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BJIMMAHWE PE3YJIbTATOB WACJ/IEHHOI O AHAJTIN3A U
KOHCTPYKTUBHOI O PELLEHUA HA APXUTEKTYPY

MOCTUHNYHOIO KOMITJIEKCA «HILTON» B r. BATYMW
FTMTMHENLUBUAIN A. 9., K.T.H. TUMUEHKO W. 3. , K.T.H. TUTUHENLUBUAIW A. A
00O «MPOIPECW» (MHXeHepHbIN LLeHTP N0 KOMMbIOTEPHOMY MOLE/IMPOBaHMIO U
NMPOEKTUPOBAHUIO CTPOUTESbHBIX 06bEKTOB), NP-T B. Mwasena, 16, 0136, r.Téunucn, Npysns, Ten:
(+995) 599 18 55 26, (+995) 577 95 33 87. E-mail: johnigig@gmail.com.

O0O0 «MPOIPECW» (MHXeHepHbI LLEHTP MO KOMMbIOTEPHOMY MOAENMPOBAHMIO U
NMPOEKTMPOBAHUIO CTPOMTENbHbIX 06BEKTOB), Np-T B. Mwasena, 16, 0136, r.Tounucu, pysus,
Ten: (+995) 577 49 45 11. E-mail: igortimchenko@gmail.com.

AHHOTauusa. Llenblo AaHHOW paboTbl ABMSETCH OUEHKA MNPeS/IOXKEHHOIN0 apXMTeKTYpPHO-
MNaHMPOBOYHOIO peLleHns 1 paspaboTka 6onee NPUMEMNEMOI KOHCTPYKTUBHON CUCTEMbI BCErO
KOMMNnekca B LUenoM. B cTaTbe paccMaTpuBalOTCA akTyabHble BOMPOCLI NPOEKTUPOBaHUA U
CO3aHNS HaLeXKHbIX U OAHOBPEMEHHO OMTUMa/IbHbIX KOHCTPYKUMA FOCTWUHUYHOIO KOMMekca
«HILTON» B r. baTymu. Ha npumepe CTpOSALLErocA KOMMNAeKCa PacCMOTPEH BOMpoC
ONTUMaTLHON CBA3M Me>KAY (DYHKUMEN 1 (DOPMOI, a Tak>Ke NPOYHOCTHI0, YCTONYMBOCTbIO,
HAOEXKHOCTbHI0 M CTOMMOCTbLI 3[aHWA C Yy4eTOM T[UAPOreosornMyecknx W CeMCMUYECKMX
0CO6eHHOCTel Nnowagky cTpoMTensCcTBa. MNepBoHaYa/IbHbIA BapuaHT NPOeKTa roCTUHUYHOTO
komnnekca «HILTON» B r. baTymn npeacTasnsn CoO0M CNOXKHYH KOHCTPYKTUBHYH CXemy
Pa3HOBBLICOTHbIX 3A4aHUA W COOPY>KEHWA Ha efuHOM (hyHAaMeHTe. B pesynbTaTe cepum
MPOYHOCTHBIX PacyeTOB B MNepBOHAYa/IbHLIA MPOEKT OblNM BHECEH Psif YCOBEPLUEHCTBOBAHUNA.
I3MeHeHNs, BHECEHHbIE B KOHCTPYKTUBHYIO YacTb NPOEKTa, YNyULUIN He TO/bKO NPOYHOCTHbIE
XapakTepucTUKN 3[aHWiA, HO W 6NaronpuUATHO MOBUAIN HA apXUTEKTYPHbIA 061K BCero
Komniekca B Lenom. B gaHHOW paboTe pacCMOTPEeHbl pasnyHble BapuaHTbl apXWTeKTYPHO-
MNAHUPOBOYHbLIX U KOHCTPYKTUBHbIX OCOOGEHHOCTEW Ha OCHOBE  COOTBETCTBYHLLMX
KOMNbIOTEPHbIX MOAENe, npuBefeHbl pe3yNbTaTbl MPOYHOCTHBLIX pacyeToB. YuCneHHble
1ccnefoBaHNsA BbINOMHEHbI C NMPUMEHeHWeM METOLOB KOMMbIOTEPHOIO MOAENMPOBaHUA Ha OCHOBE
MHOrOBapMaHTHOr0 aHaam3a Y>Ke CYLLeCTBYIOWNX MPOEKTHbIX PELUEHUA, a TakXKe HOBbIX
BapuaHTOB, NMPEeA/IOXKEHHbIX C LieNbio BblIbopa Hanbonee onTUMaIbHOMO 1 NMPUEMIEMOrO BapuaHTa
KaKk C TOYKM 3peHUsi apXMTeKTYPHO-MNAHUPOBOYHbIX, TaK W KOHCTPYKTVBHbLIX pPeLUeHMN.
PacueTHbIN aHann3 KOMMNEKca BbINONHEH C NPUMEHEHUEM BbIYUCIUTENBLHOIO Kommnekca «JTPA».
lMpoaHan“3MpoBaHO HanpA>KeHHO-AehOPMUPOBAHHOE COCTOAHME pasHbIX BapuaHTOB KOMMeKca U
yCTaHoBleHa Haubonee npuemneMas  KOHurypauus Kak apxXMTeKTYpHbIX, TakK W
KOHCTPYKTWBHbIX OCOOEHHOCTEN HECYLLMX KapKacoB M (PyHAMPOBaHWS KOMMNEKca. BbiNoAHEHHbIN
aHa/M3  HanpA>KeHHO-Ae(DOPMUPOBAHHOTO  COCTOAHUA TOCTUHUYHONO KOMM/IEKCa MO3BOMN
onpesfenMTb ONTUMa/bHble ero rabapuTbl, (OPMYy W KOHCTPYKTWBHblE OCOOEHHOCTU W
peann3oBaTb MX B OKOHYaTENbLHOM BapuaHTe NpoekTa. B HacToALlee BpeMa CTPOUTENLCTBO

KOMI/IeKca 3aBepLUEHO, U OH YCMeLHO (OyHKLVOHNPYET.

KnoueBble  TepMWUHbI:  apXMTEKTYPHO-NMaHUPOBOYHOE  pELUEHNe,  KOMMbHTEpPHOoe
MOAENMPOBaHNE, pPacYeTHbIA aHanuM3, MPOYHOCTb, YCTONYMBOCTb, HAAEXKHOCTbH
OCHOBaHMS U  (OyHAAMEHTOB, pacyeT HEeCyWMX KOHCTPYKUWA, 3SKOHOMWUYHOCTD,
KOHCTPYKTUBHbIE CUCTEMbI, MHOrFOBApMaHTHOE TMPOEKTUPOBAHNE, HEPABHOMEpPHbIE
ocaflku, CEMCMIMKa, akceneporpamma.

1. BBegeHue
«OCTeTUKA VHXEHepa 1 3CTeTMKa apXMUTEKTOpa CBSA3aHbl eJUHCTBOM, HO MepBas
13 HUX NMEePeXnBaeT OYpHbIN pacuBeT». e Kop6to3be

Fopon bBaTymy pacnonoXeH B 3anmagHov py3un Ha NpubpexxHor nonoce YEpHOro mopst Ha
BaTymMcKOM Mbice, y nogHOXma XonvoB HOxHoro Kaekasza (T.H. 3anafgHble CKNOHbI ApKapo-

6



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne2(37), 2015

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

l'ypuiickoro xpe6ta), pacTAHYTbIX BLOMb MOGEPeXbs M CO3[AIOLMX HEMOBTOPUMO KpacuBble
nensaxu ropoga. B r. batymy BnaxHblil cy6Tponunyecknii knumat. CpefHsas TemnepaTtypa B
sHBape +7.1°C.

CTapblii ropof XapakTepu3yeTcs CTPOEHUSAMU €BPOMENCKOro CTUAS, YAauHbIM COYeTaHueM
apXUTEKTYPHbIX cTUner XIX Beka U coBpemMeHHOCTWU. B nocnegHve rogsl 6ynbBap BLOMb MOpS
CYLLEeCTBEHHO O6HOBW/IM 1 PaCLLUMPUIN: NPaKTUYECKN MOCTPOEH HOBbIN OynbBap AMHOM 15 KM (g0
2004r. OH 6bl1 NPOTSAXKEHHOCTLIO BCEro 2km). Ha 06HOBMEHHOM OynbBape MPOSOXEHbI HOBbIE
[OPOXKW, YCTaHOB/EHbI aTTPaKLUMOHbI U Ap. B r. baTymMn NocTpoeH 1 yHKUMOHUPYET Lenblil psg
HOBbIX FOCTMHUL: «Mefges», «KemMnuHCKuiA», «LllepaToH» 1 A.p. 3aBepLIaeTcs CTPOMTENbCTBO
HOBOro Komnekca roctuHubl «HILTON».

MepBoHayanbHaA KoHuUenums komnnekca roctuHuubl «HILTON» OCHOBbIBa/1aCb Ha TakKoM
apXMTEKTYPHOM NOAXOAE, KOTOPbIA CTaBWA LieNbio CO34aHue 4eBeonepHOro aHcaMb1s MUPOBOro
YPOBHS, YUUTLIBAIOLLETO XeNaHnsa U HaMepeHUs He TONIbKO K/IMEHTOB N OMepaTopoB, HO M BKYChI U
MHTepecbl rocTel 1 XuTenel ropoja batymu. Micxogs w3 aToro, apXmMTeKTYPHO-MIaHUPOBOYHbIE
PeleHns  roCTUHWYHOro Komnnekca «HILTON» B 1. batymm 6binv  paspaboTaHbl
cneunanm3npoBaHHbIMM NPOeKTHbIMK opraHusaumamMm OO0 «PTKJ/1» n 000 «PAMBO/]». 3a
OCHOBY peLUeHMsi apXUTEKTYPHbIX W OOBEMHO-MNAHMPOBOYHbLIX 3a4ay  OblI0  MPUHATO
MPOEKTUPOBaHNE KOMM/EKCa, COCTOAWEro M3 [BYX aCMMMETPUYHbIX PA3HOBbLICOTHbLIX 6OalleH
(H=88m, H=50m), BOo3BOAUMbIX Ha eanHOM (hyHAameHTe (Puc. 1 u 4). ['1. apxXUTEKTOp NpoekTa -
[bxoc BOPTCKBUK, IN. KOHCTPYKTOP — [DKOHW [TMrMHeALwBmnAn.

[Mocne BHMMATENBLHOTO W3Y4YeHUA MNPEACTaB/MIEHHOro MepBOro BapuaHTa CTPOosLLerocs
rocTMHNYHoro Komnnekca «HILTON» 1 pe3ynbTaToB KOMMbHOTEPHOrO MOAENNPOBaHWUSA BO3SHWUKA
naesa nepepabotarb NPeLCTaB/EHHbIN MPOEKT, COXPaHMB €ro OCHOBHble KOHUenuuu. OCHOBHas
mMoTMBaLMA nepepabOTKM NpPOeKTa: pa3/iMyHble BbICOTbl  OalleH KOMMJ/EeKCa BbI3bIBAOT
HepaBHOMEPHbIE 0CafKM, YTO B CBOK OYepefb CO3M4aET Cepbe3Hble NpobneMbl Npy onpeseneHnn
KOHCTPYKTUBHbIX OCOGEHHOCTEl: TeOMEeTpUYecKme pas3mepbl KOHCTPYKUMIA Oblnnv  3afaHbl C
NPUMeHeHEM [eOPMaLMOHHBIX M CEACMUYECKMX LUBOB BOKPYI BCEr0 MepuMeTpa BbICOTHbIX
30aHuiA. Takoe peLLeHne B CBOKO 0Yepesb BbI3Ba/10 onpesesieHHble NPo6aeMbl Kak B KOHCTPYKLMAX
(hyHAAMEHTOB, TaK 1 B apMMPOBAHUN HECYLLIUX 3/1eMEHTOB.

CyLlecTByroLLME apXMUTEKTYPHO-MTaHUPOBOYHbIE peLleHuns, paspaboTaHHble OO0 «PTK/1» u
000 «PAMBO/1», 6blnn nepepaboTaHbl B TBOpPYecKoM coto3e ¢ OO0 «[MPOIMPECU» ¢ TOYKM
3pEHUs OCYLLECTB/IEHNS Hanboee NPUEMIEMOW TEXHONOMUN PYHAMPOBAHMS U CTPOUTENLCTBA U C
YUYETOM [OCTaTOYHO CNOXHBIX YC/IOBUIA CTPOUTE/bCTBA (KOMIM/IEKC PAcrofioKeH MEXAY 03epoM U
MOpeM, Ha cnabblx rpyHTax (Puc. 2). CNnoXHOCTb (hyHAMPOBaHWSA 34aHUSA 3aK/THoYaiacb He TO/bKO B
Ha/IMYMKN MOA3EMHbIX BOZ U MATKOMMIACTUYHbIX [/IMH U NEeCKOB B OCHOBaHWM 3paHus [1, 2], HO n B
HENpPUeMIEMbIX KOHCTPYKTUBHBIX PELLeHMSAX KOMMJIEKCa, Bbi3blBalOLLMX CYLLECTBEHHbINA NepeKoc.
MoaTomMy B3aMeH MPeasioXXEHHON apXUTEKTYPHON UM KOHCTPYKTMBHOW CUCTEMbI Oblna MpuHATa
YCOBEPLUEHCTBOBAHHAA KapKacHas cuCTeMa Kak A1 OPUCHON YacTu 3[4aHus, Tak U A1 «KUI0ro
[lOMa», YTO Moc/e AeTa/lbHOM NPOopPaboTKKU 1 ObINO COrNacoBaHO C 3aKa3uMKOM.

PacCMOTpeHVe BapuvaHTOB apXMTEKTYPHbIX W  KOHCTPYKTUBHbLIX PELUEHWI, C  Y4eTOM
CTaTUYECKMX, BETPOBbIX U CEMCMUYECKMX HArpy3oK, a TakKe rmapocTaTmyeckoro 4aBfieHns BoAbl,
MPOBOAM/IOCL HA OCHOBE KOMMbIOTEPHOrO MOZENMPOBaHUS C MPUMEHEHWEM BbIYUCINTENbHOIO
kKomnnekca «/IMPA». [naBHOeE BHUMaHWE COCPefOTauMBa/ioCb Ha BOMpocax YCTPOWMCTBa
(hyH4aMEHTOB Ha eJMHOM OCHOBaHWM, a TAKXXe Ha apXUTEKTYPHOI BbIpasuTe/IbHOCTA KOMM/EKCa B
uenomM. MNpu 3TOM Onpefensowmnm 0CTaBa/loCb FAPMOHMYHOE COYeTaHWe apXUTEKTYPHbIX (HOPM
KOMMJ/IeKCa C HafeXHOCTbIO HECYLMX 3/1EMEHTOB KOHCTPYKLUMIA B COYETaHWM C MUHUMU3ALMEN
CTOMMOCTU CTPOSALLErocst 06bekTa.

CornacHo nepBoHa4Ya/lbHOMY  (MEPBOMY)  BapuaHTy apXWUTEKTYpPHOW YacTW  MPOeKTa,
KOHCTPYKLUMW MOABa/IbHOr0 3TaXa BbICOTHOIO Kopryca 1 noguyma 6binv oTAeneHbl Apyr oT gpyra

7



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne2(37), 2015

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

cericmmnyeckum weom (Puc. 3, 4). Ha oCHOBaHWM paccMOTPeHUs BCEX BO3MOXHbIX (hakTOpOB W
MHOrOBapyaHTHOIO pacyéta u no pesy/ibTaTaM CpPaBHEHWUS BapvaHTOB Hamu Obln CAenaH BblBOA,
YTO B3aMeH YCTPOICTBA CEACMUYECKMX LUBOB Me>KAy OallHAMW, MOABa/IbHON YacTbl W
NOAWYMOM, YCTPOCTBO CECMUYECKOro LIBA LieNecoobpasHo TOAbKO MedKAY BbICOTHbLIMY
4aCTAMM 34aHUA 1 NOANYMOM Bblle NOABA/bHbIX 3TaxXKel. Ha ypoBHe 0601X NOABa/IbHbIX 3TaXew
npeanoyTUTeNbHee 06beaUHEHNE KOHCTPYKUMIA B MOHOIMTHbBIA FOPU3OHTa/IbHBIA AWUCK C LieNbio
CO3JaHnsi MOLLHOI0 1 eIMHOr0 KopobyaToro pyHaameHTa Nof BbICOTHOM YacTbio KOMI/IEKCA, UYTO
3HAUUTENIbHO YYYLLXIIO YCN0BUA paboTbl KOHCTPYKLUMIA BCero Komnaekca. Mpu aToM Npoucxoaut
CYLLECTBEHHOE  YBE/MYEHME XKECTKOCTW  MOAB&IbHbIX  KOHCTPYKUMIA MO  CpPaBHEHUO C
MpesblayWmMMY - peLLeHnsMI,  YIydLanTca  AeopMaumvoHHble UM OUHAMWYECKMEe MoKasaTtesnu,
COKpaLLlaeTca apMupoBaHme DyHAAMEHTHOW NANTbI U APYTMX HECYLLMX 3N1EMEHTOB KOHCTPYKLWNA.

Kaxxgas 13 paccMOTPeHHbIX MOAenel nMena onpegeneHHble LOCTOMHCTBA Y HEJOCTATKM C TOUKM
3pEeHUst apXUTEKTYPHO-NNAHNUPOBOYHbIX PELUEHWIA, HO eMHOr0 MHEHMUsi, KOTOPOM M3 HUX OTAaTb
npeanoyTeHne, He cyllecTBoBaslo. COrnacHO MepBoOMY BapuaHTy, KOrfa pasHOCTb BbICOT 34aHWi
coctaBnana 5 ataxen u 6onee (Puc. 1, 4), B KOHCTPYKUMAX (DYHAAMEHTOB BO3HUKaIU
CYLLLECTBEHHbIE HepaBHOMEPHbIE AedopMaumm 1 ycunus. HepaBHOMepPHble AedopmMaumn B CBOKO
oyepefb ObLIM  06YC/IOBMIEHbI He TOMbKO pasHbIMU  BbICOTaMW  6alleH, HO W HalMymnem
AethopMaLMOHHbIX U CEACMUYECKMX LLBOB B KOHCTPYKLMAX NOABA/IbHbIX NEPeKpbITHin (Puc. 3, 4).

PailoH CTPOUTENbCTBA, MO AaHHbIM FE0NOrMYECKUX M3bICKAHWIA, PacronoXeH B 8-Mu 6anbHOW
CeMCMMYEeCcKOn 30He. PacrnipefieneHve BOLOHACBILWEHHbLIX MeCYaHbIX W [IMHUCTBIX MOPOZ4
HEepPaBHOMEPHO KaK B TrNyOMHY, TaK W B TOPU3OHTabHOM HarpasneHun. KomnbtoTepHoe
MOLENNPOBaHME W pacyeT HECYLUMX KOHCTPYKUMIA KOMMEKCa Kak efUHOM MPOCTPaHCTBEHHOM
CUCTEeMbl Ha NMOCTOAHHbIE, BPEMEHHbIE N KPAaTKOBPEMEHHbIE BEPTUKa/IbHbIE HArpy3kKu, a Takxke Ha
FOPU3OHTa/IbHbIE CEMCMUYECKME W BETPOBble BO3AENCTBUA C YY4eTOM My/ibCalWili U YCKOPEHWA,
npou3sBeféH C MPUMEHEHUEM BbIYUC/IUTENbHOrO MporpaMmMHoro komnnekca «/1IMPA-Windows’.
MpocTpaHCTBeHHAaA KOMMbIOTEPHAA MOAE/b N pacyeTHasd cxema 3afadv npveefeHa Ha Puc. 5, 6.

B okoHYaTeNbHOM BapuMaHTe apXUTEKTYPHO-MMAHUPOBOYHbLIX PeLUeHMn KOMMIEKC Mpurobpén
crnepytoLLme pasmepsbi:

e rabapuTbl NfaHa CTPOUTENbHOM NAOWAAKA TOCTUHUYHOIO Komnsekca 104x85m;

e BbICOTA FOCTUHUYHOM GawHn H=81.835Mm;

e BbICOTa XXWoi 6awiHn H=81.269v;

e BbICOTa NogMyMa B FOCTUHUYHOW YacTu H=20.485wm;

BbICOTa rnoguyma B Xusom yactm H=14.100m.
Lenb

Llento faHHON paboThbl ABNSETCA OLEHKAa CYLLECTBYIOLLErO W NPeLoKEeHHOro apXUTeKTypHO-
NNaHWPOBOYHOIO N KOHCTPYKTUBHOMO peLleHns 60see NpuemMseMoin CUCTEMbI BCEr0 KOMMIEKca B
LlenoM. B cTatbe paccMaTpmBaloTCs aKTyaslbHble BOMPOChI MPOEKTUPOBAHWSA U CO3L4aHNSA HALEXHbIX
1 OHOBPEMEHHO OMTUMASIbHBIX KOHCTPYKLMIA C YHETOM (PYHAMPOBaHMS FTOCTUHUYHOIO KOMM/eKca
«HILTON» B r. bBatymn. Ha npumepe CTposiLLEerocs KoOMmnaeKca pacCMOTPEH BOMPOC ONTMMa/ibHOM
CBA3N MeXay (PYHKUMed M (HOPMOR, a TakXKe MPOYHOCTbIO, YCTOMUYMBOCTLIO, HaAEXHOCTbIO U
CTOMMOCTbIO 34aHus. [MepBblii BapuMaHT rOCTUHWYHOrO Komnnekca «HILTON» B r. baTymu
npeacTasnsan co60iM CNOXKHYIO KOHCTPYKTUBHYIO CXEMY Pa3HOBbICOTHbIX 34aHUIA N COOPY>KEHUIA,
C NOABa/IbHBIM 3Ta>X0M Ha [IBYX YPOBHSIX, Ha CM/IOLLIHON >KeNne306e TOHHON yHAAMEHTHON NanTe.
B paHHON paboTe pacCMOTPeHbl pas/MyHble BapuaHTbl apPXUTEKTYPHO-MIAHUPOBOYHLIX W
KOHCTPYKTUBHbIX OCOOGEHHOCTEA Ha OCHOBE COOTBETCTBYIOLUMX KOMMbIOTEPHBLIX MOZENeNn,
BbIMO/IHEHbI pacyeTbl W MNpUBeAeHbl pesynbTaTbl 3TUX pacyeToB. LI3MeHeHWs, BHeceHHble B
KOHCTPYKTUBHYIO 4acTb MPOEKTa, YNYYLIWUM He TOMbKO MPOYHOCTHbIE XapaKTePUCTUKU 34aHWiA
KOMM/ieKca, HO 1 61aronpusaTHO MNOBAUANN HA aPXUTEKTYPHbIA 06/IMK BCEr0 KOMMJIEKCA B LIE/IOM.

Bbi6op TMNa hyHAAMEHTOB A1 rOCTUHUYHOIo Komnekca «HIL TON»
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Mpn NPOEKTMPOBaHUN FOCTUHMYHOIO Kommnnekca «HILTON» (KoMnneke pasHO3TaXKHbIX 34aHuii
Ha cBaliHOM OCHOBaHWM) BO3HUK/IO XapakTepHoe npotmsopeyumne. C 04HON CTOPOHbI, KOMMAaKTHOCTb
30,@aHNS B NaHe Y OTHOCUTENbHO O6N1aronpuUATHbIE MHXXEHEPHO-TE0N0rMYeckne YCioBms NowanKu
MO3BONANM pacCcMaTpuBaTh BapuaHT YCTPOMCTBA (PYHAAMEHTOB Ha eCTeCTBEHHOM OCHOBaHWW Ha
CMOLIHOW MOHO/IMTHOMN >ene300eTOHHOW nauTe. o He60bLIMM CNOEM TEXHOTEHHbIX FPYHTOB
(TonwmHoin go 1,5 m) Ha rny6buHy ao 10-12 M OT MOBEPXHOCTW 3a/erakT 03epHO-N1eAHMNKOBbIE
nblieBaTble Cynecu TYroniacTMYHOW KOHCUCTEHLUMM W NJIOTHbIE MblieBaTble NeCKW, NOACTUIaeMble
NoNyTBEPALIMUA MOPEHHbIMU cynecsMu. C Apyroi CTOPOHBbI, pacyeTbl (DyHAAMEHTHOW MAWUTLI Ha
OCHOBaHuK, paboTa KOTOPOro OMnUCbIBalaCb pPasfIMyHbIMKU  MOLeNnsMn  (4BYxXnapaMeTpuyeckas
MoOZe/lb YNPYyroro nosynpocTpaHCTBa, TPEXMEPHOE YMPYro-naacTMyeckoe OCHOBaHMWE), Mokasaau
4YTO NPV NPUIOXKEHUN Ha (YHAAMEHTHYK NAMTY Harpy3oK OT  Pa3HOBbLICOTHbIX 6alleH, OHa
nonyyvaeT CyLLeCTBEHHbIe HEPaBHOMEPHbIE OCafKN.
Takas BennumMHa 0caflok A0MnyckaeTCsA peroHaibHbIMU reoTexHuyeckrmm Hopmamu (TCH 50-302-
96). TeM He MeHee, BO3HMKaKOLWAA NpyM 3TOM HepaBHOMEPHOCTb 0CafoK B 1,5 pas3a npesbillaeT
[ONYCTUMOE 3HauYeHue Aaxke And naMTbl TonwwmHoin 1.5-1.75 M. Takum 06pa3oM, BapuaHT
(hyHOAMEHTHOM NAWUTLI OKasasica npobnemaTvyHbIM. Ero peanvsaums BO3MOXKHA /MWWb B TOM
C/lyyae, €CNN  Haf3emMHble  KOHCTPYKUMWM  34aHWA  00ecrneyvBaloT  BOCMPUSATME  YCUMUIA,
06YC/IOBNEHHbIX COMPOTUB/IEHVEM PAa3BUTUIO HepaBHOMEPHbIX 0CafOoK (yHAAMEHTOB. VHbiMK
cnoeamu, TpeboBa/ICA COBMECTHbIN pacyeT 3[4aHMS U OCHOBaHMS WM3MEHeHMe BCEero MpOeKTa.
ABTOpbI MPOEKTa HaL3eMHbIX KOHCTPYKLMIA MOC/e YORXAEHNA B TOM, YTO MNPeSJIOXKEHHbIV BapyaHT
BbIFOLHO OT/IMYAeTCA OT MepBOHAYaIbHOrO, COMNacUIUCL Ha W3MeHeHWe BCEro npoekTa
FTOCTUHWYHOIO KOMI/eKca B LIe/IOM.
BapvaHTom, obecrneynBaroLLMM HOPMATMBHYK) HepaBHOMEPHOCTb OCAfOK 34aHus 6e3 yyerta ero
YKECTKOCTU, OKa3a/IUCb CBaiiHble PyHAaMeHTbI. Bcero 6bino norpyeHo nopsgka 200 caii A/IMHOM
18-25M. O4eBMAHO, YTO CTOMMOCTb CBalHbIX (DYHAAMEHTOB CYLLECTBEHHO MpeBbICKIa CTOUMOCTb
NANTHI.
B pesynbTate, €AWMHCTBEHHO BO3MOXHbIM BapuMaHTOM C TOYKW 3peHUs ONTUMASIbHOro
KOHCTPYKTUBHOIO  PeLUeHMs, a TakKe MPOYHOCTW, YCTOMYMBOCTM M HafEXHOCTU C Y4eToM
[IONTONETHEN  3KcnnyaTaumm ABNSAETCA MPUMEHEHNE KOMOWHMPOBAHHOW MIUTHO-CBAHOM
KOHCTPYKUUW (DyHAAMEHTA.
MeToaunka

B ocHOBY paboTbl BfIOXeHbl MPOBEAEHHblE MHOrOBapUaHTHble WCCMeA0BaHWS MPOEKTUPYEMOro
roctmHmyHoro kommnnekca «HWJITOH» B r. Batymn. YucneHHble wccnefoBaHUA NPOBOAWAUCH C
NpYMeHeHNeM METOA0B KOMMbIOTEPHOr0 MOAENMPOBaHWUSA METOAOM KOHEYHbIX 31eMeHToB [3-5] Ha
OCHOBE MHOrOBapuaHTHOrO aHasm3a YXKe CYLeCTBYHOWMX MPOEKTHbIX PELUeHWA, a TakKe HOBbIX
BapuaHTOB, CO3JaHHbIX C LieNbio Bbl6opa Hambonee OMTUMANbHOMO M MPUEMIEMOro BapuaHTa Kak C
TOYKM  3pPEHUA  apXUTEKTYPHO-NMAHUPOBOYHBIX, TaK W  KOHCTPYKTMBHBIX peLUeHuin.. [lakeT
MCKYCCTBEHHbIX aKCceneporpamMmm CreHepupoBaH Ha OCHOBE reo/10ro-reon3nyecknX AaHHbIX NowanKu
cTpouTenbsCcTBa [6-9].

