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hilla g X APAKTEPUCTHUKA PABOTHI

AKTYaAbHOCTh NPOOGA vbL. B AaGopaTopHH 3AeMEHTOOPraHMYECKHX COEAMHEHHMIl
HMOX HAH PA B3alMOAEHCTBUEM TPHAAKHA(DOCHHHOB C AaleTHAEHOBLIMH H
AANEHOBBIMH COGAHHEHHSIMH, HE COAEp)XallUMH HYKACO(DYTHEIX IPYHI, GHAH MOAYYEHE!
C-docdobeTanHbl ¥ yCTahOBACHB! HEKOTOPEIE IIYTH MX CTABMAM3AIM¥ B IPUCYTCTBHH U
OTCYTCTBME 3AeKTpouAOB. B To# e aAaGopaTtopuu BrepBhle OBIAA  HalAeHa
BO3MOXXHOCTb aHHOHOTPOIIHOM aAKHMABHOM MUTPAlliH B COEAMHEHUSX NMATHKOBAAEHTHOTO
doccopa " OCyllecTBA€Ha 6eranHU3aIUSA IOPOAYKTOB peaxkmmu
TPUPEHHADEHUAITUHUADOCHOHUHGPOMIAR C AH- U TPHAAKHADOCHHTAMH.

EcrecTBeHHO, 4YTO OmpepereHMe OBAACTH paCOpPOCTPAHEHHS HAMASHHEIX peaKIuil
(ocobeTanHOOOpa30BaHMS M AAKMABHOM MUTDAl[UM, a TaKKe H3hICKaHuWe myTei
crabuan3aniu poco6eTanHOB NPEACTaBASIOTCA BECBMa aKTyaAbHOM 3apayei.

Hayysasi HOBHM3HA M NpaKTHYeCKasd WEeHHOCThL pabornl, HaiipeH HOBHIM croco6

noayyenus B-pocobeTanHOB, 3aKAIOYAIOLIMICT B AENPOTOHHPOBAHHH YEeTBEPTUYHBIX
thoconmeBrx coneit. TToAydeH Me3oOMepHO CTaGHAM3HPOBaHHEIN (ochobeTann n3
TpubyTHAdOChHHA U 3TOKCHAAACHA.

B xoae u3sbICKaHMs nyTe# cTabuamsanun B- C-¢pochobeTanHOB B OTCYTCTBHE
3AEKTPOHAOB OOHApPY)KeHhl HOBhIe peakuuy f3,B'-OTieNAeHNS ¥ KaTHOHOTPOMHOH N-
C arxkuApHOM wMmurpanmuu. [lpd u3yYeHMM B3aMMOAEHCTBUS TPHAAKUAGOCHUHOB C
AUEeTHA€HOBBIMM,  AAAGHOBEIMM M EHHMHOBHIMM  CHCTEMaMH B IPHCYTCTBHM
IIPOTOHOAOHOPOB OGHApYKEHEl aHUOHOTPONHAS (t-aAKMALHAS MUTPauys, (bparMeHTaIus
¥ HOBOE HAllpaBA€HHE peakUWH C pa3peiBoM C-P cBA3M mocAe O- aAKMABHOH
MHIPAllUH B COGAMHEHHSIX MATHKOBAAEHTHOro gocdopa. HalipeHo, uto docdoberans,
NOAYYEHHBIH M3 HW3ONPONeHHAALIeTHACHa, OOpa3yeT IIOA AeHCTBHEM BOABI CMeCh
H30MepPHBIX OChHOHHEBHX THAPOKCHAOB B Pe3yAbTaTe NPOTOHHPOBAHUA MO PAa3AHMYHEIM
YFAEPOAHEIM aToMaM. TTOAYYeHBI 3KCIepYMeHTAABHEIE AQHHEIE, CBHAETEABCTBYIOUIHE O
TOM, YTO TPHOYTHAGOCHOHHEBRIE COAH C O -(PEHMACTHDPHMABHOM M O-aleTHACHOBOI
IrPYNNOH He IIOABEpraroTCs O-aAKMABHOM MMTPAlM, 4YTO CBSA3aHO C BRICOKOH
AHMOHHOW MMOABMIKHOCTBIO YKA3aHHBIX rpynm. [ToKasaHO, YTO BHIXOABI MPOAYKTOB
CEASKTUBHOTO BOCCTAHOBAEHHS AleTHACHOBHIX CIIHPTOB IOA AEHCTBHEM TPETHYHBIX
$OCHUHOB 3aMETHO NOBHIIAIOTCS NPH IPOBEAGHHH PeaKUMH B NPHCYTCTBHH BOABL.
[ToAyyeHHBIe AQHHBIE HAXOAATCS B IOAHOM COOTBETCTBHH CO CXEMOM, MPEAAOIKEHHOH B
AabopaTopuH 3AeMeHToOpraHmuecKux coepaumsenmit MOX HAH PA aast artoi PeaxkiuH.
Pa3paboTaHH HEKATAAMTHYECKHE CHOCOGhl IOAYYeHHs CTHPHUADOCGHOHHEBHIX COAEil.
OcyulecTBAeH cTepeocnenmdnyeckusi cuHte3 Z- u  E-usomepos aAudeHMAMETHA-B-
CTHPUAGOCHOHUABPOMHAA. BrIIBAGHA aHOMaAuMs B PeaKLMOHHOCHOCOGHOCTM o- W f3-
CTHUPHUATAaAOTE@HHAOB IO OTHOLIEHHMIO K TpubyTwA- u TpudeHurdochunam. Haiipena
HeoOBIMHAaA U30MEpH3alHs TPUMETHA-Y-(peHMANIPOTTaprUAGPOMHAG B O -aIleTHACHOBBIH
H30Mep MOA AeMCTBHEM AMAaAKMAGDOCHHTOB ¥ HOChOPUCTOM KUCAOTH. OCylecTBACHA
GeTauHH3aUX [POAYKTOB B3aHMOAEHCTBHS AH(DEHHAMETHACTUPUADOCHOHUM-HOAUAD W
TPUMETHA-Y-PEHUATIPONIAPTMAMOAMAA C AHAAKHA(DOCHUTAMHU.

