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OT3bIB BEAYIIENA OPTAHU3ALIMU
DeiepallbHOrO rOCYIAPCTBEHHOTO OHOIKETHOTO YUpPeKIeHHUS HayKH
WHCTUTY T Pusnyeckoi XMMHK U 3eKTPOXUMUH UM. A H. OpyMKHHA

Poccuiickoii akagemMun Hayk

Ha TMCCEPTAaLHOHHYI0 paboTy
Bouarunna Urops Baaumosuua
«INDPOY 3N OYIUIEPEHOB B PACITTIABAX T'ETEPOLIMKJIMUYECKUX
I[TOJIMMEPOB»,
NpeACTaBIEHHON Ha COUCKaHUE YUEHOM cTeneHu
KaHuaara GU3MKO-MaTeMATUYECKUX HAYK IO CIEHanbHOCTH
02.00.06 - BbICOKOMONEKYISIpHBIE COEIMHEHHSI

AxrtyanbHocts  paborbl.  [luccepramuonnas pabora M.B. Bonruua
NOCBAIIEHA  HUCCIENOBAHUIO  METOJAaMH  KOMIIBIOTEPHOIO  MOJENHPOBAHHS
TPaHCISUMOHHON 1uddy3un chepudeckux HanouacTul] (pynnepeHoB Ceo, C2s0 H
PC¢1BM) B pacniaBax reTtepolHMKIM4YECKUX OTHMEPOB.

Teopernueckue uccrenoBaHus MOJBMKHOCTH HAHOYACTHML[ B MOJIMMEPHBIX
KHIKOCTAX Ha CEroJHsALIHMA JeHb KpailHe BOCTpeOoBaHbl. PesynbTaThl TaKHX
HCCIIeIOBaHUM  HeoOXoauMbl  Kak  Juis  (OPMYJTHPOBKH  YHHBEPCAJIbHBIX
TEOPETUYECKUX IOAXOJ0B K OMUCaHUIO AU(GY3UH B IOJIMMEPHBIX CHCTEMAX, C
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NMpPUMEHEHHEM KOTOpPbIX BO3MOXHO ©OoJjiee TNOJHOE ONUCAaHWE OCODEHHOCTeN
TPAHCASUMOHHONW NMOABH)KHOCTH HAHOYACTHMI, TaK U C TOYKHU 3PEHHUS Pa3BUTHA
HOBBIX JIOKaJbHBIX METOJAOB MCCJIEIOBAaHUSI CBOHCTB IOJMMEPHBIX CHCTEM.
HecmoTpss Ha TeopeTHuyeckHi XapakTep IMCCEPTallMOHHOH paboTel, B HeM
paccMaTpUBalOTCS KOHKPETHBIE CUCTEMBI «T1OJIMMED - HAHOYACTHLBIY, YTO MPUIAET
paboTe npakTHYeckoe 3HayeHHe. MOXKHO COrlaCUThCA C MHEHHEM aBTOpa paboThl,
YTO TMOJyYeHHE JETAJbHOM KOJIMYEeCTBEeHHOH HMHPOpMAUMHU O MeXaHU3Max
NOABHWKHOCTH MaJIbIX HAHOYACTHL, KakK (yJjaepeHbl, B pacrjaBaxX IOJIMMEPOB
CJIO)KHOM XMMHMUYECKOH CTPYKTYPbI, TAKMX KaK MOJHMUMHIIbI, C IKCIIEPUMEHTAILHOM
TOYKHM 3pEHHUs NPe/ICTABIsET COO0M JOCTATOYHO CIOXKHYIO U TPYIOEMKYIO 3aJ1avy.
B cBa3su ¢ yem naMcceprauvonHas pabora M.B. Boarumna mnpeacrasnsercs
aKTya/IbHOH, a paCCMOTpPEHHbIE B Hel 3a/layd UMEIOT KaK (PYHIAMEHTAJIbHYIO0,
TAK H IPAKTHYECKYI0 3HAYHUMOCTb C TOYKH 3PEHUS Pa3BUTHS (QU3HKH MTOJIHMEPOB
Y MOJIMMEPHOI0 MaTepHaJloBeACHHUS.

