOYKU 30pYy XiMii, COHUIBHUM JIJIsl BCIX KMBHUX OPTaHi3MIB € Te, 110 B
CBOIMl OCHOB1 BOHM MPEJCTaBISAIOTh COOOI0 CIONYKH BYTJIELIO, SIKHA Mae Takuil
Ha0lp XIMIYHHMX BJIACTUBOCTEH, IO 3abe3neduye OynoBy Ta (YHKIII KUBUX
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OpraHi3MiB, BKJIIOYAIOUU O10MOJIMEpPHI CTPYKTYpH, (PEPMEHTATUBHUU KaTajii3 Ta
3IATHICTH JI0 perumikarii (quB. po3ain 3).

Tomy, Ha nymky [amimoBa, HaWOUIBII 3arajlbHUM BU3HAYEHHSAM KUTTS €
HACTyNHE. <OKUTT — 1e sIBHIIe 3POCTAIYOr0 BIOPSIAKYBAHHH, SIKe
NepelacTbesl CNaJAK0BO, BJIACTHBE 32 NMEBHUX YMOB XIMIYHiH icTOpil croJyk
BYIJICIIOY.

B 1847 p. Bunatamii HiMenpkuid ¢izuk I'. Tenpmronen (HiM. H. L. F. von
Helmholtz) naB BusHaueHHs 3akony 30epexkeHHst eHeprii (33E), skuii i3 TOUYKH
30py J0Ka30BOi KOHILIEMIII, SIBJIAE€ThCS JIMILIE €MIIPUYHUM y3arajJbHeHHsIM. Yomy
€Heprisi HE3HWIYBaHa, aje He BUHUKAE cama Mo co0l — Hapa3l HEBIIOMO, II€
MPOCTO BUCHOBOK 13 €KCIIEPUMEHTIB Ta CIIOCTEpexkeHb. J/luinemMa BiTHOCHO IILOTO
3aKOHY BHUHHKJA MPU HEOOXITHOCTI MOSICHUTU CBITHICTH CoHIS. Ane meil daxt
MOSICHUB BIAKpUTHM EHWHIITETHOM 3aKOH €KBIBAaJEHTHOCTI Macu W eHeprii.
bazyrounce Ha 33E, xoaHUIl TaTEeHTHUM OpraH y CBITI He MpUUMAE 10 PO3TIIANY
MIPOEKTH MPUJIAAIB, K1 BUPOOJSIOTH OLIbIIE €HEeprii, HDK CHOKHUBAIOTh Y SIBHOMY
Yy HESIBHOMY BUIIISIAL. Takl rinoTeTUYHI ONPUCTPOi MPUIHATO HA3UBATH «BIYHUM
JBUTYHOM TIEPILIOTO POIY.

[cTopuuHO mepmIUM MEXaHI3MOM NEPETBOPEHHS TEIJIa B MEXaHIYHUM pyX
CTaJia mapoBa mMaIuHa, snepiue nooyaosana B XVII cr. Pobora B Hiil BUKOHY€ETHCS
yepe3 MEepeMIllleHHs] TEIUIOBOi €Heprii BiJ pe3epByapy 3 TrapsyuM NapoM B
XOJIOAHUH, 3allOBHEHUN BO/0I0. B TepMoauHamini — po3auti (i3uku, 110 BHUBYAE
Takl NEpeTBOPEHHs, MapoBa MallMHa JOBrO 3ajdIIanacs €IUHOI0 Monewuto. Ha
OCHOBl €KCIEpUMEHTIB 3 IIMM BHJAOM TpaHcopmallii eHeprii Ta poOOTH
chopmynpoBanuii iHmmi BapianT 33E (mepmie Hawyamo tepmoaunamiku ITHT):
naposa MauuHa He 3modice 8uKoHamu pobomu Oinvule, HidC 3anac yici enepeii 6 it
pesepsyapi.

Kpim Toro, eHeprito BOASHOI Mapu TaK0X HEMOXKIHUBO TpaHC(HOPMYBATH y
po6oty Ha 100 %, siK110 HAaBITH TOMYCTUTH 11€adbHI YMOBH 32 BiICYyTHOCTI TEPTS B
MexaHi3mi neperBopenns. B 1924 p. C. Kapuo (¢pp. N. L. Sadi Carnot)
€KCIEPUMEHTAILHO BCTAHOBUB, MPSAMY 3QJIEKHICTh MK YACTKOIO TEIJIOBO1 €HEPT1i,
[0 MOXHa MEpPEeTBOPUTU HA POOOTYy, Ta TPATIEHTOM TEeMIEpaTypu pe3epByapiB.
MaxkcuManbHO MOXITHBHH K.K.JI. (KOS(IIIEHT KOPUCHOT 1) pO3PaXOBYETHCS SIK:

p=12-T1 (4.1)
T2

ne T, iT; — Temmeparypa Taps4oro Ta XOJOJIHOTO pe3epByapiB (B

KenbBinax).
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Hampuknan, T,=500 K (227 °C), a T;=350 K (77 °C). Tonui
500350
500
TpaHcopMmallii Jvie MEHIIEe TPETHUHU EHEprii MoxHa OyTH MepeTBOPUTU B

n =0,30. 3HAUWTh, HaBITh 1ACAIBHUX YMOBAaX BIJCYTHOCTI BTpaT IpHU

€HEPrilo, a pemiTa — JiBl TPETUHH — MPONaJatoTh 0€3 KOPHUCTI.

3a HasBHOCTI JIMIIE OJHOTO pE3epByapy BiJjaya €HEprii piBHA HYIIIO.
OrnurcaHi MPUHLMUIK BIAHOCSTHCSA HE TUIBKU JO MEPETBOPEHHS Teria y poOoTy.
Hampuknaa, MexaniuHa poOOTa KaMEHIO NpH MaJiiHHI HOro 3 BEpPUIMHU TOpHU
3QJICKUTH B1J il BACOTH, TOOTO TPaJIiEHTY MOTEHIIIITHOT €eHepTrii KaMeHs Ha BEpIINHI
Ta BHHU3Y MIC/A MaaiHHSA. 3p0o3yMUIO, IO HEPYXOMUW KaMiHb Ha SIKIM 3aBrOJIHO
BHUCOTI HISIKOT pOOOTHM BUKOHATH HE MOKe. ba3ylounch Ta TakMX MIPKYyBaHHSX,
3’sBWiIocst Apyre Havamo Ttepmomumnamiku (AHT): i3 cucmemu orcoonum
CHOCOOOM He MOXMCHA 000ymu pobomy, AKWO 60HA nepedy8ac HA OOHOMY DIi6HI
nomenyitinoi enepeii, Cripodu moOyayBatu npuctpid, mo nopymye JHT (tak
3BaHUI BIYHHUI JBUTYH JPYrOro poay) B MeKaxX CydacHOi (pi3MUHOT KapTUHU CBITY
HE MOXYTh Math ycmixy. HemoxinBOo, Hampukiaj, MEepeTBOPUTU Ha poOOTY
EHEPTito OPOYHIBCHKOTO pyXy MOJIEKYH BoAU. [le MoxkHa 3p00UTH TUTBKHU 32 YMOBU
MOSIBM B CUCTEM1 TPAJIIEHTY €HEPreTUYHUX PIBHIB. MOTIK E€IEKTPOHIB PYyXa€ThCs
BiJl aHOAY JI0 KaToAy 3a YMOBHM pI3HMIIl HANpyrd, TEIUIO MNEPEXOIUTh BIJ
HarpiToro Tija J0 XOJIOJHOTO TOIIIO.

[licnss CTBOpEeHHs CTAaTUCTUYHOI TEPMOJMHAMIKM, sKa Oa3yBajgach Ha
MoJeKyJspHux ysasiaeHHsaX, JHT oxepxamo cBoe mnosicHeHHsa. Bussunocs, 1mo
nepexij Teria BijJf XOJOJHOIro 0 OUIbII HArpiTOTO Tijla MPUHIIUIIOBO MOXIIHBE,
MpoTe HAA3BUYANHHO MaJoMMOBIpHA MOJis, TOAl SK B MPUPOJAl Peali3yrOThCs
HaWOUIBIIT TMOBIPHI MO/I1I.

SIKio ysIBUTH MapoBY MAIIMHY SIK a0COJIFOTHO 3aMKHEHY CHUCTEMY B TOMY
PO3yMIiHHI, 110 HI MaTepisi, HI €Heprig He MOXYTh HI IPOHUKHYTU BCEPEAUHY, Hi
3QJIMIIINATH i, TO @ XOJOJAHUHN pe3epByap Oyje MOCTIMHO HarpiBaTUCA, & HArpiTUN
— OXOJIOJKYBaTHUCS. [HIIMMH ClIOBaMu, PI3HULSI TEMIIEpaTyp pe3epByapiB Oyne
MOCTIHHO 3pOCTaTH MPOTATOM BCHOTO 4Yacy 3AIMCHEHHS POOOTH CHUCTEMOIO.
OuyeBUIIHO, IO Ta YacCTKa €HEPrii CUCTEMH, sIKa € JOCTYMHOIO JJIsl MEePETBOPEHHS
Ha poOOoTy, OyJe 3HMKYBATHUCS, @ YaCTUHA «3MEPTBLIOI» €HEprii, IKY HEMOKIIUBO
TpanchopMyBaT B poOOTY, — HE3BOPOTHO 30UIbIIYBAaTHCS. Buxoasum 13 Takux
MipkyBaHb, JHT moxHa chopmyltoBaTH 1HAKIIE: HpU HPOMIKAHHI 0)Ob-5KO20
CAMOOO0BIIbHO20 Npoyecy, KOAU eHepeisi Modce BLIbHO nepemikamu 3 OLlbu
BUCOKO020 PIBHS HA HUNCUUU, KITbKICMb eHepeii, HeOOCMYnHOI Ol nepemeopents y
pobomy, 30i1bULYEMbCAL.

B 1965 p. P. Knaysic (mim. R. J. E. Clausius), po3risiiaroun eHeprito, sika
HE3BOPOTHO  BTPAYa€TbCs  (TUCHITYETHCS,  PO3CIFOETHCS),  3aMpPOIOHYBaB
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XapakTepu3yBaTU 1[I0 CKJIAQJOBY CIELIadbHOIO BEJIWYMHOK, HA3BaBIIM i
enTpomiero (S). Tak sk S SBISETHCS BIIHOIICHHSM TEIUIOBOI €HEprii [0
TEMIIEpaTypu, TO BHMIipIOeThcss B Kan/rpan ([x/rpam). Bynb-skmii mporec
MEPETBOPEHHS €HEePrii CYNPOBOKYETHCS 3POCTAHHSAM EHTPOMIs 3pOCTae. 3a
iTealbHUX YMOB (HAampUWKIAA, SKIIO YSBUTH 1I€aIbHUN TEIUIOi30JTOp, IO
PO3MLIsiE Tapsiuuii Ta XOJIOJHUN pe3epByapH; MPOTIKAHHS E€IEKTPUYHOTO CTPYMY
Yyepe3 HAAMPOBIAHHUK, OMIP SKOTO PIBHUW HYJIO TOIIO) EHTPOIIS 3aIHIIAETHCS
cranoro BennmunHor. Tomy [IHT MokHa Ha3zBaTH  3aKOHOM HeyOyBaHHS
E€HTPOIIil.

Knaysiyc  chopmynioBaB 00’eqHaHe  BHU3HAYCHHS o00ox Hayan
TEPMOJUHAMIKU: NOBHA eHep2is 8 OYOb-AKIiU 3AMKHEHIU Ccucmemi 3aluulacmscs
BENUYUHOIO NOCMIUHOT0, A NOBHA eHMPONIs 3 YACOM 3POCMAE.

Po3ristHEMO /1Ba pe3epByapy — HArPiTUii Ta XONOAHMH. IX 3’eqHamy, i uepes
MEeBHUN Teploj] 4Yacy IXHS TemIepaTypa, SKa BHUpPa)Ka€ CEpPeIHI0 KIHETUYHY
EHEpril0 YaCTUHOK TEIUIOHOCIs, ypiBHIOEThCS. llel mporec MokHa omnucaTu
HAaCTYITHUM YWHOM: Ha CTapTi cuctema Oyja CTPYKTYpPOBaHOIO, PO3JUICHOI0 Ha
HarpiTy Ta XoysogHy 4yacTuHd. Ilicnga 3’€IHaHHS CTPyKTypa pyHHYEThCH,
MepeXo/Iuu 13 BIOPSAKOBAHOTO CTAHY y XaOTHYHE, HEBIOPsAKoBaHe. Baxko gatu
CTpPOre BU3HAUEHHS MOHATTSIM «Xaoc» 1 «mopsiaok». [Ipore 3po3ymiuio Ha piBHI
HTYIli, 10 MNOPAJOK BUHHKAE TOJ1, KOJIU MPEIMETH PO3TAIIOBAHO y MEBHOMY
MOPSIAKY, 3 MOBTOPEHHSIM CTPYKTYpHUX (parMeHTiB, a XaoCc — BIJCYTHICTb
cucTeMaru3aiii 3a Oyab-iKor o3Hakow. OTke, SKIIO eHepris (HalpHKIan,
TEIUIOBA) TIepeTikae y CcTopoHy, Bu3HaueHy JIHT, XaoTWYHICTH cHCcTeMH
30UIbIIYEThCA. SIK OMHWCAaHO BHINE, MNpHU I[BOMY 3pOCTAa€ EHTpoIis. Bunukae
HACTyIIHE 3alHUTaHHS: YM MOXHA BBaXXaTH TEPMIHU «Xaoc» 1 «EHTPOIISI»
CUHOHIMaMu?

Bigmosigs B 1872 p. naB JI. bonbiman (aim. L. E. Boltzman), sikuii qoBiB,
o eHTpomito S, 3anpornoHoBaHy KimaysiycoM, MiiCHO MOKHA BBaKaTH MIPHIOM
Xa0THUYHOCT1 CTaHYy CUCTEMHU:

S=kinL, (4.2)
ne k — crana Bonsimana (1,38:10% e K™):;

L — xiIIbKICHUI BHpa3 HEBMOPSAIKOBAHOCTI, a00 KUIbKICTh MIKPOCTaHIB, IO
BI/IMOBIIAIOTh TAHOMY MaKpOCTaHy, BU3HAYAETHCSA JIOCUTh CKJIAJHO, aje 3apa3 1ie
HE Ma€ MPUHIIMIIOBOTO 3HAYCHHS.

Ile cnoiBBIOHONIEHHS, Ha3BaHE npUHYUNoM nopsoxy  borvymana,
(hOpMYIIOETBCA HACTYIMHUM YUHOM: HEOOOPOTHI TEPMOJMHAMIYHI 3MIHU CTaHy
CUCTEMH 3aBXKJIU MAIOTh HAMPSIM 3MIiHU Y CTOPOHY il OUTBII HIMOBIPHUX CTaHIB, Ta B
KIHI[I-KIHIIB TPHUBOJIATH JO aOCONIOTHOTO XaoCy — CTaHy MAaKCHUMAaJIbHOI
OJTHOPITHOCT1 T4 CHMETPUYHOCTI.
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Ockintbku B Oynb-AKid 3aMKHEHIA CHCTEMI EHTPOIls HEMNEepepBHO Ta
HE3BOPOTHO 3POCTA€, JIOTIYHO MPUUTH JO BUCHOBKY, 110 3 4yacoMm y BcecBiTi
MOBUHHA 3HUKHYTH Oy/b-SKa CTPYKTYpOBaHICTb 1 HacTaHe aOCONIOTHUN Xaoc.
3okpeMa, TeMrieparypa B BCIX YacTMHAX HAOyJle MOCTIMHOTO 3HAYEHHSI, HE3HAUYHO
BUILOTO BiJg aOCOMIOTHOro HyJssA. Taky TiMOTETUYHHMM CLEHapidi Ha3UWBaIOTh
«TEToBO0 cMepTio BcecBity». SkuM xe umHOM MoOkHa «o6iiitu» JIHT mpu
MOSICHEHHI BUHUKHEHHS JKHTTS NUIIXOM 3MEHIICHHS CTYMNeHsS Xaocy? MoxHa
PO3MJISIHYTH KUTTA SK MOPYUIEHHH, JIOKaJbHE BIIXWIEHHSl BiJl 3aKOHY
He3MeHIIeHHs eHTporii. dyHaaTop KBaHTOBO-MexaHiuHOi Teopii E. Illpeninrep
(mim. E. Schrddinger) came Takum umHOM BH3Ha4yae >xuTTsa [3]: 1e poboTa
YOOPSIAKOBAHOI TMEBHUM YHHOM CHUCTEMH, IO MPUBOJIUTH [0  JIOKAJIBLHOIO
3HMKEHHSI CBOI0 3amacy eHTPOIil 3a PaxyHOK 3pPOCTAHHS EHTPOMil
0TOYYHUYOro cHCTeMy cepeaoBuina. [[r0 mapaxokcaibHy, Ha MEPIIMK OIS,
i1er0 po3BUHYB Oenbrivicbkuii ¢izuko-ximik L [puroxun (¢p. llya Prigogine),
PO3IUTUBIIY €HTPOIII0 boiabliMaHa Ha 30BHINIHIO T4 BHYTPIIIHIO!

S=S:+5S;, (4.3)
ne Se — 30BHIiIIHS eHTporis (iHIeKC € — Big cioBa exchage, external, To6To
0oOMiHHa, Ta, 1110 330BHI);
Si — BHyTpinIHs eHTporris (iHIeKC 1 — BiJ] CJIOBA — BHYTPILITHIH).

ToOTo B peanbHOCTI 3pOCTAa€ TUIBKM BHYTPIIIHS EHTPOIISl 3aMKHEHOT
CUCTEMH, a 30BHIIIHA MOXE€ W 3MEHIIYBaTUCSA 3a PaxyHOK OOMIHY 3 IHILIUMH
cucreMamu. Tak, B XX cT. acTpo(i3uku BIJKPWIM «YOPHI OIPKW», fAKI 0e3
3QJIMIIIKY MOTJIMHAIOTh PEUYOBUHY Ta BUMPOMIiHIOBaHHSA. OTXKE, pa3oM 3 UM AIpPKU
MOBUHHI TOMJIMHATA W EHTPOMil0 — TOOTO 30UIbIIYBaTH BIOPSIAKOBAHICTH
Bceecsiry.

[eit migxig — MOCTATHBO TPAIULINHUN, X0Ya 1 HMPUXOBYE Psii HESIBHUX
npobsieMm ckopiire (uiocopchbkoro a He HayKoBOro Iiany. Jleski HayKoBIi
HazuBatoTh JHT  ¢i3uuHMM  nOpuHOMOOM, 1O  MOCTYJIOE€  ICHYBaHHS
CK3MCTEHIIIABHOrO 37a. MOro MNpOTHIEXKHICTIO sl pPIiBHOBarM IOBHHHO
BUCTYIATH JOOPO y SIKOCTI aHTU-EHTPOMIMHOr0, CUCTEMOTBOPUYOro Hayana. 3 1€l
MUTI1, CTPOTO Ka)Ky4H, BECh KOMILUIEKC TE€PMOJMHAMIYHOI TEMAaTUKU BUXOJUTH 3a
MEXI1 TmapagurMu Haykd. JKUTTS NpoTUie 3aKOHOBI HeyOyBaHHs eHTpomii. B
ILOMY PO3pi3i muTaHHs, chopMmynboBane (ppaniry3pkuM dimocopom P. Kaiiya (dp.
R. Caillois) (1973) — «MosxuBo, i KapHo, 1 JlapBin Oyiu mpaBi?» TIHCHO 31a€ThCS
HEBHUPILTYBaHUM.

Cning  BiOMITUTH  OAHE  (PyHIAMEHTaJbHE  PO3XOJKEHHS M1X
TEPMOJMHAMIUYHOIO TEOPI€I0, TMOB’SI3aHOK «KPOBHUMH 3B’s3KaMu» 3 (Hi3UYHOIO
XIMI€10, Ta IHIIUMU po3aiIaMu (i3UKH, OCHOBOIO SIKUX € HBIOTOHIBChKA MEXaHiKa.
3 mornany kiacuuHoi nuHamiku [amines, [toiireHca, Bci mpomecu y BceecBiTi



~91 ~

MOBUHHI MaTW  3BOPOTHUM XapakTep, TOMY B IJIOMy KapTHHa CBITY Mae
JAeTepMiHICTHYHUN XapakTep. Hexall neska TimoTeTHyHa CYTHICTh (TYMOPHUCTHYHO
Ha3BaHa y cepeloBHINI (i3HMKIB «aeMoHOM Jlamnaca») MatuMe iH(pOpMAIlilo PO
Bci mapametpu ctanu BeecBiTy B meBHUIT MoMeHT 4acy. lle o3HauaTume, 110 BoHa
3MOXe€e K OJHO3HA4YHO BHpaxyBaTH Mail0yTHe BcecBiTy, Tak 1 TOYHO BIATBOPUTH
MuHyJdi mogii. Buxonsuu 3 3BOpOTHOrO XapakTepy (Hi3UUHOTrO MpPOIECY,
OYEBUJIHO, 11O B 00’ €KTUBHIN peaJbHOCTI Yacy He icHye. Lle moHATTS npuaymanu
JOJIA 17151 ONMMCAHHS MOCTIOBHOCTI MoA1M. Tak, BiIMOBIAHO 10 3aKOHIB KJIIACUYHO1
HBIOTOHIBCHKOI MEXaHIKH, IJIaHETH HaBKOJO COHIS piBHO WMOBIPHO MOXYTh 1
BIIEpE/I, 1 Ha3aJl, Ha KAPTHUHY CBITY 1I€ HE BILJIUBAE.

PeBomromiiina teopis EiHmTeina y ¢i3umi (mim. A. Einstein) takox He
Jajia BIANOBIAlI Ha NMUTAHHSA MPO NMPUPOJY Yacy, CTBEPIKYIOUH, IO 4Yac, SK 1
HE3BOPOTHICTB, - MPOCTO LIIO31s.

TakuM 4YuMHOM, KBaHTOBO-MEXaHIYHA TEOpis BBaXKA€ Yac 3BOPOTHOIO
BenmunHOW. Tak, B piBHsHHI [lIpeninrepa (4.4), mo Jiexuth B 11 ocHOBI, dYac t
MOYK€ MPUIMATH K O3UTUBHI, TaK 1 HEraTUBHI 3HAYEHHS .

h2 . oY
—AY +U(X, Y, 2, )¥ =ih— , (4.4)
2m ot

ne ¢yukiis U (X, Y, z, t) onmucye mpocTOpOBO-9acoOBi MapaMeTpH YaCTHHKH Y
CUJIOBOMY MOJI.

Tepmonunamikoro Oyn0  3alpONOHOBAHO TMPUHIIMIIOBO 1HAKIY KapTUHY
cBITY. AHajor BcecBiTy B Hili € HE TOAMHHUK, 1110 Ma€ HECKIHYEHHUH 3amac Xo.uy,
a rmapoBa MallllHa, B IKOMY HE3BOPOTHO 3ropsie nanupo. Binnosiano no JHT, neit
r100aIbHUNM MEXaH13M HEBIIMHHO 30aBiisi€ 000POTH, MOCTYIIOBO HAOIMKAIOUUCH J10
TEIUIOBOi CMepTi. B TakoMy CeHCl KOXEH HAaCTyNHHM MOMEHT HE TOTOXHUU
nonepeaHbomMy. OTKe, PO3BEPHYTH MOCHIOBHICTh MOJINA y I1HIIOMY HaNpSIMKY
HEMOXJIMBO. [HakIe Kaxy4yu, dYac Ma€ OJIHOHAINpaBICHY Npupoay, aodo,
BIJINIOBITHO /10 00Opa3HOro BUCIIOBY aHTIiHChKOro actpodizuka A. Exninrrona (A.
Eddington), Bia omucyetbess «eTpiioro wacy» [4, c. 40]. Orxe, TepMoanHamMiKa
YITKO MPOBOJUTH AU(epeHIiaIio ABOX THIIB MPOIECiB — 3BOPOTHHUX, 3A1MCHEHHS
AKUX HE 3aJie’KaTh BiJ HANpsIMKY Teuli yacy, 1 HE3BOPOTHHUX, peaizallis sIKUX
OJIHOHATpaBJieHa N0 4yacoBid mikani. [IoHATTS eHTpomii BlacHe W MOTPiIOHO IS
TOrO, 100 BIAPI3HATH 3BOPOTHI 1 HE3BOPOTHI MPOLIECH: EHTPOIIISI 3pOCTAE TUIbKU
Mpu peaiizailli He3BOPOTHUX ciieHapiiB. [mis [Ipuroxxun chopmymroBas 1o 11€10
HACTYITHUM 4YHHOM [5]: «cTpima dvacy» BusBIse cebe jumie y KOMOiHamii 3
BHUIIAJIKOBICTIO, TOOTO SIKIIIO TIIBKK CHCTEMAa 3MIHIOETHCS PAaHIOMHO, B ii ICTOpIi
BUHHMKA€E peajlbHa BIAMIHHICT MDK MHUHYJIUM Ta MailOyTHIM, a OTXe€,
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HE3BOPOTHICTh MOCIIIIOBHOCTI MoAli. CucremMa NoBOIUTE ce0€ CTOXaCTUYHO, TOMY
nepen0ayuTi TOYHO ii Mali0yTHE MPUHIUIIOBO HEMOKIIUBO.

®@izuka XIX cr. nociimkyBana HaWMNPOCTINIT TEPMOJUHAMIYHO 3aMKHEH1
CUCTEMH, VISl IKUX MOCTYJIIOBaNacs BIICYTHICTH OOMIHY PEYOBHMHOIO Ta €HEPTi€r0
13 goBkumisM. [lpu 1pOMy 00’€KTOM JOCHiIKeHHS Oyrla 3akiio4Ha CTajais
MpOIIECIB, KOJM CHUCTEMA 3HAXOAUTHCS Yy OJU3BKOMY JO0 TEpPMOAUMHAMIYHO
pPIBHOBa)XHOTO cTaHl. Tak, HampuKiaJd, B aHANITAUYHIA XiMii KOPUCTYIOThCSA
BEJIMYMHAMHU JOOYTKIB PO3YMHHOCTI Ba)XKOPO3UYHMHHUX elekTpoiiTiB  (/IP),
BU3HAYEHUMH 32 YMOBH, IO EJEKTPOJIT 3HAXOJUTHCS Yy CTaHl JHUHAMIYHOI
PIBHOBAru 3 0CajJioM.

Hampuknan, bBonmpliMana npu  AOCHIKEHHI PIBHOBAXXHOTO CTaHy B
PO3PIIKEHUX Ta3ax CIiTKajda TBopYa HeBjnauda. COpUNHABIIM 3 €HTY31a3MOM i1ei
JapBIHIBCHKOI €BOJIOLII XMBOTO, BIH BUTPATUB Macy 3yCHJIb Ta 4acy CTpore
(bi3uyHe OOTPYHTYBAaHHS TEOPii JapBiHI3MY, ajie poOoTa He Jocsria ycmixy. [ponis
JI0JI1 TIOJISITA€E B TOMY, 110 IMPHHIIAN MOPSAAKY», 3alponoHoBaHui bosbiimMaHoOM,
npsIMO 3a00pOHSIE BUHUKHEHHS OPraHi30BaHMUX, 1 BHACIIJOK I[OIO TOMY MEHIII
WMOBIpHHUX, CTPYKTYp 13 XAOTHYHHMX, TOOTO Ha 3alepedye camy MOXKJIIHUBICTh
nporpecuBHOi eBoJroiii. Ha Toii yac HepiBHOBaXkH1 (Pi3UYHI MPOLECH MPAKTUYHO
HE 3ragyBanucs, OO0 BBaXajlocsi C€aMO-COOOK0 3pO3yMUIMM, IO BOHU 1€
HETIPUHITATIOB1 KOPOTKOYACHI nepexiiHi cramii 10 BCTAHOBJICHHS
TEPMOAMHAMIUHOI PIBHOBArH.

4.2 Peaaizamis NPHHIHIIiB HepiBHOBaKHOI1
TepMOAHHAMIKH Ha nepexadiosoriuHomy piBHi camoopranizamii
maTepii

4.2.1 Pi3sHYHHUH piBeHBb

Hapasi cutyaiiiss B po3iuii TEpMOAUHAMIKK JTOKOPIHHUM YMHOM 3MIHUJIACS:
TEPMOJIMHAMIYHO 130J1b0OBaHI CHUCTEMH BBa)KAIOTHCS CKOPIIe BUKIFOYECHHSIM, HIX
npaBwioM. JIOCTOBIpHO BiIOMO, MIO caMe€ Y BIJKPUTHUX CHUCTEMax 3a YMOB
3HAQYHOTO BIJJAJCHHS BiJI PIBHOBaru  ICHY€ MOKJIUBICTh C€aAMOJOBLIbHOTIO
BUHUKHEHHS TAaKUX THUIIIB CTPYKTYpP, SKI CaAaMOOPTaHI3yIOThCS, MEPEXONsud BiJ
HEBMOPSAJIKOBAHOTO «TETUIOBOTO XaoCy» Yy CTPYKTypoBaH1 ¢pparmeHTH. Po3poOHMK
Teopii HepiBHOBaXXHOT TepMoauHaMiku, HoGemiBchkuii maypeat i3 ximii 3a 1977 p.
Lnst Tpuroxxun [5] Ha3BaB Taki CTPYKTypH Oucunamusnumu. Ilapagokc B TOMY,
110 TIPOIIEC PO3CiIOBaHHS, HE3BOPOTHUX BTPAT eHeprii («AucHmaii») Bigirpae poib
«TBOPLISI» y CTBOpPEHHI Mopsnaky. OcobnuBa posib HAJIEKUTh Guykmyayiam —
BUMAJKOBUM BIAXWICHHSIM BiJI CEpPEAHHOrO 3HAYEHHS MAESKOI BEJIMYMUHH, SIKa
XapaKTEpPU3y€e CUCTEMY 13 BEJIMKOI KIIbKOCT1 ckianoBux. Oana 13 kHur Knaura 1.
[Ipuroxuna, 1e BUKIJIaJICHO OCHOBU HEPIBHOBAXKHOI TEPMOANHAMIKH, HOCUTh HAa3BY
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— «CaMoopranizailisi B HEpIBHOBOXXHUX cucTeMax. Yepes MUCUMaTUBHI CTPYKTYpHU
710 BIIOPSIKOBAHOCTI NUIIXOM (pirykTyarin» [6].

[IpuknazoM CHOHTAaHHOI MEXaHIYHOI CaMOOpraHi3alii TEeIUIOBOIO pPyXy
MOJIEKYNl SBIAEThCS Hecmitikicmv Benapa (¢pp. H. C. Benard). Ii moxna
CIIOCTEPIraTH B TAKOMY HECKJIaAHOMY ekcrnepumeHTl. Ciifi MOBUIBHO PIBHOMIPHO
MPOrpiBaTH, PO3TALIYBABIIN HATPIBAJIbHUMN €JIEMEHT 3HHU3Y, B’SI3KYy PIAUHY, HAIUTY
B HEBHUCOKY €MHICTh. TeruioBiABENEHHS BiJ HUXKHBOTO JI0 BEPXHBOTO IIAPY 10
NIEBHOIO MOMEHTY 4Yacy 3JIHCHIOETbCS 3a PAXYHOK TEIUIONPOBIIHOCTI, 0€3
nepeMiltyBaHHs mapy piguHd  (KoHBekIii). Ilicias JOCATHEHHS IOPOTOBOTO
3HAQUYEHHSl TpajlleHTa TeMIlepaTyp IIapiB pPIAMHU PIBHOBAXHUU CTaH CHUCTEMU
MOPYILIYETHCS 1 MOYMHAETHCS KOHBEKIIIS. [Ipu IboMy OKpeMi IpyIid MOJIEKYISIPHUX
aHcaMOJIiB OJHOMOMEHTHO pO3MOYMHAIOTh MOrOMKeHO pyXxartucs, (HopMyrdH
KOHBEKTHBHI KOMIpKHM y BHIIIsal rekcaroiB (puc. 4.1, 4.2). 3 TOYkH 30py
IPUHIIIY TOPSIAKY» boibiMaHa Ta KJIACHYHOI MOJEKYJISIPHO-KIHETUYHOT Teopii
TaKoro He Moxe OyTH, 00 sSBHIIE MOSIBU KOMIPOK 3 YMHOPSAIKOBAHOIO CTPYKTYPOIO
O3HAaYaTUME, 110 OUIBIIICTh MOJEKYJ PYXAIOThCS 3 MPAKTUYHO PIBHOIO MIBUAKICTIO.

Puc. 4.1. Cxema MEXaHi3My
dbopMyBaHHS KOMIpPOK benapa vy
BUMAJKy TMPUPOAHOT KOHBEKIi B
TOPU3OHTAIBHOMY LIAp1 PIAUHU

OXOAOAIKEHHSA
HarpiBauusa

~q 10
:ﬁ':.'-*- e

oy [P
*’F'#M‘!ﬁ:f-_'—}

Puc. 4.2. KomipuacTta cTpykTypa
Ha MOBEPXH1 POCIUHHOT OJIIi:

a, 6) 6 noui KOPOHHO20 PO3PsLOY;
8) koneexmueni komipku benapa;
2) hopmyseanms cucmemu KOMIpox
benapa npu eeedenni xkpanni
xonoounoi onii [7].
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OTxe, KJIacMyHa TEPMOJMHAMIKA TPAKTYE TEIUIOBUM pPYyX SK YHHHHK
30UIBLIEHHS] €HTPOIi, JUKEpeso BTpAaT, ajleé «KOMIpKM beHapa» JIeMOHCTPYIOTH,
10, HaBNAKH, KOHBEKIISl CTa€ PYXOMOIO CHJIOIO 3pPOCTaHHS CTPYKTYpOBaHOCTI
cuctemu. L[.P. IlpuroxuH TpakTyBaB 1€ SBHILE SK «CyneppayKTyalito»,
cTabumizamiss sAKoi BIJOYBAa€TbCs 3aBASKHM TOMY, IO CHUCTEMa OOMIHIOETHCS
EHEPri€lo 13 30BHIIIHIM CBITOM.

Tak, HeIOAABHO BCTAHOBJEHO, IO HaJ CYMHO3BICHUM «bepMyJIChbKUM
TPUKYTHHKOM» YTBOPIOIOTHCSI XMapu TrekcaroHanpHOi (opmu (puc. 4.3a). B
VkpaiHi Takl CTPYKTypU MOKHa TMO0QUUTH Yy TE€OJIOTIYHOMY 3aKa3HHUKY
«bazampToBi cToBmm» (puc. 4.36), posramoBaHOMy TOOMM3y cena Hosuit
bepecroBenr KocTomuibcbkoro paiiony PiBHeHCbKOI oOsacti. O4eBUAHO, IO
HEpIBHOMIPHO MpOrpiTa BUBEpPXKEHA Marma, OCTUTal4M, KpHCTali3yBajiacs Yy
BUIVISIAI  KOMIPYACTHX CTPYKTYp TMEpEeBaXKHO IIecTUKyTHOoi ¢opmu. Ha aHi
Brcoxjoro o3epa Pectpik-Ilnaiia B Jlomuni Cmepti B CIIA 3HaMEHUTI «1OB3aroui
KaMEH1» CaMOCTIMHO PYXaloThCsl MO MOBEPXHI, BKPUTIA TUMH XK IIECTUKYTHUKaAMHU

(puc. 4.38).

Puc. 4.3. Komipku benapa B mpupoi:
a) gpopma xmap Hao «bepmyocbKuUM MPUKYMHUKOM;

0) bazanvmosi cmosnu Ha Pisnenuwjuni;

8) Ono eucoxnoeo osepa Pecmpik-Ilnaiis 6 JJonuni Cmepmi ¢ CLIA.
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Bonu yTBOpIOIOTHCSI HACTYIHUM YKMHOM. [IpOoTSAromM ABOX OIIOBUX CE30HIB
(BJIITKY Ta OCOOJIMBO B3MMKY) BOJa YTBOPIOE Ha JIHI TOHKHH map. BiiTky m’ska
MOKpa TJIMHA, HEPIBHOMIPHO HArpiBarOYMCh, BUCUXAE Ta TPICKAETbCA y (dopmi
IIECTUKYTHHKIB. BibIll 1HTEHCUBHI 3UMOBI JIOIII1 CTUPAIOTh 1LIeH BI3EPYHOK, SAKUN
3HOBY 3 AIBJISIETHCS JIMIIE HABECHI, KOJM COHIIE Ta CUJIbHI BITPHU, HEPIBHOMIPHO
IIPOrpiBarOYM BEPXHIM ap KOJIOIJHOT CyMillll, BUCYIIYIOTh 3€MIJIIO.

4.2.2 XimiyHu# piBeHB

Ha ximiyHOMYy PpiBHI SBHUIAa CcaMOOpraHizaiii CIOCTEpiraloTbcsi B
HEPIBHOBRXXHUX XIMIYHUX [polecax. THUMOBUM NPUKIAJL — aBTOKOJHMBAIbHI
MPOIECH - TaK 3BaHl XiMiuHi roAMHHMKH. MexaHi3M iX Jii MO)XKHA OINMUCAaTH Ha
Takii MoJielli: HeXall € €MHICTb 3 MOJIeKyJaMu, 3a0apBICHMMHU B YE€pPBOHUM Ta
CUHIA KOJNbOpHU. TernoBui pyx MOJIEKYJd HOCUTh XaOTHUYHUM XapakTep, TOMY B
OyIp-sKiil 001acTi €MHOCTI OynyTh BiAOyBaTHCs paHAOMHI HE3HA4HI BIJIXUICHHS
KOHLIEHTpal[li YepBOHMX 1 CHHIX MOJEKYJ Bl YCEpEIHEHOI BEJIMYMHU B pI3HI
ctoponu. Ilpote cnocrepirau crnpuiiMatume 3a0apBIICHHS PEAKLIMHOI CyMIll K
¢dioneToBe 3 TpaJlEHTHUMU TEpexoJaMu B OIK YEPBOHOTO YU CHHBOTO
3a0apBJICHHS.

B peakimisgx, Ha3BaHUX «XIMIYHUMH TOJWHHUKAMHU», CIOCTEPITA€ThCS
MPUHIUIOBO 1HINIA CUTYyallis: 3a0apBiEHHs BCi€i peakiiiHOI Macu B MOMEHT
MOYaTKy B3a€MOJIII — CHHE, MOTIM MHUTTEBO 3MIHIOETHCS HA YEpPBOHE, MOTIM —
MOBTOPHO HAa CHHE 1 Tak jaii. Taki 3MiHM MOXYTh TPUBATU MPOTATOM TOJIUH 1
HaBiTh 1HIB. Sk BigmiuaB [. P. IlpuroxkuH, 1mo Taka BHCOKa BIIOPSJAKOBAHICTH
4yepe3 MOro/KeHY MOBEAIHKY MaKPOKUTBKOCTEN MOJIEKYJIT 31a€ThCSl HEMOKIIMBOIO, 1
AKOM XIMIYHUM TOJMHHUK HE MOXKHA OYyJIO BUTOTOBUTH 13 MPOCTUX PEAKTHUBIB 1
CIIOCTEPIraTH B peaibHOMY BUIJISAI B OyAb-sKiM XiMiuHIM jabopaTopii, HaBps
XTOCh TOBIpHB OHW, IO Ii¢ peanbHICTh [8]. Bumaerbcs Tak, IO MOJCKYJIH,
pO3TallloBaHl B PI3HUX OOJACTAX PEAKIINHOT Macu, MOXYTh NHEBHHUM YHUHOM
«repelaBaTd  CUTHAIW»  OJHA onHiil. Ou4eBHJIHO, W0 KOTEPEHTHICTH
(MTOTO/XKEHICTh) TMOBEMIHKA MOJIEKYJ y CHCTEeMi, IO JyKe JaneKka BiJ CTaHy
pIBHOBAru, HESICHUM YMHOM OJTHOMOMEHTHO 3pocTa€e. B cTaHi piBHOBAaru MoJieKyJia
MOX€E «CHIKYBAaTHUCS» JIUIIIE 3 0€3M0CepeIHIMU CyClaMU 1 «0auyuTh» Julle ix. A B
OMHUCaHId CHUCTEMI pPaNTOM BJAJIMHI BiJi PIBHOBArd MOJIEKyJIa «0AuUTh» BCHO
CUCTEMY SIK IILIE.

Tomy, Ha nmymky Ilpuroxkuna, momiOHi yHiKanbHi monii Ta iaykryamii
MOXYTh BI1IOYBAaTHCS JIMIIE B HEPIBHOBAXHOMY CTaHi, SKUH 1 € iXHIM
«OpraHizaTopomM». 3a HEpPIBHOBOXHHX YMOB BIJAOYyBaeTbcsl MaclITaOyBaHHS
CUCTEMHM, 30UIbIIEHHS ii YYTJIMBOCTI JI0 30BHINIHIX MOJpa3HEHb. SIK MiJACYMOK,
3 SIBISIETHCS MOXJIMBICTh TOSIBU OUIbII JOCKOHAIMX (opM opranizamii matepii,
ICTOpUYHA OJHOHAMpPAaBAEHICTh. [Ipu IbOMYy BHUHMKAe (EHOMEHU HOBOI MPUPOIH,
[Tpuroxxun Ha3BaB «ammpaxmopamu» [8]. IlpocTwii aTpakTOop — 1€ 00JIACTh
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NpUTATAHHS (Pa30BUX TPAEKTOPIM, TOOTO Miclle, KyAH CTATYIOTbCS «BUIbHI
yacTUHKW». Hanpuknana, po3riisHEMO MAsTHHK, KMl KOJIMBAETHCSI. ATTPAKTOPOM
JUISL HBOTO € HIDKHS TOYKa HOro TpPaekTopii, TOOTO BiH MOKOJUBAETHCA 1
3YNUHUTBCA B HIM. SIKIIO K MasTHUK MOCTABUTH «3 HIT HA TOJIOBY», IPOTrHO3yBaTH
TPAEKTOPIIO HOro pyxXy HEMOKIMBO, BIH MOXE pyXxaTHcs B Oyab-skuil 0i1k. ToOTO
U 1bOMY BUNAAKY [IpUroKuH BBIB MOHATTS «JIMBHOIO» aTTPaKkTopy, 00 cucrema
MO>K€ MOTPANUTH B IPUHILIUIIOBO HEMPOTHO30BaHY TOUKY.

ABTOpY  BIAKPUTTS  «XIMIYHOTO
4 ronuHHuka» b.II.  benoycoBy mnpoTsarom

_ 0aratbOX pOKIB JOBEJIOCS IOBOJUTH, WIO
BI‘OS {]_f 2 Br2’ ABUINE, SIKUHA BIH JEMOHCTpYE, — HE
~ A «pokyc», a aBTOKOJMBAJbHA XIMIYHA
e H”‘H\\‘ peakuis. B 1951 p. mpu pochimkeHHi
I 4+ OKHCHO-BIJTHOBHOT peakilii Mi>k MaJJOHOBOIO

3+ Ce . -
Ce kuciororo (MK) ta 6pomar-iionom BrOs y
AN II e KUCJIOMY CEpEJIOBUILl B  MPUCYTHOCTI
M;T:r—-:"‘f karamizatopy cyibdaty 1epiro Ce(SOy),

.,
\_ Br- MK BeHOYCOB BUABHUB KOJIMBAHHA

KOHIIEHTpaIli  #WoHIB 1epito. Peakis
oJiepkaia MbKHapoaHy Ha3By «BZ reaction» [9], me mpyra nitepa — CKOPOUYCHHS
npizBumia A.M. )KaGoTuHCBKOTO, SIKMI pO3pOOMB MaTeMaTUYHY MOJIEIb MPOLIECY.
Teopito aucunatuBHux cTpykTyp l. Ilpuroxun posmouyaB came 13 BUBYeHHS BZ
peaxiiii.

IMukn ckiaamaerbess 13 aBox cramid. Ilepma cramis (1) - oxucioeHHs
TPUBAJIEHTHOTO IEPit0 OpoMaTOM:

ce %3, ce (1);

Jpyra cragis (II) — BiZHOBICHHS YOTHPHLOXBAJICHTHOTO IEPil0 OpoMimom
MK:

Ce** + CHBr(COOH), — Ce* +Br + inmi npoxyxru (11)

[IpoaykTu BiIHOBJIEHHS OpOMATy, IKUW YTBOPIOEThCS Ha cTalii |, GpoMyrOTh
MK. Bbpomonoxigni MK, ski yTBOpumincs, pywMHYIOTbCS 3 BUAUICHHSM Br. A
OpoMiJl, B CBOIO YEPTY, € CUIBHUM 1HT101TOpoM peakiiii. CxeMa aBTOKOJIUBAIbHO1
peaxiii Moke OyTH SKICHO ONMCaHa HACTy[THUM YMHOM: B CUCTEMI MPUCYTHI HOHU
[Ce™]. Bomn karamisyrors yrteopemns [Br] (cramis 1), sxmit B3aemomie 3
yacTHHKaMu X peakmii | 1 BUBOAMTHCS 13 cucTeMH. SKio KoHueHtpailis [Br]
JIOCTaTHLO BUCOKA, peakilis | moBHicTio OsiokoBaHa. Konu KoHIeHTpallisi HOHIB
[Ce™] B pesymprari peaxmii |l 3MEHIIHTBCS 1O MOPOrOBOTO 3HAYCHHS,
KoHIeHTpaliss [Br] mamae, Tum camum po30iokoByroun peakiito |. IIBuakicTh
peakwii | 3poctae, i 3pocrae xonuentparis [Ce*]. IIpu HOCATHEHHI BEpXHBOTO
noporosoro 3uaueHns [Ce*"] kornenTpauis [Br] Takox csrae BeIHKHX 3HAUYCHD, i
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1€ 3HOBY IPUBOAUTH A0 OJOKyBaHHs peakilii | 1 Bce moBTOproeThes croyaTky. Ha
puc. 4.4 nokazaHo 3oBHIIHIA edexT BZ peakii, gaxkujo ii mpoBoauTH B yaliili
[etpi.

Puc. 4.4. Peakuis benoycona-

JKaboTuHchKOTO y BUTIAA1
MaKpPOCKOITIYHUX XBUJIb XIMI4HOT
AKTUBHOCTI

ABTOpU  BIAKPUTTS TIOKa3adM, IO PEaKI(il0 MOXHa IPOBOJHUTH,
0 O

OMOH, a i

BUKOPUCTOBYIOUM Yy SIKOCTI BIJHOBHMKa He Tuibku MK H
CSNGICLR

o
JMMOHHY KHCIIOTY Ho on " um 1HIIYy, A€ € akThuBHa MeTwieHoBa —CHy—
rpyna. OKHCHO-BIJHOBHY Napy Ce™/Ce®* moxna 3aminuTH Ha cuctemu Mn**/Mn?
a0o0 ¢eppin/pepoin (BUKOPUCTOBYETHCS K PEIOKC-IHIUKATOP).

[Ticns Biakputts BZ peaxuii po3mnoyaBcsi IHTEHCUBHMM MOIIYK B JaHid
rajry3i, BIIKpUTO 0araTo CXOXKHX IPOLECIB, iX KUIBKICTh HIOPOKY 30UIBIIYETHCS.
Hanpukian, B monorpadii [10] onucano mMaremMaTwdHi MOJEI JECATKIB CXOKHUX
MPOIIECIB.

Onucani BuUllle TPUKIAIM CaMOOpPTaHi3aiii CHUCTEM Yy TEPMOJUHAMIYHO
HEpIBHOBAXHOMY CTaHl NepeAdadaroTh, I CHUCTEMHU IMOMEPEIHbO BUBEACHO 13
CTaHy piBHOBaru. ¥ Komipkax beHapa 1iell 30BHINIHIN MOIITOBX, IO BUBOAUTH
CUCTEMY 13 pIBHOBaru, Ma€ ME€XaHi4Hy MPUPOAY, KOJU Y HUKHbOMY IIapi piAMHU
MIpU HarpiBaHHI 3MEHIIYEThCS] TYCTHUHA, BHACIHIIOK YOTO IEHTP Barv 3MILIYEThCS
Bropy. Ilicist JocsrHEHHS KPUTUYHOI TOYKM PI3HUII TYCTUH CHCTEMa
«MEePEeBEPTAETHCA», 32 PAXyHOK YOT0 i1 BUHMKAE KOHBEKIIIS.

B XIMIYHHX peakUiiX BHUBECTH CHCTEMY 13 IOJIO)KEHHS PIBHOBaru, KOJH
IIBUJIKICTh MPAMOI ¥ 3BOPOTHOI peakilli ypiBHsUIMCS MIDX CO00I0, 3HAa4yHO
ckiaaHime. /[y nporo 30BHIIIHS Jis NOBUHHA OyTH TaKolO, 00 MOJOJAaTH MEXI
nii mpununy Jle-Illarense (Gp. H. L. Le Chatelier), konu piBHOBaXkHA cUcTeMa Ha
30BHIIIHI BIUIMBU pearye 3MIIIEHHAM IIOJIO)KEHHs piBHOBaru. MokiuBo, came
TOMY MpOIIECH camoopraHizamii Ha XiMigHOMYy piBHI (tmmy BZ peakiii) Oyso
BIIKpUTO BITHOCHO HEJABHO, Xoda ITamichkuii MaTeMatuk Bito Boabeteppa
(iran.Vito Volterra) nependauus ix Teoperudno me B 1910 p.
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JIist mopylieHHsI piBHOBAXKHOTO CTaHy CTAIllOHAPHOI CUCTEMH ICHYE OJHa
000B’S3KOBa YMOBa, XO04a BOHA M HE J1a€ MOBHOI TapaHTii: B JAHIIOTY XIMIYHUX
MEepPEeTBOPEHb Yy CHUCTEM1 MOBHMHHI BXOJUTH aBTOKATANITH4YHI 1ukiu. lle — Taki
CTaii, KOJIM MPOAYKT peakilii Karaji3ye BIacHe yTBOpeHHs. JKUTTA BIAacHE 1 Mae
OCHOBOIO aBTOKATAJITUYHI PEAKIil, THITy MAaTPUIHOTO CUHTE3Y OLIKIB Tomo [11].

JIyist po3yMiHHSI IPUHIUMIB (PYHKIIIOHYBAHHS )KHUBOT MaTepii CiA JOCIIAUTH
HEOPTaHiYHI CHUCTEMH, SIKI caMOOpraHi3yrwThcsa. Tak, y peakiii beroycosa-
7KabOTHHCHKOTO BUKOPUCTAHO 30BCIM TIPOCTI HEOpPraHiuHi CHOJYKH, Xoua
MeXaHi3M ii TpOTiKaHHS JTyKe CKiIaaHui 1 Bkiodae Oinsg 30 intepmeniartis [12].
Toni sik kKackaaHUX (EepMEHTATUBHUX Ipoliecax, sIKi € Mpolecax caMoopranizaiii
Ha Oiosoriunomy piBHi [13], HaBmaku, cxema peakiii JOCHTH MPOCTa, ale
MOJICKYJIH, [0 TPUHMAIOTh Y4acTh B HUX (OUTKH, HYKJICTHOBI KUCIIOTH), CKJIaHI Ta
cneuudiydi. Ak TpUKIAL HUXKYE HaBEACHO CXeMy O10XIMIYHOTO IMPOIECY
B3aeMOAii cyOcTtpaty 3 (epMeHTOM XIMOTPUIICMHOM, IO SBJISE COOOIO
aBTOKOJIMBAJIbHY peakiriro (puc. 4.5).

0 0
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Puc. 4.5. CxeMa aBTOKOJNMBAJIbHOI peakilii XIMOTPUIICUHY 3 CyOCTpaToM
[13]

[. P. IlpuroxuH axkieHTyBaB yBary came Ha Il pi3HUII, BBaXKarouu Ii
HaJ3BMYallHO Ba)XJIMBOIO, L0 BIANOBiAAa€ (YyHAAMEHTAIBHIA BIAMIHHOCTI MIX
Oionoriero Ta (izukoro: «Y OioysoriuHux cucreM (Ha BiAMIHY BiJ (i3MYHUX) €
MunyJe. Monekynu, Mo iX yTBOPIOIOThH, — MIJCYMOK MOMEPEAHbOI €BOJIOIIII,
BOHM Oynu BigiOpaHi a7mg ydacTi B aBTOKATAIITHYHUX MeXaHizmax». Llei
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BHCHOBOK HAIMPSIMy MOTOJKYETHCS 13 JOCIIIKEHHSIMU HIMEUBKOro (Pi3MKO-XIMiKa
M. Eiirena [14] (mim. M. Eigen) mpo camoopraHi3aimifo MOJICKYJ Ha OCHOBI
MaTpUYHOIT PENpPOAYKIIi Ta MPUPOJHOrO BIAOOPY — MO CYTi Teopii adioreHHoro
MOXO/I’KEHHS KUTTH.

[Nnepiukin — 1e cnocid 00’ e HAHHS CaMOBIITBOPIOBAHUX MaKPOMOJIEKYI B
3aMKHEH1 aBTOKaTaJIITU4HI XIMI4HI UK. [lo cyTi, rinepuukiy, ikl cami 1o co0i
BCE JK€ UMCTa XIMisl, MAIOTh BXKE JIEeAK1 03HAKU KHUBOTO!

- Kpyroo0ir peuoBUH Ta €HEprii;
- BinrBopeHHs 3 HaclilyBaHHSAM 1HQOpMAIIii;

[IprCTOCOBHICTH 10 YMOB, K1 3MIHIOIOTHCS.

[Nneprukinu ¢GyHKIIOHYIOTh 32 MPUHIUIOM JapBIHIBCHKOTO MPUPOIHOTO
B1100OpY, ajie HEe Ha PiBHI BU/IB, a HA PIBHI MOJIEKYJI. [HaKIIe KaXXy4H, 1€ TinoTe3a
MOJIEKYJISIpHOI eBosonil (MuB. Esonoyitina ximis), MO TPUBENA IO YTBOPCHHS
MepIIoi )KMBO1 KIITHUHU, KA BUKOPUCTOBYBaJla TEHETUYHUN KO JJIsI MAaTPUUHOTO
CUHTE3y OlIKa.

JIist po3yMiHHS TPUHITUIIOBOI PI3HUIN MK TUIAMHU KaTAITUYHUX peakiiit
PO3TJITHEMO HACTYITHE OpiBHAHHSA (puc. 4.6).

Hailinpocrimmii BapiaHT KaTaJIITHYHOI peakilii - € MepeTBOPEHHS BUX1THOTO
cyoctpaty S B mpoaykT P mim miero ommamuHOro (epmenty E. Haith Takwmii
HECKJIQJIHUI MeXaHi13M NOoTpelye K MIHIMYM TPUUJIEHHOI CTPYKTYpPU PeakiiitHoro
Ky (puc. 4.6a). IcHYy1OTh HabaraTo CKJIAIHINII IUKIIU, TaKi, HAPUKJIA, K [IAKJI
Kpebca (puc. 4.60 — 12-unieHHUI UK, IO pealti3ye Mpolec KIITHHHOTO JUXaHHS
IUIIXOM OKHUCJIEHHS 3a OauH 1K1 anetwibHux 3anmumkis CH3CO™ no nBox
mosiekyn CO,, Tprox wmojekyn NADH (aikoTHHaMinauaIeHIHAMHYKICOTHY),
oxuy moiekyny FADH; (mpoTtoHoBaHOTO (uiaMiHAICHIHANHYKICOTHAY) Ta OJHY
mosiekyny ['T® (ryanosmaTpudochary) abo ATD (amenosuntpudocdary).
Enextponu, 1o 3HaxoAsTbCcs Ha JUHYKIEOTHIAX, Jail TMEpPEeHOCATHhCS Ha
TUXaJbHUN JIAHITIOT, 7€ B XOJ1 PEakIlli OKHUCIIOBaIbHOrO ¢hochopuroBaHHS
yTBOPHOEThCsSE ATO.

Ane BCl 1l pI3HOBUJIM — HE TOBTOPEHHS CTApOro y HOBOMY BuMipi. Taki
npoiiecu BiIOYBalOThCS 1€ Ha CTaAli saepHux peakmii. [Ipukiagom moxe
ciyryBaTu kapOoHoBuil 1mukn bere-Baiizekepa (puc. 4.66), 3aBIsku sSKOMy Ha
CoHui peani3yeTbcsi MPOTOH-IPOTOHHMM HUKI. He3Bakarounm Ha MPUHIMIOBI
BIIMIHHOCTI MK BKa3aHUMHU peakilissMu (mepina — XiMigHa, Japyra — sijiepHa), BOHU
CXOX1 B CBOid OCHOBI — B 000X pEYOBMHA 3 BHUCOKHMM 3allacoM €Heprii
MIEPETBOPIOETHCS HA MEHIII CHEPrOEMHI MPOAYKTH 4epe3 30epekeHHs (MHUKIIIYHE
BIJITBOPEHHS ) MPOMIKHUX CKJIAJOBUX — IHTEPMEIiaTiB.
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Puc. 4.6. Tunm XiMidHUX peaKIIii

Hactymuuii 3a piBHeM opraHizamii € kaTamiTthdHuid 1uka (puc. 4.62), me
OKpeMi abo BCI IHTEpMEAiaTH SIBISIOTHCS aBTOKATalli3aTOpaMu JJisl OJIHIET 3 psay
HacTynmHUX peakiid. Koxanii i3 HuX (En+1) GopMy€eThes i3 CyOCTpaTy 3 BUCOKHM
3armacoMm eHeprii (S) MUIIXoM KaTaliTHYHOT MIATPUMKH MTOTICPEIHIM IHTepMeTiaTOM
E,. Takum YuHOM, Taku¥ KATANTUYHUN IUKJI Y CYKYIHOCTI SIBIISI€E
aBTOKATAJII3aTOoP.

Skmo K Taki OKpeMi aBTOKATaIITHYHI (CaMOBIATBOPIOBAHi) OJMHHMII
3B’SI3YIOThCS MiXK COOOIO 4epe3 IUKIIYHHNA 3B 30K, TO BHHHKAE cinepyuxn (puc.
4.60). Bin 6a3yeThCcs Ha HENIHIHHOMY aBTOKAaTalli3i MiHIMYyM 2-TO MOPSAKY, SKAW
OMUCYETHCS KIHETUYHUM PIBHAHHIM v=k-C? i sBy1sie 06010 HACTYITHUH, 111€ BUILUN
piBEHb l€papXii aBTOKATATITUYHUX CUCTEM. BiH BKIIIOYAa€ OJIUHMUII, SIK1 CAMOCTIMHO
BUABIIAIOTh MOJABIMHI KaTalITH4HI (QYHKLII: y SKOCTI aBTOKaTali3aTopy
iHTEepMeiaT /; MOXe MPUCKOPIOBATH CBOE BJIAcCHE BIATBOPEHHS, 1 MPHU IbOMY IIE
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KaTaji3ye BIATBOPEHHS 13 BHCOKOCHEPIeTHUHOro cyoctpaty (S) HacTymHOro B
naHmory iHrepmemiaty (fi4+1).

HaiinpocTinly aBTOKATAIITHYHY PEAKI[1l0 MOKHA MPEICTABUTH TaK:

| + S— 2I.

[Ticns peakmii aBTOKatamizatopy I 3 cybctpatom S YTBOPIOIOTBCS [IBi
MOJIEKYJIM aBTOKaTamizaropa. [Ipu mocTaTHiM KUIBKOCTI CyOCTpaTy MOYUHAETHCS
JTABUHOTIOA10HU TIpoIIeC.

Sk Oyne moBoauTH cebe Taka peaxiiist y BIIKPUTIH CUCTEMI, KOJIU KUIbKICTh
cyocTpaTy obomexxeHa? Po3paxyHKH MOKa3ylOTh, IO ICHYIOThH JBa CTaIllOHAPHUX
CTaHU: B MEPIIOMY HECTIMKOMY — KUIbKICTh aBTOKAaTali3aTOpy Ha CTapTi TOYHO
JOpiBHIOE HYIIO. [[1s1 TOro, mo0 oro KOHIEHTpallis 3pociia, y SIKOCTI «3aTpaBKU»
noTpiOHa xoya O OJHa MOJEKyJa MONEpeAHHKa aBTOKartaiizaTopy. B mpyromy
BUMAJKy — KOHIIGHTpAIlisl aBTOKaTaji3aTopa JIHIHHO 3pOCTa€ 13 3pPOCTAHHSIM
KUTBKOCTI cyOcTpary S. Ane mpu bOMYy KOHIEHTpallis S MOBUHHA MEPEBUIILYBATH
NeIKUM MIHIMAJIbHUM PIBEHb, SKUM 3aJCKUTh BiJ BIACTHBOCTEH KOHKPETHOTO
aBTOKaraiizaropa. fKmio x cyOcTpaTy MeEHIle, TO KUIBKICTh aBTOKaTaii3aropa
MOCTYIOBO 3HHU3UTHCS 10 HyJHs. TakuM YMHOM, JJisi aBTOKATANITUYHUX peakilii
ICHy€e KpUTHYHA MeXa, MPU SKid cyOCTpaT 1Ie €, alleé aBTOKATaIi3aTop BIKE 3HUK.
[Ipuyomy MOBHICTIO, 10 OCTAaHHBKOT MOJIEKYJIU. Tenep mpUumycTUMoO, 1O CTPYKTypa
YH CKJIaJl MOJIEKYJIM MOXKYTbh SKUMOCh YHHOM MIHSITUCS 1110 MPUBOJUTH J10 3MIHHU 1i
BrnactuBocTel. KoxHil TpanchopmoBaHiil MosieKyni Oyne BIANOBIIATH CBOS
BEeITMYMHA KPUTHYHOI KOHIEHTpallii cyoctpaty S. SIkmo koHmeHTparis S Oyze
3MEHIIYBaTUCA JO PIBHS, HIKYOTO 3a KPUTUYHMM, TO CIOYATKy 3HUKHYTH TI
aBTOKATAIII3aTOPH, JUIS SKUX KPUTHYHUK piBeHb S HaiiBummi. HaBiTh sKImo
KOHIIEHTpAIlisl cyOCTpaTy 30UIbIIUTHCS, TO 3HUKIII TUITM aBTOKATal13aTOPIB BXKE HE
BIJTHOBIIATHCSA, 00 BOHU HE iCHYIOTh Oumbiie B cuctemi (puc. 4.7). Omnwucanuii
MPOILIEC — AHAJIOT TPUPOTHOTO BIAOOPY B O10JIOTTUYHUX MOMYJISAIISAX.

Sk mpuknaj aBTOKATAIITHYHOI peakilii 3 MyTallisiMd aBTOKaTali3aTopy Ta
€JIeMEHTaMH «IPUPOJHOIO BiAOOPY» MOXHA HABECTH TaK 3BaHy «()OPMO3HY»
peakmist bytneposa, Bimkputy 150 pokiB Hazanm. lle cuHTE3 IMyKpiB 3 MOJCKYI
dbopmanpaeriny:

nCH,O — (CH,0),.

Peakiiis mpoTikae B MPUCYTHOCTI KaTIOHIB Ca®* um Mg2+ MpU KIMHATHIN
TeMIeparypl y BOAHUX pO3UMHAX. ABTOKaTali3aTOpaMH B LI peakiii sBISIOThCS
MPOAYKTH peaKilii — LYKpH, K1 B Hii k€ i1 CHHTE3YIOThCS.

[{ro peakirito akTUBHO BHBYAIU B cepenuHi /0-x pokiB XX cT., Tak 5K 3 ii
JOTIOMOTOI0 HaMarajlucsl BHPINIUTH MpoOJIeMy CHHTE3y IITYYHOI — K1 IS
3a0€3MeUeHHs] XapuOBUMU MPOAYKTaMU TIMOTETUYHOI eKcrenuilii Ha Mapc, npote
MOCTYMOBO IHTEPEC A0 HEl 31MII0B HaHIBEllb.
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Puc. 4.7. «Ilpupognuii» BinOip aBTOKaTamizatopiB |; mpu 3MeHIIEHHI Ta
HACTYMMTHOMY 30UTBIICHHI KOHIIEHTpalii cybcrtpaty S. «BmkuBae» TUIBKH
aBTOKaTani3arop ls, A7s sIKOro KpUTUYHA KOHLEHTpALIS CyOCTpaTy Syp3 BUSBHIIACS
HIDKYOIO, HDK MIHIMalIbHO HEOOXIAHUM piBEeHb KOHIIEHTpaIlli cyOcTparty
(mo3unaueno o) [15]

[IpoOnema mossiraia B TOMy, IO peakiis byTiepoBa mnpuBOIUTH 110
OJIEpaHHSI CyMIlIl TPOAYKTIB PI3HOI OyAOBH, A0 TOrO X Pl 13 HUX Oynu
HeCTa6iJ'IBHI/IMI/I (puc. 4.8):

@\HOH % %

OH D-dpyrTOo3a  D-raroxosza OH D-raanaxkTo3a OH

H
OH
OH i QOH
HO —Q e 2 _
B
HO HO-\ -\ OH
L OH
D-maHO3a -~ M1i0-iHO3HTOA OH
Puc. 4.8. Ctpykrypa MoHOImyKpiB ckiany Cg, SKi YTBOPIOIOTBCS B PEAKITii

bytneposa

[leit HaOip 130MEepHUX LYKPIB — HE L0 1HIIE, SK MNPOTOTUN MyTaliid. Bci
MOHOIIYKPH MAarOTh OJHAKOBUM KIIBKICHUU CKJaj, aje pi3Hl 3a BIACTUBOCTSIMHU.
Tomy pi3HUMU NOBUHHI OYTU ¥ KPUTUYHI KOHIIEHTpaIlli popMalibieTily, PU SIKUX
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MOXHa OYIKYBaTH «BHMHpAHHS» yKpiB uepe3 12 rox. llomrykn YWHHUKIB
cTabuTi3alii MpoIyKTiB LI€T peakUii IPUBEIH 10 BUCHOBKY, 1110 BOHA Bi0OYyBa€eThCA
OLIBII BIOPSAJIKOBAHO, a MPOAYKTH CTalOTh CTAOUIBHUMHU, SIKIIO B PEaKIlil0 BBECTH
cwrikar HaTpito Na,SiOz;. Ha Buxozai yTBOprOBaJMCS B OCHOBHOMY IIYKpH, IO
Mmictun 4, 5 Ta 6 aTromiB BYTJIEIO. Ix acopTUMEHT OYyB 3HAYHO MEHIIUM
MOPIBHSIHO 3 yMOBamMu 0e€3 JOJlaBaHHs CWIIIKATIiB, a KIHLUEB1 NPOAYKTH OyiIu
JIOCTaTHLO CTa0UIbHI. B «3BUUaliHNX» yMOBaxX NMPOAyKTH peakilii byTiaepoBa yepes
30 xB. ta 12 rox. Bim MOYaTKy CHMHTE3y MNPHUHIMIIOBO pi3Hi. B mpucyTHOCTI
CHJTIKATIB ISl PI3HHUIA PaIUKaIbHO HiBemoBasacs [15].

BusisneHi e(ekTH MOACHIOIOTHCA TUM, 1110 CHIIIKATA BUOIPKOBO MPUEIHYIOThH
10 cebe meski Mykpu (o JABI MOJICKYJIH IyKPY Ha OJMH aTOM KPEMHII0), TPHIOMY
YTBOPEHI KOMIUIEKCH B)K€ HE NPHUUMArOTh y4acTi B MOJAJIBIINX NEPETBOPEHHAX
(puc. 4.9): MOJIEKYJIH TJIKOIbAIBICTINY, IO MICTSITH JIBa aTOMH ByTJIeio (311iBa) B
MPUCYTHOCTI CUJIIKATY HATPII0 00’ €IHYIOTHCS MONApHO B MOJIEKYJIHM 3 HYOTHpMa
aToOMaMU BYTJIEIIO — TPEO3U UM €PUTPO3H, SKI, B CBOIO YEPTY, YTBOPIOIOTH CTINKI
KOMILTCKCH 13 CHIIIKaTOM (B LIEHTP1).

o]
CHO i
N323|03 Ho__sll ’.___0 HCI
CH,OH | g Hzo, Tpeo3a
o]
0
OH

Puc. 4.9. CenexkTuBHA peakIliss auMepu3allii TIIKOIbAIBACTITY B
MPUCYTHOCTI CHITIKaTy HaTpito [15]

Ti MoJekyau LYyKpiB, CTPYKTypa SKHUX HE JO03BOJISIE IPUEAHATHCS 0
CWJIIKATIB, MPOAOBXKYIOTH MoAUPIKaIi A0 TUX Mip, NOKHU HE MATUMYTh
MOXJIHBOCTI  yTBODHTH KOMIUIekcH 3 SiOsz”. TakuM 9HHOM, CHIIKATH
«CEJIEKL10HYIOTh» LYKPH, «00paH1» MOJIEKYJIH MPHU LbOMY CTa0UTI3yIOThCS.

B pe3ynbTaTi B pO34HMHI HAKONUYYIOTHCS MOJEKYJIH LYKPiB NEBHOIO THILY.
IX MO’kHA BiITITUTH BiJ CHITIKATIB, 3HU3UBIIN pH cepenoBuia 1 ogepxaTu TaKUM
YUHOM «YHCTI» LYKPU B CTPOr0 BU3HAYEHUH MOMEHT, HAPUKJIA[, TaKi:



HO OH HO H
o-D- epiTpodypaHosa B-D- Tpeodypanoza

[Ile OuIbIn 1iKaBl pe3yJbTaTH OJEPKAHO MPHU JOCIIKEHHI peaxii
BbytiiepoBa B crarioHapHux ymoBax [16]. BusBiieHo, mo «3aTpaBKOIO» IHOTO
aBTOKATAJIITUYHOIO IUKIY MOXe OyTH LYKOp, UISl CHHTE3Y SIKOTO JOCTaTHBO
o0pobutn Y®-punpominroBanasaMm (popmansaerin CH,O. Tlpu gocnmimkeHHi posi
jionie Ca®* i Mg” B miif peakii BusBHIOCH, IO Bei i YYaCHUKH YTBOPIOIOTH
IHTEpMEI1aTH AHAJIOTIYHO 1O CHIIIKaTHUX — CIIOYAaTKy YTBOPIOETHCS KOMILIEKC
jioris Ca*" i Mg®* 3 omiero MOJIEKYJIOIO I[yKpPY, @ MOTIM O HbOI'O MPUETHYETHCA
e oxHa Mosiekyia cyoctpaty CH,O. IlizHime BUSBUIN, 10 y pa3i BUKOPUCTAHHS
y SIKOCT1 JpKepella Kajbllil0 MPUPOJHOTO amaTuTy B peakiii (GopManbleriny 3
HaWIPOCTINMMHU LYKPaMU MailKe CEJIEKTUBHO YTBOPIOEThCA pub03a — MpEKypcop
st cunte3y PHK. Takox OUIbII CENEKTMBHO CHUHTE3 IYKpIB B1IOYBaeThbCs B
npucytHocTi 1iaHaminy CHyNy, crionyk 6opy ta gpocdopy.

[IpocTM TpUKIAAOM TINEPUUKIY MOXKE OyTH PO3MHOXEHHS BIPYCY, SIKHUM
mictuth PHK, B xkmiTuHi Oakrtepii. VYHIKadbHI BJIACTUBOCTI TIMEPUHUKITY
MOPOJUKYIOTh TIOBEIIIHKY CHCTEMH, sKa TOTOXHa eBoitomii JlapBiHa (muB.
Esomoyitina ximis).

KoHKypeH1is M TIepuuKIoM Ta OyIb-SKOI0 THIIOK CaMOBIATBOPIOBAHOIO
OJIMHULIEIO, KA HE BXOAUTH O HOro CKJaay, BIIOYBA€ThCS JKOPCTKIIIE, HIK Y
npupoi MK Bujamu 3a JlapBiHoMm. [{HMKJI HUKYOTO MOPSIIKY «BHXKHBAE» JIUIIIEC
TOMAl, SIKIIO OO’€QHYETHCS 3 TINEPUUKIOM B aBTOKATATITUYHUNA LMK OLUIbII
BHCOKOI'O HacTyImHOrO NOpsAAKY. I'imepuuki, sKUi caM CKIIQJA€eThCs 13 OKPEMHX
CaMOBIITBOPIOBAHMX OJMHUIIb, 30epirae (ikcoBaHy KUIbKICTh 1HQOpMAaIli Ta
nepenae il BIO «IOpPEAKIB» JO «HAIIAJKIB», TOOTO MpOsBIsie€ i1HGOpMAIIHHY
¢dyHkiio. [Hakme Kaxydu, TIOEPIUKI IHTETPYE OKPEMI OJMHUIIL B CHUCTEMY,
3/1aTHY TNOTOJKEHO €BOJIIOLIIOHYBaTU. llpu mboMy mepeBarum CTPYKTypH HHMXKYO1
lepapxii BUKOPUCTOBYIOTh BCl YYaCHHMKHM OUIbII BHUCOKOI lepapxii. [Ipudyomy neit
Mpolec MpOTIKaE B yMOBaxX IHTEHCUBHOI KOHKYPEHIlI CHUCTEMH, sKa
CaMOOPTIaHI3y€eThCs, 3 Oyb-IKUMH IHIIUMHU OJUHULSIMU.

OTrxe, Ha OI0XIMIYHOMY pIBHI BUHHUKAIOTh «K8A3i6UOU», BIIOIp SAKUX
3MIUCHIOETHCS 3a MPUHIIMIIAMH, aHAJOTTYHUMH OloJjioridyHoi eBojtolii. Eiren tak
BIJINOB1/IaB HA KPUTUYHI 3ayBAXKEHHS MPO TE, 110 TIHEPLUKIN B peAIbHUX YMOBaX
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3apa3 He 3yCTpiuarThcia. MOXIMBO, B XOJ1 €BOJIONII TINEPUUKIA MOXYTh
«BUMHpPATHU», BHACHIJIOK KOHKYpEHINi 3 ()EPMEHTHUMHU CHUCTEMaMU HACTYIHOTO
lepapXi4HOro  piBHA, SAKI OUIBII  TOYHO pEenpoayKyIOTh cebe, 3yMUIH
IHAMBITYallI3yBaTH IHTETPaIbHy CUCTEMY B (DOpPMI KIIITUHHU.

Sk mporuBary Mopeni rinepuukiiB Elirena Oyio 3anmpornoHOBaHO OUIbII
MPOCTY TIMOTE3y 010XIMIYHOT €BOJIIOLII Y BUIJISAI CAMOBIATBOPIOBAHOI CUCTEMH,
JI0 CKJaLy AKO1 BXOAATH MONHYKIEOTHUIHA MAaTPUIA Ta (PepMEHTH. [i Ha Moyatky
1980-x pp. XX cT. 3amponoHyBaIM KiJbKa aBTOPIB HE3AJIEKHO OJHWH Bijl OJTHOTO:
B.A. Patuep i B.B. Illamin (HoBocu6ipceek) [17] Ta [. Yaiit (Kamidopnis) (D.H.
White) [18]. B.A. Patuep i B.B. Illamin Ha3Banu ii «modennio catizepy» (Bif aHIIL
Syser — system of self-reproduction), a JI. Yaiit Ha3sBaB «asmozernom» (autogen).
B nogansiiomy BUSBUIIOCS, IO Ta Bepcis MOAENI, sIKY 3alpoOIllOHYBaB YaWT, He
BUTPUMY€E KPUTHKHU 3 MaTeMaTudHoi Touku 30py [19]. Ili3Hime momensb caii3epis
Oymna moBTopHO Bifkputa P. ®atictenem (Him. R. Feistel) [20], skuii mpoBiB OimbII
YITKUH MaTeMaTHYHUN aHami3 1€l moxaeni. Jleski  metami mopeni canzepiB
yrounuB B.I". Peapko [21].

Caiizep ckmamaeTbcs 13 psay ¢epMeHTiB (perutikamii £p;  TpaHCHSMil
E;nonomixkHUX (epMeHTIB/OUKIB E3, Ey,..., Ep) 1 moninykieoTumaoi Matpuiti /
(puc. 4.10). B ocraHHili 30epiraeTbcs «reHETHUHA» iH(OpPMAIlis, 3aKOJ0BaHA Y
BUTJISI/II TOCJI1ZIOBHOCTI aMIHOKUCIOT (JEPMEHTIB.

Q F I
1 1 1 1 | 1 |
1 l 1 l 1 l 1 l 1 1 l 1
E; E; E; 4 Ey

Puc. 4.10. 3aransHa cxema caiizepy: / — MOMHyKICOTHaHA MaTpuis, E; —
dbepmentn/6unku. Kpyrosa cTpijika HaJ MaTpUIICI0 CUMBOJII3Y€E MPOIIEC PEILTIKALIii.
Crpinku, HampaplieH1I BEPTUKAIbHO BHU3, UIIOCTPYIOTH MPOILIECU TPAHCIAILI].

Crpinku Binm ¢epmentiB E; Ta E; 03Ha4aroTh, O i (EPMEHTH KaHATI3yIOTh
MPOIIECH TPAHCJIALIT Ta perUTiKaIii.

BianoBigHO, BIATBOPEHHST MaTpuill 3a0e3nedyeTbesi GepMEHTOM perutikarii
Ei, cunrte3 BinOyBaeThcs 3a ydacTio (epMEHTy TpaHcidaiii E, BiamoBimHO 10
iH(popMarlii, 3akogoBaHoi y matpuili. OTxe, caiizep 6arato B yomy noaiOHHUI 10
KWBO1 KIITUHH. CHiJ BIAMITHATH, IO TTOYaTKOBI CXEMH cai3epiB BKIIOYAIH KIJTbKa
MaTpullb. ABTOPM Ha3BaJld iX cai3epaMd 13 HE3UYCIUICHUMH MATPUIISIMHU.
Hanpuxkman, JI. Vaiir [18] po3risHyB CcaMOBIATBOPIOBaHY CHCTEMY, sKa
CKJIaJIa€ThCS 13 JIBOX MaTPHIlhb Ta JBOX (PEpMEHTIB: B LI cXeMi mepIia MaTpUIls
Koqye (hepMeHT perutikailii, a apyra — pepmenT Tpancusuii. J[. Yalt Ha3BaB 110
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cucreMy «aBroreHom» (puc. 4.11). Opnnak icHye mpo0OJieMa CTPYKTypHOT
HECTIMKOCTI cai3epiB 3 KUIbKOMa MaTpulsMHU. 30KpeMma, OyJio MOKa3aHo, o
aBTOTeH CTPYKTYpHO HecTiiikuid [19]: mns Hioro icHyBaHHS IIBHAKOCTI peruTikarii
MOJIIHYKJIEOTUIHUX MaTpULlb MOBUHHI OYTH TOYHO PIBHUMHU OJHA OJHIM, 1HAKIIE
KOHIIEHTpAIlisi OJHI€l 3 MaTpullb OyJe BeChb 4Yac 3MEHIIYBAaTUCS MOPIBHSIHO 3
THIIOIO — B PE3YJIbTaTI aBTOTEH MPOCTO KBUMPE».

Posrnsmaroun 0UIsiXW  yCKIAAHEHHS CHUCTEMH, CHiJ 3rajaTd BUCHOBKHU
omHoro 13 (dynmaropiB cydacHoi kiOepHetuku JIk. ¢on Helimana (J. von
Neumann), skuii BHpIilIyBaB MpPoOOJEMYy CaMOBIITBOPEHHS aBTOMAaTHYHHX
npuctpoiB [22]. Ha ¥ioro ayMKy, CKIQQHICTh Opradizaiii CHCTEeMH BHU3HAYae ii
3IAaTHICTh O CaMOBIATBOpeHHs. Ha HIkuoMy pIBH1 Oprasizaiiii aBTOMaT MOXKE
BIITBOPIOBATH TIJIBKH OLIBII MPOCTI MEXaH13MU, TOOTO BiOYBAETHCS BUPOIKEHHS
CKJIAJTHOCTI. ICHye OJHO3HAYHO 11EHTU(]IKOBAHUI PIBEHb KPUTUYHOTO PIBHS
opraHizailii CUCTEMHU, BUIIE SIKOTO CKJIAIHICTh MOYMHAE CAaMOMIATPUMYBATUCS a00
3pOCTATH.

v
() () &

Puc. 4.11. Cucrema «aBptoreny» 3a [[. Yaiitom — caiizepy 3 He3UeILUICHUMU

MOJIIHYKJICOTHIHUMHU MaTpuismu |; (koxye depment permtikamii Ej) Ta | (koaye
dbepmeHT TpaHcii Ey)

[{i aBTOMaTH CKJIQJalOThCS i3 HACTYIMHUX OCHOBHUX KOMIIOHEHTIB (puc.
4.12):

1. Crpiuka L, 1o 36epirae indopMmariiiro,

2. ABTOMaT A, TIpU3HAYEHUW JISI BUTOTOBJICHHS JOBUIBHOTO aBTOMATy
BIAMOBIIHO 110 1H(OpPMaIIii, 3aK0I0BaHO1 B cTpiuri L ;

3. ABtromat B s komiroBaHHS CTpivku L;

4. Asromat C, skuii KOOPAWHYE MPOIIEC BIAIIJIEHHS HOBOTO BUTOTOBIICHOTO
aBTOMATy-HaIaJKy BiJl aBTOMATYy-IIPEIIKY.

KpiM 1iux HeoOXiAHUX KOMIOHEHT, CaMOBIATBOPIOBAHI aBTOMATH MOXYTh
BKJIIOYATH J0JIATKOB1 aBTOMATH, KOHCTPYKIIIS IKUX KOJYEThCSI CTpiukoto L.
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ABTOMAT-IIpEeAOK

Puc. 4.12. Cxema camoBiaTBOproBaHuX aBTOMaTiB 3a J[k. ¢pon Helimanom
[22]

Otxe, apxiTekTypa Ta NpuHUUN (YHKIIOHYBAHHS caif3epiB MOAIOHI [0
CaMOBIJITBOPIOBAHMX aBTOMATIB. AHAJOrid M) HUMHU MpencTaBieHa B Tabn. 4.1.
Mogenb caiizepiB XapakTepu3ye JOCTaTHbO 3arajlibHy KIOEPHETUYHY CXEMY
CaMOBIJITBOPIOBAHUX aBTOMaTiB. Mojenb TIOEpIMKIIB, SK 1 MOJENIb cai3epis,
NOTPIOHI U1 TMOSICHEHHS MEXaHI3My MaKpOMOJIEKYJISIPHOI caMmoopraHizaili Ha
nepenoioioriyHOMy piBHI. Mojens caii3epiB, CKOpill 3a Bce, OMK4Ya 10
HaWOpoCTINUX  OIOJIOTIYHHUX  OpPraHi3MiB, HDK  MOJEIb TIMEePIUKIIIB.
CriBBIZHOIICHHS MDK KBa3iBHJaMHM, TINEpPIUKIAMHA Ta cai3epaMH MOKHA
NpEACTaBUTH  SIK  TOCHIIOBHUM  JAHUIOT  yJIOCKOHAJIICHHS  TIMOTETUYHHUX
MaKpPOMOJIEKYJIIPHUX CXEM:

Keaszisuou — Il'inepyuxnu — Catizepu — Ilpomoxnimunu — Hatinpocmiwti
OP2AHIZMU.

Tadoauua 4.1. TlopiBHsiHHS apxitekTypu aBTomaTiB [[x. ¢don Helimana Ta

caiizepiB
CamoBiaTBOpIOBaHi aBTOMATH XK. o
» Canszepu
don HerimaHna
3anam’aToByroua cTpiuka L [Tomuykneornana matpuns |

ABTOMar A, mpHU3HAUYEHUH A7 BUTOTOBIEHHS | PepMeHT TpaHcmiii £,
aBTOMary  BIJNOBIZHO [0 iH(dopmarii,
3aKOZI0BaHOI B cTpiumi L

Asromar B, skwmii komitoe cTpiuky L ®epment perutikamii E;

Astromar C, skuit koopamHye Tmporec | JluteHHs koarepBariB (IpakIiTHH) B
BIJUIUJICHHS] aBTOMATy-HAIIaJ Ky BiJ] aBTOMara- | MPOIECi pocTy cai3epiB
npeaKa

[leii MmexaHi3M omucye MexaHi3M BupimanbHoi nofaii B Teopii PHK-cBiTy
BUHUKHEHHS )UTTS Ha 3eMii (Ous. po30in 4.3.6) uepe3 B3aeMHHUI KaTaji3 CHCTEMHU
«HYKJIETHOBA KHCJIOTa — OLIOKY.

B mexax paHoi Mojeni BAAnOCs HaBITh BUPIINIUTU TaK 3BaHYy «Hpobdiemy
XipanvHoi yucmomu» 3a PaXyHOK CEJIIEKTUBHOI COpOIlii OKPEMUX 130MEPIB IYKPIB.
Tak, BCTaHOBJIEHO, IO CEJIEKIII0 MOJIEKYJ BYTJEBOIIB 3 MEBHUMH ONTUYHUMU
BJIACTUBOCTSIMU MOXYTh 3/I1IMCHIOBATH QJIIOMOCHUJIIKATH, 110 BXOISTH 1O CKJIamy
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riuau [23]. Binblne TOro, eKCmepuMEHTAIBHO JTOBEACHO, IO y MOBEPXHEBOMY
mapi BOAHOI TOBIII 32 paXyHOK HEPIBHOBAXKHMX YMOB Ha CTUKY (a3 BoAa-ra3zona
(aza Ta HasIBHOCTI WOHIB OJIHO- Ta JIBOBAJEHTHUX METalliB, BiIOYBA€THCS MPOILIEC
dpakiionyBaHHs eHaHTioMepiB [18].

4.2.3 XipaABHIiCTB Ta KHTTH

OnThyHa 130Mepisi — 4YUCTO XIMIYHE SBUIIE, IMOB’S3aHE 3 ONTHYHOIO
AKTHUBHICTIO MOJIEKYJ B CKJaAl JKUBUX OpraHi3MmiB. «OnmuyHo aKmMueHUMU»
Ha3UBaIOTh OPraHIYHI MOJIEKYJH, Yy SIKUX JO OJHOTO aTOMy BYTJELIO MPUETHAHO
qoTUpU Pi3HI (YHKIIOHATBHI Tpynu. OCKUIBKM 3B’SI3KM  aTOMY  BYIJICIIO
HaIpaBJIEHO /10 BEPIITMHM IipaMiay, MOKIJIMBI IBa CIOCOOM PO3MIIICHHS YOTUPHOX
Ipyll HAaBKOJIO TaKOrO aToMy, SIKI SIBISIFOTHCA A3€PKAIbHUMHU BiJOOpaKEHHSIMU
OJIMH OJHOTO, MOAIOHO 10 HpaBoOi Ta JIBOI PYKH, 3BIAKH 1 MOXOJUTh HazBa L€l
BJIACTHBOCTI — XIpaJIbHICTh (B APEBHBOTPEIILKOTO YElP — «pyKa») (puc. 4.13).

\

Puc. 4.13. Bizyaunizaiist HOHATTS XipadbHOCTI

Brnepiie 3aTHICTh PEYOBUH MOBEPTATH IUIONIMHY MOJApU3aIii MOMITHB
bpany3pkuii ¢izuk Ta actponoM Jlominik Aparo (¢pp. Dominique F. J. Arago) B
1811 p. Yepe3 17 pokiB motianackkuii reosor i ¢pizuk Yinbsm Hikoms (W. Nikol)
CKOHCTpyIOoBaB mnpusMy Hikons — mnonspumerp, SKMA 1 JO HaIIUX 4YaciB
BUKOPHUCTOBYETHCS JJIsl BUMIPIOBAHHS KYyTY MOBOPOTY IUIOIMIMHU moJisspu3aiii. Bin
CKJIAQJA€EThCS 13 JABOX KPHUCTAIIB ICIAHJCHKOrO IIIATy, 4epe3 sKl MPONyCKalTh
MOJISIpU30BaHe CBITI0. MiXXK HMMH, Ha ONTUYHIM OC1 Mpuiagy, 3HAXOAUTHCA
nociipKkyBaHa pedoBuHa (puc. 4.14). Skmo B KIOBETY MOJSPUMETpPA HAITUTH
pO34YWH, M0 MICTUTh MpaBUM UM JIBUM 130Mep, TO MOXKHaA CIOCTEpiratH, sK
IJIOIMMHA TOJiIpU3alii CBITIA, [0 NPOWIIO Yepe3 KIOBETY, IOBEpHYJacs.
OOGepTaroun aHai3aTop, EKCOEPUMEHTATOP 3HAXOIUTH KYT, MPHU AKOMY KUIBKICTh
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CBITJIA, fKE MPOMILIO dYepe3 mpwiaa, OyAe MakCUMaldbHUM. KO Lel KyT
BIIPI3HSETHCS BiJl HYJIS, PEUOBHHA MPOSIBIISAE€ ONTHUYHY AKTUBHICTH. 32 HANpsIMOM
I50r0 KyTa (BJIIBO YM BIPABO) 1 MPUHHATO PO3PI3HATH i130MEpH.

@Di3UKM MOSACHIOIOTh ONTHYHY AKTHBHICTH KPHUCTANIB ACUMETPUYHICTIO
ixHpoi cTpykrypu. I[lpm ineanbHid CUMETpUYHOCTI (HANPUKIAA, y MITYYHO
BupoieHnx Kyoiunux kpucranis ramxity NaCl) ontnyna aktuBicts BincytHs. s
IHIIUX BaplaHTIB MPUYUHY ONTUYHOI AKTHUBHOCTI TPUBAJIMI Yac MOSCHUTH HE
BJ1aBaJIOCH.

1 - d>kepeno ceimna;
2 - ceimno HenonsApu3oeaHe;
3 - nonapusamop; 6

=
I,W ’
4 - ceimno, aiKe nPoilLUNO Yepes NONAPUIAMOP;

5 - Kroeema 3 0oCNiONCY8AHOIO PeYo8uUHO0;

: 6 - noéopPOM MNOWUHU NOASIDU3AUITL
l. 6 ONMUUHO AKMUBHIll peUOSUHI;
1 7 - ananisamop, sikuili o6epmae cnocmepizau;

8 - oxo cnocmepizaua.
Puc. 4.14. Cxema nosnsipumetpa Hikons

[Tepme BimkputTs (1848 p.) B bOMYy HampsSMKYy HaJISKHUTh (PAHIY3bKOMY
MikpoOiosory Ta ximiky Jlyi [Tacrepy (¢bp. Louis Pasteu). Ille y cTyIeHTChKI pOKH
BiH 3aIlIKaBUBCS XIMI€IO 1 KpUcTanorpadiero, Mpamowyu micis 3akiHueHHs: Bumoi
HOpMasTbHOI mmKoau [lactep mabopantom B AHtyana bamapa (dpp. A.-J. Balard),
MEepHIOBIIKpUBaYa XIMIYHOTO elleMeHTy Opomy Br. Y xoxai mocaimkenus I[lactep
npurotyBaB po3uuH riapotaptpaty Hatpito HOOC-CHOH-CHOH-COONa,
HACUTHUB PO3YMH aMiaKoM 1, TOBUIbHO BUITAPUBIIM BOAY, OACpP’KaB MPU3MATHUUHI
KpUCTAIU ~ TOABIAHOI  coii aMOHIM-HaTpii  TapTpaTy  TeTpariapary
NaNH4C4H406'4H20.

[li xpucranu BUABWINCS ACUMETPUYHUMH, y OJHHMX XapakKTepHa TIpaHb
3HaxXoJuiacsl cIpaBa, y JAPYrux — 3JiBa, MpUuoMy 3a OpMOI0 00UIBa KpUCTAIU
Oynu n3epKaTbHUMH BioOpakeHHIMH ouH oaHOTO (puc. 4.15).

Kinbkicts kpuctania 060x ¢opMm BUSBUIACA OJHAKOBOK. 3HAIOYH, IO B
NoAIOHMX BHUMAJAKaX KPUCTAIM KBaply oO0epTaloTh IUIONIMHY MOJISIpU3allii
BUJIUMOTO CBITIa B pi3HI cTopoHHu, [lactep BupimmB nepeBipuTH, YU Oyle
MPOSIBIISATACS. 1€ SIBUILE Y PO3YMHAX CHUHTE30BaHUX cojieid. O30poiBIIUCh
MIKPOCKOTIOM Ta TiHueToM, [lactep po3ninuB kpucrtanu, 1e 0yno HeCKIaaHO, TaK
K OJIHI BUIJISJAIA TEeMHUMH, a IHIII — CBITJIUMHU. [3 PO3UMHY KOXKHOTO THUITY
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KpPUCTAJIIB BiH OCaJIUB HEPO3UMHHY Oapi€BY YU CBUHIIEBY ClJib, a MOTIM, MOISIBIIN
CIPYaHOIO KHCIJIOTOI0, BUTICHUB CIA0Ky OpraHiuHy KHCIIOTY:

NaNH,C;H4Os + Ba** = BaC4H4O¢| + Na* + NH,";

BaC4H406l + H,S0, = H,C4H,O4 + BaSO4l.

Puc. 4.15. EnanrtiomopdHi

KpUCTAJIM TPaBo- Ta JIIBOOOEPTAIOYOTO

tapTpaTiB (CipuM KOJHOPOM 3a0apBIICHO
XapaKTepHY TpaHb)

Cnin Oynmo OuiKyBaTH, IO B 000X BHUMNAJAKaX YTBOPUTHCA BHUXIIHA
BUHOTpaaHa (TapTpaTHa) KHCIOTa, sfKka Oyja ONTHYHO HeaKTHBHOK. Ha momaus
[lacTepa, BuUSABWIOCS, LIO0 13 OAHOIO PO3YMHY COJII YTBOPHJIACS 30BCIM HE
BUHOTpaJHa, a BijoMa mIpaBooOepTaiodya BHHHA KHUCJIOTA, a 3 IHIIOTO — TaKOXK
BHHHA, TUTBKH oOepTaroda CBITI0 BiBO. Lli kuciaoTu oxepxkanu Ha3Bu D-BHHHOL
I mpaBooOepTarodoro pisHoBuay (Bim jar.dexter— mpaeuit) i L-BHHHOT s
aiBooOepTatoyoro izomepy (Bix smar. laevus— misuii) (puc. 4.16). Hapasi icHye i
iHIIa, Tak 3BaHa R, S- HOMEHKJIaTypa ONTHYHUX 130MEpiB, KA TO3BOJISE OUTBIIT
TOYHO OMHUCATH KOHDIrypaIio peuOBUHH. .

OH O O OH HQ  PH
HO OH i
OH HO HO ; OH
O  OH OH O 0:0
D-(-) emanTiomep L-(+) eHaHTiOMep Mme3o-hopma
BHHHOI KHCAOTH BHHHOIL KHCAOTH (Me30BHHHA) KHCAOTA

Puc. 4.16. CrepeoizoMepr BHHHOI KHCIIOTH

BiakpuTTss monsrasio B TOMY, IO JIaBHO BiJjoMa ONTHYHO HEAKTHUBHA
BUHOTpaJHA KHUCIIOTAa BUSBHWIACS CYMIIIIIID PIBHUX KUIBKOCTEM TakKOX BIJIOMOi
«MpaBOi» BUHHOI KHUCIOTH Ta paHilie HeBiIOMOi «iiBoi». CaMe TOMYy iXHs
€KBIBAJICHTHA CYMIIIl B KPUCTAJI1 YA B PO3UMHI HE MPOSIBIISIE ONTUYHOT AKTUBHOCTI.
JIsist TakuX CyMillieit cTaiy BUKOPUCTOBYBATH Ha3By payemam (Bim nat. racemus—
BHHOI'paJ, JaTHHOIO acidum racemicum — BuHOTpaiHa KHCIOTa). J[Ba aHTHIOIH,
AKl Jal0Th NpPU 3MIIIyBaHHI B PIBHUX KIUJIBKOCTSAX ONTUYHO HEAKTUBHY CYMIII,
Ha3Balu eHaHmiomepamu (Bl TPEIBKOTO VAVTIOS + WEPOG — MPOTUIICKHUN +



~111 ~

yactuHa). [Ti3nimre [Tactep BiAKpHB e 0JIHY (GOpMY BUHHOT KHCIIOTH, siKa He OyIia
ONTUYHO aKTUBHOIO, ajie He SBIsUIach panematoMm. BiH Ha3BaB I ME30BHHHOIO
KHCJIOTOIO, BIJl TPEIbKOro WUEGOC — cepedHid, npomikuuil. [lactep BusBUB
O10XIMIYHUN METOJl PO3AUICHHS paleMaTiB, sKUi Oa3yeTbcsi Ha BUOIPKOBIiH
3MaTHOCTI JESIKUX MIKpOOPTraHi3MiB 3aCBOIOBAaTH TUIBKH OJWH 13 130MepiB. BiH
OJIEp>KaB BiJ anTeKapa CKJISHKY 13 BHHOT'PAJHOI0 KUCIOTOIO, B SIKiM 3’sBHIIACS
3enieHa TuticHsiBa. l[lpoBiBimiM BuMiproBanHs, [lactep BUSBHB, IO  ONTHUYHO
HEaKTUBHA KHCJIOTAa CTaja JiBOOOEpTAlouor0. 3eJIeHUM IUTICHABUM TpuOOK
Penicillum glaucum B po3umHi po30aBiieHOT BUHOTPAJHOI KHUCIOTH YU ii COJIeH
«3’igae» TIIBKU MpaBui 13oMep. Takum e YMHOM LS IUTICHSIBA JII€ Ha ONTUYHO
HEAaKTUBHY MUTJAIbHY KHUCIOTY, TUIBKM TaM BOHa IMOIIMHAE J1BOOOEpTarouuit
130Mep, 3aJulIaloyud y po3yuHi IpaBoodepTarounii. Takux BUMAJKIB CTaNO BiJIOMO
yumaiio. Hampukian, ApDKIKI IyKpoMileTy enincoimaasHoro (Saccharomyces
ellipsoideus), na Biqminy Big Penicillum glaucum, «crnemiamizyroThcs» Ha IPaBOMY
130Mep1 MUTJIAJILHOT KUCJIOTH, 3aJIUIIAI0UN Y PO3UHHI JIIBOOOEPTAIOUMHA.

[Hmmit crioci® po3auieHHs — XiMmiyHuM. JIns uporo Tpeba mornepeaHbo
OTpUMATH ONTUYHO AKTUBHY pEUOBHHY, SIKa TpPU B3aEMOIi 3 paleMi4HOIO
cymimto «oOupae» 3 Hei TUIBKM OJIUH eTaHTiomep. Hampukian, ontudHo
aKTHMBHA OCHOBA Ja€ 3 BHHOTPAJHOIO KUCIOTOK ONTUYHO AKTUBHY CUIb, 13 AKOi
MOXHa OyJI0O BUJUIMTH BIJINOBIAHUN €HAaHTIOMEp BHUHHOI KuciaoTH. Ilicis
BIIKPUTTS Py MOAIOHUX 130MepiB MOTpiOHA Oyia Teopis JJisl MOSCHEHHS LbOTO
SBHINA, SKY CTBOPHUB TOJUIaHACHKUH ximik Bant-I'odpd (wimepn. J. Henricus
«Henry» van't Hoff), 3anouaTkyBaBIm oCHOBH CTEpeOXiMmii.

BianoBiiHO 10 CTEPEOXIMIYHOT TEOPIi, MOJIEKYJIH Ta KPUCTAIU MOXKYTh OyTH
«IIpaBUMHU» Ta <«JIBAMH» - J3€pKaJbHUM B1JOOpaXEHHSIMH OJHE OJJHOTO.
Himernpkuii ximik B. Meitep (Him. V. Meyer) po3moBCIOIUB MOHATTS XipaabHOCTI
Ha CIOJYKH a30Ty, aHnmichkuit Ximik Y. k. I[Toym (W. J. Pope) — cipkw, cenenHy
Ta 0JioBa. XIPaldbHICTh KOMIUIEKCHUX CHOJYK METalliB JOCIIAUB aBTOp Teopii
KOMIUICKCHHMX CIIOJIYK IBeHmapchkuii Ximik A. Bepuep (mim. A. Werner). Bin
cuHTe3yBaB Outhbiie 40 OMTHYHO aKTUBHUX KOOPAWHAIIMHUX crionyk. Hampukian,
OKTAacIpUUHMII KOMILIEKC pyTeHiro 3 Oimipumuaom [Ru(bipy)s]®* sBaserscs
XipaJIbHUM, OCKUIbKK TpH OIMIpUAMHOBUX JIITAHIU B HHOMY 3alMarOTh XipajbHE
noJjiockeHHs y hopwmi nporenepy (puc. 4.17).

bararo 010J0r1YHO aKTUBHUX MOJIEKYJl XapaKTEPU3YIOThCA XIPalIbHICTIO,
MPUYOMY MPUPOAHI aMIHOKUCIOTH Ta IYKPHU MPEICTABICHI MEPEBAXKHO Y BUTIISIAL
OJIHOTO 13 €HaHTIOMETPIB: aMIHOKHUCIIOTH B CKJIaJl OUIKIB B OCHOBHOMY MarOTh L-
kKoHpirypamito, a nykpu B ckiani JIHK ta PHK — D-xondirypariro [25]. Lsa
BJIACTHBICTh XIMIYHHMX CIOJIYK HA3MBAEThCS TOMOXipajbHicTIO («XipaJIibHOIO
YHCTOTOI0»). [IBi eHaHTIOMEpHI (OpMHU OIHIET MOJIEKYJH, SK TPABHIO, MAIOTh
pi3Hy OiojoriuHy akTuBHICTh. lle moB’s3aHO 3 THUM, 10 peuentopu, GepMeHTH,
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AHTUTIIA TAKOX MPOSABISIOTh XIPAIBHICTh, 1 CTPYKTYpHa HEBIIMOBIAHICTH MIXK
MMM €JIeMEHTaMU Ta XIpaJbHUMHU MOJEKYyJIaMH CYOCTpaTiB MEPEIIKOIKAE 1X
B3aeMO/ii. [HKOMM pi3HI €HAHTIOMEPU MOKHA PO3PIZHUTH 1 0€3 BCAKUX MPUIAIIB —
KOJIM BOHH TO-Pi3HOMY B3a€MOJIIIOTh 3 ACUMETPUYHUMU PELIENTOPAMU B OpraHi3Mi
JIIOJTUHH.

Puc. 4.17. XipanbHi
130MepU KOMILIEKCHOTO
iony [Ru(bipy)s]**

A (1) A (d)

Hampuknan, niMOHeH

CH, Gl (1-meTmn-4-
@ 130TIPOTICHUTITUKIIOTEeKC-1-CH)

y OPUPOAl 3YCTpIHA€EThCA Yy

BUTIIAAI  JIBOX  OKPEMHX

: €HaHTIOMEPIB Ta AK

H4C ACHQ HsC CH, paremiuHa cyMmil, AKY

: paHilie BBaXadd OIHIEIO
Moaexyau D- Ta L-AiMmoHeRYy

: PCUOBHHOIO  (JTUTICHTCHOM).
: Ili omTmuHi i3omepu Ta ix

CyMIIlI BXOMSTh JO CKJIamgy

N— edipHux Macen -

HalpuKIaa, y IUTPYCOBUX
(mo 90 % D-nmumoneny). B ckunumapi, BUAUIEHOMY 13 COCHH 3BUYaitHO1 Pinus
silvestris, mictutbest 4-6% parnemMaTHOT CyMinTi (TUTICHTEHY).

AHAJIOTTYHO JI0 3amaxy, CMaKOBl PEUENTOPH JIOAWMHU JIETKO BIAPI3HSAIOTH
COJIOJIKMI CMaK MpaBooOEpTAIOYOro 130MEPY aMIHOKHUCIIOTH JICUIIMHY BiJl TIPKOTO,
KWW MIPOSIBIISIE JTIBOOOEPTAIOYUIN aHAJIOT.

['oMoxipaipHICTh — HEOOXIJHA Ta 0OOB’A3KOBAa yMOBa JUIsl BCIX YYaCHHKIB
BCiX METa0OJMITUYHHUX HNUISX1B BCIX KUBUX OpraHi3MiB. JloBruii yac BBaxanocs, o
«XipajbHa 4YHCTOTa» Olocepu wmae aOCONIOTHUM XapakTep, 3a PIIKUMU
BUHATKaMU. [IpoTe € BUKIIOYEHHS, 3yMOBJIEHI €BOJIIOIIAHO, MO MO TpPaaMIIii
MITBEP/KYIOTh 11€ TIPABUIIO.
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Tak, roMOXipaJIbHICTh aMIHOKUCIOT He € aOCONMTHOW B mpupoii: D-
aMIHOKHUCJIOTH TaKOX 3yCTpIYaloThCs Yy MOPUPOJIl, Xo4ya W pialie, dYuM
amiHokuciotu L-psay. Ilepini npucyTHI epeBaXkHO B CBITI HUKYUX OPraHi3MiB —
HalpuKIaa, B NENTUIHUX AaHTUOIOTHKAX, OOOJIOHI Jedakux Oakrtepid. B
aHTUOIOTMKAX BOHM CHHTE3YIOThCSl 0€3 ywacTi pudocoM, 3a JOIMOMOIOHO
cnenudiuanx  pepmMeHTHHX cucTeM (Tak 3BaHUW S-MaTpUYHUN  CHHTE3
OJIITONIENITH/IIB), SIKUW 3’SBUBCS 3HAYHO IIi3HINIE, HDK BUHUK PHOOCOMATLHHIMA
cuHTe3 OuikiB. Jleski TepMOduIbHI MIKPOOpPraHi3MH, SIKI 3YCTpIYalOThCA B
TepMaIbHUX JDKEpeax, BUKOPUCTOBYIOTh BHUCOKI KOHILEHTpauii D-amaniny mis
perymsiii OCMOTUYHOTO TUCKY. I[lma3Ma KpoBi Ta ceda BHINMX OPraHi3MiB TaKOX
MicTuTth D-aminokucnotu. lleit ¢akT MNOACHIOBaIM NTPUCYTHICTIO OakTepiii-
cuMO10HTIB. Hanpukiaz, B opradizmi JIIOAUHU SIK HEUpOMEI1aTOp CUHTE3YeThes D-
CEepUH, B HEPBOBMX KIITHMHAX BHINMX opraHi3MiB — D-ananin, D-acnapariu 1 D-
cepud. D-13omep muCTeiHy BXOAUTH 10 CKIany jarouddepuny, sSKuil mpu Ali
dbepmenTy monudepasn BUKIHKae OiomoMinecteHmiro cpitistukis (Photinus). Tlpu
3aMiHi #oro Ha L-bopmy OiosromiHecHeHIis He croctepiraerbes [24]. Bigomo
TaKOX, IO TMOPYIICHHS CIIBBIHOIIGHHS MDK €HAHTIOMEpaMU TMOB’SI3aHO 13
BUHUKHEHHSIM JIESIKUX XBOPOO Ta CTAPIHHAM OpPraHi3MiB.

Hocmimkenass MoaudiKoBaHUX OUIKIB, MO BKIIOYaKOTh D-aMIHOKHCIOTH,
MoKazano, W0 ISl OJEpKaHHS TMEPBUHHOI CTPYKTYpU OUIKa 3 MPUPOJAHOIO
(yHKIIOHAIBHICTIO, TOOyI0BaHOro 13 D-eHaHTioMepiB, JOCTaTHbO Jaeciatu D-
aMIHOKHCIIOT — BJIBIYi MEHIIIE, HiX iCHytouux L-eHanTiomepis [26].

4.2.4 XipaasHicTs B papmakonei

O6pa3Ho KaxXyuW, JIOJMHA — ICTOTa XipajibHa, 00 XIpaJdbHICTh, KA € 5K
HEB1J’€MHOIO BJIACTUBICTIO 010MOJIIMEPIB, JISKUTh B OCHOBI KIIITUHHOTO CHHTE3Y,
BUCOKOCcTIeU(DIUHMX (EepMEHTAaTUBHUX Ta IMYHHUX peakuid. [lpukmagom €
B3a€EMOJIS MDK KJIITHHHOTO PEUENTOpy Ta JIraHjay — pPEYOBHHH, 3AaTHOI
CEJIEKTUBHO 3B’A3yBaTUCS BUKIIOYHO 3 KOHKpPETHUM perientopoM. OcTaHHIN Mae
CTPOrO BHU3HAUEHY MPOCTOPOBY OYAOBY, sIKa MICTUTh JIOKAJII30BaHy MAUISHKY
B3a€MOJIII 3 JIraHAoM. B3aemMois IIUX CTPYKTYp OMUCY€ETHCA MPUHLIUIIOM KKITFOU-
3aMok». Tak, papMaKoJIOriyHa aKTUBHICTh MOJIEKYJI HAIIPSIMY 3aJ€XKHUTh Bl iXHBOT
cTepeokoH(irypailii, sika BHU3HAYa€ 3JATHICTh B3a€EMOJIATH JIMIIE 3 TMEBHUM
peuentopoMm. OTxe, MpUPOJl BIAaCTHUBa XipalibHa CHEUUPIYHICTh, TOMY s
3a0€e3IeueHHs] MaKCUMaJIbHO1 (papMaKOJIOriYHOT aKTUBHOCTI «1JI€aJIbHI» JIIKApChKI
3aco0M MOBUHHI OyTH XipajdbHO YUCTHMU [27].

Tpagumiiino cy4dacHI TEXHOJOrii BHUPOOHHUIITBA JIKIB 3a0€3MeuyloTh
OJIep>KaHHs parleMaTHUX cymime. OgHak Hapa3i HaKOMWYEHO 3HAYHUN 00’eM
iHdopManii 1moa0 pi3HOT (PapMaKoIOTiuHOI AKTUBHOCTI €HAaHTIOMEpIB. Sk
MpaBUiio, OJMH 13 HUX 3a0e3leuye OCHOBHY AaKTHBHICTh, a Jpyruid — abo
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HEaKTUBHHM, a0o0 mposiBise 1HIIT (PapMaKOJIOTIUHI BIIACTUBOCTI. SICKpaBolo
UTIOCTpaIli€l0 BIUIMBY MPOCTOPOBOiI KOH(DIrypallii npenapary Ha HOro akTUBHICTb €
MOpGIH — CWIIBHUN aHAJIbIETUK JIJIS JIIOJIMHUA Ta TBapuH. B mpupoaHiii pocauHHIN
CUPOBHUHI MICTUThCS Horo L-i3omep, sSIKHil 1 MPOSIBIISIE aHAITETUYHY 110, TOM1 SIK
D-13omep 3He00M101040r0 €EeKTy HE JIaE.

HO

W - XipaAbHIi

HEeHTPH Puc. 4.18.
B MOACKYAL 1 ,hiryparnis ONTHYHHX
mopdina biryp

LEHTPIB B MOJIEKYJI1 MOPPIHY

HO

Ctporo xaxxy4yu, €HaHTIOMEP Ta ONTHUYHHUU 130MEp — HE TOTOXKHI1 MOHSITTSI.
Taxk, popmanbHO MoJekyna MOp(iHy Ma€ I’ ATh ONTUYHO AKTUBHUX LIEHTPIB, TOMY
KUTBKICTh ONTHYHUX 130MEPIB CKJIAIa€ TEOPETUUHO 2°=32. AHajoriuna CUTYyaIls —
3 1HCYJMIHOM, (1310JIOT1YHO aKTUBHUM Julie JiBooOepTarouuii 13omep. Bimomi
MPUKJIAJId BUKOPUCTAHHS palleMaTiB, KOJHM OJHH 13 130MEPiB MPOSBIISIB BUPAKEHY
TOKCUYHICTh, 10 MPUBOAWIO O TpariyHUX HacaiakiB. HalOiumpln apamaTUyHUMA
BUNAA0K B icTopii (hapmakosorii XX CT. CTOCY€ThCSl TPAHKBLIII3aTOpa manioomioa
— CHJIBHOTO CEIAaTHBHOTO 3aco0y, skmii B 60-x pp. peKOMEHIyBadu BariTHUM
KIHKaM K e(QEeKTUBHUN 3HEOONIOIYMI Ta 3aCHOKIMIMBUN 3acid, 10 3HIMAe
HYAOTY. [licns  pi3KOro 3pOCTaHHS KUIBKOCTI HEMOBIST 3 BPOKCHUMU
KaJIIITBaMH KiHIIBOK Jwmie B KiHii 80-x pp. 3’scyBaiv, IO TaTIIOMIJ SBJISB
co00I0 paleMiyHy CyMIlI, OJIMH 13 €HAHTIOMEPIB MPOSIBISB TEPATOTCHHY 1I0
(TOOTO IisB HA ILIIM).

Kypnan ximianoi ocsitn (J. of Chemical Education) B 1966 p. Bunic Ha
OOKJIaJINHKY UIIOCTPAIlil0, [0 XapaKTepu3ye PU3MKU TaKUX CHUTyallld — «KOJIU
MOJIEKYJIa JIKYBaJbHOI'O 3aC00y MOJUBUTHCS B A3E€PKATIO». 300pakKeHHS MUPHOTO
MIECUKA BIII3EPKATIOETHCS Yy TOBUCHKOM (ITIATUC — KOJM MOJICKYJIa JIIKyBaJIBHOTO
nperapary HoJUBUTHCSA Ha ce0e y I3epKaio).
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Ha cporogni 15%  nmikapcekux 3aco0lB BHIYCKAalOTbCA Yy BHUIVISLII
FOMOXIpPaJbHUX CIOJYK, SIKI OJIEPKYIOTh ONHMCAHUMHU BHIIE TPbOMa METOJIAMM:
PO3IUIEHHAM paleMaTHUX CcyMilleld, Moaudikaiierdo MTPUPOJHUX ONTHUYHO
AKTUBHUX CIONYK (aMIHOKHCJIOT, BYTJICBOJIIB, TEPIICHIB, MOJIOYHOT, BUHHOT KUCIIOT
TOImO) 1 mpsAMuUM cuHTe30M. OcCTaHHIH TOTpeOye HASBHOCTI BHXIAHHUX YUCTHX
eHantioMmepiB. lle ogHa 3 MPUYMH BUCOKOI BapTOCTI AEAKUX JIKIB, TOMY 13
0araTb0X CMHTETUYHUX XipaJbHUX MPENapariB, 0 BUMYCKAIOTHCA Y CBITI, TUIbKU
HE3HAYHa YacTKa ONTUYHO YHUCTUX, peliTa — paneMatd. Jusg mno3HaueHHs
XipaJbHOCTI JIIKYBaJIbHUX IpernapaTiB BHKOPHUCTOBYIOTh 3rajaHy Buile S/R
CUCTEMY [IO3HA4YeHHS aOCONIOTHOI KOH(pIrypamii ontudyHux i3omepiB. e
MOB’A3aHO 13 MOXJIMBOCTSIMU PEHTTEHOCTPYKTYPHOTO aHajiizy, SKUWA JO3BOJISIE
BCTAHOBUTU TOYHE IPOCTOPOBE IMOJIOKEHHS OKPEMHUX aTOMIB y MoJjekyml. Jleski
BUPOOHUKHU BUKOPUCTOBYIOTH JIJIsl MOJIIOHUX BUMAJKIB TOPTOB1 HA3BU-MANIHIPOMH,
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Hanpukian, “Darvon” mns HapkoTWdHOro aHaubreTwky ta “‘Novrad” — mus
npenapary NpoTH Kaluiko.

[Ipuknaau Takux JiKiB:

- JliBooOeprarounii S-TupokcuH (mpemapar Jieompoio, AEOMUPOKCUH) —
TIPHPOJIHHI TOPMOH IUTOBHAHOI 3am03u T4. HMoro antumon - mpaBooGepTaroumit
R-tupokcuH («dexcmpoio») 3HHIKY€E BMICT XOJIECTEPUHY B KPOBI;

- ArTHapuT™MiuyHU# nipemnapat S-aranpunain aie B 100 pasiB cunbHime, Hix R-
dhopmMma,

- AHTUTEIIBMIHTHUN Tpenapar J1e60Mi30.1 MICTUTh B OCHOBHOMY aKTHUBHHI
S-i3omep, ToAi sk Woro R-aHTUIION BUKIIUKAE HYAOTY.

B 60-ti pokm XX <cT. OmHMM i3 TIPEKypCOpiB aIpeHATHYy -
nuokcudeninananinom (L-JOPA) - cnipoOyBanu jikyBaTH XBopoOy IlapkiHcoHa.
3a 11e BiAKpUTTS IIBeachkoro Heripodizionora A. Kapnccona (Arvid Carlsson) B
2000 p. maropoammm HoOemBChKOIO MPEMi€r0 B 00acTi MenuIuHA Ta (Hi3i0JIoTii.
IIpu npomy 3’sicyBajiocs, IO Il PEYOBHHA, a TAaKOXK CIIOPIIHEHI 3 HUM J0haMiH 1
MeTuinodamid, eheKTUBHI TUIBKU Yy BUTIIAAI S-i3oMepy. byno BusiBieHo, mo R-
JNODA BukiMKae cepio3Hi MOOIYHI ePEeKTH, B TOMY UYHKCI1 3aXBOPIOBAHHS KPOBI.
dipma “Merck” pospobuna crocid BUPOOHHIITBA MpemapaTry s 3HUKCHHS
KPOB’SIHOTO THUCKY «MeTWA0(a» HUISIXOM CaMOJOBUIBHOI KpHCTami3allii 0JHOTO
€HaHTIOMEepa MpPHU BBEJCHHI B PO3YMH HEBEJIMKO1 3aTPAaBKU CaM€ LIbOTO 130Mepy.
[le omuH mpukianx — neHimuwiaMid (3,3 JUMETWINHMCTEIH) — BiTHOCHO TPOCTE
MOXiJIHE aMIHOKUCIIOTH LUCTEIHY, SIKE 3aCTOCOBYIOTh MPHU TOCTPUX Ta XPOHIYHUX
OTPYEHHSX MIJII0, PTYTTIO, CBHUHIIEM, IHITUMH BXKKUMHU MeETajaMH, OCKUIBKH
BOHO YTBOPIOE€ MIITHI KOMIUIEKCHM 3 HOHAMH IIUX METajiB, SKI BUBOJATHCS 13
opra"izMmy Hupkamu. [Ipu 11pomMy miro4a pedoBHHA MICTUTH S-QopMy mpemnapary,
TaK sik R-130Mep TOKCHYHMI 1 MOKE TPUBECTU JIO0 CIIMOTH.

JInst onepkaHHs XipaJdbHUX €HAHTIOMEPIB MPOBOJUTHCS MOIIYK XIpadbHUX
katamizaropiB. Ilepmmii xipanbHUM KaTamizatop IS peakuii riporexizaiii
(BimHOBJICHHS) onepkaB B 1968 p. amepukaHChKUI XiMIK, CIIIBPOOITHUK KOMIIaHi1
“Monsanto” V. Hoiinec (William S. Knowles). ITi3nimre 3Ha4HUX yCITIXiB y IBOMY
HaNpsMKY Jocar simoHchbkuit ximik P. Hoitopi (Ryoji Noyori).

Awmepukancekuii ximik bappi Hlapmecc (B. Sharpless) 3actocyBaB cxoxuit
MPUHOM JIsl TPOLIECY OKUCJIEHHSI B MPUCYTHOCTI KaTalli3aTOpy HAa OCHOB1 OKCHUJY
ocMmito (VII) OsO,. Illaprutecc cuHTE3yBaB XipajbHUH CHAHTIOMEpP TIIKOJIO i3
3aCTOCYBaHHSIM KOMIUIEKCHOT CmOiayku ocmiro OS 3 TpUPOIHUM aKajIoimoM
acuMmeTpruuHoi OymoBu XiHiHOM CyH4N,O,. B XipanmbHO CeneKTHBHIM peakiii
OJIEPKAHO PsAJl CHAHTIOMEPHUX CIHMOHIE — MOJIEKYJ, SIKI BUKOPUCTOBYIOTh Y TaK
3BAHOMY  MOJEKYIAPHOMY  KOHCMPYIOBAHHI ~ TETEPOLUUKIIYHUX  CTPYKTYP.
Hocmimxenns Illapriecca cTranm OCHOBOK CTBOPEHHS OaraTOTOHHA)XKHOTO H
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IIMPOKOTO ACOPTHUMEHTY XIipalbHUX QIUIbHUX CHHPTIB — Tainuaony (2,3-
W\/OH WL/OH
CTIOKCIMPOITaHOITY) O ta  Metwanminugony O . SK1

ABJISIIOTBCSL  MpEeKypcopamMu s BUPOOHUNITBA  [-aapeHoONOKaTOpiB  —
PO3IOBCIOKEHUX MpenapaTiB Il JTIKyBaHHS CEpLIEBOI HEAOCTATHOCTI.

3a mocnipkeHHs B oOnacTi ximii xipansHux cnonyk [laprnece, Hoiinec 1
Hoitopi onepxamu B 2001 p. HoGeniBcbky mpemiro 3 ximii. Lle#t ¢akT cBiq9uTh mpo
Te, 1o 0610X1Misl BUMIIIA HA TPUHIIUIIOBO HOBUM PiBEHb.

Tomy, 3 TOUKH 30py CTEpeOXiMii, HAMUC HA MPOJYKTAX XapuyBaHHS, HAMOSX
«apomMaTu3aTop, OApBHUK, 1ICHTUYHUN HATypaJbHOMY» — HEMpasja, 00 XipajlibHa
YUCTOTAa CHUHTE30BAHMX AHAJIOTIB MaJOMMOBIpHA, Ha BIAMIHY BiJ HPUPOTHUX
TrOMOXIPaJbHUX CHOJYK.

4.2.5 XipaapHicTh Ta eKoAoriuHa Oesmneka Oiochepu

XipanbHa acUMETpis KUBOTO 3aKpinmuiacs B Xoj1 010JI0T14HOI eBoJoIli. B
pe3yibTaTi  TexHoreHesy B  Olocdepy moTparmise 3pOoCTalOuMid  TOTIK
AHTPOMOTr€HHUX  ONTHYHO  AaKTUBHUX  CHOJYK — MPOAYKTIB  XIMIYHOI,
(dapMalleBTUYHO1, arpapHoi, Xap4yoBOi MPOMUCIOBOCTI. K BKa3aHO BHIIE,
MOTEHIIMHO BOHM MOXYTh MaTH MYyTareHHy, TEpPaTOTE€HHY, KaHIIEPOTE€HHY ilo.
[IpoOnema «xipanbHOi 4HMCTOTH Olocepu» MO CyTI BIAHOCUTHCA 1O 001acTi
6ioreoi3nyHO1 Ta 610re0XIMIYHOI TPOOIEMATUKH.

XipasnbHi CIOIYKU CKJIAJal0Th OIS MOJOBUHU BCIX OPraHIYHUX CHOJYK, SIK1
CUHTE3YIOThCSI Y TPOMUCIOBOMY MacIiTadi. I3 BCbOro iX acCOpTUMEHTY He OuIbIIe
30 % ¢apmakomeitaux cyocTpatiB Ta 25 % arpoxiMmikaTiB KOHTPOJIOIOTHCS Ha
«xipanpHy 4ucTOTY». Jlume 15 % XipanbHMX CMHTETHMYHUX IpenapaTiB B KpaiHax
€C BUpOOISIETHCS y BUTIISAI OKPEMUX 130MepiB, ocTaHH1 85% - paremaTHi CyMmirIi.
Bin 20 mo 30 % BChOTO CyKymHOTO BHUKHIY aHTPOIIOTCHHUX 3a0pYAHUKIB y CBITI
MpUMNaJae Ha CUIbChKE TOCHOAAPCTBO, 1 B HBOMY IOCTIHHO 3pOCTa€ YacTKa
XIpaJIbHUX CHOJYK. 30KpeMa, Cy4yacHI METOAM 3aXHUCTYy POCIUH 0a3yroThCs Ha
BUKOPHUCTaHHI XIpaJIbHUX HEUPOMENTH 1B, HATIBCUHTETUYHUX CHOJYK 200 OJHOTO
cTepeoizoMepy TpaauiliifHOTO ecTuiuay [28].

Hanpuknan, muxmodorn-metun (DM) - Cl
IITUPOKO PO3IOBCIOIKCHU I XipaJbHHHA o 0., .0OH
nectuiu (TopriBesibHI Ha3BUM — 1IJIOKCaH, c1 @ DI
npoaudoKc, Xoerpacc, X0eaoH), SKUi B Mporieci
3aCTOCYBaHHS IIBUIKO TLAPOJI3ye 0 OCHOBHOro Mertabomity — kuciotu (DC).
Monekyna npenapaTy MICTUTh XIpaJlbHUN BYIJICIIEBUM ILIEHTP, IO 3yMOBIIOE
repOIlUAHY [i10, ajleé Ma€ JOBTUM MEepioj HamiBpo3naAy B IPYHTI. AKTUBHICTb
pauematHoro DM  pmocmipkeHO  TUIBKKM  JUIi  LUIBOBHX  POCIHMH, HOTO
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€HAHTUCEJIEKTUBHY  (PITOTOKCHUYHICTh JUJIl IHIIMX POCIMH HE BUBYAIM.
JlocnipkeHHsT BIUIMBY LbOTO MNECTULUIY HAa OKUCHUM CTpec Ta AaKTHUBHICTh
KIIIOYOBOTO €H3UMY CHCTeMH CHHTe3y xupHux kuciaor ACC-a3y MoaenbHOi
pociauan — pesyxoBuaku Tamst (Arabidopsis thaliana) mokasano, mo € cyrreBa
pI3HHLSL BIAHOCHO (PITOTOKCMYHOCTI E€HAHTIOMEPIB, 10 NPOSBIAETHCA Y
MPUTHIYEHH1 POCTY POCIIHH, TOCUJIEHHI OKUCHOTO CTPECY Ta 3HMKEHH1 aKTUBHOCTI
eH3uMiB. BcTaHoBieHo, 110 PITOTOKCHYHICTh R-eHaHTIOMepy auxjony HabaraTo
BUIIIa TIOPIBHIHO 3 S-eHaHTioMepoM (puc. 4.19) [29].

OKHCACHHA

| '

\ BiZHOBACHHA

E‘mﬁ_‘ AEeanm.ﬂ: anmuu o

_—'—'_'_

—__

1 A4
'.,\_ o
% Q’ TEE
. S
Pt \g/Lu [
Puc. 4.19. IlposB XipanbHOi (HITOTOKCHYHOCTI €HAHTIOMEpiB TepOimumy
auxiopon-metuiy [29]

Henerki XipanbHI NEeCTHULMIM 3HAXOAATh 3actocyBaHHs B bBI'X
JOCHI/DKEHHSIX B SIKOCTI CHEHM(PIYHUX MITOK OOMIHHUX IMpPOLIECIB B CHCTEMax
NOBITps-TioBepxHsl, moBiTps-Bojga [30]. lle mae MOXIUBICTH NOCHIAWTH HUISXU
aTMOc(epHOi Mirpanii NEeCTHULHIIB J0 O03€p, OKEaHIB Ta IPYHTIB, a TaKOX
JOCHIUTH MIBUAKICTh iXHBOI Aerpagauii. Copasa B Tomy, 1o OloTpaHchopmariist
XIpaJbHUX CIONYK MPUBOAUTH, K MPAaBUIO, A0 NOPYIICHHS OanaHCy MIXK
crepeoizomepamu. llepenic mpoaykTiB OloTpaHcdopmalli  XipaJbHUX CIOIYK 3
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BOJHUX IOBEPXOHb Ta 13 IPYHTIB B aTMoc(epy TakOok BUKIUKAE MOPYIICHHS
OalaHCy: MPUIIOBEPXHEBI MOBITPSIHI IIapU 30arauyrOThCsS OJHUM 13 €HAHTIOMEPIB.
Tak, BigHoBmenns 2,4’-izomepy AT mo 2,4’-izomepy HJIJI pocnunamu i
KyJbTypaMd aHaepoOOHUX MPICHOBOAHUX OakTepii HE CYNPOBOIKYETHCS
MopyIIeHHSAM OanaHcy eHaHTioMepiB [24]. B Toii ke 4ac y MO3KY JIESIKHX BHUJIIB
TBapUH BHUSBJICHO 3HAYHUN HAUIUINOK (+)-0-TeKCaXJIOPIHUKIOTEKCaHy, MPUYUHA
OyJla He B EHAHTOCEJIEKTHUBHOCTI MeTa0oJi3My, a B BHOIPKOBIA MPOHUKHOCTI
rematoeHIedanigaaoro 0ap’epy A5l OJHOTO 3 130MEPIB.

O1iHKa BMICTY CTEPE0i130MEPIB B PI3HUX pailOHAX OKeaHy Ta CYII MoKa3ana
CYyTTEBl BIAMIHHOCTI iX po3nojaury. B okpemux BuMaakax CIOCTEPIragocs
CCJICKTHBHE HAKOIMYCHHS OJIHOTO CTepeoi3omepa, B iHIIUX — Horo antumonaa [31].
[IpyunHa 1HpOro sIBUIA MOKK IO HE 3pO3yMiNA, aje BBa)XalwTh, L0 PI3HUIA
MOB’s3aHa 3 BHUJOBUM CKJIQJOM OIOTH Ta OCOOJHBOCTSIMU MICIIEBUX YMOB
(BOJIOTICTH, TEMIIEpATypHUN PEKUM, MIHEpAIbHHNA CKJIa] ToIo). Kpim Toro, mis
(dbpakilioHyBaHHS €HAHTIOMEPIB XapaKTEPH1 CE30HHI KOJIMBAHHSI.

binbliicTe  XipadbHUX MOJMIOTAHTIB, $KI MOBUIBHO PO3KIANAIOTHCS Y
JOBKULIL, SIBISIIOTBCS TipodOOHUMHU CHodyKamu. ToOMy NOpu MNOTpAIUIIHHI B
OpraHi3M BOHU HAaKOMHYYIOThCA B CTPYKTypax, L0 MICTATh dinigu. [lpormecu
010aKyMyJISIIi CTEpEOi30MEpIB XipaJbHUX PEYOBHUH, 110 HAAXOIATh B OpPraHizm
BCIMa MOXKJIMBUMH NUISIXaMU (3 MOBITPSIM, 1KEI0, BOJIOIO TOIIO), BiAPI3HIIOTHCS HE
TUIBKH JJI1 PI3HUX BUIIB, aje W JJI1 OpraHi3MiB OJHOTO BUJY 3aJICKHO Bij BIKY,
CTaTTl, cTaHy 370poB’s Tomlo. Ilpu mepeHoci XipaJbHOI CHOJYKH TPOdIYHUM
JIAHITFOTOM YacTillle CIIOCTEPIraeThes 3HAYHE MOCWIICHHS (pifime — mocialacHHS)
dpakiionyBaHHs Horo crepeoizomepis [24].

VY cknaal BOJHUX aepo30JiiB XipasibHI MOJMIOTAHTH MOXYTh MEPEHOCUTHUCS
BOJIHUMHU Ta BITPOBHMH IOTOKAMH 13 30H €MICii Ha BiJACTaHI KOHTUHEHTAJIbHOTO
Macita0y. Ha chorojHi He iCHye HOpPM iXHBOTO T'PAHMYHOTO BMICTY B JOBKLIII,
HEMa€ 3arajlibHOI KApTUHM Mirpauii Ta NEepeTBOPEHb, BIJICYTHA CHUCTEMa iX
ro0anbHOTO 010CEpHOTO MOHITOPUHTY. BpaxoByrouw CTpPIMKHNA PO3BUTOK
(dapMalleBTUYHOT,  XIMIYHOI, THepepoOHOi  rajmy3edl  HOPOMHUCIOBOCTI  Ta
O10TEXHOJIOT1i, CiHiJ TPOTrHO3YyBaTH, IO MpobjieMa XipalbHOi O€3MEeKHu CKOpOo
Halyzae riaodanbHOro macmrady. HaykoBy 3HauuMMICTh 1€l 00JacTi TOCHIIKEHb
niaTBeppkye mosisa B 1989 p. cnemianizoBanoro HaykoBoro sxypHaiy Chirality,
MIPUCBSIYEHOr0 BCIM acleKTaM SIBUIIA X1palbHOCTI.

