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Mogenb TepMudecKoii 3BoJioLnu JIMTochepsl 3anagHo-Cubupckoro 6acceiiHa B paiiloHe CBEpXIIyOOKOit
ckBaxuHbl CI'-6, mpobypeHHoM 10 m1youHbI 7502 M 1 pacnooXeHHoi B npeaenax Koaroropcko-YpeH-
roiickoro rpabeHa, UCIOJIb3YETCs I YUCIICHHOM OLIeHKU TeHepaluy pa3IMYHbIX (DpaKIInii yIieBoI0pO-
noB (YB) nmopomamMu MaTepMHCKMX CBUT TpUaca 1 I0pbl. TepMuueckass MOIEb IIpeAIiojiaraeT BHEApEHUE
CcUJUIa B IIPUITOBEPXHOCTHBIE CI0U (DyHIaMeHTa B paHHEl Iope U T’MApOTepMaIbHYI0 aKTUBHOCTD B TTO3/1-
HEM IJIMOLIeHE-paHHEeM IUIEMCTOLIeHE, KOTOPBIE OKAa3a/Ii 3aMETHOE BIIMSIHUE HA KICTOPUIO PeaIn3aLiiy I10-
TeHIIMaJia reHepauuu Y B nmopogaMu MaTepuHCKUX CBUT TpUaca U 1ophl. 1 mMypcKoii CBUTHI TpUaca BHE/I -
peHUe CUJIa B IPUIIOBEPXHOCTHBIE CJIOU (hyHAAMEHTA B paHHE I0pe IMIPUBEJIO K CKAUKOOOPa3HOMY YBEJIH -
YEeHUIO peaiM3aliiyi IMoTeHLMana reHepauun YB no 84% w nerpamauuu 6ojiee 97% reHepupOBaHHOM
Macchl Jierkoit HedpTu. PacdeThbl MOKa3bIBAIOT, YTO TsKesask HedTh, FeHepUpPOBaHHAsI MOPOAAMMU ITyPCKOii,
TOTYPCKOM U HUDKHUX TOPU30HTOB TIOMEHCKOI CBUT, JerpaarpoBajia IMoUYTH MOJIHOCThIO B pe3yJIbTaTe BTO-
PUYHOIO KpEKMHIa, B TO BpeMsI KaK B BEpXHUX TOPU30HTAX TIOMEHCKOIM CBUTHI U B OpoAaxX 6axkeHOBCKOM
CBUTHI TsIKeJast He(pTh IpeobiianaeT cpenu reHepupyeMbix ¢ppakuuii YB. K HacTosiieMy BpeMeHU jierkast
HedTh, OCTaBIIASICSI B MATPULIE MATEPUHCKUX ITOPOI, MTOJIHOCThIO AerpaaupoBaja B mopoaax Tpuaca, HO
COCTaBJISIET 3aMETHYIO JI0JII0 MPOAYKTOB reHepaly Y B B mopoaax momoIBbl TOTYPCKOi CBUTHI U B KPOBJIE
TIOMeHCKO. OHa sIBjIsIeTCs Mpeobaafalolieii ¢ppakireil B BEpXHUX TOPU30HTaX TOIYPCKOM CBUTHI U B MO-
pollax OCHOBaHUSI TIOMEHCKOI CBUThI. ['a30Bbie YB no pacueTram coCTaBIsIIOT 3aMETHYIO T0JIIO TPOAYKTOB
reHepauuy YB B TOrypckoii ¥ TIOMEHCKOM CBUTAaX, M OHU JOMUHUPYIOT B IIyPCKOI CBUTE CpEAHE-TPUACO-
Boro Bospacrta. [Ipu OTHOCUTEJIbHO HU3KOM MCXOIHOM IOTeHIIMalle TeHepaluu ¥ B 1 HeBbICOKOM cofep-
KaHUU OPraHMYECKOIO BEIECTBa B IIOPOJAX IIyPCKOM, TOIYPCKOM U TIOMEHCKOI CBUT IOPOT MEPBUYHOIM
MUTpaLMU XKUIKUX Y B He nocTurasicsi, u reHepupoBaHHbIE XKUIKKE Y B, BeposiTHO, HE TIOKUAAIM MaTPULIbI
IOPO[I, B TO BpeMsI KaK MUTrpalivs ra3oBbix ¥YB BrosiHe BepositHa. [Topor mepBUYHOM MUTPALIMY KUIKUX
VB 1151 nopos 6axkKeHOBCKOM CBUTHI JOCTUTAJICA 110 pacyeTaM OKOJIO 65 MJIH JIeT.

KmoueBble cioBa: 3anagHass Cuoupsb, ckBaxxnHa CI'-6, oTpaxarenbHast CIOCOOHOCTh BUTPUHUTA, TeHepa-

LI1s He(PTHU U ra3a, Mopor SMUTpaLU
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BBEAEHHWE

B 3anagno-CubupckoM 6acceiine (3CBH) mo cux
0P COXPAHSIOTCSI OOIBIINE IEPCIIEKTUBBI OTKPBITHUS
HOBBIX MECTOPOXIEHUI He(pTU U raza, CBI3aHHBIX C
DIYOOKMMHU IOPCKUMU, TPUACOBBIMU U IIEPMCKUMU
0CagOYHBIMUA TOPU30HTAMU, a TAKKE C BEPXHUMMU T'O-
pU3OHTaMM TpelnHoBaroro ¢gyHnamenra (beso-
koHb-Kapacesa u ap., 2006; Kopo6os, Kopobosa,
2011; KpaBuenko, 2012; KonToposu4 u ap., 2013).
bypenne cBepxrimyOoKoif mapamMeTpuyecKoil CKBa-
xkuHbI TromeHckast CI'-6 1o rryounsl 7502 M 1mo3Bo-
JIMJIO BHEpBbIe g ceBepa 3amagHoii Cubupu
BCKPBHITh U OETAJIbHO HM3Yy4YUTh Hamboyee ITOJIHBIA

N
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pa3pe3 TPHACOBBIX 1 IOPCKUX OTIOXeHUi (puc. 1).
YToOBI OLIeHUTh HedTera3oreHepaluOHHbINA TOTeH-
yaja 3TUX OTJIOXKEHMIT, HEOOXOAMMO 3HATh TEpMUYE-
CKYI0O UCTOPMIO OcamodyHOro OacceitHa. B aToMm ac-
IIEKTE OCANOYHbBII pa3pe3 CBEpPXIIYOOKOil mapaMeT-
pudeckoit ckBaxkuHbl CI-6 (puc. 1) mpencraBisieT
0COOBII MHTEPEC, TTIOCKOJIBKY JTUTOCchepa U 0canod-
Hblli pa3pe3 KoJsitoropcko-YpeHroiickoro paiioHa
XOPOIIO M3YYEHBI T'e€0J0Tr0-reo(PUu3nIecKuMmu MeTO-
namu (benokonn-Kapacesa u nip., 2006; KpaBueHko,
2012; Konroposuu u ap., 2013; Jloopewios u ap., 2013
n np.). [Tlogpo6Has 6a3a JaHHBIX O CTPYKTYpPE U reo-
JIOTUYECKOI MCTOpPUU paiioHa BMECTE C JOCTATOY-
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Puc. 1. IMonoxeHue cBepxmy6okux ckBaxkuH TromeHckoit CI'-6 u En-fAxunckas CI'-7 B nipenenax Konroropcko-YpeHroii-
ckoro pudToBoro rpadeHa (rocie (FanymkuH u ap., 1999) ¢ HeGOABIIMMU U3MEHEHUSIMM ).

HBIM KOJMYECTBOM M3MEPCHUI ITTyOMHHBIX TEMIIE-
paTyp M OTpaXaTeJIbHOM CIIOCOOHOCTU BUTPUHMTA
(OCB) (®omuH u ap., 2001; MscaukoBa, OKCeHOIin,
2012; KpaBuenko, 2012; borosineHckuii u ap., 2013)
MO3BOJIWIN IIOCTPOUTH 3[ECh AJOCTATOYHO OOOCHO-
BaHHYIO MOJIE/Ib TEeTIJIOBOI 3BOIOLUN JTUTOCHEPhI 1
MIPUMEHUTD €€ I YMCICHHOM PEKOHCTPYKIIMU MC-
TOPUM peanr3aluu HedTera3oreHepalnoHHOTIO I10-
TeHIMaJIa NIyOOKMX MaTEpMHCKUX CBUT OacceiiHa.
PesynbTaThl MOAEIMPOBAHUS, MTOJIy4YeHHBIEC Ha IIPU-
Mepe 0caloYyHOro paspesa ckBaxXuHbl CI-6, Moryr
OBITH MPUMEHEHBI JIJIST OLIEHKM HedTerazoreHepamm-
OHHOTO ITOTEHILIMaJla COOTBETCTBYIOIIMX BO MHOTUX
paiioHax 3amagHo-CuorpcKoro dacceifHa, MOCKOJIbKY
0COOEHHOCTH B NIYOMHHBIX pacIipee/ICHUSIX TeMIIepa-
Typ 1 OCB xapakTepHbIe IJIsl pa3pe30B B OKPECTHOCTHU
ckB. CI'-6, HabmoaaoTCss BO MHOTUX paiioHax 3amnai-
Hoii Cubupu, BKIIOUast ocamodHble pa3pe3bl KpacHo-
JICHMHCKOTO cBofa, EHucelicko-XaTaHICKoro mporu-
6a, IOxno-Kapckoii CMHHEeKIIU3EL, 1 T.1.

B naHHOI1 cTaThe TeHepallMOHHBIE CBOMCTBA TITYy-
ookux HedTerazomarepuHckux (HI'M) cBut 3anan-

Ho-Cubupckoro 6acceitHa (3CB) olieHUBalOTCs Ha
OCHOBE YHCJIEHHBIX PEKOHCTPYKIINI TETIJIOBOM UCTO-
pum 6acceiiHa (puc. 2). TeruioBoit peskum auTochephl
Konrorop-¥Ypenroiickoro rpaderna 3Cb ¢dopmMupoBai-
Csl TIOH, BIMSIHMEM TaKWX HeCTaHOAPTHBIX (DAKTOPOB,
KaK KOHTWHEHTAJIBHBIN pHU@TOreHe3 B MO3THEN Tep-
MU-paHHEM Tpuace, WHTPY3MBHO-TUAPOTEpMAIbHAS
aKTUBHOCTH B I0pe, TepMUYeCKasl aKTUBU3AINS JIV-
Tochepbl B paHHEM MeJIy Y HEOT€HE, TUIPOTEepMaJlb-
Hasl aKTUBHOCTb W pe3KMe KojiebaHUs Kiumara B
IJIMOLICH- YeTBEPTUYHBIN IIEPUO.

YuciaeHHasi peKOHCTPYKIIMS TEIJIOBOI MCTOPUM
murtochepsl Konroropcko-YpeHroiickoro rpabdbeHa
3CBb, nonaydyeHHasi ¢ yuyeToM yKa3aHHBIX (aKTOPOB,
HCIIOJIB3YETCS IJISI OLIEHKU UCTOPUH pean3aluu I10-
TeHIIMaJla TeHepalMyu YB OCHOBHBIX IIpedrosarae-
Mmbix HI'M nopon 6acceifHa. Puc. 2a moka3bIBaeT
YacTh 3TOM PEKOHCTPYKIIMU, OTHOCSIIYIOCS K 3BO-
JIIOLMYA TEPMHUYECKOIO PeXMMa OCAIOYHOTO 4YexJa,
BKJIIOYAsl TEMIIEPATyPHYIO UCTOPUIO TTIyOOKUX MaTe-
PUHCKUX CBUT OacceitHa. B cooTBeTCTBUU C OCHOB-
HOW 11€J1bI0 UCCIIeIOBAHUS HACTOSIAsl CTaThsl BKJIIO-
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Puc. 2. Tepmuyeckast MCTOpHS OCaIo4HOi Toiu (a) u aurocdepsl (60) 3anagHo-Cubupckoro 6acceiina B paiioHe cks. CI'-6.
a: / — OCHOBaHMSI OCAIOYHBIX CJIOEB; 2 — U30TepMbl; 3 — n3onuHuu %Ro; 6 — Ha BepxHeM puc.: I, 21 3 — TeTUIOBbIE TTOTOKH
yepe3 MOBEepXHOCTU ocankoB (1), ¢pyHmameHTa (2) m BepxHeit MaHTuu (3, rpanuiia MOXQO); Ha HUXKHEM pUC.. JIMHUS
“MOXO” — ocHOBaHME KOPHI; IMHUS “(a30Bblii mepexon” — miyorHa (ha30BOro repexona “IImruHeeBblid MepUIoTUT — Ipa-
HATOBBIN MEPUAOTUT” B MAHTUU; OCHOBaHME JIMTOCHEPHI OMIpenessieTcs: iepeceueHeM TeKYILei Te0TepMbl ¢ KPUBOM COTUIY-

ca nepunorura c conepxanuem 0.2% H,O (Wyllie, 1979).

