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K KOMIIO3WTHBIM H3I€NHsM B BUJIE TEI BPALIEHUS MOXKHO OTHECTH TOJCTOCTEH-
HBIe TPYOBI BEICOKOTO NABIEHUS, BKIAJBIIIN COIEN PEaKTHBHBIX IBHIaTellel Ha TBED-
ZIOM TOIIJIMBE, BAaJIONPOBOJBI, HAKOHEYHUKH T'OJIOBHBIX YacTel JIeTaTeNbHBIX amlapa-
T0B 1 11p. IIpu paspaboTke Takux W3meNuil [UIs BBINOJHEHHS IIPOEKTHOTO pacdera I1o-
JI€3HO UMETh OTHOCHUTEILHO IIPOCThIE pacueTHbIE COOTHOMIEHH. TaKue COOTHOIICHHUS
MOTYT OBITh MOMy4EeHbl HA OCHOBE aJIEKBATHBIX MAaTEMATUYECKHMX MOJIeNel, SKCIepy-
MEHTAIIbHBIX HCCIIEIOBAaHUN (H3UKO-MEXaHUYECKHX XapaKTEPUCTHK PHMEHSIEMbIX
KOMIIO3MIIMOHHBIX MatepuanoB (KM) kak mpu AByMEpHOM, Tak H IIPH TPEXMEPHOM
HaIPsHKCHHBIX COCTOSHUSAX. 3ajlada yCIOXHSETCs, eCIH IIOMUMO CTATHYECKUX HAIpy-
30K pacCMaTpHUBAIOTCS U TuHaMu4Yeckue. FIMEHHO Takol KOMILIEKCHBIN MOIXO/ K pas-
paboTKe KOMITO3UTHBIX TeJ BpaIlleHUs, BKIIOYAIONINIA TEOPETUYECKHE U SKCIEPUMEH-
TaJbHbIE MCCIIEIOBaHus, U MpenaraeTcs B AJaHHOUW pabore. B 3Toi cBa3M Tema muc-
CepTalMy MIPECTABISAETCSA aKTyalIbHOM.

Huccepranus cocTouT U3 ueThIpéx rinas. [lepas riiaBa mpeacTasisgeT co6oi 06-
30p OTE€YECTBEHHBIX M 3apyOEKHBIX MyOIUKAIWi, TOCBIIIEHHBIX pa3paboTKe OIHOrO
BapUaHTa TOJICTOCTEHHOI'O TeNa BPAallleHUs, U3TOTOBIIEHHOTO ¢ MpuMeHeHrneM KM. B
HeM OIMUACEIBAIOTCS YCTPOI\;ICTBO " TEXHOJIOI'USI U3T'OTOBJICHUST HCCHe}IyeMOﬁ KOMIIO3HUT-
HOM KOHCTPYKIUY; cIIOCOOBI e€ pacdeTra, B TOM YHCIIE C MPUMEHEHHEM COBPEMEHHOIO
IIPOrPaMMHOI0 00ecledeHusl; METOIbI SKCIePUMEHTATIBHOTO UCCIIEAOBAHUA (DUUKO-
MexaHU4YeCcKHUX xapakrepuctuk KM npu ctaTudeckoM U TUHAMUYECKOM HATrpyKEeHHSIX.
B 0030pe BbIIENEHBI MyOJIMKAalMHA, B KOTOPBIX HCCIIEIYETCS BIUSHHE HCKPHBIICHHS
BOJIOKOH Ha ECTKOCTHBIE M IPOYHOCTHBIE XapaKTepUCTHKUA BOJOKHHUCTHIX KM. B
rJIaBe TaKXe MpeCcTaBleH KpaTKUil MaTeHTHBIN 0030p.

