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OCOBEHHOCTH CTPYKTYPbI VI/IAA

BbIBPOCOOIIACHBIX 30H

Ha ocHoBaHHM MpoBeAeHHbIX HCC/IeA0BaHHH cAe/laH BBIBOA O TOM, YTO MeTOJbl Mec-
cbayspoBckort 1 SIMP 13C criekTpocKoruH, MpHMeHSeMble B KOMIVIeKCe C APYTHMH
TPAAMLIMOHHBIMH METOAaMH MOTYT GbITh HCIIO/IB30BaHBI /1 CTPYKTYPHO-QDYHKIIHOHA/IB-
HOIo TeCTHPOBAHHA BhIOPOCOONacHbIx 30H. 1o pesyibTatam aHa/mm3a Mecc6ayspOBCKHX
CITEeKTPOB VIYICH cAe/laHoO TPeario/IoReHHe O TOM, YTO CYLIeCTBOBaHHE BbIOPOCOOIACHBIX
30H B YI7IfIX, C IOBBIIICHHBIM COAEpXaHHeM MeTaHa, OOYC/IOB/IeHO MPHCYTCTBHEM B HHX

ABYXBa/leHTHOI'O XKe/le3a.

KrroueBble ci0Ba: yrosb, BbIOpocooriacHas 30Ha, MeccbayspoBckas u SMP criektpo-
CKOIHA, ABYXBA/ICHTHOE COeIMHEHHe Ke/le3a, MeTaH, AeCOpPOLIHA.

Cemunap Ne 5

priMeHsieMble ~ HOpPMAaTHBHbIE

Criocobbl  MPOrHO3a BHIOPO-
COOIMTaCHOCTH OCHOBBIBAIOTCS Ha yuere
KOCBEHHBIX (DAaKTOPOB — FOPHOrO JaB-
neHusl, coaepIKalllerocs B yrzie rasa,
pH3HUECKUX 1 MEeXaHUUECKUX CBOMCTB
yrasa.  [loatomy, oOlleHKa CcTereHu
BIUAHUA Oorbllielt 4yacTH (QaKTOPOB
BO3MOXKHa TO/IbKO T10C/e TIPOUCIIen-
ero ra3oAUHaMHUECKOro  SIB/IeHHS
(I'dd). 2Tto cBszaHO, B MMEpBYIO OUe-
peab, C HECOBEpIIEHCTBOM MO/erew,
HCIIO/Ib3YeMbIX MPH MOCTPOEHUU KpH-
TepueB BBIOPOCOOIIACHOCTH, He Y4M-
THIBAIOIMIMX  OCOOEHHOCTEeHM  MHKPO-
cTpykTypel yrags. OueBuaHa HeOOXO-
AWUMOCTb YYMTBIBaTh ITPUUMHEL, 3a/10-
JKEHHble B CaMOW Yro/IbHOM CTPYKTY-
pe.

[puMeHss peHTreHo(1YopecLeHT-
HyI0, MeccbayspoBckyio U AMP criek-
TPOCKOITHIO MBI TTO/IYUYU/TH Pe3y/IbTaThl,
MO3BO/IAIOIIMX CYIIeCTBEeHHO IIPOABU-
HYTbCS B pellieHUM 7106a1bHOM Yrosb-
HOM Npo6/ieMbl — ONpeaesieHUH BhI-
GPOCOOIAaCHBIX 30H Yro/bHbBIX I/1aCTOB

[1-8].

IKCnepuMeHTanbHbIe pe3yabTa-
TbI H OOCYKIACHHE

1. PentrenodaoopecueHTHas U
MeccOayspoBCKas CIHEeKTPOCKOIHUS.
[TpyMeHeHre MeccOGayspOBCKOM — CIIeK-
Tpockomuu Ansi uzotorna Feb57 B yrasx
BO3MOXKHO Orarofapsi CoaepKaHUIio B
HUX Xxenesa a0 2,7 % vHorma u Goree.
[9]. Hauboree uvacto B yrasx BCTpeya-
erca tmpur FeS2. Takxke xeneso
BCTpevaeTcs B (popMe OKCHIOB U Kap-
GoHatoB THrna cuaeputa FeCOsz [10],
posennta FeSO4-4H,0, wmenaHTtepura
FeSO4-7H,0O [11] u cmononoao6HbX
[7IMHUCTBIX MHHEPAZIoB, COAePKAIIUX
xkene3o (vnnut). Tak HasblBaeMoe opra-
HUUYECKHU CBSI3aHHOE XKere30 OOHapyKU-
BaeTcs B yrzie B popMe TOPUPUHOB,
GenkoroaobHeIX CTPYRTYp [12], atletata
xkeneza Fe(CoH3Oo)o [11] u xkenesa,
CBA3aHHOTO C KapOOKCW/IBHBIMU TPYIT-
rmamu [13]. Tun coeauHenmin xkenesa u
VX KOMIMYECTBO 3aBUCAT OT MapKH YI7is,
r71acTa ¥ YronbHoro Gaccerita.