Iy6aukauun u anpoGauus paGorbl. [To MaTepmaraM AMCCepTalMM uMeeTcs 8
nyGAukauuii. PesyAbTaTRl HCCAEAOBAHMIT AOAOKEHEI Ha MOAOAEKHOM KOAAOKBHYME UM,
ApGysoBa mo xumun QOC(Aenunrpaa, 1988 ), BcecorwosHoM coBemianuy "Mexanuamu
PEaKIMi  HyKACO(HABHOTO 3aMelleHHss W INPHCOeAMHeHHs" (Aonenx,1987), Xl
MesxxaynapoaHoit  KoHbepeHIMM 1m0 XMMHH ¢ochopa  (Taarmn,1989),  XII
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MeXAyHapOAHOM KoHGepeHUHH mo xumun docdopa (Tyaysa, 1990), PecnyBaukanckas
KOHQepeHIUs: 10 opraHuyeckomy cuHTe3y (Epesan, 1991).

O6beM U CTPYKTypa paborsl /uccepranns u3rokeHa Ha 103 cTpaHHIax, M3 HHX
91 MalIMHOMHCHOro Tekcra M 12 crpanuy d6ubamorpacduu. OHa COCTOMT K3 BBEAEHUS,
AMTEPATYpPHOTO 0630pa, TEOPEeTHYECKOH H IKCIIEPHMEHTAAbHOW 4YacTed, BEIBOAOB U
6ubanorpacguu.

COAEP)XAHUE PABOTBI
HoBble OyTH cHUHTe3a u crabuanszanun C-6GeranHoB

B  AabopaTropuu = 3AeMEeHTOOpraHuYeckKux  coepmHenmir HMOX  HAH  PA
B3aMMOAEHCTBHEM  TPHAAKMAQOCHHUHOB  C QUETUACHOBBIMH ¥ aAACHOBRIMU
COeAVMHEHHSIMH OBIA TIOAyYeH HOBBIH THI (HoCchHOpPOpPraHUYeCKMX COEAMHEHUH -
docdobeTauHbl C OTPHIATEABHEIM 3apsAOM Ha [-yTA€POAHOM aToMe BUHUABLHOW HAU
8- yraepoaHoM atoMe 1,3-6yTaAMEHUABHOH I'PYTINEL.