4.2.6 TeoximiuHu# piBeHBb

['eoximMiuHMI piBEeHb camMoopraHizaiii OyB HACTyHmHUM HICJIS XIMIYHOTO B
nporeci BUHUKHEHHS KUTTA Ha 3emuti [11]. Moro mMokHa oxapakTepu3yBaTH SIK
3arajibHOIJIAHETHUIM pPIBEHb YMOPSJIKYBaHHS T'€OXIMIUHMX MPOLECIB Ha 3emii 3a
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y4acTIO JKHMBOTO, SIKMM MpPOSIBISIETBCS Y BUIVIAIL TE€OXIMIYHOTO Kpyroooiry.
Mexani3M Horo (yHKIIOHYBaHHS ONUCYETHCS HACTYITHUM YUHOM.

Binomo, mo Temmeparypa y BiakpuTomMy kocMmoci Ha 4 K Buma 3a
abconmoTHUM Hydb. U[IIBHICTE PEUOBHMHU y HHOMY HAJI3BUYAWHO Malia (3-10'31
r/CMS). TakyuM YWHOM, BUIPOMIHIOBAHHS 3IPOK MPAKTUYHO HE TMOTJIUHAETHCS
Martepiero, ToMmy BcecBiT ONTHYHO MPO30pHUid, 1 MOKIIMBO CIIOCTEPIraTH rajJakKTUYHI
30psiHl CTPYKTYpPH, BiJJIaJieHl Ha MUIBAPAU CBITJIIOBHX pokKiB Bix 3emii. I[inpHa
IJJaHETHA PEYOBMHA, HABMAaKW, aOcopOye YacTUHY €Heprii  BUIPOMIHIOBAHHS
LEHTPAJbLHOIO CBITWJA, IJIAHETHA MOBEPXHsS HarpiBaeTbcs. BuHukae rpajieHT
TeMIEpaTyp MK IUIAaHETOI0 Ta KOCMIYHUM OTOYEHHSM. SIKIIO € TIaHeTa Mae
PYXJIMBI Ta30BY Ta PiAKY OOOJIOHKH, 32 paxyHOK Iepenany TemiepaTyp BUHHUKAE
(b13UKO-XIMIYHUM KPYrooOir ra3iB uu piuH. Tak, reoXiMIYHUN IIUKII BOJH 1ICHYBaB
Ha 3eMJl 3 MOMEHTY mnosiBu Triapochepu. OmHouacHO diTochepa HEMHUHYUE
3aTy4a€ThCs 0 IHOTO KPyroo0iry 3a paxyHOK IMPOIIECiB Ta30BO1 Ta BOJAHOI €po3ii.
Jloka3oM Mosxe OyTH HasiBHICTh KOpY BUBiTproBaHHs Ha Mapci (puc. 4.20), Benepi,
a HE TUTbKH 3EMUIL.

TakuM 4YUHOM, T€OXIMIYHUNA KPYrooOir € MmonepeaHUKOM O10reoXiMIYHUX
IUKJIYHAX Tporiecis. Moro pyiiiiHa cuia — eHepris, Ky IUIaHETa OJEpXKye Bil
CBITWJIA, 1 sIKa CTBOPIOE TpaaieHT Temmeparyp. [leBHy wyacTky JaroTh
BHYTPIIIHBOIJIAHETHI mpouecd. OTxke, TeoxXIMIYHl [HUKIW, TONEPETHUKU
010reoXiMIYHOTO KpyrooOiry, ICHyBaJlM B YyMOBax KOJIMBAJbHOIO XapakTepy
Haaxo/keHHs eHeprii. Cemaparlis IIMKIIB, OYEBHIHO, BiAOyIacs 3a O3HAKOKO iX
CTaOUTBHOCTI, @ OCHOBA OCTAaHHKOT — BUPOOJICHHSI «aKyMYJIATOPIB», SIK1 3a11aCal0Th
€HEprito B oJiHiH (a3i, 100 BUTPATUTH B IPOTUIIECKHIN. [[pyruii kputepiit Bigdoopy
— IMBUAKICTH KpyrooOiry. VY Burpami OyAyTh Takl 3 UIHUKIIB, IO MalOTh
MaKCUMAaJIbHY IIBHJKICTh 3aBASKH MaKCUMaJbHO €()EKTHBHUM KaTaldi3aTopaMm.
Takum 4uHOM, OI1OJIOTIYHE JKUTTS Yepe3 MNposB XIMIYHUX Ta (HI3UYHUX
MEepPETBOPEHb BUCTYMAE CTAOLII3ATOPOM Ta KaTani3aTopoM (YHKI[IOHYBAHHS BXKeE
ICHYIOUMX TE€OXIMIYHUX ITUKJI, K1 PYHKIIOHYIOTh 3aBJSIKH 30BHIIIHBOMY JIKEpETyY
eHeprii.

OTxe, onuc reoxXiMIYHOIO IUKIY € aHAJIOrOM aBTOKATATITUYHOI CUCTEMH
(puc. 4.6), sxa TOTEHLIWHO Ma€ MOXKJIMBICTH CaMOPO3BUTKY, HaumepIie yepes
YAOCKOHAJEHHsI Kartai3aTopiB-iHTepMeniaTiB. OnucaHi MIpKyBaHHS MpPUBEIU
anrmiicekoro ¢izuka J[x. bepuama (J. D. Bernal) [32] Ta pagsucekoro Giosora
M.M. Kammmunosa [33] (He3asexkHO OJWH BiJl OJHOT0) A0 MapagOKCAILHOTO
BHUCHOBKY: KMTTH fIK (PyHKIisi MOBMHHO BUHMKHYTH PaHillle 32 MOSBY KHUBHX
icrot (quB. po3x. 4.3.7.2).
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(apxis HACA, dafin http://mars jpl nasa gov/msl-raw-
images/msss/00787/mecam/078 TML0034320
000400491E01 DXXX.jpg)

Puc. 4.20. Tlosepxus Mapca i3 ciigamu BOJHOT €po3ii

['eoxiMiuHMI KpyrooOIir BUHHK 3 MOSIBOIO MIEPBUHHOI aTMOC(epH 3a paxyHOK
Jerasanli MaHTIHHOI pEYOBMHM, KOHJAEHcalll BoJAsHOI nmapu. KocMmiuna matepis
MPUBHOCHUJIA BAXKKI €JEMEHTH — TMOTEHIIHI KaTaliTU4YHI UEHTpU. XIMIYHUN
peakTop IUIAaHETapHOro MacmTaly JaB CTapT «KOHKYPEHLI» MK XIMIYHUMU
peakuisiMM 'y BUIUIAAI «OOpOoTbOM» 3a BUXIIHY CHUPOBHHY, /€ MEPEMOXKIEM €
HaWOUIbI KIHETUYHO IIBUJKA peakiia. OueBuaHa aHAIOrisA 3 O10JIOTTYHUM
npupogHuM  Bimbopom  (puc. 4.7), KOIM TOBUIBHI peakiii MOCTYIIOBO
«BUMHUPAIOTH», BUTICHSAIOYUCH OUIBII MIBUIKUMU. SIK MOKa3aHO BHIIE, a0COMIOTHY
MepeMOory MOBUHHI OJIEpKATU aBTOKATANITUYHI IIUKIIIUHI MPOILIECH, B XOJ1 SIKUX
B1I0yBaJoCs HE TIIBKM BIJIHOBIICHHS KaTali3aTopiB, a W YaCcTKOBE BiJHOBJICHHS
cyoctpatiB. TakuM 4YMHOM MOXHa TMOSICHUTH Te€3y NPO BUHUKHEHHS XKUTTSA 0
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MOSIBM JKMBOI MaTepli, TOOTO TIeOoXIMIYHUNA aHaJOr MPUPOJHOTO BiAOOPY MO
BUHUKHEHHS HAUMIPOCTIIIOTO )KUBOTO OPraHi3My.

Cama maHera, 3 Ii€l TOYKH 30PY, € €IEMEHTOM aBTOKATaTITUYHOI CUCTEMHU.
3a B.l. Bepnaacekum, ¢dyHIaMeHTallbHAa BIACTUBICTH >KUBOTO — 3/IaTHICTh
KOHJULIIOBaTH, TOOTO TpaHC()OpMYBaTH y CHPHUATIMBOMY JUIsl ce€Oe HaIpsIMKY
cepeloBUIlle ICHYBaHHS. PO3MOBCIOAUMBIIK 1[I0 BJIACTUBICTh Ha BCIO IUJIAHETY,
anrmicekuit ximik k. JlaBnok (J. E. Lovelock) B 1980-x pp. cdopmymtoBas
koHuenuir (rimoredy) I'ei [34. CyTh moJyisrana B ToMy, 110 Oy/b-sKa IUIAHETA K
aCTPOHOMIYHE TIJ0, 3acejeHa >XMBUMH ICTOTaMH, B NEBHOMY CEHCl € >KUBHUM
00’extoMm. Ha3zBy T'ei JlaBiok B3siB 13 rpeibkoi midosorii, 1e I'es — 60oruus, 1o
BTUTIOE 3eMITIO.

Imoctpamiero rimoresu I'ei € wmarematuuna wmoxens «Daisyworld»
(«<MaprapuTKOBUH  CBIT»), sKa Yy CHOPOIICHOMY BHUIJISAI  JIGMOHCTpYE
CaMOpETyYJII0Yy poiib 010TY B IUIaHETapHOMY Maciitadi. Mojenbs Mae CrnuibHI
pPHUCH 3 KJIACUYHOIO eKoJioriuHow Mozaewto Jlotki-BonbTeppa, B sKill OMUCYEThCS
MOBEJIIHKA CUCTEMH 13 JIBOX MOMYJIALIN — skepTBU Ta xuxaka. [lo cyTi, us Moaenp
utoctpye npunyun Jle-Illlamenve, KU ONUCYe 3MINIEHHSA CTaHy AMHAMIYHOI
pPIBHOBAaru CUCTEMHU TMpH J1i 7110 30BHIMIHIX (PaKTOPIB.

Buxinni gani Mojeni HaCTYMHI:

- Posrnsimaersces miaHeTa 3eMHOTO THUILY;

- [Inanera obepraeThcsi HABKOJIO CBITWJIA, AHAJOTTYHOIO 3a CHEKTPAIbHUM
kiacom 10 CoHug;

- CBITHICTB CBITHJIA, BIATIOBIIHO 0 3a acTpOohi3UYHUX MOJEIEH, 3pOCTaE Mo
Mipi 1i «BUTOpPAHHS», BHACIIJOK YOro TEMIepaTrypa MOBEPXHI IJIAHETU JIHIWHO
3pOCTaEe;

- [loBepxH# m1aHeTH — OOBOJHEHA CYyIIIa, € MOXKJIUBO ICHYBaHHS KUTTS,

- €muHoro (popmoro KUTTS Ha ToiaHeTi € mapraputku (Bellis) (anrm. Daisy)
TeMHOr0 Ta cBiTiIoro kKobopy (TM ta CM);

- Li pocnuHM MOXYTh iCHYBaTH B TeMIepaTypHOMY Aiama3oHi Big 5 g0 40
°C, nait6inem kompopTHOHO € 20 °C.

Ha crapTi MozentoBaHHs MpuitMeMo, 110 €KBaTOpiaibHa 00JacTh MIporpijiacs
10 5 °C (touxka 1, puc. 4.21). Ha 1ieii MOMEHT Ha IOBEPXHI IJIAHETH 3’ SIBISIOTHCS
CM ta TM B mponopuii 1:1. Axmo Ha neaxid auisHIl yacTka TM paHIOMHO
BHUSIBUTHCS BHIIE CEPEIHBOT, TO JIOKAJIbHE alb0e0 MOBEPXHi (KOePIII€HT BiAOUTTS
COHSYHOTO TIOTOKY) JCIIO 3HH3UTHCS, 0O TEeMHa IOBEPXHS IOTJIMHAE OLTBIITY
YacTKy COHSYHOI eHeprii. B pe3ynbTaTi UbOro TIPYHT MPOTPIETHCS A0 OLIbII
BHCOKOI TeMIlepaTypH, HaOJMXKaro4duch 10 KoMmdopTHOi (minsHka 1-2 Ha pwuc.
4.21). B pe3ynbraTti TM onmepkath JokalibHy niepeBary Hajg CM, i yacTka OCTaHHIX
3HU3UTHCS.
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InmeHcusHicMb BUNPOMIHIOBAHHA 3ipKU

Puc. 4.21. JIlunamika TeMmepaTypu Ta CBITHOCTI 3ipKH B «MaprapUTKOBOMY
cBiT» /. JIaBmoka

3 1bOT0 Yacy B CHUCTE€M1 MOYMHAE AISITU 3BOPOTHHUM 3B’SI30K MO3UTHUBHOTO
3HAaKy: B1IOYBa€TbCS 3HIKEHHS anbOeNo IJIaHETH 3a paxyHoK Toro, mo TM
MOTJIMHAIOTh OUIbIIlYy YacTKy €Heprii BUMpOMiHIOBaHHS 3ipku. [lmomia mporpitoi
MOBEPXHI, MPUIAATHOI JJIs JKUTTA, MOCTYNOBO 30UIBIIYETHCA Yy HANpPSAMKY B
€KBaTOpy [0 MOJIIOCY, 110 3HOBY 3HWXKYeE 3arajbHe anbOeno. IIpore HacTynuTh
MOMEHT, KOJIM TeMIIepaTypa Ha €eKBaTopi IJIAHETH, TOBHICTIO 3aceneHoi TM, uepes
301IBIIEHHS] CBITHOCTI CBITHJIA IEPEBUIUTH ONTUMANbHY Benuuuny, piHy 20 °C
(trouka 3, puc. 4.21). 1 Temep cenekTHUBHI TepeBard Bxke Ha cropoHi CM, ski
30UIBIIYIOTh JIOKAJIbHE ainb0en0, BiOMBaIO4YM OUIbLIY YAacTKY BHIIPOMIHIOBaHHS,
BHACIIJIOK YOro JIOKaJbHAa TeMIlepaTypa 3HWXKYyeTbcs. Po3noBcromxennas CM 3a
paxyHoKk BuTicCHeHHS TM, BiIOyBa€ThCsl aHANOTIYHO — BiJ] €KBAaTOpa 0 IMOJIOCIB,
MPOSIBISIIOUM  IIEHTUYHUM TONEpeAHbOMY TO3UTUBHHUN 3BOPOTHUHN 3B S30K.
CBITHICTh 30p1 MPOJOBXKYE JIHIKHO 3pOCTaTH, 1 HACTyla€e MOMEHT, KOJIHU
MosxuBocTi CM cTaOumi3yBaTH TeMIlepaTypy BUYEpHyrOThCS (minsHka 3-4, puc.
4.21) BoHa mepeBuINye TEIUIOBHHA TOPIT *HTTA (3a ymoBoto moxemi 40 °C) i
ITaHeTa BTpavae XuTTs (Touka 5, puc. 4.21).

Hapasi po3pobiieHo kinbka HHGPOBUX BapiaHTIB TaKUX MOJENEH, IO
0a3yroTecs Ha Timotesi ['ei. Tak, Ha puc. 4.22 HaBeEHO CKPiH TaKOl Mporpamu, Je
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MOXHa OOMpaTH BaplaHTH PI3HOI KiIBKOCT1 3a0apBIICHHS MaprapuroKk — y JBa,
YOTHUPU 1 HaBITh IIICTHAALSTH KOJIbOPIB.
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Puc. 4.21. Ckpin ¢dnem-nporpamu Bizyauizaiiii Mogeni «MaprapuTKoBOTO
cBiTy» [35]. OOpaHo 1Ba BUIM MaprapuToK — O1JTi Ta YOPHI.

3a po3paxyHKaMud MOJENl, MPOTSIrOM TPUBAJIOTO TNEpIOAYy JIHIHHOTO
3pOCTaHHsI CBITJIIOBOTO MOTOKY BIiJ 30pl, TUM HE MEHIIE TeMIliepaTypa MOBEpPXHI
TTaHEeTH Oy/Ie Maike MOCTIHHOI MK JBOMA KPUTHIHUMH Toukamu 2 i 3 — O6ins 20
°C (puc. 4.21). XiMix 1mo0a4YuTh y «MaprapuTKOBOMY CBITI» MPSMY aHAJIOTIIO 3
OypepHUMHU pO3UMHAMH, 1110 CTA0LII3YIOTh MOKa3HUK pH 3a paxyHOK aHaJIOTT4HOTO
3BOPOTHOTO 3B’ SI3KY.

Otxe, HaBITh HaWMOpoOCTiIa MOAENL Oilocepu TUIBKA 3 OAHOTO BUIY
pOCIIMH, $SIKI BIAPI3HSAIOTHCSA JIMILIE 32 OJHUM HapaMeTpoM — 3a0apBICHHSIM
NETICTOK, OKA3Yye, 1110 HABITh Y TAKOMY BHUIJIS/1 )KMBa MaTepisl 37aTHA TJI00ATBHO
peryiaoBaTu TeMIepaTypy noepxHi miaHeTu. Lle — edexT kocmiyHOTO MaciTaly.
[Ipyyomy HallBaXIuBIIMM € He caM (aKT TEPMOPETYIslii 3a paxyHOK
(yHKIIIOHYBaHHS >KUBO1 MaTepii, a MEPEeTBOPEHHsS IJIAHETH B TEPMOJUHAMIYHY
PIBHOBa)XHY CHUCTEMY, Ta MIATPUMY€E IOMEOCTa3 BCyINeped 3MiHI 30BHIIIHIX YMOB
(B TaHOMY BHUTIAJIKy — CBITHOCTI 31pKH).

Cuctema B 1UIOMY (PYHKIIIOHY€ 4Yepe3 HETraTUBHUN 3BOPOTHUN 3B 530K,
X04a KOXKEH 11 €JIEMEHT Ma€ MO3UTUBHUM 3BOPOTHHUH 3B’ SI30K, 110 XapaKTEPHE caMme
JUTSL "KUBUX CHUCTEM.
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4.3 PizHKO-XiMidHI aCIEeKTH Trimore3 INOSABH XHTTHA HAa
3emai

baratro mnpoBiAHUX HAYKOBUX JKYpPHaliB MPUPOJHUYOTO CHPSIMYBAHHS
JIOHElaBHA OCTepIrajucs NOpuiiMaTh [0 OMyOJIKyBaHHS CTAaTTI WIOJI0 IIOTO
MUATaHHS, aHAJIOTTYHO J0 TOTO, SK KypHaIu B rainy3i Gi3uKd BIAMOBISIOTHCS MaTH
CIpaBy 3 JOCIIPKEHHSIMUA Ha TeMY BIYHOTO JABUTYHa. Hayka sik croci0 mi3HaHHS
Ma€ ChpaBy 3 BIATBOPIOBAHMMH SIBUIAMHU, SIKI MEPIOJUYHO TOBTOPIOIOTHCH,
BUUISIOUM 3aKOHOMIPHOCTI Ta dYacTKOBI o0coOmuBocTi. Hampukiam, Teopis
010JIOr1YHOI €BOJIOLIT € MPEeIMETOM HAyKOBOIO Mi3HAHHS JIMIIE TOMY, IO BOHA
MpEACTaBlI€HAa CYKYIHICTIO OKpeMHUX CTajiil. BUHMKHEHHS XUTTA Ta PO3ymMy —
yVHIKaJIbHA TOJis, sIKa BiAOYyJacs OJHOKPATHO B YMOBAX, XapaKTEPHUX TUIbKH IS
3emuti. Hapasi 3ycwinis 3emHO1 Hayku (Hampukiam, AoBrorpuBaimii mpoekt SETI)
3 MOUIYKY IMO3a3€MHUX IUBUII3ALIN HE AocAriau ycmixy. ToMmy, CTporo Kaxyuw,
MOKU KUTTSA HE BUSBJICHO HA 1HIIUX IJIAHETaX Y JO TUX MIip, MOKU IITYYHO HE
CTBOPEHO JKMBY MaTepil0 Ha MPHUHIMIIOBO IHINIA XiMiYHIA OCHOBI (HaIpHKIIAT,
IHIIOT XipaJIbHOCTI TMOPIBHSAHO 3 ICHYIOUMMH NPHPOJHUMH (popMamMu) —
MOXOJIXKEHHSI KUTTS € MPEAMETOM BUBUCHHS Puiocodii, paHTacTUKH, THOCEOJOTTI],
asnie He XIMIYHOi Hayku. HemoxnuBo OyayBaTu rpadik 3a OJHOI TOYKOK. Tomy
010XIMIKH, €BOJIFOL1I{H1 010JI0THU PIIKO BUHOCKJIM 11 MUTAHHA Y IJIOIIMHY HAYKOBOT
muckycii. M.B. Tumodees-PecoBcbkuii, BUaTHUII T€HETUK 1 €BOJIIOI[IOHICT, Ha
BIJINOB1/IaB HA MUTAHHS PO MOXOJKEHHS JKUTTSI Y TYMOPUCTUYHOMY KIIIOYUL: «...s
HIYOTO HE mam’gTato, 60 OyB TOJI 1€ Jy’KE€ MaJE€HbKUM. 3anuTaiTe Kpaiie mpo 1e
akajaemika OnapiHa...».

[Ipotsirom octanHix 10 pokiB ofepkaHO 3HAYHUN MACHB HOBHX HAYKOBHX
JAaHUX, BKJIOYAIOYU PEBOIIOLINHI pe3yibTaTH acTPOOIOIOTIUHUX JOCHIIKEHbB, 110
3MYCHJIO HAYKOBY CIIUIBHOTY I'PYHTOBHO MEPETISHYTU 1CHYIOY1 T1MOTE3H.
note3n mosiBM KUTTA Ha 3emil, NoOyJoBaHI SK Ha JOKa30BId, TakK 1
KyJbTYPOJOT14HiH 0a31, MPUUHITO K1acU(IKyBaTH HACTYITHUM YUHOM '

— Kpeartiionism;

— Teopist cTalioHapHOTO CTaHY;

— CrnioHTaHHE CaMO3apOJIKEHHS;

— [Tancnepmis;

— bioximiuHa eBotolist (Teopis abioreHe3y) B pi3HUX Bapiallisix;

- Teopist PHK-cBity.

PosrmsgaroTbess Takok KOMOIHOBaHI MIAXOAM, HAMpPHUKIAA, MaHCOEPMIS 3
MOAAIBIIIOI 010XIMIYHOIO €BOJIOIIETO.

4.3.1 KpeanioHizm

Kpeauyionizm (i3 aHTJ1. IEPEKIIATAETHCS K «HayKa PO TBOPESHHS» — creation
science) cTBepIpKye, IO ICHYIOTh HAYKOBI JIOKa3H OYKBaJILHOT'O TPAKTyBaHHS aKTy
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TBOPEHHS JKUTTS BUIOIO cujoto, onucanoro B Kuusi byrrs Craporo 3anoBiTy Ta
IHIIKX JpKepel. HermojaBHo BUHUK HOBHUE HOTO pi3HOBHI — «Haykosui» (Scientific
creationism). ArmoJsioreTd  BIOKHJAIOTh HAYKOBI JIaHI KOCMOJIOTIi, T€OJIOrii,
OioJsioriyHoi eBooIii. ToMy 10 KOHIIEMIiF0 (POpMaIbHO HE MOKHA PO3TISAIATH 3
no3uuiit gokasosoi Hayku. Ii ciig sragatu nume Tomy, mo B 1990-x pp. 3’ sBunacs
HEO-KpealioHiCTChKa KOHIEeNIIs «pozymuozo 3aoymy» (ID - Intelligent design),
aBTOPU SIKOi CTBEPJUKYIOTh, IO Hapaszl OJIepkKaHO HAYKOBE OOIPYHTYBaHHS
KpeaiioHiaMy. HaliGuabI1 po3noBCIOKEHUM € TaK 3BAaHUU apTyMEHT «MICSYHOTO
mwty» (“moondust argument’), skl CTBEpJUKYE, IO Bik 3eMJli CKJIAJa€ BCHOTO
6ims 10000 pokiB, a He 3-4 mupa. pokiB. Axmo Micsilh BUHUK OJHOYACHO YH
mi3Hie 3emiil, Horo BiKk MOXXHa pO3paxyBaTH 3a TOBIIMHOIO IIAPYy METEOPUTHOTO
nuny. 3a 3-4 MiIpa. poKiB iCHyBaHHS MPUPOJTHOTO CYIMYTHUKA 3eMITi map Muily Ha
HOro MoBepxHI MOBUHEH MAaTH TOBIIMHY B KUIbKa JMECATKIB MeTpiB. PeanbHi naHi,
OJIepXKaHl IUIAXOM TMPSIMUX BHUMIPIOBaHb, 3AIMCHEHHMX B MeEXKaxX Mporpam
nociimkeHHss Micslsg , B TOMY YHMCIl HaWHOBImIOi kuTaiichkoi Mmicii Yan’e-3
(ciuenn 2019 p.), cBiqUaTh Mpo Te, IO IIap NIy He nepeBuirye 2-5 cm. OTxe, Bik
Micsns cknanae nopsaky tacsaoitittsa. Briepmre I'. Cnamep (H. S. Slusher) B 1971
p. HaBiB L€ aprymMeHT y poOOTi, ONPWIIOAHEHIH B KypHalll HAyKOBOTO
ToBapucTBa Kpearionictie “Creation Research Society Quarterly”. Kputuku
BKa3aJid, 110 aBTOP BUKOPUCTAB XUOH1 1aH1 BUMIPIOBaHb IIBECHKOTO reodizuka I'.
IlerTepcona (H. Petterson), siki ogep:kano B Mexax 3eMHOI atMocdepu B 1957 p.
[36], xoua Ha To¥i yac Bke OYJIO ONMPIIIIOIHEHO OUIBIN JOCTOBIPHI JaHi, oJIepKaHi
no3a armoceporo 3emuri. ApPryMeHT CTaB TMOIYJSPHUM IIICIs BHUXOAY KHUTH
aMepuKaHChkoro kpearionicra I'. Moppica (H. M. Morris) «HaykoBuit
kpeartionizm» (1974 p.).

Hapasi s xoHreniiss BU3HaHa IceBIoHaykoBoto [37], 00 BoHa BCTymae B
MPOTUPIYYS 3 PSIOM JOCTOBIPHHUX HayKOBHMX AaHuX [38], a Takox HE BiIIOBiIa€e
KpUTepisM BepudikoBaHOCTI (mepeBipku), ¢Ganbcu(PiKOBAHOCTI Ta MPHHIIHAITY
Oxkama, KM 3By4YUTh HACTYIIHUM YHMHOM: HE CJ1JI MHOXKUTH CYTHOCT1 OLIbIIe
HEOOX1HOTO.

Lo Teopiro ciif 3rajaTy 1ie il ToMy, 10 y CBITOBOMY CYCHIJIBCTBI CKJIaJIacs
VHIKaJbHa CHUTYyallisd, KOJIM KpEalioHI3M CTaB MPEAMETOM JUCKYCId II0J0
BUKJIAJIAaHHS TPUPOJHUYINX HayK. HalOiapIl rocTpo MUTaHHS CTOITh B IIIKOJIAX
CIOA. Tak, ekc-pe3uaent CIIIA JIx. Bbymr-momommuii (George Walker Bush)
3aMpOIIOHYBAB TEOPIK0 KPEAIIOHI3MY BKIIOUUTH JO MIKUIBHOI MPOrpaMu MOpsia 3
Teopiero JlapBina. Ane He BCi 3rojHi 3 Takoro no3uilieto. Tak, B 2005 p. cymas [Ix.
Jlxoiic 111 (U.S. District Judge John E. Jones) Bunic BepaukT, 1mo ID Teopis
ABJIIETHCA HEHAYKOBOIO PENIriiHO0 KoHUemnuie. ToMy B mkonaax M. [yBp mrary
[lencinbBanist Teopis JlapBiHa MOBUHHA BUKJIAJATUCS Y SKOCTI HAYKOBOTO (hakTy, a
HE K OJHA 3 HAayKOBUX TimoTte3. OJHAK Cymepeykd BEIyThCS A0 ChOTOAHI. 42
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naypeatu HoOemiBchkoi mpemii y ramy3i ximii, ¢izuku ta meaumuau B 2011 p.
3BEpPHYJIUCS 3 BIAKPUTUM JIMCTOM 13 3aKJIMKOM BIJIMIHUTH TakK 3BaHUU
«JlyiziaHChKHI aKT PO BHKJIQJAAHHS HaBuajdbHUX Aucuuiutie» (Louisiana Science
Education Act), BiamoBigHO 10 SKOTO (aKTHYHO JTO3BOJIIETHCA B HaBUAIBHHX
3aKjajax BUKJIaJaTH KpealioHI3M 3aMiCTh HayKOBUX KOHIIeNI[id. binmbine Toro, B
2007 p. KOMITET 3 KyJbTypH, HayKu Ta ocBiTH [lapmamentcbkoi AcamOnei Pamm
€spomu (I[TACE) BunyctuB pesodmonito «Hebe3neka kpealfioHisamy B ocBiTi» [39],
7e cKa3zaHo: «... Pama €Bpomnu 3BepTae yBary Ha BaKJIUBICTh HaBYAHHS KYyJbTYpi
Ta penirii. 3apaau cBOOOIM CJIOBAa Ta OCOOUCTUX BIpyBaHb KPEaI[iOHICTCHKI 1]1€1, SIK
1 Oyap-fiKi 1HIIl TEOJOTIYHI MOCTYJaTH, MOXYTh OYyTH TMpeACTaBI€Hl 5K
JOTIOBHEHHA /10 KYJbTYpHOi Ta peniriiHoi ocBiTM. OAHAaK BOHU HE MOXKYTh
MPETCHIYBAaTH HA BU3HAHHS iX HAYKOBHMHUY.

4.3.2 TinoTe3a cTalliOHApPHOrO CTaHY

[1# rimore3a, sSKy Ie HA3WBAIOTh emeprizmom (Bim mar. eternus — BiYHMIA)
3almpoTnOHOBaHa, 3a AeskuMu nanumu, B 1880 p. mimembkum diziomorom T.B.
[Tpeiiepom (Thierry William Preyer). CyTb rinote3u — )XHTTs HE BAHUKAJIO, a ICHY€
BiUHO, 1€ (yHJaMEHTaJbHA BJIACTUBICTh BcecBiTy. AHaNOTIYHO BUIU KUBOTO
ICHYBaJli 3aBXJHU, KOXKEH 13 HUX Ma€ MOXIJIMBICTH ab0 3pocTatu, abo0 BUMEPTH.
[TpubiyHUKY 11i€1 TOUYKU 30pYy BUXOMSTH 13 TaK 3BAHOTO «IMPUHIUMY Peni»: xuBe
MOXOAMTH JIMIIE Bij kuBoro. HaykoBi maHi, oJep:kaHi HEIIOAABHO, 32 SKUMHU BiK
icHyBaHHS 3emJii ckiangae 4,5 MupJl. pOKiB, TAKOX TPAKTYIOTh Ha KOPUCTh JAHOI
rinoTe3u. Sk apryMeHTH BHUKOPHUCTOBYIOTHCS PO3PUBHU Y MAJIIEOHTOJIOTIYHOMY
JiTonucy XUTTSA. HalOoimbmn nomyasipHui UKl — BUSBICHHS )KUBUX BUKOITHUX
MPEJICTAaBHUKIB KUCTENIEPUX PHUO 1amumepiti, K1, 3a TaJCOHTOJOTTYHUMH TaHUMH,
BUMEPJIM B KiHI[I KpeiasHoro nepioxy. Hapasi onmumcano nBa ix Bumau: Latimeria
chalumnae (Bimkpura B 1938 p., BHsBIEHO OIS CXiZHOTO Ta MIBACHHOTO
y30epexoks Adpuku) Ta Latimeria menadoensis, sky BHSBICHO TOONH3Y O.
CymaBeci B Inmonesii i ommcano mporsrom 1990-1999 pp. I me He enunwmit
MPUKJIAA, KOJIM BUIM MHUHYJIUX TE€OJOTIYHUX €MOX BHUSBISIOTH Y «3alOBiTHUKAX»
IJIAaHETU: HE 3MIHWIKCS MPOTArOM MUIBHOHIB POKIB ICHYBaHHS 3eMJIepUiiKa
COJIeHOOH, silipKa myamapa. Tak, 1maneo010J0Tisl BBaXae MepexigHo0 (OopMOro
Bl penTwiiii 10 mNTaxiB BUKOMHUNW BHA apxeonmepuxc. Llg KoHIEMITIS
«mocumanacs», komu 1977 p. B Komnopano (CIIA) BusBHIM cKam’STHIUTI MTaITHHI
PEITKH, BIK SIKUX MEPEBUIINYBaB BIK PEIITOK apXEONTEPUKCA. 3HAUYUTh, OCTAHHIN
HE € mepexiiHo Gopmoro, 1€ — OKpeMo iCHyIouui cy0’ekT. OauH 13 HalOUIbII
YacTO MOBTOPIOBAHMX apTyMEHTIB Ha KOPHUCThH TINMOTE3U CTAI[IOHAPHOTO CTaHYy —
Haye0TO BIJACYTHICTh MEPEXIJHOT JIAHKA MDK HEaHAEPTAIbIIEM Ta CY4acHOIO
moauHow. Ha xanb, B IbOMy MNHUTaHHI pENyTaIlil0 aHTPONOMNAJICOHTOJIOTB
3icyBajia TydHA IiCTOpis i3 MiApoOKolo — 3HakmeHnM B 1912 p. Tak 3BaHUM
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(ITITIAYHCHKAM YepernoM», Ky BUKpwin B 1953 p. BusiBunocs, 1o BiH HAJISKUTH
Cy4yacHIW JIIOJIMHI, a HWKHS IIeJena — OpPaHTyTaHry 3 MANWISHUMH 3y0amu.
HacnpaBai Ha ChOroJiHI 3HAXITKH «IPOMIKHHUX JIAHOK» HAapaxOBYIOTh BXKE THUCSUl
€KCIIOHATIB. [3 CBUKMX MPUKIAIIB MOXKHA 3raJaTd MyOsiKalilo B aBTOPUTETHOMY
xypHani Science Bing 20.06.2014 p., nmpo HoBi 3Haxigku B medepi Cima ne joc
Yenoc (Icnanis), ne BUsBIeHO pemTku 28 ocid, y Tomy umcii 17 gepernis, cepen
SKUX — MPAKTHYHO UK quTsunid. Bik nux rominin omineno B 430000 pokie. B
po06oTi [40] (cranom Ha 2015 p.) HaMOLIBII MOCTITOBHO BHKJIAJA€HO OCTAHHI AaHi
10 €BOJIIOIIIIO JIFOJJMHU Ta CIPOCTYBAaHHS Mi(iB B 11l 00J1aCTi.

JlaH1 acTpodi3MKIB TaKOXK MpPsIMO cylepedarh JaHiid rinoresi. Bik Bececity
o1iHIO0Th B 17 Mupa. pokis, Conrs ta 3emii — 6irst 4,5-4,6 Mipa. pokiB.
Cnix BIAMITUTH, M0 NPUXWILHUKOM JaHOI TIMOTE3W dYacTo BBaxawTh B.I.
Bepnaicbkoro, mocuiiarouuch Ha HOTo ClIoBa:

«...IIOYATKY KHTTA vV ToMy KocMocl, AKHH MH crocTepiraeMo, He OyIo,
Tak Ak He Oyiao modatky nboro Kocmocy. JKHTTA BidHe, OCKITBKH BIYHHH
Kocmoc» [41, c. 35].

Moxnuso, B.l. BepHaacekuil moeaHyBaB Bepcli CTAIliOHAPHOTO KUTTS Ta
NaHCcHepMlii y cBOeMyY OadeHHI1 poOJeMHU MOXOIKEHHS 36MHOTO KHUTTS.

Iness He3MmiHHOCTI OI1OJOTTYHUX BHUAIB 30JMXKY€E TINOTE3y €TEPHI3MY 3
KpEAaIIOHI3MOM, MNPUXUIBHUKU SIKOTO BBAXKAIOTh JKUTTS HE3MIHHUM 3 MOMEHTY
HMOr0 TBOPEHHS BUILIOIO CHUJIOKO.

OTxe, OPUHIUIIOBO TEOpis CTAI[IOHAPHOTO CTaHy BIJIACHE HE MOSCHIOE
BUHUKHEHHSI I[LOTO CaMOT0 UTTSA, MPOCTO JETEPMIHYEThCS caM (akT HOro
icHyBaHHs. ToMy JaTW KOHCTPYKTMBHHMM BHECOK HA IUISIXY MOIIYKY BHUTOKIB
KUTTS LA T110Te3a HE MOXKeE.

4.3.3 T'inoTe3a nmaHcnepmii

Ha3Ba rimore3n MTOXOOUTH BiJl JAPEBHBOTPEIBKOTO Tovomepuio (Cymimr
pI3HUX HACIHWMH), CKJaJCHOro 3i ciiB mov (pan) - «Bce» Ta omépua (Sperma) -
«HACIHHS». 3a HEI0, KUTTS Ha 3eMIIl 3’ IBIJIacs B pe3yJIbTaTi 3aHECEHHS 13 KOCMOCY
TaK 3BaHUX «3aPOJIKIB KUTTSA», SIKI MEPEHOCITHCSA 3 HEOECHUMU TIJIaMU IITYYHOTO
Yl TNPUPOJHOTO TOXOKEHHS abo y CKJIaal KOCMIYHOTO MWy, SKUU
MEePEMIIYEThCA M1 THUCKOM CBITIIOBOrO MNOTOKY. Kol BOHM MOTpaIuisiioTh B
CIPUSTIUBI YMOBH, TO PO3BUBAIOTHCS y CKJAJHI OpraHi3Mu. ICHYIOTH KUIbKa
pPI3HOBUAIB Teopit y wMexax wiei rimore3u. Cimil BIAMITHTH, WO BJACHE
MOXOJIPKEHHSI KUTTS BOHA HE MOSCHIOE, a IEPEHOCUTh MUTAHHS MPO BUHUKHEHHS
KUTTS Ha 1HIII1 HEOECHI T11a UM HaBITh Y KOCMIYHUHN IIPOCTIp.

VY Burisai copmynboBaHOi1 1€ rirnoTe3y BUCYHYB HiMelbkuil meauk I, E.
Pixtep (mim. Hermann Eberhard Friedrich Richter) B 1865 p. Ii migrpumanu T
['enpMmronbil Ta mBeaAchkuil (izuko-ximik C. Appeniyc (mBea. S. A. Arrhenius),
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opurancekuii ¢isukx Y. Tomcon, tops Kemssin (W. Thomson, 1% Baron Kelvin).
AppeHiyc, 30KpeMa, PO3pPaxyHKOBUM IUISIXOM JOBIB MPUHIUIIOBY MOXJIMBICTb
NnepeHocy OakTepiaJbHUX CHOP B MDKIUIAHETHOMY IMPOCTOpPi Mif MJIEI0 THCKY
cBiTina. BiH mokaszaB, 110 CBITJIO CHPUYMHSE MEXAHIYHUN THUCK HA YaCTHUHKHU
niametrpoM Outst 15 mkwm. Ie Binmosigae po3mipam crop OuibinocTi O6aktepiid. [1in
THUCKOM (DOTOHIB COHSYHOTO BUIIPOMiHIOBaHHS criopu 3a 20 116 MOXYyTh, MOJ0JATH
BizicTanb Bim 3emuti g0 Mapca, a 3a 80 — mo IOmitepa. Crmixg HaragaTu, 1o 110
MPUXWIBHUKIB TIOpUAY Teopii CTAI[lOHAPHOTO CTaHYy Ta MaHCHEepMii BIIHOCATH 1
B.I. BepHaxacekoro.

I3 cyyacHuX HayKOBLIB MOCIIJOBHY IMO3ULII0 BITHOCHO LI€i Teopli 3aiMae
naneonTosor akagemik PAH A.FO. Po3anoB, ronoBa komicii 3 actpo6iosorii [42,
43]. Bin nocuiaeTbess Ha peabHO 3adikcoBaHi (AaKTH BHUSBIICHHS B METCOPUTHIN
PEUYOBUHI CKaM’SHUIMX YTBOPIB, CXOKHUX Ha HalmpocTimi MikpoopraHizmu. Kpim
TOTO, BiH CTBEPJIKYE, 10 3HakaeHI B ['permanmii 6aktepii Bikom 3,8 Mupa. pokis,
CBiUaTh MpPO Te€, IO 3a TaKuidl KOPOTKUA NPOMDKOK 4Yacy BHUHUKHYTH
€BOJIIOLIMHUM HUIIXOM 1 JOCSATTHM TaKOTO PIBHS OpraHizalii XKUTTS HE MOTJIO.
[TpuxmibHUKOM TeOpii maHcmepMmii € BimoMuil OputaHchkuil actpodizuk CTiBeH
Xokinr (Stephen Hawking), cyasium i3 #oro mo3winii, BUCIOBICHOI I Yac cepii
nexnii HACA B VYuiBepcuteti /[>x. Bamunarrona B 2008 p. «Homy Mu mOBUHHI
BUUTH B KOcMoc» [44].

3 TOYKM 30py CY4YacHOI HayKH, Timore3a O10JIOri4HOI Ta mependioNoriyHol
naHcrepMii (BIAMOBIIHO — MOTPAIUITHHSA Ha 3€MJTIO CIIOp KMBHX OPTraHi3MiB 4H
CTHOJYK OPTaHIYHOI MPUPOAM IS 3apOJKCHHS JKUTTS) MOSICHIOE JBa aOCOJIOTHO
JOCTOBIPHUX (haKTH:

- HempomnopiiiHO KOPOTKHM Tep10 Mepe1010J0rTIHOT XIMITHOT €BOJIOIIIT,
- HeouikyBaHO MIBUIKE BUHUKHEHHS MEXaH13My (POTOCUHTE3Y.

Slkio mpoBecTH JiHIMHY anmpOKCUMAIlil0, TO BUSBISIETHCS, 10 TPUBAIICTh
XiMiuHOi eBOIOLi Ha 3eMili MOBMHHA CKiIagaTH He MeHme 6-10° pokis. IIpote €
CBIJTYEHHS, IIO ii TPUBATICTh AYXKE Majla — NOPAJKY 0,2:10° poxkis — Bix 4,1 5o 3,9
mipA. pokiB [45]. Jlokazom e cBixki mani (Big 1.03.2017 p.) mpo 3HaxigKy Gpocuiii,
BIK SKHX, 3a OIlIHKaMm®, TepeBurye 3,7 MIpPA. POKiB, BHUSBICHUX Y
cynpakpyctaibHomMy Tosici HyBByarirryk, mnposinmis Kebex (Kanama). ILls
reosioriuHa opMarlis € OJHIEI0 3 HaWCTapilmux Ha 3eMJIi. BBAXKA€EThCH, IO 11 BIK
nocsrae 4,28 Miapa. pokiB. 3HAHAEHO CHiAM CKaM SHUTIOCTEH MICTATBCS B
KBapIOBUX IIapax Ha MICIi, M0 KOJUCHh OyJI0 T1APOTEPMAIbHUM JIKEPEIOM. 3a
JIOTIOMOTOI0  METOJMKU  JlazepHOoro (opMyBaHHS 300pa)k€Hb JOCIHITHUKHU
BUKJIIOYMIA HEOI0JOriYyHE IOSCHEHHS IMOXOMKEHHs Qocwmmii (HampuKiazn,
KPUCTAJTI3AII0 TeMaTUTy i Ji€0 THCKY Ta Temreparypu). Cynsuu i3 BUIIISITY
Mmikpouutipy (puc. 4.23), ckam’SHUII HUTKH 1 TPYOKHM TE€MAaTUTy — MPOJYKTH
MeTa0oJII3My aHAJIOTIB Cy4acHUX 3al13UCTUX aHaepoOHMX Oakrepiid. BaxnuBo, 110
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MOPsi[i PO3TAIIOBAHO BKJIIOYEHHS amaTUTy Ta KapOOHATY, sIKi 4acTO aCOLIIOKTHCS
13 poCHUTISIMU.

100pm

Puc. 4.23. ®inamenty (BHYTPINIHBOKIITHHHI HUTKOMOAIOH] YTBOPH), BKPHUTI

HAaHOCKOIIYHUMU KPHUCTAJIaMU T€MATUTY 13 CynpakpycTanbHoro nosicy HyBByriTyk
[46]

[Hakme Kaxy4dM, CTHUCHICTh MepeAOIONOriyHOI  €BOJIIOLIT  BUIJISAE
aHOMAJIEI0 B MacHITaOHO-IHBaplaHTHOMY XapakTepi O1loyioriyHoi eBodrorii. lle
moka3aHo Ha puc. 4.24, ne nokasasi ¢ga3oBi mepexoau eBoJIOIi Oiochepu pazoM
13 IPOrHO3HUM MOMEHTOM MOYaTKy Nepe1010I0rYHOI €BOJIOLIT Ha 3eMl.

[IpuxwibHUKU Teopii MaHcmepMii MOSACHIOWTH Il (hakT Tak: XiMIYHA
nepen0ioNoriyHa PEBOJIIOIIS MOTJIa TPHUBATH TMPOTHO30BaHI 6 MIIpPJI. POKIB UH
HaBITh OUIbIIIE, TUIBKM BIOYyBasacsd BOHA HE HA 3eMIl, a Ha 1HIIH/IHIIUX IIaHeTax
3eMHOTO TUIly OIS 31poK, ctapmux 3a Conile. Ines mancrepMii HiATPUMYETHCS
BIIKPUTTSIM METEOPUTIB, BUOUTUX 3 MOBEPXHI IHIIUX IJIAHET Ta BUSIBJICHHSAM B HUX
opraniyHux crnoiyk [42]. IlaHcmepmis MOXe TaKOX IOSCHUTH HECIO/iBaHO
MIBUJIKY MTOSIBY MeXaHi3My (oTtocunTe3y (hazoBuii nepexin 0 Ha puc. 4.24). 3emis
MOCTIMHO «3apakajiacsi CiopaMu» 13 KocMocy. SIK TUIbKH TeMmmepaTypa Ha 3emii
3HU3UJIACA 1O MOPUUHATHOTO PiBHA, 1[I «CIOPU» HETaWHO Jalh «CXOIU» —
3 sIBUITUCS (DOTOCUHTE3YIOUI 1[1aHOOAKTEPIi.
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Homep pesonrouyii, n
Puc. 4.24. Hap3BuuaiiHa CTUCIICTh epeA0I0I0TiaHOl XiMIYHOT eBOJIIOIIT Ha
3eMJIi IPUBOAUTH O «aHOMAJIII» Yy 3arajibHiil MacITaOHO-1HBApIaHTHIN €BOJIOLIT
oiochepu [45].
Bunuknenuss ¢orocuHtely Ha 3emill € KPUTHYHHUM MOMEHTOM
TPUBANIOCTI MepeadioNoriyHoi eBoroMii. AKmo (HOTOCMHTE3 BUHUK B AIHMCHOCTI
INUISIXOM, B Pe3yjibTaTl MOJOJIAHHS TIEBHOI €HJIO-

OLIIHKH

MPUPOJHUM €BOIIOLINHUM
€K30T€HHOI KpU3H, TO 1€ O3HAYa€ Pi3Ke MOPYIICHHS MacmTady Ha MOYaTKOBOMY
etam OiojorigHoi eBosromii. OTXe, HaBeJeHAa EKCTPAamoJisIlis  MacliTaOHO-
1HBAap1aHTHOI 3aJI€KHOCTI B MUHYJI€ BUSIBIIIETHCS HEKOPEKTHOIO.

Mae npaBo Ha JKWUTTA 1 TINOTE3a, O CHEPIIY EBOJIOLIS XKUTTS Ha 3emil
MorJia OyTH HE 30BCIM «IIPUPOJHOIO» 1 BU3HAUANIACh MEPEBAXKHO 1H(PIKYBAHHAM 13
kocMocy. OJIHaK B TMEBHUM MOMEHT CKJIQJHICTh >KATTS Ha 3eMil IOYUMHAE
MEePEBUIIYBATH MaKCUMAaJbHY, SIKa MEPEHOCUTHCS NUISIXOM maHcnepMii. EBosrorris
Ha 3eMJll «BIJIPUBAETHCSA» BiJI CBOTO IMOYATKOBOIO KOCMIYHOIO JIKepena Ta
HaOyBae caMocTiiHOocTi. HaBiTh cami NpPUMITHBHI €yKapiOTH, HalleBHE, HAATO
CKJIaJTHO OpraHi30BaHl JJig TOro, 00 BUTPUMATH TPUBAITY KOCMIUHY MOJOPOXK.
Tomy mepiii eykapioTu 3’ SBASIOTHCS Ha 3eMJIl OUIbII HIXK 4Yepe3 MUIbSpIl POKIB
TICTIS TIOSIBU JKUTTS, SIK pe3yJIbTaT BAKE MPUPOJIHOT 36MHO1 €BOJIOLIIi.

TakyMm 4YWHOM, BapiaHTIB TINOTE3W NAHCIEpPMIi € JAEKUIbKa, ajle 00’€lHye ix
MOYaTKOBUM MOMEHT — UM UETJIMHKU» XKUTTA, UM BXKE KMB1 OPraHi3MHU 3aHECEHO

Ha 3eMJII0 13 KOCMIYHOTO IPOCTOPY.



~132 ~

Hapasi po3rnsanaioTh KidbKa TEOpii, skl OMHCYIOTh MPOIECU PO3CIIOBAHHS CIIOP
KUTTS 00 Oro MonepeHUKIB — OPraHIYHUX CHOJYK.

Paoiayitina nancnepmia. et HanipsiM TIOB'sI3aHUM 13 IMEHaMu OpUTAHCHKOTO
actponoma @. Xoiinma (F. Hoyle) Ta #oro y4Hs, 3acHoBHWKa actpoOiosorii H.
Bixpamacinrxa (N. Chandra Wickramasinghe). Ixmi po6ortu [47, 48], ne
nocaipkeHo [Y crekTp MIK30psSHOTO MUY, € OOTPYHTYBaHHSAM JAHOTO HANPSIMKY 1
SABJISIIOTHCSL JOKA30BOIO 0a30r0 rinore3u AppeHiyca. J[OCHIAHUKH BUSBWIH, IO
30pSIHUYM TIHJI PIBHOMIPHO 3aIlOBHIOE BCECBIT 1 CKIIalaeThCs 3 MEBHUX YaCTUHOK
He3po3yMmunoi mpupoau. [li3Hile BUSBHIOCS, MO PO3CIAHHS CBITIA B 00JacTi
KOCMIYHMX YAaCTHMHOK 1JI€aJlbHO CIIIBIIQJa€ 3 PO3CIIOBAaHHAM B O10JOTTYHUX
cepenoBuiiax. Xoi 1 BikpamaciHrx Jociiiniv BiacHe He 010J0T14YH1, a (I3UYHI
BJIACTUBOCT1 OakTepill, IXHIO 3JaTHICTh PO3CIIOBATH Ta BiloOpakaTu cBiTio B IY
Jliara3oHi.

B 40-x pp. XX cr. Xoin [I0BiB, MO <«XIMIYHUMH 3aBOAaMHU», IO
BUPOOJISIIOTH XIMIYHI efleMeHTH y BcecBiri, € 3ipku. Bikpamacinrx nomyckae, 1o
KUTTS, MOXKJIMBO, 3alpOrPaMOBaHO y XBWJIBOBIA (PyHKIli1 aToma. JXKuBa matepis
(bopMy€eThCSL HABKOJIO BYTJIEIO, KWW BUPOOJSIOTH 31pKHU., aj€ YacTUHA HOTo
CUHTE3Y€EThCSI OCOOJMBUM YMHOM. 3a XOWIIOM, JIesKa YacTUHA BYTJICIIO MOBHUHHA
3HAXOJUTHCS B OCOOJIMBOMY 30Y)KEHOMY CTaHl, HOro BaJ€HTHUH EJIEKTPOH
MOBUHEH 00epTaTUCAd Ha OUIBII BUCOKIM OpOiTani, HOK Yy 3BUYAHHOTO 3€MHOTO
Byriemto. Came Takuil «30psHUI» BYTJelb 3JaTHUN YTBOPIOBATH OpTaHivyHI
JaHIIoXKKU. [0 TinoTe3y Ha3Baiu «EHEPreTUYHUM piBHEM pe3oHaHcy Xoiina». B
60-x pokax XX CT. IO TimoTe3y ONHMCKydYe MiATBEPANB aMEPUKAHCHKHUNA (Di3UK i
actporoM Y. ®aynep (William Alfred Fowler), 3a mo oxepxaB HoOemiBchky
npemiro 3 ¢izuku (1983 p). Takoro «ocobmuBoro» Byrierio y Beeciti 01t 4 % 1
BiH IpUCYTHIH Bcroau. YoMy TO1 TIABKK 3€MJIsl MOTJIa CTATH KOJUCKOIO KUTTS?
HacTtynHuM KpokOM y pO3BHTKY ILl€i Tinore3u Oynau pAaHi, oxepxkaHi Ha [Y
TeNnecKomi ABCTpalliiiChbKOr0 HaI[lOHAJBLHOrO YHiIBepcuTeTy. BoHM mokazanu, 1o
neHTp ['anakTWKU MICTUTH MUJI, CIEKTP PO3CIIOBAHHS SIKOTO HAJ3BUYAHO TOYHO
CIIBHAJA€ 3 CIEKTPOM PO3CIIOBAHHS OaKTepiadbHUX cepeoBull. Onuparduch Ha
i ¢akTtu, BikpamaciHrx 10mycTUB, IO MPOTOXKUTTS BUHHUKIIO B MEPIIl MUTI MICHs
Benukoro Bubyxy. I3 octuraroumx 3ryiieHb IJ1a3MU BUHUKAJIM MPOTOIIAHETHI
YTBOPH, Ha SIKUX OCAJKyBaJIUCs XIMIYHI €IEMEHTH, YTBOPEH1 B pe3yibTaTi BUOYXY
HagHoBUX 31pok, — O, N, P, 1 Ha HuX Oyna pigka Bojga. HeckiHueHHa KUIBKICTh
MPOTOIJIAHET HECE IMEPBUHHUN OyJIbHOH» — PO3ILIIAHUK KUTTSL.

[noTe3a nomyckae, MmO KOCMIYHUN MU B MDK30pPSHOMY IpPOCTOpI Ta B
KOMETaX € YacCTKOBO OPTaHivyHOI peuoBHHOK. BusBuiocs (puc. 4.24), mo mik
nornuHanHsA Ha [Y crnekTpax BUNPOMIHIOBaHHS MIXK30pSHUM mNuiaoMm [amaktuku
n00pe MOTOJKYEThCS 13 MOJOKEHHSAM MiKY, IKuM croctepiraetbes B Y crnektpi
CyMIllll MYCTOTUIMX OakTeplaJibHUX 3€peH, MOJIIUKIIYHUX apOMaTUYHUX
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BYTJIEBOJIHIB MOJISIACPHOI OYyJOBH. KOPOHEHY, IUPKOAUGEHLTY, JUKOPOHHWICHY,
OBaJICHY Ta 1H.

KOpPOHEH nHprozHudeHia AHKOPOHHAEH OoBaA€H

baszyrouucer Ha mocmimkenni [Y cnekrtpiB BeecBiTy (Hampukimam, Mamoi Ta
Benukoi MarenaHoBux Xmap) Ta cTaHmapTHHX [Y CIEKTpiB HEOpraHiuHUX Ta
opraniyHux Mosiekyn (puc. 4.25), Bikpamacinrx B y3arajibHIOIOYii poOoti [49]
HaBIB JlaH1 PO CKJIaJ PEYOBUH, MPUCYTHIX Yy MIK30PSIHOMY MPOCTOPI 32 TaHUMU
IY cniekTpockorrii (Tadu. 4.2).

Tabmuus 4.2. Gopmynn MOIEKYJd PEYOBHH Ta PAAMKANIB, MPUCYTHIX Yy
MIX30psiHIN pedoBuHi [48]

KinekicTs DdopMyIH MOIeKyII, HOHIB Ta paIHKaliB
aTOMIB
2 H,, OH, S0, S07, 8i0, §iS, NO. NS, HCI, NaCl, AIC1, AIF PN, SiN, NH, SH.
HF. CN, CO, C,, SiC, CP, CO~.CH", CH. N,
3 H,0, H,5, SO,. HN;~ HNO, SiH,, NH,, H;". N,O, HVO, OCS, CCH, HCS",

mukt0-51CC, CCO, CCS, €5, MgSN, CH,. MsCN, HOC™, HCN. HNC. CO,.
SICN. AICN, SiNC

4 NH;. H;07, H.CO, H,CS, HNCO, HNCS, CCCN, HCO;, muxno-CCCH.
CCCS, HCCH. HCNH™, HCCN. H,CN, muxno-5iC;, CHs. CH;D™, AINC

5 SiH,, CHs, CHOOH, HC=CCN. CH,CN. H,CCO. muxmo-CsH,, CHLCN. SiCs,
H,CCC. HCCNC, HNCCC, H:CO»

6 CH,OH. NH,CHO, CH;CN, CH;SH. C-H, HC,CHO, CH,=CH,, H,CCCC,
HC;NHe-, HC.H, HC.H, C:S. C:H,, HC.N, muxto-H,C;0

7 CH,CHO. CH;NH,, CH-CCH, CH,CHCN. C¢H. umcto CH;OCH;, CH,CHOH;

8 HCOOCH;, CH,OHCHO, CH:C,CN. C-H, H,Cs. HC¢H, CH;CO-H. H-C:HCN.
CH,CHCOH

9 CH;CH,OH. (CH:),0. CH;CH,CN. H (C=C);CN. CHs(C=C).H, C:H

10 CH;COCHS;. CH5(C=C),CN. HOCH,CH,0H. CH,CH,CHO

11 H(C=C).CN, CH:C:H

12 Murno-C:Hg

13 H(C=C):CN
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JOoBXHHAa XBHAIl, MKM

Puc. 4.25. TloromkeHicTh MK TMOTIWHAHHSIM MIDK30PSHOTO TMPOCTOPY Ta
co0010
BUCYILIEHUX OakTepii 3 BIANOBIAHUMHU 3HAYEHHSIMH CEPEIHbOTO 3HAYCHHS

1 2 3 8 S 10

OlOJIOTTYHUMH ~ MOJCIAMH  (HAHOYACTHUHKU  IPEACTABISAIOTH CyMIIIT
KOeQIIIEHTY ONTUYHOTO 3ajoMiieHHs N) [48]

B Tabn. 4.3 Ta puc. 4.26 HaBeneHO MOPIBHSUIBHI JaHiI MPO PO3MOILIT
IEHTPAJIbHUX JIOBXXUH XBWIb (B MKM) CMYT TIOTJIMHAHHS BiJl aCTPOHOMIYHHX
JDKEpeNl Ta 1abopaTopHUX 3pa3KiB OioMarepiaiy.

Ta6auust 4.3. Po3moainn A0BXWUH XBHJIb IICHTPIB CMYT MOTJIWHAHHS (MKM)
aCTPOHOMIYHHX 00’ €KTiB [49]

o E ] ?g g
5k & T 8 £
- E R 8 E &
SEE | c&& 3 a :3 | &3
85 | 2f¢ s s | EE | £%
o M H =1 M H= A M < m

3,3 3,3 3,3 - 3,3 3,3

6,2 6,2 6,0 6,1 6,2 6,2

- 6,9 6,9 6,9 6,9 6,9

- 7,2 7,2 7,2 7,2 7,2

7,7 7,7 - 7,6 - 7,7

- 8,0 8,0 8,0 - -

8,6 8,6 8,6 - _ -

11,3 11,3 11,3 11,1 11,5 11,3

- 12,2 12,1 12,05 12,3 12,5

- 13,3 - - - 13,4
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—— Cymim GioAoriuHoro MmaTepiaay
Ta APOMATHYHHX CIIOAYK

IToraAHHaHHA raAaKTHKH
SBS0909+532

Puc. 4.26. KpuBa HOpManizoBaHoro koedimieHTa morauHaHHsA cymimmi 115
010JI0T1YHUX 00’ €KTIB Ta apOMaTHYHUX crionyk [49]

SAx fgoka3 BaMIHOCTI JAHOI TINMOTE3W MOKHA HAaBECTH pe3ylbTaTH
omyonikoBanoro B 2015 p. B xypuani Nature nociimkenns [50] npo te, mo B
7a00paTOPHUX yMOBaxX BHSBJICHO NPHUCYTHICTb CMYr MOTJMHAHHA, SKI
BinnosigaoTh kaTiony Cey' — MO3HTUBHO 3apsmxeHoro ¢ynepeny Cego, MONEKyIa
SAKOT0 Ma€ HU3bKHM MOTEHI1a] MOJISPHU3aLii 1 JIETKO 10HI3y€EThCS.

[lincyMoByrOuUHM oOmnMcaHi €KCHEPUMEHTANIbHI JlaHi, AaBTOPU TiNOTE3U
B1IMIYAIOTh HACTYIIHE!

- [llmpoka cMyra MOTJIIMHAHHSA Y CIEKTPI MDK30PSHOTO MIUTY B 00JacTi 2,5-
3,8 MM Bimmosimae nornmmHa"HO 3B sa3kiB C—H, C-O-C, C-C, a”HaJIOTIYHUX [0
cMyr norinuHaHHs [Y cnekTpy 3HEBOJHEHUX OaKTepiid;

- Heposnineni (HeimeHTH(IKOBaHI) CMYrd TONNIMHAHHSA B oOmacti 3,3-22
MKM  BIAMNOBIIAalOTh MOIJIMHAHHIO  CyMIIIl  MOMIIMUKIIYHUX ~ APOMATHYHHUX
ByrieBoHiB ([TAB);
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- KpuBa nornuHaHHs MI>XK30pSHOTO MUY Ta MK MOIVIMHAHHS 3 LIEHTPOM IIPH
0,21 MKM TakoX BiAMOBiZa€ CHEKTPY MOTJIMHAHHS CyMIlli 0i0JOTIYHO aKTUBHUX
apOMaTUYHUX MOJIEKYI;

- IlIupoka cMyra mOraMHAHHS MDK30pSAHOTO muiay B obmacti 9,7-18 MM
XapaKTepU3y€e TMOTIMHAHHS O10TOJIMEPIB — TaKUX, SK IMOJICaxapuiu, aje MOXKe
TaKOX BIAMOBIAATH CUJIIKATaM, CYJS4YHU 13 MOPIBHIHHSA 13 CIEKTPaMH MOTJIMHAHHS
BHUCYILIEHUX OaKTepiif;

- Ilupoka cMyra BUNPOMIHIOBaHHSI B UYEpPBOHIM 00JACTi, IO BIAMOBIAAE
nosxuai xsuil 0,50-0,75 mxMm, BigHocuthcsa 10 [TAB — Olo10riyHuX IMIrMeHTIB;

- Iudy3Hi CMyTry NOIVIMHAHHS MDK30PSIHOTO MHITY, BKIIIOYAIOYH CMYTY IpU
0,443 MKM, TaKoX BITHOCUTHCS 10 O10MOJIEKYI.

JloriyHi 3B’SI3KM KOCMIYHOi 010J70Til Ta pPI3HOMAHITHUX aCTPOHOMIYHUX
JaHUX MTOKa3aHo Ha puc. 4.27.

Heidenmudpiroeani
CMy2U NOZNUHAHHSA

IIAB AK NpoAyKTH
po3nany G6ioAorivHHX

CnexkTpH o6'exTin
IOTAHHAHHA CMyza noznuUHAHHA
KOCII:II:EHOTO 3 MAKCUMYMOM NpuU
y | Y —"T 0,2175 mrm
GakTepiaAbLHHH
MaTepiaa

HTupoxi cmMyzu NO2NUHAHHS
3 marxcumymamu npu 3,0;

3,4; 10,0; 20,0 mrxcm

Puc. 4.27. CriekTpy MOTJIMHAHHS KOCMIYHOTO THJTY SIK apTYMEHT Ha KOPUCTh
rinmote3u [48]

[nentudikamis I[TAB Ta opraHidyHMX MOJIEKYJ pa3oM 13 YaCTUHKAMHU
010JIOT1YHOT MPUPOJU Ta MPOAYKTaMHU IiX pO3MaAy € OCHOBOIO IILOTO PI3HOBUIY
Teopii mancnepmii. 3a manumu [48, 49], 6 25-30% ByrieI0 B MDK30pSAHIN
PEUYOBUHI MPEJCTABICHO TOJIAPOMAaTUUYHUMHU  CIOJIYyKaMH Ta CKJIQJHUMU
OpraHIYHUMH MOJIMEPAMHU.

VY3aranpHIOIOUM OJEpKaHl JIaHl, aBTOPH I[i€l TiMOTE3H HABOJAATH HACTYIIHI
apryMEHTH Ha KOPUCTh T1MOTE3U pajialiiiHOT maHCIepMii:

- MikpoopranizaMu MOXYTb HAJIXOJIUTH 0 aTMocdepu 3emili 13 KOCMIYHOTO
poCcTOpy, 00 BOHU Y BUCYIIEHOMY BUTJISIII IPUCYTHI B MDK30PSTHOMY IPOCTOPI;

- bakTepii AeMOHCTPYIOTh BUCOKY pajlaliiiHy CTIHKICTh Ta 3JaTHICTH 10
BIDKMBAHHS B yMOBaX KOCMIYHOTO MIPOCTOPY;



~137 ~

- KomeTu mocumiioroTh Ta pO3NOBCIOKYIOTh KUTTS B rajJaKTHILL;

- T'imore3a mpo 3B’SA30K MK emiaeMisiMd Ha 3eMili Ta HaJXOKEHHSIM
KOMETHOI pEeYOBHMHHU Ha TUIAHETY € HEOJHO3HAUHOIO;

- [Ipotiec eBomtoiiii Ha 3eMJIl CBIAYUTH PO T€, IO KUTTS HA HAIIIN IJIaHET1
— BIIKpUTa CcHUCTeMa, 10 NOTpedye MEepIOAUYHOTO BHECEHHS I103a3€MHOTO
T€HETUYHOTO MaTepiany ajisg MONEPEeIKEHHS BHUPOJUKEHHS; BIH JOJAETHCS MO
aHajorii  fK NigOporpaMa B KOMITIOTEpHY IMporpamy. 3a acTPOHOMIYHUMU
naaumu, pa3 B 40 miH. pokiB CoHIle IPOXOIUTh B Oe3mocepeHiil OJu3bKOCTI Bij
raJlakTUYHOI ~ XMapH, HACHYEHOI CKIAJHUMHU  MOJIEKYJIaMU  OPraHigYHOTO
MOXOJKEHHS. 3a paXyHOK I'paBiTallii KOMETH 13 Ii€l XMapu 3MiHIOIOTh TPAEKTOPIIO
Ta norpamisitoth A0 CoHsyHOI cuctemMd. Pa3oM 3 HHMMHU B Hallly CHUCTEMY
MOTpaIvisge 1 HOBUM T€HETUYHHUI MaTepia,

- MiX30psiHUIM MW AEMOHCTPYE BIIACTHBOCTI, SIKI MOXKHA MOSICHUTH TUIBKU
THUM, 110 IO WOT0 CKJIaly BXOJATh MOJEKYJU O10JOTTYHOTO MOXOKEeHHS, OaKTepii
Ta MPOAYKTH iX IECTPYKIIIi;

- Meteoputu MIiCTATh MIKpOQOCHUIIIT — CKaM’STHIJI1 PEIITKHA MIKPOOPTraHi3MiB;

- [ToxomKkeHHS KUTTS — MOHSATTS HEBJIOBUME.

Opeaniuna memeopumna pevosuna. Buepie (pakT HasBHOCTI BYIJIELO B
MeTeopuTax BCTaHOBUB (panmy3pkuii ximik Jlyi Temap (¢dp. L.J. Theénard).
O06’exTOoM AochimpKeHHs] OyB MeTeopuT, skuii BraB 15 6epesns 1806 p. mopsia 3
¢dpaniy3pkum MictoMm Anaic (¢pp. Alais). HactymHi aHamizu yepes 4BepTh CTOPIUYS
micist oro MaigiHHS BUKOHAB IIBEACHKHET XiMik MoHc bepneniyc (mBex. JOns
Jakob Berzelius). Ileii 3pa3ok HacTiibkd OyB HECXOXKHMH Ha BiIOMi Ha TOW dYac
METEOPHUTH, W10 HAYKOBELb JIEAb HE BUKMHYB Mereoput Anaic — nepmui
3HAlZICHUN TPEeACTaBHUK AY>KE PIAKICHUX TaK 3BaHUX GY2AUCMUX XOHOPUMIE —
CKJIaJIaBCsl 13 TJIMHUCTOI, YACTKOBO PO3YMHHOI y BOJIl, pEUOBUHH, MICTUB JOCHUTh
OaraTo 3B’s13aHOI BOJW Ta TEMHY CyOcCTaHIIit0, sika Ha 12 % (mac.) ckimamanacs i3
Byruieito. [Ipu HarpiBaHH1 HOro YaCTUHKH OYypiiu Ta OOBYTIIIOBAIUCS, 1110 € IBHOIO
03HAKOI0 TPUCYTHOCTI OPraHIvYHOI PEUOBUHHU.

ByriaucTi XOHIpUTH TOCUTH KPUXKI — iX JIETKO PO3TEPTH Y MOPOIIOK HABITh
MajgblsSMH, TIPU OMY 3’SIBIISIETbCS XapakTepHui 3anax Hadtu. HaBiTh BIUTiBIIN
MICAsT TOJIbOTY uepe3 arMmocdepy, Il METEOPUTH O€3CHIAHO 3HUKAIOTH,
3MINIYIOUUCH 13 3eMHUMHU TTopogamu. Hapa3si Bimomo Oinsgt 40 Takux HEOSCHUX TiJl
(puc. 4.28).

B 1838 p. B IliBgenniii Adpwuri BmaB mie OJWH BYIJIUCTHH XOHIPHT,
nocaipkeHui HimenbkuM XiMikom @. Benepom (mim. F. WoOhler). Bin Buninus i3
HbOTO HaTONOA10HY MACISTHUCTY PEYOBUHY «3 CUIIBHUM OITYMIHO3HUM 3alaxOM»
1 IOMYCTUB, «CIUPAIOYKUCh HA CyYaCHUI PIBEHb 3HAHBY, IO 11 CYOCTaHIIsT MOXKE
OyTH IPOAYKTOM JIsUTBHOCTI )KMBUX OPTaHi3MIB.
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B 1864 p. moomu3y cemuma Opreins (pp. Orgueil) (dpannmis) Bumas
METEOPUTHUNA JOII 13 BYIJIMCTUX XOHJAPUTIB — YHIKaJbHE SBHUIIE B 1CTOPIl
actpoHoMmii. ®pany3pkuii ximik ®@. Kier (¢pp. F. S. Cloez) nosis, mo Hepo3unHHA
y BOJIl YOpHA peuoBHHA MeTeopuTy Opreisib siBisie cOO0K OpPraHivuHi CIONYKH, a
He TpadiT um amopdHHil Byriemb. MOro 3aMByBala CXOXKICTh IMX CIOIYK 3
OpPraHiIvYHOIO0 PEYOBUHOIO TOP(DY 4M OYypOTo BYTLILIS.

ITHomneHe (Phnom Penh), enae ¢ 1868 p., Muzia (Mugei), enae e 21.09.1898 p.,
maca 0,9 ke Mmaca 7,948 ke

Puc. 4.28. Byraucti xoHaputu

Homnosigatoun B Ilapusbkiit akamemii Hayk, Kien cTBepakyBaB, 1110
OpraHiyHi PeYOBHHU B METEOPHUTAX, KHAIIEBHE, MOKYTh BKa3yBaTH Ha ICHYBaHHS
opraHi3oBaHoi MmarTepii Ha HeOecHMX Timax». CXOXi pe3ylabTaTh OJepKaB
pociiicekuit reoximik I'.I1. BoBkiH, sikuii 1OCTiANB BYIJIUCTI MeTeopuTH ['pi3Ha Ta
Muris. B nepumiomy BiH 3HAMIIOB CX0XKY Ha Ba3elllH PEYOBHHY 3 XapaKTEPHHUM
3alaxoM apoOMAaTHUYHUX BYIVIEBOJHIB, a B Jpyromy — OITyMH, 32 CKJIaJIOM
OMU3BKMUMH JI0 O030KepUTy (IPUPOTHOTO BYTJICBOAHIO 13 HadTH UM HAPTOBHX
oitymiB). Panimre, 3pa3y x micis nafinas B 1889 p. mooimsy cena Murist (Mures)
Ha MuKoOMaiBIIMHI MeTeopuUTy, pociiicbkuit 300m0r F0.I. Cumaniko BUsSBHUB B poOi
3 Hporo 0,23 % 6iTyMHOT peu0oBUHH, HA3BAHOT epoenimom.

ACTpPOHOMHU BBa)aroTh, 110 OPraHIYHA PEYOBUHA, IPUCYTHA B METEOPUTAX,
HEe MOB’si3aHa Oe3nocepeaHbo 3 010J0TIUHMM KUTTAM. Ha iXx mormsia, B yMoBax
KOCMOCY TOCTIMHO BiI0yBa€ThCSl CHUHTE3 OpPraHiKd, HaBITb aMIHOKHCIOT. Taka
MOXJMBICTh JOBEJ€HA EKCIEPUMEHTaJbHO aMEpUKaHChKUM  ¢i3ukom P.
bepmxepom (C. R. Berger), sxuii y mpuCKOproBadi €JIEMEHTAPHUX YaCTHHOK
npoBiB OomOapayBaHHs npotoHamu cymimni metany CHa, amiaky NHj3; ta Boau
H,O, mpu 77 K (-230 °C) [51]. Yepe3 nmekiiibka XBWJIMH B CEPEIOBHUII OyIIO
BusiBiieHO ceyoBuHy (NH,),CO, aneramin CH3CONH,, aiteron CH3COCH3;. Iotik
MPOTOHIB IMITYBaB MEPBUHHI KOCMIYHI MPOMEHI, a CyMIlll METAHOBO-aM1auyHOTO Ta
BOASHOIO JbOJYy MOJENIOBaja KOMETHE SApO. AHAJIOTIYHO Yy Jociigax
amepukaHcbkoro Oioximika M. Kamsima (M. Calvin) i3 cmiBpoOitHukamu [52]
npoBoguiiocs OomOapayBaHHs cyMimil BogHio Hp, merany CHi, amiaky NHjz Ta
BOJSIHUX TMapiB MOTOKOM IIBUAKUX EJIEKTPOHIB, B PE3yJNbTaTl YOro OJEpP>KaHO
aZIeHIH — OJIHY 13 a30TUCTUX OCHOB, L0 BXOJSTH /10 CKJIAy HYKJIETHOBUX KUCJIOT.
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OTxe, B KOCMOCI 13 HEOpPraHIYHMX CIIOJIYK a0lOr€HHUM MLUISIXOM B1AOYyBa€eThCs
CHUHTE3 OPTraHIuYHUX CIOIYK — «HamiB(aOpHKaTiB» MOKIMBOTO HACTYITHOTO KUTTS.
Tak, B 1951-1953 pp. anrmiiicekuit 6ioximik [[x. Mromrtep (G. Mueller) Buminus
13 ByTJIMCTOrO XOHAPUTY OITYMIHO3HI CIIOJIYKH, MOBTOpUBIIK poOoTH bepueniyca,
Benepa ta Kiema, ane Ha HOBOMY piBHI [53]. BiH BHSIBHUB, 110 B METCOPUTHHX
O0iTyMax 3HA4YHO CIPKH, XJOpY Ta a30Ty, YMM y CXOXHUX 3€MHHX cronykax. Ha
OCHOBI I[bOT'O BIH NPUUIIOB JO BHUCHOBKY, II0 OITyMH MalwTh ablOreHHE
MTOXOJIKEHHS.

3 iHmUX Mmo3uIii 10 Tiel sk nmpooemu migivnum M. Kansin ta C. Bon (S.K.
Vaughn). B 1960 p. Ha MiKXHapOJHOMY CHMIIO3iyMi i3 BHBYEHHS KOCMIYHOTO
npoctopy y nonoBiai «IlozazemuHe xuTTd. Jlesiki opraHiuHi CKJIaJ 0Bl METECOPUTIB
Ta iX 3HAYEHHS M1 MOXJIUBOI OI0JIOTIYHOT €BOJIOLII Mo3a 3eMJICI0» BOHHU
JOTIOBUTM TIPO PE3yAbTaTH aHai3y JEeTKOl (pakiii, BUAUIEHOI 13 BYIJIMCTOTO
XOHAPMTY. Ii mpomyckamu depe3 Mac-CHEKTpOMeTp, Aociimkysamu 14 ta VO
CIEKTPU €KCTPAKTIB BYTJICLIEBMICHUX CIOJYK, BU3HAYAIN BITHOCHI MAaCU MOJEKYI.
Pe3ynpTaTi mokasand, IO BHAUIEHO IUTO3WH Ta CyMIII BYIJIEBOJIB, CXOXYy Ha
Ha(Ty 36MHOTO MOXO/I>KEHHS.

B 1961 p. HaykoBa CHiIbHOTa aKTUBHO OOTOBOpIOBAja PE3yJIBTaTH POOOTH
TphoX amepukaHchkux XiMikiB b. Hans (B. Nagy), 1. Xenecci (D. J. Hennessy) ta
VY. Maiinraiina (W. G. Meinschein) [54]. I3 ByriaucTux XOHAPUTIB BOHU BHLTHIIN
Hallp mapadiHiB, Ay>Ke€ CXOXXKUM HA TOW, IO BXOAWUTH JO CKJIAAY MIKIPKHU SOTyKa
a00 O/KOJIMHOTO BOCKY. Y 3B’A3KY 3 LIUM 3aroCTPUIIMCS CYINEPEUYKH BIJHOCHO
MOXOJIKEHHS HA)TU — OPTraHIYHOI0 UM a010r€HHOTO.

3apa3 HaWOUIBII >KBaBl JUCKYCil HAyKOBOi CIUIBHOTH BENYTHCS BIJHOCHO
TaK 3BaHUX «OPraHi30BaHUX EJIEMEHTIB» a00 «HAHOINIOOYI» y CKJIaJl BYIJIMCTHX
XOHJIPHUTIB — MyCTOTUTNX, chepraHOoi PopMu BKIIFOUEHB JiaMeTpoM 5-50 MKM, sKi
Briepme BusBmm b. Hanp ta JI. Kimaye (G. Claus) B 1961 p. B MeTeopuTax IByHa
ta Opreinp [55]. 30BHI BOHM HarajgyBaJii 3e€MHI BHKOITHI MIKPOCKOITIYHI
BojiopocTi (puc. 4.29).

Cepell HUX BHAUICHO 3a MOP(OJIOTIYHUMH O3HAKaMU I’SITh TUMIB 00’ €KTIB,
MPUYOMY M€Kl 13 HUX BUSIBWINCS CIIAPEHUMH, HA4€OTO TaKUMHU, 1110 3aTUHYJIHA B
mporieci AiIeHHs. 3arajgbHa KUIBKICTh IMX €JIEMEHTIB JOCUTh BEIWKa. 3a JaHUMH
JI. Knayca, B MajeHbKOMY ImIMaTOuky MeTeoputy Opreinb (~ 1 Mr) 3HaiaeHO
1534 «opranizoBaHi eleMeHTH». IX po3MOALN 3a PO3MipaMu He XapakTepHMil ayis
MiHEpaJbHUX YTBOPIB.

B 1964 p. b. Hagp excrnepuMeHTanbHO JOBIB, IO OpraHiyHA PEUYOBHUHA
Meteoputy Opreiib NposiBisie ONTUYHY aKTUBHICTH. [li3Himie Oyno T0BeIEeHO
ONTUYHY aKTUBHICTh 13 3HAYHUM IEepEeBaKaHHSM J1IBOOOEPTAIOUUX aMIHOKHUCIIOT B
CKJIaJ[l OPTaHIYHOI PEYOBUHU METEOPUTY MEpUnCoH.



B?

Murch1son Bells LH 77 307

Puc. 4. 29 «HaHorJIo6me» BerII/ICTI/IX XOHJIPUTIB Mep‘-II/ICOH (a), bemnc (0),
3Haliienux B AHTapkTHIi MeteoputiB Amtan Ximic ALH 77307 (8), Enedant
Mopena EET 92042 (r), B oomacti koponeBu Anexcanapu QUE 99177 (x), ropax
I'pocBenop GRO 95577 (e) [56]

B 1962 p. pamsucekuii reonor b.B. Tumodees i3 meteopuris CapaToB Ta

Muredn BUAUIMB CHOPONOAIOHI YTBOPH, CXOXI, Ha WOro IyMKY, Ha BHKOIHI
omHOKIITHHHI Bomopocti Profosphaeridae [57, c¢. 84]. Pam nmocmigHUKiB
CKENTUYHO BIIHOCATHCS JI0 TAKUX JIaHUX, BBAXKAIOUH, 1110 TaK 3BaHI «OpPraHi3oBaH1
€JIEeMEHTH» — HEOPraHI4YHI BKIIOYEHHs, KpUCTaau abd0 3€MH1 OpraHi3MH, SKI
BUIIAJIKOBO MOTpPANUId B METEOPUTH abO HaBiTh € pe3yjbTaTaMU CB1IOMOi
nigpoOku. Tak, y 3pa3ky mereoputy Opreisib, 1o 30epiraBcs B My3ei M.
MownTo6an (Dpaniist) 3 MoMeHTy naainas B 1864 p., maiike yepe3 cTo poKiB B Tii
METEOpUTy OyJ0 BHSBIEHO HACIHHS CHTHHKY — TpaBH, IO POCTE Ha MiBIHI
@pannii. XTOCh 3BOJOKUB TJIMHUCTY MOBEPXHIO, 3aX0BaB BCEPEIMHY HACIHHS, /1B
BHCOXHYTH Ta 32 JOMOMOTI'OIO KJICIO 3aMa3aB L€ MICLIE, IMITYIOUU KOPY IIaBICHHS.

IIle ogHuUM [0Ka30M Ha KOPUCTh METEOPUTHOI OPraHIYHOI PEYOBUHU
M10333€MHOT0 MOXOXACHHS € ii 130TOnHUM ckiaa. Tak, Ae0aTu MOoJ0 METEOPHUTY
Mepuucon tpuBamu 27 poki, moku M. Enrens (M.H. Engel), C. Maxko (S. A.
Macko) ta [Ix. Cindep (J.F. Silfer) me nmpoBenu BupimranbHi ekcriepumMeHTr [58,
59]. BoHHM BCTAHOBHIIM, IO aMIiHOKHMCIOTH METEOPHTY 30aradeHi isotomom °C y
MOPIBHAHHI 13 3€MHUMH aHAJIOraMu, II0 BKa3ye€ Ha iX MO3a3eMHE MOXO/KCHHS.
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Kpim Toro, ananin MeteopuTy MepurCOH HE SIBISIBCS palleMaToM, Ha BIAMIHY BiJl
3eMHOTO aHaiory. Tak sk oOuaBa MOro €HaHTIOMEPH OJHAKOBO 30araveHi
isoromoM™C, we o3Hauae, W0 BOHM MAKOTb [O3a3¢MHE MOXOIKCHHS, a HE €
3a0pyAHEHHSAM 3€MHOr0 MoXojukeHHsA. Kpim Toro, aBTopu JOCIIAWIN PO3MOJLI
130TOMIB a30Ty B METCOPUTHUX aMIHOKHUCIOTaX — aJlaHiHl Ta T[JIIOTaMiHI.
BusBuiocs, 1mo CHIBBIZHONIIEHHS 130TOMIB UN:BN BIIPI3HAETHCS  BiA
XapaKTEPHOTO JIJIsl BCIX 36MHUX 00’ €KTIB: B METECOPUTHIN pEUOBHUHI 3HAYHO OLIbIIIE
Ba)KKOI'O 130TOITY, 1110 3HOBY K TaKM BKa3ye Ha BIACYTHICTh 3€MHOT'O 3a0pyAHEHHS.
3pa3ku MICTWIM BJBiYl Outblie L-amaHiHy 1 BTpuyl Ounpmie L-rimroraminy, yum
BinnoBinHUX D-eHaHTiOMepiB, Ha BIAMIHY BiJl 36MHUX aHAJOTIB, BUKIIOYHO L-
€HAHTIOMEPIB.

[licnga mux [OOCHIIKEHb 130TOIHI BIAMIHHOCTI BBa)XalOThCA OIHIEIO 3
OCHOBHHUX O3HaK M103a3€MOT0 MTOXO/>)KEHHSI METeOpUTHO1 opraHiku. CrpaBa B TOMY,
10 BHACIIAOK OCOOIMBOCTEN MIK30PSIHOT XiMii, MOJIEKYIN B JO30pAHINA PEUOBHHI
MEePEBAXKHO BKJIIOYAIOTh B CBIM CKiiaja OUIbIN BaxKki 13otonu: aeutepid D 3amicTh
npoTtiro H, a3or BN samicTs 14N, BYIJIEUb B¢ samicts 2C tomo. Hanmpuknan, B
cknaai gopmanpaeriny gactka mojiekyal HDCO B monekynspHHX Xmapax MOXKe
csAraTH IECATKIB MPOLICHTIB, TO/I K 3aranbHe BigHomeHnHus D/H 3a uuciom atomis
CKJIAJIA€ TOPAIKY 10°. Came Taxuii MifBHINEHHH BMICT GiMBII BaXKHX aTOMIB B
MOJIEKyJIaX BIaCTUBE METCOPUTHIN OpraHiuHIi peuyOBUHI.

[Ile omHMM HOCiEM oOpraHiyHuX cnojiyk B COHSYHINA CUCTEMI € KOMETH.
MOXIHMBOCTI 1X OCHIIPKEHHSI HEBIUHHO MPOrpecyroTh. Tak, MDKXHapoaHa rpymna
HaykoBIiB B 2015 p. Bmepmie momoBiia TpO BHUSBJICHHS B CKIAai KOMETHOI
pedoBunu koMetn C/2014 Q2, Bimomoi sk komera JlaBmkos, eranoiy C,HsOH ta
21 iHmy cnoayky Bynremto [60]  (ta6m. 4.4, puc. 4.30), B TOMy uYmcIi
MoHocaxapuau Tiikoipanpaeriny CH,OHCHO, skux panime He 3ycTpidanocs B
komeTax. lle KoCcMiuHE TIJIO SBISETHCS OJHHUM 13 CAMHX «aKTUBHHUX» Cepell THX,
MPOTSTOM OCTaHHIX JIBAJISTA POKIB 3’ ABUIUCA M0oOiu3y 3emii. Brepiie BUSBUB
110 KOMETY JIoOuTeNb acTpoHoMmii i3 Ascrpanii T. Jlapmxoii B 2014 p. Ii nepion
obepranns HaBkojio Conr Oimst 10 000 poki. binmeima wactunaa i1 Tpaektopii
npoxoauth 4epe3d xmapy Ooprta — chepuuny nepudepiiiny obnacte CoHSYHOT
CUCTEMH, 3BIIKU 0 3eMJIi MPUIITAIOTh OUIBIIICTH JOBrONEPIOUYHUX KOMET.

OpraniuHi pe4YOBHHHM HEOJIHOPA30BO BHUSABJISAIM M B 1HIIUX KOMeTaX. Tak, B
2014 p. 3a momomororo 30HAy «Po3erra» (Rozetta) i3 mocamounum moaynem Dinu
(Philae) Ha xomeTi UypromoBa-I'epaciMEeHKO BHSBIECHO MOJICKYJIH 16 OpraHidHHX
croiyk, 4yortupu i3 sikux — Metwrizomianar CH3NCO, ameron CH3;C(O)CHjs,
npomanans CH3CH,COH Ta aneramin CH3C(O)NH, — pawnimie B ckiaai KOMETHOT
pEYOBMHU HE 3ycTpiyaynucs. BaxiuBo BIAMITUTH, 10 B LBOMY JOCHIIKEHHI
aHai3M BUKOHYBaJHMCs Oe3nocepelHbO Ha HEOECHOMY TUI, a HE IMCTaHUIWHO,
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CITyCKOBMM amapaT Oyno oOJagHaHO JBOMAa IUIATUHOBUMHM TMipoJi3epaMu, SKi
HarpiBasii pedoBuny 10 180 ta 800 °C.
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Puc. 4.30. CrnexkTpu OpraHiyHMX pPEUYOBHH B CKJIQJl PEYOBHHU KOMETHU
C/2014 Q2 (Lovejoy-JlaBmxos) [60]
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Tadoauua 4.4. Po3moBCIOKEHICTh MOJIEKYJ, BUSBICHUX B KoMmeTi JlaBmxos
[60] (morpimuicts — 20% BinH.)

BmicT BiZHOCHO BoaH, %

o moremyn | Asemaiomd [ Ciomomniens
CO 1.8 HCN 0.09 H,S 0.5
H,CO 0.3 HNC 0,004 0CS 0,034
CH;OH 2.4 HNCO 0,009 H,CS 0,013
HCOOH 0,028 CH;CN 0,015 CS 0,043
(CH,OH), 0.07 HC:N 0,002 SO 0,038
HCOOCH; 0.08 NH,CHI | 0,008 NS 0,006
CH;CHO 0,047
CH,OHCHO| 0.016
C,H;OH 0.12

3a 10moMOrow razoBoro xpomarorpada Ta Mac-CleKTpOMeTpa aHalli3yBalu
CKJIaJ BUIIJIEHUX Ta3iB Ta ix 00’eM. OgHOYACHO MPOBOAMBCS aHaji3 130TOIMHOTO
CKJIaJy PCUYOBHHHM KOMETH. BUSBIEHO, IO TIO aHAJOTIi 3 OPTaHIYHOI PEYOBHHOIO
METCOPHTIB, BiH CYTTEBO BiApi3HAETHCA Bix 3eMHoro. B 2015 p. B xypHaii Science
oIyOTIKOBaHO YHIKalbHY CTaTTIO, mo0 Mae 32 aBrtopu: «67P/Churyumov-
Gerasimenko, a Jupiter family comet with a high D/H ratio» («Kometa poauHu
IOmitepa 67P/UypromoBa-I'epacumMenko, mo Mae BUCOKe criBBimHOmeHHs D/H»)
[61]. B Hiif BimMiueHO OUTBII BUCOKHWH MOPIBHSAHO 13 3¢MHHUMH OKEaHAMH BMICT
BaXKOi BOJU y JTbOJ1 KOMETH — OUThII HiX B 3 pasu. Lleil pe3yabTaT cymepednTh
PO3MOBCIOJKEHIM Teopii 1010 KOMETHOTO MOXO/KEHHS BoIM Ha 3eMii [62].
Konu moBa #ije mpo ckjiaj BOAM Ha PI3HUX KOCMIYHUX TUIaX, KOPUCTYIOTHCS
XapaKTePUCTUKOI, SKa TMPAKTUYHO HE 3MIHWIACS TMPOTITOM dYacy iCHYBaHHS
Consiunoi cuctemu (3a BuHATKOM COHII), TOOTO Oyim3bko 4,6 mupa. pokie. Lle —
3HAYEHHs BIJHOIIEHHS JBOX 130TOIIB BOAHIO — AciiTepiro (D) 3 aToMHOI0 Macoro 2
(foro Tako)X Ha3MBaIOTh Ba)KKMM BoaHeM) Ta BoxHio (H) 3 atomuoro macoro 1
(mporiro): D/H. Jlns okeaniuHoi Boju 3emuti OQIIMIAHO NPUAHATANA CTaHIAPT
spauennss D/H= 1,56-10™; Bin nosmauaerscs sk SMOW. Kpim aGcommroTHOro
3HaueHHss D/H, B reosorii 4acTo KOPHUCTYIOTbCS BiTHOCHUMH 3HAYCHHSIMH
(BimHOCHO SMOW), siki mo3navaroThes sik dD abo f.

Ha poka3 BiaMiHHOCTEH 3€MHOT Ta KOMETHOI BOJM MOKa3aHO, IO
BITHOIIICHHS BMICTY jeWrtepito a0 rimporeny D/H y Boxi Ha 3emii CyTTEBO
BIAPI3HIETHCS K BiJ OLIBIIOCTI KOMET, III0 MalOTh MOXOKEeHHs 3 xMapu QopTa Ta
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3 ponunu lOmirepa, sk ¥ iHmMX TiaHeT COHAYHOI CUCTEMU Ta MPOTO30PSHUX
tymanHocTed (puc. 4.31). Skmo nUpUHAHATH 3E€MHE CIIBBiIHOIICHHS 3a 9
(BenmmuuHa f), To y OubIocTi KOMeT (KpiM KomeTn Xaptii 2 3 poauau HOmiTepa)
€ CHiBBIAHOILIEHHSA 3HAYHO BHILUE 1 KoiuBaeTrhes Bix 5 no 30. Benuunnua f s
mianetr lOmitepa, Hentyna, VYpana Ta mnpoTO30psiHOI TYMaHHOCTI, HaBIIaKH,
onm3bka 10 1.

B wminoMy MoXHA TOTOAUTHCS, IO TEBHA YacTKa MIDXK30pPSHOI OpraHidyHOi
pedyoBUHU 3emiisl ofepkana 3 MereopuTaMu. CKIagHO CKazaTH JUIIE, YU Majia
BOHA BIJTHOIIEHHS J0 3apO/KCHHS JKUTTS Ha 3eMITl, BpaXOBYIOUM, HAMIPUKJIIAJ, TOU
xKe (pakTop X1paabHOCTI.

Jlimonancnepmisi. ABTOPOM IIbOTO PIZHOBUAY TINOTE3W MaHCHEPMIi
BBakaroTh Menina Kamsina, maypeara HoGemiBchkoi mpemii 3 ximii 1961 p. 3a
BUBYEHHS (poTocuHTE3y. BiH BBaXkaB, 110 01070TTYHUN MaTepial MIr MOTPANUTH Ha
3eMJII0 B MIKPOMETEOpUTaX. Xo4a CX0x1 AYMKH 11e B XIX cT. BUCIOBIIOBAIN PsiJl

HAYKOBIIIB, B TOMY 4ucii ['ensmrosbsil [63].
INoxoaxkeHHA HeGEeCHHX TiA
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Puc. 4.31. Bignomenns D/H B pisaux 006’ekrax COHSYHOT CHCTEMH.
3nakoM ¢ IMO3HAYCHO JaHi, OJepKaHi MpsMUMH (HATYPHUMH) BUMIPIOBAHHSIMHU
METOJIOM Mac-CIEKTPOMETPIi, 3HaKaMHl O Ta ® — JaHi, OJIepkaHi aCTPOHOMIYHUMU
MmeTosamu [61]
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Brnepiie cnipoOy momryky ciifiB 010JIOTIYHOTO MaTepiady B METEOpPUTHIH
pEUyOBUHI 3pOOMB aMmepuKaHChKkHl ¢Gi3UK Ta Qi3uko-ximik ['. FOpi, maypear
HoGeniBchkoi mpemii 3 ximii 1934 p. 3a Bigkputts apeirepiro. B 1962 p. Bin
oITy0JIiKyBaB B aBTOPUTETHOMY xypHaii Nature crartio [64], B sKiii cTBEpI)KyBaB,
[0 BUSIBUB CIIJU MIKpOOOMOMiOHMX OpraHi3MiB B MeTeopuTi. barato ¢axisii
CKeNTUYHO BiAHECHHCS A0 Horo gaHux. Jlume wHampukiHimi XX CT. modanu
3 ABJISITHCS IOCTOBIPHI pe3yJbTaTH B JaHOr0 HanpsAMKY. Cii BIAMITUTH HACTYIIHI:

1. B 2001 p. zeonoz bpyuo /I’ Aprenio (Bruno D'Argenio) i MmonekyIsipHUA
oiomor Jxy3enme Jxepaci (Giuseppe Geraci) i3 yuiBepcutery Heamnons “Federico
I1” (ITamis) 3asBYITH, TII0 3HAWIIUTH JKMB1 TI03a3¢MHI OaKTepii BCEPEIUHI METCOPUTY
[65]. Ix BUsABIEHO Y BUIIA/AI BKIIOYEHD 0 KPUCTANIUHOI CTPYKTYpH MiHepaiB. 1x
«BOCKPECUJIN», IOMICTUBIIM Yy CHpUATINBI yMoBU. KpiM Toro, aBTopu nokasanu,
0 KPUCTaIM, TIPChKI MOPOAM Ta PYAU 3€MHOTO MOXOJKEHHS MICTATh >KHUBI
KIIITUHU MIKPOOpPraHi3MiB. BOHM akTUBHO pyXajucsi B MOJI MIKPOCKOMY MICHs
noApiOHEHHSI Ta CYCNEHAYBaHHS TBEPAUX 3pa3KiB y MOKUBHOMY cepenoBuiii. i
MIKPOOPTaHI3MH BUSIBJIEHO B T'€OJIOTTYHUX 3pa3Kax OyAb-sIKOrO BIKY — BiJ 2,8-109
POKIB JI0 MOJIOAUX T€OJIOTTYHUX MOpPil. ABTOPU BBaXaroTh, IO  OakTepii Manu
M03a3€MHE MOXO/KEHHS, 00 BOHM BMIKWJIM MICIS CTEPUIII3allil 3pa3Ky METCOPUTY
nmpu 500 °C Ta mpoMUBKH €TaHOIOM. Ps TIpencTaBHHUKIB MIKpOOPTaHi3MiB,
N00yTHX 13 TIPCBKUX MOPII Ta METEOPUTIB, OyJl0 1HKYOOBaHO, KIOHOBAaHO Ta
kiacudikoBaHo Ha OCHOBI aHamizy ix 16S-pPHK. ABropm moBenw, mo i3075TH
MPUHIIMIIOBO HE BIAPIZHAIOTHCA BiJ CydyacHMX aHajoriB. Bkazano, 1o Bci
KJIOHOBaH1 MIKpOOPTaHi3Mu OyJid YyTIUBUMH 10 aHTHO10THKIB.

2. locnioxnceno Gakrepito Deinococcus radiodurans sik mpukia opradizmy,
PE3UCTEHTHOIO 10 EKCTpPeMaJbHUX (AKTOPIB JMOBKULISA, y TOMY YHCII YMOB
BIIKPUTOTO KOCMIYHOI'O TIpOoCcTOpy. MOKJMBa NMPUYMHA TaKOi CTIMKOCTI MOJIATAE B
nyomoBanHl  monekyn JIHK ii reHoMy, y BUINIAAlI KUIBLEBHX NEPEIJIETEHUX
cTpykTyp. Beranosieno, mo D. Radiodurans anomanbpHO cTilika 10 10HI3yIHOUOTO
BUIIPOMIHIOBaHHS, BWXKHBaIO4YM MpH ioro no3i ax go 10 000 I'peir (I'p), dns
MOPIBHSHHSA. I KHIIKOBOI manuuku E. coli meranpua go3a piBaa 2000 I'p; mus
mojicbkoro opranismy — 5 I'p. IlpunyckatoTh, 1m0 1 BIACTUBICTh BUHUKIIA
BHACJIJOK MPUPOJHOIO BiI0OOPY OpraHi3MiB, FEHETUYHO CTIMKUX 10 BUCYIIyBaHHS,
Tak sk MexaHi3Mm nomkomkenHs JIHK mpu npbomy nmomiOHuit 10 11l 10HI3yIOUOTO
BunpoMintoBanHs. Kpim toro, D. radiodurans cunresye crerudivni LEA-Oiky,
GYHKINS SKUX - MOMEepPE/PKCHHs arperamii (37umaHHs) OUTKOBHX CTPYKTYP TpH
BUcylIlyBaHHI. [IpyuMHa Takoi CTIMKOCTI MOJSArae caMe B AyOJIFOBaHHI T'€HOMY.
[Ticnst YMCIIEHHUX OJTHO- Y JBOJIAHIIOTOBHUX po3puBiB cTpykTypu JJHK BHacmizok
il pamiamii iXHI JOJATKOBI KOIMIi JO3BOJSIOTH a0COTIOTHO TOYHO IPOBECTH
pemmikamiro [66]. Hapasi Bigomo 1Ime KilbKa paaioOpe3UCTCHTHUX OaKTepiH,
nonionux mo D. radiodurans, Bxmrouaroum geski Buam  Chroococcidiopsis
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(mianoOakrepii), Rubrobacter (akruHomineTs), cepen apxeil momiOHI BIaCTHBOCTI
Mae Thermococcus gammatolerans.

OTxe, HENpPSIMHUM JIOKa30M II03a3€MHOTO TTOXOJDKCHHS JKHTTS MOJKHA
BBa)XKaTU TOU (haKT, 110 HA HAIIIN MJIaHETI € OPTaHi3MHU, IPUCTOCOBAHICTh SIKUX /10
EeKCTpEeMaJIbHUX YMOB JIOBKUJUISI IEPEBUIIYE MTOTPEOU afanTallii 1o iCHyIOUUX 3apa3
1 B MUHYJIOMY YMOB JTOBK1JIJISI.

3. Memeopum wmapciancekoro mnoxomxeHas ALH 84001, 3maiimeHumii B
AmnTapkTHi, sk Oyino mokazaB B 1996 p. [lesin Makkeir (David S. McKay) i3
criBpoOiTHHKaMH [67], MICTHTHh €NINTHYHI, HUTKOBHJHI Ta YepBOMOIOHI
MIKpPOCKOITIYHI CTPYKTYpH, CXOXi Ha ckaM’sHULT 3eMHi Oaktepii (puc. 4.32).
JlokazoM MapciaHCBKOTO TIOXO/KEHHSI METEOPUTY € PIBEHb KOHIICHTpaIlli
pamioizoroniB Ar, N ta Xe, xapakrtepHi came ansa armochepu Mapcy. Bukua
MeTeopy 13 HaJp IJIaHeTH BiAOyBcs Oulst 15 MiIH. poKiB Ha3a/a BHACHIAOK MaJiHHS
actepoina. Ha momepxuro 3emmi BiH BmaB mpubiauzao 13000 pokiB Hazan, B
OCTaHHIA JhOAOBUKOBHI mepioa. ILli BITOMOCTI OTpUMaHO METOJOM aHAII3y
IUOUHY NMPOHUKHEHHS KOCMIYHOTO BUIIPOMIHIOBAHHS Y METEOPUT I 4yac Horo
nepedyBaHHS B MIKIUIAHETHOMY MPOCTOP1, 1 3a pe3yibTaTaMU PaglOMETPUYHOTO
aHaJIi3y CHiBBiIHOIIEHHS MapkepHuX i3otomiB SM-Nd, Rb-Sr, K-Ar ta Byruero-
14 **C.

Ile MOB1IOMJIEHHSI BUKJIMKANIO OYpXJMBY HAyKOBY Ta CYCHUIbHY TUCKYCIIO
[68]. 3okpema, kpuTHKa HOJIATANIA B TOMY, [0 YTBOPH MAlOTh HAJITO MUK PO3MIp
st 6akrepii — 20-200 HM, TO/I K HAWMEHIIT 3 BIJOMHUX 3€MHUX OaKTepiid MalOTh
po3mipu 0,3 mxMm (300 HM).

.4t 2] A
Puc. 4.32. ®ocunii B Mmereoputi Amtan Xiuic ALH 84001, 30BHI moxiOHI
10 b6akrepiii [67]
KpiM ToOro, Biamivamocs, mo ui ¢GopMH MOXYTb OYTH pE3yJbTaTOM

PO3LICIIJICHHS MaTtepiajly KPUCTaliB MIPOKCEHOBOI MiAKIAAKU. MIKpPOCKOMIYHI
yepBonoiOHi popmu Ha ¢doTtorpadisx, 3poOJeHHX 3a JOMOMOTOK MOIHOBOIO
€MICITHOTO CKaHYIYOro €JIEKTPOHHOTO MIKPOCKOIY, MOXYTh OyTH apTedakToM,
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AKU BUHUKAE TMPHU BHUNAPOBYBAHHI TOKOIPOBIJHOTO  30JI0TO-HAJIaI€EBOTO
MOKPUTTS, sIKE HAHOCAThH HA MMOBEPXHIO 3pa3Ky NpH CKaHyBaHHI. TaKOX BKa3yeThCs
Ha TOW (PaKT, 110 aHAJIOTIYHUX YTBOPIB HE OyJIO 3HAWIEHO B IHIIUX KapOOHATHUX
Mereoputax. LI 3epHa HagTO Manmi JUIsi TPOBEIEHHSA MPSMOIO XIMIYHOTO YH
OakTeplaJIbHOTO aHAJI3Y.

Jlesiki CKeNTUKHU MIA03proBain (paibcudikalito pe3yiabTaTiB, 1HII KPUTUKH
BUCJIOBWJIM TINOTE3y, IIO BHUABJIEHI MIKPOOPraHi3MH SIBJIIOTHCS HEBIJOMOIO
paHime (GOpMOIO 3eMHOTO KMTTS. IX 3alpONOHYBanM HA3BAaTH HaHOGAKMepiaMiu
(nanos). Ilpore TepmiHoMOTIS BHSBHIACA He Iyxe Bramor. Hanobakrepii (3
OJTHI€IO JTITEPOIO H) — 1€ He HOBa (hopMa JKUTTH, a opMa MIKpOOPTaHi3MiB, MEHIIIA
3a po3Mmipamu, HiDK 3BH4YaiiHO BBaxasmocs (0t 200 wm). Ile He
yIbTpaMikpoOakTepis, a 3BHYallHA JUId 3€MHOI Olocepu QopMa KUTTH,
HANPUKIAJ, y MOPCHKHX E€KOCHCTEMAX. IX BHAIMMIAM B HOBY Pi3HOBHAHICTH
OakTepiii Ta apxeiB (Hanmpukitan, Pelagibacter, Opitutus, Nanoarchaeum) [69].

[Tokazano [70], mo apryMeHTH Ha KOPHUCTh HASBHOCTI JKUBOI Matepii B
MapciaHCbKOMY METEOPHUTI — HAsIBHICTb MOJI1apOMAaTUYHUX BYTJIEBOIHIB, KPUCTAIIB
MarHeTuTy, KapOOHaTHUX TJI00yl Ta CTPYKTYp, Ha3BaHUX HAHOOAKTEpIsIMH, — B
KpalioMy BHIIaJKy HEOJHO3HAuHI. XO04Ya IMPUCYTHICTh IUX CIOJYK MOXeE OyTH
pE3yJIbTATOM JKUTTEAISUIBHOCTI OPraHi3MiB, IPOTE MOSBY KOXHOI 13 HUX MOXHA
OMHCcaTH 1 SK pe3yiabTaT MpoueciB 0e3 ydacTi KuUBOro. JloTpuMyrO4uch,
HaMpUKIaJa, MEeBHOI TMOCIIIOBHOCTI MpOIECiB Kpuctamizauii amopdHoi ¢das3u
TIPOKCUTIAIATUTY, MOXHA OTPUMATH (OPMH, JIy>KE€ CXOXK1 Ha Ti, 110 3HANACHO Y
METEOpPUTHIN PEUOBHHI.

P. ®onk [71] B 1989 p. BBIB MOHATTSA «HAHHOOAKTEPiit» (3 MBOMA JIiTepamMu
HH), BimHICIIM 10 HUX ¢opMmu Mikpoopranismie posmipom  30-300 =M,

m “ MNpCACTABJICHUX TICPCBAKHO

Cocci, BUSIBIICHUX y

BalHSHOMY Ty(1 TpaBEepTHHI
13 THA rapsiaux JoKepen (puc.
4.33) [72].

Puc. 4.33. MikpoOHi
cripajbHI bopmu Ha
KpUCTaJl KaJIbLIUTY B 3pa3Ky,
OJIEPKAHOTO 13
KapOOHATHOIO raps4oro
mkepena Xor Copiare B
HanionansHomy MapKy
. (Apkanzac, CIIIA) (1 mMxm —
_ﬂv 1000 um) [72]



-148 ~

@onk BBaxaB, 10 HAHOOAKTEpli MIMPOKO PO3MOBCIOUKEHI Yy BCIX
cepeoBuIIaX. BOHN OKMCIIOIOTH METaIH, OCAKYIOTh KapOOHATH B JI€SIKl OPraHo-
MIHEpaJIbH1 KOMIUIEKCH.

ABTopu pobotm [72] BBakawTh, IO PE3ydbTATH BUBYCHHS MIKpPOOHOT
bnaopu rapsYux JpKEpels, Pe3ydbTaTiB I1XHBOT JKUTTEMISUIBHOCTI Yy BUIJISIIL
010JI0T1YHOTO BUBITPIOBAaHHS KapOOHATHUX MOPIJ MOKHA BUKOPHUCTATH y SKOCTI
(GI3MYHUX MIKPOCKOMIYHUX OlOMapkepiB Uil BHSIBICHHS CHIAIB JKUTTA Ha
MapclaHChKMX MeTeopuTax. /i1 TOpIBHAHHSA MOKHAa HAaBECTH, HANPUKIAL,
MIKPOCKOMNIYHI JIOCHIIKEHHSI 3pI31B METEOPUTIB TPYNH BYINIMCTHUX XOHAPUTIB
IByna, Opreiins (puc. 4.34), BukoHani acrpobionorom P. 'yBepom (R. Hoover) Ta
13 kocMmivyHOTO TIeHTpy Maprramra (CILA) [73].

Burnsan BKIIOYEHB CBIIYUTH HPO SIBHO OI10JOTIYHE MOXOMKEHHS. BoHu
BIIPI3HSAIOTHCA BiJl KOMIIOHEHTIB I[laHOOAKTEepiaIbHUX MaTiB, BIAOMHUX Ha 3eMJI.
JlexTo BBakae, 1m0 Tak Ii (ocwrizoBaHi (Ckam’sHiII) OakTepii HacmpaBdi €
OloruTiBKaMu 3eMHOI npupoau. Lle cTpyKTypoBaHi CKyImueHHsl OakTepii, 3aHypeHl1
B CHHTE30BaHy HHUMH K OIONOJIMEpHY MaTpuIto. blomIiBKH  CXUIIbHI
“HNPUKJICIOBATUCH J10 PI3HUX IMOBEPXOHb, B TOMY YHUCJIl METEOPUTHHUX. AHaI3
BUSIBUB Yy iX CKJIaJll aMIHOKHMCIIOTH, MOJIIUKIIYHI apoMaTU4Hi ByriaeBojHi. llei
(aKkT BUKIMKAB aKTHUBHI CYINEPEYKH, aJKe TINOTeTUYHO OpraHika Morjia
3a0pyHUTH TOBEPXHIO MeETeopuTy Bxke Ha 3emui. [Ilpore wicue mnamiHHSA
METEOpUTy — AHTAPKTHA, /1€ KOCMIUHE TLJI0 30epiraigocs y Jb0J0BOMY MOKpPHBI,
7€ MaJIOMMOBIPHO YTBOpPEHHs OIOIUIIBOK IMPU HHU3BKHX Temmeparypax. Tomy
MUTaHHS PO NOXOKEHHS CXO0KHMX Ha 010J10T14H1 00’ €KTU CTPYKTYp Ha IOBEPXHI

METEOPUTY MapCiaHCHKOTO MOXOKEHHS 3aJTUIIAETHCS BIAKPUTHUM.
PiraMeHTH MeTeopuTy Opresasn ®isrameHTH MeTeOpHTY Mepuncor "

g a) M
i T -El Bum 4000X
Pnc 4.34. Mleoq)ocpmn
a) 6 memeopumi Opeeilib 3a MOPHONocicio ma po3mMipom 8iON08IOaONb
Microcoleus sp. ma Phormidium sp. — yianobaxkmepiam, siki uacmo pocmymo
pasom, ymeopowuu baxmepianvHi mMamu HA OHI JTbOOSHUX 03ep ma GIYHOI
mepznomu 6 Cubipy ma Aumapkmuoi,

0) yianobaxmepianvui numxku 6 memeopumi Mepuucon CM2 6 memeopumi

[73]
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4. Ha 0oxa3 CTIAKOCTI 010JIOTTYHUX 00’ €KTIB 10 YMOB KOCMIYHOT'O ITPOCTOPY
HABOJATh PE3YNbTATH PSAY E€KCIIEPUMEHTIB, Hanmpukiaa, «MeTeopur», B SKOMY
JOCIIPKEHO BIUIMB pajiiallii Ha MIKpOOPraHIi3MHU Ha OOPTY pOCIHCHKOrO CyIyTHHKA
«bior-M1» B 2013 p. B 6a3zampToBYy 00OJOHKY CYIyTHHUKAa OyJIO BMOHTOBAHO
TabJIeTKH 31 criopamu OakTepii (puc. 4.35).

Puc. 4.35. Ekcmepument «Meteoput» — 0Oa3aabToBa MaTpuls 3
OlomaTepiajioM BcepeAuHi, 10 Oyla BMOHTOBAaHAa B 30BHIIIHIO OOOJOHKY
KOCMIYHOTO anapary

Excriepument tpuBaB 30 ni6. KonmmBanHsS Temmepatypu 30BHINTHBOT
MoBepXxHi 0000HKHU amapaty — B mexax Bim —150 °C mo 125000 °C. IIpotsrom
nepioAy BXOJKEHHS B aTMoc(epy oOIMBKa anapaTy IutaBuiaca. Bussumiocs, 1o
AK MIHIMyM OAMH TaM TepMouibHUX Oaktepiit Buxkub. ExcnepumeHT OyB
MOBTOPHO TpoBeaeHN Ha OiocymyTHHKY «®otoH M Ned» B 2014 p. I3 Bcix
MIKPOOPTaHI3MiB JOCTOBIPHI JaH1 MPO MOKJIUBICTh BHKMBAHHS OyJIO OJIEp>KAHO
s criopoytBoprorounx Oaktepiii Carboxydocella ferrireduca ta Bacillus umilus,
SKi TIOMICTHJIM 30BHI OOIIMBKH amapaTy Ha MiHepalxi MIayKOHITI (3ami3McThid
CHJIIKAaT, NMPOAYKT BUBITPIOBaHHs TpaHity). 1100 OImiHHWTH, SKi yMOBH TMOBHHHI
Oynu BUTpUMATH 3pa3ku, B Tabn. 4.5 HaBeAeHO (QI3UYHI XapaKTEPUCTUKHU
BIIKPUTOTO KOCMOCY, 36MHO1 OpOITH Ta MOAEIHHUX KOHTPOJIBHUX €KCIIEPUMEHTIB,
110 BUKOHYBAJIUCS Ha 3eMUIi.

B excniepuMeHTax, e iMITyBaIHCS YMOBH BiIKpUTOT0 KocMmocy (Tadi. 4.5),
B SIKOMY Tepe0yBajau MapClaHChbKi METEOPUTH, OyJI0 BUBUEHO BUKUBaHHs criop B.
Subtilis B ymoBax mpucKopeHHs, TOIITOBXIB Ta yAapHUX XBWJIb. BCTaHOBICHO
(Tabm. 4.6), mo 3HaYHaA YaCTHUHA CIIOP 3MOTJIa BUTPUMATH MIKOBHH yIapHHH THCK
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32 = 1 I'Tla Ta marpiBanus no 250 °C. Lli gaHi miATBEPKYIOThH TIMOTE3y PO TE,
o OakTepiayibHI CIIOPU MOXYTh BUTPUMATH YMOBH MIXK30PSHOTO IMPOCTOPY, 1
CTaTH 3apoJIKaMU JKHUTTS Ha 1HIIUX TUJIaHETaX. SIKIIO MPUIYCTUTH, IO CEPEeaHs
IIIIBHICTh 3aCEJIEHHS CIIOpaMM CKJIaJae 108 onuHuIls B 1 r, Hampukiaa, IPyHTY
mycTeni abo ripchkoi mopoau, To 1 kr cyocTpaTy Oyae MICTUTH ~ 10" crop, i3
skux 10 107 OMHAIE MOYKE BHKUTH HABIiTh IIPH HAX3BHYAIHO BHCOKMX 3HAYCHHSX
TUCKY, TEMIIEpaTypHu MpHU yaapi METEOPUTY 00 MOBEPXHIO IJIAHETH.

[Ile BumuM OYyB BIJCOTOK BHXXMBAHHS Yy TOMY BHIMAJAKYy, KOJH CIOPH
MOMIIIANIA B TMIOKUBHE CEPEIOBUIIE, HAPUKIIAM, TTt0K03y. Hanpukman, 67% cmop
B. subtilis Burpumany ymMOBH KOCMIYHOTO BakyyMy MpOTSATOM Maibke 6 pOKiB B
mapi TJIIOKo3u. Byno BHUCIOBIIEHO TINOTE3y, MO IYKOP YW MOJIATOMHHM CIUPT
CTabUTI3y€e CTPYKTYpU KIITUHHMX MaKpOMOJEKYJ, OCOOJMBO Yy MOMEHT
3HEBOAHEHHS M1/ J1I€I0 BaKyyMy. Y KOHTPOJBHHUX JOCHiAaX HAa 3eMill BUKUBAHHS
OyJI0 BUIIUM, MPOTE Pi3HUILIS OyJia HE3HAYHOIO.

Hanpasnena nancnepmin. B 1973 p. ®. Kpik 1 amepukanChkuii 010XiMiK
Jlecni Opren (L. E. Orgel) BucIOBWIN TIPHITYIICHHS, IO TOXOPKCHHS JKATTS Ha
3eMJli — HACIIOK HampaBieHOi IISUTBHOCTI MO3a3€MHO1 IUBLII3AINT IIIIXOM
HalpaBJICHHS anapaTtiB 13 3apoJKaMu JKUTTS Ha Hally IUIaHeTy. [CHYIoTh
apryMeHTH SIK Ha KOPHUCTb, TaK 1 MPOTH Il€i TIMOTE3W. 3 OJHIEI CTOPOHH, IIe
HAsBHICTb B JKUBUX OpraHi3Max pIIKICHUX METalliB Ta PO3CISTHUX EJIEMEHTIB
(mampukian, Mo, V, I).

[Ipore B Mexax Iii€i mapajurMu 3aJUIIAIOThCS HEMOSICHEHUMH SBUIIA
XipaJIbHOI acUMeTpli 610MONEKY, €AHICTH aMIHOKUCIOTHOTO Ha0OpPy, FTEHETUYHOTO
«angapiTy» Ta KOAY, KEHEPreTUUHOI0 aKkymysartopy» y Burisaal AT®. Sk BBaxkae
®. Kpik [73], koMIuiekc GpyHIaAMEHTAIbHUX 3araJIOK MOXOKCHHS 3¢€MHOTO KHUTTSI
3aBEPIIYETHCS BIACYTHICTIO MPSMUX JTOKA31B MEpea010JIOryHO1T €BOIOIIl. AJe 11
npoOJieMH JIETKO TOSICHUTH TpH JOMYIIEHHI LUIECIPSIMOBAHOTO 3aHECEHHS
MEPUIOKIITUH Ha 3eMJII0 330BHI. ABTOp B CBOild pOoOOTI HaBITh JETali3yBaB Take
MUATaHHS, SKUM CIIOCOOOM Kpalle 3AIMCHUTHU «3acejeHHs» 3emMii 1 siki 3acolu
JOCTaBKH CJICMEHTIB )XHUTTS (KOHCTPYKIliS «paKeTH») OYJIH B ONTUMAIbHUMH JIJIS
IBOT0 — MIKPOOpraHi3MH MOBMHHI Oynau O MOJOPOXKYBaTH y TOJIOBHIM YacTHHI
0e3MUIOTHOTO KOocMi4HOro Kopabis. [To cyTi, ekcrepuMeHTH, ONMMcaHl BUIIE, 1 €
€KCIEPUMEHTATLHOIO MEPEBIPKOIO III€T TITOTE3HU.

Cnig BiAMITUTH 1€ OAWH apryMEHT Ha KOPHUCTh TIMNOTE3W MaHCIepMii,
BCTAHOBJICHUH paassHChKUM (i3uko-xiMikoMm B.I. T'ompmancekum. B 1970-1973 pp.
BiH BUSIBUB, IO KJIACUYHUU 3aKOH AppeHiyca II0J0 MBUIAKOCTI XIMIYHOI peakilii,
MOPYILIYETHCS JJIs1 IPOIIECIB, SIKI MPOTIKAIOTh MPU HU3BKUX TEMIIEpaTypax.
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ITapameTpH MixnaaHeTHHH | 3eMHa YMoBH
KOCMiYyHOro npocrtip opbiTa MOZEAIOBAHHS
IIpoCTOpPY (< 500 xm)
KocMiuHuii BakyyM:
- Tuck (I1a) 10 107 - 10" 107-10"
- 3aNMIIKOBUN Tra3 Pi3Hi ymoBn'
(atomis/cm’) 1H 10°-10°H
10"-10°He
10°-10° N
10°-10" O
Consiune
€JIEeKTPOMAarHiTHE
BUIPOMIHIOBAHHS : Pi3ui Benmunan® | 1380 Pi3Hi BenmuuHm’
- [HTeHCUBHICTD Henepepsuuit Bin | Henepepsuuii | Pi3Hi cneKTpI/I3
(BT/MZ) 2102 10 10° M Big 210" 50
- CnexTpanbHui 10% m
niama3oH (HM)
Kocmiune  ioHI3yr0Ue
BUIMPOMIHIOBAHHS :
- Jlosa <0,1* 0,1-0,3° [upoxwuit
(mormunyTa) (I'p) nianason’
- Temmeparypa (K) | > 42 [upoxuit [upoxuit
nianason’ nianason’
- Mixkporpasiraris | < 10° 10°-10° 0-1000
(r)

T . " -
3anescHo 6i0 cucmemu HacCOCHOI Ma 6UMO2 eKCnepUMEHmMamopy;,

2 3anesicno 6id nonodcenns ma eiocmani 0o Conys,

3 3aneancno 6io ooicepena BUNPOMIHIOBAHHS ma cucmemu Qitbmpis,

* Banescno 6io eKpauHysanHs, Haubinowi eeruvyunu npu expanysaunni macu 0,15
olem’;

> 3anesrcro 8id BUCOMU MA eKPAHYSAHHS, HATIOLNbIL 6ENUNUH NPU BUCOKUX DIGHSX
ma expanysanns 0,15 o/em?.

Hagith mo6sm3y abCcoM0THOTrO HyJIs, TOOTO B yMOBaX BIIKPUTOIO KOCMOCY,
XIMIYHI peakilii MOXYTh MPOTIKATH 32 PaxyHOK SBHINA TYHEIIOBaHHs, TOOTO
CHepTisl aKTUBAIlii MOKe 3HWKYBaTHCs Maibke a0 Hyns [73] [Hakmie kaxyuu, i B
YMOBax BIJIKPUTOTO KOCMOCY MOXKYTh BiOyBaTUCS MPOLECH CHHTE3Y ITOCUTH
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CKJIAJIHUX CITOJIYK, MPUCYTHICTh SIKUX Y 30pSHOMY IMWITY JOBEIEHO B pobotax .
Xoiina ta H. Bikpamacinrxa.

Taoauns 4.6. Yactka BmxuBanHs criop B. subtilis micns ButpumyBaHHS Yy
SL 1,

kocmiuHoMy Bakyymi (10°-10* Ila) ma Gopry kocMiuHEX amapatis

EURECA Ta LDEF [71]

BincoTok BiZmcoTOK BHIKHBaHHA Y
TpHBaAicTh | BHXKHBAaHHSA Yy | TOHKOMY mrapi 3
Micisa €KCIIO3HIii | TOHKOMYy mapi (%) | raroxosoro (%)
BakyyMmi |VY KonTpoab . KouTpoab
Y 7 KOCMOCI Ha 3e€vmi ¥ xoemoct Ha 3e€vmi
SL1 10 gniB 69,3+15,8 | 85,3+2,6 | He He
BA3HAYAJIOCS | BU3HAYAJIOCS
EURECA | 327 nuiB 32,1£16,3 | 32,7t£5,6 |45,5+0,1 62,7+8,2
LDEF 2107 nmHiB 1,4+0,8 54129 67,1+10,1 77,1+6,1

4.3.4 Moaeai, AKi IOSICHIOIOTH XipaAbHY HEOAHOPiAHiCTH
Oiocdepnu

3araJlbHOBU3HAHOI TeOpli, sfika MOSICHIOE BKa3aHuM (hakT, Hapa3i He IcHye. €
KUTbKa Tinote3 (Mojese), OUTBIIICTh i3 AKHX MpAaIoe€ B MeXaX HEPIBHOBAXKHOT
tepMmonuHamMiku 3a [IpuroxxunnM, onucanoi B po3aiii 4.2.2. BuainuMo HacTymHi:

- Mooenv B.I. T'onvoancvkoeo [14] — «X07a0aHOI mEpemiCTOPIi KUTTA» Ta
«CTIOHTAHHOTO TMOPYIICHHS CHUMETpPii».  ABTOp pO3TIsAIaB JBa MNPUHIIUIIOBO
BIIMIHHUX CII€Hapli NOPYIIEHHS J3€pKalbHOI CUMETPIi: CIIeHApi aCUMETPUYHOTO
BIIMIOBIJHO [JI0 SIKOrO TOPYUIEHHS B1AOYJIOCSd Ha paHHbOMY
xiMIYHOMY eTami eBomwouii. Jpyruit  pomyckae
NOpPYLICHHS. Ha OUIbII Mi3HbOMY Ol10JIOTIYHOMY eTami. bloreHHuil cueHapii

3apOKEHHS,
MOXJIMBICTh ~ O10T€HHOTO
MaJIOMMOBIpHUM, TaK K, Ha JyMKY aBTOpa, amnapar caMoperutikailii, HeoOXiaHuH
JUISL  CaMO3apOJIKEHHS Ta PO3BUTKY KUTTSA, HE 3MIr Ou cdopMmyBaTucs B
palieMaTHOMY cepefoBullll. B clieHapli acCUMETPUYHOTO 3apOXKEHHS TaKOX
PO3MJISIHYTO JABI NPUYUHU: Ais (PIBUYHUX TMOJIB Ta CHOHTaHHE MOPYIICHHS
cuMmetpii. ['onbaancekuit B.I. TakoXX BUCIOBUB NPUXMWIBHICTH 10 171€1 3B’SI3KY
XipaJbHOI acuMeTpii xuBoro Ta (izuaHol acumerpii BceecBity (He30epexeHHs
MApHOCTI MPH CIIA0OKUX B3AEMOTIAX);

- I'inomesa «paykmyayiiunoi niazmoximii» I'.I' Manaranse [75]. ba3yrounch
Ha EKCIEPUMEHTAIbHUX pe3yJbTaTax [ii IIa3MOBOro (Qakeiy, yTBOPEHOTO Iijl
JI€I0 JTa3epHOTO BHUIIPOMIHIOBAHHS, aBTOp IIOKa3aB, IO MpHU dii Ja3epHOi Ta
yAapHOi NPUPOJU BUHUKAIOTH HEOJIHOPIAHI eneKkTpoMarHiTHi nons. Li ¢gakTopu
MOXYTh MPUBECTH JO0 MOPYIIEHHS CHUMETPIi 130MEpiB B MpOIECi iX XIMIYHOTO
CUHTE3Y MPHU HAJBUAKICHOMY yAapl METEOPUTY 00 MOBEPXHIO MJIAHETH;
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- Mooenw cinepyuxnis M. Eticena [14] (nuB. po3n. 4.2.2). XipadbHiCTh MOTJIa
3aKpINUTHCS B MPOLEC] CEIEKUIMHOIo B1IOOPY KOHKYPYIOUUX TINEPLMKIIB MICII
roro cra0imizamii. Ilicis TpoxopkeHHs o00J7acTi ocHmisAii  (HeTiHIHHOCTI)
NoJIIMEpU3yIodl (PYHKIIT LUKIYy MOBHHHI OynaM OO0paTH OAHY CTEPEOXIMIUHY
KOH(]Irypallito 3a IPUHIIUIIOM «Bce ad0 HI14Oro», 1 1eil Biadip Oyzae 30epiratucs Ta
€BOJIIOLIIOHYBATH [0 JIOCATHEHHS JIOCKOHAJIOCTI, sSiKa MOTpeOdye OIHOPIIHOI
crepeocnenupiunocti. CTporo Kaxyuu, BHOIp cTepeoi3oMepiB  BiIOyBCs
BUMNaakoBO. Ha KOpHCTh IBOTO CIIEHApil0 CBIAYMTH TOW (akT, IO I TUX
GyHKIIM, AKI HE MNpUUMAIOTh YydyacTi B HENIHIKHOMY 3B 3Ky, MOXJIMBA
MPUCYTHICTh 130MEpIB MNPOTUIICKHOTO 3HaKy. Tak, odironenTuau, s5Ki He
BIITBOPIOIOTHCST OIOCMHTETUYHUM amapaToM, IO BHUKOPUCTOBYIOTH KOJOBaHI
MOBIJIOMJICHHS, MOXYTh MICTHTH TakoX D-aMIiHOKUCIIOTH  (HAIPHKIIAI,
rpaMiliiIiH S — TUKIIYHUN JEKalenTHI CUHTE3YEThCS TUIBKH 3a YYacTIO
dbepMeHTy, 6e3 ydacTi Koay HYKJICTHOBUX KHCIIOT).

OT1xe, BCI nepeiivueHi rinoTe3u no-pisHOMYy TPaKTYIOTh MEXaHi3M cemnaparii
XipaJIbHUX 130MEPIB, MPOTE MAIOTh CIUIBHOI PUCOIO JOMYIIECHHS, 10 aCUMETPIis
BUHMKJIA HA CTaJli XIMIYHOI €BOJIOIIl, B yMOBaX HEPIBHOBAXKHOI TEPMOAMHAMIKHU.
JloHenaBHa BBaXKasocs, 110 JI0Ka30M Ha KOPHUCTh IILOTO € BCTAHOBJICHHI OLIbIIE
30 pokiB Ha3ajJ eKCIepUMEHTAIBHUN (akKT, MO HePEPMEHTATUBHA MOJTIMEPHU3aIlis
AKTUBOBAHMX MOHOHYKJIEOTH[IB JIETKO BIAOYBAa€TbCA Yy MOHOXIPAIBHOMY
CepeNOBUIIII, aje IHTIOYEThCSA B MPUCYTHOCTI MPOTUIIEKHOTO 130Mepy. 3abirarouu
Harepen, uer (pakT NPUHIUIIOBO BaXXIMBUHN 7151 KpuTtuku Teopii PHK-cBiTy.

[nakmie no mpoGiemu acuMeTpii MIAIAIUIM JIBa aMEPUKAHCHKUX O10XIMIKH
Jxonaran Illemanceki (Jonathan T. Sczepanski) ta Ixepanbn [Ixoiic (aBTOp
BU3HAUYCHHS XUTTs) [76]. BoHM mimmanm CyMHIBY MOCTYJaT XipaJdbHOI ceraparii
Ha XIMIYHOMY e€Tami €BOJIIOIil. ABTOPU E€KCIEPUMEHTAIIbHO JIOBENH, J1BO- Ta
npaBo oOepTaryl 130MEpU MOXYTh B3a€EMOJISATH. A came NEBHHUN QepMeHT
pubo3uM (Kpoc-XipaJibHa TOJiMepa3a) IIBUAKO Ta TOYHO BiJTBOPIOE CBOIO
J3epKajbHy MpaBy KOIIilO, a IIpaBa KOIIisl Tak e TOYHO BIITBOPIOE JiBy. Bkazana
nojiiMepasa, oJiep)KaHa aBTOpPaMHU, SBISETHCA JOCUTh MPOCTUM (PEPMEHTOM, alie
CEHCAl[IMHUM BIAKPUTTIM € Te, L0 peIUliKalisi, sSKy BOHA 3JIMCHIOE, HABITh HE
notpedye, mod D- 1 L-pepmeHTH Manu OJHAKOBY MOCIITOBHICTh HYKICOTHIIB
(puc. 4.36).

BucHoBKM 13 pe3ynbTaTiB 1IbOTO EKCHEPUMEHTY KapJIUHAIBHO 3MIHIOIOTH
MIAXIT 10 TPOOIeMU TOMOXIPaaTbHOCTI:

1. XipanbHa acuMeTpisi HE SABJISETHCA HEOAMIHHUM aTpUOyTOM >KUTTS,
MOXJIMBUNA TUISIX O10XIMIYHOT eBoutowii 13 panemaTtHoi cymimii. [lpu ubomy
Bi/iMajia€ HEOOXIJHICTh CEemapaniifHoOro MpoIecy pPO3AUICHHS EHaHTIOMEPIB.
HameBne, kiodoBa e€BOJIONIMHA TOAIS BHHHMKIA 3a YYacTIO OJIHOTO 13
€HaHTIOMEDIB,
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2. XipaJgbHa acHMMETpis — HACHIZOK, a He IMPUYMHA O10JIOTiYHOI €BOJIFOIIII.
MoxHa yABUTHM TaKy CHUTYyalll0, KOJM B pe3yJbTaTi MyTaulli Ji3lMomiMepasu
OJIepXKajy NepeBary y MBUAKOCTI TOPIBHAHO 3 TPaBUMHU, HAIPUKJIIA, Y TINEPIUKIL
(puc. 4.60). Ilicnst 4oro «IepeMOKIN» BUXKHWIIM, a TMpaBi i30MEpU MPAKTHIHO
BUMEPJIU B pe3y/IbTaTi «IapBiHIBCHKOTO BimOopy» (muB. puc. 4.7).