Hamu 6bi1 mpoBeseH KOHTPOIb CO-
[epKaHys ¥Ke/esa B Yro/lbHOM BellleCTBe
nnacta hb —«CMOASHUHOBCKUIP (MapKa
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K) maxtet M. A.A. CROYMHCKOrO.
[Mnact A6 cnoxHOro cTpoeHus, ocobo
oraceH I10 BHE3allHbIM BbIOPOCaM YI7is U
rasa, Boixoa aeryuux Vdaf — 31,0%,
npupoaHas rasoHocHocth 20 — 30
M°/T.c.6.M. YrosbHble MPobbl OTOUpPAIU
B Buzae wrthiba BecoM 0,5 — 0,8 kr npu
Oypennu 2 CKBaxUWH Ha r1youHy 2,4 M B
kyTKax. OTO6Op Mpo6 MPOU3BOANIN Ue-
pe3 Kaxkable 4 M mnoaBuraHus 3a6os
ITpeKa Mo MpocTypanuio. [locnenosa-
TeNbHBIA OTOOP MpPo6 B MpoLecce oTpa-
GOTKM BbIGPOCOOIACHOTO T71acTa Heob-
XOAUM A71sl WCC/Ie[IOBAHUS H3MEHeHUH,
[MPOMCXOAANIMX B YrOBHOM CTPYKTYpE B
3aBHCHUMOCTU OT MPUPOAHON METaHOHOC-
Hoct u 30H [/IA. Ot6op o0b6pasiioB
npoBoaniv B Tedenve 40 aHent. 3a 3To
BpeMs O(HUIIMa/IbHO ObIZI0 3aperucTpu-
posaHo aBa ['/IH. TlepBoe, mpowusomnies-
mee 14 mMapTa, O6bIIO KBATMOUIIMPOBAHO
KaK OTAKUM YI7If C TOBBIIIEHHBIM Ta30Bbl-
neneHvieM, BTopoe (19 MapTa) — Kak BHe-
3arHbBIM BHIOPOC YI/is U rasa. Bce yronb-
Hble OOpaslibl WCC/IeA0Ba/ld Ha peHTre-
HodpriyopectieHTHOM (PD) criektpomerpe
ElvaX nnsi orpeneneHysi prCYTCTBHS B
HUX Xxenes3a. [lpuHimn neiictBus PP-
aHa/IM3a OCHOBAH Ha ObO/1y4eHrr oOpas-
Lla PEHTTeHOBCKMMU /IyYaMH C GO/bIIOH
sHepruveit. [loa vx Bo3americTBEeM Kaxk-
OB 3/IEMEHT, BXOZAIIMI B COCTaB 00-
paslia H3nydaeT BTOPHUHBIE dyopec-
LIGHTHBIE PEHTTeHOBCKUE KBAHTBI C
SHepryen MpUCYIIe TO/bKO eMy (/1erkve
aTOMBbI, BK/IOUad YI7iepos, AaHHBIN [IpH-
Gop He peructpupyer). PrayopeciieHT-
Hble CITeKTPbl 3TO 3aBHUCHUMOCTb WHTEH-
CUBHOCTU (OCb OpAWMHAT) BTOPHUHBIX
PEHTTEHOBCKHX KBAaHTOB OT SHEPryu
(ock abcumcc) nmpeacTaBneHsl Ha puc. 1.
Uem Gorblile McCieayeMoro sfeMeHTa B
obpaslie, TeM O0o7bllle HWHTEHCUBHOCTh
ero curHasa.

3HaueHve 3Hepruy Ans avuHuk Ko u
KB - Fe paeno 6,4 xaB ,7.06 k3B, co-
OTBeTCTBEeHHO. Kpupas crpasa (Hauu-
Has oT 16 k3B) — sto doH, cosnapae-
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Mbiii nipuGopoM. OH TeMm Goriblile, YeM
MeHbllle BKaa OT xennesa. Hanpumep,
Ha puc.l,a dou — 0,4. curHazn ot xene-
3a — 0,065 otH.ea., Ha puc.1, B doH —
0,04, a curnan ot xenesa — 1,0 otH.en.
[lpoBenenHbiti PP-aHanms nokasas, uto
oOpa3libl M3 CIIOKOMHBIX ob/1acTeit co-
fepxKaT HeoOblUalHO Malblii  TTPOLICHT
xkeneza (puc. 1,a). [lybner, HaxoasIMI-
ca crpaBa (14 ksB), maer HeGorbinoe
KO/TMYECTBO CTPOHLIMA.

Cyas 1o crnekTpy, NpUBeAeHHOMY Ha
puc. 1, 6 B BeIGpoleHHOM yrrie (o6pas-
usl Ne 34, 36) KOAMUECTBO Kere3a BO3-
pactaeT Ha rMopsaok. B obpasuax u3
BbIGpOCOOMacHo 30HbI Bosne [/1H, ko-
MUUeCTBO Kere3a ellle  YBe/lTHUUIOCh
(puc. 1,B). Cyas 10 HWHTEHCUBHOCTH
doHa Ha puc. 1, B, B Tpu pa3a MeHb-
e, yeM Ha puc. 16, MOXKHO Ipeario-
NOXKWTh YBe/IMUeHHe KO/IMUeCTBa XKere3a
Takxke B TpU pasa. [IpoBeaseHue Komu-
YeCTBEHHOIO aHa/M3a I0Ka 3aTpPyaHEeHO
13-3a HeOOXOAMMOCTH BBe/IeHUs T0oIpa-
BOK Ha aTOMHbIM HOMEp, BTOPUYHYIO
dyopecleHIII0O U CaMOIIOI/IONIeH e
[7IS1 BCEX 3/IEMEHTOB IMPHCYTCTBYIOIWX B
obpastie. [las 3TOro HeoGXOAWMO CO3-
[aHve 3TasioHoB. KpoMe xkenesa, B 06-
paslax M3 BBIOPOCOOMACHBIX 30H CO-
nepxurca TMTaH (4 xsB), wmHK (9),
MblilbsK (11), aoBOABHO MHOrO PYGHANS
(13), crponums (14) u uupkonus (16
k3B) (puc. 1,6,8). B ob6pa3stiax Ne 34,36
nosiBrzica aybnet ot urtpus (15 ksB). B
obpasuax 33 u 35 (A4, 19 wmapra)
IIPYICYTCTBYIOT TaKXKe Me/b U BPOM.

[octouHctBoM P®-ananuza spnser-
Csl BO3MOMXHOCTbh TIO/IYUNTh OYeHb OBICT-
PYIO  TIONYKO/TMUECTBeHHYIO HHQOPMa-
LIMIO O TMPHCYTCTBHH Kere3a B oOpa3lie
M ero Ko/MuecTBe (BpeMs 3allvcH CIIeK-
tpa 5 muH). OgHako PP-aHanmz He mo-
KashblBaeT, KaKUMM COEAWHEHUSIMH 3TO
XKene3o npeacrarneHo. Waentnduka-
LIMsl COe/IMHeHWH Kene3a U ero BalleHT-
HOCTb B COeIMHeHHSIX ObI/IM MPOBeAEHbI
C TIOMOIIBIO MCC/IeI0BaHusl 0OpasLoB Ha
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Puc. 1. PentreHogayopecueHTHble CIEKTPbl 06pa3toB: a — Ne 6 13 CMIOKOMHOM 061acTu; 6
—Ne 34,36 u3 3onb! [/1H, npouceaero 19.03.2009 r; B —Ne25 13 BHIGpOCOOIACHOM 30HBI BO3-
ne I'14, npoucmeamero 14.03.2009 r.
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Puc. 2. Meccb6ay3poBCKHe crieKTpbl o6pa3LoB yris: (a) — U3 CIIOKOMHOM obracTy, (6) — 13

BBIGPOCOOIIACHO! 30HBI.

Tabmuia 1

CooTHOoweHne napuHa/IbHbIX nowmaaed KOMIIOHEHT

Mecc6ay3poac1mx CIIeKTpPOB

OrtHoweHe naomazen Ne25 BBIOpOCOOMmac-
AII'P cnekrpos Si/Sodm. Mi} ;l -336. (()l;[)lﬂ CnokolHasa obnacTb Hasa 30Hl; BO3M1€e
Pa3sHOBA/IGHTHOTO Kerne3a A A (14.03.09)

Fe+2 FeSO4-nH20 (%) 49,49 11,98 38,53
Fe+2 FeCO3 (%) 39,84 - 60,16
Fe+3 FeS2 (%) 69,84 6,60 23,55
O6biee comepxaHue xe- 1,745 0.263 1,820
ne3a (oTH. en.)