PesynbTathbl

BbINONHEHO KOMMbLIOTEPHOE MOZAENMPOBaHNE CMOXHOW KOHCTPYKTMBHOM CUCTEMbl KOMI/EKca
roctmHumusl «<HUATOH» B r.batymmn Ha OCHOBE MPUMEHEHUA BblUNCINTENIbHOTO KoMmmnekca «JTAPA».
MpoaHanM3MpoBaHO HanpsXKeHHO-Ae(hoPMMPOBAHHOE COCTOSIHME pasHbIX BapuaHTOB KOMMJIEKCa U
yCTaHOB/IEHa Hambonee npuemMneMas KOHQUrypaumss Kak C Y4eTOM apXUTEKTYPHbIX, TakK W
KOHCTPYKTVBHbIX OCOOEHHOCTEN HECYLLMX 3/1EMEHTOB KOHCTPYKLMIA U (DyHAAMEHTOB.

Hay4Hada HoBM3Ha 1 NpaKTu4yeckKasa 3HaUMMOCTb

B pe3synbTare NpMMeHeHUs COBPEMEHHbIX KOMIMbIOTEPHbLIX TEXHOMOMMIA YNCIIEHHOTO MOAENPOBaHNSA
pa3HbIX BapUaHTOB apXUTEKTYPHO-NIAHUPOBOYHBIX Y KOHCTPYKTMBHBIX PELLEeHWUA BCero KOMIaeKca B
LIe/IOM, & TaKXKe C YYETOM re0/10rMyeckmX 1 ruposiornyecknx 0CO6eHHOCTEN 1 BHELLHEro BO3AenNCTBIS
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MonyyYeHbl Hanbonee OMNTUMaNbHbIE PELUEHMS KaK C TOYKM 3PEHUS apXMTEKTYPHON, TakK W
KOHCTPYKTUBHOIA.

BbINOMHEHHbIN aHanM3 HanpsHKeHHO—AehOPMMPOBAHHOIO COCTOSIHMSI TOCTMHUYHOIO KOMM/eKca
Mo3BONMA ONpedennTb ONTUMasIbHble rabapuTbl, (POPMY W KOHCTPYKTVMBHbIE OCOGEHHOCTU BCEro
KOMM/ieKca, BOCMPMHUMAIOLLErO NOCTOSAHHbIE, ANNTENbHbIE, BPEMEHHbIE, KPaTKOBPEMEHHbIE, a TaKxke
BHELUHME BO3AENCTBUSA, TakMe KaK: T1AapoCTaTMYecKoe [AasfieHue BOAbl, TennoBble, BETPOBbIE,
celiCMMYecKMe N [p. BO3LENCTBUA U BblOpaTb Hambonee ONTUMa/IbHbIA BapUaHT Kak A5 BHELUHER
(hopMbl CaMOro KOMM/EKCa, Tak 1 C Y4eTOM ero KOHCTPYKTMBHBIX 0COGEHHOCTENA.

Puc. 1. MepBbIli BapuaHT NpoekTa roctuHuubl «<HILTON» B 1. Batymun (BuA rnaBHoro ¢acaga
3[1aHNA CO CTOPOHbI 03epa)

Puc. 2. MecTto pacnonoxeHus roctuHnubl «<HILTON» B r. batymu, Ha reHniaHe ropoga

CeiCMNYECKME LLIBbI

Puc. 3. KpacHbIMM NMHMSIMU OTMeUeHbl CEiICMUYECKIE TOPU30HTa/bHbIE Pa3AeNsoLLME LBbI HA
MnaHe 1 B KOHCTPYKLMAX MO NepBOMY BapuaHTy MpoeKTa.
10
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Puc. 4. KpacHbIMU NMHUSMI OTMEYEHbI CECMMYECKIME BEPTUKA/bHbIE Pa3fenstoLLmMe LBbI B
KOHCTPYKLIMSIX MO NepBOMY BapuaHTy NMpoeKkTa

Puc. 5. TonHas NpocTpaHCTBEHHAsA KOMMNbIOTEPHAA pacyeTHasA MOZe/b BTOPOro BapuaHTa
rocTuHM4YHoro komnnekca «HILTON>» B r. batymu

f

7.

[RYSERR SRR T VL]
[LREEEERLE L

Puc. 6. O6LMiA BUA TOCTUHUYHOIO KOMMsiekca  POoTO 7. Bug CTPOSLLErocs FOCTUHUYHOIO

«HILTON» B r. batymu co CTOPOHbI MOPSA MO Komnnekca «<HILTON» B r. batymu
BTOpOMY BapuaHTy (PeHzep) CO CTOPOHbI 03epa Ha nepuog Hayana espansd 2015 r

11
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3.3aKJ1H0UEHUE

1 Ha npuHATME OKOHYaTeIbHOro apXUTEKTYPHO-MIaHUPOBOYHOI O PELUEHMS MO FOCTUHUYHOMY KOMMIEKCY
«HILTON>» 60MbLLIOe BAUSHUE OKa3as faHAWahT MeXxay MOPEM M 03epoM, a TakKe HeMOBTOPMMO KPacuBbIii
neisax - couyeTaHue MOps, rop ¥ NPUMOPCKOro 6ynbBapa, YTO BAOXHOBWMO Ha CO3JaHue HeobblyaiHo
KpacuBoro aHcamons.

2. Ha ocHOBe BCECTOPOHHErO KOMMbLIOTEPHOIO MOZAENMPOBAHMA U KOMMbIOTEPHBIX TEXHONOMUIA, C YYETOM
Pa3fMuHbIX (PAKTOPOB W pPe3ynbTaToB MHOIMOBAPMAHTHOrO MPOEKTUPOBAHWUS TOCTUHUYHOIO KOMI/EKca
«HILTON» B r. batymu, 6binu NPUHATBEI HOBble APXUTEKTYPHbIE U KOHCTPYKTUBHbIE pelleHus. MpuHATble
pelleHns YAOBNETBOPSANM BCEM HOPMaTWBHbIM TPeboBaHWAM MO  NPOYHOCTH, AedhOpMAaTMUBHOCTM,
YyCTOAYMBOCTH, pacxofaMm CTPOMTENbHbIX MaTepuanoB M Ap. Ha oOcHOBaHWMM TLIATeNbHOrO aHanm3a
MONyYeHHbIX Pe3y/bTaToB MHOrOBapUaHTHOIO MPOEKTUPOBAHUSA Bbl NOMYyYeH YNyYLUeHHbIA NpoayKT 6onee
HaJIeXXHOro 1 3KOHOMUYHOIO PeLLEHNSA CNOXHBIX KOHCTPYKTUBHBIX CUCTEM W TPafoCcT PONTENbHBIX 3a4au.

3. Mo pesynbTaTaM KOMMbIOTEPHOrO MOAENMPOBaHMUS B3aMeH ABYX Pa3HOBBLICOTHbIX GallieH 6bIfo MPUHATO
peLLeHe 3anpoeKTMPOBaTb UX OAVMHAKOBOM BbICOTHI.
4, KOoHCTpYKUMs (hyHAAMEHTOB BbIMNO/HEHA B BUAE EAMHOTO ABYXbSPYCHOTO KOPOBGYATOro CeYeHMs Mo BCeld

NAOLWAAN NPOEKTUPYEMOrO 3AaHNs 6e3 AepOPMaLMOHHBIX LUBOB B3aMeH CMJIOLWHOM (DYHAAMEHTHON NAUTBI 1
ABYXbSIPYCHOI0 NMofBasia NepeKpbITHs, Pa3pe3aHHOro BOKPYT KaXKzoi GalliHN CEACMUYECKVIMM LLIBAMM.

5. 3MeHeHMsl, BHECEHHble B KOHCTPYKTVBHYIO 4aCTb MPOEKTa, YCOBEPLUEHCTBOBAIM He TO/MbKO
MPOYHOCTHbIE XapaKTEPUCTUKN KOMI/IEKCA, HO U 61aronpusiTHO NOB/IMSIN Ha apXMTEKTYPHBIA 06K 34aHUS.
6. Becb KOMMNEKC CNIaHMPOBaH Tak, YTOObl OTKPLIBANICS BO3MOXHO LUMPOKWIA BUL Ha MOPE, ropbl 1 FOPOA.

Ypensetca BHWMaHWe W TOMY, 4TOObl CTPOEHWS He 3aTeHanu Apyr Apyra u 6nusnexallee 34aHue
YHMBEpPCUTETA.

7. Mponopuun 06LeMoB GallleH, C OAHOM CTOPOHbI, Y COOTHOLLEHWE MapaMeTpoB noguyma u 6GalleH, ¢
JpYroi, paccumTaHbl TaK, YTO BECb KOMI/IEKC XOPOLLO BOCMPUHUMAETCS He TOMbKO B MacluTabe YenoBeka, Ho U
ropoja B Lie/1oMm.

8. IMocMOTpeB CerofHsl CO CTOPOHbI Ha BeMKONenHbIn komnneke «HILTON» B r. batymn, yoexagaemcs,
UTO WHXXEHEPHas MbIC/b M KOMMbIOTEPHOE MOLENMPOBaHME MO3BOMSAET PeLlaTbh CMOXKHEWLLNe UHXEHepHbIe
3a/iaum C YYETOM BCEBO3MOXHBIX (DAKTOPOB U NPUHMMATL ONTUMabHbIE peLleHns!
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PHYSICAL MODELING OF STRESS-STRAIN STATE
HORIZONTAL IMPERVIOUS SCREEN
INTHE FORMULATION OF THE FINITE ELEMENT METHOD
B. Galinskiy, PhD in Technical Sciences,
C. V. Maksimenko, PhD in Technical Sciences,
Research Institute of Building Production, Kyiv, Ukraine
Summary: A method for determining the stress-strain state (SSS) of the horizontal impervious
screen, which is arranged in the ground using the technology of horizontal directional
drilling under construction to protect groundwater from contamination by toxic runoff and
radionuclides, were developed.
The technique allows simulating and determining the SSS of screen elements for any
ground conditions and any type of foundation. Deformation and stress arising in the
elements of the screen were determined for a given soil conditions and the vertical loads
from the building.
Keywords: horizontal impervious screen, technique, the stress-strain state, strain, stress, force.

The relevance of the problem of the protection of soils and aquifers from pollution from industria
and radioactive waste increases every day. Over time, under the influence of both internal and externa
factors the damage of waterproofing of waste storage often occurs. Also filtration flows occur,
contaminating the surrounding soil and groundwater.

Localization of filtration flow of contaminated water formed under repository is possible by the
developing of additional waterproofing. When waterproofing layer of soil, located under the
repository at a depth of 30m and a large area of repository, developing of perfect impervious
diaphragm on the perimeter of the repository made, for example, by "wall in the ground” method can
be economicaly justified. [1].

If thewaterproofing soil layer isdeeper or absent, thereis aneed for its artificia creation
by developing, for example, of horizontal impervious screen (HIS) (Fig.1).

The Research Institute of Building Production (RIBP) devel ops and implements the technol ogy of
vertical walls and impervious membranes using the “wall in the ground” method around buildings,
including vertical “walls in the ground” between pre-drilled vertical wells.

Creation of horizontal wells by the horizontal directiona drilling (HDD) method with the use of
drilling systems, which are widely used in Ukraine, alowed substantiating the new technology
[2,3,4,56 ] of asmilar impervious screen under the structure, in the horizontal plane or the plane
authentic to the structure’s sole (Fig. 2,3).

The technology of HIS developing under construction, includes the drilling of horizontal wells
using HDD method, pulling the separation edements from polymer pipes (SE) in the wells, the
development of soil between wells with a separation el ements by soil-devel opment working body and
filling of formed horizontal the cavity by impervious materia (IM) - clay-cement-sand paste. [ 7]

) Mpy HANWUMKMKE ROAoYNORS B} Mpy oToyToTRUKM ROAGYNORA

e Muryss i suguyiip
(FOPMICITANRHRIR 3KpAH)

Fig.1 Scheme of protection of groundwater against pollution
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13/
Fig. 2 Thetechnology of HI S development under construction
1 - excavator, 2 — truck crane, 3 — bulldozer, 4 — drain pipe, 5 - grave for drainage, 6 — HDD
installation, 7 — drill rod, 8 — drill head, 9 — horizontal well, 10 — actuator, 11 — hauling winch, 12— 1M,

13 - HIS, 14 — underground passage
3 7 1 4

Fig. 3 Detail of HIS
1 - HIS, 2 - separating element of the polymer pipe; 3 — divider of separating element from a
polymeric sheet (rib); 4 - surrounding soil

For severa years, RIBP conducts research of technological parameters of the development of
horizontal screens under facilities. This researches aimed at studying the effect of the vertica
pressure on force movement of the working body in the sand; assessing the impact of the vertica
pressure on the formation of a horizontal screen from hardening material or a polymer film; the
selection of compositions of hardening plugging materialsto ensure continuity andi mpervious
reliability of horizonta screen and determination of their characteristics; studying and evauating of
ways of filing of impervious materias in a horizontal cavity formed by soil-development working
body, etc.

Some issues that today remain poorly understood are the stress-strain state (SSS) of the elements
of the HIS and influence of upstream structures and ground on the deformation on the screen.

SSS of soil mass while creating the HIS and the corresponding calculated ratio can be
determined by using a mixed variation formulation. The problem is formulated based on the virtual
work principle:

@d{e} " [D]{e}dS - d{u}* {P} dS-a{u} {N} =0, (1)
where: {u} - the vector of generalized displacements; {P} - vector of surface load; {€} - the
vector of generalized strains; S - area of the surface of the body, where external forces P are given;
d - nodal displacement; L - length of the circuit, where kinematic boundary conditions are given;
{N} - vector of external loads; [D] - the matrix of generalized stiffness characteristics.

Equation (1) implies that the generalized deformations {e} are defined by a generalized
displacements {u} in the formulation of the finite element method (FEM) based on the virtual work
principle with the amount of possible work of internal and external forces equal to zero.

In this paper, simulation of the SSS while HIS creation is solved in the formulation of physically
nonlinear plane problem by step method in increments, i.e. by simulating of monotonic loading on
the i-th step we obtain the total deformations{ e} and forces {a} in the form of:
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{e, & Yy }i={€ i1+ {Ag},
{ox, 0y Ty }i={0} i1 +{Ad}i, (2
{Ac}i=[D]i [B] {d}i,

where [B] - matrix of differentiation; elasticity matrix [D]; is calculated on each i-th step of
loading. The convergence of this method is shown in [8].

In this example of simulation of SSS HIS in the FEM formulation we conditionally selected
soil multilayered array with length of 60m, 18m deep subsidence thickness with two layers of soil
when the angle of inclination of the bottom layer of soil were between 5 and 15 degrees.

Horizontal screen of clay-sand-cement paste density y,= 1.3-1.5t /m°, arranged at the level of -
5.0m from ground level (zero) under the building length of 25m. For HIS construction in the ground
the process of laying of spacers 630mm in diameter with 2.0m step with additional vertica
partitions which can be represented as a stiffener was simul ated.

For a detailed study of the SSS of screen elements we used mesh refinement from 1 to 0.1m in
the calculation scheme of FEM, with atotal dimension of the problem 39185 unknowns, number of
elements - 27445, the number of nodes -19242. The boundary conditions on the contour were
simulated by "null-elements".

In computer ssmulation we considered the building with two variants (types) of foundations
(Fig. 4): thefirst - asolid base plate, the second - separate foundations.

The load of overlying structures weight was applied on alevel of the top of the foundations.
We considered only the vertical component of the load.
a) oo

e

Fig. 4 Design scheme FEM for soil masswith a horizontal screen.
a) - option 1; b) - option 2
1 - horizontal screen; 2 - solid base plate (Option 1); 3 - separate foundations (Option 2);

Gravity load of soil are calculated automatically based on the volume weight of the soil
layersy; = 1.8t \ m*; y, = 1.9t \ m°. Resistive load of the building on foundations was set using steps
up to 30 ton \ m.

To study the SSS of elements of the HIS - horizontal screen in the form of a cavity thickness of
150 mm, formed after the passage of soil-development body and filled with clay-cement-sand paste
density p = 1.3-1.5t \ m3 and polymer spacers 630mm in diameter, filled with the same material we
used two-step nonlinear calculation:

step 1 - calculation taking into account only own weight of soil and the load on the foundations;

step 2 - calculation considering the construction of horizontal wells with SE and horizontal
cavity filled with IM (Fig. 5).

As aresult of the non-linear stepwise calculation and research of SSS of elements of the
screen we defined strains (X, Z) of soil mass, polymer spacers and horizontal screen, as well as
stretching - compression (N) and shear (Q,) forcesin the elements of the screen.

The results of calculations for buildings with different types of foundations: solid base plate
(option 1) and freestanding foundations (option 2) are shown in Figures 6-10.
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Fig. 5 The second step of the calculation
a) - construction of horizontal wells with SE; c) — construction of horizontal cavity filled by IM
1 - horizontal wellswith SE; 2 - horizontal cavity and PP filled with IM
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L 0.128
RCREL]
CRcR

-E0.S
0.4
=121

A5
-t

Fig. 7 Deformation of SE horizontal (X) and vertical (Z)
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Fig. 8 Theforce N in the elements of the horizontal screen
a) option-1; b) option-2
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Fig. 9 Theforce Qzin the elements of the horizontal screen for optionl
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Fig. 10 The maximum tensile and compressive stressesin the ground array and the screen
a) option-1-tensile; b) option 1 - compression
c) option-2-tensile; d) option 2 — compression

The results of computer simulations of SSS HIS and conducted stepwise calculations showed
that with the vertical pressure on the ground not exceeded 30 t / m? in the layer of horizontal screen,
made of clay-sand-cement paste for a building with a solid base plate (option 1) the tensile forces
within 0.1-0.8 kg / m (Fig 8) and maximum stressdoes not exceed 2.5 kg / cm? (Fig 10) arise. At
the same time compressing the separating element does not exceed 30mm (Fig 7a). For the
building with a freestanding foundation (option 2) these values are lower: tensile forces are in the
range 0.1-0.4 kg / m (Fig.8b), and compression of the separating element is not greater than 10mm
(Fig.7b).

Comparison of results of HIS modeling with the results of laboratory studies on the modeling
bench conducted in RIBP [9], where compounds of hardening clay-sand-cement paste were selected
and its specifications were defined, have shown that stress in the screen obtained while modeling
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the SSS does not exceed the strength characteristics of the screen, which under compression range
from 19 to 28 kg / cm?, and under flexural tensile are within 3,75- 5.77 kg / cm?.

Although the calculated stresses in the screen is significantly smaller than its strength
characteristics obtained in the laboratory, we do not exclude variants if HIS construction in which
for certain geologica and hydrogeologica conditions and loads from an upstream building stresses
in the screen may exceed its strength characteristics.

In this case, to improve the impervious reliability of HIS, located under facilities with hazardous
chemicals or radioactive substances, there is a technological possibility to add a polymer filmin a
horizontal cavity formed in the ground, in addition to the clay-cement-sand paste [3, 9].

Conclusions and recommendations

1. A method for determining the stress-strain state (SSS) of the elements of the horizontal
impervious screen and ground in the formulation of FEM was devel oped.

2. The developed technique allows ssimulating and determining the SSS of the elements of the
screen for any ground conditions and any type of foundations.

3. The simulation of SSS of horizontal screen and soil in the formulation of FEM for specific soil
conditions, for buildings with two types of foundations (solid plate and stand-alone
foundations) and vertical pressure on the ground not exceeding 30 t / m2 identified
deformations and stresses arising in the elements of the screen. Herewith the tensile forces are
in the range 0.1-0.8 kg / m, the maximum stresses do not exceed 2.5 kg / cm? and compression
of the SE isin the range 10-30mm.

4. For specified conditions under which the screen stresses may exceed its strength characteristics
to improve the impervious reliability of screen we propose to construct a horizontal screen
from hardening clay-cement-sand paste and polymer film.
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External and internal influence upon the ar chitecture of religious

educational establishments of Ukraine
O. Zhovkva

PhD in Architecture, Deputy Head ( Department, Directorate for Urban Development and

Architecture, Kiev City tate Administration) E-mail:glavarch@ukr.net
Abstract:_The article outlines key external and internal factors forming the architecture of
theological educational establishments as well as their influence on the object of research.
The article suggests the models of theological educational establishments for various
project and construction zones, taking into account the natural climate factor influence on
forming these establishments.
Keywords: factors, theological educational establishments.

Formation of religious educational establishments is dramatically affected by external
(exogenous) and internal (endogenous) factors. External factors include mentality, poly - and
monoconfessionalism of the society (let's call this phenomenon the historical - religious factor),
socio - educational, natural - climatic and urban devel opment factors.

Sacred-symbolic, functional-technological, economic-socia and architectural-constructive
factors have internal influence on religious educational establishments.

Historically, Ukraine is polyconfessional state, wherein the level of religiosity of citizens is
uneven. Growth of religious communities is also uneven. Religiosity of the east and west of
Ukraine is aso affected by the fact, in what environment they existed and exist now. East of
Ukraine did not know the serious effects of other confessions. Here orthodoxy (from 1686 - Russian
Orthodoxy) was dominant. While in the west, the Orthodoxy traditionally coexisted with other
confessions (Catholicism, Protestantism). That is why today, in a period of religious pluralism in
our country, we observe such active surge of activity of the non-Orthodox confessions in the east of
Ukraine. In this regard, the fact that here Protestant and Jewish churches become more and more
influential is quite unparadoxical. Crimean Tatar population lives traditionally in southern Ukraine,
which certainly led to the large number of Moslem communities.

Thus, the formation of a network of religious educational establishments is directly influenced
by the communities of particular faith, because they tend to act as initiators of the construction of
religious buildings and their complexes, religious educational establishments, etc., thus forming,
town-planning network.

Reforming of religious education is promoted by educational-social factor. Today, modern
people, especiadly the elite of the society, are usualy highly educated people, requiring for
intellectually, spiritually, mentally and even physically strong spiritual leader. In this regard, it is
inadmissible for the priest to be below its parishioners in the intellectua and spiritual development.
Thisfactor has the same effect on the clergy of all confessions.

While training in the religious educational establishment, the future priests should be able to
fully master not only professional spiritual knowledge, but also to receive a comprehensive
education. Thus, the impact of educational-social factor sets the task of finding new more
progressive types of religious educational establishments (most likely multifunctional educational
complexes), increasing functional and architectural-compositional qualities of religious educational
establishments for organization of educational and training process at the modern high level to the
architects.

Natural-climatic factor is one of the most important factors influencing on the formation of
religious educational establishments. The natural-climatic conditions affecting the architectural
solution include: climatic conditions, the nature of the relief, the presence of green space, utilities,
and site design geometry.

19



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

Influence of the abovementioned conditions is demonstrated in the accounting of regulations
concerning the orientation and insolation of basic premises of the religious educationa
establishments - classrooms and auditoriums, their aeration, in the organization of recreationa
gpaces, organization of the cloisters, additional summer areas for southern territories, using
elements of nature. Climate largely determines the character of the building and architectural
features. The geotechnical conditions and terrain relief are also very important. Thus, the territory
of Ukraine can be divided into four project-construction zones - Central, Eastern, South-East and
Western. According to such zoning, the religious architecture and architecture of the religious
educational establishments have their local peculiarities and differences in different zones. Models
of religious educational establishments for listed above natural-climatic and design-construction
zones are proposed in the course of study.

Town-planning factor influences upon the development and formation of a network of religious
educational establishments. This factor covers a complex set of socio-economic, architectural-art
and town-planning problems. Prerequisites for the development of new types of religious
educational establishments are: the type of the city and its planning structure, density and religious-
demographic composition of the population. Due to the rise of the religiosity of society, the
architectural science has the task to develop quite flexible range of types of religious educational
establishments for cities with high, medium and low levels of religiosity.

When designing the religious educational establishments, the placement of such establishments
in the urban formations has a significant impact on the architectural - planning organization. The
establishments may be located in urban, suburban and country areas. With the development of
housing construction and development of new areas of economy, the issue of the land fund arises.
In this regard, in the construction, especially in large and major towns, there is a tendency to an
increase in housing density, which in its turn leads to the need of integration of religious
educational establishments and formation of complexes.