yaeT HeCKOJbKO pasnesioB. B mepBoM 13 HUX gaetcs
OIMCaHuEe METOJOB YMCIEHHON OLIEHKU TeHepaluu
VB nopogamu HI'M cBut 6acceiiHa. B cienyoiieMm
paznelie TIpUBEAEHBI YUCJIEHHbIE OLIEHKU OOBEMOB
reHepanuy pa3aIndHbIx Gpakuuii ¥ B mopogamu atux
cBUT. B olieHKax Mpenmnosaraercsi, YTo KEPOreH op-
rannyeckoro BemectBa (OB) HI'M mopopn 6acceiina
MpeACTaBlIeH CMECbhbl0 CTaHAAPTHBIX KEPOTeHOB
tuna II u I11, mporecc KpeKnHTra KOTOPBIX OMUCHIBA-
€TCsl KUHeTUYEeCKMMU CHEKTpaMM, MpencTaBIeHHbI-
mu B [TPUJIOKEHUWU. CremoBarenbHO, B 3TOM
paznelie paccMaTpUBaeTCsl UCTOPUS TeHepaluuu YB ¢
npennoyiaraéMbIMU KUHETUYECKUMU CHIEKTPaMU Kpe-
KWHTa KeporeHa 1 TeMIlepaTypHoOil nctopueil mryoo-
KUX MaTepUHCKUX CBUT, MOKa3aHHOM Ha puc.2a. B
MOoC/IeyIolIeM pasaese 00CyKIalTcsl OCHOBHBIE CO-
ObITHS, OKa3aBlIME BIMSHUE HA NUCTOPUIO TeHEepalluu
VB B 0acceitne. Paznen “3AKJIFOYEHUWE” conep-
JKUT OCHOBHBIE BBIBOJIbI TI0 pacCUMTaHHOMY (hpaKiiu-
OHHOMY COCTaBy reHepupyeMbix ¥YB 1 BpeMeHu ux re-
Hepaluu.

METO/1bl YUCJIEHHOM OLIEHKUW UCTOPUU
I'EHEPAIIMU VB IIOPOOJAMMU
MATEPUHCKHUX CBUT

YucneHHass peKOHCTPYKLIMS TEPMHUUYECKOM UCTO-
puu nutochepsl Konrorop-Ypenroiickoro rpaGeHa
3CBb B paiioHe ckB. CI'-6, mpeacrtaBieHHas Ha
puc.2a U 20 OCyIIECTBIsIIach C TOMOIIBIO TMaKeTa
nporpaMM MOJECIUPOBAHUS “IIIIOCKMX”’ OacCeilHOB
TAJ1IO (Tanymkun, 2007; Galushkin, 2016) u Bcro-

TEOXUMHUA T1omM 68 Ne7 2023

MorareJibHoro nporpammuoro mmakera ICE2020 (Ga-
lushkin, 2023), mo3BOISBIIIETO paCCUUTHIBATh TEPMU-
YyecKUii pexxruM u 3penoctb OB GacceiiHa B yCIIOBUSIX
pe3kux KojebaHWil KiImMara C HEOTHOKPATHBIM
¢opMHUpoBaHUEM U Aerpagalueii 30H MHOTOJIETHE-
Mep3JibIX Topod. Kicronb3oBaHUE 3TUX MPOrpaMm
IMO3BOJIMJIO IOCTPOUTH TEPMUYECKYIO MOJIEJIb Pa3BU-
THs 0acceiiHa ¢ y4eToM psiia HeCTaHOApTHBIX (haKTo-
pOB, TaKMX KaK: UHTPY3UBHO-TUAPOTEpMajbHasl aK-
TUBHOCTb B paHHEil lope, OTBETCTBEHHasl 3a aHO-
MaJIbHO BBICOKUI pocT 3pesoct OB mopon 1opel u
Tpuaca, TEKTOHMYECKOE pacTpeCKMBAaHUE IIOPOL
HUKHUX SIPYCOB OCaOYHOTO ITOKPOBA U BEpXHEil Ja-
¢t (pyHIAAMEHTA, OTBETCTBEHHOE 32 BLICOKUE I'paa-
€HTBI TeMIIEpaTyp B 3TOM YacTU pa3pes3a, U pe3Kue
KoJieOaHMs KJIMMAaTa B IJIMOLICHe-YeTBEPTUIHOM IIe-
puone. YKazaHHbIe (aKTOpPbl HE pacCMaTpUBAJIMCh B
MPEAbIAYIINX PEKOHCTPYKIIUSX TEPMUUYECKOM 3BO-
Jmouun ocagoyHoit Tommy ckB. CI'-6 (Kontoposuu
u np., 2013; Joopeuos u ap., 2013), monydyeHHBIX B
paMKax TpaauLIMOHHONM CHUCTEMbl MOIEJIUPOBAHUS
oacceiinoB TEMIS c 3amaHuemM TemnjaoBOro noroka B
OCHOBaHUM OCaTOYHOM TOJIIIIH.

HcxomHbiMyu maHHBIMUA OJI  PEKOHCTPYKIIWM,
IpeacTaBJICHHOM Ha PUC. 2, CIIYXXWIN Te0JI0rndecKas
WCTOpUSI pa3BUTHUSA uccienyeMoro paiioHa (KoHTo-
poBuY u np., 1975; Konroposuy u ap., 2013), coBpe-
MEHHBIII 0CagO4YHBIN pa3pe3 OacceiiHa U JIMTOJIOTH -
YeCcKUit cocTaB ero rmopoj (Taba. 1), 3HauyeHUsT TeM-
nepatyp U OCB, usMepeHHBIE B COBPEMEHHOM
paspese OacceiiHa (puc. 3a, 30), a Takke reo¢pu3nde-
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Ta6mma 1. OcHoBHEBIe cTanuu 3BoJoK 3Ch B paitone ckB. TromeHckast CI'-6

N KG 18] 1 Z JIUTOJIOTUS
KM en 8y anes necu uze OB
1 1 260.0 251.0 8.000 0.100 0.800 0.000 0.100 0.000 0.000
2 1 251.0 243.0 7.350 0.100 0.600 0.000 0.300 0.000 0.000
3 1 243.0 237.0 6.424 0.400 0.000 0.400 0.200 0.000 0.000
4 1 237.0 229.0 6.011 0.400 0.000 0.300 0.300 0.000 0.000
5 1 229.0 200.0 5.765 0.160 0.000 0.100 0.700 0.040 0.000
6 1 200.0 189.0 5.607 0.100 0.000 0.100 0.800 0.000 0.000
7 1 189.0 183.0 5.440 0.320 0.000 0.320 0.360 0.000 0.000
8 1 183.0 172.0 5.050 0.320 0.000 0.320 0.360 0.000 0.000
9 1 172.0 167.7 4.711 0.130 0.000 0.250 0.600 0.000 0.020
10 1 167.7 161.0 4.305 0.130 0.000 0.250 0.600 0.000 0.020
11 1 161.0 145.5 3.980 0.550 0.000 0.250 0.170 0.030 0.000
12 1 145.5 131.0 3.780 0.600 0.000 0.200 0.200 0.000 0.000
13 1 131.0 119.0 2.880 0.500 0.000 0.300 0.200 0.000 0.000
14 1 119.0 99.6 2.325 0.600 0.000 0.200 0.200 0.000 0.000
15 1 99.6 91.0 1.707 0.300 0.000 0.400 0.300 0.000 0.000
16 1 91.0 75.5 1.380 0.900 0.000 0.050 0.050 0.000 0.000
17 1 75.5 60.0 0.982 0.600 0.000 0.000 0.000 0.400 0.000
18 1 60.0 55.0 0.623 0.150 0.000 0.000 0.850 0.000 0.000
19 1 55.0 38.0 0.308 0.500 0.000 0.000 0.500 0.000 0.000
20 1 38.0 24.0 0.158 0.300 0.000 0.000 0.700 0.000 0.000
21 4 24.0 4.0 0.300 — - - — - —
22 2 4.0 1.8 - — — - — - -
23 1 1.8 0.0 0.070 0.500 0.000 0.000 0.500 0.000 0.000

ITpumeuanusa: N Homep cTtanuu pa3Butud 6acceitHa; KG: tun cranuu (1 — oTI0XeHUe 0CagKoB, 2 — EpPePhIB, 4 — 3po3usd). 1 Uty —
BpeMsl Hauajla ¥ KOHILIa CTaluM B MJIH JIET, Z IJTyOMHA OCHOBAaHMSI OCaIOYHOTO CJI0SI B COBpeMEeHHOM pa3pese bacceitHa npu KG = 1 wiu
aMIuIMTyna spo3uu npu KG = 4. JIuTosiorusi — JIMTOJIOTMYECKUIA COCTaB MOPOI: &1 — IJIMHBI U apTWILTUATHI, 8)1 — BYJIKAHUTHI, a1e6 —
aJIeBPOJIUTHI, necy — MIECUaHUKU, Y36 — N3BECTHSIKU, OB — opraHuka.

CKHM€ ITaHHbIE 110 CTPOeHUIO (PyHAAMEHTAa U COCTaBy
ero mopon (Kpasuenko, 2012; Melnik et al., 2015).
IIpyuHLUIIBI MOASTMPOBAHUS TEPMUIECKON NCTOPUN
ocagoyHBIX O0acceitHOB B cucteme TAJIO mompobHoO
omucansl B (latymkuH, 2007; Galushkin, 2016). Kak
U B JPYIMX CHUCTEMAx MOIECIUPOBAHUS, CHUCTEMA
TI'AJIO yuuThIBaeT OTI0XKEHNE MTOPUCTHIX OCAOKOB C
MepeMEHHOM CKOPOCTBIO, MX YIUIOTHEHHUE, 3PO3HIO,
3aBUCHUMOCTb TEMIIEPATyPHBIX U (PU3NIECKUX XapaK-
TEPUCTUK MOPOI OT MUX JIMTOJOTMYECKOTO COCTaBa,
IJTyOMHBI MIOTPYKEHUS U TEMITEPATyphbl; paccMaTpu-
BaeT U3MEHEHUE TEIUIOMPOBOAHOCTU MAaTPUIILI ITO-
poI M MOpPOBBIX Bod OT Temiteparyphl (lamymikuH,
2007). B pacuerax TemnoGU3NYESCKUX XapaKTepu-
CTHUK OCAIOYHBIX MOPOI MCIIOJIb3YIOTCSI CPETHEMU-
pOBbIe TeTIo(hU3nIecKrue napaMeTpbl COOTBETCTBY-
oKX JuTojgorndeckux enuHull (Famymkux, 2007;
Galushkin, 2016). CooTBeTCTBYIOLIME pacyeThl JJId
cMmeceil Topon, yKa3aHHBIX B TaOJ. 1, mpoBOOMINCH
COIJIACHO aJITOPUTMaM, NOAPOOHO ONMCAHHBIM B IIM-
TUPOBaHHKIX paboTax. MIcKiIoueHre COCTaBIsUIN BYJI-
KaHMUTHI, aJIEBPOJUTHI U IleCYaHUKU, (HOPMUPOBAB-
III1M€ OCaTOYHbIe MOPOABI MEPBLIX 9 cTamuii pa3BUTUS
OacceifHa B Tab6:. 1. s moponm mepmMu, Tpraca, HIK-

