OT3bIB
o HIHAJIBLHOIO ONMOHEHTA
Ha JHCCEPTALMIO HA CONCKAHHE YYEHOH cTeneHH
KaHAHAATAa PHU3HKO-MATEMATHYECCKHX HAYK
Kopuaruna Huxurel IlaBjiosnya
na remy: «CJI0KHOCTb NPodJieMbl CHOPBbEKTHBHOIO
roMoMop(pu3ma A HHKJIOBY»
no cnenuaabuoctn 1.1.5. MaremaTu4eckasi JIOrHKa, ajareépa, TeopHs YHCe H
AHCKPETHAsi MATEMATHKA

AKTyaabHOCTh mTpofaembl aucceprammu. Jluccepraymonsas pabora
[OCBSLIEHA OIPEIEIEHUIO CIIOXKHOCTU 3aJa4yi O CyIIEeCTBOBAHUM CIOPBEKTHBHOIO
roMoMopu3Ma IPOM3BONBHOTO Tpada Ha 3aiaHHEI Tpad TO €CTh HATHYHs
OTOGPaKEHHsT MHOXKECTBA BEPIIMH H3 TPOM3BOJBHOTO rpaga G B MHOXKECTBO
BepIIMH 3apaHee 3aJlaHHoro rpada f, COXpaHsIOMEro CMEeXHOCTb, o603Ha4YaeMOH
Surj-Hom(H). B Ka4eCcTBe LeJIEeBbIX rpagos paccMaTpUBaroTCs
HEOPHEHTHPOBAHHEIE ¥ PA3JIMYHOrO POa OPUEHTHPOBAHHEIC LMKIIBI, COACPIXKAIIHAC
[HeTIi0 B KakjaoM BepumimHe. Haindue nemid 34eCh ABISCTCA 00s3aTeNBHBIM
YCJIOBHEM BBHJIy TOTO, YTO OTHOIICHHE CMEKHOCTH BEPLIMH Ha H nomkHO OBITH
pednexcuBubM. IlepBbie pe3ysbTaThl aHaM3a CIIOKHOCTH OITMCAaHHON 3ajla4u
oTHOCATCS K KOHIy XX Beka, HO NOJHas ee Klaccu(puKalys B HAaCTOAIIEE BPeMs
HEeH3BECTHA. 3a/[aua OTHOCUTCS K o6nacTd Teopdd rpadoB M MaTeMaTHYECKOH
KHOEpHETHKH W MOXXeT MMETh [PUMEHeHHs TMpH H3YYCHHH BONPOCOB
KJacTepu3alM¥ W HMHBIX 00nacTell HCKYCCTBEHHOTO HHTE/UIEKTA H obpaboTku
GONBIIMX JaHHBIX.

BBH/Ly TOTO, YTO OTHOIICHHE CMEXHOCTH BepudH rpada ecTh He 4TO HHOE,
Kak GMHapHOe OTHOLICHHE, 3a/[a4y MOUCKA CIOPhEKTUBHOTO roMoMophu3Ma MOKHO
copMyupoBaTh B TEPMHHAX W3BECTHOH MACCOBOH 3aiauu — CIOPBEKTUBHOM
3aJ[a4¥ YIOBJIETBOPEHHs OIPAHHYEHHAM, KOTOPYIO o6o3navatot kak SCSP (uHOIr 1A
TaKHe 3aJa4yd HA3BIBAIOT 3a7a4aMy 00061IeHHON BblONEMMOCTH). 3axada SCSP

TECHO CBSI3aHa ¢ PANIOM JAPYTHX 3aa4 H aKTUBHO H3Y4aeTcs B HACTOSIIEE BpeMs.



