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CTENIEHDb | CTICIHAEHOCTH

1. | bettmen6aee M.M. wm.o.mekana  (akyibTera | K. apx. 052320
ADXHTEKTYpHI, Tu3aiiHa u cTpouTenbeTBa KPCY

2. | OcmonoB  BLIDx., mpodeccop, 3aB.Kadenpoit | o.T.H. 05.20.01
ONEKTpUGHKAIMA ¥ aBTOMATH3AIUH  CETBCKOTO
X03sHCcTBa Keipremckoro HAI[MOHATBHOTO
arpapHOrO YHHBEPCHTETA

3. | Cemenos B.C, npodeccop Kadenpsl | I.T.H. 05.23.01
Crpourensctea KPCY

4. | bakuep M.P. 3aB.xadenpoit «[HEpOTEXHHUUECKHE | 1.T.H. 05.23.07
COOPYXCHHS M  HMHXCHCDHBIE  KOHCTPYKIIHHY»

Hanwnonansuoro HCCIIEI0BATENHECKOIO
yHuBepcurera TUMMMCX (omnaiin)

5. | Oprames P.P.IIpodeccop xadempsr "HacocHbre | m.T.1. 05.09.06
CTaHIIMM M THAPOSJICKTpOCTaHIMK" (akynsTera
['aIpOTEeXHUIECKOTO CTPOUTENBCTBA
Hanmonansroro HCCIIEN0BATETbCKOIO
yruBepeutera TUMMMCX (oHTaiin)

6. | Jlorunos I'n., PyxoBomurens oTnena | I.T.H. 05.23.07
I'mnporexnnuecknx  Coopyxenuit  IIpoexTHOrO
uHcTUTYTa AK-BAIIIAT

7. | Ucabexo T.A.,u.0. npodeccopa xkapenpsl BPull]l | n.1.H. 05.23.07
EPCY 25.00.27

8. | 3enmna E.B. moment xadenpsr BPullJ] KPCY JL.9.H. 08.00.12




9. | lllabuxosa I".A., 3aMm. mekana dakymbTeTa ADPXUTEKTYpEI, | K.T.H. 05.20.01
Jn3aliHa u cTpoutenscrsa, KPCY

10 | ®pomosa T'.IT., 3aB. kadenpoit BomHbx PECYpCOB W | K.T.H. 06.01.02
HHXKEHEpHBIX qucnumina KPCY

11 | MamGetoB  O.M., 3aB. kadempoit 3ammTel B | K.T.H. 05.23.07
Ype3BRIUANHEIX cuTyanusx KPCY

12 | Ackaparmes  B.0., 3aB. xadempoif Menmmopaunn u | K.T.H. 06.01.02

YUPaBICHHS ~ BOAHBIMH  pecypcaMd  KBIPTBI3CKOTO
HaIlMOHAJIbHOTO arpapHOT0 YHUBEPCUTETA

13 | basimmes A XK., 3aB. kadenpoit CTpouTensHas K.T.H, 05.02.18
MEXaHMKa ¥  THAPOTEXHUYECKOE  CTPOMTEIHCTBO
Keipreickoro rOCyJapCTBEHHOTO TEXHUYECKOTO
yHUBepcuTeTa M. Y. Paszakosa
14 | CydiynrGexosa M.A., nouent kademps: CTpomTenbHas | K.T.H. 05.23.17
MeXaHHKa HUTUIPOTEXHUUECKOE CTPOHUTENIBCTBO
KeIpreickoro rOCYJapCTBEHHOTO TEXHUYECKOTO
yHHBepcHuTeTa uM. M. Paszakosa
15 | Epmosa H.B., nouent xadenpst BPullJ] KPCY K.T.H. 25.00.27
16 | Cynranamesa T.C., mouent kadenper BPull]l KPCY K.T.H. 06.01.02
17 | SIxosnesa H.B. nouent xadenpst BPull]] KPCY K.c-X.H. | 06.03.01
18 | Tokapckast T.B. mouent kadenpr: BPulIJ] KPCY K.T.H. 05.23.01
19 | Marsuen B.B., umxenep ornena ITTO, OcOO «JTHKA» K.T.H. 05.23.07

20 | Borokanosa B.A., n.0.monenta kad. ['mapotexuudeckoro | k..o, | 25.00.20
CTPOHTENECTBA KBIPrbI3CKOro HAIIMOHAIBHOTO arpapHOTo

YHHUBEPCHTETA

21 | Ka#temosa H.V., ct. mpenonasarens xap. CTpoutensHas - -
MEXaHUKa UTHIPOTEXHHUECKOE CTPOUTETHCTBO
Ke1preckoro rOCYIapCTBEHHOTO TEXHUYECKOTO

yHHBepcHuTeTa uM. M. Pa3zakosa

IMIOBECTKA JTHSI:

PaccmoTpenne nuccepranvoHHON paGOTHI HA COMCKAHUE YYEHOH CTeleHu
AOKTOpa TEXHHUYECKUX HayK AJDKBIIya0BoM ['yaemupsl CarslHaaweBHLI Ha TEMY:
«CoBepiuieHCTBOBaHHE KOMILIEKCa COOPYXKeHHH JJIsi yNnpaBJIeHHsi OypHBIMH
IIOTOKaMH HAa KaHAJaX TFOPHO-NPEATrOpHO# 30HLI» II0 cremuansHoctd 05.23.07 —
I'mnporexnudeckoe CTpOMTENBCTBO (TeMa RHCCepTAlAE YTBEPXKJIEHA Ha 3acelaHuu
Yuenoro coera Keiprescko-Poccuiickoro CnaBsSHCKOTO yHuBepcurera 27.01.2015r1.,
IpoTokost Ne§)

Hayunplii koHcyabTanT: Atamanosa O. B.,mpodeccop xadenpsr «Dxonorus u
TexHOoc(epHasbesonacHOCTEy  CapaToBCKOro rOCyIapCTBEHHOTOTEXHHYECKOTO
ynusepcurera uMeHd larapura FO.A., JIOKTOp TexHWYecKHMX HayK 110
crenuanbHOCTAM 05.23.07 — «['maporexHUUecKoe cTtpourensctBOoy U 06.01.02 —
«Menuopanys, peKyJIbTUBAIMS K OXPaHa 3eMelTb.



Penenzentbl: bakumes M.P. — 3aBenmyromuii kadenpoit «[ UOpoTexHUUeCKHUE
COOPYXXEHHSI U WHKECHEPHbIE KOHCTPYKIMM» HallMoHaIBHOIO KHCCIeq0BaTeIbCKOTO
yHUBepcuTeTa «TalllKeHTCKUM WHCTUTYT MHXXEHEPOB UPPUTallud W MEXaHU3alluu
CEJIBCKOTO XO34MCTBa», O.T.H. MO CIenuadbHOCTH 05.23.07— «I'mapoTexHmYecKoe
CTPOUTEIHCTBOY.

OprameB  P.P.- mpodeccop kxadempsr  "HacocHple  cTaHIUM u
THIPO3JIEKTPOCTAHIINN" bakynpreta [ 'MOPOTEXHUYECKOTO CTPOUTEIHCTBA
HammonanpHOTO HMCClIeIOBAaTENbCKOIO yHUBepcuTeTa «TalKeHTCKUH WHCTUTYT
UH)XEHEpPOB WppHUTallid W MeXaHM3allMM CeJIbCKOTO XO3sicTBay, M.T.H. IO

cnenuanbHOCTH 05.09.06— « ' MAPOTEXHUYECKOE U MEIMOPATUBHOE CTPOUTEIHCTBOY.
CJOYHIAJINA:

®poaosy I'.Il., 3aB.xkadenpoii BonHbIX pecypcoB U HHKEHEPHBIX JTHCUHHILIHH
KPCY: Vpaxaemple komeru! CerogHs Mbl BBIHOCHM Ha OOCYXICHHE
IUCCEePTalMOHHYI0 paboTy HOIleHTa Hameidl kadenapsl AmKBITYIOoBOM ['yIbMHUPEI
CarsiHanWeBHBl Ha COMCKAaHWE YYEHOH CTEIeHH OOKTOpa TEXHUYECKMX HayK Ha
TeMy: «CoBepIIEHCTBOBAHHE KOMILIEKCa COOpPY:KeHHH [Jisi yHpaBJIeHUs
OypHBIMH IOTOKAMH Ha KaHAJaX FOPHO-NIPeATrOPHON 30HBD) 110 CIENHAILHOCTH
05.23.07 — 'mapoTEeXHUHIECKOE CTPOUTEIHCTRO.

Amxeirynosa I'.C. paboraer Ha kabenpe BPullll ¢ 2008 roxa, 3aKoHYmMIa OUHYIO
noxropantypy KPCVY B 2017 romy, Hay4HBIM KOHCYJIBTaHTOM SIBIISIETCS IIpodeccop
kadenpsl  «Okojorus u  TexHochepHas  OesomacHOCTE»  CapaTOBCKOIO
rOCyIJapCTBEHHOTO TEXHUYECKOTro yHHUBepcuTera wumeHn [arapmra IO.A.
AtamanoBa O.B. Bce  HeoOxomumble  OOKYMEHTBI  JUISI  IIPOBEICHUS
IpeaBapUTeIbHOr0 00CyXAeHUus AuccepTanuu uMerorcs. CIoBO IpemocTaBiIsIeTCs
couckaremo Amxsiryiosod I'.C. mus noknana nuccepTalloHHOW paboTel. (Bpewms
25 MuH.)

Caymann poxman poueHta Kadeapslr BPuldJl KPCY, kanm.TexH. Hayk
Amxeirynmosod I'.C. W3noxuBIIEH  OCHOBHOE COJAEpXKaHWE IUCCEPTAlMOHHON
paboTsl Ha TeMy: «CoBepIIEeHCTBOBAaHNE KOMILIEKCA COOPYXKEHUM I YIIpaBICHNS
OypHBIMH IIOTOKaMM Ha KaHajlax T'OpPHO-IPEArOpHON 30HED), MPENCTaBIEHHON Ha
COMCKaHUE YYEHOM CTEIIEHU JOKTOpa TEXHUYECKUX HayK (JOKJIad COIPOBOXKIAJICS
NEMOHCTpaIen caiion). ’

Hoxan. CoBpeMEHHOE pa3BUTHE pacTeHHEBOIACTBA B  KBIPrbI3cKOM
Pecry6nuke Hepa3phIBHO CBS3aHO C OCBOCHHEM 3eMeIb B TOPHO-IIPEATOPHOM 30HE,
IJle UIMEET MECTO CIIOJKHOCTH pelibeda, 3HaUUTeNbHBIE YKIOHBI TOMOrpaguyecKoi
IIOBEPXHOCTH, OOJIBINOE KOJUYECTBO MAlIBIX M CPEJHUX TOPHBIX peK. DTO Jeaer
HEOOXOAUMBIM CTPOHUTEIHCTBO OPOCHUTENBHBIX CHCTEM, BKIIOYAMOINUAX  KAHAJbI-
OBICTPOTOKHM ¢ OypHBIM U CBEPXOYPHBIM PEXXUMaMH TEUSHUS BOIBI B HMX. BypHbIe
IIOTOKHM OCJIOXKHSIOT IIPOLECCHl YIIPaBIeHHUs BOJOpaclpeleleHuEM Ha TaKux
KaHalax, 3aTpPyJHSAIOT OCHAIlleHHe BOJOMEPHBIX M BOJIOpACIIpeNeTUTEIbHBIX
COOPYKEHHUH CPEeNCTBAMU aBTOMATU3AINY TEXHOJIOTMYECKUX IMPOIECCOB.

B  mHacrosmee BpeMs  HET  KOMIUIEKCHOTO  pEIIEHUS  IIPOOIEM
BOIOpAaCIpeleieHus, II0BOpoTa M BoxoydeTa [ ycinoBud KeIprezckoi



Pecrry6nviky, riie KaHaJIbI BBIOMHEHB! B O€TOHHOU OBGIMIIOBKE ¥ ¢ YKIOHAMH Gojiee
0,001. BxiroyeHne B cocTaB KOMILIEKCa THAPOY3Ja IIEPEUMCIIEHHBIX COOPYKEHMI
W YaCTH WX HEOOXOOMMO YCTaHaBIMBAaTh B COOTBETCTBHM C KOHKPETHBIMHU
YCTIOBHAMHM M Ha3HaYeHHEM KaXIOTO COOpyKeHHs. TakuMm obpasom, mpobiema
COBEPUICHCTBOBAHMS CIIOCOOOB M TEXHWYECKHX CpPEICTB BOIOpACIpeeIeHNs,
BOJIOYY€eTa U II0OBOPOTa OYPHOTO IIOTOKA B OBICTPOTEYHBIX KAHANAX, OTIHYAIOIIHECS
YPEe3BBIYAHHO OONBIIMM (YHKIMOHATEHEIM U KOHCTPYKTHBHBIM MHOI00GpasmeMm,
ABIIACTCS AaKTyallbHOW, a €€ pelIeHHE KMMEeeT HayJHO-TPUKIAIHOe 3HadeHue,
KOTOPOE IIO3BOJHUT  IIOBBICUTH HAIEXHOCTh M KAaueCTBO (YHKIHOHUPOBAHHS
OPOCHTENBHEIX CUCTEM B TOPHO-TIPEATOPHOM 30HE.