Bo BTOpOI1 I1aBe, 3aHUMAIOIIEH LIEHTPAIBHOE MECTO B PYKOIIUCH JTUCCEPTAIIUH,
MpeJICTaBICHbl BApUAHTHl PACUETHBIX CXEM KOMIIO3UTHOW KOHCTPYKIIMM B BUJIE Teja
BpallleHUs] IIPU CTaTUYECKOM HarpyxeHuu. B mpocreiiiieii cxeme («HyIeBOe MPUOIH-
KeHHe») KOHCTPYKIHS paccMaTpuBaeTcs Kak abCoONIOTHO TBEpaoe Teno. M3 ypaBHe-
HUs JBWOKEHUS yAa€Tcs MNMONy4duThb (OopMyly IUisi pacueTa CpegHMX KacaTelIbHbIX
HaIlpsOKEHUH Ha TpaHMIle «MeTaJlI-KOMIO3UT». B npyromM BapuaHTe pacd&THOMN CXeMBbI
nmpearioaraeTcesi, 4To B Tejie ﬂCfICTByIOT TOJIBKO HOpMaJIbHBIE HAIIPAXKEHUS, paclpeae-
JEHHBIE PAaBHOMEPHO I10 CEYEHHUIO, KOHTAKT MEXIY METAUIMYECKON U KOMITIO3UTHOM



4acTsAMU uzealbHbIi. Paguyc monepedHoro cedeHus u3MeHsIETCs IO JIMHE W3eIHs,
4TO0 OOYCIIOBJICHO HAJIMYMeM KOHUYECKUX MOBEPXHOCTeH. 3a cueT STOro IMOoJIyJaloTcs
IIEpEMEHHBIE IO OCEBOM KOOpJAMHATE 3HAUeHUs HOPMAJIbHBIX HAIPSHKEHWH B KOMIIO-
3UTHBIX U METAUIMYECKUX YacTsIX U KacaTeIbHBIX HANpPSHKEHWH Ha rpaHuIle KOHTaKTa
«METaJT-KOMITO3HUT.

Haiee 110 CyILIECTBY pelleHKe JIMHEHHON 3a1a9ll O pacyeTe Tejia BpalleHus pu
OCECHUMMETPUYHOM Harpy3Ke paccMaTpuBaeTcs KaK CyNepHo3UIMs pelleHrui IByX 3a-
nad. B mepBoM ciydae pernaeTcs 3ajjada 0 HampsHKEHHO-IeHOPMHUPOBAHHOM COCTOS-
HUY TeNa IPU NEHCTBUU OCEBOM BHEIIHEW Harpy3ku, OOyCJIOBIEHHOW CHIAMHU WHEp-
I[UY U OCEBOM COCTABIISIOIIECH BHENTHETO AaBieHus. B BTopoM ciryuae paccMaTpuBaeT-
csl 3a/1a4a O JIGWCTBHY BHEIIIHEro JaBJIeHUs Ha TeJlo Bpamenus. B oboux cinyyasx KM
paccMaTpuBaeTCs Kak KBa3sHHU3OTPOIIHBIM MaTephall, MOJaTIMBOCTh Pe3b0OBOro Cios
He y4uThIBaeTcs. B utore 6bu1M momydeHs! 0003pUMbIe aHATUTHYECKHE PEIECHHMS, KO-
TOpBIE MpearaeTcs UCIoNb30BaTh B MPOEKTHBIX pacdeTaX. Ha WX OCHOBE BBIOIHEH
napaMeTpU4ecKUi aHalW3 HallpshKeHHO-1e(hOPMUPOBAHHOTO COCTOSHUS Tejla Bpallie-
HUS IIPU CTaTHYECKOM HarpyXeHuU. BBIMOIHEHO comocCTaBeHNE aHAIMTHYCCKHX U
YHUCIIEHHBIX PEILIeHUH, IIOIyYeHHBIX C MIOMOIIBI0 COBPEMEHHOT'O IPOTPaMMHOT0 obec-
neueHus. ChopMynrpoBaHbl pEKOMEHIAINH IO COBEPIIIEHCTBOBAHUIO KOHCTPYKIIHH.