Hamu HaifiAeH HOBEIH IyTh MOAyYeHHs [-¢ochobeTranHoB AenpOTOHHPOBAHHEM
YeTBEPTHYHBIX POChHOHHEBRIX COAeH.

YCTaHOBAEHO, 4TO TPUOYTUACTHPHA- u TPUOYTHA- 1,2-AHDeHHABHHHA-
ochoHUAOPOMHARI IIPH HarpeBaHMH yXe C TAaKUM CPaBHHTEABHO  CAAbhIM
IIPOTOHOAKLENTOPOM, KaK TPHITHAAMMH, 06pasylor Te ke ¢ocdoberauHsl, KOTOpHEe
ITOAYYAIOTCS  IpH B3aUMOAEHCTBUH TpubyTurdochuna c  eHHA- H
AUEHHAALIETUACHOM, COOTBETCTBEHHO. OOpaTHBIN mMepexop HabAropaeTcs npH
AoBaBAEHHH BOAHOTO pacTBopa GpOMHCTOBOAOPOAHOM KHCAOTHI,
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MM BhIsiBAeHHsi IyTeli crabmamsaimmu  docdoberanHa, MOAYYEHHOTo H3
AudeHHAALIeTHACHa B OTCYTCTBHE 3JAEKTPOMUAOB, peakims Tpuby-THAadochuHa ¢
Au(peHMAALIETUAGHOM OBIA@ OCYIeCTBA€Ha INpH 6GoAee BRICOKOW TemmepaType (220-
230°C). B peayabrate O6BIA TOAYYEH AMOYTHA-1,2-AudeHUBUHHADOCHHH C BHIXOAOM 40%.
[ToAyYeHHEIe AQHHBIE CBHAE-TEALCTBYIOT O NpPOTeKaHWH peakumu B, B'- orienrenns B

noay4eHHoM occobeTarHe.
'+\/ CHZI_?iH-CzHS
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Ham Ka3aAoch MHTEpeCHBIM BBISCHHTb, MOXKET AH B HAMACHHOH peaKIuu B, B' -
pacilenAeHHsl  y4acTBOBaTh 1-a3aarKuABHBIH  pa,.iKaa. C  23TOHM  IeAbl0o  BO
B3aMMOAEHCTBHEe C AH(EHMAAUETHACHOM OBIA BBEAGH TreKCaMeTHATPHAaMUAODOCHHT.
OAHAKO B pe3yAbTaTe MPOBEAEHHOH peakIHM BMEeCTO OXXHAAeMOro MeTHAMMMHA
hopMarbAeruaa GBIAO TTOAYYEHO HeGOABLIOe KOAMYeCTBO OCHUHIMHUHA CTPOEHHUS:

N-CHy
CgH
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i
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O6pa3oBaHHe TIOCAEAHEr0 HMEAO MeCTO, MO BCeH BEpPOSTHOCTH, [0 CXeMe,
BKAIOYAIOleH  KaTHOHOTPONHYIO  METHABHYIO  MHIPaMIO B I[IPOMEXYTOYHOM
docdoberanre.
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Panee B raGopaTopuu 3aeMeHTOOpraHudeckux coepuHenust MOX HAH PA 6rino
TIOKAa3aHo, YTO MeTOKCHaAAeH obpasyeT ¢ TpubyruadochuHOM TpHOYTHADOCHHUHOKCHA
U CMeCh ABYX TOMOAOTMYHEIX HAMAOB, HaXOAAIIMXCS B PAaBHOBECHHM CO cBouMH O-
6eTauHOBEIMH (pOpMaMH.

B mpoaoaxeHwe  3THX  MCCAGAOBAHMM  HaMHM  OCyIIeCTBA€Ha  peakums
TpubyTuadochHUHa C  ITOKCHAAAGHOM, COAEp)XAalluM  3HAYMTEABHO  TpyAHee
OTILENASIIOLLYIOCS TTIOA ACHCTBHEM HYKAeO(hHAOB O-3THABHYIO IpYyIIy.