Ilembto  mccmenoBaHuii  SIBIAETCH yIydINEHHE W YIPOINIEHHE TEOPHH
¥ METOZIOB YHUCICHHOIO OOOCHOBAHMS MPOEKTHPOBAHUS KOMIUIEKCA COOPYKEHHI,
NPENHA3HAUYeHHBIX [UIs  yIpPaBlI€HUS OypHOCTPEMUTEIBHBIMA IIOTOKAMH B
OBICTPOTEYHBIX KaHAJTaX HMPPUTAllHOHHEIX CHCTEM B TOPHOH M IPErOpHOM 30HE,
YTO IIO3BOJIMT CHU3UTH MaTepHajbHBIE 3aTPAThl, YIYYIIUTh IKCILIyaTaI[MOHHEIE
IIOKa3aTeJy, IIOBBICUTD YCTOMYUBOCTH
¥ HaJIe)KHOCTH (yHKIMOHUPOBAHHS [IOBOPOTHBIX, BOJIOMEPHBIX u
BOZIOPACIIPEIETTUTEIIBHEIX COOPYXKEHUM U OPOCHUTEIBHOM CHCTEMBI B IIEJIOM.
Hay4Hast HOBU3HA THCCePTalMOHHON paboThl ¥ HOBU3HA TOKA3aHKI Ha ciiaiine 2,3.

[IpakTvyecKas 3HAYUMOCTH MONYYEHHBIX PE3YNbTATOB 3aKIFOYAETCS B
BO3MOXKHOCTH OOOCHOBAHHOIO pacdeTa U IIPOEKTHPOBAHHUSA T'MAPABIHYECKHX U
KOHCTPYKTHBHBIX IapaMeTpoB IIOBOPOTHBIX, BOJOMEPHEIX U
BOZIOPACTIPEICIUTEIFHEIX  COOPYXKEHHM Ha KaHaIaX-OBICTPOTOKAX, WCIIONb3Ys
TIOJTy4E€HHBIC 3aBUCUMOCTA U METOMUKH, YTO JOIOIHUTENIBHO PACIIUPSET 00JIacThb
IPUMEHEHHUS U Cepy UCIIOIB30BAHMUS JaHHBIX COOPYKEHUH.

IlpuBeseM KpaTKue XapaKTePHCTHKU OPOCHTENBHBIX cHCTeM KBIPrbI3cKoil
PecniyOimuky, #X 0COGEHHOCTH B YCIOBHSX TOPHO-HIPEATOPHON  30HEL
OCHAICHHOCTH KX BOAOMEPHBIMHU, BOJOPACHPENESIUTEIBHBIMH U I[IOBOPOTHBIMHU
COOPY>KEHHSIMU U YCJIOBHUS pabOTHI IIOCIETHIX Ha KaHAIAX Pa3IMYHOTO HA3HAYEHHUS
(Cnatigsr 4-10).

U3 obmedt xmaccubuxarmuu I'TC mms KaHAIoOB TOPHO-TIPEATOPHON 30HEI
CICAYET OTAETBHO BBIACNUTD CICYIOIINE OCHOBHBIE (YHKIMOHAIBHEIE JIIEMEHTEI,
IpeJCTABIIOINNe COOOH CeTeBBle COOPYXEHHsS Ha OpPOCHTENBHON CHCTEMe
KOHCTPYKTHBHO€ pCIICHHE KOTOPBIX MOXET CYIIECTBEHHO OTIMYAaThCH, B
3aBUCUMOCTH OT NPHPOIHBIX U BOJOXO3ANCTBEHHBIX YCIOBU 00bekTa. 1 XOTs st
COOPY>KeHHH OIPE/eIEHHOrO0 Ha3HA4YeHHUs BBIIOJIHSAEMAas UMHU (YHKIHS OCTAeTCs
HEW3MEHHOM, CaM{ KOHCTPYKLMH, a TaKKe H3IEPKKA Ha WX CTPOUTENBCTBO W
9KCILTyaTaluio, MOTyT ObITh pasabiMu (Craiig 11).

Hecmotpss Ha OGONbIIOE KOIMYECTBO CYyUIECTBYIONIUX H IPEILIOKEHHBIX
CPEACTB M CIIOCOOOB aBTOMATHM3AIlMHM, BOXOpACIpeNeeHre B KBIPrBI3CKOi
Pecrybmuke fomkHBIM 06pa3oM He OTBEYaeT COBPeMEHHBIM TpeGoBaHusIM. UTO6E!
U3MEHWUTh 3TO IOJIOXXEHHE, HEOOXOAUMO BHEIPSATH B IIPOM3BOICTBO TEXHHUYECKH
COBEPIICHHBIE U  JKOHOMHYECKHM BBITOAHBIE CPEACTBA  aBTOMATHYECKOIO
Bonopacnpenenenus (Cuaiin 12).



[IpoBeneHHBI aHamM3 yCJIOBHH pabOTHl ITOBOPOTHBIX COOPYXKEHHI Ha
KaHajax-0bICTPOTOKAX 000CHOBBIBAET HE00X0IUMOCTh JaIbHENIIIEro
COBEPIICHCTBOBAHKUSA KOHCTPYKLHMMN CYIIECTBYIOIIUX COOPYXKEHHH 3TOro Kjiacca C
Y4ETOM O0COOEHHOCTEN NX (QYHKIMOHUPOBAHMS H IIPEATIOKCHHOM KITACCH(DUKALIHHL.

Ha ocHoBe cymecTByromux kiaccubukanuii OOBEAWHSIONNAE OCHOBHEIE
THUIIBl THUIPOMETPUYECKUX COOPYKEHHH II0 BHIAM HU3MEPSIEMBIX IapaMeTPOB
(cKOpOCTh, pacxom M 1p.) INpemIOXKeHa HOBas KIACCH(QUKALUSA COOPYIKESHHUI
Bojoy4era (cnakin 13), KoTopas yYUTHIBAeT CYINECTBYIOIME METOALI H3MEPEHNUH Ha
OTKPBITBIX KaHaIaX C YKIOHAMHU JHa OOJIbIIe KPUTHIECKOTO.

B ocHOBy mnpennoxeHHOM KimaccuuKanuy Jerno  GyHKIMOHAIBHOE
HasHauCHUE COOPYXKEHHMM BOZOYYETa, a TakXKe CIIOCOOBI pealu3alid UX
HasHa4deHUS. B mpemnoxkeHHON KiaccHbUKaUK THAPOMETPUUECKHME COOPYIKEHHS
IIOJpa3fie/ieHbl Ha HECKOJBKO TIPYIIl B 3aBUCHMOCTH OT IIPHMHIMIA [IeHCTBUS,
JIEXKAIIEro B OCHOBE QYHKIITMOHUPOBAHHS BOJIOMEPA.

Ilpn peuienur mpoOGIEMBI COBEPIICHCTBOBAHHS BOIOYYeTa, IOBOPOTA
BOJHOT'O IIOTOKa ¥ BOAOpACIpEEIeHNs Ha KaHaJIaX-OBICTPOTOKAX Ba)KHOE MECTO
3aHHMaeT PACCMOTPEHHE TEOPETHIECKHIX OCHOB GYPHBIX TOTOKOB HA OBICTPOTEUHBIX
kananax. Hamnure I'TC Ha xaHane-OBICTPOTOKE B GOJBIIMHCTBE CIyYaeB BHOCHT
U3MEHEHHS B CTPYKTYpY OCHOBHOI'O ITIOTOKA W BIIUSET Ha KUHEMATHKY >KUIKOCTH B
30HE BIMSHUS yKa3aHHOIO COOpyxKeHHs. IIosToMy mis paccMOTpeHMs ILUIAHOBOTO
pacmpenesieHusl CKOPOCTe M KMHEMATHUKU IIOTOKa HYXKHEI PELIEHHS HE TONBKO
IIJIOCKOH, HO U IIPOCTPaHCTBEHHOM 3a1auy Ha IUIaHe moToka (ciaig 14-16).

[TpoBeneHHBIA aHaIU3 II03BOJIIET BBIIBUTH TEOPETHYECKHE OCOOEHHOCTH
HCTEUCHUs 4Yepe3 OTBepCTHE (CTOK) B CTEHKE WM [OHE KaHaja. lIpoBeneHHas
IIOCTAaHOBKA ¥ PpeEIleHre OOpaTHOM 3a1aui IO3BOJSET IPH PENIEHHH OTIEIBHBIX
YaCTHBIX CJIy4aeB pacCMOTPEHHOW BBIIIE 3a1auyd HCTEUEeHHS HaWTH CcHadajia
XapaKTepUCTUKY TEYEHUs JKUIKOCTH IIPH 3aJaHHOM (BBHIY OIpeeeHHbBIX
KOHCTPYKTUBHBIX YCJIOBHH BOJOBLIIIYCKa) IIOTEHIMAE CKOPOCTH ¢, a 3aTeM
ONPENENUTh, KaKUM TPaHUYHBIM YCIIOBHSM COOTBETCTBYET pacCMaTpUBaeMBlit
cirydaif (cmaiig 17-18).

Ilpu peskom TOBOpOTE NOTOKA B KaHajde IPOMCXONUT W3MEHEHHUE
KMHEMAaTHKY [IOTOKA 38 CYeT 0OTEeKaHMs CTEHKH B BHZE BOTHYTOI'O TYIOro yria. B
KaHajax CO CIIOKOWHBIM TeueHHeM (Fr <1) yrmel moBopora BecbMa Maibl u
II0OBOPOT TPacChl KaHajla BBIIOJIHEH I10 paguycy. [Io3ToMy B TakoMm KaHale MMeeT
MECTO TEPECTPOMKU IO CKOPOCTEH M KHHEMATHKM I0TOoKa. OIHOCTOpOHHee
C)KaTHE CIIOKOWHOI'O ITOTOKa MPUBOIMT K HE3HAYUTEILHOMY YBEJHUYEHHIO ITyOUHBI
Y BOTHYTOI'O OTKOCa KaHaja Ha moBopote. OnHaKo HEOOIbIIHEe CKOPOCTH IIOTOKA B
KaHaJle HE NOIyCKAIOT 3HAYUTENBHOTO YBENWYEHHUS TITyOWHBI, TIOCKOIBKY JITHHUM
TOKa ITaBHO NIepepaclpeieNsItoTCs 10 MUpKHHe KaHana (ciaiin 19-20).

Hnst  paspabotku  oOmedd  METONWKM  IPOBEINEHWS  HCCIeqOBAHMIA
BOJIOZICTUTENIEN [UIsl KaHAJIOB C OYpHBIM TE€YeHHMEM OBUIA OOOOIIEHBI METONBI H
CPEACTBa H3MEpEHHUs IIapaMeTpPOB BBICOKOCKOPOCTHBIX IIOTOKOB Ha KaHAajaX-
OBICTPOTOKAX U TaHa uX Kiaccuuranus (caig 21).

YuuteiBast, cenudueckue 0co6eHHOCTH GypHEIX M CBEPXOYPHEIX MOTOKOB
(bonbIMe  CKOPOCTH, HECTAalMOHAPHBIN XapakTep TEdYeHMs) TpeGOBAHMS,



IPEIbIBISIEMBIE K M3MEPEHUSAM, TaKUM KaK TOUYHOCTh H3MEPEHMIA, HaIeKHOCTB,
IPOCTOTa JKCIUTyaTalliy, OBLIM pacIIUpeHBl. B COOTBETCTBHM ¢ pacIIMpEeHHOU
METOOUKOM OBUTM TIPOBENEHBI HATYpPHBIE MCCIEIOBAHUS BOJOJIETTUTEIeH
TPaHIIEHHOIO TUIIA Ha KaHa/Iax ¢ OypHBIM TeueHueM (craiy 22).