MecchayapOBCKOM CIIEKTpoMeTpe  up-
Ml WISSEL. Mecc6ayapoBckue criek-
TPBI YI7Is COCTOSIT U3 KOMOMHALIMU ABYX
Wi Tpex AaybneToB ¢ Pas/IMuHbBIMU
KBaAPYIOABHBIMA  pacllell/IeHUsIMU U
XUMMUYECKUMH casuramu. [lybrer ¢ Ma-
AbIM  KBAAPYIOABHBIM  pacller/ieHueM
(0,627 mm/c) u casurom (0,309 mm/c)
oTHocutcss K muputy (FeS2 — tpexsa-
NIeHTHOe XKere30), a Ay6eThl ¢ GO/bIINM
3HaueHHeM KBaApYIIO/IbHOTO pacllerie-
Hus (2,74 mM/c) v casura (1,142 mm/c) —
K [BYXBa/ICHTHOMY Kere3dy. Pasnvuuve B
CIMIeKTpaxX COCTOWUT B OTHOCHUTE/IbHOM
MHTEHCUBHOCTHM  3THMX  KOMIIOHEHT.
KBaapymnosnbHoe paciierzieHye  oripe-
fenseTcss Kak PacCTOSHUE Mexkay [10-
PEHLIEBCKUMY IMHUAMU AYOIeTOB, XU-
MHYEeCKHI (M30MEepHBIM) CABUT B3AT OT-
HOCHTE/IbHO HHUTPOIPYCCHAA HaTpUs.
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MeccbayspoBCKHe CIeKTphl AaloT A0C-
TOBEPHYIO HH(OPMALIMIO O Ba/IeHTHOM
COCTOSIHMM MeccOayspOBCKOrO HMOHA M
ero Konmdectsa [8].

[To ocu opaumHat MeccHay3pPOBCKHX
CTIEeKTPOB  TOKA3aHO TIOI/IONIeHHEe B
MpolLIeHTaX, MO OCU abCLIMCC CKOPOCTh
PAMMOaKTUBHOTO HCTOYHHWKA OTHOCH-
Te/IbHO TMOINIOTUTEs W3 yras (B MM/c).
Kak moxrasanu uccrienoBaHusi, Ooriblias
YacTh Kezle3a HaXOOWTCH B [IBYXBa/IeHT-
HOM COCTOSIHUH (pHcC. 2).

CpagHenre Mecc6ayspOBCKOTO Crek-
Ta obpasla Yr7is U3 CIIOKOMHOW 06/1acTH
(puc. 2, a) ¢ Meccbays3pPOBCKHM CIIeK-
TpoM obpasiia yr/si U3 BHIOPOCOOIaCHOM
30HbI (2, 6) 1 gaHHBIX Taba. 1 rokasbi-
BaeT, YTO B BhIOPOCOOIACHOM 30HE WH-
TE@HCUBHOCTb CUTHa/la OT ABYXBa/IGHTHO-
ro Kefie3a Ha ropsaoK Gorblie.



[pucyTCcTBYE TpexBalleHTHOIO Xerle-
3a BO Bcex OOpasllax MHHHUMAa/IBHO, U
TOMBKO B 0b6pastie Ne 33 OHO AoCTUraer
83% ot obuiero comep:xaHus coearHe-
HUM XKere3a. TpexBasieHTHOe XKere3o —
ato nupurt (FeS2) uny mMoxer npucyrct-
BOBaTh MAapKU3UT (KOTOPBIN OT/IMYAETCH
OT TMPHTa THIIOM KPUCTA/I/INUECKON
peutetky). B o6pasuax Ne 25,34,36 o6-
HapyXKeHO BGOrbIIoe KOMMUECTBO ABYXBA-
MIeHTHOTO Ke/le3a. IJTO AaeT BO3MOXKHOCTb
IpeAro/araTth, 4YTO BHIOPOC IMPOM3OILIEsN
He tonbko 19.03.2009 r., no u ['/I4 14
03.2009 r. (kBasmMdpHIIMPOBAHHOE Kak
OTZKUM) Takke ObI/IO BEIOPOCOM.

[peobnanaHvie ABYXBaZieHTHOTO XKe-
nesa TO3BO/MSACT AWArHOCTUPOBATh BbI-
X0/l Ha BbIOPOCOOTIACHYIO 30HY, a B C/Ty-
Yae BO3HHMKHOBEHHS Tra30auHaMUYEecKo-
ro sIB/IGHUsl OAHO3HAUHO HAEHTH(ULIN-
pOBaTh 3TO fIB/ICHUE. DKCIIepHUMEHTallb-
HO YCTAHOB/IGHO, UTO eC/Ih COAepKaHHe
)Kenesa B rpobe YBe/MMun/IoCch 0 CpaB-
HEHUIO C (POHOM He MeHee ueM B Tpu
paza U B ero cocraBe Mpeobranaet
[BYXBA/ICHTHOE Ke/e30 Had TpexBa-
MIeHTHEIM, TO 30Ha BHIGPOCOOITAcHa.

COBMeCTHBII aHa/IM3 PEHTTeHOBCKUX
1 MecchayspoBCKHX aaHHBIX [14] moa-
TBEPAW/1, UTO Ke/e30 B YIaX MPHUCYTCT-
BYeT, [0 KpaiHeil Mepe, B BUae TpeX
COeNVHeHMI — TpexBa/leHTHOe (MUPUT —
MapKasWT) ¥ IBYXBa/leHTHOE B BU/IE CH-
neputa (FeCO3) u cynbdaToB ¢ pasHbIM
coaepX)aHreM KPUCTAIZIOTHAPATOB TUIlA
FeSO4-nH20. TpexBaneHTtHOE Kere-
30, B OCHOBHOM, COCpeIOTaurBaeTcs B
[/IOCKUX BBIZIC/ICHUAX B MEMKCIOMHOM
[POCTPAHCTBE YI7Is, a ABYXBa/IGHTHOE
Keneso B KaacTepax, KOTophle Goree
WM MeHee PaBHOMEPHO pacripe/ie/ieHbl
1o o6wemy yras.

