OT3bIB

0o(HLIHATFHOTO ONIOHEHTA JIOKTOpA TEXHHYECKHX HAyK, CTAPIIEr0 HAYYHOI'0 COTPYXHHUKA
CaszonoBa Kupuina EsrenneBrya Ha auccepraiponnyo pabory Kanuuaunoit Hagex s
BukTopoBHBI «IIpoekTHpOBaHME JIETOKOJIOB C MO3HIIHM TEOPETHKO-3KCIIEPUMEHTAILHOTO
10X0/a K IPOrHO3UPOBAHHIO JIEAOBOH XOAKOCTHY, IPEACTABICHHON Ha COUCKAHUE YUEHOM
CTEHCHH JTOKTOpa TEXHUYECKHX HayK 110 cnienuanbHocTh 2.5.18 — [IpoexktupoBanue u
KOHCTPYKILHSA CYZIOB

B macrosiee BpeMs B Hallell cTpaHe HaOMIOqaeTCs MOBHIIICHHBIH HHTEPEC K PA3BUTHIO
IEPEBO30K HA 3aMEP3aOIIHX aKBaTOPHUSIX, BKIIOYAs BHYTPEHHHE BOJHBIE MyTH. DG PEeKTHBHOCTE
TaKHX IIEPEBO30K BO MHOI'OM 3aBHCHT OT BO3MOXHOCTH PacIIAPCHUS CPOKAa HaBHIallMH KaK B
OCCHHHM, TaK W B BeCEHHHH nepHonsl. boiiee yeM croneTHHit ombiT GOPHOBI C Pa3TMYHBIMH
JICTOBBIMU 3aTPyJHEHUSMH M IPOAJICHHS HAaBUTAIlMM HA BOJHBIX apTEPHSIX IOKA3hIBAET, YTO
HauboJlee YHHBEPCAIBHBIM CPEACTBOM PEIIEHUs MOAOOHBIX 3a/1a4 SBJISETCS JIEAOKOIBHEIN (IIOT.
[TosToMy pa3BuTHE COBpEMEHHBIX METOJIMK IPOCKTHPOBAHUS JIEIOKONOB SBIACTCS aKTyaJIbHOMH
3agaueid. OcoOeHHO BaXXHO, YTO aBTop CTaBUT MpoOneMy KOMIUIEKCHO, C YYETOM TaKHX
ocobeHHOCTEH paboTHI JIEAOKO0JIA, KaK IBHIKEHHE Ha0eraMH.

PaccMarpuBaemast quccepTaliMoHHas paboTa - pe3yisTaT YIOPHOrO TpyAa aBTopa II0
HCCIIEIOBAHHUIO PA3IMYHBIX (PU3HYECKUX MPOIECCOB, COMPOBOXKIAIOIIMX ABHUKEHHE JIEAOKOIA B
CILTOLIHBIX POBHBIX, BKIIOYas 3alpeebHbIE, IbIaX B PEATBHBIX YCIOBHAX SKCILTyaTaIlHH.

PaboTta cocToMT U3 BBENEHHS, IIECTH TJIaB, 3aKTIOYCHHS, CIIHCKA JIATEPATYPhl M IIATH
npunoxeduid. O6seM paboThl - 366 TUCTOB MAIIMHOMUCHOTO TEKCTA.

Bo BBeneHmm 000CHOBaHAa  aKTyalbHOCTH TEMBl  JHUCCEPTAIl[MOHHON  pabOTHL
chopmympoBaHa LN MCCIENOBAaHUS, a TAKXKe 3aJaud, KOTOPHIE HEOOXOIMMO PEMIMTHL IS
JOCTHIKEHHUS IMTOCTABJICHHOH Iienu. Takxke NMpHBEIEHBI OCHOBHBIE IOJIOXEHHS, BBIHOCHMEIE Ha
3anIuTy.