HaTypHBle HCCleqOBaHMS IPOIYCKHONM CHOCOOHOCTH M KUHEMATHYECKOW
CTPYKTYPHI IIOTOKA IIPOBEJEHBI HA BOLOPACIIPEIEIUTENEHBIX COOPYKEHNUIX MICCHIK-
ATHHCKOrO IOANUTHIBAIOLIIO KaHalla W CeTeBBIX KaHauoB JKeruren, IIBaHOBCKMIA.
IIpoBeneHHBIE HCCIENOBAaHUS IIO3BOJIMIIM CHENATh BEIBOL O HEOOXOIUMOCTH
paspaboTKK yCOBEpIIEHCTBOBAHHON KOHCTPYKIIMM BOZOIETUTENBHOTO COOPYIKEHHS
IJIS yCIOBHH OypHOTO peXXMMa TEUeHHWsS, HE TONBKO I MarvCTPaibHBIX, HO W
CETEBBIX BHYTPHUXO3SIMCTBEHHBIX KaHAJOB, KOTOPHIA Hallle BCErO MMEET MECTO Ha
OPOCHUTEJIBPHBIX CUCTEMAaX IPEATOPHON U ropHoM 30H KbIprezcrana (ciaiin 23-24).

Jlig  yiaydineHus SKCIUIyaTalMOHHBIX XapaKTEPUCTHK Oblia paspaboTaHa
yaydieHnHas KoHCTpykuusa Boponenutens (BKCT) mis xaHamoB-GBICTPOTOKOB €O
cBepxOypHBIM U OypHBIM TedeHusmu (Ilarenr KPNel043, Bomomemutens mis
KaHajloB  cO  cBepxOypHeIM  Tederuem/  H.ILJIaBpos,0.B. AramaHOBa,
I'.C.AmxeITyT0Ba, KXK. betimmexees).

Bopoznenutens Ol BHEApPEH B MPOH3BOACTBO HA KaHane VcchIK-ATHHCKOM
IIOATIUTBIBAIOIIEM Ha BOJOBBINYCKe B KaHal MBanosckuii B 2012 r., rue ycemHo
(QyHKIMOHUpYET o HacTosIee BpeMs (ciaiig 25-26).

Ckopoctu notoka B ctBopax 9 u 10 xamana MBaHOBCKMI IOKa3al HATAUME
KOCOW BOJIHBI BO3MYILEHMS 3a IIOBOPOTOM KaHala, pPAacIpOCTpaHsioIeiics Ha
paccrosiaue Gosee 0,5 kM. I TUKBUNAIMN 3TOTO SIBJICHUS HY)XHA PEKOHCTPYKIIUS
IIOBOPOTHOI'0 COOPYXKEHHSI C WCHOJIB30BAHUEM OJJIEMEHTOB, OOECIIEUNBAIOIINX
OTCYTCTBHE KOCOM BOJIHBI M CUMMETPUYHOE B IIIaHE TeUYEeHHE BOABI B KaHalle 3a
II0OBOPOTOM (caitn 27).

[IpoBeneHHBIE HaTypHBIE  HCCIENOBaHUS  BOAOPACIIpeNeTUTEIbHBIX
COOPY)XEHWH  JIOKa3ald HEJNOCTATOYHOCTh  MCIONB30BaHUS  CYIIECTBYIOIINX
BOJOJCTHUTEIE Ha OTKPBITBIX ITOTOKAax ¢ OonmpmmMmu uyuciamu Opyga U Takke
TIO3BOJIAIIA C()OPMYJIMPOBATh IIyTH COBEPIICHCTBOBAHUS BOIOPACIIpPEeIUTENIBHBIX
COOPY KEHHUH HJIsI KAHAJIOB C OOJIBIIMMHE YKIOHAMH.

HeobxoauMocTs obecrieueHusT HaIe)KHOTO BOJOPACIPENEICHUS U3 KaHana-
OBICTPOTOKa C JBYXCTOPOHHHM KOMaHIOBaHWEM II0TpeboBala CO3MaHMS HOBOM
KOHCTPYKIIMU ABYXCTOPOHHETO BOMOMENHUTENS C aCCUMETPUYHOM peImeTKod s
kaHanoB ¢ OypubiM TeueHueM (Ilarenr KP wa momesmyro momens Ne 190.
JIBYyXCTOPOHHHI BOINOIENMTEND Ul KAHAIOB ¢ GypHBIM Tedenuem / H. IT. JlaBpoB,
T. A. Hcabekos, I'. C. Amxsirynosa, O. B. Atamanosa) (ciaiig 28).

JJ1s mpoBeneHus MONENBHEIX HCCIEJOBaHW OIHOCTOPOHHWX M JBYXCTOPOHHHUX
BoJofenuTeNie OypHBIX IIOTOKOB OBLIA pa3paboTaHa METOIMKA IPOBENCHUS
11abOPaTOPHEIX MCCIIEOBAHUI LIS TAKUX TUIIOB COOPYKEeHMH (Caiin )

Wccnenosanus mokasanu, uro 3asucumoct O /Q. =0/Q. HOBBIX
ABYXCTOPOHHMX  BOJOJENUTENIE C  acCHMETpUYHOM  pemneTkod  (mimToif)

AHANOTMYHEl IOZOOHBIM 3aBHCHMOCTSAM paHee MCCIeNOBAHHBIX BOMOAEIUTENIeH
tana BJIKBT. Taxke mnpocieXuBaroTCs sBHBIE CTAOWIM3UPYIOIIHNE CBOMCTBA



JaHHBIX KOHCTPYKUHH TPH MajbIX OTKPHITHUSX 3aTBOpoB a/a,, <0,4 u pacxomax

Q/Qmax 40’46 ‘

BrimonHeHs! 1abopaTopHbIe HCCIEOBaHMUS INIyOUH M CKOPOCTEH BOABL B 30HE
BIUSHUSA TMPEIJIOKEHHBIX IBYXCTOPOHHUX BONOAEIMTENEH ¥ [aHA METOIWKA
pacuera JIBYXCTOPDOHHEIO BONOAEIMTENS C ACCHUMETPUYHOM DEIIeTKOH |
aCCUMETPHUYHOM pelreryaToi miutoi (cmaiig 30).

JInst  XapakTepUCTHKHA pabOTBl HPPUTAIIMOHHBIX OBICTPOTEYHBIX KaHAJIOB
Keipresexoit PecryGnuku Hamu GBI IPOBEEH aHAM3 M OCYIIECTBIEHE! HATYPHEIE
00CIIeI0BaHMs. OPOCUTENBHBIX CHCTEM mpearopbs KeIprelscTaHa. B kauectse
OJTHOTO M3 O0BEKTOB 00cienoBaHus OBLT BEIOpaH KaHan-ObicTpoTok «TampaGart-
[IsIpBIKTEY, pacmonoeHHBIH B Art-Bammuckom patione HapblHckoif o6uacTi.
Ob6cnenoBanue I10Kazao, 4TO Ha HEKOTOPOM y4acTKe nepen
BOJIOPACIPEAETUTEIEHBIM COOPY)KEHHEM YMEHBIIAETCS YKIIOH, YTO IPUBOIUT K
YMEHBIICHHUIO CKOPOCTH TEYeHMs BOIBI, BCIEACTBHE HYETO PE3KO YBEIMYMBACTCS
rnyOWHa TIOTOKa B KaHajue. BEBIUIeCKd Bomel 3a 0opTa KaHala, a TaKKe
THAPOJMHAMUYECKIE - HATPY3KH HA CTEHKH W3-33 IIOSBICHUS THAPABIMYECKUX
IPBDKKOB M IEPENONIHEHKsT KaHalla [IPUBEIH K PaspyIIeHHIO0 KaHaia-ObICTPOTOKA
(cmatig 31-32).

Hns  pacmupeHus — GYHKIMOHANBHBIX  BO3MOXKHOCTEH  OTMEUYEHHBIX
IIOBOPOTHBIX COOPYXXCHHM II0 IPOIyCKHOM CIIOCOOHOCTH, OGJACTH HpPHMEHEHHS,
TOBBIIIEHNS HaJeXXHOCTH 32 CUET YMEHBINEHHUS BBIILIECKOB BOIBI IIPU IIOBOPOTE
OypHOro IIOTOKa IIpe[uIaraeTcsi emje 2 MOBOPOTHBIX COOPYXKEHHUS IS KAHAJOB C
OypubM pexxumoM Tedenus (IICBT-1,2) (cnaiig 33-34).

OCHOBHBIMH NPEUMYIIECTBAMU Pa3pabOTAHHBIX TOBOPOTHEIX COOPYIKEHHiT
IICBT-1 u IICBT-2 sBnsroTCs: MeHbBIIas IJIMHA y9acTKa MOBOPOTA ¥ IOBOPOT
noToka 6e3 00pa3oBaHMS KOCHIX BOJH IIPU NPOITYCKE BCEX PACUETHBIX PACKOIOB.
OTO NOATBEPXKAAIOT JAaHHBIE SKCIIEPUMEHTOB, 00paGOTAHHBIE B BHIE TPABUKOB
OTHOCHTEIIBHBIX BEJIMYMH, IPeICTaBIeHbI Ha cliaine 35.

Taxoxe ObLIM M3ydeHBI IIPOOJEMBI BOJOYUYETa HA OPOCHTENBHBIX CHCTEMAX
TOPHO-IIPEATOPHOM 30HBI. BBIMONHEHEI HaTypHBIE HCCICIOBAHUS CYIIECTBYFOINX
COOPYXXEHMM BOJOy4YeTa Ha KaHajlaX C OYpHBIM TE€YEHHEM, B COOTBETCTBUH C
pa3paboTaHHON NpOrpaMMoifl M METOAHMKOM HaTypHBIX HCCIeJOBaHW. J[aHHbIE
UCCIIeIOBaHUM IIOKa3ald, YTO CYIIECTBYOIIME T'MIPOIOCTHl Ha KaHajax Ci>ig ©
COCIMHUTENIEHON TPYyOKOW M INENBI0 He O0ECIeYMBAIOT HOPMATHBHON TOYHOCTH
U3MEpEeHUs pacXxoda BOJBI M3-3a TOTO, YTO INTyOWHA BOABI B KOJIOALE h, MeHbIIe
r1yOuHEI BoIBI B KaHaue h; (cmaiin 36-37).

YCIpaHss HENOCTaTKH paHee pa3pabOTaHHOrO HAMH  BOJOMEPHOTO
coopyxeHus Iyt OsicTporeunsix KananoB (BCKCT) (ITar. 1338 KP, Bogomeproe
COODPY’KEHME JUI1 KaHaloB CO CBepxOypHeIM TeueHweMm, H.IT. Jlaspos, O.B.
Atamanosa, K.XK. BDeiimekees, I.C. AmkwIrynosa), IIpemIoXkeHa HOBas
KOHCTPYKIMs BOJOMEPHOI'O COOPYXKEHHMS Ul KaHAJIoB ¢ OypHEIM TeueHueM (Ilat.
1980 KP, BomomepHoe coopyxeHWe I KaHAIOB ¢ OypHBIM TeuenumeMm, I.C.
Amxeirynosa, O.B. Aramanosa), (cuaiin 38).



Taxoxe mpensioxeHa KOHCTPYKIMS COOpYKeHuUs s Bomoydera (Ilatent PO
Ha mone3Hyro Mmomens Ne 170278. CoopyxeHHe I BOJOy4YeTa Ha KaHAIax C
OypubiM TeuenmeM, O.B. AramanoBa; I'.C. ADKBITy;OBa), KOTOpas MO3BOJISET
IIEPeBOUTH ITOTOK U3 OypHOTO COCTOSHUS B U3MEPUTENHHOM JIOTKE 1 B CIIOKOMHOE
COCTOSIHWE B M3MEPHUTEIBLHON eMKOCTH 2 6e3 YyCTpOHCTBa CIIEIUANBHBIX racuTelel
dHEepruu OypHoro mortoka (cmaiin 39).

['MapaBniIecKUMU UCCIIEOBAHUAME YCTAHOBICHB! 3aKOHOMEPHOCTH MEXKTY
HaIlOJHEHNEM B YCIIOKOMTEIHHOM KOJIOALE U PacXOIOM BOJIBI B TPAH3UTHOM JIOTKE,
BBIABJICHBl BOJOMEpPHBIC XapaKTePUCTHKH KOHCTPYKIHMH BoxOMepa. IlocTpoeHa
TapUpPOBOYHAS KPHBast, KOTOpas MOXET HCIIOIB30BATHCS IIPH YCTAHOBKE NAHHOTO
BOJIOJIETIUTEII Ha KaHAIaX-0BICTPOTOKAX C PA3IUIHBIMU [abapUTHEIMA Pa3sMepaMu.
IIpoBenieHHbIE WCCIEOBaHUS TOATBEPAMIA BOIOMEPHBIE CBOWCTBA TIPeUI0KEHHbIX
KOHCTPYKIIH¥ IIpy OypHOM pexxume Teuenust (ciaiin 40-41).