Ha jaaHBIi MOMEHT HE CYIIECTBYET MOJIHOM KiacCH(DHKAIUU CIIOKHOCTH HE
Tonbko 3agaun SCSP, HO M 3a1a4u 0 CIOpheKTHBHOM romomopduszme. HaubGonee
H3BECTHLIM MHCTPYMEHTOM aHAlW3a 3TOH 3a71a4¥l SBISETCS MHCTPYMEHT aHalu3a
nonumMophu3MoB — (QyHKUHMH, coxpansiommx Habop orHomenui. CymecTByer
OﬁllIEHPHHHTaH THITIOTE3a, COIJIACHO KUTOpDﬁ ECIIH BCE€ CHPBEKTHBHLIC
MOJUMOP(U3MBI OTHOIIEHHS CYIECTBEHHO 3aBHCAT POBHO OT OJIHOH NepeMeHHOM,
to 3aja4a SCSP nns sroro orHowmenus spiasercs NP-nonnoi. OnHOR U3 nepBbIX
pabor B sToM HampaBieHuu Obuia pabora T. Illedepa, B KorTopoil ammapar
HOJTHMO]J(pH3MOB HCITOJIE30BaJICA I aHalIM3a CIOXHOCTH 3aJa4YH BBIITOJIHHMOCTH
B OysieBom cirydae. JlanpHelimue pe3ynbTarsl B 3TOM HAIIPaBJICHHH OBLIH I10Ty4YEHBI
I1. JlxeBoncom, A.A. ByiatoseiM U JIp.

B nuccepraumonHoit pabore pasdupaercs CIOXKHOCTh 3a7a4d O
CYIIECTBOBAaHHH CIOPBEKTHBHOIO roMomMopdusMa Ha peQuIeKCUBHBIE [MKIBI —
rpadbl, KOTOpBIE MOMy4aloTCsl H3 HEOPHEHTHPOBAHHKIX LUKIJIOB My TEM A00aBIeHHA
OpHEHTALHA HEKOTOPLIM pEOpaM, H B KOTOPBIX KayK/(asi BEPIIHHA COJEPKHUT METIIHO.
Ha Tekyiii MOMEHT CIIOKHOCTBH 3aJladl JUIS MOJ00HBIX rpadoB oIlpejeneHa
TOJIBKO JUISl IIUKJIOB JUIMHBI 3, HEOPUEHTHPOBAHHOIO LMKJA JUIMHBL 4 H B CiIy4ae,
KOTJa Kaxk10e peOpo 1MKIIa OPUEHTHPOBAHO POBHO B OJIHY CTOPOHY. boJbmas yacts
paboThl nocBsmeHa (GOpPMYIUPOBKE HOBBIX alNreOpanvecKux HHCTPYMEHTOB JULA
aganuza cinoxaoctd SCSP. BsenéHHple HMHCTPYMEHTBI HCHOJIB3YIOTCH  JiIs
OIpeJieNieHus! CJIOXKHOCTH paccMaTpUBaeMOii 3a/1a4u JUIsl BCEX LIUKIIOB, KPOME IISITH
OINMUCAHHBIX ABTOPOM ciry4aes ¢ 4, 5 u 6 BeprmmmHaMu. TakuMm 00pa3oM, pesynbTarhl
JIMCCePTALIMOHHON PabOoTH ABJIAIOTCS aAKTYAIBHBIMH ¥ 3HAYHMBIMH.

O6man xapakrepucruka paborbl. Jluccepramusi u3noxkena Ha 118
CTpaHHMI@X, COCTOMT W3 BBEICHMs, YETHIPEX IaB W 3akmodeHus. Cnucok
NHTEpaTyphl BKIFOUaeT 49 HauMeHOBaHHUH.

BBenenne IOCBSINEHO HCTOPHH M aKTyaJbHOCTH 3a]a4M, OCHOBHBIM
NOJIOKEHUSAM  iHccepTalmonHoi  pabotel. (OOOCHOBBIBAIOTCA — AKTYalbHOCTS,

paKTHUIECKas U TEOpETHYCCKas 3HaTMMOCTh paﬁOTbl.



IlepBas riaBa IOCBAIIEHA KIIOYEBEIM TIOHATHSM, HCTIONB3yEMBIM B pabore.
B Heii npuBojsTCca ONpefeNeHHs M3 obmacTH Teopud Ipados, CIOKHOCTH
BLIYMCIIEHMI. BBOIUTCS OCHOBHOM MareMaTHYecKuid amnmapar, ¢ IOMOIIBIO
KOTOPOTO pelIaeTcsi TMOCTABICHHAS B JWCCEPTAllMM 3aj[aqa: MOTUMOPHH3IMBI
OTHOIIIEHHI, MUHOPHBIE YCIOBHS, MHOTOOCHOBHBIE OTHOILIEHHSI.