Ouenka coaepxkanusi paborbl. PaGora BbINOJIHEHAa B COOTBETCTBHH C
NJaHOM Hay4HO HcClefoBaTellbcKuX padboT denepasbHOrO TroCyAapCTBEHHOIO
OHOKETHOTO yUpeKaeHUs HayKu VIHCTUTYTa BBICOKOMOJIEKYISIPHBIX COeIMHEHUH
Poccuiickoit akamemMun Hayk B JlabopaTropud TeOpHH M MOJEJHPOBaHHA
NOJIMMEPHBIX cUcTeM Mo TemMaM «CTpyKTypa U JHHaMHMKa MHOI'OKOMITOHEHTHBIX
MOJIMMEPHBIX CHCTEM: TeOopHusl WM 3kcnepumeHT» (2014-2016 rr.), «Pusuueckue
OCHOBBI CBSI3M CTPYKTYpPHOH OpraHM3allid M MOJIEKYJSIPHOH IOJABHXXHOCTH
ITOJIMMEPHBIX CUCTEM C UX XHUMHYECKHMM cTpoeHuem» (2017-2019 rr., 2020-2022
IT.), a TakKkKe B paMKax BBINOJHEHHs paboT mo Merarpanty IlpaBuTenbcTBa
Poccuiickoit @enepauuu (Ilocranosnenue Ipasurenscrea PO Ne 220 ot 9 anpens
2010 roaa, dorosop Ne 14.7250.31.0002).

Juccepraunonnas pabora usjioxeHa Ha 136 crpanuuax. OHa COCTOMT M3
BBEICHHUS, TPEX IJIaB, 3aKJIFOYCHHUs, BHIBOAOB U CITMCKA LIMTUPYEMOM JIUTEpaTyphl
(150 HaumMeHOBaHH), BKJIIOYAET 26 PUCYHKOB U 4 TaO/IHLbI.

Bo Beegemnn naHo pa3sBepHYyTOE OIMCAHHE aKTYAlIbHOCTH paboThl,
chopmynvpoBaHel  LleNH, 3adayd, HaydHas HOBU3HA, TeopeTuuyeckas U
NpaKTH4Yeckas 3HaYUMMOCTh, & TAKXKE IPEACTaBJEHbI MOJOXEHUs, BHIHOCHMbIE Ha
3alMTy. OCHOBHOM LiesIbl0 paboThl SIBISIOCH YTOUHEHHE M PAa3BUTHE C TIOMOILBIO
KOMITbIOTEPHOT'O0 MOJEJIMPOBAHUSI Te€OPHU M DY3UH HAHOYACTHII B MOJUMEPHBIX
KHAKOCTAX, NpeioKeHHOH PyOUHLITEHHOM ¢ COaBTOpaMHu.

B I'nase 1 npuBeneH nutepaTypHblii 00630p, B KOTOPOM pPacCMOTPEHBI
KJIaCCUYECKMEe TEOpEeTHYECKHE TMOAXOAbl K OMHCaHWK NUGQY3MH YacTHL,
06CyX/1eHbl  paboOThl, TOCBALIEHHBIE AKCMEPUMEHTATBHOMY HCCIEI0OBAHUIO H
KOMIIBIOTEPHOMY MOJEIMPOBAHHIO TPAHCISIUMOHHONW NU(GY3MH HaHOpa3MepHBIX
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4aCTULl B MOJIMMEPHBIX XHAKOCTAX. B pasaene 1.5 ocoboe BHuUManue yueneno
AHAJIM3y COBPEMEHHBIX TEOPETHUECKHX TNOAXOL0B K onucauuio audpdysuu, B
YaCTHOCTH, CKEHJIMHIOBOI'O YHHBEPCAILHOIO MOJAX0/a, UCTOJb3yeMOro B TEOPHH
aupdysun  chepudeckux HaHouacTul. [lpunHuMnuanbHo BaXHO, uTO BCe
copMyIHPOBaHHbIE B NAHHOM pa3/iesieé BbIBOJIbI OCHOBBIBAIOTCS Ha KPUTHYECKOM
aHalM3e pe3ybTaTOB HAYUHbIX UCC/IEOBAHHH, BBIMOJHEHHBIX 3a [10CIEAHHUE O/1bI
B 00J1aCTH U3y4YE€HUs NTOABHKHOCTH HAHOUYACTHULL B MOJIUMEPHBIX Cpejlax.