Pesynbrarsl BHeOpeHUs pa3pabOTOK ¥ HCCIENOBAHMY B IIPOM3BOACTBEHHBIX
YCTIOBHAX, COCTaBICHHBIC PEKOMEHJAMK IO THUIPABIMYECKOMY pacyery,
IPOEKTUPOBAHUIO U OIKCIUTyaTallud OOBEKTOB BOAOYYETa, BOIOPACIpPENeIeHHS U
IOBOPOTA BOJHOTO IIOTOKA Ha KAHANAX C OypHBIM TEUCHHEM IIOKa3aHbI B crnaiie 42-
43. IlpennaraeMele KOHCTPYKIIMH COOPYKEHHUN IPUMEHEHbBI Ha 0OBEKTax Uyiickon
u Hapbickolt  obmacrelt  Kwvipreisckoit Pecnmy6muku.  O6mmii  romoBoi
IKOHOMUYECKHUH 3¢ (et coctaBua 4,1 MITH. coMoB B neHax 2021 r. (craiin 44).

ITo3BosbTe 3aumMTaTh BEIBOABI IT0 JUcCepTAaLMOHHON paboTe (craiixn 45).

Ilocne 3aBEPIICHHUA OOKJIaaa COUCKATEIO OBLITH 3aJlaHbl CJIEAYIOUIKWE BOIIPOCHI:

Tokapckasi T.B. Ckonbko MaTeHTOB Ha H306peTeHUe IIONyYEHBI 32 BpeMs paboTh
HaJ JOKTOPCKOM muccepranmeir?

OrBer: B jmucceprammoHHON paboTe paccMOTPeHBl TPH —PA3IMYHBEIX IO
HaIPaBICHHIO U HA3HAYCHUIO COOPYIKEHHUM: BONOPACIPENEIUTETbHBIE, IOBOPOTHBIE
¥ BOJOMEPHBIE COOpPYXeHHUs. B Kak[IoM HalpaBiIeHWU MOJIyYeHH! 110 1Ba NATEHTa,
uToro 6 marentoB. M3 Hux 4 mareHTa Ksipreisckoidt Pecny6muku m 2 maTeHTa
Poccutickoit @enepariuy.

Mawm6eroB 3.M.CKoJbKO Hay9HBIX CTaTe! Oy GIMKOBAHO IO TeMe IUCCepTaiyn?
Otger: 49 crareid, Bxoaamux B HayumHyro aieKTporHyto 6u6IHOTEKY «Elibrary.ruy.

Mamb6eroB D.M. B gnoxiane BBl Omucaid HATYpHBIE MCCIIEAOBAHUS KaHAJIOB-
OBICTPOTOKOB ToNbKO Uylickol um HapeiHckoit o6macreit, FOxHBIe PErHOHHI,
Harpumep, OIICKy o 06IacTh He pacCMaTpUBAIN?

Otger: Ha rore HeMHOT0 GBICTPOTEUHBIX KAHAIIOB, ¥ IIPH aHAJH3E COOPYKEHUMN MBI
OIMpauCh Ha wHcciaenoBanus [m.T.Hbehmekeesa K.K., KOTOpEIA BBIIONHI
HCCIeNIOBaHMsl BOJOMEPHBIX M BOJOPACIPENEIUTENBHBIX COOPYKEHUM B KaHAJe
Bepxunii Ax-Kyn Torys-Topoyckoro pationa JKaman-AGanckodi o6TacTHH Ha
kaHanax B bypranmunckoM MaccuBe Kanamkaiickoro paitona Batkenckoii o6nacty.



MamberoB 9.M. IToueMy Impy cOBEpIIEHCTBOBAaHUK BOJOMEPHBIX KOHCTPYKIIMH BBI
OTXOJIHUTE OT ILIEJIEBEIX BOJOMEPHBIX COOPYKEHUN?

OtBet: Tak kxak B IIEJIEBBIX KOHCTPYKIHUAX 6BICTpOT€‘IHBII>i IIOTOK 3aXBaThIBAET
BCIO MacCy BOJBI BAOJIb IEJIM U YPOBEHB BOJBI B BOIOMEPHBIM KOJIOALIE HE BCErla
COOTBETCTBYECT IIGIZCTBHTGJ’IBHOMY.

OcmonoB BL./I:k. A B CKOITYCe craThs ecTh?
OTtBert: [la, onHa craths umeercs, sxonamumx B CKOITYC.

CyarananaueBa T.C. Kak omopoxHSeTcs KONOIEI B BOJOMEPHOM COOPYIKEHHUH,
KOTOPEIA Bel paspaboranu u kakue IperMyINecTBA OHO HMEET 110 CPAaBHEHHIO C
IPYTMMH BOJIOMEPHBIMU COOPYIKEHUSIMU?

Oteer: Ha pucyHKke BHAHO, 9TO OT KOJOAIA MPELYCMOTPEH TPYOOIPOBOM, C
IIOMOII[BI0 KOTOPOTO B KOHIE BETETAI[HOHHOIO IEepHOAa MOXKHO OIOPOXKHHUTE
KOJIOJelLl. JTO KaK pa3 BXONUT B HOBHM3HY JAHHOIO COOpyxeHus. Ha ceromas
pa3paboTaHbl MHOTO THIIOB BOJOMEPHBIX COODYXeHui. Hamm KOHCTpyKImH
BOJOMEDHBIX COOPYXEHHH OTJIMYAlOTCS 6ojee BBICOKOH TOUYHOCTEIO, KOTOpBIE
OCYIIIECTBIIETCS TallleHHeM KHHETUYECKON SHEPIUH B JOHHOM KOJIOZLIE.

Cyaranamuesa T.C. Ects 11 MeponpusaTus mo 60ps6e ¢ humsTpanmeii.

Oteer: MBI paccMmarpuBaeM KaHAIBI-OBICTPOTOKH, KOTOPBEIE BBIIONHEHH B
OeTOHHOM ofexJae W GUIBTPAIMSA 3[eCh OTCYTCTBYeT. M COOpYyXKeHHS Ha 3THX
KaHauax, B TOM YKCIIE U Hallli pa3spaOoTaHHBIE BHINOIHIIOTCS U3 GeToHa. [ToaTomy
Ooppba c unbTpanueit BeMoNHSIeTCs. Kpome Toro, B ImociegHedl TiaBe
IUCCePTalliU PACCMOTPEHBI PEKOMEHIAIMK IO 3KCIUIyaTalldd COOPY)KEHH, Tie
OXBaTBIBAETCS MEPOIPUATHSA 10 OOpEOe ¢ QUIbTpaIrei.

Cyarananuesa T.C. Brl B nokiane ckasany, 4TO pacCMaTPUBAIM COOPYKEHHS II0
TpeM HalpaBjieHusM. VX I'MapaBIudYecKre XapaKTepUCTHUKU OTIMYAarOTCS APYL OT
apyra. M nyist Kakux yKJIIOHOB OHHM IIpeJHA3HAYEHEL.

Orser: OHM OTIMYAIOTCA IO KOHCTPYKIHM, 10 Ha3HAUEHWIO APYT OT IpYyTa,
IIO3TOMY THAPABIUYECKUE XAPAKTEPUCTHKU TOXXKE OTIMYAIOTCS, HO OOJBIIMHCTBO
paspaboTaHHBIX, HAMH COOPY)KEHHIl IpefHasHaueHBI IJIS CETEBBIX COOPYKEHHIL.
ME1 paccMmaTpuBanu COOpYyXKEHHMs IS KaHAJIOB-OBICTPOTOKOB, ITO3TOMY YKJIOHEI
IIPEJIaraloTCs BBIIIe KPUTHIECKHUX.

Cyarananuesa T.C. Pa3, Brl paccMaTpuBaeTe KaHAIBI — GBICTPOTOKH, TO CKOPOCTH
B HUX OONbIIME W H3MEPUTH CKOPOCTh OYeHb IpobieMatuyHo. Kak m3Mepsiu
CKOPOCTH B KaHajlaX, B HATYPHBIX YCIOBHIX?

OTtBer: lla, U3MEPHUTH CKOPOCTH B KaHaJIaX-6I>ICTpOTOKaX C IIOMOLIBIO BEPTYIIIECK
HEBO3MOXKXHO, IIOOTOMY HCIIOJIB30BAIN TIOTIABKOBBIN METOO U3MEPEHUA.

Jlornnos I'.W.: Kakum myHKTaM IacropTa CHENMaIbHOCTH COOTBETCTBYIOT
pe3ynbTaThl Bammx ucciiegoBanuii?



OtBer: OO0oCHOBaHME pAIMOHAIBHBIX KOHCTPYKIMH KaHAIOB pa3IdYHOIO
Ha3HAYeHUSA, UX OHEKI M OONUIOBOK; pa3paboTka METOIOB INPOTHO3a IMOTEPH
TPaHCTIOPTUPYEMOM II0 KaHajgaM BOXBL, a TakXe pa3paboTka MEpOIPHUITHIA,
HalPaBICHHbIX Ha OOpBOy € ITUMH MOTEPAMH; HAaydHOE OOOCHOBAHHE HOBBIX
KOHCTPYKIUHU PETYIUPYIOUIUX, CONPSTAIOIIUX U BOJOIPOBOISIINX COOPYKEHMM Ha
KaHajax; pa3paboTKa HOBBIX METOIOB IIPOM3BOACTBA PabOT IO BO3BEICHUIO
KaHaJIOB ¥ COOPYXKEHUI Ha HUX.

3ennnaE.B. KakoBa sxoHoMudeckast 3¢ (heKTHBHOCTE KAIIUTAIBHBIX BIOKEHUH.
OtBer: DKOHOMUYECKHH 3P(EKT TOIBKO OT BHEIPEHHBIX B MPOEKT KOHCTPYKIIMN
cocrasisgeT 4,1 MIIH. COMOB.

OcmonoB BI.[Ik. Ilo oOvemy amuccepTaium orpanuueHus ecth? Tak Kak 00beM
Balllell IUCCepTallvy B TaHHOM CJIydae JOBOJIBHO COJIHIHBIMN.

Otser: 11 nokropckoit muccepranuu 250 CTpaHMI] JODKHO OBITH, HO 00BEM
HalllMX HKCCIIENOBAaHUK OBUI OYeHb OOJNBIION. DTO HATYPHEIE HCCIIENOBAHUS
CYIIECTBYIOIIUX COOPYKEHMH II0 TPEM HaIPaBIECHUSIM: BOIOPACIIPEIEIIATENBHEIE,
IIOBOPOTHBEIE M BOJOMEpHBIE, K J3KCIEpUMEHTAJIbHbIE HKCCIIENOBAHUSA IIECTU
KOHCTPYKImit. [T03TOMY HEMHOTO BEIIIIIM 33 PAMKH IO o0bemy.

Ocmonos bl. /Ixx. B paGoTe BBIIOJHEHB! B OCHOBHOM HATyPHEBIE HCCIEIOBAHMUS
CYLIECTBYIOIINX COOPYKEHHUH. A BOT HAaTypHBIE HCCIEIOBaHUS BalllX pa3paboTok
€CTh?

Oteer: Jla, BBINONHEHB HATYpHBIE HCCIENOBAHKUS BOAOPACIIPENEIUTEIBHBIX
coopyeHui Ha FCCBIK-ATHHCKOM NOINWTHIBAIOIIEM KaHaje. A IS OCTaIbHBIX
COOPY’KE€HUH BEIIIOJHEHEI MOZIENIbHBIE 1a00paTOpHbIE UCCIEN0BAHN.

Ocmonoe bl. k. Ilodyemy B puccepranuy B HAy4YHYHO HOBH3HY BKIIFOUCHBI
pa3paboTaHHBle DPEKOMEHJAlM{ II0 BBIOOPY I[IOBOPOTHBIX ¥  BOJOMEPHEIX
COOPY)KEHHH, a TaKKe KOHCTPYKLHMH BOIOpAcIpeNelHTEIbHBIX COOPYKEHMH It
KaHAIOB ¢ OypHBIM TedeHHeM. [IX Halo BKIIOYUTH B IIYHKT MPaKTHIECKOH
3HAYUMOCTH. '

Orser: /I umena BBUAY, YTO pa3paOOTaHHBIE HOBBIE COOPYIKEHHUS UMEOT HAYUHYIO
HOBU3HY W Tak)Ke HOBBIMM SBJISIOTCS pa3spaboTaHHBIE UL TaKUX COOPYKEHHH
pekomenpanuu. IlosToMy BHecna uX IYHKT Hay4dHOM HOBM3HBL Cracubo, s
IIEPEHECY UX IIyHKT IPAKTUYECKOH 3HAYNMOCTH.