Bo BTOpOIi rjiaBe aBTOp ONMHCHIBAET HOBbIE aNnreOpandeckue HHCTPYMECHTHI
ananu3a cioxHocTH 3ajaun SCSP u paccmarpuBaeT pa3nuyHbBIE CBOWCTBA
OTHOIIEHHIA M mX mnojuMopdu3MoB. IlepBEIM BBENEHHBIM TIOHATHEM SIBJISIETCS
MOHATHE  CIOPHEKTHBHOIO  MHTEPNPETHPOBAHMs  /-MECTHBIX  OTHOLIEHWH,
Onpesiensioliee  «PeaNu3yeMOCTh»  OJHOTO  OTHOLIEHWS APYrMM. BakubM
pe3yJbTaTOM B 3TOM IUIaHE sBjsercs Teopema 2.1 o MoNMHOMHANBHON CBOIUMOCTH
sajad SCSP B cilydae CIOPhEKTHBHOTO HMHTeprpeTHpoBaHud. [lanHas Teopema
MO3BOJISIET B JajJbHEHIIeM CTPOMTh JoKasareinbcTBa NP-1mosHOTBI Ul 3aja4
YKa3aHHOIO BHJIA W SIBISETCA, 110 CYTH, KJIOYEBBIM METO/IOM JI0Ka3aTeNbCTBA pAa
TOCIEYIOIHAX Pe3yJIbTaToB.

Cnenyromum 06CY)XIaeMbIM TOHATHEM SABJIACTCS IOHATHE HACIEJOBAHHA
CIOpLGKTHBHOCTH  [IOJMMOp(GM3MaMu  OTHOWeEHHMs.  JlaHHOe  CBOHCTBO
NONMMOP(GU3MOB 03HAYAET, YTO B KKAOM HabOpe TPEXMECTHBIX MONTMMOP(HH3MOB
HEKOTOPOro OTHOIIEHWS! R Ha MHOXECTBe A, COBMAJAIOIEM Ha JHArOHAIM H
IPHHHEMAIONIEM Bee 3HAUeHHs U3 A, Hait/leTcs CopbeKTUBHAS QyHKIus. M3ydeH paj
CBOMCTB JJAHHOTO TIOHATHsA, Ha OCHOBE KOTOPHIX JI0Ka3aHa Teopema 0 NP-
nosHote 3anaun SCSP(I), rue I' — HaGop OTHOIIECHHH, 001aal0MKX CBOHCTBOM
HacJen0BaHus cropbeKTUBHOCTH. CHOopMyIMpOBaH aHAJOTHYHBIM pe3yJibTaTa JUis
Habopa MHOTMOOCHOBHBIX OTHOIIEHHH.

TpeTbsi ri1aBa MOCBSALIEHA W3YUCHHIO CBOMCTB Pe(pIIeKCHBHBIX LUKIIOB, UX
OTHOIIEHHH cMeKHOCTH U nojumopdusmos. [Tpu anamuze nonumMop(u3MoB aBTop
3((HEKTHBHO MCIIONB3YeT MEPexXoji K aHAIH3y JIEKapTOBOH CTENEHH HCXOJIHOro
rpapa W paccMOTpeHHH TyTedl B HeM. PaccMaTpuBaroTCs Kak OTHOLICHHS
CMEKHOCTH B HEOPHEHTHPOBAHHOM Clly4ae, TaKk H B OpPHEHTHPOBAaHHOM H

CMEIIIaHHOM CITyJasx.



OCHOBHBIM  pPE€3yJITATOM  [JIaBbl  SABISIETCS  HOBOE  OPUTHHAIBHOC
JIOKA3aTeNBCTBO TEOPEMBI O TOM, YTO BCE CIOPBEKTHBHEBIC IOJUMOP(HHU3MEI
OTHOILEHUSI CMEXKHOCTH pe(ieKCUBHOro IHKiIa Oonee, YeM H3 TPEX BEpIIHH,
SIBJISIOTCS CYIIECTBEHHO YHAPHBIMH (TO €CTh CYIIECTBEHHO 3aBHCAT POBHO OT OZHOH
TIepeMeHHOI1), OCHOBAHHOE Ha TOTIOJIOTHYECKMX CBOHCTBAX rpaos (teopema 3.1).
Dro dakr 61 pasee goxasan B pabore Jlapusbep u jap. Bmecte ¢ Tewm,
CaMOCTOATENIbHOE H OPUTHMHAIBHOE JOKa3aTebCTBO 3TOro (paKra, MCMOJIb3YeTCs
najee TpH 0Ka3aTeIbCTBE OCHOBHOTO pe3yJbTaTa MCCePTallii B Y€TBEPTOH IaBe
1 o0ecreYrBaeT MOJHOTY U3JI0KEHHA Pe3yIbTaToB AUCCEePTAIHH.