IlepBas rnmaBa paGoThl MOCBAIEHa 0030py M KPUTHUYECKOMY aHAIM3y MCCIIEIOBAHUI,
BEINOJIHEHHBIX paHee. OHa COAEPXKUT OYEHb COAEPIKATENBHBIH 0030p Pa3BHTHS JIEAOKOJIHLHOTO
¢ioTa, MONBITOK IMOUCKA ONTHMAILHONH (DOPMBI KOpmyca JIEHOKOJIOB, HM3BECTHHEIX METOJ0B
ONpEAENICHUs] XapaKTEpUCTHK JI€J0OBOM XOJKOCTH CyHOB. BojbImoe BHHMaHHE B 3TOH IJiaBe
YIEJIEHO ONHCAHUIO CHeUM(UUECKUX JISTOBBIX YCJIOBHH ILIaBaHUS O BHYTPEHHHM BOJHBIM
IyTSAM, a TaKkKe MOAEIsIM AehOPMHPOBAHHS M pa3pyLICHHS JEAIHOTO TOKpoBa. HambGonbimumit
HHTEPEC B ITOH IUIaBe MPEJCTABIAET naparpad, NOCBIMEHHBIH aHAIN3y TPOOJIEMHBIX BOIPOCOB
IPOEKTHPOBaHMS JIEJOKOIOB. ABTOp paboThl yOEAHTEFHO TOKA3bIBAET, YTO B HACTOSIIECE BPEMS
HE CYIIECTBYeT Hay4yHO OOOCHOBaHHBIX WOAXOJOB K TNPOSKTHPOBAHHMIO JIEHOKOJIOB.
AHalMTHYECKHE 3aBHCUMOCTH, pa3pabOTaHHBIE B TEOPHH POEKTHPOBAHHS HE JIEJOKOJIBLHBIX
CYIOB, HE MOT'YT OBITh HCIIOJIb30BaHEI, T.K. JIEAOKOJ 001a1aeT crienuGuIeCKUMH OCOOEHHOCTIMH.
Ha ocHOBaHMH IpOBEICHHOTO aHAIW3a aBTOpP HENAeT BBHIBOA O HEOOXOMMMOCTH DPa3paboTKu
CIENHATIBHBIX IIOJX0A0B K IPOCKTUPOBAHHIO JIEAOKOJIBHOTO (IOTa.

Bropas rimaBa muccepTaly NOCBSINICHA ONUCAHHIO JKU3HEHHOTO LHKJIA CyIaHA. B Hei
1oApoOHO ONMCaH OOLIMH aNrOpUTM MPOSKTHPOBAHHS JIENOKOJA, JUIi KOTOPOTO B KayecTBE
HCXOJHOH MH(pOpMalMH 3afaHa MOIHOCTh JHEPreTHYECKOM YCTAHOBKM WJIHM TpeesbHas
aegonpoxogumocts. IlocTpoeHa MaremMaTtwdeckas MOJENb MPOCKTHPOBAHMS  JIECHOKOJA,
BKJIIOYANOmas B ¢e0s1 psaa GyHKIMOHATIBHBIX OJIOKOB, B KOTOPBIX PEINAETCs OJHA H3 KOHKPETHBIX
3a7a4. B kadecTBe WCXOAHBIX [JaHHBIX JUIS TIOCTPOEHHSI MAaTEMATHYECKONH MOJEIH
IPOCKTHPOBAHMSA BBICTYNAIOT TEXHUYECCKOE 3a/aHHE€ Ha HPOEKTHPOBAHHE U H3BECTHBIE
AQHAJTATHYECKHE YPABHEHHS IPOEKTHPOBaHHUS (ypaBHEHHS MacC, IJIABYy4eCTH, OCTONYHMBOCTH,
XOIKOCTH). B KOHIIE I71aBBl B Ka4eCTBE KPUTEPHUEB ONTHMHU3AIMH MPEIAraeTCs PacCMaTpHBATh
YIENbHBIC NPHUBEICHHBIE 3aTpaThl Ha pa3pylIeHHE KWJIOMETpa Tpacchl 3aMaHHOM TOJIIMHBI U