B TI'naBe 2 onucaHbl OOBEKTbI HCCIENOBAHHUS, «IOJTHOATOMHbIE H
KPYITHO3€PHHUCTBIE» MOJIEIH MAKPOMOJIEKY T M PyJIEPEHOB, NPUBEAEHO M01pobHOoE
OTNUCAaHUE METOJIMK, YUMTBIBAEMBIX B MOJEJHPOBAHHM B3aUMOIEHCTBHUH, HdaHbI
napaMeTpbl  KOMNBIOTEPHOTO  MOJEJIHPOBAHHMS,  OMUCAHA  METOIOJIOTHH
uccienoBanus 1H(GQPy3uH HaHOUACTHIBI W CBOHCTB CTOXACTHUYECKOIO Mpolecca,
COOTBETCTBYIOILETO €€ TEIUI0OBOM NMOoABHKHOCTH. B pa3nene 3.7 onucana MeToauka
pacyeTa peoJIOTHYECKUX XapaKTEPUCTUK MOJMMEPOB, OCHOBAaHHAs HA NPUMEHEHHH
00001EeHHOro cooTHOolIeHUs: CTokca-DHHIITEHHA.

Brniepsrie B nauccepraumonHoii pabore paccmortpena auddysus dysiepena
Ceo B nonuumuzae P-O PO, xuMuueckas cTpyKTypa MOHOMEPHOI'O 3BEHA KOTOPOTO
XapaKTepU3yeTCs CYIIECTBEHHOW HEOHOPOAHOCTBIO Ha MacluTabax, CpaBHUMBIX C
pasMepoM  HaHo4yacTHlbl. B cBoro ouepens, ¢ymiepen PCgeBM wu
nonH(3-rekCunTHodPer) paccMaTpuBalOTCsT B pabore, I1aBHbIM 00pasoM, IpH
BEPH(HKAIMH pa3pabOTaHHBIX aBTOPOM Mojelied U NPUMEHSEMbIX MM METOIO0B
UCCIIEAOBaHUS MOABHKHOCTH HAHOYACTHILL B KOMIIBIOTEPHOM MOJETHPOBAHHH.

B I'nase 3 mnoapoGHO M3JI0XKEHBI pe3yJbTaThl, MOJYYEHHBbIE B XOI€
uccrnenoBaHui. B pasnene 3.1 onpesesnien TMI rpaHUYHBIX YCIOBHH Ha IIOBEPXHOCTH
bynnepena Cq B pacraBe P-O1PO. B paspene 3.2 06Cy)aaroTcsi pexHMBbI
TPaHCIAUMOHHON 11 Py3un, XapakrepHsie 1is QyiepeHoB B pacinasax P-O PO
u  nonu(3-rexcuntuodpen). B Pasnene 3.3  pesynbTaThl  KOMIBIOTEPHOTO
MoaenupoBaHuss  AM(PY3HOHHBIX CBOHCTB  (yJUlepeHOB  COMOCTAaBJIEHbl  C
NpEeACTaBIEHHBIMH B JIMTEPATYype SKCIEPUMEHTANIBHBIMM INaHHbIMHU. Pa3znen 3.4
COHEPXHUT OIIUCAHHE PE3yJbTaTOB MCCIEJOBAHUSA CBOMCTB CTOXACTHUYECKOIO
npouecca, cooTBeTcTByIouero aubdysun pymnepena Cq B P-O1DO.

3HauuTenbHas 4YacTh I1aBbl 3 nOCBsUIeHA OGCYXIEHHIO MEXaHHW3MOB
Andpdysun  dynnepeHoB B pacriaBax I[0JMUMEPOB B CyOAHPPY3HOHHOM M
HOpMaJIbHOM pexumax Jauddy3ud, a Takke 3aBUCHUMOCTH OCOOEHHOCTEMH
TOABH)XHOCTH HAHOYACTHUIL B 3TUX PEXKHUMAX OT JIOKATIbLHONH XMMHYECKOH CTPYKTYpbI
MaKpOMOJIEKYJI U MOABHAKHOCTU UX pparmeHToB, B 3axmounrensHom Pasnene 3.7
NPEJICTaBICHbI PE3YJIbTAThI pACYETa PEOJOTHUECKHX XapaKTEPHCTHK Noinkumuaa P-



O1PO, nonyyeHHble HAa OCHOBAaHUH IaHHbIX O cyOAupDYy3MOHHON MOABUKHOCTH B
HeM ¢ynnepena Ceo.