Takum 4yMHOM, Hapaszl NHUTaHHS XipalbHOCTI Oiochepu HAOIU3ZUIOCH [0
JIOT1YHOTO TOSICHEHHS, SIKE Y3TOJKYEThCS 3 ICHYIOUMMH (PakTamMu Ta JOBEICHO
€KCTIEPUMEHTAJIBHO.

N
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Puc. 4.36. EBomontist kpoc-xipaiapHoi PHK-nirasu [76]:

a) gopmam peakyii npomsicom nepwiuUx Oecsmu YUKIi8 CerleKmueHol
amnnigixayii 3 D-chepmenmom, 36 °s3anum 3 komniexcom L-wabnrona-npativepa 3
L-cyocmpamom (suxiona nonynayis micmuna 70 nykieomudie 3 008LIbHOIO
noCni008Hicmio);

0) hopmam peaxyii npomsiecom 11-16 yuxnie cenexmuenoi amniighikayii.

4.3.5 Teopisa abiorenesy

Ils Teopist Mae KiIbKa CHHOHIMIYHUX Ha3B:
- 3aaBtopctBoMm: Teopis Omnapina-XojeiHa,

- 3a wMexaHi3MoM:. O10XIMIYHOI
PEBOJIIOIT;

- 3a CTPYKTYpHOIO  O3HAaKOIO:
Teopisi KoallepBaTiB.
I{ro Teopiro B OLIBIIOCTI BUKIAJAIOTH
B Kypcl O010jorii, xoya BOHa Mae

O.I. Onmapin [x. XoaneHH
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npsiMe BigHOIIEHHs J0 xiMili. Ha mowatky XX CT. 3araJibHOBU3HAaHUM CTaJlo
JOMYILEHHS PO MOXJIUBICTh MEPEXOAY BiJl XIMIYHOT /10 010J0T14HOI €BOIONl. 3a
MEBHUX YMOB XIMIYHI MPOIECH MPUBOIWIN JIO MOSBH X)UBOI Mmatepii. B 1924 p.
pansucbkui OioxiMmik O.I. Omapin BucTynuB 3 gonoBiao «IIpo BUHUKHEHHs
KUTTA» Ha 3acifaHHl OoTaHIYHOrO ToBapucTtBa Pocli, A€  BHKIaB TeEOpilo
BUHUKHEHHS JKUTTS 13 IEPBUHHOI CYMIIIli OpraHivHUX pedoBUH. B pobori [77] BiH
JeTaai3yBaB MEXaHi3M CaMOJIOBUIBHOTO 3apOJKEHHS JKUTTA 3eMJIl MUISIXOM
XiMI4HO1, a MoTiM — OloxiMmiuHoi eBosromii. Hesanexxuno Bim O.I. Omapina, mo
MOAIOHMX MIPKYyBaHb PO CAMO3APOJKEHHS KUTTS MPUUIIOB aHTTIACHKUNA 010710T
Jbx. Xommewin (J. B. S. Haldane), sxmii B 1929 p. omyOiikyBaB CTaTTIO
«JToxomkeHHs KUTTA Ha 3emii» [78].

4.3.5.1 ETan ¢opmyBaHHA NEepPBHHHOI aTMocdepH

BigmoBigno o 1i€i teopii (puc. 4.37), mosiBa KUTTS BKJIIOYala KiJbKa
etamiB. [lepmum Oyno gopmysanns eionosmosanvroi (nepsunnoi) ammocgepu
3emuti, o mictiia CHy, Hy, NH3, HCN, H,S, H,O (mapomoniony) tomo. [osiBa ii
€ 110 CyT1 XIMIYHOIO NTePEAyMOBOIO BUHUKHEHHS KUTTA. [locunatounce Ha naHi B.1.
Bepnancekoro, O.I. Omnapin cTBepIKye, L0 BECh a30T CY4YacHOI 3E€MHOi
aTMoc(epu — OIOTeHHUH, 1 He MIT iICHYBaTH B NIEpBHHHINA aTMocdepi (11e BaXKIIUBO
U eKCIIEPUMEHTAIbHOI TiepeBipku Teopii). [locunarouncy Ha pesynabtate 1.1
MeHieneeBa, MOXHa JONYCTUTH ICHYBaHHS B MEpPBUHHIA aTtmocdepl HaBITh
BYIJIEBOJ/IHIB, YTBOPEHUX MPH B3a€MOJI1T KapOiiB METAIIB 3 MEPETPITUM BOJASIHUM
napom:
3FeC,, = 4mH,0 = mFe3O4 + C3,Hgnm.

Jloka3oMm crpaBeIMBOCTI TaKoro TBepaKeHHs OmapiH BBa)kae AaHi 1010
ckiany armocdepu iHmMX miaaHer CoHsuHOi cuctemu. Tak, JaHI KOCMIYHOTO
amapaty Messenger (2008 p.) 3acBimuwiM mpo HasBHICTL METaHy B atMocdepi
Mepkypito. IlpucyTHicTh MeTaHy, €TaHy, alleTUIEHY, METWIAlETUICHY,
UAllEeTUIICHY BUSIBICHO B aTMOc(depi YpaHy METOJOM CIIEKTPOCKOMIi.

AMiak MIr YTBOPHUTHCS 3a PaxyHOK BHCOKOTEMIEPATYpPHOrO TiApOi3y
HITPUJIIB Ta IlaHaMiJiB METaJiB:

FeN + 3H,0 = FE(OH);; + NHs;

CaCNj, + 3H,0 = CaCO3 + 2NHs.



~156 ~

1 Tu:ﬂna : Hz H0
CHy COs
NH3

3a 4- 1l] POKIE

2y ' W N 2.pix
6 xlm_ -
'

11- 1l]
M2 .pix

1=
6 HCN
uz-pi}: ‘ H,CO

Biocghepa CH;0H

Iepeunna ammocgepa

Hpaxapiﬂm ' 2’5 - 1013 | CEC’-'HSTI+2
L B>
Ocadoea nopoda C< 10232*12':"9 e B
Hyxneomudu Aszomucmi ocHOBU
Honicaxapudu - Cunmes I.Eya?égﬂ odu
Dasniucaenos 6iononimepie by

Puc. 4.37. 3apomKkeHHs )XUTTS B TOTOKaX €HEprii Ta XiMIYHUX PEYOBUH 32
teopiero Omapina-XomaeiHa

4.3.5.2 ETan CHHTe3y INPOCTHX HH3BKOMOAEKYAIPHHX
OPraHiYHHX CIIOAYK

OmnapiH BiMiYae€, MO B YMOBaX BHCOKOI TeMIIEpaTypHu Ta >KOpPCTKoro Y@
BUIIPOMIHIOBaHHS MOXIJIMBE YTBOPCHHS HCHACHUYCHHUX BYTJICBOJHIB (ITEPEBasKHO
CTHJICHOBOT'O Ta alleTHJICHOBOTO PSIY):

2 CHy < CoH, + Hy;

CaC, + 2H,0 = Ca(OH)Z + CoH.,.

B cBowo dyepry, HeHacHueHi BYTJEBOJIHI MAalOTh CXWJIBHICTh 10
€K30TepMIYHUX PEakIlii TiapaTallii, TOOTO TaKux, [0 CaMOJIOBIILHO MPOTIKAIOTh.
[IpukianoM € peakilisi yTBOPEHHS alleTaNbJIETIY 13 alleTUIICHY

OH
/
CH=CH + 2H,0 — CH3QH — CH;CHO + H,0 +33.8 Lk

OH

B pe3ynbraTi Ha 3eMHIM MOBEPXHI MOBUHHI YTBOPUTHUCS 3HAYHI KUIBKOCTI
MPOAYKTIB OKUCIICHHSI BYTJIEBOJHIB — aJIbJIET1/1IB, CIIUPTIB, KETOHIB, KapOOHOBUX
kuciot. Ha nymky OnapiHa, came aneranb/eriJi MOBUHEH BiJIIrPaBaTH YHIKAIbHY
pOJib B MpoOLIECi 3apOHKEHHS KUTTSA, MOPIBHIOWYM 13 (DYHKIIIIO IIi€1 CIIONYKUA B
cydacHiii Oloximii. OmnapiH BigMidae, MO 3HAYHY POJb B MPOTIKAHHI TaKHUX
peakIliii MOTJIM BIAIrpaBaTy KaTali3aTOPU PI3HOI MPUPOJIH.
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[lepBuHHI HEHAacH4Y€HI BYIJIEBOJHI NPH YTBOPEHHI MOIJM 3YCTPITUCS Ha
3€MHIM MOBEPXHI HE TUIBKU 3 BOJIOIO, a ¥ 3 amiakoM. Hampukian, Ko mpoBeCTH
peakuio TigpaTanli aleTWIeHy B MPUCYTHOCTI aMiaky, TO Bi3yaJlbHO MOJKHA

CIIOCTEPIraTH yTBOPEHHS KPUCTAIIYHOTO

COOH COOH

ocamy anbneriny. I[lpuegHanHs amiaky
| l hi (e} KHCHEBMICHUX MOX1JHUX

CH CH, : .
NH; + " - - HeHa(.:I/I‘IeHI/IX BYTJIEBOJHIB Yy 001acTi
MOABIMHOIO 3B’S3Ky INPUBOJUTH IO

CH CHNH;

| YTBOPEHHS aMiHIB. SIK MpuUKIaa, MOXHa

I

COOH COOH
PyMapoEA AcnapariHosa
KHCAOTA KHCAOTA

HABECTH PEaKIIiio MPUETHAHHS aMiaKy 110
(byMapoBOi  KHCIOTM 3  YTBOPEHHS
acrapariHoBoi KuciaoTu. Il peakiiis
BI/IIrpae KJIIOYOBY pPOJIb B YTBOPEHHI
aMIHOKHCJIOT.

OmnapiH BiMivae, 10 MPU BCbOMY KOJIOCAIBHOMY PI3HOMAHITTI CIOJIYK, 1110
BXOJSATH JI0 CKJIaAy >KMBOI Marepii, BC1 BOHU BUHUKJIM B PE3yJbTaTi TPbOX THUITIB
BIJJTHOCHO TIPOCTUX PEAKITIN:

- Konoencayii (MOIOBXKEHHS BYIJICIIEBOIO JIAHIIOTA) 1 3BOPOTHHU
MIPOIIEC po3pua8y 3B’SI3Ky MIXK JIBOMa aToMaMu ByTiewto. [Ipuknan — nepeTBOpeHHs
TJIFOKO3H Ha 1HO3UT:

)
HO, £ H
OO Ho, X OH
| \ ,..,-'OH NSNS
HO—C—H (I:-HH H—C C—H
I
HEC C"\“DH — thlj AHOH
HO” N/ ™H HO- N\ ~/ ™~H
AN S
AN
'aroxosa InosHT
[Ipukian HOPOTUIEKHOTO NPOILECy — TIAPOJI3 MIPOBUHOTPATHOI KHUCIOTH 3
YTBOPEHHSIM OLTOBOI Ta BYT1JIbHOT KUCJIOT:
o,
n: 20 0 OH
CHC——C +Ho—>cHC] + c&o
. OH OH OH
ITipoeEHOrpasHa OnToBa Byriannua
KHCAOTA KHCAOTA KHCAOTA

Ils peakmis mae Benumke OlosioriyHe 3HadyeHHS. Came TakuM abo0 aHAJOTTIYHUM
CcriocoOOM YTBOPIOETHCS BYTJIEKUCIUI Ta3 NMPU TUXaHH1 a00 OPO/IiHHI.
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- Honimepuzayii' (nonikonoencayii) — 3’€IHaHHSA IBOX 1 OLIbIIE OPraHiuHUX
MOJIEKYJ 4Yepe3 KHMCHEBUW UM a30THUU MICTOK Ta 3BOPOTHHUH MpPOLEC 2i0poni3y.
[Tpuknan — peakiiisa ectepudikariii, KoJm B3a€MO/II€ OITOBA KMCJIOTa Ta €TaHOJI:

QO QO

Il ———————- Il
CH3C O—-H +HD-— CHF,CH}-— CH3C O- CHqCng + H-;O
OuoToBa =~~~ "
KHCAOTA ETaHoA ETHAaIIETAT

B ’xuBHX opraHizaMax TaKuM YMHOM CHUHTE3YIOTHCS KUPH 13 TIILEPUHY Ta KUPHUX
KUCIOT. Yepe3 a30THUH MICTOK 3 €JIHYIOThCS aMIHOKUCIOTH, HampuKiIaj, ABI
MOJICKYJIH aMiHOOIITOBOT KMCIIOTH (TJIIIIUHY) YTBOPIOIOTH AUMED:

0 0O
[ Il
H,N—CH,— C-'-DH +H-'-N—(|3H COOH— H,N—CH;— C—]‘;I—(IZH—CDDH + H,O
H CH;, H CH;
. . lTFaimuEAasaHIH
Fainun AraHiH (zEnenTaz)

[Maponi3 ckiaagHUX OpPraHIYHUX CHOJYK JAETalbHO BHUBUYEHHI O10JIOTTYHOIO
XiMi€10, TaK SK BIH JIGKUTh B OCHOBI IIPOIIECIB OJIEp)KaHHSA €HEPTrii >KUBUMHU
Opra”i3MaMH MpH PO3KJAJl 3allaCHUX PEUYOBHMH, Y KHUIIKOBO-IUTYHKOBOMY TPAaKT1
TBapuH ToImoO. Taki peaxiii BiAOyBarOTbCS W MO3a >KUBOIO KIITUHOK, 3HAYHO
MPUCKOPIOIOYUCh (hepMEHTaMU YW HEOpraHIYHUMHU Kartanizatopamu. [lpuknang —
(hepMeHTHHI T1APOJIi3 MAJIbTO3H.

MaanbTa3sa
- bepmeHT H QH

MaasTO3a I'aroxo3sa
- OxkucHo-6i0n06HI peaxiii. MoAelIbHUM MpPOLEcCOM MOXe OYyTH peakxiiist
OKHUCJIEHHS TJIFOKO3UM a30THOK  KHCIOTOK JIO0 JABOXOCHOBHOI  I[YKpPOBOI
(TJTFOKOHOBO1) KUCIIOTH:

CH,OH
H O H HNO;
H ——» HOOC-—(CH|- COOH
H
0 OH OH 2
H OH IlykpoBa (raroKoHOBa)
a-D-rarogo3za KHCAOTA

O.I. Onapin BIAMITHB, 10 CKJIAAHICTh Ta PI3HOMAHITHICTh PEYOBHUH, IO
BUHUKAIOTh y JKUBIM KIITHHI, 3yMOBJIEHO JIMIIE CKJIAJHICTIO Ta PI3HOMAHITTSIM
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KOMOIHAII HAWMPOCTIIIKUX peakiiii TphboX BKazaHUX TuUIMiB. CHUIBHUM ISl BCIX
HUX € Te, 110 BOHM MPOTIKAIOTh NpHU Oe3mocepenniil yyacti Boau. ToMy, Marouu
Hallp HAUOPOCTIMIMX OPraHIYHUX PEYOBUH Ta BOJY, B IMPHUHIUIII MOXIJIHBE BCE
PI3HOMAHITTS NMPOIECIB, HEOOX1THUX JJisl GYHKIIIOHYBaHHS KUBOI MaTePii.

PeanbHICTh 1ILOTO €Tamy Mi3HINIE OyJIO MIATBEPMAXKEHO PSIAOM MOACITBHUX
eKCIIEpMMEHTIB TaK 3BAaHOI «MPeO0IOTHYHOI» XIMIii, HAMOUIBIIT BIJOMUM 3 SIKHX €
eKCIEepUMEHT amepukaHchkux 010xiMikiB C. Mumnepa ta I'. FOpi, npoBenenuii B
1953 p. (puc. 4.38) [79].

CxeMa nociily HacTynmHa: B 3aMKHEHUW CTEpUIIbHUM KOHTYpP BBOJMJIACS
ra3oBa CyMilll, IO IMITyBaJia CKJaJ mepBUHHOI atMochepu 3emumi (BomeHb Hy,
meran CH; ta amiak NHj;). KonTyp BkirouaB ckisiHy KOOy 3 BOJOIO, SKY
niAIrpiBayii - Ha OyH3€HIBCBKOMY TNanbHUKY. Boma BunapoByBamack 1 3a
JOTIOMOT0I0 LUPKYJISLIAHOrO BaKyyMHOIO HAacoCy IIOCTylajga B KoOJOy 13
CyMIIIIIIO Ta3iB, B SKy OyJI0 BMOHTOBaHO BOJb(PaMOBI €JIEKTPOAH, UIO
rEHEPYBAIM CICKTPUYHUN PO3PS] — aHalIor OJIMCKAaBKU TMOOJNHM3Y BYJKaHY,
PO3TaIlIOBaHOIO Ha y30epexoki Mops. Ilicis nporo razoBa cymiil Npoxoauniia yepes
JUISTHKY OXOJIO/DKEHHSI 32 PaXyHOK 30BHIIIHBOTO BOASHOTO XOJIOJUJIBHUKA,
KOHJIGHCAT HAAXOJUB Y «IACTKy», J€ 3HaxoauBcs mpoOoBinOipHuk. Ilicns
MEpPIIOr0 THXHSA LUPKYJSIII piiduHa B KOJO1 cTajna HaOyBaTH YEpPBOHO-
KOPUYHEBOTO BiATiHKY. BusBneno, mo 10-15% Byriemro mepewnio B OpraHiuHy
dbopmy. AHami3 3pas3kiB, BiIIOpaHUX MICAS 3aKIHYEHHS CHUHTE3y, BUSIBUB O
aMIHOKHUCJIOT — aclapariHoBY KHUCJIOTY, TJILUWH, (.-aMIHOMACJISIHY KHCJIOTY, ABa
ONTUYHUX 130MEPU alaHIHY.

MoxuBl peakiiii, [0 MNPUBEIM JI0 YTBOPEHHS AaMIHOKHCIOT, MOXHa
MpEeACTaBUTH HACTynmHUM 4uHOM. [licis mepmux B3aeMOAIN YTBOPUIIUCS IIiaHIT
HCN, CH,0, iumni nmoxiaxi ( aunerunen CoHy, mianoaneruiaed CzHN Toro) :

CO,; — CO + [O] (aTomapHHUii KHCCHB);

CH, + 2[0] — CH,0 + H,0;

CO + NH; — HCN + H,0;

CH4 + NH; — HCN + 3H..

Hactymawmii eran BkimodaB B3aemozito popmansaeriny CH,0, amiaky NHs,
mianicroro BogHro HCN 3 yTBOpEeHHSM aMiHOKHCIIOTH Ta IHIMUX OPTaHIYHHUX
MOJIEKYI:

CH,O + HCN + NH; — NH,-CH,-CN + H,0;

NH,-CH,-CN + 2 H,0 — NH,-CH,-COOH (rmimun) + NHs (cunmes
LlImpexepa).

B nopaneimoMy MOXyTh pearyBath Bojaa Ta (OpMalibAETrill, YTBOPIOIOYHU
nykpu (3a peakmiero bytneposa). Hampukianm, BinOyBaeThbcsi CaMOKOHICHCAIlIS B
MPUCYTHOCTI T1IPOKCHIIB Ty)KHUX MeTariB, Pb, Sn:
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OH" H.C=0,0H" .
2H,C=0 —» HO-CH,-CH=0 ————» cynim
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([imiTamia CARCKaBER

H,0, CH,, NH;,

H,, CO A0 BAKYYMHOTO

HAacOCY

cymim rasis (Mozeas
nepEHHEHEOL aTMocdepH)

—

opoboeiabipERE

HanpaM DHPKYARIii BOAAHHX NApis

HOHIEHCATOPD

npobo-
BLODIpHEHHEK

BOOA
- (MOozacas OReARY)

mpem TeIAa
(masaeERK BymEsena)

OXOAOOMEeHA BOOA, IO
MiCTHTS Opramidmi
CIOAYVKH

CteHnai Miaaep
Oiass AaGopaTopHOiI
ycTraHoBKH (1953 p.)

=4
Puc. 4.38. Cxema nociiny Miomnepa-tOpi
Yepes nBa poku Miiep MOBTOPUB €KCIIEPUMEHTH 3a 1HIIUX YMOB. B onHiit

13 MoaM(]iKaLiil BUKOPUCTAHO CTPYMEHEBHMI HAcOC 13 COILIOM, SIKMU MiJ THUCKOM
BIIPMCKYBAaB HACHYEHl BOJASHI mapu y KoiOy. TakuMm 4YMHOM aBTOp HamarabcCs
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MaKCUMAaJIbHO HAOJIU3UTHUCSA O YMOB BUBEPKEHHS MIABOJHOTO BYJIKaHY IIiJl 4ac
rpo3u. B Tpetiit Mmonudikaliii 3aMicTh iICKpOBOTO po3psAny OyB Tiir0Uuii. ABTOpam
BJIaJIOCSl JOBECTU HASBHICTH IIE KUIBKOX JTOJATKOBUX aMIHOKHUCIOT, KapOOHOBHX
Ta OKCUKHUCJIOT. BCl ONTUYHO aKTUBHI CIIOJIYKH OyJIO MPE/ICTaBICHO palleMaTHUMU
CyMIiIlIaMH, fK 1 CJIIJI O4IKYBaTH 32 3aKOHAMH CTaTUCTUYHOTO PO3MOALTY.

B 2008 p. Oysmmii cniBpoGiTHHK Mimiepa Jx. beitn (Jeffrey L. Bada)
MIPOBIB MOBTOPHE JOCHIKEHHS apXiBHUX 3pa3kiB Miuiepa, psia AKX J0 IbOro He
anamizyBanu [80, 81] Ha HaliHOBIIOMY aHATITUYHOMY OOJIQAHAHHI. 3pa3Ku
BUSIBIUIA B JJAOOpaTOpHUX apXiBax Mimiepa He3amoBro o oro cmepti B 2007 p.
Oco6mmBo 1ikaBUMH OynH 3pa3Kku, 7€ y BUXiAHIN Ta30Biil cymimni mictuBcs HjS.
Amnami3 BusBuB noHan 40 amiHOKHCIOT 1 aMiHiB. Ile CBITYUTH MPO IMOTEHIIIMHO
BHCOKY CTIHKICTh CHHTe30BaHUX Oiomoutekyn (puc. 4.39) [80].

3H0BY 10 gochixy Mimnepa-tOpi B 2016 p. moBepHynacs rpymna 4echbKUX
nocmigaukiB mig kepiBaunTBoMm C. Humeima (S. Civis) [82]. Bci ymoBu Oyiio
BUTPUMAHO, TUIbKU JOJATKOBO OMPOMIHIOBAIM CHUCTEMY MOTYKHHUM JazepoMm. Ha
JIyMKY €KCIEpUMEHTATOpIB, BiH MaB IMITYBaTH IJIa3MOBI po3psAau B atMmocdepi
3emui, 110 BUHHMKAIW Yepe3 yAapHI XBWII MPU NaJiHHI Ha IJIAHETY KPYIMHHUX
MeTeopuTiB. KpiM aMiHOKHCIOT, MPOAYKTH CUHTE3Y MICTHIIM BC1 a30TUCTI OCHOBHU
PHK. MexaHi3M peaxiiii aBTOpy onmucaiu HacTynHuM YuHOM (puc. 4.40).

-

BinHoBHA
atMocthepa
N
Cz0 y'\V'H
\ H F
EaekTpHUHI ™ o - B MeTeopHTH
- OpMAaMiZ - )
po3pagH O H (eHepria Ta
(emepria) ‘S\_( pPEYOBHHA)
H H
\ r
Pagmmxant- “_
iHTEpMemiaTH
H
*CZN He N
' n . ) 4 ™
YPHHOE1 OCHOBH IMipaMizHHOBI OCHOBH
NH
NHo 2 I
NHy =N TN NH
f A A= G ()
2 =N NH N N
NH HN™ ™y : g © N
Tyamin Anenin [urosma Vpamma

Puc. 4.40. Cxema XiMIUHUX TIporieciB y MoAuGiKOBaHOMY nociiai Mimiepa-
FOpi [82]
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MoAbHE BiZHOIIIEHHS
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e

IsoBaain —
H-BaAiH .
OpHITHH sl
I'AroTaMiHOBaA K-TA
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Q-aMIHOAQHIIIHOBA K-Ta i
PeHinaNaHIH wife
MeTtHAAMIH e
Etnaamin —
EranoaamiH i
[sonpomiAaMIH ——sifpe
H-TIPOIIAGMIH s
Puc. 4.39. MonbHi BimHomIeHHs (BIZHOCHO NINHUHY=1) pI3HUX aMiHOKHCIIOT,
BUSBIICHHX Yy amnapari, OI0 IMITyBaB YMOBH BYJIKaHIYHOI JIIsNIBHOCTI. [liokpecneno
mi amiHoKuciomu, 5KI He OY10 GUABIEHO Yy eKCNepuMeHmi 3 eNeKmpudHum

po3psadom. Buicm aminie 0y MiHIMANIbHUM, MAK SIK 60HU 6MPAYAIUCH BHACTIOOK

JeMKOCMLI.

JIOCTiTHUKHA MAKPECTUIN, MO0 CBOIM EKCIIEPUMEHTOM BOHU HE TpParHyjd
3alepeunTH AJIbTEPHATHBHI Teopli abloreHe3y, a mokasaTH, mo komnoneHTu PHK
MOTJIM YTBOPUTHUCS PI3HUMH CIIOCOOAMH.

XiM14yH1 TIpoliecH, sIKi MOTJIM BiOyBaTucs y MepBUHHIA aTMocdepi 3emii, Oyio
JTOCTIIDKEHO METOJOM KOMIT FOTEPHOTO MOJICIIOBAaHHS —ekcrepumeHTy [83].
Pe3ynpTaT BUSBUIUCS HEMPOTHO30BAaHWUMHU. Sk BKazaHO BuIle, (GopmMyBaHHS
aMiHOKHCIOT y  nocaigl  Mumnepa-lOpi  BigOyBamocsi 4yepe3  YTBOPEHHS
dbopmansaeriny. [lpore y koM toTepHiid cuMysiiii aBropam 13 [actutyty [T’epa 1
Mapii Kropi (ITapmwxk, @paniis) Bmamsocs cHocrepiratd Te, IO HEMOXJIUBO
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3adiKCyBaTU y JA0OPAaTOPHOMY EKCIIEPUMEHTI. YTBOPEHHS aMIHOKHCIOT MOTJIO
BiOyBaTucs OUIbII CKJIAJHO, Yepe3 MPOMIKHUN JaHIor He (opMaibierigy, a
dopmaminy HCONH,, gKmo 30BHINIHIM JHKEPEIOM €HEprii € He eJIeKTPUIHHMA
po3psn, a enekrpuune nosie (puc. 4.41). LikaBoto BiacTuBicTiO popmaminy € Te,
[0 camMe ISl PeYOBMHA MOTJa BUHUKHYTU B Pe3yibTaTl Jii albTepHATUBHUX
JDKEpeNl eHeprii — yaapy Mmeteoputry, YD BUIPOMIHIOBAHHS, M1l €JIEKTPUYHOTO
noyst. [HmmMu cnoBamu, GopMaMill € «KpaluuM» JHKEPEIOM MOYaTKy >KUTTS He
TUIbKHK Ha 3eMJIl, a ¥ 3a ii Mexxamu.

CO + NH;

Buxinni +H(C)
PEearcHTH —_—
Momausi CO - NH,
ODpoMIEHI1
CTAHH BTo pgggi
ODpOoMIHIHI1 npn'n‘y“ -
CTAHH bopmamiz

Puc. 4.41. MeraguHaMmiuauii aHani3  YTBOpeHHsS  QopMmaminy —
MPEACTABICHHS MOMJIMBUX XIMIYHUX IUISAXIB Ta MPOMDKHUX/TIEPEXITHUX CTaHIB.
C-N, + H(C) Ta -H(N) Bka3ytors Ha yrBopeHHs 3B s13ky CN, CH a6o po3pus NH-
3B’s13KY BiamoBigHo [83]

IcnyBanHs dpopmaminy y MK30PSHIM PEYOBHUHI MOKHA BBaXKATH JIOBEJICHHUM,
0a3yrounch Ha TaHUX acTpoOiosorii (auB. Tad. 4.3), HOro BUSBWIN K Y KOMETHUX
Tax, Tak 1 B mpoTo30psx. [Ipore He Oyio 3po3yMiio, sIK BiH YTBOPIO€ThCS. JlaHuii
MOJIEIBHUN MOCTIJ TO0Ka3aB, M0 yTBOpEeHHs (opmMaMily MoOKe BiAOyBaTHCS Ha
MOBEpPXHI MiHepaiB (Tak 3BaHa MiHEpaJibHA TilOoTe3a), Ie eNeKTpudHi moJist B 10-
20 pa3iB CHIBHIII, HIXK Ti, SKi pO3TISIAIHACST B MOJICIIL.

BianoBigHO A0 «KaTadiTUYHOI roTe3u», po3po0ieHoi B [HCTUTYTI KaTai3y
CB PAH [84], nporuecu, ki cnoctepiranucs B gociiai Mimnepa-FOpi, morin
BiIOyBaTHCs 1€ Ha cTajli (OpMYBaHHS IUIAHETHOTO Tila 3eMJl 13 MUJI0-Ta30BOi
xmapu. KaramiThyHa akTUBHICTH KOCMIYHOIO MaTepialy — KIOUOBUNA MOMEHT B
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it rimore3i. Kam’siHi Ta 3ami30-kaM’ sH1 METEOPUTH, 10 NaAal0Th Ha 3eMIIto, Oyi0
BUKOPUCTAHO Y AKOCTI KaTanaizaTopiB. YaCTUHKHU peaibHOI METEOPUTHOI PEYOBUHU
MarTh HEMOPUCTY MOBEPXHIO, MPOTE B MOJEKYISIPHUX XMapax MIK30PSHUNU MU
CKJIaJaBCs 13 4acTOK HaHOpo3MipiB. CxeMa eKcnepuMeHTy Oyja HAacTYIHOK —
METEOPUTHY pEYOBUHY BHIIAPOBYBAIM 3a JOINOMOIOI0 Ja3epa, OJeprKaBIIn
MOPOIIOK 3 PO3MipoM YacTHHOK 3-4 HM. [loTiM mpomyckanum depes map Takoro
Katanizatopy cymim uaaHoro razy CO, Boguio H; Ta remito He mpu
atMocepromy Tucky i 500 °C. BuSBWIOCS, 1O B IHX YMOBax 3 JOCTaTHBO
BHCOKUM BUXOJIOM cuHTe3yBaiu eTuieH C,Hy Ta iHmi ByrieBoaHi. Takum 4YUHOM,
Ha JYMKY aBTOpIB, NEPBHHHI OPraHiuHI CIOJIYKHM MOIJIM YTBOPUTHUCS IIE Ha
JOIUTaHeTHIN cTaaii eBosronii ConsanHoi cuctemu (puc. 4.42).

eaxuiiiHg 30HA

n~1015 em? Ha-He

(p~10-% aTm)
T~500-1000 K
I~0,5-20 a.o.
T<100 MAH. pOKIE

4 En . hy -~» cepeZoBHIIE
_- - Omﬁgﬁ'—: H+H — H + 4,48 eB
- = P Y He#3S:) — He + 19,82 B
H2CO ] = -
. HCN CHSUH Azomicmi ocHoaU Ha‘?t’zf_:;:.;ﬂmﬂu&u

CDHD \ NI CHOomi

“Bio cipepa

\.2,5-1018 ¢/

Puc. 4.42. Cxema fii KOCMIYHOTO KATQJTITHYHOTO PEAKTOPY B MOMEHT
yTBOpeHHS 3emiti [84]

Camoopranizaiisi B yMOBaX KaTaJIITHYHOTO CHUHTE3Y BiJJOYBA€THCS B OJHOMY
HanpsMKy. Micile MOsIBM JOKalbHOI XBWJ1 MiIBUIIEHOT T'YyCTUHU 1 (hOpMyBaHHS
IJIAaHETH Ha MeBHiM BiacTaHi Bix CoHIS — BeMUMUnHA BUMaakoBa. [Ipore, skiio Taka
XBWJII BUHUKHE Ha BijcTaHi opOith Benepu, To Bci JieTki koMrmoHeHTH (BOJa,
BOJICHb, OpTaHIYHI CIIOJIYKH) BHITAPYIOTHCS, TOMY ITUIAHETAa BUHUKHE, a )KUTTS — Hi.
Ha op6iti Mapca nanTo xonoaHo, sik 1 Ha opOiTi CaTypHa — HEJaBHO BUSIBIICHO,
mo mnoBepxHs TwuraHa (cymytHuka CarypHa) CKIQJa€ThCS B OCHOBHOMY i3
3pIDKEHUX JIETKHX BYTJeBOAHIB (MeTaHy, eraHy). OTxke, TUIbKH Ha 3emii
CKJIQJIMCS YHIKQJIbHI (P13UKO-XIMIYH1 YMOBH, SIK1 IPUBEJH 10 BUHUKHEHHS )KUTTSL.
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Oo6naniitmuBi pedynbrat onepxas B 2003 p Oioximik M. BmanimipoB, skuii
nepeBipyuB B J1aOOPATOPHOMY E€KCIIEPUMEHTY MOXJIUBICTH YTBOPEHHS OpPraHIYHUX
CIIOJIYK, MOJICTIOI0YM YMOBHM TJIMOOKOBOJHOTO TIAPOTEPMATILHOIO JXKEpena, IIo
chopMyBaBcsl y 30HI T€OJIOTIYHOTO PO3JIOMY, — TaK 3BAHOTO «YOPHOTO KypIIs»
[85]. B aBTokiaB, 3alMOBHEHUU COJHOBUM PO3YHMHOM, OYJIO TOMIIIEHO IHCK i3
niputy (FeS,), skuii BuCTymaB KaTojgoM. B cHucTeMy BBOIWIM BYTJICKHCIWH Ta3
CO, Ta mpomyckaiu enekTpuuHuii ctpyM. Uepe3 n00y B aBTOKJIABl BUSBUIU
MypawmnHy kuciaoty HCOOH — HaiinpocTinly opraniuny CHOJIYKY, Ka MOXe OyTu
MaTepiaioM st ad10r€HHOrO0 CUHTE3Y OLIbII CKIaJHUX PEYOBUH.

Otxe, ueit eran rinore3n Omnapina-XoijaelHa MOXKHAa BBa)KaTU IIJIKOM
PEaTICTUYHUM Ta €KCIIEPUMEHTAIBHO MIATBEPIHKEHUM.

4.3.5.3 ETan yTBOpeHHA OiomoaimepiB

Komm temmiepatypa nepBunHoi atmochepu 3umsmiacs g0 100 °C, na 3emutro
TIOJTMJINCS Tapsdl JOIII Ta 3’ SBUBCS MEPBUHHUM OKeaH. 3 MOTOKaMH BOJU 10 HHOTO
HaJIXOAWIXW a0IlOr€HHO CHHTE30BaH1 OpraHIuYHI PEYOBHHH, IEPETBOPIOIOYH, 3a
oOpaznuMm BucioBoM JIx. XonaeiHa, Ha po30aBlIEHUN «NEPBUHHUN OYIbUOHY.
HameBne, came B MEpBMHHOMY OKEaHl pPO3MOYAIKCS MPOLECH MoJiMepu3alii
MPOCTUX OpraHIYHuX MoJiekyd. OfHakK 11e — peakilii KOHAeHcallll, sIKi MPOTIKAITh 3
BIILIEIUICHHSIM BOJAM. 3HAa4UTh, Y BOJHOMY CEpEJOBHIIl NOBUHEH BIAOYBaTHCS
MPOTHIICKHUM 10 ModiMepu3allii mpoiiec TiApoaizy 010moIiMepiB.

MoxnuBa rinore3a — OlomoiiMepd, 30KpemMa OUIKOBOI  IPUPOIH,
YTBOPIOBAJIKCS HE Y BOJHOMY CEpEeAOBUINI, a B aTMocdepl, e TeMmreparypa He
nepesunryBasia 180 °C, 3BigKM BOHHM 3MHBAIKCS B OKeaH 3 aTMOC(HEPHUMHU
onagamu. KpiM TOro, amMiHOKHMCIOTH MOIJIM KOHUEHTPYBAJIUCS y BOJOMMAXx, SKi
nepecuxaid, 1 TMOJIMEPU3YBAIUCA Yy CyXOoMy BUDUBIAl mig  Jie0 YO
BUIMPOMIHIOBaHHS Ta TEIJIa JaBOBHUX MOTOKIB.

Hocmign C. ®@nokca (S. Fox), mposeneni B 1961 p., mokasaiau peaibHICTh
Takoro cieHapito [86]. Y eMHOCTSIX, BUTOTOBJICHHX 13 BYJIKaHi4HOT JiaBH, ipu 130
°C 13 cyX0i CyMillli aMiHOKHCIJIOT YTBOPIOBAIUCS OUTKH (OIS THIH).

[Ipote BizOMO, IO B KUBIM KIITUHI CHUHTE3 O10MOJIMEPIB BiOYyBa€ThCS
caMe y BoJIHOMY cepenoBuili. Lleit mporec katanizyioTh pepMeHTH, a HEOOXITHA
eHeprisi moctynae Big peakmii posnagy AT®. 3a TinoTre30i0 aHMIINCHKOTO
kpucranorpada C. Pamoc-bepnana (S. Ramos-Bernal) [87], «maTpuiiero», Ha sKiii
BiOyBanacs mojiMepu3alis aMiHOKHCIOT Ha erami abloreHesy, Morja OyTu
3BUYaliHA TJIMHA, KO BKpHUTE JHO OyIb-1KO1 BOAOWMH. [JTMHUCTI MiHepaiu
CIPUSIU YTBOPEHHIO 010MOIMEPIB Ta MOSBI MEXAHI3MY CHAJAKOBOCTI. 3 4acOM IIs
rinote3a Halyna Bce Oulbllle NPUXWIbHUKIB. Tak, BHUABWIOCS, 110 MOpH
OMPOMIHEHH1 yIbTpadioaeTOM TIIMHUCTI YaCTUHKU 30€epiraloTh OJIepKaHUM 3arac
eHeprii, SKui B MOJAIBIIOMY BHKOPHCTOBYETHCA B peakilii moiimepusanii. B



~166 ~

MPUCYTHOCTI TJIWHU MOHOMEpU 30HMpAOTHCA B MOJEKYJH, 3JaTHI JO CaMo
perutikairii, Tooto moxioHi 1o PHK [88].

binpiiicTs TAMHUCTHX MIHEpaAlIiB CXOX1 Ha TMOJIMEPHI CTPYKTYpH,
CKJIQJIAIOUKCh 13 ATIOMOCWIIKATHUX MIApiB, 3’€AHAHUX CIAOKUMH XIMIYHHUMU
3B’si3kaMu. [Ipuyomy npu 30UTBIIEHH] JOBXKUHU MIHEPATBHOI «IOPLKKU» KOXKEH
HACTYIHUN IIap MOBTOPIOE CTPYKTYPY MOMEPEAHHOTO, MPOTE 1HKOJIU BUHUKAIOTH
«aedexTu» - MyTanli, moaiOHI 0 THX, 0 BUHUKAIOTh B T€HHUX CTPYKTypax
XKUBHUX KIITUH. Buxonsuu 13 miei imei, motnanacekkuit ximik A. JIx. Kepue-Cwmir
(Alexander Graham Cairns-Smith) chopmymoBaB rinore3y <«rJIMHIHOTO TEHY»
[89]. B mexax 1iei Teopii BAA€ThCSA MOSICHUTH BHHUKHEHHS XipaJIbHOT aCUMETPIi.
Ha nymky aBTOpa rinote3u, rMHUCTI MiHEPAJIX MOTJIM BUKOHYBATH Bl PyHKIIIT —
AK MATpHUIll TOJIMEpH3allii, TaK 1 KOJOiJHOTO COpPOEHTY, SKUU CEIIEKTUBHO
MOTJIMHAE 13 BOJIHOTO CEPEOBHUIIA OpPraHIYHI PEUOBHHH, OJJHOYACHO 3aXUIIAI0YU
ix BiA pyHHyr0uoi aii ynpTpadionety. OcTaHHi, CKOHJIEHCYBABIIUCh Ha MOBEPXHI
KOJIOTAHOT MILIeNIH, MOTJIM 3BUIBHUTHUCSA BIJl TJIMHUCTOIO SiApa W 3HATH TMEPIILY
«KOTII0» TEPBUHHOI HEOPraHIuHOI CTPYKTypH IJIMHU 1 Jail mnepenaBaTu il
HAaCTYITHUM TMOKOJiHHSAM. KpiM TOro, riamHM MOTJIM BHUCTYNATH 1 B SKOCTI
KaTaji3aTopiB MoJIiMepHU3aIlii MOHOMEpPIB, TaK SK MICTATh BKIIIOUEHHS psay d-
metaiiB (Hanpukian, Fe, Zn, Mn, V toro).

Ha noka3 MoxkIMBOCTI mosiiMepu3allii B MPUCYTHOCTI TIIMHUCTUX MIHEpaIiB
BKkazye ekcrmepuMeHT A. Kawambcckoro [90], skmii mokaszaB, mo y BOAHOMY
pPO3UMHI, MO0 MICTUTh MOHTMOPHJIOHIT (OIWH 13 PO3MOBCIODKEHUX TIUHUCTHX
MIiHEpajiB), MOXJIMBUH CHHTE3 OIIKIB 3 JOBXKHHOK JaHIfora Oureiie 50
amiHokuciaot 3 Maike 100 %-BuM BUXOIOM.

['onoBHUIT apryMEHT «IpOTH» TAKOTO MEXaHIi3My IMOJiSiTa€ B TOMY, IO
OUIKOBI Ta HYKJIEIHOBI MaKpOMOJIEKYJU CTPYKTYpPHO Ta (YHKI[IOHAJIBHO HAITO
CHUJIBHO PI3HATHCS, BOHM HE MOTJH 3 SIBUTHCS OJHOYACHO B XOJl XIMIYHOI
€BOJIONII, TOMY 1iXH€ CIIBICHYBaHHA B HPOTOOIOJIOTIYHIA  CTPYKTYpl
MaJIOUMOBIPHO.

4.3.5.4 ETan yTBOPEHHSI CHCTE€M OPraHiYHHX PEYOBHH,
daszoBo BianineHux Bin 30BHIIIHHOT'O cepenoBHIIA
MeMOpaHaMHu

OpraniyHl NOJIMEpH, SKI HAKONMHMYYBAJIUCSA Yy BOJlI NEPBUHHOIO OKEaHy,
TOBIII BOJIOMM, PO3MOAUISIINCS B HIA HEepIBHOMIpHO. BOHU yTBOpIOBaiIM OKpeMi
3TYIICHHS, CBOEPIAHI MOJIEKYJSPHI «poi». Pa3oM 3 HUMU 3rylIEeHHSIMU YTBOPEHI
nmoJiMepu B MOpolleci 3pOCTaHHS iXHBOI KOHIIEHTpalii o0 ’eqHyBaaucsi B
0araToMoJIEKYJISIpHI T00ylIM Yy BHUIJISAl KOJIOIAHUX Kpameilb — Koayepeamis
(coacervatus (mar.) — HakomuueHUWH, 3i0panHmii) abo wmikpocgep. Koaneppatu
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MOXHA OJEpKAaTH EKCIEPUMEHTAIbHO Yy PO3UMHI SK OpraHiyHOro, TaK 1
HeopranigyHoro nmoxomkeHus (puc. 4.43).

KoanepBatu MoXxHa 0o€paTu 13 KOMIUIEKCHUX COJIEHl KOOanbTy, CHIIIKATy
HATpPIiI0 Ta BOAHOTO PO3YMHY amiaKky, B PO3UYMHI allEeTHILIEII0I03H, B XJI0pohopMi
Ta OEH30J1, NMpU 3MIIIYBaHHI PO3YMHIB pI3HUX OunkiB. Taka cymim 3a3Buyai
PO3IUISETHCA Ha JABa IIapu — IIap, 30aradeHuil KoJoinamu, Ta PIAMHY, Maiixke
no30aBlieHy KoJoifiB. B psal BumagkiB KoalepBaTH BHUJIHO Y ONTHYHOMY
Mikpockoni. OCHOBHAa yMOBa YTBOPEHHSI KOAIlEpBaTIB — OJJHOYACHA MPUCYTHICTh Y
po3uuHI JBOX a00 OUIbIIE MPOTUIEKHO 3aAPATKEHUX BHUCOKOMOJIEKYISIPHUX
PEYOBHH, KA, OYEBUIHO, OyJIa XapaKTEPHOIO JIJIsl IEPBUHHOTO OKEaHy.

Puc. 4.43. llltyuno cuHTe30BaHi KoarepBaTHi kparwti [91]:
a) /[eoxxomnonenmna cucmema,
0) MpLOXKOMNOHEeHMHUL Koayepeam i3 oceramunu, 2cymiapadbixy ma PHK
(30inbuennsn 6 320 pasie)

Jlist koanepBailii XxapakTepHi Taki 0COOJIUBOCTI:

- Bonu € cucremamu, BiIOKPEMJIEHUMH Bij] HABKOJIUIIIHBOTO OTOYEHHS;

- Konrnenrparisi Bucokomosiekyisipaux croiyk (BMC) B koarepBarax
csirae 3HayHUX BeauuuH. Tak, mpu koarepsaiii B 1% po3unHi *KeJaTUHU TOHAT
90% 11i€1 pe4OBUHU BXOIUTH 10 CKJIaly KOalepBary;

- Cran KoalepBaTy BU3HAYA€THCS HE TIILKU OCOOJMBOCTSIMU PEUOBHH,
o0 BXOJATH 10 iX CKJIaAy, a W 30BHIIIHIMU YMOBaMH. Wonu H', omgHo- Ta
JIBOBAJICHTHUX KAaTiOHIB, TEMIIEpaTypa, BIUIMBAIOYM HA B3aEMHY PO3UYHUHHICTH
PEYOBHH, 5IKi yTBOPIOIOTH KOAIlEpBAT, BUBHAYAIOTH CTYIIHb HOT0 CTIMKOCTI,

- B pe3ynbTaTi yTBOpEHHSI TMOBEPXHEBOi IUIIBKM Ha MeEXI MOAUTY
KoallepBaTy Ta PIBHOBaXKHOI PIIMHU KoalepBaT copOye 13 pO3UMHY OpraHiuHi Ta
HeOpraHiuHi pedyoBuHU. BubipkoBa aacopOIlisi CIOCTEpIraeTbCs BXKE TOJI, KOJH
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PIBHOBa)XHA CYMIIIl MICTUTh 10 % posunseHoi pedosuru. Ilo CyTi, 1Ie — nmpaodpa3
0OMIHY PEYOBUH.

B pe3ynbrari morinvHaHHSA PO3YMHEHUX CIIOJYK BHYTpilIHA OyaoBa Ta
XIMIYHUN CKJIaJl KoalepBary 3MiHIOBaBcs. Lle Morio Bectu sik A0 Horo posmany,
TaK 1 J10 30uIblieHHsT po3MipiB Ta cTifikocTi. O.I. Onapin BiaMIvYaB, 10 B MacHBi
KOallepBaTIB MOBUHEH Bi10yBaTUCA B1101p HAUCTIMKIMIKNX 33 JAHUX YMOB.

CSrHyBIIM MEBHOTO KPUTHUYHOTO PO3MIPY, MATEPUHCHKUN KoallepBaT MIr
posmagaTvcs Ha Ao4ipHi moximgHi. Ti 13 OCTaHHIX, SKI Majo BIAPI3ZHSAIUCS BiA
MaTEepUHCHKOI Kparuil, 30UIblryBanucs y po3mipax. Ti, siki pi3KO BIAPI3HSUIUCS BiJl
BUXIJTHOTO  KoallepBaTy, po3nafganucs. SIKIo  CXOXICTh 13 CKIIaJIoM
HaBKOJIMIIHBOTO CEpPEAOBUINA CIHEpIly 3a0e3nevyBaja MOXJIMBICTh ICHYBaHHS
KOallepBaTHOT Kparuli, TO BIIHOCHA CMAJKOEMHICTh OpraHizailii «MaTepUHCHKOI» Ta
«IOYIpHBOI» Kpameib J103BOJIsUIa 30€perTd CTPYKTYpPY MATEpPUHCHKOI Kparii 1
micas ii po3namy Ha JodipHi. [Hakie kakydd, B MPOIECI €BOJIIONII KoallepBaTU
HaOyJIM BIACTUBOCTEH, XapaKTepHUX MJis BIAKPUTHUX >KUBUX CHUCTEM — FOMEOCTa3,
3IaTHICTh 10 OOMIHY MaTepi€l0 Ta EHEPri€lo 3 JOBKULIAM, CHAJKOBICTh, 34aTHICTh
710 TIOJILTY .

4.3.5.5 ETan 0ioAoriuHoi eBOAIOILi1

Ha etani BUHUKHEHHSI KOallepBaTiB 3aKIHYMBCS €Tall XIMIYHOI €BOJIIOLII Ta
nmovyaBcs O10JIOr1YHUN BIAOIp - BUHUKHEHHS MPOOIOHTIB Ta MPOTOKIITUH
MEPBUHHUX KUBUX OPraHI3MIB, SIKi XapaKTepU3yBaIuCs KOJOBUMH BiIHOLICHHSIMU
MDK BHYTpimHbOKIITUHHOW JIHK Ta OGi1koM, sikuil cuHTE3yeThCs 3a ii MIIaHOM B
KIiTUHI. HacTynHuil Kpok — BUHUKHEHHS TEPUIUX OJTHOKIIITUHHUX TeTePOTPOPHUX
OpraHi3MiB, SIKl XapaKTepHU3yIOThCS BCIMa BJIIACTUBOCTSAMHM >KMBOTO, B TOMY YHUCI1
PO3MHOXKEHHSI Ta TepeAadero cmaakoBoi 1H@opmarii. Takl OJHOKIITHHHI
OpraHi3MHU Majd T'€HeTUYHHUMN Ta OUIOK-CUHTE3YIOUUH anapaTd, BUKOPHUCTOBYBAIU
JUIS KUTTEOISUIBHOCT] JIMIIIE OpraHi4Hl PEYOBHMHH. SIK IIOKa3aHO BHINE, Takil
oprafizmu 3’ sBuucs 3,5-3,8 Mapa. pokiB Hazaa. OgHAK i3 3MEHIICHHSIM 3 9acOM
KOHIIEHTpAIlli BUIBHOT OpPraHIYHOi PEYOBMHU B NEPBUHHOMY OKeaHl IepeBary
oJlep>Kalld OpraHI3MHM, 3/1aTHI CUHTE3YBaTH OPraHiuyHl CHOJIYKH 13 HEOPTraHIYHHX.
Takum msxom Oinmst 3 MIpA. POKIB Has3aJ BHHHUKIH Tepiri (OTOCHHTE3YHOYi
KJIITUHYU TUNY [1aHOOAaKTepii, 34aTHI JO 3aCBOEHHS BYTJEKUCIIOrO a3y Ta BOJIM 3
YTBOPEHHSIM OPraHIYHOI PEYOBUHU, BUKOPUCTOBYIOUM €HEprito cBiTia. [Ipu nubomy
MPUHIIMIIOBO 3MIHWJIACS TMpUpoaa aTMoc(epu — 13 NMEPBUHHOI BIJIHOBHOI BOHA
nepeTBopuiacs 3a JOCUTh KOPOTKHI B Ie€OJOTIYHOMY MaclTaldl y KUCHEBMICHY
OKHCITIOBANIbHY («KHCHEBa KaracTpoda»). TakuM YHMHOM, )KHTTS, SKE BUHHKIO Ha
3emii, 3MIHWJIO YMOBH, SIKI COpPHSUIM KWOr0 BHUHHMKHEHHIO. B 1pbomy mossrae
BI/IMOBI/Ib HA MUTAHHS, YOMY 3apa3 HEMOXJIMBE BUHUKHEHHS KUBHX OpPraHi3MiB
BIAMOBIIHO 110 TinmoTe3u Onapina-XosaeiHa.
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4.3.5.6 KpuTuka rinoresu Onapina-XoazeiHHa

Ha nymky O.I. Omnapina, came OUIKM CTajM CHOJIyKaMU TaKOTO PIBHS
CKJIaJTHOCTI Ta (PYHKIIOHANBHOCTI, 3 SKUX Moyanocs kutta. [IpoTte cyuacHi gaHi
CBIIYaTh MPO T€, IO OUIKK — 1I€ MOJIEKYJIU-1HXEHEPU KIITUHHOI CTpYKTypu. Came
y IIbOMY CeHCl O10XIMIKH, ONUCYIOYM HABa)JMBINIYy — KaTAIITHYHY - (DYHKI[IIO
OUIKIB, BXXMBAIOTh TEPMIHU «OUIOK MpaIroe», «PepMEHT MPOBOAUTH PEAKIIIIO».
[Ipore Oinku, $Ki ICHYIOTH Hapa3l, HE MAalOTh TOJIOBHOI (YHKLII >KHUBOrO —
camogiomeoproeanocmi ma nepeoaui cnaokoegoi ingopmayii. 1o dyHKIIIO
MPOSIBIISIIOTh JIMIIE HYKJIEIHOBI KHMCJIOTH — <MOJEKYJU-KOMII FOTEPU», B SKHX
3anMcaHa iHQopMallisl He Ipo BCl CHOJYKHU, IO (GOPMYIOTh KIITHHY, a JIUIIE IPO
Oinku. JlocTaTHRO perUIiKyBaTH B JOYIpHIA KIITHHI OUIKM, aHAJOTiI4HI
MaTEepPUHCHKIM KIITHHI, 1[00 BOHM a0OCOJIIOTHO TOYHO «CKOHCTPYIOBaJIM» BCl i
XIMIYHI Ta CTPYKTYpPHI OCOOJMBOCTI, @ TaKOX XapaKTep Ta TEMIl METa0oIi3My.
OTxe, 13 TOYKU 30py CY4YacCHOTO CTaHy MPUPOJHUYUX HayK, rimore3a OmapiHa-
XonaeiiHa KPUTUKYETHCS caMe€ 3a Te, L0 3alpOINOHOBAHUN HUMHU XiJ XIMIYHOI i
010XIMIYHO1 €BOJIOIII BHUXOJIWUTH 13 OCHOBHOI 1A€i Mpo Te, IO came OLIKH €
MOYaTKOM KHUBOTO.

4.3.6 T'inoTeza PHK-cBiTy

OT1xe, rimmore3a IIOXO/HKEHHS >KUTTA MOBHHHA MOSICHUTH MEXaHI3M B3acMOIl
OUIKIB Ta HYKJEIHOBUX KHCJIOT. Lleli MOMEHT y Mexax ICHYI4Ol MapajaurMu
abioreHezy mnosicHioe Tak 3BaHa rinore3a PHK-cBity. Bona omnmcye eran
3apOJUKEHHS KUTTA, Koilu (QyHKUil0 30epiraHHs Ta TMepenaydl CHajaKoBOi
iH(popMaIlii 1 OTHOYACHO KaTali3y CUHTE3y OUIKIB CTalu BUKOHYBAaTH ariioMeparTy,
o ckinaganucs 3 Mmosekysl PHK. B nmopanemomy 13 HUX BUHHMKIA cydacHa (popma
JIHK-PHK-011K0BOr0O JKHTTS, BiAMEXKOBAHOI'O BiJ IOBKULIS HAMIBIPOHUKHOIO
MeMOpaHoro (puc. 4.44).

[{ro imero Bmepiie chopMylioBaB amepukaHChbkuii Mikpooioior K. Bese (Carl
Woese). ITiznHimie g0 ii po3sutky npueaHascs JI. Opren, ouH i3 aBTOPIB TiOTE3H
HampaBneHoi maHcmepmii. B cywacHomy Burmami B 1986 p. i mpenctaBuB
aMEepHUKaHChKHUI (Di3UK, O10XIMIK 1 MOJEKYJIsIpHUI Olojor, naypear HoOeniBcbko1
npewmii 3 ximii Y. Tias0ept (W. Gilbert) [92].

OCHOBO¥O TIMMOTE3M CTaIM EKCMEPUMEHTANBHI MaHi, ogepxaHi B 1944 p. min
KEpIBHHIITBOM amMepukaHchkoro 0akrepioaora O. Esepi (O. Th. Avery) npo Te, 110
caMe HYKJIETHOB1 KMCJIOTH BIAMOBIJAIOTH 3a Mepeaady CHaJKOBUX BIACTUBOCTEH.
Cam mnpuHnun mepemadi cmagkoBoi iHopmamii B 1953  p.  Bigkpwim
amepukancbkuii Oionor JIx. Yorcon (J. D. Watson), ®@. Kpik Ta OpuTaHCchKuit
¢i3uk i 6iostor M. Vinkic (M. H. F. Wilkins).
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LlaTOo3HH IIuTO3HH
NH, . AsoTHcTi NH,
OCHOBH
SN

ITapa
HYKACOTHAIB

A30TBMicTHi OCHOBH
PHK

A3oTBMicHi OCHOBH
AdHK

PHK AHK
Puc. 4.44. TlopiBasiuusa crpykrypu PHK ta JIHK

Monexyna JIHK BusiBuiacst 10Broro IBOHHUTYACTOIO CIIPAILIIO, 3aKPYUECHOIO
HaBKkoJi0 cBo€l oci. [Ipu ainenni a1 Hutku JJHK po3xoasThes, 1 Ha KOXKHIM 3 HUX,
SK Ha KOIIIOBaJIbHIA MAaTpUIll, 30UpPAEThCA JAOUYIPHS HUTKA, KA TOYHO KOIIIOE TY,
gka Oylla 3’€lHaHa 3 JAaHOK HUTKOK B MaTepuHChkidl kiituhi. Otxe, JTHK
BI/IMOBI/Ia€ «MIHIMAJIbBHOMY Ha0OPYy KPUTEP1iB )KUBOTO» — 30€pEKEHHS Ta Mepeiayi
iH(dOopMaIIii PO CBOIO CTPYKTYPY 1 3MiH, SIKi B Hiil Bi1OyBarOThCsI, B Psl TeHepallii
(TTOKOJTIHB).

Hocninu EBepi nmokazanu, mo 3a gonomoroto JIHK moxxna nepegatu HOBY,
HEXapakTepHy IJIs JAHOTO OpraHi3My BJIAacTUBICTh. byno 3po3ymino, mo B JHK
3anucaHa iHdopMallis npo OUIKKM, OCHOBHUM MICIIEM 30UpaHHsI OUIKIB CIYTYIOTh
pubocoMHU — cCIeliai3oBaHl CTPYKTYpH B LMTOIUIa3Mi KIITHHH. Pubocomu, sk
ctano Bigomo, He 3B’s3ytoThes 3 JIHK nampsmy. ns Toro, mo6 iHdopmalis 3
JIHK notpanuia no puOocomiB, MOBMHHA ICHYBaTU 1HIIA MOJIEKYJIa-TIOCEPEIHHUK.
B 60-x pokax XX cT. OyJ0 BCTaHOBJIEHO, IO IO POJIb BUKOHYE CIIOPiTHEHA 3
JTHK wmonekyna pubonykieinoBoi kuciaoru — PHK. O6unei monexkymu (JAHK i
PHK) 6ymo Bigkpurto mBeiiapcbkum ¢izionoroM i ricrosorom ®. Mimepom (Him.
F. Miescher) B 1869 p., 3a10Bro 10 3’siCyBaHHS IXHBOT POJIi B IIepeaavi CraJaKoBoi
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iHpopMmanii. HalOinein nmoBHy iHGopmanito npo ximiuny OyaoBy PHK ta JJHK
onepxaB pociicekuil O1onor, sxui npaimtoBaB B CHIA, dabyc Apon Teomop
JleBin. Awmepukanchkuii mikpoOiomor Cimai Ontmen (A. Sidney), nmaypear
HobGeniBchkoi mpemii 3 ximii 1989 p., mpucBITHB CBOIO MPOMOBY Ha BpYYCHHI
npemii came rinoresi PHK cBiTy. Moro excrnepuMeHTanbHi pe3y/ibTaTH CBigdaTh
Ha KOPUCTH 11i€1 rinote3u. BiH 1 He3aleKHO BIJ] HbOTO aMepuKaHChKui 010xiMik T.
Yex (T. R. Cech) BcranoBwin, mo npupoana ta cuHteTnaHa PHK nposBisioTh
KaTaJIITUYHI BJIACTUBOCTI, K1 Yy 3JaTHOCTI pO3puBaTH 4u 3’e€nHyBaTH (ocdop-
edipui 38’s13ku  [93]. Taki PHK naspanu pubosumamu (ribozymes) (anr:a. ribo(se)
— pubo3a, BijJ nepecTaHOBKK OyKB B aHri1. arabinose — apabiHo3a Ta rper. zyme —
3akBacka, apikmki). Brepmre B 1980 p. pubo3umu BusiBuB T. Uex npu BUBUYEHHI
aBTOKATAJIITUYHOI peakuli cruaiicuHry nomnepeanuka pubocomHoi PHK y Buny
iH}y30pii poxy Terpaximen (Tetrahymena).

«KicTsikoM» KOHCTPYKIli 000X KHCJIOT € Tak 3BaHa «iykpodocdaTHa
ocHoBa», sika B JIHK cxoxa Ha mopyuHi 3akpydyeHux cxonuiB (puc. 4.45). Bona
CKJIQJIA€ThCS 13 3AJIUILKIB I[YKPIB, 3’€THAHUX M1 COOOI0 Yy JIAHITIOT 32 JOIOMOTOI0
3auiikiB ochopHoi kuciaotu. Came 151 KOHCTPYKI[SL CKPIIUIIOE HA MIATPUMYE
CTPYKTYPY MOJEKYJIH HYKJIETHOBOI KHUCIOTH. Jl0 MOJEKyJl ILYKpIB KICTIKY
MPUKPIIIEHO a30TUCTI OCHOBH, PO3TAIIIOBAHI SIK CXOAUHKH CXO/iB (BCepeauHi Bij
«mopy4HiB»). CaMe 3aBIJKH B3a€EMOJIIi MK aTOMaMH BOJHIO, a30Ty 1 KHCHIO
azotuctux ocHoB jaHiorn JIHK MoxyTh 00’eaHyBaTHUCS B JIBOJAHIIFOXKKOBI
ctpyktypu (puc. 4.44). HyxkieiHOBI KHCIOTH CHHTE3YIOThCS B KIITHHI 13
HYKJICOTUIB — KOMIUJIEKCIB a30THUCTOI OCHOBH, IYKpPY Ta 3anuiikiB ¢ochopHOi
KHCJIOTH, SIKi € YHiBepcanbHuMHu O1okamu Jutst mooynosu PHK ta [THK (puc. 4.45).
Icaytoth 5 BuiB azotrcTUX OCHOB — ajeHiH (A), Tumin (T), ryanin (G), nuTo3uH
(C) ta ypaumn (U). OcoOauBIiCTIO B3a€EMOJIIT OCHOB, 3aBJISKH SIKHM BOHU MOXYTh
dbopMyBaTH JABOJAHIIOKKOBI HHUTKH, € iX cTpora conenudiuHicTh: A MOXke
B3aemoisaTh juie 3 T, a G — 3 C (BacTUBiCTh KOMIUIEMEHTAPHOCTI).

BiaminnocTi Mmix ximigHoto OynoBoro PHK Tta JIHK nmonsratots B TOMy, 1110
B cKkJajl mykpoBo-docdarnoro kictsky PHK Bxoauts ByrineBos pubo3a, Toai ik B
JIHK pu6o3a «BTpadae» OJIUH aTOM KHUCHIO Ta MEPETBOPIOETHCS B 1€30KCUPUO03Y.
Kpim Toro, 3amicte tuminy (T) mo ckimamy PHK Bxomuts yparmmr (U). Yparwn
BIIPI3HSETHCS BiJi TUMIHY TaK € HE3HA4HO, SIK puOo3a BiJ 1€30KCUPUOO3U: Y
HBOT'O BIACYTHs OiuHa MeTusoBa rpyna —CHs.

Opnnak Taki miHiManbHi BigMinHocTi OynoBu PHK 1 JIHK npuBoasats 10 cyTTeBOi
PI3HUIIl B CTPYKTYpl Ta PyHKIISAX OUX MOJeKyd. OnaHa 13 HalOUIbII OYEBUIHUX
BiIMIHHOCTEN mossirae B Tomy, mo PHK 6inbmiocti opraniamis, Ha BIAMIHY BiJ
JHK, icaye y Burnsiai onHiei HUTKU. [10sCHIOETHCA 11€ IBOMA IPUYUHAMU .

- ¥V BCIX KIITHHHUX OpraHi3MiB BIJACYTHIA (epMeHT sl KaTamidy peaxiiid
ytBopeHHs1 PHK na marpuni PHK; takuii ¢pepmeHT € nuiie y Aesikux BIpyciB, T€HU
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AKUX 3anucadi y Burisal aBonutyactoi PHK. Pemra opranismiB MOXyTb
cunrezyBatu PHK nume na JIHK-matpuiii;

- BHacnigok BTpaTu METUIIBHOI IPYNH ypalWIOM 3B’S30K MDK HUM Ta aJeHIHOM
BTPAva€ CTIMKICTh, TOMY YTpUMaHHs Apyroi (KoMmruiemMeHTapHo1) HUTKH Juisi PHK
CTa€ MpoOIEMaTHIHUM.

Bnacninok Bumymenoi onnonutdactocti PHK, na Bimminy Big [HK, He
3aKpy4y€eTbCS y CHipalb, a 3aBIASKd BHYTPIIIHHOMOJIEKYJISPHUM BOJIHEBUM
3B’SI3KaM YTBOPIOE CTPYKTYPU THUIY <IIMUIBOK», «TOJOBKH MOJOTKa», METENb,
XpEeCTIB, KIIyOKiB TOIIIO.

Anmenin
(asoTBMicHa ocHOBa)
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‘O—Pl—O CH,
|
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AJEHO3HHMOHOPOCPAT

OH H

He3zorcupubosa
(T'aTHBYraenmeBHH IyKop)

Puc. 4.45. bynosa ¢pparmenty monexkynu JJHK

KomiroBanuss PHK BinOyBaeThcsi 3a Takumu >k 3akoHamu, mo i JJHK:
kokHiii ocHoBi PHK BiamoBigae cTporo KOMIUIIMEHTapHA OCHOBAa B MOJEKYI1
PHK, sxa Oynyerbcs. Opnak, Ha Bigminy Bix JIHK, komm komiroeTbes
(perutikyeThest) Best Mosiekyiia, PHK koritoe nuiine meBHi TUITHKH, SKi B OUTBIIOCTI
BKJIIOYAIOTh T€HHW, MO KoaywTh Ouiku. Tomy mnpum Takomy BHOIPKOBOMY
komitoBanH1 PHK 3aBxmau 3nauno kopotmri. Hix JIHK. Takox Baxmuso, mo JJHK
y BOJHMX po3uMHax Ouibin criiika, HiK PHK, pi3Hung nepiomy ix HamiBXUTTA
(TpuBanOCTI Yacy, 3a SKHH PYHHYETBCS TMOJOBHHA BHXIJIHOT KUTBKOCTI MOJEKYI)
CKJIaJlae Kulbka mopsankiB. OTxke, MexaHi3M 30epiraHHs Ta Mepeaadl CHaJKoBOi
iHpopmanii B8 PHK Tta JJHK B mimomy npocnimxenuii. ['imoteza PHK Bnache
MPOTIOHY€E€ MEXaHI3M YTBOPEHHsI Tpiagu MOJIEKYJ, SKI CHIBOPAIOIOTh, Jal0uu
nouaTok xutTio — JIHK, PHK Ta 6inkiB. CxeMy 11p0ro mokaszano Ha puc. 4.46.
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ABIOT'EHHI
PHBOHYKAEOTHIH

OAITOPHBOHYKAEOTHIH

TpaHcecTepHpIKaAIiA

HOMPHEOH‘E’K&EOTH,&H

w
KaTaAaiTHYHI aKTHBHOCTI
(pubo3umu)

Moaekyau PHK, axki-
CaMOIPOIIECYIOTHCH 1
CaMOpPENAIKYIOTBCH

CuuTe3 OiAKa

KOAILIEPBATH

w
KAITHHH
Puc. 4.46. Cxema MexaHi3My mepexony Bia abioreHHUX (HopM 10 KIITHHU
BIAMOBIAHO 110 rinote3n PHK-cBity

OT1xe, crio4yaTKy, B yMOBax M0OJI0/101 3eMJI1, CIIOHTAHHO a010Tr€HHUM IIISIXOM
YTBOPUJIIUCH KOpOTKI JaHLIoKKKM Mojekyd PHK. Jleski 3 HHMX, 3HOBY X Taku
CIIOHTAaHHO, HAaOynaW 3JaTHOCTI JO KaTadidy peakiii BJIacCHOTO BiJITBOPEHHS
(perutikarrii). BHacniZoK MOMHJIOK TpW peIUTIKAIil JesKi 13 JOYIpHIX MOJEKYI
BIIPI3HSIIUCA BIJl MATEPUHCHKUX, MOTJIM, HAPUKIIAJ, KaTali3yBaTH 1HIII peakiiii,
3’€THYyIOUHM aMIHOKHUCIIOTH y OLIIKOB1 MOJIEKYJIH.

HemonaBuo (2002 p.) BusiBHIM I oauH (GeHOMEH — BHUsBIseThcs, PHK,
KpIM KaTaJITUYHUX BJIACTHUBOCTEH, 1€ U 3aXWINA€ KIITUHU POCIHUH Ta HIKUUX
TBapuH BiA BipyciB. L{r0o ¢yHkuito Bukonye ocobomuBuii kinac PHK — tak 3Bani
KopoTki, a6o mani PHK. Ix HasBaHo Tak TOMY, II0 1X JIOBXXMHA 3BHYANHO HE
nepeBuiye 21-25 nanku HykieotuaiB [94]. MoHa TOMyCTHTH iX HEKAaTATITHUHE
YTBOPEHHSI B YMOBAX 3apOKeHHS KUTTS Ha 3emJil. CKIIalHO BUSIBUTH IILUIAX, IKUM
YUHOM BUHHUKJIA CaMOJIOCTaTHSI Ta CaMOBIATBOpPIOBaHA KiitoyoBa motiekyna PHK-
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perikaza. Ha  gomomory — mpuiinuia  iges  JapBIHIBCBKOTO — B1IOOpY
aBTOKaTaizaropiB (muB. puc. 4.7). [lioHepoM B IbOMY HAIPSIMKY JTOCIIDKCHb CTaB
amMepuKaHChkui Monekysspauid Oionor Con Ilmirensman (Sol Spiegelman), sxuit
IUIIXOM HITYY9HOTo BigOopy In VItro opxepxaB opradism, 1mo OyB 30BCIM He
CXOKUM Ha cBOro «0arbka». BuxiHuMm opraHizaMom OYyB BIpYC, SIKMM cKIagaBcs 3
naniokky PHK Tta kinpkox OunkiB. B mpoOipui, me Bipycy Oyio HagaHO BCi
HeoOX1aH1 KoMnoHeHTH s cuHTedy PHK, BiH uepe3 neskuil 4ac MOBHICTIO
3minuBcs. [IpoaykT onepkaB Ha3By «moHcTpa lllmirensmana», Tak pasioue BiH
BiIpi3HABCS BiH mpenky. B pesymprari mytanii BipycHa PHK, mo mictuma 4500
HYKJICOTHIB, Yepe3 74 NMHUKIM MepeHocy CcKopoTwiacs ao 218, BrpaTuBmm BCi
IOUISIHKY, 100 BiANOBigany 3a konyBaHHs OuikiB. Lleit Bigpizoxk PHK i1 OyB tum
«MOHCTPOM», IKUH HAKOMUYUBCS y MpoOipill B pe3yJbTaTi HaA3BUYATHO BUCOKOT
IIBUJIKOCTI KOMIIOBaHHS, a/p)K€ YUM KOPOTIIMA TE€HOM, THUM NIBUJILIE BIH
po3MHOXKYyeTheA. [1i3Hime Oyno mokazaHo, 10 B XOA1 MOJAIBIIOT €BOJIOIIT BIH I1I€
GinbIme cKOpouyBaBcs. Moro reHoM peaykyeThes 10 48 a6o 54 HyKieoTHHiB, AKi
IPOCTO SIBJIAIOTHCSA MiCISIMHU, 1€ BinOyBaeTbcsi 3B si3yBaHHS (epmenty PHK-
perutika3u [95]. ToMy BUHWKae 3aKOHOMIpHE NMUTAHHS. SKUM )K€ YHHOM B XOJi
paHHIX CTaJ1i €BOJIOLII MIT OYTH MOJ0JIAHUN CAMOJIOBUIBHO MPOTIKAIOYUN MPOIIEC
penyKIlii cnajgkoBOro martepiany, ToOTO sk BimOyBajacs caMoopraHizallis MaTepii
pOTH il eHTpomiiiHoro ¢hakTopy (auB. posain 4.2)?

Ha nie nuranHs cnipoOyBanu BiAMOBICTH HIMEIbKI JOCIIIHUKU Ha coil 3 /1.
bpaynom (uim. D. Braun) [96]. Boru momyctwim, oo B OCHOBI MOJIEJIi BUKHBAHHS
noBmx moJiekyn PHK MoxyTh nexatu qocuTh mpocTi (i3WyHI MPOIECH, fKi
3yCTpIYAIOThCSA B MPUPOJHUX YMOBAX B MOPUCTUX TIPCHKUX MOPOJAX MOOJIHU3Y
TiIpOTepMaAIbHUX JoKepen («JopHUX KypiiB»). Mozaens (puc. 4.47) BiiIovana
MOPUCTHI MaTtepiay, MmO IMITYBaB TEOJIOTIUHI TPIMIMHUA (CKISHI KammIsapH), e
TEIUIOBUM TOTIK CTBOPIOE BCEPEIUHI MOP TEMIEPATypHUU TpajlieHT. 3OBHIIIHIM
MOTIK MNPUHOCUTH Y BIAKPUTY MOPY MOJIEKYJIHU MOJIMEPIB PI3HOI JOBKHUHHU.
[ligirpiB 3 OnHI€T CTOPOHM TPOXU 3MEHILIYE TYCTHHY PIAMHU, BOHA IMOYUHAE
NIAHIMATUCA 32 PaxyHOK TEIUIOBOIO Hacocy. MoneKkynu mOoJIMEpIB POCTYTh,
OJIepXKyloun OyAiBeTbHUM MaTepian 13 30BHIMIHHOTO MOTOKY, MEPEMIIIYIOUUCHh B
pe3yabTati audys3ii A0 OUIbII XOJIOJHOI YAaCTMHM TOPH 1 TaM OCaKYIOThCA
HU3XIJIHUM TOTOKOM piauHM (Ile SBUINE HA3UBAETHCS mepmoghopezom). B
pe3yabTaTi BUHHUKAE MIKPOLMPKYJSIIA BOJU, fSKa ¥ yTpuUMye OLIbII JOBTi
MOJIEKYJIM MOJIIMEPIB, a OLIBII KOPOTKI MOJIEKYIU BUMHBAIOTHCS 13 TIOPH.
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Puc. 4.47. Mogens cenekiii OUIbII AOBTUX MOJIEKYJ IOJIMEpIB B
YMOBaX T1IPOTEPMAILHUX JDKEPEN y KOHTAKTI 3 MOPUCTUMHU MiHepaiamu [96]:

a) cyuwacHa KuimuHa — 00’€Kkm, wjo 3a PAxyHOK XIMIUHOI eHnepeii 3HUNCYe
6114CHY eHMPOniio;

0) nomix mennogoi enepeii uepesz eeonociuHi mpiwunu nooaU3y Oxicepeld
menia,

6) (1) memnepamypnuii epadienm 6 medxcax mMpiwuHu MITIMEMPOBO2O
pO3MIpy [HOVKYE HAKONUYeHHS Oilbl 0082UX MOAEKY NOAIMepi8 3a pPAaxyHOK
mepmogope3y i koneexyii; (2) 306HiwHIlI NOMIK NPUHOCUMb NONCUBHI PEHOBUHU Y
giokpumy nopy; (3) excnonenyianvbha pennikayis nonecUYEMbC  MiCYEBOH0
KOHBEKYI€I0, AKA NOCMIUHO NePeHOCUmMb MOAEKVAU MINC XOJOOHOI ma Menaoro
30HAMU, BUKIUKAIOYU YUKIIUHY Oenamypayito Hykieomuodis; (4) noconamnms
308HIUIHBO20 NPUMOKY, Mmepmogope3y ma KOHBeKYii 6UOIPKOBO YN08TI0E€ 00821
Monexyau i sumueae kopomxi. LllIeuokicms npumoxy usHauacmsvcsi MAKCUMATbHULL
DPO3MID MONEKY 8 pe3yibmami 8i000pYy 3a ix 00BIHCUHOIO.

B mMomensHUX mociigax JIaHIIOTH, 110 MicTuiau MeHie 80 map HyKJI€OTH/IIB,
BUMUBAJIKCS 13 TIOP, a JIOBIII — yTpuMyBaiiucs. Takum unHoM, BpayHy 3 kojeramu
BJIaJIOCsl MiA10paTH TaKl eKCIIEpUMEHTaIbHI YMOBH, B IKUX CTaOUIbHO 30epiranucs
JAHIIOKKA HYKIETHOBUX KHUCIOT, B 4 pa3u noBiii, HiX moHcTp llmirensmana.
MosxHa migiopatd Takl yMOBH, 3a SIKUX OyIyTh BW)KMBATH 1€ OUIbII JIOBI1
MOJIEKYJIM MOJIMEpiB. [HIIO0 11IKaBOIO OCOOJIUBICTIO MPOBEACHOIO €KCIIEPUMEHTY
€ TPOILEC «po3CelIeHHs» moJiiMepiB. Konu perutikaiis Ta 3aXOIUJICHHS MOJEKYJI
BCEPE/IUHI TMOPHU CATal0Th PIBHOBArd, TO PEIUIIKOBaHI MOJEKYJIU IOKHUIAIOTh
MacTKy-MOpy pa3oM 13 «IMOKUBHUM» MOTOKOM. [lum 3a0e3neuyeThcsi epexTrBHA
nepeaya reHeTHYHUX MOJIIMEPIiB 10 cyciaHiX mop. ABtopu [96] BimMiuaroTh, 110
MIpU BBEACHHI JI0 CUCTEMU MYTareHHOro (hakTopy €KCIEPUMEHTH AaAyTh IIUPOKI
MOXJIMBOCTI JOCIIJI)KEHHSI MEXaHI13MIB JapBIHIBCHKO1 €BOJIOLII B YMOBAaX PaHHBOI
3emi.
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Kpurtuka Teopii PHK-cBiTy. OCHOBHI apryMeHTH «IIPOTU» 3BOASTHCS 10
HACTYIHUX MOJIOXKEHD!

1. Hu3bpka WMOBIPHICTh CAaMOJIOBUIBHOTO CHHTE3Y HAUIPOCTIIIOI MOJEKYIH
PHK (3a BucinoBom Oputancbkoro acrponoma ®. Xoiina, BOHa Taka ) HH3bKa, K
WMOBIPHICTh TOTO, II0 TOPHAAO, MPOJITAOYU HAJl 3BAIUIIEM, 13 CMITTS MOOYyIye
aitTak boinr-747). IlpoTe 3 TOYKH 30py CYYaCHHX IOIJISAIB Ha aBTOKATAJI3 Iei
apryMEHT MO>KHA BBa)KaTU HECYTTEBUM;

2. CBimonrBa MajJe€OHTOJIOTIB, MO0 BUSBWIN pemTku mnpumituBHUX JIHK-
OpraHi3miB B Topojax BikoMm Oimbmie 4 miapa. pokiB (puc. 4.23). 3Baxkaroun Ha
nepiof ICHyBaHHS 3eMJll, TPUBAIICTh €BOJIONIl AokiiTuHHOro piBHa  PHK
MOJIEKYJT HaaATo KopoTka (puc. 4.24). 3 muM apryMeHTOM IOTOAMIUCS 3rajiaHi
Buiie Bigomi nmpuxuibHukH rinote3u PHK ceity Tomac Yek 1 Jlecni Opren.

4.3.7 AabpTepHaATHBHi BapiaHTH Oioximii B ymoBax
nepBHHHOI 3eMAi

[Ilo6 mosichutu BKazaHi npotupiuus teopii PHK cBity Ta Teopii Onapina-
XonaenHa, psAn IOCHIAHUKIB BUCYHYJIU 17€10, IO 3aMICTh JOCHUTh CKIIaJIHUX
a30TUCTUX OCHOB CYYaCHUX HYKIECITHOBUX KHCJIOT iX TONEPEIHUKH MOIJIN
BUKOPUCTOBYBAaTH TPOXU 3MIHEHI BaplaHTU MOJIEKYJ, OUIbII CXWIbHI JI0
HEMATPUYHOI'0 CUHTE3y. MOXJIKBO, ICHYIOTH TaKOXX €KCIEPUMEHTAJIbHI JIaH1 PO
T€, 10 APEBHI MPOTOPUOO3UMHU MOTJIM CKJIAAATHUCS HE 13 YOTUPHOX, a 3 JBOX THIIIB
HYKJICOTHU/IB, 110 3HAYHO MIABUIIMIO O WMOBIPHICTh IX CIIOHTAHHOTO yTBOPEHHSI.
binbiie TOro, MNpoOTOTUNM CydYacHUX Aa30TUCTHUX OCHOB MOIVIM OyTH 1 He
HUKJITYHUMHU MOJIEKYJIaMHu, 10 CIPOCTUIIO O X CHUHTE3, B3a€MO/ 10 3 pr003010.

4.3.7.1 KCEHOHYKA€IHOBi KHCAOTH

Csit PHK no cyTi siBI€ThCSl albTEPHATUBOIO 10 HUHI ICHYIOUOTO BapiaHTy
010X1Mii1 )KHBOTO, TaK SIK HE BUKOPUCTOBYE OUIKIB. SIk mokazano Buiie, PHK mae
HU3BKY CTIMKICTb, OJIEPXKATH ii [IUIKOM ab010T€HHUM HUIAX0M, He 3anyyatoun PHK,
dbepMeHnTH OUTKOBOI 200 1HIIIOT TPUPOAU MATOUMOBIPHO.

Jloriuno nmomyctutH, 1o nepexaysaia nosii PHK inma nmpocrima dopma
KUTTS, TOOYZ0BaHA HAa TAaKMX MOJIEKYJAX, SIKI MPOSIBISUIM OUIbIIY CTIMKICTH Ta
MOTJIM OLIbII JIETKO CUHTE3yBaTHCA a0lOreHHUM crnocobom. g Toro, mio0
30epertu cnagkoBy iH(opMalito, 1 B moaanbiioMy noctynutuch micuem PHK,
TaKl MOJIEKYJIM MIOBHHHI BKJIFOYATH TaKl K a30TUCT1 ocHOBH, 5K 1 PHK, abo xoua 0
CyMIIIATUCA 3 HUMU BIJIMOBIAHO JO MPUHIMIY KOMIUTIMEHTapHOCTI. KicTsk mux
MOJIEKYJ TOBHHEH MAaTH TaKy KoH(irypariito, mod MoxHa O0yio yrBoputu 3 PHK
MOABIMHY cHipalib, sIKa CKJajaanaca O 13 JABOX XIMIYHO TFeTepOreHHUX JIAHIIOT1B
(Taky KOHCTPYKIIIIO HAa3MBAIOTh «IeTePOIyILIEKCOM»). Taki MOJIEKYIH OJepKaIu
Ha3BY «IETEPOHYKIICTHOBUX KHCIOT» [96].
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BucnosmoBanucs igei mpo 3aMiHy a30TBMICHUX OCHOB, NPOTE€ BOHU HE
oJiepXajau IUPOKOro Bu3HaHHS. CmpaBa B TOMY, IO a30THCTI OCHOBH JIETKO
CHUHTE3YIOThCSI a010T€HHUM IIUIAXOM, 110 MPOAEeMOHCTpOoBaB Aociin Mimiepa-tOpi.
Sk mpaBuno, anbTEPHATUBHI BapiaHTH HE CyYMIIMAIUCS 13 CTaHJAPTHUMHU
a30TUCTUMH OCHOBaMH, a CYMICHI HE JEMOHCTPYBajJlu IJIOOAIbHUX MEpeBar y
MOPIBHAHHI 13 3BUYaiiHuUM Habopom. Kpim Toro, icHyr04i OCHOBU JIyXke CTIMKI 10
nii Y@ BUNPOMIHIOBAHHS, 10 POOUTH iX YHIKaIbHUMH 1 4OTO HE JIEMOHCTPYIOTh
aHaJIOTU.

3 BKa3zaHMX MNPUYUH Hapa3l PO3IJSJAIOTHCA JIBa BaplaHTU PO3IIUPECHHS
Nepeniky, s He KapJAuHAJIbHOI 3aMiHU HA0Opy ICHYroUMX OCHOB. [lepiuii kaHauaaT
Ha BKJIIOYEHHS JI0 MEPEIKY MEePIIOOCHOB KUTTS € HIKOMUHAMIO, 110 € TMOXITHUM
BitTaMiny PP,  sxkmii  sBisgerbcst  KommoHeHTOM  kodpepmenty  HAJ]
(HIKOTHHAMITaIeHIHIUHYKJIeoTHy). BiH 3B’s3anmii 3 pubo30t0 Ta (ocdarom
aHAJIOTIYHO /10 3BUYAilHOT a30TUCTOI OCHOBH, HaJal0uu prud03aM HOBUX KOPUCHUX
BinactuBocTeil. HikoTuHamig Moxke OyTH aHAJIOroM ryaHiHy, CTBOPIOIOYH Mapy 3
LUTO3UHOM.

[HIIa MOXIUBICTH — Ipyla CHOJIYK-IPEKypcopiB ajeHIny 1 ryaHiny. Cepen
HUX TepIuM TpereHieHToM Moke Oytu Tak 3BaHuid AICAR (aminimioason-
Kapookcamio-pubomud) - NPOMDKHHIA MPOJYKT B CHHTE31 T'yaHiHy Ta ajneHiny. Jlo
CKJIaly 1i€ MOJICKYJM BXOJUTh II'SITHYJEHHE KUIbLIE IMifa30iy 3 JBOMa
rerepoaromamu azoty (puc. 4.48), ¥V ckmani PHK dopmye kommuiiMeHTapHy mapy 3
aneriHoM. AICAR B clioBHX KiTBKOCTSX YTBOPIOETHCS TIPU HArpiBaHHI 1
onpoMineHH1 ¢opmaminy. Ll crmonyka € mMONepeTHUKOM SK NypUHIB, TakK 1
BKJIMBOI aMIHOKUCIOTH — TicTHAMHY. OCTaHHIA 4YacTO MICTUTh aKTHBHI
dbepmentHi neaTpu. AICAR, Omm3pkuii 3a OymoBoro, MIr OM BUKOHYBATH
aHajoriyHi (QyHKIi B TNEPBICHUX CTPYKTypax. ToMy po3mupeHHs Habopy
a30TUCTUX OCHOB MOXE MaTh CEHC 3aBISKH T[OCUJICHHIO KaTaTITUYHUX
moxknmmBoctedt PHK. Tlpote BHachigok moxiauBocTi obeptanss rpynu -CO-NH; B
ckiani AICAR 1 HIKOTHHaMiLy BOHH MOXYTh YTBOPIOBATH KOMIUIEMEHTApHI MapH
1 3 IHIIMMHU a30TUCTUMU OCHOBaMH, TOMY HE€ 3aJOBOJIbHSAIOTH MNPUHIUITY
OJIHO3HAYHOCTI KOAYBaHHS crajakoBoi iH(opmaiii. ToMmy, odeBUIHO, ICHYHOUMH
Hallp aJeHIHy, T'yaHIHY, [IUTO3WHY Ta ypaluily — Halkpamui i3 BciXx HaOOpiB
a30TUCTUX OCHOB JIsI 3aPOXKEHHS AKUTTH.

[Ile onHe 3aKOHOMIpHE MUTAHHS — YOMY IIed Habip BKIO4Yae came 4 BUIHU, a
He 2, 6 yun 10?7 Bimomo [16], 110, BUKOpPHCTAaHHS IITYYHHX a30THCTUX OCHOB
no3Boiisie po3muput aidasit JJHK go mectu mitep. OnepkaHo, OiIbIIE TOTO,
IITY4YHI aHAJIOTH, SIKI MOXYTh YTBOPUTHU Iapy JHIIE cami 3 coO00, TOMY MOXHa
nepenoaunT andapiT 3 HemapHOW KimbkicTio Jitep (3 abo 5). MoxiauBo, ToM
(dakT, 1m0 pealbHa KUIBKICTh OCHOB BKJIIOYA€ JIMIIE YOTUPHU MPEJICTaBHUKH,
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3YMOBIJICHA iXHBOIO CTIMKICTIO JIO J1i yJIbTPadioieTOBOro BUMPOMIHIOBaHHSA. YoMy
K TOJII HE OOMEXHUTHUCS JTBOMA JTiTepaMu?

Ypamua AICAR F
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Puc. 4.48. CtpykTypy MOXJIUBUX JOJATKOBUX HYKIJIEOTHU]IIB MEPBUHHUX
PHK - AICAR i HikoTHHamingy, sKi YTBOPIOIOTh KOMIUTIMEHTapHi mHapu 3
ypariom [100]

Hanpuknazn, B poGOTi yropchKoro TeopeTHKa eBomowLiiHoi Gionorii Hopca
[Mlatmapi (E. Szathmary) [98], moka3ano, 1m0 andasiT 3 ABOX JITEP KOMIOETHCST
OUIBIII TOYHO, HIXK 3 YOTUPHOX. [CHYIOUI a30TUCTI OCHOBU BIJIPI3HSAIOTHCS OJIHA Bij
oxHoi 3a aBoma mapamerpamu. po3mipom (T i I — menmi, A i I’ — OiabImi) 1
KUTbKiCTIO BOaHeBMX 3B’si3KiB (A-T — nBa 3B’s3ku, II-I' — Tpm), mpuuomy
BIIMIHHICTh 3a PO3MipoM OUIbII BakiuBa. J[okazoM € TOW Qakrt, 1o 3amiHa
OCHOBH Ha iHIIy aHaymorignoro po3Mmipy (I" Ha A a6o T na II) BinOyBaeTbcs B
reHoMax OWUTBIIOCTI Opra”i3mMiB B 2-5 pasiB dwacTime, HDK Taka, III0
CYIIPOBOKYEThCS 3MiHOI po3mipy (Hampukian, I' Ha T). Ille omun aprymeHT -
cuHTe3 4 HYKIEOTHUJIIB TOTpeOye OUIBIIOI KIUIBKOCTI ()EPMEHTIB, HIX JIBOX.
OntumansHoro ymoBow cuHTedy JHK € Onu3pkicTh KOHILEHTpalii, 100
KOHIICHTpAIlli BCiX HYKJICOTHAIB B KIITHHI. 3pO3yMiIO0, IO Ui 2 CIOIYK JOCSTTH
uporo mpocrime, HiK a8 4. ToOTo 3 BKazaHUX MIpKyBaHb andasiT 13 4
HYKJICOTUIIB  HAAMIPHO  CKJIaJAHUM, TOPIBHAHO 13  JABOHYKJICOTUIHUM.
YoTupuHyKJI€OTHAHA KOMOIHAISL € ONTUMYMOM TOJl, KOJU PO3IJISAJA€THCA
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YTBOPEHHS TaK 3BaHOI «mMWIbKOBOI» cTpykTypn PHK. Maremarnune
MOJIEJIIOBaHHS MokKa3aino, mo noaiona 1o PHK mornekyna 3 1BomMa BUAaMH OCHOB,
AK TpaBWIO, JEMOHCTpYe OaraToBapiaHTHICTb YTBOPEHHS  «IIMHJIBKOBHUX
CTPYKTyp» mpu cKpyuyBaHHi, ToAl ssk PHK 3 4oTupbhox BHUIIB OCHOB YyTBOPIOE
Juie oaHy abo JBi cTiiiki cTpykTypu [99]. ExcniepuMeHTH cTBOpEeHHS pHOO3UMIB
i3 PHK 3 oOmexxeHuM HabOpoM HYKJICOTHHIIB (TproX abo NIBOX i3 YOTHPHOX)
MIATBEP/KYIOTh 1€ BHCHOBOK. MEHIIE PI3HOMAHITTS JIAaHOK MPUBOIUTH JI0
3HM)KEHHSI MMOBIPHOCTI YTBOPEHHS pUOO3UMIB, iXHS €(EKTUBHICTh HMXKYA, HIXK
JOTUpUHYKJIeOTHAHUX anaoris [100].

Tpeonykneinogi i 21iKOHYKI€iHO6I Kucaiomu

«Cnabkor nankoro» PHK € puboza, Tomy AOCAIAHUKHA albTEpHATUBHHUX
Ol0XIMIYHUX Mojened Oulblle yBard MNPUAUIAIOTh TONIYKY aJIbTEPHATHUBH
nykpodocharnomy kictaky PHK. Pu6o3a € wMeHm cTiiikoro 1 IIBHJIIE
PO3KJIAJIAEThCSl Y TOPIBHSAHHI 3 IHIIMMH ITyKpamu (TJIFOKO3010, E€THPTO3010,
riinepanpaeriqom). B ckirani nanmrory PHK npoGieMHuM MiciieM € TiIpOKCHIIbHA
rpyna OH- Ha apyromy atoMi BYIJIELIO KOXKHOI MOJIEKYJIM puOo3H, 00 came Tam
B110yBaeThcsl po3puB Monekynan PHK. BHaciigok BIACYTHOCTI Takux Tpyn B
mouiekyii JIHK BoHa neMOHCTpye CTIMKICTB Yy JY’)KHOMY CEpEIOBUII, Ha BIAMIHY
Big PHK. Ii ne pyiinyrots ifonu Fe, BoHa Mae Bumly TepMmocTiiikicTs. B minomy
pi3HULIA CTiKOCTI m0 camonoBuibHMX po3puBiB JIHK Ta PHK csrae necsatkiB
TUCAY pa3iB. ToMy IIKaBUMHU € JB1 KCEHOHYKJIEIHOBI KUCJIOTH, /e pu003a 3aMIHEHa
Ha MOJICKYJy BYIUIeBOAY 3 4 aTomamu ByIJIelto (Tpeo3y) Yd JBOXAaTOMHHUM CITHPT
riinepuH: TpeonykieinoBa kuciora (THK) Ta riikonykieinoBa kucnorta (I'HK)
(puc. 4.49).

Monekymu mpeosonykneinosoi xucromu (THK) dopmyroTs moaBiiiHi
criipaii 3aBASKM KOMIUTIMEHTAPHUM MapaMm a30THCTHX OCHOB SIK OJIHA 13 OJIHOIO ,
tak 1 3 PHK. MinHicte 3B’43Ky B TakMX CTPYKTypax OJM3bKa ICHYIOYOI B
neocmipanbHii JJHK [100]. B omepxanux myrtantaux popmax PHK-nomimepasu
BUSIBJICHO 111KaBY OCOOJMBICTH - 3/1aTHICTh KOHCTpytoBaTu THK na matpuii JJTHK.
3aBasgKU 1[bOMY BJAJOCS aNanTyBaTH JIsI L€l MOJIEKYJIH METOJUKY MITYYHOTO
BiIOOpY it cCMHTE3y HOBUX pubo3umiB, HazBaHy SELEX. Takum unnom i3 THK
oJiepxKau antamepu — cuenudiuai 610MOJIEKYIH AJisi CEIEKTUBHOTO 3B’ A3yBaHHS
KOHKPETHOI peuoBUHHM (Ha Mpukiaai Outky TpomoOiny [101]).

Inikonykneinosa kucnoma (I'HK), nocmimkena nisuime [102], anamoriuno
no THK moxe yTBOproBaTd MOABIMHY cHipalb sIK cama i3 coboro, Tak 1 3 PHK.
3aBasku ocobnuBocTaM reometpli HUTKM ['HK, mapu HykI€eOTHIIB YTBOPIOIOTH
Outbn MiuHi 3B’s3kM, HDK B PHK, 3aBasku yomy Ha NO4YaTKOBOMY eTarli
dbopmyBaHHS MexaHI3MYy crnagkoBocTi komitoBanHs ['HK wmormo mnpoxoautu
tounime, Hibk PHK. Heponikom 1i€i Monekynu € Te, 110 3BOPOTHUHM MpoIec
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po3’eqHAaHHS MOJBIMfHOT cmipaial Ha ii OCHOBI JJisi HACTYHMHOTO KOIIIOBaHHS
MPOXOAUTH MPU OUIBII BUCOKIM TemMmepaTypi.
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Puc. 4.49. TlopiBasaas ctpyktypu PHK 3 anamoramwm, mo MmicTsaTh iHII
ykpu (JriTepamu mo3HadeHo a3oTrcTi ocHoBH) [100]

Amnanoriyno a0 JIHK, THK ta 'HK He MicTATh BUIBHUX TPYI TIPOKCOTPYI
nopsig 3 Gochop-eCTEpHUM 3B’S3KOM, TOMY BOHHM CTIMKI JI0 Jii JIYTiB, CIOJYKY
3aj3a Ta BUCOKOI Temneparypu. [Ipore MiHyc mosisirae B TOMy, IO BIJICYTHICTh
OH-rpyn HeraTMBHO BILJIMBA€ HA KaTaJITUYHI BIACTUBOCTI IUX KUCIOT MOPIBHIHO
3 PHK. Cnpobu oxepxatu ne3okcupuoozumu 13 JIHK mokazanu, 1o iMOBIPHICTH
iXHbOI MPUCYTHOCTI B CYMIIlll MOJIEKYJ 3 BHUMAJKOBOIO MOCHIJOBHICTIO Ha OJUH-
TPU TOPSJAKM HUXKYA, HDK aHAIOTTYHUX 3a ¢yHKIioHanioM pubo3umis 13 PHK
[100]. Tomy omnwmcani aBa KaHAWJATH B TNCPIIOCICMEHTH JKHUTTA  CYTTEBO
noctynatThcss PHK 3a kaTamiTH4HOIO aKTUBHICTIO.

Heponikamu THK ta TI'HK sk kaHaupgaTiB Ha poJib  MOJIEKYJI-HOCIIB
iH(popMallii € MpoOIeMaTUYHICTh YTBOPEHHS MILHOTO 3B’SI3KY iX a30TUCTUX OCHOB
3 pr003010 YM IHIIUMH ITyKpaMu 0e3 3anyueHHs (hepMeHTIB. Bci HenaBHO BIAKPUTI
crocoOu BUPIIIUTHU AaHy npobsiemy 0e3 ydacTi (pepMEeHTIB A0 CTajiii 3aBEpIICHHS
CHUHTE3Yy a30THCTOT OCHOBH CTPOIO 3aB’s3aHI Ha XIMIYHUX BJIACTUBOCTAX pHOO3M 1
He J03BOJIsIIOThH ojaepxkatu Hykieotunu THK ta PHK. Tomy rimoresa mpo Te, 110
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BKa3aH1 KCEHOHYKJIETHOBI KUCJIOTH MOIJIM OyTH 3ajisH1 B MPOIECI 3apOJKCHHS
KUTTS, a MOTIM BUMEpJ, 00 iM Ha 3aMiHy IpHUHIUIa OUIBII CKJIagHA CTPYKTypa
JIHK, Bukinkae cyMmHiB, 00 JOCBiJ €BOJIOLII CBIAYUTh Ha KOPUCTHb TOrO, IO
MPOCTI1 BAAI1 PIIEHHS P1AKO MOCTYHAIOThCS OUIBII CKIaHUM.

Ilenmuoo-nuykneinosi kucromu ([IHK) — iHun, me OUIBII paJWKaJIbHI
anpreprHatuBu PHK [103], BoHHM CcKJIamaroThCs i3 MENTHUIHOTO JIAHIIOTa, CXOXKOTO
Ha OUTKOBUH, 10 SIKUH MpUeTHAHO a30TUCTI ocHOBH (puc. 4.50).
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Puc. 4.50. Ctpykrypa nentuno-nykineinopux kucioT (ITHK) y mopiBHsiHHI 3
JTHK Tta Ginkom. N-aminoerwi-rninunoBa [THK (aeg-ITHK) mokaszana B ckiiami
rerepokomiuiekcy 3 JIHK. Tlentunni 3B’si3kd  0OBEAEHO MPSMOKYTHHKOM.
Benukumu nmitepamu no3HaueHi azotucti ocHosH [100]

MosxHa OOmyCTWUTH, IO JO CKJIAAy MENTHIHOIO JaHIIora BXOJATH PI3HI
aMIHOKHUCJIOTH, HE OO0OB’S3KOBO 13 CTaHJApTHOTO HAOOpYy [BAALSITA BHIIB.
OcHoBHa mepeBara LbOrO BapiaHTy MOJIMEPY MOJAra€e B TOMY, IO HENTHIAHHM
KICTSIK Oyne OuIbIIl CTIMKMM TOPIBHAHO 3 OyAb-SIKUM BapiaHTOM I[yKpOBO-
dhocdartnoro.

Hait6inemn BuBuenuM € Bapiant ITHK, xicTak sikoro Bkiarodae jaHioru N-
ami”orninuny (aeg-//HK). Ananoriuno no THK ta 'HK, ITHK Takox yTBOpIOE 3
JIHK ta PHK criliki rerepoaymiuekcu. [Ipunnunosa BiaminHicTs aeg-ITHK Bin
ICHyIOUMX B NPUPOJA1 HYKJIEIHOBUX KHUCJIOT Ta OUIBIIOCTI KCEHO-HYKJIETHOBHX -
BIJICYTHICTh XIpaJIbHUX IICHTPIB (ACHMETPUYHHUX aTOMIB BYIJICIIO, JHB. PO3I.
4.2.3), ToOTO 11i MOJIEKYJTH HE MOKYTh MaTH JIiBO- Ta IIPaBOOOEPTAIOUHX 130MEPiB,
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Xoua cmipanb Mae mpaBy Ta JdiBy ¢opmu. Onpunapna nHutka aeg-IIHK B
reTepoIyIyiekcax Moke Ha0yBaTd 1 MpaBo-, 1 JiBOCHipadbHy (QOopMH 3 JIBOIO 1
npaBoto (icayrouoro B mpuponi) JIHK. JIBonutkoa aeg-ITHK wmosxe erko
MOMIHSITU CBOIO BJACHY XIpPaJIbHICTh 3aJIEKHO BiJ BUAY XIpaJTbHOCTI MOJEKYII, SK1
MPUEAHYIOTBCS 10 11 KiHIB. OTXe, B Mpolleci BUHUKHEHHS KUTTS HAa OCHOBI
anpTepHaTuBHOI aeg-I1IHK Ha npomy etami mie He 3’sBuiacs O auiieMa XipajlbHOTO
BUOODY, a SIBUILE XIPAIbHOT aCUMETPii TOJII MOBUHHO BUHUKHYTU Ha OUIBII MI3HIX
eTarnax.

Komnonentn aeg-IIHK nocratHb0 npocTO CHUHTE3Y€ThCS aOIOT€HHUM
nusxom [104]. IInsixoM onpoOMiHEHHS PO3YMHIB I[1aHICTOI KMCIIOTH 3 T0JaBaHHSIM
MIOUHY 1 GOpMaNbIerily CHUHTE3Ye€ThCS OJHOYACHO N-aMIHOSTHUNTIIIUH s
KICTSIKY Ta YOTUPU a30THCTI OCHOBH 3 OIYHMMHU aleTaTHUMHU TpyHamu, SKi

HEOOX1JIH1 JJIs 3’ € JHAHHS 13 MENITUIHUM KicTskoM (puc. 4.51).
N-aMiHOeTHA-TAIIIHH
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Puc. 4.51. Cxema abioreHHoro cuHTe3y KomImoHeHTiB st aeg-ITHK [100].

OTtxe, nepeBaru [THK ronoBHOT MOJEKYIIH )KUTTA MOJIATAIOTh Y MOKIMBOCTI
a0l0reHHOr0 CHHTE3y Ta BIJCYTHOCTI XipalibHOi 13oMmepii. IIpore € cyrreBuit
HEJ0JIK, 1m0 cTae Ha 3aBaail. CrnpaBa B TOMY, IO s 30€piraHHs T'€HETHYHOI
iH(popMalii kpaiie, 10 MOJIEKYIU-HOCIT Malu PO3MOAUICHUN N0 BCiH iX JOBXKHUHI
CJIEKTPUYHUN 3apsll, SKUI NEepelIKopKAE IX 3rOpPTaHHI y KiIyOku. 3 OjHIET
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cropony, aeg-IIHK He Hece 3apsay, ToMy i1 OBI1 JIAHLIOTM TOBHHHI MAaTH
CXWIBHICTh /IO 3rOpPTaHHA y KOMIAKTHY CTpykTypy. JloBectu 1€
€KCIEPUMEHTAIBLHO HE BAAIOCH, TaK K OYyJO JOCIIIKEHO TIIbKU KOPOTKi, MEHIIIE
20 nmanok, monekynu ITHK. 3 iHmoi cTopoHu, came y KOMIIAKTHOMY BHIJISAI
katanituuni BaactuBocti [IHK moxyTh nposBisitucs kpaiie, Hixk y PHK.

binbm npunataum nns 30epiranHs reHetudHoi iHdopmanii Bapiant [THK
Ma€ KICTAK 13 3aJIMIIKIB aclapariHoBoi abo TIIOTaMIHOBOI KUCIOT, CIOIYYEHHX
MENTUIHUMU 3B’S3KaMU aHAJIOT14YHO 10 OUIKIB. A30THUCTI OCHOBHU MPUETHYIOTHCS
1o Oiuaux rpyn — COOH gepe3 onny (puc. 4.51). [TomoBuHa KapOOHLIBHHUX TPYII,
HE 3a/IIsTHUX Y 3B’sI3yBaHHI, 3a0e3Meuye HeTaTUBHUM €IEKTPUYHUN 3apsi Ha BCId
nosxxuHi Mosiekyiu [105]. IIpoTe Hapasi nuissxu adioreHHoro cuHTe3y Takux [THK
HEBIIOMI.

Tomy B JIOMy, HE MOHa BKa3aTH >KOJHOTO KOHKPETHOTO MOJIMEPY, KU
Mmir 6m O0ytu nomnepeauukoM PHK 1 xoaHux chiiB Takux MoiaiMepiB B O10XiMii
’KWBOTO HE 30eperiocs.

4.3.7.2 uTTa 0€3 MOAIMEPHHX CTPYKTYP

[Ile 6utpmn pagukanbHOWO anbTepHaTHBOIO Teopii PHK-cBiTy € Tak 3Bana
rimore3a mporoMeTadoJiTHYHMX HUKJIIB. BoHa MOCTYIIOE, MO CIOYATKY BUHUK
MeTalodi3M, a JUIIe MOTIM 3’SIBUBCA PEIUIIKaTOp SIK HOCIA iH(opwmarlii. 3a Helo,
MpU 3apOJUKEHHI >KUTTSI CIOYATKY CKJIajlacsl CHUCTeMa XIMIYHUX PEaKlid Mix
MaJlUMH MOJEKyJaMH, SK aHajJor CUCTeMH OOMIHY pPEYOBHMH Yy KIITHHAX.
Karamizatopamu Mornu OyTd MiHepaiu (Hampukiag, MpHT, TOUHH). ToOTO 10
MOSIBU MEXaHI3MY peIUIiKalii iICHyBaB KOMIUIEKC MOJIEKYJ, III0 MICTUB HEOOXITHY
iHdopMallito, TUIbKA He cyuuibHUM TekctoM, sik 1 JIHK uym PHK, a y Burmsaai
HaOopy okpemux ciiB [106].

Teopist 3apoKEHHS KUTTS Y CBITI, /1€ € TUIBKM Maji MOJIEKYJIH, OTpedye
HAssBHOCTI 130JIbOBAHOT'0 MPOCTOPY, 30BHIMIHBOIO JKEPENa €HEprii, CIpsKeHHS
MpoIeciB BUPOOJEHHS e€Heprii Ta il CHOXHWBaHHS, IO B MPHHIUMI MOTJIH
3a0€e3MeuynT yMOBHU NEpBUHHOI 3emiil. TeopeTuyuHe AOCIIKEHHS] TaKOTO IUIIXY
BUHUKHEHHS UTTS MPOBOJSATHCS BXKE TPUBAIMM Yac, ajie MOBHOT KAPTUHU HEMAE
ExcnepumeHTanbHO MoOKa3aHa WMOBIPHICTh TUIBKM OKpeMHX (parMeHTiB
3aMKHEHOro Mukiy. Tak, Tpyna JOCHiTHUKIB 13 MIOHXEHCHKOTO TEXHIYHOTO
YHIBEpCUTETY, OUOIIOBaHA MATEHTO3HABIIEM, SKUW CTaB B MOJAJBIIOMY XIMIKOM,
I'. Bextepcxoiizepom (mim. Gunter Wachtershduser) [107], cTBopmiam Momensb
YaCTUHU TMPOIECY, IO BKIIOYAE TOEIHAHHS Ta PO3JAUICHHS aMIHOKUCIOT B
MPUCYTHOCT1 CylIb(]iAIB METANIB SIK KaTali3aTopiB, /1€ JHKEPEJIoM €HEprii saBisiacs
eneprist okuciaeHass CO B CO; (puc. 4.52). BnacHe aMiHOKUCIIOTH CHHTE3YBAJIHCS
AK MOOIYHI IPOJYKTH TAaKUX TINEPIMKIIIB, K1 HAJAAIH iX CTIMKOCTI Ta MPUCKOPUIIU
uukad. Ha gyMmky aBTopiB, Taki yMOBM MOIVIM ICHYBaTM B OTOYEHHI
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riIpOTepPMaIbHUX 30H HABKOJO «YOPHUX KypuiB». Bech naHIfor mnoku He
BIATBOPEHUM, HE BHUSABJICHO TAaKOX MOT0 3JaTHICTh JI0 CAaMOBIATBOPEHHS Ta
€BOJIOIII.

[IpuniumoBa BIAMIHHICTH TIMOTE3W MPOTOMETAOOMITHYHUX IIMKIIB Ta
rinote3u PHK-cBity, Brmouaroun I[IHK Tta iHmn mnomiMmepu, 34aTHi
KOMILTIMEHTapHO 3’€HYBATHCS B MOJBIHHY cITipaib (B aHTJIOMOBHIH JiTepaTypi i
Ipynu TimoTe3 Ha3uBaroThes «metabolism-first» ta «replication-first») monsrae B
HacTynmHoMy. «be3mosimMepHa» TinoTe3a BUXOAWTh 3 TOrO, WIO0 CYKYMHICTh
XIMIYHUX peaKIiid MK BIJTHOCHO MPOCTUMH MOJEKYJIaMU 3/laTHA €BOJIOIIIOHYBATH
Ta CaMOYCKJIIOJHIOBATUCS, TOOTO MOXxe OyTH OaraToBapiaHTHOIO 1 MPU LbOMY
caMOB1ITBOprOBatucs. Takuil BapiaHT, KOJU XIMIYHUN CKJIAJ CYMIIIl pearyrouyux
pedoBuH 30epiraerbes (rimepuuki Eirena, mus. puc. 4.6 ta 4.7), Oyio Ha3BaHO
Komnosuyiunum abo xouyewmpayitinum 2eromom. A rinore3a PHK-cBity
nependavae, 1o nepeaayda CrmaaKkoBoi iHGOpMaIlii Ta €BOJIOIIS MOXKIIMBI JIUIIE Ha
OCHOBI MTOJIIMEPHHUX MOJIEKYJ.

ExcnepriMeHTanbHO Tak 1 HE BAAJNOCS MPOBECTU OMHUCAHI PEaKIlii HACTUIbKU
eexkTUBHO, 1IO0 3ampailoBaB MEXaHI3M aBTOKATali3y 13 3pOCTaHHSIM
NPOAYKTUBHOCTI 1uKiIy. Tak, y BigHOBmoBasbHMMY Lukii KpeOca Bmamocs
peanmizyBath Ha mnpaktumi jgume 6 peakmiin i3 11 [100]. Psx mocmigHuKiB
CTaBJIATHCS 13 CKENICUCOM JI0 TIOTE3W BUHUKHEHHS JKUTTS 0€3 MOJIMEPIB HE JIUIIIE
yepe3 Te, M0 il He BAAJIOCS BIITBOPUTHU €KcrepuMeHTaabHO. CyMHIB BUKIIHKAE
caMa iJed KOHIEHTPAI[IHOIO TeHOMY — MOKJIMBOCTI 30epiranss iHdopmMaiiii,
3aKOJIOBAHOI Yy BHIVISA1 SKICHOTO Ta KUIBKICHOTO XIMIYHOIO CKJIaQy CyMIIIl
pedyoBuH. HaBiTh B oaHIiN OakTepiaibHIA KIITHHI 00’ €MOM 1.10° mm® micTuThCS
~10" arowmiB, ski YTBOPIOIOTH 10° MOJIEKYJI-MOHOMEPIB — aMIHOKHCIOT Ta
HYKJIeOTU1B. B merabomizmi 3BHYaliHOi OakTepii 3aAisiHO JEKUIbKA COTEHb
HU3bKOMOJICKYJISIPHUX CIOJYK (aMIiHOKHCJIOT, IyKpiB, JIMiAIB, HYKICOTHIIB,
BiTaMiHIB, MPOMDKHHUX MPOAYKTIB TOIIO). 3HAYUTH, Y BKa3aHOMY 00’ €Mi KIIITHHH
mictutees 10%-10° MOJIEKYJI 1HJIMBIAYaJdbHOTO CKJIaQy, iXHS KOHLEHTpalis Oyne
BapiroBatucs 3 kpokoMm B 0,01% 1 mHmkde. [l OioXIMIYHHX MPOIECIB TaKUi
MaciiTad MNPaKTUYHO HE Mae€ 3HAuYeHHS. BumagkoBl KOJMBaHHSA, 3yMOBJEHI,
HaIpUKIaJ, TeMIepaTypHUM (akTopom, JETKO 31TpyTh 1HGOPMAIliI0, 3aKOJOBaHY
yepe3 KoHueHTpalii. [lo aHamnorii 13 cuctemMoro nepeaadi 3ByKOBOI'O CHTHAJy, L€
NpUOJIU3HO TaK, K NPH aHAJIOIOBOMY CIIOCO01 mepenayl 3ByKOBOTO KOJMBAHHS
(aHAJIOr KOHIIEHTPAIIMHOTO T'€HOMY) NpH CTPHOKAaX HANPYrd B MEPEkKi CHTHA
CIIOTBOPIOETHCSA. SIKIIO 3K 3BYK BIATBOPIOETHCS 3 mudpoBoro Hocis (anamor JJHK),
TO BiH KOJYETHCA CTPOTOI MOCIIJOBHICTIO OJUHMIIL Ta HYJIB, ClIa0Kl CTPUOKU
HAIPyrd HEe BHOCATH 3001B y nepeiady cHrHany. VIMOBIpHICTH NMOMMIKH mHpu

komiroBanH1 JIHK icnye, ane dbepMeHTH 103BOMSAIOTH 3HU3UTH ii 10 1 BUnmaaky Ha
100 000 000 mykmeoTHIIB.
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Peakuis Karamnizatop Temmneparypa Tuck
(1) — (2) (Fe, Ni) S 100 °C 0,2 MIla
(1) — (3) (Fe, Ni) S 100 °C 0,2 MIla
9) — (3) FeS 100 °C 0,2 MIla
(1) — (5) (Fe, Ni) S 100 °C 0,2 MIla
(3) — (4) (Fe, Ni) S 100 °C 0,2 MIla
(2) — (6) FeS 250 °C 200 MIla
6) — (7) FeS 100 °C 0,2 MIla
(7) — (8) (Fe, Ni) S 100 °C 0,2 MIla

Puc. 4.52. Mopenp rinepuukity B 3aizo-cynbdimHoMy (MipUTHOMY) CBITi
[107]. Cyavgpiou zaniza i mixemro 6uxKomylomv poib Kamanizamopy 6 CuHmesi
niposunoepaonoi kucromu (nipyeamy) (6) — xarouoeoeo npodykmy oiocunmesy.
Cxema exmouae nacmynui peaxyii koueepcii oxcuoy eyeneyio(Il) 6 nenmuou:
VMBOpeHHA Memuamioayemamy, NIPOGUHOSPAOHOI KUCIOMU, QIAHIHY ULIAXOM
BIOHOBII08ANLHO20 AMIHYBAHHS NIPOBUHOCP AOHOT KUCIOMU.
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IlixaBo, mo E. Ilpeninrep BHCIOBUB I€0 MpO HaJIHE 30epiraHHs
reHeTnyHoi iHopmarii B mmdpoBomy Burismi me B 1944 p. B crarti «lllo €
xutTa?» [3]. Ha Toif wac mBke Oysio Bigomo, MmO cHajkoBa iH(oOpMarlis
30epiraeTbcsi y BENUKINA MOJEKYJl, sKa 3aiiMae Maauid 00’eM, 1 10 OJUHUYHUN
BUCOKOEHEPIeTUYHUN KBAaHT MO’K€ BUKIMKATH 301d 3amucy - myrauiio. Takum
nuisixoM lpeainrep copmystoBaB MOHITTS «anepioAUUHOTO KPUCTATY».

Amnrmiiicekuii eBomoriiiauii 6iomor P. Jlokinz (C. R. Dawkins) xadararto
mizHime, B 1996 p., momyctus, mo HajdiiiHe 30epeKeHHsI CIaAKOBOI iHGopMaIrii
MOXJIMBE JIUIIE SIK MOCTIJOBHICTH MOHOMEPIB B MOJIEKYJ1 MOJIMEPY, HE3aJIEKHO
BiJ xiMiuHOT mpupoau octanHboro[108]. B 2008 p. mro rimote3y cTporo J0BiB
pociticeknii MatemaTuk C. Bakymnenko [109].

Many WMOBIPHICTh ICHYBaHHSI «KOHLEHTPAILITHOTO TE€HOMY» MOXHa
MPOJIEMOHCTPYBATH Ha MPHUKIIAMA1 pajiaiiiiHol Jii Ha 3BMYaiiHi reHoMH. Bigomo,
mo mo3a BunpominoBanHs 10 ['p cMepTenbHa A JIFOAWHHA, BOHA TIPUBOJIUTH 10
JIETATBHOTO HACIIAKY Yepe3 2-3 TwkHi. OUHULA MTOTJIMHYTOI 1031 BUMIPIOETHCS B
rpesx (I'p), BoHa piHa 1 J[)k BUNpPOMIHIOBaHHS, MOMIMHYTOro 1 Kr mMacu Tijna. B
nepepaxyHKy s ToauHu Macoro 70 Kr cMepTenbHa 1032 paaiaiii CKiagae BCboro
700 x (160 kam). SIkmo TOTVISHYTH HA IO BEIUYHHY 3 TOYKH 30pYy
€HEepPreTUYHOro OajiaHcy JIOACHKOro TiNa, 1€ MPOCTO Mi3epHa BelnyuHa, 00 BOHA
MEHIIIAa 3a €HEpPrilo, fAKYy JIOJIMHA OJIEpXKYy€, BUIMMBIIM YalIKy Yawp, M0 Mae
temneparypy 40 °C. YoMy X ToAl eKBiBaJeHTHA 3a BEJIMYMHOIO E€HEprii mo3a
pamiallii cMepTelIlbHO HeOe3ImeuHa?

Pi3Huust monsirae B TOMy, IO TEIJIOBA €HEPTisl PO3MOAUISETHCS dYepe3
TemioBnit pyx sk Minimym 6,02:10%* Momexynm (BBakaroum, Imo CKISHKA 9aro
mictuth 10 Monp=180 r Boam),TOAi SK pajiallis - 3HAYHA BCJIMYMHA EHEPrii,
30cepe/DKeHa B MalioMy 00’eMi (Hampukian, HEHWTpoHH, Y-KBaHTH). Komu Taka
yacTuHKa fie Ha monekyny JIHK abo Oinka, Benuka mopiiisi €Heprii JIOKaiabHO, B
OJIHIM TOYIll /i€ HA MDKATOMHUM 3B'A30K, po3puBarouu ioro. TermioBi ynapu
MOJIEKYyJ BoAM 13 yato Ha koxkeH atoMm J[HK BigOyBaroTbCcsi B MUIbSIpid pa3iB
yacTillle, aje iX €Heprid Taka, 110 He MEePEBUIIY€E €HEPriio 3B’ sA3Ky. [HIIa aHanoris
— TLJIO IOJIMHU OJICPXKYE TPH MaNiHHI 3 BucoTH ogHOoro MeTpa 700 JIk MexaHidHO1
eHeprii, TouHO Taka mopiisl eHeprii HaAXOAUTh B1J JBOX MICTOJETHUX MOCTPLIIB
Brputyi. OueBUAHO, 10 HeOe3neKa BijJ MX €HEPreTUYHO €KBIBAJICHTHUX MOJIN
HE SIBJISIETHCS OJHAKOBOIO.

KoHueHTpaiiHuii T€HOM HE Ma€ TaKOro 3amacy MILHOCTI, K XIMI4YHI
3B’s13ku Mk aromamu JIHK, Tomy TeroBuit pyx mosekyn Oyae pylHyBaTu oro
3a OyIb-KUX TEMIIepaTyp, BHIIMX 32 aOCOMIOTHUN HYJIb, AHAJOTIYHO JI0
pyitnyBanns JIHK npu panpiamiiiniit aii. SIkio komgyBaHHs BiOyBaeThCsl HE Uepes
KOHLEHTpAI[IiHUN YMHHMK, a Yepe3 MPUCYTHICTh/BIICYTHICTh NEBHOI CHOJIYKH Y
cyminii, Toal iHdopMaliiiHa EMHICTh CUCTEMU 3aHAATO Majia, 00 IJisg KOXKHOro 0iTa
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iHpopMalii, Aka  30epira€TbCsi, TNOBUHEH  (PYHKIIOHYBaTH  OKpPEMHil
aBTOKATAMITHUHUNA LMKI.  OOMEXEeHHS KUIBKOCTI AaBTOKATAJITUYHUX IUKJIIB
TaKOX MOke OyTH MOB’S3aHO IX aHTaroHi3MOM, TOMY B OJJHOMY 00’ €KTI HaBpAJ iX
Oyne Oumpme pecst. A mo0 3ammcatm 10 6it iHbOpMariii, IOCTATHBO
MOCITIIOBHOCTI 13 3 HykjieoTuaiB. ToMy mMmOTpiOHO BHW3HATH HEHAMIMHICTH Ta
HU3BKY €MHICTh KOHIIEHTPAI[IMHOTO T€HOMY Yy TMOpPIBHSHHI 3 HAWOpPOCTIIMMU
BapianTamu Mosiekys PHK.

OT1xe, Hapa3i HeMa€e NEPEKOHIMBUX J0KA31B Ha KOPUCTh 1HIIOI CUCTEMHU JJIsI
KOJIyBaHHsI cniagkoBoi iHpopmaitii, Hixk PHK.

4.4 XiMidyHi OCHOBH CTBOPEHHSI CHHTETHYHOI'O KHTTSH

«IlITyyHe XuTTA» - LE HampsAM y Hayll Ta TEXHIUl, fAKe 3ailMaeTbCcs
JOCTIDKCHHSIM ~ Ta  MOJEITIOBAHHSIM  3arajJbHUX  3aKOHOMIPDHOCTEH  KUTTS,
CTBOPEHHSIM IITYYHHUX ICTOT, 3AaTHUX IMITYBaTH MOBEAIHKY UBHX Ta JIATH TaK
xe edektuBHO. lleit Hampsm Bumimmecs B 1987 p., konm amMepUKaHCHKUH
komm’rotepik K. Jlemrron (anrn. C.G. Langton) opranizyBaB mnepmui
MDKIUMCUHUIUTIHAPHUN CeMIHAp 13 MUTaHb CUHTE3Y Ta IMITAI[IHHOIO MOJEIIIOBaHHS
XuBHX cuctem [112].

Buauisitors Kiibka (pOPM IITYYHOTO KUTTSL:

- Komm’toTepae  MojenaioBaHHS ~ C€BOJIOIIMHUX,  JKUTTEBUX  Ta
010JIOTIYHUX MpoIeCiB — «m ke wmyune ycummsn» (auri. soft alife); npuknagu —
komI’roTepHi  mporpamu  Framsticks,  OpenWorm,  GenePool3,  «Jlic
eBosonionyrounx pociaun» (Kapi Cimc); «Iltaxoinu» (Kpeiir PeitHonbac) Ta iH.;

CTBOpeHHsI OpraHi3MmiB 13 JeTaliel OKpEeMHX ICHYIOUMX TEXHOJOrid —
«meepoe wmmyune yxcumms» (anra. hard alife). IIpote TexHiuHI Ta )KUBI CUCTEMHU
HE MOXYTb OyTH TOBHICTIO 1IGHTUYHUMH. BBakaeTbcs, 10 KOJHM CUCTEMa Ja€
aHAJOTIYHUM e(EeKT MOBEIIHKH, TO CTPYKTYPHOIO MOBHOTOIO >XMBOTO MOXHA
3HEXTyBaTH. Bike CTBOpEHO MITY4HY, BUIRHO IIaBarody «memy3y» (’medusoid”,
puc. 4.53) Ha OCHOBI CHJIIKOHY Ta )KHBUX KJIITHH Miokapay mrypa [112].

Cami aBTOpM «Meny3oina» Oyau IIOKOBaHI, KOJU iXHA KOHCTPYKIIif,
MOMIIIEHA Y COJIOHY MOPCBHKY BOJY, MoYana pyXaTucs, MOBHICTIO MOBTOPIOIOYU
JTUHAMIKY PYXY KUBOI MEITy3H.

Um 3Moke MamMHa MaTH 3/aTHICTh J0 camMoBiATBOpeHHs? lle mMoximBo,
amke Bke icHye 3D-mpuHTep, 3MaTHUI HaAPYKyBaTH BCi JeTali, 3 SKHX BiH caMm
CKJIaJIa€ThCS.

- - CrBOpeHHs HOBUX OlosoriyHux (GopMm 3a  JOMNOMOTOIO
KOMIT' FOTEpPHUX Ta OIOTEXHOJIOTIH — «gosi0ce wimyune ncummsn» (anria. damp
alife). Ilepmuii BimomMuii mpuKIag — pOOOTH aMEPUKAHCHKOTO TEHHOTO iH)XXEHepa
K. Benrepa (C. Venter) i3 cmiBpoOiTHukamu, ski B 2010 p. momosinu, mo i3
MPOCTUX XIMIYHUX PEaKTHBIB CHHTE3yBaju reHoM Oaktepii Mycoplasma mycoides
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Ta BMOHTYBaJIM HOr0o B KIIITHHY iHIIOTO opraHizmy - Mycoplasma capricolum, i3
SIKOT'O TIOTePEIHBO BUAATMIM BCl reHr. CUHTETHYHHUEA OpraHi3M (KCHHTISI») MOBIB
ceOe sk 3BuuaitHa Oaktepis Mycoplasma mycoides. «Cwunrtis He Oyia
MOBHOILIHHUM TPEJCTABHUKOM IITYYHOTO KUTTS, 00 mo cyTi BepHep 3 kojeramu
CTBOPWJIM HE BCIO OAKTEPII0, a JUIIE il XpOMOCOMY. 3 i€ IPUYHUHHU, a TAKOXK Yepe3
cnpobu Benrepa nonatu «komipaiitu» B JIHK, Oarato HaykoBIIB BIAMOBHIHCS
BU3HATU «CUHTII0» CUHTETUYHOIO OAKTEPIEIO.

HoBoHapoamxeHa
mMeay3a - edipa Biom iMme THUHHH ONITHMAABHA
AH3AH

1mm

\ Byaosa M'az MeaysH M'az meayzoiaa
HaIliBoNITHMAaAbHA

Puc. 4.53. biomiMeTnuHe MOJENIOBAaHHS IITYYHOTO JKUATTS: HA CHJIIKOHOBIHN
HiIKIAAWHI, sKa iMiTye dopMmy edipu (HOBOHAPOIKEHOT MEIy3Hu), HApPOIIECHO

KJIITHHU CepIeBOro M’si3y mrypa [112]

B nopanemomy 1 rpyna JOCHIIHUKIB TOCTaBHJIa METOK CTBOPUTH HeE
KOIiIO, a TMOBHOI[IHHUM OpraHi3M, siKuif, 0a3yluuch HAa <BUXITHOMY KOJII»
Mycoplasma mycoides, micTuB Ou MiHIMaNbHUI HAOIp TEHIB, IPHU SKOMY OpPTaHi3M
HOpMaibHO (G yHKIIIOHYBaB. [lepimii cnpoOu Oyiau HEBAAIMMH, KOJU 13 KOMOIHAIIIi
BIJIOMUX Ha TOM 4ac KPUTUYHO BAXJIMBUX I'€HIB HE BJAN0OCA 310paTH KUTTE3NATHY
oaktepito. Ilnsgxom mpo0 Ta NTOMHIIOK, BUAASIIOYM OKPEMI I'€HH 1 CIIOCTEPIraloyH,
YU HE BTpaTujia OakTepisl )KUTTE3NATHICTh, BAAJIIOCA CKOPOTUTH F€HOM «CHUHTI» 13
npupoHoro Habopy B 900 reniB no 473 (o BiamoBigae iHGOpMaIiiHId €MHOCTI
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531 xb). BunmaneHHs KOKHOTO i3 ITi€T KOJIEKIIT IPUBOAUTH JI0 3aru0elli OpraHizMy.
[Ticnst 11bOTO T€HM TepeCcCTaBWIM TaKUM YHHOM, 00 3B’s3aHl OJHA 13 I1HIIOIO
JUISTHKY PO3TAIIOBYBAIUCS MOPSI, 110 JO3BOJIUIO CKOPOTUTH JAOBXKUHY T€HOMY J10
531 tucsui mykneoruniB. lle mpubmmuzno Ha 70 THCSY «OyKB» MEHIIE, HIXK
noBXKWHA TeHoMmy Oaktepii Mycoplasma genitalium, ska mae camuii KOpOTKUH
TeHOM CepeJl BCiX ®HUBHUX icTOT Ha 3emuti [113].

Ha noguB nocmiaHMKIB, TOCTaTHLO 3HAYHA YacTKa TeHHOTo kKoay (149 rewis,
puc. 5.54), HikoJiM He BHUBYAJNACA paHimle Ta iX (QYHKIII Ta poiab B poOOTI
opraHiaMy HescHa. HalOmmkunm dvacom BeHTep 3 Kojeramu CroJiBarOThCs
3’sICyBaTH, 5Kl 3a/1a4l BUKOHYIOTh 111 T€HU 1 YU MOXHA iX BUIANUTH 0€3 MKOIU NSt
OpraHizmMy, SIKIIIO MEBHUM YMHOM MOAN(IKYBAaTH POOOTH KIITHHHU.

CTIpyKTypa Ta MeTadomM

LIHT O30T
ryHEEIII
MeMOp aHIH
: 30epesxeHHA

Syn-3.0 TeHOMY
473 reHH

Hepigon

Frcrpecia yHEKLI

TeHOMA

Puc. 5.54. Po3noxin ¢pyHkmiii reHiB y reHomy «cuHTii 3.0» [113]
3AKAIOYEHHSA

OT1xe, aHalli3 JaHUX MPO MOXOKEHHS KUTTS Ha 3eMJIl MOKHA y3aralbHUTH
HACTYITHUM YUHOM:

1. Hemae ogHO3HAQYHOrO BU3HAYEHHS >KUTTA. PI3HI IMIAXOAW BUXOIATH 13
pi3HUX mapaaurMm. Tak, 3a pe3yiabTaraMd pPoOOOTH  EKCIEPTHHUX  pajl
ek3001010T19HUX TIporpam HartionansHOorOo aepokocmiunoro arentcrBa CIIIA
(NASA) Oyio npuiiHATO Take poOode BU3HAYCHHS . «Kumms — Ximiuna cucmema,
30amua 00 oapeiniecvroi esomoyii» [110].