Hell ¥ cpeHeil 10pbl UCTIOb30BAIMCh HECTAHAAPTHHIE
napaMmeTphbl YIUIOTHEHUS, YTOObI OOBSICHUTD UX aHO-
MaJIbHO BBICOKYIO TMOPUCTOCTb, HaOJIOAaeMylo Ha
nryorHax 6—8 kM. [1pm pelreHrM ypaBHEHUS TETUIO-
MPOBOJHOCTU Ha BEepXHEll rpaHulle o0JacTU cyeTa
3aJ]aBaJIUCh CPEAHETOJ0BbIE TEMIIEpaTypbl Ha IO-
BEPXHOCTH (CM. KPUBYIO ITAJICOKJIMMAT Ha pUC. 2a) U
nocTtostHHasI TeMIteparypa Im = 1150°C nommepxu-
Bajlach Ha HUKHeU TpaHulie obyacTu cueta, Zm. OTa
rpaHulla B TIpoliecce cyeTa yryoasijlach OT Hayajlb-
HOTo 3HaueHUs 112 KM Ha TOJIIMHY OCaA0YHOTO YeX-
na. [IpuHIMOBI pacyeTa mapamMeTpoB Zm U Tm B cu-
creMe GALO o6cyxnarorcsa B (lanymkun, 2007; Ga-
lushkin, 2016). IIpnMeHeHMe NAaKEeTOB MpPOrpaMM
T'AJIO u ICE2020 mo3BOiIMJIO PEKOHCTPYMPOBATh
TEePMUUYECKYIO0 UICTOPUIO OCATOYHOM TOIIIM OacceiiHa
C YYETOM yKa3aHHBIX BBIIIE HECTAHAAPTHBIX (haKTO-
poB (puc. 2). CyliecTBeHHO, YTO 3Ta UCTOPUSI COLJIa-
CyeTcsl C BapuallusIMU TEKTOHUYECKOTO MOTrPYKEeHUS
bacceiiHa (puc. 4), ¢ HaOmMOITaeMbIM pa3pe3oM Oac-
ceiiHa (puc. 2; Taba. 1) U co 3HAYEHUSIMU TeMIepa-
Typ 1 OCB, usaMmepeHHbIMY B COBPEMEHHOM OCaJIo4-
HoM pa3spese 3Ch B paitone ckB. CI'-6 (kpuBble / Ha
puc. 3a, 30).
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(a) ()
Temnepatypa, °C OrtpaxarenbHasi CHOCOOHOCTb
BuTpuHuTa R,, %
0 0 80 160 240 0 1 2 3 4 5
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Puc. 3. Pacnipenencuue remneparypsl (a) 1 OCB (6) ¢ my6uHoii B coBpeMeHHOM pa3pese 3Ch B paiione ckB. CI'-6. KpuBbie
1 — 3HaueHUsI, pacCCUMTAaHHbBIEC C YYETOM BHEAPEHUS CUJUIA B paHHEH 10pe, pasyIrJIOTHEHUS! TOPOJ HUXKHUX TOPU30HTOB Oca-
JIOYHOTO MTOKPOBA U KPOBJIM (PyHAAMEHTa, THAPOTEPMaJIbHOM aKTUBHOCTH B MO3IHEM IUIMOLICHE-paHHEM TLJICHCTOLIEHE U pe3-
KUX KOJIeGaHM KJTMMaTa B IUTHOIIeH-4yeTBepTUIHOEe BpeMsi. KprBasi 2Ha puc. a — pacueTsl 6e3 ahdekra pasyruioTHeHUs. Kpu-
Basi 2Ha puc. 6 — pacueTsl 6e3 TeruioBoro addekra ruIpoTepMabHOM akTUBHOCTU. KpurBasi 3 Ha puc. a — pacrnpeneaeHue TeM-
neparyp, BbIUMCIeHHOe 06e3 addeKkra pasyrIoTHEHUs Mopon, 6e3 THAPOTepMaabHOW AKTUBHOCTU M 0€3 ydyeTa Pe3KMX
BapualMii KJIMMaTa B IIMOLIeH-4yeTBepTuuHOe BpeMsi. Kpusas 3 Ha puc. 6 — pacnipenenenue OCB, BblunciieHHOe 0e3 yyeTa
TeruioBoro addeKkTa oT BHEIPEHUsI CULJIa B paHHEl ope U TMAPOTEepMaibHONM aKTUBHOCTHM B TMO3AHEM TUIMOLIEHE-paHHEM
mieiicroueHe. CuMBoJbl — 3HaueHus1 Temiieparyp 1 OCB, usmepeHHble B COBpeMeHHOM pa3pese ckB. CI'-6 u onybanKoBaH-
Hble B pabotax (Pomun u ap., 2001; bensena, 2005; benokonb-Kapacesa u ap., 2006; MsicnukoBa, Okcenoiin, 2012; Kpa-
BueHKO, 2012; borosiBiieHckwmii 1 ap., 2013).

Tepmuueckast UICTOPUSI OCAIOYHON TOJIIU U JIU- Bpewmst, MutH Jtet
tocdhepnl 3CB B paiione ckB. CI'-6, npeacraBiieHHas —-250  —-200 —150  —100 -50 0
Ha puc. 2a, 206, BKJIroUasa ele psii COObITUi, TTOMU- U ' ' : :
MO OTMEUEHHBIX BBIIIIE, OKAa3aBIINX 3aMETHOE BJIMSI-
HHe Ha uctopuio co3peBanus OB u peanuzanuio YB
noreHuuana 6acceitHa. K Takum coOOBITUSIM OTHO-
CSITCSI THTEHCUBHOE OCTBIBAaHUE U PACTSKEHME JINTO-
chepbl B HAYaJIbHBIM pUMTOreHHBIN 3TaIl pa3BUTUS
OacceiiHa 1 IBe TEIUIOBBIX aKTUBU3ALUM INTOCHEPHI,
OllHA U3 KOTOPBIX 3aMelJisijia OCThIBaHUE OacceiiHa B
TTO3IHEM TpHace, a Bropast oobsicHsia 300 METpOBYIO
3PO3MI0 0OCAAOYHOTO UyexJia B HeoreHe (puc. 2a). [Ipo-
JOJDKUTEJILHOCTD U aMIUIMTYIA YKa3aHHBIX COOBITUIA
OLICHMBAJIKCh U3 aHaJIM3a BpeMEHHbBIX Bapuallyii am-
IJIUTYO TEKTOHMYECKOIO IIOTpYyXeHUsI OacceitHa
(puc. 4; Galushkin, 2016). [ToMuMO 3TOro B MOJEIH
paccMaTpMBaJMCh TakKXe OBa KpaTKOBPEMEHHBIX
TEIUIOBBIX UMITYJILCA, OMUH M3 KOTOPBIX ObLI CBSI3aH C 8+
BHeApEeHNEeM CUJIJIa B paHHEH ope, a Ipyroi — ¢ ru-
pOTEpMAaJIbHOM aKTMBHOCTBIO B ITO3THEM IUIMOLIEHE -
paHHeM TuieiicTolieHe. O6a 3TUX UMITYJIbCa HE UMENTU

4

I'mybuna, km
N
T

N
T

Puc. 4. Bapuainuu B TEKTOHUYECKOM TTOTPY>KeHUM Oac-
ceiiHa B paitoHe ckB. CI'-6. / (CruiolIHast JUHUSI) — TEK-
TOHMYECKOE TIOTPYXXEHUEe IOBEPXHOCTU (yHIaMeHTa,

BIIMAHUA HAa KPUBYIO TCKTOHMYCCKOTIO ITOIPYKCHUA BBIYUCJIIEHHOE MYTEM YIAJIEHUS HArpy3kKu BOIBI U OCall-
OacceiiHa, HO OHU OOBSICHSIIIU XapaKTepHbIC UBMEHE- KOB C TMOBEPXHOCTU (YHIAMEHTa; 2 — TEKTOHMYECKOE
aust OCB ¢ r)Iy61/IHOI>'I B COBDEMEHHOM paspese Gac- TOTPYXXEHNE MOBEPXHOCTH ¢dyHnamMeHTa, BBIYMCIEHHOE

- IIyTeM y4yeTa Bapraluvii B pacrpeieJeHUU INIOTHOCTH M0~
ceiina. I[1pongo/KUTENIBHOCTD U aMIUIUTYAA 3TUX UM- pon byHIaMeHTa ¢ MTYGUHOI; 3 — M3MeHeHHe MOLIHOCTH
TYJICOB OIIEHWBAJIIMCh M3 YCIIOBUSI OJIM30CTH pac- 0CaloyHOTrOo Yexia; 4 — majaeorTyonHa Mopsi.
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cuutaHHoro pacnpeneineans OCB nx m3MepeHHBIM
3HauYeHUsIM (puc. 30).

Cy11ecTBEHHO, YTO B MOJEJIM TEPMUIECKOIT UCTO-
puu OacceiiHa Ha puc. 2 3HayeHus1 OCB BbIUUCHS-
JINCH C MCIIOJIb30BaHUEM HOBOI'O MOIM(DUIIMPOBAH-
HOTro cnekTpa co3peBanus Butpunura EASY%RoDL
n3 pab6or (Burnham, 2017; Burnham et al., 2017).
Mpenpronymmit ciektp EASY%Ro (Sweeney, Burn-
ham, 1990) monroe Bpemsi IMIMPOKO HCIIOIb30BAJICS
JUIST OLICHKU cTerneHu co3peBaHust OB, Ho HegaBHUE
WCCIIENOBAHUS ITOKA3aJIM, YTO 3TOT aJITOPUTM MOKET
3aBbIlIaTh 3HaYeHus % Ro Ha 0.1-0.15% B tipenenax
“okHa” reHepalu HeMDTU TPU MOAECIUPOBAHUU
HedTeHOCHBIX OacceitHoB. [ToaTomy, B padote (Niel-
sen et al., 2015) ObL1a IpemIoXKeHa CKOPPEKTUPOBAH-
Hasl KMHETHUYeCKasi MOJIEeIb CO3peBaHUS BUTPUHUTA
BASIN%Ro. OnHa nydiiie COOTBETCTBOBAJIA JAHHBIM,
HaOJIFoJaeMbIM B He(pTera3oHOCHBIX OacceiiHax MU-
pa, HO TUIOXO OITMChIBajia pe3yiabTaThl DKCIIEPUMEH-
TaJIbHBIX MCCIEA0OBAaHUI ITpeoOpa30BaHUs BUTPUHU -
ta. B 2017 1. OBIT TIpenIoKeH HOBBIM KMHETUIECKUIA
cnekTp co3peBanusa ButpuHuta EASY%RoDL, ko-
TOPBII XOPOIIIO OMUCHIBAJI KAK FeOJIOTUYECKUE, TAK U
sKcHepuMeHTalIbHble maHHble (Burnham, 2017).
DHeprum akTUBaALIMU B 3TOM CIEKTPE CMEILEHbBI B CTO-
pOHY 00JIee BBICOKMX 3HAYCHUI1 I10 CPaBHEHUIO C MOJIe-
110 EASY%Ro0, a yacTOTHBII (haKTOp peakinii yBe-
4yeH 10 3HayeHud 2 X 10" 1/c, BmMecto 1 x 108 1/c B
npexHeit Moaenu. Kak pe3yabTart, HOBBII CIIEKTp Jie-
MOHCTpUpPYET 0oJiee MeAJICHHOE CO3pEBaHUEC BUTPU-
HUTA B mpenenax “HedTIHOTO OKHa”, YeM B MO/
EASY%Ro.

Pacuer renepanmm YB mopomamMm MaTepmHCKUX
CBUT, paccMaTpMBaeMblii B CJIeIylolleM pasfelie,
IIPOBOIUTCS C UCIIOJIb30BAaHUEM IIPOrPaMMHOIO Ma-
keta SED3-35, aBasmionerocss 4acThlO CUCTEMBI MO-
nenupoBaHust OacceitHoB T'AJIO. ITaker SED3-35
MO3BOJISIET PACCUMTHIBATh TeHEpALUIO OTIEIbHBIX
¢paknuii YB B 3-x (HedTh, Ta3, KOKc), 4-X ((Tskemnas
1 JierKasi He(Tb, Ta3 U KOKC) U S5-TH (TsKeJasl 1 JieT-
Kast He(pTh, XUPHBIA U CyXOM Ta3 M KOKC) KOMIIO-
HEHTHBIX CUCTEMAaX, €CJIM U3BECTHHI TeMIIepaTypHas
HMCTOPUS CBUTHI U KWHETUYECKUIA CIIEKTP TeHepaLluu
VB. TloMumo TemmepaTypHOl WUCTOPUM MaTEpPUH-
CKUX CBUT, IIPEACTABJICHHOI Ha puC. 2a, 11 pacdeTa
reHepaluu pa3IudHbIX ¢ppakiuii YB Tpedytorcs Ku-
HETUYECKHE CIICKTPhl KEPOICHOB, T.€. HapaMeETphl
peakumii, yIpaBJISIOIIMX MpolleccaMi CO3pEBaHUS
KEpPOTEeHOB (3HEePTruu aKTuBaUMu Ei, 4acTOTHBIE (haK-
TOPHI Ai I ICXOMHBIE ITOTEHIINAIBI peakiuii Xio). B Ha-
mmx pacdyeTax KeporeHsl OB MaTepHCKMX OPOIT U3Yy-
yaeMoro paiioHa MpencTaBIsUIMCh CMEChIO CTaHOdapT-
Horo keporeHa tvna Il (mcxomnblii orenuman HI =
= 377 i 611 mr YB/r C,,) ¥ cTaHOapTHOTO KeporeHa
tuna I (ucxonubiit norenuman Hl =160 mr YB/r C,,)
(cM. cinenyrommii pasgen). CiegoBaTeabHO, IIPEANo-
JIarajaoch, YTO AOJsI IIEPBOTO KEpOreHa B CMECH, PaB-
Hast, cKaxeM, [}, mpeoOpa3oBbIBANIACH IO CIIEKTPY