2. fIMP cCnexTpocKonus BbBICO-
Koro paspemenua Ha 13C. B rno-
cneanue aecstunetus meron AMP 13C
Gnarogapsi  COBEpUIGHCTBOBAHHIO U
pacluMpeHyio avarasoHa ero BO3MOXK-
HOCTeM, a UMEHHO, CO3/IaHUI0 TeXHHKHU

KPOCC-TIO/IAPU3ALIMH, BPAIeHUs 101 Ma-
TMYeCKUM YI7IoM U Ap., aKTUBHO TpHUMe-
HAETCA /1 CTPYKTYPHO-PYHKLIMOHA/-
HOTO aHa/u3a MCKOMAaeMbIX TOIVIVB.
BaHbBIM acrekToM sBASeTCS BO3MOXK-
HOCTb WAEHTH(PUKALIMM COCTOSHUI aTo-
MOB yr7iepoaa ¢ sp2 (apoMatuyeckue 1
COIPsKEHHOLICNHbIe PparMeHTsl) U sp3
(MMHEeMHBIe WM LIMKAWMYECKHe HacChIleH-
Hble CBsi3M) rMOpUAM3ALIMeN 3/1eKTPOH-
HOM oborourn. Hecmorpsi Ha MHOro-
YKMC/IEHHBIE W YCIIellHble MPHUMEHEeHHUs
merona AMP 13C [15 - 21], cucrema-
THUYECKHE MCC/IeIOBaHUsl C COTIOCTaB/Ie-
HMEeM CTPYKTYPHBIX AaHHBIX W PeaKLd-
OHHOM CMOCOBHOCTH Yro/IbHOM BelllecT-
Ba OTCYTCTBYIOT.

Hamu B 3KcriepyMeHTax MCIIONb30-
BaH MHOTO11e/1eBOM CIIeKTPOMETP
AVANCE-400 (Bruker, I'epmanus). B
xome pabotsl criekrpel AMP/MAS 13C
CHUMA/TMChb C TIPHUMEHEHWeM ABYX MeTo-
avK: 1) ¢ Lenblo CyKeHusi CUrHaza Mpuy-
MeHeHa MeToarKa mnonyuenns HAMP
CIIeKTPOB CO CIMHOBOM pa3BA3KOU OT
nporoHoB AMP/MAS 13C; 2) ¢ mpu-
MeHeHueM Kpocc-rionspuzaunyn  AMP
CP/MAS 13C (texHuka nepeHoca Io-
ASIPY3ALIMY C TIPOTOHOB).

Metoa AMP 13C CP/MAS seasietcs
VICTOYHUKOM TIO/TYYEHUs [IOTO/THUTE!Th-
Hor  wuH(opMmaimu.  CenekTUBHOCTD
B3aMMOZEHCTBHS YI7iepoaa C OKpYyKalo-
IIMMK €r0 aTOMaMM BOAOpOJa AaeT Ao-
TMO/THUTENBHYIO UH(OpMaLMIo O ppar-
mentax CH3, CH2, CH [22]. ITpu wc-
[O/Ib30BAHUM  3TOM METOAVKY 3Hauu-
TenbHO Bo3pacTaeT (B 2 u 10 pa3 coort-
BETCTBEHHO) MHTerpasibHasi WHTEHCHB-
HOCTb CWUTHa/IOB B OOG/1aCTH CIIGKTPOB
AMP 13C ans nvHW aTOMOB yrziepozaa
c sp2-rubpvausauverd U c  sp3-
rubpuamsaiment. CornocTaBieHue UHTe-
rPasibHbIX  MHTEHCHBHOCTEM CHIHa/IOB
AMP, BBIUMC/IEHHBIX TIPU KOPPEKTHOM
BbIOOpE BpEeMeHHBIX  XapaKTepPHCTHK
MHOIOMMITY/ILCHBIX ~ TTOC/IeA0BATE/IbHO-
CTeH, MO3BO/MW/IO YCTAHOBUTh B3aHMO-
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Puc. 3. Cnextps1 IMP 13C CP/MAS o6pa3suos yraeit us naacrta h’'6 m. um. CKouHH-
CKoro: BeibpocooriacHas 30Ha (1,2), Beibpoc (3), criokoriHas obmaacts (4,5)
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Puc. 4. Cnextps1 IMP 13C CP/MAS o6pasuos yraeit us naacrta h’'6 m. um. CKounH-
cKoro: 1 — BbiGpocoonacHas 30Ha 2 — CIIOKOMHas 06/1acTb

CBsi3b MEXKIYy BbIOPOCOOIACHOCTBIO YIT7Ist
1 oOlIMM coAepxKaHHeM U COOTHOIeHH-
eM aToMOB Yraeposa C Pas/IHuuHOM CTe-
MeHbI0 TMOPHUAM3ALINY BaZleHTHBIX 371eK-
TPOHOB (sp2/ sp3) mpu HccneaoBaHye
cepyM 06pa3lioB OTOOpaHHBIX MPH OT-
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pabotku 1riacta h61 «CMOISHUHOBCKUIP
(maxTa M. CrourHcKoro) (prc. 3).

V3 mnonyueHHBIX CIMEeKTPOB BHAHO,
YTO COOTHOIIIEHWE aTOMOB Yrzieposa B
sp2 v sp3 rubpuausaliii, a Tak ke Ko-
muyectBo CH2 w CH3 rpynn 3uaum-



Tabnuua 2

AMP 13C - amarHocTHKa BbIOPOCOONACHOCTH Vriae

CnokoriHas 30Ha BbiOpocoonacHble 30HbI (*) H 30HBbI BbIGpOCa

1 2 1 2" 3 4*
sp2/sp3 2,26 2,24 2,1 1,8 2,11 1,67
CH3/CH2 0,92 1,0 1,45 0,87 1,41 1,04

Te/IbHO W3MEHSIeTCsl TIPU CPaBHEHWM Yr-
el U3 CIOKOMHBIX, BBIGPOCOOMACHBIX
30H U 30H BbIOPOCOB U, TAKUM 0OPa3oM,
MOXKeT ObITh HMCIIO/IB30BAaHO B KayecTBe
KpUTepHrss BbIOpoOcoomnacHocTu. B o06-
pasliax BbIOPOCOMacHBIX yrzier (puc.3.
1,2, puc. 4) oBGHapyKeHO H3CBITOUHOE
conepxanvie CH3-rpymm.