Sacred-symbolic factor significantly affects the architecture of religious educational
establishments. This factor actively influences on the design of the sacred core of such
establishments. Sacred symbols are strongly pronounced in ecclesiastical art and can be seen from
time immemorial to the present day. In general, the religious symbols can be called a bridge
between the earthly and the spiritual.

Design factor affects upon the choice of structural layout when designing religious educational
establishments. Selection of the rational structural layout sometimesis crucial for the whole image
of the building. Today there are searches for such structural layout that will increase the possibility
of planning flexibility of this type of buildings.

Functional-technological factor actively affects the formation of comfortable conditions for
students of one or another functional area of the religious educational establishments. In general,
the factor is closely linked to the economic and political situation in the country. For example, a
change of ideology (the dominance of atheism) leads to the decline and conversion of religious
educational establishments.

At the same time, the freedom of religion, and increase in funding from the state of the
spiritual aspects of society’s life contribute to the increase in their number.

Given this circumstance, when designing the modern religious educationa establishments, one
should provide for flexibility of the architectural-planning structure, which, if necessary, will help
to adapt these establishments to other social facilities.

Consideration of economic factor in the course of designing the religious educational establishmentsis
the desire to get the best quality-price ratio of construction, as well as facility cost-effective in the subsequent
operation. The issues of an economic nature, primarily, include temporary and permanent costs. Temporary
costs are associated with the process of design, coordination of project documentation and construction.
Fixed costs are associated with subsequent

20



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYUYHO-TEXHUYECKUIA XXYPHA « CTPOUTE/IbCTBO»

: 5 ¢
S g 8
c o o
g T
S =G6.£ 0
f. cC = -
goile
o 582238
g 2808 ¢
S ﬁ'—aEgm
& SEH B
= B35S0
3 :Eggé
c
S
S -
g ¢
e} B c =
g o) .gﬁﬁm
L_J 8 T 6 =T
g | 2 ISR=
e = 00829
= o1 52508
S | g §BEE
© b S 8452
= S o B85y
> > c 29%6
B R =388

educational establishments of block terraced
type in accordance with national traditions

Western project-construction zone
It is advisable to design the religious

maintenance of the establishment.

Thus, given the endogenous and exogenous factors when designing the religious educationd
establishments it is possible to get objects more rational, expressive with architectural and artistic
point of view, and more optimal their functionally planning solutions.
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Lo

«PeKoMeHJaunmn no NPUMEHEHUI0 TeOCMHTETUYECKUX MaTepuasioB Npu CTPOUTENLCTBE U

peMOHTe aBTOMO6UNbHLIX gopor». POCABTOAOP. Mocksa. 2003

2. Twunosble peweHnAa no BOCCTAaHOBAEHUIO Hecyu.l,eﬁ CrnocobHOCTN 3eMNAHOro MOAoTHA U
obecneyeHuto NMPOYHOCTUN U MOpOBOyCTOﬁ‘-IMBOCTM AOpO)KHOﬁ ogexabl Ha NYYNHUCTbIX Yy4aCTKax
aBToMOBUAbHbIX Aopor. Poccuiickoe goporkHoe areHTcteo. POCABTOAOP. Mockea 2000

3. CI 32-104-98 Csopg npasua No NPOEKTUPOBAHUIO U CTPOUTENLCTBY. [TPOeKTUpOBaHME 3eMAAHOrO
NONOTHA *KenesHbix gopor Konen 1520 mm. Focctpoit Poccumn. Mocksa 1998

4. P PK 218-42-2005 MeToanyeckume peKoMeHAauum no NpuMeHeHNI0 re0CUHTETUYECKNX
mMaTepuasios B OPOXXHOM CTPOUTENLCTBE.

5. P PK 218-68-2008 PekomeHAaL1n N0 NMPUMEHEHUIO FT€EOCUHTETUYECKMX MaTepmnanos
KomnaHun «CTeK0H 1 T» B JOPOXXHOM CTPOUTE/NbCTBE.

6. P PK 218-70-2008 PekomeHzauun No NPUMEHEHUIO TEOCUHTETUYECKUX MaTepuasioB,
BbinyckaeMbIXx OAO «MHEMAY, npy CTPOUTENbLCTBE U PEMOHTE aBTOMOOW/IbHBIX JOPOT.

7. P PK 218-77-2009 PekomeHzaumn No NPUMEHEHUIO TEOCUHTETUYECKUX MaTepuasioB,
BbIMYCKaeMbIX KOMOUHaTOM «KopaapHa» npu CTPOUTENLCTBE U PEMOHTE aBTOMOOW/bHbIX
Jopor.

8. P PK 218-78-2009 PekomeHAaumnn no NnpuMEHEHNIO FTeOCUHTETUYECKMX MaTEPUasoB MNpu
CTPOUTENLCTBE M PEMOHTE aBTOMOOU/IbHBIX JOPOT B yCNoBMAX Pecry6imkn KasaxcraH.

9. P PK 218-85-2010 PekomeHzaumm no NpUMEHEHMIO TeOCUHTETUYECKMX MaTeprasioB MapKu

«CnaBpoc» Npu CTPOUTENILCTBE U PEMOHTE aBTOMOOWU/IbHBIX AOPOT B YCN0BUAX Pecny6/imku

KasaxcTaH.

46



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne2(37), 2015
HAYYHO-TEXHNYECKUIA XXYPHAJT « CTPOUNTE/IBCTBO»
————————————————————————————————————————————
®306583B5(M60L 3IJFdSNOL IIROL dORNBOL ROAJLORIdS-
RdAMB6BSTIBOL BIF6MRMB0ID0 30 (MGILO

0.33505051, 0).R35R0F30R()2

( LoJo@mggeomlb Ggdbogy®o 9bogg@lodgdo, d.30b@sgolL JNe77, 0175;

2 930 »03 go30@ o0, gogdodol JNel3, 0179, mdognolio, LsJs®mgganm)
@9b03d9:  bBoGosdo  s@faboaos  @y0b65895mbol  gaddomol  bsymwgbo
29930l I fgmdol @sbsfygdoe bododm, wowo w@osdyd@ol difmby [EHogmamo
goarodol  bsy@garem  bosdimmdo bogarse  @odbswygdol  ©o  bodmemg e
Jwgmds@gmdsdo  dofm@yde-wsdmbBoggdolb  bodydsmydolb d9b@mmargdols
36Gm39bo.
bogsbder  boBdgggdo:  @,y0b5395mbo,  gosgrodo,  goddsmo,  jo@yobo,  yg@gero,
39560,  dbBGog0, @ydebBsgo.

L. 3JLO3SRKR0

bgdolbdog@o @Godol @ 3obsdg@mbols guddsmol dmfymdobomgols oyEoegdganos
dobo do@omswo Logdwgbo 3mblEMOYJ300l sagos.  g3e0gbos-dmbolid®gools yyddsmgdo,
amamai Tgbo opgdgds bbgswslbbgs Lodoswanols dJmbg addsmol ggebyg. God®ol
Jo@omoo  Inbomonyg®o  Bobosb  g9ddomol  ggebg  gowsloligagemo  F@oyao
dobsbyamdols dJmby 306LA®YJizools A9dbmemayoyds LA g gslbmgsbo
gl gds  2obloggm@gdon  Ladsbygbolidpygoerem  dmdgbGos.  IMogom oy ybmgobo
305JB030056 2odmdobodyg Lfmogo ombodbye  saomgddo os@ol  godmgengbogno
4ggeobg  Lg@ombygmmo  ©sbosbgdgdo, @o3  syEomgdmow  asbsmgoeolifobgdgaos
sbogno  ddgbgdamdol  Fo®dmgdol @Ml @3obsdgdmbols  2sdmygbgdolsls o
Y49@omgdoll s  dopogn  3OMmRglombsenobdls domombgl  obggfogo  Logosaody
LobiGgdol  oggde.

2. d0800)0R0 65VOK0

Logoemodg Lolgdgdol ospgoolsl  oygEoggdgeos  bad@mmgd@oom dJmbsbygenmdols
goe0dol  bgpsdo®ols  dowgds.  gobbogorye  3mbi@gd e dgdmbgggedo,  dgbmdbols
Jo@omoo  Jmbmmony®o bofomowsb auddomol ggebg gowslbsaligmgmo oo
Fooygao dnbsbyammdbols gogodol dmbofymdow Loyt Losdddmdo sgfym bol
3o035Lo  (bob.l). s@bodbymmo  go@gslol godg bgosdo@ols 633 Loljol ¢gobgdom
ox35M30l dgdogy Logsgrodg LolEgdsd doowe Qob(ﬁ‘gg@gb‘gg@o Lobg (bob.2).

bob.1. bogog@obabob@ai)ob do(ﬁdobob 53900

47



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne2(37), 2015
HAYUYHO-TEXHUYECKUIA XXYPHA « CTPOUTE/IbCTBO»

bob2. bogogobﬁ@aao LY gdbygamo Labom

Logognodg  LobEgdol  Lopygdaemm  bossd]@mdo  spgool  d9dwgy  s@obogagd
db0dgbgamgobo  ogm  dobo  Loddmgdpm  Iymds®gmdsdo  gos@ebols  Lsgombols
2oo(9390. s@bodbymo 3mblEAYJgool Fmbs 5 Gmbsl swgds@gdmws. 3mdggds
sdfol Bgodmsd|gmboesb aodmdoobo®g  Lobogomm aobes dolo dofmegds Lodydom
5Q0@5dEg, Moysbsz Gmymo ogm 129 wosdgd®ol s 1,58 dg@o Lodsmenol 3Jmby
dogosbo  3mblE®@YJaool  Fmbolfm@mdol osigs wo [obolfod  wogodbo®gdyen
60dbyyagdbyg  byLEo sdmb@oggds. Modgbody dglodgre  go®osb@Gowsb  dgo@bs
43905bg  m3Bodogy@o.  [Ooygmo  gomodols spgéol 30m3gLdo  gobbm@ogeos
Lbogogmodg LolLBgdol @ 0obsds@®  bofomop aogmes, @mdgeoms dgbsg@mgodemse
aodmygbgdymo  odbs  dmd®ogo  3ogdodmgdo.  smbodbymo  3ogdoMgdom  sEgoErSE
bpgdmws  Logsamodg Lob@gdol gMmosbmdol speagbs ©@s doabg do®Fogwgdmes
JobBogol s ©gdmb@ogol 3Gm@Eglo.  5dsbmob ghmow, bogsaodg Lol gdol gsdymezo
Lod®@yol dobgomdgs® mommgyao bsfomols LobolEol dgbobo@hbybgdersw dmgfym
30M5@ 9O bodFygegdosbo  @ommbol  @g@mdgdo. om0 gdgao  bofoagdols
Lboddodols (3963 ®gdoll  @oEaygbol  dgdwgy  aobbm@Eogas  domo  ofg3e o
©5dmb@oggds Loddmmgldm doamds@gmodsdo gmdgyds s3fom (bob3 wo bob4).

Gy ) -

—

bob.3. boﬂgmoba boé{]ﬁo_l) '3(-4)000 601333%)0.1-) é)Séooggg)ogQaBo 3M339Ms >3fom

48



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYUYHO-TEXHUYECKUIA XXYPHA « CTPOUTE/IbCTBO»

bob4 ygognodol 3o@ggemo bobgg®ol ©odmb@oggds bod@mmgddm dwamdsdgmdsdo.
3. RdL336S

L. @ogeeo dobsbyammdol doaosbo F@oymo gsaodol sggd0ll @Ml Jmoge®
5dm3obol Fomdmowygbls dolo go@goligemo bofogols 3mblE®yJEool Godol Lfm@swe
dgohggs o LOyYmaslmgbow dgbdgegds, Gmdgedsi 9bws 9bOYbggeryml Jmgaro
Logogodg Lol gdol dpa@smds @30bsdg@mbols Lodydsmgbols Jgb@ e gdols A™L;

2. Fobolfo®sdbopgdgemo bol Logogrodg LobEgdol LosdmbEogm oseyomsdwg
Jofmegdol o bylGoe woxodlomgdols Lodydomgdols dgbdyammgdols sswgoggdols
Jobbom dognbg  mlobg@bgdgamos  Logsaodg Lolgdol @  msbsdod  bofogsw
2OYMRS, MMdgems JEy@sembdol JbOYbggaygmes brpgds do@Bogo Bodol gommbols
19®dols dmfgmdoom.

ROBIAOB IO

Lo.Jgo®o0s,  m.goeodgomo.  @3obsdgBmbols  3mblE®yJEogdol  gobysaodgdols
3035MB03go0l abgdo. LodgEbogdm-@gdbogg®o gy@bogno ,,3d9bgdanmds®. Ne3(34)
ndognolio, 2014, 24.81-83.

49



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

3IRBIGHIR0 333330RMIMBOL RoG3d JoR5IFFI6IBR(M300)
R™MJIJ3I6B5G0540
9. Jy6ody.
(LoJosomggeoml Bgdbogy®o 9603g@LoGgdo, 9. 3mLESgsl 77, 0175 mdognolo
LoJotmggenem.)
G9bondy: o adaao  dgdjgoe@gmdol  @ocgolbs s  dgbs@babgdols  3GmEangds
JO0gs  bobos  gobs  bosiombsgramo  0bBgmglbgdol  bsbwy@gdl s dbegerom
536 bmdogrgdol  3G@Sagdoe  ofjps. o>  wmm  0d  ymbggbiosbs  my  J3@GBE0s by
bgardmdfgmo  mommgaao  bobgardfoge  sobanbolbdsgdgaos  od  bog@mos deo@mobom
bods@ogangdiogo S Jdgdob I begbsms d9b@zangds by. bgarde 9@ oaro
@309996(5930L  05bsbds,  dgbsdsdol  bozombsgra@  yobmbdgdarmdsdo  dgwol
9L mmgdgdo o bpgds dgdigoe@gmdol bobBgdol @yomdmdomyds.

I bgomol s6bsI3arols bogmms dmGober bGsobos@mBgdol dabsdsdobo woigolb &b@ab-
g9ergmaol Jobboor 0mbylyml Jbergarocr dgdjgo0@9mdol ymdoBgBds  Joowem  gows-
Fagg3oergds A Heritage & Tourism Master Plan for Mtskheta, Georgia - UNESCO &
UNDP-SPPD Pilot Project ““ob &y /060l d9bsbgd.

A Heritage & Tourism Master Plan for Mtskheta, Georgia - UNESCO & UNDP-SPPD
Pilot Project” obobogh, paardadamo  @sbo dsqdolb  ymb;9900b  35650m5@yds L
obBmGonar  Jogrofdo o 0bBgsmodgdaar  j0blbgdgoosbmsb o bawog
@006 4a 935 do Ao bomsbsgy 0dan 935 bo dnoangdsls dm byl dobdo
bogmoms deo@molbe de s b@g3930bs I ©950799605(30930b Somgoaoliffobyds

J30m060598@5300b 2608965 Jo.
A Heritage & Tourism Master Plan for Mtskheta, Georgia - UNESCO & UNDP-SPPD

Pilot Project®, @mgmd;  ombybymlb  Jogdm  jaandadaro 498 500@9m80l  bayg@me do
@od 500933 dowsmdgd by woRmdbydaaro wmyadybdol JGmugboneo [@Hggdobsmgol
boardobsflaomdmdol  gb@mabggergmRs @ Joarodsgsdo@gdom @ adybdgddo  od
sodmioargdol bsbyarddmgsbgarmo godmygbgde.
boggsbde  bodgggdo: Isbdgm-sarsbo,  896-8939  gaerdamaemo  @sbo dsgdo,  joa-
Badaao 999500090385, Jogosiy@mo @sbo dsxqBo, Joansfddybydermdomo wmydabdoc0o.
m@0o  bobol  boggs@aaro  mGo  bobolb  defogrsggedsl  Fo@mderdmdl:  maarobsodo
boygo@aaro  og@absgrodol  (‘bgiogdmo  Joanool)  defoansfggdoe  sgodcagl.  ods
bovgganobsdo  boygs@maemo g0 3s30ermbol dmgoemsggdse  (Gm@goaro  Jogosido). @og,
3p0mborb yoggands F396m555635  bojmmodm  mogh: o aygoml o Jobgwgds, Gmdyemo
Joars ol Jerfsarodgs ogo. (695500 5583065069 w300l Joarsfolb dgbsbyd®).
A aG a0 5 Smb9d3@Gog0 999353009035 [o@mdmowsgbl, s@s dbmarmo dbmgemomls

oomnegaeo boanbol, s@sdaw Jmgaro po3m3@omd0l s bpswgdgar s ©gbs bosmydgar
Ibs3mgs@mb.  Jobo  bydobdogmo bofoarol  opo@ags  o@3@0d93L  dogaro  Jbmoyaroms

boanbydl. o3 999500090930l bogog@mmo m30g560, Ismmgol @sdsbsbosmgdgaro  goblbs-
JamGgdagaro ombydol godm, dgodargds godmambyagaro dbmgarom gsbymarmdol d9d 500~
G935 065l sS@os@ydaao s o8 mgearlbs bGobom, 0dbsbymgdgb Jomo s@Ebydmdobs-
050l 996G ©5 9960 bodwo bogg@Gmbygdobogob gobboygm@gdaa ool
1. O33R0

39 YO Yo d9d3300M9mbol  sgolbs s Ygbo@hyybgdols  3@Mdengds oG
bobos  aolis  bosgombogry@o  0bBg@glgdol  Laobrgdgdl s dbmgeom
aobbmdogngdols  3GMdamgds  oae.  sds  »y 03 jmbggbzosls oy Jo@@osby
bgedmdf gomomnmgyaobsbgerdfogm 3slgbolidygdgaos 53 Log@msdm@olm Lods®o-

10”;]6315‘3(015 17 39bg@o@admo bglos; dygbemo 4 (3o®0bo, 17 mJBmIdg@0-2160935960,1972 §.)
50



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

agd®030 >5JBgool Jmmbmgboms  Ygb@ e gdoby.  bgardm§g@omo  ©m3ydgb@gdols
0obobdow, dglodsdol bogombogy@  3obmbdegdemdsdo dgools dgbfmdgdgdo, bogds
d9933000gmdols  LolRgdol @gnm@do®gds. sdwgbo, JPmBydymo ©s bdy9bgdcmogo
d9933000gmdol  bogg®mTo, godas  bobos  d0dobsdgmdl  g@mosbo  Jbmgeom
Lbodo®mangd®ogo  Log®ol  gom®do®gds. g3@misgdo@ol  dog®  5005G oy
30063039006 LoJodmggenml  30bmbdpgdermdols  dglsdsdolbmdol  b@ybggerymayols
dobbom, 1998 Fanol 1 ULgJdgdd®osb LoJo@mggerml 3o@esdgbdol dog®d dowgdyeo
yggeos  3obmbo o Lbgs bm@ds@ogmo  ofdo  gbos  Igglodsdgdbmogl  g3em30ls
3°8doGol dog® oagboen LEASbEs®EFgdls s beo®mdgdl.

“50J009dOnO 9o 393330009030l ©s330L g3Bm3gmo 30639630572 bgeolidma|
90 930m30L  Loddml g3 Lobgand(oggmgdl  ogomgdymgdl  2o0@o®mU
063 9200@ 9d9a00 30blg@gsiools 300@0@ 030, Omdgools dobgogoms -
>0 JoB9dBOgmo  3gdz3000gmdols  wsiges Fomdmowagbl  @dsbymo s gydemgbols
93dbodgbgeomgobgls o8m6060b3. sdpgbo,  YOSSbYmo oy gadomgds,  obGmEoygan-
3G YO 3gdggoRdgmdols  ©a3gel  gomeEgdygmgdon  gJaass  gmbggbgool
dmJdgogdols bog®39do. 9L o6l 3gm® gdyeo oA omdsls obokgdls
JoensJmddgbgdamdomo  ©m3ydghGoiool  sbogn,  3mbggboy®  Jmmnbmgbgdmsb
‘Igbodsdolmdol b ybgganymaysls.

dgbgooli  osbLoddaol  Log@msdm@olm  LEsbps®Bgools  dgbsdsdobo  sig0L
9bOYbggegmazol dobbom o0gbglgml Jbmgeom dgdzgoe®gmdols 3mdo@gBds doowm
aoolyggBoamgds  ,,dgbgmols  d9dgg00@gmdols s By@obdols 801)63(6-3@0601)“4
‘dgJdbols gbobgd. ogo Log@Omsdm@olie 3@mggloymo dosagdols msbsdd@mIamdsls
> 25dm3Lomgdobgs ordbgdyao. IoLF Ny gadol 3G geddymsTos aoibowgdaano,
»bgeolggagdol dog® o3 m3gdgbdol dgbdygagdobyg 3obgbols dygdbemdol s@gds
0dobmgolos  bLoko®m, ®md Lfm@o dodo@mygagds dogagem  ©obgybosl  dibgomols
d99330009md0l s3g0bs s aobomo®mgdol dgbabgd. dzbgmols dobGgdggads 3oMggao
s Labogmabgme  sygomgdgeo  bsdoxos o3 dods@myammgdom. dobo [o@ds@gds
OESESS  Eadmgogdygao  doldo  boblgbgdo  yggams  gmbggbioobs oy Jo@@Fools
20bbdge gl gmgdebyg. gb dgbgmobmgol yggersby oo gsdmgggos©

d90mEem@emaog®o  mgo@bsb@obom,  oMobogangd  360dgbgarmdsls  0dgbes
dgbgools dsLEgAAgadol dogomonbyg oygbglgml dogd ‘dgdyndoggdbygemo msbsdgodmgy
doamdgdols  Lodo®mggerml  3ym@ydgeo  39d33000M9mbol  ©s3gol  3@s]@ogodo
sbgdags - “dgbgmol  obm@oymo  SbLsddgmo  dgozegl  yggews 0d  JoGomow
g0 gdgb@l, @mdgenoi  dgodangds  aodmygbgdae  0dbgl,  GOmym®E  3OmEMAE030
Lodo@mggenml  Lbgs  olm@ogmo  Joansdgdols  gdzg0o0@gmdols  ©soggolbs ©o
s>mgolgdolomgolss.

LoJodmgganml  gye@g@geo  39d330009mbol ©sigol  gamgbyemo  bosp gb@Bml
dog® dgdydoggdygeo ,,dabgms. Abmgeom d9dzg00Mgmdols dgaagdols do@mgols gpds

2‘(5(4)0605;)0 1985 §.
% A general planis the policy of acceptable land usesin ach jurisdiction. Each city and county adopts and updates their
General Plan to guide the growth and land development of their community, for both the current period and the long
term. The General Plan is the foundation for establishing goals, purposes, zoning and activities allowed on each land
parcel to provide compatibility and continuity to the entire region as well as each individual neighborhood.
Aol g0-3msbo 993980598905 0969530l Abmgaom d593500@gmdol 3966@0l gib3gGHg50L dogd
(2001-2003 §9).
% obHgo-3msbo 999985598905 09695300 Abmagaom d5935300@gmd0l 3966@0b gJb3gGHg50L dogd
(2001-2003 §%).
®39@boG dobyg 1997 §.

51



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

e
(2012F.), 3oy mogl 9mdmdl dzbgmols dgd3g00@gmdols s Gy@obdol s g®-
3anobols dgxobgoslt - ,,d3bgmols d9d3300@ gmdols s Gy@mobIol JobEg@-3amsbo s@ols
4gg0obg  LOg@o s gobobgrgdymo do@mgol 0blG®Ydgbdo dzbgmol dbmgeom
d99330009md0l  ®b0gBmeb  ws3sg3dodgbom, @mdgaroi  dobo  owseno  ba®olbibols
doygbgoggo 390 o0dbs LobOyagdo dmygobogno dolo dgdydeggdowsb bymo Fanols
2,06dog@d>d0™.

LB gD-3g0obdo  [o@dmwygboaos  ©g@Hogy@o  LHOSFgH0s  oMs  Jo®EM
Jbmgaom  dgdz300@gmdols dgaegdmsb, o>®sdge  olGm@oyge  Joasdgomsb s dom
39 BOYe @b dongBmsb ©s3zegdomgdom. oli LEgds jmblg®dgsizool Logombgdls
>  aoboboanogl MmamG3 JILBHYOYD0 S d1bgdols  39dz300@gmbols
dobolosmgodengdls, Omdgeno(3
00353l 0683@5LEOYJB YOOl aobgomo®gdols s bmEosmy®d 3mb@g]BL 3mblg®gsio
Ssbomsb dodo@mgdsdo.

LB g@-3gmsbo  Ygdgdogs  Logdhmosdm@obm  ©s  gomgbye  gdL3g@Gms
05b653dOMgmdols dgogase. 9dgbGol sg@m@gdds gieglbogdobs s s®Jgmenmaoy®o
0609]B 900l oLEAmOY-o0JoBgddOge ©oMgdymgdsl  oyds@gl  dybgd@ogo
oM gdIm (335, Jomodol 39@l3gdBoge ws bgwo.

dgbgmol  dybgd®ogo  @obpdogBo, Gmdgabsi  Jdbol  m@o  dpobsdy o
QYO gd0  [o®dmowygbl  ,,30bygoy@  dJo@osbmdsl, @mdgmoi  dbodgbgarmgsb
Aol SO gdls JogsJol seyomdpgdesdgmdols dggoligdsls ©s dolo dgyegdols
>®J3>To* 8.

doliBgd-3gmsbo sbobogls, 39 B YOY0 obodog@ols 3™b3ggEool
23ob30m5@gdsls
obBm@ogen Jogrsddo s 0bBgy®omgdygm 3mblgMgeEosbmsb gob@wog ©sdmowydy
agdsdo  odobmobsgg  odanggs  Lodygogmgdsl  dmbegl  doldo  Log@msdm@oliem
dolob@gdgdols ©S 093M39bes30900L (930m0b@ g @300l 3063 9JL@do)
aomgogolifobgds.

