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«MOCKOBCKUii 

IIHCTIITYT 

aBI1al~110HHhii1 

( Hal.J;IIOHaJihHbla 

IICCJie,n;o BaTeJihCKr.H YHIIBepCIITeT )» 
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rCII-3 , BoJIOKOJI~MCKOe mocce, ,n.4 

oq>HUI1aJihHOfO OIIIIOHeHTa Ha ,ni1CCepTal(I10HHYIO pa6oTy ,L..!Y,nqeHKO 

Anef caH)1pa BnBAH~HposHqa <<AHanH3 H OIITHMH~.ffi1lli! na~aMeTJlOB 
BepT11KaJihHhiX Cei1CMI1qeCKI1X 6apbepOB IIp11 yqeTe ,Il;I1CCt iial(l111 

I ~ 
3Hep~IIH», ~pe,n;CTaBJieHHYIO K 3a:Il(IITe Ha COIICKaHHe yqenor CTeiieHII 

I}aH,Il;II,Il;aTa TeXHW:IeCKIIX HayK ITO CIIel(IIaJibHOCTII 01.02.04 -

«MexaHIIKa .n;ecpopMIIpyeMoro TBep.n;oro Tena». 

,I(wccepTal(IUI rrocB51Il(ena TeopeTIIqecKoMy (q11cneHHoMy) I o.n;eniipoBaHIIIO II 

anaJIII3Y B3amvm.n;eiicTBII51 rrosepxnocTHhiX BOJIH P3Jie51 c sepTIIKaJihHhiMH 

-- I ceHCMHqecKHMH 6apoepaMII - crrel(IIaJihHoro BII,n;a BKJIIOqeHII51MII K , neqnoro pa3Mepa. 

BonH:E.I ,nannloro Tl1rra MoryT rropo)l(,naThC51 ecTeCTBeHHhiMI1 11 I 11CKyccTBeHHhiMH 

11CTOqHI1KaMI1

1 

pa3JII1qHOH IIp11pO,nhi 11 11HTeHCHBHOCTI1, IIpH"qeM B He~OTOphiX cnyqa51X -

KOI',Il;a HC"TOqHIIK y,n;arre~ OT 06'.beKTa - IIMeHHO IIOBepXHOCTHbl: , OJIHhl MOf YT 6oiTb 

OCHOBHOII KOMIIOHeHTOII rrepeHOCIIMOfO pa3pymiiTeJihHOfO B03,Il;eiiCTBII51. 

AKTyaJibHOCTb TeMhi .u;uccepTau;uouuoii pa6oThi. 

Cyii(ecTJ )'l<)Il(l1e MeTO,Il;hi 3aii(IIThl oT BOJIH H B116pal(11HI ecTeCTBenno:H: H 

I" 6 IICKYCCTBeHHOII IIpiipO,Il;hl 0 biqHo II03BOJI51IOT CHI13HTh ,I(O IIp~eMJieMOfO ypoBH51 

BII6paiJ;IIH B IIpOII3BO,I(CTBeHHhiX II )I(IIJihi X 3,I(aHII51X, a TaK)I(e CO~paHeHIIe Hecyii(eH 

crroco6nocTI1 j KOHCTPYKI(I1H rrp11 B03,n:e:H:cTBH51X BhiCOKOH 11HTeHci1,HOCTI1, n arrpHMep, 

I" T 3e:tvmeTp51CeH~H If B3phiBOB. eM He MeHee, OHI1 11MeiOT p51;a; He,n:ocTaTKOB. 

B CJiyqay 11CTOqHI1KOB, renep11pYIQII(11X B116pal(l111 HH3KOH HHT, HCHBHOCTH, K 3TI1M 

He,~OCTaTKaM I MO)l(HO OTHeCTII YCJIO)l(HeHIIe KOHCTpyKIJ;IIU II IITOr<pByEO ,Il;OpOrOBli3HY 

OI>ll(HM_t):Tt(EJI MAH 
Bx NQ z:::- T!J. 
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cTpmueJihCTBl. Bo3,n;eiicTBH51 BhiCOKoii HHTeHCHBHOCTH (B3pniBI:.I, 3eMJieTp51ceHH51) 

