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Hucmumym eeoxumuu okpyxcarouieii cpedst

OPAKIIMOHNPOBAHUE TPUAJBI N30TOITIOB BOAOPOJA: TEOPUA,
OKCIIEPUMEHT, ITEPCITEKTHBbI

B cmamue npusedernst 0cHOBHbIE NOAOHCEHUS PPAKUUOHUPOBAHUS U30MONOE U PACCMOMPEHbL NPUPOOHbIE
uzomontole 3hpexmsl Kak 3a8ucuMbie Om MAcchl, MAK U Hezasucumvie. Bviseaenvr ocobennocmu
nosedenuss uzomonos 6odopoda 6 sxocucmemax. Conocmaenenue ocobenHocmeli nogedeHuss NPomus,
Oeiimepus u mpumus 6 HeKOMopPbIX NPUPOOHBIX CUCIEMAX NO360AUAO YCMAHOBUMb (DAKM OMKAOHEHUS.
Om AUHEHH020 MACC-3A8UCAWE20 U30MONH020 ppexma 6 npasuse naesd. OOHapyscenbl pa3auyus
(DpaKuuoHUpoBanus cmabuAbHbIX U PAOUOAKMUBHBIX U30MON08 PA3AUYHOU YEMHOCMU N0 CPAGHEHUIO C
U30MONAMU, UMEHOWUMU A0pa OOHOI YeMmHOCMU.

BBenenue

OCOo0OEHHOCTH B MOBEACHUM CTAOMIbHBIX U PaIMOaKTUBHBIX N30TOINOB BOJAOPOAA BECh-
Ma MHTEPECHBbI BBUIY aKTyaJbHOCTU TPOOJEM, CBSI3aHHBIX C €XETOAHO YBEJUUMBAIOIIMM-
Cs KOJIMYECTBOM TPUTHUEBBIX BHIOPOCOB B OKPYXKAMOIIYIO Cpely, TJIaBHBIM 00pa3oM, 3a CyeT
aHTponoreHHLIX (pakTopoB (ADC, 3aBOIbI MO MEepepadbOTKU SAEPHOIO TOIIUBA U T.1I.).

ABTOpaMU CTaThU JUTUTEJIIBHOE BpeMs TIPOBOMASTCS MCCIEAOBAaHUS 10 M3YUYEHUIO Bapua-
LIMI U30TOITHOTO COCTaBa cTabMIbHBIX M30TONOB H 1 C B OMocucTemMax (pacTUTEIbHOCTD, MJIe-
KOIUTAIOIIME, B TOM YKciie yesnoBek) [1-3]. Mcxonsa u3 mpaBuiia IJies, COrJlaCHO KOTOPOMY
YBEJIMUEHUE MacChl MU30TOMa JOJKHO ObUIO Obl MPUBECTH K JABOMHOMY YBEJIWYEHMIO Bapua-
LIMI U30TOITHOTO cocTaBa [4] 1 Hafesich OOHAPYXUTh YBeJWYEHUE U30TOMHBIX 3(DGHEKTOB IS
nap «JerKU—TsKeJIbIii U30TOM» TPHUAIbl, MO CPAaBHEHUIO C M30TOIMHBIM 3(PdeKToM I Tmap
«JIeTKUA—CpeTHUI U30TOI», HAMM OBLIY ITPOBEIEHBI MCCIIETOBAaHMSI TPUAI U30TOIIOB BOIOPOIa
M YIJIEPOJA, BKJIIOYAs PaflOaKTUBHBIE KOMITOHEHTBI, cOOTBeTCTBeHHO TpuTH (T) 1 *C. OnHa-
KO, IIPU CUCTeMaTU3allMU TTOJTyYeHHBIX pe3y/IbTaTOB BhISIBUIMCH IPOTUBOPEUMBBIE OCOOEHHOC-
TU TIOBEICHUS CTAOUIBHBIX U PaIOaKTUBHBIX KOMIIOHEHTOB 3TUX Tpua. [ToydyeHue cueTHBIX
(bopM 13 M3yyaeMbIX OOBEKTOB ISl OTNpeAeIeHUsT B HUX M30TOITHOTO COCTaBa BOAOPOIA U yIJie-
poJia MPOBOAWIOCH IO paHee pa3paboTaHHBIM HaMM MeToauKaM [3,5]. JIutepaTypHbIX TaHHBIX
00 oOHapy:XeHUU pas3andHoro noseaeHus nzotonoB H u C B ux Tpuagax npu KccieaoBaHUU
OuocucTeM HaMM He ObLIO HaiineHo. BolbIIMHCTBO UCCIeI0BaHUI OTPaHUYMBAIOTCS U3YYCHU -
€M JIM0O CTAaOMJIBHBIX, JTMOO paaMOaKTUBHBIX COCTABJISIONINX 0€3 COMOCTaBICHUSI 0OCOOCHHOC-
Teit ux moBeneHus . [103ToMy BO3HMKIIAa HEOOXOAMMOCTb IeTaTbHO Pa300paThcs BO (PpaKIIMOHM -
POBaHUU TLIESIT U30TOMOB. JIJIsl TOTO, YTOOKI MOJIYYUTh HaAyYHOE O0BSICHEHUE OOHAPYKEHHBIM
addexramMm Mbl COWIH 1ieJIeco00pa3HbIM MPOAHAIM3UPOBATh OCHOBHbBIE U30TOIHbBIC 3(D(MEKTHI,
UHAYLYpYIolre (pakKIMOHMPOBAHME M30TOMNOB B OMoOJorMyeckux cucremax. Lleap maHHoOM
paboTHI COCTOSIIA B TOM, YTOOBI BBISICHUTH MOXKHO JIM TIPY TTOMOIIY 3TUX 3(PHEKTOB OOBICHUTD
0COOEHHOCTH MOBEICHUS MPOTUs, IEHTEPUS U TPUTHS B OOCHCTEMaX.

OcHnoenble noaoxcenus QpaxuuoHupoganus uzomonoeé e6odopoda. Bomopon vmeer Tpu
U30TOoNa: MPOTU, AefTepuii, TPUTUI ¢ MaccoBbIMU uuciaamu 1,2,3. Ilpotuit u aeiirtepuii —
CTaOWJIbHBIC M30TOMbI, TPUTUI — paaMOAKTUBHBIN (Tepuoa moaypacnaga 12.26 ner). B
MPUPOAHBIX COSAMHEHUSX JAeUTepUuil U TIPOTUIL cofepKarcs B oTHoleHusx 1/6400 (o yucay
aToMoB). TpUTHIi HAXOAUTCS B IPUPOJIE B HUYTOXHO MajbIX KoaudecTsax 1,3-10'® Bk.