Tperpss rnaBa mNOCBsIIEHA SKCIEPUMEHTATBHOMY HCCIEAOBAHUIO (H3UKO-
MEXaHUYECKHUX XapaKTePUCTUK yTIIeNIacTUKa IPU CTaTUIeCKOM U BEICOKOCKOPOCTHOM
HarpyxeHusx. OCHOBHOe BHUMaHUWE YIENCHO OINpeeNIEHUIO MPeIesiOB MPOYHOCTH U
npeleibHBIX AedopMaliii MaTepuana npu cxatnn. OnrcaHa METOIUKA MPOBEIECHUSI
onsITOB. M3yuaercs: BnusHUE MCKPUBJIEHUS BOJIOKOH Ha yKa3aHHEIE MapaMeTpsl. Pe-
3yNbTaThl NMpEACTaBIeHbl B BUIE nuarpamm aedopMupoBaHus W Tabnwmil. [lokaszaHo,
YTO IIpelell IPOYHOCTH NPU CKATUH, OIIPENIENCHHBIM B ONBITaX NMPU BHICOKOCKOPOCT-
HOM Harpy>K€HHH, IPEBBIIIAET MIPEAel NPOYHOCTH MPU CXKATHUU B ClTyyae CTaTUYECKO-
ro HarpyxeHus. OTME4eHO TakXKe CHIKEHWE NPEeNIOB NPOYHOCTH Uisi 00pa3ioB ¢
MCKPHUBIICHHBIMU BOJIOKHAMHU 110 CpaBHEHUIO ¢ 00pa3aMu ¢ IPSIMBIMHA BOJIOKHAMHU.

B deTBepTOii I1aBe MpUBEACHBI Pe3yJIbTATH YACIEHHOTO aHAIN3 HAITPSKEHHOTO
COCTOSIHHSI KOHCTPYKIHMH TTPH TUHAMUYECKOM Harpy>XKeHUH, IMOIYyUeHHbIE C TTOMOIIBIO
U3BeCTHOTO TporpammHoro komrutekca ANSYS. PaccmaTtpuBaioTcs BapHaHTBI KOH-
CTPYKIIHH C Pa3IMYHBIMU CXeMaMu apMUpoBaHus. [[1s1 HUX MpoBEAeH CpaBHUTENBHBIN
aHAJIN3 HAPSDKeHWH B KOMITO3UTHOM U MeTAINIMYECKUX 4acTIX KOHCTpyKuuH. Kccre-
IOyeTcsl BIMSHUE MOAYJS yHpPYyroCTH MaTepHasa, HaKOIUIEHHS IIOBPEXIEHHH B €ro
CTPYKType Ha HampspKeHHOe cocTosiHue KoHcTpyKiun. [lo pesynbraTtam pacdéra dop-
MYJIUPYIOTCS] PEKOMEHAALUY II0 COBEPLIEHCTBOBAHUIO €€ IIPOYHOCTH.

TekcT muccepTaluy 3aKkaHUMBaeTCsl JOPMYIIUPOBKOM BBIBOJIOB.

OcHoBHBIE HAYYHBIE PE3yJbTAThl OITyOJIMKOBaHbI, B TOM YHCIE B U3JAHUAX, Pe-
xoMeHayeMbix BAK P®. ABropedepar oTpaxaeT colepixaHue IUCCEPTALMOHHON pa-
OOTHI.
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Ilo MHeHMIO ONIOHEHTa, K HOBBIM HAyYHBIM pPe3yJbTaTaM, MOJIyYEHHBIM
A.B.babaii1ieBbIM, MOKHO OTHECTH CIIEAYIOIIEE:

- KOMIUIEKCHYIO METOJIUKY pacueTa U IPOEKTUPOBAHUS KOMIIO3UTHBIX TeNl Bpa-
IIeHUs] TIPU OCECHMMETPUYHOM Harpy)Ke€HHH, BKIIOYAIOILIYIO: a) pa3paboTKy 0603pH-
MBIX aHATUTHYECKHAX COOTHOILIEHMH JJIs MPOEKTHOIO pacuera; 0) SKCIepUMEHTAIBHOE
uccnenoBanie npuMeHseMeix KM npu craTtrdeckoM Harpy>XeHHH M BBICOKOCKPOCT-
HOM yJape; B) MOBEPOYHBI pacueT KOHCTPYKLUH IPH IHHAMUIECKOM HATPYKEHHH HA
OCHOBE M€TOJa KOHEUYHEIX 3JIEMEHTOB C IPUMEHEHHEM COBPEMEHHBIX ITPOTPAMMHEBIX
CPENCTB;

- Pe3yNbTaThl SKCIEPUMEHTANBLHOI0 HecaenoBanuss KM Ha ocHOBe yriiepoaHbIX
BOJIOKOH TIPH CTaTHYECKOM HArpy>K€HUU U BBICOKOCKOPOCTHOM yiape, YKa3bIBaroIHe
Ha BIMSAHME XapaKTepa HarpyXeHus o0pa3lioB MaTepualla, criocoba yKIaIKd BOIOKOH
Ha (QU3UKO-MEXaHUIECKUE XapaKTEPHUCTHKH.

