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[ToHBE] BHE JaHHEE 08 ¥ CIOBHAX 30ET3HHEA, BOINSCTE, MHHEDSNOND-X HMHY ECKOM COCTSEE, MHDOTEDME/EHEX HAMEHEHHRX B aIHTO-
R 36X 08 BEDHOM gW1aHra Cionk e He Ko 30M0TOpYGHOR 30HE, CRRIH KOTODEX BEGEIEHE] 00 AHEE H EHY THHDY GHEE yMEDE HHD -
NOYHEE EECOKDKZTHERLE BRCOCOTHTAHACTEE XESRINCTEE JONepHTe, (OD0CHOBEIHS KODPEKTHOCTE BHIOR0R HIEHTHOMKALHH 2K,
ChenaHe BRBE 0 MDHHAIIEKHOCTH 436K K NO3AHENZNE030R0M § KOHKYIED0-M MW K3HIROMY 3HTH POMHOMY [DaHHT- JHOHT -40-
NEDHTORCMY KOMIIERCY — I0ATONPOAYYHDYIWEMY, NG 0GHD J0YTHM SHIN0TH YHEM KOMITIERCM B X00TODRIHER PRR0HSY DXHOR

CHEHDH, Ha NO3gHeM BEANETOHGHOM 31306 ED CTAHOENEHHR B MEC/HHEMHYECKOM DEWHME BHY TOHK OHTHHE HTEEHER DHAITOE.
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1. NocTanoaxa 3anaum

Panes wa pame mpuMepok ORAO MOKA3IAHOD, YTO
ME30TEPMANEHEE I0NOTEIE MECTOPOXIEHHA ofpazy-
KITCH B YCIOBMAN BRICOKDH MArMaTHIeckoil aKTHEHO-
CTH HA JaBepiiamies Ga3ankToWIHoM 3TANe CTAHO-
BAEHHA AHTHAPOMHEIX TPAHHT-IHOPHT-10EPHTORRI
Marmarieckiy kommaekcos [1, 2], Popuuposatne
PAHHHY TPAHHTOHIOE, NMPENCTARTEHHLIY MACCHBAMM
HIH OYAroB0- KyNOMBHEIMH MOCTPOAKAMH, HHOTIZ
JHIE JAAKAMH, W IOYIHHY J0PYIHBX, BHYTPHPYI-
HEIX, NOCIEPYIHEY IHTORRX J3eK H Pyl YEIalkBa-
ETCH B MIBECTHBIX CITYYARY (MECTOpOXIEHNA Kenpos-
ckoe, MypyHTay WOp.) BO BpeMEHHBIE JMANAIOHE
2070 MAH 71, NOITEEPANAEMEE PATHONOTHYECKHMH
DATHPOBKAMH BOSPECTA WIBEPEEHHEI OPOI H MHHE-
PATOE, YIACTEYKIINX B COCTABS OKONOPYIHHX METa-
COMATHTOR M PyIHBEX Te.

TopynHKE GAAKKH T0NEPHTOR MOTBEPrAKTCA 0KO-
TIOPYTHEM HIMEHEHHAM MPOMHAHTOROTD W GepeInTo-
Bore mpoduts. BeHyTpupyaHele Daiike, oTHOCHTENE-
HHlil BO3PACT KOTOPLEX ONpeleseTcs no cTPYKTYPHEIM
COOTHOIIEHWAM, NPenGPa3nBaHE B 000rameHHEE 30-
TIOTOM W CONMPOBORAARDMMME METANTAMH METACOME-
THTEI CPETH CNafio WIMEHEHHKY BMEAKIG Nopo,
YTO OLEHHBIETCA KAK CIEICTEHE dUIonIonposotameii
B TOPAYEM COCTOAHMH dWHKLHK 3THX faek. B coctane
MHHEPANEHEY HOBOOOPAZ0BAHHA B HHX NPHCYTCTEY-
WT ofuieHui (1o 40..50 0. %) GuoTHT, MHOTAA
H 00BKHOBEHHAH POTOBAN O00MAHKA, — OTHOCHTENLHD
BHICOKOTEMIEPATYPHEE MHHEDANE, HE BCTPEdAND-
WHECH B OKOJNOPYAHEX OEPE3HTIN W MPOTHAHTIX
H MOTOMY THIOMOPOYHEE HMEHHO AN BHYTPHPYIHED
naek. CMEBHIHO, MX NOCIEMATMATHYECKOE OOpA30Ra-
HHE CEAZIHD C MOBHIUEHHEM TEMINEPATYPE IOIHH-
MANIINCA AKKYMY THPOBAHHRY TOPSIHMH JaikamMu
METAMNOHOCHRIX PACTROPOR N0 TEMMEPATYPH O3ck.
Ecnm TeMmepatypll eie ropsuMK 03cK W PACTEOPOE
COMOCTABMMEL C TEMMEPATYPAMH OKONOPYIHOTO METa-
COMATHIMA, BHYTPHAARKOBEE METACOMATHTEL C0KE-
HEl TEMH ¥2 MHHEPATEHEIMHE ACCOUMALIMAMH (XI0PH-

£

TOM, 3MHIOTOM, ATHGHTOM, CEPHLMTOM M JIp. B pas-
HBIX COMETAHMK ), UTO M OKONOPYIHEE METACOMATHTEL
— nponiIHTEL CnocoBHOCTE BHYTPHPY THED J38K Ha-
PRIY € PAITOMAMH PA3IRTHTE OTOKH MOTHHMARNIHY-
€A METATTOHOCHEIX PACTEOPOE HA CTPYH H AKKYMYIH-
POBATE MY E CODTEETCTEHH C MIBECTHEIM (DHIHTECKHM
athipexToM [3] ofycaomneHa BHeIPEHHEM MOPLNG pa-
CTEOPOE Yepes NPOMEEYTKH BPEMEHH, B TEYEHHE KO-
TOPEIN JAMKH HE YCMEBIWT OCTHTE. [loinHepynHee
(MocnepyIHBE) ORAKH JonepHTOR cnafo reapotep-
MATEHD HIMEHSHEL THG0 HEe COOEPHAT SMHIEHETHYS-
CEHX MHHePLTEHBX HOROOOPAI0BAHMIA.