M3 Tab. 1 BUZHO, YTO MATHUTHBIN MOMEHT aeiitepus 0,86 puB, a npotust — 2,79 us. CiuH
npotus paBeH 1/2, a nefitepusi — 1, U TO3TOMY SHEPIUsI CBEPXTOHKOIO 3JIEKTPOH-SIIEPHOTO
B3aMMOJICHCTBUS C MPOTOHOM MPOTHUS B 6,5 pa3 OoJbliie, YeM ¢ TpoTOHOM aeiitepusi. 3 atoro
BBITEKAET, YTO CIMHOBAsE KOHBEPCUS paJMKaIbHBIX MPOTOHCOAECPXKAIIUX Map 3HAYMUTEIbHO
MIPEBOCXOIUT CKOPOCTh KOHBEPCUM JEATEPUPOBAHBIX Map OT 6,52 pa3 Ui KOPOTKOXUBYIIMX
nap, 10 6 /2 pa3 11g goaroxuByuux mnap [7].
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Ta6mma 1. Pusnueckre XapaKTepUCTUKKA U30TOIOB Bogopoa [6]

PacnpocrpaneH- M .
. arHUTHBIN MO-
Hyxnun ATOMHas Macca | HOCTb B mipupoae, | AnepHblil criuH, [

% MeHT, UB
o 84

TMporuit (1H) 1,008142 o 332386? 12 +2,79284
. . ot 0,0139

Heittepuii (D) 2,014735 100.0151 1 +0,85743

Tputnii (T) 3,016997 10718 1/2 +2,97896

Takue pas3jandusia B CBOMCTBax A0C€Pp MOTI'YT CTaTb HquHHOVI ocobeHHOCTeH ITOBCACHUA TCX
WJIA UHBIX U30TOIIOB B XUMMYECKUX M OMOXUMMNYECKUX p€aKluAiaXx.

Ilpaeuao naesad. Ha ceromHss mocTyaupyeTcsi, YTO OAHO3HAYHBIM KPUTEPHUEM MaccC-
3aBUCSIIINX M30TOITHBIX 3(p(PEeKTOB SIBIISICTCSI COOTHOIIIEHME M30TOITOB B MX Ttesaax. I[1paBumio
Tiesid coracHo [4], 3aKiIiodaeTcsl B TOM, YTO B CiIydae HeOOIbIIMX N30TOMHBIX 3¢ (EKTOB, T.€.
L <<, IpM HAJIMYUHM TUIESABI U30TOIIOB, KOTA YMCIIO U30TOIOB JAHHOTO JIeMEHTa n > 2,
BEJIMYMHBI X U30TOITHBIX CIBUTOB YIOBJIETBOPSIOT COOTHOIICHUIO:

Amm,/Amm,~ m, - m,/m, - m,, (1)

rie Am;m, ~ M30TOIHBIA CABUT i-TO M30TONA OTHOCUTEIBHO HEKOTOPOIO DPENEPHO-
ro, 0ObIMHO Haubosee pacrnpocTpaHeHHoro (nHmekca 0); m; — Macca i-ro mM3oromna; o —
K03(hOULMEHT pa3aeIeHns] U30TOIOB.

Tak, B cilydae Tpex uzotornos kucaopoaa °0, 7O u '®0 B kayecTBe pernepa 6bUT BHIOpAH
180. B aToMm ciyuae A7 15 /A 16~ 0,5.

3HaueHUs A IPEACTABIISIOT OO0 pa3HULLY BEJIUUMH §, 1151 KOTOPbIX 4L << 1, mpubausu-
TEJIbHO BBITTOJIHSIIOTCS CEAYIOIIMe COOTHOIIEHUS [8]:

~ ~ 3
60613. - 8CT ~ Aoﬁp‘—CT. NIO ln OLo6p.—cT.

Kak n3BecTHO, aHanuTUYecKast PyHKIMS f(X) MOXET ObITh MpeCTaBlIeHa B BUIE CTeEH-
HOTO psifia TI0 apTyMeHTY x. Pe3ysibTrat Takoro pasyioxKeHusi BeJIMUYMHbI U30TOIMTHOTO CIBUTA, SIB-
Jsgroleiics pyHkumMen dm;/m,, CIyKaT TeOpeTUYECKUM 00OCHOBAHUEM TpaBUJIa TLICSII;

Amym, ~ a, + a,6m;/m, + a,(dm,/m,)?> + ...+ a,(dm,/m,)" + ..., (2)

rae a, ~ (1/n!)(6"Amym,/d(dm;/m,)"

O4eBUIHO, YTO [JI BBIIIOJHEHUS MpaBuUia IUiesii HEOOXOAMMO, YTOObI BCe WIEHHI B (2)
OBbLIM MaJjibl 10 CpaBHEHUIO ¢ a,'(dm;/m,). DTO BOZMOXHO TOJIbKO JJIsI JOCTATOYHO TSKEJIbIX
3JIEMEHTOB, Koraa dm; <<m,. Ha mpakTtuke 3TO yClIOBUE IJI TAKMX IJEMEHTOB, KaK yIJaepos
U KMCJIOPOJ, MOXXHO CUMTaTh BBIMOJHEHHBIM. Koria KBagpaTUUYHbIMU 1 (WJIM) YWieHaMU 0oJiee
BBICOKOTO TTOpsIiKa MTpeHeOpeub HeJb3s, TO 3aBUCUMOCTb M30TOITHOIO CIBUTa OT dm;/m, CTaHO-
BUTCS HEJIMHEHOM U TakKe 3()(eKThl Ha3bIBAIOT HEJTUMHEHHBIMU.

K HecKOJIbKO MHBIM pe3yJibTaTaM IMPUBOIUT MIPUCYTCTBUE B PA3JIOKEHUM WieHa a,, Eciu
MPEIOJOXUTb, YTO BCE IPYrue WieHbl B (2) paBHbI HYJIIO, TO MMEET MECTO MacC- He3aBUCH-
Moe (ppaKIIMOHUPOBAHUE, O0YCIOBICHHOE PA3IMYMSIMU B IPYTUX CBOMCTBaX U30TOIOB. B Ha-
cTos1Iee BpeMsi OOHApYKEH PsJl TAKMX U30TOIMHBIX 3(P(HEKTOB B XMUMUYECKUX TTPOLIECCaX, KOTIa
pasaeseHre N30TOMOB BbI3BAHO PA3/IMYMEM B CITMHAX SIIE€P, U3MEHEHUEM CUMMETPUU, TIPU U30-
TOITHOM 3aMellleHUU 1 T.1. MI30TomnHbIie 3(hGheKThl, onpeaeisieMble IPUCYTCTBUEM B (2) wieHa
a,, Ha3bIBAIOT MaCC-HE3aBUCUMBIMU U30TOMTHBIMU 3(ppeKTamMu.
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HenuneliHast 3aBUCMMOCTD OT BEJIMYMHBI SM;/mM, MOXeT BO3HUKATD B CJIOKHBIX ITPOLIECCaX
pu OOJIBIIMX 3HAYEHUSIX U30TOIMHOro capura (a—1) ~ 1 BcaeacTBue HeJTMHEeHOM 3aBUCMOCTU
CYMMapHOTO M30TOMHOTro 3(deKTa oT M30TOIMHOro 3 deKra Ha KaxkKI0oi 371eMeHTapHOM CcTa-
nun. [1pu 3ToM KaxXablii OMHOCTaAUIHBII U30TOIHBIN 3(PdEeKT mogunHsaeTcs nmpasuiy miesta. K
TaKUM IPOLIECCAM OTHOCSTCSI paJieeBCKas AUCTWIISALNS, Pa3aejeHUE U30TOIIOB B Pa3JIMYHOIO
poja KOJIOHKax — MeperoHHbIX, IM(P@y3UOHHBIX U T.4. [4].