Ilony4yeHHbIe pe3yNbTaThl IPEACTABISIOTCS JOCTOBEPHBIMH, TOCKOIBKY OHH
MOJTyY€HbI Ha OCHOBE COOTHOIIEHUH KIIACCUYECKOA TEOPUH yIPYTOCTH, alpoOUpOBaH-
HBIX METOJUK 3KCIEPUMEHTAILHOIO UCCIIEIOBAHNS, AITOPUTMOB U BBIUUCIHTEIBHEIX
[IPOTPaMM.

IIpakTu4eckoe 3HaY€HHE MOI'YT UMETh ClieIyIoIIre pa3pabOTKH JUCCEPTAHTA!

- aHAJUTUYECKHE 3aBUCHUMOCTH I NPOBEJCHUs MPOEKTHOTO pacyeTa KOMIIO-
3UTHBIX TeJI BPALLEHUS IIPH OCECUMMETPUYHOM HarpyKeHuH;

- pPe3yNbTaThl 3KCIEPUMEHTAIBHOIO HCCIEeNOBaHUS (DU3NKO-MEXaHUIECKUX Xa-
paxtepuctukd KM Ha OCHOBE yriepOIHBIX BOJOKOH MPU CTATHYECKOM HAIrPYKEHUU U
BBICOKOCKOPOCTHOM YJape;

- METOJMKA pacyeTa KOMIIO3UTHBIX TeJl BPALLEHUS IPU TUHAMUYECKOM Harpy-
JKEHUU HA OCHOBE METOJa KOHEUYHBIX 3JIEMEHTOB C IIPUMEHEHUEM COBPEMEHHBIX TPO-
IPaMMHBIX CPEJICTB.

OcHOBHBbIE pe3yibTaThl AUCCEPTAllMd MOTYT OBITh BOCTPEOOBAHEI HCCIIEIOBA-
TEIbCKUMH OpraHU3alUsIMA U KOHCTPYKTOPCKUMH OIOpO, 3aHUMAIOIIMXCS pa3paboT-
KOM 3JIEMEHTOB KOHCTPYKIMA u3 KM.

ITo MmHEeHMIO OTIMOHEHTa, B AMccepTanmoHHON pabore A.B.babaiinieBa nmeroTcs
HeJjocTaTKH. OTMETHM OCHOBHBIE U3 HUX.

1. Ilpuctynas k penieranto chopMyITUPOBaHHBIX B IUCCEPTALIUU 3a/1ad, IOJIE3HO
O03HAKOMHUTHCS C KJIACCUYECKUMHM PEIICHUSIMU, OTHOCSIIMUXCS K pacdeTy aHU30TPOIl-
HBIX KpyToBBIX ITUIMHAPOB (cM. Jlexuunkuii C.I'. « Teopust ynpyroctd aHU30TpOIIHOIO
tena», M.: «Hayka», 1977 1.), a Takxe ¢ paboTamu, MOCBSIIIEHHBIMU PAaCcYETy TOJICTO-
CTEHHBIX KOMITO3UTHEIX TPYO (cMm. Tapromonsckui FO.M., beitne A.M. «Toactocren-
Hble TPYObI ¥ KOJIbIIa W3 KOMMO3UTOB» B KH. «Kommosunmonnele marepuansl. Copa-
BoYHHK» mox pen. BacuimbeBa B.B. u Taprononsckoro FO.M. M.: «Mammunoctpoe-
uue», 1990 r.). Ilo sToit mpuumHe cumTaro 0630p NUTEPATYPHI 10 TEME IUCCEPTAIUH
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HeJI0CTaTO4YHO MOoHBIM. Kpome 310ro, B 3aBepriatolneit 9acTu 0630pHOIM IIIaBEl XOTe-
nock OBl BUIETH (DOPMYIMPOBKY LIeNeii 1 33184 JUCCEPTAL[MOHHON paGoTHL.