28-yacoBoe HarpeBaHHe 3TOKCHaAAeHa ¢ TpubyTuadocduHOM npu 120°C npusero K

ofpa3oBanHiO TpUOYTHAGOChHHOKCHAA (34%) M Iepe-rOHAIOUIErocs B BaKyyme
COEAMHEHHS, COOTBETCTBYIOUIErO IO AAHHEIM JAeMEHTHOro aHaausa u [IMP cnektpa
ocobeTanHy C OTPHUIATEABHBIM 3apsSIAOM, PAaCCPEAOTOYEHHRIM IO aAAMABHOM cHCTeMe
c BBIXOAOM 19%. BaanmopercTBueM C 3(HPHBIM pPacTBOPOM HOAHCTOTO MeTHAA
docdoberaurn 6riA mepeBepeH B TPUOYTHAGOCHOHHEBYIO COAb C 3aMelIeHHOW Me-
TUAEHOBOH TPYIIIOH.
CHy
+ ’,.: 'Q'CHSU
(C4Hg)gP + CoHs0-CH=C=CH, ——> (C4Hg)3P-Ci- —
CH-OCZHS
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AAKMABHas MUTPauusi B YeTBEPTHYHBIX HOCHOHNEBBIX NPOU3BOAHBIX,
o6pa3ylomuxcsa noA AeHCTBYeM IIPOTOHOAOHOPOB u3 C-dochoberavnos

CorracHO AWTEpPaTYPHHIM AQHHEIM B psAe pPafoT MO H3YYEHHIO HYKAEO(DHABHBIX
Peaknuii COEAMHEHHH TPEeXBAaAEHTHOro ¢ocdhopa C HeHaCHUIEHHBIMH CybcTpaTaMu
[PeATIoAAraeTcss MPOMeXXYyTOyHoe obpasoBanue ¢ochoberanHOB € OTPHLATEABHBIM
3apsAOM Ha YTAEDPOAHOM aroMe.

B xoae atux wuccaepoBaHHE AareHoM W Te66u B 1965 6bira OTKpHITa HOBas
HHTepecHas [eperpynnupoBka. MiMu ycraHoBAeHO, 4TO TpudeHHAGOChHUH obpasyeT C
(peHHAALETUACHOM B IPUCYTCTBMM BOABI AMEHMA-1,2- AndeHUAITHAGOCHHUHOKCHA. AAst
ero 06pa3oBaHHS AaBTOPEl INPEAAOXHAM CXeMy, BKAIOYAMI[YIO MPOMEXyTOYHOe
obpasoBaHue ochoberanHa C TOCAEAYIOUIMM IPOTOHUPOBAHMEM, THApaTalfHeit
obpa3oBaBIlIeHcs COAH TpudeHUACTUPHADOCHOHHUS, AelPOTOHMPOBaHHEM y
KUCAODOAHOTO  aTOMa ¥  MeperpynnupoBKOM  ITOAYYHMBLIEIOCS  LIMKAMYECKOTrO
HHTepMeAHAaTa peakuyuH BuTrura c aHHOHOTPONMHOM (DEHHMABHON MUrpauuedt u
TMAPHAHEIM CABHIOM.

H,0 Hs0
+ - 2 + 2
B FEP + CH=C-Ph—> [P PBP-CI‘I:C—P h] —> P h3P-CH=CH-P h —
“OH
Ph

+ NG
—-P 53P-CH2-(I3H—P h——>P hz'P - ("JI"I)-H ——P hzuP-?H-Cﬁz—P h

L0) Ll 0): 0 - CH-Ph 0 Ph

B mnpearoxeHHOH AareHoM H Te66H cXeMe ¢ YeTbIpeXUAEHHBIM IMKAHYECKHMM
HHTEPMEAHATOM HaM KaXkeTcsi KpalWHe MaAO BePOSTHBIM THMADHAHEIA CABHI B CHABHO
OCHOBHOM Cpeae.