Ilpupoonvie uzomonnvie 3¢pgpexmot. Ilpu omnpenesieHMM MU30TOITHOIO COCTaBa BCernma
BaXKHO MMETh MPEACTABICHUE O CBOMCTBAX M Pa3IMUMSIX HE TOJIBKO OTAEJIbHBIX M30TOMNOB, HO
U O COEAMHEHUSIX OAMHAKOBOIO XMMUYECKOI0, HO Pa3HOrO M30TOITHOIO COCTaBa. DTO KpaiiHe
HEOoOXOIMMO JUISI aHAJIM3a XUMMUUECKUX peaKluil, 0COOEHHO MPU U3YYEHUM CJIOKHBIX OMOJI0-
TMYECKUX TpoleccoB. «BeaeacTue pasnnuns B GU3NKO-XMMHUUECKUX CBOMCTBAX M30TOIMHBIX
MOJIEKYJT UX XMMHMYECKHe M (PU3MUYECKHUE TPEeBpallleHUs] OOBIYHO COIPOBOXAAIOTCH (pak-
LIMOHUPOBAHMEM H30TOIOB, T.. pacIpeAcIeHUeM MX MEXIy ABYMsT (pakIMsIMM BeIleCTBa C
pPa3HbIMU U30TOMHBIMU OTHOIIEHUSIMIW» [9]. Vu apyrumu cioBamu, ppakKMOHMPOBAHUE U30-
TOITOB COCTOMT B TOM, YTO OTHOCHUTEJIbHOE COepPKaHWE OJHOTO 13 U30TOIOB B TAHHOM COEIM -
HEHMY YBEJIMYMBAETCS 3a CUET CHUDKEHUS €r0 COIEePXKaHUS B IPYTOM, T.e. (paKLIMOHUPOBAHUE
M30TOIIOB SIBJISIETCS CEACTBUEM UX (PU3UKO-XUMUUYECKOM HepaBHOLICHHOCTH, KOTOPOE MOXET
CKa3bIBaThCSl HA CKOPOCTSX MPOLIECCOB, HA HEPTEeTUYECKOM COCTOSTHUY U Ha SIIEPHOM MarHe-
TU3ME CHUCTeMBI [7, 9].

ITpouecchl GpakKIMOHMPOBAHKUS M3OTONOB, TO €CTh MUX pa3AcieHHE MEXIYy ABYMS
(ppakuMaMmM HEXMBOTO BEIIECTBA, A0 HACTOSIIEro BPpEMEHU, MOXHO CUYMTATh JOCTATOUHO
xopouo u3ydyeHHbIMU. [IpuBeneM Kiaccu@uKauio mpoleccoB, OTBETCTBEHHBIX 3a pa3je-
JIeHWe U30TOIOB (Tab1. 2), re moKa3aHo MPOosIBJIEHUE U30TOITHBIX 3((HEKTOB B IMPUPOIHBIX
cucTeMax, B T.4. 1 OMOCHUCTEMaX.

Kak BuaHO u3 Tabmuibl 2, U3 M30TONMHBIX 3(PdekToB | poma (MM Macc-3aBUCSIINX
3¢hGEKTOB), COTJIACHO MpaBwia Iies, B OMOCUCTeMaX MPOSIBIISIOT CBOE BIMsTHUE (Pa30BbIi 1
XUMUYECKre (KWHeTUYECKUI U TEPMOAMHAMUYECKUIA) M30TOMHBIE 3(P(PEKTHI.

MzotonHbie apdexTol 11 pona nmm macc-He3aBucuMble 3G @EKTHI, COrJIacHO MpaBuJa Iie-
a1, ObLTM OOHAPYKEHBI B paIUKAIbHBIX M MOH-PaIUKaIbHBIX XUMUYECKUX peakLmsax. [Tockosb-
Ky HEKOTOpble OMOXMMWYECKME ITPOLIECCHl B XKMBBIX OpraHM3Max IPOTEKalOT TaKKe IO MOH-
pagyKaJIbHOMY MEXaHU3MY, TO 31€Ch MOXXHO OXUAATh MPOsIBIIeHUE N30TOMHBIX 3 dekTos I1 pona.

Das3zoeviii uzomonnwtil 3¢pghexm. OCHOBHOM BKJIaA B POpMUPOBAHKE U30TOITHOIO COCTaBa
aTMOC(epHBIX 0CaIKOB, a CJIeA0BATEIbHO U IMTOBEPXHOCTHBIX BOJ KOHTUHEHTOB, BHOCUT (hpaK-
LIMOHUPOBAHKWE M30TOIOB MpPY KOHAEHCALIMU BOASIHOTO Iapa, (ppakilMOHUPOBAHUE IPU MC-
napeHuu BHOCUT MeHbIuii BKiaan [11]. Cneayer oTMeTUTh, YTO AJIs1 aTMOC(EPHBIX OCATKOB U
MOBEPXHOCTHBIX BOJ KOHTUHEHTOB OOBIYHO HAOJII0AAETCSI KOPPEISILIMOHHAS 3aBUCUMOCTb MEXK-
1y 8D u 8'%0: 8D = ad'%0 + b %o, npu a = 8, b = 10 3aBucUMOCTb Ha3bIBaeTcs npsimoii Kpeiira.

[Tpu 3amep3aHuUM BOJBI TAKXKE TIPOUCXOIUT pasiesieHre N30TOMOB BOIOPOIA U KHUCIOPO-
na. [Tpouecc nporekaeT B yCIOBUSIX OJU3KUX K pABHOBECHBIM U IMTPUBOAUT K 0OOrallleHUIO JIbla
D u 80 B Bome MoBepXHOCTHOTO cJIos1, mpuMepHO Ha 20 %o 1 2 %o, cooTBeTCTBEHHO [11].

B xuBbBIX OpraHu3Mbl MOXKHO ObLIO ObI 0OXXKIATh HATMUKME pa3zoBoro apdexra B cucTeme
«BBIIBIXa€MBbIii BO3IYX — KPOBb» Ha TPAHULIE «Iap — XXUIKOCTb» B JIErKuUX. Takoil MporHo3
ObLT HAMM MOATBEPKAEH B pe3yJIbTaTe MPOBEACHUSI CEPUU SKCIIEPUMEHTOB I10 UCCIeIOBAHUIO
M30TOITHOTO COCTaBa BOAOPOJA: BhIAbIXaeMOI YeJIOBEKOM Bjlaru, atMochepHoii Bjiaru, 0uo-
JIOTUYECKUX XXKUAKOCTEI, TKaHei 1 MpoayKTOB MeTaboau3ma yeaoBeka [3, 12].
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Tab6mma 2. CucreMaTtrika U30TOMHBIX 3(P(MEKTOB MPU M30TOITHOM pa3aejeHUU B IMPUPOIHBIX
CHUCTEMax

dusnyeckue CBOCTBA, H3zoromHbIi 3¢ dexT
pasanyue B KOTOPBIX
o0yciaBIuBaeT
M30TOMHLL Tun PazHOBUIHOCTH ITposiBneHue B bMocucreMax
addext (U.3.)
I'paBUTAIIMOHHBII He o6Hapyxen
TibdysHOHHE OOHapyXeH y GOTOCUHTE3U -
PYIOLLIMX PACTCHUA.
VnepunanbHblit .. | DIEKTpOMarHUTHBIN
(KOpIyCKYISIpHBIIA) (pasnenerme
M30TOITHBIX MOHOB B Hamaune spexra Tpedyer
MEKTPUYECKOM 1 MaT- NaJIbHENIIMX UCCIIeJOBaHN
HUTHOM T10JIe)
YcraHoBIEH aBTOpaMu B
KopryckyisipHo- ®azoBwIif CUCTEME «BBIIbIXaeMBbIA
. Mlacca, XUMIIeCKMIA BO3IYX-KPOBb»
.9. 1 pona, no " -
COPOLIMOHHBIN IToxa HeT cBeleHUI.
knaccudpukauuu [10] Ancopbu A
OOGHapy:XeH BHYTpU-
MOJIEKYJISIPHBIN U30TOITHBINA
.| acbdexT. Hammume mexmo-
TepMommHaMUIeCKIi b
JIEKYJISIPHOTO M30TOITHOIO
addekTa BasieTcs
XUMUYECKUMN IpeaAMETOM TJUCKYCCHUU.
T —— Xopo1o u3ydeH s poTo-
CHHTE3UPYIOIINX PACTCHUIA.
DoTOXUMUYECKUIA Hert cBeneHmuii.
TyHHETbHBIA Hert cBenenmii.
CnuH, MaTHUTHBIA
MOMCHT SlxepHo- OOHapyXeH B paauKaJIbHbIX
p . SAnepHO-CIMHOBHIM peaxkiusIx, B TOM 9uCyie B
W.5. Il pona, o XUMHUIECKUI
Ouocucremax.
knaccudukauuu [10].