2. PacyerHas MoJienb, IpeUIoKeHHas! B pazzene 2.1, meperpykeHa yIpoIeHH -
smu. Hampumep, npeanonaraercs, yro KM sBnsercst KBa3MU30TPOIHBIM MaTeEPHAIOM
(cM. Tabm.2.1 Ha ctp.25). [Ipu 3TOM He yKa3bIBaeTcs, ABISETCS U KOMIIO3UT HaMO-
TOYHBIM YTJICTITIACTUKOM WIIH YIJIEPOA-YIIIEPOAHBIM KOMIO3uTOM. HecMoTpst Ha ToO,
4TO B 0030pHOM IiaBe 1 mog4EpKMBaeTCs BaXKHOCTH O0ECTIEYEHHs] TPOYHOCTH Pe3b60-
BOTO COCIUHCHMS W @HAllM3a KOHIEHTPALlWK KacaTeNbHBIX HANPsHKCHHWN Ha TPAHMIIE
«METaJI-KOMITO3UT», B IIPENIaraéMo pacueTHOW CXeMe He YYUTBIBAeTCS ITOATIIU-
BOCTb pe3b60Boro cnost. CreyeT 3aMeTHTh, 9TO B paMKax OJHOMEPHOTO MOAX0/a IIPH
OCEBOM HAarpy>KE€HUHU 3TO CJAENaTh HECIOXKHO. Takoi momxoi mpuBOIui OBl K Golee
JOCTOBEPHEIM 3HAYEHHUSAM KAaCaTeNbHBIX HaNpSHKEHUH B 00JIACTH KOHTAKTa «METasll-
KOMIIO3UT». B 4acTHOCTH, OH mo3BONUN OBl OMUCATh KOHIEHTPALMIO KACATENBHBIX
HaNpsOHKEHUH 10 KpasM TeNa, a TAKKe B CeUSHUSX, TJIe CTBIKYIOTCS AIHHAPUYECKHE U
KOHHYECKUE YaCTH.

3. B MeToMKe pacyeTa, MpeAIoKEHHOH B TaBe 2, HCIOIb3yeTCs MOAYIIb YIpy-
TOCTH IIpUMeEHsAeMBIX MaTtepuanoB. [loaTtomy B pa3nene 3 moMuMoO aHajin3a 3HAYEHUU
IIPEJIENIOB IIPOYHOCTH U NpeebHbIX JepopMaluil XOTeI0Ch Obl YBUIETh CPaBHEHHUE
BEJIMYMH MOZYJIEd YHIPYTOCTH, ONpPEAENEHHBIX JKCIEPUMEHTAILHO CTATHYECKUM U
IUHAMHAYECKHUM CIIOCOOaMHU.

4. I'nasa 4 BeIrnAena Obl BecoMel, ecitu ObI B Hell ObUIO JaHO MOAPOGHOE Omu-
CaHWe pacyeTHOM CXEMBI M pe3yJbTaTOB pacdyéra, a MMEHHO: aHauTHIecKas (Gopmy-
JMPOBKA MPaHUYHBIX YCIIOBUM M YCIOBHN CUMMETPHH; CIIOCO0, C TTIOMOIIBIO KOTOPOTO
OIMUCHIBAETCS Jerpajanus xapakTepucTuk ynpyroctd KM BcrnencTBHe HaKOILIEHHS
TIOBPEXKIEHUN B CTPYKType MaTepraia («Iporpeccupyomlee pa3pyleHre) Mo TePMu-
HOJIOT'MU AUCCEPTAHTa); MOMEHT BPEMEHH, [IJIsI KOTOPOTO yKa3aHbl HAPSHKEHHUS Ha PH-
cyHkax. Cienyer Takke OTMETHTh, YTO BapUaHThl KOHCTPYKLUM, W300pakeHHEIE Ha
puc.4.2a,0, He ABIAIOTCS OCECHMMETPUYHBIMH. [I03TOMYy TprMeHEHHE CEKTopa ¢ yr-
noM 120° aJis aHanu3a HaNpsHKEHUH SBIsSETCS HEOOOCHOBAHHEIM.