ITAJIYIHKHWH

cTaHJaapTHoro keporeHa tura I, a BTroporo c goneii B
cmecu (1 — ) mpeoGpasyercst MO CIIEKTPY CTaHAAPT-
Horo keporeHa tuna III. Ilpu aTOM McXomHBIN TO-
TeHIMaJ reHepaluu YB nmopogamu paccMaTrpuBae-
MO MaTepUHCKOM cBUTHI, HI, CBSI3aH C UICXOTHBIMU
noreHuuanamMu HI, u HI, keporeHoB cMeCU COOTHO-
menuem: HI = [B x HI, + (1 — B) X HI,]. B Hammx
pacyeTax KCIOJIb30BAIUCH 4-X KOMIIOHEHTHBIE KU-
HETUYECKHE CIIEKTphl reHepaluuu YB (Tskenas u
JieTkast He(pThb, ra3 ¥ KOKC) JJIs1 CTAaHAAPTHBIX Kepore-
HoB tuna II u I11, pazpaboranHbie BO @paHIy3CKOM
nHcTuTyTe HepTu (cM. Ilpunoxenue). 4-x KoMmo-
HEHTHBbIE CIIEKTPhI reHepauuu Y B orinyarorcs 60-
Jiee JeTajbHbIM OMMCAaHUEM MPOLIECCOB BTOPUUYHOIO
KpeKuHTa ¥YB 1o cpaBHEHUIO CO CTaHAAPTHBIMU 3-X
U 5-TM KOMIIOHEHTHBIMU. BbIOOp KMHETUYECKUX
CHEKTPOB LIS ONMCAaHUs KPEKMHTIa KeporeHa mare-
PUHCKMX TTOPOJ, SBJISIETCSI HEOAHO3HAYHOM 3a1a4dei,
MO3TOMY UCTOpUSI TeHepaluu Y B, paccMaTpuBaemast
B IaHHOM cTaThe, MPENCTABJISET JIUIIb ONUH U3 BEPO-
SITHBIX BAPUAHTOB MUCTOPUU peaiu3aluu HedTerazo-
MaTEpPUHCKOTO NMoTeH1mana 6acceiiHa. OCHOBOI1 BbI-
OpaHHOIO BapuaHTa CIyXaT MpearojgaraeMble KOH-
KPETHbIE KWHETUYECKUE CITIEKTPhl KPEKMHTa KEPOT€HOB
U KOHKpETHasl TeMmIlepaTypHasi MCTOPUSI TOrpyxKaro-
IIUXCSI MAaTEPMHCKUX CBUT OacceiiHa (puc. 2a).

HNCTOPUSA PEAJINZALINN
T'EHEPAIIMOHHOT O ITOTEHIINAJIA
OCHOBHBIX HEO@TETASBOMATEPUHCKHX
CBUT BACCEMHA

HedrerazomarepuHckue nopoasl 3apuKCUpoBa-
HEI B IIIMPOKOM MHTEpBaJjie IITyOMH 0CagovYHOro pas3-
pe3a Konrorop-¥Ypenroiickoro rpabeHa B paifoHe
cBepxr1yookux ckBakuH CI'-6 u CI'-7. B tpuac-paH-
HE-CPETHEIOPCKHNX OTIOXKEHUSIX TOMUHUPYIOT IIOPOIBI
C TIOBBIIIIEHHBIM Ta30BbIM F€HEPALIMOHHBIM TTOTEHIIMA-
JioM. OT 6aK€HOBCKOI CBUTHI 10 IOPCKUX U TPUACOBBIX
0CaTOYHBIX OTIIOXKEHUIA 1 Aajiee B 0a3aJIbTOBBIX TOJIIIAX
3auKCHpOBaHa IlepruoaIecKas, ImyJIbcallmoHHAast 000-
raleHHOCTb omIokeHuit YB-razamu. B aTux paitoHax
BIIEpBHIE 1151 ceBepa 3anamaHoit CuOupH 1o pe3yJibTa-
TaM UCIIBITAHUM B YCJIOBMSX BBICOKUX TeMIEpaTyp U
aHOMaJIbHBIX JaBJICHUI MOJY4YeHbl MPUTOKU raza C
mTyOouHEI 6osee 5 u gaxke 6 kM (benokonn-KapaceBa
u ap., 2006). IIpencrasiseT UHTEpEC YUCICHHO OlIe-
HUTB CTEIEHb pealn3aluu MoTeHIIMala rTeHepalumn
¥YB ocHOBHBIMU He(pTEra3oMaTepMHCKUMU CBUTA-
mu (HI'MC) B Hamiell Momeau TepMUIECKOI 3BOJTIO-
1M OacceitHa. s peleHus: 3Toi 3agauyd HeoOXoau-
MO, BO-TIEPBBIX, 3HaTh UCTOPUIO NU3MECHEHMS TeMIIepa-
TYphl B MPOLIECCE TMOIPY>KEHUSI MAaTEPUHCKUX CBUT U,
BO-BTOPBIX, 3HAaThb KUHETUYECKUIA CIIEKTP KeporeHa
MaTePUHCKUX II0POJI, TO €CTh MapaMeTPhbl KWUHETHUYE-
CKHMX peaxlivii, ONUCHIBAIOIINX IIPOLIECCHl IIEPBUY-
HOTO ¥ BTOPUYHOTO KpEeKMHTa KeporeHa. YuciieHHast
PEKOHCTPYKIIUSI TepMHUYECKOM HCTOpMU OacceiiHa
npencrasieHa Ha puc. 2. KuHeTndeckmne CneKTphlI T'e-
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Puc. 5. Uamenenue temriepatypsl (a) u OCB (6) B uCTOpUM MOIpyKeHUsI TIOAOIIBBI M KPOBJIM ITypcKoii (/), Torypckoii (2, 3),
TIOMEHCKOI1 (4, 5) 1 6a’keHOBCKOI1 (6) CBUT 0camouHoro paspe3a ckB. CI-6.

Hepanmuu YB mis keporeHa MaTepMHCKHUX IIOPOIH
CTPOWJIMCHh Ha OCHOBAaHMHU M3BECTHBIX 4-X KOMIIO-
HEHTHBIX CIIEKTPOB I reHepauuu Y B keporeHamMu
1-oro, II-oro u Ill-ero Tumnos, OIyOJMKOBaHHLIX B
0azax gaHHbIx nmaketoB MATOIL, TEMISPACK u
npyrux. Ilpu 3TOM J0JAM CIIEKTPOB IOIOUpaloTCs
TaK, YTOObI COCTAaB CMECH KEPOTE€HOB M €€ MOJIHBII
MCXOOHBIMA MOTEHIIMAI HE MPOTUBOPEUYNIIN OLIEHKAM
TUIIa KEPOT€HA 1 3HAYEHUSIM €TI0 MCXOOHOTO MOTEH-
Maaa, IpuBeICHHBIM B IUTepaType A pacCMaTpu-
BaeMOIl MAaTEPUHCKOU MMOPOIBI.

ITypckasi ceuta. OHa TpencTaBiieHa TOJIIEH ap-
TMJUIMTOB, TJIMHUCTBIX aJIEBPOJIMTOB M IJIMHUCTHIX
IIECYaHUKOB CPEIHEro Tpyaca Ha riyouHe ot 6012 1o
6191 m. B Heit nomuHUpyeT rymycoBoe OB co cpen-
Hum copepxanueM C,,. = 1.75% (benokonn-Kapa-
ceBa u ap., 2006). I'enepauusa YB mopogamu myp-
CKOII CBUTBHI OIIMCHLIBACTCSI B HAIllel MOIEIU CTaH-
JapTHBIM YETHIPEXKOMIIOHEHTHLIM KWHETUYECKUM
criekTpoM reHepauuu ¥YB keporenom tuna III ¢ mc-
XoaHbIM noTeHumanom HI = 160 mr YB/r C,,.. Tem-
nepaTypHasi UICTOpUsI 3TOM CBUTHI M U3MEHEHME 3pe-
noctu ee OB moka3ansl Ha puc. S5a, 50 KpuBsIMHU /.
MoXHO BUIETh, UTO BHeApeHue cuiuia 181 MiIH ner
Ha3al B IPUIIOBEPXHOCTHEIE cJIou (DyHAaMeHTa IpU-
BEJIO K IIOBBIIICHUIO TeMIIePaTyphl IIOPOA MypCKOM
cBuUTHl 10 174°C (puc. 5a) 1 cKaykooOpa3HOMY yBe-
JIMYEeHUIO cTerneHu co3peBaHuss OB oT 3HaueHuUit
OCB R,=0.37 no 1.07% (puc. 56). COOTBETCTBEHHO,
peanmu3anys noTeHIInajaa reHepauun Y B Beipociia ot
Hu3KuX 3HayeHuit meHee 0.1 mr YB/r C,,. 1o BHenpe-
HU cruia 1o 74 mr YB/r COpr MOCJIC €r0 BHEAPECHUSI.
IIpu npoxoxXaeHUUW TEIUIOBOM BOJHBI, BbI3BAHHOU
BHEIIPEHUEM CUJIJIa B IPUITIOBEPXHOCTHBIE CIOU (hyH-
JlaMe€HTa, KOHIICHTpallus TSDKeIoi HedTu cHavaia
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yBenuumnach 10 21.5 mr YB/r C,,;, a 3aTeM 1pu BbI-
COKMX TeMIlepaTypax MoH BIWSHHEM pPeaKINili BTO-
PUYHOTO KpeKMHIa yMeHbIIujaach 0o 4.5 mr YB/r
C,pr (kpuBas 2 Ha puc. 6a). B To Xe BpeMs reHepauus
JIETKOM He(TU U Ta3a I10J, BIIMSTHMUEM TOM XKe TeIIJIOBOI
BOJHBI gocturiaa 29.5 u 21.5 mr YB/r C,,,, cooTser-
CcTBEHHO (KpuBbIe 3 1 4 Ha puc. 6a). [1pu naabHeitem
MOTPY>KEHUU CBUTHI (PUC. 2) CTETIEHb CO3PEBAHUSI €€
OB miaBHo Bo3pacraia 1o R, = 1.5%, u BMecTe c Heit
pocila U peanm3alus NOTeHIMajla reHepauuun YB
(kpuBble 1 Ha puc. 56 u 6a).

HoBsrbie pe3kue nusmeHeHust 3penoctu OB u reHe-
pauuu Y B B TerIoBOi UCTOPUU pUC. 2 TOJKHBI ObLIN
HaOMoaaThCs B TIEPUOI TUIPOTEPMAIbHON aKTUBHO-
cTH OacceifHa B MO3THEM ITUIMOIIeHe-paHHEM TUIEHCTO-
1ieHe. TeruioBoe BIMSIHUE TUAPOTEPMATIbHON aKTUB-
HOCTHM, OXBaThIBarollei B iepuon ¢ 2.2 mo 0.7 MJH JieT
HazaJ TPY HIDKHUX OCAaT0YHbBIX CJ10sl (IepMU, paHHe-
To ¥ CpelHero Tpuaca), Mo3BoJIsIO COBMECTUTD pac-
cuutaHHble 3HaueHuss OCB co 3HaueHUsIMU, U3Me-
PEHHBIMU B CJIOSIX TIO3IHETO TpUaca 1 1opbl (CpaBHU
KpuBble / 1 2 Ha puc. 40). [maporepManbHBI TEILIO-
TMEPEHOC B HUXKHUX CJIOSIX 0CaIOYHOTO MOKPOBa MPU-
BeJ K TMOBBIIIEHUIO TEMIMEPATypbl MOPOJ IypPCKOM
cButhl 10 220°C (puc. 56) 1 yBeJIMYUJI CTENEHb CO-
3peBaHuss OB 1o R, = 2.44% (puc. 56). CooTBer-
CTBEHHO, peaju3alysl MOoTeHIMajla reHepanuu YB
Boipocna 1o 134 mr VB/r C,,. Tlpu s1OM Tsikenas
HedTh MOYTH TOJTHOCTHIO PA3IOXKWIACh B pe3ybTaTe
BTOPUYHOTO KpeKWHTa (KpuBast 2 Ha puc. 6a). [eHepa-
Lusl Jierkoii HedTU, JOCTUTHYB MaKCUMyma OKOJIO
38.3 Mr YB/r C,,, B 30LIEHE, MIOYTU HE MEHSIACH JIO Ha-
yaja IuieiicrolieHa (KpuBasi 3 Ha puc. 6a). [TpumepHO
1.6 MUTH JIeT Ha3am TeTUTOBOM WMIIYJIBC OT THAPOTEp-
MaJIbHOM aKTUBHOCTU B HUXHUX CJIOSIX OCAI0YHOIO
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— — . — C1-Cs5(4) 4-ex (bpakLMOHHAsI MOJIeITb 4-ex (hpakLMOHHAsI MOJIEITb
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Puc. 6. ['eHepauys pa3nuuHbIX ppakiuii YB B UCTOpUY OrpyKeHUSI MyPCKOii CBUTHI (a) M MOPO. B moxoliBe (0) 1 KposJe (B)

TOTYPCKOI CBUTBHI.