I 
IIOpOH «IIp06HBaiOT» cy:rn;eCTByiOIIJ;He CHCTeMhi 3aiiJ;HTbi, KOTOpbiM He y,n;aeTC51 

o6ecrretiHTh I coxpaHHOCTh KOHCTPYKU:Hii. ,l.(n51 rrpHMepa fo40)I(HO npHBeCTH 

3eMJieTp51ceHWI B IIopT-o-IIpeHc (T'aHnl , 2010), O,ll;HHM H3 rrocmt~,n;cTBHii KOToporo 

6I:.IJIO pa3p)fiiH!HHe rrpe3H,ll;eHTCKOrO ,ll;BOpu;a, o6opy,ll;OBaHHOrO CHCTeMaMH 

cei1[cMo3aiii;HTL . ,LqJyrHM rrpHMepoM 51BJI51eTc51 H3BeCTHa51 :::mapH51 Ha A3C <I>yKycHMa 

(20 11 ), r,n;e I rrocne pactiHCTKH o6Hapy)I(HJIHCI:. ManwTpaJII:.HI:.Ie Tpem;HHhi B 

IIOICpbiBaiOIIJ;Hrc HJIHTaX 3Ha"liHTeJibHOM TOJIIII;HHhi, 51BHO Bhi3BaHHhiX 3eMJieTp.51CeHHeM. 

06:w;eii I rrpo6neMoii ,ll;JIH o6oHx THHOB BOJIHOBMX B03,n;J iicTBHii .HBJI51eTcH 

HeB03MO)I(HOCTh 3aiii;HThi ITO,ll;3eMHhiX KOHCTPYKU:HH, Ha KOTOpoie B03)~eHCTBHe 

.. I 

:;:q::::;r:;:::e:~~:~":~::;~";;::»o;;::~,"::::::::~ ::::: : 
pa3pa6onrn ~ ~pei\CTB 3aiT111Tb! OT BOllHOBb!X B03AeiicTBIIii I ecTecTBeHHoii 11 
HCKYCCTBeHH~H npHpO,ll;bi, II03BOJI.51IOIII;He ycTpaHHTb o:rmeaHHI:.Ie Bhiiiie He)J;ocTaTKH, 

COMHeHHH He Bhi3hiBaeT. 

I 
Co~ep~auue~uccepTaquu. 

,D:HccepTr U:lf.51 COCTOHT lf3 TlfTYJibHOrO JIHCTa, OrJiaBJieHlfH, B~e)J;eHlf.51, 4-X rJiaB, 

BI:.mo.n:oB n c i HcKa JIHTepaTypni H3 136 HaHMeHoBaHHH. 06III;HH ol5neM ,n;nccepTaU:Hlf 

COCTaBAAeT 142 CTpaHHU:bl, CO,ll;ep)l(aiiJ;lfe 74 pHCYHKa H 6 Ta6JIHIJ;. 

ABTOpe<!i

1

1epaT 1\IICCepTaqllll 1\0CTaTOqHO npaBIIllbHO II TIOllHO ~~IDKaeT OCHOBHOe 
I ~ 6 

CO)~ep:>I<aHHe ,ll;HCCepTaU:lfOHHOlf pa OThi. 

B nepBolii: 1r JiaBe BoiiTOJIHeH o63op TeopeTnqecKnx nccne)J;oBatJlfH no pacce51HlfiO 

3Hepnm o6neMHhiX n noBepxHocTHoiX yrrpyrnx BOJIH Ha 1 rrperr51TCTBlfHX H 

HeO,ll;HOpO,ll;HOCT.SIX B CHJIOIIIHOM cpe,n;e (B TOM "l!HCJie Ha IIOBepXHOCTlf 

nonynpoCTpafcTBa), a TaKlKe o63op 3Kcnep11MeHTaJILHb!X ~ reopeTI!'IeCKIIX 
HCGJie,ll;OBaHHiii ITO 3aiiJ;HTe OT BH6paU:HH, rrepeHOCHMhiX ITCIBepXHOC~HhiMH BOJIHaMlf, C 

noMOlU:hiO Be~THKaJihHhiX 6apbepoB pa3Horo Blf,ll;a. I 

Ho BTOpoifi r JiaBe paCCMOTpeHbi OCHOBHI:.Ie MeTO,ll;hi H N10,1l;eJIH MeXaHHKlf 

rpaHyJIHpOBaHHhiX cpe,ll;, npHMeHHeMbie )J;JI51 peiiieHH51 CTaTifqeCKH1 lf ,ll;lfHaMHqecKlfX 