s pEROHCTPYELINM MCTOYHMKOE M YCIOBHIT reHe-
PELHH METALIOHOCHBX PACTEOPOE NPEACTARTAST HH-
Tepec H3yYeHH2 B ofbeme obcy X IaeMblN KOMILIEKCOR
MOCTETPAHHTHRIN (MOCTETHODHTORR ), HO MOy IHEX
naex nonepuToB. Hanbones HagesHEe BRBOIH NOTY-
4eHBl B MECTOPORIEHHAX, KOTOPHIE JANEranT B Gnns-
KX K HHM MO BOIPACTY TPAHHTHRY MACCHELY, 0GRIMHO
PACCMATPHBIEMEX K3k MarepuHckme. B octanuax
COXPAHHELIHNCA NPH CEONOPYOHEX H3MEHEHHEX 00-
MEPHTOE MOCNZOHHE BEMOHCTPHPYIOT CTa0IIBHOCTE
MHHEPATON0-X HMHYECKOTD COCTABA, OTBEMARILETD
HOPMATHEHOMY HIH GIHIKOMY K HeMy 118 JaHHOTO
THINA NOP0I. JT0 0IHAYAET, YT0 HaTANETORKE PICIIT-
BB MPH NOTEEME CKEOIb IPEHHTHER MACCHBEL B GA0KH
PyaootpasoBaHHA COXPAHANT CBOH COCTAR, Clefosi-
TENbHO, HE CMEIIHBANTCH © KHCIBIMH PACTUIABIMM.
MpwanHa MokeT GuITE OOHA — K MOMEHTY BHEIPEHHHA
PAHHHX NOPLUHI D33ANETORRX PACTNABOE KHCIMY Pac-
IIAB0E YHE HE CYyWECTEYET, OHH NpPEBPaTHANCE
B TBEPIBIE MOposL. Ecam 3mo Tak, a uHoe o0nAcHeHRE
MAHHOM CHTYALMH 33TPYIHEHO, HHBSLMDPYHIIHE Mo-
CJ2 PaHHKX NOoPUMA 023aNETOBERX PaciUiaBol paHHHE
Ee NMOPUMH METANIOHOCHRIX PACTBOPOE He MOTYT
GRITE TEHEPHPOBAHEL B YXe OTCYTCTEYHILIHX KHCIRX
marvax. OHW MoryT OHTh TEHEPHPOBAHEL B TEX
®e 0uarax 0asaTeTOBOM MArMBL M NOCTYNAKT B dop-
MHPYIILHECH MECTOPOEIEHHA B YEPeIOBaHHN ¢ 0a-
JAMETORRIMH PACTUEABIMH.



TEQnora 1 NoNESHLE WOKONAEMEIE

HanoxeHHos MWATWOCTPHPYET CNPaBELTHBOCTL
OIEYYEHHBIN elle B CEpelHHE MPOULTOND BEKa YTEEP-
HOEHHA HEKOTOPBIX H3BECTHBIX YYEHEDX, COTIACHD KO-
TopEIM «[IpH H3YYEHHH CEASH OPYNEHEHHS © MarMa-
THYSCKHMH NOPOIaMH HeoGXOINMO YCTAHOEHTh CBA Y
OPYASHEHHA He TOMBKD ¢ HHTPYIHMEHEIMH M3CCHEIMH
H MATMATHYSCKHMH KOMIUTEKCAMH B LIENOM, HO TAK&2
C OTOETEHEMH NOCTE0BITEIRHEME MarMaTHIECKH-
mu mposETernams [4. C. 68] u «bea geranssoro uay-
UEHHA B KAXI0M OTIEAEHOM CTyU3e FecIOTHYECKOTo
NONOKEHHA TAEK HHTPYIMEHEN MOPOE H HX B3AHMO-
OTHOWEHWI C OPYISHEHHEM MBI HE MOKEM PElUMTL
BOMPOC O FeHeTHYeCKoi CEAIM OPYIeHEHHS ¢ OTpee-
NEHHEMH MacCHBaMH rpaHaTonaoss [3. C. 46].

B nocneaywinme NecATHNETHH 3TH NPH3HEH
HE MOAyYHIH WHPOKOH MOQIep#kH reonorHyeckon
ofmecTeeHHoCTH. BeposTHO, OTCYTCTEHEM HHTEpeca
K JETATEHOMY HIY9eHHID B PYAHL MOAAKX MATMATHTOR
MBI OPM, B TOM YHCIE [MHPOKD PACIPOCTPAHEH-
HEDX J3EK OOMEPHTOR, MOKHD OOBRNCHHTE COXPAHAR-
Miica JedMLHT NPHEEIEHHRY W NOT0GHEN MM hak-
TOE M, K3K CNEICTEME, MONIEPKKY TPAHHTOTEHHOM
KOHLENUHH O0pasoBdHuA, B YacTHOCTH, MEI0Tep-
MAMLHEN I0N0THX MECTOPORIEHHA MHOTHMH Teono-
rami. [losTomMy, 118 coBepIIEHCTEOBAHHA TEOPHH Py-
A000PAI0BAHAA, B TOM YHCIE B METALIOTEHHYSCKOM
£€ ACMEKTE, NMO-MPekHEMY, KK M NATRIECAT T Ha-
30, AKTYATEHD 3212493 HAKOIUIZHHA J0CTOBEPHEL M-
MUPHYECKHY JAHHEY, PACKPHBANIMKY NPOCTPEH-
CTBEHHO-BPEMEHHEE COOTHOIMIEHHA MArMaTHYeCcKHy
nopog Mankx GOpM M PYA BO BCEM BOIMOKHOM
M pasHooOpasHH.