Hay4uHasi HOBH3HA 1UCCEPTALIMOHHON paboThI 3aK/II0OYaeTCsl B TOM, UTO B Hel
BIEpBbIe C TPUMEHEHHEM KaK MOJIHOATOMHBIX MojeseH, TaK ¥ ME30CKONUYECKUX
MojiesIell BBINOJIHEHO KOMIIbIOTEpHOE MopesnupoBaHue NU(GbdY3UH chepuueckux
HAHOYACTHIl B paciulaBax TIeTepOUUKIMYECKHX TOJIMMEPOB Ha BpeMEHax,
COOTBETCTBYIOLIMUX MUKPOCEKYHIHOMY nuana3zoHy. [IpoBenenne xoMnboTEpHOTO
MOJICTHPOBAaHUSI Ha NAaHHBIX MacliTabax BPEMEH CTaJlo BO3MOXKHBIM Osaromaps
BBIMOJTHEHUIO PACYETOB Ha MHOTOMNPOLIECCOPHBIX BBIUMCIIUTEIIBHBIX KOMIIJIEKCAX U
HCITIOJIb30BAHHUIO CNEUHAIBLHO ONTHUMHU3HUPOBAHHOIO JUIs 3TOTO IMPOrpaMMHOIO
nakera Gromacs. AHajJU3 pe3yJbTaTOB KOMIIBIOTEPHOI'O MOIEJIMPOBAHHUS [103BOJTUI
OOHApy»XHUTh HaJHude pexuma cyonuddys3un s chepuyecKux HaHOYaACTHLI,
JHaMeTpbl KOTOPBIX HE MPEBBIIAIT KOPPEIALUHOHHOH [UIMHBI [10JIMMEPOB B
pacmiaBaXx M yCTaHOBUTH, YTO JBH)KEHHE TAKUX HAHOYACTHUII B 3TOM PEXUME
O0YCJIOBJIEHO JIOKAJBbHOW XWUMHUYECKOH CTPYKTYpOH MaKpOMOJIEKYJ, a TaKke
NIOJABHXHOCTBIO (PparMeHTOB MoJUMepHbIX Leneil. KpoMe Toro, ycTraHoB/I€HO, 4TO
TOYHOe onucaHue AU Y3Ud HAHOYACTHUII BO3MOXXHO B paMKax OOOOILIEHHOTo
ypaBHeHus JlaH)KeBeHa, 4YTO C TEOPETHYECKOM TOYKH 3PEHHsA TO3BOJIAET
UCTIONIb30BaTh JaHHble 00 WX TIOABMXKHOCTH ISl pacueTa peOoJIOTHYECKHX
XapaKTEePHUCTUHK pacIulaBOB NOJHUMEPOB.

HajgekHocTb M JI0CTOBEPHOCTb pE3yJbTaTOB, IIOJYYEHHBIX aBTOPOM
JIUCCepTalUH, 00yCI0BIEeHbl MIPUMEHEHUEM COBPEMEHHBIX NIPOrPAMMHBIX [1AKETOB,
a Tak)ke anpoOUPOBAHHBIX paHEE METOAMK MOJACIUPOBAHMUS I'€TEPOLHUKINYECKHX
moJiumMepoB. {oCTOBepHOCTL H 000CHOBAHHOCTH CHOPMYJIUPOBAHHBLIX B padoTe
BBIBOJIOB O Me€XaHH3MaX MOJABHXXHOCTHU (yJsIepeHOB MOATBEPKAAETCS COrIacHeM
pe3ynbTaTOB KOMITBIOTEPHOIO MOJEIHMPOBaHHUS HX IU(PDY3HOHHBIX CBOMCTB C
NpeacTaBlIeHHBIMH B TUTEpATyPE 3KCIIEPUMEHTAIbHBIMH IaHHBIMHU.