200 - @) 200 - ©) ()
S '1(;01'11 HC (1) 167.7 Mt niet 200 - 150 MtH JteT
S B 15+ (2) HI=225.1 Mr YB/r Copy HI =476 M YB/r Copr.
— — GC¢Ci503) HI(peam3) = 124 Mr YB/r Copr HI(peanus) = 202 mr YB/r Copr
< — . — CI-Cs4) 4-ex hpakIIMOHHasi MOJIEb 4-ex hpakIIMOHHAsT MOZIETTh
2 150 F— — . - Coke (5) 150 + 150 !
> 172 mutH JieT B
HI=225.1 mr YB/r Copr
= HI(peanus) = 161 mr YB/r Copr
= 4-ex (hpaKkLIMOHHAsI MOIEITb
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0a>keHOBCKOIi CBUTHI (B).

MOKPOBa JTOCTUT ITyPCKOM CBUTHI I HAYAJICS PEe3KUit
pPOCT aKTUBHOCTH BBICOKOTEMIIEPATYPHBIX peaKIIHit
BTOPUYHOTO KPEKUHTA, BbI3BABIINI COKpAIICHUE KOH-
LICHTpALU JICTKOM He(TU J0 COBPEMEHHOTO 3HAYeHUSI
okono 0.88 mr YB/r C,,. (kpuBas 3 Ha puc. 6a). Kon-
IeHTpals ra30BEIX ¥YB 3a TOT XXe mepuon BpeMeHH!
yBenuumnach ot 40 no 82 mr YB/r C,,. (kpuBas 4 Ha
puc. 6a). Xora sHaueHus C,,. He BIUSIOT Ha PE3YJlb-
TaTHl HAIIIMX PacYeTOB BHIXOMA Pa3IMYHBIX (DpaKIIHit
VB Ha puc. 6 1 7, 0IHAKO UHTEPECHO OLIEHUTh, Ha-
CKOJIBKO Pa3NvaloTcsl 3HAYCHUSI UCXOTHOTO M CO-
BpeMeHHOTo C,,. s PEKOHCTPYMPOBAHHON HaMu
TEPMUYECKONM HMCTOPUM MATEpUHCKOW mopoabl U
TIPEaIojlaraéMoro KWHETHIECKOTO CITEKTpa Co3peBa-
HUS KeporeHa. I 3TOro BOCITOIB3yeMCS alTOPUT-
MOM, OIIMCaHHBIM, HAIIpUMep, B padoTe (I'anylKuH,
Kotuk, 2023). OLeHKM MOKa3bIBalOT, YTO TIPU Cpe/l-
HeM comepxanuu C, = 1.75% nist opof IypcKoit
cuthl (benokonn-Kapacesa u np., 2006) ncxomHoe
conepxanne OB cocrasnster 2.02%. Ilpu oTHOCH-
TEJTbHO HU3KOM MCXOIHOM ITOTEHIIMaJie TeHepallnu

¥YB Takoro cogepxanuss OB B mopomax CBUTHI OBLIO
He JOCTaTOYHO JJTd 3amoaHeHus 20% nopoBoro mpo-
CTpaHCTBA XXUAKNMU Y B, a 3HAUUT, 1 11T HOCTIKE-
HUS TOpora SMUTPAINK XUAKMX ¥YB 1mo xpurepuio,
npennoxeHHomy B (Espitalie et al., 1988). Uto kaca-
eTCsI Ta30BhIX YB, TO ux Murpauus u3 MaTpuibl Ma-
TePUHCKMX ITOPOJ BIOJHE BEPOSITHA.

Torypckasi ceuta. Torypckass HITMC npencrasie-
Ha aprUIMTaMU ¥ IMHUCTBIMU aJIeBPOJIMTaMU paH-
Heit 1opbl Ha ryonHax ot 5048 no 5425 M. B moponax
9TOI CBUTHI AOMUHUPYET ryMycoBoe OB co cpenHuM
conepxanuem C,,. = 1.09%, XoTs B OTAEIBHBIX IIPO-
CJIOSIX OHO MOXET TOBbIIaThes 10 7.1% (belloKoHb-
Kapacesa u nip., 2006). B nHamux pacuerax OB nmopozn
TOTYPCKOIl CBUTHI TMPEICTaBISIIOCh cMmechbio 30%
cTaHAapTHOro KeporeHa tumna Il ¢ ICXomHbIM MOTEeH-
uuanom HI = 377 mr YB/r C,,, u 70% cTaHZApTHOTO
KeporeHa tuna III, Tak 4To MOIHBIA MCXOAHBIIT HO-
TeHuMan cmecu HI = 225.1 mr YB/r C,,.. Kunetnye-
CKUil CIIEKTp, OIMCHIBAIOIIMII MPOIeCC reHepalun
VB 37011 cMecHu KepOoreHOB, OTpeaeIsuics KaK CyMMa
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CTaHIAPTHBIX YeTBIPEXKOMITOHEHTHBIX CITEKTPOB CO-
OTBETCTBYIOIINX TUTIOB KEPOT€HOB B YKa3aHHBIX BBI-
e poisix. TemriepaTypHasi UICTOPUS TTOPOJ B OCHO-
BaHUM U KPOBJIE 3TOI CBUTHI, a TaKXe U3MEHEHUE
3penoctu ux OB, npeacraBiieHbl KpUBBIMU 2 1 3 HA
puc. 5a 1 56. Buenpenme cuinra 181 MiH JIeT Ha3az B
TIPUITOBEPXHOCTHBIE CJIOW (DyHIaMeHTa IPUBEIO K
MOBBILIEHUIO TEMIIEpaTypbl OPOA B OCHOBAaHUU TO-
rypckoit cButhl 10 105°C (kpuBasi 2 Ha puc. 5a) u
YBEJIMYEHUIO CTeTieHn co3peBaHusa OB mo 3HayeHMs
OCB R, = 0.46%, 6nu3koro K Hadany (popMaibHOTO
OKHa reHepauuu HedTu (KpuBas 2 Ha puc. 50). To ke
COOBITHE TIPAKTUYECKU HE OTPa3UIOCh Ha TeMIlepa-
TypHOi1 (7T(7)) u KaTtareHepuueckoi (R,(f)) ucropuu
MOpoJl B KPOBJIe TOTYPCKOM CBUTHI (KpuBbIe 3 Ha
puc. 5a u 560). BHenpeHnue cuta 181 MutH et Ha3an
He HaIlUIO OTpakeHWe M B MCTOPUM TeHeparun YB
rnmopoaamMu cBUTHI (puc. 66, 68). PacueTsl moka3biBa-
0T, YTO TeHepaIns TSIKeI0i HepTH B ITOpogax OCHO-
BaHUSI CBUTHI JOCTUIJIa MakKCMMyMa B ajibbe M Ha
20 MJIH JIeT TO3Xe B TMOopoJax KpOBJIU CBUTHI
(kpuBBbIe 2 Ha puc. 66, 6B8). IlorpyxeHue CBUTHI B
TTO3THEM MEJTy COITPOBOXKIAIOCH IeTpagalneil TsoKe-
JIoii HedTU B pe3ybTaTe ee BTOPUMYHOTO KPEKWHTA
MIPpU HETMPEPBIBHOM POCTE TeHepalluu JIETKO HedTH
" raza (KpuBble 2—4 Ha puc. 66, 68). [Ipy HU3KOM
cpemHeM conepskaH OB B mopomax TOrypcKoit CBU-
TBI TeHepalus UMU KuAKnX Y B Oblia He JocTaTouyHA
1151 3artoHeHUsT 20% TopoBOTo IMPOCTPAHCTBA XU -
KUMHU YB, mosToMy Imopor nepBUYHONM 3MUTpALIAU
xkuakux YB mo kputeputo (Espitalie et al., 1988)
3mech He mocTuraics. I1o3ToMy OCHOBHO#T 00BeM
dpakum TsoKeoit HepTH XKMOKUX Y B, reHepmpo-
BaHHBIN B TOPOIAaX CBUTHI, OCTABAJICS B MaTPHIIE TTO-
pon. ComiacHoO pacuyeTaM OH MOJIHOCTbBIO IeTpaTvupoOBal
K HACTOSIIIEMY BpeMEHU, U KOHLEHTpALIUs TSKeJIoi
He(TU B COBPEMEHHBIX TTOPOAaX MOMOIIBEI M KPOBJII
ceuthbl coctasnsna 0.00765 u 0.165 mr YB/r C,,;, coot-
BETCTBEHHO (KpUBHIe 2 Ha puc. 66, 6B).

T'unporepmanbHbIi TETIONEPEHOC B HUXKHUX CIOSIX
OCaJIOYHOTO TIOKPOBa B TMO3IHEM IUIMOLIEHE-PAHHEM
TJIeiicTolieHe BbI3BAJI MTOBBIILICHUE TEMIIEpaTyphl B T10O-
ponax OCHOBaHMS U KPOBJIU TOTYpCKoit cBUTHI 10 200 1
185°C n yBenmmueHue crernenu co3peBanust OB no 1.80 u
1.40% (%R,), cooTBeTCTBeHHO (pHC. 5a 1 50). Peammza-
1IMs1 TIOTeHLIMaIa reHepauuu Y B Beipociia mpu 3ToM 10
snayenuit 193 u 180 mr YB/r C,,. (xpuBbie / Ha
puc. 66, 68). Tsexenas HEPTh, KaK OTMEYATIOCH BHIIIIE,
MOYTH TIOJTHOCTBIO pasyioxkuiach. [eHepalus Jierkoi
HedTU JocTUIIA MakcuMyMa okono 72 mr YB/r C,,
MPUYEM B TTOJOIIBE CBUTHI 3TO COOBITUE UMETIO Me-
CTO 0KOJ10 1.25 MJIH JIeT Ha3ajl, a B €€ KPOBJIE — OKOJIO
0.75 muH neT Ha3ana. 3ateM 3Ta HeGTh YACTUYIHO JIie-
rpaavpoBayia U3-3a peakliiii BTOPUYHOTO KPEKUHTa
U B HACToOsI1Iee BpeMsl ee KOHLIEHTpalIlusl 110 pacyeTam
cocrapyser 51.9 u 71.4 mr YB/r C,,. (KpuBble 3 Ha
puc. 66, 68). KoHlieHTpalug ra3oBeix ¥YB yBenmmun-
Jlachb 3a BpEMSl TUAPOTEPMAIbLHON aKTUBHOCTU B
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MO3THEM TUTHOIIEHE -paHHEM TiIelicTolieHe oT 47.7 no
77.5 mr YB/r C,,. B mopoaax noaoumssl 1 ot 39.4 1o
56.3 mMr YB/r C,,. B mopoaax KpOBJIM CBUThI (KpUBbIE 4
Ha puc. 60, 6B). 3akaHUMBasI PaCCMOTPEHMUE TOTYp-
CKOM CBUTBHI OTMETUM, UTO MPU CPEOIHEM COACPKa-
nuu C,,. = 1.09% (benokonb-Kapacesa u ap., 2006)
ucxomHoe cogepxanue OB mo oleHKaM JOKHO ObI-
J10 cocTaBidaTh 1.36 u 1.34% nJ1st nopoa B OCHOBAHUU
1 KpoBJie CBUTHI. Takue 3HaYeHUsI OKa3aJIMCh HE A0-
CTaTOYHBIMU IS JOCTUKEHUSI ITOpOra SMUTpaliu
Xnakux YB, yImoMsTHyTOTO BBIIIIE.