B nnane paneHeiimero pemeHMA 3TOH 3anauu
B CTATHE MPHEEIEHH PeIyIETATH WIYUeHHA aIMTORRN
J28K, HIBECTHEN B ME3OTEPMATEHEIX POAETEHHAX Ce-
sepHoro duanra CronsSaHckoil 3010TopyIHOM 30HEL

1. BoapacT My Cnoews 3anerasna Gaumoasnt fack

OcHOBHEE YEPTR Te0IOTHYECKOTD CTPOSHHA Ce-
BepHOTD dmanra CronsGaHckoil 3000TopYIHOH J0HK,
MHHEPATEHHI COCTAE M TEMMEPATYPHEE PEXHME! 05-
PaI0BAHHA PYI MPHMBEIEHH B MPelsAYIER CTaThe
JAHHOTO ERIMYCKA RYPHANA, OSTOMY, B COOTRETCTEHH
¢ HIIHAYEHHEM CTATRH, GKLSHTHPYEM BHHMAHHE HA
PEKOHCTPYELMH MPOCTPAHCTREHHO- EPEMEHHEIN W BE-
POHTHHEX TIPHYMHHO-CNEICTEEHHEIX COOTHOWEHHI
OpYAEHEHHH ¢ MPOAETEHHAMH Marsarisma. i sroro
YUHTHIBAOTCH CHEIYELIHE
1. Bospact soooTopymHON MHHEPATHIALHM B 30HE

coctannser 2757 son a [6].

2. HawBonee monogme, ofipasoBaHisle nmocne rab-

opo-rpasuTos Myiickoro (733240 mae o [T])

W TPAHATOMACE NanopuHckoro (39844 wan n [E])

KOMITIEKCOR KPYTIHEIE TENA ITYTOHHYSCKHY opo

NPeICTARNEHE TPAHHTOHIAMHE EOHEYIEpo-MaMa-

KaHCKOTO KoMiekca (272,325 ww 1 [9]), 3ane-

FAIUHME B DIHAHEM WI0-3aMagHoM ofpase-

Hul CronbdaHckol 3000TOPYIHONR I0HE M PH-

HALTEAAHMHE K noiqHenaneosofickns (200, 314

[10-12] wam 272330 [9] mun n) xommnexcas

E COCTABE MOMHXPOHHOTO PaHHE- NOIIHENANEn-

sofickoro [13] Anrapo- Butemckoro Gatonwra

Hi CEBEPO-BOCTOMHOMN £ro nepudepu.

3. Hurpysum maner dopu — naiikosse obpasoBaHHA
NPeICTARNSHEL CepHeil KHCRX NOpal — aiHTos,
IPAHHT-NOPEHPOE, DETRIMTORRN MHKDPOTPAHHT-
NopHpoE W cepHedi OCHOBHEN NOPoJ — NOIEPH-
TOE, MHKPOOOIEPHTOR, NONEPHTOBRRX TNopdupu-
TOBE. AGCOMITHEIA BOIPACT TEX W APYIHX OPo M-
K TouHO He yerasomned. (UHAKD WIBECTHO, ¥TO
MEPERE BECTPEMARDTCH CPeiM BCEX HIBEKEeHHEIX
Nopod, BETHOYAR NOTHENANE0I0RCKHE KOHKYIe-
PO-MAMAKAHCKHE MPAHMTOMILL, HO THIPOTEPMATE-
HO HIMeHEeHH OKOM0 Pyl BIA0TE 00 obpasoBaHHs
Gepeanrton. MasecTHo TaKEE HECKONBKO CUYM3es
NepeceyeHlA QONEPHTAMH JaeK KHCAMX Mopog
B Kapanonckom pysHod none (DH. [pafko,
B.B. Jlepuukmii, yoTHME coobleHMA), Cnemgosd-
TenkHD, bonee nosgHes wx ofpasosanue. Buecte ¢
TeM, faIMTOERE A2AKH B DONRUHHCTES CHOSM TaK-
2 THIPOTEPMATEHO H3MeHeHH OKOI0 Py,

Mafiky OCHOBHOTD COCTAEA HA BCEM TIPOTHREHHH
CronsfaHckoil sonoTopyaHoi 308N saneraiT B dopue
KPYTONAIANAIN OIMHOMHED TEl MOLTHOCTERD 10 HeC-
KOIBKHX JECHTKOE M H NPOTSOEEHHOCTEID 10 MEOTHX CO-
TEH M, BOSMOKHO, KM. B HECKOMBEMX MECTIX, HANpH-
MEp, B BEMXOBRAX M B cpeaHes Teuerm (EneHuBckmi
yuacTox) pyuesd Kapanos oxm ofpasyor nosca cfmm-
EEHHBE CyDMEApATIensHE Tel CyDIIHPOTHOTD H CEBe-
PO-CeBEpO- JANATHOM NPOCTHPAHHA MOLWIHOCTEED 10
MHOHE COTEH METPOB, KOTOPLIE MEPECERANTCH NoorH-
MH H EPYTONATANMMH I0HEMH  RHTEHO- TPORITKD-
Beix pyn. Hexotopeie 3010ToHOCHEE KEAPLEELE HHTE
CAEMYIOT KOHTaKTaM gaek. PaccpenomoueHHble Ha Tep-
PHTOPHH OIHHOMHELE TATKH HMeoT npeobaanasoe oy 0-
COMMACHDE TTYGHHHEIM PAiI0OMaM CEBEpO-SAMAIH0e, 13-
Maj-CeBEPO-3anaIH0e NPOCTHPAHHE M EOT0-( Mo )-3a-
MATHOE HITH CERp0- BOCTOMHOE NATEHHE.

3. MuHepanoro-neTpoxMMHYECkHe YepThl

GaMTORLO0 JACK W AN0AAAKOEED METACOMATHTOR

Kak w sce nopood ® offeeMe ceBepHore dulaHra
Cronsfanckoil 3000TopyIHOA 30HM, GasHToBNE 1aii-
KH MOOBEPITACE THIPOTEPMATEHEIM METACOMATHYE-
CEHM NpeolpaioBaHiaM H NPSOCTARIANT KPYITHOO-
ObeMHEIA 30HATRHEIA MEeTRCOMATHYSCKHA opeq,
MPHHALTERALHA GePeIHTOBOH M/ WM NPOMAIHTOBON
METACOMATHUECKHM (hOPMALHAM B HY 3KOHOMEPHOM
coveraiul. [locnegHee ofEMHD LNA THIPOTEPMATE-
HEIX MECTOPOXIEHHI, PyIh KOTOPEIX COITPOBOXTANIT-
CHl B TEUIOBOM 30He OepeanTavu; nepudepuiiiie 30-
HB B HHX CI0XEHE MPOMHIHTAMH (N0 Da3HTaM) HIH
MPCMHTHTONOI00HEMH NOPOJAMH, HATIPHMED, B Pa-
aurax [14]. Cocrag MuHepansHEX HOBOOOPA3OBAHMHI
B 0AHOHMEHHEY MHHEPATEHEIN I0HAX CPeIH PasHLX
Mopol PAITHYEETCH HECYUIECTEEHHO, B OCHOBHOM
M0 PAIHEM KOTHYSCTEEHHEIM COOTHOLLIEHHAM OIHHX
H TEX K& MHHEPLIOR M/ WIH M0 CONEPAIHMED XHMHE-
CHHX EMEHTOE B MHHEPATAX NEepeMeHHOrD COoCTa-
Ba, — xnopuTax, kaponarax u op. [lostouy crpykry-
P4 (30HATEHOCTE) METICOMATHYSCKOID OPE0na B ain-
TOBRIX JAHKIX MANO OTAHYASTCH OT ANOCTAHLEROH MO-