Ackapaaues B.0. Pacckaxwure, moxanmyiicra, KakuM 00pazoM paGoTaroT
paspaboTaHHBIE BAMH BOJIOMEPHEIE COOPYIKEHHUS U UX [PAKTUYECKOE IPHMEHEeHHE.
Oteer: [ OBICTPOTEYHBIX KAHAJIOB IIOYTH BCE COOPYIKEHMS BBIIONHSIOTCS C
YaCTUYHBIM rallleHHeM SHEPTHH. B TaHHBIX BOZOMEPHBIX COOPYKEHHUSX TOKE, JACTh
BOJBI OTHAENSAETCA B MHOHHBIM KOJIOHEL, TacUTCs OSHEpPIus U Jajiee HIOeT B
BOIOMEpHBIA KojoZel. Ha mnpakTuke Takue COOPYKEHMS NPUMEHHMBI IS
OBICTPOTEYHBIX KaHAJIOB C OYPHBEIM TEUECHHEM.

Kaiibimosa H.Y. Kakue u3mepeHust BXOIWIN B HATypHEIE HCCIIE[OBAHMS?

OtBer: HeobxomuMo OBIIO HaWTH T'MAPABIMYECKHE XAPAKTEPUCTHKH IOTOKA O
COOPY’KEHHS U 32 COOPYKEHUEM, ITOITOMY U3MEPSIIHCH CKOPOCTH U HAITOPHI IIOTOKA
B Pa3JIMYHBIX CTBOPAX [0 U IIOCIIE COOPY KEHUS.

basiines A.JK. MMeroTces 11 BHeAPEHUs! IPEIIOKEHHBIX COOPYKEHHIL?



Oteer: IloAroTOBNEHBI IPOEKTHI K BHEAPEHHIO IPEIIOKEHHBIX HOBBIX
TIOBOPOTHEIX COOPY)KEHHUi, BOMOJENHUTENe M BOJOMEPOB B KaHale JKeTWreH
CHUCTEMBI  PEKH Hcceik-Ata B Uylickolf  ob6mactu, KaHae-GEICTPOTOKE
Cyycampipckuit MockoBckoro paiiona Uyiickoit o6nacTy. 4

Ocmonos bl. /I:x. B pabote kakue mporpaMMHbIe 006€CIeYeH S HCIOTb30BAITHCE?

Oter: bbum HCmONB30BaHEl TpadudecKhe pPeNakTOPH], PeIaKTOpbL bopmyi,
nporpammHoe obecriedenne AutoCAD.

q)pO.]'IOBa I'.IIL HOBOpOTHI)Ie COOPYKE€HMA BCE BBIIIOJIHEHELI HA OCHOBE M3MEHEHHUS
FHY6I/IH " OOIIOJIHEHUMA peﬂleTOK?

Otser: [la. Ho, rimy6uns! kosonna pasHbIe ISl pa3sHBIX ITOBOPOTHBIX COOPYKEHUM
U TaK)K€ PasHBIA BUJ PEIIETKH.

®posroea TI.II. BogmopacmpenenurensHoe COOpyKeHHe Ha IBAaHOBCKOM
BOZOBBITYCKe KICCBIK-ATHHCKOTO MOAMUTHIBAIONIETO KaHa a Ul KaKUX PEXUMOB
paboTaeT?

-

OtBet: Boo6me, cchik-ATHHCKHIT IIOATNUTBIBAIOIIUYI KaHal paboTaeT B JBOMHOM
pexume: OypHbii u cBepxOypHbiit. Coopyxenue tmma BKCT, KOTOpO€ 31eCh
IIOCTPOCHO MPENHA3HAYECHO I CBEPXOYPHBIX PEKMMOB, II09TOMyY Ha (oTorpaduu
BUJHBI HEOONBIIHE KOCBIE IIPBDKKH MU OYPHOM PEXHUMe TeueHus kaHana. Ho Bce-
TaK{ OHM HAMHOI'O MEHbIIIE, Ye€M OBLIX JI0 OCTpOeHuUs KOHCTpyKImy BKCT.
OcmonoB bl. k. ITpuknanHas 4acTh BBITOJHEHA IIPEKPACHO, B TEOPETHUECKOM
IJTaHe, YTO CAEIaHOo B paboTe?
OTteer: BrINONHEHO TEOpEeTHYIECKOCO6OCHOBAHME CTPYKTYpBl NOTOKa B 30HE
BIIMSHUS BOIOPACIIPENETUTEIFHOTO, IOBOPOTHOIO U BOIOMEPHOTO COOPY KEHHI.
OcmonoB bl. k. Annpoxcumanuro ¢ 71a00paTOPHBIMU TaHHBIMY CPABHUBAIN?
Otser: [la, TeopeTndeckwe NaHHBIE CPABHUBAIH C JAHHBIMU 1ab0paTOPHBIX
HUCCIIEJOBAHMUIA.

BeieTtynunm:
®pososa I'.IL. 3auntana OT3bIB HAYYHOI0 KOHCYJIBTAHTA A.T.H., Ipodeccopa
Aramanopoii O.B. PaGora mam mnpexncraBieHHOIM JHUCCepTaliell Hadaja
BBITIOJIHATBCS JOCTaTOYHO NaBHO, M BEHINOJIHEHA OHAa OCHOBAHWM IBANIIATHJIETHHX
UCCTIeI0BaHUMA. PaboTa BRIMOHAIACE IOCTENEHHO, ITeTeHaPaBIeHHO, CHAYANA o
PYKOBOZACTBOM yBaxkaeMoro mpogeccopa JlaBposa H.IL., korma Amxsirymosa I'.C.
3aHMMAalack cBepXOypHbIMU TOTOKaMu. Elrte B To Bpems oHE oGparwin BHUMaHHUE,
ITO COOPYXEHUs, KOTOphIe M3HAYAIBHO [NIAHUPOBAIUCE IS CBEPXOYPHEIX IIOTOKOB
MOryT paboTaTh eIle Jyd4imle Ha OypHBIX MOTOKax. Takas TemMa G6muia
cpopMynMpOBaHa, M3-3a CYLIECTBYIOIIMX IIpoOIeM B Hameir pecmybauKke 110
BONOYYCTy M BOAOPACHIPENENCHUIO HA KaHalax TOPHO-NIPEATOpPHOH 30HEL
ITomobHbIMU HCCTTeOBaHMSIMU [T CBepXOYPHEIX ITOTOKOB 3aHHMacs Beifimexeen
K.K., mosToMy 4T0GBI He IOBTOPATHCS CO CBEPXOYPHBIMH [IOTOKaMH, OBLIO PEIIeHO
3aHUMATBCsS UCKIIIOYUTENFHO OYpPHBIMH IOTOKaMH. ECIM B CBOe# KaHIUIATCKOI
AUCCEPTAIINI COUCKATENb 3aHUMAJICS HCKIIFOYUTENHHO MCCIIeJOBAHUEM TIOBOPOTHBIX
COOPYXKEHUH, TO 3[eCh MBI PEIIMIH DPAacCMATPUBATH KOMIUIEKC COOPYKEHWH W




IIOCMOTPETh KaK paboTaloT Ha OypHEIX IOTOKaX BONOpACHpENeIUTENbHEIE U
TIOBOPOTHBIE COOPYXKEHHs, a TakKe COOpykeHHs Bomoydera. C BoAOydeToM Ha
OypHBIX IOTOKAaX BO3HHKAIOT OOJBIIEE IMPOGIEMBl, TaKkKe Kak W B
BOZOPACTIPENENEHUY H3-32 OONBIINX CKOPOCTEH. ABTOp IHCCEPTAIME JOCTOMHO
CIPaBUICS C PENIEHHEM OTHX INpoOieM, INPENOXHB HOBBIE  KOHCTPYKIIUH
KOMIITIEKCa COOPYXKEHUH, B KOTOPBIE BXOIAT BOJOMEPHBIE, IOBOPOTHBIE W
BOAOpaCIpeNeIuTENbHbIE COOpYKeHUs. OHU pa3paboTaHbl Ha OCHOBE MHOTOJIETHUX
HaTYPHBIX ¥ MOJIENbHBIX MCCIIEJOBAaHUN BOAOAENHUTENEH, BOJOMEPOB B IOBOPOTHEIX
COOPYKEHUM.

Xowercst oTMeTuTh AJKEITYI0By I.C., Kak OYeHb TIPaMOTHOTO CIIeIIUAITICTA,
TPYAOIFOOUBOTO M HMCIOIHHUTEILHOrO couckaTens. CHnTaro, uTo IUCCepTalOHHAs
pabora Amxeirynosoit I'.C. sBiseTcs 3aBepIIeHHBIM Hay4YHEIM MCCIIEIOBAHUEM U
MOXXET OBITH PEKOMEHI0BaHA K 3aIllUTe.

®posoBa I'.Il. — c0BO IpenoCTaBIsETCS peleH3eHTY, 3aBenyromeMy Kademapoit
«I'moporexHuYecKne COOPYKEHUS ¥ MHKEHEPHEIE KOHCTpyKIum» HarmonansHoro
uccnenosarensekoro yausepcutera TUUVMMCX, n.1.1., mpodeccopy bakuesy M.P.
bakues M.P— nT.H., mnpodeccop, 3as. xadenpoit  «'maOpoTexHMUECKHE
COOpYXCHHsT ¥ WH)KCHEPHBIC KOHCTPYKLMW» HaImoHaasHOro McciiemoBaTeIscKoro
yausepcureta TUMHMCX, penenseHT (oHnain).

Pabora mpencraBider coGoif 3aBeplIeHHOE MCCIEIOBAHIE, IIOCBSIIIEHHOE
KOMIUIEKCHOMY PEIICHUIO MPO0IeM BOJOPACIPENeNeH s, II0BOPOTa H BOJOyYeTa
A ycnoBud KeIpreisckoit PecryGiwkm, rie KaHATBI BBIMONHEHB B GETOHHOM
OOJIMIIOBKE U ¢ YKIOHAMH (GoJlee KPUTHIECKHX.

AKTyaJIbHOCTb HCCIIEJOBAHUM HECOMHEHHa, IIOCKOJIBKY Ha CEeTOHAIIHUN
A€Hb CYIIECTBYET HEOOXOAUMOCTD B COBEPILEHCTBOBAHNH CITOCOO0B M TEXHUIECKIX
CPEACTB BOAOPACIIPENESIICHNS, BOAOYYETa U IIOBOPOTa B OBICTPOTEUHBIX KaHATAX B
KOMILIIEKCE, KOTOPbIe OTIMYAINCH OBl Ype3BBIYAHO GONBIIAM (QYHKIIHOHATBHBIM 1
KOHCTPYKTHBHBEIM MHOTO0O0pa3HeM. '

B nucceprannonHoi pabote Amxbirynosoit I'.C. paspaboTans! 1 HCCIIEIOBAHEI
HOBBIC yCOBCPIICHCTBOBAHHbBIE COOPY)XEHHsSI BOMOpACIpeleNeHus, BOAOydeTa H
TIOBOPOTHBIE COOPYXKEHMS [UII OBICTPOTEYHBIX KAaHAJOB, YTO COOTBETCTBYET
cenuansHocty 05.23.07 - «["upporexHmYeckoe CTPOUTEIHCTBOY.

IlpoBenennsle Amxbirynosoit. I.C.  HccIemoBaHus, SBISIOTCS pa3BUTHEM
HOBOTO IPUOPUTETHOTO HAYYHOTO HANpPABIEHUS B TIUAPOTEXHHYECKOM
CTPOMTE/IECTBE KaK II0 3HAYUMOCTH TEOPETUUECKHX paspaboToK, Tak U IO
IIPAKTUYECKUM HHIKEHEPHBIM pa3paboTKaM 3HAUMMOCTH.

Pabora BeImOMHEHA HA OCHOBE COOGCTBEHHBIX MHOTOIETHHX HCCIIeIOBaHUN |
OKCIEPUMEHTOB ~ COMCKATeIsl C AHAIW30M JaHHBIX HATYPHEIX M MOJENBHBIX
uccnenoBanui. HaywHble pesymbTaThl, BEIBOABI M PEKOMEHIALNH, IIOJIyYEHHEIE
AUCCEPTAHTOM U CTCTICHb X HOBU3HBI HE BEI3BIBAET COMHEHMIA.