I I 
3a.[~a"l!. ITpnBereHbi orrpe,n;eJI51IOIII;He COOTHOllieHlf51 ,ll;JI.51 rHrwpyrrpyrnr , a TaK)I(e ynpyro-
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nrracTlf'!HLIX 1pe11 (~o11errn na ocrroae IIO/IXO/IOB Mopa-Kyrrona, i'4JyKepa-Ilparepa ll 

K3M-Kne:H:). Ilpose,n;eH wx cpaBHHTeJII>Hor:H: aHaJIH3 H orr,eHKa BJIH51HH51 11HCJieHHI>rx 

rrapaMeTpOB, HCIIOJib3YIOIIJ;HXC51 ,[J;JI51 o6ecrre1!eHH51 CXO,[J;HMOCTH rrpou;e,n;ypoi perrreHH51. 

PaccM()TpeHa B03MO)l(HOCTb arrrrpoKCHMau;HH peani>Horo xapaKTepa ,n;ecpopMHposaHH51 

rpyHTa C IIOMOIIJ;biO 3THX MO,[J;eJieM H HX cpaBHeHHe C HaH60Jiee T011HbiMH 

I 
COBpeMeHHbiMH 110,l1;XO,[J;aMH. 

B I ~· TpeThell rJiaBe paCCMOTpeHbi pe3yJioTaTbi 11HCJieHHOrO MO,[J;eJIH}JOBaHH51 

B3aHMO,[J;eMCTBH.SI IIOBepXHOCTHbiX CeMCMH1!eCKHX BOJIH C BepTHKaJibHbiM CeMCMH1!eCKHM 

6apLepoM C f cnOJib30BaHHe HnOCKHX H npOClpaHCTBeHHbiX MO/IJJieii npH ynpyroM 

xapaKTepe ,n;ecpopMHposaHH51 MaTepwana rpyHTa H 6apoepa. Ilpose,n;eH aHaJIH3 BJIH5IHH51 

reoMelpnqecfx rr,JaMeTpoa 6apLepa Iii MexannqecKJi!X xapaKTepHCTHK ero MaTepnarra. 

B, .. ~ I 
' qeTBepTOH r JiaBe II}JHBe,n;eHa MeTO,[J;HKa OIITHMH3aiJ;HH BepTHI<aJibHOrO 

cei'[CMH11eCKOI O 6apoepa ,l1;JI51 rrpaKTH1!eCKoro rrpoeKTM}JOBaHH51 rrpH 3a,n;aHHbiX 

.. ~ I v 

HH)KeHepHO-r • OJIOrHqecKHX ycJIOBH51X H pacqeTHOM BHOpau;HOHHOM B03,[J;eHCTBHH, 

II03BOJI51IOIIJ;a51 yqeCTb B03MO)l(Hbie orpaHH11eHH51 Ha 06'beM MaTepHaJia 6apbepa JIH60 

ypoaerrL BH, PaiiH, a 3aii.\HII(aeMoii 3orre. TaKJKe rrpoae.11err anarrH3 BJIIi!l!Hii!ll 

rrmlCTHqecKHX cnoiicTB rpyHTa rrpH pa3HbiX ypoBH51X c,n;swroBbiX ,n;ecpopMau;Hii. 

,lJ;OCTOBe~HOCTL nay'IHLIX UOJIOll<eHHii, BLIBO/IOB H peKOMCH/Ia~Hii, 
c<J>opMyJIHpOBaHHhiX B .Z:.HCCepTai.J,HOHHOH pa6oTe. 

)J~OCTOBe~HOCTb 060CHOBaHa HCIIOJib30BaHHeM cpyn,n;aMeHTaJibHbiX IIOJIO)l(eHHM 

I v v 

MeXaHHKH CIIf OIIIHOH cpe,n;bi, MeXaHHKH rpyHTOB, TeOpHH yrrpyrOCTH H IIJiaCTHqHOCTH. 