T



Maeectvr Tomcoro nonMTexssmHeson yHaesportera. 2011 T. 318, N2 1

A2nu, pa3pafoTaHHoi paHes AN YIASpOIHCTRI CIaH-
UEE BOAOPAINENsHON CEMTH HA CEBEpHOM duiaHre
{ Keapuesom yuactke) KapanoHckoro pyaHoro mos
B Gacceiite pyurd Hikamii Opnos [13].
Brewmran so8a;
CEPLLLM T Kedpy T Kateyum T dotomum
dotoMum-aucepum + aelicokcer + pmin +
nupum £ @ieium + punudogum, GEYRCENENN-
deteccim + Rousim; uoxodkedil Guomim;
AnMOoTORAN 30HA:
CEPHLIM + K8aPy  Kaisyum = doromum-an-
Kepum + Aedicoccen + pymin + Maziemum +
pacpum + nupum + gosdum + puRudanim,
OpyscauzUm- 0eieccm + KIURONONINI, SHl-

XNopHTOBRAA 30HA (YMEPEHHOE HIMEHEHHE):
CEPLLIM + KEGPY T Kaisium = dofoMum-an-
wepum +aelokces + pymun + Maswemom +

mupum + assfum + zpadum + punudoanm,

XNOpHTORAN 30HI (HHTEHCHBHOE WIMEHEHHE):
cepuinm + Keapy £ dosomum + dosoMuRm-gH-
xepum * cudepum + aeiiwoncen + pymud t
MOZHERUM + RUpum + xaiskonypum + aisium
+ zpaum + punudosum, Gpyuceuzum-desec-
cim,
AnsiMTOBad I0HA:
CEPULNM + Keapy + dosomum + doA0Mum-a-
xepum + cndepum + aelioxcen + pymua +
MazREmum + nupum + aasium;
Tenogan soHa:
CEPULIM + K8apy * Kaisyum = dof0mum-ax-
Kepum + aelikoccen + pyminn + MazHemum +
Hupm.
Hanfones mouHan (10 coTeH M) BHEIIHAA 30HI
B Opeone, BTOM 9YHCIE B anojadkoBoM, B COCTaBe
Nof30H chaloro, YMEPEHHOTD, HHTEHCHEHOID HIMe-
Hewmn (cooreercreennn 0..10, 10...20, 2030 o6. %
HOBOOGPAI0BAHHEN MHHEPANOE), COXPAHAETCA dhpar-
MEHTAPHO HA YIATEHHH OT PYAHEIX 30H, 3 68 BHYTPEH-
HAA MPIHHLA BHKCHPYETCA MO0 HCUSSHOBEHHI LIBET-
HED MHHEPLI0B HCxoTHEX nopon. Hafop wuHepane-
HEX HOBOOOPAZOBAHHA BO BHElIHEH 30He Hambones
OOUIMPEH, HO MCXOAHBIE NOPOAH COXPAHSKT OCHOB-
HHIE WePTHE CBOETD cocTapa u cTpoernd. [lo mMepe ne-
PeX0AA OT OIHOH MHHEPATOTO-NETPOXHMHYECKoH 30-
HEl K IpYTOil B HANPAETeHHH YCHIEHAA CTENeHH npe-
o0pa30BaHHA MOpod NepedeHk HOBOOOPasoBaHHK
MHHEPATOE COKPAIIASTCH, @ CyMMAPHOE KOTHYECTED
WX YBEHYHBAETCH, OCTHTAA MAKCHMYMa B BepesHTo-
Boil 30He. MOMHOCTE XIOPHTOBROH 30HM — NECATEM
METPOB, TEUIOBRX ANBOHTOROH W GepeIMTOBOH 30H
HE NPEELILIAET COOTEETCTEEHHO NEPERIX METPOE H 18-
CATKOB CM ... 1,3 M, MPH TOM, 9TO CTATAKIMIAE MY MET3-
COMATHTH YACTO YepPelyioTcd B pa3pese XIOpHTOBOM
I0HEL, OOPATYH CTPYKTYPY <CI0eHOT0 TIHPOris.
Cpenn maex 0onepHToB O0HADYKEHH JOPYIHELE
W EHyTPHpYAHbe. [JopyaHee DaiiKH B H3BECTHRIL CTY-
YAAX M3IMEHEHHl HA YPOBHE BHEWHEH, XIOPHTOBOR
H AMLGHTOBOMH 30H, CMEHAIIHY OOHA APYTYID B COOT-
BETCTEHH C MPHBEIEHHOA CXEMOH MHHEpLIoro-Te-

3

TPOXHMHYECKOH I0HATEHOCTH OKOMOPYIHEX METECO-
MATHYECKIN OPEOI0E B OOHOH Jaiike H B PA3HREI Daf-
Kax. BHYTPHPYIHEE T3fAKH NEPECEKART 30M0TOHOC-
HHE KEAPLUEHRE XML D83 XAPAKTePHEIX 204 T0PyI-
HBX J38K OKOIOKATEHEN OTOpPOUEK GepesHToR 1 IwiH
MPH3HAKOE 3AMETHOID OCBETISHHA 3eN2HOBATO-4ep-
HOH MOpoJE B KOHTAKTAX C &WIAMH, HO COISpEAT
B IKI0KOHTIKTIN HHT HAIOKEHHYE (NOIIHKE) Npo-
FWIKDBO-BEPAMISHHYED 3000T0-cepefpo- oy nkdma-
HO-CYIEHOCOTBHYH TIPOIYETHBHYE) MHHEPATHIALIHED.