2. 30600)0R0 65V0OKR0

»I3bgmols  3gdzgoe@gmdols o  Gy@obdol  IsLFgH-G3asbol™  w@m 3 y9dgbBol
>JB Yo Y@M 2ob30MMdgdygaos dol'do sbobygano Log@msdm@olie
dgmmemeemaog®o  asdmaeomgdols  ©s  og@ogmo  3@sJBogol  syommddog
300Mb9dmsb S>a3@ o300 dombmgbgdo, 930m0b@ ga@s300l 36my@sdols
FomEgd7mgdgd0sh  95dmEobody’  ©s  20g@mosbgdumo  g@gdol  m@ysbobsools
930000 dmdJdgeo 9360m30l; 930bmdo9®0 3™dolools 093mIgbws309d0:
»®JO0BAMO0Y@—l03M0 3000 o 9adsMgds, 9R89JAYM0  sdmgols s  aobgoms®gdols
boggobdm  0blEB@O9dgbdo  godsdsgogno  g3mbmdogol  dJmby  Jg9969d0Lmgols
2oblo 3gm@gdagmo 396G gdom™.

o0 M93039b0530900L sAgLsGgoL M@0l 30MEs300 sbsbgmgdbymos Lods®o-
3900, 5Jgsb  aodmdwobs®yg ,,dabgmols 3933300 gmbols s By@Mobdol  FobGg®-
3e0obo” hggbmgol obbogym@gbomn dbodgbgermgsbos, gobsowsb oo bgdmbligbgdeye
09390l 9339 dmoiegos 2003 Fanolismgols.

"UNESCO/UNDP, 2003 §.
8 UNESCO/UNDP, 2003 §.
9ob(*)(;oé)a?)ob?]gboba?)‘aam061‘;83?)‘,» gomol IbGog, 930m353d0aL ©s ggdm3ol s@AmI Mo gbgdaools
3590 m056935L s Fomn §g30 Lobgedfoxgmgdlbs s dgmagl dbcog, Lods@mggarmldm@ol, AA & DCFTA
(2014)
52



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

amegbsi 2003 (ganls ,,dabgmols gdzg0@gmdols @s Gy@obdol ol g@-3ansbo™
0dbs  Fo@dmpygbogro,  dbmgmom  dgdzgoe@gmdol  3mdo@gBo  aobyFyzgderog
oblgbgos o Lobmgos Lobgandfogm  dbosdgl, ®md dogomo  ©mgyydgbdo s
@sgVymm dolo Jgbe e gdso.

Jbogeom  3gdzgoe®gmools  3mdodgdds  ,,dgbgmols  dgdzzo@gmdols  @o
A9®0bdol  FoLF @3 sbol™  ©odBgogool  Jmmbmgbom, 28-9  Lgbosbg dodo®ms
Lodo@mggarml Jnogdmdsl,!! 0gogg 90doGmgsls 0dgm@gdl 3mdodgdo 29-5 Lybosbys.
LoJo@mgganml  dmog@mdol  dogd  od  ©m3ydghdol  ©sd@g03go0l  dmmbemgbols
0abm@odgds odizs dgbgmol dgaagdol, Log@mbgdo dyme Lmgeom 89dz300@9mbdols
dgaegools bybbsdo dg@ebols ghm—gom doGomsw go@mds.

Joomyamo  JoOm@dspopgdgeo  Lodygo@mbomgols  3@gadolbs s  s@oggols
bgdmgobo ygmggeo g@ol ,bomgomgdols segogo ©s  Jo@mggmms 0m@Esbgs. gl
saomo  [o@dmowygbls  Jodmendo  JOolBosbmbols  Lobgandfogm  @geopose
aodmibo@gdols s Jodmygmo gzegbools ordbgdol gogl Lyeogd Loddbmeml,
Log@ol  smgolgdol  J@OobEosbyeo  dmwgerols  9dbodgbganmgebgl  Logdoseeyd
sa0ml. Fo®do@mygmo s obBogyg®o Lodsemsdm Log@Eol osbergdyd, Jool@osbyen
593300 gosl  mogolo  gogrmbmgoyg®o  Jbmgadbyoggammbosb  asdmdwobsdyg
dgbodsdolo  gobgomsdgds s LEAGYJH YO Yo  3geoggdgdoz  dImdggs  (byioycdo
Joemodol  a0a9ds),  dmygosbgdom  3OMPsbymo s Logdeoy@o  Logmzggdol
aobodoxbo g9  gobdoby  am@dasLogols  dog®  sdobolG®sEoygmo  gOm Yo
ndoemolido po@opol, boam Lyamogho 3960 3abgmsdo @hgds, Gmam® 3 bgzoyg®o
Joemsdol  3@mEME030. 9bps  >@0bodbml, @mI 0dp®dmobpgmo ,,30@0396G®0Y@oO
d900mE0* Logdomo Logmabamol gbs®osbo godmwas.

»U5JsMmggeml gO@mosbmdol Loddmaml s ghmosbo gzemglbool® gybios bogds
Amggemlb  dogmo  obGm®ool  dsbdognbyg, I@sgs@abol  ™mdosbmdols  doybgosgsw
d3bgmsd  3o@bosmgse  Ygoldygms. @obsi 390  3odyzom  Lodo@mggaenml  gobenglo
obBM®ools  “ado®”  bgeabygemgdsby, @O®Imgdoi  mgmosh, ®m®d  olGm@os o
33Jmbos o gbans Jdbosh Iob. 3odggeno slgmo ho®gggdo obmGoyge  as@gdmdo
3039600l g3m ol 9303d0Mwgds, HmIgemon Iy MdgenEgods.

9Ao5bobozool  3OmEglol  Fbsdo s obsdoy®o  bolosmo  Lopa®dbmd
6925 09® bgaogangbsls sbegbl oLEmMoygmo Jomsdgdol ©ogoby. aemdsmobsizool
93mJodo  Hm@omyg@o Loddgbgoemm dudol 3Gma®glodgdso bgfmaol 3ommdgddo,
obAM®ogmo Jogsdy@o @obdoxrgBgool jmblgMgsEosbmseb 3539 OML YOy glo
30mdgagdols  3b0dgbganmdols  0dgbl.  oLbEm@oygmo  Jogmodydo  @obodeg@ols
3M63983G0> hsobisbs, Amaym® 3 dmgm m@o sngygeo {aoli dsbdognbyg dgdedeggdeygao
doamdgbols  obognobol,  3@MoBogyeo  gxolgdols s sSbogro  asdm{g3gdols
omgo@molobgdoby  woxydbgdoymo  bgwgs.  obEm@oym  Jogmsdgdls s dom
9bogog @ aoMgdmbg  Mobodgdmgg @ JoRgdB®ol  bgyoBoygdo  bgdmJdgwgdols
0030056 S@go@gds  dgams  ©5(33000  Log@msdm@olen  m@asbobsiogdol @
09bglgmlb  2oblogym@dgdyemo  dognolbdggol  Logobl  Fo®dmowygbl.  9@dobyao
aobgomo®mgdols OE9goboge 963Dy Joemsdgdols 9d@Aog Jobgodsls >
0683@5LEHOYJBHO>To howgdygeo 0bgglBoEogdo YOdsbymo yo®gdml GEOsbLgmdsizools
Jodomoe  dob@Godgmomgdgen  dogrsss  Aopsdigyeo.  obEmGoygmo  Jogs]yco
@obdog@ol d33g9m@0  bgasGoyg®o  3geomgdgbols  doMomswo dobgbo o3 dognols
59300 (3oedbogo 3mdgdiogeo bolosmos. olGm@oygmo gobsdgbosbgdols Log@dzom-

Y WHC, 2005, 2007
1 oy me. hobgoo. 28.07.2004F.
53



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne2(37), 2015

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

298doMgdomo (3o gdgdol  3OmEglbdo  bygm  gudem  dbodgbgermgeb  swyoel 0353900
05b53g0MM3zg 5@ Jodgdu®s. 33momgdgdoll ©obsdoy®  bolosmmsb gomow, dgdgmmgdsls

0(g393L o3  o@Jodgddu@ol  Joemsdol  Jpm@yd g s bybgdbdog  s@gogmgddo  dgk@ols
JoLIBodgd0. 5T3oMoE 0339090 obGMGogmo Joas]g@o @b dog@gdols aobopagmgdols ©s
obGmaogmo  Joasdgbol gobogyg®o ©s gobysy®o dmeosbmbdol s sMag0l Log@nby.
Sbgm  goms@gdsdo, mobodgEMmgg  ob5dgbosbgdol oLy Jogsdg®o  sbodogEols
3063 9dbEH o do@Amboygaro hofg@ol 9bOYbggmymns — Jogsdol dgd3goe@gmdol  wsgols
ngomools  ©s  3Ms]Bogol  gHm-gom  3GobEodygm  bogomnbl  Fo®dmowagbl.  ob@m@oyemo
Jogosdgdolomgols dgylodsdm dlbgodslid@odosbo 1sddgbgdenm sfBomdols 300mdgddo, Lyen
YBOM  I3ggneas© 0339mgds  dgy@mo©s330m0  Log@msdm@olic m@ysbobszogdol 3G™ME9LEO
0d  9@3bymo  aosFY39H0mgdgbol  dododm, @MI@gdds  bog@mbol  Fobsdg  ©ooygbgls
930m30bs  my Jbmgmoml A gageo Rslggammdol dJmbg  Joasdgdo. gl Jognsdgdo
obgmo BoJBm@mgdol bgfmasls goboEosh, @mdmgdoi ,,0bGMG0Y@o sbloddagdols ©sigols
s 05bsdgodmgg @maols dglobgd™ 0ygbglgml 1976 Farols @g3m3gbosizool domgdol ML
5@ 5MLgomdebgb. ,,0LFM®oymo (336@Mgdols gobysey®o Aogegbols bmbgddo ;msbsdgodmyyg
9gBo30bomgol  odobslbosmgdgeo  2oaobBydo  IoLIGsdol  Ygbmdo-boggdmdgdols  ©s
30339 dlgdol 36mgdBgool @mgsmobgdol Abgogbo 3M9390966Id0 LYy 936md0s*12.

05b53gMMm39 gBo3bg @ Ytwo d9dzg00Mgmdol 36gds 2030 gdom FoMmys,
go®g 1972 {anols dbmgaom dgdggoeagmdols 3mbggbiosdos Imzgdygeo. BH®oswols -
»dgae0%,  ,0bLoddeo” s L,@wodldglobodbogo  spomgdo - asbdo@@gdom
0ggolbbdgos.  09bgligml  gg9bg@omau®dds  3mbgg@gbiosd,  mogol  35-9  Lgbosby
(16.10.20097.) @oopaobs, @md Joansdols 39d 33000 9mdsbmsob s 3ogdodgoyamo dmJdgwo
bo@ds@oygemo  oBgdo  dgglgdbymo  gbps  ymgowmoyem  olGméogmo  Jogsdyco
obdog@Bgdol dglobgd sbogno g3m3dgbosio0m.

domene  Fangdols  860dgbgermgeb  B9bpgbiool  Ygowygbl  @obedsg@ o
doamdol  3mbi3gnEool  swos®gds, @s3  sLsbymos  ogbgligml  dog®d  dowgdye
M93mdgbes305d0 - LobEmOoymo  Jogoody@o  @obdon@gdoll  ©oigol  Iglobgd”
(2011F..10.). >@bodbyeo 93mdgbooios 0mgoolifobgdl mobsdgo®mgg LmEosay®-
9306m3og9@0  AoMsJdbgdol  dgogyoe [omdmJdboen  asdm§gg390lL. Lomegds @
obAe®oygmmo 396@@0L sblsddagdols s domo go@gdmigol dglobgd GEOs@oz0Eo
Fomdmeagbgdol Lobog@gol, olEmaoygmo Jogsdy@o @obpdog@ol (36gds, O3
39305509 3bEgJlRAmob ghmow, dmozoglh Jofonlbasdygdamdols dmpgangdls ©s
A9603900 06xgOsLEHOYIBGO0L g gdgb@gdl, LogMEomo m@Asbobsz00l, gobysm o
353d0@g9d0ls s BAm3mydsgools slidgd@gol.

bgdolidog@o Joansdol bgaoliyggegdol 0bGgdglo 0bxg@sbd@yJdycaol, bLogbmg-
@gdemobs my Lomgoly mdogddgdols 0bggl@odgdsdo wowos, 5dslmsobogg Logs®oywms
o3 B9bpgbiools boba@darogo @®Mols dobdognby dgbo@dhebgbol sendsmmds. dgJdben
30050 gdodo Lo ggo6dm db0dgbgeomdsls 0dgbls oGm0y Jogoodgddo
Jmeg@bobsigoolbs s 0bggbBozogdol  0bBgdglgdols  obGm@oygmo  Jogrsydo
@b xR gool o330l dmmbmgbgdmsb dglsdsdolmbols yba@ybggerymas.

5@Lgoamo  LogPmodmdolem  byer g 6o gdgdold;  obEm@ogmo  Joasdgdols
o330 Jod@oolt  @ggmdghsios  obBmGogmo  sblsddmgdols  ©oigols o
00b53g0@mgg Gmaols globgdl dmoioggh gobgmom 20-30 Fesdwpg olEm@oya
39M0mel. olobo yy@dopegdsl sdsbgomgdgh 3300y olabangdgdby ob  Jogsdgdol
3o 3990 bofoggdbg o o@s bmpswow obEm@oym Jogsdgdby Rodmm o goo0m.
SMO390m0  bgdmembodbyemo ©m3ndgbdo 5@ oSbsboglh 03 m@ Loyggsbdm 3@mdangdsls,
Omdamgddsz  dmem  Pagddo  LOygmosw  aobsdo®mdgl  msbsdgo@mggmdol ol

12 QO56hglgm d5bs®obo—0ybgligml Jbmymom 393 300G Mmool 396¢M0L woMydmdo, 0gbglgml
9300690 3mbggMgb30s.L5b3Rd—-39E9Mmdycdy0. 29.01-2.02. 2007F.
54



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne2(37), 2015

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

Vgbdogo. gl 3@mdengdgdos, 93003gegl  ymgeoobs, dpa@oswo aobgoms@gds  ©o
50535 g0 Mo JYE YOm0 39333000 9Mbs16.

09bgbgml  dog® oagboamo  LEsbs@gools dobgogom, Joasdol olGm@oygero
bmboesb  AbbgoadsldBodosbo  gobsdgbosbgds  olgom  dobdogobg  9bs  oyml
g mgomobgdygmo, Gmdgeoi bOYbggaymxal obGm@ogmo 396G®ol  gobysgy®o
Jo@osbmdols dgbo@hybgdol. olEm@oygm Lojogsdm @obpdog@by mmdogb@omgdbyeo
doamds aoMgdml bo®obbol dgbo@hybgdols s goydxmdglgdsbgs dods@mygao. oo
9b@9bggeymazl  Joasdol  dgdzgo0@gmdol  ozgolbs o bmEos@y®—g3mbmdoy@o
3obg30m5@9b0l Jobbgdol 0bBga®oEosl. 0go g89dbgds odsasbligdyan o doa@oE
9D0009Om 353d0AL, ghmols Ib@og, Jogsdy® s b9bgdcog yoMgdml dm@ol, Jgmmgl
dbc0g, ©@ggobpgmmo s Jmdsgseo  momdgdol  Jmmbmgboagdsls s  Fo@lbiygamols
39933000gmdsl do@ol. gdgl o6 0393 sbogro  Jos]mddgbgdgrmdomo dowamdols
593080 gd@mds. dob gbes dmogol dgdzz0@gmdols dos@g@osgy@o s s@sds@Ggdos-
@y@0 5139JBgd0, hogm®dsogogl g3me@myoy®d 3OHMoegdgdl, wsoigol Lomsaygsbgdgano
saogmgdo  (Genius loci) o  dommsb  sbmEo®gdygmo  golgyammdgdo,  Jogsdols
b MgY@O0 S SO Y0 S0 GO0l S@MMJIobgdom swoEabml LmEosgrydo s
392 H YO0 bosdoyy.

bowgobme, @ gagao  39d33000gmdols  gg@mdo ggbll 0jogdl  oligmo
A9M3dobgdom  ™M3gM0Mgds, MMAMA0ESS  LobGM®oygmo  bodoodm  @obodogg@gdo®;

“5@035@gM0o @0 JBgOgmo  39333000gmdsc 53 (369090900l ©@odgg00@9ds,
0530l dbcog, dgbs@ygobo oyg@oyo, agads®gdomo s do@mgols 0bliB®dgbGgdols
‘dgd9doggdol  ombmgl.  @obedogBy®o  dopamds  YbOYbggymgagl 39 @g®geo
399330009md0l  o®s 3o g0 mdogd@gdol, os®edge  obGm@ogmo  ggads@gdomo
LAOYJB 9O, JogosJols >Modo@GgMosmy®o 39 B O Y0 dg9d33000gmdol,
>0 Jod 9B 9O Yeo—bog@omo mdobsb@gdols, d99bgd®ogo > 39 BOYE0
@b doxBgool ghmosh dngosbmdsdo oigols s dgbs®dhybgdsl.

09bglgmL 2011 Ferols »OLBMO0YEO JogosJydo @ 5bedog@gdols
M93mdgbeszool  3Mobi03gboll  LEY@o  Dgbsdsdobmdbdols  3mboGoy®@  dspsomls
Foddmoagbls  3o@0bol olEm@oygmo 3960l godaamgddo Lgbol Lobsdo®mgdols
@930bLA@YJ3os.  30M0bol  Lgbol  Lobsdo®mgdo  ©o  dommsb  goms  dJmgano
obBem@oymo  3964®0 1991 Fgeols  IgBobogro  ofbs  0ybglgml  Abmgeom
49933000 gmdol Losdo.

09 2osgbgosgm  Log@msdm@obm do®omswo  Jognsdgdols @goGobaol smgygals
amamaoagss ICP17, AT Kearneyl8, PwC19, ercer20, EUI21, hHobl, @md yggemsby
Fomdo@gogan  Joenodgdl  aoohbosm  ,,d5L@g@—-3@sbo™.  ©@ms  sbgmo  dopamds
©50bg@ml  bods@mgganmdo  g30mobRga®siool  ©mgydgb@ocool  dmmbmgbgdols

13 5@ JoBgdBu®geo 39333000 9mo0l g30m30L JoMHos.9g30m3ol bodkem, 1975

14 35306y Hmbols Jo®@os. 03mdmbo, 1987

5 09bglgm, 1976§.

16 09b9L3mL 3mbggbizos — s@sdo@g@osgy@o 3@ yagmo d9d3 3000 9mdol s3gol dgbsbgd, 2003 .
¥ 1nnovation Cities Program - This program is designed to give you the data, training and tools turns your ideas into
innovation where you are. www.innovation-cities.com

18 AT. Kearney, Top management consulting firm in strategy, operations, and information technology,
www.atkear ney.com

¥ PwWC - PricewaterhouseCoopers - the world's largest consulting and auditing network. http://www.pwc.com/
2 Mercer University , www.mercer.edu
2 EUI - For European Institute established in 1951 in Saarbriicken, Germany, see Europa-Institut of Saarland
University, for other uses, see European University (disambiguation)
55




1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

Jgbodsdolbo@. 30Mggam  @oado  250M339L, Y Ao Rbesdgb@ Yo  aoblbgsggdes
»IOLAJO-3@obls® s g9bygadsl  dm@ol,  Gmym®  Jgodengds  dgoigogomls
LoJo@mgganml Jogrsdgddo 53 dodo@mymgdom dpymds®gmds s Gs boggmg dmsdgh
sbgm  JoensJddgbgdenmdbomn ©m3ydgb@gdl. ,,d5LBgO—-3@sbo” - gl s@ol M ydgbdo,
Joems ol LE®Ms@gaogeo LogdEomo sagadedgool. sbgmo oy gadgs a®dgegsosbos
> 5J39bB0Mgdgmos  3mbg@gd e Jobbgdls o  odm@Eebgdby. L,dolLFgO—-3@sbols
Amam03  bLAOSAJR0ge0  25bgoms®mgdol  ©my3ndgbGoiosl  swygbli  bgmoliyggegds
9JL390 B gdobs s Jmomsdggdol s@oydo Jmbsfomgmdom.

Omam®3  bggom  og3wbodbgm,  Isbgmol  SbLoddewols  Log®msdm@olie
LEobo®m@gools dglodsdolo oizgol Yb®Ybggerygmezol dobbom o09bglgml Jbmgeom
d9933000gmdol 3mdo@g@ds doowm aowsfyzgBoegds ,,d3bgmol dgdzgo®gmdolis @
A9O0bdol LB gO—-3ensboll  dgddbols globgd, o0l Vgdwgy gobps Lsdo@mggemdo
9L B9@3dobo (3bmdswo. 53 WM3EYIgbRAL Log@msdm@olm mbgby dswogno dgaasligds
3Jmbps,  Fop®sd,  Lod{ybodme dgdengdgero  aobos dobo Voddo@gds,
2obbm® 09 gdol  3ymbom. 30mgd@ol  Logdmsdm@olem Ibs@akgdol dogbgosgsw
Lobgerdfoggm  dmbgamgms  db@owsb, ,,dbgmol  dgdzgo@gmdols s  Fg@obdols
3ob30m5@9d0l IsLE gA-3e0obo®  3obmbol  dognom gg@ o0dbs slGY gdyao. d5dob
amegbsg gl ©myydghdo oms®ydbs  Jodmyge  gbsbg, ol 3bmdbognos  dbmenme
dgbogoygmo  GomEgbmdol 3GMAgLbombogrgdbolmgols s dbgamsw  bgerdols(gomdos
dobo LEOymo gg@lLoo.

bdodo ao0ambgdm, @md 53> g 03 Joaosdl LojodmggermTo goshbos ggb-
298ds,  ob  @s0dg  5dol  basglo  w@m3dghBo, dogbgosgs  0dols  s@OLgdyo
©m39dgbdo  godaolosbos oy s@s.  gg9b-a9ads oGOl Jowgg gOmo  myydgbdo,
Omdgeoi LEOgmose 2oblbgoggdygeos dmgao ogo 139(3080353096000. FoqsEOMS©
ndoemoli'do dmgom  9.(. 39b-a98d> dgdygdogos s dognsdo dggoes 2009 Fgeol. o9
©m37939b@0L  dobos®dlo  3Omgglogmo  [@ggdolomgol  3bmdognos. ogo  dobbow
obobogl o  3mbigbd@omgdygemos  dofol  dgagmodgdol,  aodmygbgdols s
Lbgoslbgs  ™dogddgdol 3dgbgdemmdol  Lobgdodmgm  [glgdbyg, obyy gobobogngds
Amamai  Lodmdbdodgoeem  mgyydgbdo  Jognsddo. o8  Fgdmbgggzedo  ygzgeosby
db0dgbgeomgsbo ol os@ol, ®md (ogombgol dgdogy o3 ©myydgbGom, dgyudangdgaos
0dols o905, 09 AmamE bgsggh Jogsdl dobo s3@mEgdo, dspsmomse smo Fanols
3obdogamdbodo.  Ladogogdmo  mdggh  dggodmosm  bobmm  Gmdgao  goBgam@ools
‘dgbmdo—boggdmds gyoderosm 55dgbmm sdo—my 03 swyom by, Lo @o dgboywggdos
ob  bmbgdo, dog@sd 5@ oMol bomgmo, oy @5HMI 5b @obmgolbss  ygges gl
hodmbomgogno, ob o3 Mg3mdgbeszogdol s bm@Igdols 9356 o dmdsgsaos. doTob
obdgds gombgs @ Lodpgdamdsl Jmyg0dsbl 29b—2923dob 2o@s olgmo @sdsEgdomo
09000 ©M39dgbGo, OmamOESS ,,d5LE O—-3esbo®.

sbgmo ©m39396¢0 989JHYM0s Jbmeme 35Tob, Gmwgbsi ol 0ygbgdl &z50560
ddodmggao, OMdgeoiE  ©oIMIoEgdgm@os s MM0gbGo®Mgdygmos  5dmdMhgggeby.
dnogo®o 2oblbgoggds ,,doLEgO—-3gobls o s@Lgdygm a9bg@omu® 292dgol dm@ols
ol o®ol, Omd Omd ,doLFHgO-3@sbl* ofgl  3mb3g3@ s g®o  byogs—bEMSA 900,
Omdgeoi  a®dgmgoosbos,  39@L3gBogodo  aoblobwgdagl o sdobgoengdls
49@o0mgdols 0dobyg, oy @ 0dbgds Joas]do g@dgangoosh dmdsgom o, Go odewggls
dob dmger Moy 930@53glmdgdl Lbgs @mi39dgb@goologsb goblbgsggdoom.

dogogomobamgols mdoanoliols g9b-29235d mogol @MDY >5O>gHM0 gouygoOMdS
©> gombggdo [o@dmTdgs, sdobmobsgg dobo dowgdol Eowsh gdeg oGS gHomo
Lobhogo®o o aobibowgds dgools mbognolol dg@osTdo. sdol LEsEobEogs Fergdols
2obdogamdbodo  dgrmizo®gdygmos s dobo aoblobwgds o8 g@o3by dgydangdgeros.

56



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

AmamO3 Log@msdm@obm LEs@ob@ogg®o godmaeomgds y30hg9b9dL  @go@obyyan
Lbogddo dgdogogro  Jomsdgdolomgols, ,,dobGgoO—3asoboli® dgdmbgggsdo, 3MgRgbbos ©o
300bggoo xodg@o byymo smsll o swgds@gds (Gmgom, bogom@go, 393060 s bbg.).
sbgmo  aoblbgoggdol dobgbo do®d@ogos: LEHOSE Y00  aobgomsdgdols a5 gO—
3enobo®,  Jobboe  oloboglh  dmJoensdgms  gobbogngsTo  ho@mymmdsl,  Gmymes
JoM0moEo  00ggdol  sdydoggdol 3gMomedo, Sp®gmgg Ydgogme  dgddbols s
Gy goymo ©m33dgb@ol — gobbogrgols 3GM3gLdog.

bganobyygegdsd s d9ds xa9Rds bes hosGodml bmEomemaon®o  33e093o,
doggoeo  dogool  gobboanggdo, godmsdggybml  Iygomgoydo  dgogagdo  3@glsdo.
9BO® 39H0Gs Ju YO00gammds Lobmysmgdoslbmeb ©s dmJoems]ggdmsb 9bws ogml
90493900 ©o m®dbcogo, o3Mgmgg Loko®ms os@s do@OEM  go@GHs@Y@0, >OSIE
gmabosgo s bdodo  gmdygbogoos dmbasbamgmdslmsb. 5@ gO—3gsbols
Jobodbopgdgemo  Lodydomgdobols  dmognsdggdo  begdosh 3s@@bom@dgdo  Jogosdols
J0ogMmodobmsb.  yggens  dmJoensdg  g@dbmdl  dol  hooygmmdsl  mg9dgbdol
d9ddbolols s glidol, GM3 JognsJol dmdsgomo dolbgs @odmogdymo s §dygomm
bLOgeasbmgsbo  dmbsfogrgs  3@mEglgdol.  ,,doLFgO—-3esbol  dgdydoggdolsl,
SA0MmdM030  M30omddoMmggermdol  gzgms  ©g3o®MGodgb@gdo oy Fygdgdo
9JOM3g6056 3Om3g9LJo.