2. Jlerani WBHUX CHCTEM — OpraHIYHI MOJICKYJIH CKJIaaHOi OymoBu. Mix
HUMH BiJJOyBaIOThCS BIOPSAJIKOBaHI XIMIUHI MPOIECH, B CYKYIHOCTI Ha3BaHI
0oOMiHOM pedoBUH. OCTaHHIN PEryNIO€ThCS Ta MPUCKOPIOETHCS (EepMEHTaMU —
OlomoriyHUMU KaTamizaropaMu. CTpykTypy (DEpMEHTIB 3aKOJOBAaHO y CHAaJKOBIii
iHpopMallli — TeHOM1 opranizmy. I'eHom sBisie co6oro ocobnuBy monekyny — JJHK
a6o PHK.
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3. YoMy BaxXJIMBHUM Yy BH3HAUY€HHI € CJOBO «XiMiuyHa»? bBo IiCHYIOTH
HEXIMIYHI CHCTEMH, 3/IaTHI 0 JapBiHIBChbKOi eBoutouii. [Ipukmagom moxe OyTu
KOMII'FOTepHa Tporpama eBoJroniiHoro tuiy (Hampukian, DEAP [110]).

4. Jlns eomotlii mo JlapBiHy HIISIXOM BUIAJKOBUX MYTAlllid Ta MPUPOJTHOTO
B1100pY HEOOXiH1 Ta JOCTAaTHI YOTUPU YMOBH:

- Esomoyionyroui oounuyi (opeanizmu abo npoecpamu) TOBHHHI CTBOPIOBATH
cBO1 KoIIii (PO3MHOKCHHS);

- Konioeanns cnaakoBoi iH(popmallii MOBUHHO OyTH He abCcoatomHo
MOYHUM, @ MATH BUTIQJKOBI TOMWJIKH (MyTaIlii);

- Tlomuiku KoOMitOBaHHS TOBUHHI nepedagamucs HACMYNHUM KORIAM
(crmaKoBICTB);

- Ilomunku KomitoBaHHS MOBUHHI 8nIu8amu HA UMOBIPHICMb HACMYNHO20
KOnilosanHs TaHOT porpaMu abo opraHizMy (BixoOip).

L{1 yMOBM NOBMHHI BUKOHYBAaTHUCA B CYKYITHOCTI, @ HE OKpeMo. Tak, BioMi
XIMIYHI CUCTEMH, IO MOXYTh PO3MHOXKYBATUCS. SIKIIO KpHCTal, IO pPOCTE B
HACHUYEHOMY pO34YHUHI, pO30UTHU, TO YJIAMKH CTaHyTh LEHTPAMH POCTY HOBHUX
kpuctaini. [Ipy 1boMy MOXKIMBO BUHUKHEHHS Ae(EKTIB KPUCTAIIUHOI CTPYKTYpH,
T00TO MyTamii. Ane 1l AedeKTH HE YHACHIAYyIOThca. TOMy Taka CUCTEMa He
BBAXKAETHCA KUBOI. ABTOKATAIITUYHI XIMIYHI CUCTEMHU TaKOX MalOTh 3/aTHICTh
70 PO3MHOXCHHS CBOIX CTPYKTYPHUX OJUHUIL (HANpUKIIaa, MOJICKYJ I[yKpiB B
peakiii bytineposa [16]), ane mpu boMy He BUHUKA€E MEXaHI3M CITaJJKOBOCTI.

5. Ha puc. 4.55 npencraBiieHO y3aralbHEHY cXeMy a0iloreHe3y B KOMOiHaIii
3 MaHCHEPMIEL0, SIKY Hapa3i BBaXKalOTh 3araibHOBU3HAHOIO.
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TEXHOI'EHHI
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IHTEAEKT

i

BHIII OPTAHIZMH
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i

E¥YHKAPIOTH
MPOKAPIOTH

t

HAITHHA

BIPYC OFTAHISM

EBOAIOIIA JKHTTHA
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#
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2

$0H
OPIAHIYHHX
CIIOAYK
=
=

IIEPEVIHHE CEPEJOBWIILE HA 3EMJII

Puc. 4.55. Cxema xiMi4HO1, 010XIMIYHOT 1 TEXHOTEHHOT €BOJTFOIIIT KUATTS [1]
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PO3OIA 5 BIO'EOXIMIYHI <&YHKIII IXHUBOI
MATEPII
et Al T 51 Kaacudikamisa Oioreoximiunux
" byHRIiHA KHBOI pPEe4YOBHHH 3a B.I.
BepHaaChbKHM

IIpenmeTom Oloreoximii SBISETHCS AOCTIIKEHHS
poyii KMBOi Marepii B TMepeTBOpPEHHI IaHeTu. Bcro

JUSTIBHICTh OpraHi3MiB B 0iocdepi 3 MEBHOI YacCTKOKO

YMOBHOCTI MOXHa KiIacudiKyBaThU 3a KiIbkoMa O0a30BUMH (PYHKIISIMHU, SIKi

JI03BOJISIFOTH OMUCATHU 1X 610CPEPHO-TEOJIOTIUHY POJIb.

B.I. Bepuaacekuii B cratti «[Ipo ymMoBHM mOsiBH XHUTTS Ha 3emui» [1]
BUIUTMB 9 OCHOBHUX OioreoximMiuyHUX (YHKIH Oiochepu (Tadm. 5.1).
Ta6muus 5.1. Knacudikamis bI'X ¢ynkmii 6iocdepu 3a BepHancbkum [1]

PDPyHKLiA

Onuc

Siki opraHizmMu
BHKOHYIOTH
dyHxmii

1. 'a3zoBa

Bci rasu Giocdepu yrBopuimcs 0i0reHHIM
HUISIXOM 1 HUM e 3MiHIOIOThCS. EQexT Kutrs y
ra3oBOMY pekuMi Oiocdepr HaCTUTBKU
3HAYHUM, 1110 BCIO CYKYITHICTh Ta30BUX pEaKIliil
CJIJT BUJIITUTH B OJTHE IIiJIE, SIK CAMOCTIHHY
(bYHKIIII0, BAKIMBY YaCTUHY Ta30BOT0 PEKUMY
IJIAHCTHU. N2'02'C02'CH4'H2'NH3'H28

Bci

2. Kucuea

YTBOpeHHs BinbHOTO KHcHIO: i3 CO, Ta H,O*,
MOxJBO, HiTpaTiB NO3’

XaopodinbHi

3. OxucHro-
BaJIbHA

Oxwucnenns 30iaHeHuX kucHeM croiyk (FeCOs,
MnCOs, mirpuris Me"" (NO,),, aitionarin

Me" (S,03)n2; H2S, N, S Tomo. Ileit Tun
XapaKTEePHUH JJIs CIIOTYK EJIEMEHTIB, 110
MAalOTh 3MiHHY BaJCHTHICTh Ta TUX, IO MOXYTh
YTBOPIOBATH KiJIbKA cHIONYK 13 kucueM (Fe, Mn,
S, Se, Cu, N, C, H). ﬁMOBipHO TaKOX JUIA
exemenrtiB P, V, Cr, Ni, Co, As, Sb, Pb, I, Bi,
U, Ti.

bakrepii, mepeBaxxHo
aBTOTpO(DHI

4.
Kansniesa

BunineHHs KanbIlito y BUTIISA/II YUCTHX COJIEH
(IPOCTHX YH CKIIAJIHUX) — KapOOHATIB,
oKkcaiaris, ¢pocdariB (anaTUTIB) TOMLIO.

Bomopocri
(xopodinbHi),
OakTepii, Moxu
(xopodinbHi),
OJTHOKJTITUHHI TBapUHHI1
OpraHizMu
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(KOpEHEHIKKH,
Y4acTKOBO PaIioJsIpii),
xpeOeTHi, BOMHI —
NepeBaKHO MOPCHKI —
OpraHi3my, 1110
YTBOPIOIOTH KaJIbIIi€B1
ckesnet (pakoroIioHi,
MOJIFOCKH, TOJIKOLIKIPI,
KOPaJIX TOIIO)

5. BigHoBHA

Haii0inbIie nposBiaseTbes A1 CyabpaTiB —
yrBoperHs H,S, FeS, Ta inmmux cynb¢inis
metanis (ZnS, CuS Toro), 4acTKOBO
6e3mocepeIHbO, YaCTKOBO Yepe3 OloreHHui
H,S

Bbakrepii

6. Konmenr-
pauiiina

HakonmueHHs OKpeMUX €JIEMEHTIB 13 IXHBOTO
po3scisiHHs B moBKULTS. [le xapakTepHo mis
BYTJICIIO — OCHOBHOTO 010€JeMEHTY Ta 1HIINX
eneMeHTIB. 1o mipi mornuOineHHs BUBUCHHS
TeOXIMIYHHMX TPOIECIB 3HAYCHHSI JKUTTS B IIUX
npouecax Bce 30UIbIyeThes. € psll OKpEMHX
BUJIIB OPTaHI3MiB:

1. SIxuro B 3aranbHii Maci )KMBOI pEUOBUHU
SIKUX MEHII 3BHYHI E€JIEMEHTH CKIIAJal0Th
oinbme 1% macu )KUBOTO OpraHizMy
(manpukiian, Si, Fe, K toio) — kpemricsi,
3a1i3Hi, Kaniesi opeanizmu BiATIOBITHO,

2. SIkmo B opraHizMax pi3HUX PiBHIB
oprasi3arlii KiIbKiCTh BKa3aHUX EJIEMEHTIB
OlIIBIIIE CEpeTHBOTO 1X BMICTY B Oiocdepi — 11e
opeanizmu, 30azaueni nesHum enemenmom. Taxi
ssuia sigomi st C, Ca, N, Fe, Mn, Cu, Ba,
Sr, I, V, K, Na, Si.

PocnunHi 1 TBapuHHI
OpTaHi3MHU Pi3HUX
POJIMH — OJHOKITITUHHI
1 6araToKTITHHHI

7. 3ropaHHs
OpraHiYHHUX
CIIOJYK

Posknanenns opraniku 3 BuaiieHHsM H,0,
COZ n Nz

[lepeBaxkHo OGaxTepii

8. Bingnos-
JIIOBAJILHOTO
po3Kiany
OpraHiYHHUX
CIIOJYK

B pesynbrari po3kiiaay opraHiky B
0E3KMCHEBUX YMOBAX NMPHUBOJUTH 0 YTBOPEHHS
st, CH4, H2 TOIIO

Bakrepii

9. Metabo-
Ji3Mmy i

®dyHkI1is 3B s13aHa 3 moriuHaHHAM O, 1 Hy0, 3
BugieHHsM COy, 3 Mirpalli€ro opraHiYHIX

Bci opranizmu




~203 ~

IUXAaHHS €JIEMEHTIB

Oprasi3miB

* MemoOom miyeHux amomié 6CMaHo81eHO, W0 MOJEKYIAPHUL KUCEHb 8
npoyeci pomocunme3sy ymeoproemucs i3 kuchro H,O, a ne CO, [2]

B.I. Bepnaacbkuii BIIMITHB HacTYIH1 0COOJMBOCTI CTOCOBHO BI'X (hyHKIi:

1. Bci 6e3 BUKIIOUEHHSI TeOXiMIYHI (PYHKIII KUBOi pedyoBUMHU B Oiocdepi
MOXYTh BUKOHATH HAUTIPOCTIII OJHOKIITUHHI OPTaHI3MH,

2. Hemae opraniamy, skmii Mir OM OJWH BUKOHYBAaTH BCl MepenideHi
reoXIMI4H1 ¢ yHKIIIT;

3. B xoni reonorivHOro 4acy BimOyBasiacsi 3MiHa PI3HHUX OpPraHi3MiB, IO
3aMIl[yBajId OJIMH OJJHOTO Y BUKOHAHHI JaHoi QyHKIIT 6e3 3MiHU caMoi (DYHKILIT;

4. JIuiie 3 MosiBOIO JIIOAUHU B 610cdepi OJJMH OpPTraHi3M 3MIT BUKJIMKATH BCIO
CYKYIHICTh XIMIYHUX MPOIIECIB, alie HE (Hi310JI0TTYHOI0 pOOOTOIO CBOTO OpraHi3My,
a 3a JIOMOMOTO0 TEXHIYHHUX 3aCO01B.

BI'X ¢dyHKI11 )KMBOi pe4OBUHU MOKHA TTOAIMTHA Ha JAB1 YaCTHUHU.

- IloB’s3aHi 13 )KUBIECHHSIM, JUXAHHS, PO3MHOXEHHSM OpPraHi3MiB,;
- TloB’sa3aHi 13 pylHYBaHHSIM BIAMEpJOI JKUBOI PEYOBMHU Ta ii
Mepexoay B KOCHUU CTaH.

5.2 IIpobAeMma OLiHKH KiAbBKOCTi OiomacH Ha 3emai

PicT 1 po3MHOXKEHHSI XIMIYHO BUPaXaroThCs B (GOPMI 3pOCTaHHS KUIBKOCTI
’KMBOI PEUYOBUHHM, IO MPUBOJUTH JIO 3aKOHOMIpHOTO 301IbIIeHHS 11 Macu (1uB. C.
39, AI'X npunyunu Bepnaocwvkoeo). Ha nymky B.1. Bepuancbkoro, BI'X enepris
pOCTy Ta PO3MHOXKEHHS — HACIIIOK Ta30BOro OOMIHY JKHBOI PEUYOBHHHU 3
NoBKULIAM. «HaBkojo Hae MK JKMBUMH ICTOTaAMH, HEPYXOMHUMHU POCIMHAMU
KOPCTOKa 00poThOa 3a ICHyBaHHS, ... HEPII 3a Bce OOpoThOa 3a ras, 3a AUXaHHSI
[3]. B mepmry uepry, 6opoTrsba 3a GiojoriyHo akTHBHI rasm, mnepir 3a Bce CO, —
MEPBUHHUM 1 HAWOIIbII aKTUBHHUM CIIOKHBAaueM SIKOTO SIBIISIETHCSl OakTepiaiabHa
MiKkpodiopa Ta pOCIUHHICTb.

Po3noBcrokenHst GakrepianbHOT Mikpoduiopu (i B IIJIOMYy — BCI€l )KUBOT
peuoBHHHU) Ta OioMacH, sSKy BOHa BUPOOJISIE, OOMEXKYETHCS TOJOBHHUM YHHOM
HAsBHICTIO JOCTaTHBOI KUIBKOCTI PEYOBHH JUisi (DYHKIIOHYBaHHS TPOPIYHUX
nanuorie. Sk BBaxkaB B.l. BepHaachkuii, «... TEOPETUYHO .. € Me€Xa KUIBKOCTI
MOKOJiHb 3a 700y, MOB'sI3aHa 3 TUM, II0 OPraHi3MHU MaroTh Ty 4Yd 1HILY (popMy
ra3oBoro ooMiny» [3].

[Tonosxxenns, siki BucinoBuB B.1. BepHaacekuii, 70 HAIIOr0 4acy BUKIUKAIOTh
P CYyMHIBIB. 30Kpema, 0 TakMX CJIiJl BIJHECTH TBEPIKEHHS MPO MOCTIMHICTH
O0lomacu MpOTAroM reoJioriyHoi ictopii 3emii: «KUIbKICTh KUTTS Ha 3€MHIN
MOBEPXHI HE3MIHHE B I'eOJIOTIvHI mepioau (Bia apXxero 0 TenepilHboro 4acy) [3,
C. 46], «KUIBKICTh JKMBOI pPEYOBHHH 3QJIMIIAETHCS HE3MIHHAM IPOTITOM
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reoJiorivHoro 4acy [3, €. 47]. HaBite yuens ta nociinosauk B.I. Beprancekoro,
Bimomuit reoximik O.I1. BuHorpanoB y nepenmosi 10 V ToMy BHOpaHUX Mpaib
CBOI'O BUUTENA BiAMIYae, M0 «3 AessKUMU TBepkeHHsaMu B.I. Bepnaacekoro He
MOXHA MOTOJAUTHUCS, HATPUKJIIA] MPU MOCTIHHICTh MAaCcH KUBOi PEUOBHHHU HA 3eMill
OpoTSIroM Bciel TeonoriuHoi ictopii». Ilim «reosoriyHoro ictopiero» B.L
Bepnancekuil MmaB Ha yBasi nepioj] iCHyBaHHSI 3eMJIi BiJ] MTOSIBU Ha HiM KUTTH.

I B Ham 4ac iCHYIOTh NMPUXWJIBHUKHU 17ei K MOCTIMHOCTI OlomacHu, Tak 1
30UTBIICHHS 11 KUIBKOCTI MPOTSATOM MEPIOAy €BOJIOLIT KUTTS. biibiiicTe 61070T1B
BBa)Kae€, IO 3arajbHa Maca >KUBOI PEUOBHHHU 30UIBLIYETHCS, MPO LIO CBIIYUTH
3pocTaroya KUIBKICTh PI3HOBHU/IIB OPTaHi3MIB, 3alIOBHEHHS HOBUX €KOJIOTTYHHX 30H
Ta audepeHmiamis eKOJOTTYHUX Himl. Psg reosoriB, 610reoxiMikiB CKENTHYHO
BIJHOCITBCS 10 MOJXKJIMBOCTI KUIBKICHOI OIIHKKA JIWHAMIKA OlomMacu 3eMill,
BBAXXKAIO4H, IMO i1 Maca 3HAXOJUThCA B TMPAMIA 3aJIEKHOCTI BiJ KIJIBKOCTI
JOCTYIHUX XIMIYHHMX €JIEMEHTIB Ta YMOB iX 3aCBO€HHS B Mekax 3eMHOi kopu. Ha
iX MYMKy, pIIIEHHS MpOOJEeMHU 3aleKUTh BiJ MOXKJIMBOCTI OIIHKKM OlomMacu B
cyudacHil Oiocepi Ta B Oiochepax MUHYIMX TE€OJOTTUHUX enox. PaasHChkuit
reosior B.O. Ycnencekuii [4], Buxons4u i3 mocTiHOCTI KoedimieHTy (ocwmmizartii
(ckam’stHiHHS) opranigyHoro Byrienio (0,8 % skoro 3aXOpOHIOETHCS 13 0CAJOBHMHU
OpOJaMH) 1 IOKAa3HHMKIB HOTro BMICTY B OCaJOBHX IIOpOAaX, 3pOOHB CIpoOy
po3paxyBatu cyMapHy Oiomacy Oiocdepu 3a Bech 4ac ii iCHyBaHHs (HpUOJIM3HO
600 muH. pokiB). HaBiTh mpu Takomy, SIBHO 3aHMIKEHOMY BiIli, BHUSBHIIOCS, IO
piluyHa MPOAYKTUBHICTH OPTraHIYHOTO BYTJIELIO B CydacHid Oiocdepi mepeBuILye
el IMOoKa3HUK il MuUHynux Oiochep B 29,5 pasziB. lleri pesymbTaTr mo0pe
MOTOJKYETHCS 13 JTAHUMH MPO BMICT BYIJIEII0O B OCaJ0BUX MOpOJAaxX MepioiiB
TaJI€03010, ME303010 i KaifHO3010. MOro maHi HOCTOBIPHO CBIZYMIM HPO T€, LIO
B110yBaJIOCSl MOCTYIOBE 30UIBIICHHS BMICTY OPraHIYHOrO BYTJIELIO B CyMapHid
Oiomaci, 3 SIKOi YTBOPIOBAJIUCS CKaM sHUI (OpPMH IOIO OIOT€HHOrO €JIEMEHTY.
Tak, cepenHiii BMICT BYTJICIIO B Male030MChKUX Biakmamgax ckiamgae 0,62 %, B
me3o3orchkux — 0,68, kaitHo30MchkuX — 1,32 %.

BinmoBigHo 10 BUCHOBKY paisHcbkoro reoximika O.b. Ponosa [5], dakr
30UIBIIEHHS] BMICTY OpraHIYHOIO BYTJIEHI0 B OUIbII Mi3HIX  BIIKIJIAIax
MOSICHIOEThCSA 30UIbLICHHSIM OlOMacH Ta MPOAYKTUBHOCTI 0OioMacH, MOCUJICHUM
MepPeXo/ly pPOCIMHHUX PEUITOK y BUKOIMHUHN CTaH, a TaAKOX BTPATY JIETKUX CIOIYK
13 OUTBII paHHIX BIAKJIAIIB.

PansHchki Teonorn i reoximiku M.M. CrtpaxoB [6] i M.b. Baccoesuu [7]
BKa3yIOTh, 110 HEBIJIOMO, SIKa CaM€ 4acTKa BIIMEPJIOi YaCTUHU POCIMHHOI OloMacu
TpaHcpopMyeThCs y BHUKONHUN crTaH. Hanpuknan, 3a iXHIMM J1aHWUMH, B
€BOJIIOLIMHOMY psANYy XBOWHI JIICH-JIUCTSIHI JIICU-TPaB'STHUCTI CIIIBTOBApUCTBA
B110yBa€ThCSl 3MEHIIEHHS BICOTKY OPraHIYHOIO BYTJIEIIO, SIKMM 3aXOPOHIOETHCSI.



~205 ~

@diTONEHO3U  OCTaHHIX  €TamiB  pO3BUTKY  Olocepu  XapakTepu3yrOTbCs
30UTBIIEHHSIM CTYNEHS 3aMKHEHOCT1 KpyrooOiry, oprasika i3 IpyHTIB MIrpye Bce
IIBU/IIIE.

Buxonsun 3 TOro, mo TpUBAIUN TEOJOTIYHUI Yac o0OJacTh >KUTTSA
oOMexxyBanacs Tipocheporo, MOXKHa OI[IHUTH JaHi 1o O6loMaci okeaHy 1 cyri. 3a
JaHUMH paasHcbkoro rpyHTo3HaBi H. 1. basunesuu [8] 1 pagsHchkoro OoTaHika
J.E. Pomina [9], mopiBHSHHS TMPOIYKII OKEaHy Ta CyIIi TOKa3ye, IIo
MPOAYKTUBHICTh Olochepu MpU MEepexol KUTTA Ha Cylly 30UIbIIMIACS SIK
MiHiMyM B 3-4 pa3u. biomaca okeany, CTpyKTypa sikoro chopmMyBaiacst HAMPUKIHITI
1a5e03010, ouiHweTbes B 3,4-10° T B mepepaxyHky Ha cyxy Macy. Biomaca Ginb
MOJIOAUX €KOCUCTEM CKIaJa€, 3a JaHUMHU PI3HUX aBTOPIB, BiJ 1,8-1012+1,0-1013 T
[10]. HaBith mpu Takiii BapiaOeIbHOCTI OLIHKHK 3pO3yMiJO0, IO OioMaca OKeaHy B
cydyacHOMy OanaHci 3eMJjl BIJITpa€ MEHINY pojib. YMHHUKOM, SKUW 3HU3HUB
MPOAYKTUBHICTh OKEaHIYHOi OloMacu, MOrjo CTaTh yTpPUMaHHA XIMIYHHUX
€JIEMEHTIB B 010re0XIMIYHOMY Kpyroo0iry 010reoreH031B CYIIIi.

Kpim abconmoTHOT BenuurnHU 610MacH B €BOJIOLIT KUTTS 1 0i0ocepu, 3HaUHy
posb Mae 3MiHa TPOJYKTHMBHOCTI €KOocucTeM. biomaca TpaB’sSIHUCTHX
CIIBTOBApHCTB Mai)ke TMOBHICTIO MiHepami3yeTbcss 3a 1-2 pokm, TOmiI SIK
MeTabod13M B cTOBOypax, KOpiHHI, TJIKaX JIEPEB TPUBAE JACCATKU Ta COTHI POKIB.
Tomy akyMynsiTUBHE 3HA4Y€HHS TpaB’STHUCTOTO MOKPOBY B Oiocdepi HE MeHIIe,
HIXK J1COBOI pociuHHOCTI. OCOOJIMBO 11€ CTOCYETHCS SIBUIL TyMycoyTBopeHHs, bI'X
kpyroo0iriB C, N, Si, Ca, K, P.

[IponykyBanus CO, B pe3ynbpTaTi O10XIMIYHHMX MPOILECIB B HEMOPYUIEHUX
exocucreMax oujnero B 13,5-10% T/pik [4]. [HTEHCUBHICTh TUKIIYHHX MPOIECIB
YTBOPEHHSI KMBOI PEUYOBMHU MPOTArOM IcHyBaHHs Oiocdepu, Ha aymky B.O.
Ycnencbkoro [4], 3pocia B 29 pasis. [Ipuuwnau pi3Hi, B TOMY YKCIi 1 Ta 00cTaBUHA,
[0 TMPOTATOM €BOJIOIII MIHAJIOCA CIIBBIIHOIIEHHS MDK MPOJYIEHTaMH,
KOHCYMEHTaMH Ta peaylieHTamMu. Tak, y OKeaHi Ha MpOAyIeHTH mnpunamae 1/16
YacTUHA, TO1 K Ha CyIll 0loMaca pOCIUH Mailke B CTO pa3iB MEPEBHUIILyE O10Macy
TBAapUH Ta MIKpooprani3MmiB. baraTto 010J0riB BBa)xarwTh, 110 >KMBAa PEUOBHHA
PO3BHUBAETHCS 3a MNPUHLUIOM «CaMOKEPOBAHOTO PO3UIUPEHOTO BIATBOPEHHS»
Oiomacu (YMCENBHOCTI OpPraHi3MiB, IX PI3HOMAHITTS Ta 3POCTAOYOi CKIIAIHOCTI)
3aBJISIKH HETIEPEPBHOCTI HAIXOPDKCHHS COHSYHOI eHeprii [11].

5.2 Kaacudirauia 0Oioreoximiuaux d¢yHKUiH xKuBOi
pe4YoBHHH 3a A.B. Aamo

Hapasi knacudikamis bI'X ¢ynkmiit 3a B.1. BepHaacekum aemio 3mMiHeHa, B
3B’SI3KY 3 HAKOMMYEHHSIM HOBUX JaHuX npo BI'X pons xuBoi matepii. PaastHcbkuii
reosior A. B. Jlamo [12], monugikyBaB nesiki 3 HHX.
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5.2.1 Eneprern4yHa pyHKIiA

OcHoBHa 6iocdepHa (PyHKIlIS )KMUBOT MaTepii — eHepreTU4HA, MOB’A3aHa 13
3amacaHHsSM €Heprii B mponecax (QOTOCHHTE3y 1 XEMOCHHTE3y, mepeaadi ii
JAHIIOTaMU KUBJICHHS Ta PO3CIIOBAaHHSIM.

Bigomo, mo Oinplia YacTHHA COHSYHOI E€HEPrii, MO0 HAJAXOIUTh Ha 3eMIIIO,
BTpPAvya€eThCs 0€3MOBOPOTHO:

- 47 % - pO3CIIOETHCSI XMAPHUM MTOKPOBOM;

- 22 % - mormMHAETHCSA aTMOCHEPHUMU Ta3aMHu;

- 24 % - mOTTMHAETHCS TPYHTOBUM TIOKPOBOM.

JIume 1 % 3acBoroeThCsl (HOTOCHHTETUKAMH U TPaHC(POPMYETHCS B €HEPI1IO
XIMIYHHX 3B’SI3KiB MakpoMOJEKYI. B pesyibrari BupoGmsterses Oimst 2,32:10° T
opraniusoi peqouru Ta 2,48-10° T kucHio IOPOKY.

[TopiBusaHO 13 CoHIIEM, €HEPTETUYHUIM BHECOK THIIIUX €HEPTETUUHUX JIKEpe
— BHYTPINIHBOTO Terla 3emili Ta BYJKaHI3MYy, MPUIUIMBHOI €HEprii — y
¢dbyHKIionyBaHHs Olochepu nyxe HesHaunwmid (Outs 0,5 %). OwueBuano, 1O
biocghepa cama enepeii He supobisie, a nuue aKymyaroe ii, nepepo3nooiiic ma
empavae npu po3Ciro6aHHi menid.

Jlns  mpoOjeM  JIIOACTBA, TIOB’S3aHUX 3 BHPOOHMIITBOM IPOAYKTIB
XapuyBaHHS, OlomManuBa, CIiJ 3HATH €(PEKTUBHICTh (DOTOCHUHTE3Y, TOOTO HACTKY
CBITJIOBOi €HEprii, sfika MEPETBOPIOETHCS B XiMiuHYy. [IOHSTTS NMPOAYKTHBHOCTI
(¢oTocuHTE3y 3ANECKUTH BIJ] TOrO, SIK OONIKYETHCS €HEPrisl — YU BCE MOTJIMHYTE
CBITJIO, UM TUTBKA OOMEXKEHO1 YaCTUHU — (DOTOCMHTETUYHO aKTUBHOI pajiarlii.

3a piBHSHHSIM (GOTOCUHTE3Y, Uil (piKcalii MOJEKYJIU BYIJIEKUCIOTO Ta3y
notpidHo 8-10 doronis. Enepris ['i66ca, motpibHa ams tpanchopmariii 1 mons
CO; B CgH1,06 cxmamae 447,3 x/Ix. IIpu mpomy 8 Moib (GOTOHIB (JOBKHHOIO
xpwini 600 wM) Marote eHeprito 15952 x/[k. OTke, HOMIHATBHHHA K.K.1.
dbotocunTe3y ckmanae Oinsg 28 %. OnmHak B peaqbHUX YMOBaX BUKOPUCTOBYETHCS
€Hepris BUMpOMiHIOBaHHS B TUThKH Aiana3zoHi 400-720 am. B conssuHOMY CBiTIII Ha
uerd aAlana3zoH npunazgae gume Outd 45 % cnekrpy, TOMY TEOPETHYHHHA K.K.I.
3HIKYeThCs 10 12,6 %. OnHak B AiiiCHOCTI pociuHa He moriauHae eneprito Ha 100
%. Tomy ¢akTH4HO K.K.JI. (POTOCMHTETHYHOI e(EeKTHUBHOCTI TpaHchopMmarii
COHSTYHOI eHeprii y 3amac eHeprii 6iomacu ckianae 3-6 % [13]. Kpim Toro, mis
MONEPEHXKEHHST TMOMIKO/KEHHsSI (OTOCMHTETUYHOIO amapaTy uepe3 HaJUIUIIOK
HAJIXOJDKCHHS CHeprii,yacTHHa i1 PO3CIIOEThCS Y BUTIIAAI Teria (HedoToxXiMiuHe
3aTyXaHHs) Y1 TePEBUIPOMIHIOETHCS K (IIYOPECIICHITISI CaMOT0 XJIOPOQLTY.

K.k.n. TunoBux pocnun ckianae 0,2-2 %, TUMOBOro BpOXKAK0 KyJIbTYPHHX
pociaua 1-2 % [13]. B 1965 p. [14] Oyno mokaszaHo, y I[yKpOBOI TPOCTHHH, SKa
JIEMOHCTPY€E OJUH 13 HAUBUILIUX K.K.JO. - 10 /%, MOSICHIOETHCSA TUM, 1110 MEPIIUMU
npoayKTaMu (OTOCHUHTE3Y SIBISIOTHCS KHUCIOTH, 10 MICTATh 4 aTOMU BYTJICIIO
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(mukn Xetya-Crieka) — s0y4Ha, IIAaBEJICBOOITOBA, acmapariHoBa (Tak 3BaHi Cy-
KHCIOTH Ta BiamoBigHo Cs-opranizmu), a He C3-KUCIIOTa, sKa MICTHTH 3 aTOMHU
Byrienio (3-dochorminepuHoBa KuCIOTa 1 BimnmoBigHO Cz-OpraHi3amu), sK Y
XJIOpETH Ta OLTBIIOCTI POCIHH MOMIpHOI KiriMatndHOi 30HU (puc. 5.1). Ili3Hime
Oyno BusBieHO Oararo iHMMX C4-pOCIUH, TOJOBHUM YHHOM TPOIIYHHUX (B TOMY
YUCIi THX, [0 MAalTh BaXJIMBE TOCIOJApYe 3HAYCHHS), I1X Ha3Baud. 3
OJTHOJIOJILHUX J0 HHUX KykKypyn3a (Zed), copro (Sorghum), mpoco (Eleusine), a 3
JBOJIOJILHUX — IMUpHIE poay Amaranthus ta meski Buam monodaiinux Euphorbia
[13].

Cs-pocnuHM  3a3BHYaii  JI0Ope PO3BHUBAIOTECS B  00JACTAX ITOMIPHOIO
TEMIIEPATYPHOTO  PEXKUMY, TOMIPHOI I1HTEHCHMBHOCTI COHSYHOIO  CBITJA,
HAJUTAIIIKOBOIO KITBKICTIO Mig3eMHHX BoJ Ta KoHieHtpariero CO; Bix 200 ppm i
Bullle. Taki POCIMHHI OpraHi3Mu 3’SIBUJIKCS B Me€3030i 1 Majieo3o0i, Habarato
panime 10 mosiBu Cy-pocimH. BoHm # 3apa3 ckmamarote 95 % OGiomacu 3eMHOT

pocnuuHocTi (Hanpukiaaa, sumiab (HOrdeum), puc (Oryza)).
C4 rucaoTH

O O H O O acnapaziuoeao
HO RN Y| OH HO~r -2~ OH
a26ayuna O waeenesooymoeda
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C 3 KHCAOTA

OH
HO
\P/o , ~_1_OH
HO” \\ |
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3-¢pocgpozniuepunosa xucnroma
Puc. 5.1. Knacudikamis C4 Ta C3 KUCIOT

OcobOnuBy rpymy 3 MapagoKcalbHUM METa0OJI3MOM CKJIaJal0Th POCIUHU
Jy’)Ke€ TOCYILIMBUX pailoHIB, ski oaepxkanu Ha3py CAM-pocnuHM, 32 Ha3BOIO
pomuau Crassulaceae. lle mepeBaxkHO CyKYJCHTH IIyCTellb, aHaHac. BoHH
3acBOIOIOTh atMocdepuuit CO, Takox 3 yTBOpeHHSIM C4-KUCIOT (MEepeBakKHO
s0Iy4HO1), ajne iXHii cuHTe3 BiAOyBaeThcsl B TempsBi. Kuciora 3amacaerbes y
BaKyoJIiX. BpeHb, komu XJOpOodiT aKTUBYETHCS CBITIOM, s0JydyHa KHUCIOTa
BTpadae KapOOKCWIbHY TPYIy 3 YTBOPEHHsIM 3-aTomMHOro jaHiory ta CO,, i3
AKUX TOTIM CHHTE3yIOThcA ByrjaeBoAHi B 1ukii KanbBiHa. OcCHOBHa mnepeBara
TaKoro crnoco0y 3acBO€HHS (POTOEHEPT1i — €KOHOMISI BOJHU, IO € YK€ BaJIMBUM
YUHHUKOM JIJISI CYKYJICHTIB.
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Ha puc. 5.2 naBeneHno cxeMy e(eKTHBHOCTI PO3MOILTY CBITIIOBOI €HEPTil y
(dhoTOoCUHTE31 POCIMHAMU PI3HUX THUIIB. MiHIMalbHI BTPAaTH €HEPrii pO3paxoBaHO
Ha 1000 k/[x CBITIIOBOTO TOTOKY Ha KOXHHUH JHCKPETHINH CTamil mporecy
(OoTOCUHTE3Y POCIIMH BiJ] EpPEXBaTy BUIIPOMIHIOBAHHS /10 YTBOPEHHS OloMacu K
aKyMyJISITOpPY XIMI4HOI eHeprii. Po3paxyHKku mpoBefeHO MpH TeMIepaTypi JucTKa
30 °C Ta xonmentpanii CO, y mositpi 380 ppm. TeopeTtnune MakcUMaiabHE
3HaueHHS K.K.J. ¢orocuHTe3y ckmanae 4,6 % mua C; ta 6 % mns C,4 pocnuH.
Po3paxyHoKk mpoBeieHO SIK BIIHOIICHHS MOBHOI MOYaTKOBOI COHSYHO1 €Heprii Ta
KIHIIEBO1 €Heprii, HAKOMMMYEeHO1 B OioMacl.

Caix BiIMITUTH, IO HEAaBHE jAociipkeHHs [17] mokasano, mo OyIo
HEJIOOI[IHEHO BHECOK (DOTOCHMHTE3YIOUMX I[1aHOOAKTEpi y 3aCBOEHHI EHEprii,
ouinenuit y 20-30 % Bix 3arampHOi akymymsnii 3 iHTeHcuBHicTIO Oinst 450
TEepaBarTT B pik. 3arajibHy (POTOCHUHTETUYHY MPOJYKTUBHICTH Oiocepu OIIHEeHO B
1,50-2,25-10" Bt a6o 4,73-7,10-1022 JI>X, BpaxOBYIOUH, 110 MOTY>KHICTh COHIYHOL
pamiarii, ominka K.k.1. porocuHTe3y konuBaerbes Bim 0,84 % mo 1,60 %, mo
MOTOJKYETHCS 3 TaHUMH poOoTH [13].

ConauHa
eHepria BTPE'-T}"
eHeprii
1000 xIx
YacTHHA CHEKTPY, 10 BHXOAHTE
513 3a mexmxki bOTOCHHTETHKH
438 49 YacTka BiZGHTOI eHeprii
372 66 dPoToximMiuHO HeedheKTHBHA
C4 eHeprisa
126 246 85 287 CHHTe3 ByraeBoAiB
61 85 0 <PoTopecmipamis
19 6 25 Pecmipamia
""\
Emmaca Biomaca
60 gll=

Puc. 5.2. [lopiBHsJIbHA XapaKTEPUCTUKA PO3MOJUTYy, BTpaT Ta 3aCBOEHHS
COHSTYHOT eHeprii B porteci potocunTe3y pocauHamu Cz ta C4 THmiB [15]

O1iHKa eHepreTUYHOi (PYyHKIIII )KUBOTO BaXJIMBA VISl MPUKIATHUX MUTAHb,
HalpuKIaA, OI[IHKKM pPeHTA0eNbHOCTI OJEepKaHHS OlomajvBa MOPIBHSHO,
HaMpUKiIaa, 3 GOTOCICKTPUUYHOK YCTAaHOBKOK. CIiJ BIAMITUTH, IO TMOPIBHSIHHS
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HE Ha KOPHUCTh OloTexHoJorii. YacTka 3aCBOEHOI COHSYHOI €HEprii Ha peanbHIl
raHTanii rasadicekoi mambmMu  (Bpuramy) Oyna piBHoro 0,3 %, Tomi sk
doroenemenT 3acBoiB 0111 10% constunoi iHCOmAii [13].

Tomy ogHUM 13 MEPCIEKTUBHUX HAMPSIMKIB Cy4acHOI 010TE€XHOJIOT1i, TeHHOT
IHXKeHepli € TMOoIyK Cchoco0iB MIABUINEHHS K.K.J. (oTocuHTe3y. I'pyna
OiloTexHONIOTIB 13 Maccadycercbkoro TexHojoriunoro incturyty (CIIIA) [18]
pPO3pOOMIIa TEXHOJIOTIO 30UTBIIEHHS K.K.1. (DOTOCHHTE3Y B 3 pa3u 3a JOMOMOTOIO
HAaHOYACTUHOK HAa OCHOBI BYIJVIELIEBUX HAHOTPYOOK. BBeneHHsA iX HeBEIMKOi
KUIBKOCTI B KJITUHM POCIHH TMPHUBEIO J0 3HAYHOIO MOKPAIIEHHIO POOOTH
xyoporutactiB.  IToOiuH1 edexTn BiA Takoi omepamii BAAJIOCA YCYHYTH 3aBISKU
NPUETHAHHIO 0 HAHOTPYOOK HAHOYACTHHKH 13 okcuay uepito CeO; i Monexynu
nomiakpuioBoi kucinotu (-CH,-CH-COOH),. Beeaena cucrema BOYIOBYETHCS B
CTIHKM XJIOPOIUIACTIB, 30UIBIIYIOYM iX pOOOYMH «[iara3oH» Ta MPUCKOPIOKOYHU
OOMIH €JICKTPOHAMU MK PI3HUMH CKJIAJOBUMH CUCTEMU (DOTOCUHTERY.

HaykoBa nymka minuia ganii, akTUBHO pO3pOOJISiIOUM MITYYHI CUCTEMHU, IO
IMITYIOTh MPOIIECH 3aCBOEHHS CBITIIOBOT €Heprii B mporieci ¢porocunTedy [19]. Tak,
ximMiku 13 HamionanpHoi nabopatopii  MinictepctBa enepretuku  CIIA
BbpykxetiBen i Virginia Tech po3poounu nBa (hoTOKaTamizaTopu y BUTIISI €IAHOT
«CYMPaMOJEKYyIn», CIeliali30BaHOol ISl TOTJIMHAHHS CBITJA, IEPEHECEHHS
€JIeKTpOHa 1 HACTYMHOrO Karanizy. B 000X MONEKyIsIpHUX CHCTEMax LEHTPU
(boKycyBaHHS CBITJIa MICTATh HOHU pyTeHi0 RU, cronydeHi 3 ionamu  poxmito Rh
gyepe3 MOJICKYITY-MICTOK, sika 3a0e3reuye nmepeHic eJIeKTPoHiB i3 meHTpiB Ru B Rh-
KaTajizaTop, 1€ yTBOPIOETHCS BOJEHb.

Xoya XeMOCHMHTEe3 SIK METOJ OJiepKaHHsS €Heprii mid (QyHKIIOHYBaHHS
KHUBOi Marepli B cydacHId Oilocdepl nae HE3HAYHUM BHECOK B 3arajbHUM
eHeprodanaHc, BIH BaXJIMBHA THUM, [0 OYEBUIHO OyB EBOJIOLIMHO NEPIIUM
croco0oM aBTOTPO(HOTO KHUBJICHHS (TIIBKK OakTepii Ta apxei) NMUITXOM CHHTE3Y
opranigaux pedosus 3 CO, 3a paxynok okucineHHs H,, NHsz, H,S, Fe™, Mn"" ta
THIITUX PEYOBHH.

SABume xemocunaTe3y B 1887 p. BIAKpUB BUAATHHIA POCIHCHKUN MIKPOOioIOT
C.M. Bunorpazncekmii [20]. Moro oco6amBicTh B TOMy, IO €HEpris peaxIiiif
OKHCIICHHSI HEOPraHIYHUX CHOJYK HE MOXE HaIpsMy 3aCBOIOBATHCS Yy MpoIecax
acuMuanii. CrnoyaTKy BOHA IMOBHHHA TpaHC()OpPMYBaTHCS B EHEPrilo 3B S3KIB
AT®, a TUIBKH TIOTIM BHKOPUCTOBYETHCS ISl CHHTE3Y OPTraHIYHHX CHOJYK (pHC.
5.3).

OKUCITIOIOYN HEOpPTraHiYHI PEYOBUHH, XemocuHmemuiku (XeMOTITOTpO(H)
OJIepXKyroTh BigHOBHI ekBiBasieHTH (y Burisai HAJ['H), a Takox eHeprito, sKy
3amacaroTh y BUrsiAl AT® 3aBAsky Npouecy NEpPEeHoCy eNeKTPOHIB Yepe3 JaHIIor
IUXaJbHUX  (EepMeHTiB, BOyJAOBaHMX B MeMOpaHy KIITHHU  OakTepii.
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XeMOCUHTETUYHUN O10CHHTE3 OpraHiKd BIIOYBAETHCS B PE3yIbTaTi aBTOTPOPHOI
acumianii CO, y nukni KanbBiHa anHanoriyHo 10 QotocuHTe3y. bakrepii, siki
BUKOPHUCTOBYIOTh XEMOCHHTE3, HE BIJHOCATHCS JI0 €AMHOT B TaKCOHOMIYHOMY
BIIHOIIIEHHI T'PYIH, 1X CUCTEMATHU3YIOTh 3aJI€KHO BiJ] HEOPraHIYHOTO CyOCTpary,
SKAN BOHU OKUCITIOIOTb.

Hampuknan, ne:

- Boonesi 0Gaktepii — OJEpPKYIOTh EHEPril0 BIJl pPeakilli OKUCICHHS
BogHio. 2H, + O, = 2H,0 + 235 kJI)x. BoHu BiZHOCITHECS IO caMOil YUCICHHOI 1
PI3HOMAHITHOI T'PYNH XEMOCHHTETHKIB, 1€ aepoOu. BOHU OKHCIIIOIOTH BOJECHB,
SKAW YTBOPIOEThCSA MPU aHAEPOOHOMY pO3KJIaAl PI3HUX OPraHIYHUX PEHITOK.
[lopiBHSHO 3 I1HIIUMH aBTOTpo()aMuM BOHM MalOTh BUCOKY MIBUJIKICTh
PO3MHOXKEHHSI Ta POCTY, TOMY MOXYTh YTBOPIOBAaTH 3HauHy Olomacy. HaitOuibm
BuBueHa Hydrogenomonas eutropha — mupoko mommpeHa B IpyHTI apiOHa
PYXJIMBa, 3 TOJISIPHUM JKTYTUKOM MaJIHYKa.

2 Cetl1 206+ H0
R () S M
B g
go
¥ - » AT® HAI'H + H'<
CO,
CoH; 0.+ H,0
o (e e
¥
TE
= (]
&% @ - > ATP HAJI'H + H'=
i CcO,
CeHy 06+ H0
o Al HAL
8 5
2 &
3%
B > ATD HAI-H + H
CcO,
Puc. 5.3. Cxemn xemocuntesy (AJ® - adenozunmpughocpam, ATD —
asenosunmpugocgpam,  HAT , HAJH - Koghepmenm  HIKOMUH

aAmMioa0eHiHOUHYKIeomuo 0enpomoHO8aHUl i NPOMOHOBAHUI 8ION0BIOHO)

- baxmepii, axi oxucmoroms cipky — OJIEPXKYIOTb EHEprilo BiJ peaxiii
okucienns BogHo: 2H,S + O, = 2H,0 + 2 S + 272 x/[x. B xnituaax 6akTepiit y
BUTJISII APIOHUX BKJIIOYEHb HAKOMUYYETHCS BIIbHA CIPKA, IO 3 YaCOM YTBOPIOE
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3HauHl ii mokmaau. CepenoBuilleM ICHYBaHHS LUX OakTepiil € BOJOMMHU, Yy BO/II
sakuxX Mictutbes H,S, Bynkaniunux BuxoxiB. [Ipu HepocTadi cipkoBogHIO OakTepii
i€l TPYNMHA MPOAOBKYIOTh OKUCICHHS Cipku 10 cipuaHoi kucimoTu: 2S + 30, +
2H,0 = 2H,SO4 + 636 x/Ix. Enepris, sky omepKyrOTh MPH OKUCICHHI MU
MIKpPOOPTaHi3MaMu BIJHOBJIEHUX CIIOJYK CIPKH, BUKOPUCTOBYETHCS HUMHU IS
cuHTe3y opraniunux cnonyk 13 CO,. Kucnora, sika yTBOPIOETbCS SIK MOOIYHHI
MPOAYKT METaboJi3My, € JTII0YMM HadyajioM XIMIYHOTO BUBITPIOBAHHS. 3/1aTHICTh
JESKUX CIPYUCTUX OakTepidl po3kiajgaTd Cyiab(igu MeTanaiB BUKOPUCTOBYIOTH B
OakTepiabHIM TiIpoMeTanyprii Ajig OaKTepiaJIbHOIO BMIIYTOBYBaHHS METAJIB 13
pyn [21];

- Himpudgikyroui 6axmepii — TepeTBOPIOIOTh aMiak Ta aMOHIMHI COJIi B
HiTpaTu. CepeaoBUIIE iX TPOKUBAHHS — IPYHT Ta BOAOUMU. JKUTTETIAIBHICTS LIUX
OakTepiil — OJIUH 13 OCHOBHUX YMHHUKIB POAIOUOCTI IpyHTIB. Peakiii HiTpudikamii
B1I0YBaIOTHCA B JIB1 CTAIIi:

2 NH3z + 30, =2 HNO, + 2 H,0 + 272 x]JIx;

2 HNO, + O, = 2HNO3 + 142 x]JIx.

- 3anizucmi 6axkmepii — ONEPXKYIOTh €HEPril0 3a PaXyHOK OKHCIICHHS
fionis Fe?* no Fe**:

4 FeCO;3 + O, + 6H,0 = 4 Fe(OH);3 + 4CO, + 324 x[Ix.

OnHl 13 MpPeACTaBHUKIB 1BOTO KIJIACYy XEMOABTOTPO(DIB — OJHOKIITHUHHI
oaktepii Bumy Thiobacillus ferrooxidans - nHakomuuyrote rigpokcun Fe(lll) B
30BHIIIHBOMY OaKTeplaJbHOMY YOXJi, IPU IIbOMY MOHM 3ajli3a HE MOTPAIUISIOTh
4yepe3 KIITUHHY MeMOpaHy J0 UUTOIUIa3MU. BOHUM HE MOXYTh NEpPETBOPIOBATU
atMochepauii CO; 1 TOMY SBJISIOTBCS CTPOrUMHU (OOTIraTHUMH) XeMOTpOhaMHu.
[losiBa enexkTpogHoro mnoteHmiany i cuHTe3 ATD 3nificHIOETHCS 3a PaxXyHOK
pizauIl pH BcepenuHi 1 30BHI KJITITHHHU.

OTxe, XEMOCHHTETMUYHHM OaKTepisiM HalleKuTh mpoBimHa poib B BI'X
[UKJIaX XIMIYHUX €JIEMEHTIB B O6iocdepi.

3a crnocoOoM ofiepKaHHS €HEPrii Ta TUIIOM JIOHOPIB €JIEKTPOHIB Y Mpolecax
TpanchopMallii eHeprii Bci )KMB1 OpraHi3MH MOYKHA MOIUTHTH Ha!

- Domonimompogu — KUBIATHCS COHSYHUM CBITJIIOM, JIKEPENIO
€JIEKTPOHIB — HEOPraHiuH1 CIOJIYKH,

- Xemonimompoghu — €HEpriro OJIEpKYIOTh 13 OKHCHO-BIJHOBHUX
peakIliii, JOHOPHU €JIEKTPOHIB — HEOPTaH1YH1 CIIONYKHU;

- Xemoopearnompoghu — BUKOPUCTOBYIOTh €HEPTil0 OKHCHO-BIIHOBHUX
peakIliif, JKepelaMH €JIEKTPOHIB € OpraHiuHi CIOJYKH, CHUHTE30BaH1 IHIIUMU
OpraHizaMaMH, 10 HHUX BITHOCSTHCS O1TBIITICTD MaTOTE€HHUX
MIKpOOpraHi3MiB(HANPUKIaa, CTapLIIOKOKH).
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[TopiBHSHHS eHEepreTUYHUX €PEeKTIB peakilii XeMOCUHTE3y Ta (POTOCUHTE3Y
MOSICHIOE, YOMY XEMOCHHTETHKH HE NIAHSAJIUCS BHUIIE OaKTepiaJbHOIO pPIBHS
oprasizarii:

Cymapni pigHAHHS XeMOCUHME3Y .

28 + 30, +2H,0 = 2H,S0, + 636 gJ[:xk:

2H.-S+ 0, =2H, 0+ 2 S+ 272 xJI:x;

2NH; + 30, = 2ZHNO, + 2H,0 + 662 kJ[x:

2 HN-OI + 01 = EHN-(); + 101 K}I[}I{

4 FeCOs; + O, + 6H,0 = 4Fe(OH); + 4CO, + 324 xJxk:
2H,; + O, =2H,0 + 235 gJ[:x.

CyMmapHe piBHSIHHA (POTOCHHTE3Y:
6 C01+ EHID = CEHIIDG + 501 + 2920 K,':LHE

OTxe, TmOpuyMHAa TONAra€e B  TOMY, 10 EHEPreTU4YHl  ePeKTH
XEMOCUHTETUYHHUX PEaKiliil y KiIbKa pa3iB MEHIII, HIXK peakilii OTOCUHTE3Y.

5.2.2 Ta3zoBa pyHKLia

Bona nonsirae y 37aTHOCTI MIATPUMYBAaTH Ta 3MIHIOBAaTU MEBHUN Tra30BHil
ckJyaq noBkuLIA 1 atMochepu. 3a B.I. BepHaacbkuM, BCi ra3u cydyacHoi atmochepu
noB’si3aHl 3  (PyHKI[IOHyBaHHSAM kuBOi Marepii. Lle monoxeHHs crano
3araJbHOBU3HAHUM. 30KpEMa, 3aJlydeHHs BYIUIELIO y mpouec (pOToCHUHTE3Y 3
MOJANIBIIIO IHKOPIOPALIE€I0 Y JIAHIIIOT KUBJICHHS 3yMOBUIN MOT0 HAKOMMMYECHHS B
OloreHHill pe4oBuHI. B pe3ynbTaTi BMICT BYTJICLIO Ta HOTO CHOJYK MOCTYMHOBO
3MEHIIYBaBCs, MepII 3a Bce B arMmocdepi, Bix mecarkiB g0 cydacanx 0,0038 %.
[lapanensHo BiAOyBajocs akymylsilisi aTMOC(EpHOro KHUCHIO, CHUHTE3YBaHHS
O30HY TOLIO.

lMa3zoBy (yHKIIIIO AU(DEPEHIIIIOTh 3al1€XKHO BiJl XIMIYHOI CHOJYKH/CIOJYK,
3aIisTHUX OpH 11 peaizalii:

- Kucneso-eyenexucna, nposB SIKOi TOJATa€ y CTBOPEHHI OCHOBHOI Macu
BibHOrO O). i yuacHuKaMu € Bei POTOCHHTE3YIOUI OPraHi3My;

- Byenexucna, He3anexxHa BIJT KHUCHEBOi: yTBOpeHHs OioreHHoro CO;
BHACJIIJIOK MIPOIIECIB AUXaHHs rpuliB, OakTepiid, TBapuH. BoHa 0co0IMBO BaXkJiMBa
I mig3eMHo1 OiocdepH, Mo30aBIeHOT KOHTAKTy 3 aTtMocheporo (HampHKiIam, B
apTe31aHChKUX BOJAX);

- O30HHaQ ma nepoxKcuoH06800He8a TMPOSIBISETHCS B YTBOPEHH1 030HY O3 1,
HarneBHo, H,0», axi GopMyoTh 030HOBUM 3aXHCHUH 1I1ap;

- A3omna, 10 MOJATAE Y CTBOPEHHI OCHOBHO1 KIJIBKOCT1 MOJIEKYJsIpHOTO N3
BHAC/IIIOK MOro BHUJIEHHS a30TOOAKTEpPOM B TMPOIECI PO3KIAAy OPraHivyHOi
PEUYOBUHHU SK Ha CYIIIl, TaK 1 B OKEaHi;
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- Byenesoonesa — nepeTBOpPEeHHS psly OIOTeHHHMX Ta3iB (MIPUPOJTHOTO rasy,
TEPIICHIB MPUPOAHHUX ePIPHUX Macell, MEpKaIlTaHiB TOIIIO).

3apa3 B armocdepi mictutbes 1,2:10% 1t O, (21 % 06.) i 0,0002-:10% r CO,
(0,038 %). ko BpaxyBaTH, IO B Mporecax (GOTOCHHTE3Y MOPIYHO BUALIIETHCS
6imst 2:10" r O, [22], TO Bech KHCEHb, IO MICTHTBCS B atMocdepi, YTBOPHUBCS
MPOTITOM KITBKOX THUCSY poOKiB. lle TpuBamicTh MOBHOTO KPyrooOiry KHUCHIO
6iochepu.

Bigomo, 110 AB1 KpUTHUYHI TOYKK €BOJIIOIIL Oiocepu HampsiMy IMOB’s3aHi 3
ra30BOI0 (DYHKITIEIO )KUBOI pedyoBUHU. BBaxkaeThcs, 110 mepia tpanuiacs oist 2,4
MJIpJ. POKIB Ha3aj, KOJM KOHIeHTpalis atMmochepHoro O, csarayna 1 % cyyacHoro
piBHS BHACJIJIOK TOTO, IO IIaHOOAKTEPisIM BHIAJIOCA OCBOITH (OTOCHHTE3 (TaK
3BaHa «nepwia mouxka Ilacmepa», «kucHeéa kKamacmpoga uu KucHesa
pesonoyis») (puc. 5.4).

3a TIMOTE30H0 «KUCHEBOTO KOHTPOJIO» aMEPUKAHCHKUX HAyKOBIIIB
bepkuepa i Mapmramuna (L. V. Berkner, L.C. Marshall) [23], BmicT atmocdeproro
O, o moyatky (anepo3oro (6t 540 MiTH. poKiB Ha3ax) OyB HIDKYUM, HIK Y TOYIT
[lactepa, BHAcCHIIOK 4YOTrO0 HE MOIJIM BUHUKHYTH (QOPMH SKUTTS, OUIbII
BHCOKOOPTraHi30BaHi, Hik BoAopocTi. [li3Hime 1o rinore3y neperyisHyiu, 1 0yio
BHU3HAHO, 1110 1[0 TOYKY Olocdepa mpoiiina 3Ha4yHO paHilmie — 3a 1 Mipa. pokiB
paHilie 3a MosIBY NMepInxX OaraToKIITUHHUX. J[0 HEl MOBEpHYIUCS, KOJIU BUSBUIIH,
o npu BMicTi HIk4e 1 % O, Bix cyyacHoro aepoOHui MeTadodi3M B MPUHIIMII
HeMOoxuBui. Tak sK a8 (QYHKIIOHYBaHHS MAaKpPOCKOMIYHUX OpraHi3MiB
MOTPIOHO 3HAYHO O1JIbIlI€ KUCHIO, TOMY 1 BAHUK PO3BUB Y MIJIBSAP]] POKIB.
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Puc. 5.4. lunamika Bmicty O, B 3eMHilt atmocgepi [28]
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Taky «may3y» €BONIONII MOSICHIOIOTh HU3BKOIO JOCTYIHICTIO ISl KHUBOTO
MeTaliB, NOTpiOHMX it (YHKIIOHYBaHHS (epMeHTIB. 3 TMOSBOIO KHUCHIO 1
BUHUKHEHHSM aepoOiB B Oiocepi (Ot 1,2 mupn. pokiB ToMy Hazan)
BIIHOBJIIOBAJIbHI MPOILIECH TOYAJId CYNPOBOJKYBATUCS OKUCHIOBalbHUMU. Lle
MPUHIIMIIOBO 3MIHUJIO T€OXIMIIO JiTochepr 3eMii.

Jpyruii mepe’aoMHHI MOMEHT CTOCOBHO BMIcTy O ctaBcsa Oins 800 mus.
pOKIB Hazax, koim Horo KouieHTpamis csarayida 10 % Bim cydacHoro («opyea
mouka [lacmepa»). Taka KOHIIEHTpAIlis CTaja JOCTAaTHBOIO JUISI CTBOPEHHS
030HOBOTO MIapy. Hacnmiiok — BUHUKIA MOXJIMBICTH JUIsl KUBUX OpPTraHi3MiB
MOKUHYTH BOJHE CEPEIOBUIIE, AKe 3axuIiaino Bij YD BUIIPOMIHIOBAHHS, Ta BUNTH
Ha CyIly.

[Ipore HaBiTh micis apyroi Touku Ilactepa eBONIOLIMHMI JBUTYH HeE
3ampaifoBaB Ha TOBHY cuiry. [Ipoiinmio me Gins 260 MitH. pOKiB, TIOKH HE CTaBCS
«KEeMOpIAChKUNA BUOYX», KOJM 3a KOPOTKUUA MPOMDKOK Yacy YTBOPHIOCS
BEJIMYE3HE PI3HOMAHITTS HOBUX (HOPM KUTTA. MOXKIKBO, 110 3a MPOMIXKOK 4acy
MDK MU TOAISIMU BIIOYBaJIUCS 3aBEpIlajibHiI MOJIEKYJISIPHO-T€HETUYHI 3M1HH, 1110
JI03BOJIUJIH KUTTIO BUKOPUCTATH BC1 IIEPEBAru KUCHEBOI aTMoc(epu.

Sk 3miHunacs npupoga 010XIMIYHHMX MPOIIECIB IMIC/ISI BUHUKHEHHS KUCHEBOI
atMocdepnu? HakomuueHHS MOJEKYISPHOTO KHCHIO B Hil TPHU3BEIO BPEMITI 0
BCTAHOBJICHHS TEPMOJMHAMIYHOI PIBHOBArM MPOIECIB (POTOCHUHTE3Y-AUXAHHS.
3MICTUTH 11 MOXJIMBO TUTBKH IIUISIXOM BHUBEICHHS 13 cepu peakilii OJHOro i3
MPOAYKTIB. 30UIBIINTA BUXIJT KACHIO MO>XHAa 4Yepe3 HE3BOPOTHE BUBEICHHS 13
peakKIlii CroiayK BITHOBJIECHOIO BYTJIEIIO Y popMi IIyKpiB Ta iX nepuBaTuBiB. OTXKE,
npoaykyBaHHa O, XKMBOIO PEUOBHHOIO Olocepu MouynMHaEe MEpeBUILYBATH HOTO
CIIO’KMBAaHHS HEI K TUIBKM 33 YMOBU 3aXOPOHEHHS B 0CaJaX HEOKHCIICHOT
opraniku. Ha mepmmuii mormsaa, 1e mapaJoKCaIbHUM BUCHOBOK, SKHW BHUKIIHUKAE
KOTHITUBHUW JUCOHAHC 13 3BHUYHHUM TBEPKEHHSAM «JIICH — JIETEH1 IJIAHETU.
[IpoTe B peanbHOCTI TPOIMIYHMI JIC CIOXHUBAE PIBHO CTUIBKU Oj, CKUIBKA U
BUPOOJISIE B CTaH1 pIBHOBAry — MIBUJIKOCTI MPAMOi Ta 3BOPOTHOT peakilii piBHI M1k
co0o10. SIKII0 1 MOKHA BKa3aTH <«JIETEH1 IJIaHETU», TO 1€ — 00JI0Ta Ta BIAKPUTUH
okean (puc. 5.5). Came B 0oyoTax BiIOYBA€THCSA MPOILEC 3aXOPOHCHHS
HEOKHCJICHOI OpraHiuHOi PEYOBUHH, 32 PaXyHOK YOTO HEBUKOPHUCTAHUUA KHCEHBb
HaKOMUYY€ETHCS B aTMOC(hepi.
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NPOAYKTUBHICTIO 1X hoTocHHTE3Y [29]

[HTEeHCHBHICT ~ HAKONMWYEHHS  KHUCHIO  MOXHA  BHM3HAYUTH 34
OMOCEPEIKOBAHUM TMOKA3HUKOM — TEOJIOTIYHUMU JAaHUMH IOJ0 130TOIMHOTO
criBBigHourenns 2C/**C B opraniunmx Bigkmagax [30]. HemonaBHo Ha Teputopii
apxinenary lImindepren O0ys0 BIAKPUTO YHIKAJIBbHY 3a IUTICHICTIO Ta MOBHOTOIO
MOCIZOBHICTh MI3HBOMPOTEO30MCHKUX BIJIKJIAMAIB, SIKI C(HOpPMYBaIUCAd MPOTATOM
nepiogy 850-600 muH. pokiB Hazan [31]. BuBuYMBIIM CHiBBITHONICHHS 130TOIIB
KapOOHy B HUX, amepuKaHchkuid naneooionor E. Kuomts (A.H. Knoll) BcranoBus,
10 MPOTSATOM IBOT'O MEPIOy MIBUJIKICTh 3aXOPOHEHHS OPraHIYHOTO BYIJIEII0 Oyia
HAWBUIIOIO TPOTATOM Beiei Teonoriunoi ictopii 3emmi [32]. JlocmimkeHHs
MI3HBOIPOTEPO30MCHKUX OCaAIB B IHMMX perioHax cBity (Kamama, ABcrpaiis,
[TiBmenHa Adpuka) minrBepauan BUCHOBOK Koo, Takum dYuHOM, pi3ke
30UTbIIIEHHS] BMICTY BUibHOTO Oy B atMocdepi BinOynocs paHiiie, HiX 3’ sSBUIACA
MakpockomniyHa (hayHa, 1 HaBpsi/i UM 1€ BUTIaIKOBUH 301ir.

['onoBHa nepeBara KUCHEBOTO (POTOCUHTE3Y — HEOOMEKEHU 3anac BUXITHOT
PEYOBUHU-BIIHOBHUKA — BOJU. ['OJJOBHUM HEIOJIKOM € BHCOKAa TOKCHUYHICTb
OJTHOTO 13 IPOAYKTIB — KUCHIO Op. Came TOMy croyaTKy Led Thn oOMiHYy He OyB
«momynsipaum».  [lpote 13  3pocTaHHsM  AedIiUTY I1HIIUX  BIJHOBHHKIB
(bOTOCUHTETUKHU OJIEp>Kalld KOHKYPEHTHY TIepeBary 3aBAsSKH HEOOMEXEHOCTI
BHUXIJIHOI CHPOBMHHU. 3 IbOI0 4Yacy mouajacs emoxa, 1o TpuBaia Oung 1 mupn.
POKIB, MPOTATOoM sikoi Olocdepy 3emili CKIaJalid MEePEeBaXKHO I11aHOOAKTEi.
HermronaBHo 11e#t miepio 1 3amporoHyBalid HaBiTh Tak 1 Ha3BaTH - «IiaHo30i» [33].

[{ianoOakTepii 2,4 MipA. POKiB Ha3aa BIACHE W 3aMOYaTKyBaIH <KHCHEBY
peBodtionito» (a0o Bennky OKHMCHIOBAJIbHY TOJIII0, €KHCHEBY KaTacTpody», aHTIII.
Great Oxidation Event, GOE). 3Buuaiino, 11¢ He Oylla MHTTEBA YHIKaJlbHA OIS,



~216 ~

KOPOTKI ClajlaXxd 3pOCTaHHS KOHIEHTpAllll KUCHIO TpAIUSUIMCS 1 paHimie, 1o
3aikcyBanu najgeontosioru [34]. OgHak 3a KOPOTKHUA B MacmTabax reoyioriqHoro
qacy mepioJ] y KiibKa JASCATKIB MUTBHOHIB pokiB kKoHIeHTpaIrist O, 3pocia B 1000
pa3iB (puc. 5.4) 1 craburidyBasiacs Ha I1boMy piBHI. biocdepa crama
OKHCHIOBaJIbHOIO BXKE€ HEOOOPOTHO.

Jlnst OUIBIIOCTI TEPBICHUX MPOKApioT Taka KOHLEHTpallisl KHUCHIO CTaja
CMEPTEIbHO TOKCUYHOI, TOMY B «KHOBOMY KHCHEBOMY CBITi» CTaJ0Cs iXHE MacOBE
BuMmupanHs 3a nepion mporsrom 100-200 muH. pokiB. Bwkwiu Ti 3 HEX, fKI
BCTUTJIM CTBOPUTU TPOTEKTOPHI (EPMEHTH, SKi 3axUIlad BiJ KHUCHIO, Ta
JI0OIATKOBO 30UIBIIUTH TOBIIMHY KIITUHHUX MeMmOpadH. biocdepa BiamoBiina Ha
«KWCHEBHMH BUKIIUK» MOSBOIO OaKTepid, ki1 BKIOUMIN Oy B MOCIIIOBHICTh PEAKITIMA
pO3KJIaly TIIOKO3M, TOOTO CTajdud BUKOPHUCTOBYBAaTH KHCEHb B Mpolecax
OJiep>KaHHs eHeprii. BusBWIOCS, MO0 OKHCICHHS TJIFOKO3W KHCHEM (IMXaHHS) B
EHEepPreTUYHOMY  IUIaHi  Habarato  BUTiIHINIE 32  OE3KMCHEBUU  HUISAX
JMCIIPOTIOPIIIOHYBaHHHs ByIemto (Opominus). [Ipy 1mbOMy IOYAaTKOBI eTamu
po3Majy TIOKO3M B Mpoliecax JUXaHHS Ta OPOJIHHS 3aJUIIUINCSA OJHAKOBUMHU.
KucHeBuil MexaHi3M IO CyTi cTaB HaAOyJOBOIO HaJ ICHYIOUMM IE€pPBICHUM
0E€3KHMCHEBUM 010XIMIYHUM MEXaHI3MOM.

['pyna wmikpoopraHi3aMiB, siKa OCBOLIa PHU3MKOBaHY, MOpoTe €(PEKTUBHY
NpoleAypy OJepKaHHS €Heprii 3a BHUKOPHUCTAaHHSM  KHCHIO, Ha3BaHa
npomeobaxmepismy. BIINOBIAHO 0 CydYacHUX TMOIJISIAIB, caM€ BOHHM Jaliu
novyatok (GOPMYBAaHHIO JUXAJbHUX OpraHesl €yKapiOTUYHHUX KIITHUH —
MITOXOHAPIM. 3 TOYKM 30py TE€HETHKH, HAUOIMKYMK CydyacHUH aHajor
MITOXOHJpI — cmipagbHa myprnypHa aibda-mporeobakrepis Rhodospirillum
rubrum [35]. B Hel € MOXIUBOCTI OAep»KaHHS €Heprili 1 HUIIXOM IUXaHHS, 1
OpoxmiHHs, 1 Oe3kucHeBOro (OTOCHHTE3y. B ocTaHHROMY 3aMiCThb BOJAHM
BUKOPHUCTOBYETHCS CIpKOBOJAEHB. Ll OakTepis Moxke NEpeKIouaTd TpU TUIU
OOMIHY B 3aJIe)KHOCTI BIJ 30BHIIIHIX yMOB. Takuii cumM0103 BHSBUBCS IyXKe
KOPUCHUM JIJIs TIOTIEPETHUKA €yKapIiOT.

JIBa BHIAaTHUX CYy4YaCHHUX aMEPUKAHCHhKUX HAYKOBIIB - maneoHTosor Il
Yopaa (P. D. Ward) Ta reomnor i reodizuk k. Kipmeink (J. L. Kirshvink) [36] Tak
chopMyIIIOBalId TPAH/I03HICTh BUHUKHEHHS (DOTOCUHTE3Y AJIS >KUTTS Ha 3eMIIi:
«Bcl moroxyoThCsl 3 TBEPIKEHHSIM, 110 €BOJIIONIS CHUHBO-3€JICHUX BOJOPOCTEH
cTajla HAMBU3HAYHINIOKW O10JIOTIYHOIO TMOJIEI0 HA HAIlii TuTaHeTi (HaBiTh OUTBII
3HAYHOIO, HDK PO3BUTOK €YKaplOTMYHHUX KJIITUH Ta MOSBY OaraTOKIITUHHUX
OpPTaHiI3MIB».

5.2.3 OkHCHO-BiZHOBHA pyHKILia

s pyHKuis TicHO MOB’s3aHa 13 ra30BOI0, 00 3M1MCHIOETHCS Yepe3 Mpolecu
OKHCIICHHSI MOJICKYJSIPHHM KHCHEM Ta BigHOBIeHHs (3a yuactio Hp, CO, CHy,



~217 ~

H,S) 3a yuwactio »xwuBoi Martepii. [lo cyri, me MeTabOJITHYHI TPOSBU
KUTTEISIIBHOCTI XEMOCHUHTE3aTOPIB.

OxucHa (yHKIIS TPOSBISETHCS 4YEpPe3 «TOOKUCIEHHS» BCIX CIONYK, K1
MICTSITh XIMIYHI €JIEMEHTH B HUXYUX CTYNEHSX OKHUCHEHHS, SIKI 3aXOASThCS Y
IpyHTaX, KOpl BUBITpIOBaHHS Ta rimpocdepi, 3a yyacTio OakTepiil Ta rpudiB.
[Toknanu 3aniza y BUIIISIA1 OOJIOTHUX 3aI3HUX Py, OYpUX 3alM13UCTUX KOHKPEIIiH,
03aJII3HEHUX TOPU30HTIB YTBOPEHO CaME TAKUM ILJISXOM.

Tak, Ha Mapci 3ouT «Opportunity» B grotomy 2004 p. BUSBHB XapaKTepHi
YTBOPH, Ha3BaHI «ArojaMu YOpHHI» (puc. 5.6), sSKi MpUypoUYCHi A0 MMOTETUYHHX
BOJIOIM, fKI ICHYBajJu paHilie Ha I miaHeTi. BoHu pasiodye cXoxi Ha Kpyrii
KOHKpeIIii OKCUIIB 3aJ113a, 10 3yCTPI4atOThCs Ha 3eMJIl SIK Pe3yJIbTaT METa00Ii3My
XeMo- Ta POTOTpOdiB.

3aBAsSKA TPOTHIEKHIA BIJHOBIIOBAJIBHIN (YHKIII B HHI)KHIA YacTUHI
npoduIt0 3a00J0YEHUX TPYHTIB, MPAKTUYHO MO30aBICHUX KHUCHIO, YTBOPIOIOTHCS
OKcUJHI (opMHU 3aliza SIK MOOIYHUN NTPOAYKT KUTTEAISIBHOCTI aHaepOOHUX
OakTepiid. BimHOBIIOBaIbHI MPOLIECH CYNTPOBOKYIOTHCS YTBOPEHHSIM CIPKOBOTHIO
Ta METaHy.

A “ - ¥

Py L L e BT E

KOHICpel_l,ii: Ha Mapciffg

3 "" MazrHemum FeFe204

Aumonim (zidpozemum)-
6onomna sanisna pyoa
HFeO, :

Puc. 5.6. ®opmu 3amizHUX pyHd, YTBOPECHHS SKUX € MPOSIBOM OKHCHO-
BIJIHOBHOT (pyHKIIi1

XiMI3M yTBOpPEHHS METaHy IpU aHaepoOHOMY BIJHOBJIEHHI OpraHIYHOI
PEYOBUHU MOKAa3aHO Ha pHC. O.7.

[Tpubnn3Hi NigpaxyHKu MOKa3yroTh, mo 1-1,5 % Byrieito, kUil HAIXOAUTH
B pe3yibTaTi MiHepamnizaiili opraHiuHux pedoBuH y Burisagil CO,, crnoyaTky
noTpamisie 0 atMochepu y BUIIISIAI METaHy, 1 TUIbKU MiJl AI€I0 TIIPOKCHUIHUX
pamukanis OH" B CO, a numie nmotim — B CO,.

Exocuctemu, nie BinOyBa€eThCsl BUAUICHHS METaHy, 3aiiMaloTh 3HAYH1 TIOII.
Lle Tynapa Ta 60s0Ta (3BijcH Ipyra Ha3Ba METaHy — OOJIOTHHUM Ta3), pPUCOBI MOJIA,
JOHHI BIJKJIAJHN O3€p Ta CTABKIB, JIUMaHH, €CTyapli, BIACTINHUKY OYMCHUX CIIOPY.
3HayHi OOCSITM METaHy YTBOPIOIOTHCS B IUIYHKaxX >XyHHUX TBapuH. bioximiuHi
MIPOIECH METaHOT€HE3Y BKIIIOUAIOTh T1IPOJIi3, anuaoreHe3 (YTBOPEHHS OpraHiYHHX
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kucior, crnuptiB), anertorere3 (yrBoperHs CH3COOH), 1 BiacHe MeTaHOTEHE3.
[Iponyktn  MeTaboni3My  TEpPBHHHUX  Ta  BTOPUHHUX  JECTPYKTOPIB
BUKOPHUCTOBYIOTHCSI METAHOT€HHUMH OAKTEPISIMH.

OPI'AHIYHI PEHOBMHM

IIpoTeinn Byrmesomn Jimiogn
TI;[PCiHIS l
AmiHokmucmoTn  ITykpw K},If: 111:;;1

ATITMITOTEHE3

ITpoMiKHI HPOIYKTH,
OopraHiuHi KHCIOTH,

CIIMPTH /

Onroea KHMcI0Ta

T

ETAHOIEH

MeTan

Puc. 5.7. bioximiuHu MeXaHi3M MeTaHOTeHe3y [24]

Ymeopenus cipkoeoonto npu 6ionosnenui cyavghamis. Maitxe Bci OakTepii,
rpulu Ta 3eJI€H1 POCIUHU MOXKYTh BUKOPUCTOBYBATU CYJIb(ATU SIK JHKEPENIO CIpKU
[25]. CnemianmizoBana pi3HOpiiHA Tpyma CyiabpaTpenyKyrouux eyOakTepii
OJIEpXKYE €HEpriro B aepoOHHMX YMOBaxX 3a pPaXyHOK OKHCIEHHS BOJIHIO,
BUKOPHUCTOBYIOUM Yy SIKOCTI KIHIIEBOI'O aKIleNTopa eJEeKTPOHIB cyibdar. Bouu
BBXAIOTHCS OJHUMHU 13 HaWCTapiluX opraHi3MiB Ha 3eMii (MPUOJU3HUN BIK iX —
1o 3,5 mupa. pokiB). BaxaroTs, mo came 1mi 0aktepii Oy JOMiHYI04O0 (GOPMOIO
KHUTTA B OKEaHaX Ha MEXI IMePMChKOTO Ta HIKHBOTO TpiacoBOro mepiofiB (Oiis
250 muH. pokiB Ha3ax). Born nepersoprorots SO,° Ha S? (HS), HeoOXinHuil ast
CUHTE3y AaMIHOKHCIOT, M0 MICTITh CIpKYy, MLUIIXOM  «aCUMUIALIIHOT
cyJb(aTpeayKIii».

[lepmia peakiiss B Iid cXeMl € CHUIBHOIO 1 IS JUCHUMIUIAIIIAHOTO, 1
acuMisiiiiaoro BigHoBxenns SO,7. Jani MpU TUCUMUIALII BiIOyBa€eThCsl MpsiMe
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BIIHOBJICHHSI aKTMBOBAHOTO Cylb(aT-lOHY, a MpH acUMUIALII — 1€ OJHA CTails
akTuBallii. BiiHOBIeHHS cynb(aTy B KIITHHI PO3NOYMHAETHCA 3 aKTUBAIlll HOHY 3a
paxyHok eHeprii AT® min ngiero pepmenty ATD-cynbdypunazu, npu LbOMY
mudochatauit 3anuiok AJ[D 0OMiHIOETHCS Ha CyJb(arT:

AT® + 2H" + SO, — P,0;* + A®C,

ne AD®C — anenozundochocynbdart.

A®C akTuByeTbes e pa3 nuisixom dopdopuntoBanus 3 ydactio ATO 3
YTBOPCHHSM dochoanenozurpochocymbdary (PADC) qu foro
dbochopunsoBanoro romosory. Ilotim ADC BigHOBIIOETHCS A0 CYNbQIT-HOHY
SO5% 3a y4aCTIO BIAMOBIIHOTO (hEPMEHTY-PEAYKTA3H:

A®DC + 2 — AM® + SO;”.

Hacrynuuii eran BigHoBieHHs SOs” mo S° 3ifiCHIOETBCS 3a Y4AaCTIO
aCUMUIALIHHOT cyab]iTpenyKTa3n — KaTalxi3aTopy IpoIecy IpsSMOro mepeHocy 6
eNeKTpoHiB 10 SO3°:

SO3” + 6e”+ 6H" — S* + 3H,0.

OcHOBHA BIAMIHHICTh AUCUMUIAIINHOIT CylTbdaTpeayKIii Bl aCUMUISIIIHHOT
— B TOMY, IIO0 JTUCUMUIAIIMHUN MEXaHI3M XapaKTepHUN TUIbKU I OOMEKEHO1
Pyl  BHUCOKOCICLIAI30BaHUX €yOakTepiil. AKTHBHICTb I[bOTO MEXaHi3MYy
0araTOKpaTHO BHIIA, YUM aCUMUIAIIAHOr0. HaciaigkoMm € HaKOMWYeHHS B JIOBKULII
3HAYHUX KUTBKOCTEH OlorenHoro H,S.

Tak stk Takuii mpouec BIAHOBJIEHHS Cylb(aTiB Mae (HopMaIbHy CXOXKICTh 3
JTUXaHHSM, TMpPU SKOMY aKIENTOPOM BOJHIO € BOJA, BXKUBAETHCS TEPMIH
«cynvgpamue  ouxanua» abo0  «oucuminayitHa cyrvhampedykmayis», [AKun
OMUCYETHCSI CYMAPHUMHU PIBHSHHSIMU .

2 Copr + SO4% — S* + 2COy;

4H, + SO~ + 2H" — H,S + 4H,0 a6o

8 [H] + SO+~ — H,S + 2H,0 + 20H".

[lepeBaxkHa KUIBKICTh CIPKOBOJIHIO, SIKMM yTBOPIOEThCS B  Olocdepi,
YTBOPIOETHCS 3aBAsIKM BKazaHuM peakiisM. Cynbdarpeaykyrodi Oaxkrtepii, Ha
BIIMIHY  BIiJl, HalpUKIaJ, HITPATPEAYKYIOUUX, SIBISIOTBCA  OOJITaTHUMU
aHaepo6amu, ToOTO MOTPeOYIOTH CTPOro aHAEPOOHHUX YMOB.

5.2.4 KonuneHTpauiiiHa pyHKUis

[lonArae y 37aTHOCTI OpraHi3MiB BUJIY4YaTH 13 HABKOJUIIHBOTO CEPETOBUILA
Ta HaKONMUYIYyBaTH B CBOEMY TUIi K OIOTeHHI, TakK 1 po3cisHi enemeHTH (Tadm. 5.1).
PesynpraTom naii Takoi QyHkuii B macmradi Oiochepu € MOKIaAu BUKOIHOTO
nanmuBa (Tak 3BaHI Kaycmobionimu, Bil Tpel. KOVGTOG- «TOpIOYHil», flog -
COKATTSI» U MOOC - «kaMiHb»), BaITHAKIB, KOPUCHUX KomnajauH. CKeJIeTH Ta MaHuupi
— MPOSIB KOHIICH TPAIIHOT () YHKITIT )KHBOI PCUOBUHH).
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B.I. BepHajacekuii 1m0 QyHKIil0 HasBaB kanvyiceoro [37], sika, Ha Horo
JIYMKY, CTaJjla BaXJIMBOIO €BOJIIOIINHOIO CTaAI€I0 Te0I0r1uHoi 3MiHu Oiochepu. Ha
MEpIIOMY MICIII 32 CTYIIEHEM KOHIICHTPYBaHHS JKMBOI MATEPI€l0 MO BIAHOIICHHI
70 BMICTY B JOBKULI 3HaxoAauThcs Byraeup C, Ha apyromy — kaneuiid Ca. 3
XIMIYHOT TOYKHU 30py Il (DYHKIlISI MOJSATa€ B HAKOMWYEHHI OpPraHO-MiHEpaJIbHUX
CHOJYK Kajbllito y Burisaai kapOonatiB CaCOs, docharie  Cas(PO,4);0H,
okcanatiB CaCy0;,.

B.I. BepHaacekuii BUAIIMB JIBa BUAM OPTaHI3MIB 3aJIe)KHO BIiJl €JIEMEHTIB,
SIKi BOHM HAKOTTUIYIOTh!

- KOoHyeumpayiuni @ynkyii | pody — XKUBOW PEYOBHUHOI 13 JOBKILIS
KOHLEHTPYIOTBCS TI XIMI4HI €JI€MEHTH, SKI MICTAThCS y BCiX 0€3 BHHATKY
opranizmax (H, C, N, O, Na, Mg, Al, Si, P, S, Cl, K, Ca, Fe);

konyeumpayiuni  ¢yuxyii 1l pody, wonm BinOyBaeTbcs crenudiaHe
HAaKOMMYEHHSI €JIEMEHTIB, $IKI B OUIBIIOCTI OpraHi3MiB HE BUSBISIOTHCS a00
NPHUCYTHI B Jy)Ke HH3BKHX KOHIEHTparifax. [lpukman: romoHTypii («MOpPCHKI
OTipKU» a00 TpeNaHTH) 3/1aTHI HAKONWYYBAaTH BaHaIild V; JOIIOBI YEePBU — ITMHK
Zn, migs Cu, ceunens Pb, kagmiii Cd; BogopocTi Tumy gaminapii — o |.

Tadauusa 5.1. Ilpuxnaau opra”i3mis, MO BUKOHYIOTh KOHIEHTpaliiiH1
¢byHKIIIT | poay BIIHOCHO Pi3HUX XIMIYHUX eJIeMeHTIB [6, c. 40]

EAaemeHT THII KOHIIEHTPATOPY m
Bonno-kucHeBi opranizmu. Jlo | Bogni 06e3xpebeTHI opraHizmu
Bomens H |99 % Bomu mpu ii 3BuuaiiHoMy | (Memy3u — 10 99,9% Bosu)
BMicTy B Tl 70-90 %.
Byriucri opranizmu, B sKkuX | JIMmmaiHukW, HaciHHsS, Oarato
Byrmems C BMiCTV C carag '48 % .an/I OpraHi3MiB y JaTEHTHOMY CTaHi
3BUYAiHOMY BMICT1 B JOBKIJLIS
8-18 %.
Hatpiesi oprasi3mu, | diopa CONOHYAKIB, COJSHKH,
Harpiii Na KOHH@?prmTB 10 5 '% IIPU | COJIEPOCH, TOJIMHH, V6iJ'IBHIiCTI)
3BUYAITHOMY BMICTI B | MOPCBKUX BOJAOPOCTEN
cepenouii 0,02-0,5 %
Marsiii MarHnieBi opranizmu, | ®opaminipepu
Mg KOHI];eHpr}OTT) )5[0 _;llO ‘_’ZA) npu
dbonoBomy BMicTi 107-10" %.
Kpesiit Kpemuiesi OpTraHi3MH, I[iaT0¥01?i BOJIOPOCTI, .nima%li
si KOHIEHTPYIOTh 0 ;llO OSA) pu | hopaminidepu, paaionspii,
dbonoBomy BMicTi 107-10" %. KPEMHI€BI T'yOKH, XBOIII1
Cipxa S Cipuucri OpraHi3MHu. Cip‘.II/ICTi . 6aKT§pii, 10
Konnearpyrote 70 10 % mnpw | BUILISIOTH BUTBHY CIPKY.
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doni 107-107 %.

3ami3ucTi Opra”i3mMu, sKi | 3aTi3UCTI OakTepii, EesIK1
Jarizo Fe | KOHUCHIPYIOTH 110 20 % mpu | popaminidepw, JecMitieBi
b oHOBII KOHIIEHTpaIlii B | BOJOPOCTI, JesAKi JUIIaiHUKH,
noskimmi 10™-107 %, 6araTo BOJHUX POCIUH
Kansmiesi OpraHi3MH, 110 | JIumraiiauky, 0arato KBITKOBHUX
Kanpii KOHIIEHTPYIOTh A0 40 % | pocnuH, mo30aBlieHI pPaKOBUHU
Ca KaJTBIIIfO npu (hOHOBOMY | MOJTFOCKH, OUTBIITICTH
savenni 107-107 %. BojiopocTeit (kiagodopa)
JUia BHUBYEHHsS JaHOi (YHKLII CTBOPEHO OKpEMY HAyKOBY Tally3b -—

biominepanoeiio. Sk npukian, GopMyBaHHS TBEpAOTro ckenery (MaHIHUPY) — MPOSB
KOHIIEHTpaliiHO1 QyHKIT )uBoi pedyoBunu (auB. puc. 3.7, 3.8, 5.8).

JKUBO1 MaTepii

MikpoopraHizMu —
MPUKIAI0M

IXHBOT O10XIMIYHOI

konkpeyiti (puc. 5.9).

HAWOUIBII AaKTHUBHI

AKTUBHOCTI

KOHUEHTpAI1HHO1 () yHKIIIT

KOHIIEHTpaTtopu. Harnsaaaum

€ YTBOPEHHSA HONIMEmAali4Hux
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Puc. 5.9. 30BHimHI BUTIA 3aT1130-MapraHeBUX KOHKpPELin

KoeditieHT KoHIEHTpallli psAy €JIEeMEHTIB MOPIBHSHO 3 HABKOJMIIHIM
CEpPENOBUIIEM B MPOAYKTAX IKUTTEIISIBHOCTI JESIKMX MIKpOOIB CKJIAJaE:
mapraramio Mn: mo 1200 000 pasis, Banaxgito V — mo 420 000, cpibma Ag — mo
240 000. 3amiza Fe — mo 65 000. Konkperii sBASIOT COOOI0 arperatr pyJIHUX Ta
HEPYIHUX MIHEpaliB, 110 BKIIOYAIOTh TOJOPOKIT, OEpHECCHUT, BEpPHAJIHUT,
rigpokcunu Fe(lll), ¢umiment. o HepyaHOI YACTHHHM BIAHOCATHCS BKIIFOUCHHS
0a3anbTiB Ta IXHIX CKIOBUAHHX (POpPM, OpraHidHUX pemTok Tomo [26]. Hepymna
YacTMHA KOHKpEIIN 30CepekeHa, fAK MNpaBuio, y sapax. MeHIa dYacTuUHA
HEPYJHOr0 MaTepialy BXOJUTh J0 CKIIaTy BIACHE PyIHHUX OOOJIOHOK.

Py i 060IOHKH CKIaaloThes 3 rigpookcnis Mn** ta Fe", MPECTaBICHUX
aBoma (azaMu — KpUCTadlyHO Ta amop¢Horo. KpucramiuyHa B OCHOBHOMY
CKJIaieHa JBOMa MiHepallaMH MapraHiio — togopokirom (M2*Mn*");07-(2-x)H,0;
ge M**= Mn, Zn, Mg, Ba, Cr, Ca Pb, 2Na, 2K, Ta GipHeccurom
(NapsCag1Ko1)(Mn**, Mn®*),0,1,5H,0. B ckmani amopbmoi (asu mpucyTHi sK
MiHepaau 3amiza (mouatkoBa crafis — retut FeOOH), Tak 1 Mapranio (BepHAIUT
(MnOy)(Mn,Fe,Ca)(0,0H),-nH,0).

XiMIYHUN CKJIaJ KOHKpEIid HecTaOUIbHUM, BMICT HaBITh OCHOBHHX
KOMIIOHEHTIB KOJMBAETHCA B IIMPOKHX MexkaxX. B KOHKpemisix pi3HUX PErioHIB
CaiToBOTO OKeaHy ixHil BMicT ckianae (B % mac.): Mn 0,07-50,3; Fe 0,3-50,0; Ni
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0,08-2,48; Cu 0,003-1,90; Co 0,001-2,53; Zn 0,01-9,0; Pb 0,01-0,75. ¥ Tuxomy
OKEaHI CepeHiil CKIaa onucyeThes HacTynHuM yuHOM (% mac.): Mn — 24; Fe —
14; Si-9,4; Al-29; Na-2,6; K-1,9; Mg-1,7; Ni - 0,99; Ca-0,18; Ti-0,67;
Cu - 0,53; Co - 0,35; Ba-0,18; Pb - 0,09; Sr - 0,081; Zr — 0,063; V - 0,054, Mo
—0,052.

EnemenTu, 1110 BXOAATH 10 CKIaay KOHKpPELiM, JUISTh Ha TPU KaTeropii.

- rojioBHi pyaHi (Mn, Fe, Ni, Co, Cu, Zn i Pb);

- ronoBHi HepyaHi (K, Na, Mg, Ca, Ba, Si, Al, Ti, P, S);

- PLAKICHI Ta PO3CISHI.

Ta6muusa 5.2. XimiyHW# CKIaag pi3HUX THUIIB  3aTi30-MapraHIEBUX
KoHKpeliit Kuraiicbkoro paiiony [27]

. . I'enoTHn
BmMmicT MmeTaaiB
1 2 3
Mn, % 22,20 27,19 26,11
Fe, % 11,14 6,13 6,16
Bignomenus Mn/Fe 1,99 4,44 4,24
Ni, % 0,19 1,14 1,13
Co, % 0,13 0,12 0,12
Cu, % 0,16 1,12 1,10

[TpoMucoBuii iHTEpEC IMPeACTaBIstioTh 33 eneMenTd, 4 ocHoBHHX — Mn, NI,
Cu, Co, Ta 29 cynyrtHix — Omaropomai metamu (AU, Ag, MeTalu IUTATHHOBOT
rpymu), po3cisHi eixementu (Mo, Te, Tl, Bi, Rb, Hf), pinki (V, Zr) ta nesxi
piaKo3emMenbHI eneMeHTH rpynu nepito Ce Ta iTpio Y.

[lpucyTHICTP y KOHKpEIISX TaK 3BaHUX AaKIEeCOPHUX (JIOAATKOBHX)
MIHEpaJiB BYJKAHIYHOTO TOXOPKEHHS CBIAYUTH MpO Te, IO iX (QopMyBaHHs
CYNPOBOJIKYBAIIOCS BYJIKAHIYHUMU BUBEPKCHHSIMH, OypXJIMBOIO
MOCTBYJIKAHIYHOIO TIIPOTEPMAIbHOI AKTUBHICTIO, YTBOPEHHSM CYJb(ITHUX
conyk. OTxe, B 0061acTh (hOpMYBaHHS KOHKpEIIM MOCTIHO HAAXOIUTh 3HA4YHA
KUIbKICTh BYJIKAHOT€HHHMX CHOJYK, IO CIIiJ BBa)XaTU BYJIKAHI3M BaXXJIMBUM
JKEPETIOM PIIHOI PEUYOBHHH 3a1130-MapTraHIeBUX KOHKPEIIiil.

B konkpenisix 3a JONOMOIoOI0 €JIEKTPOHHOTO CKaHYIOUYOTrO MIKPOCKOMY
BUSBJICHO YHCJIEHHA KUTBKICTh OioMOp(HHMX OCamiB — CHIKyJH TYOOK (apiOHI
rOJYacTi yTBOPH — PEIIKM IX MIHEPAIbHHUX CKEJICTIB), 3aJUIIKKA PaaioisIpiH,
miatomeir Tomo. Ha puc. 5.10 mokazano mnwrid KoHKperii i3 3yOOoM aKymiau
BCEpE/IUHI, SIKU{, OYEBUJIHO, BIJIIrpaB poJib LIEHTPY KpUCTaII3allii.



Puc. 5.10. 3y6
aKyJau B SOpl KOHKperii

[26]

Dumerreayy COUDTE  Ven Bk Jroup IEN RAS

JIisi  €KOTOKCHKOJOTrii BaXXJIMBUM € 3JaTHICTh MOPCHKUX OpraHi3MiB
aKyMYJIIOBAaTH PaJIi0aKTHBHI €JIEMEHTH, Bakki Metanu 1 Tokcukantu (Pb, Hg, As),
KOHIICHTpAIlisl SIKUX MO€ Ha KUIbKa MOPSJKIB MEPEeBUIYBATH BMICT Y MOPCBHKIN
Bofl. (Baocickumu memanamu, siK NPasulo, 66ANCAIOMb MAKL XIMIYHI eleMenmu,
amomna maca axux nepesuwyye 50 a.o.m). ToMy, 3 OJHIET CTOPOHH, aKBAKYyJIbTypa
MOXk€e OyTH KOPUCHUM JIKEPESIOM MIKPOEJIEMEHTIB, a 3 1HIIOT — 11 BYKUBAHHS MOXE
MIPUBECTH 10 OTPYEHHS BAXKKUMHU METallaMH Ta paji10130TOMAMH.

[IpoTHIEKHOI [0 KOHIEHTPAIIHHOI € (YHKWiA posciioéanus. i TposB
peanizyeTbesi npu TpoQiuHii Ta TPaHCHOPTHIN AISUTBHOCTI *uBOi Martepii. Tak,
npu 3aru0esni OpraHi3miB, BUIAIJIEHHI €KCKPEMEHTIB, 3MiHI1 MMOKPOBIB, MPU PI3HOTO
pOAy TPOCTOPOBUX IEPEMIIICHHSIX B1AOYBAa€ThCSA PO3CIIOBAHHS KOHIICHTPOBAHHUX
enemMeHTiB. Hampuknaa, KOMaxu-KpOBOCH PO3CIIOIOTH 3alli30, SKE MICTUTHCS Y
reMOrJIO01HI.

5.2.5 OecTpyKTHBHA PYHKILiA

Bona momsirae B pyliHyBaHHI Opra"i3MamMu Ta MPOAYKTaMU IXHBOI
KUTTEIISTIBHOCTI SIK CAMUX PEUITOK OPTraHiuHOi IPUPOJIU, TaK 1 KOCHOI PEYOBUHHU.
[i BuKOHye chmemiamizoBaHa rpyma oOpraHi3MiB — peayleHTiB (TpeicTaBieHa
nepeBaxkHO rpubamu 1 Oaktepismu) [38]. HalOutbm peranpbHO IO (PYHKINIO
BHBUYEHO CTOCOBHO IPOIECY T'yMYyCOYTBOpeHHs y rpyHrax (puc. 5.11, 5.12) [39-

41].
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Pocimnni IIpoaykTin nepBHHHOL 3 T'ymycoBi | _ Ipoayxra
PeIlITKH i).._ JecTpyKmit |~ | KHCIOTH _").._ il o -
(mirHiH, OLUTKH et FAER T
A ; (moxinmi TirHiRy. (aMiHOKHCIIOTH,
. noxnieHom, nenTHaL, KapOOHOBI KHCIIOTH
JUTHTH TOTIO) aMiHOKHCIIOTH g et
. SO, TeKCO3H, TIeHTO31H,
OTrOLYKPIL, MOHOLYKDI, nomidenom
KapGOHOBI KHCIIOTH, Ta ifmi)
TOX1IHi JTiIiaiB TOIIO)
2 4 6 f
Y Y
IIpoaykTn CoJai ryMycoBHX KHCJIOT IIponyxTn
TOTAJbHOT KoMnaexcHi CIIOJIYKH TOTAJbHOT
MiHepaJizanit Ancop6miiiHi KoMILTeKCH MiHepaJizanii
(NH;, CO,, H,0) 3 IIAHACTHMH MiHepaJaaMH (NH;, CO,, H,0)

Puc. 5.11. Cxema Ttpancdopmallii OpraHidyHMX PEUYOBHH POCIMHHOTO
noxoxenns 3a [. 1. Komicaposum [40]:
1, 2, 5-7 — zioponiz ma okucnennsi; 3 — eymigpixayis (Konoewcayis, cnienoaimepusayis,
KOMNJIEKCOYMBOPEHHS 3 HeUmpaibHUMU MOAEKYIApHUMU Tieanoamu); 4- ymeopenmus conell,
KOMNJIEKCOYMBOPEHHSL 3 HeUMPAanIbHUMU MOAEKYIAPHUMU TI2AHOAMU

( Pocannni pe].IITKH]

' ' '

Ilemtomosa Ta Bi JIirHiR
L LTk ; S
iHII ByTIEBOMH TaHIHH Ta iHII

C0O,,H,0 1a iH_«—[ Mikpoopranizmn —CO0,.H,0 tain.
' ! }
DeHONBHI AMIHOKHCIIOTIL DeHONBHI
CITOJIYKH enTHaH (TIPOAYKTH CHoMy R
(ITPOHYI_(TH PO3MAny Ta PeCHHTE3Y) (mpoayKTH

MeTabom3my) posmany)

: f :

i g

2 H—C— COOH 2
R

OH 40 | N HO
I ‘_ZE I I KOHICHCAINA e I ;E I
- JHt - 2H*

OH Y0 o? HO

Puc. 5.12. Cxema tpanchopmartii pOCIUHHUX 3aTUINIKIB 32 KOHACHCAIIITHOO
rimote3010 M. M. KononoBoi [41]

3aBasKu JeCTpYyKUIMHIN QyHKIIT IpyHTOBOI (iopu Ta dhayHu copmyBanacs
POJIFOYICTh IPYHTIB.

He3anexxHo BiJ CKIAQHOCTI MPOLECIB JECTPYKIli, OCTaTOYHO OpraHidyHa
MaTepis, sKa BiaMepiia, TpaHCHOPMYEThCs y MPocTi HeopraHiuHi peuoBuHU (COy,
H.S, H,O, CH,4, NHj3).
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3aBAsSKA XIMIYHIA JAECTPyKLIi TIPCBKUX TNOpIA MiJ Jl€l0 MNPOAYKTIB
MeTaboJI3My JKMBOi Martepli 70 OIOTMYHOrO KpyrooOiry 3alaydaroThbCsl MPOCTI
HEOpraHIYHI Ta KOMIUIEKCHI HOHHM, $IKi jaecopOyroTbes 13 jitochepu. Tak, y
7ab0paTOpHUX yMOBax TpUOOK IUTICHSABU MPOTSITOM THXKHSA BWIYYUB 13
ByJKaHI9HOT MeTamopdiunoi mopomu 3 % Si, 11 % Al, 59 % Mg, 64 % Fe.
BinuyTHHIl epekT XIMIYHOIO BHJIYTOBYBAHHS 13 TIPCBKHX MIHEpaIiB 3A1MCHIOIOTH
npoayktu Metabomismy Oiotu: kuciaotu HyCOs;, HNOjz; H,SO4 xommtekc
TYMIHOBUX Ta (YyJbBOKHCIOT. BIOIUIIBKM Ha MOBEPXHI MIHEpaliB BKIIOYAIOTh
CHHBO-3€JICH1 BOJOPOCTi, OakTepii, mmmaiianku, rpudu (puc. 5.13). [opiuao mo0
O010TUYHOTO KPYTOOOIry 3aly4aroThCS TUIBKK Ha CYIIi 3aIy4aeThCcs 10 8 MIIpII.
TOHH 30JbHUX €JIEMEHTIB, II0 B JEKUIbKa pa3iB OUIbIIE MMIOPIYHOI MAacH BCIX
BYJIKAHIYHUX MPOIYKTIB BUBEPKEHHS Y CBITI. 3aBJSKU JAECCTPYKUIWHIA (DYyHKIIT
I'PYHTOBOI uiopu Ta payHH POPMYETHCS podroyicmsb IpYHMIE.

Puc. 5.13. Tax BuUrismamTrh
npoiecu O10JIOTIYHOTO BHUBITPIOBAHHS
MIHEpaiB:

1 - Kononii Ha apxiTeKTypHil
¢dopwmi i3 BamHsKY;

2 — Mox Ha MOBEpXHi TPaHiTy;

3 — Mikpo-(hoTobiorutiBKy;

4 — TI'pubHa MIKpPOKOJOHIS Ha
MIOBEPXHI IPaHITy pamnaxisi;
5 - biommiBka Ha rpaHiTi 3

nepeBaKaHHIM LiaHOOAKTEPiH.

I

skl "__ B

5.2.6 TpancnopTHa byHKLia

Bona mnpencraBisie co0Ow CyKyNHICTh MNPOLECIB NEPEHOCY Marepii Ta
€HEprii B pe3yibTaTl akTUBHOI'O pyXy >KMBUX Oprasismis. JKuBa matepis — euHa
cWiIa Ha 3emJll, 32 BUHATKOM IIOBEPXHEBOI'O HATATY, sIKA& MOXKE IMEpeMINIyBaTH
Matepito MpOTH A1i IrpaBiTalii.

[Tepenic macu ta eneprii (mirparmisi) € cyrrio BI'X nuknis. [lepemimenns
3MIACHIOETHCS K TiJ] BILIMBOM (i3MUHUX (akTopiB (THCKY, TeMIIEpaTypH), Tak i
0e3mocepeTHbO Y BUTIISAAI (PI3MUHOTO TIEPEMIIIICHHS )KHBUX OPTaHI3MiB.
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5.2.7 dyHK1ii hpopMyBaHHA Ta PEryAIOBaHHA CE€pPeAdOBHIILA

[lo cyrti, ue iHTerpanbHa (QYHKIA, sika 00’ €qHYE MOMEpEeNHi, pe3ynbTaT
CyMiCHOT aii iHIIMX (YHKLiHA >wuBOro. Ii HACHiAKM MOXKHA HPOCIiIKYBaTH
IPOTATOM TPHUBAIMX MPOMDKKIB Yacy y BHIVISIAL 3MIHM  (PI3MKO-XIMIYHHX
napaMeTpiB JOBKULIS — 3MIHU CKJaAy Ta BJIACTUBOCTEW aTMocdepH, YTBOPEHHS
nepochepu (rpyHToBOi 0OONOHKM 3emuti). OTxe, y MIUPOKOMY pPO3YMIiHHI
HABKOJIMIIIHE CEPEJOBUINE, SIKE ICHYe Ha JaHUW Yac, € MPOAYKTOM isUTbHOCTI
KUBOTO, SKE MIATPUMYE y JOCTAaTHHO CTAOLIBHOMY CTaHI CKJajJ BCIX reocdep
3emi.

JlokanpHa aKTUBHICTh JKMBOTO Yy CTBOPEHHI CEpEelIOBUINA, OCOOIUBO
010reo1eHO31B Y LLIOMY, TPOSIBISETHCA UYepe3 TpaHC(HOopMallito METEOPOJIOTTYHUX
yMOB JIoBKUUIS. Hampuknaa, MIKpokiiMaT JiCOBUX OIOLEHO31B  CYTTEBO
BIIPI3HSIETHCS BiJl BIIKPUTOI'O MIPOCTOPY, HA IXHIX TEPUTOPIAX (PIKCYIOTHCS 3HAYHO
MEHIIIMK Jlama3oH J000OBHX Ta PIYHUX KOJHMBAaHb TEMIIEpAaTypH, BHIIOIO €
BOJIOTICTh TOBITps, HWK4YUM - BMicT CO, B atrMocdepl Ha BHCOTax, €
po3TaimoBaHa KpoHa jaepeB (K pe3ynbrar potocunTe3y). [Ipote y mpurpyHTOBOMY
mapl TOBITPS KOHIIEHTpAllis BYTJEKHUCIOrO ra3dy BHINA 3a CEpeHE 3HAYCHHS
BHACIIJIOK MPOSIBY ACCTPYKIIAHOI (QYHKIII — pO3KiIaay OpraHiuHOi PEUOBUMHU Ha
MOBEpPXHI IPYHTY Ta y MOro BepxHIX Iapax. BUKIIOYHA YUCTOTa BOJU 03€py
Baiikan € pe3ynbTaToM KUTTENISIBHOCTI €HAEMIYHOIO OPraHi3My — BECIOHOTOTO
padka emimypu Oaiikaibebkoro (nat. Epischura baicalensis), va sxoro mpunamae
80 % Mmacu 300IIaHKTOHY 03epa. 3a po3paxyHKaMH, IPOTATOM POKY Boja baiikary
B MPOIIEC] KPYrooOIiry Tpuui MPOXOJIUTh Yepe3 OpraHi3M pauka.

Oyukuist GopMyBaHHS CKIaAy JOBKULIA TICHO MOB’si3aHa 13 (PYHKIIIE€O HOTO
OiomuyHo2o pezyntoéants. Y BCEIUIAHETHOMY MacilTall KMBa MaTepisl MPOTATroM
TPUBAJIOTO Yacy MIATPUMYE HA MOCTIMHOMY PiBHI KJIFOYOBI MapamMeTpu JOBKULIS 3
BEJIMKOIO TOUHICTIO.

5.2.8 Indpopmaniina pyHKuis

s ¢yHKIS BUpakaeThbCsd B HAKOMMYEHHI, 30€peXeHH1 Ta mepeaadi
HACTYITHUM ITOKOJIIHHSAM MOJICKYJSAPHOI (Y BHIVISIII T€HETUYHOTO KOy, PEYOBHH-
peryJsATOpiB) Ta CHUTHaJIbHOI (B TOMY 4YHCII HEPBOBOI Ta IHTEICKTYaJabHOT)
iHdopmarliii, HeoOXimHOI M ICHYBaHHS BHJIB Ta IIATPUMAHHS PIBHOBArM Yy
€KOCHCTEMAaX.

[TosiBa xuBOi MaTepii CyNpOBOIKYyBaacs NPOSBOM «aKTHUBHOI» 1HQopMaIlii,
MPUHIMIIOBO BIJIMIHHOI BIJIT «MepTBOi» iH(opMallii, 3adikcoBaHOI, HaNpUKIad, Y
MPOCTOPOBI OyJOBI KpUCTAIIB MIHEpaJbHUX pedyoBUH. OpraHi3mMu 3AaTHI
oJiepKyBatu 1H(OpPMaIIilO, MOEJHYIOUN MOTIK €HEPrii Ta aKTUBHY MOJEKYJISIPHY
CTPYKTYpPY, $5Ka BHUKOHYE pOJIb «IPOrpaMHu-CKpinTy». ToMmy 3HaTHICTH 10
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cripuiiMaHHs, 30€peKeHHS Ta MNepepoOKH MOJEKYJIspHOI iHpopmalii — OCHOBa
€BOJIIOLIT B IPUPO/I1, CHCTEMOTBOPUUM PaKTop.

BaranpHuil 3amac reHermuHoi iHdopmarii Giochepu ominero B 10% 6ir, a
MOTYKHICTh TMOTOKY MOJIEKYJISIpHOI 1HGOpMalli, 10 NepeaaeThcs B Mpolecax
oGMiHy pedoBHHE Ta eHeprii, cknagae 10%° 6ir/c (puc. 5.14) [42].

3amac s e
PEHETHMHOL | | g KyABTYPHOI
I Shhem iHp opgau]_f.[.
T[Pﬂézgﬂ:m ITHEIAL3ATIIIL

16 _. 16 __
10 6oir 10 6oir
3anac KyAbTypHOI iH(popMallii AIo/ICTBa
He Mac aHaAoTie v Giocdepi

[IBHOKICTE LHB;EE?;‘ETB
3MIHH .
reHeTHYHO1 BYASTYPHOL
A 1H(hopMaIlii
y Xomi BoRtgs
TEXHIYHOTO
EBOATOIII [ IIPOTPECY
107 6it/c
I[ToTik IMoTix
irdopmMari, indpopmartii,
1110 1110
oGpobageTbed o6pobadgeTrc
OpHPOAHOIO ITHB1AI3AIIIEI0
DloTOIO

10°°6it/c  10'°6Gir/c

CxAanHICTE IPHPOAHHX MEXaHI3MIB
BioTH9HOI peryadliii HabaraTo
TEPEBHIIYE MOMKAWBOCT] TTHBIAIZATTIT

Puc. 5.14. HaliBaxnuBimi iHQopMalliiHi XapakKTEepUCTUKH O10TH Ta
cydacHoi ruBinizanii [42]

MoxI1BO, 3MAaTHICTh CHPUAMATH, HAKOMUYYBaTH Ta BUKOPHUCTOBYBATHU
iH(pOopMalliio € OAHIEIO 3 TOJIOBHUX OCOOJMBOCTEHN XKMBOI peuoBUHU. L5 3maTHICTH
HEPO3PUBHO MOB’si3aHAa 3 MOOYNIOBOIO YIOPSAKOBAHUX CTPYKTYP, TOOTO 3aTHICTIO
KUBOI MPUPOJN, BUKOPUCTOBYIOUHM 30BHIIIHE JIKEPETIO €HEPT1i, 3SMEHIITYBAaTH CBOIO
EHTPOIIIIO.

B npoueci 610XiMi4HOT €BOJIOLIT *KB1 OpraHi3Md BUPOOUIIM MEXaHI3MHU
ajanTallii: mepIIuM MOBUHEH CaMOOPraHI3yBaTUCSA TOM, IO JAO3BOJSB BIAPIZHUTH
MOJIEKYJIH, SIKI MOXHA aCHMUIIOBaTH, BiJ 1HEPTHUX abo HebOe3nmeuHux. Tak
BUHUKIIU XeMopeyenmopu, siki 30eperiaucs y pocivH Ta BUIIUX TBAPUH Yy BUTIISIL
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CMaKy Ta 3JaTHOCTI crpuiiMatu 3amnax. lle — mepmuii piBeHb 1HGOPMAIIITHOTO
3B’SI3KY 3 JNOBKULISIM. [lami, mo Mipi BUHUKHEHHS KJIITHHU 13 CIEliali30BaHUMU
opranenamu, copmyBanacs norpeda ooMiny iHpopmaiiiero Mixk HUMH. CrioyaTKy
OoOMIH PEYOBHH Ta €HEprii BcepeauHi KIITUHU OyB OJHOYAcHO U iH(opMaliiHuM
oominom. [li3Himre nHykneinoBi kuciotu (JIHK Ta inpopmaniiina PHK) cramm
BUKOHYBaTH MepeBaxxHO iHQopmariiini ¢yukiii. [lo wmipl  yckiagHeHHs
OpPraHiYHUX CTPYKTYP 3 SBWIHCS 2COPMOHU MA 2OPMOHONOOIOHI peyosunu, SK1
BUKOHYBaJIM BHUKIIOYHO 1HGopmaniiHo-koMaHaHl  ¢yHKmii. KoHuentpaiii
FOPMOHIB y KMBOMY oOpraHismi Hamsmuaiino mm3bki (1072+10° moms/n) [43],
MpOTE Ii€]1 KITBKOCT1 IOCTaTHBO JUIsl YIPABIIHHS HAWBAXIIMBIIIUMU BHYTPIMIHIMU
MOTOKaMHU.

[3 30inblIEHHSIM PO3MIPIB OpraHi3MiB XIMI4YHOi 1H(OpPMAIIITHOT Mepexi
CTaJI0 HEJIOCTaTHBO, 1 copMyBajnacs Hepsosa cucmemd, siIKa BUKOPUCTOBYE HE
TUIBKW XIMIYHUHM, ane W QI3WIHUA MeXaHI3MH (3MiHa CJICKTPUYHOTO MOTCHIIIATY)
nepefayl yrnpablISIlOUYUMX CHUTHAIB, 30pOBlI M CIyXOBI pelenTopH, SKlI Aar0Th
iH(popMallilo Tpo HaBKOJUIIHE cepenoBuie. CHHXpOHI3AII0 (DYHKI[IOHYBAaHHS
HEPBOBOI Ta TOPMOHAJIBHOI CUCTEM CTaB MPOBOJUTH MO30K, TOUHIIIE, HOTO 3aJ1031
BHYTPIINIHBOI CeKpellii (rimorajgamyc Ta rimodis).

[Ile 1o yTBOpEHHs HEPBOBOI CUCTEMH, HAMEBHE, BUHUK MEXaHI3M mepeaadi
iHpopMaIlii MK OKpeMHUMH ocoOWHaMu uepe3 ximiuni cuenanu (pepomoHnn), sKi
BUPOOJISIIOTH €K30T€HH1 3a7103U. YyTIUBICTh PELENTOPIB JO TaKUX CUTHAIIB BKpa
BHCOKA. PEaKI[il0 MOXXE BUKJIMKATH KUIbKa MOJEKYl (EepOMOHIB Ha 3HAYHUX
BIJICTaHSIX; OKO KIIIKA Y4 COBH pearye Ha OKpeMHUH KBAHT CBITJIa; TOCTPOTA CIYyXY
0araTbOX TBapUH TaKa, 110 BJIOBIIIOE MOJCKYJISIPHI IIIyMH.

Hakonunuena xuBHM oOpraHisMoM iHoOpMallis AUIUTbCS Ha BPOJIKEHY,
nepeaHy XiMIYHUM HUISIXOM BiJ MpeAKa 4yepe3 MOCTIJOBHOCTI aMIHOKHCIOT B
XpoMocoMax; Ta Ha0yTy B Mpoliecl HaBUYaHHS Ta HA0YTTS BJIACHOTO JOCBIY.

Oco6nuBicTiO 00p0o0KH 1H(OpMAILiT B JIIOJACEKOMY MO3KY, SIKU TPUHIIUIIOBO
BIJIPI3HSIETHCS BiJl MAIIMHHOT OOpOOKHU 4epe3 MOCTIOBHICTh BUKOHAHHS MpOrpam
(tak 3BaHa ¢on-Heiimaniscoka apximexmypa), € napajeabHicTh npoueci. [y
urtocTpanii i€l  BIAMIHHOCTI MOKHAa HAaBECTU PE3yJIbTaTH EKCIEPUMEHTY,
npoBeneHoro B 2013 p. 3 BUKOPHCTaHHSIM HaAWMOTYXHIimoro Ha ToW dac K
KoMII'F0Tepy BupoOHuITBa FUjitSu. B wmozemoBanHi Bukopuctano 82944
IPOIECOPH 3araibHUM 00’eMoM  mam’sTi 1 merabait (THcsda Tepabaiit), a
TpuBasticTh nporecy ckiana 40 xB. [44]. Ls omeparis BinTBOopmia podotry 1 %
JIOJCLKOTO MO3KY TpoTsroM 1 cekyHmu, B mporieci skoro 3amistHo 1,73 mup.
HepBoBux KiiTuH Ta 10,4 TpmH cuHAMNCIB, sAKi iX 3B’s3yi0Th. Llell excnepumeHT
MPOJAEMOHCTPYBAaB HE CTUIbKM TepeBarv O10JIOTIYHOI €BOJIONII HaJ TEeXHIYHUM
MPOIIECOM, CKUIBKM KOHUENTYalbHI BIJIMIHHOCTI TPaAUIIMHUX OOYUCITIOBAIBHUX
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CHUCTEM Ta CHUCTEM, B OCHOBI SIKUX JIeKaThb HEUPOHHI Mepexi. TpaguiiiHuMu
BBXAIOTHCS  OOUMCIIIOBAJbHI  TMOTYXHOCTI, TMOOYy/IOBaHI 3a MPHUHIUIAMHU,
chopmynboBaHuMH MatemMaTtukoM Jk. ¢on Hedimanom (mpu HapouKeHHI —
yropcsk. Neumann Janos Lajos) B 1944 p. V BiamoBiAHOCTI 10 HHUX, IHCTPYKIIIT Ta
JaH1 30epiraroThbes B JIHIMHOMY IIPOCTOPI1 €IMHOI MAIIMHHOT [aM’sITi 32 aJpecamu,
ae omaHoMy uyuciy (abo OaHIM angpeci) BiIMOBiJae TEBHA KOMIpKa ITaM sTi.
KOHCTpYKIII0O CydacHHX KOMII IOTE€PIB 3YMOBJIEHO CaM€ L€ KOHLEIIIE, 10
HakiIagae oOOMeXeHHs Ha ix (QyHKIiOHyBaHHS (HaOpHMKIam, peaji3alliio
napajelIbHAX pO3paxyHKiB). IIporiecopr cy4acHHX KOMIT FOTEPIB MICTAThH KiJIbKa
OO0YHCITIOBAJILHUX SI/ICP, BOHU 00JIaIHAHI JOTIOMKHIUMH TPUCTPOSIMHU (HAITPHUKIIA],
«KeleM» — BUCOKOIIBHJIKICHOIO MaM’SITTIO BUIBHOTO JOCTYMY It TUM4YacOBOIO
30epiranHs iHopmalii; OJOKOM MPOTHO3YBAaHHS TIEPEXOJIB Yy JAHIIOTY
IHCTPYKIIH JUIsI MYJIBTHIIOTOKOBOTO OOpoOJIeHHs AaHux). He3Bakarouu Ha Iie, B
CBOili OCHOBI BOHU MaioTh (poH-HeilMaHIBChbKY apXITEKTypy, CKOMIIOHOBaHY Ha
MOHOKpHUCTali KpeMHi10. J[pyruii oOMexxyBaabHUN MPUHIMI TaKOi apXITEKTypU —
JBIMKOBE KOJYBaHHS, SIKE BIAMNOBIAA€ HYIIO Ta OAWHUII JABIMKOBOI CHCTEMU
yucieHHs. Caig BIAMITUTH, IO Oyau cpoOM BUKOPUCTATH TPOICTE KOJYBAHHS
(mama EOM «CeTyHb», Ky po3pobiieHo B 1969 p. B MI'Y).

BinHocHO HemaBHO 3’SIBHIIMCS OOHAAIMINBI pe3ysbTaTH CTOCOBHO OOPOOKH
iHopMallIfHUX TOTOKIB HAa OCHOBI YHWMIB, $SKI MPalOOTh [0 MNPUHIUIY
HelpoHHUX Mepex. CiJ BIAMITUTH HACTYITHI JOCSTHEHHS .

1. I'pynu nig kepiBHAITBOM [xapmenopa Mooxa (Dharmendra S. Modha),
mo mnpairoe mig erimoro DAPRA (YnpaBiiHHS MEepPCHIEKTUBHUX JOCHTITHUIIBKAX
npoekTiB MinictepctBa oboponn CIIIA). B 2011 p. 6yio peanizoBaHO CTPYKTYPY
TaK 3BaHUX MIKPOKOJIOHOK, JI¢ Ha IMATKy KPEMHII0 pO3MIPOM 13 TOJIIBKY IIMHUIBKU
(3x2 mMMm) posmicTriocst 256 HeHpoHIB 1 OJIOK MmaM’sATi, SKUH HpOrpaMyBaB
BiaactuBocTi 262000 MOXIJIHMBHMX CHHANTHYHHX 3B’SI3KIB MiX HeipoHamu (puc.
5.15).

B ogHoMy i3 TecTiB Wim 3Mir posmizHaTH pykomucHi mudpu Big 0 go 9,
MOKa3aB 3aJI0BUIbHI pE3yJbTaTU MpU PpoOOTI y AKOCTI aBTomuioTy. Hapasi
pO3po0JIA€ThCS HOBa MpOrpamMHa apXiTeKTypa, o O0a3yeTbCs Ha MOAYJIbHHUX
0JI0KaxX KOy — Kopiemax. IXHs mepeBara B TOMy, IIO iX BUKOPMCTaHHS CTBOPIOE
Take poOoye cepenoBuIle, IJs SKOro HE MOTPIOHO IIopa3y MNporpamyBaTu
(dbparMeHTH KOOy Il HEHPOCHMHANTUYHOI MEpeXi, a BUKOPUCTOBYBATH T'OTOBI
OJIOKM KOPJIETIB JIJIsl pI3HUX By3MiB. [{elf mpuHIMN Haragye AUTSI41 KOHCTPYKTOPH,
7€ 3 TOTOBHX OJIOKIB MO’KHa 3i0paTu pi3Hi KOHCTpykmii. Hapasi Bxke € 150
KOpJIETIB, 110 B mpoleci GyHKIIIOHYBaHHA HEHpOMEpeX BUKOHYIOTh Pi3HI 3ajadi:
pO3MI3HABaHHS JIOJCBKUX 00pa3iB y BIJCOPOJIMKAX, ABTOMATHYHY 1ACHTU(IKALIIO
My3WYHUX TBOPIB TOILO.
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Puc. 5.15. Heitpocunantuune sypo (COre) ta ruara

2. Jlocnmimxennst rpynu i3 madopartopii HLR (cymicHa Bmacuictes BoiHT i
Jl:xeHepan Mortopc), sky owomoe H. Illpimiaca (Narayan Srinivasa). i
JAOCATHEHHS — Yill, UI0 CKJIANA€ThCsA 13 576 HEHpOHIB, MPU I[bOMY BiH MOXE
Moau(dikyBaTh BJIaCHI CHHANTWUYHI 3B’SI3KU 3aJIe)KHO BIJ THUOY JaHUX, SKI
00poOAOThCS, TOOTO «HAMPALLOBYBATH JOCBIJI».

OyHKIIOHYBaHHS 4ily 1MITye JBa ()EHOMEHM HaBYaHHSA JKUBOTO
OpraHizmy:

- Moaudikanis 4yTAUBOCTI 10 Ali CUTHAJIIB OKPEMOr0 HEHPOHY BIJ HOTO
CYC1/I1B 3aJI€KHO BIJl YACTOTHOCTI MPOXOJ’)KEHHSI IMITYJIbCY: CUHAIITUYHUN 3B'SI30K
TUM MILHIIIUNA, YUM YaCTilIe MPOXOAUTh CUTHAI;

- CunxpoHizauii y 4yaci JAEHAPUTHOI YYTIMBOCTI 13 MaciTabamu
JEHAPUTHUX CMAaloK, a00 MOTEHIliaTaMH B3a€MO/1i. 3MICT I[bOTO SIBUIIA TOJSATAE
B TOMY, 110 CHHANTUYHUHI 3B'SI30K MOCHIIIOETHCA CaMe€ 3 TUMHM HEHpOHAMH, fKI
(YHKIIOHYBaJIM aHAJOTIYHO /O BJIACHOI AKTUBHOCTI B HEJAJIEKOMY MHUHYJIOMY.
Ile mpuBOAWUTH 1O MOCHUJIIEHHS 3B’SI3KIB MK HEHMPOHHUMH YIpyNyBaHHSMH, SIK1
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AKTUBHO MPAIIOI0Th HAJl CHIJIBHOIO 3a/1au€lo, a BUIMAJIKOBI, MaJOAKTUBHI 3B’ SI3KU
MOCTYIIOBO 3racaroTh.

JlocsiTHEHHsT TaKoi1 apXiTEeKTYpU Bpa3Wiid camMux po3poOHuKkiB — uin HLR
HAaBYMBCS CaMOCTIHHO rpatu B rpy «lIoHr», NpoAEeMOHCTPYBABUIM IIHPOKI
MOXJIMBOCTI CaMOBJIOCKOHAJIEHHSI Ta Mojudikaiii ymMoB Tpu. Takum 4YHHOM,
3’SIBUJIMCS  pealibHl MOXJIMBOCTI O CaMOOCBITH Ta CaMOBJIOCKOHAJEHHS
POOOTOCHUCTEM.
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PiBeHB CKAAAHOCTI NPHPOAHOr0 MexXaHizMy oSpobrH
indopmanii (manpuraazn, xomGiHaTOpHKA BEOAY JAHHX)

Puc. 5.16. CuctemHi pecypcu, Mo TMOTpiOHI Isi MOJETIOBaHHS
HEeHpoMepek pi3HOro piBHA  ckiaagHocTi 3a mporpamoio SYNAPSE DAPRA.
Beasicacmocsi, wo npu n’smuxpamuomy pisni ckaaonocmi (8 noeapughmivnux
OOUHUYSX) OaHa Npocpama enpumyinl HAOAUZUMbCS 00 PpIBHS CKIAOHOCHI
00CcbKk020 Mo3Ky (8-kpamua cknaonicmo)

3. Po3poOka HOBOro HoCis mam’aTi — mempucmopy (BiX aHDII. Memory —
nam’sTh 1 resistor — omip) (puc. 5.17), Teopetnuny 0a3y Ui SKOT0 po3poOJICHO B
1971 p. y pob6orax ¢izuka Jleona O. Uya (Leon O. Chua). CrpomieHo mpuHIHAI
oro poOOTH BUIJISAIAE TaK. BCTAHOBIIOETHCS B3a€MO3B’SI30K MK MarHiTHUMHU
MOTOKAMU 1 €JEKTpUYHUMH 3apsaamu. lle cynpoBOIKyeTbCsI BUHUKHEHHSIM
SBUIIA T1CTEPE3UCY, THAKIIE KaXy4H, ICHY€E 3aJI€KHICTh MK OITOPOM MEMPUCTOPY
Ta KUIBKICTIO 3apsiay, SKUH TPOUIIOB Yepe3 HBOTO0. 3aBISKU IbOMY SIBUIIY
MEMPUCTOP MOKE (PYHKI[IOHYBATH SIK €JIeMEHT mam’sTi. BHachigok 3HU>KEHHS
Omopy 3B'I30K MDK JIOTIYHUMH €JIeMeHTamMHu, B (QOpMyBaHHI SIKMX HIpuUiMae
y4acThb Yil, MOCHIIOETHCS — €IEMEHT «CAMOHABYAETHCA». AHATIOTTYHO MPALIOIOTh
HEeWpoCHHANTHUYHI O10JIOTIYH1 3B’A3KU. «HETPEHOBAHUI» HEUPOHHHUM 3B’SI30K
HecTaOIbHO Tiepenae cinaOkuid curdai. [Ipore Ko Takui cUTHAN MEepeaaeTbes
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MOBTOPHO, TO B HEMPOHHOMY sI/Ipl AKTHBYIOTHCS T€HH, L0 IHIIIIOIOTH CUHTE3

MOJIEKYJI-TPAHCMITTEPIB JJIs1 YTBOPEHHS OUIBII MIIIHOTO aCOIIaTUBHOIO 3B'SI3KY.

R — . —

Puc. 5.17. Ilinknmagunka 3 17 wmeMpucropamu 1iJ €JIEKTPOHHUM
MIKpockorioM. KOXHHII MEMpPHUCTOp CKIAJAa€TbCd 3 JIBOX IIAPIB  OKCUAY
tutany(1V) TiO,, 3’emHaHUX TPOBITHUKAMHU

OcCHOBHI mepeBarn MEMpPUCTOPY MOPIBHSHO 3 THUIIOBUMU KPEMHIEBUMH
YinaMu:

- [loBHA eHEProHEe3aIeKHICTB;

- Horo BmacTHBOCTI 36epiraloThcs HEe y BUTIIAMI €EKTPUYHOTO 3apsy,
TOMY BIH HE OOITbCS BUTOKY 3apsly, KM € MPUYMHOI0 BTpaTH H(popMauli npu
nepexo/l 10 MIKpOCXEM HaHOPO3MIPIB.

Inakme kaxyuu, iH(opmauia y mempucTopi Oyzae 30epiraTucs 0 TOTO
MOMEHTY, MOKH BIH (I3MYHO IcHYye. J[Ji1 MOpIBHAHHS — 3BMYHA NaM'aATh (iell-
HaKOIMYyBady B)K€ uepe3 pik 30epiraHHs 0e3 JOCTymy 10 JKepena eIeKTPUKU
MIOYMHAE OCTYIIOBO BTpaydaTu 1H(OpMaIIiIo.

Tomy wmempucTOpH, SK BBaXaeThCs, OYIyTh OCHOBOI MaHOyTHIX
KOTHITUBHUX CHUCTEM, HPOTE€ MOXK€ €(QEeKTHBHO BHUKOPUCTOBYBAaTHUCA 1 IS
kinacuuHoi enekTpoHiku. B 2010 p. rpyna mocnmigaukiB mix kepiBauntom P. C.
Vinesmca (R. Stanley Williams) ma6opatopii HP (Hewlett-Packard) crBopuia
MEMPHUCTOPH 31 JTIHIMHUMH po3MipaMd B 3 HM Ta IIBUIKICTIO TIEPEMUKAHHSA Oi1s
1.10° ¢. Mmosipro, mo B 3D-macuBi MemprcTopiB y 06’emi 1 cM® MoxkHa
po3mictutu 20 ['GaiiT qaHuX.
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B minoMy, o6uncitoBagIbH1 MOKIIMBOCTI JIFOACTBA 3pOCTYTh 0araToOKpaTHO 3
BUKOPHUCTAHHSAM TEXHOJIOT1H, 1110 BUKOPUCTOBYE KHBA MaTePisl.

5.2.9 dyHK1iA cenapauii i3oTomnis

BinHocHo HemaBHO Oioreoximis 3adHsiiacsi TPOOJIEMOIO  JOCIHIIKEHHS
MPOIIECIB MOBEIIHKH 130TOTMIB OI0T€HHUX €JIEMEHTIB B 010JI0T1YHUX CHUCTEeMaXx, MpH
IbOMY BUHMK HOBHMI HAYKOBUI HANPsAM — i30TOIHA 0ioreoximis.

Sk Bimomo, i3otonu (i30C — OJJTHAKOBUH, TOIIOC — MICIIE) — HYKJIIIH 3 PI3HUM
MAcoBHM 4HCIOM A, (aTOMHOK Macor) Ta KilbkicTio Heiitponis (n°), ame ski
MalOTh OJHAKOBHH 3apsan aapa (KimbKicTh mpoToHiB P°), TOOTO Ie pi3sHOBHAM

16 ~ 18~ 235, 238
g0 g0 U -"gY

Haii0inpiia KigbKICTh 130TOMIB BIAMIYEHO Yy MAPHUX €JIEMEHTIB CEpeAUHU

OJIHOTO ¥ TOTr0 K XIMIYHOTO eieMeHTy. [Ipuknanu:

[epioanunoi Tabnuii xiMiuaux eaemenTiB J1.1. Menaeneesa (Xe — 9 i3otomis, Sn
— 10 3oromiB). [30TONM 3 MacoBUM YHCIIOM, KpaTHUM 4, HaiOLIbII cTikki (iX 1mIe
HA3UBAIOTh 2€TIKOHAMU):

Ta iHmi. [li eneMeHTH 30cepemkeHi 1 OCHOBHOMY Yy BEpXHIM YacTHHI
nitocdepu.
bionoriune (¢pakiionyBaHHs 130TOMIB — 1€ (DPaKI[IOHyBaHHS 130TOIIB

KUBHMH OpraHi3MamM B IIpollecax MeTal0odi3My, B pe3yJbTaTl SIKOTO BOHU
Ha0yBalOTh TAKOr0 130TOMHOIO CKJIaay, SKWAWA BIAPI3HAETHCS BiJ 130TOMHOTO
CKJIaJly HEOPTaHIYHOT'O JTOBKULIS, sIKe iX oTouye. [Ipu 11boMy BcepeinHi opraHizmy
130TONMM  PO3MOAUIAIOTH  HEPIBHOMIPHO MK  PI3HUMH  MOJIEKyJIaMu  Ta
CTPYKTYPHUMH TPyIIaMHU OKPEMUX MOJIEKYII.