[Ipu corocTaBieHyy HHTerpasibHbIX
MHTEHCUBHOCTEH (DparMeHTOB XapakTe-
puctk AMP criekTpoB, noayueHHbIX C
MOMOIIIBIO ABYX METOAMK, A/ Yr/ied Bbl-
OPOCOOMacHOM 30HHI BblZes1leHa HMHQOP-
MaLKs O YeThIPEXKPaTHOM I1PEBbIIICHUN
conepxanusg CH rpyrmn (aTombr yraepo-
la B COCTaBe apoMaTUYeCKuX pparMeH-
TOB U COTpPsKEHHbIX Lierer) B CpaBHe-
HUM ¢ comepxanveMm rpyrnrn CH3. Tlo-
NMydeHHble AaHHble TTO3BO/ISIOT IPeario-
MIOXKHUTb, UTO B Ipollecce BbIOpOca MO-
JKeT MPOUCXOAUTh AOIO/IHUTEe/IbHOe 00-
pasoBaHKe MeTaHa COI7IaCHO CXeMe:
R1=CH+ CH3R,- — CHs; 1 +
-R1=R2-

BrisiBieHHOe cooTHoleHe dpar-
mentoB =CH 1 —~CH3 B cocraBe yross-
HOM MaTpULIbl AB/ISETCA OIpeae/IsionM
ycrioBrueM 3((PeKTUBHOIO TMPOTEKaHUst
YKa3aHHOM peakLIMU.

B AMP 13C criekrpax o06pasLoB,
OTOOpPAHHEBIX C MecTa BhIOpOCca, OTMeye-
HO YMEHBIIIEHUE COOTHOIICHUS METH/Ib-
Heix (CHs) 1 metnnenosrix rpynm (CH2)
B 1,5 pa3za B cpaBHeHuu ¢ obpasiiamu
13 BbIOPOCOOMACHOM 30HBI 0 YPOBHS,
XapaKTePU3YIOIIero CrIOKOMHYIO 30HY.
ITo 03HauaeT, uToO BO BpeMsl BbIOpOCa
vaet pacxonoBanve CH3 rpyrmn B yka-
3aHHOM BbIlle peakimu. Kpome Toro, B
CriekTpax oOpa3lioB, OTOOPaHHBIX U3
30HBI BbIOpOCa, HabroaaeMble H3MeHe-

Hus (Tabn. 2), JaT OCHOBaHMe Ipeario-
marath, 4TO MeTaHOOOpas3oBaHUE CO-
[IPOBOXKAAETCA PaspylleHreM apoMaTH-
YeCKHX (PparMeHTOB CTPYKTYPbI Yraer u
dopMUpoOBaHeM (parMeHToB, coaep-
XKallMX aToMBl  yrziepoga C - Sp3-
rubpyan3aliMel 371eKTPOHHOM 000/10u-
KU, [IPEUMYIIECTBEHHO YeTBePTHUUHBIX.

PesynbTaThl MNpoBeneHHbIX H3Mepe-
HHUM CBHMAETE/NBCTBYIOT O TOM, UTO: CO-
BpeMeHHbIe BO3MOMXKHOCTH CIIEKTPOCKO-
i AMP 13C yras nosBonsiioT OIMMCHI-
BaTb KaK KauyeCTBEHHble W3MEHEHUs B
yr7iepoAcoaepRallix MaTeprasiax, Tak v
KO/MIMUECTBEHHbIe; OLIHHBATh paclipese-
fleHWe aTOMOB Vr7ieposa Mexay (OyHK-
LIMOHA/IbHBIMKM ~ TPYIIIaMy;  BbISBIATH
CBfA3b MeXAYy CTPOEHHWEeM U PeaKLMOH-
HOM CIOCOBOHOCTBIO TPHUPOAHBIX  Yrzie-
POAHBIX KOMITO3UTOB.

OTO OTKpBIBaeT MNEpPCreKTUBRY op-
MY/IMPOBaHHs TIPAKTUYECKH 3HAYMMBbIX,
[7151 YTO/TbHBIX 1IAXT, PeKOMEHAALIUI].

3. HccnenoBaHusi KHHETHKH ae-
copOLHMH MeTaHa M3 Yras OOBEM-
HBIM MeToaOM. /[l1s WccnenoBaHys ra-
30HOCHOCTH M KMHETHKH BBIXO/la MeTaHa
U3 ob6paslioB, OTOOpaHHBIX M3 I1acTa
«CMONAHUHOBCKUM»  (waxTel MM. CKo-
YMHCKOI0) MCNOAB30Ba/ICA MeToa cbopa
necopOrpyeMoro rasa B ITpeaBapUTe/Ib-
HO BaKYYMHPOBAHHBIA HAKOITUTE/IbHBIN
cocya (HC) usBectHoro o6wvema — VHC.
TouHoCTb MeTOZa orpenensieTcsi TOUHO-
CTbIO H3MepeHHst obbeMa cocyaa, ero
TEePMOCTATUPOBAHMSA U H3MEpeHHsl [1aB-
fleHus rasa, cobpaHHOro B cocyzae. Yro-
Obl HCK/MOUYNTb AOTIO/MHUTENBHBIN Bapbu-
PYeMbIH Mapamerp — B/IaXKHOCTb oOpasiia,
Q71 OIBITOB UCIIO/Ib30BA/TUCh [IpeaBapi-
Te/TbHO BBICYILIICHHBIE OOPA3LIbI YI7Is
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P wla

copbLMU B MOMEHT Bpeme-

HM t omnpeaenanoch IO
dopmyrie
Q _Ta'VHc.[(a-'_c)_PHC]

T : })anm

rae To=273°C, a T — rom-
HaTHas TeMrieparypa.

Ha puc. 5 npeacraene-
Hbl KpuBble pyHKLMKM PHC
(t) oTpaxaromme xom ae-

o] 500 1000

t, MHH

Puc.5. Xapakrep H3MeHeHHs AaB/IeHHs B HaKOIHTe/Ib-
HOM cocyae NpH AecopOLHH MeTaHa H3 YIiaA — o6pasubl

NoNe1-8

[loCTOMHCTBOM MeToaa SABASeTCS He
TO/IBKO €ero BBICOKas TOYHOCTb, HO U
IOCTOBEPHOCTh, TaK Kak OH CBOBGOAeH
OT BAWSHUSA BAAXHOCTH BO3AYXa W IO-
3BO/ISCT TIPOBOANTL U3MEPEeHHs TPOoLIec-
ca [1ecopOLMU AMUTE/IbHOE BpeMsl.