Tiomenckas csura. TiomeHckasst HITMC BrimonHe-
Ha DIMHUCTBIMU ITOPpOAAaMU CPeIHEeN I0pbl Ha TTyOur-
Hax oT 4305 mo 4705 M. B mopoaax cBUTHI TaKXe T0-
MUHUpYyeT rymycoBoe OB co cpemHuM copepxaHueM
Copr = 2.00% (benoxonn-Kapacesa u np., 2006; Kon-
TopoBUY U Ap., 2002). CoctaB OB mmopoa TioMeHCKO
CBUTHI TIpeanoJjiarajcs aHaJormdyHbIM coctaBy OB
TOTYPCKOII CBUTBI, TO €CTh K€POTI€H MPEICTABISIICSI
cMecbio 30% cranmapTHoro KeporeHa tumna I ¢ ncxon-
HbIM noteHumanom HI = 377 mr YB/r C,,. n 70%
craHgapTHoro keporeHa tuma III, Tak 4To moaHBIA
UCXOMIHBIN nmoteHman cmecu HI=225.1 mr YB/r C,,.
TemmiepaTypHasi UCTOpUs TIOpPOd B OCHOBAaHUM U
KPOBJIE TIOMEHCKOI1 CBUTHI BMECTE C U3MECHEHHUEM 3pPE-
nocti nx OB nmokazaHbl KpUBBIMH 4 11 5 Ha puc. S5a, 50.

CormacHo pacueTaM TeMIlepaTypa Mopoa B OCHO-
BaHMU CBUTHI JOCTUTaIa MaKCUMyMa okoiio 132°C B
cpemHeM IiajieolleHe, 3aTeM cHiKanachk go 103°C
OKOJIO 2 MJIH JIET Ha3al, ITOTOM CHOBa IMOIHUMAJIACh
10 174°C okono 700 TeIcSY JIeT Ha3ald Mo BIAUSTHUEM
TUAPOTEPMAaJIbHOM aKTUBHOCTU B MO3IHEM ILIHOLIE-
He-paHHEM IUIeiCcTolieHe U ommycTuaachk 1o 138°C B
HacTosiee BpeMs (KpuBas 4 Ha puc. 5a). OCB mis
MTOPOI OCHOBaHUsI CBUTHI Bo3pacTaia 10 0.853% oko-
JIO 2 MUTH JIET Ha3a4 ¥ 3aTeM no 3HayeHud 1.11% B Ha-
crostiee Bpems (KpuBast 4 Ha puc. 50). CooTBeT-
CTBEHHO, peayin3aiius Y B noreHmana rmocie mocre-
neHHoro pocra 10 122 mr YB/r C,,, 0K0J10 2 MJIH JIET
Haszall pe3Ko yBeamamiach ao 161 mr YB/r C,,. K Ha-
cTosiieMy BpeMeHHU (KpuBast I Ha puc. 7a). Pacuetsl
IMOKAa3bIBAIOT, YTO T'eHepalrs TSKeJI0i HepTH B 1O~
polax OCHOBAHUSI CBUTHI JOCTUIJIA MaKCUMyMa B
51 mr YB/r C,,; B MaaCTpuxTe, 3aT€M YMEHbIIAIACH
1o 34 mr YB/r C,,. 0K0JIO 2 MJIH JIET Ha3al U JIerpa-
auposana 1o 2.8 Mmr YB/r C,,. B HacToslIlee BpeMs
MU3-32 aKTUBHOCTU pEaKLMNii BTOPUYHOIO KPEKUHTa
(kpuBas 2 Ha puc.7a). KoHlleHTpanuus J1erkoii Hed-
TH TOCTeNeHHO pocna 1o 39 mr YB/r C,,. okoio
2 MJIH JIeT Ha3ag M 3aTeM ObICTPO YyBeIU4UIach OO
67.5mr YB/r C,,. K HacTOsIlleMy BpeMeHHM (KpuBast 3
Ha puc. 7a). IlocnengHee yBeandyeHue 00SI3aHO Kak
peakuugaM MEepBUYHOIO KPEeKWHra KeporeHa, Tak U
BTOPUYHOMY KPEKUHTY TSKeJIoi He(TU MpPU BHICO-
KHUX TeMIepaTypax BO BpeMsl TUAPOTEPMaTbHOIN aK-
TUBHOCTU B MO3IHEM ILUIMOLIEHE-paHHEM ILIeiicTo-
neHe. I'eHepamms ra3oo0pa3HbBIX YB mocrtermeHHO
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pocia 10 25.5 mr YB/r C,,. OKOJIO 2 MJIH JIET Ha3a/1 U
CKaykoM yBenuumnach 10 45.3 mr YB/r C,,. K HacTO-
siieMy BpeMeHu (KpuBasi 4 Ha puc. 7a).

1t TIOpOoJ, KPOBJIM TIOMEHCKOM CBUTHI XapaKTep-
Ha MeHee Halpsi>KeHHAsI UICTOPUSI U3MEHEHUSI TEMIIe-
paTtypsl Topon 1 3pesiocti nx OB. ITo Mepe mmorpyxe-
HUS ITIOPOAKI TeMIepaTypa pociia 1o 125°C B cpenHeM
najieoleHe. 3aTeM IUIaBHO cHUXanach 0o 94°C oko-
JIO 2 MJIH JIeT Hasal, pe3Ko yBeIuduiiach n1o 159°C
0K0J10 660 ThICAY JIET Ha3aMd IO BIUSHUEM THUAPO-
TepMaJIbHOI aKTUBHOCTHU B ITO3IHEM IJIMOLICHE-paH-
HeM IuieiicTolieHe U onycTuiiach no 129°C B HacTos-
1ee BpeMs (KpuBasi 5 Ha puc. 5a). CterneHb co3peBa-
Hust OB mmopon KpoBiy CBUTHI HOCTEIIEHHO POCIa 10
0.73% okom0 2 MJTH JIeT Ha3al, a 3aTeM OBICTPO yBe-
ymumitack 10 0.86% B HacTosIIEe BpeMs (KpuBasl 5 Ha
puc. 56). CooTBeTCTBEHHO, peaiau3anus ¥YB moreH-
uaJa rocie nocreneHHoro pocra 10 85 mr YB/r C, .
OKOJIO 2 MJH JieT Hazad pe3Ko Bo3pocia [0
124 Mr YB/r C,,; K HacTosinieMy BpeMeHu (KpuBast [
Ha puc. 76). ['eHepanus Tsokenoil HeTU B ITOpoaax
KPOBJIM TIOMEHCKOU CBUTHI IIOCTENIEHHO yBEJIMYMBa-
aack 10 50 mr YB/r C,,. 10 majeoleHa 1 MOYTH He
MEHsIIach o IuleiicroneHa. Bo Bpems rumpotep-
MaJjIbHOII aKTUBHOCTU OKoyjo 900 ThICSY JIET Ha3an
oHa pocturia Mmakcumyma (51.2mr YB/r C,,) u va-
CTUYHO nerpaaupoBanano 43.2mr YB/r C,,. B HacTO-
sIee BpeMsI 13-3a aKTUBHOCTH peaKIUii BTOpPUYHOTO
KpeKuHTa (KpuBas 2 Ha puc.70). 'eHepanus Jierkoi
HedT nocreneHHo pocia a0 16.1 mr YB/r C,,. oko-
JIO 2 MJIH JIET Ha3al M 3aTeM CKaYKOM YBEJINIIMIIACH 10
35.8 Mmr YB/r C,,; K HacTosiiemMy BpeMeHu (KpuBas 3
Ha puc. 76). I'eHepalus1 razoob6pa3Hbix ¥YB miaBHO
yBenuumuBanach 10 11.5 Mr YB/r C, ;. 0KOJI0 2 MIIH JIeT
Ha3ajl 1 3aTeM CKaykoMm pocia 1o 24 mr YB/r C,,. K
HacToslleMy BpeMeHU (KpuBas 4 Ha puc. 70).

IMpu cpennem conepxkanuu C,,. = 2% B noponax
torypckoii ceuthl (benokonn-Kapacesa u ap., 2006)
ncxomHoe coaepxanve OB mo oneHKaM JOIKHO ObI-
JI0 cocTaBiaTh 2.38 u 2.28 % 171 mopon B OCHOBAHUU
1 KpoBJie CBUTHI. Kak 1 ISt TOrypCKOWM CBUTHI, TAKHE
3HauyeHus ucxopHoro C, . OKa3aluch HE IOCTATOY-
HBIMU TSI HOCTVKEHUSI TOpOra IMIepBUYHON SMUTPa-
UM XUIKUX YB M3 MaTtpullbl MOpoa TIOMEHCKOM
cuthl 110 Kpureputo (Espitalie et al., 1988), u rene-
pUpoOBaHHBIC XKUIKNWEe YB momKHBI OBI OocTaTbCcs B
npeaeiax MaTpULbl MATEPUHCKHUX MTOPO]I.

BakeHoBckasi cBuTta — camasi usBsectHast uz HI'MC
fopel. B ckB. Tiomenckas CI'-6 oHa mpencTaBiieHa
MIPEMMYIIECTBEHHO apriUIMTaMU IIO3OHEIPCKOTO
Bo3pacTa Ha riyouHax ot 3782 mo 3844 m (puc. 2).
IToponsl comepXaT B OCHOBHOM aKBareHHBLIA TUIT
OB. Ero conepxanue (C,,) Konediaercss ot 1.68 mo
9.83%. OTHOCUTEJILHO BBICOKHE 3HAYEHUST BOIOPO/I-
Horo unnekca HI (HI = 200—590 mr YB/r C,,,) cBu-
JIETEIBCTBYIOT O COXpaHEHUM BHICOKOTO HedTereHe-
pPallIMOHHOIO IIOTEHIIMala OTJIOXEHMI, YTO Xapak-

ITAJIYIHKHWH

TepPHO KaK JUISI U3ydaeMOl IIJIOIIAaau, TaK W MOYTU
It Beel repputopuu 3anamHoit Cubupu (boross-
JeHckui u ap., 2013). OB nmopon 6axkeHOBCKOIT CBU-
TBl B HaIllUX pacueTax IMpencTaBieHO cMmechio 70%
CTaHIApTHOTO MOpCKoro KeporeHa tura Il ¢ mcxon-
HbIM noteHumanom HI = 611 mr YB/r C,,. u 30%
cTtaHmapTHoro KeporeHa tuma III, Tak 9T0 TMONHEBIN
MCXONHBIN noTenumnan cMecu HI = 476 mr YB/r C,,..
Kak u BbIllle, KUHETUYECKUI CIEKTP, OIMMUCHIBAIO-
Iuii mpoliecc rTeHepanun Y B Takoit cMechio Kepore-
HOB, OIIpeleJIsiics KaK CyMMa CTaHIAPTHBIX YeThI-
PEXKOMIOHEHTHBIX CIIEKTPOB COOTBETCTBYIOIIVIX TH-
OB KEPOTCHOB CO CBOMMM BHEPTrUSIMU aKTUBALIUU,
CBOMM YaCTOTHBIM (DAKTOPOM U C UCXOMHBIMU MOTECH-
LMajlaMu peakiyii, HOpMUPOBAaHHBIMU Ha JOJIIO JaH-
HOro keporeHa B cMmecu. KpuBble 6 Ha puc. 5a u 50
MPENCTaBISIIOT YUCICHHbIE PEKOHCTPYKIIUU TeMIIe-
paTypHOIi U KaTareHU4eCKOoi MCTOpUM Topo 0axe-
HOBCKOI1 CBUTHI B OCaJl0OUYHOM pa3pe3e CKB. TioMeH-
ckast CI'-6. CornacHo puc. 5a TeMItepaTypa nopoj B
poliecce MOrpyKeHusl 0aXKeHOBCKOM CBUTHI ITOCTE-
IICHHO yBeamuuBaeTcs 1o 115°C B maneoneHe, 3aTeM
TaBHO cHInKaeTcd 10 84°C oKoJIo 2 MITH JIET Ha3al,
cHoBa pacreT 10 142°C okosno 760 TeIcaY JIeT Ha3am
O BIMSHUEM TUAPOTEPMATbLHOM AKTUBHOCTU B
MO3IHEM IUIMOLIEHe-pPaHHEM IUJICHCTOLIEHE U OITyC-
Kaetcs no 117°C B HacTosiiee Bpems (KpuBast 6 Ha
puc. 5a). Crenens npeodpazoBanusg OB mopon cBu-
TBI TTocTeTnieHHO pacTteT 10 0.64% okojao 2 MIIH JieT
Hazaj v MoToM ckauykoM 10 0.68% B HacTosllee Bpe-
MsI (KpuBast 6 Ha puc. 56). Peanuzanust YB noteHIm-
aJia 1mocJjie rnocreneHHoro pocra a0 154 mr YB/r C,,,
OKOJIO 2 MIIH JIeT Ha3al OBICTPO YBEJIUUUBAETCS IO
202 mr YB/r C,,; K HacTos1ieMy BpeMeHu (Kpusas [
Ha puc. 7B). [eHepaims TsoKes10ii HedTu B Iopoaax oa-
2KEHOBCKOI1 CBUTHI MOCTEIIEHHO pocia mo 118 mr YB/r
Copr IO TIUIEHCTOLEHA W [OCTUIVIA MaKCUMyMa
(148 mr YB/r C,,,;) B HacTosi1Iee BpeMs (KpuBas 2 Ha
puc.78). ['eHepanus 1erkoii He(TH TaKKe MOCTEIICH-
HO yBeanuuBanach 10 19.1 mr YB/r C,,. okoJ10 2 MitH
JIET Hazal U 3aTeM cKaykoM 1o 27.2 mr YB/r C,,; Kk
HacTosIIeMy BpeMeHH (KpuBas 3 Ha puc. 7B). U, Ha-
KOHeEII, TeHepalys ra3000pa3HbIX Y B miaBHO pacTer,
nocruras 3HadeHus 14 mr YB/r C,,. okomo 2 MiH Jiet
Hasajl, ¥ CKaukoM yBenanduBaercs 10 20 Mr YB/r C, K
HacTosIIeMy BpeMeHU (KpuBast 4 Ha puc. 78). BepxHe-
IOPCKME apTULINTHI 0aKeHOBCKOI CBUTHI (MHTEPBAI
3783—3844 M) comepxXaT BBICOKHME KOHIICHTpAlLIUM
OB (2.6—12.6%, B cpentem 5.1%; KontopoBud u 1ip.,
2002). IIpm cpemHeM COBPEMEHHOM COAEp>KaHUU
Copr = 5.1% B moponax 6aXXeHOBCKOI CBUTBI UCXOM-
Hoe conep:kaHne OB 1o olleHKaM JOJKHO OBIJIO CO-
cTaBisATh 6.39%. OTHOCUTEILHO BBICOKHE 3HAYCHUS
Copr ¥ HICXOIHOTO NOTEHIMANA reHepauuu YB (HI =
=476 Mr YB/r Copr) OBLIM TOCTATOYHBI LIS JOCTHXKE -
HUSI OpOTa MEePBUYHOM MUTpaluu Xuakux YB u3
MaTpUIBI TTOpoJ 0axKEHOBCKOI CBUTHI, ompeeisie-
MOTO T10 3arojHeHnIo 20% TTOpOBOTO TTPOCTPAHCTBA
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xunkumu Y B (Espitalie et al., 1988). CornacHo pac-
yeTaM 3TOT MOPOT JOCTUTAeTCsl Ha rpaHMlie Mela 1
KaifHO30sT (OKOJIO 65 MITH JIeT Ha3amd), KOraa 3peoCcTh
OB nmocturia 3Havenus 0.6% R, (kpuBasi 6 Ha puc. 50).