JeNeHOBATO-TEMHO-CEPRIE 10 YEePHEN BO BHELIHER
I0HE MOPOIE JOPYTHRY 132K HMERT MACCHEHYH0 TEK-
CTYPY M TOHKD- 10 MEJKOSEPHHCTOA (10 J2CHATRIX J0-
neil MM) B JABHCHMOCTH OT MOIIHOCTH 138K CTPYKTY-
py. TIpHCYTCTEYIOT eOMHIHEE NOPEHPOBEE BRITENE-
HMHA (KPHCTLLIE ) NETHTHIHPOEAHHOND, CEPHLIATHIH-
POBAHHOTO GNeIHO-POIOECTD KATHEBOTD TOMEBOrD
WINATa C OMIABNEHHHMH OYEPTAHHAMH PaIMepomM
10 2 cM B MONepeuHHEE,

B cocTase MoX0AHBL NOPO XMETHD MpeofninanT
{ao 70 of. %) SecnopAOYHO OPHEHTHPOEIHHEIE KPH-
cTUIE-neicTy nrarmornazos (N 38...50) ¢ cooTro-
weHHeEM cTopo 1o 1:10, crosHo npopacTatouse opyr
Apyra. KommiecTBeHHEIE COOTHOIIEHHA MIAMHOKTAI08
PAIHOND COCTARA YCTAHOEHTE HEROIMOMHD BCICICTEHE
OTpaHMYEHHOH WX coxpaHHoCTH. M3 nepeuyHiD Mu-
HEPATOB MATMATHYECKOID 3ITaNd COXPAHWIMCE TAKKE
PEOEME ECEHOMOPHHEE 3EPHA WENOYHOTO NONEBOTD
LIMATA B PETHKTOREIE UTACTHHEH, BEPOATHO, NO3IHE-
MarMaTHueckors Gyporo GuorThra. PenneTosas odm-
TOEIA CTPYKTYPa NOPoJ COMETIETCH C MPaHOMEnHao-
GaacToBol, NpHoOPeTEHHOH HMH HA 3Tane OKOTopYI-
HOMD METACOMATHIMA.

MunepankHde HoBOOGPAIOBAHMA 3ITOMD 3TANA
BECTIYaRT (B of. %) GiMIkme K pHimgonHTy (tafin, 1)
fnegHo-3eneHsie xnopuTsl (1o 20), cepuumT (oo 20),
kapfoHaTe (0o 10) ¢ MpHMECERD LOMINTA- STHAOTE,
ATB0MTa, KEAPUA, NeHKOKCeHa- Py T, AMATHTL, Mar-
HeTHTa (Turanol”)-mardernra), nupara. Cepuuwr,
HHOIA B CPACTAHHH © KAPDOHATOM H PelIkD KBIpPLEM,
IMMAOTOM YACTHYHD HAH NOTHOCTERD XAMEIIEET IArd-
ORI, THIE FMH30IHYECKH (B «0KHANs ) CONPAHME-
[IHE JEOHHMKOEY R CTRYETYRY. B cyuae nonHoro same-
MIEHHA CEOTIEHHMA CEPHIINTA HACTEMYIOT hopsy GRUTED
KPHMCTALIOR IUIErHOKIA30E. AIPeraTsl YEUyeK XI0pHTa
B COMETAHMH © KapOoHATOM, AefKOKCEHOM-[yY THIOM,
IMMAOTOM COCPENOTOMEHE MPEHMYIUECTEEHHD MexTy
KPHCTALTIAMH [LTATHOKIA0E, HEPelks KOPpoIMpylT
HIX, TIOMTHEPEHEARA MOI0EEHHE NOTHOCTHID 3AMEIEHHE
KPHCTAIA0E MHPOKCEHOE, BOIMOXHO, W porosof ob-
MAHKH. XIOPHTOM B Pa3HOM CTEMNSHA BI0E CNANHOCTH
JAMEIWEHE TakEe YelIyHKH OHOTHTA, HO XIOPHT,
B CHOH OYEPeh, OTYACTH JAMEIEH cepuupToM. B ofo-
HX MHHEPATIC B OTAHYHE OT YMCTOND CEPHLIMTA, 3AMe-
MEAKMETO TUEAMHOKTASE, MPHCYTCTEYRIT KCEHOMOPd-
HBIE BETIOYEHMA NeiKOKCeHa- Py TIIA, KOTOPRIE COMETa-
KOTCA © TUIACTHHYATEIMH MAPALTENEHE TION0CYATEIMH
ero BHENEHHAMH, MHOTIA ODpasyruMMH NpaMoy-
TOABHYH) CATEHHTOEYID PEIUETKY — CAICTEHE (DHECE-
LHH OKCHIA THTAHA BAQE MOBEPXHOCTER CNafHOCTH
OBUTBD KPHCTAI0R MAPOKCEHA TTPH MX PACTBOPEHMH.
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Tabmmga 1. Xueme coCTaes MW HERaN0R DaanToRem gaex ConkBaHoni 3000100y JHOR 30HE

Copenxasue, Mac. %
Mpobia Minapan - L
0 5 Al Mg Fe Ca Ti Na K C
¥-55, Aarut 4168 1|Bos | 37 673 7,85 279 | 06 | 200 [ 0B%: | 336 | 9847
Y55, Aarur 43,82 1B24 | 345 834 827 BE2 (024 | 134 | D55 | 355 | W&
¥-15 Punwugonur 43,68 48 | 241 9,25 | 1659 137 - 137 (035 | 283 | 9633
¥-15; Prummponue 44 28 /= | W20 | 887 | 158 | 0.9 - 148 [ 053 | 271 | 9662

MosmsevaHIe. AHMIE ERTNOTHACR 316X ID0HHO- 0HG0E M DEHTTEHDCTIERTDETEHEM METOA0M HE 3EXTDOHHOM C6E HHDWI0 LS MHK DO -
oxone Hitachi 5-3400N ¢ sHeprogqee poHorHEm mexTposerpoy FDX Sruker XPbshe 4010 8 naGoparopey 30ex IDOHHD- OITHYS CKOR
[WATHOCTHER ME JyHa DOHOT HHHOBSLHOHHOM HEyWHO-000330B3TENEHOND LEHTS ©¥ PSHORSR MEONDrHRS KSpapel Fenskonorie
o recxsmaet i 7Y, arenpmie A. 5. BomocTHOE.