B KaqecTBe I ocHOBHor o cpe,n;cTBa qHcJieHHoro Mo.n;enHposaHH51 HCIIOJib30BaH 

nporpaMMHLif KOMnneKc Abaqus FEA, aepmjm~npoaanHLiii H J po6MpoaannLiii ua 

,n;pyrwx 3a,n;aqax MexaHHKH rpyHTOB H MexaHHKH crrnomHoii cpe,n;br. KpoMe Toro, 

pe3yJihTaTbi, IIOJIJ11eHHbie B XO,[J;e ,[J;HCCepTaiJ;HH, IIO,l1;TBep)l(,l1;aiOTC51 pe3yJihTaTaMH 

II}JOBe,IJ;eHHbiXi paHee 3KCIIepHMeHTaJibHbiX HCCJie,[J;OBaHHM IIO ,n;aHHOM TeMaTHKe. 

OcHOBH~ii MaTepwan ,n;HccepTaiJ;HH 6bm arrpo6wposaH B BH,n;e ,n;oKJia,n;os Ha rrrecTH 

Me:>K,n;yHapO,l1;HbiX KOHcpepeHIJ;H51X H, HaCKOJibKO MHe H3BeCTHO, ,l1;0KJia,l1;biBaJIC51 Ha 

ceMHHapax Bl l11HcTHTYTe rrpo6neM MexaHHKH MM. A.IO. I1rrrnHHCKoro P AH H Ha 

I 
Kacpe,n:pe COII.I1'0THBJleHH51 MaTepHanOB <!>fEOY BO HHY rvirCY. OcHOBHbie HaJ11Hhie 
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pe3yrrmaTbl llt TaTOLHo IIOITHO H3JIOJKeHbl B JQ rry6JIHKal(HliX (H3 KOTOpbiX 2 CTaTbH B 

)l(ypHaJiax rrelfeqH5.l BAK R 1 cTaTb5.l - B )l(ypHaJie, BXO,D;HIJ~eM B 6a3y ,n;aHHhiX Web of 

Science). 

Hayquan HOBH3Ha pa6oTbi. 

HoBhiMR I MO)l(HO cqRTaTb cne,n;yiOmRe pe3yJihTaTbi: rrpoBe,n;eHRe q RcJieHHoro 

Mo,n;enHpoBaHH5.l B3aRMo,n;eiicTBR5.l BOJIH P3Jie5.l c BepTRKaJihHhi M ceiicMRqecKRM 

6apbepoM c yreToM R 6e3 yqeTa HeJIRHeiiHoro xapaKTepa ,n;e<iJopMHpoBaHRH rpyHTa; a 

TaK)l(e peKOM~H)J;aQRH ITO rrpRMeHeHHIO 3TOro MeTo,n;a 3amRTbl OT ITOBepXHOCTHbiX 

BOJIH. KpoM~ Toro, rrpe,n;Jio)l(eHa H peaJIH3oBaHa B KOHeqHo-pa3HOCTHOM <i;>opMe 

MeTO,ll;HKa OITTRMR3aQRR BepTRKaJibHOrO CeMCMWieCKOrO 6apbepa ,ll;JI5.l rrpaKTRqecKoro 

I1pHMeHeHH5.l. 

OcuoBuan npaKTnqecKaH u TeopeTuqecKaH QeuuocTb. 

OcHOBHk r~eHHOCTh cocTOHT B B03MO)l(HOCTR ycoBepmeHCTBOBaTh ceiicMRqecKYIO 

I ~ 6 3aiO:HTY B BH)J;e BepTHKaJibHhiX CeHCMifqecKHX apbepoB Ha rryTR pacrrpOCTpaHeHH5.l 

I IT ~ 6 ~ ITOBepXHOCTHE.IX BOJIH. ,t-~,mi 3TOH QeJIH Bbipa OTaH p5.l,D; peKOMeH,n;aQHR, I1 rrpe,D;JIO)l(eH 

crroco6 orrTRiR3aQHR rrapaMeTpoB 6apbepa rrpH 3a,n;aHHhi X HH)l(eHepHo-reonorHqecKHX 

ycJIOBH5.lX, yqHThiBaiOmHM B03MO)l(Hble orpaHHqeHR5.l Ha pa3Mep ( 06'beM) 6aphepa HJIH 

~ ~ 6 ~ . ~ 'T ~ ,n;onycTHMbiM lypoBeHb Blf paQHH B 3amH~aeMOR 30He. aK)l(e OQeHeH B03MO)l(HbiM 

,ll;H::liia30H CfBHrOBhiX ,n;eq>OpMaQRR, rrpH KOTOpOM 6apbep coxpaHHT CBOIO 

3<l><l>eKTHBHOCf b. 