3aJ]aHHBIX JICJOBBIX YCIOBHUSAX M OTHOCHTEIBHBIM pacxoj TOIUIMBA IJIaBHBIMH JBHIaTCISIMHU,
M3MEPSEMBI OTHOLICHHEM €IMHMIIBI MACcChl K €MHUIE JIMHBL [[0 MHEHHIO aBTOpa PELEH3HH,
HICPBBIA U3 IPUBEIECHHBIX KPUTEPUEB HE 00/IaNaeT JOCTATOYHON OOIIHOCTHIO U €r0 NPHMEHEHHE
IIPY BBINOJIHCHAHN PACUETOB JIODKHO OBITh OrpaHUYEHO. J[€J10 B TOM, YTO 3TOT KPUTEPHH MOXKET
OBLITH XOpOIN JIMIIG IIPH JBIDKCHHH B CIUIOINIHBIX POBHBIX JIba, HO W TO C HEKOTOPBHIMH
OrOBOPKaMH, CBSI3aHHBIMH C HAJIMYHEM COCTABISIOIIMX CONPOTHBICHUSA JbAAa JABHKCHUIO
JeIOKOJIa, KOTOpBIE HE 3aBHCAT OT paspylleHus jabAa. B Opyrux e THIOMYHBIX JIEJOBBIX
yCIIOBHUSIX, KOTOPBIE, B YACTHOCTH, YKa3aHBI aBTOPOM JHCCEPTALUH, HallpUMep, OUTHIX H TEPThIX
JbJax, ABH>KCHUH B KaHAJIE U IIpoYee, 3TOT KpUTepuii BooOie nepecrtaer paboTars.

B Tpersell rmaBe mmccepranyy MOAPOOHO OIMCAaHA MATEMaTHUYECKas MOZEIb JBHXCHHS
JE€I0KOJIa B CIUIOINHBIX M OWTHIX JIbAaX. JTa MOZENb JaBHO paspabatbiBaercs Hukeropoackoi
JIEAOTEXHUYECKOH IKOJION, IIPHUYEM aBTOp JUCCEPTAllMK IPUHAMAIIA CaMOe aKTHBHOE YYacTHE B
3TOM pa3paboTKe NpaKTUYECKH Ha BCEX €€ 3Tamax. 31ech He HMEET CMBICIa OIHMCHIBAaTh 3Ty
MOJIETIb, OHA JOBOJIBHO XOpPOINO M3BECTHA CIEMUATHCTaM. MOXHO JAHUIIb OTMETHTH TO, YTO C
IIOMOIUBIO 3TOH MOJENH MOITy4EHO JOBOJLHO MHOTO aHATMTHYECKUX PELICHUH A pa3iuyHBIX
CJIy4aeB, BKJIIOYask yCKOPEHHOE JIBHIKEHUA JIEOKOJIa BO JIbJlaX. DTH PENICHHUs, B TOM 4uCiie, ObUIH
HOJTy4€eHBI ¥ aBTOPOM AUCCEPTALIUOHHON paboTHL

YerBepras riaaBa AMCCEpTAlMH SIBJISECTCS ONHOW M3 OCHOBHBIX B pabote. B srToif riase
NOAPOOHO paccMaTpUBAaeTCA IBIDKCHME JieJoKoiga Haberam, K KOTOPOMY OH BBHIHYX/CH
HEPEXOIUTh Ul MPEOJOJICHUS YJAacTKOB JIENSHOTO IMOKPOBA, TOJIIWHA KOTOPHIX IPEBBILIAET
IPEACIbHYIO JI€AONPOXOJUMOCTb, a TakXe MpH (POPCHPOBAHMM TOPOCHUCTHIX IepeMbIuek. B
paboTe noApoOGHO ONUCHIBAECTCS ITUKII IBIKEHUS JieJoKosIa pu Habere. J{iis onucanus ABHKCHUS
JeNOKoNa Ha KakAoH craguu Habera HCHONB3yeTcs IIpeACTaBIeHHas paHee B pabore
MaTeMaTH4ecKas MOJElIb, YTO MO3BOJIAET MOIYIHUTh PsiJ aHATUTHICCKUX PEIICHUH, HA OCHOBAaHUHT
KOTOPBIX MOXHO PacCuuTaTh CPEIHIOIO CKOPOCTh JABM)KEHUS HaOeraMH B pOBHBIX 3alpeAeIbHBIX
abaax. Takol xe MoAXo1 HCHONb3YETCs IIPU ONKMCAaHUK B3aUMOACHCTBHSA JIEJ0KOIA C TOPOCHCTHIM
obpaszoBanueM. B cirydae, eciu J€/I0KOJI HE B COCTOSHUM IPEOIONETh TOpoc 6€3 OCTAHOBKH, C
IIOMOIIBIO pacyeTa MOXKHO ONpENENUTh KOJIUYeCTBO HaberoB, HEOOXONUMBIX JUIL €ro
IIPEOJOJICHHS.