Tabmmga 2. Xmeveome cocTaes GaauTosex a6 M aN0gaix0sex Mo comMaHToe ok GaHonid J000TopyHOR 30HE

Homep Conepsasue, Mac. % -
npofid [T S0, [ALD, [NaD [ KO | 5eynetbm, | CO; | CaD | Mg | FeO | o0y 10, | B0, [ MnD | 0" [nnn

¥-T{B) | 4752 | 1695 3,15 | 139 01 1895 | B34 | 541 | BG3 | 30| 1,85 | 035 0a | O | 177 | 9097
¥-5i¥) | 4667 |1622) 4,08 [ 105 019 365 (7.3 |538 704 [ 292 ) 205 (040 07 | 00 [ 1.3 | 9838
¥-1{¥) | 45,07 | 16,69 ( 3,80 | 082 0.3 B25 | 667 |58 | 780 192|173 | 031 ) 00 | DI2 | 2,35 | 9967
B-10(A) | 5257 | 1424 ( 377 | 063 on 774 | 500 |38 | 747 | 033|173 | 053 ) 0% | 000 | 054 | 9879
O-3e(A) | 4524 | 13,34 2,30 | 1,83 0.5 1254 (8,90 | 278 | 603 | 4,01 ) 1,50 | 047 [ 018 | @04 | 100 | 926
¥-55{B) | 47,09 | 1831 289 | 157 on D70 ) B34 | 561 | BN | 456 | 210 | D24 | 07 | D12 | 178 | 98,70

Mprmeeszrwe. T} Mpobes ¥-15, ¥-16, Y-, B-10, 0-136 — gopygreie gara, ¥-55 — iy pHpygran. 2 ) MHHE0ais Hee 30HE a0aANne s
METRCOMITHYEOM X 0peonoe (B crofeax): B — enenkrs; X — xnopwioean; A — 20e6emosan. 3) [TONHES XHMHYE0MHE CHIHESTHER SH3 -
MO FODHE MO0 BEMOHEHE B SREDEAWTOIRSHHOR Nab onamonnes OAQ alanaauo- CHEHDORMA HOTETS TEHEW yeaTps (T Hosoky3-

weye) nog  pyeoeogoreom HH Jemyoeod.  Armecrar
Ko=100{ Fey O+ Fe0 ) Fey Ch+Fe0+Mg 0 =64 3, ¥-55: K,=05,5.

B xaoputoBoil 30H2 mo-nipesHeMy 3eNeHOBATO-
YepHER NOPOIL B OCHOBHOM COXPAHAIOT NPHEBESISH-
HEE YepThl CTPOSHHA M MHHEpaNkHOTD cocTasa. M-
MEHEHMA NMOCAEIHErD BIPAKANTCH B MOIHOM 3aMe-
MIEHHH DHOTHT, HEKOTOPOM YESAHYEHHH MacCh Kap-
DOHATOR, XIOPHTOE M CYMMEl HOBOOOPAZ0BAHHEN MH-
HEPATOB.

MeracomaruT anuGMTOBON 30HE BONENCTEME
MOTHOM PACTEOPEHHA XLIOPHTOR B 3MHI0TA MpHobpe-
TAKT CEETIO-Cepuii uBeT. B mepemeHHEIN KomHue-
CTEAX MPHCY TCTEYIOT NOMEBME [WTIATEL, CPeIH KOTOPAIX
npecbaataer ansOHT, OTYACTH COXPAHMBILNI TeACTO-
BHIHYH GOpMY HCXOIHKY KPHCTALIOE MAArHORIA308,
CEPHLIAT, IEPHHUCTRIE ATPErATEl M/MIH POMGO3IPE
KapOOHATOR C Y4ACTHEM NPHMECEH KEAMIA, NeAKOKCe-
HA-PYTHIA, AMATHTA, THTAHO (7)- MarHeTHTa, MHPHTA.

JeneHORATO-UEPHBIA MACCHEHBIA MeNKOI2PHH-
CTRA (20 J2CHTHI A0MEA MM ) J0NSPHT BHYTPHPY IHOR
AN B OO Y2PTax HACTEOYET CTPOEHHE M MHHE-
PATLHEL COCTAE 0Py IHEX gaek. OcHoBy nopoge (10
7006, %) Takme COCTARNANT CpedHE-OCHOBHEIE
(M 35..52) mnarMoKnasel, MIACTHHYATO-NeHCTORN-
HEE KPHCTALIE KOTOPEX DEcnopsloMHO OpHeHTHPO-
BaHEIl, CPACTAKOTCH, MMPOPACTAROT OPYT OPYTa W COYeTa-
BOTCA ¢ pasapofieHHBIMH PENIHKTOBRIMH 3epHAMH (10
1 of. %) apruma (TaGn. 1) 1 KceHOMOPGHEIMH BEIIENE-
HHAMH WEA0YHOM MOI2E0ND WIET, 3AN0THAIHMH
MpOMEXYTER MexTy HaMM. Pensmie dparMeHTH KpH-
cratnos Oypoll porosoi obmaHkn W Oyporo GHOTHTA
{men2e | of. % Toro W APYIOro MHHEpANa) odpacTamT

aexpeguTRyME N POOC RUDOOTZTAROT. 4} ¥-15:

IEPHA MHPOKCEHA M ZAMELIAITCH SMHTEHETHYECKHMH
MHHEPATAMH ITANA METACOMATHIMA,

B umcne mocnenHix aMeTHD npeofnanawT Gnen-
HO-32NeHHE X10pHTel (10 20 06, %) MpH Y4ACTHH Cce-
PHLNTA, aMefOBHIHEY JepeH KBAPLA, KCEHOMOPQHELX
CHOMNZHHA B anoHPOKCEHOBRI MPAMOY TONBHED C3-
TEHHTOBRYX PElIETOK NedKOKCeHd- PyTHIA, KCEHO-
MOPPHEX 3epeH KapHoHATOR, CKOIUIEHHA HMONBYATR
KPHCTLIOE TPEMOIMTA, 36PEH THTAHO{ - MArHETHT,
nupuTa. HexonHue mnarmoknassl B pasHoi cTeneHn
JAMRIIEHE YHCTEIM CEPHLIMTOM 03 NPHMEecH nefkok-
CEHA-PYTHIA, KOTOpHI o0ntMeH B arperatax 9emyex
CEPHLHTE, JAMEIIANILErD XIOPHT, o0pasoBaHHEIE,
B CBOW QUEPEeNl, 33 CUET MHPOKCEHA, POrokod obMaH-
KH B GHOTHTA.