97499090L do@ols 3obygbols dygdemmds bdoMo© 0mobdbggo®os, aobdgmdgdomo ob
9V 0boo@dwgagds gOmdsbgml. mgomggmo s@ga9modgdl mogol Logdosbmdols 3@my-
@535, Jogbgoogs 0dolbs  JoMgageodgdgero  ©m39dgb@goo sOLgdmdgb oy S@o,
9530530 3OO 9dgdoEsb 2odmdwobodyg, yggms domysbo Lommdl 360dgbgenmgsbo
bodox gdo  pooasl, ®oms  dgoddbsls  sbosano  Jyhgdo o  abgdo, obsgoms@mls
doFobdggds oy doFolbbgos 3mIygbogoogdo, doa@sd slgmo 3Oma®sdgdo 9dgdglow
o0  dggbodsdgds  gOmIsbgnl. sSbgmo 3@ma@sdgoo  gobiygmgboaos, @mym@ai  {gbo,
doJlodyd  m@o  boyxgdHol  3ogebg, @ m@0gbBodgdymos  gHoy ghow
3oV g30H0mgdgols 0y gOoxgOse  ©egEdghHgdty, OmIgmog gedm ob gofom
MMbM030 06@G9gAgLgdomss aob3do@mmdgdaeo.

»30 LB gO—3@sbols 036mG0M oo ©S sOJmbs ngog bohobmls bools
ddo@mggenmdol  @goay@  Lobgl, ®o@  Lsdoyxgdem Rasbygol, Jogsdgdols s
39 BO Yo d9dgg000gmdols  aobsa®gdol,  gmeYggEoobs s Lbgs  Lobols
3O0mdagdgdols s (3O ©30095950L  JO@0sbGgmomss  godmbo@yeo. ,,dobEgO—
3e0obo”  odanggs  Lodgomgdols o  ohggbgdl  yggews  Hobmgbosgl, @oi3  dmoge®os
bgenolyygengdsl, @md ogo — ©sJoMsggdygemos WOMgdom, Jog@sd o6 oMol dbmenme
©g350E0d96@gd0ls m9 dos LEOYIH YO0 gOmgym gdols gHmxghoo 30d3egddo,
5M5dg 0o oMol gOmosbo  dggdymo  (396G®0, a@dgergoosbo  3GOMyMsdols s
2o05{9439H0m 90900l 2oblsbm@z0gm gdemem Jpa®owo aobgoms®gdols 3mb@ gl do.

bgdoldog@o ,,d5bEgA-3asbol®, go®ws bgdmm 5®bodbyeo Y3o@sFglmdg-dobs,
aoohbos  gdhmo 3Omdagds - gl sMol, ¢od@mdMoge, dobo a@ddgengoosbmds. M3
dggbods  39b-29335L,  0go  boGGEogmegds  momddol  dgydhbgggeme,  bmyogdmo
dobdBody®o, 3gdm gOm30MmMgbygao aosygg@omgdgdobs. 29b-393d> odanggs Lodey-
s gools ogobsbmm ,,d5LEgO-3esbol™ 3bmg®gdsdo @gomobgbols mobomsbmbomo
bodoxgdo ©s dobo 3@o@Gg®oydgdos:

o) golgyemmdbdomo - bgdolidogdo  bgdmJdgwgds  obm@oygm  Jogmsby o
9AOobYE  Ag@oRm@osby  bws  ofs@Imgdbmegl  domesdo  3s@ogolzgdom @
doGgMoo@yg®o S 5M5d5GgMos@ @0 oLy mdgdols db0dgbgamdols
aomgogolfobgbdom.

57



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

d) bo@osgy@do - mommgyamo hodggs obGm@oyge Joensddo dods@myeo 9bos
0d69L saoEmd@ogo dmbobergmdols 3bmg@dgdol bodolboli s ao®gdml goydxmdg-
Lgdolsggb.

3) bo®olbmbd@ogo - dbeame ©ob303@obomsdm@ols doeamdgdby
©5x3dbgdoygamo  POISbymo  gobgoms@gdols  ggbg@ocmy@o  2g9adol  s@Lgdmbols
300mb9ddos dgbodengdgeno.

(3380 gbgdols 39d3300@Mgmbdols o330, bmEosmy®o ©s gamEmaoy®o 3o -
3960l 2o99dxmdgligdol M0 gAHm sdsEsblgdbym dJobbgboljgbh dods@mgs;

00090 obBM@og@o Bgao@dm@ools  ©s dobo ao®gdmigol, Gmam®a  gOomo
dongamols aobboangs, gl go 0dogbsss 360dgbganmgsbo, @sdgbswsz Mommgyeols
Fobolbfmamds  ©o gobloggm®gdagao  babosmo dolbo  dgdopagbgero  gangdgb@gdols
Lobmgbbgs sIm owgdyeno.

Q0bsblyy@o s Fobgoy®o sdsdbyammdolsl - Jogrsdo gymggmmgol Loko®mgdl
0639LBH0G0goLs s SR Gdom 3o30@ol. sligm WML bsdwgomo 0bgglGHm@obsmgols
ymggeongol  360dgbgermgsbos, @OmI  as0aml, @mam@  Jognsdo  @osdsbws,  ®o
AIO0HMA0gdo  aobgomsMEgds,  @mdgano  bygOmgdo?  odL o 0bggLBomgods
Lodmdsgenme? m9 0b3gbm®o, bmaogdm dgdmbgggsdo o6 osOol we®{Iybgdyamo,
306309890 3Oma@sdol bgogsdo ob aobgomemgdols 3g@L3gd@ogodo slgm O™
»30LGgO—3@sbo® dgodangds 0gmlb dobomgols 3GMaMsdol aobgomsmgdols ao@ab@o.

obBm@oyge  Joansdgddo  3gemomgdgdo  ©@oxydbgdbymo  bps oyml  dybgddogo
Agly@Lgdol  goboyy@gdol  mogosb  soawgdsls o d9bgdMogo  doansbliols
35¢0g0L3995byg. g0 gdgdo  Asdmygbgdbyer  ybws 0dbgl olGm@oyge  Jogs]gddo
930 MA09M0  30MmMdgdol  LOyamymaol, dF3obg  Logdggdol  gogdgmgdols  ©s
bgerdolio{gemdmdbols b0y sioolsmgol; >bgg9s bd9bgdM3g gLy Lgdby
bmdogosbygao bgfmamols mogowsb sEoagdobsmgols.

S) YOMogAm3ogdo®o - bsodmdol  Mg3mdgbsiool  dobgogomn (dgbeoo 3.
»0MMYo  obEMGoYmo  GgAodmaos s dobo ao®gdmizgs gbws gobobogrgbmwgls
JOOMI@0g50, OMaM@A 3 gOm0 Jngao. momnmggeol Fmbsl{m®mds ©s asblsiym@g-
990 bolosmo ©sdmgogdyaos dobo dgdopa gbgero gangdgbBgdol Lobmgbby.

d) bgenoligga gds - 9996900 domgo omgoeol{obgdls 43980
5063 90glgd o Ibsdoll Bo@mm Jo@mdmboyemo YOMogOmJdgogdols m@ysbobgodsl:
bganolyygengdols >Mhgg30mo @y5bmgdols, dgboodsgy@o Lodboby@gdols,
Lobgandfogm o glgdygemgdgdol, gdl3g@adgool, 3Omygbogmo  m@ysbobszogdols,
960390L0GgBHJo0l, Jogbmg@gdbangdol s 5.9. gl aoblogymdgdom 360dgbganmgsbos
5330l s  obGm@oygmo  Jogsdgbol  swwygbols s Bpa®owo  gobgomemgdols
ngog sb@olom.

300303900  0bsdgombdols 30Mgdols  3o@Esdodo hodmgs ,,dsl@gO—3e0sbTo
0denggs  bodgoggdsls sbgmds Qogyy®dsd 3m@o@ogg@se  o034o@ml  msgobo  0doxo
doJogmsdggdol mgogndo, dobo LEosAYLo o swyomo  Lodmdsgame  Jogsddo. gL
>0l gOm-9Omo  dmogo®o  mogolgdyg®gds  ,d0LEgO-3gsbol,  3mero@ozy®o
dobgemggdolomgol. ,,d5LFgO-3@sbo™  o@  o@ol  JognsJol  dg@ols o6  @mIganody
bgerddmgobgero 3o@ol oboios@ogom dgddboero ©m39dgb@o, olobo dolo dgl@E g gdols
9b@9bggeymxzols 2oMobGHgoo 5@05b. 53mIMhgggeolomgols dsgosh dbo'dgbgamgabos,
amd  ao0amb, oy  @s  Jmdsgogmo  gdbgds Aol o3 3m@o@ogmlbgomsb s
ddomgga gdmsb gOmsw.

@oEgAo  Jogmsdgdo,  OmImgdoi  Log@msdm@olem  Lo®go@dobam  LolEgdol
sbgygados, @@ boggbydosbo LEHOYIHYOS ogm. bgws ©mbyby s@LgdMdl Log@iob
3ob30m5@9b0l LA®oGgy0s o  Jogmsdol ,,dobGgo—3ensbo®, @mam@E ghmo dJmgano

58



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

©m39dgb@o, bmenm dgmag Loggby®dbg [omdmwagboaos: Jofombodygdammdol, diomy

A9O0HMM0gdbg Lobydggamo 2obsdgbosbgdols s ULbg. Lobol ©mgydgbdgdo. bdodsw

od M@ Loggby®dl dm@ol s@ol ggbols Lobom d3zomg LJgdgdo, GmAggdoi gogangbsls

obgbl  A@ASBLIM@EOL  gobgomemgdols s Loobgobdm  0bg@sl®yJB ok,
d9bgd®0g30 s bgamgby®do @sbdogBol Lggdmgdbdo — gl Lgds, sesd@omgdyeo

Loboo, ‘dgodangds  2odmygbgdye  o0dbsl  LoJodmggerml  bgdoldogm @obsbengdyen

3963 do. dospomomsw  3mbligdgsool agads, gl 293> 9bps gRu9dbgdbmegl Jmgaro

Joemsdol  ¢@dobygmo  aobgoms®gdols  3mbignEoslt, sdsbmobsgg, bws  dgoiegrgl

SO Jgm@myoy®@, obm@oygm ©s LmEomemyoyd-39@mEgdge  golgyammdgdl, @o@3

mog0l db@og 9bes 0dzgl obEm@oygmo  JogsJol woigols  wo ‘dgbodhybgdols

30ma@sdoe,  doMmgol  2gadslmob  dgmobbdgdom s dgdamdo  dywdogo
dobo@dm@obgom.  3mblig@gsiools 398353 gbws  oblobmgdml  bgdolidogdo

(3o gdgdols  30Mmdgdo, [glgdo, Jobbgdo ©o Ygogagdo. dobdo goblobwgdygao

9bs oyml Gmdgmo dgbmdgdo s bLogdggdo gbps dgbo@dhybegl.. mommgyao

homggol ‘dgdmbgggodo o330l 2983dsd 9bws Jmoigel, Gmym@ 3 do@g@osmyg@o sliggg

S5M5doBgMosg o  gangdgbBgoo, 0dobsmgol, Gmd Jgbsdhybgdyemo 0dbgl spoeols

0gb@YOMds.  Slgm  dgdmbgggedo  a394bgds  a@dgangoosbo  LE®sGgy0s, SxMgmgy

A9O0HMA0gd0ll  aobgoms@gdol gBomy@do  29adgbo o gbogno  3g@omols

aobdoganmdado.  Jognodgdl  syoegdmse  gbes  dJmbegl  Logyms®o  ds®mgols

0bLBOYIFbR0, Goms Mmogo Wog0b@gomm o BsBmdymo my Lbgs dbpsglo Labol
oob@gboliogsb.
ROBIOIBIDS
L. bgBomo o3a9LH0bY L@gmol Joensdols dglobgd™
2. 17th General Assembly of States Parties; UNESCO Paris. 23 October - 28 October 2009
. Resolutions & Recommendations . Records of the General Conference Seventeenth
Session Paris, 17 October to 21 November 1972.

Convention for the Protection of the Architectural Heritage of Europe. Granada, 3.X.1985

28th session of the Committee, Suzhou, China, 28 June - 7 July 2004.

29th session of the Committee. Durban, South Africa, 10 July - 17 July 2005.

QO5bhglgm dobs®obo — 0gbgligml bmyaom 3gdzgo@gmdols 396@®0L woMg]@mao,

0969L3mL Ggaombymo 3mbygdgbios. bsbid—-39@gmdycyo. 29.01-2.02. 2007 §.

European Charter of the Architectural Heritage — 1975. Adopted by the Council of Europe,

October 1975.

9. CHARTER FOR THE CONSERVATION OF HISTORIC TOWNS AND URBAN AREAS.
WASHINGTON CHARTER 1987, Adopted by ICOMOS General Assembly in Washington,
DC, October 1987.

10. Convention for the Safeguarding of the Intangible Cultural Heritage 2003. Paris, 17 October
2003.

11. Innovation Cities Program - This program is designed to give you the data, training and
tools turns your ideas into innovation where you are. www.innovation-cities.com

12. A.T. Kearney, Top management consulting firm in strategy, operations, and
information technology, www.atkearney.com

13. PwC - PricewaterhouseCoopers - the world's largest consulting and auditing network.
http://www.pwc.com/

14. Mercer University , www.mercer.edu

15. EUI - For European Institute established in 1951 in Saarbriicken, Germany, see Europa-
Institut of Saarland University, for other uses, see European University (disambiguation)

Nooas

o

59



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

NOCTPOEHUE ®YHKUWN BIVAHNA TPUHA OJTA
MNPAMOYT OJ1IbHOU MNMNTACTUHbI, LLAPHVPHO OIMNEPTOWM MO
KOHTYPY

Ukownpse P.B, CtenHaase .B.
(Mpy3MHCKNIA TeXHUYeCKn yHnuBepeuTeT, yn. M.KoctaBa 77, 0175, Tounucuy,
Mpy3us)

Pestome:B paboTe paccmaTpuBaeTCs NPAMOYronbHas nnacTuHa (puc. 1), kak OCHOBHas
cucTemMa Ana pacyeTa MMT CAOXKHOIO O4YepTaHus B MiaHe MEeTOAOM pacLuMpeHus
3afaHHoi cucTembl [1]. [nsi OCHOBHOW CUCTEMbI CTPOMTCA (DYHKUMA BIMAHMA puHa ¢
MCMONb30BaHMEM 3HepreTudeckoro MeToaa PuTua [2]. Mpu cocTaBneHnn BbipadKeHus
MOMHOW 3Heprun, NoTeHUuuabHasa 3aHeprus geopMauuy (MOTeEHUMAN BHYTPEHHUX Cun)
BbIYMCAAETCA KaK N0 M306pa>KeHNo NPUHATOMY B KNacCM4eckoin Teopun ynpyrocTu [2],
Tak W MoanuumpoBaHHOMY un306pa>keHuto[3],[4]. Mpumep nokasan, 4YTO Me>XKAy
MoNyYeHHbIMU pe3yNbTaTamMu 3HaUYNTe/bHbIE Pasnyuns.
KnoueBble  cnosa:  OCHOBHasi,  paclMpeHus  CUCTeMbl,  (PyHKUms  TpuHa,
mMoanduumpoBaHHas opmyna.
1. BBEAEHVE

Kak 13BeCTHO pacyeT MAUT 1 060M0YEK CMOXKHOIO OYepTaHMst B MiaHe Nof NPOM3BO/bHON
MOMepPeYHONn Harpyskor Mpu NObIX FPaHUYHbLIX YCMOBUAX MPEACTaBNseT CO60iM A0CTAaTOYHO
CNOXHYHO 3afla4y M 4acTo peLleHne eé HeBO3MOXXHO.

rlpe,D,CTaBJ'IEHHaFI pa60Ta ABMAEeTCA 4YaCTblO MHOXKECTBa pa60T, LeNbo KOTOPbIX ABAAETCA
NOJTHOUEHHOCTb PacyYe€THbIX CXEM YKa3aHHbIX MJINT, Bbl60p MeTOoAa peLwleHnsa, coBepLLleHCTBOBaHNE
N YTOYHEHWE pacyeTa, OCHOBbIBAACb Ha Hay4HbIE TPYAbI.

2. OCHOBHAA YACTb
PeLleHmMe 3aa4n C y4eTOM BblLLIEYKa3aHHbIX YCN0BWIA NPOBEAEHO B ABYX BaphaHTax.
PaccMOTpeH M3rnbé npsMoyrofibHoOW OAHOPOAHOM M M30TPOMHOW NAWTLI, LWAPHMPHO ONEepTol No
KOHTYPY M Harpy>XeHHOI COCPeA0TOUEHHOM CUMOI B TOUKE C KOOPAMHATaMM X=Xo U Y=Yo (puc .1)

[

BblipaxxeHne yHKLUM Npornbos Bbi6GMpaeM B BUAE paja

w
i i L oTnx | Ty » =
w(x,y) = Wrpp i ——sin—= = i Priin =

m=1 n=1 m=1 n=1

= W11P11 + W12@P12 + W219P21 + W02 + (1)
rae QYHKUMN @, YAOBNETBOPSET FPaHNYHbIM YCIOBUSAM LLAPHUPHOTOONMPAHNS N/UTI.
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T

Ana wapHupHo OI'IGpTOVI MO KOHTYPY NNaCTUHKN NMEEM CriegyroLmne rpaHn4Hble YCNoBUA:
upp x=0u x=a

_ 4w 4w (a)
J0JIHHO OBITBb w = O KM T z"""'a} = {
n
upny =0u y=Db
- Olw (b)
A0JIHHO OBITB w = O 1 6’ — t vW =0

Yo6eammcs, uto pag (1) yaoBNeTBOPSET 3TUM YCNOBUAM. [eiiCTBUTENbHO, HA FPaHW MIaCTUHKMX MpK

x=0
mix

sin =sin0=0
W, CnefoBaTenbHO, MPorné w (0,y) = 0. HarpaHn x = a
. mnux ]
sin = sinmm = (),

a
a 3HauMT M Npormé w (a,y) = 0. TOYHO Tak e obpaLlalTcs B HyNb MPOrMbbl Ha rpaHax y = 0
N y=b. Takum 06pa3om, rpaHn4Hble ycnosus (a) v (b) 4ns nporn6os BbINOMHAKOTCS.
BTopble npon3BoaHbIE (byHKLl,I/II/I npornéos

m,;.-, _ormx | y
2 2 w. — sin sin
TILTE
a b

d%w . (';: T ) _ T My
5= — 2 2 w —) sin sin -

mn
dy? b (73 b

T TL
B 3T1 Npon3BoHbIe BXOAST CUHYChI TEX YKe apryMEHTOB, UTO 1 B (hyHKLMIO nporm6os (1)

62

62
lMo3ToMy BTOpPble MPOM3BOAHbIE NPOrM60oB 6—; M 5

naacTMHKN Npn x =0, x =a, y = 0, y = b.CnegosaTenbHO rpaHu4Hble ycnosus (a) v (b) ans
M3rnbatoLLMX 3/1EMEHTOB TOXE BbINOHAKOTCS.
B 3aBucumocTn OT 4neHoB psaga (1) peweHne MOXeT ObITb MOSly4eHO C OOOW CTeneHbto
TOYHOCTW.
MOCTOSAHHbIE NapameTpbl wmy, BbIOUPAKOT U3 YCN0BUIA, YTOObI (DYHKUMNA @y MO BO3MOXHOCTU
TOYHee MpeACTaBAsAna WCKOMYHD (YHKUMIO w (x,y). W3 pasnnyHbiX MeTOAO0B OTbICKaHUSA
MOCTOSIHHbIX NapaMeTPOB MNPMMEHUM MeTOA Putua.
MogcunTaeM MOMHYH NOTEHLMANbHYIO SHEPTUHO CUCTEMbI
3=U+1I; (2)
BapnaHT A
MoTeHuuaIbHasa aHeprus geopmannm (NoTeHUMan BHYTPEHHWUX CU) MANTLI

06paLLlatoTCsl B HY/b Ha BCEX FpaHsX

:_ﬂ' [af ] dxdy (3)
C yyetom (1):

F

(1), (3)—=u :_,U (—n Z Z‘ WRijih ((rn) J )M“.rn.:x,bi“n:}) dx dy =

=1 T—=
P4

w2 - e u. e rLH;\’
S (2 2 e () + () ) sin et i) vy
“ Sy m=1 =1

Bo3BefeHue B KBaapaT [BOMHOI0 psifa, PaBHOCUIbHO NEPEMHOXEHMIO BYX MHOIOU/IEHOB, e
KabKAbIV YNeH NepBoro psaa yMHOXAETCS Ha KaXAblil YUneH BTOPOro psga. Ytobbl OTAMYMTDL YieHa
O[IHOTO psfa OT Y/IEHOB APYroro psaaa, B OA4HOM U3 HUX MHAEKChI M U N 3aMEHMM COOTBETCTBEHHO
Ha kwul.
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Torpa BbipakeHue (4) cBefetcs K cneAerLu,elvly pasy:

w=u =[] (3 3] (Y G))ee
(202 () + () )sin' st ainy Jaxay -
[DIDIDIP I (St n«ﬁ@?

1=1

L | NIy
H1Il -
a b

wiD
2

7
ommx _ nmy | knx _ Irry
- sin sin sin dxdy =

a b a b

S IPIP I P (€0 ()

m=1 u 1 k=1

+(5) )

173

T Tnax | knrr Ty Ty
J sin sin J sin bl[ley (5)
L] L]
WHTerpansl Bxoaswiue B (5).
Ju' LoTnx knxd {: U|an m = k} Ju .rruu _ua 6
sin— —sin——dx 20| mpman =" x=z (6)
i) i)
AHaNOrMYHO NEPBOMY:
B B
- omny lmy {: U|HpH n* I}_ n:uy b
me b M &y =0lopu n= 1)’ 2 )
) )
C yyetom (6) u (7) Haxo4nMm:
;L4Dab m. 2 iy 2\ 2
©.0.0=0 105 S ot () ()
m=1 i
ER?
V=rma—u
I ne 12 (1 -v9)

-UMNIMHAPUYECKas XECTKOCTb NIaCTUHbI, E-Moaynb ynpyroctu, h-TonwmHa nnacTuHbl, v-
03(h(hmumeHT MyaccoHa.
SHepruo BHELWHMX cun (MOTeHUMaN BHELLUHMX CU/1) MOACUHUTaEM Mo opmye:
M=P = wy, 9)
rAe P COCPEAOTOUEHHas Cu/a, MPUIOXKEHHAs B TOUKe NNACTUHbI (Xo, Yo); wp, — NPOTMG NOA CUOVA
[+
(D, =T =—-P+w(0y0) =—P ) ) wpysin"—sin" 2 (10)
m=1 n=1

Moactasnsem (8) u (10) B (2) nonyyaem:
(8),(10)=3=U+0=

u“i)abz‘ Z‘ ((m.) ) PZ‘ Z‘ . TiLXg | TULYg
75 LI — Wmp Sil———sin—p— =

m=1 n= m=1 mn=

* (n*Dab m . Taxg | THLYp
:Z‘ Z (Tw%m ((E) +(E)) — Pwpg,sin — ; (11)

m=1 n=1

3BeCTeH MpUHUMMN MUHUMYMa MOTEHUMASIbHON 3HEPTUN: M3 BCEX MbIC/IUMbLIX U HEMbIC/TUMbIX
nepemeLLeHNin  ynpyroro Tefa MepeMeLLeHns, YA0BMETBOPSIOWME  YC/IOBUAM  YCTOWYMBOIO
paBHOBECUS, COOOLLAIOT  MOTEHUMaIbHOW  3HEPrum  CUCTEMbl  MUHUMaIbHOE  3HaYeHMe.
CnepfoBatefnibHO, KO3huLmeHTbl paga (11) Hy>XHO BblbMpaTb Tak, YTO6bl MOTeHLMaIbHast S3HepPrus
CUCTEMbI MMeNa MUHUMYM. Ha OCHOBaHMM 3TOr0 NPUHLMNA AO/MKHbI BbINONHATLCA YCOBUS:
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B _, (12)
0Wmn - .
w*Dab | Ty < A L TrLLXg . TULVgG
—5 2wmn ((g) iR (E) ) — Psin " sin b 0
4P sin 7220 iy, IR0
Wmn = “ z (13)

wwan () + (2)°)

Moactasum (13) B (1) nony4yaem

w(x,yJ
. TILX TLILY,
Z‘ Z 5111 Osin bjo LoTnLx | Ty 14
u“Dab . ((m) (n)) sin——sin— (14)
m=
Mmp=1
aH.P=1= w(%’ y)
. T xo LYy
Z‘ Z‘ sin U=y _ mmx Ty 15
u“i)ab 7 sin— —sin— (15)

= ((m) (”') )

Mony4yaem thopmyny Ans onpeaeneHns Npormoéa B TOUKe ¢ KoopamHaTamm (X, y) OT eAUHUYHON
CWNbI, NPUNOXEHHOW B TOUKE C KoopAnHaTamu (Xo, Yo), T.€.:
Mporn6 nanThl B 00LLEM BUe ONpeaenseTcs PyHKUMen

w(x,y) =K (x,y; xo¥o) - (16)

BapnaHT B

PaccMOTpUM TaKyld >Xe 3agadvy. PewmM ee TakuM Xe MeTOAOM, TakoW e
noCneaoBaTe/lbHOCTbI0, HO C TOM pPasHULLER, YTO NOTEHUMAIbHYHO SHEPTUO Mbl OYAeM BbIUUCIATD
He no dopmyne (3), a N0 MOAUPULMPOBAHHOMY N306paXkeHNt0 [3].