Daekmpomaznumnstii uzomonnotil Ipgpexm. JInnonbHbie MoMeHTHI Monekyn H,O, HTO
n HDO mMoryT otnnuatbesi, moa3romMy npu andQy3nu MOHOB Yepe3 KJIETOYHbIE MeMOpaHbl, TpU
YUaCTUU 3JIEKTPOCTATUYCCKUX CUJI MOXKHO OXMIATh (PPaKLIIMOHUPOBAHUS 3TUX MOJICKYJI, HAJIN -
Ype KOTOPOTO U €ro BeJIMUMHA TPEOYIOT U3YYECHHUSI.

Xumuueckuii uzomonnbwtil ¢hpghexm (COCTOUT U3 TEPMOIMHAMUYECKOTO U KUHETUYECKO-
ro). Tepmoounamuueckuii u30monHblil 3¢hghexm OCHOBAH HA CTPEMJIEHUU CUCTEMbI U30TOITHBIX
MOJIEKYJT K MUHUMYMY 3Hepruu. [{eiicTBUTEIbHO, KBAHTOBO-CTaTUCTUYECKHE PAacUeThl Tep-
MOJMHAMUYECKUX COCTOSIHUI CUCTEMBbI, U3 IBYX aTOMOB, MTOKa3bIBAlOT, UTO IHEPTUS TaKOM
CHUCTEeMbI UI3BMEHSIETCSI MIPU NepepacnpeneieHU N30TOTIOB B Heil M CTPEMUTCS K MUHUMYMY.

J1151 pacyeTa KOHCTaHThI pABHOBECHSI TPEOYIOTCS 9KCTIEpUMEHTAIbHbIE TaHHbIE O YaCTOTax
KoJiebaTeIbHBIX CIIEKTPOB, MaccaxX M YMcaaX CAMMETPUM MOJIEKYJT, YUaCTBYIOIIMX B U30TOITHO-
obmeHHoIt peakuuu [13]. 1151 miesia M30TOMOB C POCTOM MacChl U30TOMa HabJII0JaeTCsl YBe -
YeHMe 4acToT KOoJiebaHUil, U, cliefoBaTeIbHO, YBEJIMUYEHUE SHEPTUU CBS3U B MOJIEKYJE, T.e. K
HaKOTUIEHUIO TSKEJIBIX M30TOIOB B MOJIEKYJ1aX ¢ 00blieit aHeprueii cBsa3u. OCHOBHbIE YACTOThI
konebanmii: H, — 4405,3 cm™!, D, — 3118,8 em™!, T, — 2546,5 cm™! [14].

Takum 06pa3oM, JJisi U30TOMOB BOJOPOAA HE CAEAYeT OXXKUIATh U3MEHEHUsT HarpaBIeHUs
MU30TOMHBIX 2 (HEeKTOB Ha 0OpaTHOE MIPU MEPEXo/ie OT ACUTEPUS K TPUTHIO.

Kunemuueckuii usomonnuiii 3¢h¢hekm ocHOBaH Ha Pa3IUIMU aOCOMIOTHBIX CKOPOCTEM
peakiuii M30TOMHBIX MOJEKYJI. B psae pusmko-xuMuyeckux MpoleccoB, MPOTEKAIOIIUX B
HEPaBHOBECHBIX YCJIOBUSIX, pa3ieeHUe U30TOTIOB MOXET MPOMCXOAUTh 32 CUET KMHETUYECKUX
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(pakTOopoB. B COOTBETCTBUM C TeOopUeit aOCOMIOTHBIX CKOPOCTEM XMMUYECKUX peakliuii, B peak-
LIMSIX YYACTBYIOT HE BCE MOJIEKYJIbI, & TOJbKO T€ U3 HUX, KOTOPbIE JOCTUIJIM SHEPTUM aKTHUBALIMU.
ITpu pacrnipeneneHM MOJIEKYJT IO CKOPOCTSIM COIIACHO 3aKOHY MakcBesuia (pUCYyHOK) KOJIMYECTBO
moJiekys1 dN nMerolmrx CKopocTh B Auarna3oHe oT V 1o V+ AV onpenensiercs: BoipakeHueM [15]:

dN ~ (m /2KT)2/3 . @ mV2/2KT

rae: dN — 4uciao MOJIEKyJI, CKOPOCTH KOTOPBIX JIEXKAT B MHTepBajie ckopocTeit AV; V —
HYDKHSISI TpaHUMLIA MHTEpBaja cKopocTeit AV; m — Macca MosieKysibl; K — razoBast mocTosiHHas;
T — Temneparypa.

M3 pucyHka BUIHO, YTO I0JS TSKEIBIX MOJIEKYJ CO CKOPOCThIO V MEHbIIIE J0JIU JIETKUX
MOJIEKYJI, TO3TOMY OOJIbIIAsA YaCTh JETKMX MOJIEKYJ MPUMET ydyacTue B peakiuu. Takum o6-
pa3oM, XMMUYECKUII KMHETUYECKUIA U30TOIMHBIN 2 @PEKT He MOXET MPUBECTU K HAPYIICHUIO
3aKOHOMEPHOCTU (PpaKIIMOHMPOBAHUS B TpPUagax U30TOMOB.

s TeTKUX U30TONOB (TPUTUSI, NEUTEPUST U TIPOTUSI) pa3inumre B CKOPOCTSIX MPOTeKa-
HUS peaKkluii, B KOTOPbIX YYaCTBYIOT U30TOMMUYECKME MOJIEKYJIbl, OOYCIOBAEHO KaK pa3HUILIei
Macc MOJIeKYJ, TaK M MU3MEHEHUEM 3HepTruu akTuBauuu. Eciu e 06e MOJIeKyIbl TSXKeble,
TO MU30TOMMS MaJo BJAMSIET HA UX MacChl. B 3TOM cilydyae pasznuuue B KWHETUKE MPaKTUYECKHU
LIEJIMKOM OyneT 00513aHO U3MEHEHMIO SHEPTUM aKTUBALlMKU 0Opa3oBaHUS aKTMBMPOBAHHOIO
komIuiekca. Ho yuet ckopocTu poTeKkaHus peakiivii, 00yca0BIeHHbIN pa3HULIEH Macc MoJie-

KyJ1, IpUHIOUIINAJIbHO pE3yJbTaTa HC USMCHMUT.
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PI/lcyHOK MakcBeI0BCKOe pacnnpcacJaCcHUC MOJICKYJI 11O CKOPOCTAM

CnenoBaresibHO, TIPU XUMUUYECKMX M30TOIMHBIX 3(pdekTax u30TOoMbl BOAOPOAA TOIKHbI
BECTU ce0sl CHHXPOHHO U MPOSIBICHUEM XMMUYECKMX U30TOIHBIX 3(P(PeKTOB HENb3s1 OOBSICHUTD
MPUHLMNKAIbHOE pa3nyyre B TOBEASHUU MPOTUS, AEHTEPUS U TPUTUSI B OMOCHUCTEMAX.