3aMeqaf HSI DO /IHCCepTai(HOHHOif pa6oTe. 

1. B pa

1

6ure He rrpHBe,n;eHbl HCITOJib30BaHHbie THITbl KOHeqHbiX 3JieMeHTOB ,[I;JI5.l 

JIRHe~Ho yrrpyroii H yrrpyro-rrnacTHqecKoii 3a,n;at:L TaK)l(e ~Meno 6 bi CMhiC: 

rrpHBi CTR BR,ll; KOHeqH0-3JieMeHTHbiX CeTOK ,D;ml ITJIOCKOR I1 TpexMepHOR 

MO,D;eJIH. 

2. He!I+ TaTOqHo IIO/Ipo6Ho paccMoTpeH Borrpoc CXO!IHMOCTH rrpolleii.Y]lhl 

perner mi ,n;AA yrrpyrorrnacTHqecKoli 3a,n;aqR rrpH yMeHhrneHRR MacrnTa6a 

,ll;HCKleTR3aQHH. 
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3. PacctTpeH6 pacnpocTPaHeHI!e sonH P3nel! B Oi1HOp0/1HOM rronyrrpocTPaHCTBe 

H ecT~CTBeHHO 6nmo 6bl pa3BHTb H3JIO)l(eHHYIO MeTO,li;HKY Ha CJiyqaif 

HeO,JJ;H([)pO.JJ:HOrO ( CJIOHCTOrO) rpyHTa ,JJ;mi OI..J;eHKH 3cpcpeKTHBHOCTH 6apnepa. 
I 

4. B pa1 oTe paccMOTpeHa 3a,n:aqa ,n:mi rapMOHHlfecKoif Harpy3KH Bo BpeMeHHOH 

o6nac~H H ,n:pyrnM ecTeCTBeHHbiM pa3BHTHeM pa6oTbl 6nm 6bl nepexo,n: H3 

BpeMe, Hoif B t.IacTOTHYIO o6nacTb. )l{enaTeJII>Ho 6r,mo 6bl yTot.IHHTh MeTO.JJ:MKY 

OI..J;eHKH 3cpcpeKTHBHOCTH 6apbepa npH TaKOM nepexo,n:e. 

5. ,!VJll 1 0)IenHpOBaHlli! HenHHeilHoro IIOBO)IOHlli! He06XO)IHMO COCTaBHTh 6onee 

,n:eTaJIBH)10 ,JJ;HarpaMMY MO,JJ;eJIH (HCTOlfHHK BH6pai..J;HH, 30Ha Ha6mo,n:eHmi, 

I ) v nJiaCTrl.JeCKHe 30Hbl H npoBeCTH napaMeTpHt.IeCKHH aHaJIH3 BOJIHOBOrO nOJUI 

no rJI)'ii6HHe H C yBeJIHl.JeHHeM paCCT05IHH5l OT 6aphepa. 

6. ,[(IDI COKparu;eHH5l pa3Mepa pact.IeTHOH 06JiaC:TH npH MO,JJ;eJIH}JOBaHHH 

ncnoJii 30BaJIHCh HeoTpa)l(aiOru;ne rpaHHlfHble ycnoBmi (rnaBa 3). ITo BceH: 

BH,li;HMOCTH, aBTOp 6paJI HeKHe «CTaH,n:apTHhie» YCJIOBH5l, 3aJIO)l(eHHhie B 

I v o .. 6 KOHelfr0·-3JieMeHTHbiH naKeT. ,JJ;HaKO 3TO TOHKHH BOnpoc H CJie)l;OBaJIO bl 

OCBeTr Tl• ero 6onee ,n:eTaJibHO. 