B pabote [3]paccmartpuBaeTcs 0606LLEHHbIA 3aKOH yka M MONy4YeHHOe Ha ero OCHOBe
BbIpaXXeHWe Yrpyroro noteHuuana. lNMokasaHo, YTO PaBEHCTBO KOIPPULMEHTOB, BXOAALLMX B 3aKOH
'yKa, CMUMMETPUYHBLIX OTHOCUTE/IbHO [N1aBHOW AnaroHany TEH30POB HaNpsHXKeHUA 1 gedopmauui,
[JOCTUraeTcs  WMCKYCCTBEHHbIM  [OMYLIEHNEM  HECOOTBETCTBUIA  MeXAY HanpsHKeHUAMU U
fedopmaumamn. B pesynbtaTe 3TOM0 W BbIP@XEHWE YMNPYroro noTeHUmMana Mnosy4vaercs
HEKOPPEKTHbIM. [18 cnyyas o6Lieli aHM30TPONMMKU paccMaTprBaeMoro ynpyroro tefa B paboTte
onpesenseTca peasibHbIi PU3NYECKUIA CMbICNT YNEHOB BbIPaXXEHWS 0606LLEeHHOro 3akoHa yka v
Yrpyroro noteHumana v nosy4aeTcs COOTBETCTBYHOLLLEE KOPPEKTHOE  BbIpaXKeHue.

D= ¢ % w,, \* 3%, \° 4G (9% w,,\*
_ Lk i il i s
T2 J J (( ) ( ady? ) + E (axay) )dxd}’ 17)
v o _
. ER°
D= ——:

Ine 12
G —Mmoaynb cagura  BHocs (1) B (17) nonyqaelvl

(1),(17)=Uu = > Z‘ Z‘ J j ( — e ('n:t)z Siu'rr:,:x siun:y)z

m= lulu

nim mMirx nmy 4G mn mimx nmwyy2
+(—ou,,.m (—) sin a sin }) + —(mmnﬂrz—cos COS—y) )dxdy:

b b E ab a b

ua b
_ D™t Z‘ Z‘ - (((m.) ( )J J(Slurruz,t blun.n. ) gy +
0 o

=1 n=
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ua b
4G [ [ ,n TrLiL: Ty <
+ TJ J (ab cus%cus by) dxdy) (18)
U v
C yyetom (5; 6; 7)B (18)

(5),(6),(7),(18)=_ .
S S e () QY 2 () @)

SHepruo BHELLUHMX CU/1 (no}eHLiman BHELLHUX cvm) nogcuntaem no gpopmyne (10).
Moactasnsem (10) n (19) B (2) nonyyaem:

(2), (10) (19)=3:U+H:

33 (e (@ )

m=1 mn=

mix niw
— Pwy,p Sin a %sin bJ’o); (20)
Ha ocHoBaHWUK npuHUunna MMHUMyMa I'IOTGHLWI&IIbHOVI SHEpPrmm Ao/HKHbI BbIMOMHATLCA YCT0BUA:
a3
=0 (21)
0wmn ;
D ab T 2 T < Trer TILXy | TULYp
—g 2wy (((E) iR (E) ) ( )( )— £ sin " sin h = 0
4P sinmzxo sinmllg0
mn = m2  m\2\° 2G mn\?2 (22)
(& +(g)) r2 (3 -1) (%))
MoacTasum (22) B (1) nony4yaem , o
] n i “}L"maillI”(le:siu‘lz'} N
w(x,y) = u“'b"‘abl 24 (23)

SiLn- "
K
(m 5 i Atr )(TJ“]‘T)
TR=1 TE=1
ahb
i rr'u,x . TUILYg . TILLX . TUIL
0 5in Yo sir sin y

[73 b [73
(23),(F =D = wlxy) = D abZ 24 m 2\ 2 mn =8
m=1 n=1 (( ) (E) ) + 2 1)(
Monyyaem hopmyny Ans onpefeneHns Npormoéa B TOUKe ¢ KoopAMHaTaMm (x, y) oT e,u,MHMquM
CWUMbI, NPUNOXEHHON B TOUKe C KoopanHaTaMm (Xo, Yo), T.€.:

Mmp=1

Mporn6 nanThbl B 06LLEM BUAe ONpesenseTcs PyHKUMen
w(x,y) =K (x,y; xo¥o) (25)

Ecnn koopguHathl (X, Y) TOUKW, B KOTOPOM PasbICKMBAETCA MPOrmo, cumMtatb MOCTOSHHLIMUA Y
N3MEHSTb TO/IbKO MOSIOXKEHWE eAMHNYHON cunbl (Xo, Yo), TO (DYHKUMA K, paccmaTtprBaemas Tenepb
Kak PYyHKUMSA nepemMeHHbIX (Xo, Yo), OYAET BblpaXaTb 3aBUCMMOCTb Npornbda w(x,y) oT KoopAuHaT
(X0, Yo) TOUKM NPUNOXEHNA CUibl P = 1. PYHKUMA K (x, yv; xoV,) Ha3blBaeTCcA DyHKUMeER MpuHa, a
ee rpamyeckoe nNpeLcTaB/ieHVe MOBEPXHOCTLIO BAMSHNUSA NPOrmba nNanThl B TOUKE C KOOPAMHATaMM
*, y).
MoBEPXHOCTb BAMAHMS Nporuba MAWMTbl B TOYKe C KoopAauHaTamu (X, Y) NpefcTasnser coboi
N30rHYTYIO NOBEPXHOCTb pacCMaTpuUBaeMor NANTbI NpY AeNCTBUN eAUHUYHOM CUMbI B 3TOI TOUKE.

C wncnonb3oBaHveM opmyn (15) n (24) ¢ Uenblo CpaBHEHUS Pe3y/bTaToOB PacCMOTPEHbI
CNefyroLLe YNCNoBbIE NPUMepbI

a=b x=x=3%y=y= g v=03, G=8-10*Mma, E = 2.1- 10°Mna(26)
OrpaHNuMCs OAHVMM YnieHaMu PAoB
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Z

(15), (26) = w(x,y) = 0,52 - 10—4‘HfT ; (27)
2z
(24), (26) = w(x,y) = 0,65 - 10—4HffT . (28)

3. BAKJTKOHEHNE

C UCMONb30BaHMEM 3HEPreTMYeckoro MeTofga PuTUa MOCTPOEHbl ABE OT/AWMYHbIE ApYr OT
apyra yHKuum FpuHa 41s NpsMOYrofibHOM MAMTbI, LWAPHUPHO OMepToli No KOHTYpY. B ogHOM
Crydyae noTeHUManbHas 3Heprus AedopMauum NNacTWHbl MOACYMTaHA C  MCMO/Mb30BaHWEM
CyllecTBytoleli  (hOpPMynbl  KNAcCUYECKOM Teopuy  ympyrocTW, BO BTOPOM C/lyyae C
CMOMb30BaHNEM MOAMMULIMPOBAHHOM (hopMynbl. B 3agadax, Nofo6HbIX pacCMOTPEHHON 3aaade
MPUMeHEHNEe BbILLEYNOMAHYTOM (hOpMYy/bl MPOUCXOAUT BrepBble. PacCMOTPEHHBbIV  YMCNOBOIA
NpUMep Nokasas, YTo MeXay NonyyYeHHbIMU Pe3ybTaTaMy 3HaUUTe bHbIE Pa3nIK.
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306LA®YJ3090bg, GMAgerdoi 9339 g0l AmamAE3 sy3omgdgeo hodmgols Jdgogds
Lbod®mgddm  ©mggdgbBoicosdo  dmbo@mmobaol  doGomswo  dpamdsdgmdols s
Lo5ddgbgdem 3mblEMYJ30gd0bs, Gmym® i 39d9bgdermdols olig gJlderys@oiool AmL.

dobodm@obgols  LolEgds  ygbwgds dgbmdgdols o  bopygdmdgdols
30b6LAOYJ300by o0y 053300039501 (LEsGog9®o, Lgoldy@o, Jodol)
3MbGOm@obomngoll s ®mob PYAMoggh gosdfmwgdol  3@gdg@l  (Hgd3gOs@g®ols,
©gg8M@Is300l, Aomybgol, wob®ol, @bggol,  ohomgdol, @Ggbosbmdbols, sm@mbools).
poodfmegdo  dmgm O™ 30gOgmo  bobom  0bGg®ggolols  dgdggmdom
2ooli(39996 0bxgm@doz00L  JMA30yEgal.  3md3oyHg®o, Gmdgaoi  dmbo@m@obyols
LoliBgdol (3960 smy®o bofoaos  25dmoygbgds  2obmdggdol  3b0dgbgermdgdols
sbogobolbmgols Loddgbgdem  3mblEMyJiogdol g gdgb@gddo 5bosbgdols
5200l 2odmodgoMaggdols s oy gbolomgols.

dmbo@Bm@obgols  LobBgdsd  gbps  0379doml  aobylyggderog  boby@derogo
39M0m©ols 3obdsgermdsdo @sdmwgbody mgosb @sdmgbody Fansdwyg. do@md ya@™
bdodoe  obdo®gds bogodgerm  ©o  9gem  bogagbo  glowgbm  aoesdgdo
dmbo@Bm@obgols Lol gdgdo.
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aoblbgoggbom  dgbmdols  ggadoy@o  omgsmog@gdols,  dglidym gdymo
b3gioseoliGgdol dogd (gmofsdo maxg®, Inbo@m@obyol Lol@gds ULadyomgdsl
0denggs  ho@odwgl  0blB®YdgbH o  JMbE@mao 99390 00-dm3gdygmo Mmool
063 9O gomom, OO 3 ddgbgdamdols OAOML sbggg dolo ‘dgdegmdo
9JL3@ @300l AML  dgbmdgdls s bopgdmdgddo.

d9©93900L  Sbogrobo  bm@Eogmegds  bbgowslbgs  dgmm@gbom, sbsbmdo
dmbo3gdgdols dobggom.  LogHom dgdmbgggsdo  dmbszgdgdols 3e0obogo o300
dgodgrgds  3mblbEAAYJgool  dmiggol  bsbosmol  g@o@g@ogdon. oy  gogslgdm
30bLAO ]300l LEs@ogymo o@godmgols wdml (3gpdogo, dmgeggsmosbo, mmgaols),
do'dob  sbgo®odols, ©gBM®@ds3o0l, dodgol s  Lbge 3obmdgols  dmbozgdgdols
539 doggboll  @OmML  godmoygbgds  LEs@ogol  dgmmegdo. oy asobobogangds
30bLA®YJ3o0l  ©obsdogy@o  IYTomds  (Bogo@0mo©,05E300MgS Jodolasb 56
®9d603900 JmFymdogrodoliasb) 35dob godmoygbgds wobsdogyg®o dgmmogdo.

0obobdo@ [3l-obs dgbmdgdols s bopggomdgdols gJldaas@sios gmblE@ydiools
5350090 damdo®gmdoll @AM, a@9bEol Logydggeols homgmom, oG ©s0dggds. od
‘dgdmbgggodo  gogmodgds Loddgbgdemm  3mblEMYJ30go0l s  Bubesdgb@ols
dmbo@dm@obgyols syiEoegdgero @gg0do.

3. RdLJ36S

3350930l ‘dg g0 o 0bs, ®ma SY(0E g GE0S dmbo@dm@obgols
o53B™IsBobodgdgao  LobEgdol  dgdydoggds  Loddgbgdberm  3mblE®YJ3Eogdols
damds®gmbol  gJldg@m0dgbdya-mgm@oygmo  sbogrobol  Logydggeby  bos@ydyeno
30b6LA®YJ30900L s dobo sbgdagolsl ddgbgdbermdbols @AO™ML  ob dgbmdgdol o
boggdmdgdols 9JL3@go@ o000 30m3gLbols OO Log@mnbmgdols
9bOYbggeymzolmgol.

smbodyganols dolow(ggom 9bps dgbdymegl dgdwgao sdmEebgdo:

30bLEA®YJ300l  sdodym-gnm®do@gdygmo  dEymds®gmdol  dmbo@Gm@obyols
LobEgdgools  3@odoggeo sbogrobo bsdsdygmm s gabmydo 3Gs]E0g0©sb;

A9dbogg®o s  3Oma@sdyamo  3md3egJlols  dgdyndoggds  Loddgbgdenm
30b6LA®YJ30900L  ©obsdogy®o  doboboomgdengdol  goblobwg@obomgol (Lsgygmeo
@bggol Lobdodyg, Abggol Bm@ds, dJoanggzol 3M9R03096¢0);

Loddgbgdem  3mbLEA®YJ3E0gd0l  ©obsdogy®o  dJmbo@dm@obyols  3md3engJlydo
B9dbm@maools  dgdydoggds, Gmdgaemoi  dgoEegl  0bgm@dszoygmo  dmpgeodgdols
A9dbm@myosl, Loldym gangdgbdms dgmmwols (bg)  Imegemodgdbol @gdbmamyosls
> Mmgm@0gmo s Logldg®odgb@m dmwsmy®o sbsgobols Ggdbmenmyosl.

ROBIOOBIDS

1. Andersen, P. Moda Estimation of Civil Structures Subject to Ambient and Harmonic
Excitation [Text] / P. Andersen, R. Brincker, C. Ventura, R. Cantieni // Proccedings of the
26th International Modal Analysis Conference (IMAC), 2008. Orlando, Florida— 8p;

2. TOCT P 53778-2010, 3paHuns n coopyxeHus. lMpasuna o6cnefoBaHNS U MOHUTOPUHra
TEXHMYECKOro cocTosHuA. — M.: CtaHgapTuHpopm, 2010 — 90 c;

3. TOCT P 22.1.12-2005, bBe3onacHOCTb B 4pe3BblyaliHbIX cUTyauusax. CTPyKTyprUpoBaHHas
cucTeMa MOHUTOPUHIA W YNPaBNeHUA WHXEHEPHLIMU CUCTEMAaMU 3[aHUIA U COOPYXKEHWIA.
O6wwme TpeboBaHua — M.: UMK "M3gatenscTBo cTaHgapTos™, 2005 — 26 cr.
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LOVOMAM (M) 3363X3I6BHT0  LOVOSGIM() BI6GIBOOL
059(™MdI6IdS

o Ygdgesdgomo b. 3935@Sdg
(LoJstmggeoml @gdbogymdo 9bogg@dlLodgdo, 3. golsgst 77, 0175 mdogolio

LaJo®mggene.)

@9b029d9: LBoGosdo gobboeryanos  bofo@dmem  qsbmmgdol  gGormdaromdsbs
@O godmidagdaao  sEmy 006 dsglbodsgra@  dgbodengdanmdsl  dmmolb

@odm 0 daamgds.  Jomomgdaaros,  Gmd  bofs@dmem  gabgizos  ymggarogol
Jb096 oS s g3byamgboaros Jbmgrme  Jmgdaaro  Bglberermgoobsmgols
@ Sbosano By fbmgrmgool @sbg@ggs bodboglh sbogn bofs@dmem aybiiz05b.
S@bo dbyemos, @&d b Fo@deem 2229673000 JM385-7aesbol
MGRSJHG0sbo  Imwgaro  yages by  ds@Bogos.  Jobo  @wsbds@gdom  bogds
domdobs s j530Gsaol @m0 g@Emsdm jowydaemgdol sdeblbbo.
Jomomgdaemos, Gmd gonds Godaaody bofs@dmer  bydemJdowydsd wmmols

ooz Imbsyggmdo  dybsdangdgaros  Jmggi9b  wo@gdomo  g9R9450,  Jog@od
do@gaer  gondamdglgdol Jobos@fggo@  ogcoergdgemos [o@mdmydsby Jmdfdgwo
I3 BoJH0b 5@ 0gdo.

boggsbder  bodgggdo: bofs@dme  qoddmm@gdo, bsfs@domm  qabiios, bsfs@domm
J9695:39650, 3G J305, FoGImgdol wsbsbs@agdo.

1. AILO3OR0

Lofomdmms  9539dB0obmdols gb@9bggagmezol o Lsdmmmme  Fos@dmgdygao
3Oyl 306390 96@Ybs@0sbmdols sbsdoman gdansg, dobobdgfmbogenos
d969%3gb@ol obgmo mobodg®mgg dgmmegbol ©sbgMags, Mmym®gdoiss Lofs@dmm
396Jaos  ©o  dobol  ygmggamemoydo  godmygbgds  Lofo@dmm  aswsfygg@omgdols
dowgdsdo.

Lofo@mdmm  g39bjioo-gbos @odmygowgdygagds  Lofo®dmm  gsd@dmegodols
JOOMOomdols s asdmdggdygmo  3GOmEyJ3aool  dodlodogry@  dglsdargdbanmdsls
Bo@H0b-Foddmgdgmo dmEgdgmo godm@gdols 3sdmygbgdom.2?

Lo{o@dmm  gubios  ymggemgols  3mbg@gdaeos, gobgygmgbogros  dbmanme
A9dbm@mayoobomgol.  sbogmo  Fgdbmeyools ©sbgdags b0dbogl  sbogn  Lofo®dmem
36diosb.

Lofo®dmm 396000l as8mygbgdom 3ob0bobwg@mgds  obsbo®ygdols
dobodogr @0 Gomgbmds, dm3gdgeo MomEgbmdols GOm0l Lsfs@dmgbas.

2. d06005R0 656V0R0
Lo{o@3mm  9bJ30s, 0dologob @sdmyzogdamaw, my Go Lobol 3Gmeyios
0fo®Imgds, bobosmwgds gdogao doMomswo mgolgdbgdom:

1. §om3mgdols dmEygemdol aob@esl, dbmeme gomo Gmdgeody goJBm@ols
2odmygbgdom, o4zl brgsdo. (o@ dgodengds ImIydoggms wowo Goibmgbgdols
©sJodoggds gom gbmdsdo aoblomgoligdase mybpsi 0doGmd, @md yggensl
S5O gYMBPS SWY0E0);

2 Emuos P.I., JlykuH b.tO. MukposkoHomuka. M., 1999. c. 174-176.
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T

2. (o@dmgdol  godBmdgdo  dgodangds  ogml  gOmog@mdgdigergerbo b
YOM0gH0dgdoglgodgerbo (I9dgdo ©d 0bLA®9dgb@gdo, Fo®dmgdols
53B™IsG0bo300);
439205bg bmaswo gm®doon LsFo@mdmm gybios godmoygydgds dgdwgao Laboo:

(Q=f(K,L, M, T,N),

Lowo3, Q-30meydiools 3odmdggdols dmEyenmdos; K-3s30@seos(dmfymdogmdgdos);
M - by gyamo ©s dobogngdo; L-d@mds; T-3g9dbmenmaos; N- 5dgFs@dgm bg@bgdo.

4ggobg  do@@Fogos Lofo@dmm  gybjiools  3mdde-pygamslol m@gsJ@m@osbo
Jmgmo, GmIeol obdo@gdomsi  5dmoblibgds  dOmdol (L) s  godo@ogol  (K)
9D 000gAOMNESIM 30 go e gdos. 9L RoJBmAgbo YOM0YHN (3380500 ©d
DOM0gONESIS>EJd0005.23

Q=AKa.Lp

booz, A bofoddmm  gmggozogbdos,  oyo  9ghggbgdl  yggerenydbiool
IVom3mgdermdsls s 033 gds dob Mo Ggdbmemyools 3geogmgdslmsb ghmow (30-40
Vgemofowdo ghobgan);

K, L-3o30@oo0 ©@s dO™3ds> dgbodsdobow

o, B-Fo®Imgdol dmEygemdol 360dgbgemdol  3mgn0iE0gbdgdos  dOmdols ©o
393000l @sbobo®yx gomsb dodo®mgdsTo.

oy 0=0,25, 35Tob godo@Gomol  obosbodxms  bOws  1%-0m, 25dmofgg3L
(o0dmgdols dmEgmemdol Yool 0,25%-0m .2

300ds-@gacslols  Lofo@dmm  g9bj3osdo  gaslGogy®mdbol  3mgxno30gbdol
sbogrobol boggydgganbyg dgodergds godmgymm:

L. 30m30@E0ms© IbsGrEo bofs@dmnm gublGos, Gmas o+ B=1(Q=k **1°%;

2. 5G53HMm3mG 0@ dbs@oo o+ B> 1(Q=K **+L %¥);

3. gemgdowo O+ B <1 (Q=K *+L *?);

aobgobogrmm go@dols Inegsfgmdols dmgerg 3g@omwo, GMIgendoi (3ge0sgdols
M0 B5JBMO0sb sOLgdmdl dbmeme dOmds. o3 LodysEosdo go@dsls dgydenos
3obo@Eml  [o@mdmgdol  dJoaygmmds dOmdomo  @gly@lgool  bodxbg.  gmdds
gaslols Lofo@dmm gybios aodmbogymos  bobosbby (oo MPL).

dmgarggoosh 3gMomedo ImJdgegdl brgdygamo Fo®dsmdols 3agdol gobmbo,
d5d0b, OmEe gOmo  Lofoddmm  goJdm@o @hgds 9igergero. 3obmbols  dmJdgogds
29@olbdmdl Lofo®dmmm Bgdbogol s Ggdbmamyools 3gamoggdsls 0d ‘dgdmbgggsdo,
AmEgbsi BoMsTo bpgds sbago asdmgmbgdgdols s Lbgs Ggdbogy®o LOymymaol
aodmygbgds.  dgbodangdgeos  3OmEyJiool  Jnagermdol bOs 0dsgg  Lofo@dmm
35JBmagool  (3gmoagdgdol  abom.  go.  Bgdbogn®ds  3Oma@dglds  dgodengds
Ygagomlb gobmbols dmJdgwgdol 3®obz0d0.

Lo{o@mdmm  godmdgdowsb  3odo@omols  gi3gergermdols  dobo  goJbo®gdya
g0 9dgb@o  Fo®dmagbols dgdmbgggsdo, go@Isl dgydanos Fo@dmgdols dmEyamdbols
bOs dO®Iomo @gby@lgbol bodx by dop®ed (o®Imwygboano 35bmbol msbsbdo,
gomo  @gby@lol  bOESd  ULbggdol  9igegemdol dgdmbgggedo  dgodemgds
d02304356mL o3 Qs JBm@ol 939agd0l g0 gdsdwyg. dOmdomo Agly@lgdol bEwol
dogo@oged  hggbl  dgdmbgggedo  dgladaoms  Igodzo®ml  go®@dol  Bgdbogy®-
9306m3039G0 35G539HG 900 Lbgs GoJdm@gools gigmgmmdol dgmbgggsTo. 2

2 CumkuHa J1.T., KopHeituyk b.B. MukpoakoHoMuKa. Mpon3BoACTBO U n3fepxku. CaHkT-MeTepbypr. 2008. ¢.128.
% TapaHyxa t0.B., 3emnsakos [.H. MukposkoHomuka. M., 2006. c. 70-83.
% Boratko A.H. OCHOBbI 3KOHOMIYECKOT0 aHan13a Xo3alCTBEHHOO CybbekTa. M., 2012. ¢. 108-123.
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dOdol begdgeo Fo@domdbs — gbss [o®Imgdol bOws dowgdyamo dO™Iol
9OMg@ol gooegdols bodx by.
DTP
MP, = L
DL
Sbogrmaoyg®de 2obolobmg®gds godo@smol bpgdyamo 3@meJdo MPg
3809000 3 oMdmgde Mmool 3obmbby ogdbmbomn yogosbsgrobmm Losg@mm
(TPL), Lsdygs@m (AP) s begdgmo (MPL) 36mog]dgdol odlsbggemo dOygogdo (bsb.
N1).

I 2 3 a 4 8 ! L

bob.l  Log@mm, LoTdygogrm s begdygao [os@dmgdols
©0b5303> s YOHMgAM3ogdo@o.

Log@hmem  30myd@ol  dmddsmdol ddgmo (TP) xg® obOwgds 333906050,
dgdgy bpgos dobo beOwol dgdEodgds, bowm as®ggggmo  @mol dgdwgy ol
d339mGo  d30MEgds  oby  dOmdomo  @gbydlol  gdpamdo  bO®S  PoBYmGoms
sobobs  3OmEyJiool  JmEygemdsby. bogomaoygdo  dpamdosdgmds  dobodbgds
Fomdmgdols bbgs ggo@m@ol dops@monbgi wo Lodygomm sb bogdygmo 3Gmoeydiool
3000398 Jowss. 26

Sbgmo  3obmbbmdogdgds gerobpgds [o@dmgdol @obsbo®yxgdols dgdmbgggsdocs
(ob.  ob. 2), @mama 3 bobsbgdowsb hobls:

1

ML ATG ATC; ATy ATCy AT(s

il e

bob.N 2. o®@3dols Lodygoam s g@dgengoosbo ©sbsbo®y gdo.

26 Ronald William Shephard. Theory of Cost and Production Functions. Princenton University Press. 2014. 308
P-
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e
L. bobp@denog 39@0mgdbdo Fo@mdmgdol wobsbodxgdo goboiwols (3geomgdsls;
2. wOmol dmgange 3900medo sbsbs®yxgdol dO9©gdo 3GOMEYJ3E00l
900 gge0bg hsbbgJoaos (ATCy, ATC,, ATCy);
3. @Amols boby®darog 3g@omedo oizgergds Tomdmgdols yggens gsJ@mao.
Log@om  30meejgool  boOwol  dgdmbgggedo  mogowsb  go@dol  Lodygogrm
sboba®Myx gdo 330Mgds, Fgdgy 0g0 bgds 3oM3399e00 3gMomeol gobdsgermdsdo
d9©dogo, boem @sddmeol @opgdomo aogegbols sdmTydgol dgdwge wobsbs®y gdo
0bOEYds.  oJgsb Ygagodmos ogslyggbsm, @mI Omdgeody Lofs®@dmm god@m@ols
b9dmJdggded  dgodangds MmOl Gowsi Imdgbddo  dmaigl  wswgdomo  g59]@o0,
dopa@od dodgyeo 2o93xmdgligdols dolbowfggee syEomgdgeos Fo@mdmgdsby dmddgwo

4gges  BoJBm@ol  33eomgds, bo@m  mommgygmo  BodBm@ol  go@osiools  @mby
3ob0lobmg®gds oy 3mbg®g@yee dgdmbgggsdo go®dol dglodagdermdsbg, dobo

oM o dows FoBmdgdols 3mJdgogdsby.

ROBIAOB IO

1. Emuos P.I', Jlykun b.10. Muxposkoromuxka. M., 1999. 348 c.

2. Cumxkuna JLT'., Kopreituyk B.B. Mukposkonomuka. [IponsBoicTBO U U3IEPKKU.
Canxr-Ilerep6ypr. 2008. 328 c.

3. Tapanyxa IO.B., 3emnakos [I.H. Mukposkonomuxa. M., 2006. 284 c.

4. bBoratko A.H. OCHOBBI 5KOHOMUYECKOTO aHAJIN3a XO3AHCTBEHHOTO cyObekTa.M.,
2012. 458 c.