M3 nocraBneHHBIX 0OpasLoB op-
MupoBanuch HaBecku Maccort 0.02 Kr ¢
pasmepoM rpanyn 0,2-0,25 mm. O6pas-
LIbl BBICYIIMBA/IMCH W 3aCHINTA/ICh B KOH-
TerHepbl, 715 HACHILEHWS  MeTaHOM,
cxkatbiM 10 5 MIla. Haceimienve mpo-
BOAW/IOCh B TeueHuWe MATH CYToK. [lo
OKOHYAHMIO HaCHIIIeHMs CXKAThld MeTaH
B KOHTeiHepe cOpachiBa/ici B aTMO-
cdepy, a AecopbrpyeMblii MOTOK Trasa
13 KOHTelMHepa HalpaB/Is/icsl B HAKOITU-
tenbHbirt cocya VHC. Tlo Mepe aecop6-
LMK MeTaHa U3 YI7If eXeMUHYTHO perv-
CTPYPOBA/IOCh  M3MEHeHHe  /IaB/IeHUst
PHC B HakomnuresnsHOM cocyzae, B pe-
3ynbTaTe 4ero hopMHPOBA/Iach 3aBUCH-
MocTb sHadenuit PHC or Bpemenu ze-
copbumu. KommnbiotepHas o6paboTka
STMX [aHHBIX IIO3BO/IM/IA ONTUMU3NPO-
BaTb 3HAuUeHHs IapaMeTpoB a, b, ¢ u d
HMHTePITO/ALIMOHHOMN (PYHKIIMU

Pye = a(l=(1+bt) %)+ (1 -exp(~t/d))

ConepxaHre MetaHa Q B yrze npu ae-
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1500 copbuuu MeTaHa U3 OO6-

pasuoB  yras. O6pasiibl
NoNe 1-4 6blnyM B3ATHI Ha
«CTTIOKOMHBIX» yyacTKax

niacta. O6pasubl NeNe 5-7
B3ATH 3a 12-18 wyacoB mo
'8, a Ne8 — obpasen yr-
ns u3 BeiOpoca (8.6.2009, MomHOCTh
850 T).Ha puc.6 mnokasaHa cKopocTb
[OTepy MeTaHa YI7ieM B 3THX obpasiiax
NPy ACOPOLIMHU.

[Npu aHanM3e AaHHBIX TMPEACTaB/ICH-
HBIX Ha PUCYHKaX 3aMeTHBI /IBe OCOOeH-
HocTH. VHTeHCHBHOCThH mecopbiiu Me-
TaHa 78 3TUX TPYNI 0OPasLoB Pas/iny-
Ha. B obpa3sitiax yras u3 «CrIOKOMHOMY
obacTM T/acTa MHTEHCUBHOCTh  [1e-
copbimu crnabee, yeM B caydae obpas-
LIOB U3 30HH! «riepea [/15» v 3HaunTens-
HO criabee, UyeM W3 YIS «U3 BIOpOCay.
Kpome 3Toro, 3amMeTHO yMeHbllieHHe Me-
TAHOHOCHOCTM VI7Il TIPU [epexozne OT
MepBOi TPyIibl 06PasLoB K o6pa3lly 13
BbIOpOCa (Ne8).

[nsi oGbACHEHUST OTMEUeHHBIX OCO-
GeHHOCTel BOCIO/b3yeMcsl Mpe/cTaB/1e-
HUAMH AU PY3UOHHO-PU/IBTPALIMOH-
HOM MoZeny ABMXKEHWs MeTaHa B YI7ie
[23, 24]. CornacHo 3TOM Mozdeny Yrosb
npeacraBnsieT  Co0OM  COBOKYITHOCTB
MenpyariMX O00pasoBaHUil — MHMKpPO-
GIOKOB, He MUMEIOIMX OTKPHITHIX TOP, a
CBOOOAHBIA OOBEM MeKAy HHUMH COCTaB-
nsieT OObEM OTKPBITHIX TIOP M TPEIUMH.
YKazaHHbIe MMOpbl COOOIIAIOTCH C BHEI-
Hell MOBEPXHOCTbIO YI7IA M CAYMXKaT I1y-



[, (3T )raH

7r1ee K IOBepPXHOCTH VYrr/id, HWCIIbI-

ThIBaeT 3ppeKkT UALTpaLvU.
C6bpoc maBreHuss rasa B
oU/IBTPALIMOHHBIX [IOpax B Ha-
YasibHOM hasde gecopOLMu MpU-
BOAMUT K OCMabB/IeHHIO Ta30BOTO
[OTOKa B  (PUIBTPALIMOHHBIX
KaHazlax, B pe3y/bTaTe uero B
3aK/IOYUTENIBHOM  (hase BO3HU-
KaloT ycroBUA a1a OaztaHca Io-
TOKOB auddpysur U punbTpa-

t, MKH

Puc.6. CKOpOCTb H3MEHEeHHsA coaepiKaHHA MeTaHa

B obpasuax yrasa npH aecopourn

TAMU 3BaKyalliM rasa Iocrie ero aud-
dyzun U3 MUKpOOIOKOB.

[Ipoliecc necopOuvK HauyMHaeTCs C
MOMeHTa cOpoca CXKaToro MeTaHa B
KOHTeliHepe C yriéM. Beiio BbisiBEHO
Tpu paskl aecopbuuu. B HauvanbHOM
dase mnpoucxoauT mnpotiecc GUALTpa-
LIMM Ta3a U3 OTKPBITHIX MOP Yr7isi. B aton
dase naBneHHe B OTKPHITHIX MOpax Yr/is
YMeHbIlIaeTCsl OT MCXOAHOTrO (paBHOBeEC-
HOro) 3HaueHMs B Heckonbko Mlla mo
eIMHULI Ku/o-Tlackanert. Eé npoaomxku-
TeIbHOCTb 3aBHUCUT OT pa3Mepa KycKa
YI/Is, ero MPOHHLIAeMOCTH U COCTaB/AsgeT
OT Oofell CeKYHABl [0 HEeCKO/BbKUX Ae-
CATKOB CEKYH/I, a KO/IMYeCTBO «BhiOpa-
ChIBa@MOro», TpH 3TOM, rasa B HEKOTO-
pBIX caydasx cocrtasaseT 6onee 30% ot
ero oblero coaepxaHus B yrre [25].

3akmouunTtenbHas ¢asa, HaoOOPOT,
oTnMuaeTcss 60AbIION MPOAOMKHUTETLHO-
CTBIO U C1abo¥t MHTEHCUBHOCTHIO Bble-
nenus rasa. [lpeanonaraercs, uto B
3TOM (pase NepexonHble MNPOLIeCCHl 3a-
BepllleHbl, U KWUHeTHKa AecOpOLIMU TOo/-
HOCTBIO OITpeseNisieTCs TeRYIIUM Coaep-
KaHWeM raza B Yr7ie, pasMepoM KycKa
yrasi U ero CTpykryport. B aTolt dhaze B
TepMUHaX O/IOUHOM Mogenyd Yras ras,
KOTOPBIM BblAensgeTcsa NyTéM anddy3un
M3 MUKPOO/IOKOB, TOCTYMaeT B OTKPhI-
Thle TIOpPbl U TPeUIMHbI U, ABWrasfch aa-

LMK M 3TOT GaslaHC CoXpaHseT-
CA [0 TIO/THOTO BHIXOZA MeTaHa
U3 YI7is.