PesynbraThl  mccliemoBaHMiT  TpenCTABIAIOT pasBUTHE HOBOIO  HAYYHOIO
HAIPaBJICHUS B 00JIACTH IMAPOTEXHUYECKOTO CTPOUTEIHCTBA.

- IlpoBeneHHBIN aHATH3 AUCCEPTALMOHHON DPabOThl M MyOIMKanuit 1mo Hei
TIO3BOJIICT ~ clenaTh BBIBOA O TOM, 4ro ApmxerymoBa I[.C.. ocymectsuia
CMHONUYIHO OOJBIIONH OOBEM TEOPETHUECKHUX U NPaKTHYECKUX Pa3paboToOK u



IIpOsIBMIIa HECOMHEHHBIE CIIOCOOHOCTH K aHAIM3y U OL[EHKE MaTepHaloB C TOUKU
3pEHUS METOHNOJIOTHYECKMX M TEOPeTHYEeCKHMX OO0O0OINeHMM MW BEIXOJAAa HAa
[IPAKTUYECKUE PEKOMEHIAIINH.

ComepxaHue  jguccepraiiv, IOyOAMKAIlUHd IO HEW  COOTBETCTBYIOT
crenranbHOCTH 05.23.07 — ['MOpOTeXHUIECKOE CTPOUTENLCTBO.

Huccepranvionnas pa6ora Amxsirynooii I.C. MoxeT GBITH IpeacTaBleHa K
3allMTE€ HA COMCKAaHME YYCHOW CTENEeHW JOKTOpa TEXHHYECKMX HayK 10
crienranbHOCTH 05.23.07 — ['HIpOTEeXHUYECKOE CTPOUTEIBCTRO.

®poosa I'.Il. — crmoBo mpemocraBisgeTcs pelLieH3eHTy, mpodeccopy Kadeapsl
"HacocHsle CTaHIIUHA a THAPO3JIEKTPOCTAaHIIN" baxynsTera
['MApOTEXHUUECKOTO CTPOUTENILCTBA Hammmonanssoro HACCIIEIOBATEIHLCKOTO

yHuBepcuTeTa HalmoHaIbHOTO HCCIeoBaTelbekoro yHuBepcuteta TUMMMCX,
A.T.H., npodeccopy Opramesy P.P. Xody oTMeTuTh, uTo IUdp CLIENHATEHOCTH 10
aBropedepary y mpodeccopa Pycrama Paxmmosmga Dpramesa 05.09.06 —
«'MAPOTEXHUYECKOE U METHOPATUBHOE CTPOUTENBCTBOY. I1acIOpT CreUATbHOCTH
05.09.06 — «'MOPOTEXHUYECKOE W MEIHOPATUBHOE CTPOHUTEILCTBO)» IOJTHOCTHIO
COOTBETCTBYeT TACHOPTYy coenmamsHocTd  05.23.07 — I'mnporexumueckoe
CTPOUTEJIECTBO, B CBA3M C 3TUM Ipodeccop Dprames P.P. penensuposan ganHyro
paboty. IToxanyticra, Bam cioBo, Pycram Paxumosuuy.

Oprames P.P.- nxrH, mpobdeccop kabempsr "HacocHble —craHimm 51
THAPOIIIEKTPOCTAHITAN" daxynpreTa  ['MOPOTEXHUYECKOTO CTPOUTEHCTBA
HanmonansHOTro HCCIIEIOBATEHCKOTO YHUBEpCHUTETA HanmonansHoro

uccnenosarensckoro ynusepeureta TUMMMCX, penienseHT (oHTaiin).

Penensupyemas pa6ora, IOCBSIeHa KOMIUIEKCHOMY PEIICHHIO mpobiiem
BOJIOPACIPEAETICHNS, IIOBOPOTA U BOJOYYETA IS BHICOKOCKOPOCTHBIX ITIOTOKOB HAa
KaHaax-0bIcTpoTOKaxX KbIpreisckoii PecyGIuKy # COCTOUT 13 6 IIIas.

[IpobnemMa COBEpUIEHCTBOBAHMS CHOCOOOB W  TEXHHUYECKHX CpeICTB
BOZOPACIpeNeIeHNs, BOJAOyYeTa M IIOBOPOTa B OBICTPOTEYHBIX KaHAIAX,
OTIUYAIOIIMECS YPE3BEIYaHHO OONBIIMM (YHKIIMOHATEHBIM M KOHCTPYKTHBHBIM
MHOToo0pasueM, SBJIACTCS aKTyaJdbHOM, a ee pellleHHe HMeeT Hay4HO-IIPUKIATHOE
3Ha4Y€HWE,  KOTOPOC  IIO3BOJIUT  IOBBICHTH  HANEKHOCTH W  KAYECTBO
(QyHKIMOHUPOBAHMS OPOCUTENBHEIX CHCTEM B TOPHO-IIPEATOPHOM 30HE.

OGocHOBaHHOCTE M [OCTOBEPHOCTH Ppe3yJbTATOB IIOATBEPKIAIOTCS
[IPOBEACHUEM  NETABHBIX ~ OKCIEPUMEHTOB C IIPIMEHEHHEM COBPEMEHHOM
aTTeCTOBAHHOM M3MEPUTENBHOM anmapaTypsl, COMOCTABIEHAEM PACIETHEIX NAHHBIX
C ONIBITHBIMH ¥ PE3YJIbTaTaMU APYTHX aBTOPOB, a TaK JKe IPOBEPKOM aJeKBATHOCTH
TIOTYHCHHBIX OJKCTIEPUMEHTANBHO MaTeMaTUYeCKHX MOZRENEeH 10 KPHTEPHSIM
MaTe€MaTH9eCKOU CTATUCTUKH; IIOATBEPXKACHUEM IPEATOKEHHBIX TEXHHIECKHX
PEIIEHNH aBTOPCKUMH CBHJIETEIBCTBAME M MATEHTaMH KbIPTBI3CKOl PecryGmukmn.
IIpu noJTy4e Ny TeOpeTUIECKUX MaTEMaTHIECKIUX MOIeNeH TMHAMUKA IIPOLIECCOB B
o0BeKTax PeryIupoBaHus HCIIOIB30BAINCH KIIACCUYECKUE METOIBI
MaTeMaTUYECKOr0 aHaIn3a.



I[IpakTHYeckasi 3HAYUMOCTb PabOoThI 3aKIFOYAETCS B TOM, YTO TIOJTyYEHHEIE
3aBUCHAMOCTH M METOOUKH pacueTa II0 ONpPeAeNICHUI0 TUIPaBIUYECKUX U
KOHCTPYKTHBHBIX rmapamMeTpoB TOBOPOTHBIX, BOJIOMEPHBIX "
BOZIOPACIPENEIUTENBHEIX COOPYKEHUH Ha KaHanax-OBICTPOTOKAX IO3BOJISIOT
000CHOBaHHO PACCUUTHIBATH W TPOSKTUPOBATH 3TU COOPYIKEHUS, MOIOIHIIOT U
pacIIUpsIIOT 001acTh MPUMEHEHUS COOPYKEHUN TaHHOTO THIIA.

Cunraro, pguccepranuonHas pabora AmxeirynoBoit I[.C. Ha Temy:

«CoBeplIeHCTBOBaHHEe KOMILIEKCA COOPY:KeHHH MJIsl ylpaBJjeHHs OypHBIMH
IOTOKAMH HAa KaHaJaX rOPHO-NPEAropHOH 30HBD) IO crienuaibHocTu 05.23.07 —
['unpoTexHUYecKoe CTPOUTENBCTBO, HAa COMCKAaHWE YUYEHOM CTENeHW JOKTopa
TEeXHUYECKUX HayK, SBIAETCS 3aKOHYEHHON HaydyHOU paboTol, Iie pelieHa KpyIHas
TEOpPETHUYECKasl ¥ Hay4IHO-IpaKTU4decKas mpodiemMa, KOTopas BHECET 3HAUNTEIbHBIN
BKJIaJl B YCKOPEHHWE HAyYHO-TEXHUYECKOIO Mporpecca B 00JacCTH BOIHOTO
XO3SMCTBA U PEKOMEHIYETCs K 3allUTe Ha COMCKAHWE YYEHOUM CTENeHHW IOKTOopa
TEXHUYECKUX HayKk Io crnenuansHocT 05.23.07 — TI'maporexHUYecKoe
CTPOUTEINIBCTBO. ’
CyaranaamneBa T.C.A 3naro AmxeirynoByl .C. co crymendeckoit ckampu. C Tex
[IOp OHa HEeyCTaHHO paboTaeT cHadaja B ATpapHOM YHUBEPCHUTETE, IIOTOM 31ECh B
CrnaBsHCKOM YHHUBEpPCUTETE U MIapajUIeNIbHO BeJeT HayKy. MBI Bce M OHA B TOM
Yucie, sIBIIEMCs] YYeHUKaMHU IIKOJIBI akageMuka boukapesa S.B. Mue 0110 OueHs
MHTEPECHO CIYyIIaTh 3Ty paboTy, Tak Kak B HEH oxBaueHa OOMIUpHAs TeMa.
PaccmaTpuBaroTcss HOBBIE KOHCTPYKIIMM M ISl BOAOpACIpENENeHMs, U s
BOJZIOy4YETa, U IIOBOPOTHBIE COOPYXEHUS. AKTYyalbHOCTb pPaOOThI HE BBI3BIBAET
COMHEHHUH. BEINONHEHB! 9KCIIepUMEHTaIbHBIE U HaTypHBIe uccienoBanus. [loatomy
s TOXeE IIpeJlararo peKOMEeHI0BaTh JaHHYI0 JUCCEPTALHIO K 3aIUTe.

OcmonoB bl. [Ix.YBaxaemsle xomtern!Ceituac 5 yBUAEN KITACCUYECKUN BapHAHT
JUCCepTalliy, TYT €CTh BCE: HAuMHas OT aKTyaJbHOCTH, WCCIEHOBaHWA U
3aKaHYMBAETCS PEKOMEHIALMUAMY K IIPOCKTUPOBAHUIO U BHeApeHuro. Ceifdac oueHb
MHOI'O JUCCepTaluil aOCTPaKTHBIX, I/I€ ITONyYEeHBI HCCIEAOBAHMS C ITOMOIIBIO
KOMITEIOTEPHOIO MOJIENHUPOBAHUA. 3[eCh €CTh U HaTypHBle U J1abOpaTOpHBIE
HCCIEeIOBaHMsS U allpOKCUMAIlUs 3TUX WCCIEIOBaHWM, B 3TOM 3aKIIOYaETCs
IEHHOCTh JaHHOW juccepraiud. OnHaKo, HyXXHO YeTKO CGHOPMYIHPOBATH
NPEUMYIIECTBAa pPa3spabOTaHHBIX aBTOPOM COODPYXEHHH, a TaKkkKe HYXKHO
apryMeHTHPOBaTh OOBEKTHI IS KOTOPBIX OHM IpeaHasHaueHbl. C y4eToM 3THX
3aME€YaHMi, CUMTar0, YTO IIPEICTaBICHHYIO IHUCCEPTALlMOHHYIO paboTy MOXHO
PEKOMEHIOBATh K 3alllUTe.

AckapaaueB b.O. IloanepxwuBaro manHyro pabory. Tema muccepranuu OdYeHb
axTyaJlbHa Ha COBPEMEHHOM JTalle, TaK KaK CIIOCOOCTBYET YIIyUIIEHUIO BOJIOYyYETa
1 BOJOPACIPENEIICHUS KaK B MEXXO3SHUCTBEHHOM, TaK W BHYTPHUXO3SHCTBEHHOM
ceTn. B muccepranuu umeercs u 0030p HcCienyeMoi MpoOJeMBl, W IMOAPOOHOE
TEXHOJIOTHYECKOe  OOOCHOBaHHME  BOZOpaclpelelieHHs W  BOJIOydYeTa Ha
OBICTPOTEYHBIX KaHANaX, H PelllcHHe NaHHOH mpodmeMel. 31echk eCTh Lesli IIacT



UCCIeIOBaHUM, B KOTOPBIX HY)KHO YETKO OTIEIHTH T€ YaCTH, KOTOPEIE BHIIOTHEHEI
JTUYIHO aBTOPOM.