5. Ronald William Shephard. Theory of Cost and Production Functions. Princenton
University Press. 2014. 308 p.
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————————————————————————————————————————————
330053000 R056R50TF0 @IKRLISOL hORIRISOL 3V LOS@IRL()
300R533350L RIBIIBIM0 SRKIORISOL SRRIIGOL BHII6MIKRMIO0L
‘dIDBRI3O

b. ®9@yYs, @. Ogbsdy

(LoJstrmggaoml @gdbogamo 9bogg@lodgdo, 8.530LFsgsL J77, 0175, mdogolo,
LsJs®mnggeom)

@9bondy:  bBoBosdo  gobbogrmanos  pi0@soGm  @osbwog do  Gyarlydol

bo@mmydolb g bon bo@garbe go@sddgdol ©999/5000 s@gogrgdol swowggbols

BgJbrcrmgool  d9dbggs  @9RIIS G0 Swgoemol  sgoerdogds@ymdolbs @

@50 6030 gomgogrolbfobydom. dgdmmogs bydaaros  @io0@ssome  osbpsgol

bo@genlber  go@sddsdo  dmdmogo  @yerbdydonmydgero  dobfsbols  godmygbgdom

JEIIB 030068595 90 bgbboo  @Gyanlbgdol bowpumgdol By fbmermgool  mdGo
Jgmerwo:  dgbspawgdgaro  bs@genber  gosddgdol  dawawmgds  dmdodsom o
d9boagdgemo bs@galber gosddol  dooawmgds [obsbfs@o  godmwaybgom o6
bgderon o@bo dbyaro 03 d9mm@olb JOI@G M EDS O 559m4967985.
30obbo bwgmayaos 30053060 osbosgol bomgarlbe gowpsddol wog@mdangdols
dbo dgbgarmdgdo  (5gdra@moB @by wodmyjowydaargdom,  Jobo  @rosbwsg do
bodsg @960l B9d339@05B 9GS bovsb bbgsmdol Jobgwogom. @oggboaros #30G53000
@osbpsgol  bomgarlber  go@s3d9ddo  (B9d39@sBa@aaro  dogngdol  giom@ol
dbo dgbgarmdgdo bodydsmms [os@dmgdol bmbsdo Jobo  geng @ 20605575 0
PR IQIO00 @3 Jb>IDY

boggsbdem  boByggdo:  o30@sdomem  @osbosgo, bs@ganlbem  gowsdds, @yarbols
©IRIIO 0> @90 bs 90 o093 900 Isbfobo, 355 @9dargdols IddBomd0l

gbog@mbegds,  gagdd@mambGoddgeo  Ggegegds,  Ggalydob  Tgegwgds
dmdodgom,  Goarlydols d9@ @3S Fobsbfsmo  godmwmmbgom, bo@mgan beo

30339930l @osbwog do bodsg@gdols (5933905 amo.

1. O30

LL L boodmgganml  @3obogybol™  dmbogdgdon  ¢30@s300m  @osbeagols
Lo@geolio  gosddgddo  @ganlbgdols  dgoamgdol  Fgdbmermaool  od®gggol  odm
aodmgegboaos  ©989JH YO0 saomgdo, O®Igms  MomEgbmdsd  dgowyobs 1118
SA0@0.  ©999]Hgo0  aoMgabymo  bodsb-mgoligdgdom  jensbogoEo@egds AmamMA 3
»odm(ge" s HTA/UM-2-93-0L  dobgogom  smobodbgds  jmwom 993, bmaom o3
©989JB 9000 3odmgggeo @gebols Ggbgolol sm0bodbgds gmwom 66.3.

»odm§ g0l dobgbl FoMmdmoagbl dganlol bgosdo®ls s dgoygwgdol dsbdsbols
096303 mEgdge g gd@®mel dn@ol wOghml sOlgdmds, Mo3 godmfgggaos aobyya
(a0 gddo dmoxodyg m@3560bszools dog® A9 'dgdymgdgeno dobgobols
©0963d03F mgbdgeno 9 9B mwols bgosdo@ols NONUN SN oL (339000, ob
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30.2°, 30.2°, 29.4°,29.2° 28.6B°, 28.8", 28.8", 27.3', 26.5", 25.8",
25.7,:83.8°, 33.6°,23.37,°'33.2", 22.€",30.8", 2.1, 206", 20.%",
20.47,159.57,19.2°,17.5",16.8", 16.4°, 16.1", 14,1°, 13.3°, 10.2"})

Dur{4)= ([5%2., 54.1, 51.; 43., 3B., 37.6, 35.4, 34,2, 32.3; I0N.8, 30.2, 30.2, 29.4, 29.2,
28.8, 28.8, 28.8, 27.3, 28.5, 25,8, 25., 23.8, 23.6, 23.3, 23.:, 22.6, 22,5,
21,1, 20,6, 20.5, 20.4, 19.58, 1%.2, 17,5, 16.%, 16.4, 16.1, 14.%, 13.3, 10.2})

Infs/:= a={0, 0.19, 0.99, -0.88, 0.01, 1.54}

outisi= {0, 0.19, 0.%9, -0.88, 0.01, 1,54}

ié';= b={0.03, 2.0, 0.92, -5.09, 0.03, 8.10}
puergf= [0,03; 2., 0.4%2, -5.09, 0.02, 6.1)

Inf?l:= n=40
L 20 Que [(3]])

n

Guine ; Print [ Qo= ", Opax)
Ei7i= 40

Q= 27.25

R - R TTT Ty ] WETY
nf8j:= CV:\J

: Prin'cl“(‘:,- ", E.,.]

n-1
_ e o PEL: (Quaa [[31]1/Qme-1)"3 ) . :
= C. = - F Pr:.ntI" am . Ca]
(€} *3 (n-1) (n-2)
E 2
In{lllie g = [ng[m. Qunaxs [[1]1] IG,..,.]] / (n-1): Print["X= ", Az]
1wl
= -0N.0308108

= 1
f13l:= Ay = [é%x[[i” *Log[10, Quea[[i]] fﬁ..x]Jl/tn-l.]; Print["Az= ", 23]
= 0.846109

Teildl:= Quuw=d%D

cur[l4f= 109,
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JOI309590 900 IHmgGSIon  “@roms” dowgdaaros ©obsdoyGo  JoGSdgE @30
@bggob  39@G0mwydol,  ©@0bsIy0@08L  ym9R0309695595005 s bybodado
dogrggdol boaaro bigjdco 8 wo 9 dsgrosbo byobdamo ofBogemdgdobogol.
©,065395mb0b  po@ 000 bBsbps@mBaaro  gargdgbBdgdobs s dgbsdane
@3B0 00l  goG0G G 000m. Lyobdydo  dsarggdol dobgwgom @ow@agbogros
bs@mbmgobo  0b6bBG g fiz000 @obsdoym@mo  bowgol w9bsGo (bodbdyoig) @s 080

dgs@goaaos  bBodoga®m  bodd oagbmsb.  gosbsarobgdaemos  ©00bsdoya@mo
bodB 006 bBsBogm@mmsb  dgosmgdom  sdsmangdol  dobybydo.  Jowydmaro

gwgsgco  ofggsb  bodgbog@m o dEegbogger  0bBgPgll,  Goeaebsi
dbo dgbgarmgbo@ dgsdlbydmfgdl @sI3@mg B0l d@mdsb.
boggsbde  bodggdo:  bgobdmdawgamds,  bpobdadgo  bydmjdgwgds,  byobdado
dogngs,  @bygol  39Gomo,  ©obsdoy@mdols  3099%003096050,  ©@0b3T0 G0
bodd 09, bSsBogamo Lodd 069
L. 3JLO3SRKR0

Lgoldy@oe  o5JHoyg®o  bodo@mggambsmgol  Lgoldmdgogao  ddgbgdbanmds
J9©dogo oG ysmmy®do 3GOMda gdss. aanmdsy®@o  3o@sbEOMP o dofoldgdgdo ©s
LoJotmgganmls adoby®gggeno do{old@gdols 3ORMNMYdLE00 3903O5B0S
2oblLoggm@gdge dombmgbgdl 9ygbgdl bopggomdoms bgolidmdgogaymdol mgm@osbs ©s
305JB0gol.  935boL3bgemo s gy gdol dobdognbg  LoJodmggerml  @gmodmmosby
dodbos®o dofoldg®gdo (Gods-xogol 1991 Feools 25 s3@oaol, mdognlolo 2002 Ferols
25 s3@oanol, 2009 (enols @odol) bodpgoao o@ odanggs ™3@0dobdols Loyedggan .
do@mognos,  dofoldgds  s@a3Omybmbodgdso  LEoJoygdo  gdgoy@dgdss s  dobo
5300 gds  dgydangdgaos, dog®sd  hggb  bgmmss dolo  sdsby@®ggao  dgoggdols
>dm@gds, dmdbpsdo  dofoldg@mgdol  0bgob@ygeo  sbogobols ©s  Lgoldmdgwgyo
dd9bgdemmdbols  LOYmygmegol gbom. 3  3mbF9JbEHTo o db0dgbganmdsls  0dgbls
dgbmdoms  3mblEAGYJgogmo  LJgdgdol  wobggls o  UL3gEogoydo  ©obsdogy®o
2o0ba5Mm0dgdgd0ls byl gdo-gogobozos. domydg@gl, ™3 Lgoldy@o
beo@doBoggdol  ozgom  opgdbgemo  dgbmdgdo  dofolidg@ol @®mL  dogogm
Lgolidmdgegamdsls shggbgdgb; dsmsao Lgoldmdgogamdom godmo®dhggosb go@gobiygano
30b6LAOYJ300l dgbmdgdo.

2. d0600)50R0 65V0OKR0
Foddmpagboano  LEsAool  3gerggol  dJmogo®o  mdogd@dos  @30bsdgBmbols
9O LoGnygemosbo  go@goliygero  dgbmds, @mdgmoiE  Gomyg  gerobo®  5g@mosbgdls
dOogomo B9bJ3oyg®o ©sbodbymmgdols dgbmdsl: slgmo go@golio dgodengds 3Jmbogm
959( 900 Lod®g(ggerm  Tgbmdgdl,  L3m@Fye  ©o  bogodmygbm  @os®mdobgdl,

135



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING”™ Ne2(37), 2015
HAYYHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/NILCTBO»

306mmgoB®gdl, Lbogod@m ©d> Lo@godogmo@ozom 39bB® oL ©d> >. 4.

3o03obo  dgggbogros  G30bobgBmbol  [odfggdoms s @3obsdgBmbols
Lm@ggmbs  33gmols Lggdgdoom (ob.  bob. 1) 53539 bobobbg  Foddmwagbognos
aodmboggerggo  Bodol dgbmdols ©obsdogydo Losbyomodm ULgds — mogolyggagdols
gomo  bsdolbbol  3Jmbg  @bggoo  Lol@gds, gOmdsgnosbo  @bggopo  LoliGgds
dg@bggaos  L3gaosgyg®o  dmbsb@gdom —  dm@iEgdyeo  mgm@ogemo  ggerggols
Jggagool  Igbos@gdase  Jbpoglo  3mbbE®OYJ3gogmo dmwgmols  9Jb3g@0dgb@ye
Sbogrmamsb.

g

R T M —F

—_ L d —
=y R prr i)
{ 14

bob. 1 aodmlsgganggo dgbmdols aobogo d@omo s ©0bsdogy@do Losbps®odm L gds
b3goos@yg®o  “@o@s”  3Omy@sdon  ho@o®ws  dgbmdols  obsdogy®o
aoobgomodgds 8 s 9 dsgnosbo  ULgoldydo  sJ@ogmdgdolomgol  Ggome®
©O5HZOONGSNS ©00535bmbdo, 4 306569BHmbols bESbEOE Y 3903dgB G0
35M539BHOms goMmo®gdom. 3OMa@Msds>do hoo@godms dgdogao Lofyolo Imbszgdgdo:
Lgg@ol Lodosweang (4.8+14)d;
dogmo — 183; 243; 309,
bggBgool doxo — 63;
9B mbols genslo — B-15; B-20; B-25; B-30;
0mgmols ©os@godmgs Lodsdmggmmbsmgol 06@g6logmdom (0.5+1.5) ;6/8%
2oobgom0dgdom dowgdygeos ©0bsdogy®o 3oMsdgB®mgdol LEOymo b3gd@®o, 3g@omeo
— T(0.9+2.724) (3; ©0b580390m0L 3mggno30gbdo B =0.404+1.172; Lgobdydo dogrggdo
S=7.12+22.32; 33-2 b55bbg bohggbgdos T =1f(L) s T=F(H) ¢3ybJombsognydo
©05dM 0oy gdgdols a@ox03900.
3 AT 3 AT

24

[T T A O — T T T T T Y R T B
0 & 8 12 16 H. 0 B 24 30 T

bob. 2 53996 J30mbs@ @0 ©sdm o dyegdol @osp®sdgoo o) T = f(L) &) T=1f(H)

136



1033G60IA)-BIIEN3IH0  JIG6SRN)

SCIENTIFIC-TECHNICAL JOURNAL

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

,ddI6JOR(MdS”

“BUILDING”

N62(37), 2015

© | D
= E((:% =T 2 jg B-15 B-20 B-25
“l g s 3% EES
2 S A L

S = | TAY ) B | Sgb | T | B | Sb | T(FD | B | Sb
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 18 0.5 4.8 0.2 1077 1021 | 7.120 0.995 1105 | 7.704 0.938 1172 8.171
2 18 0.5 4.8 04 1077 1021 | 14.240 0.995 1105 | 15408 0.938 L172 | 16.342
3 18 0.5 72 0.2 2.032 0541 | 3981 1.878 0.586 | 4.308 1771 0.621 | 4.568
4 18 0.5 72 04 2.032 0541 | 7962 1.878 0.586 | 8.615 1771 0.621 | 9.138
5 18 0.5 84 02 1.666 0.660 | 5.016 1.539 0715 | 5427 1451 0.758 | 5.756
6 18 0.5 84 04 1.666 0.660 | 10.032 1.539 0.715 | 10.854 1451 0.758 | 11.512
7 18 0.5 9.6 02 2.065 0.533 | 4.167 1.909 0.576 | 4.509 1.800 0.611 | 4.782
8 18 0.5 9.6 04 2.065 0.533 | 8334 1909 0.576 | 9.018 1.800 0.611 | 9.565
9 18 0.5 12 02 2018 0.545 | 4575 1.865 0.590 | 4.960 1.758 0.626 | 5251
10 18 0.5 12 04 2018 0.545 | 9.150 1.865 0.590 | 9.901 1.758 0.626 | 10.502
11 18 0.5 14 0.2 2.230 0493 | 4369 2.061 0534 | 4.727 1.943 0.566 | 5.013
12 18 0.5 14 04 2230 0493 | 8737 2.061 0.534 | 9454 1.943 0.566 | 10.026
13 18 1 4.8 0.2 L119 0.983 | 7400 1035 1063 | 8.007 0.975 1128 | 8493
14 18 1 4.8 04 L119 0.983 | 14.800 1.035 1063 | 16.014 0.975 1128 | 16.986
15 18 1 72 0.2 2.111 0.521 | 4.135 1951 0.564 | 4474 1.839 0598 | 4.745
16 18 1 72 04 2.111 0.521 | 8269 1951 0.564 | 8.947 1.839 0.598 | 9.490
17 18 1 84 02 1.728 0.637 | 5203 1.597 0.689 | 5.630 1.505 0.731 | 5971
18 18 1 84 04 1728 0.637 | 10406 1597 0.689 | 11260 1505 0.731 | 11.942
19 18 1 9.6 02 2.140 0.514 | 4318 1.978 0.556 | 4.672 1.865 0.590 | 4.956
20 18 1 9.6 04 2.140 0514 | 8.637 1978 0.556 | 9.345 1.865 0.590 | 9912
21 18 1 12 02 2.086 0.527 | 4.730 1.928 0.571 | 5.118 1.818 0.605 | 5428
22 18 1 12 04 2.086 0.527 | 9460 1.928 0.571 | 10.236 1.818 0.605 | 10.856
23 18 1 14 0.2 2.302 0478 | 4.509 2.127 0.517 | 4879 2.006 0548 | 5174
24 18 1 14 04 2.302 0478 | 9.018 2.127 0.517 | 9.957 2.006 0.548 | 10.348
25 18 L5 4.8 0.2 1162 0947 | 7.679 1074 1025 | 8309 1012 1087 | 8.813
26 18 L5 4.8 04 1162 0.947 | 15358 1074 1.025 | 16.617 1.012 1.087 | 17.626
27 18 L5 72 0.2 2.186 0.503 | 4.283 2.021 0544 | 4.634 1.905 0577 | 4915
28 18 L5 72 04 2.186 0.503 | 8.565 2.021 0.544 | 9.268 1.905 0.577 | 9.830
29 18 L5 84 02 1.788 0.615 | 5384 1.652 0.666 | 5.826 1.558 0.706 | 6.173
30 18 L5 84 04 1788 0.615 | 10.768 1652 0.666 | 11651 1558 0.706 | 12.356
31 18 L5 9.6 02 2213 0497 | 4464 2.045 0.538 | 4.831 1.928 0.570 | 5.124
32 18 L5 9.6 04 2213 0497 | 8929 2.045 0.538 | 9.661 1.928 0.570 | 10.248
33 18 L5 12 02 2.152 0.511 | 4.880 1.989 0.553 | 5280 1.875 0.587 | 5.603
34 18 L5 12 04 2.152 0.511 | 9.760 1.989 0.553 | 10.561 1.875 0.587 | 11.206
35 18 L5 14 0.2 2.371 0464 | 4.645 2.192 0.502 | 5.026 2.066 0.532 | 5333
36 18 L5 14 04 2371 0464 | 9290 2.192 0.502 | 10.052 2.066 0.532 | 10.666
37 24 0.5 4.8 0.2 1225 0.898 | 8.097 1132 0972 | 8.6l 1067 1031 | 9292
38 24 0.5 4.8 04 1225 0.898 | 16.194 1132 0972 | 17.522 1.067 1.031 | 18.584
39 24 0.5 72 0.2 2.300 0478 | 4505 2.126 0.518 | 4.874 2.004 0.549 | 5.170
40 24 0.5 72 04 2.300 0478 | 9.010 2.126 0.518 | 9.749 2.004 0.549 | 10.340
41 24 0.5 84 02 1.878 0.586 | 5.656 1.736 0.634 | 6.120 1.637 0672 | 6490
42 24 0.5 84 04 1.878 0.586 | 11312 1736 0.634 | 12240 1637 0.672 | 12.980
43 24 0.5 9.6 02 2.322 0474 | 4.684 2.146 0.513 | 5.069 2.023 0.544 | 5375
44 24 0.5 9.6 04 2.322 0474 | 9369 2.146 0.513 | 10.137 2.023 0.544 | 10.750
45 24 0.5 12 02 2252 0488 | 5.107 2.081 0.529 | 5.525 1.962 0.561 | 5.863
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46 24 0.5 12 04 2252 0488 | 10.213 2.081 0.529 1.051 1.962 0.561 | 11.726
47 24 0.5 14 0.2 2476 0444 | 4.851 2.289 0481 5.248 2.158 0.510 5.565
48 24 0.5 14 04 2476 0444 | 9.701 2.289 0481 | 10497 2.158 0.510 | 11.130
49 24 1 48 0.2 1276 0862 | 8436 1.179 0933 | 9.128 1.112 0989 | 9.682
50 24 1 4.8 04 1276 0.862 | 16.872 1.179 0933 | 18.255 1.112 0.989 | 19.364
51 24 1 7.2 0.2 2392 0460 | 4.686 2211 0498 | 5.070 2.084 0.528 | 5375
52 24 1 72 04 2.392 0460 | 9371 2211 0498 | 10.140 2.084 0.528 | 10.750
53 24 1 84 02 1.952 0564 | 5878 1.804 0.610 | 6.360 1.701 0647 | 6.745
54 24 1 84 04 1.952 0.564 | 11.755 1.804 0.610 | 12.719 1.701 0.647 | 13490
55 24 1 9.6 0.2 2411 0456 | 4.864 2.228 0494 | 5262 2.101 0524 | 5582
56 24 1 9.6 04 2411 0456 | 9.727 2228 0494 | 10.525 2.101 0524 | 11.164
57 24 1 12 0.2 2334 0471 5.291 2.157 0510 | 5.725 2.033 0.541 8.073
58 24 1 12 04 2334 0471 | 10.583 2.157 0.510 | 11451 2.033 0541 | 12.146
59 24 1 14 0.2 2.562 0429 | 5019 2.368 0465 | 5430 2.233 0493 | 5.760
60 24 1 14 04 2.562 0429 | 10.038 2.368 0465 | 10.860 2.233 0493 | 11.520
61 24 1.5 48 0.2 1.325 0.830 | 8.762 1225 0.898 | 9.480 1.155 0953 | 10.055
62 24 15 4.8 04 1325 0.830 | 17.523 1.225 0.898 | 16.960 1.155 0.953 | 20.110
63 24 1.5 7.2 0.2 2481 0433 | 4.860 2293 0480 | 5258 2.162 0509 | 5.577
64 24 15 72 04 2481 0433 | 9.719 2.293 0480 | 10.516 2.162 0.509 | 11.154
65 24 15 84 02 2496 0441 | 5.036 2307 0477 | 5449 2175 0.506 | 5.780
66 24 1.5 84 04 2.496 0.441 | 10.073 2307 0477 | 10.899 2175 0.506 | 11.560
67 24 15 9.6 0.2 2412 0456 | 5470 2229 0493 | 5919 2.102 0523 | 6278
68 24 1.5 9.6 04 2412 0456 | 10.940 2229 0493 | 11.837 2.102 0523 | 12.556
69 24 15 12 0.2 2.645 0416 5.182 2445 0450 | 5.607 2.305 0477 | 5947
70 24 15 12 04 2.645 0416 | 10.363 2445 0450 | 11213 2305 0477 | 11894
71 24 15 14 0.2 1358 0.810 8.976 1.225 0.887 | 9.712 1.183 0.930 | 10.300
72 24 15 14 04 1358 0.810 | 17.951 1.225 0.887 | 19423 1.183 0.930 | 20.600
73 30 0.5 48 0.2 2.539 0433 | 4974 2347 0469 | 5382 2213 0497 | 5.708
74 30 0.5 4.8 04 2.539 0433 | 9948 2.347 0469 | 10.764 2213 0497 | 11416
75 30 0.5 7.2 0.2 2.069 0.532 6.231 1912 0.575 | 6.742 1.803 0.610 7.151
76 30 0.5 72 04 2.069 0532 | 12462 1912 0575 | 13484 1.803 0.610 | 14.302
77 30 0.5 84 02 2553 0431 5.150 2359 0466 | 5572 2224 0495 | 5910
78 30 0.5 84 04 2.553 0.431 | 10.300 2.359 0466 | 11.144 2224 0.495 | 11.820
79 30 0.5 9.6 0.2 2464 0446 | 5588 2277 0483 | 6.046 2.147 0.512 6413
80 30 0.5 9.6 04 2464 0446 | 11.175 2277 0483 | 12.092 2.147 0512 | 12.826
81 30 0.5 12 0.2 2.700 0407 | 5289 2495 0411 5.723 2353 0468 | 6.070
82 30 0.5 12 04 2.700 0407 | 10.578 2495 0411 | 11455 2353 0468 | 12.140
83 30 0.5 14 0.2 1415 0.777 | 9358 1308 0.841 | 10.125 1.233 0.892 | 10.735
84 30 0.5 14 04 1415 0.777 | 18.715 1308 0.841 | 20.250 1233 0.892 | 21470
85 30 1 48 0.2 2.644 0416 5.178 2443 0450 | 5.603 2.304 0478 | 5944
86 30 1 4.8 04 2.644 0416 | 10357 2443 0450 | 11.206 2.304 0478 | 11.888
87 30 1 7.2 0.2 2.152 0.511 6.482 1.989 0.533 7.014 1.875 0.587 | 7435
88 30 1 72 04 2.152 0511 | 12.964 1.989 0.533 | 14.027 1.875 0.587 | 14.840
89 30 1 84 0.2 2.653 0415 5.353 2452 0449 | 5792 2312 0476 | 6.142
90 30 1 84 04 2.653 0415 | 10.707 2452 0.449 | 11585 2312 0476 | 12284
91 30 1 9.6 0.2 2.557 0430 | 5.799 2.363 0465 | 6274 2228 0494 | 6.652
92 30 1 9.6 04 2.557 0430 | 11.598 2.363 0465 | 12.549 2228 0494 | 12304
93 30 1 12 0.2 2.798 0393 | 5482 2.586 0425 | 5931 2438 0451 | 6290
94 30 1 12 04 2798 0393 | 10963 2.586 0425 | 11.863 2438 0451 | 12.580
95 30 1 14 0.2 1471 0.748 | 9.725 1.360 0.809 | 10.522 1282 0.858 | 11.160
96 30 1 14 04 1471 0.748 | 19.450 1360 0.809 | 21.045 1.282 0.858 | 22320
97 30 1.5 48 0.2 2.744 0.401 5.375 2.536 0434 | 5816 2391 0460 | 6.165
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98 30 1.5 4.8 04 2.744 0401 | 10.750 2.536 0434 | 11632 2.391 0460 | 12.330
99 30 L5 7.2 02 2233 0493 | 6.724 2.063 0.533 7.275 1.945 0.565 | 4.715
100 30 L5 7.2 04 2233 0493 | 13447 2.063 0.533 | 10.550 1.945 0.565 | 15430
101 30 1.5 84 0.2 2.751 0.400 5.550 2.542 0433 6.005 2397 0459 6.368
102 30 L5 84 04 2751 0400 | 11.099 2.542 0.433 | 12.009 2397 0459 | 12.736
103 30 1.5 9.6 0.2 2.647 0416 6.002 2446 0450 6.495 2.306 0477 | 6.888
104 30 L5 9.6 04 2.647 0416 | 12.005 2446 0450 | 12.989 2.306 0477 | 13.776
105 30 1.5 12 0.2 2.894 0.380 5.668 2.674 0411 6.133 2.521 0436 6.500
106 30 1.5 12 04 2.894 0.380 11.336 2.674 0411 | 12.265 2.521 0436 | 13.000
107 30 L5 14 02 1481 0.743 | 9.792 0.369 0.804 | 10.595 1291 0.852 | 11.235
108 30 1.5 14 04 1481 0.743 | 19.585 0.369 0.804 | 21.191 1.291 0.852 | 22470
bodO™3do  gosbogrobgdygamos  3g@omeby  ImJdge  goJBmems  bgysgangbs
oM gbmdMogo  (3OMEgb Yo  dggobsdom).  3g@dme, dgbmdols  dsanol, Lggdol

Lodoeeools, dg@mboli gaoslols s mmgmoli s@godmgols aogegbs 3gMomeby.
gbGoaol dmbsi39dgdols Jobgogom gosbyo®odgdyga ofbs Logldydo dmdgbdgodo;
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2oblolobrmgMagow 53mygbgdyaos dJosbanmgdomo gbgdagBogyo dJgmmeo (Ggagols
dgomeo). gbgdyool I edogmdol (‘dgbsbgol) 3obmbl, @mdgeroi Ggagol dgmmeols
boggdggenl Fomdmowagbl oJgl dgdogao sbognobydo Laoby [3]

U +V =C =const (D
bowoi: U wgnm@dsigools 3m@gbioyg®o gbg®aoss;
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V 30bgBogg®o gbgdyoo.
aobgoboansgm  do@Imboyga  @bggol  @ol  godemi  howeybgs  Fo@dmgowaobemm
‘d99wga0 Loboo:

W :g_ 5 B,, Sin %sin %sinwt (2)
m=1n=1

(2) godmbobyagds 53354mBo@gdl GodgoBol Lobsbrgdm 300Hmdgdl:

@m@Es X=0 ob x=a 35dob, hoybgs s Joybsgo dmdgb@o

W(0,y) =W (a,y) =0,

M, (0,y)=M,(a,y) =0
@m@Es Y=0 ob y=b 35T0b, hopybgs Ioybsgo dmdgb@o

W (x,0) =W (x,b) =0

M, (x,0) =M, (x,b)=0

@bgzol  30mEgldo  Fmbolfm@mdbols  dwamdodgmdowsb  dsJlodsgra@aw
aoob®ol  dmdgb@do  dsbolo  Lobdodg @Fmaos byeol, doTsbowsdy 3mbg@ogyco
96902053 bymol  Gmeoos. @gxm®dsaool  3mFgbgoyg®o  gbgdgos  s@{g3l  mogols
doJLodyal.

dobol  Fmbolfm®mdol  dpamds@gmdsdo  ymxbolols Lohjodg  dsflodsany@os,
dodobowsdg  30bgBogudo  9bgdgos >3l doJLodydl. 3m@gbizoyg®o  gbgdgos o
byenols manos. @bggol bgdolidog®d 3mdgbddo wosiEyeos (1) 3oMmds.