BOCAGACTBHH 3Ta NeperpynnupoBKa ObiAa OCyIIeCTBACHA AEMCTBHEM LeAOYM Ha
4YeTBepTHYHbIe (POCHOHHEBEIE COAM C 3aMellleHHOW BMHHALHOM rpymmoi. Cpean
MEXaHHU3MOB, [IPEAANOKEHHBIX AASL ee IpoTeKaHus, Hauboaee NMpHeMAeM MPeAAOKeHHBIN
B 1967 r 36mparoM u BepHepoM, OCYIECTBMBUIMMH [EperpynimupoBKy Ha npUMepe
coneH TpUDEHHA-B-Ke-TOBUHHHADOCHOHMA. o MHEHHIO ITHX ABTOPOB
NeperpynnupoBKe IMOABEPraeTcsi, HeNOCPEeACTBEHHO IMAPOKCHA  TpUeHnA-fB-kero-
BHHHAGOCGHOHHUS.
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[IpeAcTaBAAO HHTepeC BRIACHHTB, MOXHO AHM OCYIJECTBHTb QHAAOTHYHYIO
Teperpynix¥poBKy C AAKHABHOM MHUTrpanueii B3aMeH (DeHHALHOM.

Kak mokasaru Hawm  WccAepoBaHMS,  TPUGyTHADOCHUH pearupyer cC
(eHUAALETHAEHOM B TPHCYTCTBHH BOAK B YCAOBHAX KHISYEHHs, MPHBOAT K
06pa3oBaHnio TPUOYTHADOCHHUHOKCHAR, AHGYTHACTHPUADOCHHHOKCHAA, AuByTHA(1-
ByTHA-2-beHUAITHA)DOCHHHOKCHAR, CTHPOAA M , HEO)KMAQHHBIM obpa3zoM, 1-peHuna-1-
NeHTeHa B BUAe cMecH Z- u E-usoMepos.

O6pasoBaHue AUBYTHA-1-6yTHA-2-(DeHUASTHADOCHUHOKCHAR o BCeH
BEPOSITHOCTH, TMPOHCXOAMT MO CXeMe,BKAIOYAalollell IpoMeXyToyHoe obpa3oBaHMe
pocoberaniHa C MOCAGAYIOIIMMH THApATaluei H OYTHABHOM MHTpalyeii B
06pa3soBaHHOM TPUGYTHACTHPHAGDOCHOHUITHAPOKCHAE.

Hy0

7 ] -
C

* "4\H;9 "
> (C4lig)gPLH-Cii-Calls ——> (Cylig)P = CH-Chi-Clly ———>

“OH 0-H<

OH
(Cyfig) pP-CH-CH,CgHs
0C

TpubyTHa-, AMGYTUACTHPHUAGOCHHUHOKCHAN Y CTHPOA SBASIOTCS OBBIMHEIMH
MPOAYKTaMH LIEAOYHOTO THAPOAM3a C OTIUENAeHHEeM Pa3AMYHEIX IPynn (ochoHHEBOro
KOMIIAEKCa.

(C4Hg) PLCH-CE-CH,
.
ons PR
e
P_CH=CH-CgH
(C4Hg) ot 6lls
0

HeoxupanHoe ke ofpasoBaHue 1-eHHA-1-IeHTEHa NpPeACTABASIOTCH HaM
MPOTEKAIOIIHM T10 CAEAYIOUIeH cxeme:
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Kak BHAHO M3 CXeMEl, NPOAYKT THApaTalfH TPUGYTHACTHPHAGOCHO-
HUHTHAPOKCHAQA TIOABEPraeTcsi (pparMeHTalit ¢ HOCAEAYIOIHMH ePeMAUANDPOBaHHNEM U
peaxnued BurTHra.

He MCKAIOUEHa BO3MOMKHOCTb, YTO W APYTOH, He copepX)aumi pocdopa MPOAYKT

peaKIuy - CTHPOA, €CAM He IOAHOCTRIO, TO yacTUYHO, obpasyeTcs He IpHU LIEAOYHOM
THApOAM3e TpUGYTHACTHPHA-(POCHOHUMTHAPOKCHAS, a M3 HNPOAYKTa €ro TUApaTalliv B
pesyAbTaTe B3aHMOASHCTBHA o6pasyronuxcs NpH  (pparMeHTallH 6eH3aAbACTHAA H
TpubyTHAGPOCHOHUIMETHAKAA.
g B MOATBEPXACHHUE IIPEAAOKEHHBIX cxeM ofpa3oBaHUsL MIPOAYKTA
neperpynivMpoBKH " 1-¢deHuA-1-IeHTeHa u3yyeH 1EAOYHOM THAPOAM3
Tpn6y'm1\cmpm<poccpoauﬁ6pomma, OpUBEAUINH K TeM JKe MPOAYKTaM peakuuu ¢
HECKOABKO 6OA€e BBICOKMMH BEIXOAAMH.