Cuuraro, 4910 paboTa MOXET CUMTATHCS 3aBEPIICHHOM HA [MAHHOM OJTale H
PEKOMEHIYIO €€ K 3alllUTE. ‘

IIlabukoBa I'.A. XoTs s He chmenUaavcT B 3TOH 06IacTH, peanuu HacCTOSIIETO
BPEMEHH IIOKa3BIBAIOT HEXBATKY BOIHEIX DECYPCOB HE TONBKO B KEBIPrBI3CKOit
Peciybnuke, mo m B LleHTpampHo#f Asum. [Io9TOMy aKTyanbHOCTH TEMEI,
TIOCBSIIIEHHON pAIlMOHAIBHOMY HCIIONB30BAHUIO BOIHBIX PECYPCOB HE BEHI3BIBAET
comMHeHu#.IIo nokmamy BuAHO, 4TO mHpoBeleHa OoibIlas, KPOMOTIMBAas paboTa,
IIOCBSIIEHHAS MCCICIOBAHUIO PANa COOPYXKEHUH, Ha KOTOPhIE MMOJYYEHEl IaTeHTHI,
KOTOpbI€ MOTYT BOWTH B HAYYHYIO HOBU3HY M IIPAKTUYECKYIO 3HAYMMOCTH PAaGOTEHL
ITosToMy Tpennararo JaHHYIO IHCCEPTALMOHHYIO paboTy peKOMEHIOBaTh K
3aluTe.

Toxapckas T.B.Tema muccepranuu akTyanbHa. B Hell eCcTh ¥ Hay4yHas HOBU3HA, U
NpaKTH4ecKas  3Ha4uMocTh.  Amkeirymosa I.C.  mpoBema  oGmmpHEBIe
SKCIEPUMEHTAIbHBIE HCCICIOBAHUS TOBOPOTHBIX COOPYXKEHHH, COOpY:KeHHUi
BOJIOyYeTa M BOJOPACIPENCICHHUS s KaHaj0B-OBICTPOTOKOB. Ero paspaboraHs!
NPaKTHIECKUE PEKOMEHNAIMK [0 pacyeTy M IPOEKTUPOBAHHUIO BOLOMEDOB,
BOZIOZICNIUTEIICH 1 IOBOPOTHBIX COOPY)KEHUH st OBICTpOTEUHBIX KaHanoB. CauTaro,
9TO NAHHYIO JUCCEPTALHIO HAZI0 PeKOMEHIOBATh K 3aIlUTE.

basitmes AJK. B pabote, KoTopyro MBI celiqac ciymamu paccMOTpeHa
BO3MOXKHOCTB IIPUMEHEHHUs pa3pabOTaHHbIX COOPYKEHHI Ha CETEBBIX OBICTPOTOKAX,
YTO SABJISETCA CErOMHS AaKTyalbHBIM. JTO HAJ0 OCOOCHHO IOMAYEPKHYTH B
auccepTanuu. B menmoM, muccepranMoHHas paGoTa IPOWU3BOAMT OJIATONPHATHOE
BreyaTyieHre. O4YeHb MHOTO HaTypHBIX HCCIIEOBAHMM, YTO OYEHBb — BAXKHO I
0003HaY€eHUs IIEHHOCTH PaboThl. ECTh OGIIMpPHELH 5KCIIepUMEHTANBHEIH Marepual B
1abOpaTOPHBIX YCIOBHAX, NIPOBEACHHE KOTOPOW TIIATENBHO MpomyMaHa. I Toxe
CYHUTAlO, YTO IIPEACTABICHHYIO AUCCEPTALMOHHYIO PaOOTy MOXKHO PEKOMEHIOBATE K
3aIIUTE.

ITo pesympraram OOGCYXIOCHHS AHCCEPTALMOHHON pPaGOTHI AJDKBITYI0BO
I'ymemupel  CarbiHanueBHEI Ha TeMy «CoBepIIeHCTBOBaHHE KOMILIEKCA
COOPY:KE€HHH [JIsl yHpaBJIeHHS 6yprIMI/I NMOTOKAMH Ha KaHajlax TrOpHO-
NpeAropHOii 30HbD» IIPOBEIEHO FOJIOCOBAHUE TI0 BOIIPOCY PEKOMEHIAINHN pabOTHI K
IPEJICTABIEHNIO B IUCCEPTAlMOHHBIA COBET VIS 3allUTHl Ha COWCKAaHWE YYeHOH
CTEIIEHHM [OKTOpa TEXHHUYECKMX HayK Mo cmenuansHoctd 05.23.07 -
I'mapoTexHUYeCKOe CTPOUTEILCTBO.

PesyabTaTtel rosocoanusi: «3A» - 21 wuwenosex, «[IPOTUBy» - 0,
«BO3IEPXKAJIOCDH» - 0.



ITOCTAHOBWUJIN:

1. IuccepranmonHas  pabora  AmxbeirynoBodt  [ymeMupsl  CarbIHaJIMeBHEI
«CoBepuieHCTBOBaHME KOMILJIEKCAa COOPY:KeHHIl JJIsl ynpaBjeHus: GypHbLIMH
NOTOKAaMM Ha  KaHA/JaX TOPHO-NPEeAropHOil  30HBD»  IPEICTABIISET
VHIMBALYAIbHYIO HAy9HO — KBAIM(QHKAIMOHHYIO paboTy, collep)kaHue KOTOpoit
COOTBETCTBYET KBaIU(UKAITMOHHOMY IPU3HAKY JOKTOPCKHX JMCCEPTAIHHA.

2. YuuTeIBasg aKTyalbHOCTb TEMBl [JUCCEpTAllUd, HAyYHYIO HOBH3HY U
IIPAKTUYECKYIO 3HAYUMOCTh pEe3yJbTaTOB HCCIIENOBAHUM, COOTBETCTBUE
I¥cCepTalMOHHOM paboTel TpeboBanusM HAK KP, mnpembssiaseMbM K
JOKTOPCKMM JHMCCEPTALNAM, PEKOMEHIOBATh AUccepTannto AmKeiryaosoi I'.C.
Ha TeMy «CoOBepIIEHCTBOBAHHE KOMILJIEKCA COOPY’KeHHil /sl ynpaBjeHHs
OypHBIMH NOTOKaMH Ha KaHaJaX TFOPHO-NPEeATrOPHO# 30HBI» K 3alllUTe Ha
COHMCKaHME YYEHOM CTENEHU NOKTOpa TEXHUYECKUX HAYK IO CIEIHAIBHOCTH
05.23.07 - 'umpoTexHUYECKOE CTPOUTETHCTBO.

3. Ilpunsare nmo muccepramuu Amxbirynosoit [.C. cienmyromiee 3aKkiroueHme

SAKIIOYEHHUE

paclMpeHHOro 3acelaHms Kadenpel «BomHBIe pecypchl ¥ HHXKEHEpHBIE
muciMiuiMHeDy  KeIpremscko-Poceniickoro  CraBSHCKOTO — yHHBEpCHUTETa IO
aucceprannoHHoi pabote AmksirymoBod I.C. Ha Temy: «CoOBepIIEHCTBOBAaHHUE
KOMIUIEKCa COOPY)KEHHM I yIpaBieHUs OypHBIMHU IOTOKaMH Ha KaHajlax TOPHO-
IPEATOPHON 30HBI», MPEICTABICHHOHM Ha COMCKaHME YYEHON CTEIeHW [OKTOpa
TEXHUYECKHUX Hayk mo coenuansHocty: 05.23.07 — TmaporexHmuyeckoe
CTPOUTEIIBCTBO.

AKTyaJIbHOCTB TeMbl JHCCepTalHH. B HacToslIIee BpeMst arpopoMBIIIIeHHBIH
cexkrop KeIpreiscrana sBiseTcs OIHUM U3 HauOoiee BaYKHBIX U TPHOPUTETHBIX
HaIPaBIIEHUN Pa3BUTUSA JKOHOMUKH CTPaHBL. DTO 00YCIIOBIIEHO BECOMEIM BKJIAZOM
arpapHO¥ IIPOMBIIUIEHHOCTH B 9KOHOMUKY PeciryOmuky.

HM3sBecTHO, YTO ¢ mONMBHBIX 3eMenb B Keiprecrane momydaror Gosee 90 % Bceit
IPONYKIIMK pPacTeHHeBOACTBA. OpolIaeMble 3€MJIM OTHOCATCS K CTPATErMYECKUM
IPUPOIHBIM pecypcaM PecryOnuku. CornacHo pa3iudHBIM 3KCIIEPTHEIM OLIEHKAM,
B IMEPCIEKTHBE IUIOMIAAh OpPOIIAaeMBIX 3eMesb B KBIpreI3cTaHe MOXKET OBITh
yBeaudeHa 1o 1,5-2,3 MiH. ra.

CoBpeMeHHOe pa3sBUTHE PacTeHHEBOACTBa B KbIpremckoit PeciyGirke Hepa3phIBHO
CBSI3aHO C OCBOEHHEM 3€MeJlb B ropHo-npenropHOﬁ 30HE, TJe HMeEeT MECTO
CIIOXKHOCTB = pelibepa, 3Ha4YMTENbHEIE YKIOHBI TOIOTpaguuecKod ITOBEPXHOCTH,
00JIBIIOE KOIHMYECTBO MAJBIX U CPEIHUX FOPHEIX PEK.

OT0 menaeT HEOOXOAWMBIM CTPOUTEIHCTBO OPOCUTENBHBIX CHCTEM, BKIIFOYAROLIMX
KaHAJIBI-OBICTPOTOKK C OYPHBIM U CBEpXOYPHBIM PEXMMAaMU TE€UEHHS BOIBI B HUX.
BypHbIE TIOTOKH OCIOXHSIOT IIPOLECCHl YIpaBleHWs BOMOpAcIpesielicHueM Ha
TaKUX KaHallaX, 3aTPyIHSIOT OCHAIlEHHEe BOJOMEPHBIX U BOIOPACIIPENEIATEILHBIX
COOPYXKCHUH CPeNCTBaMM aBTOMATHU3AI[IH TEXHOJIOTMIECKUX IIPOIECCOB.
M3mepenne pacxoloB BOJBI Ha OBICTPOTEYHBIX KaHAlaX CONPSKEHO C GONBIINMU
TPYAHOCTSIMA BBHUIY OCOOEHHOCTH TI'MIPAaBIMYECKOM CTPYKTYpHI IOTOKa. Jlro6oe



BMEIIATENBCTBO B BEICOKOKMHETUYHBIN IIOTOK BBI3BIBAET 3aMETHBIE TTOBEPXHOCTHBIE
BO3MYIIEHHUS, BEIIIECKH, YTO IIPH CPABHUTENIEHO MaJIbIX HAIIOJHEHUSIX MPUBOIUT K
3aMETHBIM IIOTPELIHOCTSIM B U3MEPEHHUH IIyOMH U PacXO[0B BOJLI B KaHAJIE.
CymecTByromue BOIOpACIpeNeIUTeNbHBIE COOPYKEHHS IIO3BOJISIOT  JIMII
YaCTHYHO 00ecreunTs TpeGoBaHusl, peIbsBIseMble K TaHHOTO THIIA yCTPOHCTBAM,
JIeJIal0T BO3MOXKHBIM YAOBJIETBOPUTENBHOE (YHKIMOHUPOBAHWE WX B YCIOBHIX
BOZOENEeHHU OypHOTO ITOTOKA Ha KaHaJe.

IIoBOpPOTHEIE COOpY)KEHHUS Ha KaHajaX ¢ OYpHBIM TEUCHHEM Takke padoTaroT B
HaNPSDKEHHBIX YCIIOBUSAX. Y cTapeBIIMe KOHCTPYKIUN [TIOBOPOTHBIX COOPY)KEHUH Ha
KaHanax-OBICTPOTOKAaX He II03BOJLIIOT M30eXaTh IMOSBIEHUS KOCOTO IIPhDKKA H
BEIIIECKOB 3@ IIOBOPOTOM, CHMXKasi HaJEKHOCTh PabOTHI OTBOJSIIEH YacTH KaHaia
1 OPOCHUTEIIBHON CUCTEMEI B IIEJIOM.

VKaszaHHOe OOOCHOBBIBA€T AaKTYaJbHOCTh MPO0JeMbl COBEPIIEHCTBOBAHUS
KOMITJIEKCA COOPYXKEHHUN I yIpaBIeHUS OypHBIMU IOTOKAMH Ha OBICTPOTEUHBIX
KaHajgax, KOTOpOoe  ITO3BOJIHUT IIOBBICUTh  HAAEKHOCTH M  KadecTBO
($YHKIIMOHUPOBAHMS o‘pochenLHLIX CHCTEM B T'OPHO-IIPEATOPHOM 30HE.

JInuHoe yyacTHe conckaTe/isi B IOJIYy4eHHH Pe3yJIbTATOB, H3JI0KEHHBIX B
adccepranmd. JluccepraluoHHas paboTa BBIIOJIHEHA aBTOpPOM Ha ocHOBe 20-
JIETHUX HCCIIE[IOBAaHMM, NPOBENECHHBIX Ha Oase kadenpel BomHbeix pecypcoB u
UHKEHEPHBIX AUCUUIUIMH KeIpreiscko-Poccutickoro CraBsSHCKOTO YHHBEPCUTETA
um. b.H.Ensnuna.