OBCYXIEHHME

Tepmuyeckass ucropust nutochepsl Komarorop-
CKO-YpeHTolicKoro rpabeHa B paitoHe ckB. CI-6,
MpencTaBjieHHas: Ha pUc. 2, UCMOJb30Bajlach B JaH-
HOI cTaThe IJIST pacyeTa reHepanuu YB mopomamu
MaTEPUHCKHUX CBUT OacceitHa. DTa UCTOpUS OTJIMYa-
€Tcsl OT MPENIIeCTBYIONIEN PEKOHCTPYKIIMUA TEPMU-
yeckoi ucropuu 6acceitna B (lanymkud u ap., 1996)
U OT PEKOHCTPYKIIWii, MPEemIOXEeHHbIX B paboTax
(KontopoBua u ap., 2013; JloobpenoB u ap., 2013).
IMocnenHue ObUIM MOJTYyYEHBI B paMKax TpPaaUIIMOH-
HOM cucTeMbl MoaeanpoBaHus 6acceiitHoB TEMIS ¢
Moad0pOM TEIJIOBOTO OTOKA B OCHOBAHWM OCAI0YHOM
tomuu. OCHOBHOE OTIWYME MOAEIU TEPMUYECKOTO
pa3BUTHsI OacceitHa, MpeacTaBlIeHHON Ha puc. 2, oT
MPENNIECTBYIOIIUX KacaeTcs TNPEeIoJOXeHUd o
BHEAPEHUU CUJIJIa B TIPUIIOBEPXHOCTHBIEC CJIoU (hyH-
JlaMeHTa B paHHEl Iope U 0 TUAPOTEPMATbHOI aKTUB-
HOCTHU B TIO3IHEM ILJIMOLIEHEe-pAaHHEM TIJIeHCTOlIEHE.
IIpenrmoioxxeHWsI OCHOBaHBI Ha IeTaIbHOM aHaU3e
usmeHeHust OCB B noponax 1opbl 1 Tpuaca. Oba co-
ObITHSI OKa3aJli 3aMETHOE BIIMSIHME Ha UCTOPUIO pea-
Juzauuu YB norennmana HI'M mopon Tpuaca u
1ophbl. Tak, BHeIpeHue CUlJia B paHHE! 1ope MPUBEJIo
K BBIXOMY TTOPOJ, MyPCKOI CBUTHI U3 “OKHa reHepa-
uuu Hedtn” (0.5 X R, < 1.30%), 1OCTHXKEHUIO UMU
BBICOKOI cTenieH! KarareHesa (1.5%), v ToYTH MoJI-
HOM Aerpamaliiy TeHepUpOBaHHOM TsKeI0M HedTu
(puc. 6a). [ToreHuyan reHepauyu Y B GbL1 peann3oBaH
TPV 3TOM MOYTH HAITOJIOBUHY (KpvBast / Ha puc. 6a) u
reHeprupoBaHHbIe Y B nipencraBieHbl 1erkoit HehTbio
1 ra3om (KpuBble 3 u 4 Ha puc. 6a).

BausiHue TerioBoro MmnyJsibca OT paHHEe-I0PCKO-
ro CWJUIa IIOYTU He 3aTPOHYJIO TeHepallMOHHYIO MC-
TOPHIO IOPCKUX OTIIOKEHU (KpUBBIE 2—6 Ha pUc. 56;
puc. 66, 6B 1 7a, 76, 7B), B TO BpeMsI KaK BTOPOIT M-
IMyJIbC TeIjia, KOTOPBIii B Halllell MOOEIMN CBSI3aH C
TUAPOTEPMAJIbHOM aKTMBHOCTBIO B HIDKHUX TOPHU-
30HTax OCAOYHOIO TMOKPOBa B TEUYCHUE ITO3THETO
IUTAOLIEHA-PaHHEeTo IUICMCTOoIeHa, OTPa3MJICS Ha pe-
amm3auuu YB norenumnana HI'M nopon kak Tpuaca,
TaK U 1opsl (puc. 5, 6, 7). st ypcKoii CBUTHI TpHaca
OH IIpUBEJI K CKAYKOOOPa3HOMY YBEJIMUEHUIO pea-
3allMU NoTeHInala reHepauuu YB ¢ 47 no 84%, ne-
rpamanuu 6ojee 97% Macchbl JIeTKoi He(TH, TeHepH -
POBaHHOI B MaTpUIIE ITOPOI, CBUTHI U YIBOCHUIO TeHEe-
pPUPOBaHHOI Macchl raza (puc. 6a). J1omoMHUTETbHBIIA
MepeHoc Terula TMAPOTepMaMu B paHHEM TLJIUOLICHEe-
MO3IHEM IJICHCTOLIEHE IIPUBEJI K YBEINYCHUIO pea-
JIM3alMU noTeHIMajia reHepauuu YB Ha 17 u 24% B
HI'M nopopax MoaoIBbl 1 KPOBJIU TOTYPCKOI CBU-
TBI, COOTBETCTBEHHO (KpuBbIe I Ha puc. 66, 6B). [1pu
9TOM KOHILIEHTpalIusI JerKoi He()TH, JIOCTUTHYB MaK-
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cumyma okoJjio 72 mr YB/r C,., cokpatuiack Ha 39%
B IOJIOIIIBE U MeHee YeM Ha 1% B KpoBJie CBUTHI (KpU-
BbI€ 3 Ha puUC. 60, 6B). 3a TO XXe BpeMsI KOHLIEHTPALVS
ra3oBbeix YB, reHepupyembix HI'M mopomamm mo-
JIOIIIBBI M KPOBJIU TOTYPCKOM CBUTHI, YBEJIMUMIIACH HA
62 11 43% COOTBETCTBEHHO.

B nopoaax KpoBiu 1 MOAOIIBBI TIOMEHCKOM CBU-
TBI 3Ta TUAPOTEPMaJIbHAsI aAKTUBHOCTD YBEJIMYMJIA Pe-
ammsaunio YB norenumana Ha 32 u 46% cooTBer-
CTBEHHO (KpuBble / Ha puc. 7a, 76). IIpu a3TOM KOH-
LEHTpalMs Jerkoil HedTH BO3pociia IIOYTH B IBa
paza (kpuBbie 3 Ha puc. 7a, 70) BO MHOTOM 3a CUET Jie-
rpafgaluu TsoKesio HedTu. TlocnenHssi MouTH TMoJi-
HOCTBIO JerpaarupoBaja B ITOpoaax IIOIOIIBEI CBUTHI
U COKpaTmIa CBOIO Maccy mouyty Ha 20% B ee KpoBJe
(kpuBble 2 Ha puc. 7a, 76). KoHLIeHTpall1s Ta30BbIX
VB, reHepupyeMbIX IIOPOJAMH MOAOIIBBEI M KPOBIU
TIOMEHCKOM CBUTHI, YBEJINUMJIACH 32 TO K€ BpeMsI Ha 78
u 109%, cooTBeTCTBEHHO (KpMBbIe 4 Ha puc. 7a, 70).

B HI'M noponax 6a’keHOBCKOU CBUTHI TETIJIOBOM
UMIYJIbC OT TUAPOTEPMAILHOI aKTUBHOCTU B MO3/I-
HEM TUIMOLIEHE-PaHHEM IUIEUCTOLIEHE YBETUUWIT PEATU-
sanmio YB norenumana Ha 31% (xpuBast I Ha puc. 7B),
reHepanuio TsoKelloit HeddT Ha 25% (kpuBast 2 Ha
puc. 7B), reHepaLuio Jerkoit et Ha 42% (kpuBast 3
Ha puc. 7B) U TeHeparuio ra3a Ha 43% (kpuBas 4 Ha
puc. 7B).

SAKJIIOYEHHME

st pacyeToB reHepauu Y B MaTepMHCKMMU T10-
polaMu Tpuaca M I0pbl UCIIOJIb30BaHA TepPMUYECKas
Monenb passutust 3Cb B paiione ckB. CI'-6, ocHO-
BaHHAs Ha aHAJIM3€¢ Bapyalliii TEKTOHNYECKOIO I10-
rpyxeHusi 6acceiilHa M COIIaCUM BBIYMCICHHOTO U
HaOJII0JaeMoro OCaJo4yHOTO paspesa OacceifHa, a
TakKKe€ BBIYMCICHHBIX M HaOIIOmaeMBIX 3HAYCHMIA
temriepatyp u OCB. Monenp mpearosnaraer, 4To
BHEJIpEHUE CUJIJIa B IPUIMIOBEPXHOCTHBIE CIou (hyH-
JTaME€HTa B paHHEl Iope W TMApOTepMaabHas aKTHUB-
HOCTb B HIDKHUX TOPU30HTaX 0CaA0YHOIO ITOKPOBa B
MO3HEM TUIMOLIEHEe-paHHEeM TJIeMCTOlLIeHE OKa3alu
3aMETHOE BIIMSIHUE Ha UCTOPUIO pean3aliiy IIOTCH-
nuaia reHepannu YB stnx mopon. Tsekemas HedTh,
reHeprupoBaHHasl MMOpoAaMU MypPCKOU, TOTYPCKON U
HIDKHUX TOPU30HTOB TIOMEHCKOIT CBUT, IErpagupo-
Bajla MOYTHU MNOJHOCTBIO B PE3yJIbTaTe BTOPUYIHOIO
KpekuHra (puc. 6, 7a). B nmopogax 6axkeHOBCKOIl 1
KPOBJIM TIOMEHCKOI1 CBUT TsEKenass HeTh mpeobJa-
JlaeT cpenu reHepupyeMbix pakimii YB (puc. 76, 7B).
CornacHo pacuetraM, K HACTOSIIIIEMY BpeMEHH JierKast
HedThb, He MOKMHYBIIIAsk MAaTPUIILI MATEPUHCKUX IT0-
poI, MOJMHOCTBIO AerpagvpoBaia B MOpPoIax Tpuaca
(puc. 6a), cocTaBisgeT 3aMETHYIO TOJIO0 MPOIYKTOB
reHepauuu Y B B mopomax momolIBEl TOTYPCKOM CBU-
THI (purc. 60) 1 KpOBJie TIOMEHCKOI (puc. 70) 1 mpe-
ob6amaeT B MOpoJax KPOBJIU TOTYPCKOit (puc. 6B) u
OCHOBaHUS TIOMEHCKOM (puc. 7a) cBut. I'azoBeie YB
COCTaBJISIOT 3aMETHYIO YacTh IIPOAYKTOB reHepaluun
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Tabomuna 2. KuHeTnueckue napamMeTpbl peakiuii yeTbipexdpakIIMOHHOTO KpeKMHTa Mopckoro KeporeHa turna Il ¢ uc-
XOIHBIM MpoTeHLmanom 611 mr YB/r Copr (Ppanuysckuii Uncturyt Hedru, nannsie us ThemisSuite 2008, Menil-2002)