Jlucphyzuonnuiii uzomonnwuit 3¢pghexm. B cnydyae porocunTe3upyolieit pukcauu yrie-
po/ia BBICILIMMU PACTEHUSIMU, MOPCKHMMU BOJIOPOC/ISIMU U aBTOTPO(HBIMU OAKTEPUSIMU, OTHUM
U3 TIPOLIECCOB, OTBETCTBEHHBIM 3a (ppakLIMOHUpPOBaHUE yriepoaa spisercs auddysus CO, B
U U3 TKaHel pacteHuii. @pakiIMOHMPOBAHUE YIJIEpPOJa Ha 3TOM 3Tarle Y BbICIIMX PACTEHUM Xa-
pakTepu3yeTcs BeIUInHoM nopsiaka -4 %o [16], 4TO BHOCHUT CYIIIECTBEHHBIN BKJIaJl B CyMMapHOe
(PaKLMOHUPOBAHUE U30TOIOB yryepona B pacreHusax C4 (cpeanee 3nauenue §'3C okoso -13
%o, oTHOCUTENbHO cTaHaapta PDB), B To BpeMsl Kak 3Ta cTajusl OKa3blBaeT MaJIblii BKJIaJ Ha
nyTtu pukcauuu yriepona pacreHuamu C3 (cpeanee 3Hauenue §'>C okono -28+30 %o, OTHOCH -
TeabHO ctaHaapta PDB). Memiennass nuddysus CO, B Boje, BHOCUT CYIIECTBEHHbIN BKIa/l B
npouecc popmupoBanus §'*C MOPCKUX U IIPECHOBOAHBIX BOAOPOCJIei [16].

ITo ananorum ¢ porocuHTE3UpyOLIEH (puKkcanueit yriaepoaa, MOXXKHO OXUAATh BIMSHUS
nrbby3un Ha U30TOITHBIN COCTAB JIETKUX 2JIEMEHTOB U B MEXX- M BHYTPUKJIETOUHBIX ITpolieccax,
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B TOM UMCJIE U Y TeTepOTPODHBIX OPraHU3MOB. DTOT 3(PPEKT HOCUT KMHETUYECKUIA XapaKTep 1
He J0JIK€H U3MEHUTDb HAaPaBJIEHHOCTD ITPOLIECCOB 151 ACUTEPUS U TPUTHUSI.

OnurHakoBOE coepKaHKe JeUTepus B BOJI€ Pa3IUYHbIX (U3MOJIOTUYECKUX KUIAKOCTEH
YyeJoBeKa yKa3bIBae€T HAa OTCYTCTBME 3aMETHOTO (PpakIMOHMPOBAHUS AEUTEepus MpU IMPo-
XOXIEHUM Yyepe3 KJIeTouHble MeMOpaHbl [3,12], yTo oToOpaxkeHo B Ta0a.3. OTHOCUTEIHLHO
TPUTHUS JAHHBIX HET.

Ta6ymua 3. M30TomHbI cOCTaB BOJOPOIa OMOJIOTMYECKMX XXKUIKOCTEN 1 TKaHEH JyesloBeKa

OGbeKTHI HCCTEI0BAHHS M30TOomnHLBII cocTaB BOIOPOIA OTHOCUTEIBHO
SMOW, B %o
Bona Kuesckoro BogonpoBojaa -74
Bnara Beinoxa yenoBeka -83
CiioHa yesioBeka (Boja) -49
KpoBb uenoBeka (Boaa) -48
ITot yenoBeka (Boma) -45
Moua yenoBeka (cpenHee 3HaYeHUE) -44
Bosochl uenoBeka -78
Hortu yenoseka -82
Msico cBUHBU -79
ViiHas cepa yenoBeka -161

Hoepno-cnunogotii (mMacnummuotii) uzomonustii 3¢hgpexm. Hexotopblie XuMndeckue pe-
aKIIU¥M, TIPEXIe BCEro paauKalabHble U MOH-paAMKaIbHbBIE, CBSI3aHBl C MU3MEHEHUEM CyM-
MapHOI0 3JEKTPOHHOIO CIWHA pearupyrolleil CUCTeMbl WJIM, KaK TOBOPST, U3MEHEHUEM
CMIUHOBOM MYJBTUIIJIETHOCTH, HATIPUMeED, TTIEPEXOJ0OM €€ U3 TPUTIETHOTO COCTOSTHUS B CUH-
IJIETHOE. DHEPTUsl, XapaKTepu3yollast 3TOT MepeXo/l, 3aBUCUT OT B3aMMOACUCTBUS CITMHOB
3JICKTPOHOB U siiep. BeaeacTBue 3Toro BeposITHOCTh XUMUYECKUX PeaKIIMii OKa3bIBaeTCS 3a-
BUCSIIEH OT HATUUMS SIASPHOTO CIIMHA M BEJIMYUHBI €r0 B3aMMOJIEHCTBUS C SJIEKTPOHHBIM
CIIMHOM — TaK Ha3bIBAa€MOTO CBEPXTOHKOIO B3anmozeicTBusi. [IockonbKy B 0011IeM ciiydyae
M30TOITbI OTHOTO 3JIEMEHTAa MOTYT pa3InuyaThCsl BEIMYMHON SIEPHOTO CITMHA, CKOPOCTh pe-
aKIIUY 11 U30TOIMHBIX COeIMHEHUI MOXET 0Ka3aThCsl HEOAMHAKOBOM, YTO U MpeAIiogaraeT
HaJn4yue U30TomHoro 3¢ dexra.

DTOT MEXaHU3M MOXKET Peajn30BaThCsl B XUMUUECKUX paauKaJbHbIX peakiusax. Kak mu3-
BECTHO, B MOJIEKYJIaX 3JIEKTPOHBI CIIapeHHbIE M CIIUHBI 3JICKTPOHOB CKOMITEHCUPOBAHBHI, T.€.
CYMMAapHBI# 3JIEKTPOHHBIN CITUH paBeH HY/II0. Takoe COCTOSIHME Ha3bIBACTCSI CUHIJIETHBIM (S).
ITpu pacnage MoJIeKyJIbl Ha paarKaibl TIPOUCXOIUT paciiapuBaHKe SJIEKTPOHOB, MOCIEAYIOLIAs
PEKOMOMHALIMS PaIuKaJIOB MOXET OBITh 3aTpyaHEHa HEOOXOOMMOCTHIO KOMITEHCHPOBAHMS
cnuHOB. [ToaTOMY SII€pHO-CITMHOBBIN (MAarHUTHbBIN) U30TOMHBIN 3 (HEKT U U30TOIMHOE (paK-
LIMOHUPOBAaHNE CUJIBHO 3aBUCSIT OT MAarHUTHOM, 3JIEKTPOH-SIAIEPHON SHEPTUU, OT BEJIMUYMHBI
BHEIIIHETO MAarHUTHOTO T10JIs, OT BpalllaTeJIbHOM M TpaHCISILIMOHHOM 1u(dy3un mapTHEPOB, OT
BSI3KOCTHU M 3aMKHYTOCTH 00beMa, OT BpeMEHU XKU3HU PaIuKaJIoB.