Ile sBume O6yno Bigkputo B 1939 p. amepukancekumu (izukamu A. Hipom
(Alfred O.N. Nier) Ta E. I'yas0pancenom (E.A. Gulbransen), ski BusBuim, mo
’KUB1 OpraHi3MU Ta OpPraHiuHl CHOJYKH MICTSATh MEHIIY KOHIICHTPAIII0 130TOIY
BC, unm npupoHi kapOoHatu. ITisHime amepukanchki reoximiku I'. Kpeir (G.
Creig) (1953 p.), C. Encraiia (S. Epstein) (1960 p.), ®. Ab6emscon ( P. H.
Abelson) (1961 p.) ta mimenbkuii reoximik E. [erenc (1967 p.) mokasamu, mio
PO3IUJIEHHS 130TOIIB, SIKE MPUBOJAUTH 10 301THEHHS aBTOTPO(DHUX OpraHizMmiB
isotrormom °C BigHOCHO HOro BMIcTy y BuximiHomy CO, cepenoBula, y sIKOMY
BiOyBaeThcs hotocuuTe3 [45].

Ha 3emini cmoctepiraioThCs MMPOKI Bapiailii CHIBBIIHOUIEHHS CTa0lIbHUX
130TOMNIB JJI1 OpPraHIYHOi PEYOBMHHU B MIUJIOMY Ta HOro KOMIOHEHTIB. Tak,
POCIIMHHICTh Cyili 30ilHEHa Ha BMICT 130TONY BC 6inbmoro MIpOIO, YHUM
MOPCBHKHMI IUIAHKTOH. ICHye BIAMIHHICTH MDK O10J0T1YHUM (DPaKI[1I0HYBaHHSIM
130TOIIB y BHIUX POCIHH 3 pi3HU THIIOM (oTtocuHTe3y (muB. C3 Ta C4 pOCIHHN).
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BiaMiHHOCTI B 130TOMHOMY CKJIaJl MPOSBISIIOTHCS TAKOXK MK JiMiaMu, OlIKaMu,
BYIJIEBOJIAMH TOIIIO.

ExcnepumeHTanbHi JTOCHIDKEHHS IIKOJIU pociiickkoro reoximika E.M.
['amimoBa [46] B 1970-80-x pokax BUSBHJIM TOHKI BIJMIHHOCTI B 130TOITHOMY
CKJIaJll CIOJIYK OJIHOTO M TOro X KJacy, a TaKoX PI3HUX CTPYKTYpHHUX TpyI
BCEPEIMHI CIOJNYK (HANPHUKIIA, MOJICKYJIM XJIOpO(UTy) — TaK 3BaHI BHYTPIITHBO-
Ta MDKMOJEKYJISApHUM 130TonMHUN edekTu. BcTaHOBIEHO, 110 CHIBBIIHOIICHHS
130TOMIB BYIVIELIO y MOJEKYJaX Ol0JIOIIYHOIO IOXOJKEHHS, HE3BaKalouu Ha
CYyTTEBY TEPMOJMHAMIYHY HEpIBHOBary OIOJOTIYHUX CHUCTEM, BIANOBIIAIOTH
TaKoOMy CHIBBIJHOIIICHHIO, iK€ O ICHYBaJO MpHU 130TOMHIN piBHOBa3i. BucinosneHa
rinores3a, Mo el (akT 3yMOBICHUN (PEPMEHTATUBHUM XapaKTEPOM O10JOTTYHUX
npotieci. [Ipupoaa poro sBUIA 3aTUIMIAETHCS MPEIMETOM JTUCKYCIH.

[30TOonHa opraHiyHa 010XiMisi B OCHOBHOMY BHBYA€ CaMme PO3MOJLUI 130TOIIB
BYTJIEIIO. OpraHiyHa PEYOBHHA, BKJIIOUCHA JI0 CKJIaay MIHEPAJIbHUX 3aJIHIIKIB,
OCaJOBUX IMOpOJaX, TOPIOYMX KOPUCHHUX KOMAIHMH, Yy UUIOMY YCHaJKOBYE
130TOMHUNA CKJIaJ CBOIX OlOMOMEepeIHUKIB. 3aBISKU IbOMY (AKTY 130TOMHUMN
aHajiz € Hahuoulbll 1HGOPMATUBHUM METOJAOM IMpPU BHUPINIEHHI MOpooiieM
F€HETUYHOTO XapakTepy B reoximii HaTH, IPU NOILIYKY POJIOBHIII.

[30oTonmHa QyHKIIS KUBOTO JIEKUTh B OCHOBI TOHSTTA <«i30MORHO20
nionucy» (abo «i30TONMHOI CHTHATYpU») — CHENU(PIYHOTO CITIBBITHOIICHHS
HEPaJ10aKTUBHUX 130TOMIB a00 BIAHOCHO CTAOUIbHHUX PAJI0AKTUBHUX 130TOIIB
a00 HEeCTIMKMX 130TOMIB TMEBHUX XIMIYHUX €JEMEHTIB y Marepiaii, SKuu
JNOCIIKYEThCA. Lle MOHATTS 3HAMILIO MIUPOKE BUKOPUCTAHHS Yy E€KOJIOTIl ISt
BU3HAYaHHS €KOJOTIYHMX HIIl MPOXWBAaHHS TMEBHUX BHJIB, B apXeojorii - A
JOCITIDKESHHS TIPOIIECiB pO3CEICHHS HApoIiB Tomo [47].

Ha ocHOBI pe3ynbTaTiB EKCHEPUMEHTAIBHUX JOCHIIIKEHb PO3MOJLTY
i3oroniB C, Mg, Fe B TkaHMHaAxX JIOJCHKOIO OpPraHi3My BCTAHOBJICHO, IO iX
Bapiailii MOXyTb BiJI0OpakaTv 3MiHU ()1310JI0TIYHOTO CTaHYy OpPraHi3My, PO3BUTOK
neBHUX 3axBoproBaHb [48]. [more3a 0a3yeThcs Ha TOMy, IO 130TOIH, SIKI
BIJIPI3HSAIOTHCS 332 MAcOI0 Ta BEJIMYMHOIO MAarHiTHOTO MOMEHTY (CIiHYy sapa),
MOAU(DIKYIOTh MEXAaHI3MHM PEaKIlii, y SKUX MNpUiiMae ydacTb MEBHUM XIMIYHUN
enemeHT. llepeBary oJepkylOTh Ti 3 HHMX, B pe€3yJbTaTi SIKMX MaKCHUMAaJIbHO
3HU)KYETHCSI €HTPOII CUCTEMH 4YM SIKlI MOTPEOYIOTh HAWMEHIIMX €HEeProBUTpAT.
[Tpukiamom Moxe OyTH 30UIbIIEHHS CTINKOCTI (hepMEHTHUX cucteMm. ToMmy aBTOpHU
pobotu [48] 3ampomoHyBalud TEPMIH «izomonHa adanmayiss» SK Pe3yJIbTat
MposiBy 010JI0r14HOT PyHKIIIT cenapanii 130TOMIB.

Ile cykynHICTh 3MiH BHYTPIINIHIX CIIBBIIHOLIEHb BMICTY CTaOUIBHUX
130TOMB OIOT€HHUX €JIEMEHTIB B KIITHHHHX OIlOXIMIYHMX peaKIisax, sKi
MIATPUMYIOTh TPUCTOCOBAHICTh MEBHOIO BHAY JKMBUX OpraHi3aMiB J0 YyMOB
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ICHYBaHHS, $IKI 3MIHIOIOThCA. 30KpeMa, € TifnoTe3a Mpo Te, 1o KoHdipMallis
(reoMeTpUYHE PO3TAlIyBaHHS) OIOJOTIYHO AKTUBHUX MOJICKYJ 3aJICKUThH BiJl
AKTHUBHOCTI IIMX MOJICKYJSIPHUX CTPYKTyp. B Takomy BuUManKy MOJEKyJsipHA
130TONig KOH(IpMALIMHUX B3a€MOAIN MOKE KOHTPOJIIOBATH PEAKIINHY 37aTHICTh
Oilosoriunux mpoteciB. lle momymieHHss Oyn0 MIATBEPIKEHO B JOCIIJKEHHI, e
METOJIOM ToJiMepasHo-nanioropoi peakmii (ILJIP) cuaresyBamm nsa tunu JTHK.
OnuH cKIagaBcs i3 3BHYAHUX HYKJICOTHHIB (10 CKJIAMy SKHUX BXOJWIH JIETKI
130TONHM), a APYTMH — 13 130TOMHO Ba)KKHUX. SIKIIO 130TOMM MIACHO MPHUHAMAIOThH
y4acTh y GyHAAMEHTAIbHUX O10J0T1YHUX MPOIECax, TO BCl BiIOMi GOPMU KUTTS
MOBUHHI OJTHO3HAYHO pearyBaTy Ha 3MiHY 130TOMHOTO CKJIay CEpe/IOBUIIA.

Haiinpocrimuii moka3 130TOIMHOI cemapamii omucaHo B poooti [49].
TepmonuHamMiyHUN Ta KIHETUYHIA 130TONMHI €(QEKTH MPOTHO3YIOTH 301THEHHS
CyMillll, HOTJIMHYTOI POCIMHOI0, Ha BaXKK1 130TONH. SIK BUSBHIIOCS, Y OCOKH BMICT
*"Fe B Kopemsix ckimagano 1,9%, Toxi SK y BepxHiit gacTuHi pocanHn — 1,3 %. Lle
Iy’Ke 3HAYHUN e(eKT, SKIIO 3BaXXUTH Ha Te€, 110 YCEpEeIHEHUM BMICT BKa3aHOTO
130TOMy B 3eMHil Kopi ckiaxae 2,2 %.

36iMHCHHS 3e/ICHOT YACTHHH POCIIHHH {30TOIOM ° F€ MOB’S3aHO 3 HAsBHICTIO
MeMOpaH y KOpPEHSIX POCIIHH, SKi CJIa0KO MPOIMYCKalOTh OUIbII Ba)KKUMl 130TON Y
BEpXHIO 4YacTUHY pociuHu. [loganbiie 30i1HEHHS Ha 130TOI *"Fe moB’s3aHO 3
PI3HOI0 MIBUAKICTIO TMEPEMIIIEHHS MO KamuisipaM 130TOILY "Fe mopiBHSHO 3
i3otoroM “°Fe Ta BiIMiHHICTIO KOHCTAHT npoiieciB copOiii-necopOIrii 130TOMIB Y
ckJIaJ1 (YHKIIOHATBHUX TPYII CIIONYK, 10 MICTATHCS y cTe0JIaX pOCIUHMU.

Otxe, ¢pakilioHyBaHHSI 130TOIIB XIMIYHUX €JIEMEHTIB 3a BEJIMYHUHOIO
MarHiTHOro MOMEHTY siapa B OI0JOTiYHMX mponecax — (yHIaMeHTaldbHa
BJIACTUBICTH JKUBOI MaTePii.

5.3 IIpuHuHnu Bixbopy XiMiYHHX eAeMeHTIB maa
o0y AOBH XXHBOI MaTepii

B.1. Bepnaacekuii Bnepiie BUCIOBUB 1/I€10 MPO T€, MO €JIEMEHTHUM CKIIa]
KUBOi PEYOBUMHU HEPO3PUBHO TMOB'SI3aHUN 13 XIMIYHUM €JIEMEHTHHM CKJIaJIOM
3eMHO1 Kopu. BiH BkazaB, mo Bci XiMmiuHi enemeHTd Tabnumi JI.I. Menneneena
3aKOHOMIPHO 3ajly4eHi J0 MOOYJOBU »KMBOi PEUOBMHHU, y3araJlbHUBIIU BCl JaHI,
Bimomi Ha To¥ uac (1922 p.), y BUIVIII CEPEIHBOTO XIMIYHOTO CKJIaIy >KHUBOi
PEYOBUHU.

3arxon Knapka-BepHaocbKo020 Npo po3Cit08AHHS XiMiuHUX
enemenmie. 8 6YyovL-AKOMY NPUpPooHomy 00’cxkmi 3emni (e 6Yyoo
aKiu 2eoximiuniu cucmemi) micmsaamocs 6ci XimiuHi enemenmu,
npucymui e 3emHil Kopi.
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B.l. BepHancbkuii gudepeHilitoBaB XiMiuHI €JIEMEHTH 3a IX CKIaJIOM Yy
JOBKULII, B TOMY YUCII W B KOCHIH pevoBmHi, Ha Aeckamxu (tabdmn. 5.4), a O.IL
Bunorpanos (B 1933-1935 pp.) — Ha Makpo-, MiKpo- Ta YJIbTPaMiKpOCICMEHTH.

Taoauus 5.4. Po3noain XIMIYHUX €JIEMEHTIB y 3eMHIN KOp1 3a JAeKaJgaMu 3a
B.I. Bepraacekum (3 nonoBaennsmu A.E. depcmana)

dexannu EaeMeHTH Maca, T % (mac.)
I 0, Si >1018 =10
I Al Fe, Ca,Na, Mg, K. H 1017+ 1018 1-+-10
1} Ti,C.,CLP,S,Mn 1016 + 107 101 +1
IV F.Ba,N, Sr,Cr, Zr, V,Ni, Zn,B, Cu| 101 +10!¢ 102+ 10!
V Rb, Li, Y, Be, Ce, Co, Th, Nd, Pb, 1014+ 101 10- + 107

Ga, Mo, Br

VI U, Yb, Dy, Gd, Er, Sm, La, Sn, Sc. 1013 =101 104+ 107

W, Cs, Cd, As, Pr, Hf, Ar, Lu, Hg,
Tm. Ho, Tb. I, Ge

\Y 11 Se, Sb, Nb, Ta, Eu, In, Bi, T1, Ag 1012+ 1013 10+ 104

VI Pd, Pt, Ru, Os, Po, Au, Rh, Te, He 1011+ 1012 106+ 1073

IX Ne, Re, Tc 1010+ 1011 107 +10°
X Kr 10° = 1010 10+ 107
XI Xe 108 +=10° 10 +10%
XnI Ra 107+ 10°% 1010+ 10~
XIT Pa 106+ 107 10-11 +10-10

3a pammmu [50], B kuBHMX opraHizMax BusBieHo Oinms 80 ejaemeHTIB
[epionnunoi Tabmumi (Tadn. 5.5). HaneBHe, B )KUBOMY, 3aJI€)KHO BiJl 4yTIUBOCTI
aHAJTITUYHUX METOJIMK, MOKHA BUSIBUTH BCl €JIEMEHTH Ta iX 130TOIHU, MPUCYTHI HA
3emui.

3azanvHi 3aKOHOMIPHOCHI PO3NOOINY XIMIYHUX e/leMeHmIE 6 3eMHIll Kopi

B Ilepioduunii ma6bnuui .I. MenOeneecea enemeHmu 3
NapHumM YuciomM nNpPomoHie ma 3 NAPHOO AMOMHOIO MACOIO
Aensaromoecst O6invuwl pPoO3N06CrOONEHUMU, UUM PpOo3mauloeani
nopsio enemeHmu 3 HENAPHOIO KinvbKicmro Nnpomomie.

I{ro 3anmexHicTh Ha3zBaHo mnpaBwioM Opno-I'apkiHca 3a iMeHamu OyIi0
BCTaHOBJICHO iTaiilicbkoro ximika Jx. Omno (G. Oddo) i amepukaHChKOro XiMika
B. Tapkinca (W. D. Harkins). Bcboro »x MacoBi KJIapKy MOPSIIKOBHX €JIEMEHTIB
CKJIa/1al0Th B cyMmi Oibie 86 %.

Oco0nMBO mepeBaXkalOTh B 3€MHIM KOpl €JIEeMEHTH, aTOMHAa Maca SKUX
kpatHa dvotupboM: O (16); Mg (24), Si (28), Ca(40). basyrouuce Ha il
3aKOHOMIPHOCTI, MOXHa JIOMYCTUTH, 1110, AKOM HE MOCTIHE BUAAICHHS 13 3eMIl,
kinapku He (4), Ne (20), Ar (40) moBuHHI Oyt HabaraTo OLIBIIMMU, HIXK PEATBHO
ICHYIOY1.
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Tadauua 5.5. YcepenHeHuil BMICT XIMIYHUX €JIEMEHTIB B JKMBIA pPEYOBUHI

[50]
MagpoeaeMeHTH
(n*10-3%... n'10 %) MikpoeaemeHnTH (<n'10-3%)
MiEpoeaseMeHTH (<n'10-3%)*
Enemenrt | % (Mmac.) | Enement | % (Mac.) | ExemenT | % (Mmac.) | ExemenT | % (Mac.)
(0] 70 Mn 9.6-107 Ni 8:107 Ga 2-10%
C 13 Al 5-107 Cr 7107 Se 2-106
H 10,5 Zn 21073 v 6107 Ag 1,2-10%6
N 3-101 Sr 1.6:107 Li 6-10- W 1-10%
Ca 5-10-1 Ti 1.3:107 Co 4-107 U 8-107
K 3-101 B 1-103 La 3-107 Hf 5-107
Si 2-10-1 Ba 9-10- Y 3-10- Sb 2-1077
Na 2-10-1 Cu 3.2-104 Mo 2-107 Cd 2-1077
P 7-10-1 Zr 3-10°2 I 1,2-107 Hg <n-10-7
s 5-10-2 Rb 2-10-4 Sn 1-10° Au n-10-
Mg 4-10-2 Br 1.6-10- As 6-10-% Ra n-10-
Cl 2-10-2 F 1.4-104 Cs 6-10-%
Fe 1-10- Pb 1-10+4 Be 4-10%

* MIJKPECIICHO €JEMEHTH, SIKI MITPYIOTh MEPEBAXKHO MOBITPSIHUM IUISXOM,
peniTa — BOJAHI MITPaHTH

Cepen 130TOMIB OJTHOTO €JIEMEHTY 3a3BUYall MEPEeBaX)alOTh Ti, MACOBE YKCIIO
akux KkpatHe 4. OcoOnMBO HATJISAIHO 1€ BUTJISAIa€ HA MPUKIIA/I1 KUCHIO Ta CIPKHU:

- %0 - 99,76 %; "0 - 0,04 %; *°0 - 0,20 %;

- %8 - 95,10 %; *S-0,75 %; *'S - 4,22 %; *'S - 0,02 %.

Cepen HemapHUX Ta MapHUX €JIEMEHTIB HAa MOYATKy TaOJHIN HaWOIIbII
KJIApKU XapaKTEepH1 JJIS MIOCTUX 3a MOPSIKOBUM HOMEPOM €JIEMEHTIB, IPUUOMY
MOSICHEHHS I[LOTO SIBUIIA TTOKU HEMAE !

- Cepen mapaux — H (1), N (7), Al (13), K (39), Mn (25);

- Cepen menapaux — O (8), Si (14), Ca (20), Fe (26).

TakuMm YMHOM, 13 PO3TISALY 3aKOHOMIPHOCTEH pO3MOJUTY €JIEeMEHTIB B
mitocdepi chiaye, MO B HiIM Pi3KO MepeBaxaloTh JIETKI €JIEMEHTH 13 MapHUMU
MOPSIAKOBUMHU HOMEPAMU, IIPEACTaBJIEHI 130TONaMu TUMY 4N, 13 CTINKUMU siapaMu
Ta K1 yTPUMYIOTbCS TPaBITAIlIMHUM TOJIEM 3€MJII.

[Iporiec eBOMIOLIMHOTO PO3BUTKY OPraHi3MiB BiIOYBaBCS y CEPENIOBHUILI 13
BCiMa BIJOMHMH XIMIYHUMHU €JIEMEHTaMHM, JesiKi 13 HuX (paaioakTHBHI) 110
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TEMEPINIHbOr0 Yacy 3HUKIU 13 Jitochepu. Ilpu ybomy 6 cepedosuwyi icHys8aHHs
AHCUBO20  CYMMEBO  NEpesadcaiomv  J1e2Ki  XIMIYHI — eleMeHmu 3  NAapHuMu
NOPSAOKOBUMU HOMEPAMU MA AMOMHUMU MACAMU, OCOOIUBO MUX, AMOMHA MAca
AKUX KPAMHA YOMUPLOM.

Po3risiHyTi 0COOIMBOCTI PO3MOBCIOKEHHS XIMIYHUX €JIEMEHTIB y 3€MHIil
KOp1 MPsIMO BU3HAYWJIM CKJIAJ )KMBOI MaTepii. Tak, XIMi4H1 €JIeMEHTH, MOTPiOHI B
3HAYHIN KUIBKOCTI JIJISi PO3BUTKY OPraHi3MiB, pO3TalllOBaHl Ha <JIiHIT XKUTTSI» abo
noonmm3y Big Hei (pue. 5.18). Ils minig (mie Ha3BaHAa «IIHIEI TOXHWBHHUX
€JIEMEHTIB») SIBIISIE COOOIO JIaMaHy, sIKa 3’ €THYE BYTJICIH 13 3a1130M Ta KaJliEM.

Iepi- [Pa- I'pynmn eneMeHTIiB
ot o | I O o I 0 G [ b, - [ Vi [, 0 VII VIII
1 H 1
I | 1] 007 1,0079
m |2|Li 3 Be 4 : §F 9
6.9410 9.01218 15,9994 18.99840
11 :
oy | (SRR
4| K : c |22 Fe27 Co28 Ni
3900 44,9559 47,880 50.9414 847 58,9332 58.70
v s 22 u Ga 311Ge 32|As 33
% 63,546 65,38 69.72 72,59 74,9216 78.96 79.904
- Rb 37|Sr 3839 Y40 ZrH4l NbH42 MoH43 Tel44 Ru45 Rhio Pd
85,4678 87.62 §8.9059 91,224 92,9064 93599 98.9062 101.07 102,905 106,42
v o 47 AgH8 Cd|In 49/Sn 50/Sh 51|Te 52|1 53
107 868 112.40 114.82 118.69 121,75 127,60 1269045
s Cs 55 Ba 5657 Lal72 Hf73 Ta|74 W |75 Re|76 Os|77 Ir|78 Pt
V_I 1329054 137 34 1389055 178.49 180,9479 18385 186.207 190.2 192,22 195,09
o7 Au80 Hg| Tl 831Pb 82Bi 83 Po 384 At 85
196.9665 200,59 204,37 207.2 208,9804 [209] [210]
r 87 Ra 8889 Ac[l04lngl105Un
VII |10 [223] 226,0254 227.0278 [261] [260] P

Puc. 5.18. «JIiHisg moXuBHUX eIeMeHTIB» B IlepioauuHii TaGIUIll XIMIYHUX
enemenTiB J[.I. MenneneeBa

BBaxkaeTbes, Mo 4YuM Jaii Ta HIDKYE BIJ «IIHIT JKUTTSA» PO3TAIIOBAHO
€JEMEHTH, TUM OIJIbIII BOHM HEOE3MEeYHl MPH BUCOKIA IXHIA KOHIEHTpaIlii B
CepeOBUIIIl ICHYBaHHS JIJIsl OUTBIIOCTI )KUBUX OPraHi3MiB, BKIIOUAIOUH JTIOJUHY. 3
1HIIOT CTOpPOHH, AEPIIUT TUX EJIEMEHTIB, SKI PO3TAIlOBAaHO B IMEpHIy Yepry
no0JIM3y Bij «IiHIT JKUTTSI», MAa€ HETaTUBHUI BIUIUB HA OUIBIIICTH OpPraHi3MiB, B
TOMY YHCII1 JIFOIUHMU.

3HaliiIeHo, 10 eJNEeMEHTapHHN CKJaJ >KUBOi Marepii MpOHOpUIMHUN
€JIEMEHTHOMY CKJIaJly HaBKOJIUIIIHBOTO CEPEOBUIIA 3 MOMPABKOIO HA PO3YUHHICTH
CIIOJIYK Y IOMY CEpPEeIOBHIII].

IF'oAOBHY Macy opraHismiB ckaazarwoTe Ti XimiuHi
€A€eMEHTH, AKi:

- Aezrxo ymeoproroms 2as3u,

- Ymeoproromv 6000pO3UUHHI CNROAYKU 3 6UCOKUM
cmyneHem pyxnueocmi e ymoeax biocipepu.
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CnpoOu 3’sicyBaTH NPUYMHM BUOOpPY NEBHUX XIMIYHUX EJIEMEHTIB IS
nmoOyI0BH KUBOI MaTepii Ta ix MeTaboi3My 3/ilcHIOBaUCs OaraTokpatHo. OqHa
13 HAaWOLIBII IPYHTOBHUX — JOCHIIKEHHSI aMepuKaHChKkoro Oioreoximika B. Ilay
(W.H.R. Shaw) [51]. Buxomsuu i3 3arajJbHOBH3HAHOTO TBEPKCHHS, IO
nepioguyHa cuctemMa Xximiuaux ejaeMeHTiB JI.I. MenneneeBa € HaHOLIbII
JIOCKOHAJIOK0 CHUCTEMOI0 Kiacu@ikaiii BciX BigoMux y mnpupoji aromis, [llay
CIIBCTaBUB IXHIO €JIEKTPOHHY CTPYKTYpy, aTOMHY Macy Ta HYKJIOHHE YHUCJO 3
(bi3UKO-XIMIYHAMU BIIACTUBOCTIMH (€JIEKTPOHETaTHBHICTD, 3aTHICTh YTBOPIOBATH
KOMIIJIEKCHI CIIOJYKH, CTaOUIbHICTh KOMIUIEKCIB, CTENIHb OKHCIEHHS, paalycu —
WOHHMI, KBAaHTOBUM, 10HHHMM TOTEHIlIAJ, CTAHAAPTHHMN EJIEeKTPOJHUN MOTEHIIIA,
CIOPITHEHICTh 10 CJICKTPOHY, MOTEHINAl 10HI3a1lil) Ta 3AaTHICTIO KUBOI PCYOBHHH
BUKOPHCTOBYBAaTH BTOMHU Y KUTTEBUX Mpoliecax. MeTa — BiAHANTH (Pi3UKO-XIMIUHI
nmapaMeTpHd, sKi BH3HA4YalOTh O10AKTHBHICTH Ta OI10JOCTYHHICTH aTOMIB.
BupimianbHe 3Hau€HHS TP [IbOMY Ma€ CYKYIHICTb PI3HUX BJIACTUBOCTEH aTOMIB,
iX JOCTYHHICTb HJii OpraHi3MiB B JIOBKLUI, 3/IaTHICTh aTOMIB BHOIPKOBO iX
MOTJIMHATH Ta KOHIIEHTPYBATH.

SK oAWH 13 MOXJIMBHX KpHUTEpiiB OiomocTymHOCTI (Mirpamiiinuii dakrop)
MO>KHA BUKOPUCTATH TaK 3BaHWU 10HHWH moteHIiian Kaptnemka (puc. 5.19), sxuit
PO3paxoByIOTh 3a (HOPMYJIOO:

nK=2, (5.1)

n
ne Z — 3apsij ioHa,

N — oHHM paniyc, ,& .

3a UM MOKAa3HUKOM XIMIYHI €JIEMEHTH MOYKHA PO3AUTUTH Ha 3 rpynu (puc.
5.20):

1. IIK Huocue 3. EneMeHTH 3 TaKMMH 3HAYEHHSMH TIOTCHIIIATy 3a3BUYAi
JIETKO TEePEXOIATh B NIpPUPOJHI BOAW Yy BUIJISAAlI HOHIB 1 HE YTBOPIOIOTH
komiutekcHux cnoiyk (K, Na, Ca, Li, Rb, Cs, Ba, ClI, Br);

2. [IK 6i0 3 00 12. Taki eneMeHTH YTBOPIOIOTh, SIK TIPABUIIO, BAXKKOPO3ZUMHHI
NPOAYKTH Tinponisy, Hanpukian, Fe, Al, Ti, Zr, C, Cr, Si tomo;

3. IIK suwe 12. EmeMeHTH i€l TPynu B OKHCJICHOMY CTaHI yTBOPIOIOTH
KOMILJICKCHI po3unnHi conyku (mpukiagun — B, C, N, P, S).

JlokazoM TOTO, IO KPUTEPIIMH JOCTYIHOCTI €JEMEHTIB SBISIOTHCS
PO3YMHHICTh Ta JIETKICTh IXHIX CHOAYK, € JaHl IIOJ0 PO3MOAULY XIMIYHHUX
CJICMCHTIB B CKJIa10oBUX Oiocdepu (Tadi. 5.6).
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e . Z/n=3,0
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3apsaau ioHiB
Puc. 5.19. Knacudikamis XiMi9HHX €JIEMEHTIB 3a BEIUYHHOI HOHHOTO
notenuiany Kaptiemka [52]
Ta6auus 5.6. BmicT ximiuaux enementiB (% mac.) B 3eMHi# Kopi, IpyHTax,
MOpPCBKIiH BOi, pociuHax i TBapuHax (3a O.I1. Bunorpamosum) [52]

3emMHa
XimMmiyHHH Kopa . e Mopceka P | T
eAeMeHT | (ocamkoBi BOZA

MopoAaH)
o) 49,4 49,0 85,82 70,0 62,4
Si 27,6 33,0 510 0,15 1107
Al 7.45 7.12 5.10° 0,02 1107
Fe 5,0 3,8 5.10° 0,02 0,01
Cc 0,15 2,0 2107 18,0 21,0
Ca 35 1,37 0,04 0,3 1,9
K 2,5 1,36 0,038 0,3 0,27
Na 2,6 0,63 1,06 0,02 0,1
Ti 0,6 0,46 1107 1107 1-10°
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N 0,02 0,1 1-10” 0,3 3,1
P 0,08 0,08 5.10° 7-10° 0,95
S 0,05 0,05 0,09 0,05 0,16
Mn 0,09 0,085 410" 1-107 1-10”
Zr 0,04 0,62 - 5.10™ -
Cr 0,02 0,019 - 5.10™ 1-10”
Vv 0,03 0,01 5.10” 1-10™ 1-10”
Cl 0,048 0,01 1,89 1.10° 0,08
Cu 1-10° 2107 2.10° 2.10™ 1-107
Pb 1,510 5.10™ 5.10” 1-10” 1-10°
! 310° 510" 110°¢ 110° 0
1-10

XIMIYHHUNA CKJIaJ KMBOTO y CYMapHOMY BUPa)XEHH1 CYTT€BO BIJIMIHHUUI B1]
ckaaay atMochepHOro moBITps Ta TBepaoi oOosonku mmianetu (puc. 5.20). B
LIJIOMY BiJl OUTbII CXOXXUM Ha XIMIYHUHM cKiiaa ripocdepu, B sKid aOCOIMIOTHO
nepeBaxkaroTh BoAeHb H Ta xucens O. [IpoTe € BIAMIHHICTB: B OpraHizMax 3Ha4HO
UMM € BMICT Byruieito C, kanbiiito Ca ta azoty N. XKuBa pedoBuHa ckiagaeThCs
MEPEBAXKHO 13 €JIEMEHTIB, SIKI MITPYIOTh U€pe3 BOJHE Ta MOBITPSHE CEepPEIOBUIIE,
TOOTO SKi yTBOPIOIOTH Ta30moaiOHI Ta po3uuHHI cronyku (puc. 5.21).
[TinTBep/UKEHHSIM IIBOTO (haKTy € BUCOKMH BMICT TaKUX eJIeMeHTiB, sk Si, Al, Fe,
Zr, Mn, Zn y 3eMHiil Kopi, BOAHOYAC IX KOHIEHTpallil B MPiCHINA, MOPCHKINA BOJI1 Ta
B atMoc(depi MiHiMabHI (Tabi. 5.6). V kuBili pe4OBUHI BOHH BUKOHYIOThH (DyHKITi{
MIKPOEJIEMEHTIB.

Sk mokazano Buine (1. 5.2.4), B 6iocdepi kounenrpyiorecs O, K, S, C, P, Cl,
N, Sn, As, BiqHocHo BrcokuM € BMicT Ca, B, Zn, Ba, Sr, Rb, Cu, Pb.

3ajiexkHO BiJ Cepe/lOBUINA ICHYBAHHS CYTTEBO BIAPI3HSIOTHCS KOHIIEHTpAIlil
XIMIYHUX €JIEMEHTIB Y MOPCHKHX Ta Ha3eMHHUX POCIMHAX Ta TBapuMHax. Mopchka
dnopa ta dpayna xonmnentpye Ca, K, Na, Mg, S, Cl, O, Zn, Cu, Mn, Fe, I, Ni, Ti,
Sr, Zr, Cr, Li, B, La. HazemHi opraniaMu B IUJIOMY MICTATh MCHIIIE MakKpo- Ta
MikpoeneMeHTiB, npote caifa Buaimuta N, C, F, Mn, Al, BMICT SKuMX B Ha3eMHHX
pOCIIMHAX BUIIHUI, YUM Y MOPCHKHUX, HA TTOPSIAOK.

Sk BKa3yloTh aBTOpH poboTu [54], B mporieci eBOMIOIIT Bii HEOPraHIYHUX
pEUOBHH 10 Ol0OpraHIYHUX OCHOBOIO BUKOPHUCTAHHS THUX YH IHIIUX C€JIEMEHTIB
IIpU CTBOPEHH1 O10CUCTEMU € mpupoAHui BinOip. Takum 4yWHOM, 3a TaHUMH TaOJl.
5.6, o4eBUAHO, MO OLIBIIY YACTKY JKUBHX OPTaHi3MIB CKJIAIAalOTh €JIEMEHTH, SKI
IIMPOKO PO3IMOBCIOKEHI y 3eMHIl Kopi. Hemae xopenstii ;s kpemHio Si (BMicT
y 3eMHii kopi 27,6 %), Toai SK B KMBHX opraHismax #oro mamo (Bim 0,15 B
pociuHax 10 1-10” % B TBapHHHHUX OpraHi3Max).
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ol %g; — HaOLIbII ~ PO3MOBCIOKEHI
2 p—
% %Hi = 11— -E €JIEMEHTHU
© l MTocdepa
T =
10
10,
103 1‘ —
ig: OHHA R
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XAMI9H1 eAeMeHTH

Amnarnoriyaa cutyais 3 anrominiem Al, Turanom Ti, 3amizom Fe, xpomowm Cr.
Henponopuiiinuii iX BMICT B OpraHi3mMax Ta CepeJOBHIIII X ICHYBaHHS MOB’ I3aHUMN
3 THUM, IO 3aCBOEHHS MPaKTUYHO Hepo3uuHHHX okcuAiB SiO;, Al,O3; Fe,03 He
Bi10yBaeThes. [Ipote cocTepiraerbes iHma kapTuHa aiis Byriemto C, Koiau Horo
BMicT y 3emHiii kopi Bceoro 0,15 %, Tomi sk y ckmami JKMBOTO 3a
PO3MOBCIOJKEHICTIO BiH Ha japyromy Micmi (18 % — y ckmaai pocnun; 21 % —
TBapWH).  bioJIoriuHe KOHIIEHTPYBAaHHS BYIVICHIO BiJOYBA€ThCSA Y JIAHIIIOTY
KUBJICHHSI, TMOYMHAIOYU 13 HOro 3acBO€HHS (POTOCHHTETHKaMH 13 aTMochepu y
surisaal COo.

WMoHHuil cknam IiasMH KpOBi CCaBIIiB, IIUTOINIA3MH KOPEIOE i3 BMiCTOM
OCHOBHHUX HOHIB y MOpPCHKid Boji (Tadm. 5.7). lle# ¢dakT € omocepeaKoBaHHM
JI0OKa30M 3apOJIKEHHS KUTTS Y MOPCHKIM BOJI.
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Ta6auus 5.7. Bmict #oniB (% Mac.) B MOpPCHKiii BOii, Iuta3mi KpoBi Ta
uToIIa3mi [52]

HoHH Mopcexa Tlaaama IIHTOMmAa3ZMA
BOZA KpOBi

Na* 0.4 0.14 0.01

K* 0.01 0.005 0.1
Ca?t 0.01 0.002 0.001
MgEJ' 0.05 0.001 0.01
Fe3* 1-10-8 1-10-°3 1-10-3+1-104
Mn?2* 1-10°% 1-10°% 1-10-6
Zn2+ 1-10° 1-10-° 1-103+1-104
Cu?Z?t 1-10-° 1-10-3 1-10°3

Cl 0.5 0.1 0.1
P043' 1-106+1-10° 1-10-° 1-10-

AHani3 naHuX, MpeACTaBI€HUX B Tabi. 5.7, CBIAYUTH MPO AHOMAIbHUU
PO3MOALT Kalilo, BMICT SKOTO Ha MOPSAJOK BUIIMNA y HMUTOIJIA3M1 MOPIBHSHO 13
MOPCBKOIO BOJIOI0, 1 OUIBII HU3bKUH, HI’K Y MOPCBKIM BOA1, BMICT HATPIIO y IJIa3MI
KpOB1 Ta LUTOIJIAa3Mi. Y BOAOWMAax Cyll, SIK MPICHUX, TaK 1 COJOHUX, TaKe
«KJIITUHHE» CIIIBBIIHOUIEHHS KaJlil0 Ta HATPII0 TaKOX HE 3YyCTPidaeThCs.
HaitbmmxkyuM 10 Takoro CITIBBIIHOIICHHS KaIil0 Ta HATPII0 BHUSIBHIKCS BOIU
reoTepMalibHUX JiKepen. [Hima ocoOMMBICTh MOHHOTO CKJIAAy KIITHH — BHCOKa
KOHIICHTpAIlisl HOHIB IEpexigHUX MeTadiB, mepm 3a Bce Fe, Zn, Mn, Cu.
Konnentpaiiisi Zn B MUIbHOH pa3iB BUILE, HIXK Y MOPCHKiil BOJI1. 30araueHHs [IUMU
MeTallaMH XapaKTepHE JJIsl OJHOTO PI3HOBHUY T€O0TEPMANIbHUX JHKEPesl — «YOPHUX
KYPIIIB».

5.4 T'eoximiuHa poboTa KHBOI MaTepii

B.l. Bepnaacekuii BkazyBaB, IO XKHUBa MaTepiss — caMa akTuBHa (opma
Matepii y BcecBirti, reoximMiyHa poOoTa sIKOi MOBHICTIO TpaHchoOpMyBaia BEpXHI
00O0JIOHKH 3emJll MPOTATOM TEpMIHY CBOro icHyBaHHS. OCHOBHA IUIaHETapHA
GyHKIiET — 3B’S3yBaHHS Ta 3alMacaHHs COHSYHOI €Heprii, ska Jani
BUKOPHUCTOBYETHCS HA IHIIKX T€OXIMIYHUX TpaHCHOpMaIlii.

HakonuuenHst eHeprii BiAOyBaJlOCS HEOIHOPIAHO MPOTATOM T€OJOTTYHOT
ictopii. Hanmpuknaa, moknaau BYriyuis Ta 1HIIMX (OCUII30BAaHUX  OPraHIYHUX
PEILITOK YTBOPHWIKCS NIEPEBAXKHO B MAJIC0301, ME30301 Ta KailHO301. O4eBUIHO, 110
reoxiMiyHa poOOTa JKUBOTO Ma€ UUKIIYHUN XapakTep, IO 3aJeKUTh BIJ
30BHINIHIX YMOB (30KpeMa, UKJIiB COHSYHOI aKTUBHOCTI, TSKTOHIYHUX MPOIIECIB).



- 245 ~

BuyTpiliHs eHeprisi, CTBOPIOBAHHS MKUTTSM, MPOSBIAETHCS Y MEPEepO3NOaLTI
XIMIYHUX €JI€MEHTIB Ta CTBOPEHH1 HOBHX TLII.

['eoximiuHa €Hepris »KUBOTO MPOSABISIETBCA Y PO3MHOXKEHHI JKHBUX
OpraHi3MiB, sIK€ HENEpPepBHO BiIOyBaeTbcsi y Olocdepl 13 AUBOBUIKHOIO
MaTeMaTUYHOIO MPABUIILHICTIO. BHACIIIOK 1ILOTO KMBA PEUYOBUHA «PO3TIKAETHCA»
MO BCii MOBEpPXHI 3eMJli, BKIIOUAOYU BOJAHY 000JIOHKY Ta Tpornocdepy. Bunukae
«BcroO0Hicmb» XUTTA, 3a BuUcIoBOM B.I. Bepnaacekoro. Binm oOuncnmB dac,
HEOOXITHUHM PI3HUM OpraHizMaM ]ISl MOBHOI OKyHallii MOBEpXHi 3eMJll — TaK 3BaHy
CULBUOKICMb Nepeoayi Heummsi».

- Jliis xomepHoi 6aktepii — 1, 25 no6w;

- Jliatomei (3ereHoro miankToHy) — 1,83 moowu;

- Komapa — 203 n00w;

- Jlomamaboi Myxu — 366 m100w;

- Tpicku — 4 poku,

- KBiTKOBHMU pociuHamMu (HAITPHUKIIA]], KOHIOIIMHOI0) — 11 poKiB;

- [Iypa Ta qOMamIHbOi CBUHI — 8 POKIB;

- Jlukoi cBuHI — 0111 56 poKiB;

- Crnona — monax 1000 pokis.

AHani3 IUX JaHUX CBITYUTH MPO T€, IO APiIOH1 OpraHi3MU BHACTIIOK OUIbIII
IIBUJIKUX TEMIIIB PO3MHOXKEHHS TEpeMaraloTh KPYIHUX, a JOMAIlHI TBapUHU
PO3MHOXYIOTHCS IIBUJIIIE JTUKUX.

Jlokazom BucHOBKIB B.I. BepHajicbkoro € He3amiaHOBaHUI €KCIIEPUMEHT Y
YopHOOMIBCHKIN 30HI, J€ 3a BIACYTHOCTI aHTPOMOIEHHOI peryisiii nepenaya
KHUTTA BinOys1acs HeOAYSHUMH JI0 IbOTO TeMIiaMu [55].

O4eBUIHO, 1O VIS )KUTTS HA PO3MHOXKEHHSI KO)KHOMY OpraHi3My NoTpiOHa
pi3Ha 1wioma: ciony — a0 30 kM, Gxoni — 200 M, 3nmaky — 26 cM?, urst Tpicku —
oA ii Tina.

[TutoMa moBepxHs piBHA BITHONIEHHIO MMOBEPXHI Tija /10 oro 06’emy. Yum
MeHlie o0’eM TuIa, TUM OuIbIIa HOro nUTOMa MOBEpXHS. ToOMy BHCHOBOK
HACTYIHUN: YUM OUTbIIA JUCTIEPCHICTh CUCTEMH Ta MEHIIE 1i 00°€M, TUM OLIbIII
IHTEHCUBHUM € T'€OXIMIYHUW BIUIMB OpraHi3MiB. ToMy HalOUIbII 1HTEHCUBHUM €
BILIUB MIKPOOPTaHi3MiB.

Hakonuuennss eHeprii Ta mepemada 1i KUBUMHU OpraHi3Mamu IpuU
PO3MHOXKEH1 TIPUBOAUTHL OO 11 PO3TIKaHHSA, CTBOPIOKOYHM, 3a ciaoBamu B.IL.
BepHancekoro, «muck sorcummsa» abo «Hanip scumms». B CBOIO yepry, TUCK KUTTS
oOMeXy€e pPO3MHOXEHHS BHACIIIOK OOpOTHOM 3a ICHYBaHHS - 3a IUIOLLY, XY,
KUCEHb JUIsl JuXaHHA. BHacHmigok MbOTO BIiAOYBAa€ThCA TNPUPOAHUN BiAOIp.
Y TBOpeHHS BUIIB Ta B IIUIOMY PO3BUTOK *HBOi MaTepii 3emuIi.
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Skmo B Giochepi HenmepepBHO 3’ SIBJISIIOTHCS HOBI OCOOMHM, @ YMOBH ISl 1X
ICHYBaHHSI 00OMEXeH1, TO 10 O10J0TIYHOTO KPYTroo0iry 3a1yudarThCs HOBI pecypcH,
BOHHU 0araTOKpaTHO NEPEPOOISIOTHCSA OpraHi3MaMu PI3HOTO CTYMEHs OpraHi3alii.

Jloxazom Ha KOpuCTh nosioxkeHHs B.l. BepHaichbKoro npo BCIOAHICTD KUTTS
€ 3HauyHUW MacuB iH(MopMarlii, ogepkanuii, mounHaroun 3 1980-x pokis, mpo Tak
3BaHHMX «eKcTpeMo(dimiB» (Bix JaT. extremus — ekcTpeMalbHHIA Ta Tpell. @iiio —
J1000B) - TIEPEBAKHO MIKPOOPraHi3MiB, SKi JEMOHCTPYBaJIU (aHTACTHUHI
BJIACTUBOCTI JI0 BW)KMBAaHHS B EKCTpPEMaJbHUX YMOBaxX JOBKULISA. 3a ClOBaMu
actpodizuka C. Cirypuaccona (S. Sigurdsson), Ha Hamiiii IUJIaHETI BHSBICHO
KUTTE3AATHI criopu Oakrtepiit Bikom 40 MJIH. pOKiB, sIKi HAaI3BUYANHO CHIIBHO
3axwuIneHi Bix pamianii [56].

bakTepii BUSABICHO B XOJOJHUX Ta TEMHHX yMOBaX, y o3epi Ha rmbuHi 0,5
KM Tia Jb010M B AHTapkTuai, B Mapiancekiii 3amaguni. Kiorog 1o
eKCTpeMO(UILHOT ajanTaiii — aMIHOKMCJIOTHHH CKJIaJ, TaKUX OpraHi3MiB, IO
BIUIMBA€E HA IXHIO 3JaTHICTh JO ACCTPYKIIi OlIKa B €KCTpeMadbHUX yMoBax. B
Tab. 5.8 HaBeneHO KIacuikaIlito Ta MPUKIAAN EKCTPEMO(UTBHIX OpraHi3MiB.

Tab6auus 5.8. EkctpemodinibHI Opra”i3Mu Ta YMOBH iX iICHYBaHHS

Tun YMmoBH

. . IIpuraanu
ecrpemodiaa AOBKiAAq P ot

Anmaodin pH 3 i Hmwkye JlecmimieBi Bomopocti (B Oomnotax), diopa
charnymumx Oouir, 6aktepii Acidobacterium
Acidithiobacillale, Thiobacillus prosperus,
Thiobacillus  acidophilus,  Thiobacillus
organovorus, Thiobacillus cuprinus,
Acetobacter aceti

Ankamidin pH 9 1 Bume Oprani3zmy, 10 MEIIKAIOTh Y TUIAEBUX 03€pax
ta kapOonatHux rpyHTax: Geoalkalibacter
ferrihydriticus, Bacillus okhensis,
Alkalibacterium iburiense

Amnaepo0b BiacyTHicTh Opranizmu, SKUM HE TOTPIOEH KUCEHb IS
kucHio O; pocty (Spinoloricus Cinzia). IcuytoTh 1Ba
nigBuau - (pakynpraTMBHI Ta 0OJiraTHI
aHaepoOu. @axkynbTaTUBHI MOXYTh ICHYBAaTH
1 B aepoOHHMX, 1 aHAepOOHHX YMOBax;
00JIIraTHi — TUHYTh IPU HASIBHOCTI HE3HAYHOI
KUTBKOCTI KHCHIO.

Enpomnit Ob6mexeHuit KuByTh y MIKPOCKOIMIYHUX MPOCTOPAX MIXK
00’em KPUCTAIYHUMH 3€pHAMH CKEJIBHUX TOPIJ,
3aCeNsA0Th TPIIIUHUA, BOJOHOCHI TOPU3OHTHU
Ta PO3JIOMH, 3alOBHEHI IMJI3€MHUMH BOJIAMH
rmOOKO TiJ TOBEPXHEI 3emili: Tpudu-
enmomitu -  Ostracoblabe implexis i
Lithopythium gangliiform; niiano6akrepii
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[anodin Bucokuii Mopchki TBapUHU - pamionspii,
coneBmict (25-30 | pudoyTBOproroUi  Kopanu, padok Artemia
% NacCl) salina, muumaka komapa Aedes togoi;
oakrepii poxie Halobacterium, Halococcus;
Halobacteriaceae, Dunaliella salina,;
pOCIMHM  Kypail ~ coloBHWH,  aHabasuc
Oesnuctui (KauyHUK), TPEOIHHUK KOJTHOUHIA.
I'imeprepmo- Temmneparypa HaiiBumy Bimomy Hapasi temmepatypy 122
¢bin 80-122 °C °C Burpumye Buj Oaktepiii Methanopyrus
kandleri, mpu mpomy 30epirarwdu 37aTHICThH
710 POCTY Ta PO3MHOXKECHHS
lNnmonit XonoaHi @DOTOCHHTE3YI0Yl OpraHi3Mu, >KUBYTh Mij
MyCTeli, mig | KAaMIHHSIM 1 MIHEpaJbHUMH TOPOJIaMHU, B
KaMiHHSIM TOMY YHCJIl B yMOBaX IMYCTeldb B ApPKTHUIl
(octpi Kopuyost, octpiB JleBon). 95-97 %
JOJIOMITOBHX TOPIJ 13 Ipo0, B3ATUX HA LHX
OCTpOBaX, BUSBUJIUCS 3aCeJICHUMH
TIOJIITaMH.
Kannogin ATtmochepa 3 | bakrepii  Mannheimia succiniciproducens,
KoHIIeHTpariero | Aggregatibacter actinomycetemcomitans
CO, 10-15% (30ymHUMK TapaJoHTAIbHOT iH(]eKIIii)
JlitoaBTOTpO(D Jlxxepeno eneprii | Calderobacterium - oOJriraTHi
- CO; ta | mitoaBroTpodu; HiTpobakrep Nitrosomonas
€K3eproHiuHa eUropaea
HEOpraHiyHa
CHIONTyKa
Mertaio- Bucoki bakrepii Ferroplasma Sp., Cupriavidus
TOJIEPAHTHI KOHIICHTpAIIil metallidurans Ta GFAJ-1
OprasizMu PO3YMHEHUX
BOKKHUX METAIIB
(Cu, Cd, As, Zn)
Ouirotpod OOMexeHH1 Ipynrosi Oakrepii pomun  Spirillaceae,
pecypeu Hyphomicrobiaceae; pocauHHICTE — OOJIT
YKVBJICHHS (Bepeck, OarHo 3BWYaiiHe), COCHA 3BHYaiiHA
Oepesa moBuca
Ocmodin Hyxe BUCOKA | JIpUKIKI, MIKPOCKOIMIYHI TPUOKH, MLI0 Yy
KOHIIEHTpAILI1s AKOCTI CyOCTpaTy BHUKOPHUCTOBYIOTH MEJ!
ocMoTHuHO  ak- | Saccharomyces rouxii; Saccharomyces bailii;
TUBHHUX pedoBuH, | Debaryomyces
BUCOKHM  OCMO-
TUYHUNA TUCK
[T’e30¢in Bucokuii tuck (B | TnmubokoBoaHi Oakrepii Barotolerant,
(6apodin) Haapax  3emu, | Halomonas; neski apxei
OKEaHI4HI

3aI11a I HN)
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[Momiekctpemodin | binbimn Hixk oana | bakrepii Deinococcus  Radioduran;
eKCTpeMalibHa Thermoanaerobacterium aotearoense,
KaTeropis Thermoanaerobacterium aciditolerans;
Natranaerobius thermophilus
[cuxpodin Temneparypa Jleski mtamu Oaktepiii poxy Arthrobacter;
(kpiodin) 10 °C 1 Hmxue | ICEBAOMOHAAU, MOPCBbKI  OakTepii, IO
POTATOM CBITATHCS Ta pOKapioTu Bacillus
TPUBAJIOTO psychrophilus
nepiony
PaniopesuctentHi | Bucoki pieai | Tuxoxigka Milnesium tardigradum; 6axmepii
opraHizmu 10HI3yI0YO0T0 Deinococcus radiodurans; Thermococcus
BUIIPOMIHIO- gammatoleran (ous. c. 146).
BaHHS,
ynbTpadionery
Tepmodin Temmneparypa Tepmodinpui OakTepii rapsyux IKepen
45-122 °C Thermus aquaticus, Sulfolobus
acidocaldarius, a Takox TMpeCTaBHUKH POJIiB
Thermoplasma i Thermoproteus
Tepmoanuaodin | [loennanus Excrpemanbhi apxei (manpuksian,
BHCOKOI1 Metallosphaera sedula)
TEeMIepaTypu
(70-80 °C) Ta pH
2-3
Kcepodin 3HEBOIHEHI ®nopa Ta ¢ayHa MycTenb Ta HaMIBIyCTENb
YMOBU (rpu3yHH, BepONIOAH, PsA SUIIPOK, Mypaxw,
KaKTyCH, eIIOJIbIIisI KaTi(popHiiichka)
['eorpadiunum  HacmiAkoM  OOpOTBOM 3a  pecypcu ICHYBaHHS €

PO3MOBCIO/KEHHS JKUTTS Ha BCl JOCTYMHI JUISHKU 3 CAMHUMHU €KCTPEMaJlbHUMU
yMOBaMH, SIKi 3aiMarOTh Pi3H1 BUJIU €KCTPEMOQLIIB.

[Tpuknanamu MOXyTh OyTH Taki O10T€0IEHO3U:

1. «<YopHi» Ta «Oiji» Kypui — riApoTepMalIbHI JKepelia Ha JHI OKEeaHiB, sKi
Oyno Bimkputo B 1977 p. mpu 3amypeHHi Oaruckady «AnBiH» OKEaHIYHOTO
yHiBepcuTeTy Byncxona
Haiirnu6mie ix Bussrin Ha aui Kalimanosoi 3anaguau Ha rianoudi 5000 m B 1970-

(CIHA) nmo CxigHo-THX0OKEaHCHKOrO  IiTHSTT.

x pokax. Hapasi ommcano Oims 200 paifoHiB iX po3TamryBaHHS, B TOMY YHCII
no0nu3y AHTapkTuau, Ha JH1 baiikamy. YMoBM iX (yHKIIOHYBaHHS BKpau
eKcTpeMaibHi — rmmbuHa Bix 2 10 5 kM (tuck — Bix 200 go 500 aTm), Temneparypa
Bonu csrae 300-400 °C (sika He KUMHUTH BHACTIIOK BUCOKOTO THCKY), BOHA MICTHTh
BUCOKI KoHmeHTpamii H,S, cymedinis (FeS, CuS), oxcuaiB Baxkux metainis (Pb,
Zn, Cd). CBoro Ha3By 1Ii JKepesa OTpUMAIIU 4epe3 Te, M0 MeperpiTi MOTOKH BOJIH,

BUXOASYM 13 JiTOCEpH, BHHOCITH 3BaXKEHI YACTUHKH 4YOpPHOTO abo Oijmoro
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KOJIBOPIB, 3aJIeKHO  Bi  1X  XIMIYHOTO ckinany  (pwuc. 5.21).

"JopH1 KypIn"
(350-360 °C) FeS, CuS, NiS
"Binl kypri”
= 3640 ks (260 -300 °C)
- Fain
1.% —-ZnS, MnS
~ 3680

L

100 m

- ‘-, 'I o : : ‘-.'é : \ ‘
o

Puc. 5.21. bynosa Ta BUTIISIT TTHOOKOBOAHUX T€OTEPMATBHUX JKEPEIT

Buxonsun 13 TpyOH, «4OpHUNU OUM», IO MICTUTh 3Ba)K€HI YaCTHUHKHU
nipotuHy FepSy:1, amopdroro kpemuesemy SiO, 3 gomimkamu cyasdinis Zn, Cu,
OXOJIOJIKYETRCS, 1 B OCaJ CIIOYATKY BHITaal0Th CyJbdinu TeMHoro koabopy (FeS,
CuS, NiS). I3 HuX ckimaaeTscst TPYOH YOPHUX KYPI[IB», BUCOTA SIKUX csrae 2,5 M.
[eiizax Haranye ¢paOpuKy Ha OKEAHIYHOMY JiHI, 3 TPYO SKO1 BaJUTh YOPHUU JTUM.
«bimmit muM» micTuTh amopdHu kKpemueseM, aHTinpuT CaSO, Oaput BaSO,.
[Ipu momamemomy oxonomkeHHi g0 200-300 °C ocamxyrotecs ZnS, MnS,
BUMAJAI0YU y BUTJISA1I OLIOTO 1Iapy HABKOJO TpyOW Kypis. I'eoTepmanbHa Boja
36arauena H,S, K*, Na', mae kucne cepenomme (Tabm. 5.9).

Jlani xiMigHUX aHami3iB (koysioHKH 3 1 4, Tabn. 5.9) IeMOHCTPYIOTH, IO B
OUIBIIIOCTI JOCTIIKEHUX T€OoTepPMaJbHUX JKEpeN TOJOBHI HOHW MOPCHKOI BOIH,
Cl" i Na*, He3HaYHO 3MiHIOIOTH CBOIO KOHIIEHTPALLIIO.

B pesynbraTi B3aemojii 3 0OazaidbTaMHU 13 MOPCHKOI BOJAM MPAKTUYHO
IMOBHICTIO BHUIAJISIIOTHCS Mg2+ 1 SO42', a takox cnonyku U, P. Ilpu upomy
MepBUHHI Oa3aibHI MIHEpAdu PO3KIATAIOTHCS, 3 HUX Y BOJHE CEpPEJOBHUILE B
3HAYHUX KUTBKOCTSAX TepexoaTh riapatoBani ¢opmu SiO,, Ca, Sr, K, Fe, Mn,
po3unHstoTbes razu CO,, Hy CHy4, H,S, He 1 xommutekcHi cioyku Sh, Zn, Cu, Pb,
Au, Ag. Mirpariiini nporecu K 1 Li 6u1bIn ckiIagHi — MpU HU3BKUX TEMITEpaTypax
BOHU 3B’SI3YIOTHCS TIIMHUCTUMHU MiHEpaJIaM¥ y BUTJISAI CMEKTHTIB, a P BHCOKHX,
HaBMakW, BUMUBAIOTHCS. B pe3ynbpTaTi riipoNiTUYHUX MPOLECIB 3 MiHEpaTbHUM
OTOUYEHHSM MOpCbKa BOJa, sIKa BiJl MOYATKy Maja HEUTpalibHy peakiiiio Ta
MO3UTUBHUN peoKC moTeHiian. [lepeTBOproeThCs B KUCIUN BIAHOBIIOBAIBHUN
po3uuH. [Ipu nocnimkeHH1 KUTbKOX T1ApOTEpMalbHUX CUCTEM OYJIO BUSBICHO, IO
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3araJJbHANA COJICBMICT B HUX CYTTEBO (B 2-3 pa3u) BIAPI3HAETHCS BiJ MOPCHKOI
BOJIH, TPUYOMY SIK Y OLJIBIINY, TaK i B MEHIITY cTopoHy (Tadu. 5.9, komonku 5 i 6).

Ta6mauusa 5.9. Ximiuanii ckiiaq BOAW HABKOJIO IIBOJHUX TeOTEPMATbHUX
JDKEpeJT B Pi3HUX paiioHaX CBITOBOTO OkeaHy [57]

Cxinso- Xpeber XyaH-zme-
Ximiunuii | MopceKa THROOREAHCEKE $yKa
eAeMEHT EOZA = e
21° cx. m. | 11° ex. m. | 45° cx. mI. Ocroza
ropa
Temmepatypa, °C
2 | 273 | 354 | 262 | 299
pH (mpu 25 °C)
7.8 3.8 3.1 2.8 4.4
Buict, r/kr
Cl 19.18 20,53 25.24 44.1 6.24
Na* 10.67 11,72 12,67 16,00 3,40
S042- 2.68 - - - -
Mg2+ 1.293 . - - -
Ca2+ 0.383 1,009 1,075 2.205 0.273
K+ 2.5 1.36 0,038 0.3 0.27
SiO2 0.0096 1,172 1,166 1,442 0,811
CO2 0.101 0.252 - - 12,543
BwicT, MI/KrT
H2S - 225 279 63.8 613
Fe - 48.6 579 016 0.67
Mn - 55 161 233 7.8
Zn - 2.6 0.33 34,0 0,144
Cu - 0.0013 - 0.089 0,025
Pb - 0.038 0.0056 0.203 0.021

Hapasi goBesieHo, 1110 1€ HAC/I1I0K 3aKUIMaHHS T1ApPOTEPMaIbHOTO PO3UYHHY B
HaJpax TiIPOTEPMAIbHOI CHUCTEMH, SIKE€ CYMNPOBOJKYETHCA PO3AUICHHSIM
ra3onapoBoi CyMillli Ha OLIbII MIHEpalTi30BaHy BIAKUIILTY poity Ta napy. OcTaHHs
Mpy OXOJIO/UKEHH1 1 Jae ompicHeHWi KoHuaeHcar. Ciij BKazaTH, IO KUITIHHSA
CYIIPOBOIKYETHCS TOMITHUM 30aradeHHsIM pO34HHIB MeTajlaMu (KoJIoHKa 5, TaouI.
5.9).

Ha ocHoBi kommuiekcy nux (hakTiB OJIHA 13 Cy4acCHUX TEOpill 3apoKEeHHS
KUTTS Ha 3emJll BBaXae, M0 B O00JIACTI «KYpIIB» MOIJIO 3 SBUTUCS TMeEpIi
opranismMu. Jloka3oM € ICHYBaHHS HE3BHUYAailHOI E€KOCUCTEMH B TaKUX
eKcTpeMaabHuX ymMoBax. [Iporsrom mnepmux 20 poxkis (1977-1997) mociimkeHHs
rinporepmansHoOi (aynu BusiBiaeHo Oinmst 450 BumiB TBapuH, 97 % 3 sxux Oynu
paHiiie HeBiomi. BinkpuTTs HOBUX (HOpM BiiOyBa€ThCS O HAIIUX JTHIB.
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Biomaca rigporepmaibHuX TBapuH csrae 52 kr/m® aGo 520 1/ra. Lie B 10000-
10000 pa3iB mepeBuiye OiomMacy Ha MPUIIETIOMY 0 CEPEeIUHHO-OKCAHIIHHUX
XpeOTiB OKEaHIYHOMY JIOXKI.

Ha mnoBepxHi KOHYCIB, KOJOH Ta OamT, CKJIQJCHUX 13 MIJIAKOMOAIOHOT
PEYOBUHH, PO3TAIIOBaHI, SIK HAPOCTU HA Oepesl, OaKkTepiaibHI MaTU — CKyMYEHHS
OakTepiil, TPUKPIIIEHUX N0 CcyOcTpaTy, Ta JOCUTh HE3BUYAHI OPraHi3MH -
BeCTUMEHTH(EpH Yy BUIIAAI KpymHHX Ta jgoBrux (1,5-2 m) TpyOok Oinoro,
4epBOHOIO Ta KOBTOro Kombopy. Lle TpyGuacti uepsu Riftia pachyptila, Ixns
OyJl0Ba BUSIBUJIACS HACTIILKU HE3BUYHOIO, IO X 3pa3y BUAUIMIM Y OKPEMUH Kilac
Vestimentifera y cknaai Ty Pogonophora. ¥V mopociomy ctaHi BOHH HE MalOTh
Hl pPOTYy, Hl1 KIIKIBHUKY. BusiBuiocs, mo B iXHbOMY TUIl € OCOOJIMBUNA OpraH —
Tpodocoma, 3aceleHUM CUMOIOTUYHUMHU XEMOABTOTPOPHUMHU OaKTepisiMH, SKi
CHUHTE3YIOTh OpraHiuyHy pedoBuHy i3 H,S 1 COy:

3H,S + 6CO, + 6H,0 = C4H1,04 + 3H,S0,.

3abapriieHHsT cynTaHiB TpyOok Buay Ridgeia piscesae (Bix cBiTiioro Jo
KOPUYHEBOT'0) 3yMOBJICHA MTPUCYTHICTIO Ta KOHIIeHTparriero coner Fe, Ni, Ti, Cr, V
y Boal. Jledaxi cumOloTMYHI OakTepii MarOTh 3JaTHICTh JO HITpaTHOTO  abo
cyinbgarHoro auxanss, T06to Bukopucranus NOs a6o SO4° y sKocTi aknenropa
BOJIHIO Y O€3KHCHEBOMY CEPEJIOBUIIII:

5CgH120¢6 +24KNO; = 24 KHCO;5 + 18 H,0 + 12N, + 6COy;

CeH1,06 +3K,S0O, = 3K,CO3 + 3 H,O + 3CO, + 3H,S.

[ 3maTHICTE CUMOIOHTIB BECTMEHTH(EP 1a€ MOKIUBICTh YEPBAM 3aCENSITU
30igHeH] kucHeM OioTormn. BoHm BHUTpuMYIOTH mepemnaan temrepatyp ao 60 °C.
AHANOriYHO 70 BecTMEHTU]EP, CHUMOIOTHUHHMHU OaKTEpiIMH  KUBISTHCS
naBocTyskoBI  Moitocku poxaiB  Archivesica, Bathymodiolus, Calyptogena i1
Ectenagena, posmipamu 18-25 cM, ski XUBYTH y TpIIIMHAX TPYHTY, Ta KPYIHI
modtocku i3 Alviniconcha, y sikux Takox MOBHICTIO BiZICYTHIHM KHIIKiBHHK.

YacTKkoBO 3a paxyHOK CUMOIOHTIB >KUBYTh 1 KOJOHIaIbHI 0araTOIIETUHKOBI
nomrielickki yepBu 13 poxiB Alvinella i Paralvinella, sxi cymineHUM MOKpoBOM
BKPUBAIOTh MOBEPXHIO 30BHIMIHIX CTIHOK KpaTepiB TiapoTepmiB. JlocmiqHUKN
«KYpIIIB» CIOCTEpIraiu, K MOMIEHChKI YepBU IMIIaBajdu OUIs CBOiX TPYOOK, e
Temnepatypuuii natauk mokaszyBaB 105 °C. ExcnepuMeHTanbHO MiITBEPIKEHO,
0 PI3HUI TeMIIEpaTypyu MiXK TOJOBOIO Ta XBOCTOM UYEPB’sSKa JTOBXKHUHOIO 6-8 cm
caraia 60 °C. BoHu Bigmamsiucs Bij MycCTHUX TpyOOK Ha BiacTadb A0 1 M, ze
TeMIlepaTypa Bou 3HIKyBanacs no +2 °C. fAxuif MmexaHi3M Takoi TepMOCTIHKOCTI,
710 CUX Iip HEB1JOMO.

TakuMm 4YMHOM, B TiIPOTEpPMax CHUHTE3 OPraHIYHOI PEYOBUHU 0a3zyeThCs
BUKJIIOYHO Ha BUKOPUCTAHHI €HEprii XIMIYHUX 3B’S3KIB B OKHCHO-BIJHOBHHUX
peaKLisiX XeMOCHHTE3Y.
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2. BioTon «kpuBaBOro BoAoCHaaAy» B AHTAPKTHI. YHIKaJbHE PUPOIHE
SBUIIE Yy BUIJIAA1 PIAMHU HACHYEHOTO YEPBOHOIO KOJbOPY, IO BOJOMAJAOM 13
TOBINI JHOJOBHKA, BiAKpuB B AHTapktuai B 1911 p. aBctpanidicekuii reosor I
Tetinop (T.G. Taylor) (puc. 5.22). Bomoman BuTikae i3 TPIMIMHU y JTHOJOBHKY,
Ha3BaHoro imM’sm Teitniopa, y o3epo boHHei.

AN~

T (R
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Puc. 5.22. Posramysanns (a) iponoBuka Teiinopa (Taylor Glacier) Ta ozepa
bonneit y cyxiii momuri MaxkMriopno Ha 3emii Bikrtopii y Awnrtapkruni; (b)

posramyBanHs KpuBaBoro Bomomany (3) B moymHi Teiopa; (¢) meHTpanbHa

TpeTHHa JIboJoBHKa Telopa, 3 sikoi HanpsiMy y o3epo bonHel crikae Bogoman; (d)
Ckenst 13 nbOAYy Ha KIHIIEBA MOpPEHA, BKPHUTI 3aMep3iuM (apTyXOM BiJKIAJIB
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KpuBaBoro Bojomaay; MeHI TPIMIMHYBATI CTPYKTYpU 3JEACHUIUX PO3COJIB Ha
YpBUIIAX HABKOJIUIIIHIX CKEJb.

[ToMunKOBO MepIIOBIAKPUBAUl 3pOOMIM BUCHOBOK, IO 3a0apBIE€HHS BOAU
3aBIsYy€ MPUCYTHOCTI UYEPBOHMX BojaopocTeil. I[li3Hille BCTaHOBIEHO, IO
3a0apBIICHHS — pe3yJbTaT MNPUCYTHOCTI OKCH[IB 3ajli3a, IO € MPOAYKTaMU
peamizarii yHikanpHOr0 MeTadoniTuaHoro mukiay. B 2014 p. rpyma mOCITiTHUKIB,
Ky ouoiitoBasia TeomikpoOionor JI. Mikykki (J. Mikucki), mposena anami3
XIMIYHOI'O Ta 130TOMHOrO CKJIaay BOJM, IIO BUTIKAE 13 o3epa. Busaswmiocs, mo B
o3epl miag Jab0JAOBUKOM Teilinopa MemKaroThb MIKPOOPTaHI3MH, SKiI 3a YMOB
B1JICYTHOCTI CBiTJIa Ta MOKUBHUX PEUOBUH (DYHKIIIOHYIOTh K XEMOJIITOTPOH.

Manopo34urHHI OKCHAU Fe** OCAQ/KYIOThCS Ha MOBEPXHI JIbOJY MICIs TOTO,
sIK fionn Fe®, NPHUCYTHI y He3aMep3JIiii pori B TIOCHTh BHCOKIM KOHIIEHTpaIii (10
3,4 MMOJIB/KT), OKUCIIOIOTHCS Ha BHXOJI 13 TPIIIMHH NMPH KOHTAKTI 3 KUCHEM
noBiTps. [[1AJIbOJOBUKOBE 03€pO YTBOPHUIIOCS SK 130T BOJAM ATIAHTUYHOTO
OK€aHy B Mepioj MIOIEHY, OuIsi 5 MJIH. POKIB Ha3aJ, KOJU PiBEHb OKeaHy OYB
BUIIIUM, HDK 3apa3. Bojga o3zepa He mpomep3ae 10 KOPIHHOI MOPOJM BHACITIIOK
BHCOKOT'O COJIEBMICTY, X04 TeMmIepatypa Boau B Hhomy Hrpk4a 0 °C (mo -7 °C).
Bwmict coneii B 2-3 pasu (mo 8 % NaCl npu cepennbo okeaniunomy 3,5 %)
MEPEBUIIyE CEPEAHIM Yy OKeaHIYHIM BOAl BHACHIJOK KPIOKOHIICHTPYBaHHA. Sk
XIMIYHMH, TakK 1 MIKpOOHMM aHali3 CBUIYWTh, [0 BHUHHUKIA yHIKaJIbHA
cyorsianbHa ekocucteMa aBToTpodHHX Oaktepii (puc. 5.23). IIpobu BomM i3
KpuBaBoro Bojomany MiCTWIM HE MeHIIe 17 TUMIB MIKpOOIB MpU MPAKTUYHO
MOBHIM BIJICYTHOCTI PO3YMHEHOrO0 KHUCHIO. MIiKpoOM BHKOPHCTOBYIOTH CYJb(aT
SO42' y SKOCTI KaTajizaTopa s JUXaHHS HOHaAMH Fe3+, K1 SIBIISIFOTBCS
aKienTopaMu enekTpoHiB. Takoro Tumy MeTa0oni3My paHilme Hige He
croctepiraid. MIKpoOpraHi3aMu BIJHOCWJIUCS 1O rajioQiTiB, NcuxpoditiB, BOHU
SBIIAIOTBCA TerepoTpodamu 13 pomy Marinobacter. Iuumn BwmineHi Buam —
Thiomicrospira sp. i Desulfocapsa sp.

3. Mikpo0OHi cniBTOBapucTBa <MiCIYHOI0 MOJIOKA» KAPCTOBUX Nevep. Y
PI3HUX KJIIMaTUYHUX YMOBax 3emill BUSIBJICHO CIEUM(IYHI YyTBOPHU — MAThOKHU
(crreneoreMa), sIKi OJIepKaIM Ha3By «MicssuHe Mosioko» (“moonmilk™) (puc. 5.24).
Bouu QopMyroThcs B PI3HUX MIHEpPAIbHUX CTPYKTYypaxX - BEPTUKAJIbHUX 1
TOPU3OHTAIBHUX KApCTOBHX Ieuepax. BoHW 3ycTpiyaloThCsl SIK BUCOKO B ropax B
aNbIIACHKUX MeUepax 3 BEJIMKOI KUIBKICTIO JIbOJY, TaK 1 B TPOMIKaxX 3 MOCTIHHOIO
TemmepaTyporo 6ins 25°C. 11i yTBopu Oyam BimoMmi 1e 3a daciB cepeHbOBIUYA. [X
BUKOPUCTOBYBAJIM ISl 3arO€HHS 1H(PIKOBAHUX pPaH.
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Pnc 5 23 YMOBI/I 1CHyBaHH$I 130JIbOBAHOTO Cy6FJI$IHIaJIBHOFO M1Kp06HOFO
OiorieHo3y B AHTapkTuai (*BIACYTHE CBITJIO, HEMa€ PO3YMHEHOTO KHUCHIO,
BHCOKHUH COJIEBMICT, BUCOKMI BMICT XJIOPU/IIB Ta Cyib(aTiB, BIHOBIECHOIO 3alli3a
Fe*", Ay’Ke HU3bKI TEMIIEPATYpPH).

«MicsiuHE MOJIOKO» 30BHI SIBJIsI€E COO0I0 TOMOT€HHY CUPHUCTY JKEJIENOI0HY
Maca y BUIJISA/I IJIIBOK YW HAIUTMBIB HA CTIHAX 1 MiAjo3i medep. XapakTepHa

OCOOJIMBICTP — 3JATHICTb PO3PIIKYBATHCS, SKIIO IOM SITM IIMAaTOYOK MIXK
naigblsaMu. Ll BIAcTUBICTH  HA3MBAETHCS KPUIITOIUIACTUYHICTIO  a00
MIKPOTHKCOTPOIIIEI0 — CyOCTpaT 3MEHIIye B’S3KICTh (PO3PIIKYEThCS) BiX

MeXaHI4YHOT [ii, 1 30UTbIIyBaTH B’SI3KICTh (3TyIIyBaTHCS) B CTaHI CIIOKOIO.

BBaxanocs, mo ueid cyOcTpaT — BTOPUHHO BIAKIAJAEHUN TUIACTUHYATUN
MiHepana Owtoro (piAmie maleBO-KPEeMOBOTO) 3a0apBJICHHS, IPEICTaBJICHUMN
MIKPOKPHUCTATIYHUMH KaJbIUTaMH 3 BHCOKUM BMicToM Boau (60-90 %). IIpote
Hapas3l CTajqu NPUAUIATH yBary MIKpoO10JIOrIYHOMY YMHHHKY, BUKOPHCTOBYIOUH
¢iziomoro-reoximiunmii  minxin. Jocmimauku cnemeorem medepu  Altamira
(Icnanist) ekCIeprMMEHTANBHO JOBENH, MO0 y (OPMYBAaHHI «MICSYHOTO MOJIOKa»
aKTUBHO MPUIIMAIOTh y4acTh MIKPOMILETH-EHIOMITH.

OCHOBHHUM MIKpOOPTaHi3MOM, BUJIICHUM 13 CyOCTpaTy, BUSIBHIIACS OaKTepis
Macromonas bipunctata — rpamMmM-HeratuBHa, 6e30apBHa i reTepoTpodHa cipuaHa
OakTepis ponxy Macromonas. Bona 3a3Buuail 3yCTpiuaeTbcs TaKOX B a€pOTEHKaxX
JUIsL OYMIIEHHS CTIYHMX BOJA. Llell MIKpoopraHi3aM TakOX 3yCTPIYAEThCA SK
BUIBHOKMBYYa OakTepis, aJanToBaHa JO BUCOKO-KAJIBIIIEBUX 1 CUJIBHO JIYXKHHUX
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(ankamidin) cepemoBuil MpicHOi Boau. Ilogambimi JOCTIIKEHHS ITOKa3alu
OOTPYHTOBAHICTh BUKOPUCTAHHS «MICAYHOT'O MOJIOKA» Y MEJIUYHUX IIUISAX.
Macromonas bipunctata Takox BaximBa y 0ioreoximii sk OCHOBHA JIaHKa
OloreoximMiuHoro UKy cipku. Lls OGaktepis 31aTHa ocaKyBaTH HAHOKPHUCTAIU
KAJIBLUTY — MOOIYHOIO MPOJIYKTY CBOE€I >KUTTEIISIIBHOCTI, SIKI BXOJASTh TAKOX Y
kimpkocTi 10 50 % no ckmamy #oro kiitTmHM. LM, OYeBHAHO, 3yMOBIIEHA
THUKCOTPOIIHICTh CYOCTpaTy.

A

A

Puc. 5.24. «MicssuHe MOJIOKO» Ha CTIHKaX KapCTOBUX IIeUep Ta MIKPO3HIMOK
oaxTepii Macromonas bipunctata [58]
Omnucani 610TOMNHU, SKI 3aCENSIOTh OPraHI3MU-EKCTPEMO(LIH, LUIIOCTPYIOTh

tesy B.I. BepHaacekoro mpo BCIOJHICTH KUTTA. OUEBUIHO, IO BUSBJICHHS Ta
JTOCTIIKEHHS TaKUX €KOJIOTIYHUX HiIl 0O1Is€ 1m1e 0araTo BIAKPUTTIB.

OmnuM 13 MexaHi3MiB, SKUH J103BOJsie eKcTpeModiiiaM ICHyBaTH 3a
HETUIOBUX  XIMIYHUX YMOB CEpEJOBMINA ICHYBaHHS, €, HaIlpHUKIAI,
oe3xsiopodinbHuii porocunres. B 1971 p. amepukanchki 6ioxiMiku OcTepXenbT
(D. Osterhelt) i B. Croxeniyc (W. Stohenius) Bigkpwin He3BUYANHHIMA
CBITJIOUYTJIMBHI OLTOK y MemOpaHax (ioyleToBUX OakTepii (€KCTpeMallbHO
ranodineHo1 0akTepii Halobacterium halobium), siki MemkarOTh y COIOHUX 03epax
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KamiQopHiiicbkkux mnycrtenb. lleit OUIOK, MOAIOHUN A0 30pOBOTO MIrMEHTY OKa
TBapUH POJOICHUHY, MICTUB IMOXIiJHE BiTaMiHy A — peTiHalwo, 3a 1o i OyB
Ha3BaHuil OakTepiopononcuHoM. O0’enHyoun B pocdop nimiaHii MemOpani nen
cBiTnmouytnuBuil Ouok 3 AT®d-cuHTazo0r0, aBTOpPU BIOKPUTTS  OJIEpIKAIU
MOJIEKYISIpHUN aHcaMOJb, kUi cuHTe3yBaB AT® mpu 3HAYHO MEHIION 3a 1HIII
MpOTOHHI reHepaTtopu. lle - OUIKOBUN reHepaTop €NEKTPUYHOTO CTPYMY, SKUH
HaIpaBJICHO TPAHCIOPTYE MPOTOHU y BIJNOBINb HA KBAHT CBiTIa. Benuumna
doTomoTeHmiany Ha MemOpaHni mepesumnyBana 0,3 B, mo mocraTHho, HaBiTH i3
3amacoM, I eHepreTH4HOTo 3abesnedenHs cunTesy AT®. Moro crabimbHicTh
Bpakae: BiH MPOAOBXKYBaB mparroBatu npu HarpiBardi 70 100 °C i maBite B 0,1 N
posurai  HCI. Ileii Oimok  Jokami3oBaHUii B OCOOJMBHX  00JIACTAX
muToIuTa3mMaTuaHoi MmemOpanu H. halobium — Tak 3BaHuX mypnypHUX OJsIIKax,
po3mipom g0 0,5 mxMm B miamerpi. [HmmxX OiNKiB y mUX yTBOpax HeEMae, TOOTO
0aKTepiOpOIONCHUH PYHKIIIOHYE 0€3 y4acTi I0AATKOBUX OLIKIB.

bakrepii, sk BUSBWIOCS, NPAIlOIOTh 1 B MOPCHKIA BOMi, NPUUYOMY Y
MPUCYTHOCTI KHUCHIO BOHU CcHUHTE3yl0Tb AT® y XxoAl OKHUCIIOBAIHHOTO
dbochopmtroBaHHi, a TPU HEIOCTadl — MEPEKII0YalOThCSI Ha (POTOCMHTETHUYHHUI
MexaHi3M. [luTanHd nOpo MNOXOMXKeHHs 0e3x10podUTbHOrO0 (OTOCUHTE3Y HE
BUPIIICHO. BIIbIIICTh JOCIINHUKIB BBa)KarOTh, 110 (OTOCHUHTE3 Talo0akTepiil —
chopMOBaHe y KUCHEBY €MOXY 3aXHMCHA PEaKiiisl 10 iICHYBaHHS B yMOBax HEJOCTayl
KUCHIO. B TOH ke yac He MOXHa BUKIIOYUTU MOXIMBICTB, IO 1€ — 30epekeHa
IPEBHBOrO TMONEperHUKa (POTOCUHTE3Yy, IO O0a3yeTbCsd Ha CBITVIOYYTIMBHX
MEPETBOPEHHAX KApOTUHOIMHUX MIrMEHTIB. ToMy Il €KCTpeMmaibHI TanodiTu
BIJIHECEHO JO TPynu apxeoOakTepii — MOKIHUBO, OCOOJHMBOI JPEBHBOI TUIKU
€BOJIIONII1.

Otxe, ekcTpeModiau-apxeo0akTepii OAEPKYIOTh EHEPrilo 3a paxyHOK
6e3x10podUTbHOr0 (HOTOCUHTE3Y, OPOJIIHHS, a€pOOHOTO Ta aHAEPOOHOTO AUXAHHS,
MIpU SIKOMY KIHIIEBUMHU pelenTopaMu eleKTpoHiB MOXKyTh Oytu CO; Ta iHmi Cy,-
croykH, MonekyisipHa cipka S, NOg, Fe?*, Mo (puc. 5.26). Excrpemodimu
OTPUMYIOTh €HEPril0 3 BHUKOPUCTAHHSM €JEKTPOHHOTO TPAHCIOPTY, € y SKOCTI
KOMIIOHEHTIB, SIKI TEPEHOCITh €JIIEKTPOHM, BUSIBICHO (EPPOJIOKCUHU, XIHOHH,
LUTOXPOMH. MeXaHi3M OKHUCTIOBAIBHOTO (QochopriitoBaHHS  apxeoOakTepii
BIIMOBIIA€ ~ XE€MIOCMOTHMYHOMY  NPUHILHUIY  €HEPreTUYHOrO0  CHpPSHKEHHS,
c(hopMyJILOBAaHOTO aHTIINCHKUM Ol0XiMiKOM, JaypeaToM HoOemniBchkoi mpemii 3
ximii (1978) II. Mituemna (P. D. Mitchell), BiamoBimHO 10 SKOTO MEPBUHHOIO
MOJIEI0 B OKHUCITIOBaJbHOMY (OCHOPUIIIOBAHHIO SIBIISIETHCS  TPAHCIOKAIIIsS
npotonis (H') Ha 30BHIIIHIO CTOPOHY CHpsKeHOI MeMOpaHM (BHYTpilIHBOT
MITOXOHJIPAJILHOT MEMOPaHH), sIKa 3MIMCHIOETHCS 32 PaXyHOK MPOIECY OKHCICHHS
y AUXaJIbHOMY JIQHITIOTY.
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JOHOPH IMPOTOHY H'
(opramiyHi Ta HeopraHiuHi)

Aepobui yMOBH
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«aHaepoOHe» THUXaHH:)

5.25. Tlpomecu opepx)aHHS €HEPrii MUIIXOM OKHCITIOBAIBHOTO
acpoOHMX Ta aHaepoOHMX yMoBax («aepoOHe»

Ta
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TakuM 4YMHOM, MOJKJIMBO, ICHYIOTH IHIII PI3HOBHUIM CIIOCOOIB >KHBJICHHS
eKCTpeMO(UIIB, 110 JO3BOJISIIOTH iX aJanTyBaTUCS JO CaMHX HE3BUYHUX
cepeaoBuIl AOBKULIA. LI mUTaHHS Hapa3l aKTUBHO BUBYAIOTHCSA, B TOMY YHUCIHI 13
OIJISITy Ha MEePCICKTUBU MOXIIMBOI KOJIOHI3aIlli IHIMUX HEOSCHUX TUT (HAITPHKIIA,
Mapcy, cynytaukis lOmitepa).

5.5 Buau mirpanii xXiMivyHHX eAeMeHTiB

Tunu mirpaiii XiMi4YHO1 pEYOBUHU HA 3eMJIi MOJAUISIOThH Ha'

1. MexaHiuHy;
2. Di3UKO-XIMIYHY;
3.  biorenny;
4. TexHoreHny.
MoykHa YMOBHO BWJIUTUTH 30BHIIIHI Ta BHYTPIIIHI YHHHUKH Mirparrii (puc.
5.26).
@ﬂi}[ Mi@
(Buympimui] ( Soeniuini ]
f: o & [ WKocMiuHa MirpaLid; i
W B 2cTHEOCT] XIMIYHODO .
| : B PaxTopH MIPpaLlll ¥
SE'93KY, Kl BEAKYAIOTE pOEARBAX;
thisHIHI KOHLEHTPAL] i ,
. , SAKTODH MIMDARL]
MITPYIOUHY ped0BHH, BOﬂHHE pOST—IEIHEX;y
XiMI9HI BARCTHEOCTI, Il B ParTopH Mirpauﬁ v
CTEMIHE PeaKiHHO] CAS0BHX CYMILLAX Ta
: . HAaOKPHTHIHHY
FOATHOCTL ATOMIE TA DOSYHHA,

HELIOHAABHHK DY, . "
Ayin Pyt B PaxTopH MexaHdHol MIPpAaLli,

M ExepreTHIHI Ta B TaxTopH Mirpallil B

KPHCTAAISALIHHO-XIMITHI KOACLOIHOMY Ta
BAACTHEOCT] PEUOBHH; MOHOEPHCTAABHOMY
CepPSNOEHIIAK,
IpaBiTaliAHHA 9HHHHE, B M IagTopH Mirpalli B
NOEB' @38HHH 3 STOMHOKD TESDOHX TIAAK,
MEACOIO;

B Taxropy HioxiMiuHO Ta
MPOMHCAOBO! MIrpal;

B [20TONHHUEA CRASI ATOMIE, g -
2 W[ Hi hisHEO-XIMIUHL hAKTOPH.

L N

Puc. 5.26. Knacudikariss 9MHHHUKIB Mirpartii
KinbKiCHO 1HTEHCUBHICTh MIrpaiii OI[IHIOETHCA 3a PIZHUMH METOIUKAMHU.
OnHUM 13 BapiaHTIB € nOKA3HUK inmencuenocmi miepayii |

m
= — — 2
t-C, -1’ (52)

ne | — IHTeHCUBHICTD MITpallii;
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M - Maca MIrpyro4yoro eJIeMEeHTa;

t — IpOMIXKOK Yacy, NPOTATOM SIKOTO 3I1HCHIOETHCS Mirparlis;

Cx — knapkoBe a00 MicLeBe (POHOBE 3HAUEHHS BMICTY XIMIYHOTO €JIEMEHTA Yy
yacTuHi 610cepu, sika BUBYAETHCH.

Knacudikamis wMirpamiiiHux mnporeciB Moxke 0a3yBaTHCS Ha PI3HUX
kputepisix. HaiiOinbpin mMOBHMI BapiaHT, SKUKA 0a3yeTbcsl HaA MPUHIUIIAX
MexaHi3My, (a30BOro CKJIaay MITPYHOYOi PEYOBHHM, THUIIOM PYXOMOi CHIIU
noka3aHo B Tabu. 5.10.

Ta6mauusa 5.10. Pizni Buam xmacudikamii mirpaiii KOCHOI PEYOBUHH Y

IOBK1JIJI1
3A MEXAHISMOM
MexaHiYHa AeHydalisa
- Jlokanbnuii  miepeHic;  TOPU3OHTAJIbHA
B1JICTaHb IEPEHOCY — JECATKU-COTHI KM,
- Tponocghepnuii  miepeHic. BepTUKaIbHA
MfaxaHi.tIHa Eoosi BHCOTa - 70 12 KM; TOpHU3OHTAJIbHA BiJCTaHb —
Mirpanisa COTHI-THCSY1 KM;
npoiecu . .
- Cmpamocghepnuii nepeHic: BepTUKaIbHA
BrucoTa — 10 60 KM; TOpU30HTaIbHA BiJICTaHb —
YACTUHKH MOXKYTh 0araTOKpaTHO OTMHATH 3€MHY
KYJIIO.
Hudysisa
Konsexkitis
Pi3HKO- - AO0copobuyia. TIOTIIMHAHHS  TMOBEPXHEIO;
xXimiuHa MOAUTSIETHCS HA hizuuny Ta XIMIUHY,
Mirpaunis CopOrist - Ab6copbuia. NOTIMHAHHS BCIM 00’ €MOM;
- Hecopouia. tiporiec, SKUU TEPEHIKOIKAE
po3BUTKY (13UYHOT afcopOIii.

3A $A30BHM CTAHOM MITPYFOYOI PEYOBHHH

- Miepayia 2azis

- Miepayis tionie y 600HOMY cepedosuuyi

- Mizpauyis nunoeoi ¢hazu

3A THIIOM PYXOMOI CHAH

BioreHHa

Mirpaunisa
- Ilepwia cpyna.  ycmankoBaHa  BiJ — TPHPOJTHHX

TexHOreHmHa 6iochepHUX Hpouecil?;

T - /Jlpyea zpyna. BUKIIOYHO aHTPOTIOTeHHa, fKa He
iCHyBaJla 10  MOYATKy MPOMHCIOBOi,  XiMIi4HOI  Ta
010TEXHOJIOT1YHOI PEBOJIIOLII].

CouiaabHa

Mirpamis
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5.5.1 MexanivyHa mirpamisa

MexaHoreHe3 (MexaHiuHa MIrpamis) 3JIHCHIOETBCA 4Yepe3 MeXaHiuHe
TPAHCIIOPTYBaHHA MaTepli 3aBAsSKUM POOOTI PIYOK, TEUiid, BITPY, MPU TaHEHHI
JTHOJOBUKIB, TEKTOHIYHHUX MpoIeciB Tomio. [{i BuIM neTadbHO BUBYAIOTHCS Y
BIAMOBIIHUX PO3/1JIaX T'€0JIOTii, reoMOopdoJIOrii, OKeaHOJOT1l TOIO. XapaKTepHUM
MPOSIB MEXAHOTEHE3y — MOJIPIOHEHHS MIHEpalliB, TIPChKUX MOPiA, 10 TPUBOIUTH
70 30UIbIIEHHS iX MOBEpPXHI, CTYNEHA HUCHEPCHOCTI, PO3BUTKY COPOIIHHUX
npoiieciB. BHacninok aucnepryBaHHs 3pOCTa€ CymapHa MOBEPXHS YacCTHUHOK, a,
3HAUYWTh, W BiJbHA €HEPrisi MNOBEepxXHI. PO3YMHHICTH MIHEpPANB 3pPOCTaE,
MOCUJIIOETHCS T17Ipoti3 po3unHeHux ¢(a3. Hampuknana, nucnepryBaHHs Ccyiab]iaiB
CYNPOBOJIKYETHCA iXHIM YaCTKOBUM PO3KJIAJOM JI0 BIIBHOIO METaay Ta CIPKHU:
HgS — Hg + S. TligparoBani minepanu BtpadaioTh Bomy. CaSO,2H,0 —
C&SO4'0,5H20 +15 Hzo

IIpn MexaHoreHe3l HIUIbHI MIHEpAIHM IMOBOAATH ce0e SK YaCTUHKHU OLIBII
KPYITHOTO pO3Mipy, TOOTO Ba)XIMBE 3HAYEHHSI Ma€ rycTMHaA TBepaoi (a3u. [Himi
(dakTopu — TBEpIICTh, IIAPYBATICTh, MEXaHIYHA MIIHICTb. TBepal MiHepaiu
(HampuKIa;, aiMas, I[MPKOH, KacHUTEPHUT) ao0pe 30epiraroThcsi y ocaaax, 00
BHACJIIIOK BUCOKO1 TBEPAOCT1 iXHI MEXaHIYHHI MEepeHiC MPAKTUYHO HE BUKIIMKAE
CTUpaHHS.

MexaHiuHa Mirpaiiisi 6e3Mocepe/IHbO HE 3AJICKUTh BiJl XIMIYHUX YMHHUKIB.
BuzHauaneHy posib BIAITPaOTh PO3MIpPU Ta IIUIBHICTh YAaCTHHOK, SIKI MITPYIOTh
3aBISIKM «pOOOTI» PIYKOBOI MEPEkK1, MOPCHKUX Ta OKEAHIYHUX TEUil, BITPY, PyXy
JHOJOBHUKIB, AaKTUBHOCTI ByJKaHiB. B pe3ynbTaTi MeXaHI4HOi Mirparii
YTBOPIOIOTHCA JEIIOBIM, alioBiii, MOpeHH, Jiecu Ta IHIII ocajoBl mopoau. Llei
PI3HOBHJ Mirpailii CyTTEBUH ISl €JIEMEHTIB — MACHMBHUX MIIPAHTIB, TaKUX sK Si,
Ti, Zr, Hf, Ta He mae cyrreBoro BBy Ha Mirparito Ni, Co, Mg, Cl, Na.

MexaHiuHa wMmirpamisi BiIOYBa€TbCd y BOJHOMY Ta MOBITPSHOMY
cepeoBUIIax.

Miepayis 3 ammocgepnumu  ocadoamu. B armochepHHX ocamax
MepeBakaroTh T1 € WOHM, 1m0 1 y moBepxHeBux Bojax: HCOj, 8042‘ ., CI, Ca2+,
Mgz+, Na’. Bonu HaaXo[ATh 3a PaxyHOK PO3YMHEHHsS Ta3iB NOBITPs, TEPEHOCY
BITPOM coOJiIed 3 MOpsl, PO3YMHEHHS COJIeM Ta MWIy KOHTUHEHTAJIbHOTO
MOXO/KCHHS, BYJIKAHIYHUX BUKUIIB.

B atMocdepi € po3nuiieH! 4acTKu TBEPAUX Ta PIIKUX PEUOBUH - a€pO30Jil
pi3HOi mpupoau. BoHM HagxonasTh 13 Cylll Ta MOpsl 1 HNOTPAILISIOTH 3HOBY 10
CKJIay atMocpepHuX ocaiB abo 3CIHalThCs y BUMISAALI cyxoro muiay. Hax
OKE€aHOM Yy CKJIaJl aepo30JiiB IMepeBakaloTh PO3YMHHI Yy MOPCHKIM BOJ1 COII,
noMiHyoTh HoHHI dopmu Na, Mg, Ca, Sr, miaBHIIEHO BMICT BaXKKHX METAIB, a
takox As, Sb, Bi. Ha cymri 3 atmocdeporo y oOMiHHI TTpOIIECH BCTyIAe€ TBEpIa
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pedoBHHA JniTochepu. YaCTUHKY NHITy, MOPiJ, BYJKAHIYHOIO TOMENY MICPYIOTh Ha
JECATKHU TUCSAY KIIIOMETPIB.

[To3ammanoB1 TOCHIIKEHHS MOBITPSAHOI Mirpailii pe4oBUHU OYJI0 MPOBEIECHO
Ha mpuKiIani HacuinkiB aBapii Ha AEC «®ykycima» (Snonis) B 2011 p. Ha pwuc.
5.27 maBeneHO pE3yNbTATH AHATI3y JUHAMIKH BMICTY DPaliOaKTHBHUX IITYIHHUX
i3otoniB | ta CS B mOBiTpi HaBKONO cTaHIlii (BUpakeHOI uyepe3 IXHIO ramma-
aKTUBHICTH) Ta MPHUPOJHHX Ta PaATIOaKTHBHHUX I130TOIIB Ta BMICTY aepo30JIiB Y
noBiTps M. BrnaauBocTok 3a Toi xe nepiod. [IpocnigkoByeThCs iTKa 3aJI€XKHICTh
13 peryJIIpHAM YacOBHM 3CYBOM KoHIeHTparlii 1-131 B moBiTpi Hax CTaHITiEO Ta B
Haja M. BraguBocTok (MOIOKEHHS XapaKTePHHX IMIKIB BKa3aHO y BUTIAL — ). [lpu
[IbOMY CHUHXPOHHO 3MIHIOBAaBCSl BMICT a€poO30JIiB Y MOBITP1 HaJ MICTOM, a BMICT
npupoaux HykiiaiB (K-40, Be-7) 3smiHrOBaBCsS B MeXaX MPUPOTHOTO (OHY.

Ile oIHO3HAYHO CBIAYUTH MPO MITpalil0 IMITYYHUX PATIOHYKIIIIB 3
aepo3oyisiMu MOBITps. binbie Toro, aHamiz JUHAMIKM PO3MOAULY aepo30JiiB
MOKAa3aB, 110 iX PO3MOBCIOKEHHS BiIOyBaJIOCsA y HampsMKy SmnoHis — Anscka —
laBaiii — 3axinHe y30epexoks CIIA — cxigne y30epexoksa CIIA — Oinnsaais —
Hanexuit Cxin Pocii. Pagionykminu 1-131, Cs-137, Cs-134 B MOoMeHT BHOYXy Ha
AEC, iimMoBipHO, aacopOyBaiucs Ha sAllpax aepo30JiB CYOMIKPOHHOTO PO3MIpy.
Bonu nepenocunucs 3axigHuMu BiTpamu BiJ SAnonii y Tuxuii okeaH, nepeTHyIu
CHIA 1 Kanany, a motim 4epe3 ATianTuuHuil okead, €Bpomy i Cubip Oymnu
JIOCTaBJIEHI MOBITPSHUMHU Macamu B paiioH BnaguBocrtoky. IlosiBa pamioHykiiaiB
Ha 14-21 noOy micns aBapii B atmocdepi M. BrmaguBocTok BimmoBigae mepiony
ro0anbHOT aTMOC(hEepHOi HUPKYIALIi 1 MIATBEPKYE BKa3aHUN MapuIpyT PyXy
PaZl0aKTUBHOT XMapH.

3a mpuOMU3HUMH OIliIHKaMH, 3 KOHTHHEHTIB y OKeaH HamxomuTh Bixg 600
MJH. 10 1,6 MIIpa. T e0108020 nusiy, IpoTe BCIO MAacy MITPYIOUYMX YACTUHOK ITIE HE
OL[IHEHO.

B aepo3onsax cymii MicTAThCS Ha piBHI IXHIX KJIapkiB y jitochepi Si, Al, Fe,
Ti, Zr, La. B Toii xe ywac koHueHtpamis geskux einementis (Cd, Pb, Zn) npu
dbopmyBanHi aeposoniB 30umbmTyeTbest B 10-100 pasiB mopiBHSHO 3 KiIapKamu
rpaHiTHOI 000J0HKHU Jitochepu. BiTpom migHIMAaIOThCS HE TIIBKU APIOH1 ylIaMKu
CKeJlb, a W MyXKl MNPOAYKTH BHUBITPIOBAHHS Ta IPYHTOYTBOPEHHS; Yy TyMmyci,
OpraHIYHUX PEIITKaX, Ha MOBEPXHI TJIMHUCTHX MIHEPANIB aKyMYJIbOBAaHO P
enemeHTiB. Kpim Toro, B Ttpomocdepi aepo3osni 30arauyroTbCs MeTallaMH,
MPUCYTHIMHU y napora3oBiit popmi. [{ro popmy mMaroTh He TUIBKU Ti €IEMEHTH, fAKI
aerko cyommyrotbes (I, As, HQ), a it Baxki metanu (Cu, Zn, Pb).
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Puc. 5.27. (a) O6’eMHa raMMa-aKTUBHICTh aTMOC(HEPHOTO MOBITPS MOOIU3Y
AEC  «®ykycima-1», 3a gammmum  TEPCO-Tokvo Power  Company
(http:www.tepco.co.in/en/index-e.html);

(0) /Iunamika mUTOMOI TaMMa-aKTHBHOCTI NMPHPOJHUX Ta aHTPOIOTCHHHX
PaIOHYKIIAIB B aTMOC(HEPHUX aepOo30siX 1 KOHIEHTpAIllil aepo30JiiB B palioHl M.
BnagusocTok [59]

JpiOH1 4YacTUHKK aepo3ofiiB  (PIKCYIOTh Ha TOBEPXHI €JIEMEHTH B
razonapoBiii opmi, sKi HIIAXOM BUIMAJaHHS MOTIM BUBOISATHCS 13 Tpomocdepu.
Ileii mexaHi3M A00pe BUBYEHO Ha PTYTI, SKa BHUIAPOBYETHCS 3a OyAb-sKOi
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TEeMIEpaTypy MOBEPXHI MJIaHETU. B 0IHOKITIOMETPOBOMY CTOBIII MOBITPSI MJIOIICIO
1 xm? mictuTbes 0,842 T pTyTi HQ, a Bchoro B Tpornocdepi KIIbKICTh OI[IHIOETHCS B
100+250 T pryTi. Lleit enemenT moTpamisie B aTMochepy i3 TOBEpXHI OKeaHy, i3
HaJp, yepe3 IpyHT. TepMiH ii xkutts B atmocdepi — 6ins 10 gais.

Baxki mMetanu HaaxoAsTh B arMocdepy 3 BYJKaHIB; y iX BUKHIAX BMICT
MeTaJliB 3HAXOJAUTHCS Ha PIBHI iIXHBOT KOHIIEHTPAIlli B MAHTIHHUX OPOJIAX.

Oxkpemuil mirpaniiiHuii motik B armocdepl CTBOPIOETHCS 3a PaxyHOK
po3CitoBaHHS nuaky pociuH. OjHe IUCTSHE JEpeBO MPOAYKYeE OIS 100-10°
YaCTHHOK THIKY, cocHa — 350-10°. 3arampHa KiNBKiCTh MHIKY, SIKHil BHPOOISE
POCIIMHHICTD CYIII1, OLIIHIOETHCS B 1,6-10° 1, 3 HuM 110 atMoc(epu B PIK HAJTXOJUTh
80-10° T MiHEpATBHHUX PEUOBHH.

Jicoei nooscerci — 3HaUYHE HKEPEIO HAIXOKEHHS METaliB B aTMocdepy,
BHACIIZOK SKHUX J0 Hei MmoTparuisie 3,5-10° 1 3amiza Fe, 250000 T IMHKY Zn,
35000 t mini Cu, 6700 T cBuHImo Pb. MoxiuBo, 11i IU(pPU 3aBUILCHO, ajic HE
BUKJIMKA€ CYMHIBIB ()aKT HAJAXOKEHHS METaIIB y aTMochepy NpH TaKUX MOAISAX.

Mizpayis 3 npupoonumu 6ooamu. 3HaYHUIN BIUTUB HA MEXaHIYHY MIrpaIito
31MCHIOIOTH MOBepXHeBi Boau cymi. CepenHs MiHepaii3allis pilYKOBUX BOJ CBITY
— 120 wmr/n. Iopiuso i3 cymi Bunocutses 5,3:10° T posumHeHHX cromyk.
KinpkicTs 3BaxkeHUX yacTUHOK BHIIe — 500 M1/, TOMy BHHIC 3BaKEHHX YaCTHHOK
3a pik owiHrerses B 22-10° T/pik, T06TO B 4,2 pasu Giiblie, HiXK PO3UMHEHHX
pedyoBuH. PiukoB1 3aBHCI CKJIQJalOThCS TMEPEBAXKHO 13 BUCOKOJIUCIIEPCHUX
TJIMHUCTHX YaCTHHOK, MPiOHWX ylaMKiB KBapity, cycrnensii rigpokcumi Fe(lll);
YacTKa BMICTY KPEMHIIO, alllOMiHIIO, 3aj]i3a MOMITHO BHUIlla y 3aBucsix. Came y
3BaXKCHOMY CTaHI PIYKOBUHU CTiK mepeHocuTh Ot 98 % Macu eneMeHTIB 3 yxke
HU3BKUMHU KoedimieHTamu BoxHoi mirpamii — Si, Fe, Al, Pb, Sc, Ti. Hagith
esleMeHTH 3 BucokuMu koedirienramu (Na, Ca, Mg, S) MirpyroTh nepeBaxHO B
HEPO3YMHHOMY CTaHi. BiIHOCHMII BMICT €JI€MEHTIB y 3aBUCSAX HE KOPEIIOE 13 IXHIM
BMICTOM Y 3€MHIi KOpi.

Takum wyunom, 36adiceni peyosunu piukosoeo cmoky (wo eusnauarome
NOKA3HUK KANAMYMHOCMI) — Ye He MEeXaHiuno noopionenull mamepiai rimocgepu,
a pe3yibmam 1o2o mpancpopmauii.

BinmnocHo HU3BKOIO Yy 3aBHCsX € yactka Ca, Na, Sr, Ba, Li. [Iponopiifinum
KiIapkaM 3eMHOi kopu € Bwmict Ti, Ga, Fe, Mn. [lomiTHO BHMIIUM 3a HUX —
KOHIICHTpaIlis y 3aBucsax Baxkux metanis (Cu, Zn, Co, Ni, Pb, Cr, Cd, V). Uepes
BOJIHY MITPAIii0 TTOJOPOKYIOTh €JIEMEHTH, HE BKIIFOUEHI y 010JIOTTYHUM Kpyroooir,
TOMY MMOCUJICHUM BHUHIC BAXKKUX METaJIB, 3a)iKCOBAHUX HA IIIMHUCTHUX YaCTHUHKAX,
€ OJIHMM 13 MEXaHI3MIB MOMNEpPEKEHHS MOTJIMHAHHS »UBOK PEUYOBHHOIO CYIII
HAJJIMIIKOBMX Mac TOKCHYHHX ejdeMeHTIB [60]. 92 % pedoBuH, 110 HAIXOIATh i3
PIYKOBHMU BOJAMHU, OCAJKYETHCS y MOpPSIX, CHPSHKEHHX 13 OEperoBOl0 JIHIELO,
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0COOJIMBO y €CcTyapisix Ta THpjaxX pPidoK; TIIMOOKOBOJHUX YACTHUH JOCATAE JIHIIE 8
%. Pa3om 13 3BaXEHUMHM PEYOBMHAMHM Ta CIOJyKaMH MaKpOEJIEMEHTIB
OCAQ/IKYIOThCS TaKOX PO3CISIHI €JIEMEHTH, SKI YTBOPIOIOTH KPYIIHI POJOBHUIIA.
3HayHa yactuHa pyaHux 3amaciB Mn, Cu, V Ta iHIIUX €JIEeMEHTIB Ma€ Take
ocajioBe MOXO/KEeHHS. Opra”iuHi CHOAYKHA 3aili3a y JYKHOMY CEpeOBUIINI
mopcrkoi Boau (pH 8,5-9,5) mBumko pyiHYIOTBCS, BiIOYBa€eThCs COpOIliHHE
MOTJMHAHHS TIAPOKCHAAMH 3ajli3a Takux ejaemeHnTiB, sk SC, Co, Ni, Cu, V.
Ocamxenns QocdatriB nNpoBOAUTH A0 (POpMyBaHHS OCaAiB 3 IHIIUM HaOOPOM
PO3CISTHUX €JICMEHTIB.

Sk mpaBuio, 3arajJbHHUIl BMICT PO3UMHEHUX COJIEH B aTMOC(hEpHHUX omaaax
He mnepeBumye 100 wmr/m, pH xonmBaetscs Bim 5 mo 7. B pesynbrarti
pO30pU3KYyBaHHS MOPCHKOI MIHM Ta BUIMAPOBYBAaHHS Kpameib BOJIU TOBITPS
30arauyetbcss Na, Cl, B, |, Li. Cepeaniii mokasHMK MiHepai3amii ocaiiB HaJ
okeanoMm 10-20 wmr/m, cymapHHi BMICT COJICH, IO MICTUTBCS y aTMocdepl Haxa
okeaHoM — He MeHe 4,6:10° 1. YacTuHa HOHIB IEPEHOCUTHCS 3 BITPOM Ha CyIIy,
BOHM BHIIQJIalOTh 13 OCaJaMH, 1 3 TIAPOXIMIYHUM CTOKOM IOBEPTAIOTHCA Yy MOpE.
Ha BiacTaHi JecSTKIB KUIOMETPIB BIVIMO KOHTMHEHTIB BMICT MOPCHKUX COJIEH B
OIlaJaX 3MEHIIYEThCS, IOYHHAIOTH IePEeBAXKATH KOHTHHEHTabH] ifonn Ca’’, SO,%
Oco06auBo Oarato iX Ha cTenmaMM Ta IycTelssMu. MiHepani3allis 0caaiB Ha/l CyIIeio
— Oinst 25 Mr/m, 3aranmbHa cyma COJIeH, IO MICTUTHCSA B ITUX aTMOC(HEPHUX OmMaaax
owinroerses B 1,73-10° 1.

B Ta6n. 5.11 npeacrasiaeHo aH1 MoA0 Alana3oHy KOHLEHTpaIiil po3CisTHUX
CJIEMEHTIB y JIOMOBUX OCaJlaX HaJl KOHTHHEHTamu [52].

Taoauusa 5.11. KoHneHTparliis ciiIoBUX €JeMEHTIB y JTOIOBUX BOJAX HaJ
KOHTHHEHTamu [52]

.. o Hdiama3oH .. o Hiama3oH
XiMidyHHH o XiMidyHHH o
KOHIEHTpaliH, KOHIEHTpalliH,
€AEMEHT €AEMEHT
MKr/A MKr/A
Fe 16,0+4020,0 Cd 0,05+17,7
Ti 3,0+220,0 V 3,7+9,0
Zn 10,0+260,0 Mn 1,7+7,7
Br 0,8+460,0 Ni 1,0+7,2
Cr 0,5+82,0 Co 0,04+7,2
Pb 0,3+53,0 Hg 0,01+1,3
As 0,2+31,0 Se 0,2+0,9
Sb 0,3+4,6
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5.5.2 ®Pizuko-ximivHa mirpamnisa

B 6iocdepi kpyrooGir Boau 3B’si3ye cymry Ta okeaH. llet kpyrooGir
3MIMCHIOETHCS  Yepe3 TIAPOXIMIYHUM CTIK Ta TIOBEPHEHHS €JIIEMEHTIB 3
aTMOC(EpHMMM OCaJaMU Ta aepo30JIMH Ha Cymy. ICHYIOTh TakoX KpyroooOir
BCEpEeAMHI KOHTHHEHTIB, JI¢ TeOXIMIUHHMI 3B'SI30K 31MCHIOETHCS BOJHHUM IIIIXOM
13 TTIOBEPXHEBUM, IPYHTOBUM Ta MiJI3EMHUM CTOKOM. 3BOPOTHHH TIIPOXIMIYHUIN
3B'I30K peai3yeThCsl MEPEBAXKHO Yepe3 MOBITPSAHI MAcCU Ta HACTYIIHE BUIIAJIaHHS
MITPaHTIB 3 aTMOC(EpPHUMU OCaZaMu 1y BUTJISII MACH MHITY.

Takum ymHOM, (i3UKO-XiMiuHa Mirpaiis BifOyBaeTbcsi ab00 B MPUPOTHUX
BOJIax, 200 B atMocdepi, TOMY i1 IUIATh HA 800HY Ta HOGIMPSHY .

Boona miepayia. XiMiuHI €J1€MEHTH MITPYIOTh Yy BUIJISl TiIpaTOBAHUX
HOHIB, MOJEKYJ Ta KOJOIJHUX YAaCTUHOK. ['a3u MIrpylOTh y PO3UUHEHOMY Y
BogHOMY cepenoBumii craHi (O, CO,, H,S). IlepeBakHa wYacTHHA IOHHHX
mirpantiB nmpexcrasrera Na', K, Ca®*, Mg*, HCOj3, SO.*, CI. B mpicuux
BOJIaX, SIK MPaBWIO, cepii MOHIB 3a KOHUEHTPALISIMUA PO3NOJAUISIOTHECS HACTYITHUM
gyunoMm: Cat > M92 > Na"> K" B MiHEpaai30BaHUX BOJIaX JOMIHYIOTh Na*, CI,
SO4*. Bomu mictsts iorn HsO" i OH (10° - 10°® r/x). HopiBHsiHo Mano Mmirpye
yepe3 BojaHe cepeposuine croiayk K, Al, Ti, P, Si, a Takox pigkux Ta po3CISHUX
enementis (10 — 10™ r/n).

ExcniepuMmenTanbHe JOCTIHKEHHS NIIAX1B Ta IHTEHCUBHOCTI BOJIHOI Mirpartii
— ckiagHe 3aBAaHHA. [lpoTe BOHO 3HAXOAUTHh MPAKTUYHE 3aCTOCYBAaHHS Y
JIOCIIJIPDKEHH1 BOAHUX pecypciB. Tak, Hampukiaj, o0 JOCIIAWTH MIBUIKICTH Ta
HampsiM  Mirpaifii BOJOPO3UYMHHUX TIOJIOTAHTIB A0 MIA3€MHUX BOJOHOCHHUX
TOPU30HTIB 13 PO3TAIIOBAHOTO TOPSA 13 TIJ3€MHHM BOJ03a00pOM 3BaJIWIIA,
npoOypIOIOTh KiIbKa KOHTPOJBHHUX CBEPIJIOBUH HAa TEPUTOPIi 3Bajuiia, KyIu
3aKauyroTh KOHICHTpoBaHW po3unH coii NaCl. [lami npoBomasTe MOHITOPHHT
BMICTY XJIOPHUAIB Yy BOJOHOCHOMY Tropu30oHTi. Konm iX KOHLEHTpallisi MOYMHAE
3pOoCTaTH, 3HAYUTh,  3a0pyJAHEHHS 13 KOHTPOJBHOI CBEPUIOBUHU JAOCSTIIO
BOJ103200DY.

OuiHka MBHAKOCTI MIrpaiii Ta 3HWKEHHS KOHIEHTpalii MOJIIOTAHTIB 3a
pPaxyHOK pO30aBJI€HHS YHUCTOIO BOJOI MpU BOAHIA Mirpaiii — [IHPOKO
PO3IOBCIOKEHA €KOJIOT1YHA 3a/laya, sika 00’ €IHy€ PO3yMIHHS XIMI3MY IIPOILIECIB,
TIIPOJIOTIYHMX, TiApOXiMiYHUX naHux. Ha puc. 5.28 mokazaHo pe3ynbraTu
MOJICJIFOBAHHSI TPOLIECY BOJIHOI Mirpamii BOJOPO3YMHHUX (OpM B'Cs Bomamu
cBiTOBOrO OKeaHy micis aBapii Ha AEC «®ykycima» npotarom 1,5 poky.
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Puc. 5.28. Mogenp wMirpanii Bomoposumuzoro ~~'Cs (Bx/m) y Bomax
CBITOBOTr0 okeany miciis aBapii Ha AEC «®ykycima-1»

OpraHiyHl pe4OBHHH MITPYIOTh Y BUIJIS1 HEAUCOIIHOBAaHUX MOJIEKYJ a00 Yy
BUIJISI/II KOJIOITHUX PO3YMHIB. IHTEHCHUBHICTH BOJHOT MIrpallii XIMIYHUX €JIEMEHTIB
3aNIeXKUTh  BIJI  (DI3UKO-XIMIYHMX XapaKTEPUCTUK BOJ: KHCIOTHO-OCHOBHOI
piBHOBaru (BenmmunHM pH) Ta CHIBBITHONICHHS KOHIICHTPAlii OKHUCHHKIB Ta
BiTHOBHHKIB (OKHCHO-BiHOBHOTO TIoTeHItiany OBII).

Karionorenni enementu (Ca, K, Ba, Cu, Zn, Cd) Outbir pyxomi y KUCIHX
BOJIax, a aHioHOTeHHI enementu (Mo, Si, As, V, Ge) — y nyxuux. Bci enementn —
MaJIOpyXoMi B HeHTpasbHOMY cepenouiii. Mirpamis cnomyk |, B, Li, Na
MPaKTUYHO HE 3aJIeKUTD BiJ MOKa3HuKa pH.

®di3uKO0-XIMIYHA BOJHA MIrpaiisi XIMIYHUX €JIEMEHTIB MOX€ B1AOyBaTHUCS B
konoigHiit gopmi. Komoimu — wactunku posmipom Mmenme 00,0002 mM, maioTe
3HaYyHy TMOTJMHANBHY 3/JaTHICTh Ta HECYThb €INEKTPHUYHUN 3apsid, MOXYTh
MEPEeXOUTH 13 po3unHy B ocayn (koarymsmis) i Hasan (menrtwsamist). KomoimHi
BJIACTHBOCTI TPOSIBJIAIOTh TJIWHUCTI MaTepianu, riapokcuau Si, Fe, Al, Mn,
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ryMYCOB1 peuoBHMHU. B KOJIOiTHOMY CTaH1 ICHYIOTh JIesiKi KapOOHaTH, Cyib(aTy,
¢docdaru, Bananatu. Komoiau MIrpyroTh y BUIIIAI KOJOIAHUX PO3YMHIB — 30JIB.
OcamxyroTbesl y BUIISIAL IparjiIicTUX ocaiiB — remiB. Konoinu yTBOPIOIOThCA B
mpoiieci 010reoXiMIiYHOTO BUBITPIOBAHHSI TIPCHKHUX MOPIJ Ta IPYHTOYTBOPEHHS.
[lepBuHHI MiHEpanu pPYUHYIOTbCS i JI€I0 XIMIYHO AKTUBHHUX MPOJIYKTIB
KHUTTENISLIBHOCT] (OIOT€HHUX KHCJIOT, JIYTiB, KOMIICKCOYTBOPIOBAYiB, TYMYCOBHUX
KHCJIOT, BUIBHOTO KHCHIO). [3 TPOAYKTIB pO3KIAAy CHHTE3YIOTHCSA KOJIOiTHI
MIHEpaJbHi 1 OpraHo-MiHEpaIbHI1 CIIOTYKHU.

Cymapna nmoBepxHs 1 r KOJTOITHUX YaCTUHOK B 10° paziB OuTbIIa MOBEpPXHI 1
I' YACTUHOK, Kl BHUJIHO HEO30POEHHM OKOM. 3 BEJIMKOIO MOBEPXHEIO MOB’s3aHI
BEJIMKA €HEpPrisl MOBEPXHI Ta 3HAYHA MOMVIMHAIBHA 3AaTHICTh. Konoinu copOyroTh
L7 MOJIEKYJM ra3iB, NapiB, OpPraHIYHUX peyoBUH. BOHM 3BOPOTHO COpPOYIOTH
HOHU 13 TPYHTOBUX BOJ. TOMy 3 KOJIOiJaMH MITPYIOTh Pi3HOMAaHITHI PEYOBUHU B
6iocdepl. P3UYHUN CTaH KONOIAIB y (popMi 30110 uu remro 3anexuth Bl pH. Tak,
B KHCIUX BOJIaX 30UIBIIYETHCS PO3YMHHICTH KOJIOIMHUX TIAPOKCUIIB 3alli3a
FeO:-Fe,O5:nH,O, Fe,03:nH,0:; a B JYXHHX — KOJOIZHOTO KpPEMHE3eMY
SiO,NH,O. YV Bomax, HacHYEHUX KajbL[iEM Ca2+, Mirpamisi KOJOIAiB MEHIII
aKTHBHA, TaK SIK KaJbI[1{ CIIPUSE X KOATYJSLIL Ta 0CAJKEHHIO.

binbmicts npupogHux Boja Oiochepu MICTATH opraHiuHi koyoigu. Piku Ta
03epa B yMOBaxX BOJIOTOTO KiiMary MicTaTh 10 100 Mr/m rymycoBUX CHOJYK.
CepenHiii BMICT OpPraHIYHOTO BYTJIEII0O Y IPYHTOBHUX BOJAxX BOJIOTOTO KJIIMaTy
csirae 35, a B cyXux cTymax Ta mycrensx — 20 mr/m.

KinbkicTh po34MHEHOT OpPraHiyHOi pEYOBMHHM B OK€aHaX Ta MOPSX B KIJIbKa
pa3iB OuIbllle 32 Macoro, YMM >KMBOI PEUOBHHH, sika Hacelsie okeaH. OpraHiuHi
KOJIOIAM 3HAYHO BIUIMBAIOTh Ha MITpaIlil0 €JIEMEHTIB MUIAXOM YTBOPEHHS
komiuiekciB 3 Fe, Al, Ti, Mn, V, Ni, Cu Ta inmux enement. Bigomuii ¢akr, 1o
HaBITh 30J0TO AU MIrpye y BUIIISA1 OpraHO-MIHEpaNbHUX KOMIUIEKCIB. Tak, Ha
puc. 5.29 moxkazanmii po3noALT GopM 30JI0Ta Y TPYHTOBOMY Tpodisi, mpuaomy
BOJIOpO3UYMHHA (opMa MpelcTaBieHa camMe Yy BHIJISAI OpraHO-MiHEpaIbHUX
KOMILJIEKCIB.

[HTEeHCHBHICTE BOJHOI MIrpalli XapakTepu3yeTbcsi KOe(dIl[iEHTOM BOAHOT

mirparii K:
m-100
K=—", 5.3
a-n (5.3)
Ie

M — BMICT €JIEMEHTY y BOJIax, I/J;

N — #ioro BMICT y nopojaax, %;

a — MiHepaJti3aIlisi BOJH, I/JI.

K sBis€ThCA BIAHOLIEHHSM BMICTY €JIEMEHTY B MIHEPAIbHOMY 3aJIUIIKY
BOJM /10 MOro BMICTY B MOPOAl, B SIKIM UM MO SIKi mepeMilryloThes Boau. Yum
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OuMbIMIT  KOe(IIEHT BOAHOI Mirpailii, TUM OUIbII I1HTEHCUBHO €JIEMEHT
BUJIYTOBYETHCS 13 MOPiJ, TUM IHTEHCUBHIIIA HOro BOJHA Mirpauis. 3a BEIMYUHOIO
K O.I. Tlepenbman po3ainuB Ha 4 Tpynu:

1. Qyxe pyxomi enementu (K = n-10+n-100);

2. Jlerko pyxomi enements (K = n+n-10);

3. Pyxomi enemenTu (K = 0,1:n+n);

4. Cirabko pyxowmi ta ineptHi (K = 0,01 i Hmxue).

Jlnsi moBepXHEBUX BOJ NOMIPHUX IIHPOT, A€ NEPEBa)KalOTh CHUJIIKATHI
MopoJIv, B TIEpIIy TpyIy JIyke pyxomux MirpantiB Bxoaste S, Cl, B, Br, I; B
apyry — Ca, Na, Mg, F, Sr, Zn, U, Mo, S; B tpetio — Si, K, Mn, P, Ba, Rb, Ni, Cu,
Li, Co, As, Cs, Ra; B uetBepty — Al, Fe, Ti, Zr, Y, Nb, Be, Ta, Sn, Hf, Pt.

IIpodias 1 IIpodias 2 Ipodiae 3
| | |
b EA2 A2
(=] Q 1]
" mn Q 2
i ] n Bl 3
=N =% ]
o S &
0% 50% 100% 0% 50% 100%

: 2 [ ]3

Puc. 5.29. Posmogin pyxomux ¢opm 3omora y IpyHTOBUX mpodirax (%
Mmac.) [61]:

1 — Bogopo3unHHa (opraHo-MiHepaibHI KOMIUICKCH);

2 — (hopMa, 3B’s13aHa 3 OKCHAAMU i Timpokcugamu Fe, Mn;

3 — pemta hopm.

Miepayia eazie. ®i13UKO-XiMIYHA MIrpalis Y MOBITPSHOMY CEpPEIOBUIII
BKJIIOUae Mirpamito rasis. [lepmomkepenoM rasiB atmochepu 3emMill SBISIETHCA
nerazaiisi Mantii 3emui. IcHye renieBe, aproHoBe, HEOHOBE, KCEHOHOBE
«muxanHs». CydacHa atmocepa mictuth (% 06.): N, -78,1; O, — 20,95; Ar -
0,93; CO; — 0,03. Kpim TOT0, Yy CHiTOBUX KITBKOCTSIX MIicTAThCS razononioni NO,
CHg4, NO,, NHs, H,O, SOs, SO, H,, CO, mapu #omy, pryTi, QiTOHIIMIN, TTHIT,
MIKPOOPTaHi3MH. Y MPU3EMHOMY IIapi atMocepu B AesKUX JaHamadTax 3poctae
BMicT MikpokommoHeHTiB (CHy, H,S, N;O, NHj3). B mimsemuiii atmocdepi
(rpyHTOBa atmMocdepa) mictutbes Outbie CO; (2 % Tta OuibIe), BOASHOTO Mapy,
ajie meHme KucHio O».

OcaKOBi TOPOXM MICTSTh y BHILA BKmoodeHs mo 2,14-10" T rasis.
[TepeBaxxatoth Metan CHy (39 %), Byriekucimii raz CO; (27,4 %), azot N3 (26 %).
Oco0nmBO ©Oarato ra3iB MICTHThCS B TJMHAX (MOPIBHAHO 3 IICKAaMH) Ta B
OpPraHOTE€HHUX OCajax.
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Oco0nuBuil 1HTEpeC BHKJIHWKAIOTh Ta30Bl TiApaTH, BIAHOCHO HEIABHO
BIJIKPUTI Y BEJIMKIN KIJTBKOCTI B Hajapax 3emini Ta Ha qHI CBITOBOTO OKeaHy (puc.
5.30).

Hapasi 3amacu ByriieBoJHEBOT CHPOBHHH (B OCHOBHOMY METaHY) Y BHUTJISII

ra3oriipaTiB OIMIHIOIOTHCS, 32 PI3HUMH JaHUMH, BEIHMYUHOIO TOPSIKY 2- 10" M

- : - 17
(1 TOpIBHSHHS: 3amacH KucHio B atmocdepi ckmagaote ~8 - 107 M%), Lle

MOMITHO TMEPEBUIIYE BCl 3alacyd KOHJEHCOBAHOI'O OPraHiuHOro KapOOHY Y BCIX
oro Bumax Ha 3emm (puc. 5.31). € miactaBuM TependaYUTH  IIHPOKE
PO3MOBCIOJKEHHS ra3orinpaTis y BeecBiTi.

3a cBo€ro OyIOBOIO IIe KiaTrpaTHi crodayku (puc. 5.32a), B AKHX MOJICKYIIH
riipooOHUX Ta OJIU3BKUX 10 HUX Ta3iB BKIIOYEHO B MOPONKHUHU KPUCTATIYHOTO
Kapkacy, Mo0yJ0BaHOIO i3 BOJHEBUX 3B’A3KiB i3 MOJIEKYJ] BOJM. IX BIACTUBOCTI Ta
OyJlI0By BHUBYA€E CYMpPaMOJIEKYJsipHA XiMisf. 3JaTHICTh YTBOPIOBATHU TIApaTH MaIOTh
TaKi ra3u Ta JIETKOJETKI OpraHiuHi PEYOBUHHU, MOJIEKYJIH SIKUX MAIOTh PO3MIPHU B
Mmexax 3,8+9,2 A (Ar, N, 02, CH4, C2H4, C2H6, C3H8, 130-C4Hyp, C|2, CSZ,
rajjoreHonoxinHi ByrieBoaHiB C1-C4 TOIIO), @ TAKOXK ACSIKI TiIpodiTbHI CIIOTYKH
(CO,, SOy, okcup eTriieHy, TeTpariipodypaH, aleToH), B3aEMOJIS SKUX 3 BOJOFO
JOCUTH c1a0Ka 1 He MEePEeIIKOJKA€E KIaTPaTOyTBOPEHHIO.
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Puc. 5.30. Po3Bigani po1oBHINa IPUPOJTHUX ra30BUX TiApaTiB Ha 3emMii [62]

F'azoBi rinpaTtH
Po3eimaHi i Hepo3EBEiOaHI pecypcH
ByTiAAg, HADTH i TAsy

I'pyeT
PosunHEHA ¥V BOO1 OpraHiYHA peYOEBHHA
HaszeMHA POCAHHHICTB

Topdh, DeTpHTHA Opra”HiyHA PEYOBHHA,
atMoccepai MOPCBKI POCAHHH

Puc. 5.31. Posmogin opraHiyHOro BYyTJICIIO Ha 3eMii (32 BHHSATKOM
PO3CIsSIHOTO y BUIIISAI OiTyMy Ta Keporeny) [62]

30BHI BKJIFOUEHHS KJIaTPaTOTiApaTiB HaraJlyrTh Myxkuid cHIr (puc. 5.320,
B). 1 00’eMm rasorigpary moxe Buaututa 10 160 00’emiB merany CHy (3a H.y.).
30BHI FOpIHHS METaHY, KWW BUBUIBHSAETHCS 13 TA30BOTO T1IpaTy, Harajaye ropiHHs
cHiry (puc. 5.32r).

Sk 1 BCI CIIOJIyKM Takoro THUITy, Ta30Bl1 TAPaTH — METAcTaOLIbHI MIHEpaH,
BOHU MarOTh BIJHOCHO Mally CTIMKICTh, TOMY Jy>K€ YyTJIMBI JO 3MIHH 30BHILIHIX
yMOB (TeMIlepaTypd, THCKYy, XIMIYHOTO CKJIaay ra3y Ta BOJH, BIACTHBOCTEH
MOPUCTOTO cepeoBHIa Tomo). [IpupoaHi TepMOOApUIHI YMOBH JTyKe OIH3BKI 10
MEX1 CTIMKOCTI Tra3oriyipariB, TOMY MIHIMaJbHI 3MIHA pIBHOBA)XHHUX YMOB
MPUBOSATH A0 MOCUJIEHHS iXHBOI MIirpailii 13 Hajap uu MHOUH okeaHy, balikany.
Hanpuknaa, miaABUIIEHHA TeMIepaTypd Ta TaHEHHS BIYHOI MEp3JIOTH, i€
aKyMyJIbOBAaHO 3Ha4YHI KUIBKOCTI METAHOTAPaTiB, IPUBOAUTH 10 IXHBOI Mirparii y
atMmocdepy. IIponecu mBHAKOT Aerasailii ra3oriipaTtiB METaHy CYMPOBOIXKYIOTHCS
4acTO caMoO3aliMaHHSM Ta BUOyXaMH, MICHS SIKUX 3aJUIIAIOTHCS BOPOHKHU
XapakTepHoro Burisiny (puc. 5.33).