M3  [pOTOHOAOHOPOB HaMu  HCCAGAOBAHO  TakKe  B3aMMOAEWMCTBHE
tpubytradocduHa C (beHMAALIETHAGHOM B HPUCYTCTBHH 3THAOBOrO CIHpTa H
aleTOyKCycHOro adupa.

U3  OpoAYKTOB peakuu# B epBOM CAyyae BBIAM BBIAGAEHBL
Tpu6yTHAPOCHHHOKCHA,  CTHPOA, AnéymA-1-6y'rm—2-cbe1-xm3'rmcpoccpﬂ-uoxcm. a
TaK)Ke HeBOABLIOE KOAMYeCTBO 1-peHHA-1-rexceHa.

TpubyTHAGOCHUHOKCHA M CTHPOA [IOAYHAIOTCS AHAAOrMHYHO MPEABIAYIIeMY
CAydalo yXKe B pe3yAbTaTe aAKOKCHAHOTO pacuienAeHus:

Et0H

(C4H9) 3P + CGHS-CECH (C4H9) 311’-/5H=CH-C6H5 —_—_—

3!
0LE1 g,
> (C4Hig)3PO + CHy=CH-CgHg

O6pasoBaHue Xe [eperpynnMpoBaHHOro GochUHOKCHAL 1 1-cheHnA-1-rekcena
MOKHO [PEACTABUTH CACAYIOUIeH cxeMoit:

B10H

”~\
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(C4H9) 2}:—(')H-CH—C6H5 e (C4H9) 2P=0 + C4H9CH=CH-CGH5

0 C4Hg

Kak BHAHO K3 cCXeMbl, 1-deHHA-1-TeKCeH IIOAyYaeTCs H3 TOro Ke
OPOMEXYTOYHOTrO KapBaHHMOHA, Yro H neperpynnupoBaHHEIA  (OCHUHOKCHA, B
pe3yAbTaTe IPOTEKAHWS PEAKIIMH M0 TEeTPasAPHYEeCKOMYy MEeXaHM3My C pasphiBOM C-P
cBsiu. O6pasoBaHMe MeperpynmMpoBaHHOTO (POCHHHOKCHAA HMeeT MecTo W IMpH
IpOBEAGHHH M3y4YaeMOH PeaKI[My B UPHUCYTCTBHH allETOYKCYCHOTO acdupa.

Hamu wM3ydeHa TakKe peaKiys AMGEHHAMETHAPOCPHHHA C (eHUAAETUACHOM B
IPUCYTCTBMH BOABI, IpHBeAliasi K OOpa3soBaHMIO MPOAYKTa GEeHUABHOM MHIpalum-
dennrmeTrA(1,2-AuEeHUAITHA) POCHPHUHOKCHAA COTAQCHO CXeMe:
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13 apuAaleTHAGHOB MCCAGAOBAHO TakKe B3aMMOACHCTBHE TpubyTuadocduna ¢
AM(EHHAAIIETUAGHOM B OPHCYTCTBHM BOAB. OKasaAock, 4TO B OTAMuYME OT
(beHMAALIETHACHA peaKIys B OTOM CAyyae MPHBOAMT HCKAIOUMTEABHO K IPOAYKTAM
IL[EAOYHOTO BOCCTAHOBAGHHMS - TPHOYTHAGDOCHHHOKCHAY H CTHABGEHY.
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Takoe pasAHuMe B TNOBeAeHHH (eHHA- H AH(DEHHAAUETHACHOH N HayaomMon
peakiii 00YCAOBAEHO, IO BCe# BepOSTHOCTH, BoABLIEH AHHOHHON MOANMMKHOCTIIO |
(peHHUACTHPHABHO# TPYIIIHI, &, BO3MOXKHO, U NPeNsTCTBYIONIIM aeicraneM 1-henannon

IPYIIIEl TIPOLeCCYy MHIPALAH.

C ueAbto pacluupeHust 06AacTH  pacHpOCTPAHEHMA  PeaKIMn G AAKMAKHORN
MHTPAlMH B  YeTBEPTHYHEIX (POC(OHHEBRIX THAPOKCHAAX, OOpasyiommxen i
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