E,, sHeprus A, YaCTOTHBIN
N Cl4+ C6—C13 C1-C5 Kokc HI,
akTuBaumu, Kkam/mMonb dakrop, ¢!
MEPBUYHbIM KPEKUHT Hcxonubiit norenuman peakuuii (mr YB/r Cgpp)
1 46 1.6 x 1014 0.70 0.60 0.10 0.0 1.40
2 48 1.6 x 101 6.45 3.08 1.09 0.0 10.63
3 50 1.6 x 1014 53.74 7.92 5.43 0.0 67.09
4 52 1.6 x 10 156.63 14.04 14.04 0.0 184.71
5 54 1.6 x 1014 249.81 19.94 15.10 0.0 284.85
6 56 1.6 x 1014 7.43 7.31 14.16 0.0 28.90
7 58 1.6 x 1014 1.39 0.40 8.17 0.0 9.96
8 60 1.6 x 104 0.00 0.00 9.78 0.0 9.78
9 62 1.6 x 101 0.00 0.00 7.39 0.0 7.39
10 64 1.6 x 1014 0.00 0.00 5.07 0.0 5.07
11 66 1.6 x 1014 0.00 0.00 1.22 0.0 1.22
BTOPUYHBIN KPEKUHT BecoBble KoadduiivieHTH peakuuii (%)
Tun YB E, A Ci, % C(6—13)% C(1-5)% Croxes %

Cl4+ 47 4.60 x 1010 24 41.63 23.09 35.28

51.6 1.90 x 1013 26 41.63 23.09 35.28

65.1 3.85 x 1016 50 41.63 23.09 35.28

C6—C13 55.5 3.76 x 1012 50 - 58.75 41.25

67.2 3.85 x 1016 50 - 58.75 41.25

N — HOMep peaklMK IEPBUYHOTO KPEKUHTa KeporeHa. A1, — NCXOMHbLit MOTeHLIMal UHTerpaibHOil reHepauun YB. E; — sHepruu ak-
TUBALIMM peaklil BTOPUYHOTO KpeKuHra Tspkesnoit (C14+) u nerkoit (C6—C13) nedru (Kkan/monb). A; — yacToTHbIN (hakTOp peak-
LMt BTopuuHoro kpekuHra (1/c). C; — noins i-Toil peakuuu B nporiecce BTOpuuHoro KpekuHra (B %). C(6—13). C(1-5). Cyc — 1075
(B %) nerkoit HeTH, KOHIIEHCATa + CYyXOTO Ta3a M KOKca B IIPOAYKTE BTOPUYHOTO KPEKUHTa KepOTreHa.

VB B TOTypCKOif ¥ TIOMEHCKOM CBUTAaX U TOMUHUPY-
IOT B IIYPCKOI CBUTE.

[Tpu oTHOCUTENLHO HU3KUX 3HaYeHUAX Copp U UC-
XOOHOTO IIOTeHIMaja TreHepauun YB reHepaumnu
Xnakux YB mopomamm Imypckoi, TOTYpCKO# M TIO-
MEHCKOI CBUT OBLJIO HE IOCTATOYHO JIJISI 3aITOJTHEHUS
20% mopoBOro MPOCTpaHCTBA XUAKUMU YB, a 3Ha-
YUT, U UL JOCTVKEHUSI TOPOTa AMUTPALIUN XKUIKUX
VB no kputepuio, npemioxkeHHoMy B (Espitalie et al.,
1988). CnenoBaTeibHO, BIIOJIHE BEPOSITHO, YTO TeHe-
pupoBaHHbIE XUakne YB He mokumanm MaTpuirbl
3TUX MOPOJ U MOTJIU 3aMETHO JIeTpaIupOBaTh B MPoO-
ecce BTOpUYHOIO KpeKrHra. YTo KacaeTcsl ra30BBIX
VB, TO MXx MuUrpanmms W3 MaTpULBl MaTePUHCKUX
BITOJIHE BeposiTHA. [1J1st moposa 6a:KeHOBCKOM CBUTHI C
OoratbIM MCXOOHBIM ITIOTEHIIAIOM T'eHepaluuu Y B u
BBICOKUM C,; TOPOT MEPBUYHOM MUTPALIUU KUIKUX
VB nocruraics, 1o oleHKaM, OKOJI0 65 MJIH JIeT Ha-
3a/1 ¥ TeHepupoBaHHEBIe Y B, MUrpupoBaBIilme B CTO-
pPOHY JIOBYIIEK, MOIJIM IIPMHUMATh y4acTue B Gop-
MUPOBAaHUN MECTOPOXICHUI XXUAKUX Y B.

B 3akiodyeHUM OTMETHUM ellle pa3, YTO PEeKOH-
CTPYKIIMSI TEPMUUECKOM NUCTOpHUU DacceiiHa 1 BEIOOD
KMHETUUYECKMX CIEKTPOB I OMMCAHUS KPEeKWHTa

KeporeHa MaTepUHCKUX MOPOI SIBJISIIOTCSI CJIOXHBI-
MU U HEOJHO3HAYHBLIMU 3amadaMU, KOTOpbIE OYOyT
YTOYHSATBCS IO Mepe IMOCTYIUIEHUsI HOBBIX TaHHBIX.
ITosTomy nctopus reHepanuu Y B, npencraBieHHas
B JaHHOM CTaTbe U ONMMpalollasicsl Ha Ipearoiarae-
Mble KUHETUYECKUE CIIEKTPhI KPEKMHTa KEPOTeHOB U
TEMIIEPATYPHYIO HCTOPUIO ITIOTPYKAIOIIMXCS MaTe-
PUHCKMX CBUT OacceiiHa Ha pyc. 2a, MOXXHO paccMar-
pUBAaTh JIUIIb KaK OJVH U3 BEPOSITHBIX BAPUAHTOB VIC-
TOPHU pean3aliny HeTera3oMaTepUHCKOTO MOTEH-
1raja 6acceiiHa.

ABTOp NCKpeHHe O1arogapeH HayIHOMY peIaKTO-
py xypHaiya “I'eoxumusa” B.C. CeBOCTbSIHOBY U CBO-
UM pelieH3eHTaM, 3aMeYaHUs1 KOTOPbIX CITIOCOOCTBO-
BaJIi 3aMETHOMY YJIYUYIIIEHUIO COEPKAHUS CTaThMU.

IMPUJIOXKEHUNE: KWHETUYECKHE
CIIEKTPbBI KPEKMHIA KEPOT'EHOB

Kaxk ormeyanoch, KWHETMYECKMIA CITIEKTP KPEKUHTa
KeporeHa KOHKpPETHOIM MaTEpUHCKOM CBUTHI CTPOMJICS
Ha OCHOBE 4-X KOMIIOHEHTHBIX CIIEKTPOB TpeX CTaH-
JIApTHBIX TUIIOB KEpOIeHa, B3SAThIX M3 0a3bl JAHHBIX
TemisSuite 2008: mopckoro keporeHa triia Il ¢ ncxon-
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Tao6muna 3. KuHetnyeckue rmapaMeTphl peakinii 4eThIpeX(dpakKIIMOHHOIo KpeKMHTa KOHTUMHEHTAJIBHOTO KeporeHa. TH-
ma IIT ¢ ucxomueiM mipoteHMamomM 160 mr YB/r Copr (®panuysckuit MHcturyr Hedru; nanubie n3 ThemisSuite 2008;

Mahakam III)
N |Fwoepruaamsatan, | An, SACTOTHBI | e s | o s Koxke HI,
Kxasn/momb dakrop, ¢!
MNEPBUYHBIN KPEKMHT Wcxonnbiit morennman peakuuit (mr YB/r Cgp)

1 50 3.0 x 1013 1.28 0.00 0.16 0.0 1.44

2 52 3.0 x 1013 2.51 0.31 0.38 0.0 3.20

3 54 3.0 x 1013 5.96 1.13 1.07 0.0 8.16

4 56 3.0 x 1015 25.31 2.00 2.93 0.0 30.24

S 58 3.0 x 108 30.91 5.94 5.55 0.0 42.40

6 60 3.0 x 101 15.59 3.86 7.75 0.0 27.20

7 62 3.0 x 1015 5.00 2.64 6.28 0.0 13.92

8 64 3.0 x 1015 1.59 1.06 10.95 0.0 13.60

9 66 3.0 x 103 0.30 0.52 11.66 0.0 12.48

10 68 3.0 x 1013 0.00 0.00 4.00 0.0 4.00

1 70 3.0 x 1013 0.00 0.00 3.04 0.0 3.04

12 72 3.0 x 1013 0.00 0.00 0.32 0.0 0.32

BTOPUYHBI KPEKUHT Becosbie koadduiimeHTh peakuuii (%)

Tun VB E; A; C. % C(6—13)% C(1-5% Croxe: %
Cl4+ 47 4.60 x 100 24 41.63 23.09 35.28
51.6 1.90 x 1013 26 41.63 23.09 35.28
65.1 3.85 x 1016 50 41.63 23.09 35.28
C6—C13 55.5 3.76 x 1012 50 - 58.75 41.25
67.2 3.85 x 1016 50 — 58.75 41.25

N — HOMep peaklMK IEPBUYHOTO KPEKUHTa KeporeHa. A1, — NCXOMHbLit MOTeHLIMal UHTerpaibHOil reHepauun YB. E; — sHepruu ak-
TUBALIMM peaklil BTOPUYHOTO KpeKuHra Tspkesoit (C14+) u nerkoit (C6—C13) nedru (Kkan/monb). A; — yacToTHbIN (hakTOp peak-
uuii BropuyHoro KpekuHra (1/c). C; — nons i-Toit peakuuu B mpoiiecce BTopuuHoro kpekuHra (B %). C(6—13). C(1-5). C gy — A0Ts
(B %) nerkoit HeTH, KOHIIEHCATa + CYyXOTO Ta3a M KOKCa B IIPOAYKTE BTOPUYHOTO KPEKUHTa KepOTreHa.

HBIM HOTeHIMAaIoM reHepanuu HI = 611 mr YB/r Copr
(Menil-2002), keporena tuna II, Ho ¢ Oojee GemHBIM
UCXOOHBIM ToTeHLManoM HI = 377 mr YB/r COpr u
KOHTHHEHTaJIbHOTO KeporeHa tuna III ¢ HI =
=160 mr YB/r C,,. (Mahakam III). Kunetnueckue
CIIEKTPHI IJIsi KpeKMHIa 3TUX TUIIOB KEPOTeHOB B
pamMkax 4-x (ppaKIIMOHHOI MOJIeIn pa3paboTaHbl BO
®panuy3ckom MHctutyTe Hedpt u ipuMeHsIoTCS B
IIIUPOKO PACIPOCTPAaHEHHOM IIaKeTe MOASIMpOBa-
Husg MATOII. Otn criekTpbl IpHUBeIeHBI B Ta0d. 2 1 3.
OTMeTHM, YTO MapaMeTphbl peaklinii BTOPUYHOIO Kpe-
KUMHTA TSDKEJIOM M JIeTKo Hed Ty ogruHaKoBEI 11s 11-
oro n Ill-ero TnmoB kKeporeHa. 4-x (ppaKIIMOHHBIN
KWHETUYECKUI cIeKTp KpeKruHra keporeHa tumna Il ¢
OeIHBIM MCXOMHBIM IToTeHLmanoM HI = 377 mrYB/r
TOC 6pI1 aHaTOTMYHBIM CIIEKTPY B TabJI. 2, HO C
HOPMUPOBKOM MCXOMHBIX ITOTEHLIMAJIOB peaKIUid
NepBUYHOIO KpEeKMHIa HAa CyMMAapHBII ITOTEHIIMAI
377 mr YB/r C,,,.
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