OOMIH Ta3zaMM MDK KOMIIOHEHTamMu Oiocepu BinOyBaeThCs MIISAXOM
oucghyzii. Bunuisitorh Taki MeXaHi3MH YTBOPEHHsI ra3iB y 01ocdepi:

- Disuxo-ximiyni peaxyii yrBopenns CO,, H,O, H,S BinOyBatoTbcs B
rMMOOKUX Iapax JiTocdepu, ane il MHMPOKO PO3MOBCIOKEeHI B Olocdepi. Croau
BIIHOCSATHh paJlOaKTUBHUN po3maa 3 BuauieHHsM Ar, He, pamiomi3z Boaw,
yTBOpeHHs OKCcHIiB a30Ty NOy Ipu rpo30BUX po3psaax TOIIO;



Puc. 5.32. Crpykrypa kmarpaty rasorimpary (a), 30BHINIHIA BHUTISA
BKIIIOUCHB rasoriapary (0, B) Ta ropinss rasorigpary (r) [62]

[alot, P9 e AU =R
HOK-Koo/1s131B (SImano-HeHenpkuii aBTOHOMHUYN OKpYT,
P®) micns BUOYXOBOI Jerasailii METaHOBHMX Ta30TiApaTIB:

a) Bua boBaHEHKIBCHKOI BOPOHKM 3 BHCOTH MTAIIMHOTO TIONBOTY; ©)
boBanenkiBchka Boponka B 2014 p. BiiTky Ta B) B3uMKy 2014 p.; ) kparepHuii kaHan Ta
BUBAJH TipchKuX mopin JepsOnHCcbKoi BOPOHKH, (pparMeHT KocMmiuHoro 3HiMKY, 2015 p.;
n) ozepo «Kparepue» miamerpom 600 M 3 kaHamamu Jerasailii; k) T€ X 03€po, sKe
BTPATUJIO MPO30PICTH MICIIA Ta30BOT0 BUKUAY Ta CKaJaMyTHIHHS MyJTUCTHX ocanis, 2015

p. [63]
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- CyKynHICTb 6ioceHHUX npoyecig¢ YTBOPEHHS Ta3iB XapaKTepHa IJis
6iochepu, me maitke Becb O, CO,, Ny, H,S, CHy4, Hy Ta iHII ra3m yTBOPIOIOTHCS
B pe3ynbTari Mertabonizmy. JlogaTkoBo cnij BIIHECTH 10 IIi€l Kareropii
ra3onoAi0H1 MPOAYKTH FOPIHHS TOPIOYMX KOMAJWH, ra3u B MPOMUCIOBUX BUKHUIAX,
MPOAYKTH OKHUCICHHS TIPYHTIB. B yTBOpeHHI mnpuszeMHOro mapy armocdepu
3HAYHUI BHECOK HAJEXKUTh IPYHTAM Ta POCIMHHOMY MOKPOBY. KpiM TpaauIiiHux
oiorennux rasiB (O, CO,;, H,S, CH4 H,), Oiota Buminse sremxi opeaniumi
cnoayku’ pocauHauil TopmoH etunen CoHy, ditonuuau, netki ecrepu. Bigomo, mo
apomat kBiTyunx pociauH — lle «ximiyHa 30posi» pociuH. MoJiekynu 3amaxiB
BITHOCATBCS JI0 JICTKMX BTOPHHHHUX MeTaOomiTiB. IneHTtudikoBano Oimpme 100
TUCSIY TaKUX CHONYK, OaraTo 3 SKUX JIOJIMHA CIpUMMaEe SIK 3amax POCIUHHU.
HaiiyacTime 1i pe4oBUHUM BUKOHYIOTh «EKOJOTIYHI» (DYHKIiI, TOOTO 3aXUILAIOTh
pPOCIMHY BIJl NIKIAHUKIB 1 MAaTOreHIB, MPUUMAIOTh Y4YacTb Yy PO3MHOXKEHHI,
3a0€3Meuy0Th B3a€EMOJIII0 POCIMH MDK CO0OK Ta 3 IHIIMMHU OpraHi3MaMu B
€KOCUCTEMI.

3a XIMIYHUM CKJIaJIOM BTOPHHHI METaOONITH POCIMH — aJIKaJoiIu,
13omnpeHoinu (TepreHoinu) Ta (EHONbHI CHOIYKH. BOHM MarOTh BITHOCHO Mally
MOJISIPHY Macy, CHUHTE3YIOThCSl 13 HEBEJIMKOrO0 HA0Opy BUXIIHMX CHOJNYK 1, SIK
IpaBWIO, MPOSBIAIOTH OIOJIOTIYHY AaKTUBHICTb. barato JeTKux CHoiayk
CUHTE3YIOThCS Y BIJMOBIb HA MOMIKOMKEHHS POCIMHU 1 TOKCUYHI JJIsl TATOTEHIB,
rpubiB. PeHoIM BHUKOHYIOTh 3aXHUCHY (YHKIIO, MIIBULIYIOYH CTIHKICTh 10
3aXBOpIOBaHb. llpy MeXaHIYHOMY TOUIKOJ)KEHHI TKAaHMHU Y  KIITHHAX
HaKOMUYYIOThCs (DEHONH, K1 YTBOPIOIOTh 3axUcHUM mmap. Jleski cnenudiuai JeTKi
CIIOJIYKM POCJIMHU CHUHTE3YIOTh Y BIANOBIJIb HAa CTPEC — HAMPUKIAA, B YyMOBax
3aCyXd 4M MiJABUIIEHOTO BMICTY cojell y rpyHTax. Came B CTPECOBUX YMOBaXx B
pOCIIMHAX HAKOMUYYIOThCS (DEHONH, 10 MPUBOAUTH 1O 1HTIOIPYBaHHS POCTOBUX
MPOIIECIB Ta 30 UIBIIIEHHIO CTIHKOCTI 0 HECTIPUATIUBUX (PAKTOPIB.

B j1eTKkuX BUOUIEHHAX XBOMHHUX JIIC1 BUSABJICHO OIS 25 XIMIYHUX €JI1€MEHTIB
(Li, Be, B, Na, Mg, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Zr, Mo, Pb Ta in.).
YTBOpeHHs ra30moAi0HMX OPraHiuHUX CHOJYK OI[IHIOETHCS B 1,5-10° T/pik. 1 ra
JUCTSHOTO JIiCY IPOAYKY€E 2 KT JIETKHX CIOJIYK 3a 100y, 1 ra xBoiiHoro nicy - 4+30
KT 32 100y. XBOMHI JiepeBa NpU LbOMY BUAUISIIOTh P METAJIB. Y 3aJUIIKY MICISA
030JICHHS KOHjeHcaTiB KoHIeHTpalliss Cu, Mo, Ni Ta psiiy IHIIUX METaTiB BHIIA,
HDK y 3aJIMIIKY Micas orojeHHs xBoi. Ckopimie 3a Bce. MeTaiu BUHOCATBCS Y
dbopMi JIETKOJETKUX KOMIUIEKCHUX CHOJYK 3 TEpHeHaMH, 130MpeHoM Toio. B
KOHJIEHCAaTaX TpaHCHIpal[liHUX BUIAPIB BUIIUX POCIMH BCTAHOBJICHO HAsIBHICTH
HE TUIBKH COJIEM JYy>KHUX Ta JIY)KHO3EMEJIbHUX METaNliB, a U JIETKUX KOMIUJIEKCIB
METaJliB 3 OpraHIYHUMHM JiraHnamu. TpaHcmipalliiHa BOJIOTa XapaKTepU3YEThCS
MiHepamizamiero 40 wMr/m, Tomi 3araibHa Maca MiHEpaJIbHUX PEYOBHH, IIIO
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BUHOCSITHCSL POCIIMHHICTIO CYIIl Ye€pe3 BUIMAPOBYBAHHS, OLIIHIOETHCS B 1,2+1,4-10°
T/pIK.

[MoTyxHu#t (akTop HAIXOMKEHHS METAlliB B Tpomocdepy B razomaposiit
dbopmi € misanpHICTH MikpoopraHiamiB. Tak, 3HauHa yactuHa pTyTi HY Mirpye B
atMochepl 'y BUIUISIAI JIETKMX OpraHIYHUX CIONYK, SKI € MOpOayKTamMu
MiKpoOiojoriunux npoiuecis. TpaHchopmaliisi MeTaaiyHOi CaMOPOAHOI PTYTI Ta ii
Cyab(1IHUX MIHEpaIiB BIIOYBAETHCS B aKBAJIBHUX Ta CyOaKBalIbHUX JaHIa(Tax.

VY Boji, 30aradeHiii OpraHiuHOI PEYOBUHOIO Ta pO3UMHEHUM KuCHEM Oy,
B110yBa€eThCs cepis O10XIMIYHUX MEPETBOPEHb 3 YTBOPEHHSIM JIETKOI1 CIIONYKHU -
aumetunptyTi CH3HQCHS3. Lg %k crionmyka yTBOPIOETHCS 1y BITHOBHUX YMOBAX ITif
BILUIMBOM aHAaepOOHUX OaKkTepiii:

C-H;Hg"

Hg! —» Hg* & CH;Hg" & CH;—Hg—CH;

Itk

CH;O- CH-,— CH:—HE

Mikpo0i070riuyH1 MpoIeCH MeTali3ailii Ta YTBOPEHHS JETKUX OpPraHIYHUX
CIIOJIyK MAaroTh Ill¢ OUIbIlIe 3HAYEHHS Il THUX XIMIYHUX €JIEMEHTIB, SKI HE
YTBOPIOKOTH JIETKUX cIoayk — ZN, Pb, Cd. Ixus mirpanis € maciigkoM B3aemonii i3
KOMITIOHCHTAMH Ta30BHX BYJKaHIYHUX BHKUAIB, ski MmicTaTh Cly, H,S, HF, HCI,
NHs;. Kucinotni gomii po3uMHSIIOTH Ta MEPEHOCATh iX CHOJYKH Yy BHIJISII
PO3UMHHUX COJIEH Ta KOJOIMIB.

HasaBHi nani cBiguath mpo Te, 1o AudepeHiiamis XIMIYHUX €JIEMEHTIB Y
CHUCTEMI. TMOBEpPXHs cylll — arMocepa — MOBEPXHS OKEaHy € pe3ylabTaToM
TPHUBAJIOI J1i ®KUBOI MaTepii, a AMHAMIKa IUKJIIYHUX MPOIECIB MIrpallii €JIEMEHTIB B
ra3zonaposiii popMi 3yMOBJI€HA TOJIOBHUM YMHOM 010T€0XIMIYHUMH MPOLIECAMMU.

B y3aranbHeHOMY BUTJISIII TeOXIMIYHA KiIacuDiKallisl XIMIYHUX €JIEMEHTIB 3a
0COONMMBOCTAMM MeXaHi3MiB Ta (popm mirpamii y okl 3a O.l.Ilepensmanom
IpeACTaBICHO B Ta0d. 5.12.

B ocHoBi knacudikaiiii — qiIeHHS Ha BOAHI Ta MOBITPsAH1 MirpaHTu. [lepii
HE MITPYIOTh 200 MIrpyroTh ClIabKo y ra3onoaioHomy cradi. Jpyri Mirpyrotb 1 B
ra3onoAi0HOMY CTaHi, Tak 1 uepe3 BojHe cepenoBulie. B knacudikaiiii BpaxoBaHo
MIrpamiiiHi BJIaCTHBOCTI XIMIYHUX €JIEMEHTIB 3aJI€KHO BIJI OKHCHO-BITHOBHOTO
MOTEHI[IaJIy Ta KUCIOTHOCTI CEPETOBUILA.

s xmacudikailis AOCUTH YMOBHAQ, 1 3pO3yMUIO, IO 3arajbHi TEHACHINI
MOXYTh HE BUKOHYBATUCA Y JIOKAIbHUX crnenudiuaux ymoBax noBkuwuis. IIpore
BOHA JIOCTaTHbO TOYHO OMKCYE 3aKOHOMIPHOCT1 MIrparii XIMIYHMX €JIEMEHTIB B
MeKaX OCHOBHUX KOHIIETIIH 610reoxiMii.
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5.5.3 BiorenHa mirpamnisa

Le# Bua Mirpanii € OJHUM 13 HAUOLIBII CKIIAJHUX, 00 peai3yeTbCsl BCIEIO
CYKYIHICTIO TIpolieciB (DYHKIIIOHYBaHHS *KHUBOi MaTepii. Xoud OioMaca yTpumye
HE3HAYHY YaCTKY MiHEpaJIbHUX PEYOBUH MOPIBHSIHO 13 Macor0 3€MHOI KOpH, IpOTe
ii mirpamiss OaratokpaTHO TMEPEBUINYE TeOXiMiuHI MacmTadbu. Yum Oinbliie
OloreHHa 3HAYMMICTh XIMIYHHMX €JIEMEHTIB, TUM OUIbIIE iX CTYIiHb 3B’SI3yBaHHS Y
TKaHWHAX >KUBHUX OPraHi3MiB, CTYMHiHb 3aXMIIEHOCTI BIJ NPSIMOTrO BUMHUBAHHS
pPIYKOBUMHU Ta TIPYHTOBUMH Bojamu. (OUeBHAHO, IO E€JIEMEHTH 13 BHCOKUM
cryneHem OiorennocTi (P, Ca, K, S, C, N) MaroTh HM»X4Hii MirpalliiHu{ MOTEHITIaT
MOPIBHSHO 13 €JIEMEHTaMHU, K1 y XIMIYHOMY CKJIaJll )KUBOi PEUOBUHHU NPEACTABICHI
He3HayHuMHu Kitbkoctssmu (Mg, Na,Cl).

Ta6muusa 5.12. Knacudikaris XIMIYHUX €JIEMEHTIB 3a MPUPOIOI0 IX
mirpartii y nokimti 3a O.1. [Tepensmanom [64]

IlopiTpani MirpaaTa
AKTHEHI (YTBOPIOIOTE XiMITHI ITacueHi (He YTEOPIOIOTE XIMIYHHX

CIIOIVEH) CIIOIVE)
O, HCN,I Ar, He, Ne, Kr, Xe, Rn
Boani mirpasaTn
KatioHoreHHi | AHIOHOTeHHI
Hyace pyxomi
Ca, Na, Mg, Sr, Ra | CLBr, S, F.B

Crabdroe pyxoai
K,Ba,Rb,LiBe, Cs, Tl | Si, P, Ge, Sn, Sh, As
Pyxoui ma c1adxo pyxoMi 6 OKUCTHOSATLHOMY CEPeOOsUlyl M IHEPMHL &
cepedosutyl Hy5, 0caoxiCcyiomsea ¥V IVHCHOMY Cepedosuiiyl, Mi2pyoms V
OXUCTHEATRHOMY CEPEAOEULYT
Zn, Cu, Ni, Pb, Cd | Hg, Ag, Bi

Pyxoui ma c1abxo pyxouMl 6 OKUCTHOEATEHOMY Cepedosuyl ma IHEPMHL Y
EIOHOBTIOEATLHOMY CEPe0osuiyl, 0CadIcVIIombea ¥ npucymaocmi HaS ma

2neeeoMy oap epi

V, Mo, Se, U, Re

Pyxoui ma caabxo pyxoMi V 610HOSTOSATLHOMY 21e€60 MY CEPe00sulyl, IHEPMHIL
V OKUCTIOEATBHOMY Md EI0HOETOEATBHOMY CEépedosulyl 6 npucymaocmi HyS
Fe, Mn, Co
Manopyxoui v 6C1x 6UOAX cepedosuiya

Cr1adKa Mirparnid 3 opraHiTHAMHA
KOMIUTeKcaMH. YacTKOBO MITpYIOTE B
CHIBHO KHCIOMY CepeIoBHIIi

TJacTKOBO MITPYIOTE B TY:KHOMY
cepeI0BHINI

Ti, Cr, Ce,Nb, Y, La, Ga, Th, Sc,
Sm, Gd

Zr,Nb, Ta, W, Hf, Th, Ho, Eu, Yb,
In, Ln

He ymeoprooms XIMIYHIX CROTVK (CMAH CAMopooKis)

Os, Pd, Ru, Pt, Au, Rh, Zr
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XiM14YH1 €IEMEHTHU 3 HU3bKUM CTYIIEHEM O10M€HHOCTI MPOXOASITh TPAH3UTOM
abo Mamo (QIKCYHOThCA KUBHUMHU OpraHismMaMu. Sk  HaciioK, BOHHU
XapaKTEePU3YIOThCA BHUCOKUM MITPAIIHHUM MOTEHIIAJIOM 1 BUHOCSTHCS JAJIEKO 3a
MeX1 o0JlacTell CBOr0 yTBOPEHHS, MPUMNMAIOTh Y4acTh y Mpollecax HaKOMUYEHHS
0CaJIOBHX coJiel (kapOoHaTH, TigpokapOoHaTH, cyibdaru, xaopuau Na, MQ).

’KuBa pedoBMHA IHTEHCHUBHO TpaHCPOpMye OTOUyIOUE€ TeOoXIMIYHE
CepelloBUIIE, BH3HAYa€ NPOLECH cemapallii, BIATOKY Ta YTPUMYBaHHS XIMIYHHX
€JEMEHTIB dYepe3 JaHIIOTH KUBJICHHS, 1HTEHCHBHICTh Ta CKJaJ MeTaOoJIiTiB,
MOCTMOPTAJIBHUX PEIITOK.

Bnepiie kiapku xuBoi pedyoBuHHM Oyno migpaxoBaHo B.I. Bepnaacekuwm,
ni3Hime ix Owuibmn  yrounwnud Oloreoximiku  O.I1. BunorpagoB Ta B.B.
Jloo6poBonbckuii (Tab:. 5.13).

Ha ocHoBi manmx, HaBemeHux B Ta0a. 5.13, MokHa 3poOUTH HACTYIHI
BHCHOBKH:

- I3 301IbIIEHHSIM aTOMHOI Macu XIMIYHHUX €JIEMEHTIB iX KJIApKu y CKiIaial
’KUBOT'O 3MEHIIYIOThCS;

- XuBa wmatepis Ha 3eMJll MPEACTABICHA BUKIIOYHO KHUCHEBMICHUMH
ICTOTaMU,

- IcTopito XKMBOI peUyOBMHM MOKHa OmMHUCAaTH SIK (OpMyBaHHS 13 ra3iB Ta
MOBEPHEHHSI 10 Ta30MOI0HUX CIOJIYK MICJSl CMEPTI;

- AKTUBHO MITpyr04i B 3€MH1i KOp1 XIMI4H1 €JI€EMEHTH JIETKO 3aXOIUTIOIOThHCS
KUBUMH OpraHi3MaMH; MaJOpyXoMi — HaBIaKH.

JInst oliHIOBaHHS BUOIPKOBOrO TMOIVIMHAHHS €JEMEHTIB BUKOPUCTOBYIOTh
KoedIeHT 010J0TTYHOTO TTOTTHHAHHS

Al (5.3)

ne | — BMICT ereMeHTa B 30JIbHOMY 3aJTHIIKY;,

N — BMICT €JIEMEHTa y CEPEIOBUINI KHMBJICHHS (MIHEpaIbHOMY OTOYCHHI,
BOJIi, TPYHTI).

3a iHTeHCUBHICTIO nornuHanHs pociuHamu cymii O.1. Tlepenbman BUALIUB
YOTUPHU TPYNU eJeMeHTIB (10 aHaiorii 3 OI[IHKOIO PYXOMOCTI EJIEMEHTIB Yy
JOBKULI):

1. A = n-10+n-100 — gyxe inTencuBue Hakonuuenus (P, S, Cl, I, Br);

2. A =1 n+n-10 — cepenne Ta inTeHcuBHe HakonudeHus (B, Ge, Zn, Ca, Mg,
K, Na);

3. A =0,1-n+1 n — cepenne HakonmuueHHs Ta cuiabHui 3axsat (Mo, Cu, Ag,
Mn, Ni, As Ta iH.);

4. A = 0,1:n+0,01n ta meHmre — cnabkuii Ta ayxe ciaadkuit 3axsar (V, Be,
Li, Al, Fe, Cd, U, Zr).
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KpynHi cucremaThuyHi Tpynd POCIUH  BIJIPIZHSIOTHCSA  CHEHH(IKOIO
HAaKOMWYEHHS THUX YM IHIIUX XIMIYHUX €JIEMEHTIB. MOXH I1HTCHCHUBHO
HakonuuyroTh 3aiizo Fe (A=1); xBomi — kpemuii Si (A=1); rpudbu — pochop P
(A=206); pomuna mobdomoBux — xjop Cl ta marpiii Na; miaToMOBi BOAOPOCTI -
KpeMHi Si (xomomHi o3epa, J¢ BOHHM MECIIKAIOTh, CTAlOTh 010r€OXIMiYHUN
Oap’epoM ISl KPEMHIIO, SIKMM OCAJIKYEThCS Y TOHHHUM Myil. 30a 371aKkiB 30arayeHa
KkpemHieMm Si, B 6000BuX Oarato Kaipiito Ca, B KapTOIUTI Ta COHAIIHUKY — KaJito
K.

Cnemudika XIMIYHOTO CKJIaqy OpraHi3MiB 3yMOBJIEHAa TI€OXIMIYHUMHU
YMOBaMH TOTO CEpEe/IOBHUIlA, B SKOMY (hoHHU C(HOpPMYBAIUCA YU POCTYTh POCIUHU
JaHO1 cucTeMaTU4yHOi rpynu. Tak. Moxu — Memnikasili 3a00JI0YEHUX TypTiB, J€
IHTEHCUBHO Mirpye 3ani3o. Jloboga pocTe Ha 3aconeHux rpyHTtax. B TyHzapi Ta
TalroBii 30HAX JIUIIAWHUKKA IHTEHCHBHO morimHaioTh Ba, Sr, Pb, Cu, Zn (A =
n-10+n-100). 1 HaBmakW, YTBOPEHHS J>KMBOiI PCYOBMHU BIUIMBAE Ha CKJaj
MPUPOJIHUX BOJ Ta MPU3EMHOT0 mapy atmocdepu. I3 noBitps nornunaetrbest CO; 1
BUALIAETECA Oy, HAAXOAATH (HITOHITUIU, IO MPOSBISIOTH OAKTEPULIIMAHY Alt0. 3
TPAHCHIPAIIHOIO BOJIOTOI0 POCIMHY BUAUISMIOTH MIKpOKITBKOCTI cronyk P, K, S,
Cu, I, Zn Tomo. Pi3HOMaHITHI CIOTYKHM BUMHBAIOTHCSA i3 HA3€MHOI YAaCTHHH
POCIIMH, HAAXOJATh y ITPYHTOBUM po3urH. [lornuHaHHs €1eMEHTIB 13 IPYHTOBUX Ta
IHITUX BOJ BIIOYBA€ThCS 3a 10HOOOMIHHMM MEXaHI3MOM. MOHHU Ca2+, K"
ooMminmoroTeest Ha H', anion NO3 — Ha HCOgZ' 1 KUCJIOTHI 3QJIMIIKH OPraHIYHUX
KHCJIOT.

B npupoaHux Bojax 3aBau OIbIIE KaJbllil0, YAM MarHiio, Tak sk Ca®" mae
3HAYHO OLIBIMIHNK KOoe(iieHT O10JOT1YHOTO0 TOTJIMHAHHS, BIH KOHIIEHTPYETHCS
OpraHi3MaMHi 1 BUBUIBHSIETHCS MIPU MiHepalizallli B OulblIii KiibkocTi. @ocdop P
ta kamii K micns MiHepanizanii OpraHidyHUX CIOJYK 3pa3y K MOTJIMHAIOTHCS
MOBTOPHO. ToMy, sIK IpaBUJIO, iXHSI KOHUEHTpALlls B IPUPOJHUX BOJIaX HE3HAYHA
(mopsiaxy 0,1-0,5 mr/a Ta 1-5 mMr/a BianoBigHO).

[Ipouiecu OI1Or€HHOro YTBOPEHHS Ta PpO3KJIaAy OPraHiuHOi PEUYOBHHU
YTBOPIOIOTH OIOTCHHHUI KPYrooOir XiMiuHUX eleMeHTiB (auB. po3ain 7). OmHak
YyacTMHA PEYOBHMH  HAJAOBrO  BHIYYA€ThCS 13  MIrpamiiHUX  MPOIECIB,
3aKpIIIIOIOYUCh Yy TIPYHTI, YAaCTKOBO BHJANAETbCS B Tiapochepy micis
MiHepauizalii. OgHak YaCTHHA PEYOBUH HAJOBrO BUMAAAE 13 MIrpalliiHUX MOTOKIB,
3aKpIUTIOIYUCh Y TPYHTI, YaCTWMHA BUIAISIETHCS B Triapocdepy, atMocdepy uu
mitochepy. Tomy OioreHHa Mmirpaiisi XIMIYHUX €JIEMEHTIB BKJIIOYA€ HE TUIbKHU
LUKIIYHI, @ ¥ OAHOHAMNpPABJIEHI MPOLECH, 3 YacOM BOHA MPUBOAUTH 1O 3MIHU
XIMIYHOTO CKJIaJly KOMIIOHEHTIB Oiocepu, 1l mepexoy y HOBUIl CTaH.
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Ta6mauusa 5.13. Kimapku XiMidHUX €JIEMEHTIB KMBOI pe4oBUHH [64]

I'pyna eaemeHTIE I[IpegcTaEBHHEEH, EAQAPK
[Tor1TpAH1 MITPaHTH O-70; C-18; H-10.5; N-0,3
(988 %)
Boani mirpanTs (1,2 %)
MaxpoeneMeHTH Ca-0,5; K-0,3; 51-0,2; Mgz-0,04; P-0,07; 5-0,05; Na-0,02;

C1-0,02; Fe-0,01

Mn-9,6-107; Al-5-10;Zn-2-10-; Sr-1,3-107;
T1-1,3-10-:B-1.0-10-;

Ba-9,0-10%; Cu-3,2-10%; Zr-3.0-10%
Rb-2.0-10*; Br-1,6-10% F-1.4-10; Pb-1,0- 10

Ni-8,0-10%; Cr-7,0-10-%; V-6,0-10-%; Li-6,0-10-3; Co-
4.0-107%; ¥-3,0-10-%; La-3,0-10°%; Mo-2,0-10-%; I-1,2-10-3;
Sn-1,0-10%;

As-6,0-10%; Be-4,0-10°%; Ga-2,0-10-%; Se-2.0-10-%;
Ag-1.2-10%, W-1.0-10-%;

U-8.0-10-"; Hg-5,0-10-"; §b-2,0-107; Cd-2.0-10-7;
Au-1,0-10-8;

Ra-n-10-12
Enenments, EHAEISHI B EHEBIH | He, Ne, Ar, 5c, Kr, Nb, Eh, Pd, In, Te, Xe, Ta, T1, Bi, Th
PEMOEHHI, MpOTé iX KIapKH HE

MixpoeneMeHTH

ECTAHOEBISHO
He emaensHo Hapa:l v xEEBIE | Ru, Hf, Re, Os, Ir, Po, Ac, Tc, At, Fr (TpH oCTaHHIX
Marepii BIICYTHI ¥ 3eMHIH KOpi)

5.5.4 TexHoreHHa mirpauisa

B pesynbrari rocmojapdoi MisSIbHOCTI JIIOJUHU 3’sIBUJIAcs HoBa (opma
Mmirpamii aromiB, siky A.E. ®epcMaH 3amnponoHyBaB Ha3BaTH TEXHOT'€HHOIO.
BBaxarotp, 1mo Bxke B cepeamHd XX CT. MacmTaOM TEXHOTEHHOI Mirpaiii He
TUTBKU 3PIBHSJIUCS 3 IPUPOJHUMH, A U MOJIEKYIU 3HAYHO X MEPEBUIIIMIIH.

MacmTabu TeXHOTeHHOTO KpyrooOiry ormiHoTs B 100 mupa. 1/pik. La
OlliHKa 0a3yeTbCcsi Ha KUIBKOCTI MPOAYKI[i MPOMHCIOBOTO Ta arpapHoro
BUPOOHUIITBA, SIKA TPAHCHOPTYETHCS MIOPOKY BCIMa BUIAMU TPAHCHOPTY 3eMIIL.
OcHOBHa puca TEXHOTEHHOI MIrpailii, sKa BiApi3HA€E 1i Bl OPUPOJHOT, - HU3IBKUHN
KoedilieHT 3aMKHeHOCTI. JloOyTa 13 TOBKULIS HEOpPraHiuHa MaTepiss yTPUMYEThCS
NEBHUI Yyac y BUpOOax, CopyJax, MalllMHaX OOMEXKEHHI TEpMIH, TOBEPTAIOYUCH
PAHO YM MI3HO Ha3aJ y JTOBKULIA.

MacmTaby TeXHOreHHOI Mirparii MO)XKHa IOKa3aTH Ha NPHUKIAal JaHUX
o010 A00yBaHHs cronyk Cu, Zn, Mo, U (puc. 5.34). OueBuaHo, 1110, MOYMHAIOYU
13 OCTaHHBOI TpPEeTUHH XX CT., CIOCTEPIra€ThCId EKCIOHEHI[IaJbHUM PICT
n00yBaHHS KOPHCHUX KOIAJIMH, III0 MICTSITh BKa3aH1 TEXHOTC€HH1 METaJIH.
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Puc. 5.34. Macmtabu noOyBaHHS BUKOMHUX pyn, mo wmictate Mo, U, Cu,
Zn [65]

[3 manux, mpeacTaBieHUX Ha puc. 5.34, cminye, MmO 3pocTaHHS JOOyBaHHS
MIJTHUX PYI, K1 po3poOJisuiMcs 13 JaBHIX 4YaciB, Ta Pyl MOdIOJIEHy Ta ypaHy,
IIPOMHUCIIOBA pO3poOKa AKUX Mmoyanacs B XX CT., HEIPONOPLiHHI iXHbOMY BMICTY Y
3eMHIil Kopi Ta B memocdepi. Hampukian, kimapk amoMinifo Al B mux Meramin
OJIM3BKUH, BIAPI3HAIOYUCH Y KUIbKA pa3iB, a HE HA TpU NopsAaku. Bmict MoniOaeny
Mo y 3emHIi KOpl Mail’ke Ha JBa MOPSAJIKU MEHIIHI 3a BMICT BaHaailo V, Opote
BUPOOHUIITBO MOJ10AeHy Mo 3HauHO nepeBakae BUPOOHUIITBO BaHAII0 V.

Ha nmepmmwmii mornsig, HalOUIBIIMM HapajoKCOM BUKOPHUCTAHHS METAliB y
CBITOBOMY T'OCHOJAPCTBI € iX AOOYyBaHHS, KOHIICHTPYBaHHS, a MOTIM — aKTHUBHE
po3citoBaHHs y NOBKULIL. [InsXu TEXHOTE€HHOTO PO3CIIOBaHHS pi3HOMaHIiTHI. Tak,
13 BHECEHHSIM MiHepalbHuX ¢ochaTHuX AOOPUB HA arpapHUX TEPUTOPIAX
IHTEHCUBHO po3ciBatoThes pTyTh HQ, kaamiit Cd, cBunenp PD. Lle BinOyBaeThCs
BHACJIIIOK MIEPEX0]ly LHUX MeTaliB 13 gocdaTHOi CUPOBUHU Yy 0OpHUBa B MpOIIEC]
BUPOOHHMIITBA.

HaiiBuia iHTEHCUBHICTh MPOIIECY PO3CIFOBAHHS METAaIB — 13 BUKHIAAMU B
atMocdepy npu MeTalnypriHiil nepepoOui pya. 3HAYHHUI BIJICOTOK BTPava€ThCs
e paHillie — Mpyu TPAHCIOPTYBaHHI, MOJPIOHEHH], 30araueHHi, COpTYBaHHI PY/Iu.



~279 ~

3a orinkamu [65], mpoTsirom 1965-1975 pp. y BchoMy cBiTi 6yio0 po3cisao 600000
T Cu, 500000 T Zn, 300000 T Pb, 50000 T Mo.

OTtxe, micns BUAUICHHS METaNIB Y BUIbHOMY CTaH1 BCs X MOJaJIbIlIa XiMI4HA
ICTOPIA — 11€ MPOILIEC PO3CIFOBaHHS B JOBKIJII 32 paXyHOK:

- [lepexony y KiHIIEBI BUPOOH, K1 TPAHCIOPTYIOTHCA B 1HIII MICLIS,

- Btpar 13 npoMuclIioBUM NOWIOM, CTIYHUMHU BOJAaMHU., BIAXOAaMU
BUPOOHHMIITBA.

Maca BaXKuX METaliB, sika MIOPIYHO HAJIXOJUTHh Yy JIOBKULIS B pe3yJbTaTl
roCIOAapChKO1 MISTIBHOCTI JIFOJWHUA, MA€ TOW K€ MOPSAIOK BEIWYUH, SK 1 Ta, IO
npuiiMae yd4acTb y TIUVIOOQJIbHUX MPUPOJAHUX Mpoliecax MacooOMiHy. Piunuit
BUIOOYTOK psimy MertamiB, mepm 3a Bce CuU, Zn, 3HAYHO TMEPEBHINYE SIK
BWJIYTOBYBaHHS BOJOPO3YMHHUX (POpPM, TaK 1 piyHE MOTIMHAHHSA POCIUHHICTIO
[66].

Ipuxnaou:

1. BupoonunrtBo aakiniB cBunHmw (30kpema, TEC — TeTpacTHICBUHIIO
Pb(C,Hs),), sikuii BUKOPHCTaIOTH K J00aBKYy 10 OCH3MHY JIs IIiJBHIICHHS
MOTY>KHOCTI JIBUTYHA. 3 BUXJIONIaMH aBTOMOO1IiB Ph BuHOCUTBCS Y hopmi TpiOHUX
TBEpPJIUX YAaCTUHOK OKCHJIB, XJIOPHUIIB, (PTOPUIIB, HITpaTIB, cyib(ariB. biuszbko
20 % gactuHOK MarTh po3Mmip Oumeiie 0,005 mm. Born ocimaroTs 6e3mocepeiHbo
B3/I0BXK Joporu. binbir npiOHI 4acTHHKH, sKi ckiaagaioTh 0ias 60 % Buxumis P,
OCiJal0OTh HE TaK INBUAKO B MexXaxX JOCHTh Immpokoi cmyrn Pemra 20 %
MIXOITIOIOTHCS TIOBITPSHUMHU TIOTOKaMHU 1 TEPEHOCATHCS Ha 3HA4YHI BIJCTaHI.
[IluprHa NPUIOPOKHIX AHOMAId Yy IPYHTI CHIIBHO 3MIHIOETHCS 3aJIEKHO Bij
MICIIEBUX YMOB, 1 3a JaHMMHU JOCTIKeHb, mpoBeAeHux B benbrii, IlIBeinapii,
Himeuunnu, csararots 100 m (puc. 5.35).

JIo NpUUHATTS 3aKOHIB MPO PEryJIOBaHHS 100aBOK Ph B OeH3MH B KpaiHax
€C iioro KOHIIEHTpAIlisl B TpaBaxX y 30H1 3a0py/ITHEHHSI aBTOMAricTpalield, CKiiaaana
40-50 mkr/r. HaiiGinpmie 3a0pynHeHa pOoCIMHHICTH Ha Bijgctani 5-10 m Big kparo
JIOPOTM Ta POCIUHHICTh Ta30HIB, SIKI PO3JUISAIOTE CMYTH PyXy. 30HA OUIbII
HU3BKUX KOHIICHTpAIii po3moBcromkyeThess 10 50-100 M Bix kparo moce, xoda
B1JIOMI i OUIBII MIUPOKY aHOMATI].

[Tpu mocaimkeHHI KOHICHTpaliii Pb B gepeBHUX mocaakax B3IOBXK JOPIr
npumagae Ha BHCOTY 1-2 M Bi TIOBEpPXHi, a BUIIE TMOYHUHAE TNIBUIKO
3MEHIIYBaTHUCH.
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Puc. 5.35. Po3nogin coinyk pyxoMoro cBHHIIO Ph y rpyHTOBOMY MOKPHBI Y
MOTIePEYHOMY HANpsIMKY 10 moce Hamrop-Mapr (Benbrist) [65]

2. EnexTpoximiuni Ta XiMiuHi BUPOOHUIITBA, SKi BHKOPUCTOBYIOTH PTYTh.
Tak, Ha Teputopii M. KueBa 3adikcoBaHo psij JokadbHUX oOJacTel 3a0pyHEHHS
pryrTio (puc. 5.36).

3. CnajioBaHHsI MiHepaJbHOI0 NAJMBA, TOJOBHUM UYWHOM KaM SHOTO
Byriuisi. OCHOBHY POJib Y PO3CiIOBaHHI BIAIIParOTh TpomocpepHi aepo3ol, yepes
Kl MITPYIOTh XIMIYHI €JIEMEHTH, HI0 HAIXOIATh TYyAH 3 BYJKAHIYHHUMH Ta
TEXHOT€HHUMHU BUKUJaMU. D1HATBHUM COPOCHTOM IIOTO MOTOKY BaXXKKUX METANIB
€ JIOHHI BiAKJIamu piyHUX 1eibT Ta o3ep, C. Pamamyprti [67], koHIEHTparis
BAXKKUX MeETajiB B Mynl PeliHy, skuil MpoTikae 4depe3 MPOMUCIOBO PO3BUHYTI
perionn 3aximHoi €Bpony, 3 kiHmng XIX ct. o 1875 p. 3pocna: xpomy Cr -y 9;
Cu,Pb-813,Zn-819; Hg—8501Cd -8 100 pa3sis.

[Ticns akTUBHUX J14 3 OOMEKEHHs 3a0pyIHEHHS! BaXKKUMU METaJlaMH IICIIs
1972 p. piBeHb 3a0pyaHEeHHs pi3ko mimoB Ha cmaf (puc. 5.37). [laHi, HaBeAeH] Ha
puc. 3.58, cBiquaTh PO TE, MO € MO3WTHBHI MPAKTUYHI PE3YyIbTaTH 3 peamizarlii
IporpaM 13 3HUKEHHS TEXHOT€HHOT MIrpailii Ta peMeniaiii 3a0pyIHeHUX 00’ €KTIB
(puc. 5.37).

OTxe, TOJIOBHA OCOOJMBICTh TEXHOI'C€HHOI Mirpaiii B TOMY, IO OCHOBHa
Maca TEXHOTE€HHUX TIOJIOTAHTIB BHUMaAae y Oe3nocepenHiii OJU3bKOCTI B
JpKepenia emicii. B pesynbrati kMBI OpraHisMu BijOyBaroTh iMmakTHi (yaapHi)
HaBaHTAXXEHHS 1 HABKOJIO MIANPUEMCTBA-3a0pyIHIOBaYa (DOPMYIOTHCSI TEXHOTECHHI
BbI'X anomanii. /lo MmeTaniB-3a0pyaHioBaviB Takox BimHocaTh Mn, Sn, Mo, Cr, Ni,
Co.

B mexax texnorennux bI'X anomasiii BUIISIOTE AB1 30HU:

- 3ona cunvbHo20 ypadceHwus, sika TpUIArae 0e3mocepeHbO 10 00’ €KTY
3a0pyAHEHHS; XapaKTepU3y€eThCsl CUIILHUM MPUTHIYEHHSAM MPUPOIHOI EKOCUCTEMU
— BIJICYTHSI POCJIMHHICTb, 3pyHHOBaHA O10KOCHA CUCTEMA IPYHTY, MalKe 3HUILEHO
IPYHTOBY 010TY;
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- 3oHa npucHiyenHs. 3HUKAIOTh OKPEMI CKJIaJ0B1 010TH, Ha nepudepii 30HU
MpUPOJIHA cHUcTeMa 30epiraeTbcsi 0Oe3 30BHINIHIX 3MIH, ajie B 1i CKJIAJOBHUX
BUSIBJISIFOTBCS. BHCOKI KOHIIEHTpAIlli MOJIFOTAHTIB, SIKi, MOXJIMBO, BIUIMHYTh Ha
HACTYITHI TOKOJIIHHS.

OTxe, ToJ0BHa OCOOJIMBICTh TEXHOTNE€HHOI Mirpaili B TOMY, 110 OCHOBHAa
Maca TEXHOI€HHUX IMOJNIOTAHTIB BHMaaae y Oe3nocepeAHid OIU3BKOCTI Bl
mKepena emicii. B pe3ynbTari kMBI OopraHisaMu BiZOyBaroTh iMHakTHi (ymapHi)
HAaBAHTAKEHHS 1 HABKOJIO MIANPUEMCTBA-3a0pyAHIOBaYa (POPMYIOTHCS TEXHOIEHHI
bI'X anomanii. Jlo MeTaiB-3a0pyaHIOBaviB Takok BiaHOCATHE Mn, Sn, Mo, Cr, Ni,

BwmicT y TpyHTi, MI‘/HI‘
< 0,05

0,05-0,1

" pe
- :3/;;- _:.'-5_“._.:-.':-.;,- [ - )| _.

Puc. 5.36. 3abpynuenss rpyHTiB pryTTIo HQ Ha Teputopii micta Kuesa
(MIpAMOKYTHHKAMH TTOKa3aHO JIOKAI[ii HAaHOUIbII BHCOKOTO 3a0pyJHEHHS): — Ha
Miciii 3aHemOaHoro 3aBoxy «Pamukan» B JlapHummi (KOHIEHTpariss pTyTi
KoiuBaeThes Bix 0,5 mo 2 mr/kr, mogekyau — 1o 10 mr/kr, mepeBunyroun HOHOBI
3nayeHHss B 100 pasiB; B paifoHax OyBIIMX 3aBOJi: CKJIOTapHOTO, «ApCEHAIy»,
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«binmpmoBuk», «KuiBryma», eJIeKTpOBaroHOPEMOHTHOTO, «ABepc» Ta 1iH.)
[https://www.imbf.org/karty/images/zagr-gruntov-rturi.jpg]

B mexax texnorennux bI'X anomasiii BUIUISIOTE AB1 30HU:

- 30na cunvHo20 ypadicenHs, sKa TpuisArae 0e3nocepeaHbo A0 00’ €KTy
3a0pyAHEHHS; XapaKTepU3y€eThCsl CUIILHUM MPUTHIYEHHSAM MPUPOIHOI EKOCUCTEMU
— BIJICYTHSI POCJIMHHICTb, 3pyHHOBaHA O10KOCHA CUCTEMA IPYHTY, MalKe 3HUILEHO
IPYHTOBY 010TY;
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Puc. 5.37. /lunamika 3MiHHA BMICTY BaKKUX METAJIB Yy 3aIJTaBHUX BIIKIaaax
HU30B’ s piuku Peitn npotsrom XX cr. (ut. 3a qanumu [65])

- 30Ha npueHiyenHs: 3HUKAIOTh OKpeM1 CKJIaJloB1 010TH, Ha nepudepii 30HU
MpUpoaHa cucTeMa 30epiraerbcs O€3 30BHINIHIX 3MiH, aje B il CKJIaJ0BHX
BUSIBJISIFOTBCS. BHCOKI KOHIIGHTpAIlli TOJIIOTAHTIB, SIKi, MOXJMBO, BIUIMHYTh Ha
HACTYIHI1 MOKOJIIHHS.

Ilpuxnao: HaBKOIO MimHO-HiKeleBoro komOiHaty B M. Canbepi (Kanana)
nepma 30Ha Mae po3Mmip 3-5 kM, mpyra — mo 20 kM. A mepmriii 6iota i TpyHT
OpaKTUYHO 3HIDKeHi, kouueHrtpaiis Cu, Ni 100-1000 pa3iB nepeBuinye
rnmoGanpHui  (poH. KoumeHtpamiss Ni yOyBae y HampsSMKy BiJI 3aBOJay IIO
excrioHeHTi. Ha Tepuropii nqpyroi 30uu yoyBanHs KoHIeHTparllii Ni BinOyBaeTbcs y
JMHIAHIA 3aJIeKHOCTI A0 PIBHA MICHEBOrO reoximiuHoro ¢ony. B Hiif
CIIOCTEPIra€ThCsl YACTKOBE MPUTHIYCHHSI OKPEMUX BUJI1B POCIIMH Ta TBAPUH.

B crenoBux manamadTax DpoTSLKHICTE TexHoreHHux bI'X anomaniit
30UIBIIYETHCS — 3aBOJU KOJIHLOPOBOI METANyprii OTOYEH1 OpeojiaMi PO3CIFOBAHHS
Pb, Zn, Cu, As paxiycom Big 5 mo 20 kM. Ilpuknaa: HaBkoso IIMMKEHTCHKOIO
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CBUHIICBOIUIABUIILHOTO 3aBOJly B yMoBax cyxux cremiB [liBapenHoro Kazaxcrany
OpeoJI PpO3CIIOBaHHS PO3MOBCIOMKYEThC Ha 25-30 kM. Bwict wmetamis-
3a0pyaHIOBaYiB BiJ Jokepena A0 (GOHY B3MEHIIYEThCS Y EKCIIOHEHIIaIbHIN
3QJIEKHOCTI HE3aJEXKHO BiJ] TOTO, YU € METal OCHOBHOIO CKJIaJOBOI PYIU YU
MICTUTBCA K Aomimika (puc. 5.38).

Teopetnuno bBI'X aHoMamii TEXHOTEHHOTO TOXOJKEHHS  ITOBHHHI
MPEACTABIATH COOOI0 CUCTEMY KOHIICHTPUYHUX KiJI, J€ Bij JKepea 3a0pyaAHeHHs
1o nepudepii KOHIIEHTpaIlis €JIeMEHTa, SIKUI pO3CitoeThes, yOyBae B POCIHUHAX 1
IpyHTi. B peasbHMX yMmoOBax, MiJ BIUIMBOM MaHYIOUHUX BITPIB, OCOOJIMBOCTEH
penbedy Ta POCIUHHOCTI, PEXKUMY OMNaAIB KOHIEHTPUYHICTH MOPYLIYETHCS,
IIMpHMHA 30H 3HA4YHO 3MiHIOEThCA. BHacmigok mboro bI'X anomanii BakKuxX
METaJliB MOKYTb OyTH BUTSTHYTUMH 1 MaTU HEPABUIIbHI OOPUCH.
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Puc. 5.38. Po3nonin mac meTaiiB, ki BUMIaal0Th Ha ool iMmmakTHoi bI'X
aHOMaJlii, yTBOPEHOI CBUHIICBOILUIABWILHUM 3aBojioM Yy M. lllumkenT (Kazaxcran)
[65]

Ha y306epesxoki 3atoku B M. [lopt-Ilipi 3 1989 p. mie mnaBunsHU 3aBO,
SAKUW SIBIISIETHCS €JMHUM B PETIOHI MPOMMCIOBUM MIANPUEMCTBOM 1 JHKEPEIOM
3a0pyaHeHHs. ABcrpaniiiceki reoximiku b. Kaprpanit (B. Cartwright), P. Meppi
(R. Merry) ta K. Timnep (K. Tiller) [68] BuBumin BMicT MeTamiB y IpyHTOBOMY
MOKPHBI Ta BCTAHOBWJIH, IO MOXKHA OKOHTypuTH aABI BI'X anomanii (puc. 5.39).
OpHa 13 HUX OTOYY€E IUIABWIBHUHI 3aBOJ, JApyra — MpUypoYeHa A0 3aJTHMILKOBOIO
mwiaro. B moponax, i3 SKMX CKJIaJeHl piBHMHA Ta IUIaTO, KOHIEHTpamis Pb He
nepesuye 25 -10™ % (puc. 5.39, a).

AHOMaIisi HaBKOJIO 3aBOJIy YTBOPEHA OCAJKEHHSIM 13 aTMOC(epu MPOIYKTiB
BUKMAY 13 TpyO 3aBOAYy Ta BUTATHYTa Ha MIBACHb-MIBACHHUN CXII MiA €0
BHACJTIJIOK BIUIMBY MAHYIOUMX BiTpiB. AHOMais Pb, mpuypoueHa 0 3aumikoBoro
IJIaTO, HAMEBHO, 3YMOBJIEHA BUMAJaHHSAM PSACHUX aTMOChEpHHX OMNaiiB, fKi
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BUMMBAIOTh 3HaYHY YacTHUHY ()OPM CBHHIIIO, SIKI MITpyOTh NOBITpsiM. Ha nogaTox
70 CBUHLIEBOI aHOMaJIil, y IPYHTOBOMY IOKPHB1 YTBOPHJIMCS aHOMaJIil LIMHKY Ta
KaJMit0, K1 BIIPI3HAIOTHCS cBOiMU mapamerpamu (puc. 5.39 0, B).

[Ile oauH NPOMOBUCTUN TMpUKIAA — TEXHOTEHHAa TpaHchopMallis
nasamwadTiB  myctenbHoi 30HM [liBHIyHOro Ilpmbanxamimus B pe3ynbrati
copokapigyHoro (GyHKIIOHyBaHHS baixachbkoro MiJIHO-HiKeJIeBOro komoOiHary [66].

B pe3ynbTaTi TEXHOJOTTYHUX MPOIIECIB B aTMOC(EPY Ta Y BOAY HAIXOASITh
3HAYH1 KUJIBKOCT1 BUCOKOTOKCUYHHMX PEUYOBUH, HEOC3MEUHUX K JJIS JIIOAUHHU, TaK 1
it nasamadry B mitomy (puc. 5.40). Apean HaHOUTbII BUCOKUX KOHIICHTpAIlid
MOJIFOTAHTIB — 4-5 KM.

Fb, Mxr/T Zn, MKr/T

C'd, MET/T
=10 =5 <015
E310-25 Eas-10 B30 15-025
B 25-50 E310-20 BE0.25-050
50-100 ER20-40 0,50-1,0
N
Japoag 1750
1392
1391
1360

s
=

Puc. 5.39. Texnorenni anomanii ceuio Pb (a) kaamiro Cd (0) Ta muHKyY Zn

(8) [68]

B yMoBax ciaOKko JyKHOI peakiiii, Ta TaK0X 3aCOJICHHsS HOHaMH Ca®*-Na'-
CI-SO,” BepxHiX TOPH3OHTIB IMyCTETBHHX TypTiB i CONOHYAKIB {HTEHCHBHO
HAKOMTUYIYBAJIMCS KATIOHOTEHHI €JIEMEHTH TOBITPSHUX BUKHIIB KoMOiHaty — Cu,
Pb, Ag, Cr Ta iH., yTBOPIOIOYM CBO€PITHY TEXHOTEHHY aHoMmaiiro. OmgHaK 3
MIMOUHOI0 1X BMICT PI3KO 3HUIKYETHCS, IO TMOB’S3aHO 13 CIA0KOI0 PYXJIUBICTIO
BKa3aHUX KATIOHIB Yy JIY)KHOMY CEpPEJOBHIII Ta iX KOHUEHTpPALEID MEPEBAKHO HA
BumnaproBaibHoMy Ta BI'X 0Oap’epax (muB. Tabm. 5.14). OmHoYacHO, MEHII
IHTEHCUBHO Y BEpPXHIX TFOpU30HTaX HakouyBaiaucsi MO 1 AS, OUIbII pyXOMUX Y
Ty>)KHOMY cepenoBulli. [3 3pocTaHHsSM  3aCOJIEHHS CIpO-OypUX MMYCTEIbHUX
IPYHTIB BMICT PYXOMUX (QOPM BaXKHUX METalIB 30UIBIIYETHCS, CAralouu
MaKCUMaJIbHUX 3HAYEHb B COJJOHYAKOBHUX I'ypTax 1 COJIOHYAKAX.
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(ﬂoﬁynannn pyau ] (Cu, Mo, As, Se, S, Fe)

CmeopeHHs kap'epie ma eidsanie

Cu, Mo, S10,, Fe
( 36araueHHA pya ] .............. >
AlO5, CaO, S, Fe

CmeaopeHHs Xe0CMoCX0aUUL 1 CMA8KIg-elI0CMITIHUKILE

Pb, Fe, Mo, S

| [IaxTOoBKA ]
Cu, As, Se 3apon o6pobKHu
- KOABOPOBHX MeTaais |7~~~
( Cyminua ]
( IIpociroBaHHA ]
T 380, 8, Se, p Cu, Pb, Se, As, 8, FeO
IIaaBAEeHHA ¥
Cu, As,Pb \ 7 810,. ALO;, Ca0, MgO, Zn
CmeopeHHs wiaxKogioaanis
T S, Se, Pb, (& ]
OHBepPTYBaHHSA
Cu, As \
BorusaHe
| padinyBaHHA
EaexTposis |fe-ecccccccaa-. >
( ]- Cu, Fe, Zn, Pb
| SOy BHpoGHHELTEO BupoGHHIITEO BHpoGHHITBO CusS
cyabdaTHoi KHCAOTH| | BaltepGacis (3auBkiB)| | mizmoroe xymopocy
S, Cu!
=l

Puc. 5.40. llInsaxu HagXxomKEeHHS Ta BUAU MOJTIOTAHTIB U (PYHKIIIOHYBaHH1
MITHO-HiKeJIeBOro KoMOinaty [66]

Po3citoBaHHS MeTaniB 3I1MCHIOETBCS HE TUIBKM METAJIypriiHUMH Ta
MeTannooOpoOHUMHU 3aBojilamMH. Tak, HampuKIaJ, CUPOBHUHA MJii BUTOTOBJICHHS
dochopuux 100puB Mictuth gomimku Cu, Zn, Cd, Hg, U Ta iHIIKUX eIeMEeHTIB, IIi
€JIEMEHTU PO3CIIOIOThCA HABKOJIO BUPOOHUYMX MOTYXHOCTEH. BupoOHHIITBO
narnepy CyHpOBOJDKYEThCA  poscitoBanHsM  ptyTi  Hg. Kpynai Temnmosi
elekTpocTaniii - Hampukianx, Tpuminbebka TEC min KumeBom (puc. 5.41) -
CTBOPIOIOTH apeajy PO3CiIOBaHHS OKCHUIIB CIPKH Ta BAXXKUX MeTaliB y panaiyci 10-
20 xMm.

Otxe, cydyacHI MeramoJiich Ta MPOMUCIOBI ypOaHi30BaHi ariomMeparii
ABJISIIOTH ~ COOOI0  Jyxke  macmTabHi  aHTpomoreHHi  bBI'X — anomanii.
[lapagokcanbHICTh CHUTYyallli MOJSAra€ B TOMY, IO aOCONIOTHA Ta BIJHOCHA
YUCEIBHICTh HACENICHHSI MICT HEBIMHHO 3pOCTa€, B TOM K€ 4Yac K €MicCii BCIX
BHUJIB BIAXOJIB MPOMMCIIOBOI ITMBLII3AINI HAWOUIBII 1HTEHCHUBHO BiI0YBa€ThCS
came B Mictax. BI'X aHoMalnbHe cepe/loBHUIlEe BIOOpaXaeThCA HE TUIBKU Ha CTaHI
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3J10pOB’sl HACEJIEHHs Hapasi, a i MaTH HenepeadavdyBaHl HACHIAKY JUIS HACTYITHUX
nmokodiHb. BI'X MiICT TNOBMHHA CTaTU OJIHIEIO 13 MPIOPUTETHUX HAYKOBUX
HanpsamKkiB B XXI cT.

5.6 'eoximiuHi Ta OGioreoximiuHi 6ap’epu

O6mnacTi 610cdepu, 1€ Ha KOPOTKIHM BiICTaH1 MIrpalifHOro MOTOKY XIMIYHUX
€JIEMEHTIB HIBUJKO 3MEHIIYEThCA IHTEHCUBHICTh MIrpalii, BHACIIJOK 4YOro
301TBITY€ThCS TXHS KOHIIEHTPAIIis, HA3UBAIOTh reoxiMiynumu 6ap’epamu. B 1961
p. ueii TepMmin 3anpornonysas O.1. Ilepensman (puc. 5.42) [64].

;:.I:."
i 1".'.
i o ma2
1 ale'elss
SN
‘-i-*t'#
I I
| > > X
1 2 3
Puc. 5.42. Tlapamerpu reoximiunoro Oap’epa: 1 — wHampsim wmirpartii
XIMIYHUX €JIEMEHTIB 710 O6ap’epa; 2 — micis 6ap’epa; 3 — 00JaCTh KOHIICHTPYBAHHS
eJIeMEHTIB Ha Oap’epi (pyaHi Tijma, aHOMaJii TOINO); M; — TeOXIMIiYHI
XapaKTepUCTHKH CepeloBHINa 10 Oap’epa; My— micias Oap’epa; | — momxkuHa
Oap’epy.
EdexTuBHICT, TeoxXiMiyHUX Oap’epiB BH3HAYAETHCS MOr0 Tpaji€eHTOM 1
KOHTPACTHICTIO.
I'padienm 6ap’epa G — MBUAKICT HAPOCTaHHS 3MIHH TApaMeTpPiB

CepeZoBUIIA 32 HAMPSIMOM MITPAIIHOTO MOTOKY:
m,—m
G :%, (5.4)
Jle m; — Oynp-siKi reoXiMIYHI XapaKTepUCTUKU CepeaoBHIla A0 Oap’epa
(KUCIIOTHICTD, OKUCHO-BiTHOBHH IMOTEHIIIAJI TOIIO);
m, — micist 6ap’epa,
| — nowxuHa Gap’epy.
Koumpacmuicms 6ap’epy S — BIIHOIICHHS BEIMYUH TE€OXIMIYHUX
napaMeTpiB Y HalpsAMKY MOTOKY /10 0ap’epa Ta micJisi HbOTO:
m
=—1. (5.5)

m,
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[HTEHCHBHICTD HAKOMMMYEHHS XIMIYHUX €JIEMEHTIB Ha 0ap’epi 30UIbIIY€EThCS
31 3pOCTaHHSAM KOHTPACTHOCTI Ta IPaJII€HTA.

50°100"N 50°15

50°5'0"'N

YMOEH]I DO3HAYEHHEA

npobu rpyETY
® ITHA

@ TiOKCHI CipKH 50,
e miokcHZ asoTy NO;
0 OKCHIH BYTASITH

2 =

& Tpuniancexa TEC P ©
— apeaa C at. o [AEEN [
3abpyaHEeHHS J o 3

Puc. 5.41. Apeanu po3ciroBaHHs MOMIOTaHTIB HaBkosio Tpuminbebkoi TEC

3a cmabinbHicmio 6ap’epu NOAUIAIOTH HAa pyxomi Ta Hepyxomi. Hepyxomi
3aiiMaroTh (HIKCOBAHE MOJIOKEHHS Y MPOCTOPi, BOHU HAUOUIBII PO3MOBCIOKEHI,
TaK SIK 3a3BMYail 3MiHA MapaMETPIB CEPEIOBUINA IOB’s3aHa 13 3MIHOK IMEBHUX
XapaKTEepUCTUK JaHAmMAPTy, SKi 3aiiMaioTh (IKCOBaHE TMOJOXKEeHHS. Pyxomi
MO>XKYTb BUHHMKATH TOJI1, KOJIM CaM MITPaliiHUI MOTIK € IPUYMHOIO 3MIHH XIMIYHO1
npupoau cepenoBuiia. Hampukiaza, NmOTIK IPYHTOBHX BOJI, 30aray€HUX KHCHEM,
NoTparvisie B TAMOOKI IMIapH, 1€ ICHYE BIJIHOBHE CEPEAOBHILE 3a BEIUYUHOIO
OKHCHO-BiTHOBHOTO TmoTeHImiany (OBII). 3oHa momuly WX CEPeIoOBHUIN 1 €
reoxiMiyHUM Oap’epoM, 1 3 yacoMm Oap’ep Oyne Bce OUIblIe 3MillyBaTucCAd Yy
HaIpsIMKY PYXy BOJHOT'O MOTOKY.

Crneundiuauii pi3HOBUI — 0gocmoponni Oap’epu. BOHM BUHHUKAIOTH Y
BUIAJIKaX, KOJM Yepe3 MEXy po3Jauly obnactedl 3 pi3HUMU MapaMeTpamu
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cepelloBUIIa Mirpaunis 3A1HCHIOETHCS MO 4ep3l TO B OAHY, TO B IHIILY CTOPOHY, 1
TOJ1 6ap’e€p MOXKe JISITH B 000X HAIIPSIMKaX.

3asiexkHO BiJl pO3TalllyBaHHS y IPOCTOP1 Oap’€pu MOAUISAIOTH HA 1amepaibHi
(mirpaiist o ropu30HTANI) Ta padianbhi (BEpTHUKATBHA MITPaIlis).

3a macmrTabaMu TPOSBY ICHYIOTh BUIUIAIOTH MAKpO-, Me30- ma MIKpo
oap ‘epu. llpuxnang MmakpoOap’epy — 30Ha 3MIllIYBaHHSI PIYKOBOT Ta MOPCHKO1 BOJI B
ectyapisix. TyT BiOyBaeThCsi KOAryJsilisi Ta OCAKEHHS KOJIOiIB BHACIIAOK
PI3KOT0 30UIbIIIEHHS] HOHHOI CUJIM MOPCHKOI BOAM MOPIBHSHO 13 PIYKOBOIO. [HIINMIA
NpUKIIAJ — 30HU aneeiliHea — MIANOMY TIMOMHHUX XOJOJHUX BOJI y OKEaHi,
30arauennx CO,, Ta iX 3MIITyBaHHS 3 TEIUTUMU MPUOEPEKHUMHU BOJIAMM.

Mesobap’ep MOXKHA OMHUCATH SK KpaloB1 YaCTHHHM OOJIT, e y OO0J0THE
BITHOBJIIOBAJIbHE CEPEIOBUINE HAAXOIATh 13 HAWMOJMKYMX BHCOYMH 30aradeHi
KHCHEM MOBEPXHEBI Ta IPYHTOB1 BOJIU.

[Tpuknan mikpobap’epy — Micile BUXOJy Ha MOBEPXHIO JUKEpea 13 BOOIO,
110 xapakrepu3yerbes Bin’ eMHrnM OBII (BiTHOBITIOBAIBHUM CEPEIOBHUIIIEM).

['eoximiuni 6ap’epu y Oiochepi 1iIATH Ha!

- Ilpupoowni,

- TexnocenHo-npupoomui,

- Texnoeenni (puc. 5.43).

I Teoximiuani Gap'epH |

/ TH|IIHA

TPHPOIHI TeXHOTeHHO-TPHP O MHI | TeXHOTeHH] |

KAACH

KOMIIASKCHL
bioxinigHi

MEeXaHiqHL
hizHKO-XIMITHI

KOMIIASKCHIL
bioxiMigHL

hizHKO-XIMiTHI

Puc. 5.43. Knacudikaris reoxiMmivaux 0Oap’epiB
B nepmomy Bunaaxky 3MiHu GakTopiB Mirparii BUKJIUKaH1 A1€10 TPUPOTHUX
YUHHUKIB, B IPYTOMY — SIK pe3yJIbTaT aHTPOIOI€HHOT aKTUBHOCTI.
B cBoto uepry, 1i TUIK NOAUTSIIOTH Ha 3 KJIacH, Ha3BaHi:
- MexaH1YHUMU,
- Di3UKO-XIMIYHUMU,
- bioreoximMiuHUMH.
Mexaniuni 6ap’epu — 007acTi, PpI3KOTO 3HWKEHHS IHTEHCHBHOCTI
MEXaHIYHOI'0 MEPEHECEHHs] PEYOBHH 1 BIAMOBITHOTO 3pOCTaHHS iIXHBOT aKyM yJIALII.
Takuil Bun 6ap’e€piB B OCHOBHOMY KOPENIIOE 3 MITpalliiHUMKU MOTOKAaMU TBEPIUX
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abo0 konoinHuX (Gopm MaTepii, a cepemoBHIIEM Mirpaiii € armocdepa, riapochepa
ab0 Mex1 oAy ¢as.

[Tpuknanm:

- IIpupooni: TIPChbKI CUCTEMH SIBISIOTHCA COOOK0 MEXaHiuHI Oap’epu mpu
TPAHCIIOPTYBaHHI MOBITPSHUMHU MOTOKaMHU BOJSHOI MapH; JICOCMYTM BUKOHYIOTb
pOJIb MEXaHIYHUX Oap’epiB Uil TBEPAUX JPIOHOJUCIIEPCHUX YACTHHOK, SIKi
MEePEMIIYIOThCSL Y HIDKHIX mIapax atmocdepu. Bonu 3aTpumyioTs Oarato muiy,
KWW YTBOPIOETHCS BHACTIOK MOBITPSHOI €po3ii IPyHTIB IPU MEXaHI1uHii 00poOIIi
yriab. Y SIKOCTI MEXaHIYHUX Oap’€piB CIIJ PO3TIAAATH PI3HOUMEHHO 3apsiKeH1
MOBITPSAHI a€p0o30Jii, SIKl YTBOPIOIOTHCS HaJl TEPUTOPISIMU MIChKOiI 3a0ynoBu. [lpu
IIbOMY B1IOYBA€THCS TEPEKPHUBAHHS COPOIIMHOTO 1 MEXaHIYHOro Oap’epiB, sKi
CyMapHO PI3KO 3HUXKYIOTh BIJICTAHb MIrpallii MOJIOTaHTIB B aTMocdepi Ta
MOTIPIIYIOTh €KOJIOTTYHY OOCTAHOBKY Ha CENITEOHUX TEPUTOPISX;

- Ilpupoono-mexnocenni (xKap’e€pu, IpeHaki, MEIIOPATHBHI CHUCTEMH).
JlocuTh YacTo aHTPOMOT€HHI 3MIHM TE€OXIMIYHOTO OTOYEHHS 1 (opMyBaHHS
TEXHOTCHHUX Oap’epiB SBISIOTHCA CBOEPIIHUM MOMITOBXOM JIJIsi MOJAJIBIIOTO
dbopmyBaHHS pUPOAHUX Oap’€piB.

- Texnoeenni (Tpe0Jii IPOTH POJTHBY PIYOK UM CXOJHKCHHSI CEIIIB).

Buxonasun 13 nOpupoaud MOPOBIAHOTO 30BHIMIHBOTO (pakTopy Mirpaiiii,
BUJIUISIFOTh HACTYIIHI KJIaCU MEXaHIYHHUX Oap’epiB:

- Tiopoounamiuni — QOpMYIOThCS y pIUMIAX pIidoK, Ha Oeperax osep,
MOPIB, OK€aHiB, JI¢ Pi3KO Maja€ MBUAKICTh Teuli. TyT ocalKyloTbCcsi MIHEpaIH 13
130MOp(HUMU JOMILIKAMU, KOJIOIIHI YaCTUKH 3 COPOOBAHUMU HA HUX CIIOJYKaMH,
KUB1 Ta BIAMEpJIl TBapUHHI Ta POCIMHHI OPraHi3MHU, TEXHOT€HHI 00’ €KTH.
Hudepeniiaiis Ha oMy Oap’epi BIAOYBAEThCSA 3aJE€KHO BIJ MacH Ta T'yCTHHU
MIFpyrO4Yoro Marepiany. BrHacnimok 1poro (QopMyroThCs IUISHKUA 13 BHCOKOIO
KOHIICHTPAI[IEI0O TIEBHUX MIHEpaliB — HAIMPHUKIAJ, CEPAOIIKOBI, OYpIITHHOBI
Oyxtu Ha Oeperax YopHoro, banTilicbkoro mMopiB. Y BHUNAAKy iX MPOMHUCIOBHUX
3amaciB YTBOPIOIOTHCS po3cHmYacTi pojoBuina camopoanux Ag, Au, Pt, aamasis,
rpaHaTiB, UUPKOHIB. [HKOJIM MPOMHUCIOBY ILIHHICTh MalOTh 130MOp(HI JOMIIIKH,
10 MICTATBCS B OCHOBHHMX MiHepanax po3cumiB (Hampukianm, raduid Hf, sxuit
N00YyBaIOTh 13 IIUPKOHY).

[lpuknagoM naii TIAPOJUHAMIYHOTO MEXAHIYHOTO Oap’epy € YTBOPEHHS
«CMITTEBUX TUISIM» y CBITOBOMY OKEaH1, KOJM 32 PaXyHOK 3MIHM IIBHIKOCTI Ha
HaIpPsMKY OKEAHIYHUX TEYlld YTBOPIOIOTHCS KOJOCAIbHI CKYMYEHHS MOJIMEPHOTO
cmittst (puc. 5.44).
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® There is an estimated 200 million
- tons of plastic littering our oceans.

-~ =

* The majority of this plastic debris ultimatstly finds

Its way ta ona of these massive swiring gyras. =
‘ Pt s by S - e tecrr
I parts of the Great Pacific Garbage Patch, thers are over _" 7 GREAT PACIFIC m‘mﬁ?::m =
2 millien pieeas of plastic per squars mile ef scean, £ GARBAGE PATCH with plestic; others survive J

; 5 just leng encugh to
) contaminate our
) WEST food chain
) FACIFIC
EYRE

# | indered by a stale way of thinking, gyre
cli anup has been virtually no it

Th ks to recent innovations in

ta hnology, hope is on the horizon.

INDLAN : ¥
) SOUTH
Azl 7 PACIFC ]
Pt : GHIE :
"CMmiTTeRa IUsMa " "Bemuka [TiBaeHHA
B [HmiiickkoMy THXOOKEAHCBKA THXOOKeaHChKa
oKeaHi CMITTEBA IULAMA" "cMITTEBA

SOBHIIIHII BHIIISAI OUITHKH "BelIHKOI THXOOKeaHChKO1
CMITTEBOI IUTAMHE"
Puc. 5.44. «CmITTEBI MIAMU» 13 IJITACTUKOBOI'O CMITTS Y CBITOBOMY OK€aHIi

K TPUKIIAJ A1i TIAPOJUHAMIYHOTO MEXaHIYHOTO 0ap’epy
- Aepoounamiuni MexXaHIuHI Oap’€pu BUHHMKAIOTh HpPHU  3HUKEHHI
IIBUIKOCTI MOBITPSHOTO MOTOKY. Tak ocajKylTbCSd YaCTUHKU MIHEpAIiB, TBEPAl
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KOJIOiIHI YaCTUHKH, PO3YMHEH]1 Ta30Bl CyMilll Ta MapH, TEXHOIEHHI CIOJIYKH.
OcakeHHs ymaMKiB MiHepaliB  (MCKy), SKi TEPEHOCATHCS IMOBITPSIHUMHU
MOTOKaMHU, 4YacTo BiOyBaeThcsi Ha Me3o00ap’epax. Ilpuxinagom wmoxe OyTu
YTBOPEHHS IIOH, IMBHUAKICTh PYXy SKUX KoiuBaeThbes Bim 18 no 35 wm/pik.
PesynbraTom nii 11poro Tumy Oap’epiB B CyOapiAHUX Ta apiiHUX TEPUTOPISX €
€0JIOB1 aKyMYJISIIT MICKY, JE€CY, KaJblIMHAIlIS BEPXHIX TOPU3OHTIB, €0JIOB1 pO3CUIIU
30J710Ta, aiaMmasiB. [lns mepeHeceHHs BOJSHOI Mapu aepoJAvHAMIYHMM Oap’epoMm
SIBJISIFOTHCS TOPHI MacuBU. OIHOYACHO 3 HEOPTaHIYHOIO MAaTEPIEI0 OCAKYIOTHCS
CIIOPHU Ta MHUJIOK POCIIHH.

-  @Dinompayiini MexaH14H1 0ap’€pu BUHUKAIOTh Ha TIMHUCTHUX BIJKIIaaax,
yepe3 K1 GUIBbTPYIOThCS HOHHI PO3YMHU, a KPYITHI YACTUHKHU 3aTPUMYIOThCS.

- Jlencumomempuynuii — IPOSBISAETHCA MPU HASIBHOCTI IIUIBHUX MOP1I HA
HUISIXY BEPTUKAIBHOI MIrpallii yJIaMKOBUX YAaCTUHOK. B pe3ynbTaTi yTBOPIOIOTHCS
MIBUIICHI KOHIIEHTpaIii BaXXKUX MiHepadiB (aJroBiajibHI PO3CHIIM 30JI0Ta,
IUTATUHOIIB, KACHUTECPUTY).

- @i3uko-xiMiuHi Oap’epu yTBOPIOIOTHCA MpU PI3KIA 3MiHI (Pi3UKO-
XIMIYHUX yMOB cepenoBuiia. Hapa3i neranpHy Kiacudikaifiro po3po0JieHO came
JUISL IIbOTO PI3HOBUAY T'€OXIMIYHMX Oap’€piB, a, TOYHIIIE, JJII ONUCAHHS MPUYUH
OCQ/I)KCHHSI XIMIYHUX €JIEMEHTIB, MITPYIOUMX B HOHHIN (opMi y BoAaX 3 pi3HUMHU
OKHCHO-BIJIHOBHUMHU Ta KHUCJIOTHO-TY’)KHUMU yMoBaMu. BpaxoByrwouu 111 JBa
napametpu (OBII ta pH Box) sik 0CHOBHI, BUAUIAOTH 12 KiaciB Boj. Mirpyroun B
nanamadTi, i BOAM MOXKYTh MOTPAIUISITU B Take OTOYEHHS, A€ MapaMeTpu
3MIHIOIOTHCS. SIKIIO MapaMeTpHu BUXIJHUX BOJ PO3MICTUTH Y BUTJISAIl CTOBIYHUKIB
(apabebki udpu Big 1 1o 12), a MOXKIHMBI HampPsSMKHU 3MiH Y CEPEIOBHINI IXHBOT
Mirparii — mo ropu3oHTaxi (JIATHHCBHKI JIITEPH, IO TO3HAYAIOTh THIT T€OXIMIYHOTO
Oap’epa), To me Oyae cucrteMaTHKa (i3UKO-XIMIYHUX Oap’epiB y ¢opmi TadmIri
(matpuri). Lo xmacudikamiro po3poouB O.1. Tlepenbman [64]. Ili3Himme mro
tabiauiio nonoBHUB A.l. JleTyBHIHKAac, 3ampoOnOHYBaBIIM BUAUIUTH Oap’€pw,
ICHYBaHHS SKMX HEMOXJIMBE 3a BH3HaueHHsM («3a0opoHeHi Oap’epu»). Takox
OKpEMO BiH MO3HAYMB Oap’€pH, ICHYBaHHS SIKUX TEOPETUYHO MOKIIUBE, aJie MOKH B
NIPUPO/Ii BOHK He BUsBIIeHI («iMOBipHI Oap’epu») (Tabdi. 5.14).

1. Bionoeni reoxiMiuHi Oap’epu BHUHHMKAIOTh NPU PI3KOMY MNOHUKEHHI
Benuunan OBIL. fIkmo Ha Takux Oap’epax OCaKEHHS XIMIYHUX €JIEMEHTIB
BiIOyBa€eThCs 3a ydacTio H,S y Burmsami razy abo BOJHOTO po3uuHy, TO Oap’ep
Ha3UBaIOTh CIPKOBOJHEBUM. B 1ux 001acTsX BHACHIOK YTBOPEHHS BKpai
MaJIOPO3YMHHUX CYJIb(QIIIB OCAIHKYIOThCSI METAJIM 13 PO3YMHIB 1X COJIe 4 y
caMopojiHOMYy cTaHi. O4eBHUIHO, L0 CcaMe€ Ha Takux Oap’epax (OPMYIOTHCS
ponosuiy cyibdigaux pyx Pb, Zn, Fe, Cu, Ag, Hg, As, Mo, Sb, Bi, Ni.
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VY Bogax 3 BIJHOBJIIOBAaHUM IOTEHIIAJIOM TaKOX JIETKO MITPYIOTh METajH,
K1 YTBOPIOIOTh OpPTraHO-MIHEpabH1 KOMILJIEKCH.

2. B Giocdepi mmpoko po3moBCIOIKEHI KucHesi (okucaiosanvui) 6ap’epu,
Kl YTBOPIOETHCS Yy 0OJacTaX, JA€ 3yCTpidaroThbCsl MirpaiiiiHi TOTOKU 3
0e3kucHeBUMU Bojamu (TieeBUMH a00 CIpKOBOJHEBHMH) 13 30HAMH, 1€ MICTHUTHCS
BUIBHUN KHCEHb.

Tak sk TakuUMU 30HaAMU SIBJISIIOTHCS MPAKTUYHO BCsi aTMocdepa Ta BEpXHI
TOPU3OHTH OUIBIIOCTI NPUPOJHUX BOJ, TO (HOPMYBaHHS KHUCHEBHUX Oap’epiB
3YMOBIJICHE JIMILI€ HASBHICTIO MITPAIIfHOTO MOTOKY OE€3KUCHEBUX BOJ. Takuit
Oap’ep MoOke BUHHUKATH 1 B oOiacTi HeratuBHuUX 3HaueHb OBII mpu 3miHI pi3ko
BITHOBHHMX Ha CJTa0Ko BiHOBHI (Hampukiaa, ko OBII 3MiHtoeThes Bin -350 MB
1o -20 MB) Ta ananoriuHo - y o6sacti mo3utuBHuX 3HaueHb OBII (Hanpukian, Bix
+100 MB o +450 mB).

VY Takux ymoBax BiJOYBa€ThCS HAKONMMYEHHS KaTIOHOTEHHUX EJIEMEHTIB 13
3MIHHOIO BaJIEHTHICTIO — OCaJKYIOThcsl Fe, Mn, pijlie criBoCaKy€eTbCsl 3 HUIMU
Co. 30inbpiryeThes PO3YMHHICTh aHIOHOTeHHHUX enemeHTiB — V, Mo, Se, U, Re.
OKucnoBalIbHE  CEPEOBHILE B Olocdhept cdopmyBamu (GHOTOCUHTETUYHI
OpraHi3Mu, OKHCHI peakirii Bim0yBaroThCs mepI 3a Bce B mpucytaocti Oy. Cr, V, S,
Se y BUIMX CTYIEHSAX OKWCJICHHS YTBOPIOIOTH M0Ope PO3YHMHHI 1 MIrparmiifHo
aKTUBHI aHIOHM 3 KaTiOHAMH JIy)KHHX MeTalniB 4 amoHito (xpomatu K,CrO4,
cynbdatu Na,SO,4, Banamatm NaVOg;, cenenatn Na,SeO,. Kartionu Fe3+, Mn** y
npu no3utuBHUX 3HaueHHSAX OBII yTBOPIOIOTH Ba)KKOPO3UMHHI CIHOJYKH Ta
c1abKO MITPYIOTb.

3. I'neegi Gap’epu BUHHMKAIOTH TOJI, KOJM B 00JIACTh 3 BiJHOBIIIOBAJIBHOIO,
ajne 0e3 CIpKOBOJIHIO, OOCTaHOBKOIO MOTPAILISE MOTIK BOJ, 1110 MICTSITh KUCEHb a00
rJIE€B1 BOOH.

['1eeBl yMOBM BUHHUKAIOTh TOJl, KOJIM OpraHidYHAa PEUYOBHUHA PO3KJIAIAETHCS
0e3 JOCTyIy KHCHIO a00 mpu #oro aedimuTi, a TaKoX B 30HAX HAIXOKCHHS
MOJIEKYJIsipHOTO BOAHIO H, uepe3 riauMOWMHHI PO3JOMH 13 TIMOMHHUX IIapiB.
O3HaKOIO TJICEBOTO OTOYCHHS MOKE OyTH MPUCYTHICTH BYIJICBOAHIB (ITEPEBasKHO
metany CHy), y BoIHOMY cepeIOBHINI — PO3YHHEHUX OPTaHIYHUX CIOJYK, BOJIHIO
H,, 1oHIB BIIHOBJIEHOI'O 3aiii3a Fe?" I'ipcpki MOpoOAM TJIEEBOTO OTOYEHHS, SIK
MpaBUIIO, MalOTh OL1€, cipe abo 3esneHe 3abapBieHHs. [Ipu okucneHHi Fe?* B Fe**
MIPU KOHTAKT1 3 KUCHEM CYIPOBOXKYETHCS P13KOIO 3MIHOIO 3a0apBiieHHS A0 Oypo-
JKOBTOL.
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Taomuusa 5.14. Knacudikaris Gisuko-XiMidHUX reoXiMiuHux 6ap’epis [64]

Craag E00, Kl HATX0IATE 00 reoxiMivaoro dap’epy
Tan eogs
za OBII Frcmesance I'neeEl CIpECECOEEE]
Tameog | 1. X : 3 4. 5 [ T B. 9. 10. 1L 2.
zamokaz- | Cwmmo- | Kmemira | Hefrpa- | Cemae- | Cemeso- | Kwemira | Hedmmpa- | Cemae- | Commo- | Kxwemira | Hedmpa- | Crmsae-
HEEOM ERCT CcnabED- MEEI T2 TyZEE] ERCT CcnabED- MEEI T2 TyZEE] ERCT CcnabED- MEEI T2 TyZEE]
pH EECT CHabEo- EECT CHabEo- EECT CHabEo-
myEE] myEE] myEE]
=3 3-6,5 f,5-5.5 = 8.5 =3 3-6,5 f,5-5.5 = 8.5 =3 3-6,5 6.5-8.5 =85
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G Co Co Co )
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E E He, Fh, Clo, Mi. Mo, 17, In WV As | Cd By Clo, Mi. Co, Hi. Zn, Cd
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D1 D2 D3
Mz Ca, | Mz Ca
ar, Ba, 31, Ba,
Ra ¥, Rz, Co,
M, Fa Mi, Cu,
U, Co, Zn, Ph,
Mi, Cu, Cd, Hg,
Eﬂ, Ph:- BE?‘ I:U}
E2 E3
31, Mo
F2 F3
Li Na K,
- Bk, TL K, :
Cl. Mgz, B.F.CL |B.F ClL
Ca_Sr, 8, Br.Mg, |Br L Cuy,
hin, Fe, Ca, 81, 5, | Zo, Mo,
Co, N1, Zn. Mo, |U,V, Se
Cu, Zn, U, V, Se,
Fh, Cd, I

Al Mo,
U

Cl. M,
Ca, 5r, 5,
Mn, Fe,
Clo, Ni,
Cu, Zn,
Pb, Cd,
Al Mo,
U

Dé
Mz Ca Mz Ca
ar, Ba, ar, Ba,
Ra Mn | Zn Cd,
Fe, Co, Mn Co,
Mi, Cu, M1
Zn, Pb,
Cd, Hg,
Be, Al
Ga, Y. P,
Cr, As,
(LY
E6
31, Mo
Fé& F&
LiNa K | LiNa K
Eb, TL N, | Eb, TL N,
B.Cl. Br, | B.F, CL
I[Ca 8 |Br.,LZn
E_.En

D10 D11
Mz, Ca,
ar, Ba
El0 Ell El2
31, e Be, Al
Ga, e,
Y, 51, Ge,
Zr, (T1)
F10 Fl11 F12
LiNa K, LiNa K |LiNa K
Bk, F, Cl, Bk, F,Cl, | Eb N, B,
Br, I, Mz, Br, I Mgz, | F, Cl, Br,
Ca, 81, 5 Ca 8,5 (I
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=1 =2 z3 G4 G= o ) =5 =9 10 11 12
o | ALSe %i. Ba, Li Na K, |LiNa K | AL Se, %i. Ba, LiNa E |LiNa K | Al Se, |BaSr, |LiNa K |[LiNakK
: Ga, % |ZnCd |Eb Cs, |EbCs, |Ga% |ZnCd |EkCs, |EbTL |[Ga% |[(CLBrL |RbCe: |Eb Ce,
Ge PV, |NiCo, |TLZn |TL(ClL |GeP V, |NiCo, |TLZn, |(CLErL |GeP VvV, |F.B,8 |(CLBr,L |(CLBrL
i As Ph.Cu |(CLBr,L |Br,LF, |As Ph,Cu |(CLBErL |B,F & |As ) F.E, 5 |B,FP
g U.CLBr, |F.B,5.PF, |B, &P, U.CLBr, |F.B.5 |B) F)
| 5 LF 5P |V.Mo, |V, Mo, LF, 5P, |F
o V. Mo, |As) As) Fe, Mn
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g‘ M1 Mi, Fe
L]
IHo3zRa9eHHA:
BeranoenesH: Hwmoeiphi, ane JabopoHeH!
T3 EHETSHI HeEHETEHL
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Tak K TakKuMU 30HaAMU SIBJISIIOTHCS MPAKTUYHO BCsi aTMOc(depa Ta BEpXHi
TOPU3OHTH OUIBIIOCTI TPUPOJHUX BOJ, TO (HOPMYBaHHS KHUCHEBHX Oap’epiB
3YMOBIJICHE JIMIII€ HASBHICTIO MITPAIIfHOTO MOTOKY OE€3KUCHEBUX BOJ. Takuit
Oap’ep MoOke BUHUKATH 1 B oOsacTi HeratuBHHUX 3HaueHb OBII mpu 3miHI pi3ko
BiITHOBHHMX Ha CJTa0Ko BigHOBHI (Hampukiaj, koiau OBII 3minroeTbes Big -350 MB
1o -20 MB) Ta ananoriuHo - y o6sacti mo3utuBHuX 3HaueHb OBII (Hanpukian, Bix
+100 MB o +450 mB).

VY Takux ymoBax BiJJOYBa€ThCS HAKONMYEHHS KaTIOHOTEHHUX EJIEMEHTIB 13
3MIHHOIO BaJIEHTHICTIO — OCaJKyI0Thcsi Fe, Mn, piaiie criBocamKyeTbCsl 3 HUMU
Co. 30uTbIIy€eThCS PO3YMHHICTH aHIOHOTeHHHMX enemeHTiB — V, Mo, Se, U, Re.
OKucCIIOBaJIbHE  CEPEOBHUILE B Olocthepi cdhopmyBanu (HOTOCHHTETUYHI
OpraHi3Mu, OKHCHI peakirii Bim0yBaroThCs mepI 3a Bce B mpucytHocti Oy. Cr, V, S,
Se y BUIMX CTYIEHSX OKWCJICHHS YTBOPIOIOTH M0Ope PO3YHMHHI 1 MIrparmiifHo
aKTUBHI aHIOHM 3 KaTIOHAMH JIY)KHUX MeTaliB 4u amoHito (xpomatu K,CrOy,
cynbdatu Na,SO,4, Banamatm NaVOg;, cenmenatn Na,SeO,. Kartionu Fe¥ Mn* y
npu no3utuBHUX 3HaueHHSAX OBII yTBOPIOIOTH Ba)XKKOPO3UMHHI CIOJYKH Ta
c1a0bKO MITPYIOTb.

['neeBi Oap’epu BUHUKAIOTHh TO1, KOJIM B 001acCTh 3 BIJIHOBIIIOBAJILHOIO, ajie
0e3 CIPKOBOJIHIO, OOCTAHOBKOIO MOTpAIUIsi€e TOTIK BOJ, IO MICTSATh KHCEHb a0o
rJIe€B1 BOJIU.

['11eeBl yMOBU BUHUKAIOTh TAKOXK, KOJIM OpraHiuHa peuOBUHA PO3KIIAIA€THCS
0e3 JOoCTyIly KHCHIO a0o0 mpu #oro aedimuTi, a TaKoXX B 30HAX HAJIXOKCHHS
MOJIEKYIsIpHOTO BOAHIO H, uepe3 riamOWHHI PO3JIOMH 13 TIMOMHHUX IIapiB.
O3HAaKOIO TJICEBOTO OTOYCHHS MOXKE OYyTH MPUCYTHICTH BYIJICBOJHIB (ITEPEBasKHO
metany CHy), y BoIHOMY cepeIoBHINI — PO3YMHEHUX OPTaHIYHUX CIOJYK, BOJIHIO
H,, 1OHIB BIIHOBJIEHOI'O 3aii3a Fe?" I'ipcbki MOpoaM TJIEEBOTO OTOYCHHS, 5K
MpaBUIIO, MalOTh OL1€, cipe abo 3esneHe 3abapBieHHs. [Ipu okucieHHi Fe?* B Fe**
MIpU KOHTAKT1 3 KUCHEM CYIIPOBOXKYETHCS P13KOIO 3MIHOIO 3a0apBiieHHS A0 Oypo-
YKOBTOI.

4, Ha minsHKax 3MiHU KHUCJIOTO CEPEIOBHIIA Ha JIyKHE, a00 CcJIa0KOIY>KHOTO
Ha CHJBHOJYXHE, a00 CHJIBHOKHUCIOTO Ha CIAaOKOKHCIE (DOPMYIOTHCS JIyHCcHI
O0ap’epu. O3Hakow € pi3ka, crpubkomnoniOHa 3mina pH. B Takux ymoBax 13
BOJTHOTO CEpPEJOBUINA  OCA/KYIOThCS PAJl CIONYK — KapOOHATH, TiIPOKCHU[IH,
dbocharu, apceHatd, BaHaIaTH, MOJIOIATH, CEJICHATH, PO3YMHHICTh SKHX
KOHTPOJIIOETHCS MOKa3HUKOM pH.

5. Kucni 6ap’epu popmyroThCs 3a YMOBH, KOJIM Jy)KHE a00 HEHTpajbHE
CepeNIOBUINE CTPUOKOMOIIOHO 3MIHIOETHCS Ha CIA0KOKHCIIE ab0 KHCIE, a TaKOX
Mpy PI3KiM 3MIHI CIAOKOKHUCIIOTO OTOYEHHS Ta CHJIBHOKHCIE. 3a TaKWX 3MiH
HalyacTillle OCaJKYIOThCSl CIOIYKH THUX XIMIYHUX €JIEMEHTIB, 5Kl YTBOPIOIOTH
anionu (As, Si, Mo, W, Ge Ta ixmii).
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Tak, Ha my>)xHUX Oap’e€pax 0CaJKYIOThCS KATIOHU METATIB:

Fe** + 30H — Fe(OH)s;

Ha KUCJIMX — aHIOHOT€HH1 €JIEMEHTH

Si0g% + 2H" — H,Si03];

MoO,* + 2H" — H,M00,].

Jlesiki enementd — macuBHi Mmirpantu (U, Cu, Ag, Be, Zr) — yTBOpIOIOTH
pyXOMi BOJIOPO3YMHHI KOMIUIEKCH Yy COJOBHX BOJIaX Yy BHUIVISAl aHIOHHHX
KOMILJIEKCIB!

U022+ + 3CO32_ — [UOz(CO3)3]4

3MiHa KUCIOTHO-OCHOBHUX MapaMeTpiB MPUPOJHUX BOJ YACTO 3aJI€KATh B1JT
aKTUBHOCTI pI3HWUX Tpym TimpoOioHTiB. Tak, cipuanokucnai Boam 3 PH<3
YTBOPIOIOTHCA B pe3yJIbTaTl OKUCICHHS CIPKU Ta Cylab(iIiB:

2S + 30, + H,0 — 2H,S0y;

2FeS, + 70, + 2H,0 — 2FeSO, + 2H,S0.,.

Lle#i mporec pO3BUBAETHCA 3a YYacTIO TIOHOBUX OakTepiil Ha OUISIHKax
BHXOJly Ta OKHCJIEHHS CIpYaHUX, CYJb(iIHUX, MIPUTOHOCHUX TJIMH, CJIAHIIIB.
Kucni ta cmabkokucmi Bomu MawoTh pH 3,0-6,5, iXHA KHCIOTHICTH 3yMOBIEHA
npucyTHicTIO po3unHeHOoTo COy, TyMiHOBI Kucinotn. CuibHOIYXHI Boau 3 pH>8,5
MICTATh BHUCOKI KOHIEHTpAIllll COJIeH, SIKI MpU TiAPOAI3l YTBOPIOIOTH JIyXKHE
cepenoBuie (NaHCO;3;, Na,COs3). VTBopeHHS COOUM YacCTKOBO € pPe3yJIbTaTOM
MeTalo0di3My Cyb(haTpeyKyrounx OakTepii.

6. Bunaprosanvni 06ap’epu YTBOPIOIOTBCS Ha TIOBEPXHi, J¢ 30UIBIICHHS
KOHIIEHTpAIlll XIMIYHUX €JIEMEHTIB BiAOyBAa€TbCS BHACIIJIOK IHTEHCHBHOTO
BUMApOBYBaHHs Bojau. OUYEeBUIHO, W10 BOHU 3YCTPIYAIOTHCA B pailoHax 13
MOCYIIJIMBUM KJIIMATOM TMPOTE 3YCTPIYAIOTHCS MOACKYIU HABITh B YOPHO3EMHHUX
crenax Ta y Jjicoctenmy. HacniakoM yTBOpPEHHSI BHMNaprOBAIIbHUX Oap’epiB €
3aCOJICHHSI IPYHTIB, 1[0 HAHOCUTh 3HAYHOI IIKOJIU CUILCHKOTOCIOAAPCHKOMY
BUPOOHUIITBY.

7. Copouiiini 6ap’epu yTBOPIOIOTHCS, KOJM BOJHUM a00 ra30BHUM MOTIK 3
MICPYIOYUMHU €JIEMEHTAMH 3yCTPIYA€ThCS 13 PEUYOBUHAMHU, WO MPOSBIAIOTH
copOIIiliHi BIIaCTUBOCTI — KoJoigauMH ocagamu (puc. 5.45 a). Tak, Ca, Mg, K, Zn,
Ni, Co, Pb, U ocamxkyroThcst Ha Oap’epax i3 HEraTHMBHO 3apsPKCHHMMH MilleJIaMu
KooimiB (rmmHH, opraHiuHi crionyku) (puc. 5.45 6). P, S, V, Mo, Cr ocamxyioTh
copOIIiiini O0ap’epu, CTBOPEHI MO3UTHUBHO 3apskeHHMMH Koioigamu Fe, Al (puc.
5.45 B). CopOmiitHi Oap’epu xapakTepHi UIa BCiX 30H Oiocdepwu, 30aradeHHX
OpPTraHIYHOIO PEYOBHHOIO: KpaloBUX 30H 00T (TOpd), T'yMyCOBHX TOPH3OHTIB
I'PYHTIB, MOPCHKHX Ta 03€pPHUX JOHHUX MYJIOBHUX LIAPIB TOLIO.

[Ipukiian yTBOpEeHHSI ypaHOBOTO OPYAHEHHS HAa COPOLIMHOMY re0XiIMIYHOMY
Oap’epi mokazaHo Ha puc. 5.46.
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8. Tepmoounamiuni reoxiMiuH1 0ap’€pu BUHUKAIOTH 3a YMOB PI3KOi 3MiHU
TUCKY Ta TeMIEepaTypu B reoxXiMiyHOMY OTOYeHHI. Tak, OapuyHU NpPOSBISETHCA
Ha JIUISTHKAX 13 PI3KUM MaJiHHAM TUCKY. B micusax pizkoro 3HmxkeHHs: Tucky CO; B
MIJ3€MHUX BOJAax y oOJacTi Takoro Oap’epy OCaKYEThCA KaJIbLUT Ta I1HIII
KapOOHATH

Ca”" + 2HCO; = CaCO3| + H,0 + CO,.

Tak yTBOPIOIOTHCS KAJIBIIUTOBI FAPOTEPMAIIbHI )KIIJIH, TPABEPTUHU Y MICIISIX
BHUXOJy Ha MOBEPXHIO BYTJIECKUCIUX JXKEPEJl, KalbIMTOBI TOPU3OHTH Y IPYHTAX Ta
ocanoBux nopojax. [lpuumna 3HmwxeHHs THUCKy CO; — TEKTOHIYHI 3pYIICHHS,
PO3KPUTTS NOPOKHUH HA TITMOWHI, PO3BAHTAKEHHS BOJI HA MOBEPXHI TOIIIO.

2 2+
Mg”* ca* Mg”* Ca

Koaoimua +H* KoaoinHa
YacTHHEA ——> YacTHHKA + (K" + Na') (posuus)

+ n Me* (poaunn) el

+n Na® (po3umn)

f——
6
OH™ 0]
4
+ /P\ ' + 20H (po3umH)
OH™
[post]:a:[{]
B

Puc.5.45. Bunu copOiriiinux 6ap’epiB: a — HOHOOOMIHHA COPOIIis KOJIOITHUX
YacTUHKaX; 0 — copOliis HOHIB METaIiB Ha aTIOMOCHUIIIKATaX I'PYHTOBOI MaTpHIll; B
— copO1is aHIOHIB Ha KoJoigax riapary okcumay 3amiza(lll)

[Ipukiian yTBOpeHHsI ypaHOBOTO OPYAHEHHS Ha COPOIIMHOMY re0XIMIYHOMY
Oap’epi moka3aHo Ha puc. 5.406.

TemnepaTrypHuii MposiBISE€TbCS HA AUISHKAX 13 PI3KUM MIABUIIECHHSIM YU
3HIKEHHSIM Temrepatypu. Kiacuunuil mpukian — Kpucranizaiis MiHEpaliB 13
MarMaTH4HOIo PO3IIaBy NMpu (POpMyBaHHI MArMaTUYHUX TOPIJ.

TepmoOGapuunuii GopMyeThCs Ha JUISHKAX 3 OJHOYACHUM PI3KMUMH 3MIHAMU
TUCKY Ta Temneparypu. llpuknag — yTBopeHHs mnoknaaiB (ocdoputiB Ha
MopcbkoMy mienbdi. [Ipu MAHATTI 13 3HAYHOI ITTMOMHM XOJIOIHUX BOJI, HACHYECHUX
HOHAMU PO43' ta CO,, y 30HI menbdy BIAOYBAETHCSI OIHOYACHE IAJIHHSA
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TIPOCTAaTUYHOTO THUCKY Ta TMIJBUIICHHS TEMIIEpaTypH, IO MPUBOIUTH 10
BUMNAAIHHSA Yy ocaa pochaTHUX Ta KApOOHATHUX MIHEPAIIB.
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Puc. 5.46. Cxema po3MmillieHHS YpaHOBOTO OpPYIHEHHS Y TOp(d’ THOMY MacHuBi
— copOmiitHomy Oap’epi: 1 — Topd; 2 — Oarare opyaHeHHS; 3 — Opeol
po3citoBaHHS; 4 — 13orincu penbedy; S — HANMPSIMKHA OCHOBHUX MOTOKIB IPYHTOBUX

BOJ BcepeauHi mokiaamin [69]

8. Tepmoounamiyni TeoxXiMiuHi Oap’€py BUHUKAIOTH 32 YMOB Pi3KOi 3MiHU
THUCKY Ta TeMIEepaTypu B reoxXiMiyHOMY OTOYeHHI. Tak, OapuyHuil NpOSBISETHCA
Ha JUISTHKAaX 13 pi3KUM NaJiHHAM TUCKY. B Micusx pi3koro 3HmkeHHs TUCKY CO; B
MIJ36MHUX BOJAax y oOJacTi Takoro Oap’epy OCaKYEThCA KaJIbLUT Ta I1HIII
KapOOHaTH:

Ca®" + 2HCO; = CaCO;| + H,0 + CO..

Tak yTBOPIOIOTHCS KAJIBIIUTOBI TAPOTEPMAIIbHI )KWIH, TPABEPTUHU Y MICISIX
BHUXOJy Ha MOBEPXHIO BYTJEKUCIUX JHKEPEJi, KaIbIUTOBI TOPU3OHTH Y IPYHTAX Ta
ocanoBux nopoxaax. Ilpuumna 3HMKEeHHS TUCKY CO; — TEKTOHIYHI 3pYIICHHS,
PO3KPHUTTS MOPOKHUH Ha IITMOWHI, pO3BaHTAXKEHHS BOJ Ha MTOBEPXHI TOIIIO.

TemnepaTypHuil MposIBISE€TbCS HA AUISHKAX 13 PI3KUM MIABUIIECHHIM YU
3HIKEHHSIM Temriepatypu. Kiacuunuil mpukinan — Kpucranizaiis MiHepaliB 13
MarMaTH4HOI0 PO3IIaBy NMpu (POpMyBaHHI MArMaTUYHUX MOPIJ.

TepmoOGapuunuii GopMyeThCs HA IUISHKAX 3 OAHOYACHUM PI3KUMH 3MIHAMU
TUCKY Ta Temneparypu. llpuknag — yTBopeHHs mnoknaaiB (ocoputiB Ha
MopchkoMy menabdi. [Ipu migHATTI 13 3HAYHOT TIMOWHU XOJIOAHUX BOJ, HACUUEHUX
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HOHAMHU PO43' ta CO,, y 30HI menbdy BiIOYyBAETHCA OIHOYACHE ITaIIHHS
TIIPOCTAaTUYHOTO THUCKY Ta TMIJBUIICHHS TEMIIEpaTypH, IO MPUBOIUTH 10
BUMNAAIHHSA Yy ocal GpochaTHUX Ta KapOOHATHUX MIHEPAIIIB.

BI'X 0Oap’epu, Ha BIAMIHY BiJ IHIIUX PI3HOBUIIB, TMOB’s3aHI TOJIOBHUM
YUHOM 13 3MIHOIO (OPMHM 3HAXO/KCHHS XIMIYHUX €JIEMEHTIB 0e3 3HA4HOro
nepeMilieHHs Horo y mpocTopi. IXHs 1is monsrae y HAKONMYEHHI TUX UM iHIINX
CIIOJIYK B JKMBHUX opraHizmax. Sk i uucto reoximiuni, BI'X 6ap’epu MoxyTh OyTH
MPUPOAHUMH Ta TEeXHOreHHUMH. KOHIeHTpamis XIMIidYHUX ejleMeHTiB Ha bI'X
Oap’epax € 4YacTUHOI O10JIOTIYHOrO KpyroodOiry nux enemeHtTiB. bI'X Oap’epu
SBJISIIOTHCS] TPOSIBOM KOHIIEHTPAI[IHHOT (D YHKIIIT )KUBOT MaTepii.

[Ile y pobotax B.I. BepHaacbkoro BCTaHOBJIEHO, IO JJisI TEBHUX BHJIIB
pPOCIMH Ta TBapWH XapaKTepHI BIAMOBIJHI, KOHKPETHO /JIsI KOXXHOTO BHIY,
KOHIIeHTpaIlli enemMeHTiB. CepeaHiii BMICT OJTHOTO M TOTO X e€JIeMEHTa ISl POCIUH
pI3HUX BHUIB, SKi POCTYyTh B OJHAKOBHX YMOBAaX, MOXYTh PO3PI3HATHCS B 2-5
paziB. {1 0coOMUBICTh y POCIMH 30€pIra€ThCsl, a 4aCTO HABITh MOCHUIIOETHCS B
YMOBAaX CHJIbHOTO 3a0pYJHEHHS IPYHTIB — HOPMaJIbHUN BMICT 3pOCTA€ B JECATKH 1
COTHI pa3iB.

Harnsana inmroctpanisa — JOCHIKEHHS pO3MOJIUTY Y IPYHTI Ta HAKOTIMYECHHS
PI3HMMHM BHAAMHU POCIUHHOCTI Baxkkux metaniB Pb, Cu, Zn, Cd na teputopii Ta
MIEBHOMY BiJIaJICHHI BiJ 3aBOy i3 100yBaHHs cBUHINO 3AT «HOxmomimMeran» (M.
[MIumkenT, Kazaxcran). besmocepennbo Ha TepUTOpii 3aBOAY KOHIICHTpAIIis
CBUHIIIO y TpyHTI csarama 946 wmr/kr, mo nepesunrye ['JIK B 48 pasis, a ¢poHOBE
3HaueHHs — B 45 pa3iB (puc. 5.47), Toai SIK BMICT PEIITH IOJIOTAHTIB HE3HAYHO
nepeBuilyBaB (POHOBI 3HAUYEHHS, 32 BUHATKOM ZN 0Oe3MocepelHbO Ha TEPUTOPIi
3aBoxy - 171,3 mr/kr, mo nepeBuntye ['JIK B 2pa3u, a ¢ponoBe 3HadeHHS — B 14
pasis.

Axymynsnis Pb pociuHHICTIO BiIOYyBa€Tbcs HEOJHAKOBO. Sk ciimye i3
JaHUX, HaBeJeHMX Ha puc. 5.48, akamis Oima (Robinia pseudoacacia)
0e3mocepeIHbO Ha TEPUTOPil BUPOOHMIITBA Hakomwumia 293 Mr/kr (TepeBUIIICHHS
I'JIK B 58 pasiB), Toi sik 1j1s1 MOPIBHSAHHS y KieHI sicenenucTomy (Acer negundo) —
91 mr/kr (18 T'IK), Tonkono3i nyuynomy (Poa ptatensis) - 67 mr/kr (13 I'’/1K).

OTxe, BaXXKO TepeI0auynTH 3apaHi, SKMM TaKCOH B 01011€HO31 OyIe IIsATH K
HalOUIbIl epEeKTUBHUI eleMeHT OioreoxiMiyHoro Oap’epy. BusHauaroTbesl Taki
BU/IA KUBOI MaTePli BUKIIOUYHO EKCIIEPUMEHTAIbHUM IUISIXOM.

BignoBigHOo 10 Teopii €BOJIOIi, HASBHICTh y CEPEAOBHIII MPOKUBAHHSI
CTpecoBOro (pakTopy HIPUBOAUTH JI0 TOrO, IIO0 OPraHi3MH, L0 HOro 3acelsioTh,
BIIUYBalOTh TUCK BIJI0OPY, SKUU MPUBOAUTH N0 mociabieHHs nii gakropy. Skiio
TBAapUHU MOXKYTh MITPYBaTH 13 3a0pyJHEHOI TEPUTOPIii, TO POCIMHHU 3aKPIILIEHI,
TOMY 0e31ocepe/IHbO KOHTAKTYIOTh 13 3a0pyTHEHOIO TEPUTOPIEIO.
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KOHIIEHTpAIlid MeTaAd, MT /KT

1 - paiion 2 - ga BiZcTaHi 3 - Ha BigcTaHi 4 - KOHTPOABHHIH
HHEONY . 3000 m Biz 5000 m EBizm paiion
HOznoaimeTaa saBoAy 3aBOaY

Touxu rpoboBiabOpY TPYHTY
Puc. 5.47. Po3nonin BaxXKUX MeTaliB B IpyHTI Ha Teputopii 3AT

«OsknoniMeTana» Ta Ha BigJgajdeHHI HaBKOJIO HbOro [70]
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Puc. 5.48. Bmict Bakkux MetaniB (MI/Kr) y pociwHax B paioHi 3AT
«Oxnonimeran» [70]

Bianosigno, popmyBanns bI'X 6ap’epy BiiOyBaeTbCcsi HACTYIIHUM YMHOM: 3
4acoM TEpUTOpli, IO MICTATh MIJBUIIEHY KOHIIEHTPALIID MEBHOTO €JIIEMEHTY,
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MOBUHHI 3aCEATUCSA BUJAMU POCIUH, MIKPOOPraHi3MiB, Kl BUPOOMJIM CTIMKICTh
10 cTpeciB. ICHye IB1 cTpaTerii: mepiia — «yHUKHEHHS» — PO3BUTOK MEXaHI3MiB,
HalpaBJI€HUX Ha HEJOMYUIEHHS NOTPAIUIIHHA TOKCHUKAHTIB y BHYTPILIHE
CEepEelIOBUIIE OpraHi3My; Jpyra — «CTIHKICTB» — PpO3BUTOK CHEHH(PIYHUX
MEXaHI3MiB, J10 JO3BOJSIOTH OpPraHi3My (YHKI[IOHYBaTH y MPUCYTHOCTI LHUX
PEUYOBMH Yy BHYTPIIIHBOMY CEpENOBHILNI oOpraHizMy. Tak, Ha 3a0pyAHEHHX
BKKMMH METajaMu TEPUTOPISIX MOXKHA CIIOCTEPIraTh TaKy KapTHUHY: MEPETBOPEHI
IPaKTUYHO Ha IYCTENt0, BOHU IOCTYNOBO KOJIOHI3YIOTHCS CTIMKMMH pacamu
pi3HUX BUAiB pociuH (puc. 5.49).

Puc. 5.49. Hacnigku 3a0pyAHEHHS TNPUPOAHHUX JaHAMA(TIB BaXKKHUMH

MeTajaMu: a — BUJ paiioHy po3poOku migHoi pymu i Komepximmi (CLUA, mrar
Tennecci), pOCITUHHICTD MPAKTHYHO BiJCYTHS, X04Ya paHille TaM POCIH JicH; 0 —
By nonuau Taiicnoy Peiik (BenukoOputanis, rpadcrso [Jep6Oimup), e 200 pokis
HazajJ J00yBaJiM CBHHEIb; Hapa3l BOHA KOJOHI30BaHA CTIMKUMHU [0 METaliB
pacaMu ITUPOKOTO JTiana3oHy POCTUHHUX BUIIB [71].

[Ipuknan bBI'X Oap’epy — MikpoOIOJOTiYHI  CIIBTOBAPUCTBA,  SIKI
HaKOMHUYYIOTh PO3CISHE 30JI0TO B pailOHAX BHUXOJY PO3CISHUX MOJIMETaTIYHUX
pyn. Kouuentpyroua ¢yHKIisA XeMOMTOTpoiB TMOJSATa€E B TOMY, MIO
MIKPOOpIraHi3MH BUPOOWJIM HaBITh o0coOnMBUI ¢epmMeHT — Au-peaykrasy,
BrmounBI fiorn Aut, Au®* y mporec MiHepanpHoro auxanss (puc. 5.50). B
pe3ynbTari (QyHKUIOHYyBaHHs wboro bBI'X Oap’epy yTBOpPIOIOTBCS MOKJIAIU
KOJIOITHMX YaCTHUHOK 30J10Ta 0aKTepIaJbHOTO NOXOIKEHHS.
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Puc. 5.50. EnekrtponHa
MikpodoTtorpadis KJIITUH
Pseudomonas stutzeri (a) i
Bacillus cereus (0) (Bumu
IPYHTOBUX OakTepiit) 3
afcopOOBaHMMH  YaCTHHKAMH
(po3mip 10-20 HM) KOJIOiTHOTO
3o0s10t1a (a — 30uabIeHHs 45 000;
0 —64000) [72]

Konnenrpariiina QyHKIlS peali3yeTbcsl B pe3yJabTaTl A1l JBOX O10XIMIYHUX
MEXaHI3M1B B3a€MO/I11 30J10Ta 13 KJIITHHAMHU — aKTUBHOI Ta TACUBHOI aKyMyJIAIii. Y
MEepUIOMY BHUINAJKy BOHA TMPOSBISIETHCS HAa MOJEKYJISPHOMY PIBHI 3aBIsSKU
(YHKI[IOHATBHOMY  PI3HOMAHITTIO 1 T[ETEPOreHHOCTI  KJIITUHHUX  CTIHOK
MIKpOOpPraHi3mMiB — HecnenupiyHuX HOHOOOMIHHMKIB. [Ipu macuBHil OiocopOiii
MOBEPXHS MIKPOOPTaHi3My CIYT'ye MaTpPUIICIO, Pealli3yloun CTPYKTYpPOYTBOPIOIOUY
(GYHKIIII0O MIKpPOOPTaHi3My. 30JI0TO 3aJy4aeThCcsl B €HEPreTHUHHI MeTaboa13M
KJIITHHH, BCTYTIAI0YX Y OKHCHO-BITHOBHI peakilii (puc. 5.51).

AxTuBHa OlocopOllisi NPUBOAWTH JO HOBOYTBOPEHHS 30J10Ta uepe3
dbopMyBaHHS UEHTPIB HyKjealli, pIiCT HAHOKPUCTANIB Ta MOJAIBIIOr0 iX
3pONIYBaHHA, IO BPEIITI 3aKIHUYETHCSA YTBOPEHHSIM YaCTHHOK CaMOPOIHOTO
30710Ta OaKTEplaJbHOIO MOXO/KEHHS. BUSIBICHHS aypyMpeayKTa3u y KIITHHAX
Archea, Bacteria nmosicaroe mexani3m 1ii BI'X 6ap’epy B po3yminas bI'X renesucy
pPYIIOYTBOpEHHS 30Ji0Ta MosicHioe MexaHi3M i BI'X 0ap’epy B po3yminns bI'X
TeHEe3UCy PyA0yTBOpEeHHs 30i10Ta [38].
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Puc. 5.51. Cxema mepeHOCy €JICKTPOHIB JI0 TePMiHAIBHHUX OKcHaa3 (IIMT.
ago1 1 UT. 0 (Dssg)) Ta HAacTymHOTO pefokc mepeTBopeHHS AU (Cssy, 8go1, Dssg —
IIUTOXPOMH 3 BKa3aHUMHU MaKCHUMyMaMH o-cMyTH noriauHaHasg, MQH,; — moBHicTIO
BITHOBJICHUH MeHaXiHOH (MeHaxiHom — moximHe Bitaminy Kj); MQH -
HaIIBOKUCIICHNH MeHaXiHOH; MQ — okucieHuii MeHaxiHOH) [72]

['eoximiuHi Gap’epu TexHoreHHoro tuiy (puc. 5.43) TakoX MOAUIAIOTH Ha
MeXaHiuHi, (I3UKO-XIMIYHI Ta OloreoxiMiudi. BoHM MawTh Micle Ha NUIAXY
TEXHOT€HHOI MIrpailii XIMIYHUX E€JIEMEHTIB.

B 1997 p. B.A. Anekceenko 3anpornonyBaia [73] BUIUIMTH e OJUH KJIac —
couianbHi O6ap’epu. Hapasi B HaykoBid JiTepaTypl IIUPOKO BUKOPUCTOBYETHCS
TEPMIH «cCOlllaJibHA Mirpamis XiMIYHHUX €JIEMEHTIB»; «COLIaJIbHUN TeOoXIMIYHUN
O0ap’ep». Ilin uMu TepMiHAMU PO3YyMIIOTh 30HU CKJIaJAyBaHHS Ta 3aXOPOHEHHS
MIPOMHUCIIOBHUX 1 TOOYTOBUX B1AXOI1B.

Ha comianbHux Oap’epax, K Ha OPUPOJHUX 1 TEXHOTCHHUX, 3YMUHAETHCS
MIrpaiis 4aCTUHU MITPYIOUMX PEUYOBUH. PI3HUIM moJiirae B TOMY, IO COIlaibHI
Oap’epu YTBOPIOIOTBCS 3a CIOCOOOM YTBOpPeHHS (BHMBI3 Ta CKJIaayBaHHsS); 3a
crenru(ikor0 KOHIIEHTPYBAaHHS PEYOBUH Ta CIOCOOOM YTBOPEHHS BOHU HE MAIOTh
aHaJIOTIB cepell MPUPOAHUX YU TEXHOTCHHUX; PEUOBUHHU, 1[0 KOHIIEHTPYIOThCS, HE
MalOTh CHUIBHUX (PI3WYHUX YM XIMIYHHX BiacTHBOCTEH (I1e — 00OB’sSI3KOBa yMOBa
IMPUPOTHUX Ta TEXHOTEHHUX 0ap’€piB); BCl PEUOBHHH, SIKi TAJIBMYIOTHCS HA I[bOMY
BHI1 Oap’epiB, 00’ €AHY€E OAHE — HEMOTPIOHICTh CYCHIIBCTBY HaJJAHOMY €Talll HoTo
PO3BUTKY; CKJIaJ, HAKOMWYEHUX PEUOBHH € BIJIOOPAKEHHSIM KOHKPETHOTO PIBHS
PO3BUTKY SIK IEBHOT'O CITIBTOBAPUCTBA JIFOJEH, TaK 1 BCbOTO JIFO/ICTBA.

Cepell TEXHOTEHHUX T€OXIMIYHUX Oap’€piB BUAUIAIOTh TPYIY KOMNIEKCHUX,
MpaKTUYHA 3HAYUMICTh SIKMX MOCTIHHO 3pocTae. TUnoBuii mposiB Takux 0ap’epiB —
MIPOCTOPOBE HAKJIAJCHHS OJHA Ha IHNIY (K TPaBHIO, NPH HEKOHTPYSHTHOCTI
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KOPJIOHIB) KUTBKOX TPYI TeOXIMIYHMX Oap’epiB, SKI TEHETHYHO TIOB’SA3aHI MK
co0010.

Tak, qye pO3MOBCIOJKEHUMH, OCOOJIMBO Yy TIPCHKUX paliOHax, € KUCHEBI
Oap’epu, TIpeACTaBJIEHI JDKepela 13 BHUXOAOM Ha TIOBEPXHIO TJEEBUX BOJI.
I'apoxcunm Fe**, sxi OCQKYIOThCA 13 HUX, € €PEeKTUBHUMHU COPOCHTaMU II1JIOTO
psALy METaliB 13 JpKepelbHUX BoA. lIpoliec ocamkeHHs UX KOJOIAIB € MOYaTKOM
dbopmyBaHHsS HOBOTo copOuiitHoro Oap’epy. ToMmy aHami3 «ip:kaBoi KajlaMyTi»,
oC1101 Ha JHI JuKepe, aae iHGOopMAaIliio PO KOHIISHTPAIlil0 METalliB Yy JUKepeIbHIN
BOJI, a, OYEBHJHO, 1 MpO 3arajbHy TIIPOreoXIMIYHYy OOCTaHOBKY B paloHI
PO3IOBCIO/KEHHS TJICEBUX BOJI, SIKI BUXOASATh Ha MOBEepXHIO. [Ipo Macy peuoBuH,
SKI KOHIICHTPYIOTBCS Ha KOMMIeKCHUX TEOXIMIYHUX Oap’epax, MOpo IiXHIO
PO3MOBCIO/KEHICTh Y MPOCTOPI Ta B 4Yaci MOXXHA CYJUTH Xoua O Mo TOMY, IO
MepeBaKHA OUIBIIICT, POJOBUII KOPUCHUX KOMAJIMH YTBOPHIIMCS CaMe€ Ha
KOMILUIEKCHUX T€OXIMIYHUX Oap’epax.

VY skocti cBoepimHuX TexHoreHHuX bBI'X Oap’epiB MoOXKHa pO3rsaaTu
CIIbCLKO2OCNO0apChKi  anouiaghmu, 3acajpKeHl TEeBHUMH KyJlbTypamu. Sk
MPaBUIIO, KOXKE€H BHUJl CUIbCHKOTOCHOJAPCHKUX KYJIbTYp IMEPEBAXKHO HAKOMHUYYE
MEeBHI XIMIYHI €JIEMEHTH B MIIBHUINEHUX KUILKOCTSAX. Pe4OBHHHU, CKOHIIEHTPOBAaHI
Ha TexHoreHHoMy bI'X Oap’epi, Ha BiAMIHY BiJl 1HIIUX BUAIB Oap’€piB, 3pa3y K
BUBO3ATbCS Yy (OpMI arpapHoOi NpOAYKIll MIOPIYHO a TO M yacTimie, 1O SIBISE
co0010 HE NPUPOAHY, @ TEXHOTEHHY MIrpaIlito.

Bbap’epHi BIacTHUBOCTI MPUPOAHOrO CEPEAOBHUIA MOXHA LIJIECHPSIMOBAHO
BUKOPHUCTOBYBAaTH JUISl 3HIDKEHHS Mirpamii 3a0pynHukiB. Bigomi Bumagku
reoxiMmiuaux Ta BI'X  Oap’epiB, sKi CTHUXIMHO YTBOPIOBAIUCA Ha NUISIXY
MOJIFOTAHTIB.

Tak, BimOMI BHUIAJAKKA HEWTpamizaiii KHCIUX PO3YMUHIB MPHU B3aEMOAI 3
MOpOJIaMH, MPU 1IbOMY BUHUK CTHUXiHHMU Jy:KHUH Oap’ep. Takuii npukian 0yno
nociipkeHo Ha Tepurtopii KizemiBebkoro ByrimbHOro Oaceriny (Ilepmcbkuit kpait
P®), ne B rigporpadiuny Mepexy — piuky Kam’sHKY - CKHJIaau KUCIIi IIaXTHI BOJIH
maxtu Haropna 3 pH 2-3, i3 3arampHoro minepaiizarieto 2000-3000 mr/mn, 1o
MICTHJIM TaKoX Oarato cyib(daTiB SO42' — 10 1940 wmr/n, Al — 140 wmr/n, Fe
(3araimpHOro) - 320 wmr/n. Bume TouykM ckuay Boau piuok Kam’sHkH Ta
bepectsiHku, Kyau BOHa BHaAa€, XapaKTEPU3YIOTHCS THUIMOBUMH JUIsI BCHOTO
perioHy riIpokapOOHATHO-CYJIb(ATHO-KAIBIIEBUM CKJIAJIOM 3 MIHEpalIi3alli€lo
oins 250 mr/m Ta pH 6inst 7. Huxde ckuny mraxtHux Boj pH piukoBuX Boj majae
no 2,6-2,9. Jlami Ha okpeMux [JUISHKax p. bepecTsHka — TOTIMHAETHCS
3aKapCTBAHMMHU KapOOHATHHMU IMOPOJIaMH, a MOTIM pidyKa 3HOBY BHUXOJWUTH Ha
moBepxH0.  Bracmimok meoro pH 3pocrae 3 2,9 mo 7,6-7,8, Bmict SO4°
3HMKyeThcst B 92 pasu, Fe — B 1060 pasiB, Al — Oimeme Hidk B 100 pasis.
Minepaizaltis BoJu HaOImKaeThes 10 GoHOBOT [74]. HeliTpamizaiist KHCIHX BOJ
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B1IOyBa€ThCS 3aBISKMA B3a€EMOAII 3 KapOOHATHUMM IMOPOJAaMH, B SKI Bpl3aHi
pluuIia pidoK Ta 3MINTyBaHHIO 3 OUIbII Ty KHUMHU BojaaMmu. KpiMm nyxHoro 6ap’epa,
yTBOpeHHs rigpokcuaiB Fe i Al dopmye copouiitnmii rinpoxkcuanuii 6ap’ep, skuii
CHpHSIE OCAHKEHHIO KaTIOHOT€HHUX €JIEMEHTIB, B1IOYBA€THCS BUIMAJIIHHA 1X Y OCaj
AK y pyCJIl plUOK, TaK 1 B MJIPyCIOBUX KaPCTOBUX MYyCTOTaX. 3allOBHEHHS OCaJaMu
IUX KaBepH IMOCTYIIOBO BeAE€ 10 3MEHIICHHS MiA3€eMHOT0 CTOKY pIUOK 1
30UIBIIICHHS] TMOBEPXHEBOr0. TakuM YHMHOM, CTUXIHHO CGHOPMOBAHI JIYXKHUU 1
copOLIMHUI TreoxiMiuyHI Oap’€pu 3HAYHO 3MEHIIWIMA 30HY PO3MOBCIOJKEHHS
KHUCJIMX IAXTHUX BOJ BYTUILHOTO OacenHy.

[Ile oauH mnOpuKIaZ CTBOPEHHS IITYYHOrO OCAKyBaJIbHOTO XIMIYHOTO
Oap’epy — 3HWXKEHHS BMICTY Cyib(aTiB B TEXHIYHUX BOJax Ha
Xon00abIKUHCHKOMY BYTUIBHOMY pO3pi3i, pO3TalllOBAHOMY B apiiHIN 30HI
bypsrii (P®) [74]. Kap’ep, skuii 3anuimmBes TMicis JOOYBaHHS BYTLILIA,
3alOBHEHUN BOJIOI0, BKpail HEOOX1AHO0 Uisl moauBy. [IpoTe mpsiMe BUKOpUCTaHHS
BOJYU JIJISl 3POIICHHS HEMOJKJIMBE BHACIIJIOK BHCOKOTO BMICTY SO42' — mo 1200
Mr/a. J{ns 3HUKEHHS IXHbOTO BMICTY BUKOPHUCTAHO CIONYKU Oapito. B pe3ynbrarTi
JOCIIIIHUX HATYpHUX POOIT 13 3aCTOCYBaHHS OCaJKyBaJlbHOrO Oap’epy BIajIocs
JOCATTH 3HWKEHHS BMicTy cynbdatiB 10 440 wmr/n (I'’/IK — ve 6inbme 500). Bmict
IHIITUX KOMIIOHEHTIB He nepeunus ' /[K.

AHAJIOTTYHUM YMHOM BJIaJIOCSl 32 JOMOMOTOIO IITYYHOTO OCaIKyBajabHOTO
Oap’epy 3HU3UTHU BMICT Cyib(}aTIB y TEXHOJOTIUHIN BOJ1 BYTIJILHOTO PO3pI3y, AKa
MPOSIBJISIE BUCOKY arpecUBHICTh 10 OE€TOHY. 3HWKEHHS BMICTY CYJIb(aTiB Y
MIJ3€MHUX BOJAaX MPOBOJUIOCS 3 BUKOPUCTAHHSIM PEaKTHUBIB, 1110 MICTUIIN Oapiil:

Ba*" + SO, = BaSO,)

Ha puc. 5.52 mokazano cxeMy IOCIimy Ta WOro pe3yibTaTH MPU BUKOHAHHI
IJIaHYBaJbHUX POOIT HA MOPOMHUCIOBIM miom@aAni ['ydaxiHCBKOro XiIMI4HOTO
3aBogy (Ilepmcbka oOsiacth, P®), 1e¢ BUKOPUCTOBYBAIUCS TIOPOJIU BiIBATIB
ByruibHUX mmaxT KuzeniBcbkoro OaceiiHy, SIKI XapaKTepU3yKTbCS BHCOKUM
BMICTOM CIOJIYK CIPKH, SIKI pyHHYIOTb O€TOH:

CaCOs + SO~ + 2H" = CaSO, + CO, + H,0.

[lokazaHo, 110 B pe3yNbTaTi 3aCTOCYBAHHS METOJANKUA CTBOPEHHSI IITYYHOTO
OCa/KyBaJIbHOTO Oap’e€py B MiA3€MHI1 BOJH, Kl MPOSBIISUIM CEPEIHIO Ta CUJIbHY
Ccylb(aTHy arpecuBHICTb, CTaBaJld HearpecuBHUMHU 10 Oetony. Kpim ToTO,
BUSIBUBCSI KOPUCHHH IMOOIYHUHN e€eKT MiIBUIICHHS MIITHOCTI IPYHTIB [74].

CxmanyBanHs BinxoniB Ilammiicbkoro MeTaaypriiiHO-LEMEHTHOTO 3aBOJY B
Ilepmcekiii obmacti PO mnpuBeno no 3a0pylHEHHS MiI3€MHUX BOJ y paloHI
JII0YOro NUIaMOCXOBUIIA. Y MyJbIi, II0 Ma€ JIy’)KHY PEaKiilo, BUSABICHO 3HA4HI
nepeBuiieHds Bmicty Cu, Cd, Pb, Zn, Ni, Mo, As, Ti, siki 3Ha4HO TIEPEBHUINYIOTh
I'’TIK  (puc. 5.53). bByno po3pobieHO KOMIUIEKCHHIT OararomapoBuii
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reoxXiMiuyHuil 6ap’ep A1l 3HIKEHHS PiBHS 3a0pyAHEHHS MiI3EMHUX BOJI IPOTSTOM
BCHOTO MEPioJly eKCIuTyaTarlii nuraMocxosuia [74].

” 2= Craaz BoAH Y CIIOCTEepeKHiH
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Puc. 5.52. 3namkeHHs cynb(aTHOI arpecWBHOCTI MiI3eMHHX BOJ Yepe3
CTBOPEHHSI OCAJ[KyBaJbHOI'O TEOXIMIYHOTO Oap’epy 13 3aCTOCYBAHHSIM CIIOIYK

Oapiro [74]

Leit Gap’ep koMOIHY€e COpOIlIMiHI Ta HEUTPa3yOUl BIACTUBOCTI, CYII4d 13
3HMKEeHHs 0 piBHIB ['JIK BMICTy KaTIOHOT€HHMX Ta aHIOHOT€HHUX MOJIIOTAHTIB
(3a BUHATKOM T1), TIOKa3HMKA 3arajabHOi MiHepaiizamii, pH, BMicCTy opraHidHHX
pedoBuH y piui [lamriiika, Kyau BiOyBaeTbCsl PO3BAHTAKEHHS MM1JI3EMHUX BOJTHUX
TOPU30HTIB.
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Binxonn MeTaAypriliHO-IIEMEHTHOTO 3aBOAY
[0 Bepxwil miap - TAHHA 13 706aBKOIO Tincy
CepenHili map - miput ta Topd
E Hioxwil map - geAloBiaAbHA TAWHA
a [ [JeAroBiaAbHI CYTAMHKH TA TAHHH i3 11e6HeM
< [C] AAIOBiaABH] TAAEYHHKH, TAHHH Ta CYTAMHKH
M E [eAroBiaALHO-TIPOAIOBIAABHI TAWHH i3 111e6HEM
T BanmHgKH TPillIMHYBATi 3aKapcToBaHi
EI PiBeHr migzeMHHX BOZ,

Minepaaisaria - 42 I'B
pH = 8,9
nepeeHmeHHa K 3a EMicToM:
OpraHiYHEY peY0BHH; [}
S03; CI, Na, K
Cu, Cd, Pb, Zn, Ni,
Mo, As, Ti, Be, Mn

G

310~

29045 5

2704

Minepaaizaria - 0,2 T/a
pH=723

250935

MepeBHIISHHS i
I'IK 3a emicToM Ti

CnocTepexua
CEEpPAAOBHHA

Minepaaizamia -1,0r/a
pH=7,3

nepeeHnleHHEA [K 3a BEMICTOM:
opramivEEx pegosmn; Ti, Mn

Puc. 5.53. Cxema QpyHKIIOHYBaHHS MITYYHOTO T€OXIMIYHOTO KOMITJIEKCHOTO
0ap’epy JUTsl 3aXUCTY MIA3EMHUX BOJ BiI MPOCOYYBAHHS 13 IIIIAMOCXOBUIIA [74]

PoznuBu HadTONPOAYKTIB IIPH aBapi;IX Ha Ha(bTonpOBoz[ax Haq)Toz[o6yBHHx
noTpiOH1 MITY4YHI cOpOUiiiHi Ta OioJsioriuni 6ap’epu.

SlckpaBuit npukiIan — JIKBIAAIisS HACHIAKIB KatacTpopu B MeKCUKaHCHKIM
3arori, sika Tpammiacs B 2010 p. yepe3 BuOyx Ta moxexxy Ha HadTomOOyBarouii
wiaropmi Deepwater Horizon. Tam anpoOyBanucs pi3Hi BapiaHTH Oap’epiB —
MexaHiuHu, copOuiauit Ta BI'X. Mexaniunuili — 11e 30ip HadTHU 3 MOBEPXHI,
KOHTPOJIbOBAHE BUIAIIOBAHHS CAMHUX BEIUKUX IUIsIM. JloouuniieHHs BinOyBayiocs 3
BUKOPHCTaHHAM jgucrepreHtiB  Corexit, ski BHUSBWINCSI MYTarecHHHMH Ta
BUCOKOTOKCUYHUMU.

[Ipore mnpuponma crTBopuia CTUXIMHUI OlojoriyHuid Oap’ep y BUIIISAL
OypXJIMBOTO POCTY MOMYJIALll HEBIJOMUX paHille Haylll MIKpOOPraHi3MiB, SKi
aKTHUBHO XapuyloThcsi ByrieBoaHsMu. @DaxiBui 13 HamionansHoi mabopaTopii
Jloypenca bepxiai B CIIA (Lawrence Berkeley National Laboratory)
ineHTu(dikyBamu I1ed HOBUM BHJI TaK 3BaHOI MPOTEOOaKTepii, SAKUU aKTUBHO
pO3KJIajiae BYTJIEBOJM, 3aTOHYJI HAa 3HAYHUX TNIMOMHAX, B aHAEPOOHUX YMOBax
HabaraTo MIBUJIIC, HDK I BBaXkaymocs padime. SIk BiamiTwiau aBTopHu [75], y
HadToBUX TUIsIMaX Ha TauOuHax Owtgs 1-1,5 kM BuUSBIEHO MHOMYJALii
MiKpoopraHi3miB, ski Ha 95 % ckmagammcs i3 HEKYJbTUBOBAHHX KJIOHIB
Oceanospirillales BM580104-10 (95 %  umcenpHOCTI y OAHIA IUIAMI) Ta H
Oceanospirillales 0OV01102/03-20 (90 %  4wmcenbHOCTI y JpPYTid IUIsAMI).
CratucTUYHUI aHaNi3 TMOKa3aB, M0 MIKpOOHUN (QYHKI[IOHAIBHUN CKIaJ  Ta
CTPYKTYpa KOPENIOIOTH 13 KIIFOYOBUMHU HAPTOBUMHU 3a0pyAHIOBAYaMH, BKIIOUYAIOYU
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130TPOMUTOCH301, H-TIPOMIIOEH30, TpeT-0yTrinoen3omn, 1,2,4-TpuMeTuinoeH30i1, H-
130mponunTonyos, H-OyTunbeHzon Ta HadTamiH. Pe3ynbratd AOCHIKEHHS
MOKa3aJiv, MO B TIMOOKOBOHUX PaiiOHAX MPHU TeMIeparypi Outst +5° mpu HU3BKUX
KOHIICHTPAI[ISIX PO3YMHEHOTO KHUCHIO ICHYE MOMYJALis, IO IIBUAKO PO3KIIaJIae
BYIJIEBOJIHI 1 1110 MIKpOOHI CIIBTOBApUCTBA IMIBUIAKO aAaNTyIOThCS y BIAMOBIAL Ha
HadToBe 3a0pynneHHs. lle nmae rapHi mepcrneKTUBH i PO3pPOOJICHHS METOMIB
OiopemMeniallii HapTOBUX 3a0pyaHEHb. AHalI3 MOKa3aB, 110 MEPioj HAMIBPO3Ma1y
ankaHiB HadTH cKkianae Bcboro 1,2-6,1 mobu. JlomyckaroTs, IO I1i MiKpOOpraHi3MH
MOCTIHHO MENIKAITh y palloHaxX MNPUPOJHUX BUTOKIB HA)TH Yy TIUOOKOBOJHHUX
oOnactsx CBITOBOTO OKEaHYy.