XHMHYECKHH COCTAE OOPYIHELX W BHYTPHDY THOM
naex nonepuTos CronkGaHckoi I000Topy THOW 30HE,
MOABEPTIIMKCA MTHIPOTEPMATEHEIM H3MEHEHHAM Mpo-
MUIHTOBOTO NpOfHIa B nepRdepHAHMY BHEWHEH
H XAOPHTOBONA 30HAN METACOMATHYECEHX Ope0IoE,
PAAUIHMEETCA HecywecTeeHH (Tabn. 2). Hoknmogerne
COCTARNMAET YIASKHCAOTE, KOTOPAR NOCTYNAET B NOpo-
JH ¢ THOPOTEPMANEHEMH PACTEODAMEA HA 3TANE METI-
comaTamMa. OHa saduKcHpoBaHa B kapGoHaTax B Ha-
YANE MPMIECeE WIMEHEHHH JOPYIHEX 032K B IHIYH-
TenkHo OoAbleM KOMHYeCTHe, YeM B X0Oe Mpolecca
BO BHYTPHPYIHOH gaiike. C yCHIZHHEM HWHTEHCHEHOD-
CTH NpecdpasoBaHHA 10Py IHED J3EK OT BHEWHEN 30-
HE K Bonee TROEOH ans0HTOROH 30HE GepeiHTono-
JNODHKX HIMEHEHHH KOMHYECTRO YIASKHCIOTH IHAYH-

g
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TeNkEHO YBENHYHBIETCH, JOCTHIAA MAKCHMYMA B amb-
DHTOBOH 30HE NPH CHEXPOHHOM CHHEEHHH B NOCI2I-
Heil MACCHI TIMHO3EMA, MATHHHA, XeNe3, OTUACTH HaT-
PHA M YCHAEHHH CTENEHH HEPABHOMEPHOCTH Pacmpe-
A2neHHs KPeMHHSA, HaTPHH, KLTHH, KLTEIHA,

Muspyme .

V] —
35 41 45 52
ynetpaccuoeHsie | OcHodsie  |CpegHwe

Si0,, mac. %

Puc 1 [Monowenwe Gaawmess gaex Conebanoni 30n0Topyg-
HOF 30HE HE TAS- QM DS ME 000 T3 B0 M3 M STHYS CRHE
MOpHER NOPO0E. 360k M HE PHC. 2 rRSHHYE NoNeT co-
CIHECE 3aWMCOIBOEaHE #O [T0]. 3gece wre pec 2, 3¢
1.2 — gopyaHee gaRKH B0 BHEHER (1) W X00pHTOROR
(2] 30HEX BHYTPHMOIARDEER METAOMITHYECOME 0ped-
nog, 3~ BHYTDHDROHSER O8E

K0, mac. %
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Puc 2. [Monowenwe Gaawmess gaex Conebanoni 30n0Topyg-
HOR 30HET HE [JHIMDEMME COCTEB0E MM THYEOKHY Mop-
HEX NOPOA B koopguHa=s ik — K20

Mo XMMH9eCKoMy COCTAaBY, T. . COMEQEAHMID TIE-
TPOTEHHEN KOMIIOHEHTOE M BEIHUMHAM BAXHEALING
NETPOXHMHYECKHN MIOKAIATENEH MOPOOM J3EK HA re-
TPOXHMHYECKHE THATPAMMEX MPEICTARTEHE KOMIAKT-
HEM Apednos @My PaTHEHEN Toder (Tadn. 2, puc. 1,
2). OHp waeHTHOHUMPYIOTCH KK YMEPEHHO WIEN0H-
HHE BEICOKDEATHERHE BHCOKOTHTAHHCTHE EENEIH-
CTHIE JONEPHTE — OKOIOTLTY TOHHYECKHME AHATOMM Tpa-
XNOATANETOR C MY HOPMATHEHEIM XHMMYECKHM COCT3-
Bom [ 16] B NETPOXHMHMECKHME NOKASETEIMMN.
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Puc. 3. (COOTHOLIEHHE K&THA W THIZHS B JaiKaX OCHOEHEX No-

POf 30NOTODYOHES Noned KOwHoR CHEHpH. Jaim:
VMEDEHHD LEN04HEX ONHEHHOEED JONEOHTE M KO-
AONEOHTE BEpHKNECKONT DYAHOM NOAR (3); yMeneHHD
LENOHOND CYMEHHDEOMD J0nepuTa XonbuHocoro (5,
Kepposoeoro (), Mpoxsguwceoro (1), 3anagroro (g)
DYHES 10N . [DEHHLE MEXJY NONAMK COCTZE08 G-
33LTOE AR PIHWHEX THNOE MEOTERTOHHYECKHE
CIpVETY p3anMcTEoEaHE FE [17]. Mong cocraeoe Ga3ank-
mwe; O] — oopoeHex gyr, 00 — 0EESHH YK HE 0CTPO-
goE, OBIT — ofnacreld BHYTOHIIHTHOM BYIKEHIEMS,
T - 3aayroesx YeHTpoe mpeguars, TP - rpssctop-
MHED paanoMoE, COX — (DegMHHO-0KE3HHYECEHE
APECTOR M MEXX OHTHHEHTREHED OHETOE SraoHHEe
COCTREE THIOE 5333k TOMA0E: 1) ¥ MEDEHHD LentMHER
H et HEE Ba3aneTh OCTpoBrE gy, 2) reeecTroe0-
Wenowee BazaneTe OCTpOBHER Ay, 3 TOMeHTE oc-
TDORHER )T, 4) TONSMTE TOSTNOE; 5) TOMEMTE TDEH-
CHODMHEX PRIOMOE, 6) TONEHTE BHY TRHK OHTHHER-
TRk HE PHBTOE; 7] ¥MEDEHHD ENDYHEE H LB HEE
Ba33/% TR BHY TDHK OHTHHEHTE B HEG pHgToE; §) monew-
16 NOBLIUEHHOR WENTHHOCTH OREGHHYECKHE OCTDOB0E,
G TONEHTE CPEOHHHO-OKESHHYEOHX XDECTOR M MeX-
KOHTH HEHTRIEHED DHG TDE

Cyna no nonomeHn QUIYPATHBHED TOUEK HA IH-
arpavme K0 — Ti0, (puc. 1), maiikn monepuTon
CronpfaHckoil 3010TopyIHOH 30HE OOpAI0BANHCE
B FeQIHHIMEYECKOM PEKHME PHOTOBRIX CTPYETYP —
I0H TEKTOHO-MATMATHYECKON aKTHEMIAUMH odnacTel
KOHTHHEHTATEHOM BHYTPHILTHTHOTO MATMATHIMA.