Hayunble paGoTbl aBTOpa IMcCepTauMM NyOJMKOBaHbl B 6 CTarhsiX B
peleH3UpYEeMBIX JXypHajax, BXOASIIMX B CIMCOK HM3[aHMH, PEKOMEHIOBAaHHBIX
BAK Poccuiickoit @enepanuu, a Takxke B 1 rinaBe B kHure v 17 Tesucax I0KIaJI0B,
NpeICTaBIEHHbIX Ha 9 MEXIYHAPOIHBIX U 3 BCEPOCCHUICKUX KOH(PEPEHIMAX.

ITo nuccepranuu HMeTCH clleAyI0lHE BONPOCHI H 3aMe4YaHHs.

Bo-nepBbIX, B TEKCTE AMCCEPTALMH HET HCYEPIBIBAIOIEro 000CHOBAHHUS
BbiOOpa B KkauectBe nuGdPYy3HMOHHON cpeabl «paciulaBa» TIeTepPOLHKIHYECKHX
MOJIMMMM/IOB, XUMHUYecKass CTPYKTypa MOHOMEPHOro 3BE€Ha  KOTOpPBIX
XapaKTepU3yeTCs CyIIeCTBEHHON HeomHOpONHOCThIO. LlenecooGpasHo Gbulo Gl
HECKOJIBKO YBEJIMUMB 06BeM HCClieJOBaHHi, NPOBECTH OLEHKH TPaHCIAUHOHHOH
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MOABHXXHOCTH (pyJUIEpPEHOB B pacniaBaxX TPaJAHUHOHHBIX OJHOPOAHBIX JIMHEHHBIX
nonumepos, Aud y3HOHHBIE CBOICTBA KOTOPBIX XOPOLUO 0XapaKTepU30BaHbI.

Bo-BropsIX, B rnase 1 ueinecoobpasHo 6b110 Obl NPUBECTH KNACCHPUKALINIO
Aubdy3aHTOB 0 Pa3IMUHBIM MapameTpaM, BK/IO4as reoMeTpuueckue pasMepsl,
napaMeTpsl pacTBOPMMOCTH, NPOHHLAEMOCTh M JIOCTYNHOCTh o6beMa u T.m. JTa
uHbopMalMs TI03BoaMNa Obl Goliee SIPKO OMUCaTh CreuupuyecKkue CBOHCTBA
dymiepeHoB kak auddysantos. Hanpumep, cpaBuuth A (y3MOHHbIE CBOHCTBA
GbyuiepeHoB, 1eHAPUMEPOB, KOJUTOMIHBIX HAHOYACTHIL.

HakoHel, X0Tenochk Obl yCJblIaTh OT aBTOpa MHEHHE O TOM, KaKoe MeCTO
3aHHMaeT paccMaTpuBaeMblii MexaHusM Aubdy3un QyiuiepeHoB B pamkax
TPAJMIIHOHHBIX TNPEJCTAaBIeHHH 06 siemMeHTapHOM akTe AMGQY3HUH M BA3KOCTH
MaKpOMOJIEKYJI, JEeHJPHMEpOB, JIEKApCTBEHHBIX IpPEnaparoB, KOJIOHAHBIX
HaHOYaCTHII.

Bo3HuKILIME 3amMeuaHus He BIMSIOT Ha OOILYIO IMOJIOXKHUTENIBHYIO OLIEHKY
paGoThl M HOCAT peKoMeHnaTenbHbli Xapakrep. PaGoTa mpencrapiseT coboi
BBIMIOJIHEHHOE HA BBICOKOM YpPOBHE 3aKOHYEHHOE€ Hay4YHO-METOAHYECKOE
HCCIIeIOBAaHHE, B XOI€ KOTOPOro TMOJy4eHbl HOBBIE PE3yJIbTaThl, 3HAUYUMBIC IJIA
pa3BUTHS GU3UKH BHICOKOMOJIEKYJISIPHBIX COEIMHEHHH.