Hna maper H/D Moryr cocyiiecTBoBaTh M MacC-3aBUCSINUNA W SIIEPHO-CITMHOBBIN
(MarHUTHBIN) M30TOMHBINA 3¢ GEeKThl, MpUUEeM OHU Aaxe coudMepuMbl. OmHaKo Ijisi Oojee
TSOKENIBIX SIAep, HauuHasl ¢ YIrjiepoja, siIepHO-CIMHOBBINM M30TOIMHBIN 3((MEKT Ha MOPSA0K
MIpeBbIIAeT MacC-3aBUCS NI N30TONHBIN 3¢ deKT [7].

Dpaxuyuonuposanue u3omonoe 6000pooa 6 Hexcueol npupode. B Hacrosee BpeMs
Mpo1ecChl (ppaKLIMOHUPOBAHUS IEUTepUs B HEXXMBOU MPUPOIE U3YYeHBI JOCTATOYHO MOAPO0-
Ho. OmHako M3y4yeHue MpUPOAHBIX Bapuauuii D/H, MoryT mpeacTaBiasarh 1js1 HacC UHTEpEC B
iaHe ucciaeaoBaHus otHoweHuit T/H. Kak orMedaeTcs HEeKOTOpbIMU McclieaoBaTeasimu [17],
(opmupoBaHme n3oTomHoro coctana Bogopona (D,H) rmuHUCTBIX MUHEPATOB MTPOUCXOIUT Ha
ctaguu nx oopazoBanus. [Tocnemyroninit U30TOMHBIN OOMEH ¢ BOAOI MPAaKTUUECKHU OTCYTCTBYET.
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M3zoronHblii coctaB Bogopoaa (D,H) rmuHuUCTBIX MMHEPAJIOB HAXOAMTCSI B PABHOBECUU C OKPY-
Xawoule cpenoii, Ho npu 3ToM 3HauyeHust D/H MuHepasia Bcerma MeHbIIe MO0 CPaBHEHMIO C
OoKpyXatolei cpenoit. JiutepatypHble JaHHBIE, KacarOIUECsS U30TOMMHOIO OOMEHa BOAOPOIA
(H/T) B cucreme «MuHepaia-Boaa», MOKa3bIBAIOT MPOTUBOIIOIO0XHYIO TEHACHIIMIO. ABTOpaMu
pabort [18] yrBepxkaaeTcsi, 4To cBsi3biBaHUE T TJIMHUCTBIMU MOPOJAMU OOYCJIOBJIEHO UMEHHO
OOMEHHBIMU TIPOLIECCAMU, IVIABHBIM 00pa3oM B TMIPOKCUJIbHBIX IpyIinax MuHepayioB. MHTe-
pecHo, 4To conepxaHue T B TMAPOKCUIIBHBIX TPYIIIAX UMEET OOJIbIIME 3HAYEHUS 110 CpaBHE-
HMUIO C IIOPOBOM BOJIOM.

Conepxanue T B IpUpOIHBIX MUHEPAJIaX 3HAUMTEbHO HUXKE, YEM B 3arpsI3HEHHOI TPUTH-
eM Bojie. [TloaToMy, 511 conepxaHus OyayT BBIPABHUBATHCS, CTPEMSCH K paBHOBECHUIO. [1pu aTOM,
KoHILIeHTpaius T B MUHepasie OyaeT pacTu, a B BOJIE Maaath, (T.. TEXHOreHHasi BoJa MPU IBUXKEHU N
4yepes NIMHUCTBIE MOPOoJIbl OyaeT 00emHAThCS T 3a CUET YBEJIMYEHUS €T0 COAEPXKAHUS B INIMHUCTBIX
MMHepasiax Mpy yCJIOBUH, 4yTo 1151 T cripaBeyIMBbl 3aBUCUMOCTH, YCTaHOBJIEHHbIE 1 D).

[TpoBeneHHbIN aBTOpaMU AaHAIU3 U CUCTEMATU3ALIMS UMEIOIIIUXCS PE3YJIBTATOB I10 MOBE-
JNEHUIO IEUTEPUS U TPUTHUS B CUCTEME «MUHEPAJI BOJIa» TTIOKA3AJIU, UTO YBEJIMYEHUE CONCPXKAHUS
T B MUHepasie, MO CPAaBHEHUIO C TTIOPOBOM BOMOM, MOXET OBITh BBI3BAHO: SIAEPHO-CITMHOBBIM
3(hHEKTOM, HECOOTBETCTBMEM COCTABOB ITOPOBOI BOJBI U BOJIbI, PABHOBECHO C MUHEPAJIOM.

XUMHUYECKUIA MEXAHU3M, JIEXKAIIUIA B OCHOBE SIEPHO-CIMHOBBIX U30TOMHBIX 3D (HEKTOB,
peanu3yeTcs MPeuMYILeCTBEHHO B XXKUAKO(MA3HBbIX PEaKLMSIX WK PeaKIusX, MPOTeKaoIUX Ha
MOBEPXHOCTU TBEPIOM (pasbl [7], T.€. B yCIOBUSIX, XapaKTEPHbIX 11 CUCTEMbI «MUHEPAI-BOIA».
MaruuTtHblit MOMeHT sapa B 2000 pa3 MeHbIIIE, YEM Y 2JIEKTPOHA, IO3TOMY U3MEHEHUE SHEPTUM
2JIEKTPOHHOTO BO30Y>KACHMSI 32 CUET SIICPHO-CITMHOBOTO B3aMMOICCTBUS 04eHb Masio. Ceyek-
TUBHOTO U3MEHEHUSI SHEPTUU, XaPAKTEPHOTO 151 OMOJTOTUYECKUX CUCTEM WJIM (POTOXUMUYEC-
KMX peaKklilvii, B CIy4yae B3aMMOJICMUCTBUS BOAbI C TOPHBIMU ITOPOJAMU, OXUAATh TPYIHO.

HecootBeTcTBrE COCTAaBOB MOPOBOI BOMBI U BOAbI, PABHOBECHOU C MUHEPAJIOM, MOXKET
BO3HUKHYTb 3a CUET pa3juuMsl CKOPOCTEN peakliuii MpU pa3auuHbIX yciaoBusx. CienyeT pas-
JINYaThb PABHOBECHbBIEC YCJIOBHUS U YCIOBUS, CUJIBHO OTJIMYAIOIIMECS OT PABHOBECHS, YUYUThIBAs
U3MEHEHUS U30TOITHOIO COCTaBa BOJMbI, OOYCIOBJIEHHbBIC CE30HHBIMU KOJIEOAHUSIMU €€ TOCTY-
ieHus. HarpuMep, Takoit MEXaHU3M JIeTUe peanu3yeTcs B caydyae CBsA3biBaHUs T BO BHOBb 00-
pPa30BaHHOM KaOJIMHUTE, Pa3BUBAIOLIEMCSI IO HEM3MEHEHHBIM aJIIOMOCHJIMKATaM (TM0JIEBOMY
IIITAaTy), a HE 3a CYET OOMEHHBIX peaKlUi B CUCTEME BoAa-TJIWHA. [JefdCTBUTEIbHO, KOHIIECH-
Tpauus T BO BHOBb OOpa30BAaHHOM KAOJUHUTE OYIET CTPEMUTHCS K MAKCUMaJIbHOM KOHIIECH-
Tpalyu. A NpU TOCTYIUICHUM pa30aBJE€HHBIX BOJ, YUYMTbIBasg HU3KYI0 CKOPOCTb M30TOITHOTO
oOMeHa Mpy HU3KUX TeMIlepaTypax, He OyJIeT 3aMeTHO yMeHbllaTbes. [TopoBas xe Boma Oynet
XapaKTepu30BaThCs CPEAHMMU KOHLEHTpalsaMu T. [ToCKoIbKY CKOPOCTh peaKIiuy 3aBUCUT OT
KOHIIEHTpAllUU, TO CKOPOCTh OOMEHHBIX peaKlMil BHavasle (Pe3KO HEPABHOBECHBIE YCIOBMS)
OyJeT 3HAYUTEJbHO OOJIbIIIE, YEM MPU MPUOIMKEHUU K paBHOBecuto. [loaTtomy, HECOOTBET-
CTBHME COCTABOB MIOPOBOM U pABHOBECHOM BOABI MOXET ObITh MPUHLIMITUAIBHO PEATU30BAHO U B
cllyyae OOMEHHBIX PEaKIIniA.