Yerpéprasi ri1aBa IOCBAIIEHA J0Ka3aTeJIbCTBY OCHOBHOIO pe3yJjibrara O
cinoxuoctH 3afgadu  Surj-Hom(C) s pedaexcusnsiX nukinos C. JlokazarelbCTBO
CYIIECTBEHHO OIMPAETCs HAa Pe3yJbTaThl INIaBbl 2 O CBOWCTBAX CIOPHEKTHBHOIO
MHTEPIPETHPOBAHMS U HACIIENL0BAHMS CIOPLEKTUBHOCTH M IJIaBbI 3 0
CYIECTBEHHOM  yHApHOCTH  nonuMopdusmos. Pasbupaercs psg  THIOB
pedIeKCHBHBIX ITMKIIOB, ISl KAXKIOTO H3 KOTOPBIX I0Ka3aHbl HEOOX0MMBIE (PaKThI,
B xoHI1le ri1aBsl PUBEIEHB! OTKPLITHIE CIIyYad JaHHOM 3a/a4uu (mukner Ha 4, S U 6
BepUIMHAX YACTHOTO BHUJA), U KOTOPEIX HENB3S NPHMEHHTH paspabOTaHHbIH
MaTeMaTHYeCKWil  anmapat BBHIAY OTCYTCTBHSL  CBOMCTBA  HACIeNOBAHHSA
CIOPBEKTHBHOCTH.

B 3ak/ji0YeHMH [OJBOJEHBI WTOrH paboThl, emé pa3 (GopMyIHpYIOTCs
OCHOBHBIE Pe3yIbTaTHI.

Crenens 00OOCHOBAHHOCTH NOJIOJKEHHH, BBIHOCHMBIX HAa 3alUHTY,
HAYYHBIX BLIBOJOB H peKOMeHJaluii, chopMyIHPOBAHHBIX B IHCCEPTALHM, HX
JIOCTOBEPHOCTL M HOBH3HA:  JIUCCEPTAlMs ~ HOCHT  IPEUMYIIECTBEHHO
TeopeTHueckuii xapaktep. JlOCTOBEPHOCTH MPEICTABIEHHBIX B JHCCEPTAlUM
PEe3yJNBTaTOB  IIOJIKPEIUIsSeTcss CTPOrOCThIO  MAaTeMATHYECKHX JIOKa3aTellbCTB.
Pe3yibTarhl HCCIIEI0BaHMUS SIBIISIOTCS HOBBIMU H OIyOJIMKOBaHBI B PELIEH3HPY €MbIX
HAYYHBIX JKypHanax, MpeJCTaBleHbl Ha MEKIYHapOIHBIX H BCEPOCCHHCKHX
koH(epenumsix. Pabora BpINONHEHa Ha BLICOKOM YPOBHE, TEKCT AHCCEPTALMH

XOpOIIO NpopadoTaH.



3amMeyaHHs N0 JHCCEPTANHOHHON padoTe.

1.

Bo BBeJIeHHH ClIeI0BAIO ObI MOJIHEE OCBETHTH IIPAKTHYECKYH0 3HAYUMOCTh
paccMaTpHBaEMOi 3a/1a4H.

B mepsoii rmaBe pabOThl aBTOP BBOJMT TMOHATHE MOIUMOPHH3MA,
ccputasick Ha pabotel I1. [DxeBonca. CriefyeT OTMETHTb, YTO IMOHSTHA,
apHaJIOrH9HBIe IOHATHIO rojuMopdu3mMa ObUTH BBEJIEHBI eiue B paboTax
A.W. MajblieBa, B KOTOpBIX H3y4ajach 3ajada onpejielieHus 0a3ucos
3aMKHYTHIX KiraccoB [Tocta u Gblna nocTpoeHa Teopus ['airya Juist KiiaccoB
[Tocta. HauboJliee CHCTEMATH3MPOBAHHOE H3JIOXKEHHE JIAHHBIX BOIIPOCOB
npusegedo B MoHorpaduun C.C. MapyeHKoBa «3aMKHYTBIE KIacChl
OyseBbIX (QyHKIHI».