4, DBoyseuwe pe3ynETATOD W BLIBOME]

[pHHALIEKHOCTE OMHCAHHEN THIPOTEPMATEHEL
METACOMATHYECKHN OPeoIoE K O0paioEIHHEIM W pe-
THOHATEHD TpOARTEHHEM B ClonefaHckod 3omo0To-
PYOHOH 30HE OKONODYIHEIM METACOMATHYECKHM
opeonaM GepeanT- nponuanTosoro npodwna [15] no-
KAIMBASTCH AHAMOTHYHEM HM NMOPRIKOM MHHEpAno-
ro-NETPOXHMAYECKDI 30HANBHOCTH M COCTABOM MH-
HEPATEHEY HOBOOOpAIOEIHMA 3TAN MeTACOMATHIMA
B JOPYIHEN Jaika gonepuros. OTcy TCTERE CEeIeHHI
O THAOBOH DepesHTOBOH 30HE B ANONaMKOBRI OPE0-
nax ofycnoRNeHD HeNOCTYMHOCTRIC NOKA ANA H3y4e-
HHA HEMOCPEICTESHHEN 3KI0KOHTAKTOR 30MOTOHOC-
HEX KEAPLUEERIX XK B TAKH Jaikax.
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Munepanoro- XHMHIECKHI COCTAR METACOMATHTOR
BO BHYTPHPYIHED TAHKAY H MHHEPANOTO-NETPOXHMH-
YeCKad 30HATHHOCTE B HIX OTBEYACT OPe0/iaM IpPonM-
nuToBoH dopMaunn Ge3 GepesHTOBOI COCTARMMKANEH
[18]. BazankTideckas porosad obuanka w Gypeit Guo-
THT, MPHCY TCTEYIOLIMNE B cbaHCcKol BHYTPHPY THOH
JAiike B eIMHHYHBD IEPHAX M Yelyikax, obpacTanT
IEPHA MHPOKCEHA, 4TO CHOACTEEHHO OOOHM MHHEpE-
JaM, o0pasoEIHHEM HA NIOIIHEMATMATHYECKOM 3Tare
B YCIOBHAX OTHOCHTENBHO MOHIEEHHHX TEMIEPATYP
PACIUIABA H BOIPACTAHMH NAPUHATEHOMG JABAEHHA BO-
Akl Her nprsHakos Toro, 470 TOT M APYTOl MHHEpET
B faiike ofpalosanMck Ha Tane MetacoMarmasa. O
CYTCTEHE O0OHX MHHEPANOB BYHCIE anolaikoBki
METACOMATHYECKMY ACCOUMALMHA 0OBACHHMO, eciM
NpeanoioknTs, YT0 K MOMEHTY EKEYMYTSUHH 136-
Koi-IoHIONPOBIHHKDM PAcTEOPOR TEMIEPITYPR
£€ H PACTHOPOE CHHINIACH 0 3HAMEHHI, HeA0DCTATON-
HEX T8 O0paI0BaHNA OOCYENIEMEX OTHOCHTRAEHD
BHCOKOTEMIEPATYPHEIX MHHEPAT0E.

Cnabo mudvdepeHUMPOBAHHET XHMHYECKHI CO-
CTAE OOPYIHE M EHYTPHPYIHOMO OOVEPHTOR, MOL-
BEPTIIHXCA OTHOCHTENBHD HESHAUHTENBHEIM HIMEHE-
HHAM BO BHEIIHER H G002 CHIBHRIM — B XI0PHTOBOH
IOHAN METACOMATHYECKHX OPE0IoE NOITBEPAOAET Pa-
Hee CHENAHHbI BRIBOO, COTMACHD KOTOPOMY npeodpa-
I0EIHHA MHHEPATEHOT COCTARA NOpo B nepudepuii-
HBIX 30HIX CKOMOPY IHEX METACOMATHYECKHX OPECI0E
NPOHCXOIAT B OCHOBHOM 33 CYeT EHYTPEHHHX pecyp-
COE TETPOTeHHEX KOMMNOHEHTOE 083 CylecTEeHHOTD
NPHEHOCA MM BREIHOCE BewecTra [15). Toneso BechMa
NOAEHAHAA YTAEKHCI0TE CnocobHa Tuddy HIRpOBITS
0T PACTEOPONOABOIAIINY KAHANOE — PyI0BMEIIAN-
une paanoMos [19] Ha paneHIOR NepRepHn oKoIo-
PAINOMHREN CKOIODY IHEX METACOMITHYECKHX Opeo-
ok W B BeckapOOHATHR, B YACTHOCTH, H3BEPAEHHR
NOpoNAX JABATE HAYAND SMHIEHSTHYECKHM KapioHa-
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[MpuBeneHAEMH dakTasMu ¥ coOOpAKEHHAME O0-
KAIMBACTCH KOPPEKTHOCTE BRIMOAHEHHON MaeHTHDH-
KAUMH aonepuTobel ek CloneGaHckoi 3000Topy -
HOM 30Hk. ByecTe ¢ GUMEKHMH K HIM M PYI2M M0 BO3-
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BRIPLEASTCH E MOBTOPAOMIEMCH EHENPEHHH PacrUia-
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TEPMATEHEN PACTEOPOE C MOCTETYHILHM BHEIPeHHEM
HOBL MOPUHA PACIUTABOE, CMEHAEMED, B CBOM O4e-
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mexmil (XonGusckoro, Janagkoro, Hpokmaausckono,
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