SAKAIOYEHHA

OTtxe, *xuBa Matepis B 610cdepi:

- 31aTHA 3aiiMaTH, OCBOIOBATH BECh BUIbHUI MPOCTIp;

- 311CHIOBATH HE TIIbKY MTACUBHE, a i aKTUBHE TIEPEMIIICHHS;

- CTiiika Ta aTTs Ta MBUJKO PO3KIAAAETHCA MICIISI CMEPTI,

- Mae BHCOKY afantaOenbHICTh 10 PI3HUX YMOB, 3aBJSKH YOMY OCBOiJa BCl
CepeZIoBUINA, B TOMY YKCI IIPU BKpall eKcTpeMalbHUX (13UKO-XIMIYHUX YMOBAX;

- (DeHOMEHAJIbHO BHUCOKA IIBUAKICTh MPOTIKAHHA peakiiid 010XIMIYHOTO
THUITY, 1[0 HAa KUIbKA MOPSIKIB BUIIA, HIXK Yy KOCHIA MaTepii,

- Bucoka mBuaKiCTh OHOBJICHHS.

Bci mepenmiueHi Ta 1HIII BIACTUBOCTI JKUBOI Martepii 3yMOBIIOIOTH
KOHIICHTPYBaHHs B HiM Benukux 3amaciB eHeprii. 3a B.l. Bepnaacekum, 3a
€HEPrOHACUYCHHSM 13 KUBOIO MaTEPi€l0 MOXKE€ KOHKYPYBaTH TIIbKHU JiaBa, sKa
YTBOPIOETHCS IPU BUBEP>KEHH1 BYJIKAHIB.

B y3aranbHeHOMY BUTJIA1 POJIb JKMBOI PEUOBHHU CHOPMYIIOBAB I'€OXIMIK
O.I. IlepenbmaH:

«Mirpamis XiMiYHHX eAeMeHTIiB Ha 3eMHiH moBepxHi i B
Giochepi B misomy 3ailicHroeThca abo 3a GesmocepeaHBOI
y4acTi KHBOI pedJYOoBHHH, abo € BoHa BiaOyBaeTsca B
cepedOBHIIi, reOXiMidHi BAACTHBOCTI AKOI'0 3YMOBA€HIi JKHBOIO
Pe90BHHOION.
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PO3MOIA 6 BIOTEOXIMIYHE PAWMOHYBAHHS,
EHAEMIYHI XBOPOBH

6.1 Konuenuia BI'X palioHyBaHHSA

Mo3aiuHICTh XIMIYHOTO CKJIaay JITOC(EpH MPUBOJUTH
70 JIOKAJIbHUX aHOMAaJldl pO3MOAULYy XIMIYHUX €JIEMEHTIB Ha
obmexeHnx TepuTopiax. OueBUaHO, IO JKUBA MaTepis Ta
Cepe/IoBUIIE ICHYBaHHS — B3aeMO3B’si3aHa cuctema. JloOpe
B1JIOMO, 1110 T€OXIMIYHE OTOUYCHHS € BU3HAYAIbHUM YMHHUKOM

reTepOreHHoCcTl nomyismid. CaMuil MpPOCTUU TpUKIAL — Yy
MPICHIM BOJII MOPCHKI OPTraHi3MHU KUTHU HE MOXKYTh YEpE3 1HIIUN CONBLOBUN CKJIIA/,
WOHHY CHJTY, OCMOTUYHUN TUCK BOJM.

Tomy, 3a nporno3uiiero B.B. Kopanbcbkoro [1], mpu o6roBopenHi mpodiemu
pIBHIB opraHizailii 610cpepu BBeJACHO J0JATKOBI KaTeropii, MoB’s3aHi 13 XIMIYHUM
ckinanoMm BI'X cepenosumia: perionu (BI'X 30uu) Ta cyoperionn (BI'X mposiniii).

6.2 Ilpurnununu BI'X palioHyBaHHS

BI'X palionyBaHHs 0a3yeTbCsd Ha CHEMIaTbHUX OlocepHUX TaKCOHAX
pizHoro mopsaky [1]:

- BI'X perionu 6iocdepu (Takconu | mopsaxy);

- BI'X cybOperionu 6iocdepu (takconu |l mopsaxy);

- BI'X nposiniii (takconu |1 mopsiaky).

OcHOBHI 03HaKu OlocepHUX TaKCOHIB — XapakTepucTuku JaHiorie bI'X
nanmrora (puc. 6.1). INoynHarouw i3 XIMIYHOTO CKJIaJy BUBEPKCHHX Ta O0CAJOBHX
Mopij, reoXiMIYHI aHOMaNii PO3NOALTY XIMIYHUX €JIEMEHTIB TPAHCIIOIOTHCS Yepe3
IPYHTH, BOJlY, HOBITPSL HA MIKpO(IOPY IPYHTIB, XIMIYHUN CKJIaJ POCIHH, KOPMIB,
XapyYOBHUX MPOJYKTIB, palllOHH JIOJUHU Ta TBapuH. [IpoTe 111 aHOMaii BIAIrparoTh
BU3HAYaJIbHy pOJIb HE cami Mo co0i, B3SITI Ookpemo, a y (yHkuionyBanHi bI'X
[UKJIIB XIMIYHUX €JIEMEHTIB Ta ()OPM iX CIOJIYK.

Otxe, kOXeH perioH Oiocepu MOAUISIIOTH HA CYOpEriOHM — MEHIIl 3a
TEPUTOPIEIO TUIONII, $Ki, B CBOIO 4epry, BKIOUaroTh Kiuibka BI'X mpoBiHINIH.
Po3pi3usitoTh  CcyOperioHd, y SKUX KOMOIHYIOTbCS O3HAaKM pErioHy 3
KOHIIEHTPAIIISIMH, K1 CATAIOTh IMTOPOTOBUX BEIWYHWH, CIIBBIIHOMICHHAMH XIMIYHHX
€JIEMEHTIB Ta MOXJIMBOMY TIPOSIBY cHeUU(PIYHUX OI10JOTIYHUX peakiiil, Ta
CyOperioHu, O3HaKu SKHUX HE BIAMNOBIJAIOTH 3arajbHiil XapakTEpPUCTHUIIl PETiOHY.
Bonu, sk mpaBuiio, YTBOPIOIOTHCA HaA PYJHUMH TUIaMH TPU  PO3CIIOBAHHI
KOHIICHTPOBAaHUX B HUX XIMIYHUX €JIEMEHTIB, y O€3CTIYHUX pEerioHax, B pailoHax
BYJIKaHI3MY, TpHU TEXHOTE€HHOMY 3a0pyJHEHHI. B ekcTpemaibHUX yMOBax
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CyOperioHiB € 4iTKO BHPa)X€HI O3HAKU OIlOJIOTIYHUX peakiliii opraHi3Mis,
BUKJIMKAHUX HAJIMIIKOM YU HEIOCTAYCH0 €JIEMEHTIB.

Kopmoni Ta

MixpoesaeMeHTH _
xapyuoBi OpoaAYETII

rpyHTOBOrO |.. Pocamnu =

POCAITHHOI'O
/ HOKPHBY IIOXO0AMCHEA
] N
Mil{p?eAemeHTH Mixpoe aente
ripebkHx ™ MoBITPAHOIO "
nopiza

cepedBOHIIIA

\ Y
. Kopmoni Ta

MixpoeseMeHTH TBaPP_IHH . | zapuoBi npoaysTn
BOIHOTO (HPOM 13H1 7 TBAPHHHOTO
cepeaoBHIIA AAHLIFOTH) OO0 A HHA

Puc. 6.1. BI'X nanitoru sxuieHns 3a B.B. KoBanbcbkum [1]

BI'X mpoBiHNii — me o6AacTi Ha moBepxHi 3eMai, B AKHX ¥
BiANOBiAER Ha reoximiuHi ¢daxTopH (HeZocTawy WH HAJAHIIOK
NMeBHHX XiMiYHHX e€AeMeHTiB y AO0BKiAAi) Y JXKHBHX OpPraHi3MiB
BHHHKAIOTE NeBHi GioAoriuHi peaxmii.

Hapasi onucano BI'X mpoginIlii 3 aHoMansHUM po3noaisioMm Outkin Hik 30
ximiuaux enemenrtiB (Se, P, B, F, C, N, Si, Li, Mg, Ca, Al, Hg, As, Pb, Cu, Zn, Fe
Ta iH.).

HailirocTpimi mposiBu OlOJNOTIYHMX peakiiii Ha TreoXiMIYyHI aHoMail
HA3WBAIOTh €HJAeMIYHHMMH XBOpoOamMu (Big rpem. endemos — wicuesuit). Lle
HEIH(EKI[IiHI 3aXBOPIOBAaHHS, SIKUMH TPUBAJIMM 4Yac XBOPIIOTh JIOJM Ha
KOHKPETHIM 00MeXKeH1i TepUTopii, 3yMOBIICHI IPUPOJHUMU YMOBAMU.

Ha ocuoBi TakconomerpuuHoro bI'X momimy tepuropiii B 1954 p. B.B.
KoBanbcrkuii ctBopuB mnepury cxemy-kapty bBI'X paitonyBanns teputopii CPCP,
sKa YIOCKOHAIIOBAIACS 3 9acoM IO Mipi oJepKaHHS HOBHUX JaHWX ax mo 1982 p.
Bona Brmrouae monam 30 cyOperioniB Oiochepu i 130 BI'X mposinIiii.
CrporeHnii aBTOPCHKUN BapiaHT KapTH TpecTaBieHO Ha puc. 6.2. Ha xapti
MO3HAYEHO: 3HAKOM «MIHYC» — HEJOocTadya eJIeMeHTa B XapuyOBOMY JIAHIJIOTY;
3HAKOM «IUIFOC» — HAUIMIIOK, ITOXWJIOK JIIHICIO — aHOMAaJbHE CIIIBBIIHOIICHHS
KUIbKOX €JIEMEHTIB.

Vasnennss npo bBI'X mpoBiniii Hapa3i TpanchopmyBanucs. BianoBiaHo 10
CydyaCHUX TIOTJIS/IB, BOHU € TakKCOHaMH OlocepH, CKIaJOBUMU YaCTUHAMHU
CyOperioHiB, TOMY pO3Tisial0Thesa He reorpadiudo 13omapoBani BI'X mposiuiii, a
TUIOB1 NEPBUHHI Ta BTOPUHHI y 3B’S3KY 3 MOTECHI[IHHUMH Ta (POHOBUMH, 3aBJSIKU
YoMy y Mexax cyOperioHiB Oiocdepu pailoHyBaHHS MPOBOAUTHCA MO MPUHIUITY
reorpaiuHOi HETIEPEepPBHOCTI.
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1 - TafiroBo-aicoBHIT perioH;
"2 7=~__ | 2 - aicocTennoBHi1 Ta cTEeNnOBHIH;
3- cyXoCTenoBHH TA NyCTeABHHIT;
—=~. 4 - ripceki paiionn.

Puc. 6.2. BI'X paiionyBanns Teputopii CPCP 3a B.B. KoBanbscbkum [2]
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O06’enHaHHs 3a UM MPUHIUIIOM CYyOperioHiB Oiocdepu B pErioHd Jae
KOHKpeTHE ysiBieHHs npo BI'X rereporeHHicTh, MO3aiuHICTh Oi0cepHu.

Ile sBume poOpe UIIOCTPYEThCS KapTamMu uM KaptocxemMamu bI'X
palioHyBaHHsI, Kl TOKa3ylOTh BIJMIHHOCTI B MeXaxX cyOperioHiB Oiocdepu
BIJIMIHHOCT1 XapaKTepUCTUK TUNoBuX bI'X mpoBiHIii, TEPBUHHUX 1 BTOPUHHUX, a
TaKoX MOTEHIIHHUX 1 poHOBUX. Tak, B Mexkax cyOperiony 6iochepu mMoxke OyTu
OlbIlIe OJTHIET TUMIOBOT MPOBIHIII, K MOTEHIIMHOT, TaK 1 ()OHOBOI.

[IpuknamoM MoKe CIyryBaTH KapTa IeOXIMIYHHUX aHOMAaJlll Ha TepuTopii
€Bponn, mpeacTaBieHa Ha puc. 6.3. BoHa oxgepxaHa 13 3aCTOCYBaHHSAM
MPOTPAMHOI0 KOMILIEKCY IManres®. Taki kaptu € SIK THCTPYMEHTOM TMOIIYKY
pYIHHUX KomajauH, Tak 1 gociiymkeHHss bI'X aHomamiii Ha TepuTOopii pyIHHUX
BHUXO/IIB.

Kpim Toro, mpu BI'X pailoHyBaHHI BUKOPUCTOBYIOTH JaHI TE€OXIMIYHO1
€KOJIOT1i, sika 0a3yeThCsd Ha YSABICHHI MPO €AHICTh CEPENOBUILNA Ta KUTTS, 3a
MPUHIMIIOM BUAATHOTO pOCiiickkoro mpupojo3HaBis, ¢izionora [.M. CedeHona:
«J10 TIOHSITTS KUTTSA BXOAUTH MOHATTA cepefoBuia». s xoHuemniiss abCoIOTHO
imenTnyHa ysaBiaeHHo B.l. Bepnaacekoro mpo OymoBy Oiochepu. Bona €
OCHOBHOIO METOJIOJIOTIYHOI0 YMOBOIO JUIsl aHalli3y CHUCTEMHOi opraHizarii
61ochepu Ha BCIX piBHSIX 1i €BOJIIOLIII.

B.B. KoBambchkmii [2] 3ampormoHyBaB Taky cucTeMy Bu3HauaHHs bBI'X
perioniB Ha Teputopii komumHboro CPCP, ski B ocHOBHOMY 30iraioThcs 13
I'PYHTOBO-KIIMATUIHUM 30HYBAHHSIM

1. Taitzoso-nicoeuii newopnozemnuii — 610J0TTYHI aHOMAJII PEeaAKIIN KUBOL
Marepii 3yMOBJIEHO:

- BigHOCHUM Oeghiyumom Ca, P, Co, Cu, I, B, Mo, Zn;

- 00CMamHvOoI0 KibKicmio, MOAEKYIN Haoauwxom, Mn;

- nioguweHum émicmom Sr, 0COOIMBO Y THPIII PiUOK.

Henocraua Ca ta P Bukimkae BUCHa)XEHHS JOMAIIHIX TBApWH Ta MTHII,
XBOpPOOU  KICTKOBO-Cyrio6oBoi cucremu; Co — 3HWKEHHS PEnpoayKIIii,
MPOJYKTUBHOCTI M’sica 1 BoBHH; CU — aHEMII0 BEJIUKOI poraToi Xyao0Hu Ta OBEIlb,
nedimut | Ta Co — eraemMiuHMi 300 JTIOCH Ta TBAPHH;

2. Jlicocmenoguii, cmenoguii 4opHo3emuuii — (dizioNoTiUHI Ta
MOP(GOJIOTTYHI 03HAKU KUBUX OPTaHI3MiB BUZHAUAIOTHCA .

- BIIHOCHUM Oegiyumom B okpemux perioHax, K, pyxomux dopm Mn,
IIOCUTH YacTo - P;

- docmamuboro KiibKicmio, moxekyau naonuwxom, Ca, Co, Cu, 1.

YiTko BHUpaXEHUX CEHJIEMIYHUX 3aXBOPIOBaHb Yy IIbOMY CYOpeErioHi, y
MOPIBHAHHI 3 HEUOPHO3EMHUM, HE OMUCAHO.
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IETeHCHEHICTE
aHoManii

e i i . IIpoBiaHi e AeMeHTH KAACY

6.5As - 5.28b - 2.7Cs - 2.4T1 - 2.3Cd

8.2Hg - 5.78b - 4.4Cd - 3.5Pb -1.0As
11.7Cd - 3.2As - 2.2N1 - 2.1Zn - 1.8Mo

7% | 9.8Pb-8.7Cd - 7.9Zn - 4.7Hg - 4.5Sb
5.~ - RNl 6.7Cs - 3.8T1 - 3.2U - 2.8As - 2.6Hg

6.~ PA 8.10Mo - 2.7As - 2.6 Sb - 2.4Cd - 2.2Cu

D 14.9Ni - 9.7Cr - 4.4Co - 2.9Cu - 1.7V

Y

8.2538r-1.7Ni- 1.6Mo - 1.5Cr

"

o[ WP 5.08r - 3.6Ba

10 HecTeITiaA 30BaaHH PJOH

® .. v
Puc. 6.3. Komm’torepaa mozens (cucrema [lanres ) reoxiMiuHIX aHOMAIiT €Bponu
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3. Cyxo-cmenoeuii, HanienycmenvHuili, nycmeapbHuii — O0i0JOTIYHI
peaxiiii moB’si3aHi 3.

- niosuwenum emicmom Na, CI, SO42', yacto B; iHkomm — Mo, NO3’;

- BimHOCHUM deghiyumom Cu, |, Mn.,

Hedinmur Cu y komOinamii 3 HammumkoM Mo Ta SO4* BUKIHKAIOTH
pO37aau LEHTPAJbHOI HEPBOBOI CHUCTEMH, MOPYIICHHS KOOpAWHALI PYXIB
MOJIOJTHSIKY JOMAaIIHIX TBapuH. Haanuiok B cipuunnsie aesiki XBopoOu toiei,
OBEIlb Ta BEPOJIIOIIB;

4. Tipcokuit — 010J0T14HI peakilii opraHi3MiB HaMOUIbII PI3HOMAHITHI Y
nopiBHAHHI 3 1HmMMU BI'X perionamu. Ile Hacnmigok pi3HOMAHITHUX
reOXIMIYHUX JIOKaJbHUX aHOMAJId pPO3MOAUTY pSAy €JIEMEHTIB BUBEPKEHHUX
MOPiJl YW KJIIMAaTHYHUX YMOB (KUTBKOCTI OIaJIiB, TEMIIEPATYPHOTO PEKHUMY).

Cepen 3axBOprOBaHb OMHCAHI PI3HI EHJAEMIYHI XBOpOOM, XIMIYHA Ta
MopdoJoriyHa  MIHJIMBICTH  OpraHi3MiB, €HJAEMIYHMM 300, Timo- Ta
rINepMIKPOEIEMEHTO3H.

3a reHe3ucoM BUALISAIOTH ABa TUMH bI'X mpoBiHIIiii:

- 3onanvhi;

- A3zonanvui.

30HaJIbHI KOPEIOI0TH 3 MEBHUMHU 30HAMU Y BUTJISIJII OKPEMUX apealliB uu
obmactelt rpyHTOBOrO MOKpuBy. lle#t Tunm BuHHMKae depe3 AedIlUT MEeBHOTO
eJeMEeHTa TMOPIBHSHO 3 #oro cepeaHiM BmictoM B Jitocdepi. Tak, 30HU
JEPHOBO-MII30JIUCTUX Ta MIA30JIUCTUX TIPYHTIB, SIKI CMYIOK MPOCTSTIUCS
MPaKTUYHO 4epe3 Bcro €Bpasito, KoHrpyeHTHI BI'X npoBiHIISIM 13 HEOCTATHIM
Bmictom |, Cu,Co, Ca Ta in. Cxoxi BI'X mpoBiHIIii 3 XapaKTEPHUMH SHIAEM iSIMH
BIJICYTHI B CYMDKHIM YOpHO3eMHIN 30HI. lle Hacmigok BHCOKOI MIrpariiHol
pyxomocrti HoHiB |, Ca, Co, Cu Ta iH., fKi JETKO BUMHBAIOTHCS 13 MiA30JIMCTUX
IpyHTiB. CXO0XI1 MPOBIHIIT CHOCTEPIrarOThCSI B 30HI 3aJsiTaHHS aHAJIOTTYHUX
rpyHTiB [liBAeHHOT MIBKYIII.

AzonanbHi BI'X mnpoBiHIIi Ta 3B’sA3aHI 3 HUMU E€HAEMIYHI paloHU
3yCTpIYalOThCSl B OYylIb-IKUX 30HAX; BUHUKAIOTh BOHU Ha ()OHI1 MEPBUHHUX YU
BTOPUHHUX 00JIaCTe pO3CIIOBAaHHS POJOBUI PYIHUX KOMAJIWH, COJIBOBUX
BIJIKJIQ/11B, BYJIKAHOT€HHUX NOpia Touo. [IpukiagomMm MOXYyTh CIyryBaTH:

- bopni BI'X npoBiHIii Ta eHAeMii TBAPUH Ta POCIUH Y O€3CTIYHUX
00J1aCTIX;

- ®@mopui BI'X npoBiHIli Ta eHaeMii Jroed Ta TBapuH B 00J1acTIX
BYJIKAHIYHOT aKTHBHOCTI, IOKJIaAiB (propanatuty Caio(PO4)sF2 diroopury Cak,;
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- Moni6oenosi BI'X mposiHmii Ta engemii (MoaidomeHo3ic) — B
paiioHax MoJ1i0JIEHOBUX POJOBUII TOIIIO.

Ile¥t TuUm TPOBIHINIKA MEPEBAXXHO KOPEIIOE 13 HAUIUIIKOM XIMIYHUX
€JIEMEHTIB Y CEpPEIOBHIIII.

3a noxomxkenHsM BI'X mpoBiHIlli NOAUISIOTh HA MEPBUHHI T2 BTOPUHHI.
IlepBuHHI BIAMOBINAIOTH CJIEMEHTHHM aHOMAISIM, SKI BHHUKIM B TMEPIOa
dbopMyBaHHS BEpPXHBOTO IMIApy JHTOCPEpH; BTOPUHHI — SIK pe3yJbTar
MacoIEepeHOCy XIMIYHUX €JIEMEHTIB IiJl BIUTUBOM JiesikuX (paktopis. [lpuknan —
Yiatypcekuii mapranmeBuii BI'X cyOperion ©Oiochepu (Kaszaxcran), skui
BKJIIOYA€ sIK nepBUHHY, Tak 1 BropuHHY BI'X mposinmii. Ilpu noOyBanHi Ta
nepepoOIroBaHHI MapranieBux pyn B Yiatypcbkomy Oaceitni (mepBunHa BI'X
NPOBIHIlISA) 3HAYHA KIUIBKICTh MAapraHilo CcKujgamacs B piuky Ksipity,
BHHOCHJIACSd BOJIaMH BHH3 3a TEUIEI0 Ta BIAKIAmagacs y 3aIiaBl plyuKwH,
YTBOPIOIOYM 3HAYHO OUThITy BTOpuHHY BI'X mpoBiHILito.

BI'X mpoBiHIii TakoX AUISATh HA MPUPOAHI Ta TeXHOreHHi. B nepmomy
BUMAJKy BOHM 3YMOBJICHI MO3AI4HICTIO PO3MOJLIY XIMIYHMX €JIEMEHTIB 3a B
KOMIIOHEHTaX €KOCHUCTEM, Yy [JPYroMy — pe3yJdbTaTaMd aHTPONOTeHHOT
TISUTBHOCTI.

3a ctyneHeM BupaxkeHocTi BI'X nmpoBiHIlIT MOIIISAIOTH HA'

- Tunoest,

- Homenyiuni (npuxosani);

- Ilepeobauysani,

- Domnosi.

Taki rpamariii moB’s3aHi 13 BMICTOM aHOMAJIbHO PO3MOA1IEHOTO XIMIYHOTO
€JIeMEHTa B MPUPOJHUX 00’ €KTaxX MPOBIHIIII, HAMPABICHICTIO Ta IHTEHCUBHICTIO
MpoILIeCiB Or0 KOHUEHTPYBAaHHS B JOBKULI a00 3HUXEHHS BMICTy. Bka3zana
KJacudikamis 10cuTh yMOBHA. [IpukiiazioM Moxe ciayryBaTi OOpHUI CyOperion
Olocepy Ha TepuTopili MiBHOYI Ta cxody Bia Kacmiiicbkoro mopsi, SKui
BKJIIOYA€ BCl TMepeniyeHi Buille pizHoBUAU bI'X mnpoBiHIINA 3a cTyneHeM
BHUPAXKEHOCTI.

6.3 EHzmemiuHi XBOpoOH (MiKpoeAeMEHTO3H) POCAHH,
TBapHH Ta AIOAHHH

Cepen nmpukiiagaux npobiem BI'X Ta reoximMiuyHOiI €KOJIOrii, sIKi 3 pI3HUX
CTOpPIH BHBYAIOTh OfHE ¥ Te *k siBuille — BI'X mpoBiHIii Ta iX BIJIMB Ha CTaH
0l0TM — € BUBYEHHS CEHJIEMIYHMX XBOpPOO HEIH(PEKIIHHOrO XapakTepy,
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MOB’A3aHUX 3 MIKPOEJIEMEHTHUM CTAaTyCOM TEPUTOpPIA Ta OpraHi3MiB, SIKi B HUX
MEIIKAOTh.

HasBHicTh peakiliii pociauH, TBapUH Ta JIOAUHU Ta TeOXIMIYHI (paKTOpHU
Cepe/IOBHINA — EKCIIEPUMEHTaIbHO aoBencHui (akt [1-3]. Po3suBaroun imei
€BOJIIOLIIMHOI ajanTamii >KMBUX OpPraHi3MiB [0 YMOB JOBKUUISA, KEPYIOUHCH
3akoHOM JIi6ixa mpo oOMeXyBaJabHY J1F0 KOXKHOTO 13 OCHOBHMX OioreHis, B.B.
KoBanbceknii BCTaHOBUB J1ana3oH OINITUMAaJIbHUX KOHIICHTpAIlii
MIKpPOEJIEMEHTIB JUIsl CUIbChKOTOCTOMApCchkux TBapuH [2]. Ha ocHOBI 1ux
JOCIIIKEHb  O1OJIOTTYHUX  PEaKUii-BIAMOBIACH BIH 3alpoONOHYBAaB HOBI,
OiosoriyHO Bepu(iKOBaHI, KPUTEPli HAJIUIIKOBOCTI Ta AEPIUUTY XIMIUHHX
€JIEMEHTIB Y KYJIbTypaJdbHUX CEPEIOBUINAX, XapuyOBUX palliOHaX, IPYyHTaXx.
Oco0nMBe 3HAYEHHS B peakligX OpraHi3MiB HaOyBae OIU3BKICTH BMICTY
XIMIYHHUX €JIEMEHTIB y KOMIIOHEHTaxX JOBKULIS [0 HIKHIX a00 BEpXHIX
MOpPOroBUX KOHIeHTpanii (puc. 6.4).

Buenns mpo moporoBi KOHIIEHTpallli nependayae ICHYBaHHS HUXKHIX Ta
BEPXHIX MMOPOrOBUX KOHIIEHTpalldi B TE€OXIMIYHOMY OTOYEHHI, Y Xap4OBHUX
palioHax, piAMHax oOpraHiaMy, B opradax Ta TkanuHax. B BI'X
BUKOPHUCTOBYETHCS CKJIaJHA CHCTEMA, sIKa BU3HAYAETHCSA NAHUMU T€OXIMIYHOI
€KOJIOT1i: KOHILIEHTpAIlisl XIMIYHUX €JIEMEHTIB B CEPEJOBUIIII, 3 OJHIEI CTOPOHHU,
Ta TIOPOTOBI KOHIICHTpAIlii (HMKHS Ta BEPXHsl), 0 BU3HAYAIOTHCS aJIanTalliiiHo-
€KOJIOTIYHUMH BJIACTUBOCTSIMH OPTaHI3MY Ta, SIK HACIIJIOK, )KUBO1 PEYOBUHH, 3
THIIO].

SIK1110 KOHIIEHTpAIli B CEPEIOBUII OAHOTO, IBOX YU KUTBKOX CHPSIAKEHUX
XIMIYHUX €JIEMEHTIB, NOTPIOHMX A PEryJslii MpPOUEciB KUTTS, MEHIIa
HIKHBOTO TIOPOTY, TO MOPYLIYIOTHCS OOMIHHI MPOIECH, AKTUBHICTh (PEPMEHTIB,
MOTOJKEHICTh HUISIXIB OOMiHY, MoOpdoreHe3y, BUHUKAIOTh JIUCPYHKIT Ta
eHIeMI4Hi 3axBoproBaHHs (puc. 6.5).

Cxokl  TOpPYWIEHHS  SKUTTEASUIBHOCTI  CIOCTEPITaloThCsi  MpHU
HAJJIMIIKOBUX KOHIIEHTpALIsIX €JIEMEHTIB. Buille NoporoBux 3HAYEHb, WIO
TaKOX TMPHUBOAUTH 1O CHAEMIYHMX 3aXBOPIOBaHb. MK HIDKHIM Ta BEpPXHIM
MIOPOTOBUMH KOHIICHTpAIisIMK  (Iiarma3oH X—X; Ha puc. 6.4) BimMidaeTbes
HOpMaJibHa PEryJsiis TOMEOCTaTMYHUX CTaHiB, ['oMeocTa3 — 3JaTHICTH
OpraHiaMy a00 CHCTEeMH OpraHi3MiB WIATPUMYBAaTH CTIiHKy (IUHAMIYHY)
pIBHOBary 3a yMOB MIHJMBOCTI JOBKULISA. [1o Mipi HaOMM>KEHHS O HUXKHBOTO
9l BEPXHHOro MoporiB (touku 4 Tta 5, puc. 6.4) Bce OUIBIIC PUBHK 3PUBY
rOMEOCTATUYHOI PeryJIsIIIii.
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Puc. 6.4. IlpunuunoBa BI'X Momens TrOMEOCTaTMYHUX PETYIATOPHUX
NPOIECiB OpraHizMy 3alieXkHO Bij HexoctaTHboro (1), HopmambHOTO (2) Ta
HAJUTHIITKOBOTO (3) BMICTy MIKPOENEMEHTIB B KYJIBTYpaIbHOMY CEPEAOBUII, Y
XapyoBOMY palloOHI TBapuH a00 y BHYTPIIIHIX cepeaoBuiiax B ymoBax bI'X
npoBiHIii. Hai6inemr iMoBipHI: onTuManbHa (0) Ta (i3iodorivHo MiHIMaTbHA
(61) moTpedwm [1]
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Puc. 6.5. Cxema peakiiii opraHi3MiB, sSIKi BUKJIUKAIOTbCA PI3HAM BMICTOM

XIMIYHHX €JIEMEHTIB y cepenoBuiii [4]
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€ naHi, 0 MDK HUXKHIMU Ta BEPXHIMHU MOPOTOBHUMHU KOHIEHTPALISIMU
BMICT XIMIYHUX €JIEMEHTIB y IPyHTax Ta KOpMax, fIKl BIAMOBIAAIOTH HOPMI,
MOXYTh 3MIHIOBATHCS B KibKa pa3iB. Hampukian, aiamna3oH BMICTY Hoay y
IPYHTaXx MOXXE CKJIaJaTH A0 8-KpaTHOTO, B KOpMax po3Max MoOxke csrata 17
pasiB, BMiCT MOJIIO/ICHY B IpyHTaX — B 3 pasu, B kopMmax — 12 pasiB Tomio [3].
[Ipu 3MmiH1 B KUJIbKa pa3iB B KOpMax KOHIEHTpAlisl OKPEMHUX MIKPOEIEMEHTIB
OpraHi3M B 0araThbOX BHUIIaJIKaX MOXKE PEryJIIOBaTH MPOIECH OOMIHY PEUYOBUH,
MpOTEe HANPY>KEHHS PETYISATOPHUX MEXaHI3MIB B TAaKOMY BHUIAJKY IMOCTIMHO
3pOCTa€e Mo Mipi HAOIMKEHHS J10 MOPOrOBOr0 3HAYEHHS, KOJM € WMOBIPHICTH
3pUBY HOPMAJIbHOI (DYHKIIIT MpU MOAAIBIIOMY 3HUKEHH] YU M1IBUIIEHHI BMICTY
y KOpMax XIMIYHUX €JIEMEHTIB.

Tomy mnpu po3pobienni BI'X paitoHyBaHHA TOTpPIOHO 3HATH Taki
XapaKTePUCTUKU SKUBOI PEUYOBUHHU, SKI MOTPIOHO BH3HAYUTU UIUISIXOM
JOCIIJIKEHHST  (P1310JIOTTYHUX  (YHKIIA Opra”i3MmiB, SKi CKJIaJalOTh >KUBY
Matepiro.BuioBo ogHOpiAHA )KMBAa PEYOBHMHA HE y BCIX BUIAJKaX MpUIaTHA JJIS
Takoi METH, XO04a W HIIMPOKO BUKOPUCTOBYETHCA Cy4dacHOIO (Di310JIOTI€I0 Ta
oioximiero. [lomynsmis — cucTemMa TeTeporeHHa, L0 BKIIOYAE OPraHizMu 3
PI3HOI0 YYTIMBICTIO 0 OJHAKOBOI KOHIIEHTpalii yd (HOpM CHOIYK XIMIYHOTO
€JIEMEHTY B T€OXIMIYHOMY OTOYEHHI.

Mexi KOHIIEHTpaIii XIMIYHHX €JIEMEHTIB MDK HIKHIMH Ta BEPXHIMHU
MOpOoraMu y 30BHIIIHHOMY Ta BHYTPIIIHBOMY CEPEAOBUIIAX SBISIOTH COOOIO
EMHICMb 20ME0CMAMUYHUX PEeSYTAMOPHUX CUCTNEM.

diziosoriyHa MiHIMallbHa MOTpeda B MIKpPOEJIEMEHTaX Ta peajbHe iX
MOTJIMHAHHS Ta 3aCBOEHHS OPraHi3MOM, BEJIMYKWHA CEPEAHBOT ONTUMAIBHOT
noTpeOH, SKI BU3HAYAE €MHICTIO TOMEOCTATUYHUX PEryJISTOPHUX MPOIIECIB Ta
3IaTHOCTI JO JICTIOHYBAaHHS, YTBOPIOIOTh CKJIaAHY JWHAMIYHY CHUCTEMY
B3a€MOIIOB’ I3aHUX aaNTal[IiHO-EKOJIOTTYHUX BIACTUBOCTEU OPTraHi3My.

B npuponnux ymoBax BI'X mporecu, siki Ipu3BOAATH /10 SKICHUX 3MiH
JTOBKIJUIS, TPOTIKAIOTh TOBUIBHO, 1 TOMY JIIOJICBKMM OpraHi3M, 4acTo
MpOSIBIISIIOYM  BUOIPKOBY 3JaTHICTh JO MEBHUX XIMIYHHMX €JIEMEHTIB a0o
peuoBHH, BcTurae axantysatucs. [Ipore B Ham wac, konu bI'X cepenosuiie
3MIHIOETHCSL TEMIIAMH, SIKI paHIillleé HIKOJMU HE CIOCTEpIraiucs MPOTIroM
€BOJIIOLIIT KUBOTO, TOMY KHB1 OPTaHI3MH HE 3aBXKIAU MOXYThb HNPHUCTOCYBATHUCS
Ta pearye natoyioriyHuMu ctaHamu. bI'X perionu, cyOperionu ta mpoBiHIIii, sIKi
XapaKTEPU3YIOThCA NEPIIUTOM €CCEHIIaJIbHUX MIKPOEJIEMEHTIB, BUSBISIOTHCS
HaWOIbII  BPA3JMBUMHU [PU  AHTPONOIEHHOMY 3a0pyJHEHH1 BaKKUMHU
MeTaJlaMH.



~ 326 ~

CriBcTaBiieHHSI KapTorpaM BMICTY MIKPOEJIEMEHTIB y IpyHTaxX 3 JaHUMU
PO3MOBCIOJKEHHS MIKPOEJIEMEHTO31B  HE 3aBXIU XapaKTepu3ye CTEMiHb
Oylaronoyiyydst TOro 4YM I1HIIOTO paiioHy. B OUIBIIOCTI BUMAJKIB Taki
HECIIBIAJaHHS MOSICHIOIOTHCSI AHTArOHICTUYHUMU YU CUHEPT1YHUMH €(EeKTaMH.
Tak, Hampukiaa, BMICT BAJIOBOTO HOMy y IpyHTax paiioHy 3akam’s (P®) mpwu
MOPIBHSHHI 3 TPOSIBAMHU CHJIEMIYHOTO 300y 3acBiguye [5], mo ¢izionoriuna mis
HoaHoro aAedIiUUTY MPOSBISETHCS HE 1307b0BaHO, a (POHI HAUIMIIKY abo
nedimury Makpo- ado mikpoenementiB (Ca, Mn, Co Ta iH.), [0 BIUTUBAIOTH Ha
MeTalodI3M HoAy y HIMTOBUJIHIN 3a51031 Ta cUHTE3 il rOpMOHIB. OJHAK y BCiX
BUMAJKax crocTepiraerbcsi kopensnis Mmix BI'X ocoGnauBoctamu Teputopii Ta
TSKKOCT1 €HAEMII.

[IposiB XBOpOOJIUBUX CTaHIB TBAPUH Ta JIOJAUHU MOXYTh CIIOCTEpIraTucs 1
B TaKUX YMOBaxX CEpEJOBHUINA, KOJU y OUIBIIOCTI POCIWH HEMa€ MPOSBIB
aHOMAJBHOTO  MIHEPAJIBHOIO  JKHUBJICHHSA.  SIBUIIAa  KOHKYpEHTHOI  Ta
HEKOHKYPEHTHOT B3a€MOJIi JekaThb B OCHOBI AHTAaroHIi3My Ta CHHEPri3My
€JIEMEHTIB, 1[0 MOTPIOHO BPAaXOBYBATH IMPU CTBOPEHHI ONTHUMAIbHUX CHCTEM
KMBJICHHS POCJIMH Ta JIUIS TIOJI0JIAHHS BIUIMBY Pi3HUX TOKCUKAHTIB (puc. 6.6).

Bigomo, 1110 MposiB TOKCHYHOCT1 BOXKKUX METAIIB 3aJI€KUTh HE TIJILKH BIJ
KOHIIEHTpAIlli MIKpOEJIEeMEHTa, a W BiI 3a0€3MeYeHOCTI BCiMa eJIeMEHTaMH
*)wuBJIeHHS (puc. 6.6). OMHAK y BUTIAAKY BIJICYTHOCTI y CEpEAOBHIII OAHOTO a0
€JIEMEHTIB KUBJICHHS TOKCHUYHICTh €JIEMEHTY, MPUCYTHbBOIO Yy HAAJIUIIKY,
MPOSIBIISIETBCST BXKE TMPU 3HAYHO MEHIIIUX HOro KOHIeHTparisx. IligBuineHuit
(OH ecCeHIlAIbHUX €JIEMEHTIB MiJABUIIY€E CTIMKICTh OpPraHi3MiB /10 TOKCUYHOI
aii Cd, Ni, Cr, B KOHIIEHTpaIlifX, SKi 33 IHIIMX YMOB BUKJIMKAIOTh MATOJOTIYHI
3MiHu [6].

IIpuknag — TOKCHMYHICTh BaXXKHX METallB Y BOJHOMY CEpPEJAOBHIII IS
pub, sfKa JIEMOHCTPYE AHTArOHICTHUYHY B3a€EMOJII0 13 CHOJyKaMHU Kajblil0 Ta
MarHiro, sIKi BU3HA4a0Th TBepAicTh Bojau [7]. ¥V mocmimxkenHi [[. Amabactepa [8]
HaBEJCHO TaKi CKCIEPUMEHTAIbHI AaHi Mmoo TokcudHocTi cynbdati mimi(ll)
st openti painykHoi: nmpu excro3uirii 96 rox. neranpHa kKoHIeHTpalis (CKsp)
HoHYy cu? y M’sakii Bomi ckmamama 0,02-0,1 wmr/m; y tBepmii — 0,5-1,0.
OueBuaHO, 1€ € TPOSB aHTAroHi3My /il BKa3zaHuX Buie HoHiB. L1 mani
MOTO/KYETHCS 13 TeHASHITIAMH, 1110 Ca mposBisie 0THOCTOPOHHIN aHTaroHi3M 10
BiHOMIEHHO A0 CU.
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Cumeprism MiHEpaABHHX AHTaroHisM MiHe paABHHX
CACMCHTID €A€EMEHTIB:

————— OMHOCTOPOHHIH
+ B3acMHHHI

Puc. 6.6. OcHOBHI TeHACHII CHHEpPriYHOI Ta AHTArOHICTHYHOI Mii
CJIIEMEHTIB JKMBJICHHS [6]

Lle#t daxT Bi1OOpa’k€eHO HABITh Y HOPMYBaHHI BMICTY Ba)KKHX METAIIB
3aJICKHO BiJ] MOKa3HUKA 3arajibHoI TBepaocTi Boau [9, 10].

JIns  IHIIUX  BUMAJAKIB MOXIMBI  cHUHEpriuHi edektu. Tak, B
exkcriepuMeHTax 13 koHneHtpamiero ¢enony CegHsOH 50 mr/m ma kapacsax
MOKa3aHO, 10 CEpeAHs TPUBAIICTh KUTTS y Takiil BOJI MPSIMO MPOMOPIIHHO
3ajie’kalia Bl TBEPAOCTI BOAM, MNPUUOMY Yy TBEPAI BOHA B CEPEIHBOMY
cknanana 6,8 rom., Tomi sk y M sKiit — 52,2 rox., ToOTO BiapizHsUTacsS Maiixke B 7
pasiB (puc. 6.7), mpuyOMY ISl PI3HHIIA — CTATHCTUYHO JOCTOBIpHA.

1

5 100

g 80 2‘.-'" ?uc. 6.7:
3 o T JlnHamika 3arubeni
b B 60 o o e . .
M . KapaciB y  pO34HHI
E = 40 / ; : :Ez“a:'::aa genony 50 mr/m [11],
» 8 20F/ P - IPUTOTOBAHOTO Ha

o 0 : L L 1 M’ skii (1) Ta TBepiit (2

2 BO/I1
TpueaaicTs A1l heHOAY, 'O,
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HaABCIACHO

y3arajabHEH1

JIa”l1

PO3MOBCIOJKECHUX PI3HOBHIIB CHASMIYHHX XBOpoO [12].

Ta6auus 6.1. 38’530k MK MPUPOJHUMHU TEOXIMIYHUMHU aHOMAJISIMHA Ta

moao

PO3MOBCIOJKEHICTIO CHIEMIYHIX 3aXBOPIOBAHb JIIOJMHU Ta TBApHH [12]

TepuTopii, me
0o < BHSIBAC€HO Kaacu-
XiMmiuHHH . e .. CuMnTomu . -
Cxaanosi reoximiuni . dixaminna
€A€MEHT, . €HAEeMIiYHHX
Oiochepnu aHOMAaAil Ha3Ba
CIIOAYKAa . P 3aXBOpPIOBaHb
(0ioreoximiuni XBOpOOH
30HH)
Tepumopii i3 ¢ionochum dediyumom enemenmy ¢ cKiadosux diocghepu
Se [pyHTH, Hoga Benanpist, | Y BPX — | TimoceneHnos,
POCJIMHH, CKaHIHAaBIA, armiMeHTapHa «OioM’s130Ba
XapuoBi CIIA, Typeuunna, | M’s30Ba gucTpodis; | XBOpoOa» -
npoxyktd, | Ecrowis, Bypsrist | muctpodis miokapay | TBaPUH,
nutHa Boja | (P®D), mesiki paiioHu | y miuTiTKiB y koMOiHali B
Kuraro BIpycoMm Kokcaki
- XBOpoOa
Kemiana;
CHJIEMIYHUI
KpETUHI3M
MO€THAHHI
nedirrom )
I [TutnHa Bona, | I'ipcbki  Teputopii | Aucdynkiii Ennemiunuii 300
rpyntoBuii | CILIA, Inpaii, | WUTOBKUAHOI 3271031,
IIOKPHUB, ABcTpii, aHOMaJIbHE
XapuoBi [Beiinapii, 30UIbIIEHH 11y
IIPOIYKTH VYkpainu po3mipax
Ca 3a ymosu | IlutHa Boxa, | [Ipuanrap’s, JlerenepaTuBHi
HAOIUWKY rpyHroBuii | [Ipubaiikams, nedopmartii
Sr MOKPHUB, IpkyTcbka o006sacTh | cyrio6iB (0coOIUBO
Xap4oBi (P®), [IliBHIYHMIA | IJICYOBOTO MOSCY Ta
IIPOJIYKTH Kuraii, IliBHi4Ha | Ta3y), OOMEXEHHS 1X
Kopes OMOCTI,
p p y; K XBopoba
edopmartis Ta
Ac@opMatt Kamuna-beka
BKOPOYEHHS (pajaHr
. («ypoBchbKa»),
naJbIiB pyK D
CTPOHLIIEBHI
(«menBesxa ama») )
" - - paxir
Ca 3a ymosu | Ipynrosuii | IlIBemis 30UTbIICHHS
HAOTUWKY MMOKPUB, KOHIIEHTpaIii Sr
Ba ma Sr IIMTHA BOJA, pu 3HWKEHHI
POCIHMHHI BMicTy Ca y KicTKax
MPOAYKTH TBapuH

Xap4yyBaHHs

HAWO UTBIIT




~ 329 ~

Co IpyntoBuit | Ilpubanruka, P® | Tuchyukiis Axo00an1bT03
IOKPUB, (SIpocnaBchka 00JI.) | HIMTOBUIHOT 3aJI03H.
POCIHHHI I'imo- 1 asiramiHO3
KOpMH Bio, aHeMis,
aKoOanbTO3H,
«cyxotka» BPX
Cu [pyHTH, €Bporneiicbka [Ipodyzna  miapes, | «JIuzyxa» y
pociIuHA JacTHHA PO, | anemisi, cacTU4HHUI | TBapUH,
(TpaBa 3axigauit  CuOip, | mapaniy, €H300THYHA
[IACOBHIII) JlatBis, IliBHiyHa | 3HEOAPBICHHS arakcis
EcToHis, mMiBHIYHO- | BOBHU Y TBapUH
CXi/IH1 perionu
VYkpainu
F [TutHa Boma | 3axin P®, | ITopymenns Kapiec
Kuprusis, CTpYKTypu  3yOHOT
TypkmenicTas, eMaii
[TliBnenna Adpuka,
T s, CLIA,
VY36ekncran
Mn Ipynry, Yysamrist (PD) 3arpuMka pocty 1 | ['imomanranos
pOCIuHU nedopmartist
CKEJIeTY TBapHH,
IHKOJIM — aHeMid,
TiI0X0JIECTEPUHEMIS
Cr IpynTn [TiBHiu Yenbcy 301IbLICHHS I'imoxpomMoTo3
CMEPTHOCTI Bijl paKy
HUTYHKY
Zn [pyHTH, €runer, Ipan Cungpom Cungpom
POCIHHHI KapJIMKOBOCTI. IIpacana-Koyna
Xap4oBi riOroOHAN3MY, (TIOIMHKO3)
IIPOJYKTH IyKPOBHIA Tiabet
Tepumopii i3 6i0HOCHUM HAOIUUIKOM elleMeHmY 8 CKadosux diocghepu
Se [pyHTH, Paiionn  Twubery, | 3anamoBanbHi I'imepcenenos
pOCINHU mrar [TiBgeHHa | mpouecu cyrioOiB, | amkanos3
(TpaBa Jakora (CIIIA) BTpaTa BOJOCSHOTO
MIACOBHIIY) MIOKPUBY
F [TutHa Bona, | Micus  3ansranss | [lopymenus ®r00po3,
IPYHTH, ¢dTopanarury, CTPYKTypu  3yOHOT | €K30CTO3HU
pOCINHU ¢dmoopury — | emani  (KOpHYHEBI | apTPUTH
VYkpaina IUISIMU),  3aTPUMKa | HeCTIeIH(IYHOTO
(ITonTaBchKa, pocty, naedopmarlis | MTOXOIKEHHS
YepHiriBcbka 00J1.), | HIDKHIX  KIHI[IBOK,
MonnoBa, Ectonis, | 3aTpumka
Tamxukucras, BHYTPIIHBOYTPOOH

[MinmockoB’st (PD)

OT0 PO3BUTKY IUIOY
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Si Bona, Yysaris (P®), | [TligBumena Kpemniea
IPYHTH, npuIyHaNChKi 3aXBOPIOBAHICTb eHJIeMIuHa
pOCINHU paiionn bonrapii Ta | ceqokam’sTHOIO Hedponaris  Ta

KOJIMIIHBOT XBOPO0O}I0, ceyoKaMm siHa
FOrocnagii PO3CiIHUM XBOpoOa, dYacrto
CKJIEPO30M, pax CEYOBHX
XPOHIYHUM [UIAXIB
XOJIELIUCTUTOM 1
racTpUTOM, PaKoM
IUTYHKY Ta CEYOBHX
LUIAXIB,
CHJEMIYHUM 3000M
Ta IyKPOBUM
niabeTom

B Bona, Apano-Kacmiiicekka | EHgemiuni bopnuii
IPYHTH, HU3WHA (P®), | enteputu,  miapes, | (CHACMIYHHIA
pOCIINHY, apabchKi KpaiHu 3HMKEHHS Macu | CHTEpUT)
IIPOIYKTH TiNa. 3aranbHa
Xap4yBaHHS CIIaOKiCTh

Mo Bona, Vkpaina — [lomices, | Jiapes y Benukoi | [lacoBumniamii
IPYHTH, Bipmenis, TaiiBanp | poraroi Xyznobu, | Moib1eHo3,
POCIMHHI JeIirMeHTaris MOJII0IEHOBA
(macoBua) BOJIOCSIHOTO nojarpa

MIOKPUBY.
Binknagennst yparis
HaTpil0 B cyriolax,
0COOJIMBO  BEJIMKHX
MAIbBIIB HIl Ta PYK

Cu [pyHTH, Vpan, Anrait (PD), | Auemii Cinepkympo3

pOCINHU CXi/IH1 PETiOHHU | TIICOXPOMHOTO
VYkpaiHu, TUIY, BIICTaBaHHA Y
VY30ekucran Maci Tina, 3aTpUMKa
PO3BHUTKY
Fe Pymnitina | B micusx | bponzose I'emocunepos

noOyBaHHS 3aTi3HOT
pyau (y maxrapis)

3a0apBJIeHHS LIKIPH,
racTPOCHTEPUT,

HAUITAIIKOBUI BMICT
BUIBHOTO 3aiiza y
KpOBI, BiIKIIaJCHHS
3aimiza B OpraHax,
30KpeMa, y JIeTeHsX,
OYHOMY SIONTYKY

reMO-XpomMaro3
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NOs [MutHa Boma | Skyris (monmuna | L{iano3, cnadkicts, | Bomo HiTpaTHa
piuku Binmoit), | 3aaumika, METTeMO-
nycteni CepenHpoil | Taxikapiis, BTpaTa | rIoOiHaHeMis
Aszii CB1IOMOCTI

As [Tutna Boma | OctpiB  TaiiBansp, | ['inepnirmMenTanis XBopoba
paiionu HIKIpU HIM» | «4OPHHUX CTOI»
banrnanem, Iwaii, | npuBOAUTH hi o)

Yumi YTBOPEHHS PAaKOBUX

XBOPOO

Anmponozenno 3a0pyoneni mepumopii iz HAOAUWKOM eJleMeHmy YU CHOJIYKU 6
cKknaodosux diocghepu

F [lutHa Bona, | Apeanu [Topywenns Dar00p0o3
IPYHTH, PO3CitOBaHHS CTpYKTypu  3yOHOT
POCIMHI bTopy HaABKOJIO | eMani  (KOpUYHEBI
AIIFOMIHIEBUX IUISIMH),  3aTPUMKa
BHPOOHUIITB TOLIO | pocTy, aAedopmalris
HIDKHIX  KIHI(BOK,
3aTpUMKa
BHYTPILIHBO-
yTpOOGHOTO
PO3BUTKY IIOY
Pb [lutna Bona, | Apeanu «CBuHileBa kaiima» | CBUHIIEBA
IPYHTH, PO3CitOBaHHS Ha siCHaX eHuedano-naris
pOCINHU CBUHLIO  HAaBKOJIO Ta Heppomarist
CBHHIIEBO-
TUIaBUIIBHUX
BUPOOHMIITB TOIIIO
Cd Boau piuku | [Ipedexrypa Tosma | Hecrepnai Goni  y | XBopoGa  Itaii-
J3iH134, (Amowis) cyrnobax Ta xpeOTi, | irai
Xap4oBi OCTEOMAJIALIIA,
MPOAYKTH HUPKOBA
(puc, sKui HEOCTATHICTH
3poLTyBaIIN
PIUKOBOIO
BOJIOIO,
puba)
Mo Bona, Bipmeniss  (I'opno- | [lopymieHHs Momni6aeHoBa
IPYHTH, AKBaHCBHKHUI IIyPHUHOBOTO nojarpa
POCIHHU paiion), CepOist oOMiHY,
(macoBua) MiIBULIICHHS BMICTY

CE4OBOI KHUCIOTH Y
KpOBI, BiJIKIIaJCHHS




~332 ~

KpHCTalIiB  yparTiB
HaTpilo0 y cyriodax
BEIIUKHAX MaJIbLIB
PYK Ta HIir
Co Bona, JlokanbHi  opeosn | «IIuBHa» KobanbToBa
IPYHTH, HAaBKOJIO KapJioMmionaris - | MioKapaionaris
pOCINHU HIAPHEMCTB mudy3Huit  ¢$idbpo3
(macoBuINa) | KOJIBOPOBOI TOIIIO
MeTanyprii
CHszHg+ - | Mope- SnoHis, MICTO | YpakeHHs XBopoba
KaTioH MPOYKTH Miunamara, LEHTPaIbHOT Minamara
METHII npedekrypa HEPBOBOI CHCTEMH,
pryri(ll) Kymamoto BHCOKa JICTAJIbHICTh
[Monixnop- | IlpoaykTu [poBinmiss ~ FOmo | IkipHi nposiBu | XBopoba IOmo
Oipeninu Ta | xapuyBanus | (SImowiss, 1968 p.); | (xiopakHe), Baxki | («macisHa
TIOKCUHU npoBiHiis FO-YeHr | ypakeHHS TEYiHKH, | XBOp0Oa»)
(ITismenna  Kopes, | BHyTpilIHIX
1979 p.) OprasiB,  HEpBOBOI
CHCTEMHU
NOs [TutHa Boma, | ArpapHi paitonn | Iliano3, cmaOkicth, | Bomgo-HiTpaTtHa
OBOUI, BCIX KpaiH CBITY, Ji¢ | 3a/IM1IIKa, METTeMOoTJI001H-
bpykTH 3aCTOCOBYIOTBCS Taxikapjig, BTpara | aHemis
MacoBaHI KUIBKOCTI | CBITOMOCTI;
a30THUX  J0OpUB, | CHHIPOM «blue
BIJICYyTHSA baby»; JIETAJIbHI
KaHawi3aIis BUNAJKU cepen
HEMOBJIST

1. BI'X npoBiHunii 3 HAATUMIIKOM cesieHy. CUMIITOMaTUKa €HAEMIYHUX

3aXBOpIOBaHb Oyyia Bijoma JIOACTBY 3 JAaBHIX d4aciB. [lepmmm mnucbMOBO

3a()IKCOBAHUM OMUCOM OyJu 3alUCH CEPEHbOBIYHOTO KYMIIs-MaH]IpIBHUKA

Mapxo Ilomo. Ilig wac momgopoxi y Kutait B 1275 p. iioro ekcrnenuirisi 1ocsria

kuTaiicbkoi mpoBiHiii KyOnait Kxan. Uepe3 aeskuil yac koHi, BUBE3€HI IM 3

€Bpornu, 3aruHyind. Y JKypHajl MaHJpIBHUKA OIMUCAHO, IO B’IOYHI TBApUHU

CTpaXXIaJid BIJl ypaXK€Hb HIT Ta KOMUT MPH MOiJJaHH1 AESKUX TpaB, SIK1 POCIH Ha

kopaoHi Typkecrany ta Ti0ery. Sk 3’scyBanocs 4yepe3 KiibKa CTOJITh, 1€ 0YyJI0

3YMOBJICHO BUCOKHUM BMICTOM Y IPYHTaX JaHO1 MPOBIHIII CIOJYK CEJEHY, L0

BUKJIMKAIOTh XPOHIUYHY IHTOKCHKAI[IIO Ta 3aru0esib TBapuH, HE aJanTOBAHUX IO

TaKOI JIOKAJIbHOI T€0XIMIYHOI aHOMAJTI]T.
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B 1860 p. BilicekoBuit xipypr T. Menicon ommcaB XapaKTepHE
3aXBOPIOBAHHS KOHEH, sIKi maciucs B neskux ctenax [liBmennoi Jakoti (CLLA).
XBopoOa mounHanacs mpuoam3Ho yepe3 10 qHIB MICHsI MOYATKy BHITACY TBapHUH
Ta TpUOUHsAJAcS Npu 3aMiHl Qypaxy. KpiM 3amanbHuUX MOpOIECIB y HOrax,
croctepiranacst BTpaTta TpuBH Ta xBocTa. B 1931 p. onmucaHo HOBiI CHMITTOMH,
MOB’s13aH1 13 OTPYEHHSIM CEJIECHOM BEJIHMKOi poratoi XyaoOu, CBUHEH Ta
JOMAILIHBOI NTHULI, K1 peecTpyBanacs Ha AesSKUX nacoBuilax Benukux PiBHHH
MIBHIYHOTO 3aX0Jly — «aJKajo03», «ciina KyiabraBicte». CeneH OyB IPUCYTHIA y
MAaCOBUIIIHUX POCIHMHAX, OCOOJMBO JESKWX BHUJIB acTparaiiB, Ta y 3€pHi,
BHPOIIICHOMY Ha TaKuX IpyHTax [3].

2. BI'X npoBinmii 3 HajuTHmIKOM cejieHy. CIOCTEpIraeThCs MEePEeBaKHO
y HEYOPHO3EeMHIH 30HiI, B Tomy uucii €ponu. [dediut S€ dacTto Kopemtoe 3
nedpiuutom |. HailOimbm 4iTKO NpOSBISETHCA Y MOJIOAHSIKA — B TEJSAT, SATHAT Y
BUIVISIII  TaK 3BaHOI «OUIOM’S30BOi  XBOpPOOW», IO CYHNPOBOKYETHCA
MOPYIICHHSIM CEpIIEBOI MISUIbHOCTI, JedopMalli€ero CKENeTHOI MYCKYJaTypH,
MOpP(HOJIOTTUHUX 3MIH BHYTPIIIHIX opraHiB [12].

V¥ komOinamii 13 Bipycom Kokcaki aeiuuT celleHy BUKIMKA€E TaK 3BaHy
xBopoOy Kemana — cenenonedinuTHy eHaeMiuHy Kapjiomionatiio. Bmepiie
3apeectpoBano B 1935 p. y okpysi Keman npoBiniii XeiTyHa3sH Ha MIBHOYI
Kuraro. 3axBoproBaHHS XapaKTepU3yBajoCs TSHKKUM YpaKEHHSM ceplust 3
KapJIOMETrajl€l0 Ta PO3BUTKOM CEpPLEBOI HEAOCTATHOCTI, 3 BHUCOKOIO
aetanpHICTIO (0 7 %). 3B's130K 13 AedinuTOoM celeHy BcTaHoBiIeHO B 1973 p. B
koiumraboMy CPCP sik enemiuHe 3aXBOprOBaHHs Briepiie onrcado B 1987 p. y
YuTtuHCchKil 06nacti PO.

Jlns mikyBaHHSI BUKOPUCTOBYIOTH CEJIEHOBMICHI mpenapatu. HaitHuxua
OiomocTymHICTh — y ceneHary Hatpito Na,SeO,, HaiiBuIIa — CETEHOaMIHOKUCIIOT
(cenmeHMETIOHIHY, CeJCHIIMCTEiHY, J€ aTroM Cipku S 3amimieHo Ha Se). €
NpUKIAaM Tepamii CeleHoAePIUUTy NpU BXKHUBAaHHI 30aradyeHUX CEJIICHOM
apixmkis [13].

3. BI'X mnpoBinuii 3 gedinurom iiony. Uon — PO3CISIHHI €JIEMEHT,
HAJXOJIUTh JI0 OpPraHi3My JIIOJEHd Ta TBAPUH IMEPEBAXKHO 3 POCIUHHOIO 1KEIO.
JledimuT 1Oro eJIEMEHTY CIIOCTEpIraeThcs y 0araThoX perioHax cBity (puc.

6.8).
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.~ [} [loumipans nediunt (koEmEeHTpania [ v ceui 20-49 Mkr/ )
B Aerxuit nedinut (50-99 Mxr/A)
|:I AnexBartHe crioxuBanag (100-299 Mur/4)
B Hanuipae cnoxmBanHs (Gissmre 300 MEr/4)
CyOHALIOHAARHHH pPiBEHE
[ | mani sincyTHi
Puc. 6.8. HamionansHuii ctatyc 3abe3nedenocTi iogom | cranom na 2013

p. [19]

VY kucinomy cepenoBuili | Mae BUllly MirpaiiiHy akTUBHICTh TOPIBHSHO 13
Ty>)KHUM. Y TpyHTaX, 30araueHux Fe**, Mn™ ta iHmmMmu oxucHEKaMu,
B1JI0YBA€THCS BTPATY HOAY y NMPOIIECI BUBITPIOBAHHS Ta IPYHTOYTBOPEHHS.

HakonuuenHto oay B IpyHTax crpuse OMU3BbKICTh 10 OKEaHIB Ta MOPIB,
CYyXUH JKapKMil KJIIMAaT, aKyMmyJislis OpraHiYHUX PEYOBHH Ta MYJY, BHUCOKHIA
BMICT OpPOMIIB Ta XJIOPHIIB, TOHKOI Ta KOJOigHOI (pakiliii, HEHTpaIbHE Ta
ayxHe cepenoBuine (PH>7) [16]. Husbkuii BMicT #HOay CHOCTEpIira€Tbcs y
o0nacTsaX, BIAAJIECHUX Bl MOpPs, 13 3HAYHOK KUIBKICTIO ONAIB, Y O0IacTsIX
HEJIJABHBOTO 3JICJICHIHHS, T1IPChKIM MICIIEBOCTI.

3HayHa yacThHa | HAAXOAUTH B IPYHTOBUI MOKPHUB 13 aTMOCHEpHUMU
omajamu, KyJd, B CBOIO Uepry, BIH HaJIXOJUTh 13 okeaHy. Tak, B 1 M MOBITPS
HaJ| okeaHOM MIicTUThCS 0 1 mr |. 3a pik Ha 1 ra rpyHTy HagxoauTs Bix 9 g0 50
r 1. 3a O.Il. BunorpagoBumM, ycepeaHEHUN BMICT LLOTO E€JIEMEHTY CKJajae
(Mr/KT):

Ipynru Tysapu, Topd’sauku — 0,20-4,22;
ITig3omnucti — 0,56-4,40;
Cipi micosi — 0,30-6,73;
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- YopuHoszemu ctenosi Ta kamradosi — 2,0-9,8;

- Cipozemu — 1,3-3,8;

- YepBonozemu cyoTpomikis — 6,4-12,0.

OTxe, MIA30JUCTI Ta Cipi JIICOBI IPYHTH HaliMeHIN 3a0e3leueHi HooM,
Olbllle HOro y YopHO3eMax Ta cipo3emax. Po3noaiiserscst BIH MO IPYHTOBOMY
npoQLUII0 HEPIBHOMIPHO: BEpXHIA I'yMyCOBUH Iap 30araueHui, a MaTepUHCHhKa
nopoaa — 30imHeHa. [lopoau, mo MaroTh MOPCHKE OCAJOBE MOXO/KCHHS, €
BUHSTKOM, BOHU 3a3BUYall MICTATh BUCOKI KOHIIEHTpalii | y cCuily mOXOKEHHS.
Cryniab yTpuMmaHHA | TpyHTOM 3alieKUTh Bii MOr0 MEXaHIYHOTO CKIIaly:
[JIMHUCTI Ta CYMVIMHKA COpPOYIOTh MOro Oiiblle MOPIBHAHO 13 MIIAHUMU Ta
cymickamu. OpraHiyHa pEYOBHMHA TIPYHTY TaKOX YTPUMYE HOJ: UMM BHUIIUN
BMICT TYMYyCY, TUM OUIbIIIE HOMY.

3a nanumu B.B. KoBanmbchkoro [16], 1epHOBO-TIA30IUCTI IPYHTH MICTSTh
Bim 0,01 no 7,5 mr | Ha 1 xr rpynty. ¥ HewopHosemHiil 30HI 80 % rpyHTIB
MICTWIU Hony MeHIe 1 Mr/Kr, a 3ycTpidaroThes U Taki, e oro e Ha mopsioK
MmeHIe. B gopHozemax ioxy B 5-50 pasiB Oinbine, HiK y HEYOPHO3EMHINA 30HI.
[Mogexkyau TOpd’STHUCTI TPYHTH MICTSITh JOCUTh Oarato Hoay, MNpoOTe BiH
KOBAJIEHTHO 3B’S3aHUM 13 OPraHIYHOI PEYOBHHOK 1 XapaKTEePHU3YEThCSA
HU3BKOIO OlomocTynHicTio. Tak, Hanpukiaza, y JIaTBii IpyHTH MICTSITh:

- IEPHOBO-TIA30IUCTI, IITUHUCTI Ta cyrauHucTi - 0,23+1,86 mr I/kr;

- mimai ta cymimani — 0,23+0,98 mr 1/kr;

- nepHoBO-kapOonatHi - 0,38+3,47 mr I/kr;

- Hu3oBUHHI TOpG stHuku — 0,85+7,83 mr I/kr;

- BepxoBi Top¢’sitaukn - 0,25+2,54 mr I/kr [16].

Huspkuil BMICT WOy B MUTHIN BOJII — TAKOXK OAHA 13 MPUYUH €HIEMIYHUX
3aXBOPIOBaHb. ICHye mpsiMUM 3B'I30K MIK BMICTOM WOQYy B IPYHTI Ta Yy
OpupoJHii Boxi. Y perioHax, Ae rpyHTH 30inHeH1 Ha |, mMoBepxHEB1 BOIH
mictsite 109107 % mporo €JeMEHTY. Y IPYHTI HOJ 3yCTPIHYAETHCS y PIZHUX
dopmax. 3HayHa iHoro vactuHa (Bixm 5 mo 50 %) Moke MirpyBaTd y BOJHI
pPO3YMHU Ta pyXaTHCs IO TOPU3OHTY Pa3oM 13 TIPYHTOBOIO BOJIOTOIO.
BuyroyBansst HouHoi dopmu | Ta xommiexcuux ionis [AlFg]®; [FeFs]*
B1IOYBa€ThCSl MEPEBAXKHO 13 JIETKUX IPYHTIB. SKimo X MWOI BXOAUTH MO
KPUCTAJIIYHOI PELIITKH aTOMOCHIIIKATIB, MEPEXOJUTh y PO3UUH JIMIIE MICIs
JeCTPYKIIIi MIHEpaiB.

Ennemiune 3axBoproBanHs B bI'X npoBiHIiAX 13 negiuutoM ioay Bigome
13 naBHix 4aciB. lle — enpemiunuii 300, MOP(HOIOTTYHUMHU O3HAKAMHU SKOTO €
30UIBIIIEHHS] Y PO3Mipax HIMTOBUIHOI 3aJ103H, SKE JIarHOCTYETHCS Bi3yallbHO.
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Haiiuacrime takoro (GopMoro 300y CTpakaaiu MEIIKaHIl FPChKUX paiioHIB, /e
I'PYHTH Ta BOJA Jy’Ke 3011HEH1 Ha MO/,

B yacu cepenHbOBIUYS HEJOYMKYBAaTHX JITEH 13 aHOMAIISIMH PO3BUTKY
4acTo MIJKUAAIM y MOHACTHpi, Je BiBCS iX 0O0dik Ta Oyja BCTaHOBJIEHA
3aKOHOMIPHICTh — KUIBKICTh TaKUX JITEH 3POCTA€E 13 BUCOTOIO HAJl pIBHEM MOPS.
Kpim Toro, 3 BucOTOIO 30UIbIIIyBajiacs KIIbKICTh aHOMAJli, XapaKTepHUX MJIs
KPETUHIB — TOBCTA LU, KAPJIUKOBICTb, A3UK, IKUI HE OMILYETHCS Y POTI.

B anbniiicekux cemax AsBctpii, @pannii, Himeuuunu, [lIBeiimapii Taki
BIIXUJICHHSI CTIOCTEPITAIUCh y B OUTBIIOCTI HaceleHHs. ['eorpadiunuii XxapakTep
PO3MOBCIO/KEHHSI HEIH(EKIIMHOTO 3aXBOPIOBAaHHA OTPUMAaB J1arHOCTHUYHMIA

TEPMIH — aJIbIIAChKHUIA KpeTUuHI3M (puc. 6.9).

A etinne 5 7 Z,
éﬁﬂ 2 aus c/fé;m;;m%/. y

Puc. 6.9. O3Haku eHaeMiuHOro 300y (BUIUICHI OBaJlaMu) Ha 300paKCHHI
xkeOpakiB y IlIBefinapii (37iBa) Ta y TpaguIliiHUX ANBIIIACHKUX JEPeB’STHUX
nasutbkax XIX cr. (crpasa)

HaiiBaxua cuTyanis onucana y mBednapcbkoMy kantoni Bamme — 90 %
MEIIKAHI[IB MaJi0 CUMIITOMH 30UIbIIEHOTO 300y, PEKPYTH HaBITh HE 3aXOJIUIIUA Y
Jesikl cena Juisi HaOopy coigaT A0 apmii, 00 TaM KWJIM BUKIIOYHO KPETHUHH.
[lpuynnu Oynu HEBIAOMI, BHUCIOBIIOBAJIUCS TINOTE3W MPO TOTaHy BOAY,
MOBITPSI, K€ 3aCTOIEThCA y AoiauHax Towmo. [Ipore me B XVI cr. Bunaakoso
OyJ0 BHSBIEHO, IO IPH 3aXBOPIOBaHHI JONOMAra€ IMOPOUIOK 13 CHAJIEHHUX
MOPCBKUX TYOOK, ajne BiH OyB Hanro goporum. B XIX c. Bmepiie BUCIOBIECHO
OPUMYIIEHHS, M0 TPHYMHOI MOoxe Oytu npedimur #omy. B 1910 p.
aBcTpiricbkuit neuxiatp HO. Barwep-Xayperr (mim. J. W.R. von Jauregg) moBiB
HAyKOBO, 1110 MPUYKUHA aTbIINCHKOr0 KPETUHI3MY — JA€(PIIUT Oy B XapuOBOMY
pamiony, a B 1922 p. anpmiiicbki cofieBapHI BUIYCTWIM Yy MPOJaXX HOJOBaHY
CLIb.

3a manmmu BOO3, 3apa3 monan 15 miupa. 3eMIIssH TMPOXKHBAIOTH Ha
TEPUTOPIAX, e TpyHTH 30imHeHI Ha Hox. Ha engemiuamii 300 cTpaxkmaroTh 655
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MJIH. JroAed, B 43 MIH. MaloTh THOpYLIEHHS (YHKIII MO3KYy Ta PO3YMOBY
BIICTAJIICT,  BHACHIIOK HomHoro gediuuty. KpeTuH3M gK  HacHIioK
J1arHOCTOBAHO Yy MOHAJ 5 MJIH. JIIOCH.

B CIJA cmyra TepuToOpiii, sIKi IpUWIATatoTh 3 MiBAHA 10 Bennkux o3ep, Ta
TATHYTBCS 710 3aX01y 10 y30epexxs Tuxoro okeany B3nosx kopaony CIIIA Tta
Kanagu, BHacnmiiok pO3MNOBCIOKEHHS HomonaedinuTy Ta EeHAEMIYHOIO
3aXBOPIOBAHHS Ha 300 ojiepraJia Ha3By «300HOT0 mosicy» (puc. 6.10).

1
] 2

Puc. 6.10. «300Huii mosic» B CIIIA: 1 — tepuropii, A¢ BUSIBICHO ASPIIIAT
Homy B IUTHIN BOJI; 2 — TEPUTOPIi, e YACTOTA 3aXBOPIOBAHHS HAa 300 CTAHOBUTH
5 1 Oumpme BumankiB Ha 1000 nacenmenns; 3 — MopdoOJOriyHI O3HAKH
€HJIEMIYHOTO 300y

B binopycii mpotsarom 1996-1999 pp. micas aBapii Ha YopHOOMIBCHKIM
AEC Oyno mpoeneHo MmacmrtabHe oOctexxeHHs 11 000 mite#t Ta mimTiTKiB
(BikoMm Bij 6 10 18 poKiB) 110710 HOAHOTO CTaTyCy. PO3MOBCIOKEHICTH HOTHOTO
nedinuty ckmana 80,9 %. Po3moBcromkeHicTh 300y B cepeHboMy ckiana 17.2
%, a B psini perioniB (bpectcbka, MiHcbka o6nacTi) — 25-28 %.

3BaXkalouM Ha 3arajibHO IJIAHETHY BaXXJMBICTh wi€i mpobiemu, BOO3
MPOIOHY€E Ul JIIKYBaHHS Ta MNPOQPUIAKTUKH AU(PY3HOTO EHIEMIYHOTO 300y
HEOpraHiyHl cojl sk J0OaBKM 10 XapuoBoi cosi — Hoaup kaniro Kl ta Hoxar
kaiito KlOs;. PexomennoBana konnentparist KIO; ckinamae 40+15 mr/kr.

B 96 kpainax (ctanom Ha modatok 2013 p.) 3aKOHOJAaBYO BIPOBAIKEHO
00O0B’sI3KOBE HOAYBaHHS CTOJOBOiI cojii. B psml kpaiHax HoAyBaHHS €
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NOOpOBUIBHUM 1Ji1 PO3ApiOHOT TOPriBii Ta/abo MPOMKCIOBOTO BUPOOHUIITBA
Xap4oBux mpoaykriB. I[lpm 1womy y psaai kpain (CIHA, Ilseimapis,
Himedunna), He3Bakarouu Ha (HOpMaIbHO JTOOPOBUTLHUEN XapakTep HOTyBaHHS,
npakTuaHO Bes cinb (70-90 %) HaAXOaUTh CIIOKUBaYaM y HOJIOBAaHOMY BHIJISII
[17].

[Ipore i#onoBaHa cCuIb HE MOXE BBaXXaTUCA TIJ00ATBHUM PIIICHHSIM
npoosiemu. [lpwuun nekitbka: BxkuBaHHA NaCl mis psmy karteropiit moneit
OOMEXY€ETbCSl 3 pAly MPUYUH: JIIOAH, SIKI CTPAXKIAalOTh HA MIABUIIEHUN THCK,
BariTHI *1HKHU, MaJIFOKHU, XBOP1 3 HUPKOBOK HenocTaTHicTio Tomio. Kpim Toro,
1o/ B OpraHi3Mi HE aKyMYJIIOEThCS, TaK SIK 1[0JI00U 13 ceuet0 MOro BUBOAUTHCS
95-98 %, a me 2-3 % - i3 ekckpemeHTaMu. Buxomsum i3 peKOMEHIAOBAHOI
excriepramu BOO3 mono60Boi g03u 1000 Mkr | (1 mr) npu xonmentpartii KIO3
y xapuoBiii comi 40 mkr/kr, cmig moaas cnoxkuata 25 ¢ NaCl (1,5 cronosoi
J0KKH). A sk ms 1mudpa KOpeme i3 pekoMeHgalismu Toro x BOO3 mis
NpOo(UTAaKTUKY MiABUILIEHHS KPOB’IHOTO TUCKY OOMEXHUTH B)KMBAHHS KYXOHHOI
COJIi KUTBKICTIO 6 T Ha 100Y?

[Ipobnema HomonedinuTy — He MeaMYHA UM XiMiYHA, a coliajbHA.
Yomy #omonedinuTy HE BiAYYBaIOTh MEIIKaHII MPUMOPCHKHX KpaiH? bo B
iXHbOMY paIliOH1 JOCTaTHHO MOPEMPOAYKTIB, OaraTUX Ha JIETKO3aCBOIOBAaHUI
rion. Tak, m10o00Be crioHBaHHS Hoay MemkaHsMu Snowii csarae 20 mr (20 000
MKT) 3aBISKH CHEHH(PIYHOMY XapyoBOMYy pallioHy (MOpPChKi BOJOPOCTI,
MOPENPOAYKTH, MOpPChbKa puba Tomo). Tomy JroaHM i3 HU3BKHM JOXOJOM HE
MOXYTh COO1 JO3BOJUTU MPUPOJIHIN crmocid mojonanHs Homoaedinuty — ictu
JOCTaTHHO HATypalibHOI MOPCHKOT IPOTYKIIIi.

EnmeMiunuii 300 QikCyeThCs TaKOX Y CBIMCHKHMX TBapuH (puc. 6.11).

3axBOpPIOBAHHS PEECTPYETHCS HAa TEPUTOPIAX 13 TakuM BMICTOM | y
IPYHTaxX — MEHILIE 10 %, poCIMHHAX KOpMax — MeHe 5,0 MI/KT, y OUTHIA BOA1
— menme 10 Mxr/nm°. V koHeil BigMidaeTses, KpIM PO3POCTAHHS IUTOMOAIOHOT
3aJ1031, HU3BKOPOCHIICTh, PO3TATHYTICTh TyJyOy, HOCUJIEHHS OBOJIOIIECHHS
rOJIOBU, WIWi, 3HUKEHHS MPaIe3JaTHOCTI, MOPYIICHHS CTAaTEBOTO PO3BUTKY,
HAapO/KEHHS TBapuH 0€3 BOJIOCSIHOTO TOKPHBY, 30UIBIIEHUM  3000M.
[IpoTikanHs XBOPOOU y IOPOCIMX — XPOHIYHE, TOMAL SIK Yy MOJOAMX YacTille —
roctpe. Ji1arHOCTYIOTh 1€ €HJEMIUYHE 3aXBOPIOBAHHS HAa OCHOB1 aHANITHYHHUX
BU3HAYEHb BMICTY HOAYy B IPyHTax, NUTHIM BOAl, KOpMmax, Mmojiomi. Tak, B
OnmaromonmydHux 30Hax B 1 1 Monoka mictuthes moHax 60 mxr . [lo ckmamy
mpeMikciB Juisi romiBis TBapuH moTpioHo BBoamtH Kl i3 pospaxynky 3-10
MKI/KT MacH TiJla TBApUHH.
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4. BI'X npoBinmii 3 redinuTomM Kaabuio Ta HAAIUIIKOM Sr. B eprriit
nonoBuHi XIX cr. Ha piuni Ypos (7iBa mputoka ApryHi, sika Oepe MoYaTok y
Bigporax HepumHchkoro xpeOTa) OyiI0 3aCHOBAHO TOCEICHHS 3a0ailKalbChbKUX
Ko3akiB. CKOpo cepell MOCENeHIIB BUSIBUINCS CUMITOMH HEB1IOMOI XBOPOOU —
BUKPHUBIICHHS KICTOK, iX JaMKICTh, Oomi y cyrio0ax. MicueBe HaceleHHs
Ha3BaJI0 XBOPUX «KOPSIKHUMHU», a XBOPOOY — «KOPUYBATOIO». XBOP1 IIBUAKO
CTaBaJIM 1HBAJIAaMH, HE3JATHUMU CAMOCTIMHO pyXaTHUCS.

., p " *'-'

L

Puc. 6.11. Cumnromu eHaeMidyHoro 300y y TBapuH (IPSIMOKYTHHUKOM

MOKa3aHo 30UIBIICHHS Y pO3Mipi U TOBUIHOT 3a11032)

XBopoOa Bpakajla HE TUIbKM JItOJIed, a i JoMamHiX TBapuH. llepmmii
ormuc xBopoOu B 1849 p. maB I. KOpeHcrkuif, ne BiAMITHB, IO MpHUBE3EHI i3
IHIIMX MICUb 3J0pOBI1 JIOAU 4Yepe3 ACsKUW Yac MOYMHAIA XBOPITH. BHCHOBOK
HaIpoIIyBaBCa caM IO co0l — XBOopoOa MOB’si3aHa 13 MICHEBUMU MPUPOTHUMHU
ymoBamu. IHTyiTMBHO [. KOpeHCHKMII BHCIOBHUB NPUITYLIEHHS, IO IPUYUHOIO
MOke OyTH MiclieBa Boja. Y K03aKiB HOBOTO MiApo3auTy, chopmoBanoro B 1852
p. Ta PO3CEJICHOTO Yy JIOJMHI PIUKKM YPOB, BKE YEpe3 pPIK BHUSBICHO CUMITOMH
xBopobu, mo nepopmye kictku. Jlikap H.I. Kammna ob6crexxu monax 8000
JIOJEN Ta y MOJIOBUHM BUSBUB SBHI O3HAKH 3aXBOPIOBAHHS HEB1IOMOI €T10JIOT1i.
B nesxux cemax xBopoOa Bpaxaina 10 85 % HaceneHHs, SKE 3 9aCOM MOKUHYJIIO
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o Teputopito. [IpoTe uepes nesikuii yac 3aBISKU POJIIOUYUM IPYHTAM TEPUTOPIis
OyJia 3aceieHa 3HOBY Ta ICTOpis 3 XBOpoOOw moBTopuiacs. Bucysanucs psin
rimore3: inTokcukamis Pb, Cd, aBiramiHo3, TpuHOKOBE 3aXBOPIOBAHHS, s
KOJIOIAHOTO 30J10Ta, (PTOpy, HemocTaya Kajbllilo Tomo. Bcei 1mi rimore3u He
M1 TBEPIUTUCS.

Bxe B 30-x pokax XX cT. Oyso 3aCHOBaHO YPOBCHKY HayKOBO-IOCIITHY
CTaHLIl0 AkaaeMii MEIUYHMX HayK, MpalIoBaIO KIJIbKa O10reoXiMIYHMX
excrneaui(id. Hapa3i oHO3HAYHO BCTAaHOBJICHO, 1110 3aXBOPIOBAaHHS BUKJIMKAHO
MiABUIIICHOI0 KOHIICHTPAIli€l0 B MPUPOIHMX Bojax SI mpu Hemoctaui Ca.
ExcniepuMeHT 1moka3aB, IO CUMIITOMH YPOBCBbKOi XBopoOu (xBopoOu KarmmHa-
beka) mnposBisUMCS y TBapUH, Xap4yOBHH paIlioOH SKHX BIAPIZHIBCS Bij
KOHTPOJBHOT Tpynmu HammuamkoM SI mpu aedinuti Ca. XimiuHa mpupoma
YPOBCHKOi XBOpOOM TOB’s3aHA 13 CXOXKICTIO XIMIYHMX BJIACTUBOCTEH IMX
JTY’)KHO3EMEIbHUX METalliB. SI TpH HAJJIMIIKOBOMY HAJIXO/KCHHI 3aiiMae
no3uttii Ca mpu moOymoBi MiHEepadbHOI OCHOBH KICTKOBOI TKaHWHH. [IpoTe
BHACJIIIOK OLIBIIOTO J1aMETPY CTPOHIN PO3PUXIIOE KPUCTAIIUYHY PEUIITKY,
BHAC/IIOK 4YOTO KICTKOBAa TKaHWHA BTpaya€ MILHICTh, J1€POPMYETHCS.
CuMnTOMH YpPOBCHKOI XBOPOOM — XapaKTepHE YKOPOUCHHS NajbliiB, TOsBa
octeodiTiB (KICTKOBUX HAPOCTIB) — TaK 3BaHa «BeaAMEka jama» (puc. 6.12).

Puc. 6.12. «Benmesxa nana» - Mop(}oorigHui POSB YPOBCHKOI XBOPOOH
EnneMiune 3aXBOpIOBaHHS PO3MOBCIOJKEHE Y UMTHUHCBKIN, AMYpCHKIid

obnactsx P®, miBHiunmx paitonax Kwurarw, I[liBHiuHiit Kopei. XBopitoTh B
OCHOBHOMY JITH, Pijllie — JI0pOCii. 3aXBOPIOBAaHHS MaKCHUMAaJIbHO MPOTPECYE B
Mepio/] POCTY CKENETy, NOTIM MPU3YNHUHIETHCS.

5. BI'X mpoBinuii 3 gepinurom kod6aabty Co. [lediuutr xodanbty B
Mexkax BI'X mpoBIHINN TPaHCIIOETHCS JIAHIIOTAMU >KUBJICHHS, MOYUHAIOUM 13
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IPYHTY, SKIIO B HbOMY MicTUThCS MeHme 2,0-2,5 mr Co/kr. Lle mpuBoauTh 10
3HM)KEHHSI BMICTY MIKPOEJIEMEHTY y POCIMHHHMX KOpMax, 110, B CBOIO 4epry,
BUKJIMKA€E €HJIEMIYHE 3aXBOPIOBAHHS TBAPHH, SIKI XKUBIATHCS TAKUMU KOPMaMH.
3HmwKeHnid BMICT KoOanbTy - MeHmie 0,07 mr/kr cyxoi Macw — MpUBOIUTH J0
PO3BUTKY XBOpOOM, sika oOJepkajla y pI3HUX MICHEBOCTIX KUIbKa Ha3B —
«o3epHa, mpudepexHa, OOJOTHA, YarapHukoBa xBopoOa». HaykoBi Ha3Ba —
KoOanpTOBa aHeMis, TinokoOanbTo3. I[IposBM i1 HACTymHI: pi3Ke 3HUKEHHSA
MPOAYKTUBHOCTI CLIbCHKOTOCIOJAPCHKUX TBApHUH, 3MEHIIEHHS YI01B, IPOPOCTY
#uBoi Macu. [IpuumHa B TOMy, 10 NpPU HEAOCTATHHOMY HaaxoixkeHHs Co
3HUKY€EThCSI CUHTE3 BiTaMiHy Bip, 1m0 Bege A0 Manokpi’s. HaifOuibin uyTinuBi
Mool TBapuHH (BiBIIi, K03u, MooaHsIK BPX). V oBenp mepcTh cTae CX0kKO¥0
Ha BaTy, KOPOBH PI3KO 3HIXKYIOTh y/A0i, 04Ul TBApUH BTpadyaroTh OJIUCK, BOHU
XYJIHYTb, CTAIOTh B’ SJIUMH.

BI'X mpoginiii 13 3HmwkeHuM BMicToM Co — SpocnaBcbka, CMOJIEHCHKA,
MockoBcbka obmacti, Cubip, Janekuit Cxig (P®), bimopycist, npubanrtiichbki
kpainu, ABctpaiis, HoBa 3enanpis, Aurmis, psn mratie CHIA [16, 18]. 3usatu
CUMIITOMHU €HJEMIYHOT0 aKo0aJbTO3y Ta MPOBECTU HOT0 Mpo(dUIaKTUKY MOXKHA,
JOJIAI0YH JI0 KOPMIB MPEMiKCH, 1m0 MIcTATh Co (HanmpuKiIaa, KOpoBaM Ta KOHIM
— 10-20 mr/mo6y CoCly).

6. BI'X npoginuii 3 gedpimurom migi Cu. 30iaHCHI M0 JETKiI KHCII,
ninadi, TiA301UCTI, Topd ’siHI Ta MeniopoBaHi I'pyHTH. BoHU 3ycTpidyaroThes B
eBponeiichkit yactuHi P®, Jlateii, Ecronii, Hinepnanngax, benwrii, miBHIYHO-
CX1IHMX perioHax YKpaiHu.

CrpaxnaroTh Bia AePIUUTY MiAl MEPEBAXXHO POCIUHOIAHI TBapUHHU.
OcHoBauM nero CU B opraHi3Mi TBapWH € TEUYiHKA, Yepe3 SIKy HAJIXOIUTh 0
Bcix opradiB. [Ipu nediuuti Miai mOpyuyeThcsi HOpMAJIbHUM PICT Ta PO3BUTOK,
OKHCHO-BIJIHOBHI TPOIIECH, TE€MOIMOE€3, CHUHTE3 TeMorjio0iHy, ocTtudikarlis
(bopMyBaHHS KICTOK), 3HIKYETHCS MOJIOYHA MPOJYKTUBHICTh. 3OBHIIIIHI
O3HAKU — aHEMIis, OCIAOJICHHS ameTUTy, OCJIa0JIeHHS IIEPCTUHOK, MICIAMHU —
OONUCIHHS, OCHa0JIeHHS amneTuTy. Y MOJIOAUX TBAapUH 3aTPUMYETHCS PICT,
MOPYIIYEThCS KOOpAUHAIlIS pyXiB. KiCTKM CTOHIIIEH], KpUXKi. K0 BMICT Mijl
y kpoBi Hrkunid 3a 80-100 mkr/100 mu, a y momomi — 0,01-0,02 mr/m, To
JIKYBaHHS BKJIIOYA€E MPEMIKCH, 110 MICTATH CHONYKU MifAl ['imokymnepo3 4yacTto
BA)XKO BIAPIZHUTHU JIUIIIE 32 KIIHIYHUMHM O3HAKaMu BiJ Ae(ilUTy MapraHIiio Ta
IIUHKY .

7. BI'X npoBinuii 3 gepinurom uuuky Zn. BI'X npoBiHiii 3 nedinurom
IIUHKY B KOMITOHEHTaX MOBKULIA 3ycTpidaeTbes B Amonii (20-30 % HaceneHHs),
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CIIA, IliBnenno-CxigHoi A3zii, €Bponu. Pi3kuii rinonHKO3 3apeecTPOBaHUN B
€runti, Ilanami, Ilopryranii, Typeuuuni. HaBitb momipHuii AepiuuT LBOTO
€JIEMEHTY MOXXE NPHUBOJUTU JIO0 HEPBOBO-TIICUXIYHUX, CEPLEBO-CYAHMHHHUX
3aXBOPIOBAaHb, MATOJOTIYHUX 3MIH Ta MOBUIBHOTO 3arO€HHS PaH, YIIKOKEHHS
HHUPOK, TIOOCMIis Ta rinoreB3is (3HWKEHHS BIAYYTTS 3amaxy Ta cMaky). Brepiie
€HJIEMIYHI MPOSIBU [IUHKOBOTO AE€PIIUTY SIK MEAUYHY MpoOsieMy OyJo OMUCaHO
B 1961 p. I'pyma mocmimHukiB BuBuama B 1958 p. 3amizogedinuTHi cTaHu y
xuteniB lupasy B IpaHi 1 3BepHysna yBary Ha HETHUIIOBI O3HAaKH. Y MICLEBUX
MEIIKAHI[IB BiAMIYaIKCsS YIOBUIBHEHHS POCTY (KapJIMKOBICTH), TiTOTOMAHI3M,
aHeMilo, 3HAYHe 3HMKEHHs BMICTy TyxkHOT pocharasy y kposi. Ixus mkipa 6yina
rpy0oio Ta cyxor (rimepkeparo3), BigMmidaiacs TNCHXIYHA 3araJbMOBaHICTB,
reodaris — JIFOAM BXUBAIM MpoTsroM aHsS y DKy 0,5 kr rmamM (cuHIpOM
[Mpacama-Koyma). [lieta mwmx mojedl ckiaganacs Juiie i3 Xxii0a, BOHH
NPAaKTUYHO HE BXKUBAJIHM TBAPUHHI OLIKH.

3a pi3HUMU OIlliHKamMu, ZN-neimuTHUMHU cTaHaMu cTpaxkaae Bix 17 go 25
% wnacenenHs 3emuti. AHaIOTiUHI TMPOOJEMHU CTOCYIOTHCS W TBapuWH B IMHK-
nepimuTHUX TpoBiHLISAX. [ng mogonmaHHs AeiUTy LBOTO EJIEMEHTY, 3a
PEKOMEHIAIIIMU TPYNH KOHTporo 3a mpoayktamu Ta jikamu CHIA (GRAS)
AKOCT1 Xap4yoBUX J00aBOK 3aCTOCOBYIOTH BOJOPO3YHMHHI COJII HEOPraHIYHOI 1
oprariunoi mpupoau: cyiabdar ZnSO,; okcua ZnO; xapbonat ZnCOgs, amerat
Zn(CH3COO),; rmokonat CioH2014Zn. Cronyku LHMHKY PEKOMEHIOBAHO
J0J1aBaTH MPU TepaIlii roCTpoi Alapei Jro1ei Ta TBApHUH.

VY TBapuH eHJEMIYHE 3aXBOPIOBAaHHS Ha TINOLMHKO3 MPOSABISETHCS Y
BUTIISII Tapakeparo3y (puc. 6.13) — ypakeHHS MIKIPSHOTO MTOKPOBY.

Puc. 6.13. CumnToMu mapakeparo3y, BUKIUKAHOTO AC(IIUTOM LHUHKY B
EHJEMIYH1M MPOBIHITIT
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JliarHO3 CTaBIATH 3a pPe3yNbTaTaMH aHaIi3y BMICTY LIMHKY y CHPOBATI
kpoBi: B HOopMmi — He Hik4ye 100 mxr Zn/100 M kpoBi, y XBOpUX Ha Iapa
kepato3 — 15-20. AHanIOriyHi CHMOTOMH MOXYTh TPOSIBIATACS TIPH
EHAEMIYHOMY e(PIuuTy HOAY, MiJl Ta MAapPTraHIIo.

8. BI'X mpoBinuii 3 Hagaumkom ¢propy F 3ycTpigaroTecsi y BCbOMY
cBiTl. B psmi Oe3CTiYHUX apigHUX palioHIB CBITY, 30HaX BYJIKAHI3My Ta Ha
TepuTopisix Ao0yBaHHS Ta mepepoOku QochopuTiB Ta amaTUTIB YacToO
3YyCTpIYAEThCA TaK 3BaHMM  EHAEMIYHUM Ta TEXHOTeHHHH  (Iaroopo3
CUTLCHKOTOCIIOJAPChKUX TBAPUH Ta JIIOJIEH 3 MEPEBAXKHUM YPaXKEHHSIM 3yOIB Ta
ckenery. Ile Mekcuka, kpainu JlaTuHChKOi AMepuku, psl paiioHiB Adpukwu,
Itami, mycreni Kwurato, Momnromii, Kazaxcrany, ABcrpainii, ApaBiliCbKOro
niBoctpoBa (puc. 6.14). Engemiunmii (iroopo3 — 3axXBOPIOBaHHS JIIOJEH 1
TBapUH BHACIIJOK BHCOKOrO BMICTY (TOpPY Yy MNHUTHIA BOJI, NPOAYKTaX
Xap4yBaHHs (30KpeMa, B YalHOMY JUCTi). BiH BUHUKAE SK B MPUPOTHUX, TaK 1 B
mryqanx bI'X mposiHmisx, 36aradenux ¢ropom (puc. 6.15). B mrydno
chopMoBaHUX paloOHaX, K TPaBWUIO, MIABHINCHUM BMICT F Kopemoe 13
HaumuimkoM Al, Tak Sk BOHHM MPHYPOYCHI JO AITIOMIHIEBUX BUPOOHHIITB, JC
METal OJEpPXKYIOTh METOAOM eIIeKTpomi3y po3umHy rimHo3emy Al,O3 B
posmiasieHomy kpiomiti NazAlFg.
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Puc. 6.14. PosmoBcromkennss bI'X mpoBiHINA 13 HammMImKoM QTOpY

(Temui tursimu) [18]
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AHTpOTIOTEHH1
(pizHl hopMH IIPOMHCAOBOTO (QAIDOPO3Y
TBAPHH Ta AIOMEH, 9KI IOEAHYIOTLCS 13
HATAHINKOM AAFOMIHIO)

BioreoximMi4uHi IpoBiHIIIL,
30ara4eHi ¢pTopom, Ta 3
BiANOBIiTHHMH peaKIligAMH

DPTOPHIH OIFOTH
aK pedroaiavTH
Ha POCAHHH

BHKAHKAIOYH YIIOBIABHEHHS POCTY,
POSMHOXKEHHA Ta SHHKESHHI
PISHOMAaHITTA

PTOPHOH DIFOTE Ha MIKPOOPTaHI3MH,

OpraHi3MiB
[Tpupommi
(haroopoz y TBapuH
Ta AXOJIEH)
"BaasrycHe KoAiHO" . ..
: Gerrl?.rl valgum) Kichos ta HaHHHE
KICTKOBO-CyTAODHE XBopobu 3yH6iB Ta daroopos (XpoHiuH]
saxgoproeanag Kenhardt CKEAESTY ([IDOSBH hopm)
(mepexrocTpi hopmu) [rocTpoi TokcHUHOCTI)

Puc. 6.15. Knacudikaris BI'X nposiniiit i3 HammumkoM ¢ropy [18]

[lepuioro, a IHKOJM €IUHOI O3HAKOK HOro € 3MIHM TBEPAMX TKAHUH
3y0iB. 30BHI Il 3MIHU TPOSIBISIOTHCA B MOPYIIEHHI HOPMAJIbHOTO 3a0apBiIeHHS
eMalli, a y BaXXKUX BHUIQJIKaX — MOPYIICHHs ii mijicHocTi (puc. 6.16). 3anexHo
B1JI BaXKKOCT1 3aXBOPIOBAHHS €MaJib 3MIHIOE 3a0apBJICHHS BiJ JIEJIBE€ MOMITHHUX
MaToOBO-OUTMX IUISIM, SIKI HE 3a0apBiIOIOThCA TpU 00pOOIl METUICHOBUM
rojiyoum, A0 IIAM KOPUYHEBOTO Ta TEMHO-KOPUYHEBOTO TOHY.
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Bazxkxka

Puc. 6.16. JlentanpHuii (aroopo3 — pi3HI BUAM KpamdacTocTi 3yOiB
3aJIeKHO B1JI CTaAll 3aXBOPIOBAaHHSA — BiA Ji€Ab MOMITHOI KpeHaAsHO-OL101 10
KOpO31iHOT emati.

[Hmor0 popmoro nposiBy rinepPTopo3y € 3MIHU KICTOK CKeNeTy. [CHYroTh
pi3Hi #oro ¢opmu: kipo3 (rop0d) Ta MOMITHI 3MIHM y BUIJISIII KiCTKOBO-
cyrioboBoro 3axBoproBaHHs Kenhardt; «BurHytux komie» (genu valgum);

aHAJIOT1UHI MPOSIBU CKEJIETHOTO (PIIF0OPO3y XapakTepHi s TBapHH puc. 6.17).
| .. -

_ _F'

Puc. 6.17. [IposiBu ckenerroro ¢guoopo3y (1) - «BurHyTi kKosiHa»; (2) —
Kio3; (3) — mposiBU IEHTAIBHOTO Ta CKEJIETHOTO (PIIF0OOPO3Y Y TBAPHH.
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Bucokuii BMICT QTOopy XapakTepHUN MJisE MIHEpAIbHUX BOJ JKEpen 13
paiioHIB BYJIKaHIYHOI akTUBHOCTI. Tak, Boga «bopxomi» micuth 4,5-8,0 mr F
/nm®, Toxi sk MPOSIBU JICHTAJILHOTO (PIIIOOPO3Y CHOCTEPIraloThCs MPU BXKUBAHHI1
MIATHOI BOJIX 3 KOHIIEHTpaIiero oimst 1,0 mr F'/I[Ms.

Bucoki koHieHTpailii ¢Topy XapakTepH1 ISl YalHOTO JUCTS, OCOOJIUBO
BuponieHoro y Kwutai, Tuberi. Onucanuii BUMaIOK «4ailHOro» (I00po3y B
CIIIA, xonu marieHTKa, sKka mpoTsaroM 17 pokiB crokuBana 3 4aeM Oinst 20 mr
F/no0y, ctpaxknana Ha cyriio00Bi 0071, KPUXKICTh KICTOK, BTpaTy BCiX 3y0iB. Y
Hei OyJ0 BUSIBJICHO BaXKKY CTaJll0 CKEJIETHOro (DIIF0Opo3y uepe3 370BKUBAHHS
gaeMm. B 1i kposi Bussneno 0,43 mr F/im mpu HopMmi HUkde 0,1 mr F/m.

Tomy 3 ornsigy Ha HasBHICT, BI'X mpoBiHIINA 3 HIABUIIEHUM BMICTOM
dTopy ciig 0OMEXUTH HA TAKUX TEPUTOPIAX (TOPYBaHHS MUTHOI BOIM, sKa
npakTukyeTbess B Oaratbox mrarax CIIIA, BxuBanHs (PTOpOBMICHUX 3yOHHX
MacT, 3JIOBKUBaHHA MIHUM 4aeM. [IpobGnema Hammumiky ¢GTopy HOTIHOIIOE
HoaHuit ediuuT, TaK SK 11 ABA raJOT€HU — aHTarOHICTH.

3HayHoi mwKoaM  (QTOPUAM TPU  AHTPONOTCHHOMY  3a0pyAHEHHI
MOBEPXHEBUX BOJ B aHTponoreHHux bI'X mpoBiHIiAX 13 HaHUIIKOM (TOPY
3aBHAIOTh T1Ip0 OIOHTaM, BHUKJIMKAIOYHU 3alallOBAIbHO-AUCTPOGIUHI 3MIHU Yy
3s10pax, MeviHlli, HUpKax.

9. BI'X mpoBinnii i3 Hagaumkom 6opy B. Hagmmmok mikoro exemeHTty
XapakTepHUM [Js TPYyHTIB, c(POpPMOBAHUX Ha OCaJOBUX IMopoaax. Bucoky
KOHIIEHTpallito B BusBieHo y crenoBux paitionax 3axinHoro Cubipy P®, Aparo-
Kacnilicbkiii HU3UHI. JOCIIIKEHHS TTOKa3au, 110 IPYHTH I[i€l 30HU MOPIBHAHO
3 €TAJIOHHUMH YOPHO3EMaMU MICTSITh TaKl Ha/UIUIIKU B!

- Oypi mycTenbHi — B 2-508;

- COJIOHYaKoOB1 — B 3-57;

- KallITaHOBI Ta JIyroBi — 710 15;

- IPYHTH PIYKOBHX 3aruiaB — 2,7-7,8;

- micku — B 1,6-10 pas3is.

B iHIIKUX IpyHTaX HAIIUIIOK OOpY BUHHMKA€E BHACHIIOK BHECEHHS I[bOTO
eJeMEeHTa 13 TMOJMBHUMHU BojaMu abo 3 OOpHUMHU MikpoaoOpuBamu. Jlms
OumbImIocTi pociaWH KOHIEHTpariss O6opy 0,5 mr/m y TrpyHTOBOMY pO3uYWHIi
Oe3reyHa, OJHAK NpPH KOHIEHTpaiii moHaa 1 mr/m  OGOp TOKCHYHUN nJis
YYTIUBUX JO HBOTO pociauH. KpuTHuHI KOHILEHTpalli Oopy 1 pociMHax
kosmBaroThes Big 100 mo 1000 mr/kr cyxoi macu [16].

TokcuuHa 1is OOpy MPOSIBISETHCS Y MPUTHIYEHHI POCTY, 30UIBIICHHIO
MEPOKCUTHOTO OKHCIIEHHS JIIMiIB Ta MPOHUKHOCTI MEeMOpaH KIITUH POCIHH.
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[Ipu Bi3yanbHIN OLIHII F'OJIOBHI CUMIITOMH OTPYEHHSI HACTYIIHI: dKOBTI BEPXIBKH
JUCTIB, HEKPO3 POCIMHHUX TKAHUHM, SIKUU TOYMHAETHCA 13 KpaiB JIHCTH,
nepeqyacHuid aucronad. Ha rpyHTax 13 IHTEHCUBHUM OOpPHUM 3aCOJICHHSIM
3yCTPIYarOThCS JUISHKH, ITOBHICTIO ITO30aBJICHI POCIUHHOCTI (<ITUCHHU») —
IHAMKATOpHA O3HAKa POJOBHUIIl OOPY. 3a CTIHKICTIO 10 HAITUIIKY OOPY pOCIUHU
YTBOPIOIOTh HACTYMHUM PANl. MPOCO = ropox < sSuMiHb < MIIEHUIS < oBec <
OypkyH < mronepHa. YyTnuBi 10 HAJUIMIIKY OOpYy NMEPCUK, BUHOTPAJ, 1HXHUP Ta
KBacCOJIsl.

VY noAvHU Ta TBapWH NpPHU BXHUBAHHI y 1KYy pOCiuH, 30aradyeHux Oopom
(60-600 wmr/kr cyxoi MacH), MOPYIIYETHCS OOMIH PEYOBHH, NPUTHIYYETHCS
AKTUBHICTh MPOTEONITUYHUX (EPMEHTIB, 3 SIBISETHCS XapaKTEpHE EHIEMIYHE
3aXBOPIOBAHHS KHUIIIKOBO-IILTYHKOBOTO TpakTy — OopHui eHteput [19].
Hanpwukmnan, BiBIIi, SKUX BHUIACAaIOTh HA MacoBuiax B 0opHux bI'X mpoBiHIIifgX,
MOXXYTh BXXHBAaTH 13 pociauHHOK Dkero Big 0,086 mo 1,457 1, a B okpemux
BHIIQJKax — 10 3 I. Ha 311akoBO-pi3HOTpaBHUX IACOBHUINAX BiBIIl CIIOXKHUBAIOTh
0opy B 4 pa3u, a Ha OinonmoauHEEX — B 10 pa3iB, Ha OLTONMOIMHHO-COJISTHHUKOBHUX
— B 40 pa3iB Oinblle, HDK TBApUHH HA ITACOBMINAX YTiIAiX i3 HOPMaJbHUM
BMICTOM OOpYy.

bop mnposBisie KyMyJISTUBHI BJIAaCTUBOCTI, TOMY HAKONMUYYEThCS B
opraHax 1 TKaHWHaX. BCTaHOBIIEHO, 110 MTPU PO3BUTKY OOPHOTO €HTEPUTY PI3KO
3MEHIIYEThCSl EKCKpeliss 00py HUpPKaMH 1 KOHIIEHTpallisi HOro elieMeHTa B
opraHizmi 3poctae. YTpUMYBaHHsI OOpy BeAe 10 MOPYIICHHS OOMIHY Mifi, 3
AKOO BOHU € aHTaroHictamu. SIKIi0 y 370pOBUX TBapuH OOpPHOro panoHy
B110yBa€ThCS 3aTPUMKa MiJll y OpraHi3mi, TO MpU OOPHOMY €HTEPUTI, HABMAKH,
el eIeMEHT JyXe IBUJKO BUBOJUTHCS.

Cxoxa kaptuHa — 1 3 0OMiHOM 1uMHKY. Ilpu OopHOMY e€HTEepUTI
MOPYIIYEThCA CHIBBIAHOMICHHS (Qochopy Ta KalbIlilo, 3MIHIOETHCS PIBEHb
OKHUCITIOBAIBHOTO (POCHOPHUIIIOBAHHS Y M 33X, PI3KO 3MEHIIYETHCS aKTUBHICTh
TpaBHUX (DEPMEHTIB, PO3BUBAETHCS TaCTPOCHTEPUT. BBakaroTh, 1110 B PO3BUTKY
MAaTOJIOTTYHOTO MPOLECY CYTTEBY POJIb BIAIrpPa€e YMOBHO NMATOT€HHA MIKpodiopa
[UTYHKOBO-TPABHOTO TPAKTY, TaK AK KJIIHIYHA KapTHHA XBOPOOU — aBTOIH(EKIis
Ta IHTOKCHKAIlll BHACIIJIOK MOpYIIeHHS Oap’epHOi (PYHKIII KINIKIBHUKY Ta
neviHku. JIikyBaHHA OOPHOTO €HTEPUTY MOJISITa€ y A0JIaBaHHI 10 KOPMY TBapUH
aHTaroHicra 6opy — cmomyk Mifi y ¢opmi CuSO45H,0 y kimbkocti 5-10
mr/no0y. B.B. KoBanbchkuii pekoMeHayBaB s OOpoThOM 13 OOpHUMU
EHTEpUTAMU MPOBOJIUTH MEPEOPIOBAHHS MACOBHUIIl Ta 3aCIBAHHS IX 3JITAKOBUMH,
K1 HE CXWJIBHI O KOHIEHTPYBaHHS 00pYy.
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Puc. 6.18. MexaHi3M BIUIMBY MiJBUIIEHOr0 BMICTY MoiiOaeHy Mo y BI'X mpoBiHIisiX dyepe3 Xapyosi

JJAaHIIIOT'HU
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10. BI'X mpoBinuii i3 Hagaumkom moaioaeny Mo. BI'X nposiHMii i3
HaUIMIIKOM Mo y IpyHTax 3yCTpl4aroThCsl y pi3HUX perioHax: KymyHIMHCBKHIA
crern, Antaif, Kapka3, 3aximni paitonn CIHIA, Asctpanii, Hoa 3enanmis.
Kputnuni koHuenTpaiiii Mo y pociinHax KOJIUBAIOThCS y MIUPOKUX MEXKaX — Bij
0,1 mo 1000 mr/kr cyxoi macu ymcts. [Ipu iHTOKCHKaIii Mo JHCT XKOBTi€ Ha
Ha0yBa€e MOTBOPHOT GOPMHU.

[Tixumiena konmeHtpamiss Mo (monax 5-10 mr/kr cyxoi Macu) y
KOPMOBHX POCJIMHAX BUKIWKAE Yy TBApUH, OCOOJMBO KYyHUHUX, MONIOJACHOBUIA
TOKCHKO3: pO3JIaJl HUTYHKY, BUCHAKEHHSI, TOPYIICHHS OOMiHY.

VY nroavHU TIpU HAIJIUIIKY MOJIOJIEHY MOPYIIYEThCS OOMIH pPEYOBHH,
3aTPUMYEThCS  PICT KICTOK, pPO3BUBaeThcs momarpa (puc. 6.18). Ile
3aXBOPIOBAHHSI PO3BUBAETHCA BHACIIJIOK MIABUIIEHOI AKTUBHOCTI (DEPMEHTY
KCAaHTUHOKCHA3U Ta MOCHUJICHOTO YTBOPEHHS CE€YOBOI KMCJIOTH Ta il COJIeH, 110
MPUBOJUTH N0 TiNMEepypuHeMii Ta BIJKJIAJaHHS COJEH-ypaTiB y TKaHWUHax. B
cyriao0ax BIJIKJIAAIOThCSI KPUCTAIM CEYOBOI KUCIOTH, CYIJIO0 3amaidioe€ThCs Ta
criocTepiraeTbcsi  rimepeMis  (MOYEpBOHIHHA) IIKipH Ta HaOpsk. Jami
PO3BUBAETHCS APTPUT 3 MOAArPHYHUMHU By3namu (ToHycamu). OcoOJMBO
BPaXAIOThCS ~ CYIJIOOM  BEIMKUX MalblliB HIC Ta pyK. 3anajeHHA
CYHPOBOJIKYETHCS TyKE€ CHIIbHUM OOJIbOBUM CHHAPOMOM.

11. BI'X mnpoBiHmii i3 HagaumkoM Mapranmw Mn. Mapradens €
CYIMyTHHUKOM 3ajli3a BHACIITOK OJIM3BKOCTI XIMIYHHMX BJIACTUBOCTEH, a 3 TOYKHU
30py O1070TTYHUX (PYHKIIIH — HOTr0 KOHKYpeHTOM. BHCOKI KOHIIEHTpaIlli I[bOT0
eJIeMEHTa 3YyCTPIYaloThCsl y MIJ3€MHUX BOAAaX POy apTe3laHChKUX OaceiHiB.
Binmidaetbes HeliTpoTokcnuHa i Haamumky Mn [20]. V cBitii rimote3u mpo
BIUTMB Bakkux MmetaniB (Pb, Mn, Cu, Hg) Ha mnenrpasbHy Ta nepudepiiiny
HEPBOBY CUCTEMY, MOXJIMBA IX y4acTh Y PO3BUTKY XBOpoOM Anblreimepa Ta
[lapkincona. 3 naBHIX YaciB MapraHelb BIJOMHUN SIK OTpyTa HJii HEPBOBOI
cuctreMu. Tak, y psiai perioHiB ABcTpaiii, OaraTux MOKJIaJaMud Mapraiiio,
BHUSIBJICHO TiJBHINEHUN BMICT MNn B OloJOriyHMX piguHaxX opraHizmy. €
KOpEJIAIis MK [IMMHU TIOKa3HUKAMHU Ta TUM (akToMm, 1m0 2 % momyJsimii MaroTh
O3HAaKM MApKIHCOHI3MY OJHOYACHO 13 CHMIOTOMaMU XPOHIYHOI MapraHIleBOi
iHTOKCcHKalil. OnocepeIKOBaHUM JOKa30M LbOrO 3B’SI3Ky € JIaHl MpO IpPOsSiBU
BTOpPUHHO1 XxBOopoOu [lapkiHcoHa y 0ci0, SIKl BAKUBAaIOTh HAPKOTHYHI CaMOpPOOH1
npenapary, siKi MiICTATh 3aJUIIKHA CIOJYK MapraHiiio.

Hangnmumok Mn nopyiirye BCMOKTYBaHHS 3aji3a 13 KIIIKIBHUKY B KPOB’sIHE
pyCIO M KOHKYpPY€E 13 MUIAI0O B TpoIeci KpoBOTBOpeHHs. Hacmimkom e
3ali301epIIUTHA aHEMIisl MPU HOPMAJbHOMY HAJIXOJKEHHI 3aiiza 13 TDXKelo.
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AHAJIOTIYHI CUMIITOMH JediuTy 3aii3a (XJI0p0o3) CIOCTEPIiraloTh y POCIUH, SKi
3pOCTalOTh Ha IPYHTAX, 30arauenux Mn.

[lokazano, mo Hammumok MN NOpUBOAUTH OO0 YypakeHHs 3YyOiB.
JleMOHCTpali€l0  MPUPOJAHOTO  MAPTaHIEBOrO  TIMNEPMIKPOCIEMEHTO3Y €
CTOMATOJIOT1YHI aHOMaJIii 3yOOIIeNIenTHOI CHUCTEMH. Maprasnenps BHACHIIOK
MOXJIMBOCTI 3MIHM CTYIEHIB OKHCHEHHS Ma€ BIUIMB HAa MPOIECH OKHUCHOIO
dbochopuntoBaHHs, 3MIHIOE AKTHUBHICTh psiAy (EPMEHTIB, WO PETYJIOITh
(YHKIIIOHYBaHHS HEPBOBUX KJIITUH — MOHOAMIHOKCH/Ia3, aKTUBYE OOMIH OLIKiB
[21].

12. lItyuni BI'X npoBinmii i3 Hagnumkom kaamio Cd. Lleit enement
BIJIHOCUTHCS 0 PO3CISTHUX XaTbKO(PUILHUX 1 HE YTBOPIOE BIACHUX POJIOBHILL, A €
CYIyTHUKOM CYJIbQigHuX Ta okumcieHux pya Cu, Pb. Tomy y mpupomi BI'X
MPOBIHIIN 3 WOTO HAJIUIIKOM HE 3YCTPIYA€EThCA. Y MPOMUCIOBUX MaciTadbax
HOTro MONMyTHO BWJIYYalOTh Ha KaJMI€BUX YCTaHOBKAX I[UHK-CJIEKTPOJITHUX Ta
CBUHIICBOIUIABUIIbHUX 3aBOJIIB. [IpoTe K eleMeHT-A0MIllIKa Y pyAH1A CUPOBUHI
MIJTHO-KOTYEJaHHUX POJIOBHUII] BIH HIKOJM HE BHIy4YaBCS, a HAJXOIUB Y
JOBKULIS B Tporieci mepepodku pyn. Tomy Oinemn HiK 3a 300-piuHy icTOpiro
pyao mepepoOKu y psal perioHiB chopMyBaiaucs TeXHOTeHHI KaamieBi BI'X
MNpOBIHLIT Ta TrigpoxXiMiyHi aHomanli. [IpuknagoM Moxke CcIyryBaTH Opeo
HaBKOJIO M. €karepunbypr (P®) miomero 6ims 2000 kv, 3a OuiHKaMH, y CBITi
mopiyHo 'y moBkiuig Haaxoauth Oirst 5000 T Cd, a 3a mammmu BOO3,
3a0pyAHEHHS LM €JIEMEHTOM MPOJYKTIB XapyyBaHHS CSTHYB MaKCHUMAJIbHO
JI03BOJIEHOTO piBHS — 2 Mr/kr. HagBucoki Temnu Haaxomkenns Cd y JoBKiLIsS
Ta JaHAmAaPTU NOB’sA3aH1 HE TUIBKH 13 IMIMPOKUM CIEKTPOM MO0 3aCTOCYBAHHS
B TMPOMHCIOBOCTI, CKUIBKM 13 HOTro XIMIYHHMMH BJIACTUBOCTSAMH. BHCOKOIO
JIETKICTIO Ta 3JJaTHICTIO YTBOPIOBAaTH KOBAJIEHTHI 3B A3KH 13 MOJIEKYJIaMH OUIKIB,
3a PaxXyHOK 4YOro BiH JIETKO NPOHHKA€E 1 TKaHWHU XHUBoro opraHizmy. Cd
XapaKTEePU3Y€EThCS MAKCUMAJIbHUM KOE(ILIEHTOM aepo30JIbHOI KOHIIEHTpallil
cepen Bcix Baxkux MertaiiB — rmoHan 100. BusBiieHHS 3HAYHUX KOHIICHTpAIlil
Cd y npusemHiii atmocdepi Ha JUISHKAX, BIIAJICHUX BiJl JUKepeN 3a0pyaHCHHS
Ha THUCSYl KIJJOMETPIB INpHBENo aHriiichkoro Ximika I1. BpimOmekymba (P.
Brimblecomber) o BucHOBKY, 110 BiH MOXe BUNIAPOBYBATHCS 13 TIPCHKHUX MOPIT
Ta 13 TmMOBepXHI TIpyHTY [22]. AmnHamoriuny rimote3y BHCIOBUB A.X.
Octpomormibehkuid, skuii oninuB BumapoByBanHs Cd B 200 T 3a pik a6o 3 %
3araJIbHOTO HaaXo/pKeHHs B atMochepy [23]. HameBHe, came CTiIBKH KaJMirO
HAJXOJIUTh y T00ANIBHUN KPYrooOir bOro METally 3aBISKH MIKpOO10JIOTTYHIN
ta Olonoriuniii emicii. B 1mimomy cymapamii aepampHmi moTik Cd Bix



~ 351 ~

AHTPOIIOTEHHUX Ta MPUPOJHUX JDKEpEed CKJIajae, 3a PI3HUMH OIlIHKaMH, BiJ
7480 no 20450 t/pik. Bxpaii TOKCMYHMMH, aHAJIOTIYHO JO CHOJYK PTYTi, €
eTUJIBOBAHI, aliKiJIOBaH1 Ta eTwiboBaHl Gpopmu. B GioneHo3ax kaaMmiid MOXe SIK
MPOHUKATH B 3€JICHY MAacy pPO3YMH 30BHI, TaK 1 BUIApPOBYBATUCA 13 MOBEPXHI
nucTka Hazag B Olocdepy. Lls mpoOnema «kaamieBOro JuXaHHS» O101I€HO31B
MaJI0 BHBYEHA, MPOTE CIIA BIAMITUTH, IO TOKCHYHICTh KaJAMIIO IS KHUBUX
OpraHi3aMiB Ma€ SK €HJOTCHHI, TaK 1 €K30TeHH1 KopeHi. HameBue, came 111
0COOJMBOCTI Mirpamii KajaMit0o B Tpo(diUHMX JaHIIOTaX MOSCHIOIOTh BHUCOKI
TEMNHU KaJMIEBOTO 3a0pyJHEHHS NPUPOJHUX Ta TEXHOTCHHO-3MIHEHUX
nanamadgTiB.

VYpbanizamiss nporarom XX CT. MNPUHLUUIOBO 3MIHWJIA XapakTep
noBeainku Cd B moBkimii. Illopiude cBiTOBe BUPOOHUIITBO OIliHIOETHCs B 16000
T, TIPU I[LOMY B TEXHOTEHE3 3ajydaeTbcs He MeHmme (6 %. Ilio Bemuuuny
OJIEpaHO, BUXOASYH 13 (PaKTy, 0 Y BUPOOHUIITBI BUKOPUCTOBYIOTHCS HE JIUIIIE
npupoaHi pyau (cronyku 3 Te, Se, S), a i TexHoreHHi cruiaBu i3 moHaza 30
eneMenTamu (Hanpukian, kommnoswuiis Cd 3 momxaBanuasm 6itst 1 % Ni, ado 0,6
% Cui0,7 % Ag, 3 k01 BUPOOISIOTH MITIIUITHAKK TSI BaKKO HaBaHTaKCHUX
aBlallIiHUX JBUTYHIB; «KaJMle€Ba OPOH3a» JJIs BUPOOHHUIITBA CTPYMOIPOBITHUX
mpoBOAiB, ne a0 Mmimi gomaroth Ot 1 % Cd Tomio), kagmieBO-HIKEICBI
aKyMyJIsITOpH. Y NMUJIOBUX BUKHUIAX 3aBOJIIB 3 MEPEPOOKH KOJIHOPOBHX METANIB
HOTO BMICT y TUCSIY1 pa3iB MEPEBUILYE IPUPOTHUN (POH.

KammieBi wmuna (comi xupHux kumciaora 1a Cd) — 000B’s3k0Ba
cTaburizyroua Jg00aBKa 10 TMOJIBIHLTY, fKa HAJAa€ MPO3OPICTh Ta BUKOHYE
cBiTio3axucHy poisib. KapOokcwiatu Cd, Pb mpuBomsate no  iHriOipyBaHHS
JIEXJIOPYBAaHHSI B MAakKpOMOJIEKYJl MOJIMEPY 1 CTaOUII3yIOTh aBTO OKHUCIICHHS.
Bwmict Cd B Bupobax i3 I[IBX ckmamae 0,05-0,10 % Cd [24]. IIpu 766 °C
KapOOKCHJIATH KaJMIIO0 PO3KJIAIal0ThCs 10 BUIBHOTO METaly, SIKUM 3BITPIOETHCA
1, HE 3aTpUMYyIOUHUCh Ha GUIBTpax I OYHUILNECHHS Tra3iB, HaJIXOIUTh Yy
atMoc(epy, IEPEeHOCYUCh HA BEJIMKI BIICTaHI.

BiiicbKOBO-TE€XHOT€HHUN ITUKJI LIBOTO €JIEMEHTY, SKUU 3aCTOCOBYETHCS Y
BUPOOHUIITBI TEPMOMOKPHUTTIB ISl 1HGPAUYEPBOHOTO HABEJCHHS OO€NMPUIIACIB,
po3noyaBcsd B cepeArHl XX CT. 1 MOKJIaB MOYaTOK HIMPOKOMACIITAOHOMY
pO3CIIOBaHHIO Ta 3a0pyJHEHHIO IUIaHETH B MiIoMmy. 3 posciroBanusm Cd
3B’SI3YIOTh IIBUKI TEMIIU POCTY OHKOJIOT'TYHUX 3aXBOPIOBAHb.

Ha cepenuny 80-x pokiB XX c1. B koiumabomMy CPCP konnenTpamnis Cd
B IpyHTax nepeBuiryBaia ¢oHoBi 3HaueHHs B 10-100 pa3iB HaBKOJIO HACTYITHUX
HacellCHWX NYyHKTIB: AuaBepau, Xaspkapan (oOuasa - Bipmewnis); Bemoso
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(Kemeposcbka 00:1.); Jlonenpk; JlucuuaHchk; 3amopixks; Xapki;, €peBan;
3upsHiBCcbK, YcTb-Kam’sHoripcek (oOmmsa - Kasaxcran); KoHcTaHTHHIBKa
(donempka 001.); MockBa; Opmxonikigse; Pena, cenumne I'muboke (oOumaBa -
CBepaitoBchKa 0071.).

Takum urHOM, OBy yacTKy Cd JIFOMHA OTPUMYE 13 POCITMHHOIO DKEIO,
Tak sk 10 70 % crmomyk mporo MeTany MepexoauTh Y POCIUHHICTD i3 TPYHTY, a
30 % - 13 moBiTpsa. OcoOIMBO IHTECHCUBHO akymyso0Th Cd rpubu: y JIyroBux
IIaMITiHbiioHax Oyyo BusBiieHO a0 6 mr Cd/kr, makcumym — 170. Jlo Toro K,
omHoyacHO HakomuuyeThess Pb, Hg. Lle# mposiB koHmeHtpariitHoi (yHKIil
rpuOiB BITHOCHO BaXKKUX METaNiB JaB mijacraBu psay kpain €C (Himewuuwi,
Hinepnannax, [Taimii Ta iH.) peKOMEHIyBaTH HE iCTH TUKOPOCTYUi TpUOH.

HaiiGinpmr BigoMuM mnpukiagoM TexHoreHHoi bBI'X mnposiHmii 13
mijgBumieanM BMictoM Cd crtaB Bumamok y mnpedekrypi Tosma (SAmnonis).
[{uakoBui pymaHUK 3a0pyaHuB cnoidykamu Cd  piuky J[3iHIY, 3 skoi
3M1MCHIOBAJIOCA MUTHE BOJONOCTa4aHHS Ta BOJIa SIKOi BUKOPHCTOBYBanacs st
3pOIICHHS PHCOBHUX IOJIB Ta IiaHTamii coi. [lounmnaroun 3 1912 p., Ha maHii
TEpUTOPIi BUSIBICHO 3aXBOPIOBAHHS HEBIJIOMOI paHille €TIONOoTrii Ta BKpaii
OOJIFOUMX CUMIITOMIB, BHACHIJIOK YOO XBOopoOa oTpumaina Ha3By «lTaif-iTaii»
(6omstue-6omstue). B 1955 p. mikap XariHo BHCIIOBHB TillOTE3y MPO NPUUUHY
XBOpOOU — XpOHIYHE KaaMieBe OTpy€eHHS. OCHOBHUN CUMITOM — OCTEOMAJISIIS
— CWJIBHI 00JI1 Y KICTKaX, cyryio0ax Ta XpeOTi, TIMOTOHIsA Ta rinoTpodis M’s3iB,
MaToJoriyHl mepesoMu Ta jAedopmalnii KICTOK, Kamenb Ta a"emis. [lo
CMEPTEIBHOTO HACIIAKY MPU3BOJUTH HUPKOBA HENOCTaTHICTh.  [lpuuuny
XBOpOOM OBEJEHO EKCIIEPUMEHTAIBHO Ha TBapwHax B 1986 p., me mokasaHo,
110 KJIIOYOBY POJIb BiIIrpae MOIMIKOIKEHHSI MITOXOHAPINA HUPKOBUX KIIITHH.

Tak 3Bani «kammieBi ckagganm» B ®PH, mo mamm micuie B 1970-x pp.,
B110yBaJMCsA BHACHIIIOK TOTO, 110 OOHHUE MYJl, IKUI MICTUB KaJaMii, MPOTATrOoM
0araTb0X POKIB BHBO3UBCS Ha CLIbCHKOTOCIIOAAPCHKI YA IS TMOKpAIICHHS
rpynry. [Ipuuomy ogHoro pasy 1e OyB My, BU4epranuii 13 pycia piuku Hekkap
Ta 0E3KOIITOBHO IMepeaHuil pepmepaM sl KCTPYKTYPYBaHHS IPYHTY», 1HILIOTO
— MyJa 13 MICBKMX OYHUCHHMX cCHOpyA. BpemrTi 1e npuBeno A0 CHIBHOTO
3a0pyHCHHS KaJMIEM BHUPOIIYBaHUX pOCIHH (I[yKPOBOTO Oypsika, ceiepw,
kaprorut), 1 B 1979 p. Bmama 3mymena Oyna 3a00pOHUTH OyAb-SIKI BUIH
pocnuuHuITBa B paiioni Cepemnporo Hexkapa wa twromii 30 ra. J[kepenom
KaJMII0 Yy JOHHUX BIJIKJIaJaX piukd OyJiM CTIUYHI BOAW OJHOTO MIAIPUEMCTBA B
M. BesiHrxeim, sike BUpPOOJSIO KaaMieBi MIrMEHTH (YEpBOHWUH Ta YKOBTHH -
i3omopdui cymimi CdS:nCdSe, ne n — Big 0,25 mo 0,60). CTtoku HagxomAHIH
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cnoyatky B piuky Enn, a morim — B Hekkap [25]. Amnanoriuna cuTyaris
criocTepirajiacsi B 1 MyJll OYMCHUX crnopyl MroHXeHa, /i€ JUKEPeIoM KaaMiio

Oynu nignpuemMcTna 13 BupoOHuirsa [I1BX.

IpedexTypa
Toama
Piuxa
Osinasy
Piura
Kymano
11,5 km
¢
q
[Tam'aTHHK
3aTHOAHM Bif |
xXBOopodH : v
‘ — ITaii-itai —>
TS T 6,2 KM
Mﬁmt‘ﬂ PozTaryBaHua

3abpyaHEHOI TepHATOPil

Puc. 6.19. Texnorenna bI'X mpoBiHINS 13 HAIMIIKOM KaaMil0 B
npedekTypi Tossma (SMoOHISA) Ta CHMITOMH €HICMIYHOTO 3aXBOPIOBAaHHs «ITaii-
1Tali» SIK pe3yJIbTaT XPOHIYHOTO KaJIMIEBOT'O OTPYEHHS

B wmicmi Bnaginas piuku Exnip B Hekkap y pu6 mopiBHsSHO 13 pubamu 13
Hexkapa B paiioni micta I'eiinenpOepr MakcumanbHe niepeBuineHHs Bmicty Cd
Oyno 50-xpaTHuM; a B mewiHIl pud — mie Ourbmi BenmmuuHU. HeGesmeka
OoTpyeHHs 3arpokyBana mepm 3a Bce miotumi (Rutilus rutilus), 6o ms puba
YaCTKOBO JKUBUTHCS MYJIOM.

B ®PH B muramax i3 ourcHHX cniopya 3Haxomwiau Bin 275 mr/kr Cd (B
cepeanaboMy 70 mr/kr) [26]. B iHmux xpainax 3ycrpivanucs Benuunan 10 1500
Mmr/kr. IlepepobOka mmamiB MeTOoOM OIOKOHBEPCIi HE OYHINAE X BiJ BaKKUX
MmetaniB. Tomy B @PH 3 MeTO10 0XOpOHU JOBKULIS BiJ 3a0pyAHEHHS KaaMIEM Ta
IHITUMU TIOJIIOTAHTAMH OOMEXKYEThCSI BUKOPUCTAHHS MEPEPOOJICHUX MYIIB
OYHUCHUX CIIOPY.

BusiBneHo cuHepriuHi epeKTd TOKCUMYHOCTI KaJMII0 Ta IUHKY Ha MOJIOJI1
MPOPOCTKH TIIeHuIi [26].
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BI'X mpoBiHIlii 13 MIABUIIEHUM BMICTOM KaJaMil0 aHTPOIIOI€HHOTO
MOXOJIPKEHHSI YTBOPIOIOTHCS HABKOJIO TEIUIOLICHTPAJIEH, € CAIOETHCS BYT1IIIS.
KoxxHa ToHHa Kam’anozo eyzinaa mictuth O6utg 2 T Cd (B HadTi 1 IPUPOTHOMY
ra3i oro HaOarato wmenire). [Iporsrom octranHix 10-20 pokiB 3MEHIICHHS
CHOKMBAHHS KaM’ SIHOTO BYTULIA BXKE€ 3HAYHO 3HU3WIO 3a0pyAHEHHS IMOBITpS
KaaMmieM. € 1€ OJUH CHOCI0 3HU3UTU 3a0pyAHEHHS NOBITPS — MOTPIOHO
CHAJIIOBATH HE MPSIMO CaM€ BYTULIS, a PLAKI MPOAYKTH HOTO CYXOl MEPETOHKHU.