7. B o63ope not.IeMy-To oTcyTcTBYIOT cci>mKH Ha 6.rrH3KHe pa6oTI>I no H3ylfeHHIO 

pacrrpr CTpaHeHHll II )IH<jlpaKl\HH IIOBepXHOCTHhiX BOnH, BhliiOnHeHHLIX B 

IO)l(HO/-poccHifcKHH rnKone MexaHHKH (B.A. Ba6ernKo, E.B. I'nyrnKoB, H.B. 

8. :IIIJ::::: :~~e MOlKHO C)lenaTb HeCKOnhKO <jlopMaJihHO-pe)laK[\HOHHh!X 

3aMelf~HHH no CTHJIIO HeKOTO}JhiX cpopMyJIH}JOBOK, OcpOpMJieHHIO CChiJIOK H np. 

B I..J;eJioM ~ npHBe,n:eHHI>Ie 3aMet.IaHH51 He CHH)l(aiOT o6ru:eH: noJIO)l(HTeJihHOH OI..J;eHKH 

pa6oTI>I. 

:::;c::~HaJI pa6oTa }..(y)lqeHKO A.B. <<AHaJIH3 H OliTHMH3a[\Hll rrapaMeTPOB 

I v 6 .. 
BepTHKaJibHbiK ceucMwiecKHX ap1epoB rrpu yLI~~Te ,[(Hccurrau;uu 3Heprmm 

I 6 v A v npe,n:cTaBJI5lelCO OM 3aKOHlfeHHOe HayqHoe HCCJie,JJ;OBaHHe. KTYaJibHOCTb, HayqHhiH 

ypoBeHh, a T I )l{:e npaKTHt.IecKa.H H TeopeTHt.IecKa51 3HalfHMOCTh ,n:aHHoro Hccne,n:oBaHH51 

OTBet.IaiOT KJPHTepH51M, ycTaHOBJieHHbiM lloJIO)l(eHHeM 0 npHCY)l(.JJ:eHHH yqeHbiX 
I 
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___ .,. ____________ , ______ - ---

crerrerreli (rro~arroaierrrre Tipaarrrenncraa P<I> N"842 or 24.09.2013r. Wl'l ):(HccepraQHli 
Ha coHcKamfe\ yqeHoii cTerreHH KaH,n:H,n:aTa TexHw:IeCKHX HayK). CoHcKaTeJI.b 

I I 

::::::::Tkpo~~~:~;;M:::rr:::::o:::;;:M::~::;;:r::::~ecKHX HaYK no 

;::;;:::l~~:~:~~::~~:~ ::~3a lffiCC, 
<l>e)~epaJibHOe r oc:y,n:apCTBeHHOe aBTOHOMHOe 
o6pa3oBaTeJII>Hoe yqpe)l(,n:eHHe BI>Icrner o 
o6pa3oBaHH.SI "f occHiicKHH YHHBepcHTeT TpaHcrropTa" 
/<l>f'A OY BO rYT (MilliT)/ 
3axapOB ,l(MHTpHM ,l(MHTpHeBHq ,l(.,l(. 3axapoB 

A,n:pec MecTa pla6oTI>I: 127994, Poccmr, r . MocKBa, yJI. 06pa3U:OBa, .n: 9, CTP. 9 
E-mail: dd_za11h~ymail.ru; 
TeJI.: +7(903) 215-58-17 
HayqHa51 crreu:t arri>HocTI>, no KOTopoii 3a:rn;mu:eHa KaH,n:H,n:aTcKa51 ,n:HccepTal(H51: 01.02.04 
<<MexaHHKa ):(ei opMHpyeMoro raep):(oro rena>> 

Ilo,n:IIHCb 3aX31J1>01:1a ,[(.,[(. 3aBep5110. 

YqeHhiH CeKp~~apb yqeHoro coBeTa 

<1>1 AOY BO PYT (MilliT) ~ 

nrt~mt:-PYK 11 ~.K~/~&;4 it 
3aBepl!tO - - ---- --------

Hf 'laHbHHK Orpacne soro 1..\eHr pa noArOt 
H Y'lHO - n eAarorvt•tecK~ x KaAPOB 

BW~W~--~B aJl vt ~vtKal\lm z,0 e»= v . «. •w ~"""_j 

ConoBI>eB B .IT. 
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