Ha ocHoBe aHammza JUTepaTypHBIX, MPOEKTHBIX U IIATEHTHBIX JAHHBIX
aBTOpOM copmynaupoBaHa mnpobjiema, Ledd W 3aJa4y MCCIENOBAHUN, HaMeUeHBI
IIyTH UX PEIIECHUS TEOPETUYECKHU U IKCIIEPUMEHTAIIBHO.

ABTOpOM OCYIIECTBIEHBl TEXHOJOIMYECKOe OOOCHOBaHHE, TEOPETHYECKHUE
HCCIIEIOBAaHUsA, aHaJIu3 OCHOBHOIO 00beMa OKCIepUMEHTAIbHBIX JaHHBIX,
pa3paboTKa METOAWK WH)XEHEPHOTO pacdeTa MOBOPOTHBIX COOPYXKEHHH, a Takxke
COOpY)KEHHH BOJOydYeTa M BOJOpacupeneieHus, chOpMyIUpPOBaHEl OCHOBHEIE
BBIBOJIEL.

CreneHb A0OCTOBEPHOCTH pe3yJIbTATOB IPOBEIEHHLIX HCC/IEA0BAHHUIA
OOyCIIOBJIEHBl IIPOBEJCHUEM JETANBHBIX OSKCIEPUMEHTOB C IPUMEHEHHEM
COBPEMEHHOM aTTECTOBAHHOM W3MEpPUTENBHOM anmapaTypbl, COIOCTaBIEHUEM
pacueTHBIX MaHHBIX C ONBITHBIMM M pe3yJIbTaTaMU IPYI'MX aBTOPOB, a TakK Xe
IIPOBEPKOM aJEKBAaTHOCTU IIOJYYEHHBIX OJKCIIEPHUMEHTAILHO MAaTeMATHUYECKAX
Mojieliei 0 KPUTEpHUAM MATEMaTHYECKONW CTATHCTHKHL IIOATBEPXKACHHUEM
IIPEJUVIOKCHHBIX TEXHUYECKUX pelleHud naTeHTaMu Poccuiickoit ®enepanuu u
Keipreizckoit PecryOmuku.

IIpy DOIydYeHWH TEOPEeTHYECKHX MAaTEMaTHYECKUX MOJeNed ITUHAMUKA
IIPOIIECCOB B OOBEKTaX PEryJHPOBaHUS HKCIIOJIL30BAINCH KIACCUYECKHE METOMIBI
MaTeMaTH4YeCKOT0 aHaJIN34a.

HaquaH HOBH3Ha OHCCEPTAllUMH 3aKJIFOYaeTCsI B pa3pa60TKe TEXHOJIOTHUU U
TCXHHAYECKUX CPEACTB IIOBOPOTA, BOAOYYETA W BOAOpPACIIPEACIICHUS UIL KaHaJIOB-
6BICTpOTOKOB OPOCHUTEIILHBIX CUCTEM I‘OpHO-HpGI{I‘OpHOﬁ 30HBI.



* PacIIMpeHBl TEXHHUYECKHE YCIOBHS M TpeOOBaHHMSA K CpeIcTBaM IOBOPOTA,
BOZIOy4eTa U BOAOPACIIPEIENICHNs Ha KaHAIax-ObICTPOTOKAX IJII OPOCHUTEIBHBIX
CHCTEM T'OPHO-IIPEATOPHOM 30HEL;

* paspaboraHa KnaccH(UKaIus IleJell M CPEeACTB MOBOPOTA HA OPOCHTEIBHOM
CHCTEME;

* IOJIy4eHBl MaTEMaTHIECKUE 3aBUCUMOCTH JJISI THAPABIMIECKUX XapaKTEPHCTHUK
TIOBOPOTHBIX COOPYXKEHUI Ha KaHaIax ¢ OYPHEIM TEYEHHEM;

* IOJNYYeHBl MaTEMaTHIECKHE 3aBUCUMOCTH IS THAPABIMIECKAX XapaKTEPHUCTHK
CTPYKTYPBI IIOTOKa B 30HE BIMSHWS BOAOPACHPEIENUTEIBHOTO U BOJOMEPHOTO
COOPYXEHUH;

* pa3pabOTaHBl U 3aIATEHTOBaHBI HOBBIC YCOBEPLICHCTBOBAHHBIE KOHCTDPYKLIHH
IIOBOPOTHBIX, BOJOPACIPENEIUTENBHEIX U BOXOMEPHBIX COOPY)KSHHH st
OBICTPOTEYHBIX KAHAJIOB;

* Ha OCHOBE TEOPETHYECKUX U IKCIIEPHMEHTATBHBIX UCCIICOBAHMY ITOBOPOTHBIX,

' BOJIOpACIIPEACTIUTENBHBIX ¥ BOJOMEPHBIX COOPYKEHUMN MIPEIOKEHBI METOIUKH
HX THJIPaBINYECKOr0 pacyera;

* pa3paGoTaHBl PEKOMEHMAIMH II0 BEIGODY IIOBOPOTHBIX U  BOJOMEPHBIX
COOPYXEHMH, a TalKe KOHCTPYKIHMH BOIOPACIPENETIUTENBHBIX COOPYIKEHMI
JULL KaHaloB C OYpHBIM TeYeHHWEeM, MeTOHdM pacyera, NpOeKTHPOBAHIS,
CTPOUTEIBCTBA M KCILTYaTal[MX IPEATIOKEHHBIX COOPYIKEHHIA.

IlpakTHyeckasi 3HAYHMOCThL paGOTBHI 3aKmoyaeTcs B pa3paGoTKe U
PacIiMpeHrr  KOMIUICKCHBIX Hay9HO OOOCHOBAaHHBIX METOIOB pAaCUeTHOI'O
000CHOBaHHMS ITOBOPOTHBIX, BOJOMEPHBIX H BOIOPACIIPEISIUTENBHBIX COOPYKEHUI
IUTSL KaHAJIOB T'OPHO-IIPEATOPHOM 30HEI.

Hcnons3oBanve pa3pabOTaHHBIX B AUCCEPTALMA HAyYHBIX PEKOMEHIAIH
TIO3BOJIUT IIOBBICUTH Ka9YeCTBO MPOEKTUPOBAHHS KOMIUIEKCA TMAPOTEXHUIECKUX
COOPYKEHMH Ha KaHallaX-ObICTPOTOKAX 33 CUET CHIDKEHHS MAaTepUalOeMKOCTH,
TIOBBIIICHUS] HA[EXKHOCTH IIOBOPOTHBIX COOPYKEHUH, COOPYXEHHH BOZOyYeTa U
BOZOPACTIPENICTIEHN, CHIDKCHUSI OKCIUTYyaTAallMOHHBIX 3aTpaT I[OJIy4YuTh Ooliee
OKOHOMWYHBIE U IIPOCTHIE IPOEKTHBIE PEIIEHHS.

Breznperne paspaGoTaHHBIX KOHCTPYKIMH —ITOBOPOTHBIX COOPYKEeHUI
[I03BOJIAT PACIIMPUTE HYHKIUOHATBHEIE BO3MOXKHOCTH JaHHOTO THIIA COOPYIKEHHI
IO IPONIYCKHOH CIOCOOHOCTH, IO OOJacTH WX IIPUMEHEHHUS, IIOBBICUTH KX
HaJIeXKHOCTb 3a CUET YMEHBIICHHS BBIILIECKOB BOABI IIPU [TOBOPOTE GYPHOTO IOTOKA
1 HE NOMYIIEHNS IIOAMBIBOB U IPOCAIKU IPYHTA Y CTEHOK KaHaja, IPUBONSIINX K
Pa3pyLIEHHIO IOBOPOTHOTO COOPYXKEHHS.

Ilpumenenne pa3pabOTaHHOM KOHCTPYKIHM BOMOIEIATENS CII0COOCTBYET
BO3paCTaHHIO CTCIICHM TallleHUs KUHETHYECKOH SHEPIUM HECTAalMOHAPHOTO
BBICOKOCKOPOCTHOT'O TIOTOKA B 3JIEMEHTaX KOHCTPYKIIMU U YMEHBIIEHNH BBIXOIHEIX
CKOPOCTeH, YTO IPHBOAUT K YMEHBIIEHHIO Pa3MBIBOB OTBOJISIIETO TPYHTOBOTO
KaHala ¥ UCKII0YaeT HEOOXOIUMOCTh ero OOIMIOBKY B OETOH, CHMIKAS CTOMMOCTE
CTPOUTENIBCTBA COOPYKEHHs B 1,5 pasa.

HcnonesoBatne pa3paboTaHHBIX KOHCTPYKIME BOZOMEpOB pacIlupsieT 30Hy
[IPUMCHEHUST BOJOMEPHBIX COOPYXKEHMH Ha MEJIMOPATHBHEIX (CETEBBIX WU



MEXXO3SUCTBEHHBIX) KaHaIax-ObICTPOTOKAX, ITO3BOJISIET IEPEBOAUTH IIOTOK W3
OypHOIO COCTOSHHUS B HM3MEPUTENBHOM YYaCTKe B CIOKOMHOE COCTOSHHE 6e3
YCTPOMCTBA CIELMAIBHBIX IaCUTENeH SHEPTUN MTOTOKA, COKPAIIAIOIINX CTOUMOCTD
COOPY’>KEHHUsI, CHIDKas IOIPEIIHOCTh U3MEPEHHUS PACX0/a BOIBI B U3MEPUTEIHHOM
_ CTBOpe IIyTeM MOBBILMIEHHsS] TOYHOCTH H3MEPEHHS YPOBHS BOIBI ¥ IMOBBILICHUS
9KCILIYyaTallMOHHON HAJIEKHOCTH.

IlennocTe Hay4HBIX paGoT CcOHMCKATeNsl, IOJHOTa H3JI0KEHHS
MaTepuajoB AuccepTraluH. Pe3ylapTaThl HOWCCEpPTAllMK JOCTATOYHO IIOJHO
OTpaXeHbl B IMyOnmKanusax abTopa. Ilo TeMe nuccepranuu OMyOIMKOBaHO 49
HayYHBIX PaboT, U3 HUX 2 MOHOTpadMM B COaBTOPCTBE, IOJIYYEHO 2 IIaTEHTa
Poccuiickoit ®enepanun, 4 narenta Keipresckoit Pecry6nuku Ha usobpereHue.
PesynpraTh JIACCePTaIlMOHHBIX HCCIIeIOBaHUN OIlyOJIMKOBaHBI B
CIeMAIM3UPOBaHHEIX M3naHusX Keipreizcrana, Kazaxcrana u Poccun Bxomsmmx
B PUHII 1 CKOITYC. PesynbTaTsl HCClIeOBaHMI BOILIA B IPOEKTHI K BHEIPEHUIO
IIPEITI0XKEHHBIX HOBBIX MOBOPOTHEIX COOPY’KEHUM, BOIOIENUTENCH U BOJOMEPOB B
kaHane JXerwren cucremsl peku Uccwik-Ata B Uyiickod o6iacTd, KaHale-
6ricTpoToke Cyycamblpckuit MockoBekoro paitona Uyiickoi 0671acTH, BHEIPEHEI
B IIPOM3BOJACTBO Ha VICCHIK-ATHHCKOM ITOJNUTHIBAIONIEM KaHae s OPOLIEHH
sementb ABIT «Onkun-Cyy» Hcecsik-AtruHCKoro paiiona Uyiickoi 061acTH.

CuenuajbHOCTh, KOTOPOI COOTBETCTBYET AMCCePTALUS

Conepxxanue auccepTaluy U aBTopedepara COOTBETCTBYET CIIENHATEHOCTH
05.23.07 - I'mapoTeXHIYeCKOe CTPOUTEILCTBO.

Hucceprannonnas pabora «CoBeplIeHCTBOBaHHE KOMILIEKCA COOPYKEHHIA
AJsL yUpaBjieHWs OypHBIMM IIOTOKAMH Ha KaHalaX TOPHO-TIPEATOPHON 30HBD)
yHoBieTBOpseT TpeboBaHuAM, mpenbsBisieMsiM HAK KP k  moxropckum
AUCCepTaLUsIM B COOTBETCTBUH C «llomoxeHneM» O MOpSAKE MPHUCYKIECHHUS
YYEHOM CTENEeHM IOKTOpa TeXHUYECKHX HayK Mo creruansHoctd 05.23.07 -
I'unpoTexHUYeCKOe CTPOUTETHCTBO
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