BBefeHHOE B IEPBOM IJlaBe IMOHATHE MHHOPHOrO YCJOBHS, IO CYTH,
npezcrasnsier coboif onucanne YacTHOTO BHA TCOPHH NEPBOTO MOPAJIKa,
a pelreHHe MHHOPHOTO YCJOBHS €CTh MHTEPIPETAlHs JAaHHOH TEOpHH.
JlagHele TOHATHS OCBEIIATHCH €Hi€ B paborax A.WM. Mansuesa H
A. Tapckoro. Takum 06pazoM BBEAEHHOE NOHATHE SBJIAETCA J0CTATOYHO
M3BECTHBIM, O YEM aBTOP HE yKasall.

B Tpersell InaBe aBTOPOM IIONY4Y€H pAA PpesylabTaToB O TOM, HTO
CIOPBEKTHBHBIE MOMMMOP(U3MBI  PEDIEKCUBHBIX LMKIOB 00NanaioT
CBOMCTBOM CYILECTBEHHOM yHApHOCTH. DTO 03HA4aeT, 4YTO, 110 CYTH, 3TH
NOAUMOP(GH3MBI ABJIAIOTCS ABTOMOP(H3MAaMH COOTBETCTBYIONIUX Ipados,
a 3HAYMT MOYKHO OIHKCATH COOTBETCTBYIOIIHE TPYINIBbI aBTOMOP(H3MOB,
KOTOpBIE XOpPOIIO OIKCHIBAIOTCA JUIs PEeQUEKCHBHBIX ILMKIOB. B
YACTHOCTH, I HEOPHEHTHPOBAHHOTO IukiIa (emMma 3.9) raHHas rpyrma
ABJISETCS W3BECTHOH MPYMION AU3pa, 4 IPY HAJIMYMK OPUEHTALUH Oy Iy T
[10JIy4aThCs €€ MO/rPYIIbL.

IIpu pokaszarensctBe jeMMbl 4.9 aBTop (aKTHYECKH 3aHOBO NPOBOJHUT
JI0Ka3aTeNbCTBO TeopeMbl 2.1, X0Ts MOXHO Obino ObI TOJNBKO J0Ka3aTh

COOTBETCTBYIOIIEE CFOPBEKTHBHOE HHTEPIIPETUPOBAHHE OTHOLICHHH.



6. Ymucio orneyarok B paboTe He3HAYUTEIbHO, HO IPUCYTCTBYIOT pa3iniHbIe
CTUTHUCTHYECKHE MTOrPELTHOCTH!
- aBTOp Tepe] HarmucaHueM 00O03HAYCHHS MATEMaTHYECKOro 00beKTa He
yKa3bIBaeT, YTO 33 0OBEKT MMEETCs BBHAIY: C.5, 5 CTPOKA, NPOITyIICHEI
cnosa «3amaun» Hom, «rpad» H, c. 6, 14 crtpoka, ¢.7, 4 1 5 CTpOKH U T.A.
110 BCEMY TEKCTY;
- FOBOPS O CIIOKHOCTH 3a/1a4 aBTOP HEOJHOKPATHO yINOTPeOIsEeT TepMHH
«IOJIMHOMHUANILHOE BpeMs», XOTs IIpaBHIIbHEE MUCATh «IIOJHHOMHAIbHASA
CIIOKHOCTEY: €. 6, IIOCIIeaHss CTpOKa, ¢. 25, 24 cTpoKa U T.A.;
- B oripeienienun 1.9. He yKa3aHo, 9TO B Ka4eCTBEe KOMITOHEHTBI CBA3HOCTH
paccMaTpHBaeTCs MAaKCHMalbHOe MOJAMHOXECTBO — BEPLINH rpada,
IIONAPHO COEIMHEHHBIX HEOPUEHTHPOBAHHBIMH ITy TAMM;
- Ha c¢. 18, B Hayaue 1. 1.4 He cornacoBaH najex;
- ma c¢. 76 B QopmyiupoBke leMMbl 4.7. JIOJDKHO OBITH «CTPOTO
OpHEHTHPOBAHHBIH LIHKID BMECTO «CTPOTO OPHEHTHPOBAHHBIN rpad»;
- masBanue n. 2.2.1 «Caenenue» sABJIFETCS CIUIIKOM KpaTKuM HE
NOJHOCTHIO OTPAKAET €ro cojepKaHne
- B 1. 4 CHHMCKA JHTEpATyphl aBTOPHI yKa3aHbl He MOMHOCTBIO: «.JL»
BmecTo «J[. JlKoHCcOH».