[IsTas rnaBa quccepTaliMu TakXkKe sIBJIIETCS. OCHOBHOM B npescTaBieHHOH paborte. IMeHHO
B HEH ONHCHIBacTCS BBHIHECEHHBI B 3arjiaBHe TEOPETHUKO-IKCIIEPHMEHTAIBHBI METOJ,
MpoeKTHpoBaHKs. HeoGX0MMMOCTS COBMECTHOTO TEOPETHKO-3KCHEPHMEHTATLHOTO MOXO0Aa K
MPOEKTUPOBAHUIO JIEAOKOJIOB aBTOp paboThl OOOCHOBBIBAE€T TEM, 4YTO IO OTAEIBHOCTH
TEOPETHYECKHH H OKCIIEPUMEHTAIBHBIN MOAXOIbl B CHIy T€X WM HMHBIX NPUYHH 00JafaroT
HOrpelHOCThIO. JIJIi MOBBIIEHHS TOYHOCTH aBTOp Ipe/yiaraeT HX OOBeIUHHUTH. OTO,
HECOMHEHHO, MHTEPECHOE DELICHHS, HO, K COXAICHMIO, B paboTe HE MOKa3aHO, YTO TaKoe
oObeMHEHNE IPUBOIMT K YMEHBIICHHIO OMMOKH, He HAoOOpOT, K €6 CyMMHPOBaHMIO. DTOT
MOMEHT OBUIO OBl KpalHe )KkenaTeIbHO OTPa3UTh.

CyTp mpeAnoxeHHOro aBTOPOM IIOAXOJa 3aKmodaeTcs B cieayromeM. Ha ocHoBanum
TEOPETHYECKONH MOJENH OIpeleNsieTcss CTPYKTypa (GOopMyibl [UIs ONpeleNeHUs JIEZOBOrO
conpoTuBicHnsa. Ha ee ocHOBaHMM BBIOMpaeTCss MOJENb JEJSHOTO MOKpPOBa IPH YaCTHYHOM
MonenmupoBaHuH. [locme TpOBEAEGHUS HKCIIEPUMEHTOB  OHpeAeNsiorcs  Ko3(hGuueHTh
MOCTPOCHHON paHee INOJyIMIHpHYecKod Mozaenu. Ha ocHOBaHMM TEOpETHHECKHX IOJIOKEHUMH
pacyeTHBIM IIyTEM ONPEAEIIAIOTCS SHEPreTUIECKUE 3aTPaThl, KOTOphle OBUTH HE Pealli30BaHBI B
3KCIepuMenTe. B 3aBeplueHny IpOU3BOIUTCS IIepecyeT Ha HaTypHBIE YCIOBHSI.

Jis oTnaaxy npennoXxxeHHo#H Mozenu B nefnoBoM Oaccerine HI'TY um. P.E. Anexceea Obun
IIPOBEJCHBI MacIUTa0HbIE HCIBITAHHASA CCPHM H3 5 MoOJeENed CylecTBYIOMMX JemoKonoB. [l
KaXZI0T0 U3 HCIIBITAHHBIX JIEJOKOJIOB ObLIM HalJEHbI IOJIyIMIUPHIECKHE KO3 PHIIHEHTEI, ¢ UX
IOMOIIBIO OBLT BHIIIOJHEH HEpeYeT Ha HaTYPHBIE YCIOBHS, PE3YITAThl KOTOPOTO COIOCTABIICHBI
C JaHHBIMM HATypHBIX HcnbiTaHuil. CoBHAJCHUE MOJYyYHIIOCH BIIOJIHE NPHEMIIEMBIM, HO, K
COXAJICHHIO, HE HICAIBHBIM. JTO CBHAETEIBCTBYET O TOM, YTO MPEIIOKEHHBIH MeTO o0nagaet



OIIPEICICHHBIM IIOTEHIMAIOM H pabOTBI 10 €70 Pa3BUTHIO HEOOXOAUMO B JANTbHEHIIIEM pa3BHBATh

U IIPOJOJDKATH.

ABTOp yKa3bIBaeT, YTO METO]{ MOXKHO IPUMEHATH U Oe3 MPOBENeHHS DKCIIEPUMEHTOB. [y
9TOTO II0 BCEH COBOKYNHOCTH MoJeinel ObUIM OmpefeneHsl oOmpe MOJyIMIHPHUYECKHE
k03(dumenTsl. OHAKO TaKOH ITOIXO0 PEKOMEH/YETCS IPUMEHATE TOJIBKO HA PAHHUX CTAmHsIX
IPOEKTHPOBAHHMS JUIsl [TOTYYECHUS IEPBOHAYANBHBIX OI[EHOK JIEAOBOM XOIKOCTH.