Pe3yabTaThbl MCC/IeA0BaHUl MOTYT OBITh HCIIOJIB30BaHbl B OpraHHU3alusiX,
CIIELIMAIU3UPYIOIIUXCS Ha (yHIAMEHTAIBHBIX M NPHUKIAIAHBIX MCCIIEI0BAHUIX
MOJIMMEPOB M MAarepHajlioB Ha HX OCHOBE, B 4YacTHOCTH, B DenepaibHBIX
roCy/apCTBEHHBIX OIOKETHBIX 00pPa30BaTENbHBIX  YYPEKICHUAX  BBICIIETO

o0Opa3zoBaHHs: MOCKOBCKOM  TIOCYZIapCTBEHHOM  YHHUBEPCUTETE, CaHkr-
ITeTepOyprckoM  rocyJapCTBEHHOM  YHHMBepcuTeTre, U B  DeaepalbHbIX
rocy/1apCTBEHHBIX OOIKETHBIX YUPEKIACHUAX HayKH: HucTutyTte

BBICOKOMOJIEKYJISIpHBIX ~ coeanHeHuii  PAH,  MHcTutyre  CHHTETHYECKHX
nonmumepHbix  MmatepuanoB  uMm. H.C. Enukononoa PAH, HWMucrutyte
HepTeXUMHUUYECKOTro CHUHTE3a UM AB. Tonuuesa, HuctutyTe
sjeMeHTOOpranndeckux coeanHennd mm. A.H. Hecmesnosa PAH, HMucturyte
dusnueckoit xumuu um. A.H. ®pymxuna PAH.

W3 BellIECKA3aHHOTO CJIEAYET, YTO AUccepTaliioHHas pabora M.B. BonaruHa
«Anddy3us GyiepeHoB B pacijiaBaX reTepOUHKINYECKHUX TIOJTUMEPOB» 110 CBOEH
aKTyaJIbHOCTH, HAy4yHOH HOBHU3HE M OOOCHOBAaHHOCTH Hay4HBIX pE€3YJIbTAaTOB
ITOJIHOCTBIO COOTBETCTBYeT KpUTepusiM (MyHKTHl 9-14 «IlosioxxeHus o rnopsjake
NPUCY KAEHUS  HAY4YHbIX  CTeneHei», yTBepkaeHHoro IlocTaHOBICHHEM
npasutenbcTBa P@® ot 24.09.2013 Ne842 B penakuu ¢ H3MCHCHUSIMH,
yTBepxaeHHbIMH [locTaHoBienuem npasurtenscTtBa PO ot 21.04.2016 Ne335),
NpPEabsBISIEMBIM K KaHAMAATCKUM JUccepTauusM, a ee asrop Uroppr BagumoBu4
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Bonrux 3aCJyKHBaET npUCY X /IeHHs emy YUCHOM cTeneHm
KaHAHIATA PpH3HKO-MATEMATHUCCKHX HAYK no creuManbHOCTH

02.00.06 - BbicOKOMOJIEKY IIpHbI€ CO€JIMHEHHUA.

Jluccepraumonnas pabora W.B. Bosruna «duddysus dbynnepeHoB B
pacniaBax TreTEePOLMKIHYECKHMX MOJHMepoB» 00Cyxk/eHa, OT3bIB  Ha  Hee
paccMOTpeH M YTBepXJEH Ha  3acefaHMd  CeMHHapa nabopaTopuu
CtpykTypHO-Mopdooruueckux uccienopanuii GenepanbHOro rocy1apcTBeHHOro
GIOKETHOTO YUpeXIeHUs HayKH MHCTUTYTa PU3MYECKOM XUMHUU U JJIEKTPOXUMHUH
um. A.H. ®pymkuna Poccuiickoit akamemun Hayk (mpoTokonm Ne05-2021 or
07.04.2021 r).

18.05.2021 r.

OT3bIB IOATOTOBUII:

['nmaBHBIN Hay4YHbII COTPYIHUK
Jla6opatopuu CTpyKTYpHO-MOPHOIOTHUECKUX HCCIIeOBaHUI
derepalibHOTO rOCYIapCTBEHHOTO GI0IKETHOTO
yupexxaeHus Hayku MHcTuTyTa pusndeckoit XMMUHU
U snekTpoxumuu uM. A.H. @pymkuna Poccuiickoi akageMuu HayK
nokTop Xxumudeckux Hayk (02.00.06 — BBICOKOMOJIEKYJIIPHbIE COEIMHEHU ),
npodeccop
Yaneix Anaronuii EBrenbeBuy

[Tonnuce Yansix A.E. 3aBepsto:

Yuenbiii cekperapp MOXD PAH, K.X.H. nankux H.A.