Me:xny HadaZIbHOM W 3aK/IiO-
YUTEe/IbHOM (hasaMu mecopOLrr
MeTaHa M3 YI7is WMeeT MeCTO Mpoaos-
JKUTeslbHas TrepexoaHas ¢pa3a, B KOTO-
POM MPOMCXOMUT CMeHa Beayliiel Poir
MeXaHW3MOB BbIXOZla MeTaHa — OT
dunbTpaumy K andpdysuun. [ Iposomku-
Te/IbHOCTb 3TOM (pashl 3aBHUCHT OT pa3-
Mepa rpaHy/1 Yr7si, ero MpoHULIAeMOCTU
N MOXKeT COCTaB/IATb HECKO/IBKO MHWHYT
[26].

YuuThiBas M3/10XKEHHOE BhIle, MOXK-
HO YTBep:KAaThb, YTO B HAIIKX OIBITAX 10
necopbLMM MeTaHa M3 oOpasuoB 1-8,
MBI PErMCTPHUPOBA/IM TO/IBKO BTOPYIO U
Tpetbio pa3bl. Paznuure rasoHOCHOCTH
06PasLIoB MOXKHO CBS3aTh C MOsIB/ICHUEM
[OTO/THUTE/TbHBIX MUKPOTPELIVH B YI7IsX
obpasuos 5-8. Hecmotps Ha Marbie
pasMepbl TpaHy/a YI7is HalpsKeHWs B
I/1acCte 6I>IIII/I AOCTaTO4YHO Be/TMKH, 4UTO-
OBl 3aTPOHYTH el Bonee Menkue obpa-
30BaHUA — MHKPOOIOKK yr7s. Tpeim-
HOODOpa3oBaHKe TMPHUBOAUT K H3Merlbue-
HUIO MMKPOO/IOKOB M YMEHBIIIEHHIO
COPOLIMOHHOTO OOBEMa 3aKPITHIX TIOP.
VIMeHHO B 3TOM COCTOMT OCHOBHasi TTPH-
yrHa OBICTPOM 3BaKyallMM MeTaHa B
cnyuae obpa3iioB 5-8 U Gonee HU3KOM
MX Fa30HOHOCHOCTH.

[peacraBasior Takxke HHTEpecC pe-
3y/1ibTaTbl aHa/lM3a YAe/IbHbIX TTOTOKOB
(M3/T)/MuH) MeTaHa B HauyaIBHOM daze
necopbuuu (puc. 6). Kak BuaHo U3 pu-
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CYHKA, pasluuve 3THX TIOTOKOB (a7
BCex IPyIll 06pas3LioB) Hauboree 3amert-
HO TMPOSIB/SETCH B TepPBble HECKO/IbKO
MMHYT TOC/Ie Hauasla PEerucTpaLyvM Bbl-
xona MetaHa. [lasiee MOTOKU OT/IMYAIOT-
ca cnabee, U BhIBUTb KaKylO~1100 KOp-
PesiLivio CTAHOBUTCS 3aTPYAHHTE/IBHO.
VIMeHHO Haya/bHBIM MEepUoa U KPaTKo-
BpPeMeHHOCTb (pa3bl 1ecopOlIny, rae Mmo-
TOKH SIBHO Pa3/IMYHbI, AOMYCKACT OAHO-
3HAYHYIO TPAKTOBKY OIIBITHBIX AaHHbBIX.
OTOT rnepuon npeacrarasieT coboit re-
pexoanyio gasy aecopbimu. Takum ob6-
PasoM, 3HaAueHUs Hauya/lbHbIX TTOTOKOB
npy aecopbimy U3 obpasuoB 1-8 7o-
TMYHO CBSI3BIBATb C PA3IMUYHOM MPOHU-
LIA@MOCTBIO 3THX VI7IeH, KOTopas BO3-
pacTaeT Ipu repexoae OT 0OpasLoB yr-
s B «CTMOKOMHOM» 30He (1-4) K yrasm
NeNe5-7 v ocobenHo yrmo Ne 8 w3 Bbl-
6poca.

Ob6cyxaenne pesyastatoB. O6-
cyRmaas obpa3oBaHHe B Yro/bHBIX I1/1a-
CTax BBIOPOCOOIIACHBIX 30H, MBI BBICKA-
3a/I1 TUINOTE3y O CYIIeCTBOBaHUE B Yr/ie
HeopraHH4YeCKOro CYvHTe3a HacblllleH-
HbIX W HEHAaCHIIIEHHBIX YI7IeBOAOPOIOB
anudaTUUeCKOro psaa; mpoliecca, B Ko-
TOPOM [IBYXBa/ICHTHOE Ke/1e30 SAB/SeTCH
KatanmszatopoM. CUHTE3 Yr/ieBoIopoaoB
M3 OKCH/Ia YI7ieposia ¥ BOAOPOAa Ha xe-
Nle3HbIX KaTanusaTopax ObIT  OTKPBIT
Dumepom u Tpormmem (P-T cunTes).
OctoBHble peakimu P-T cuHTe3a MOK-
HO 3arnucarh Kak [27-29]:

CO + 2H;, = [ -CHg— ] + Ho0Ox

x(— 165k/1x) (1)
CO+H20 = COz+Ha(- 39,8r/Ix)  (2)
2CO + Hg = [—CHZ—] + C02

(- 204,8k/1x) (3)

Peakuuu (1) u (3) npu crexromerpu-
YeCKOM, HCcYepIbiBalollieM —IpeBpailie-
HUM TIO3BO/ISIOT TOYYUTh MAaKCHMA/lb-
Held Bbhixoa 208,5r yraeBoaopoaoB Ha
1M3 cmecu ( CO + Ho).

Peakiws (2) MoxkeT nmonaBasTeCs Mpr
HH3KHX TeMIlepaTypax Ma/biM BpeMeHeM
KOHTAKTa, LIMPKYAsLIMell CHHTe3 raza M
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yaaZieHWeM BOAbl U3 LIMPKYIMPYIOLIEro
rasa, Tak UTO CHMHTE3 MOKeT ITPOTeKaThb
YaCTUYHO IO ypaBHeHuio (1) ¢ o6paso-
BaHMEM BOIBl M YaCTMYHO [10 YpaBHe-
Huio (3) ¢ obpasoBaHueM YI7IGKUCIOrO
rasa.