B mecroii rinaBe paboTel aBTOp IEMOHCTPHPYET IIPHMEHEHHE Pa3pabOTaHHBIX MM METOIOB
JUIS PELIEHUs Pa3/M4YHbIX aKTyalbHBIX 3a]a4 JECJOTEeXHHUKH. 1aK, moapoOHO OMHCaH aJTOPHTM
OMpPENETICHUs CPENHEH CKOPOCTH JBHKCHHUS JIEAOKOIA TIpH paboTe HabGeraMu, POBeIeHA OLIEHKA
BIUSAHKSA (HOPMBI HOCOBOM OKOHEYHOCTH JIeHOKONA Ha 3()(EKTHBHOCTH BBINOJIHEHHS JTOTO
madeBpa. Ocoboe BHUMaHHE y/eIeHO ONTHMH3AINHA JABIXKCHHUS JIEA0KOJA B TOJICTHIX JIBAAX IIPH
pabote Haberamu. PaccMOTpEeHBI M ApYrue BOIPOCHI, MO3BOJISAIOIIHE TIOIOXHUTEIHO OLEHHUTD
BO3MOXHOCTH NPEAJIOKEHHBIX aBTOPOM METOJIOB.

IIpy o6meli MOIOXHUTETBHON OLIEHKE ANUCCEPTANMOHHONH pabOTHI y OIIOHEHTA, TEM HE
MEHEE, BO3HUK P/l BOIIPOCOB U 3aMEUYaHHIA.

1. B pabore, NOCBALIEHHON NPOEKTHPOBAHHIO PEYHBIX JIEAOKOJOB COBCEM HE PACCMOTPEH
BOIIPOC O BJIMAHKMH MEJIKOBO/IbS HA JIEIOBYIO XOJAKOCTh U BHIOODP OPMBI KOpITyca.

2. Ilpu paccmoTpenun paboThl Jieokoida HaberaMu npd (OPCHPOBAHMH TOPOCHCTOO
o0pazoBaHMsl aBTOp JMCCEpTAllM¥ IpeiaraeT s ONHCAHHS TOpPOCa HCIONB30BaTh
IIPUBEJICHHYIO TOJILIMHY I'PAJbl, KOTOpasl ONPEASNSICTCA KaK OTHOIICHHE IIJIOIIA H CEYEHUS
Topoca K ero mupuHe. IlomoOHbIi Moaxos BBI3BIBACT psi Bo3pakeHuit. Bo-nepBbix, mpu
TaKOM IIOAXOJI€ MOAPa3yMeBaeTCs, YTO BCE YaCTH TOpoca (apyc, KOHCONHAUPOBAHHBIMH 10
U KWIb) BHOCAT OJMHAKOBBIA BKJaJ B €ro COMPOTHBICHHE IABHXKCHHIO JIEJOKONA. XOTS
COBPEMCHHBIE MCCIIE[IOBAHUS IOKA3BIBAIOT, IIPH B3aUMOJCHCTBHM KWL TOpoca C
TPEIATCTBHEM IIPOTEKAIOT BECbMa CBOEOOPa3HbIE NIPOLECCHL, MAJIO TOX0XKHE HA pa3pyIIcHHE
poBHOTO Jibaa. Kak mpaBuio, 3TH Hpollecchl ONMHUCHIBAIOTCS METOJAMH MEXAHMKH ChHITy4ei
cpensl. Bo-BTOPEIX, CHJIa CONIPOTHBICHUA TOpoca sABIsAeTcs GpyHKIueH riIyOMHbBI BHEAPCHUSA
Jenokona B Topoc. [Ipu 3ameHe TOpocHCTOro 00pa3oBaHUs SKBUBAICHTHOM TOJIMHON 3Ta
3aBUCHMOCTh MPONAJAeT, 4YTO0, HECOMHECHHO, CKa3blBaeTCS pe3yJbTaTaX PpEHICHHS
TG bepeHITHATEHBIX YPABHEHHIHA,