Ocobennocmu nogedenusr u30monog 6000pooa 6 Hcuevlx opeanuzmax. Vizoromsl Bogopoaa
BXOJISIT B COCTaB pa3IMYHbIX TpUPoaHbIX coeanHeHuii B popme OH, (CH), (SH) u (NH). OtHo-
CUTeJIbHAs pa3HUlla MacC M30TOIOB BOJOPOIAa MaKCMMaJIbHA, YTO MPEAOIPEACTUI0 OOIbIION
WHTEPEC K U3YYEHUIO U30TOMHBIX 3(D(HEKTOB BOJOPOA B XKUBbIX OpraHM3Max, B T.4. 1 YeJOBeKa.

M3BecTHO, 4YTO M30TOMBI BOAOPOJA MOCTYIAIOT B YEJOBEUYECKMI OPraHU3M C MUTbEBOM
BOAOM, NUILEH, MHTAJISIIKUEN U cOpOLIMEN Yyepe3 KOXHBIM nokpoB. Ilomanas B opraHu3M, Boaa
W MUILA CTAaHOBITCS YYaCTHMKAMM pa3HOOOpa3HbIX OMOXMMUYECKUX MPOLECCOB, B pe3yjabTa-
T€ Yero MX aTOMbl MOTYT CTAHOBUTBCSI CTPYKTYPHBIMM €IUHUIIAMU PA3JTUYHBIX COCIUHEHUM,
CUHTE3UPYEMbIX OPTaHU3MOM.

Panee 6b110 mOKazaHo [3], yto 8D TKaHei, OMOI0TMUECKUX XKUAKOCTEH U MPOTYKTOB Me-
TaboM3Ma yeaoBeKa OJIM30K K PAaBHOBECUIO C BHEIIIHEN CPEOi U OTCYTCTBYET KOHLIEHTPUPO-
BaHue D B Tpopuueckux enouykax. CyIiecTByeT 6ajaHc pacrpeaeieHs U30TOMOB BOIOPOA B
OopraHusaMe, yTsiKeJIeHUe BOAbl OMOJIOTUUECKUX XKUIKOCTE KOMITIEHCUPYETCS 00JIerYeHUEM JIU-
nuaoB. Mccienoanus noseaeHust Tputus (T) oOHapyXMBaIOT MPOTUBOIIOJ0XHYIO TEHIAECHIIUIO
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K €ro HaKOILJIEHUIO B TPO(UUECKUX LIETSIX, 00Jiee TOro OTMeuYaeTcsl HauboJibliiee HaKorieHue T
B JIUMUIHOM ppakiuu pacteHuit [19].

U1 BbISIBACHUMS pa3inyuii B IoBedeHUMM Tpuaapl u3oronoB H—D—T Hamu Obuin
MPOBEACHBI UCCCTOBAHUS 10 U3MEPEHMIO X COIepKaHKS B BOAONPOBOAHOM BOJIE, yPUHE U BJiare
BBIZBIXa€MOT0 BO3/yXa yesioBeka (Bo3pacT 23 rojia), pe3yIbTaTbl KOTOPBIX MPUBEIEHbI B Ta0JI. 4.

JanbHeiie uccaeaoBaHus MO3BOJWIM MOKa3aTh, YTO BbIAbIXaeMasl Bjara HaxXOAUTCS
B MU30TOITHOM paBHOBECHUM C BoJoi KpoBH [12]. I3 naHHBIX Tabaulibl 4 BUIHO, yTo 8D Biaru
BBIZIOXA YeJioBeKa obJierdyeH 6osee yeMm Ha 40 %o 10 CpaBHEHMIO C BJIArOil BAIXaeMOI'o BO3ayxa 1
notpeo6sieMoit Boabl. Takoe obsieryeHue Bjiary Bbl1oXa KOMIIEHCUPYETCS YTSIKEJIEHUEM YPUHbI
yesioBeKa. AKTUBHOCTD ITOTPE0IsIeMOM BOJbI M BJIary BABIXa€MOI'O BO3yXa CYIIIECTBEHHO BBIIIE,
HeXeJIM aKTUBHOCTh MPOAYKTOB MeTab0I1M3Ma YyesloBeKa, YTO CBUIETEIbCTBYET O HAKOIIJICHUN
TPUTHS B TPOUUECKUX LIEMOYKAX U O pa3inyHOM noBeaeHuu D u T B opraHusme yeaoBeka.
[TorpeIHoCcTh U3MEPEHNUS U30TOITHOTO CIBUTA COCTaBsdeT: 8D — + 4%o; §'3C — £ 0,5%0; no-
IPELIHOCTD M3MepeHus aktuBHoCcTU: T — 5%, *C — 0,6%. [1o-BUIMMOMY, TPUTHIA, B OTIMYUE OT
NEUTepusi, KOHLICHTPUPYETCS B MOJIEKYJISIPHBIX CTPYKTYpax OpraHu3ma, 4YTo 1 MPUBOIMUT K €ro
HaKOILJIEHUIO B TPOGUUECKUX LIETISIX.

Ta6mma 4. CoaepxaHue M30TOMOB BOJOPOAA B M3y4aeMbIX 00bEKTaxX

ITpo6a 3D, %o AxkTtuBHocTh T, BK /1
Bona BomonpoBonHas, r.Kuen -74 14,5
Biara BopixaemMoro Bo3ayxa -79 12,7
Bitara Boiioxa yejioBeka -121 8,5
VpuHa yemoBeka -58 10,8

B GuocucTeMax i Tpuaabl BOIOPOAA YCTAHOBJICHbBI pa3jinuyus B MOBEACHUN KaK JeuTe-
pus, Tak 1 TpuTUs. [IpOTMBOMOJIOKHOE TTOBEIEHNE KOMIIOHEHTOB ILIESIIbl U30TOMOB BOIOPO-
Ja B OMOJIOTMYECKUX CUCTEMax, MOXKET ObITh CBSI3aHO, 110 HallleMy MHEHMIO, KaK ¢ pa3jinuueM
JUTIOJbHBIX MOMeHTOB MoJieKyJ1 H,O, HDO u HTO, Tak u ¢ pa3TM4HbIMU MAaTHUTHBIMU CBOi-
CTBaMHU s1Iep U30TOIOB BOJOPO/IA.