O6pa3oBaHre YraeBoAOpPOAOB U3
CO3 u Hy obycioBneHo peakuuert, o6-
PATHOM K peaklmu (2):

C02 + 3H2 = [—CHZ—] + ZHQO
(-125,2kr/1x). (4)

[MpuBeneHHble peakLMK COIMPOBOXK-
maloTcs  obpasoBaHWEM MeTaHa, uTo
[IPOMCXOANUT B COOTBETCTBUM C YpaBHe-
HHeM
CO + 3H2 = CH4 + HQO
(—206,4r/1x). (5)

MOKHO TPearnonoXuTh, UTO B Yro/ib-
HOM IVIacTeé C POCTOM /IOKA/IbHOM TeM-
[epaTtypbl, BBIBBAHHOM  KaKUMU-/THOO
MpyyvHaMu (HarpyuMep, BO BpeMms 3a-
POXKICHUS TeONOTMYECKUX HapYIIeHHIT),
MPOMCXOANUT HauaZlo peakliril CHUHTe3a
BOMM3U KaTasMzaTopa. [lanee mpotiecc
MO//IePKUBACTC 34 CUeT SK30TepMUue-
ckux peakmii no Ttury PT-cunresa.
Menb U amoMuHMI 006/1er4aloT BOCCTa-
HOB/IGHVe Kerie3a M CHIDKaeT TeMriepary-
py npotecca a0 150 — 70 °C. I'lpu atom
cropocts PT-cuHTes3a yBemurBaeTcs.

CyHTe3 TsKebIX YI7IeBOAOPOAOB MpH
HusKkKxX Temrieparypax (50 — 200 °C) mo-
KeT H3MeHATb MapKy VyI7is, A00aB/ss
anidpaTHUEeCKrie KOMIIOHEHThl B MeCTax
PT-cunreza. [losTtomy nosiBieHue TsKe-
MbIX YI7IeBOAOPOAOB (MporaHa, 6eHsora,
napadpyiHa U APYrux OHUTYMHUHO3HBIX Be-
ILECTB) NPY HU3KUX TeMIlepaTypax CUHTe-
3a BOMM3KM COCPeIOTOUEeH s KaTarli3aTopa
PaaVKa/IbHO CHIZKAET CABWUTOBYIO ITPOY-
HOCTb YI7II W CIIOCOOCTBYET TOBBIIICHHIO
BBIOPOCOOITACHOCTH.

B noatBep:xkaeHue Takoro mnpeario-
MIO¥EHHs MOXKHO IPUBECTH C/IeAyiore
aprymeHThl. B BBIOPOCOOIACHBIX 30HAX
TOBBIIIACTCS MPOLICHT /1IeTYUHX. IDTO T10-
Ka3aHO HalllMMK MCCIe0OBaHUsMH U pe-
3ynbTataMu aApyrux astopoB [30 — 35].



B xumuy yrsis  cyleCTBYeT IIOHATHE
«BOCCTAHOB/IEHHOCTL yr7ieir. HMccneno-
BaHUs TIOKasa/ld, 4YTO He BCe VIV,
VMelolllMe OAMHAKOBBINM MeTporpaduye-
CKMI1 COCTaB M CTa[MIO MeTaMOpdH3Ma,
WIGHTWUHBI 110 APYTMM TOKa3aTensM. Bel-
ferieHbl 1Ba TUMA YI7IeH, PasTMyalomrecs
MO HeCKO/MBKUM XapakrepucTykam [30-
31]. VYromp mnepBoro Tvra COACPKUT
MeHbIlle BOZIOPOZa U cephbl, GOrbille yrrie-
pona v aszota; y Hero Hue Hat/Oar u
Hat/Car. OH nMeer Goriee HU3KYE MTOKasa-
TeM BBIXOZA /IeTYUUX BelIeCTB, CIIeKae-
MOCTH, PaCTBOPHUMOCTH W TerVIOTBOPHOMN
CMOCOBHOCTH, Go7lee  BBICOKYIO MUKPO-
TBepaOCTb U Goribllle  MapaMarHUTHBIX
LIeHTpoB. B yrnie BTOporo Twra Bbiine
comepxkaHue BOAOPO/a, Yr/epoaa U ce-
pbl,  MeHblIe  KWC/IOPOZAa,  BhIle
Hat/Oat u Hat/Cat, 60onee BbICOKMI
BBLIXO/l /IeTYUMX, BbIllle PACTBOPUMOCTD,
CIIeKaeMOCThb, TeIZIOTBOPHas Crioco6-
HOCTb, MeHbIlle MUKPOTBEPAOCTb U KO-
MUYEeCTBO MapaMarHUTHBIX LIEHTPOB.
B cocraBe MuHepanbHBEIX KOMIIO-
HEHTOB 3THUX VYraed TMpPUCYTCTBYeT
TOHKOAMWCIIepCHBINM nuput [32]. ItoT
THII YI7Ied TI0/YYr/I Ha3BaHWe BOCCTa-
HOB/IGHHOT'O (B), TIOCKOMBbKY B HeM

Gonblile BOAOPOJAa U MeHblle KHCIO-
pona. [lo maHHBIM MHOTMX aBTOPOB,
B BBIOPOCOOIACHBIX 30Hax Mpeobna-
[aOT Yrad BOCCTAHOB/IEHHOTO THIIA
[30 — 35], coaepxalure MOBbILIEHHOE
KO/IMYeCTBO YI/1eBOAOPOAOB anuda-
Thyeckoro psga. Pearkumn PT-
CHHTe3a XOpOLIO OOBACHSIOT CYINeCT-
BOBaHHE BOCCTAHOB/IGHHBIX YI/Zieil B
BBEIOPOCOOITACHBIX 30HAX.

BsiBoabl

Ha ocHoBaHMM TpOBeeHHBIX HCCle-
[IOBaHWI C/efaH BLIBOA O TOM, UTO Me-
Tombl MeccbayapoBckoit u AMP 13C
CIMeKTPOCKOIMMU, ITpHMEHsieMble B KOM-
T71IeKce C APYrMMH TPaAULIMOHHBIMU Me-
TOZaMU MOTYT OBITb MCITO/Ib30BaHbl /151
CTPYKTYPHO-PYHKLIMOHA/ILHOTO ~ TeCTH-
poBaHUs BRIGpOCOOINacHOCTU yrrieit. Pe-
3y/bTaThl aHa/mM3a MeccOaysPOBCKUX U
AMP 13C criekTpoB yrzest nosBo/sioT
MIPeAroIOoKUTb, UTO TMOsB/IEHUE BBIOPO-
COOMaCHBIX 30H C TMOBBILMIGHHBIM COACP-
’KaHUeM MeTaHa B YI/ISIX CBSI3aHO C IpH-
CYTCTBUEM B HUX /IBYXBa/ICHTHOTO Kere-
3a. Bo Bpems BhiGpoca WaeT AOMOIHU-
TeslbHOe 06pa3oBaHUe MeTaHa.

Pa6ora BririosiHeHa B pamkax ripoekta YHTL] Ne4202.
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