3. B npuBeneHHBIX B paboTe MpHUMeEpax HCIBITAHHS B JEJOBOM OacceiHe OCYINECTBISINCE B
OYCHb TOHKHX JIbAAX, HAPUMED, TOMIHHOH 3.44 MM. B 3TOM e JIby ITPOBOIMIICS OIBIT 110
OINPENENICHUIO JHarpaMMbl Pa3pyIleHHs IpH IICHTPAIbHOM MposioMe. 3adHKCHPOBAHHEIE
NpOrudObl CyLIECTBEHHO IIPEBBIIATHA TONMHUHY nbAa. DakTHYecKH e[ paboral Kak
HeKoTopasd MeMOpaHa. XOpOIIO H3BECTHO, YTO ONPENENAIOIMMH YCHIHAMH B MeMOpaHe
SIBJIAIOTCS LEHHBIE YCUIIH. Jlajiee pe3yIbTaThl 3THX UCHBITAHUH EPEHOCHINCH HA HATYPHEIE
YCJIOBHS, B KOTODBIX IIPEJCTaBHUTh JIEAIHOH IOKPOB MeMOpaHOH HEBO3MOXHO M IIPOTHOBI
OOBIMHO HE TNPEBBIAIOT TONIIMHEL JbJa (Ha CaMOM Jieje€ HaMHoro menpme). Kak stm
00CTOATENBCTBA YUHUTHIBATHCH MPH BBHITOIHECHHAH IIEPECYETOB HA HATYPHBIE YCIOBHS?

4. B tabGnuue 5.5 npuBeieHbl 3HAUCHHUS NONYIMIHPUIECKHX KOIPPUIHUEHTOB, HOTYIEHHBIX I
BCE TIEHEPAIBHOM COBOKYNHOCTH JaHHBIX. He coBceM TOHATHO, MOYeMYy BeJIHYMHA
Kk03pHUIHEHTOB k' per M k,, 1O reHepalbHOM COBOKYIIHOCTH MEHBINE, YeM 3HAYSHHUS STHX

K023(PUIMEHTOB IS KOKIOTO CYIHA B OTAEIBHOCTH?

VKasaHHBIC HEJOYETH HE BIHUAIOT HAa OOLIYIO MOJIOXKMUTENBHYIO OIEHKY QHMCcepTamuu. B
1eioM, paboTa NPEACTaBIAeT 3aKOHUYEHHOE Hay4HOE MCCIENOBAHKE, B KOTOPOHM Ha OCHOBAHMH
BBITNOJIHCHHBIX aBTOPOM HCCIIEIOBAHHUH pa3paboTaHbl TEOPETHIESCKHE MONIOXKEHHS, COBOKYIIHOCTD
KOTOPBIX MOXXHO KBAIM(QHUIMPOBaTh KaK HAyYHOE JOCTHXKCHHE B O0OJIACTH TEOPHH
IIPOEKTHPOBaHHMS JIEAOKOJIOB M CyJIOB aKTHBHOTO JIeOBOTO MiaBaHus. ONIOHEHT HazeeTcs Ha
JJIbHEHIee pa3BUTEE ONMCAHHBIX B paboTe UCCIIeIOBAHHI.

Huccepranys XopoIno CTPYKTYPHPOBaHA, HAmHCaHAa SCHBIM $3BIKOM, IPAKTHYECKH
OTCYTCTBYIOT ON€YaTKH. ABTopedepar M MyOJIMKalWM TONHO OTPAXarOT COAEpPIKAHHE
JUCCEPTAIIHH.



Juccepranus COOTBETCTBYeT crenuanbHocTH 2.5.18 "IIpoexTHpoBaHHe M KOHCTPYKIHUS
cynoB" W ymoBieTBopseT TpeOoBaHusM, mnpenbssiasieMbiM BAK Poccun K IOKTOpCKEM
JECCEPTALHSM B COOTBETCTBUH C JeiicTByommM [1010)keHIEM O IPUCYKACHHH YUEHBIX CTEIICHER
(cormacuo IMocranosienuto [IpaButensctBa PO ot 24.09.2013 Ne 842, pen. ot 16.10.2024), a ee
aBTop, Kanuunna Hanexna BukTopoBHa, 3aciyKUBaeT MPUCYKICHUE YICHON CTENIEHH JOKTOpa
TEXHHYECKUX HayK T0 crenuanbHocTy 2.5.18 — «[IpoekTrpoBaHye ¥ KOHCTPYKIHUSA CYI0BY.
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