BoiBoapl. Hamm mcciaegoBaHms, mpexae BCero, KacaloTcsl €CTECTBEHHBIX KOHIICHTpa-
LIMIA U30TOMOB B OMOJIOTMUECKUX CUCTEMAaX, Pe3yJIbTaThl KOTOPBIX MOTYT YYUTHIBATHCS MpPU
MEIUILIMHCKOM auarHocTuke. B mpakTuke MEIMIIMHCKMX M OMOJOTMYECKUX MCCIAEIOBAHUIA
LIMPOKO MPUMEHSIETCS METOA M30TOMHBIX MHANKATOPOB (MEYEHBIX aTOMOB), B KOTOPOM HC-
MOJIB3YIOTCSI KaK CTaOMJIbHBIC, TaK M PaalOaKTUBHBIC M30TOIbI. JIaHHBIM METOM MO3BOJISIET
MPOCJIEANTh MEXaHU3MBbI TTOCJIEIOBATEIbHBIX OMOXMMMUYECKUX ITPOLIECCOB B OpraHM3Me IyTeM
HaOMI0AEeHUS 3a TTIOBEACHMEM MEUEHOT0 M30TOTa B MPOAYyKTax MeTaboIm3Ma, OMOJIOTHYECKUX
KMAKOCTSX M TKaHsIX. OMHaKO BBeeHUE MEUEHBIX aTOMOB, O€3 UeTKOTO ITOHMMaHUsI OCOOEH-
HOCTEI MX MOBeAeHUSI B OMOJOTUYECKUX CUCTEMAaX, MOXET IMPUBECTU K HETpaBUJIBHON MH-
TepIpeTaLMK MOJTy4aeMbIX Pe3yIbTaTOB.

[Tpu m3yyeHun Tpuamgbl M30TOIOB BOIOPOAA B OMOJIOTMYECKUX OOBEKTaX, HAMU ObUIM
HaliieHbl HECOOTBETCTBUS B MX MoBeaeHUU. OOHApPYKEHO OTKJIIOHEHME OT JIMHEHHOTO Macc-
3aBUCSIIETO U30TOIMHOTO 3 (heKTa, CyTh KOTOPOTO 3aKJII0YAETCSI B IIPOMOPLIMOHAIBHOM M3ME-
HEHMU TTOBEICHUSI BCEX M30TOIOB OJHOTO M TOTO K€ XUMUYECKOTO 3JIEMEHTA B COOTBETCTBUU C
M3MEHEHHUEeM MacC M30TOIOB. Takme 0COOCHHOCTH CTAOMJIBbHBIX U PaIMOAaKTUBHBIX N30TOIIOB
BOJOPOJIa BeCbMa MHTEPECHBI BUAY aKTyaJIbHOCTH ITPOOJIEM, CBSI3aHHBIX C €XKETOIHO YBEJINUM -
BaIOIIMMCSI KOJTMYECTBOM TPUTHUEBBIX BEIOPOCOB B OKPYXKAIOIIYIO Cpeay, TJIaBHBIM 00pa3oM 3a
CYET aHTPOMOTreHHbIX (akTOpoB (ADC, 3aBO/IbI MO MEPEPAOOTKHU SIACPHOTO TOILIMBA U T.1I1.).

HecMmoTpst Ha mOBOJILHO OOJIBIIOE KOJIMYECTBO pabOT, KacalolIMXCs paauoOuoJio-
TAYECKOro BO3ICHCTBUS TPUTUSI Ha XUBBIE OPTaHU3MBbI, OCTAIOTCSI BO MHOTOM HESICHBIMU
MPUYUHBI (MEXaHU3MBbI) BHYTPUMOJIEKYISIPHOTO (ppakKIMOHUPOBaHUS M30TOMOB. O Hemo-
CTaTOYHOM M3YyYEHHOCTH 3TOT'0 BOIIPOCA CBUACTEIBCTBYET pPa30poC MpeaebHO JOMYCTUMBIX
KOHUEHTpauuii Tputus [19].
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YCcTaHOBJICHHbBIC pa3IMuMs B TOBEACHUM CTAOMJIBHBIX M PaJMOAKTUBHBIX HM30TOIOB,
MPEAIOJIOXUTETHLHO CBSI3aHHbBIE C YeTHOCTBIO UX SIIeP, 00yCIaBIMBAIOT HEOOXOIUMOCTh OoJiee
CTPOTOro MOJX0/a K MOJAETMPOBAHUIO TTPOIIECCOB (DPaKIIMOHUPOBAHUS U30TOMOB Pa3TUIHOMN
YETHOCTHU OJHOTO U TOTO e XMMUYECKOTO 2JIEeMEeHTa — JaHHBIE, TOJIyYeHHBIE UISI U30TOIOB
OITHOM YETHOCTH, MOTYT OKa3aThCsl HE peNpe3eHTaTUBHBI JJIsI U30TOMOB APYTOil YETHOCTH.

[IpuMeHsass mpaBWIO TIUIESIT B pPaaMOYIJIEPOIHOM METONAE HaTUPOBAHMS, CIEAYeT
VUUTBLIBATH, YTO MoBeaeHue uzoronos yrieponaa (C u “C) Takke MOXeT pasauuyaTbes W3-
3a pasHoil YeTHOCTH Anep. BBeneHue nonpaBok Ha HeueTHbIA uszoron (1*C) B TakoM ciyuae
MOXXET MPUBECTU K HEMPAaBUIbHON MHTEPIIPETALIMU TTOTyYaeMbIX pe3yabTaToB. OIHAKO 3TOT
BOIMPOC TPeOYeT NaTbHEHIINX KOMIUICKCHBIX UCCIETOBAHUA.
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Ckyascbkuii M. O., Jlemixos F0.M., JIucenko O.B., Cooorosuy E.B. DPAKIIIOHYBAHHA TPIA-

AW I30TOITIB BOAHIO: TEOPIA, EKCITEPUMEHT, ITEPCITEKTHUBU

Y cmammi nasedeno ocnoeHi noaoxcents paKyionysarHs i30monie i po3eaaHymo npupooHi
i3omonui epexmu K 3anexcHi 8i0 macu, mak i HesaredxcHi. Buseseno ocobaueocmi nosedinku
i3omonieé 600HI0 6 exocucmemax. 3icmaeneHHs ocobausocmeil nogedinHKu npomiro, oeiimepiio i
mpumiro y 0esKux npupooHUx cucmemax 003604uUA0 GCMAHOBUMU (PaKm 8i0XUAeHHS 8i0 NIHIHHO20
MAc-3a1exicH020 30monHo20 eghekmy 6 npasuii niesd. Buseseno eiominHocmi (paxKuioHyeaHHs
cmaobinbHUX ma padioakmueHUX i30Monie pi3Hoi napHocmi 6 NOPIGHAHHI 3 30MONamu, wo Marmo
sA0pa o0Hiei napHocmi.

Skulskyi M.O., Demikhov Yu.M., Lysenko O.B., Sobotovich E.V. FRACTIONATION OF
HYDROGEN ISOTOPES TRIAD: THEORY, EXPERIMENT, PROSPECTS

The article deals with the main principles of isotope fractionation and natural isotope effects
both depending and non-depending on the mass. Specific features of hydrogen isotopes behaviour
in ecosystems have been studied. Comparison of protium, deuterium and tritium behaviour in some
natural ecosystems allowed determining the fact of deviation from linear mass-dependant isotope effect
in typically galaxies. Variations of fractionation of stable and radioactive isotopes of different twoness
as compared with those having nuclei of the same twoness have been detected.
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