5. Muccepranms odopMiieHa HETOCTATOYHO aKKypaTHo. Hampumep, B HEKOTO-
pPBIX MPEIJIOKEHUSIX, TJe 3alsThie He HYXXHBI, OHH TPOCTaBISIFOTCS B W30BITKE, U
Hao0OpOT: Tam, I/ie 3amsiThle TPeOYIOTCs, OHU OTCYTCTBYIOT (cM. cTp.28, 31, 73 u mp.).
B Tekxcre mMerorcs omeuatkud. Hampumep, Ha crp.30 B mocimemHem ab3arie BMECTO
cceliku Ha Gopmyny (2.1.3) cmenyer cceiiathes Ha (2.1.5); Ha cTp.54 B dopmymne
(2.2.34) BenmuunHa, UMEIOIAS Pa3MEPHOCTh HATIPSHKEHUS, CKIIATIbIBAETCS ¢ OGe3pazmep-
HOI BEIMUMHOM; Ha cTp.46 cchuika Ha paboty [48] sBHO HeyMecTHa. MOXHO MPUBO-
IUTH U Apyrue mpuMepbl. Ocobo clieyeT OTMETUTh HeOpeKHOe OTHOIICHHUE K IIpUMe-
HEeHUIO 0003HauYeHUI 0OBIKHOBEHHOM W YacTHOM Mpon3BOAHBIX. IIoKka3zaTesbHbl B 3TOM
cMbicie Gopmynsl 2.2.4 Ha cTp.45, rae HOMKHBI GUIypHUpOBaTh YacTHBIE IMPOU3BOJ-
Hele, u (2.2.26) Ha cTp.53, B KOTOPBEIX HEOOXOIMMO HCITOIB30BaTh OOBIKHOBCHHBIE
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IPOU3BOHBIE. DTH AOCAAHbIE HETOYHOCTH OQOPMIIEHHS B I1€JIOM HE BIHAIOT HA UTO-
TOBYIO OLIEHKY 3HAYHMMOCTH IIOJIYYEHHBIX PE3YIbTATOB, OJHAKO OHU 3aTPYyIHSIOT 4YTe-
HHe TeKCTa U He JTy4LIUM 00pa3oM BJIHUSIOT HAa BOCIPUSTHE JUCCEPTAIINH B 1IEJIOM.

[lonBoms wTOI, MOXHO 3al.._J)4UTh, YTO JHCCEepTallMOHHas pabora
A.B.babatfitieBa siBsieTCS 3aKOHYCHHON HAay4YHO-KBaTH(PHUKAITMOHHON paboTroil. B Hel
BBITIOJIHEH 3HAYUTEIbHBIA O0BEM TEOPETUYECKUX U IKCIIEPUMEHTAIBHBIX HCCIe0Ba-
HHUM KOIl_._)3UTHBIX TOJICTOCTEHHBIX KOHCTPYKIHH. [IpemnoxeHbl Hay4HO 0OOCHOBAH-
HbIE€ TEXHUYECKUE PELIECHUS, UMEIOIIME CI ™~ 2CTBEHHOE 3HAYCHUE JJIs pa3BUTHUS OTpac-
JeH .. DOMBILIIEHHOCTH, CBSA3aHH.- ... C IPOU3BOJICTBOM M3/IeIUi U3 coBpeMeHHbIX KM.

Takum oOpa3oM, HacTO 3 MAHWCCEPTALUsd YAOBIETBOpSAET TpeOOBaHUM,
npexbsBisieMbiM BAK P® k kanaunmarckum nucceprauusMm. Ee aBrop, babaiine Ap-
ceHni BragumupoBUdY, 3aCiiy’KUBAaeT NMPUCYKIEHUS YYEHOH CTENEHU KaHIuOara TeX-
HHYECKHUX Hayk 10 crermanbHocTh 01.02.04 — Mexannka nedopMHUpyeMOTO TBEPAOTO
Tena.

OduimaibHBINA ONIIOHEHT
JOKTOp TEXHUYECKUX HaYK,
npocdeccop

[Togmuce b.C.CapbaeBa 3aBepsiro

OduunanbHbINA ONIIOHEHT

Cap6aes bopuc Caduynobud,

JOKTOP TEXHUYECKUX HaYK,

npodeccop 1o Kadeape MpUKIaTHON MEXaHUKH,
npodeccop kadeapsl

"KocMHMYECKHE almaparthl i pakeTbl-HOCUTEIH "
MI'TVY uMm. H.D. baymana.

Anpec mecta pabOTHI:

r. MockBa, 2-1 baymanckas yiu., 1. 5, cTp. |
L-mail: llsgn,nun‘,,“,@z_rwn:t v
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