Hapa3si BaxxnuBUM JKepesnioM 3a0pyAHEHHS 3HAYHUX TEPUTOPIN KaamieM
ABJISIIOTHCS hochammui dobpuea, 3 IKUMU y TPYHTH, a, 3HAUUTh, Y MPOAYKIIIIO
POCIMHHUIITBA Ta TBAPUHHHUIITBA, 3aBXKJIU MOTPAIUIsiE IEBHA KUIbKICTh KaJMIIO.
BianoBigHO A0 IaHUX HAYKOBO-AOCIHITHOT'O THCTUTYTY IMPOIYKTIB XapuyBaHHS Y
Binni, cepenHiii BMICT KagMil0 B TNPOJYKTaX XapuyyBaHHS BXKE CATHYJO
MaKCHUMAJIbHO JIO3BOJICHMX KOHIIEHTpalii 3a HopMatmBamMu BOO3 — 2 Mr/kr.
bins 40 % i€l KiIbKOCTI MpHUIMaae Ha KUTHIN (qopHuit) x1i0. ToMy HEOOXiTHO
CIIIKYBAaTHU 3a NUISIXaMU MIrpamii KajaMil0 B JIAHLUIOTY TPYHTH — POCIHUHA —
TBapHHA.

3 ormsaay Ha mpoOJjieMy 13 PO3CIIOBaHHSAM KaaMmilo y ckiaal pocdarHux
nobopus, B 2018 p. €BpomapiaMeHT NpPUHHAB OOMEXEHHS Ha WOTO BMICT.
[Ipotsarom HalOmmwk4unx 6 pokiB Oyae 3a00POHEHO BUKOPHCTAHHS OOpUB 13
BmicroM Cd monan 60 mr/l kr P,Os. BupoOHrkaM H0OpHUB, 1110 MICTSATh MEHIIIE
20 mr/1 kr P;Os, 103BOJICHO JTOAATKOBO MapKyBaTH CBOKO MPOJYKIIIO HAITUCOM
«HU3BKAH BMICT KaIMIIO».

Bucokuii BMICT KaJaMil0 XapakTepHUM Uil JT0OpHUB, BHUPOOIEHUX 13
ocagoBux ¢GochopuTiB 1 amaTUTIB, SAKi J00yBarThes y €runri, Toro, Amkupi,
Ceneraui, [3paini, TyHici, Ta HaltOLIBIIOTO MOCTaBHUKA — Mapokko. TexHooris
BUJIAJICHHS KAJIMIIO 13 allaTUTOBOTO KOHIEHTpATy HE 3HAWIIa 3aCTOCYBaHHA y
MPOMUCIIOBUX MaciiTabax, TaKk sIK 11 BOPOBAIKEHHS 301IbIINTH BapTICTh
KiHIeBoro npoaykry Ha 10-20 %,

JlxepenoM HaIXOJKEHHS KaJMII0 B OpraHi3M JIIOJUHU € TIOTIOHOBHIA
JIMM, OJTHA IUTapKa MICTUTh y cepeaabomy 2 Hr Cd, Tak SK TIOTIOH KOHIICHTPYE
e MeTal.

BusiBneno mikaBuii ()eHOMEH — CIOXXKHBaHHS KOQeiHy CyTTe€BO, B 2 1
Ourterre pasu, 3HMkye BMicT Cd B KpoBi, TKaHWHAX TIIOCHITHUX IIypiB [27].
Ha nymky nociigHukiB, koQeiH YTBOPIOE KOMILUIEKCHI CIIOJIYKH 13 KaJaMIieM, HE
JIOTMYCKalO4H MOro 3aCBOEHHSI OPraHi3MOM.

13. AuTponorenni BI'X npoBinuii i3 Haganmkom noJixjopoigeninis
(IIXB) Ta giokcuniB. Bocenu 1964 p. BBC CIIIA npucTtynwin 10 MacOBaHUX
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BIMCHKOBUX 1 NMPOTH B’€THAMCBKHMX IapTU3aH, 3aCTOCYBaBIIM TepOilMIHI
nedomianti s o0poOku kyHrimiB (omepariss Ranch Hand). Jlicu Oymu
o0po6aeni 6ims 96000 T repOinumiB, SKi MICTHIH, 3a PI3HUMHU OI[IHKAMH, BiJl
170 mo 500 xr miokcuHiB. IlocTpakmano He TiTPKM MHUpPHE HaceleHHsS, a U
aMEPHUKAHCBHKI COJIJIaTH, SIKI IPOBOAMIIN 1[I0 «EKOJIOTIUHY» ONepauito. Y JII0IeH,
Kl Biquynu Air0 BuUcokux A03 IIXDB, po3BuBamucst 4iTKi O3HAKUM TOCTPOT
IHTOKCHUKAIll Ta E€HJOKPUHHHUX 3aXBOPIOBaHb, BPODKEHI KaJIUTBAa JITEH Ta
OHKOJIOT151.

Binmomi mnpukiagM MacoBHX OTPY€EHb JIIOJAEH BHACHIAOK MOPYIICHHS
FePMETUYHOCTI TEIUIOOOMIHHOI amapaTypu B mpoiieci padiHyBaHHS PUCOBOIO
Macima. OIMH BHIIANOK, SIKMM OnepXkaB Ha3By «xBopoda IOmo», craBcs Ha
niBaeHHoMy 3axofi Amonii B 1968 p., koxm Oinmpme 1500 oci6 otpyinucs B
pe3yibTaTi BXKHUBaHHA Yy 1Ky pucoBoro macnua, 3abpyanenoro IIXb Ta
niokcuaamu (puc. 6.20).

Puc. 6.20. Cumnromu «xBOpOOH
Omo»

Jpyruii aHanoriyHui  BHIAJOK,
Ha3BaHUU «xBOpo0ow FIO-YUenr», abo
«MacisiHOK0 XBOpOOOIO», TpamuBCsi B
1978-1979 pp. wna TaiiBani, KoM
npotsirom 9 wicaniB Ot 2000 oci6
BKMBAJIM y DKy Macio 13 pPHCOBHX
BUCIBOK, 3a0pyaHeHux cymimmto [1Xb
Ta (QypaHiB B pe3yabTaTi BHTIKAHHSA

MajgnBa, K€ BUKOPUCTOBYBAJIOCS JUIsl IPUTOTYyBaHHS Dki. O3HaKaMu OTPYEHHS
Oynu 3MmiHa 3a0apBiieHHS IIKIpW, 30UIBLICHHS Ta TINEPCEKPeliss MOJIOYHUX
3a;m03, OmOBaHHS, 30UTBIICHHS TICYIHKH, MATOJOTIYHI 3MiHU mepudepiitHoi
HEPBOBOI CHCTEMH Ta CKJIaJy KpOBi, MOpYyIIeHHS (GYHKIII HaJHUPKOBUKIB.
PiBeHb XpOHIYHMX 3aXBOPIOBAHb MIEUIHKHU Y KepTB XBopoOu IO-Uenr B 2,7 pasu
BUILIA, YUM Yy KOHTPOJbHOI rpymnu. JiTm y XKepTB i€l XBOpoOU Maiu
HEJI0CTATHIW pO3yMOBUH Ta (iI3MYHUNA PO3BUTOK, YacTi iH(EKIIii ByX Ta BEpXHIX
TUXaITbHUX TILJISXIB.



~ 356 ~

6.4 BI'X mpoBiHWiil Ta eHAeMiYHi XBOpoOH Ha TepHTOPil
YRpaiHH

Ha Teputopii Ykpainu 3ycTpiyaloThCsi SIK MPUPOJHI, TaK 1 TEXHOTEHHI
BI'X mpoginmii [28]. BinnmoBigHo 10 pe3y/IbTaTiB MOHITOPUHTY PYXOMHUX (Gopm
pAAy MIKPOEJIEMEHTIB Yy IPYHTOBOMY TMOKpPUBI YKpaiHH, IOBEIECHOMY
Iacturyrom dizionorii pocnun HAH Vkpainu, Ha TepuTopii KpaiHu BUAUISIIOTH
YOTUPU IeOXIMIYH1 30HHU:

- 3axiony, 1m0 BKJIOYaE HacTymHi o6Onacti: Bomnunceky, [BaHO-

@paHKiBCbKY, 3akapnarcbky, JIbBIBCBKY, PiBHeHCBKY, TepHONLIBCHKY,
YepniBenbky. BusiBineno nedinmut takux eneMeHnrtis, sk |, Co, Zn, Mn, B neskux
MmicuieBocTsx PiBHeHchkoi 1 Bommachkoi — Cu. YV  mkepenax NHTHOTO

BOJIOTIOCTa4YaHHs, OCOOJIMBO B 3akapnarTi, Ay>Ke CUIIbHO 3011HeH1 Ha |;

- Ilisniuno-Cxiony — niBHi4H1 perionu Cymcobkoi, KuiBcbkoi, BIHHUIIBKOT,
UYepniriscbkoi oOnacreir, XwmenbHuilbka, JKutomupchka oOnacti. [le 30Ha 13
HEJI0CTauero B IpyHTaX pyxoMux dopm Zn, Co, Mn, Cu. Hoxonedinut y Boxi Ta
IpyHTaX BUsBICHO B YepHIriBcbkiid, KUTOMUPCBHKIN 00JacTsX, Ha MiBHOY1
KuiBcekoi, CyMcbkoi oOnacTei;

- Ilenmpanony — miBgeHb YepHiriBebkoi, Cymcbkoi, BiHHUIIBKOI,
KuiBcpkoi oOmacteit, IlonraBchka, Yepkacbka o6racti, miBHIY OIeChKOI,
XapkiBcbkoi, KipoBorpaacekoi obactei;

- Iligoenny - MukonaiBcbka, XepcoHChKa, JIHIMpomeTpoBChKa,
3anopi3bka, Jlonenbka, Jlyranceka oOnacti, miBaeHb Ta UeHTp Opecbkoi i
KipoBorpaacskoi o6nactei.

IlenTpanpHa Ta MiBJACHHA 30HHU JIOCTaTHBO 3a0e3nedeH1
MIKpOEJIEeMEHTaMH, 32 BUHSATKOM JIOKAJIbHUX oOsacteid 3 medimurom Zn, Co, a
noAekyau — Haauiiok Mn, B.

Cepen HUX C17 BIAMITHTH TaKi pi3HOBUIH.

1. pupoauni BI'X npoBinuii 3i 3Hm:kenum Bmictom |. Bume onucana
3aKOHOMIPHICTh, 110 €HAEMIYHUNA 300 SK Hacmiaok Jedinurty Hoay
3YCTPIYAEThCA Y BUCOKOTIPHUX paliOHaxX Ta y JIICOBIM 30HI 13 Mi30JUCTUMU
rpyHTamu. Tomy 3po3yMmiio, IO OCepeakamMu HoAoaedIUTy € TepuTopis
3axigHoi Ykpainu Ta 30Ha [lomices (BonmuHcbka, PiBHeHChKA, TepHOMUIBCHKA,
JIsBiBCHKa, YepHiBenpka, XKutomupcrka, KuiBcbka oonacri) (puc. 6.21).
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B Buicoka

[ Cepennsa
| |Huzpka

EBnartopia

HAnTta
Puc. 6.21. Cryminp pH3UKYy pO3BUTKY HOAOAE(DIIUTHUX CTaHIB B

HaceJieHHs1 Ykpainu [29]

CumnTomu 1i€i eHneMivyHoi XxBopoOu BusiBieHo B moHaa 10 % naceneHHs.

Cranom Ha 2013 p. B Ykpaini HapaxoByBanocs 35185 Bunaskis nudy3Ho-
ToKCHYHOTO 300y, 431788 — enmemiunoro 300y cepel JOPOCIOTO HACEICHHS.
SIKi110 3BaXKUTH Ha Te, IO BIACYTHICTh 3arajibHOI AMCHaHCEpHU3allii MpuBea J0
PI3KOTO 3HMIKEHHS KUIBKOCTI JIarHOCTOBAaHUX BHUMNAJAKIB, L1 IU(pU MOXKHA
CMUIMBO 30UIBIIYBATH SIK MIHIMYM Ha MOPSJIOK.

CryniHb TSKKOCTI €HAEMIi OL[IHIOETHCS 33 TAKOIO LIKAJIOK BMICTY MOy B
nutHi# Boxi: 0,001-0,002 mr/n — Baxka; 0,002-0,003 mr/m — cepennst; a 0,003-
0,004 mr/n — nerka. 3a Bumoramu J[CanlliH 2.2.4-171-10, y d¢i3iomoriuno
MMOBHOWIHHINA mnuTHIA Boxi moBuHHO Mictutucs 0,020-0,030 mr I/n.  Ha
TEPUTOPLIX 13 PI3KUM HopoaediuuToM YKpaiHu HAJIXOJDKEHHS MOy CKIajae
Bcboro 0,02-0,08 mr 3a 106y npu motpedy B 0,20-0,22 mr.

HedbiuuT Hoay NOTIUONIOETHCS 1HIIMMU YUHHUKAMU, 1[0 MiABUIIYIOTh
pPH3HMKH eHAeMidyHOro 300y: Bucokuii BMicT ¢ropy (YepHiriBchka o0011.),
HAJUIMIIOK PO3YMHEHOI OpraHiyHOi pEYOBHMHM Yy MHTHIM BOAl — TYMITIB,
dbyneBatiB, nedinut Cu, Se, Zn, Co, skuii moeaHyeThes 13 HagmmkoMm Hg, Mo,
Ca. MononediUT € NPUYMHOIO 3POCTAHHS BHIIAJKIB XKIHOUOTO OE3ILTiAms B
VYkpaiHi, KUIbKOCTI BUNIaJIKIB pO3YMOBO1 BIACTANOCTI y AiTel. CMEpTHICTh IiTel
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y perioHax, €HJAeMIYHUX MO HOoay, 3HAYHO BHIIA, HIX y palloHaX 13 HOpMaJbHUM
3a0€31EeUYECHHSIM.

Ha puc. 6.22 maBeaeHo naHi, m0 TiATBEPKYIOTh 3aJIEKHICTh MK piBHEM
EHJEMIYHOCTI  HojonediuuTy Ta  YaCTOTHICTIO MOP(MOJIOTiYHMX  3MIH
IIUTOBUIHOT 3aJI03H Y JIITEH PI3HUX PETiOHIB Y KpaiHH.

O F. Delange

33 METOOHKAMH _
0 M.B. Zimmerman
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Puc. 6.22. YacroTa nu¢y3Horo 301bIICHHS IIUTOBUIHOT 3aJI03U y JiTEH
3a HopMmamu, pekomenmoBanumu F. Delange et al Ta M. Zimmerman et al,
nociimkernas 2005-2007 pp. [30]

Jlep>kaBHa 1UIbOBA coOlliajibHA Mporpama 13 3amnoOiraHHs BUHUKHEHHS
3aXBOPIOBaHb, CIPHUYMHEHUX HOMHOIO HemocTaTHicTio Ha 2010-2014 pokwm, He
npuBelia /0 OYIKYBAaHUX pe3yJbTaTiB, a Hapa3l B3araji HE BUKOHYETHCS
BHACJIJO0K BIACYTHOCTI (D1HAHCYBAHHS.

2. Hpupoani BI'X mnpoBinmii i3 nHagaumkom F. 3a pesynpraTamu
MEJIUKO-TeOrpayHUX Ta TeOXIMIYHMUX MOCIIIKEHb BMICTY F B muTHINA BOi,
IPYHTaX Ta Xap4oBiil MPOIYKIIii BHOKpEeMIIEHO 4 010re0oXiIMIYHUX MPOBIHIIII:

- Ilepwa — xoHueHTpauisa F y npupoaHux Bojax, ikl BUKOPUCTOBYIOTH
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JUIS TMTHOTO BOJIONOCTAa4YaHHs, HI)KYa MEX1 BU3HA4YeHHS a00 BKpaill HU3BKUIA
¢dikcyerbess B 3akapmarti, JIbBiBmuHI, Bonunui, IBaHO-®paHKIBCHKIH,
UYepniBenbkid, PIBHEHCHKII 00/1aCTSX;

- /Ipyea — xoHueHtparlis F Hwkua 3a ¢izionoriuny Hopmy (Menmre 0,5
MI/1) — XapakTepHa it XMedbHHUIBKOI, JKuToMupchkoi, MHKOIAIBCHKOI,
Binnuupkoi, 3anopizekoi, Onecrkoi, XepcoHchkoi, KuiBcbkoi obnacrteit,

- Tpems - xoHueHTpauis F B Mexax mnoka3HUKIB (i310710T14HOL
noBHOIIHHOCTI TUTHOT Boau (0,5-1,2 mr/n) BusiBIIeHa Y OLIBIIOCTI BOJOKEPET
CymMmcbkoi, Yepnirieebkoi, XapkiBcbkoi, JIyrancekoi, Yepkacbkoi o0nacteit;

- Yemsepma — xkoHueHTpaiis F B nmuTHiN Boal nepesuiye (Hi3ioaoriuny
Hopmy (momam 1,2 wr/n): BusBieHo y IlonTaBchkiii, JlOHEIbKIH,
JuinponeTtpoBchkill, KipoBorpaachbkiil 001acTsx.

Posnonin F B mpupoaHux BoAaX, Kl BUKOPUCTOBYIOTHCS JJIsi MUTHUX
IiJIeH, 3yMOBJICHUI HaCTyHUMH YuHHUKaMU (puc. 6.23, 6.24):

- XapakTep BOJOHOCHOT'O TOPU30HTY;

- XiMIYHMM CKJaJ BOAM Ta TMOPIA, IO OTOYYHOTH BOJOHOCHHM
TOPHU30HT,;

- [IpuypoueHicTh BOAOKEPEN 10 30H TEKTOHIYHUX PO3JIOMIB,;

Texnorenne 3a0pyaHeHHs (10OyBaHHS Py, MEHIIE — arpONpPOMHCIIOBUX
KoMIUTekciB). Tak, 3MiHa XIMIYHOTO CKJIaJAy BOJU Y CTOPOHY OUIBII
MIHEpaIi30BaHO1, JIYKHO1, HATPIN-XJTOPUAHOI CYNPOBOKYETHCS 3MEHILICHHSIM
BMICTY COJIEH KaJbI[110 1 30UTBIIEHHAM KOHIIEHTpaIlil GTopy.

TUoBMM YMHHHUKOM, IO 3YMOBIIOE€ BHCOKHM BMICT (QTOpHAIB, €
pPO3BaHTAXKEHHSI TJIUMOMHHUX MIA3€MHUX MIHEpaTi30BaHUX BOJ Y 30HI
TEKTOHIYHUX PO3JIOMIB, CONSHUX KymomiB. Ha puc. 6.24 moka3ano po3nonia F y
nigzeMuux Bojax IlonraBmmuau. O6macti 3 HaiBHIUM BMicToM (7 1 OLbIie
MT/JI) TIpUypoOYeHi 10 oOiacTeld TEKTOHIYHUX NOpYHmieHb (y BHIVISII CMYTH
MEpPUIIOHATBHOTO  pO3J0OMYy  4Yepe3  XopoJibebkuil,  JlyOeHChbkui  Ta
Mupropojcbkuii palioOHH) Ta BHXOJMIB COJSHUX KymomiB y [losraBcbkomy.
Pemernnicekomy, KaprmiBcbkomy, UyryiBcbkomy paiionax). OdeBUAHO, Iie
HACHIJOK T1IPOJUHAMIYHOTO 3B 513Ky MK BOJOHOCHHUMH T'OPU30HTAMHU BEPXHIX
30H 13 TIMOOKO3aJSITAal0YUMH MIHEPai30BAHUMHM BOJAMH 30H TEKTOHIYHHUX
nopyuieHb. BinOyBaeThcsi 3MillIEHHST XIMIYHOI pPIBHOBaru Mix (PTOPBMICHUMU
NOpoJaMi Ta NPUPOJHUMH po3UMHAMU. HU3bKHI BMICT Kajblil0 CIpUSIE
PO3BHHEHHIO (TOPBMICHMX MIHEpaliB, 00 3a HOro HasBHOCTI caMme J00YTOK
posunnnocTi CaF, (4-10™") korTpomIOE KOHIEHTpAITiI0 F~ B IPHPOIHIX BOJAX.



~ 360 ~

HCO; |

lapoxapboHATHO-HATPIEBI BOAH
(BmicT F~ 0,2 Mr/4), 9yeTBepTHHHHUH

o

0 100 200 300 400 500 600 700
Mr/a

HCO;

lopoxapboHaTHO-HATPIEBRI BOAH
(BmicT F~ 1,0 MT/4), KpeHagHuH

0 50 100 150 200 250 300 350 400

HCO;

c1”

lopoxapboHATHO-HATPIEBI BOAH
(BmicT F~ 5,25 Mr/4), Tascores

2+
Mg=™[]
ca2t[]
0 50 100 150 200 250 300 350

Mr/a

Puc. 6.23. BrumB ximMiuyHOTO CKJIamy BOAM, Tepioxy i GopmyBaHHA Ha
BMicT pTopy [31]
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Kounenrparia
dropy, Mr/a
<15
1,5-3,0
B 3,0-5,0
B 7,0-9,0

Puc. 6.24. Bmict ¢ropy y migzemHux Boaax IlonTaBcekoi oOmacti B
mexax bydanpkoi proponocHoi BI'X mpointii [31]

BaxBOpOBAHICTE
HaceAeHHS
daroopozom

Bmict dhTopy

B NHTHIi# BoOIi,

Mr/a
B<1,5
m1,5-2,0
@2,0-3,0
= 3,0-4,0
®4,0-5,0
[15,0-6,0
= 6,0-7,0
= 7,0-9,0

Puc. 6.25. Kapra 3B’s3ky BMicTy (pTopy y NHUTHIH BOAI B MeEXKax
byudakcekoi ¢roponocHoi BI'X mnposinmii ([loataBcbka 00:1.) Ta piBHEM
3aXBOPIOBAHOCTI Ta JEHTAILHUH (urroopo3 [32]
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TakuM 4MHOM, MakcUMalbHa KUIBKICTh (DTOPY MICTUTBCSA Y MIJ3EMHHUX
BOJAX, IO MicTATh Mano Ca’’, a MiHepalbHA MATpHUI [PEACTABICHA HOHAME
HCO5, CI, Na', MPUYOMY TepeBakHa KiMBKICTh (TOpPY ICHYE Y BHIJISAL
npoctoro Wony F (monam 98 %). EngemiuHe 3axBoproBaHHS Ha (IIIOOPO3 €
HACJIIKOM CIIOKMBAaHHSIM NHUTHOI BOAM 3 BHCOKHMM BMICTOM F, BHCOKHM
BmicTom Sr** ta HusekuM BMicrom Ca®’. Tomy BHU3HAYaJIbHUM KPUTEPIEM CIIiJT
BBaXkaTH abo criBBigHomenus F/Ca®" a6o koedimient bI'X aktuBHOCTI QTOPY ¥
Burnani crissigaomenns F/ (CaF+MgF"). Ilpu nasBrocTi #omis Fe" cmin
BKJIIOYATU JO0 PO3MISIAY KOMIUIEKCHY CIHOJYKY C (PTOpOM, 1 CIIBBIIHOUICHHS
npuitme Bursan: F/ (CaF +MgF +Fe F,"™).

Cynasiuu 13 1aHuX, HaBeACHUX Ha puc. 6.25, y perioHax 3 MaKCUMaIbHOIO
KOHIIEHTpaIlito (Topy cTymiHb 3aXBOpIOBaHOCTI Ha (iroopo3 csrae maibke 100
% (ITontaBchbkuii, KapniBcbkuii, MarnriBcekuii paiionu). B cepenHboMy B IIiif
BI'X mpoBiHIii cnocrepiraeThest 3yonmit ¢umroopo3 B 90 % HaceneHHS.
VYpaxkeHUMH BUSIBIAIOTHCS KICTKOBA CHCTEMa, M’SI3M, IE€4YiHKA, IUIYHKOBO-
KUIIKOBUW TPaKT, EHAOKPUHHA CHUCTeMa. Buxoasuu 13 BUKJIAJCHUX BHILE
MIPKYBaHb II0JI0 XIMIYHOI MPUPOAM MIrpaiii GTopy, ais npodiIakTUKH I[bOTO
€HJIEMIYHOTO 3aXBOPIOBAHHS CJ1J PEKOMEHAYBAaTH HACEJICHHIO BKUBATH OLIbIIIE
MPOJAYKTIB, L0 MICTATh aHTaroHicT (gropy — cnomyku Ca. Takox MoOxHa
NpOBOAUTH J€ (PTOpyBaHHS MUTHOI BOAHU, IJsi 4YOrO PoO3poOsieHO Oarato
CHoco01B.

Oxkpemi jgokanbH1 BI'X mpoBiHIIii 3 MABUIIEHUM BMICTOM F B miJ3eMHUX
BojJax icHYIOTh B Uepniziecwkin obnacti. Tam aJisi neHTpaIi30BaHOTO MUTHOIO
BOJIOTIOCTAYAaHHS ~ BUKOPHUCTOBYIOTb  HIDKHBO- Ta  BEPXHBOKPEHASHUM,
XapKIBChKUH 1 Oy4yalbKuii ropu30HTU. BHACIIIOK MIPOHUKAHHS OLIBII TNTHOOKHX
BHCOKOMIHEpAII30BaHUX BOJI B KPEUASTHOMY TOPU30HTY BMICT ()TOPY BUIIMI 32
pEeKOMeH10BaHy HopMmy. HenpsiMUM MiITBEP/KEHHSIM € HAasiBHICTh POJOBUII
po3cony cyibdaTy Mardiro — Oimodiry, sikuil 100yBarOTh Ha TTHMOWHAX MOHAJ
500 m Ha YepniriBmuni. Tak, y M. [Ipmryku BmicT F csrae 2,8 mr/a, B Hixuni —
10 3,5 mr/i, B Meni -2,2 Mr/n. Y 1iux MicTax BHUSBJICHO JTOCUTh BUCOKHH PIBEHb
3aXBOPIOBAHOCTI1 Ha 3yOHM rroopo3. Tak, 3a BIaCHUMU JaHUMH, Y LIKOJSIPIB Y
Billi 6-14 pokiB M. Hixkuna Hioro BusBiaeHO B 48 % mikosipiB (BiJl cepeaHBOTO
JI0 TSDKKOTO CTYIEHS ypakKeHHs 3yOHOI emaii). Y IbOMY MiCTi HaMararThCs
3HU3UTH BMICT F y MHMTHIA BOAl NUISXOM 3MIIIyBaHHS 13 BOJAMM 1HIIHX
ropu3oHTiB. Ciix BIAMITHTH, 1110, K 1y IlonTaBchkiit 001., BOga MICTUTh AYyKeE
majo Ca i Mg — nokasauk 3araiasHoi TBepaocTi 0,5-0,7 MMob/1.

30unblIeHHsT BMICTY F B MiJ3EMHUX BOJIaX BCTAaHOBJIEHO HA JIOKAJbHUX
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nisiHKax B Qdecwkini o6macti. lle Tak 3BaHMit Apalu3bKHil PO3JOM - 30HA
TEKTOHIYHO-MarMaTUYHOI aKTUBI3AIlll Ta JIOKAJIbHI 00JACT1 1HIIUX TEKTOHIYHUX
nopymenb. Ilpu npomy, anamoriuno A0 IlonraBcebkoi Ta YepHIriBChbKO1
obnactei, ¢pTOp HAAXOAUTH O TOPU3OHTIB, SIKI BAKOPUCTOBYIOTH JJIsl TUTHOTO
BOJIOTIOCTAYaHHS, 13 MIMOMHHUX BOJ 13 BHUCOKOIO MiHepaiizaliero. B mictax
Tapyrino, TatapOyHapu BMICT PTOpy B MUTHIN BOJ1 csAirae 7 MI/I.

3. Texnorenna BI'X mnpoBinmis 3i minBumenum Bmictom F. s
Bojonoctayandss JIbBIBChKOI 00JIaCTI BUKOPUCTOBYIOTH BOJU KPEUISHUX,
KapOOHOBUX Ta JEBOHCHKHUX BIIKIAQAIB 3 JTOCHTh HU3BKUM BMICcTOM F, sKi
BigHOCATBCS A0 BommuHo-Iloauischbkoro apresiancbkoro Oaceitny. Ilpote
MIJ3€MHI BOJ03a00pU MUTHOTO BOJAOMNOCTAYaHHS Yy paloHlI pO3TallyBaHHS
YepBOHOTPAACHKOTO TIPHUYOMPOMUCIOBOIO KOMIUIEKCY XapaKTEepU3yHOThCS
MIJBUIIIEHUM BMICTOM I[bOTO €JIeMEHTY. Tak, y BOJl IIAaXTHUX KOJOASA31B MICT
Cokanb, Yeponorpan, CocHiBcbkoro, bennto3bpkoro, MeXHUpi4aHCHKOTO,
Bbopstuncekoro, [IpaBauHCHKOTO pailoHIB BMICT (TOPY CTAHOBHUTH 10 3,5 MI/I,
3apikcoBanmii Makcumym Ha CocHoBcbkoMy csiraB 4 wmr/nm [33]. dakt
AHTPOIIOTEHHOT'0 BIUIMBY Ha BMICT (PTOpPY HIATBEPIKYETHCS THUM, IO HOrO
KOHIICHTpAIIisl JOCUTh HEIOCTiiHa B Yaci 1 koinuBaeThes Big 1,0 mo 3,5 mr/m.
HaiimeHmuii BMICT KaJbllil0 y BOJI KPEHIOBOIO BOJOHOCHOTO TOPHU30HTY
BHUSBIICHO B Mekax COCHIBCBKOTO BOJI03a00py. Takui CkJaJ TMHATHOI BOJH,
30KpeMa BIJHOIICHHS KOHIICHTpaIlii Kajibllifo 1 ¢Topy, mnpu3BiB g0 178
3axBoproBaHHs JiTeit M. COCHIBKM HampukiHili XX cT. Ha ¢uroopo3 [33]. Huni
Bojia 3 COCHIBCHKOTO BOJ103a00py BHUKOPUCTOBYETHCS JIMILE JUISI TEXHIYHHUX
noTpeo.

Ennemiunum mo ¢ropy € takox paiton c. TomopiB bycbkoro paitony
JIbBIBCBKOI  0OJstacTi, Jie BMICT (TOopy Yy BOAI IIEHTPATI30BAHOTO
BOJIONIOCTa4YaHHs KoiauBaeTbes Bin 5,3 mo 7,0 mr/m. Jlnsg mopiBHSHHS — y BOmi
IAXTHUX KpuHUIH #oro Bchoro Jsmme 0,08 wmr/m. AHOmManbHO BHCOKA
KOHIIEHTpalliss F B apTe3iaHChKUX TOPU30HTAX BUKIMKAaHA, CKOpIIIE 3a BCE,
OPUPOJHUM (PAKTOPOM — HAAXOJKEHHSIM TIUOMHHMX MIA3€MHUX BOJ [0
€KCIUTyaTalllifHOTO TOPU30HTY B 30H1 TEKTOHIYHMX Po3joMiB. HuH1 17s mUTHHUX
noTped HacesieHHs ¢. TOnopiB BUKOPUCTOBYE BOJY JKEpeJl ICLEHTPaNI30BAHOTO
BojonocTayanHs (maxTHi komozs3i) [33].

4. Texnorenna BI'X mnpoBiHumia 3i miZABUIIEHMM BMICTOM BaKKHUX
MeTAaJliB.

Jo mepeniky 25 Haibimpmux 3a0pynHIOBA4YiB  HABKOJHUITHHOTO
cepenoBuiia B Ykpaini Bxoauth Jlyranceka TEC BHacnigok TOro, IO BOHA
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o Hs cnamoe 4,5 1 Ouible TUC. T Byriuis. HalOuibir npoObJeMHUMH 3 TOUKH
30py TPaHCHOPTY MOJIOTAHTIB 13 Ta30BUMH BUJMKaMU y aTMocdepy € TBep/i
aepo3oiri i3 po3mipamMu dYacTHHOK Oimbmie 10 MKM, sIKi BiJHOCHO IIIBHIKO
OCilatoTh Ha MOBepxHI0. YacTuHKU po3mipamu Big 4 no 10 MKM MIirpymoTh 3
MOBITPSHUMHU TOTOKaMM Ha BHCOTI TOHaA 1 KM Ha BiACTaHI A0 THUCSYl
KUIOMETpiB. 3Ba)K€H1 YACTUHKU J1aMeTpOM MeHIe 4 MKM MOXYTh nepeOyBaTu
B atMocdepi poxkamu [34].

PesynbratTy  gochmipkeHHS 30H 3a0pyAHEHHS TEPUTOpPii  HABKOJO
Jlyraucekoi TEC, mpencraBmeno Ha puc. 6.26. BusBnenuir wmacmrabd
3a0pyIHEHHS Yy TOpPU3OHTalNbHIN mromuHI ckmaB 45-50 wm. IIpoBeneni
nocnipkeHHss 11 arporieHo31B y 30HI BIUIMBY CTaHIll, pO3TAallOBaHUX HA
OJIHAKOBOMY BIJJIAJICHH] Yy HAMNpsSMKY Ha MIBHIYHUM 3aXill, SKUWA BIJINOBiJIA€
NepeBaKatoyoMy HANpsIMKY BITPIB, Ta TakKoi X KUIbKOCTI HAmNpsAMKYy Ha
MIBHIYHAHN CX1].

O6nacTte nokanbHOi aHTponoreHHoi BI'X mpoBiHIT MpoOCTATaeThCA Ha
BizicTaHb K MiHIMyM 25-30 km. [lepeBuiernst pOHOBOTO BMICTY BAIOBUX (HOPM
y apealiax, po3TallloBaHUX y MBHIYHO-3aX1THOMY HamlpsMKYy, ckiaaae (pasiB):

-Zn-1,18+1,97;
- Ni-1,12+1,95;
- Pb-1,03+1,44;
- Co-1,36+3,18;
- Mn -1,42+1,74.

VY mpoTwiexkHOMY MiBHIYHO-CXITHOMY HANpsIMKY piBHI 3a0pyJHEHHS 3a
BMICTOM BajoBUX (OpPM BaXXKMX METaliB 3HAYHO HWXKYl, Maike He
BIIPI3HSIOYHCH B (DOHOBHX.

Bwmict pyxomux ¢opMm MOTIOTAHTIB MOYMHAE 3MEHITYBATUCS HA BIJCTaHI
10-15 ™ Bix micts posranryBanHsi TEC. IlepeBuiieHHs TOKaIbHi, B OCHOBHOMY
3ocepemxeni Illo cTocyerbes pyxoMux (opM BaXKMX MeTalliB, TO BXKE Ha
Bizmcrani 10-15 kM BimOyBa€eThCs MOMITHHIA CIaj PiBHIB 3a0pyIHEHHS. 3aIaBax
pIUuoK, OayKax, spax.
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3onu 3abpyAHEHHS TPYHTIB Bincrags  1ICPEBHIIEHHS BMICTY

naekoao Ayrancekoi TEC  Big TEC, BaIKKHX METaAIB II0
: Rk BIJIHOIIIEHHIO 10 (hoHYy,
No 30HH Paszie
OxopoHHA 30HA 100
HABKOAO TIAIIPHEMCTEA
P 3oma 1 2,5-5,0 200-50
E] 3ona 2 4,0 - 8,0 10-20
¥l 30ma 3 8,0 - 15,0 5-10
] 30ma 4 12,0 - 25,0 £
6 Pom 25,0- 45,0 1,0
7 Bydepna zona 45,0 - 60,0 1,0
8 3eaeHa 30HaA 60,0 - 75,0 1,0

Puc. 6.26. Texnorenna bBI'X mpoBiHIIiS i3 MiIABUIIEHUM BMICTOM BaXKHUX
MmeTautiB HaBkoJjio JIyrancekoi TEC [34]
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He3Baxkaroum Ha JIOCUTh BHCOKY CaMOOYMINYBAJIbHY 3/aTHICTb
IPYHTOBOTO TOKPUBY Ha JaHI TEpUTOpli, MPEICTABICHOTO YEepHO3EMaMU
3BUYATHUMHM MaJIOTYMYCHUMHU Ba)KKOCYTJIMHKOBHUMHM, JI€ BMICT aJCOpOEHTY —
TIMHUCTOT dpakmii ckiamae Big 51 mo 69 %, aHTpomoreHHe HaBaHTaXKCHHS
MepeBUIIy€E COPOIIHY €MHICTh, TOMY Ba)KKI METAJIHM BUSBICHO 1 B POCIIMHHOMY
MOKpUBI. Apean 3a0pyJeHHS POCIMH TOYHO TOBTOPIOE KOHTYpU 30HHU
3a0pyJlHEHHSI TPYHTIB, BUTATHYTOI Yy MIBBHIYHO-3aX1IHOMY HAIPSIMKY.
KoHnienTpailisi BaXKKMX METaIIB HAaBITh HA BIICTaH1 9 KM BiJl CTaHI[li EPEBUIILYE
['IK y ciHi, NIIEHUYHOMY 3€pHi, KYKypy/3i Ha 3epHO, suMeHi [34].

SAKAIOYEHHA

Po3yminnst ocHoB BueHHs ipo BI'X paitonyBanus ta BI'X npoBinirii
HEOOX1HEe Ui BUBYEHHS MNpOOJEeM psAay CYMDKHUX JUCHUIUIIH, TaKuUX SIK
MeIMYHAa €KOJIoTisi Ta MeauuHa Treorpadis, reoximia daHAmadTIB,
IPYHTO3HABCTBO, €KOJOTIYHAa XiMid. [aes mnOpo TpaHCHALI0 aHOMAaIbHOIO
pO3MOALTY XIMIYHHUX €JIEeMEHTIB Yy 3€MHIM KOpi, IPYHTOBOMY MOKpPHBI,
NPUPOAHUX BOAAX HA OpPraHi3M JIOJEH Ta TBAPUH € MPAKTUYHOIO OCHOBOKO JJIS
MPOTHO3YBaHHS, MJIarHOCTMKM Ta JIIKYBaHHA €HJEMIYHMX 3aXBOPIOBaHb,
3YMOBJIEHUX HAJUIMIIKOM, HETOCTAYEI0 UM HE30aTaHCOBAHICTIO BMICTY XIMIYHUX
€JIEMEHTIB Y IOBKJLII.
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PO3IA 7 BIOTEOXIMIYHI ITUKAH

m SIBuiie KpyrooOiry pedoBUH B MPUPOJ1 OMHUCAHO € B
y /\ cepeauHi  XIX CT. 3aCHOBHUKOM arpoximii, HIMEIbKHUM

HaykosieMm FO. Jlioixom (mim. J. Von Liebig) ta ¢paHy3pkum

 / ximikom XK. B. Byccenro (¢p. J. B. Boussingault). Tepmin

9 - «Oioreoximiuamit 1mka» BBeAeHudd B 1910 pokax B.L

Bepnancekum, sikuit po3pobuB TeopetuuHi ocHoBU bI'X

IUKJIIYHOCT1 y BYeHH1 mpo Oiochepy Ta pobotax 3 Oioreoximii. [ornoBHOIO

reOXIMIYHOIO OCOOJMBICTIO KMBO1 PEUOBHHU € T€, 110 BOHA, MPOIYCKAIOUH Yepe3

cebe aroMu XIMIYHMX €JIEMEHTIB 3€MHOi KOpH, Triapocdepu Ta arMmocdepu,

3MIACHIOE Yy TPOIECl JKUTTENUIBHOCTI iX 3aKOHOMIPHY JU(epeHIlialiio.

3aBepllyloud CBiMl JKUTTEBUM IUKJ, OpPraHi3MU MOBEPTAIOTH MPHUPOAL BCE, IO

B3sUIM Yy Hei mporsiroM xuTTsa. B. 1. BepHancbkuii migpaxyBaB, IO 3a 4ac

icHyBaHHs Ha 3emuli 6iochepu Oyno CTBOPEHO 3,5-10" T Giomacu, w0 Maiike B 2
pasu NepeBUIy€e Macy BCi€l 3eMHOI KOPH, IKa CTAHOBUTD 210" 1.

Cnepmry mporiecd OOMIHY XIMIYHMMH €JIeMEHTaMH Majid IUKITYHUAM
XapakTep 3aBAsKd JOOOBHM, CE30HHUM, PIYHUM Ta OUIBII TPUBAIMUM LHUKIaM
KOJIUBaHb MOTOKY €Heprii, sKka HaaxoauTh BUT CoHId. [{ukmigHICTh X MpOIIECiB
3MIHIOBaJacsl MPOTATOM I'€0JIOTTYHO1 1CTOP1i 3eMill, B pe3yJbTaTi YOro 3MIHIOBABCS
XIMIYHUH CKJIaJ BCIX CKJIaaoBUX IuTaHeTH. JKuBa Matepis BOyaoByBanacs B
ICHYIOUI T€0JIOTIYHI IUKIW Ta MNPOJAyKyBalla Pi3HI MPOAYKTU >KUTTEIISLIBHOCTI,
HAaKOMWYCHHS SKUX KapJAWHAIBHO 3MIHWJIO KIJbKICHI Ha SKICHI TOKa3HUKHU
MITpalifHuX MOTOKIB.

[Ipuponno, mo ¢ynkumionyBanHsi bBI'X HUKIIB 3yMOBJIEHO KOJIWBaJIbHUMHU
MpoIleCaMU COHSIYHOI aKTUBHOCTI, TaK SIK OCHOBHUM JIXKE€PEJIOM E€HEpPrii sl pyxXy
o0iochepu € enepriss CouHug. ['eosoriyHi X UUKIM MOXYTh peai3yBaThCA 3a
paxyHOK BHYTPIIIHBOI (XTOHIUHOT) eHeprii 3emi. Di3MyHUI MeXaHi3M mepeaadi
MOTOKY COHAYHOI eHeprii y Oilocdepy mokazaHo Ha puc. /.1. OueBuaHo, 10
E€HEpPreTUYHl MOTOKM NEepeAaroThCsl y BUMISAI KOJUMBAHb BCHOIO YAaCTOTHOIO
Jiarma3oHy.

Tomy sk nepmwonpuunHy ¢GyHKIioHYBaHHS bBI'X MOUKIIB poO3risHEMO
LMKIIYHICTE eHepreTuuHuX npouecis Ha CoHLi. IX mpupogy cydacHa Hayka
MOSICHUTU HE MOKE, MPOTE AOCTATHHO MOBHO BUBUEHO iX MPOSIBU.

ABcrpiiicbkuii  actpoHoM P. Bombd (mim. J. R. Wolf) 3ampomonysas
OLIIHIOBATH COHSYHY AKTUBHICTh Yy BUIJISAJAI KOMOIHOBAHOTO 1HJEKCY COHSYHUX
IJIAM, KWW Ha3BaHO 4ucioM Bonbda, sSK1 Mo3HAYarTh MEPIIOI0 JIITEPOI HOTO
npizBumia - W. Bin Bnepiie modynyBaB rpadik 1HTEHCUBHOCTI IUISIMOYTBOPEHHS
Ha Conri, nmounHnaroun 3 1700 mo 1848 p. B momansmomy meit rpadik mocTiiiHO
JIOTIOBHIOBABCSI, Hapa31 — HABITh IIOJICHHUMU JAHUMH.
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Puc. 7.1. Cxema eneprernunux B3aemoaiin Conus ta 6iochepu 3emri [1]
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Puc. 7.2.BinciiakoBaHi MUKW COHSYHOT aKTHBHOCTI [2]

Sk mpaBuiio, y poku MiHiMmyMmiB Bapiaiiss W— B mexax Bin 0 go 10, a B poku
tunoBux MmakcumymiB — Big 50 mo 100. I'padik, skuil JEeMOHCTpYyE AWHAMIKY
KOJMBAHHS pIBHSA COHSYHOI AaKTUBHOCTI Yepe3 IMOKa3HUK KUIBKOCTI IUISIM,
noka3aHuil Ha puc. 7.2.

BianoBigHO A0 TPOrHO31B, HACTYMHUM IMKI COHSIYHOI aKTUBHOCTI
posnouynetbes B 2019-2020 pokax. B 2018 p. kpuBa cnoB3na maibke A0 HYIs
(W=10), ue OyB HalHW)KYNH TTOKa3HUK 32 BECh MEPIOJ] CIIOCTEPEIKCHb

Kpim Bigkputoro Boaspom 1l-pigyHOoro umkity, BIIOMI TaKOXK BIAKPHUTI B
kiami XIX cr. 72-piuanii (2 mo 36 pokiB) mukia ['aHCHKOTO Ta BIIKPUTHHA B
cepeauni XX ct. 6inpm HixK 600-piyanii nukn Pybamesa, 22-piynuii mapHUil KT
['meBumieBa-Ouid, ae apyruil y napi 11-piyHuil MK DOPIBHSHO 3 MONEPEIHIM B
1,4 pa3u BUIIMIA 32 BEIMYUHOIO COHSYHOT aKTUBHOCTI, Ta iHMII [3].

TakuM 4YMHOM, KOJMBAaJIbHUU XapakTep MITPALIAHUX HPOLECIB XIMIYHUX
€JIEMEHTIB SIBJSETHCS HACIIAKOM 3arajJlIbHOr0 pyXy MaTepii y BCECBITI.

[ukiiyHi mpouecn OOMIHY pEYOBHHOIO MDK KOMIOHEHTamH Oiochepu
TpaHC(HOPMYBAJIUCSA MPOTATOM TEOJOTTYHOI ICTOpii 3eMil, MO HPHUBOAUIO A0
3MIHU XIMIYHOTO ckjJany atMmochepu, rigpocdepu, mitochepu. XKupa pedoBuHa
BTpyYajach B ICHYIOUY CUCTEMY I'€OJIOTTUHUX LUKIIB Ta HAKOMUYYBaja MPOAYKTH
CBOET JKUTTEMBUTBHOCTI. [X HAKOMHYEHHS CHIBHO 3MIHIOBAIO IMKJIIUHI MirpaminHi
MOTOKH.
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Po3paxyHku po3nojuly Mac XIMIYHHMX €JI€MEHTIB y Oiocdepi B LIoMy Ta
Mac, SKi MICPYIOTh, - HETpUBiaJibHa 3a7a4ya. OLIHKK PI3HUX aBTOPIB YaCTO MAIOTh
3HAYH1 PO3XOJKEHHS, 3araIbHOBU3HAHUX JaHUX Hapa3l HEMAE.

i po3paxyHku 0a3yrOThCA Ha IBOX IPymax JTaHHUX:

- Ilpo cepenHi 3HAUYEeHHS KOHIEHTpAlll €JIEMEHTIB y KOMIIOHEHTax
Oiocdepu: maci ¢iopu Ta ¢ayHu, BOAL PIYOK, MOPIB Ta OKeaHiB, y memocdepi
TOILIO;

- IIpo Macy KOXKHOTO KOMIIOHEHTY Oi0cepu OKpeMO.

Tomy y psal BunagkiB Oyje HaBEJIEHO KiJIbKa BapiaHTIB CXEM Kpyroooiry,
SKIIO0 BOHU 3HAYHO HE CIIBNAJAI0Th B OCHOBHUX OI[IHKAX.

7.1 3araAbHi NOHATTSH

BioreoxiMiYHHH IIHKA - IIe CYKYIHICTE BiIHOCHO
3aMKHEHHX IIAAXIB NIEepeMilllcHHS pPEeYOBHH Yepe3 XHHBI
OpPraHi3MH Ta C€epPEeAOBHIIE IX NPOKHBAHHS

Ha3Ba 6a3yeThcst Ha ToMy (DakTi, IO B iX 3a0€3MEeUEeHH] MPUUMAIOTh y4acTh
sIK 010JI0T14HI, TaK 1 T€OXIMIYHI MPOIIECH.

30BciM He000B’A3K0BO, 100 ejleMEHTH Yy NpsAMOMY (I3UYHOMY CeHCi
IbOr0 CJI0BA pyxajucsa mo kouay. OgHak mo mipi mepexoay i3 ckiaaay OaHie€l
MOJICKYJIM 10 IHIIOI Y CKJIAAi OPra”i3miB Ta JOBKIJLUISI OAHH I TOH K€ aTOM
MOXKe pa3 3a pa3oM NOBepPTATHCH Y SIKHIICh NeBHUil cTtaH. B nubomy — nposis
IUKJIYHOCTI.

Ha puc. 7.3 mpencraBieHO 3ampONOHOBAHWN aMEPUKAHCHKUM 0i0JI0TOM,
3aCHOBHUKOM cucTeMHOi ekojiorii 0. Oxymom (E.P. Odum) BapiaHT moexHaHHS
BbI'X nukiy 13 moTokaMu €Heprii, IKUi pyxae Kpyroooir pedoBuH. B mpupozl He
3yCTPIYAIOTHCS BUMAJKH, KOJIU XIMIYHI €IEMEHTH PIBHOMIPHO PO3MOIIEHI 1O BC1H
€KOCHUCTEeM1, 0 TOTO 3K BOHM YaCTO 3HAXOIAThCA Yy pPI3HIA XIMIYHIA Qopmi

(CTyHeHsIX OKUCHECHHSI) Ta arperaTHOMY CTaHi.
HaaxongmeHHA \ & 7

Aemompodpu

l'lorn;;ny-r&
CBITAO \
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Puc. 7.3. BI'X kpyroo6ir (3amrpuxoBaHe KoJji0) Ha (pOHI CIPOMIEHOT CXEMHU
MOTOKY eHeprii: Pg—BamoBa mnpopaykiis; Py—4ducTa mepBUHHA TPOAYKINSA, SKY
MOXYTh CIIOXKUTU T€TEpOTpoPu B camiil cucTteMi ab0 Ta MPOIYKIIis, IO MOXKE
OyTu ekcriopToBaHa; P — BropuHHa npoaykiis; R — nuxanus [4]

Ha wmusixy wmikx rereporpodamu 1 aBTOoTpod)amMu  XIMIYHI  €JIEMEHTH
MOTPAIUIAIOTh Y TaK 3BaHUH pe3epenuit ghono (puc. 7.4). Ile — yacTuHa K0JI000ITY,
AKy MO>XHa YMOBHO BBaKaTH BIJJIUICHOIO BIJ KUBOi Marepii y (I3UUHOMY YU
XIMIYHOMY BuUIIsiAl. BiH sBiase co0OX0 BeNMKY Macy pE4YOBHUH, SIKi IOBUIBHO
pYyXaroThCs, B OCHOBHOMY Yy HeopraHiuHiid gopmi. OgHak npuiiMaTi 10 yBaru, 1o
MDXK JOCTYIHUM 1 HEIOCTYHHUMH (POHIAMHU ICHY€ JMHAMIYHA pPIBHOBAra.

Ha BigMiHy BiJl pe3epBHOTO, 0OMIHHUIL (hOHO sIBISIE COOOIO MIBUAKUM OOMIH
PCUOBHH MK OpraHizMaMu Ta IXHIM Oe3mocepe/IHIM OTOYCHHIM (puc. 7.4).

POHAH
v

CykynHnocmi (6enuKi

MaCH) NEe6HUX PEHOGUH,
Wo mMicnms;iimbo KOHKDBMHHHU
XIMIUHUU e/leMeHm

v v

PesepBHUI - OGminHHi (pyxomuii) -
BEAHEKa Maca peYOBHHH,

IO MOBIABHO Mirpye Mix
pesepByapaMH y IpoIecax
IHPKYASIil

3a paXyHOK MeHINHX MAC
3AiHCHIOETHCHA IIBHAKHH
oOMiH Mixk dhoHaaMH

IlIaaxu nepexody XimitHux
elieMeHmie i3 00H020 (PoHOY
00 THUL020

Puc. 7.4. IlonstTs pezepBHOro Ta oOMiHHOTO (hoHiB BI'X nukii

Pesepeni ¢ponou B atmocdepi ta rigpocdepi 1erkogocTymnHi, Tomy Taki bI'X
LIUKJIN BITHOCHO CTiMiKi. OcajoBl LMK, B SKUX MPUHAMAIOTh y4acTh, HAIPUKIIA/,
dbochop Ta 3amizo, 3HAYHO MeEHII CTaOUThHI. Ha HMX 3HaYHO OLIBIIMI BIUIMB
3MIMCHIOIOTh JIOKAJIbHI 3MIHH, TaK SK OCHOBHA Maca PEUYOBHHHU 30CEpEIKeHa B
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MaJlOaKTUBHOMY Ta MaJOpyXOMOMY pe3epBHOMY (oHml 3emMHOI Kopu. Takum
YUHOM, «3aXOPOHEHHS», TOOTO HAAXO/HKEHHS PEYOBHMH 13 OOMIHHOTO (DOHIY B
pe3epBHUM, 3AIMCHIOETHCA WHIBUJIIE, YUM <IIIHOM», TOJl YacTMHA MaTepianty,
SAKUA OOMIHIOETHCS, BUMIAAAE 13 KPyrooOiry.

Ob6minHuti ¢)oHO YTBOPIOETHCA 3a PAXYHOK PEUYOBHUH, SIKI HAIXOIATh Y
KpyrooOir pi3HMMU nuisixamu. [[Ba 13 HUX BeayTh 0€3M0CEPEIHHO B MPOIYLICHTIB
1 KOHCYMEHTIB, $IKI BXOHSTh JO CKjiaay ekocucteMu. [Ipu 1boMy MOMOBHEHHS
dboHay BIIOYBAa€ThCS 32 PaxXyHOK PEUYOBHUH, SIKI YTBOPIOIOTHCS a00 y pe3yJsbTaTi
MEPBUHHOI €KCKpEIli TBapruHaMu, ad0 MpHU PO3KIIaJll JETPUTY MIKPOOPTaHi3MaMHu.
Skmo x oOuiBa NUIAXM 3aMUKAHHS OOMIHHOTO (POHIY peani3yloThCi B OJHIN
€KOCHUCTEeM1, TO TEpPHIMH 13 HHUX JIOMIHY€, HANpHUKIAJ], B IUIAHKTOHI Ta IHIIUX
CIIBTOBApHUCTBAX, /1€ OCHOBHHI MOTIK €HEprii 17le¢ Yepe3 MacOBUIIHUN Xap4dOBHUI
JAHIIOT; APYTUM NUISIX TEpeBakae y cTemax, Jiicax MOMIPHOT 30HM Ta IHIIKX
CIIBTOBapHUCTBAX, B AKUX OCHOBHHUH MOTIK €HEPTil BIAOYBAEThCSA Yepe3 NETPUTHUI
Xap4yOBHH JIAHITIOT.

KpiM 1iux ABOX OCHOBHHUX IIIAXIB, ICHYE III€ MOXJIHMBICTh HAIXOMKCHHS
PEUYOBUH y OOMIHHUN (OH 3aBISKU HCUMMEOISLILHOCMI OP2aHI3ZMI8, SKI HCUBYMb
y cumbiosi 3 pocIMHaMH — OakTepiid, MIKPOCKOMIYHUX TpuOiB, BOJOPOCTEH,
JUIIAWHUKIB, IHIIUX pociuH. BoHW mepenarTh MOXKHBHI  €JIEMEHTH
0e3nocepelHbO POCIMHAM, SIK 1LI€ poOsATh OynbOoukoBi Oaktepii. Llei musx
MOMOBHEHHSI OOMIHHOTO (POHAY BaXKJIUBHUM JJIsI €KOCUCTEM 13 HU3BKHUM BMICTOM
MOXKUBHUX PEUOBUH.

HanxomkeHHss B KpyrooOir €JIE€MEHTIB Ta PEYOBHUH MOXKJIMBE TaKOX B
pe3ynbTaTi (PiI3MYHUX MPOLECiB, K1 pyXae COHSYHA €HEpris, TOOTO B Pe3yibTaTi
BITPOBOI Ta BOAHEBOI €p03ii, BUAPOBYBaHHS TOIIO. TaKMM CIIOCOOOM €IEMEHTH 13
OCaJIOBUX TMOpPIJ BUHOCATHCA 13 a0IOTUYHOIO pe3epByapy 1 MNOTPAIISIOTH B
oOMIHHMM (DOHI.

OpienToBHI po3Mipu pe3epByapiB Oiochepu y T pI3HUX CKIAJTOBUX
HaBeneHo B Ta0m. 7.1.

Tadoauusa 7.1. Po3mipu pe3epByapiB XIMIUHHUX €JIEMEHTIB y Oiocdepi

Pe3epByapu Maca
I'eorpamu (10%° r) % (Bimm.)

['xpocdepa 14100 99,62000
Atmocdepa 52 0,36700
OkeaHiyH1 JOHHI BiIKIaI1 1 0,00707
[pyHTH KOHTHHEHTIB 0,5 0,00353
JKuBa pedoBuHa 0,041 0,00029
biocdepa B Giomy 14513,541 100,00000
s nopiensnns: 3emna kopa 284600
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IcHyroTh HacTynHI BapianTh Kiacudikamii bI'X mukmis:

- I'a3oBi — 1ukIM TUX e€leMeHTIB, ki Hamidnumm B Oiochepy B
pe3yiabTati jaeraszanii MaHTii. J{o HUX BIJHOCATHCS MKW TAKUX OPraHOTEHIB, SIK
H, O, N, S, C. XapakTepHi pucH M¥X IUKIIB — 0OMiHHI (OHAM TX 3HAXOMITHCS B
rigpocepi Ta armocdepi, BOHM IIBHAKI. [ OJOBHI JKepella OpPraHOTCHIB —
aTMoc(epa Ta okeaH (pO3YMHEHI1 Y BOI T'a3H); MPOICCH IUPKYJIALIT BiIOYBaIOThCS
IBUJIKO, 00 TEepeHIC B1I0YBAETHCS Yepe3 MOBITPSHI MOTOKU Ta BUITAPOBYBAaHHS;

- OcanoBi — 10 HUX BIAHOCSATH UKW THX €JIEMEHTIB, K1 HAAXOISITh Y
OloJIOrYHUI KpyrooOir y BUIISAl TBepaoi ¢as3u, sika yTBOpWIAacs B MpoIleCi
KpucTaii3anii MaHTiHHOI pedoBuHU. Jlo HUX BigHOCATH P, Si, Fe, mpakTH4HO BCiX
THIITUX METaJiB.

He Bukimnkae cymHIBIB TOW (hakT, 110 AaHTPONOTCHHUN BIJIMB Ha
¢dyukiionyBanHa bBI'X 1nukiiB mOCTIHHO 3pocTae, NPOTE OI[IHIOBAHHS MOrO
MaciTaliB Ta CTYIEHs BIUIUBY HE Ma€ OJIHO3HAYHOTO TpakTyBaHHs. Lle moB’s3aHo
13 TPOOJIEMOI0 KUIBKICHOTO OIIHIOBAHHSI MaTepiajJbHUX Ta EHEPreTUYHUX MOTOKIB,
K1 € Pe3yJbTaTOM JIFOACHKOT MisIbHOCTI[5].

3a B.I. Beprancekum [6], poboTa sx1BOi pedoBHHH B Oiochepi IpOsSBISETHCS
B JIBOX OCHOBHUX (hopmax:

- XimiyHi# (0i0XiMiuHi#) — | pig reoJOrigHOT qisSTBHOCTI,

- Mexaniuniii — |l pig reonoriyHoi AisIIbHOCTI.

| pin — nmoOynoBa Tina, meperpaBiItoBaHHA DKi, € OUIbll 3HauMMuUM. Came
TOMY KJIACHYHUM BBa)Ka€ThCsA BU3HAa4YeHHS XUTTS 3a @. Enremscom (Him. F.
Engels) sk cmocoOy icHyBaHHS OUIKOBHX TUI, SIKi TOCTIHHO OOMIHIOIOTHCS 13
HABKOJIMIIIHIM CEPEJIOBUINEM; KOJIU MPUMUHSIETHCS 11 0OMIH, TO MPUIUHSAETHCS U
KUTTS.

Hapasi € HaniliHi KUIBKICHI JAaH1 7Sl OLIIHIOBAHHS IIBHJIKOCTI METa00II3MYy.
Tak, 3a manumu JI.M. TroprokanoBa [7], B MIIeHHMIN, HANPUKIaa, MOBHA 3MiHA
aToMiB Bi10yBaeThcs npoTsirom 15 116 st hocdopy, a aus kansiio — 3a 1,5 g1o0wu.
[Hmumi npukiman — 3a pospaxynkamu Oiosora I1.b. IN'opmana-Kagommikosa [8],
MIPOTATOM JKHUTTS JIOJUHU depe3 ii Tij0 mpoxoauTh /5 T Boau, 17 T ByrneBois, 2,5
T 6inkiB, 1,3 1 xwupiB. [Ipudyomy 3a MacmTaboM reoxXiMIYHOTO e(eKTy CBOE€T
($1310710T1YHOT JISTTBHOCTI JIIOJAMHA JAjJeKO HE HAMOUIbII BaKJIMBUM BUJl KUBOI
pedoBuHu Olochepu. ['eoximiunmii edekt (Hi31010T1YHOI MISUTBHOCTI OPraHi3MiB,
OYEBHUJHO, 3BOPOTHO MPOMOpUIMHUN ixXHIM po3Mipam. ToMy HaWOLIBII
MacIlITaOHOIO BUSABIISIIOTHCS MAcCIITa0u BIUTMBY A1SIBHOCTI MPOKAPIOTIB — OaKTepin
Ta 11aHO0AaKTEPIN.

Baromuii BHECOK B TreoXiMIYHY poOOOTY Ma€ KUIbKICTh PEUOBUHH, IO
MPOXOJUTH Yepe3 OpraHizM. Y IbOMY BIJHOIIIEHHI MAaKCHUMaJbHUN TeOXIMIYHUN
e(eKT Ha Cylll MalTh IPYHTOINH, a B OKeaHl — MyJoigu Ta ¢uisTpatopu. Ime Y.
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JlapBiH migpaxyBas, IO AP €KCKPEMEHTIB, BUJUICHUN TOUIOBUMHU YEPB’ sIKAMU Ha
poArOYuX 3eMIsAX AHIIII, CKIagae 5 MM 3a pik. TakuM 4YHMHOM, IPYHTOBHUH IIap
MOTYKHICTIO 1 M JTOIIOB1 YepB’SIKU MOBHICTIO MIPOITYCKAIOTh Yepe3 CBI1M KUITKIBHUK
3a 200 pokiB. B okeaHi aHaJOTIYHOIO MOTYKHICTIO XapaKTEpHU3YIOThCS OIU3bKI
poaMUl TPYHTOIMIB — KUIbYACTI YEpPB’AKU — TOJIXETH, @ TaKOXK PAKOIMOI0HI.
Jlocuts 40 ocobun momixer Ha 1 M MOPCBHKOI MOBEPXHI, 11100 MOBEPXHEBUH MIap
JOHHUX BigkiamiB moTyxkHicTE0 B 20-30 cMm miopiyHO TpOXOoAWB dYepe3 ix
KUIIKOBUM TpakT. CyOCTpaT MpHU IbOMY CYTTEBO 30arauyeThCs KaJbIIIEM, 3aT130M,
Martiem, Kaiiem Tta (pocopom NOPIBHAHO 13 IXHIM BMICTOM Y BUXITHOMY MYJIL.

Konpomiti (BUKOIHI PEMITKH EKCKPEMEHTIB) BiIOMI Yy T€OJOTIYHHX
BiJIKJIa/IaX, MMOYMHAIOYH 13 OPJOBUKCHKOTO mepiony (448-444 muH. pokiB Hazan),
OJIHAK TIPU T'EOJIOTTYHUX OMHUCAX IXHS MPUCYTHICTh HE BPAXOBYETHCA Y OLIBIIOCTI
BHACJIIJIOK CJIA0KOTO BMBYEHHS MHUTAHHS Ta BIJICYTHOCTI YITKMX J1arHOCTHYHUX
OJTHaK TaKuX (pocuiaizoBaHuX (Ckam’sHUIHMX) pemTok. [Ipore Hapasi BigoMi 3HAYHI
MOKJIAJTU KOTPOJIiTiB MOPCHKUX MTaxiB (TyaHO) HA MOPCHKUX OCTPOBaX, Ha Oeperax
[liBHiYHOTO MOpS JOHHI BIAKIaAA TOBIIMHOI 10 8 M  SBIAIOTH COOOTO
€KCKPEMEHTH M1J1ii TOIIIO.

Il pix 4iTKO MPOSBISIETHCS B HA3€MHUX €KOCHCTEMAax 3 OUIbII PO3BUHYTUM
IPYHTOBUM MOKPHUBOM, SIKAWA JO3BOJISIE TBAPUHAM CTBOPIOBATH TJIMOOKI YKPUTTS
(THI3IOBI KaMepu TEPMITIB, HANpPHUKIAJ, PO3TallOBaHI HAa TIWOMHI 2-4 M BIiX
MOBEpXHi). 3aBASKH BUKHIAM 3CMJICPHMHUX TBApWUH, y BEPXHI MIApH TIPYHTY
MOTPAIUISIIOTh IEPBUHH1 HEBUBITPEHI MIHEPAJH, SIK1 3aly4atoThcsi 00 010JI0TTYHOTO
kpyrooOiry. Tak, Bimomwuii reojor I'.d. MipunHk Ha3BaB Oabaka-TapOarana
«HaMKpauuM reosioroM 3abalkaiisg» - HOro HOpU OTOYEH!1 KOJEKI[ISIMH TPChKUX
Mopija, 7100yTHX 13 TTUOUH KUTBKOX METPIB.

[lonsiTTa «HOpa» ab0 «THI3I0» ACOIIIOETHCS 13 Ha3€MHHMH OpPraHi3MamH.
[Ipote Giorenna mirpartis |l poay po3noBcromkeHa 1 B MOPCbKUX €KOCUCTEMAX, JIe
il ponb HaBiTh OUIblI Baroma. MemkaHil Mopsi OyJAylOTb YKPUTTS HE TUIBKH B
M’SKMX JIOHHMX BIJIKJIaJax, ajie i B CKAJIbHUX MOpoAax. Tak, MOJIOCKH COJICHIIH
Ta Mia PUIOTh HOPY INIMOMHOIO KIJbKa METPIB. Y 30HI NPHUOOO ISl 3aKPIMUICHHS
TaKUM K€ YMHOM 3 CKEJIbHIM MOPOJIl 3aKPIILIIOI0THCSA BOJOPOCTI, TYOKH, OaKTepii,
MOJIFOCKH, TOJIXETH, MOPCHbKI ixkaku, pauku. Lli CBEpANUIBHUKU 3 SIBUWIHCS Y
JaJIeKOMY T€O0JOTTUHOMY MHUHYJIOMY — CTOYEH1 HUMHU MOPOJU 3HAXOJSATh HABITH Y
TOKeMOpPINChKUX BiAKIagax. Macmrabu 1€l JIsJIBHOCTI CTalOTh B HAIll dYac
katactpopiuaumu. Hampukinan, y 3axigHiii €Bpomi BUNAAKOBO 3aBE3CHHUM 13
Kutato MoxHOpykuil Kpad, mOTpanuBIIM A0 OaraTboX PI4OK, OYJIyIOUH YKPUTTH,
nigpuBae Oeperu, pyiHye rpedmi.
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Jlo Oiorennoi mirpamnii Il pomgy BiZHOCHUTBCS W MeEXaHIYHE MPOCTOPOBE
OpraHi3MiB — C€30HHA MIrpallis NTaxiB, NEPEMIIICHHS y MOIIyKax KOpMY, MacoBi
Mirpaiii TBApuH Ta KOMax.

B.1. Bepnaacekuii kinacudikyBaB mpoiiecu mirpaiii B 6iocdepi, BUX0g4U 13
npupo v camux mpornecis [9]. [HmmiA migXix 3anmpornoHyBaB HOro Cy4acHUK reoJior
M.1. AuapycoB, siKuii BBaXkaB, 1110 XIMIYHA JISIbHICTh OpraHi3My B3araii, sik Mae
re0JIOTTYHE 3HAYEHHS, 3BOJIUTHCS 10 JIBOX KaTETOP1ii:

- YTBOPEHHIO Ha 30BHINIHIA MOBEPXHI YW BCEpPEIMHI TBEPAUX BUJILICHD,
31aTHUX 30epiraTucs,

- YTBOPEHHIO PIAKUX YU Ta30MOAI0HUX BHUUICHB, KI MOXYTh BCTYIAaTU y
XIMI4H1 B3a€MO/I11 3 HEOPTaHIYHUM HABKOJIHUIITHIM OTOUYCHHSIM.

AHanoriyHui miaxin BuciaoBmia MikpoOiojgor T.B. ApictoBchbka, 110
Mirpamis aToMiB XIMIYHUX €JIEMEHTIB MOXe OyTh SK MNpIMUM, TaK 1
OMOCEPE/IKOBAHUM PE3YJIbTaTOM KUTTEAISIBHOCTI OpPraHi3MiB, B MEPILY YEpry
OakTepiu.

Otxe, mig AKICHOI 1 KUIbKICHOI xapaktepuctuku BI'X nukmy ciifg
3HATH:

- BenmuuuHM TOTOKIB (K MIBUAKO PEYOBHHA/CHEPTis IMEPEMIIIYEThCS 3
onHiei oHAy, pe3epByapa, CKIagoBoi 6iochepu 10 IHIIOrO);

- TpuBanicTh nepeOyBaHHs (CKUTBKHM Yacy pedoBHHA / EHEPTis 3aTHIIAETHCS
B ¢oHxi (TOOTO, KM pO3Mip HOHIY).

OcnoBHe ntuTaHHs: Sk *xwuBi icTotn (y CYKyMmHOCTI, Oiocdepa) BIUTMBAIOThH HA
MOTIK, MPOKUBAHHS Ta IEPEHECEHHSI OKMUBHUX PEYOBHUH Ta IHIIUX PEUOBUH.

7.2 EKcnepHMeHTaAbHi moxa3 BI'X muraiumocTi Ta
KAIOYOBOI poAi 0ioTH B HHX

Excnepumenmanvui  0oxasu UUKIIYHOTO XapakTepy pyXy MOXKUBHHUX
eJIEMEHTIB ojiepkano mie B kiHii XIX cT. Ha npukiani gicoBux exocucrem [11].
ABtopam pocmimkenHs [11], 3amydyuBHIM CKIAQAHHN KOMIUIEKC IOCIIIKEHB,
BJIaJIOCSl CKJIACTH TOBHUM MaTepiajibHuUi OallaHC OpraHiyHOi PEYOBUHH Ta
OCHOBHUX MAaKpOEJIEMEHTIB JIJIi TUIIOBOTO €BKAJIINTOBOTO Jicy (Tadiu. 7.2). Bonu
JIOBEJIH, IO [UPKYJISIA MOKUBHUX €JIEMEHTIB ONMUCYETHhCS 3aKOHOM 30€pEKEeHHS
Mac 11110 CUHTE3 OPraHIYHO1 PEYOBUHU JIMITYE a30T.

3 mosiBoro Metony panioizoTonHux mitok Jx. Bizepcryn (J. Witherspoon)
[12] B 1960 p. npoBiB KUIBbKICHE IOCHTIHKEHHS ek30reHHoro bI'X mukiry muistxom
BUBYEHHSI Mirpaiii 130Tomy BiCs gyepe3 12 excriepuMeHTATbHUX JepeB OLIOTo
nyOy mpoTsIroM BereTamidHOro rmnepioay. byno Moka3aHO OCHOBHI NUIAXU
MIPOXO/KEHHS MTOKUBHUX €JIEMEHTIB Yepe3 POCIUHY Ta iX UK (puc. 7.5).

OO6uaBa eKCrepuMEeHTH MPOJIEMOHCTPYBau Taky ocobnuBicTh BI'X 1ukiiB
SK HEeMOBHY 3aMKHeHicThb. biocdepHi nmukim 3amkHeH1 HenoBHIicTIO (Ha 90-99 %).
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Slkmio 6 1boro He O0yso — Toa1 6 B cTpaTocdepi He Oys10 O OpraHOreHHUX T1PCHKUX
Mopia, aTMochepHOro MOBITPsI — O10JIITIB.

Ta6auusa 7.2. Maca opraHiyHOi pPEYOBHHU Ta KUTBKOCTEH TTOXUBHHUX
€JeMEHTIB Yy (poHAaX Ta MOTOKAX MACOMNEPEHOCY B TUIIOBOMY €BKAJTINTOBOMY JIICI
BHCOKOT PO IyKTHUBHOCTI BikoM 50 pokiB [11]

OpraHiyHa N P Ca Mg K
CraanoBa pEeYOBHHA,
Kr/ra
T/ra
Hactima - zepesa - wax 500 500 | 50 | 500 | 250 | 400
MOBEPXHEIO IPYHTY
Hiap Aetosot 30 150 | 10 | 110 | 30 25
1 ACTUIIKA
Tlosepnenns 3 pociunu y ipynm, 3a 1 pik

-~ 3 mcrommM 8 60 2 60 20 10
OIaJI0M
- BunyroByBanus 0,05 5 <0,1 5 5 2

Haoxooorcennss ma empamu, 3a 1 pix
Jlo1mioB1 omaau 0,01 5 <0,1 5 3 2
PycnoBuii ctik 5 0,01 0,2 3 2
3c.zeaﬂbHuu yuxka™, 3a 1 105 5 75 32 53
PiK
IloBepHEHHS 13 65 9 65 29 35
POCJIMHHU 10 IPYHTY
30BHINIHE PO3CIIOBAHHSA 30 3 0 5 10
Bamanc Bxig-Buxizn 7 <0,1 5 2 0
AOCoIIOTHa BETMYMHA
HA/IXOJKCHHS 3 TPYHTY, 10 1 5 3 8
3a 1 pix
a1 MUISIXH
HaJXO0JKEHH4, 3a 1 pik:
- 3a pPaxyHOK
azoTdikcarii,
acuMO10THIHOT Ta
CHUMOI10THUYHOLI, 7
- BusitproBanus
TIpCBKUX TIOPiJT 0 0,1 3 1 8

*«3aradpHUi LUKI» - L€ CyMa BCIX MOTOKIB MDK POCIMHOIO Ta I'PYHTOM

IUTIOC T1 PEYOBUHH, 110 TOTPIOH1 POCIUHI JJIsl POCTY
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Puc. 7.5.KinpkicHi pesynbratu pociimkeHHs mukiny Cs-134 (ycepemueni
naHi uis 12 nepeB B KiHIN BereTariiiHoro mepioay) [12]

Cawme B.1. Bepnancekuii Briepiie BiIMITHB, III0 MK KUIbKICTIO TOXOBAHOTO B
crpatocepi opraniunoro syriemio (Cop) Ta KUIBKICTIO (DOTOCHHTETUYHOTO
KHCHIO, 110 HaJalimoB B atMochepy, — iCHye (DYHKIIOHaJIbHA 3aJIeKHICTh. Yum
OisbLIE OYJI0 3aXOPOHEHO OPraHIYHOrO BYTJIELIO, TUM OLIbIlIe KUCHIO HaAXOIUJIO Y
atMochepy. ToMy mepioly MacoBOTO YTBOPEHHS BYTULISA Ta YOPHUX CIAHIIB
Oyny, SIK BUSIBISIETHCS, 1 MEPIOJaMU TMOCHICHOTO HAJIXOJKEHHS B atmocdepy
KHCHIO, BMICT SIKOTO B JISSIKi €IIOXH HaBITh MepeBuIyBaB cyuacuuii[9, c. 59; 10]. B
nepioay, KOJIM BiIOyBaJiMCsd MAacIITaOHI TEKTOHIYHI 3MiHU (T€OCIHKIIHAILHUN
nepion), OJIHOYaCHUM
3pOCTaHHSIM BMICTY KHCHIO Ta 3aXOPOHEHHSIM OpTraHIuHOro Byriento. B oporenHi
nepioan (pyJAOyTBOPEHHS) TSHIACHIIT OyiH MpsMO MpOoTHWIe)KHUME (puc. 7.6).

Ha cranii mepBuHHOro po3BMTKY 3emul BigOyBamacs audepeHuiaiis Ta
KpyrooOir XiMIYHUX €JIEMEHTIB MK PiIKOIO, TBEpJOI0 Ta ra3oBoro (azamMu 3a
paxyHOK (i3muHuX, XiMivHUX Ta ¢iznKo-XiMiyHUX TpoueciB (3aMOPOKYBaHH,
TAHCHHS Ta KWITIHHS, TIIOBEpXHEBa CopOIis, OKIMo3is Tomo). Ilpukiagom
KOJI0O0Iry, IKUM MOK€ 3/I1IMCHIOBATUCS 332 PaXyHOK I'€0JOTTYHHUX MPOLIECIB, € UK
BOJIU.

BMICT BYIJIEKHCIOrO Ta3y 3MEHINYBaBCAd IMaJaB 3
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| leociHEKAHANBHAA | |
mepion

KoHneHnTpamnmia

A\

Cnpr.

N
N

OporeHHU

knepion\&

T'eoAoriyHHH yac
Puc. 7.6. Cxema iimoBipanx 3MiH koHneHtpamin CO, i O, B atmocdepi i
BMICTY OpraHI4YHOi PEYOBHMHU B OCAJKOBHUX MOPOAAX y XOJAl TEKTOHIYHUX I[UKIIB.
TpukyTHHKaMU IMOKA3aHO OPOTEHHI mepioan (YyTBOPEHHS MOKIAIIB pyxa). 3MiHU
COsra O, B arMmocepi BinOyBarOThCsi B npoTudaszi, 3MiHM KoHIeHTparii Oy 1
OpPraHiYHOI PEUOBHHU B Ocajax Bi0yBaroThcs cuHpa3Ho [13]

Kinbkichi Ta skicHi omucu BI'X 1UKIIB He SBISAIOTHCA YCTAJICHUMH,
3arajlbHOBU3HAHUMU HAayKOBUMH (pakTamMu. BoHU NMOCTIHHO TpaHCHOPMYIOTHCS IO
Mip1 Ofiep>KaHHSI HOBUX (PAKTHUYHMX JIaHUX. TaK, HAapUKIIaJ, H0HO 3’ ABUiocs 0e3
nepeOUIbIIEHHsT CeHcalliHe AociuipkeHHs [14] mpo BUSABICHHS HEBPaXxOBAaHOTO
paHille MOTOKY HAJIXOJKEHHS y armocdepy ablOreHHOro MeTaHy, Maca SIKOro
Ha0araTo MepeBUIIy€E Ty, 110 MAa€ aHTPOIMOTEHHE HaIXoKeHHs. J[kepeno Koro —
rMOOKO Mij] MOBEPXHEI0 3eMJIl, MK MAHTIEI0 Ta HIXKHBOIO OKEaHIYHOI KOPOIO.
«AbGiorennuit» CH, BusBIIGHO y BHIISII BKIIOYCHBb Y TIPChKHX Toponax (puc.
7.7a). BaxxiauBO BIAMITHTH, IO II€ HE JIOKAJIbHE SIBHUINE, 3pa3Kd BigiOpaHO B
TiIPOTEPMALHUX JUISHKAX PI3HUX pPaWoOHIB CBiTy (CepeIMHHO-ATIaHTHYIHUN
xpeber, Oaceiin ['yaiimac, CximHo-Tuxookeancekuii xpeder, Cepenniii Kaiiman).
@dakT NPUCYTHOCTI METaHy Ta BOJHIO JIOBEICHO METOJOM paMaHIBChKOi
crekTpockomii  (koMOiHaiiiiHoro po3scitoBanHs) (puc. 7.76). IlocimigoBHICTB
XIMIYHHX TIPOIECiB, SKI NPUBOIAATH [0 YTBOPEHHS a0lOTMYHOTO METaHy,

ONHCYETHCSA HACTYITHUM YHHOM
<400-C
1. 2H,0- 2H, + O,
<340=C

2. (Mg,Fe),[SiO4] (omiBiH) + H,O + CO,-
(ceprientin) +(Mg,Fe)[COs] (Opaiinepir); (ceprnenTusaris);

Mgs[Si205](OH),
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25—340-C

3. CO, + 4H,-

CH,4 + 2H,0.

[
b= - L

IHTeHCHBHICTSH

3000 3400 3800 L 4000
PamaHiBCcBKe 3MillleHHA [cu']']

6

Puc. 7.7. Jloka3u HassBHOCTI aO10r€HHOTO METaHy y TIPChKUX MOPOJAX:

a) MIKpO(OTO3HIMKM TOHKHX 3pi3iB BKIIIOYEHb Yy OJIBIHI (3pa3Kd MICTSATh BKIIIOYCHHS
CEepIEeHTHHY, OPYCHTY, MarHeTuTy Ta razomnonionux Hy ta/un CHy);

0) cHekTpu KOMOIHAIIHOTO PO3CIIOBaHHS Ta TiNEPCIEKTPalbHI KapTH BKIIOYCHHS B
OJIIBIH i3 3pa3Ky, BiniOpanoro y Tippercbkomy Mopi (mo3nauyenns: C — xpuzorui; B — 6pycur; O
— ouiBiH; H — Bozienn) [14]
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Sk CTBepIKYIOTh aBTOPU MOCHIIKEHHs, 1edl (oHJ aOlOTUYHOTO METaHy
MEPEBUINYE 3a PO3MIPOM Ty KUIBKICTh, IO MicTuiacs B atmocdepi 3emii B
JOIHIyCTPiaJIbHY €MOXY.

TpanuiiiiHo BBaXKA€ThCSA, 10 METAaH — NOTYKHUM NapHUKOBUN Ta3 —
YTBOPIOETHCSI MIPU PYHHYBaHHI OpraHIYHOI PEYOBUHU y O€3KHCHEBIl aTmocdepi.
OpnHak 1 Teopis He MOXKE MOSICHUTH ICHYBaHHS METaHy Ha MOpPCbKOMY AHI. BiH
BUXOJIUTh Yepe3 TEOTEPMIYHO HArpiTi TpiuHU y 3eMHii kopi. Tak, B 2016 p.
HaykoBIsiME ekcrieaniii Ocean Exploration Trust O6yno BusiBieno Oinbmie 500
BukuniB CHy Oins 3axigHoro ysoepexokss CIHA [15]. Tomy 1€ BiIKpuTTS Mae
(dbyHIaMEHTallbHE 3HAYEHHS JJI1 OMHUCY O10T€0XIMIYHOIO IUKIY BYTJELIO, TaK K
MOSICHIOE ICHYBaHHS TMOTY>XHOTO TIOTOKY IIbOTO €JIEMEHTY Ta TE€OXIMIYHOTO
MEXaHI3My YTBOPEHHSI B OK€aHIYH1{ KOpi Ta MaHTIi.

Ponb 6iomu y nupKymnsaii XIMIYHUX €JIEMEHTIB B 0iocdepi Oymno mokazaHo y
IIMPOKOMACIITAOHOMY €KCIIEpPUMEHTI Ha JOcCiiaHii craniii Xaooapa-bpyk (Bait
Maynaiiac, Hpro Xammmip, CIIIA). Moro mera - focimiguta GamaHcH Mac y
€KOCUCTEMAaX MPOTITOM TPUBAJIOTO MEPIOY.

Hocmig posmoyaro B 1965 p., a 3akimueno B 1995 p. Bymo oGpano nBi
OUISTHKY JaHamadTy Ha CXWil maropOy, CXOXi 3a po3MmipamMu Ta penbedoMm, sKi
SIBIISIIOTHCSA BOI0301PHOIO IUIOMICIO ABOX MPHUOIM3HO PIBHOIIHHUX BOAOTOKIB. Ha
OJIH1/ 3 HUX MOBHICTIO BUJIAJIMIIA POCIUHHICTB. 3 000X AUISSHOK V-1oA10HO01 hopMu
3MIIMCHIOBABCS JIPEHAX MOBEPXHEBOTO CTOKY, MIACTEJICHOTO BOJOHEIMPOHUKHUMU
nopoaam#u (puc. 7.8a).

BcTanosneHo, 1o 3arajibHa MIBHAKICTH BUHOCY PO3YMHEHUX HEOPraHIYHUX
CIIONYK 3 JUISHKA, 1€ BUIAJCHO POCIHHHICTH, 30iUmbmmnacs B 13 pasis.
[IpuumHOIO CTANM IBA YNHHUKH:

- Pi3ko ckopoTuiacst moBepXHsl TpaHcmiparlii (JIMCTKIB), O TPUBEIIO JI0
HAJIXO/KCHHS CIIOYaTKy B IPYHTOBI BO/H, a TOTIM y piuky Ha 40 % Oinbire ocaiis,
YUM J0 BUJAJICHHS POCIMHHOCTI; 30UIbIIEHHS CTOKY MPUCKOPUIIO BUIIYTOBYBaHHS
O10reHHMX €JIEMEHTIB, BUBITPIOBAHHS FPCHKUX MOPIJ Ta €PO31I0 IPYHTIB,;

- Bunanennss nicy (akTUYHO NPUNHHUIO KpPyrooodir OloreHHux
€JIEMEHTIB BCEpPEMHI EKOCHCTEMH, YMM IIOBHICTIO po30ajaHCyBalio IMPOIEeCH
PO3KJIaJICHHS] OpPraHIYHOI PEYOBHMHM Ta CIOXKMBAHHS MIHEpaJIbHUX KOMIIOHEHTIB
pociavHaMHu. 3a BIJACYTHOCTI TaKOrO CHOXKMBAaHHS HABECHI, KOJHM JIMCTOMAJIHI
MOpPOAM TOBUHHI OylIM TIIOYaTH CHUHTE3yBaTH OioMacy, OIOr€HHI EJIEeMEHTH,
BUBUIbHEH1 BHACIIJIOK aKTUBHOCTI PEAYIIEHTIB, BUMHWINCS BOJAMH, K1 APEHYIOTh
TISTHKY.

Oco0yMBO CHIIBHO BUpYOKa JIiCy BijoOpa3miacs Ha HITpaTHOMY a3oTi (puc.
7.80), mo me pa3 CBIMYUTH MPO HWOTO MPOBIAHY POJIb Yy MUPKYJIALIi O10T€HHOTO
azoty. Ilicna 3uemicHenHs BuHIC NOs33pic B 60 pasiB mpoTsarom meprimx JBOX
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pokiB. IHIIl OI0JIOrIYHO aKTUBHI MOHUM B PE3ylbTaTl pPyHHYBaHHS MEXaHIZMY
HUPKYJIALIT TAKOXK CTaI BUMHUBATHUCS 3HAYHO IIBUJIIIE Kali — B 14, kanbiiiii — B /,
MarHii — B 5 pa3is. Pazom 3 TUM BTparu HaTpir0, MEHII 3HAYMMOTO O10JIOTTYHOTO
CJIEMEHTY, 3MIHMJIACS TICIS 3HENICHEHHS HE TaK MOMITHO — 30UThImmiucs B 2,5
pasu. Hameno, Na' MeHII aKkTMBHO 3alydaeThcs 10 Kpyroooiry G6ioreHHHX

€JIEMEHTIB JIICOBOro OloreoneHo3y. DBukioueHHsM crana cipka — Hicis
. N . 2-
3HEJICHEHHSI IBUKICTP ii BUMUBAaHHA y BUIVIs1 Hony SO, 3Hm3mnacs (puc. 7.8B).
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Puc. 7.8. ExcnepuMeHTanbH1 AUISHKY JOCTiAY 13 OajgaHcy 010TeHHUX
eJIeMeHTIB Ha cTaHIii Xa06apa bpyk (a); pe3yabraTé MOHITOPUHTY BHHOCY
HITPaTHOTO a30TY i3 TOBEPXHEBUM CTOKOM (0) Ta iHImUX OioreHHUX ioHIB (B) [16]

IlosicHeHHsT 1LOMY SBUIIY HE 3HAWJEHO. 3arajJlbHUil BUCHOBOK 3 IIbOTO
JETaIbHOIO JOCIIIKEHHS — 010Ta SIBISIETHCS OCHOBHUM perynsitopoM bI'X nukimis
OCHOBHHMX O10r€HHHX €JIEMEHTIB.
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7.3 Tunizaunia, mgxepeaa eHeprii Ta cnpsaxeHHa BI'X
IIHKALIB

CoHsiuHa eHepris BUKJIMKAE Ha 3eMill JBa KPYrooOirn peuOBUH: GETUKUIL
(abo 2eonociunuii), IKU HAWOLTBII YiTKO MPOCIIIKOBYETHCS Y KOJIOOOITY BOJIU Ta
MUPKYJAIIT aTMocdepu; Ta marui (diomuunuit), SKUi BUABISETHCS Y )KUTTEBOMY
nporieci. Manuii Kpyroo0ir po3BUBA€THCS HAa OCHOBI BEIMKOIO TI'€OJIOTTYHOTO.
B3aemonis abiotuyHux  (akTopiB Ta KMBUX  OpraHi3MiB  €KOCHCTEMU
CYNPOBOJIKYETHCS HEMIEPEPBHUM MEPEXOJOM XIMIUHHUX €JIEMEHTIB 13 MiHEpaIbHO1
dbopmu y OpraHiuHy Ta HaBMAKU.

Buauiaiors:

- Enoozenni BI'X yuknu, sxi Bi10yBarOThCs MEPEBAKHO B JITOC(]Epi; BOHU €
NpEeIMETOM BHBYCHHS IepeBakHO Treoximii (puc. 7.9). B oCHOBI Beaukoro
r€OJIOTIYHOTO KPYrooOiry JIeKUTh MPOLEC MEPEHOCY HEOPraHiyHUX CHOJIYK Y
MaciTali MIaHeTH.

- Ex302enni BI'X yuknu — npoTiKalOTh NepeBakHO B 0iocepi; BUBYAIOTHCS
BI'X (puc. 7.10).

Peszepeni gponou B atmochepi Ta rigpocdepi JerkoaocTymHi, Tomy Taki bI'X
AKX BIAHOCHO CTikki. OcanoBl UKIM, B SAKUX MPUKAMAalOTh y4acTh, HAIIPUKIAJ,
dbochop Ta 3amizo, 3HAYHO MEHII CTaOUTRHI. Ha HMX 3HaAYHO OLIBIIMI BIUIMB
3M1MCHIOIOTH JIOKAJdbHI 3MIHHM, TaK SK OCHOBHAa Maca PEYOBUHU 30CEpeiKeHa B
MaJIOaKTUBHOMY Ta MaJOPyXOMOMY pe3epBHOMY (oHml 3emMHOi Kopu. Takum
YUHOM, «3aXOPOHEHHS», TOOTO HAAXOHKEHHS PEYOBUH 13 OOMIHHOTO (DOHIY B
pe3epBHUM, 3AIMCHIOETHCA WHIBUJLIE, YUM <IIIAOM», TOJl 4YacTMHA MaTepiaity,
AKUWA OOMIHIOETHCS, BUMIAAAE 13 KPYrooOiry.

O6OminHuti ¢)oHO YTBOPIOETHCA 3a PAXYHOK PEUYOBHUH, SIKI HAAXOIATh Yy
KOJI0O0Ir pi3HUMU HuIsixamu. JIBa 13 HUX BenyTh O€3M0cepeIHbO B IPOIYLEHTIB 1
KOHCYMEHTIB, $IKI BXOJSThb N0 CKJIaay ekocucteMu. [Ipu 1npboMy MNOMOBHEHHS
dboHay BIIOYBa€ThCS 32 paxXyHOK PEUYOBHH, SIKI YTBOPIOIOTHCS a00 y pe3yJibTaTi
MEPBUHHOI €KCKpEIli TBapruHaMu, ad0 MpHU PO3KJIaJll JETPUTY MIKPOOPTaHI3MaMHu.
Skmo x oOujBa NUIAXM 3aMUKAHHS OOMIHHOTO (POHIY peani3yloThCi B OJHIM
€KOCHUCTEeM1, TO TEpPUIMH 13 HHUX JIOMIHY€, HANpHUKIaJ, B IUIAHKTOHI Ta IHIIUX
CIIBTOBApHUCTBAX, JI€ OCHOBHMI MOTIK €HEprii 17le Yepe3 MacOBUIIHUN XapuOBHUI
JAHUIOT; APYTUM HUISIX TMEpeBaXkae y CTemax, Jicax MOMIPHOI 30HM Ta IHIIHUX
CIIBTOBApHUCTBAX, B AKUX OCHOBHHUU MOTIK €HEPTil BIAOYBAEThCSA Yepe3 NCTPUTHUI
Xap4yOBHH JIAHITIOT.
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Comauna
eHepria .
‘_._ MarmarieaHi Kpucmanisauis
op oI
MarmaTiemi
op oI
BueimprosaHH,

Maconepenic,
eidKnadeHHs,

pucmanisauin

OcagoBi Marma

Imopoau

i |IMepennaeneHusn
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Puc. 7.9. 3araiibHa cxema abioreHHOro (reoXiMigHOTO ) IUKITY, 0 BKIIFOYAE
¢13uyH1, (I3UKO-XIMIUYHI TIEPETBOPEHHS Ta JKEpena eHeprii musa  oro
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VYTBOopeHHA
oCcamoOBHX Hmopin

Y SIKOCTi HOKHBHOI

A

IPYHTH, Bojia

Puc. 7.10. 3aransaa cxema BI'X mukinis
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KpiM nux OBOX OCHOBHUX MLUISXIB, ICHY€E II€ MOXIIHUBICTh HAJIXOIKECHHS
pPEYOBUH Y OOMIHHUN (POHI 3aBISKH KUTTEIISIIBHOCTI OpraHi3MiB, fKi )KHUBYTh Y
cuM01031 3 pocaMHaMu — OakTepii, MIKPOCKOMIYHUX TIpuOiB, BOJOPOCTEH,
JUIIAWHUKIB, 1HIIMX pociuH. BoHM  mnepenaroTh  MOXKUBHI  €IEMEHTH
0e3nocepelHbO POCIMHAM, SIK 1€ poOssaTh OynbOoukoBi Oaktepii. Llei musx
MOTIOBHEHHSI OOMIHHOTO (POHIY BAKIUBUM JUJISI €KOCHUCTEM 13 HU3BKHM BMICTOM
MOKUBHUX PEUOBUH.

Peanizamis BI'X 1UKIIB SIK TEPMOJUMHAMIYHO BIJKPUTUX CHCTEM
noTpeOye eHeprii, sika HaXOIUTh 3 HACTYITHUX JKEPEJ:

- CoHauna enepeisi y 6uensdi eleKmpoMAcHIMHO20 BUNPOMIHIOBAHHS
mmpokoro mianazony (puc. 7.1). Ll eHepris akymymoeTbes y Timpocdepi Ta
aTMocdepi y rimposoriasoMmy mukii (puc. 7.11);

N

Il;,r' = ;—.ﬂ-—b
Iepenic BiTpom 0y _L JIboam
/

3.8 3.4 » I
T Hunepxﬂen‘éﬁ:ﬁ oJoliMu
A0 1 0,25~
0
0,2
Y o

i13eMHi BOOIH

5

IigzeMuni cTix

- i s s i Sl
<«__— [IOTOKH (B 1020 r/piK) Boaa B aiTocdepi
N 250 000~
(D ©oHIH (81020 1)

Puc. 7.11. Cxema T1700adBHOTO TiIPOJOTIYHOTO IHUKIY, B SIKOMY
aKyMYJIIOETHCSI COHSIYHA eHeprist (BeJTMYUHU IMOTOKIB B reorpaMax (10% r) BkasaHo
3a piK; BEJIMYMHU (POHIIB — YCEPETHEHI)

- CoHauna enepeis, HaKONUYeHa GomocunmemuKamy y BUTISA1 eHeprii
XIMIYHMX 3B’s3KiB OpraHiyHMX crnoidyk. Ha pwmc. 7.12 maBemeHno maHi, sKi
JO3BOJISIFOTh ~ OLIIHUTU  BIJHOCHY  IHTEHCHUBHICTh  MHPOIYKIIT  OlOCHHTE3Y
MPOAYLEHTaMH PI3HUX O10T€O01IEHO31B.



Caeana 12,9
Ioas Ta caam 127

Taiira 24
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]
—
]
]
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Puc. 7.12. TlopiBHSIHHS TPOAYKTUBHOCTI OioreorneHo3iB 3emiri

OdeBuaHO, TpHW TOMY, IO CBITOBHH OKeaH 3aiimae 65 % mmomi,
IHTEHCUBHICTh HAKOMHUYEHHS MEPBUHHOT MPOAYKI[Ii B HhOMY Ha OAUHUIIIO TLJIOMI] —
OlHA 13 HAaMMEHIIMX, XO04Ya BIJHOCHA KUIBKICTh — HaiOunbma. HalOunbm
IHTEHCUBHO OIOCHMHTE3 Yy pO3paxyHKy Ha OJMHMIIO IUIOIIl BIIOYBAa€eThCS B
Olo1eHO3aX JOIIOBUX JICIB, OOJIT Ta KOpaIoBUX pUQiB. 32 BIAHOCHOI BEIMUYUHOIO
nepBuHHOT TIpoAykiii (21 %) momiosi Jicw, twioma skux B 20 pa3iB MeHIIa 3a
MOBEPXHIO OKEaH1B, Mail’Ke HE MOCTYMAIOThCS OKEaHy

- Xmoniuna enepeis — MaTepUHCbKA €HEPTis 3eMJll - €Heprisd NMepeMileHHS
TEKTOHIYHUX TUJIMT, a TaKOX IMIJHIMAaHHS TIOpiA TMpPU TOPOYTBOPEHHI Ta
BYJIKAHIYHUX BUBEPKEHHSX, II0 pOOUTH iX JAOCTYIHHUMHU JUIsl BOJIHOI, BITPOBOI Ta
OiosiorivHOT epo3ii; BoHa pyxae ocagosuii nuki (puc. 7.13).

OyHKIIOHANBHI 3B’S3KM B cHCTeMl reocdepa-Oiochepa BumatHuUit
MikpoOiosor, reoximik I'.O. 3aBap3iH nokaszaB y BUTJISAI cxeMu crupsbkeHHs bI'X
mukIiB [17] (puc. 7.14).

[lenTpanbHUM y HBOMY € ITUKJI OpraHiyHoro Byriento. Ha nepmomy erami
acuminanii Byrinekucioro razy (CO,+H,O=[CH,0] + O,) BinOyBamocs CrpsKeHHs
[UKIY BYIJIEKHCIOrO Tra3y, KHCHIO Ta OPraHidHOrO0 BYTJELUI Y MOJSIPHOMY
cniBBigHOMmIeHH1 1:1:1. Cynguu 3 BeIMYUH 130TOMHUX CHIBBIHOIIEHb, OPTaHIYHUI
ByIJIeI[b (POPMYBABCSI TAKUM K€ IUISIXOM B HAMOUIbII APEBHIX OCAJTOBUX MOPOJIAX
3emuni. Ha npyromMy erami B pe3ynbTaTi AUXaHHS OpraHoTpo(iB MPOTiKae 3BOPOTHA
peakilisi Ta KuCeHb BUAAISBCS. Ko 6 He OyJo AeCTpyKIlii OpraHiyHOT PEYOBUHHU,
TO CUCTeMa 3yNMUHWIACS O BHACIIAOK HAJJIUIIKY KHUCHIO, IO 1 CIIOCTEPIraeThCA
MpU KyJbTHUBYBaHHI I[IaHO0AKTEPY Y 3aMKHEHUX €MHOCTSX, KOJM KOHIIEHTpAIlis
kucHo TmiepeBumrye 20%. [ukmivauii  xapaktep OiochepHUX TpOIECiB  —
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yHiBepcalibHa HEOOXiHICTh A reocdepo-6iochepHoi cucremu, Ha AymMKy [.O.
3aBap3iHa, 1HAKIIe HAKONWYEHHS IMOOIYHMX MPOAYKTIB METaboJi3My HpPOTATrOM
re0JIOTIYHOTO Yacy 3yNUHUIO O O10reHHUI UKJI.

- IMAJI TA JOIIi
Ilepenic 3 ocagamu (0,04)

Puc. 7.13. 3araipHa cxeMa 0cajoBoro mukiy (udpu — reorpamu (1020 r) 3a
MUIBHOH pOKiB. Marepuku — MOKPUTI BiKIaJaMH TPaHITHI OJIOKH, IO MJIaBalOTh
Ha mapi 0a3aneTy, AKUN MiJICTUIIAE€ OKEaHH.

[TigiioMm mopig BiAOyBaeTbCs 3aBASKM  BYJIKAHIYHIM  ALSUIBHOCTI  Ta
TOPOYTBOPEHHIO MPU CTUKAHHI KOHTUHEHTIB.

[{ukn opraniuroro Byriemtoo He mae 100 % piBHS 3aMKHEHOCTI BHACIIIOK
HEMOBHOTO PO3KJIAy OpraHIYHOiI PEYOBUHHU, SIKa BUSBISETHCS HEIOCTYITHOIO
JIECTPYKTOpPAM, 1 3aXOPOHIOETHCSI B OCAJ0BUX MOpoAax y BUTIAAL keporeny. Lle —
OCHOBHUH (DOH]T BIIHOBJIEHOTO BYIJICIIO HA 3EMUII.

Huc6ananc nukiny Cope B LUK NPU3BOAUTH 1O HAKONMYEHHS KHCHIO B
atMoc(epi Ta MOro CTOKy B OKUCIEHHI (popmu 3anmiza Ta cyiabdatu CBITOBOTO
okeaHny. B atmocdepi, 3a ganumMu 3aBap3iHa, 3aiuIImiocs juiie outs 5 % KucHro,
YTBOPEHOTO 3a BECh Mepioj] ICHyBaHHs Oiocdepu.

He3zamkHeHicTh 1UKIIB Befe 10 Tak 3BaHoi AI'X cykyecii. lle ocHOBHa
pyxoMa cuia eBodolii reocdepo-0iochepHoi CUCTEMH 13 KIHOYOBUM IMPOIECOM
0Ca/KCHHS (CEMMEHTOTCHE30M).

3 IUKJIOM OpraHi4HOI0 BYIJIEIIO CIPSIKEHWW HEOpPraHiuHuUi Byrienb. B
pe3yabTaTi BYIVIEKUCIOTHOI Jeras3anii IJAHETH BiH BUSBISETbCS y BUIIIAII
KapOOHATHUX BIAKIAJIB — BalHIKIB Ta JOJOMITIB. BOHM — KIHILIEBI MPOAYKTHU
XIMIYHOTO  BUBITPIOBAHHSI TJIMHUCTHX MIHEpaliB, SIKI YTBOPIOIOTHCS Y
€KBIBaJIEHTHUX KUIBKOCTSIX:
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CaSiO; + CO, — CaCO; + SiO..

CaMe y rmuHax NepeBaKHO BIIOYBAETHCS 3aXOPOHEHHS KEPOTEHY.

3 LMKJIOM OpPraHIYHOrO BYIJIELIO CTEXIOMETPUYHO 3B’S3aHI LUKIU a30Ty 1
dbochopy criBBiaHOmIEHHSIM Pendinpay, To0TO amomuum cniégioHowenHAM X
Ol0reHHHX eJIeMEHTIB B OioMaci:

[100+116] C: [10+6]N:[1]P.

JIyist opraHi3MiB i3 OpraHiYHUMHU OTIOPHUMHU CTPYKTypamu (HAIpUKiIa, BHI
pocinunu) cmiBBigHomenus C:P moxe caratu 500. OdeBUAHO, IO 1€ KOPCTKE
CHPSDKEHHSI LIMKJIIB 3yMOBJIEHA CKJIaJ0M O10MacH.

3 IUKJIOM OPTraHiYHOTO BYTJICHIO TMOB’s3aHi KaTabomithuHi mukan S, Fe.
BBakaeThCs, 110 MUK 3aTi3a JOMiHYBaB 01/l 2 MIIpA. POKIB Ha3aj B 3ai30pyAHY
€noxy, Hapa3i BlH Ma€ BTOPUHHE 3HAYEHHS.

[Mukn cipku copmyBaBcs Mi3HIIIE 32 2 MJIPJ. POKIB HA3aJ Ta SBJISE COOOIO
HaWBaXIMBIIIUN LUK JeCTPYKUii y Mopi. LI ABa LMKIM — aHTaroHICTH, TaK SIK
MIpU OJTHOYACHIM peanizallii MPUBOJATH 10 OCAIKEHHA CyIb(D11iB 3aii3a:

x Fe®**)+ y 57 = Fe,S, |

[ukn opraniuHoro Byrjiempo Moxe, Ha ayMmKy [.0O. 3aBap3siHa, MOBHICTIO
CaMOCTIMHO peali3yBaTUCA I[1aHOOAKTEepiaJIbHUM CIIIBTOBAPUCTBOM 3a MEBHUMH
npaBWwiaMu. Y ICHYIOUMX Ha CHOTOJHI yMOBax MICIsCUIypiiickkoi Oiocdepu poib
MEPBUHHUX MPOAYLEHTIB y MOP1 BIAIrpatoTh (OTOTPO(PHI BOAOPOCTI Ta MPOTUCTH,
a Ha Cyll — CYAUHHI pociauHU. Poib JecTpyKTOpiB Ha MOpPlI BUKOHYIOTh
0e3xpe0eTHI, a Ha cylll — TpUOH.

[Mukmu N, S, Fe, 3a TBepmxennsm ['.O. 3aBap3iHa, 3HAXOAATHCS ij] TOBHUM
KoHTposieM Oaktepil. Sk Hacmimok — BI'X cucrema 3emni chopmysanacs B
MpoKapioTHIA  Oiocepi Ta  Hapa3l  KOHTPOJIOETHCA  KOOIMEPATUBHOIO
OakTepiaibHOI cUCTeMOI0. DYHKIIIOHAIBHE PI3HOMAHITTS OaKkTepidl HOCTAaTHE it
Toro, mob karanizyBatu bI'X mamuny 3emi.

OTxe, BUXOS4M 13 MPOBIIHOI poi MikpoopraHizmiB B BI'X nuknax, moxxHa
3pOOMTH HACTYNMHUU BHUCHOBOK. OpraHi3MH, SIKi BHHUKAalOTh B IIPOIIECI
(1IOreHEeTUYHOrO0 YCKJIaJHEHHS, MOBUHHI MPUCTOCOBYBATHCA NI0 YK€ ICHYIOYOT
CHUCTEMH, B UYOMY 1 MOJISITA€ POJIb ONPHUPOIHOTO BiAOOpy. «TBopua» ioro poib
MOJIATA€ HE y BUTICHEHHI HUISIXOM KOHKYPEHLIi, a Y «BOYJOBaHOCTI» €JIEMEHTY B
3aranpHy cuctemy bI'X 3B’s3KiB.
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Puc. 7.14. Cxema cnpspkenns bI'X mmrimi 3a 3aBap3inum [17]: a) sikicHi 3B’si3ku; 0) KuUIbKicHI mapametpu (Bci

BesnunH gano B 10%°r) [17]
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7.4 TIpuraana BI'X nmuxaAiB eAeMeHTiB, AKi HaAiHIUAH B
Oiocdepy B pesyarTaTi Aerasauii maHTii

7.4.1 IIHKA BOOHIO Ta KHCHIO

Sk mpaBuio, HUKIM LHUX E€JIEMEHTIB HE PO3TIIAIAIOThCI OKpPEMO, a
BUBYAIOTHCS y CKJIaJl T1APONOTIUHOrO HUKIY. [IpoTe psn BaxXJIMBUX MOMEHTIB,
Kl CTOCYIOThCS OlOoreHHUX Ta a0loreHHuX TpaHchopMaliii BOJHIO, CIiA
OMUCATH 3 TOYKU MOTJISAY CY4YaCHHUX TIMOTE3.

BwmicT BoiHIO Y 3eMHIM KOP1 BITHOCHO HE3HAYHUM, HA BIAMIHY BiJl BMICTY
kucHio. [lepeBakHO BiJ BXOAWTH J0 CKJIaAy 3B’SI3aHOT Y KPUCTAIOTIAPATH YU
copOOBaHOi MiHepajdaMu Boau, HadTH, Troprouux rasiB. Kuapk BoAHIO
rizpochepu — 2,72, a sxuBoi peuounu — 10,5 [18].

MonexkynsipHuii BOJEHb — AaKTUBHUI BIJHOBHHK, TOMY Y BITUYTHUX
KUIBKOCTSIX B aTMocdepl 3eMili BiH HE MOXE 3aTpuMyBaTUCs. BHacmimok cBoel
HaMEHIIOI 3 ICHYIOYMX XIMIYHHMX €JIEMEHTIB Macu BIH JIETKO 3BITPIOETHCS
(mucunye). Ilpote ioro donn y armocdepi 3emmi ouinroerses B 2,5:10° T.
[IlopiyHi BTpaTH 3a paxyHOK BHUAAJCHHS y KOCMIYHUN NPOCTIp CKJIAAIOTh
2,5:10°1/pik. OueBnaHo, MmO cTabimbHiCT BMicTy Bommio H, B armocdepi
CBITUMTH PO MOCTIHE TTOMIOBHEHHS IIUX BTPAT.

HaiiGinbiie 3a po3MipamMu JKEpENIO HAJAXOMKEHHS BOAHIO — ablOreHHe,
HACIIJIOK TMpoliecy aAerasamii manTii 3emum. Tak, ckian ByJIKaHIYHHX Ta3iB
BynkaHy EtHa ommcyethcs HacTymamM duHOM: 34,5 % 3 SO,, 28,8 % 3 COy,
16,5 % H,, 1 % CHy, 0,5 % CO, pemra — a3or N,Ta iHEpTHI rasmu.

biorenHi mxepesa MOJIEKYJISPHOTO BOAHIO — II€ B OCHOBHOMY PE3yJIbTaTH
PI3HUX BUJIIB OPOIIHHSA:

- Pesyibprati OpomiHHS 3MIIIaHOTO TUMY (XapakTepHe JUIsS OakTepii
poxis Escherichia, Salmonella, Shigella, Citrobacter, Yersinia); cxoxwuii THm
MeTaboi3My 3I1MCHIOETHCSI OOIraTHO aHAEPOOHUMH TEPMO(DUILHUMHU apXesiMU
Thermococcus kodakaraensis 3a ymMOBH BiJICYTHOCTI y CEPEIOBHINI BiIbHOT
CIpKU:

OpraHiyH1 pE4OBUHU — CYMIII IPOAYKTIB, B TOMY yucii Hy;

- AmnaepoOne oxuciienns okcunay Byrierio (I1) (Carboxydothermus
hydrogenoformans):

CO + 2H,0 — H, + COy;

- [IpoaykT ¢oTocuHTE3y HESKHX MIKPOOPraHi3MiB; 3a JONOMOIOIO
(bepMeHTy TiAporeHasu JIesKuX MikpockomigyHuxX Bomopocteidi (Chlamydomonas
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reinhardtii, Scenedesmus obliquus, Chlorococcum litorale, Chlorella fusca) ta
ianoOakrepiit (Anabaena cylindrica):
2H,0 — O, + 4H+—>H2.

bioreHHe OKHCIEHHSI BOJHIO, TaK $IK 1 HOro yTBOPEHHS, MOB’S3aHO 3
y4acTio GEepMEHTIB 2idpocenas, skl MOXYTh OyTH 3B’SI3aHUMU 13 MeMOpaHaMH
a00 pO3YMHHUMH, TOOTO IIUTOIIA3MATUYHUMU.

31aTHICTIO OKUCIIIOBATH BOJICHb B a€POOHHUX YyMOBAax BOJIOJIIOTH OaKTepii
poxiB Alcaligenes, Pseudomonas, Aquaspirillum, Paracoccus, Aquifex, apxei
cimeiicta Sulfolobaceae.

Exctpemansai  TepmodinbHi BomHeBi Oaktepii (Calderobacterium,
Hydrogenobacter, Aquifex):

- Calderobacterium — sBust0TbCS OOJITaTHUMHU JTITOABTOTpOdamMH, TOOTO
BOHU HE3/IaTHI BUKOPUCTOBYBATU OpPraHiuHI PEUYOBUHHU Y SIKOCTI JiXKepena
eHeprii;

- Hydrogenobacter — 3acBoro0Th ByrieKHCIIHii Ta3 He B 1Kl KaiabBiHa, a
B aBTOKATaJITUYHOMY IIUKJI1 ApHOHA.

Opranizmu (QikcyroTh BOJACHBb y Oiocdepi, 3B’sI3yl0Uund HOro y OpraHiuHy
PEUYOBMHY Ta TMEPEBOJASYM Yy MIHEpaJbHy MaTpulllo IpyHTy. lle MoximBo
BHACJIIJIOK JMCOIIaIlii Ta HACTYITHOTO T1APOJI3Yy KUCIUX MPOAYKTIB METaA00II3MY
i3 yrBopeHHsM iony H'. OcTamHili yTBOpIOE i3 MONEKy7T0I0 BOAM i{OH
rinpokconito HsO" 3a paxyHox Bomsesoro 3B’s3ky. H' + H,O «» H30". B
pe3ynbTaTi copOlLii HOHY T1IPOKCOHIIO JACSIKUMU CHIIIKAaTaMU BIIOYBA€THCS iXHS
TpaHc(opMallis y IIMHUCTI MiHEpaIH:

R,0-Al,03-6Si0, (monposwuii mmat) + H;0" + HCO3 —

Al,03:25i10,:2H,0 (KaOJ'IiHiT) + R,CO;3 + 4Si0,

TakuMm yuHOM, Ha AOyMKy Oioreoximika B.B. JloO6poBonbschkoro [19],
IHTEHCHUBHICTh TMPOAYKYBAaHHSI KHUCIOTHUX MHPOJYKTIB METa0O0NI3MY SIBISIETHCS
NpOBIAHUM (DAKTOPOM TIMEPreHHUX TpaHchopMalliid KPUCTATIUYHUX TIPCHKHUX
MiHepasiB Ta GOpPMYyBaHHS KOPHU BUBITPIOBAHHS.

HaliOinpin moTyXKHUI 32 BEIUYMHOIO MOTOKY IMPOIEC HA MOBEPXHI 3eMIi
32 Y4ACTIO BOJHIO — TiAPOJIOTi4HHIA LUK — IepeHocuTsb mopiaao 520 000 kv’
BoaH, sika Ha 11 % ckiagaerbes i3 BogHio. 3a ganumu [19], mus cTBOpeHHS
ditomacH, sika MEUIKA€ Ha CyIll, J0 BTPYYaHHS JIOJWHU, OyJI0 BUKOPUCTAHO
ouIs 1,8-1012 T BOJH, sIKa MICTHJIA 0,2-1012 T BOJHIO.

VY mporueci kpyroo6iry Boau B Oiocdepi BiiOyBaeTbesl (pakiliOHyBaHHS
130TOMIB BOJIHIO Ta KUCHIO. [lapu Boau B mpo1ieci BUIapOBYBaHHs 30arauyroThCs
JIETKUMH HYKJIiaMu, TOMYy aTMoc(epHl omaau, MOBEPXHEBl Ta IPYHTOB1 BOAU
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TaKoX 30aradyeHi JErKUMHU HYKJI1JIaMHU TOPIBHSHO 13 OKEaHIYHHUMU BOJIaMH, SIK1
MarOTh MPAKTUYHO CTAOLILHHUM 130TOIMHUN CKJIA].

Bo/ieHb iCHye Y BUTISII JBOX CTAaGiIbHEX HyKTigis — mporiro "H (99,984
%) Ta xeitrepiro “H(D) (Gist 0,0156 %).

Hyxniguuii ckiiaq BOJHIO MNPUPOJHMX BOJA BHUPAXaAOTh Y BUIJIAII
MOKa3HHWKa O BIAHOCHOTO MPUPOCTY. Y SAKOCTI MDKHApPOJHOTO CTaHIAApTy
BUKOPHUCTOBYIOTh CEPEIHIN 130TOIMHUN CKJIaJT OKeaHIdHO1 BoIH, TS sikoi 0D=0.

v T1APOJIOTTYHOMY UKL B1J10yBa€ThCs OJIHOHAITPABJICHE
bpakilioHyBaHHS HYKJIIJIB BOAHIO: 3pOCTAaHHS BMICTYy JEUTepito, sIKe
CYNPOBOJIKYETHCSA 3POCTAHHSAM BMICTY BAXKKOTO HYKIIITY 80 Bixnosigno 3a
piBHSHHS JTiHIMHOT 3aexkHOoCTi Kpetira [20]:

8D= 8:5"%0 + 10 (7.1)

Opnui€ero 13 NUCKYCIMHUX TEOpiM, Kl MOSICHIOIOTH MOCTIHHICTH BMICTY
BOJHIO B atmocdepi 3emui, € rimore3a B.M. Jlapina [21, 22]. [xepeno
TTONTIOBHEHHSI BOJIHIO — JIeTasallis siapa, 0 MICTUTh HE 31130 Ta HIKeJb, a TIIPUI
3aniza FeH.

Ha ocHoBi emnipuuno 310panux nanux B.M. Jlapin BUSIBUB, 10 pO3MOLI
XIMIYHUX efleMeHTIB y CoHSYHIA cucTeMi (YHKI[IOHAIBHO 3aJICKUTh B iX
MOTEHIATB 10HI3amii. Ll 3amexHICTh T03BOMMIA BCTAHOBHUTH, IO IMOYATKOBA
3emns Oyna CKIafeHa NEpPEeBaXKHO TiAPHAHMMHK criomykamm meTarmis Me™ Hi,.
JlocmimkeHHsT ~ 0COONMMBOCTEHM B3aeMOAIl BOJHIO 3 METajJaMH JI03BOJIHIIA
aBTOPOB1 HACTYNMHUM YWHOM 3alpONOHYBATH TE€OXIMIYHY MOJENb CY4YacHOi

3emuri:
Cdepa IaTepBan Cxman
JIMOWH, KM
Jlitochepa 0-150 Cunikatu Ta OKCUIU
Mertanocdepa 150-2900 CruiaBu Ta cronyk Ha ocHoBi Si, Mg,
Fe

30BHIIIHE 2900-5000 Mertanu 3 pO3YMHEHUMH B HUX BOJHEM
Snpo H, Ta rigpuau metanis Me""H,

Baytpimmae | 5000-6371 rinpuau metanis Me" H, (Me — Fe, Ni)

s Monens BIApI3HAETHCA BiA TpaauuiiHol Moaeni depcmaHa, 3a SIKOI0
SApo 3eMJll — 3aT130-HIKeJIeBe, a MAHTIS CKJIAIa€ThCA 13 CHITIKATIB, TEPIIl 3a BCE
0OMEXEHHSIM PO3IMOBCIOIKEHOCTI KPEMHIM-KUCHEBOT 000J1I0HKH B rnbuny. Ilin
KOHTHMHEHTaMHU 11 MOTYXXHICTh ckianae Oinsg 150 kM, a mig okeaHaMu — CyTTEBO
MEHIIIE.




~ 395 ~

Jloka3u: ByJIKaHM Ta 3€MHI PO3JIOMH BUKHIAIOTH BOJEHb caMe Tak, SIK
BHUMaArae rijpujHa Teopisi, Ta BCyneped ToMy, 10 MOCTYIIO€ 3aji3Ha.

Ha ocHoBi rimpuanoi teopii B.JIapin npaBuinbHO nependayuB MOsABY y
0a3aIbTOBUX TMOPOJAX CaMOPOJHMX MeTamiB. BoHa Jlerko MOSICHIOE 3arajkoBi
CTPHOKHU ¥ TYCTHHH 3eMHO1 MaHTii Ha rnuouHax B 400, 670 ta 1050 km.

7.4.2 IIHKA ByTrA€Iio

BI'X nukn Byriemnto 6a3yerbest Ha aTMOC(EepHOMY pe3epBHOMY (DOH[II, sIKE
yTpumye 11eit enemenT y Burisiai CO; B kumbkocTi nmpubauzHo 700 Mapa. ToHH
(puc. 7.15).

> I‘AeKHcA.HH ras a'rmoctbep I

Huxauns / L
ZpyHmy
Pbomocunmes
Opraﬂmﬂnn Opraﬂmﬂnn
Byraen;h 'rnapn Byraen;b POCAHH | Bomocunmes
) 4 ) 4
—1 T'ymyc rpysTy ]
gymcauiuua Pocunizayia Y X
ianeHicme . N Opraniunui
y Byriazna »] Byraens BoAAHHX
Iopoan, mo y’rpumy!o’rh] HHCAOTA | opramismis

Byraeus (radra,
KaM'ssHe BYT1AAf) ):-'

Pocunizauyis

KOHTHHEHTH OKEAHH

Puc. 7.15. Cxema BI'X nukiny Byriero
e camuit inTeHcuBHUN BI'X 1ukia, xoya 3arajibHUN BMICT BYTJIEIIO B
3eMHIl Kopi ckinagae Bcyoro Oimst 0,1 %. YV mpuponi Byrieup iCHye B JBOX
OCHOBHHX (hopMax — B KapOoHaTax (BaIlHSAKax) Ta BYIJICYHCIOMY Ta3i. BinbHui
BYIJIELIb 3yCTPIYAETHCS Yy BUIIISA] aiMa3iB, rpadiTy Ta ByTrULIs.
OcHOBHI QOHAM BYTJIEILIO 30CEPEKEHO Y BUTIISIII:
- KapOoHatiB Ha AH1 OKeaHy;
- Kpucraniuaux nopig nirtocdepu,
- Kawm’siHoro Byriuis, HahTH Ta IPUPOAHOTO Ta3zy.
Mirpanist CO; B 61ocdepi 3emiti BiiOYBa€eThCS TBOMA MIISIXaMU:
1. IlornuHaHHS OpPrHalYHUX PEYOBHH Ta iX HACTYNHE 3aXOPOHEHHS B
mitochepi y Burisaai Topdy, Byruuis, TPCbKUX CJIAHIIB, PO3CISHOI OpPraHiKH,
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0CaJIoBUX TIpChKuX mopil. B Haapax 3emil 3HAXOASATHCS 3HAYHI CKYMYEHHS
Ha(TH, sIKa MpeclaBiisie cOOOK0 CKIIAIHY CyMINI CIOJIYK, IIO MICTSTh BYIJIEIb,
MEPEBAXKHO BYJIEBOAHIB. Bci 111 pedyoBUHH BHUPOOJIEHO (OTOCHHTE3YIOUUMHU
pOCIIMHAMHU MPOTATOM PI3HOTO 4Yacy: BIK JICIB — JECATKM 1 COTHI POKIB;
TOP(SHUKIB — TUCSY1 POKIB; BYTiJUIsl, HA(TH, ra3iB — COTHI MUIBHOHIB POKIB,;

2. CtBopeHHs1 KapOoHaTHOI cucTeMH B pi3HUX BoaonMmax, ne CO;
nepexoauth B HyCO3, HCOg, C032'. [ToTiM 3a y4acTiO PO3YMHEHOTO Yy BOJ1
kaneifito Ca (pimme wmarmiro M) BigOyBaeThcs oOcCapPKeHHsS KapOOHATIB
O010reHHUM 1 a010TEHHHUM IIISIXaMH.

BwMicT Byruierio (aToMHe CIiBBiAHOIICHHS) CKIIA/IA€E:

Jitocgepa : rizpocdepa : armocdepa = 285570 : 57 : 1.

Byrnekucnuit raz3 armochepu Ta riapochepu OOMIHIOETBCS — Ta
OHOBITIOETHCS KUBUMH OpraHizMamu 3a 395 poKiB.

XiM14H1 TPOIIECH, IO CYNPOBOIXKYIOTH oriuHaHHs CO; 13 MOBITPS:

- B mpomieci porocunTesy: 6CO, + 6H,0 <> CgH1,06 + 603;

- B peakmisx 3 kap6onaramu B okeani: CO, + H,O + CaCO; —
Ca(HC03)2;

- IIpu BuBiTprOBaHHI Tipchkux mopia: Fe,S; + 6CO, + 6H,0 —
2Fe(HCOg3), + 3H,S;

- Ocaposi ripceki mopoau: CO, + H,O + CaCO3 — Ca(HCO3),.

Ile¥ tmkm 1HIMIIOETBCA (OTOCHUHTE30M Ta AuxaHHAM. OOuaBa MpoIECH
B1I0yBa€ThCS TaK 1HTEHCHUBHO, 10 Y POCIUH Ta TBAPUH YACTKa BYIJICI[IO CSTae
40-50 % 3aranpHOi Macu. 3aUITKH BIAMEPIUX POCIHH Ta TBAPWUH CHPUSIOTH
YTBOPEHHIO TYMYCY. AHAJIOITYHO YTBOPrOeThCs Topd. i 1B1 hopMu MICTUTE 110
99 % ByrUIeIIO IAHETH 3eMIIS.

HIBuaKicTe KPyrooOiry BYTJIEIIO OIIHIOEThCA B cepeanboMy Bin 300 1o
1000 poxkis.

Huspkuit Bmict CO, Ta BucOKl koHIeHTpallli O, B atMocdepi Hapasi
SBJISIIOTHCS JIIMITYIOUM MU (pakTopamu 1yt POTOCUHTE3Y, a 3€JIeHI POCIUHU Ta
KapOOHATH OKEaHy SIBJISIOTHCS PETyIsATOpaMU LHMX Tra3iB, SKi MIATPUMYIOThH
BimHOCHO cTaOinpHe ix cmiBBigHomenns (0,03 % ta 21 %) (puc. 7.16).
YTBOpeHHs TexHocpepu CYTTEBO 3MIHWIO el nukia. Hapa3i anTpomoreHHe
HagxomkeHHss CO; B atmocdepy, 3a HEyNepeIKeHUMHU OI[IHKaMH, 3pOCio
NopiBHAHO 13 mpupoanuM Ha 6-10 % [23]. lle moB’s3aHO B OCHOBHOMY 13
BUPYOKOIO JIICIB Ta 3aMIHOIO IX MEHII MPOJYKTUBHUMHU arpoiieHo3amu. [leBHmit
BHECOK Jla€ U TPOMUCIOBICTh, OCOONMBO Ti ii Tramy3i, IO MOB’s3aHl 13
CHAJIOBaHHSAM MaJIMBA, Ta TPAHCIIOPT.
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Puc. 7.16. KonmeHtpariss BYIJIEKHCIOTO Ta3zy B atrMocdepi 5K
mimiTyrounii  gaktop QorocunTesy: (a) o0macTb 3pOCTaHHSA IMIBHIKOCTI
dorocunTedy i3 30umbmieHHsSM KoHmeHTpamii CO,; (0) cydacHuWil piBeHb
kouuentpailii CO, B atmocdepi 3emi; (B) 00J1acTh HACHYCHHS Ta CTaO1Ii3aIisn

Ha nymky aBTopa [24], MakcMMaJbHHI BHECOK B IIBHUIKICTH MEPEXOIY
BYIJIEKUCIIOTO ra3y B aTMocdepy 3a paxyHOK BHUPOOHUYOT JISTIBHOCTI JIFOJUHU
He nepeBuinye 5%. 3BiCH BUILIUBAE, 110 30UIBIIECHHS II100abHOT TEMIIEpaTypH
3a paxyHOK BHUPOOHHMYOI IISJIBHOCTI JIOJAWMHU TP TOJBOEHHI KOHIIEHTpaIii
BYTJIEKHCIIOTO Ta3y B atMocdepi cranoBuTh npubmuzno 0,02 rpamgyca. lle
Ha0araTo HUWX4Ye MOXUOKH, SIKa MOXIIMBA MPU Cy4aCHUX BUMIpax riIo0adbHOI
TeMIEepaTypHu.

7.4.3 IIHkA a3oTy

Ile camuii MIBUIKUN KPYroooOir, SKUi MPaKTUYHO MOBHICTIO Peai3yeThCs
32 paxyHOK >KUTTENSUIBHOCTI MIKPOOpPraHi3aMiB. 3 XIMIYHOI TOYKH 30Dy, LEH
IUKJ SABJISIE COOOI0 peanizalliio OKMCHO-BIAXITHUX PeaKIlii - HaJIXOKEHHS a0o
NpUEAHAHHSA 8 eIeKTPOHIB JI0 IHIMMX XIMIYHHX €JIEMCHTIB. OCHOBHHX
opranorenis - Byrieiio (C), Boguro (H) ta kucHio (O). Tak sk OKHCHO-BITHOBHI
peakilii UKy a30Ty NpPOTIKAITh Yy BCIX YOTUPHOX CKIIaoBUX Olocdepu,
nepeTBopeHHs Ta moToku N BcepennHi Ta Mk cepaMu MPOTIKAIOTh 13 Pi3HOIO
MIBUKICTIO Ta MEPEMINIYIOTh OTOKH pi3HOI Macu. Hampukiaz, i3 5,8 x10° 1 /
pik OiocepHoro nukiay N, sSkuil MICTUTBCS y BepXHbOMY 1 M 1miapi IpyHTY,
MOBHICTIO BOCBMUEIEKTPOHHUM UK TpaHchopMallii TPOXOAUTh JUIIE TPOXH
oinpme 100 muH. T/pik — 6ins 2 %.
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OcHoBHHUil pe3epBHUM (oH a3zoTy — razomnonioHuii N, atmocdepu.
3B’s13yBaHHsI 3IMCHIOETHCS BIIBHO ICHYIOUMMH a3oTdikcatopamu (Azotobacter,
Clostridium, Nostoc, Rhizobium) Tta cumGioTnuHUME — OyITHOOYKOBUMHU
OakTepisMu.

[Ipobnema ¢ikcarrii aTMocepHOro a3oTy MOB’gA3aHa 3 TUM, IO 1€ BKpau
eHeproeMuuii nponec. Tak, ang  ¢ikcarii onnoro monst N, moTpiOHa eHepris,
Ky HamaroTh 16 moniB AT®. depMmeHT HITpOreHasa, sSKa KOHTPOJIOE TIei
npoiiec, BKIOYae KOoPakTop, KaTaiTHUHUMU LIEHTPaMH B AKOMY € HoHu Fe Ta

Mo:
HiTporemasa

N, + 8H* + 8¢~ /\r 2NH; + H,

16 Mg-AT® 16 Mg-A$ + 16 P

Fe-Mo xodgakTOp
S z-
S \ =
\ _Fe

/\ N/ N /S\ N(His)

(Cys)S— Fe--S Fe= Q~~F¢,S— Mo-

& O 0
NALSCNS o
S..--Fe Fe—gs CO:H
Ng” H,0C
Opraniudi pe4oBUHH, IO MICTATh 3B’ 3aHUU a30T, MIHEPATI3YIOThCS 32 PaXyHOK
amoHi(ikamii Ta HiTpudikailii, BHACIIJIOK YOro JJig BHUIIUX POCIUH CTa€
JOCTYNMHUN aMOHIMHUN Ta HITpaTHUM a30T. 3arajibHl OLIHKK (ikcalii
arMoceproro N, He omHOCTalHI Ta ckmagarorh Big 100-170 mr/mM*/pik 1o
1000-20000 mr/M%/pik. B cepennpomy we Bigmosinae 126 MIH. T a30Ty 3a pik.

B anTpomnoreHHy emnoxy IUMKJI a30Ty I'PYHTOBHO MOPYIIEHUW BHACIIIOK
BUPOOHUIITBA CHUHTETUYHUX a30THUX Jo0puB. IlpommcioBa  Qikcaris
aTMOC(EPHOro a30Ty BIAOYBAETHCS HACTYITHUM YUHOM:

- Cunres amiaky: 3H; + Ny <> 2 NHg;

- Komnsepcis amiaky 10 NO,: 4 NH3 + 5 O, — 4 NO + 6H,0;
2NO + O; — 2 NOy;

- Cunres HitpatHOi kuciotu: 4 NO; + O, +2 H;O — 4HNOg3;

- Cunres amiaunoi cemitpu: NHz + HNO3 — NH;NO:s.
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Lle#t mporec ctaB mupokomMacmITabHUM Ta BKIouMB y BI'X mukn azory
3Ha4YHI KUIBKOCTI a30Ty 13 arMmocdepHoro ¢onay. Macmrab 3amyyeHHS
AHTPOITOTEHHOT0 a30Ty B iforo BI'X muk oninoetsest B 6,4x10" T/pik.

[3 BCiX CHUHTETHMUHHUX MIHEpAIbHUX AOOPUB a30THI JOOpUBA MOTPEOYIOTH
HaWOLIBIINX eHepro3aTpar Mpu iX BUpOOHUIITBI. O HAK B arpapHii MpPaKTHUIll HE
PO3p00JIEHOT0 TEXHOJIOT11 0€3MeYHOr0 BUKOPUCTAaHHS a30THUX N00puB. Hitpatu
HE MOBHICTIO 3aCBOIOIOTHCA POCIMHAMH Ta CYTTEBO 3a0pYyIHIOIOTH IPYHTOBI
BoJaU Ta Bojaoumu. [IpobGiema HITpaTHOTO 3a0pyIHEHHS JOBKULIA Hapasi s
VYkpaiHu cTana OJHIEIO 13 HAMOUTbII aKTyalbHUX.
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