BuMecTe ¢ TeM, yKa3aHHBIE 3aMeYaHHs He yMAIsIOT 00IIEro IoNoKATeIbHOro
BreYaT/ICHHs O JMCCEepPTAlMOHHOro wuccnenopanus. Jluccepranusa OTBEYAET
TpeGOoBaHUsAM, YCTAaHOBIEHHBIM MOCKOBCKHM IOCY/I@PCTBEHHBIM yHHBEPCUTCTOM
umenu M.B. Jlomonocosa k pabotam nopobHoro pozxa. Cozepikanue auccepTarny
cooTBeTcTBYeT creruansHocTd 1.1.5. MareMaTHdecKas JIOriKa, anrebpa, Teopus
quce U JMCKpeTHas MaTeMarHka (110 (pu3nKo-MaTeMaTHYeCKUM HayKaMm), a TaKkxKe
KpUTEpHSM, onpejeneHHbM M. 2.1-2.5 TIonoxeHus O IpHCYNICHUH yHCHBIX
crereHeii B MOCKOBCKOM  TOCYJapCTBEHHOM — YHHBEpPCHUTETC  HMCEHH
M.B. JlomoHocoBa. JIMCCEPTALMOHHOE HCCIIENIOBAHUE O(OpPMIIEHO  COIJIaCHO

tpeGoBanusiM ITomoxeH st O COBETE 110 3alUTE JHCCepTalnil Ha COUCKaHKHe YIeHOH



cTeleHd KaHAMIaTa HayK, Ha COHUCKaHWe YYEHOH CTerneHu JIOKTOopa HaykK
MOCKOBCKOT'O I'OCY IapCTBEHHOTO yHuBepcuTeTa MMeHH M.B. Jlomonocosa.

Taxum obpazom, couckarens Kopuarmn Hukwura IlaBmoBuy 3aciykuBaeT
NPUCYKIEHHs YYCHOHW CTeNeHH KaHjujara (U3MKO-MaTeMaTHYeCKHX HayK IO
cnenpansHoctd  1.1.5. Maremaruyeckasi Jioruka, anrebpa, Teopus 4YHCel H

JIMCKpETHas MaTeéMaTHKa.

OduumanbHBIi ONITOHEHT:

JlokTop (DU3MKO-MAaTEMaTHYECKUX HAYK,
CoTpyaHUK

AO UHCTHTYT TOYHOM MEXAHUKHA H
BBIYHMCIUTEBHON TEXHHKHA UMEHU

C.A. JlebeeBa Poccuiickoi aka/ieMHH HayK
TAPACOB Auiexceii BsraeciiaBoBud
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KoHTakTHEIE JITAaHHBIE:

tei.: +7(495)649-12-70, e-mail: info@pcme.ru

CrnenuansHOCTh, 110 KOTOPOi 0(UIHaIbHBIM OTIMOHEHTOM
3alMIIEeHA JUCCepTalHs:

2.3.6. MeTo/bl ¥ CHCTEMBI 3aIUTHl HHpOpMalu, WH(OpMaIlHOHHAS
Oe301acHOCTh

Anpec mecta paboThI:

119991, r. MockBsa, JIeHHHCKHA 11IPOCTIEKT, 1.51,

AQO MHCTHTYT TOYHOM MEXaHHKH M BHIYMCIMTEILHOH TEXHHKH
umenu C.A. Jlebenesa Poccuiickol akaJieMHuH HAYK

Ten.: +7(495)649-12-70; e-mail: info@pcme.ru

[oanucs cOTpyAHUKA

AO UHCTHTYT TOYHOM MEXaHUKH H
BEIMHUCIHTENLHON TEXHHKH HMEHH
C.A. Jlebenesa Poccuiickoit akajieMHd HayK
A.B. TapacoBa yocTOBEepsio:
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