(2)-0L Loggybggerby U o V godmbobyamgdgdo  mobsdo@ogmgdow  dg0(35396
Lobylol o 3mbobylbol @96J30goL. gbgdyools asdmlsbymgdgdo doJlbodydl dosw(ggl
am@as gb 39630900 aoBmEr©gdosh ghonb.

bomJgodols Logyydgger by (1)-0ls 600)30@01)0%’636000 ‘dgodan gds ogl gdmo:

éi 0
e}Wmax—OV—Osth—l— (3)
(U+V =C =const )b 2}“ ro0=¢
g}w ma ,U = 0; coswt = 1;
gfo+v, , =C
(3) Hmemdosb gobolsbmgmgds @bggol Lobdomy.
Mol tdmdgbddo godgoGol (3063@0(;3(60 969000 Amao 0dbgds:

ab
= gh ‘d;aaﬂg dxdy (4)

29 coe it g
oo gh - 9®mol Bmeno Bo@mols ©s h bodseols gengdgb@ols dobse.
9

[ ST B Y B P

(2)-0ls 6000&0;@015%’063600) (4)-do dogowgdm:

¥ a b ¥ ¥
(2), (4) b V ——a & 0082 sn > P gn 2 P o5 2 wiw2dxdy = § 4 ah A g2z cos 2w )
m=1n=1 9 o a b m=1n= 12g 4

R0OBoR0bL gg;]g;mﬁ)ao(goob 3m@39bzog®o  gbg@yool aodmbomgmgma  goygbgdm ®@
bbgoolbgs 2odmbobyemgdsl. sdo@mad aobgobommem  sdmEobol  gosfyggdol m@o
35M056@0
300890 g5@0s5b@o
©gx8m@dszool  3m@gbgoydo  gbg@yools  asblobrmg@olomgols  asdmgoygbmm

geoobogy®do dgdobogols m@dygens [1]
W 1w o

b
A dxd (6)
9 x Ty? ; Y

U:R
2

el
[SRENe}
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2

abag ¥ ¥ .2 28 6
(2).(6)p U =2 586 p28 & B, oo L @O Sgq MPY go MPY g yyi? axay =
2008 m=1 n=1 eag ebﬂb a b a
2
4 abagoy ¥ i 24 o)
-pD oota a B. aege.lg &n o Zsin MPY gn MPY g wtT dxdy =
2 oogmzlnzl eag ébg g a b 2 (7)
4 ¥ ¥ 2 .2 5
=P I;ab ééBzmngée—Q +Sen—9—sm2wt
m=1 n=1 éag ébg g

boos3  p = _(&) >ol  go®mgodol  Gogobp®ymo  Loboldyg E -
12{1-n?
OJ3oEmdol dmeygmo; h—godgodol Lobdg N - 3ysbmbol jmggnozogbdo.
.2

‘Dab & ¢ Bam 6 ano 0
@ (NP U P28 § Bm §9—9 b1
m=1n=1 e a a9 el g [} (8)

g dhad L s
(3)1(5)D Vmax - ma.:lil g 4 anW
)
4 ¥ ¥ .2 28 ¥ ¥
(3.(8), (9)p B 00 g 4 QNG ,FO2 _ g g NDg: e
8 m=1 n=1 gea a ebﬂ g m=1 n=1 Zg 4 (10)
0)p w=§ § P 9N gb’m?® +a’n? ¢
=1 ne1 gh12(1- nz)g a’b? p (11)
2b2 +n2a2 Eg
(1) P w, =p*h "
azbz 912(1- n2) (12)

(12) Fo@dmopagbli godgo@ols msgobygommo gobogo 3mblg®gs@doygao @bggols
Lobdodgms L3gJd®L.

Jo@omoo Gmbols Lobdo®g dJoowgds (12)-sb Gm@Es M=n=1
a’+b? Eg
a’b? \g12(1-n?)

(12),(m=n=1)p wy, =p°h
(13)
dgmdg g3oM056@0

R0OR0E0L ©gx8m@I>300l 3m@39b3oyg®o 9690000 2>dMbomgan gan s
2odmg049bmm gensbiogydo 3gdobogol gm@Igas (3oMggen go®osb@do godmygbgdyero)

b 2 2 .2 2 =2 0
U =D—ooge§e“! R
2 P& 1 > 5 E &Mxys (14)
2
* oy ¥ abw .2 62 .. .
2.04)p U =2 8 8 aof B, EP O gy MPX g MY g2 + & g, EP Ogp MPX g MY gyt
2 n-inmigo éag a b g e ébg 2
4GaeB > mn mpx npy . 0 _
+—CB,,p 2 ——C0os——Cos——>-sinwt+ dxdy =
E & ab a b 2 (15)
4 ¥ ¥ .2 262 .. 0
=P Dabga Bgna%%@g LEO02 o0 TN G ey
8 nan | ggéag Ebgy EE  otad

Losi D =l_23 G- dgdol dmwyeos.
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(3),(15)p U’ :—pAD*abg.g. B2 CRano’ , @00 + 232G Geemn 929
’ g 2,8 P TS T E Tk st
é o
(16)
2
‘D'ab & & Raen ¢ 0 G ,o@m 6 2_ghab & ¢ ’
(3),(9),16) p P 8BS0 O P8 GO T 48 e ()
8 m=1n=1 tséa g ébg 5 é E geab g 80 m=1n-1
é o
(7)
az)p (w) =é¥_ g p ‘gEh *Teb’m® +a’n’0 . a2G , Gegmn 62
a4 ghxe gE a’h? 5 6E oeab g
(18)
(18)b w'm =ph | 9 EMTraln’ g’ 26 ggnn 0"
" gxlzgg a’b? & $E Ka bg
(19)

(19) Fo@dmopagbll go®g0@ ol mogobyggsmo asbogo 3mblg®gsdoygao ®bggols
Lobdodgms L3gJd®U.

Jo@omso Hmbols Lobdodg doowgds (19)-sb GmEs M=n=1.

. , | Eg @a?+b20  _a2G L@ 1 09
(19),(m=n=1)p w'u =p 2h gﬁégwg 28 1?.3WZ;
(20)
dJoGomso  Ambol Lobdodgms dgos®gdol dobbom gobbogyganos  @oibgomo
dogomomgdo

a=h, n=0,3; G=8-10%3s; E=2,1-10°33 1)
_ p*h [ Eg
(13),(21)p w, =2,098 2 Vo2
(22)
_ p*h [ Eg
(20),(21)p w, =1,878 = gxz
(23)

3. RdL336S

@oibgomds  dogogomgdds  gg0hggbgl,  Om3  FodRgodol  gnm@Isiools
303 gboyg®o  gbgdaooll  asblobobwg@sgo  geology®  mgm@osdo  s@Lgdyeo
QoOIgmols  bobosggmme  dobo  dmwogoio®gdomn  dogdygao  godembsbyagdols
3odmygbgds  gBo@goGol gobogo 3mblLgdgs@ogmo  msgolygxseo @bggzol Lobdod@gl
5d(30090L.
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XVMNYECKOE 3AKPEIJIEHNA JIECOBbIAHBIX TMIMCOHOCHbLIX
PYHTOB BOCTOYHOU I'PY3NUN N POJIb T ITICA HA TNTPOYHOCTb
SAKPEIMJIEHNA

B.K. xanapuase T. I'. NapceBaHuwsunu I. A. Jlytugse
(Cpy3nHCKMiA TexHMYecknin YHusepcutet, yn. M. Koctasa, 77, 0175, Téunucn, Mpysuns)

Pestome: Llenbto paboThbl HABNSETCS UCNEAOBaHbIS CBOWCTB MNCOHOCHBIX NECCOBUAHBIX
FPYHTOB NpU 3aKPenneHnin ofHOPacTBOPHOW CUAMKAATMW3aUWK, BblllenadnBaHme
runca noj Bo34eiCTBUMEM (OUNTPALMOHHbIX MOTOKOB BOA. ONMUTHBLIM MyTeMm
nccnefoBaTh CyqphO3MOHHbIE SIBNEHUS B 3aKPENNEHHbIX 3arnncoBaHHbIX FPYHTax

KntoueBble croBa: J/1eCCoBMAHbI, MPOCAA0UYHME TPYHTbI, OCHOBAHWM, COOPYXKEHUMN.

1. BBEAEHVE
YuutbiBas BCe MOTPEOHOCTb MOBBILIEHHWIA MPOYHOCTHLIX CBOUCTB CNabbIX: TNIMHUCTBIX,
WAUCTbIX W TUMCOHOCHBLIX TPYHTOB AN YNYYlIeHUs CBOWCTB OCHOBaHUM Mof (PYyHAAMEHTOB
CYLLIECTBYIOLLIMX COOPYXXEHWUWN. DTO B 3HAUNTENLHOI CTENEHN 0ObSCHUETCA TEM, UTO NpeBpaLleHne
rpyHTa nof (yHAamMeHTOB B KaMeH OCYLLECTB/ISIETCS, KakK MpaBuio 6e3 HapyLUeHWUs 3KCMyaTauum
3AaHms.

2. OCHOBHAA UACTDb

Cpeay MHOrOYMCNEHHbIX METOAOB CTabunm3auuy MNpPoCafloMHUX TPYHTOB, YCTPaHAOLMX
NpocagoyHble CBOMCTBO 1 NOBbILLAOLLME MPOYHOCTb OCHOBaHWUIA, ABNSETCA METOZ 04HOPACTBOPHOM
cunmnkatmsaumm. OfHaKo, Kak Mokasain aKcrnepuMeHTasbHble paboTsl (1,2,3) Mo cuamnkatmsaumm
TMMCOHOCHBIX MPOCaA0YHbIX FPYHTOB BOCTOYHONM [py3uun, OTMeYaHHbI MEeTOL He Bcerga Aaet
NONOXUTENbHBIE Pe3yNnTaThl.

NeccoBupgHble TPyHTbl B [py3un sABnseTcs OAHWM U3  Haubonee PacrnpoCTPaHeHHbIX
Pa3HOBUAHOCTEN MPOCaA0UHbIX NMOPOA, UCMOMb3YEMbIX B KQUECTBE OCHOBAHWIA COOPYI>KEHNIA.

B py3umn neccoBufHble rpyHTbI pacnpocTpaHeHbl B OCHOBHOM B €€ BOCTOYHOW YacTu. Croga
OTHOCATCH pas/inyHble Y4aCTKM 00LIMPHBIX paroHoB Kaptim, Kaxetumn n KOxHou Mpysun.

Oco6eHHO 60/bLUIOI PacnpOCTPaHEHHOCTLIO XapaKTepusyeTcs 3aruncoBaHHMbIE NECCOBUAHbIE
FPYHTbl HOr0-BOCTOYMHON pamMoHa r. Téwunucu. Bblgenserca BecbMa BbICOKMM 3aCO/IEHUEM
NecCOBUAHbIX TPYHTOB (TMMCOHOCHOCTLIO) BCA Haropraas njowgans mexay Opxesu, Camropu u
PyctaBun. KofmyecTBo runca B rpyHTax 1aM MeHsieTcst B 60nbumnx npegenax ot 0.2 —0.5% po 15—
20 %; a B ragpkeBUAHbIX FPYHTaX COAepXKaHue runca goxoaut Ao 60% , rae B AaHHWIA MOMEHT
BeAEeTCH UHTEHCUMHOE CTPOMTeNbCTBO. CTO/Mb BbICOKOE 3aCOMEHHOCTb HALLUX NIECCOBUAHbBIX TPYHTOB
OT/IMYAET UX OT OLHOUMEHHbBIX FPYHTOB YKpauHbl, Ky3Heukoro 6accemHa n CpeHelt Asnu.

XapaKTepHOW YepToK 3arnMncoBaHHbIX SIECCOBUAHLIX FPYHTOB SBNSETCA BblleaynBaHme rurnca
nof BO3LEVCTBMEM (PUATPALMOHHBIX MOTOKOB BOJ, TO €CTb BbIHOCA U3 FPYHTa COCTaBNAOLLMX €ro,
NpUBOAsLLEE K HapyLIeHWIO YCTOMYMBOCTW TpyHTa. Bcneacteme aToro B rpyHTax pasBMBarOTCS
CY(PO3NOHHBIE NPOLLECChI, TPYHT TEPSET CBOK YCTOMUMBOCTb U €C/IM OH SBMISIETCS OCHOBaHWEM
COOPY>KEHWNIA NN TENIOM UX, TO YKa3aHHUI NPOLLECC MOXET NPUBECTU K AehopMaLMn COOPYXKEHNIA
N faXKe K UX paspyLUeHuIo.

Mpouecchl, NPOMCXOAdALLMe B TPyHTax Noj BO3LeACTUEM (DUATPALMOHHOIO MOTOKA M3Y4eHbl
[ANeKO HeAoCTaTOMHO W MpY COBPEMEHHOM W3YYeHHOCTW BOMPOCa TEOPEeTMYECKME pacyeTbl
ABNAOTCA BECbMa NPUOGAVKEHHBIMMU.
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Mo3Tomy, 06bI4YHO /151 OTBETCTBEHHbIX COOPY)XXEHWIN OKaHYaTe/lbHOe PeLleHne 0 MPUMEHUMOCTH
FPYHTOB B KayecTBe OCHOBaHWUA COOPYXXEHWIA W PaLMOHAIbHOCTU KOHCTPYKLMU COOPYXXEHWIA,
BbIHOCUTCS HA OCHOBE CNeLmaibHbIX IKCMEePUMEHTaSTbHbIX UCCNe[0BaHI.

Ecnn nosefeHne 3armncoBaHHbIX TPYHTOB Npu Cy((o3ny 6onee WaM MeHee pa3paboTaHo, TO
cBefeHMs 0 CY((O3NOHHBIX ABMIEHWSAX B 3aKPen/IeHHbIX 3arnrncoBaHHbIX rPyHTax B COBPEMEHHOM
NUTepaType OTCYTCTBYIOT. 151 BbIMOSIHEHWA 3TOrM0 npobena npeanpuHATa MNOMUTKa AaTb
PEKOMEHaLUMM MO MOBbLILEHNIO 3PMEKTUBHOCTM Cnocoba OAHOPACTBOPHON CUAMKaTM3aLuMM B
TMNCOHOCHbIX 1ECCOBUAHBIX rpyHTax Mpysuun.

C 97O Uenblo 6blM NPOBefeHbl  creynanbHble 1labopaTopHble W MOJBbIE  OMbITbl MO
onpeseneHno  cypqO3MOHHOW YCTOMYMBOCTM 3aKpensieHHbIX (04HOPACTBOPHbLIM  CUIMKATOM)
3armncoBaHHbIX IECCOBUAHLIX CYT/IMHKOB. ["PYHTOBbLIE YCN0BUA MIOLWAAKN HA OMbLITHOM MOJSIUTOHE,
rae Ob11n NpoBefeHbl 3KCMEPUMEHTbLI MO XMMUYECKOMY 3aKPeniento TMNCOHOCHbIX JIECCOBUAHbIX
FPYHTOB CW/IMKATHbIM PacTBOPOM, MpeACTaBleHbl B Crefyweid SIUTONOrMYECKON KOJMIOHKE:
pacTUTENIbHbIA CNON MOLWHOCTBIO 0.7 M. MOACTUNIAETCA NIECCOBUAHBLIM CYr/IMHKOM croem 8.0 wm;
HVXe cnegyeT MakpomnopucTas NecCcoBMAHAs Cyrnecb MOLLHOCTHO 12.6 M, a HWXe, Ha rnybuHe
OTMETKM 36.6 M 3asieraetoT 1eCCOBUAHbIE MAKPOMOPUCble Cynecu W CYrnnHKW, nepemeLlasch
cnoamm oT 0.4 no 1.0 + 3.0 m. BcA TO/WA NPOCAA0UYHLIX TPYHTOB MOACTUIAETCA Fa/leYHUKaMM
NeBOGEPEXHOW Tpacchl p. Kypbl. Y aenbHuii Bec 1.46-1.56 r/cm®, coneBoii KOMMOHEHT (rvnc) - 7%,
nopuctoctb — 43-50%, HopmaTMBHOE COMPOTUB/IEHNE CXaTUKO N1eCCOBUAHbLIX CYIIMHKOB 2-2.5
krc/cm?. C LieNbio 3aKpensieHns TOMLL, TMMCOHOCHOMO NECCOBUAHOTO CYFMNHKa, 6bina NpoBedeHa
WNHeKUMS CUINKATOM HaTpuda. Ona cpaBHeHWA pe3ynTaTtoB 3aKpersieHusd, 4acTb MIOWAAKW Ha
nosmroHe Gblna ocTasfieHa 6e3 3akpenneHus. I'pyHTbI OblNK UCMbITaHbI /6 WTaMmnaMun naoLaabo
1 mM? (1.0 x 1.0) Becom 5 ToHH. LLITamMnbl 3arpy>xanu cTynexsmu no 0.5 Kkr/cm2 nocne foBefeHNs
Harpy3Ku Ha rpyHT A0 3 Kr/cM? 1 cTabunnsaumm 0caKu, KOT/I0BaH 3aMMauBani BOAOI B TeyeHue
30 CyTOK. Obl/1 UCNUTAH TAKXXe He3aKpen/IeHHbIA rPYyHT.

PesynTaTu WCMMTaHWiA Npo6HOM Harpyskoii B 2.0 Kr/cM® MOKasvBaloT, 4TO 0CadKa
06paboTaHHOro Cnoco6oM CUAMKATM3aUUM  TUNCOHOCHOIO /IECCOBUAHOMO CYr/IMHKA nocne
3amayvBaHns COCTaBseT LW 3.7MM M MMeeT BeCbMa M/1aBHWUIA XapakTep C NOJHbIM 3aTyXaHUeM u
cTabunmsavein yepes 4 vaca.

Ocafika He3aKpenaeHHOro rMrncoOHOCHOrO JfIeCCOBMAHOINO FpyHTa Mocne 3amMayvBaHus BOLOW
OKasaocb 3HauMTeNbHON (18 CM) 1 UMeeT NPOoBa/IbHbIA XapaKTep.

Mpefen NPOYHOCT NPU CXKATUW 3aKPEMJIEHHOro rpyHTa Kosnebnutcd B npegenax ot 7 fo 16
Kr/CM®. MOMMMO 3070 6bla YCTaHOB/EHa 3aBMCMMOCTb MeX/Jy Npocajkamu rpyHTa W ero
(hnNTpaLMOHHBIMI CBONCTBaMM.

[MpoBefeHHVMM 3KCNEPUMEHTAMN YCTAHOB/IEHO, UTO C YBENYMBAHMEM COAEPXaHWs TUMcoB
YXYALWaKTCA YCMOBUA YINPOUYHEHUS TPYHTOB. TakK, Y YNPOUYHHEHbIX CUIMKATU3NPOBAHHbLIX TPYHTOB
¢ 3%-HbIM cofepxXaHuemM runca ocagka gocturaet 0.03MM 1 ¢ TedyeHVeM BpeMeHN 3aTyxaeT. Npu
7%-HOM cofiepXXaHMK runca ocagKka XapakTepusyeTcs, NPUMEPHO, TEM Xe 3HAYeHNeM, a YXKe npu
10%-HoM coepXaHun runca BeiMUYMHa 0CaflKM C TeyeHneM BpemeHu pgocturaet 0.45mMM, npruyom
KO3(MULMEHT (UATPaLMN B TeUYEHME MEPBbIX TPeX MecALeB noskicuncs Ao 7-107 cw/cek; a mocne
5 MecseB MpuobBpen MOCTOSHHbIA xapakTep W pasHancs 7.6-10° 1. e. yBenuuunca Ha
HE3HAUMTENIHYIO BE/IMUMHY U OCafKa BO BPEMEHM MMEET 3aTyXatoLlWil XapakTep, HO He C TakKou
WNHTEHCMBHOCTBIO, Kak 3TO Habnyaanock npu 3-7%-HOM CofepXXaHun rurca.

Mpn copepxaHum runca B KonudvecBe 14% ocagka pgocturna 0.07Mm,  KoagguumeHT
(hnNbTpaLMn NOBbLICUICA M 3a MepBble 4Ba MecAua ocafka pasHanacb 0.01Mm, nocne 4YeTblpex
MecsaLeB OHa ysenuuunacb o 0.2mm, a nocne 6 mecaues o 0.3 mm. Kak cnepyet u3
3KCMEPUMEHTOB, C TEYEHVEM BPEMEHW OCaflKa UMeeT HesaTyxatowwmii xapaktep. Mocne 6 mecsues
OHa pocturaet 0.7 Mm.
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OnuT 6bIN NpepBaH, Korfga B (UNATpaTax MOSIBUINCL MENIKME YacTULlbl FpyHTa B pe3ynTare
BbIMbIBa FPYHTBOI0 CKefneTa.

3. SAKJTKOHEHWE

Pe3yntatbl n1abopaToOpHbIX W MOMEBbIX WCCMEA0BaHWIA MO3BANIAOT CcAenatb CreaytoLme
3aK/IHOYeHNS:

3arnncoBaHHbIe N1ECCOBUAHNE TPYHTbI, 3aKPEN/IEHHbIE OAHOPACTBOPHON CUNMKATM3aUMen, npu
cogepxaHuii runca ot 3 o 10% npu BO3AENCTBMM (PUANTPALMOHHOrO MOTOKA BOAbl AAKOT
cyhho3moHHble aedopmaummn. Ocagkn UMET 3aTyXaroLWMiA XapakTep, MexaHuyeckas cyddosms
He Habnogaetcsd, [03TOMYy OAHOPACTBOPHHYHO CU/IMKATU3aUMIO MNPU COAepXaHuu runca B
yKasaHHbIX npefenax MOXHO CUUTaTb MPUEMIEMOIA.

Mpw cogep>xaHum runca 6onee 10% nop Bo3geicTBMEM (DMNTPALMOHHOIO MOTOKa BOAbI Aat0T
0Caflkv, UMetoLMe HesaTyxarolwmin xapaktep. CrnefoBarte/lbHO, B 3TOM C/ly4vae CUIMKATU3aUMio
FPYHTOB YKa3aHHOI Kaeropmm cneayet cumTaTb HeAP(EKTUBHOIA.
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802(MG3S
H.B.Uxenpase-75

75 NeT WUCMONHWUMOCh JOKTOPY TEXHUYECKMX HayK, rpodeccopy, akajeMuky
NHXeHepHOl  Akafiemun  pysun,  JefCTBUTENbHOMY — uneHy  AkafeMuu
CYLOCTPOUTENbHBIX HAayK YKpauHbl, OCHOBOMONOXHWKY HayKu MeMOpaHHOW
TexHonorum B ['pysun Hofapy BaxTaHrosuuy Yxeunase.

75 neT — 3TO BO3PACT, KOr4a MOXHO rOBOPUTL O JOCTUXEHUSAX 06unspa, o
€ro rpaXaaHcKoi No3nLMmM N HayUHbIX LOCTUXKEHUAX, O ero NPOALAEeHHOM NyTu.

Hopgap Uxeuase sApkuiA  npeacTaBUTENb  FPY3MHCKOW  TEXHWUYECKON
WHTEANIMIEHLMW, €C/IU FOBOPWTBL O €r0 NO3ULUK — 3TO MHTEPECHOE /INLLO COBPEMEHHO
WHTENINTEHLMN,

Mocne okoH4YaHWA HWKONAeBCKOro CyAoCTPOUTESNIbHOr0 WHCTUTYTa B 1969
rogy H. Uxeunase Hanpasunm B MUHMCTEPCTBO BHeluHei Topronu CCCP, B rnaBHoe
yrpas/ieHne 3KCMOPTHOW MPoayKLMN.

B 1972 r. H. YUxengse B MoCKBe MNO3HAaKOMUCA C W3BECTHLIM YYeHbIM
naypeatom lroc. npemun CCCP, rnasHbIM Xummnkom CoBeTckoro Coro3a no XMMNYECKN aKTUBHLIM MoIMMepam 1
OCHOBOMOMOXHUKOM 3TOM Hayku npodgeccopom Kupunnom Canpagse. BCTpeum M KOHCynbTaUunM € HUM
onpegenunun cepy nccnegoBaHWin Mono[oro y4eHoro.

CrapaHuamun 1 pekomeHgauvein K. Cangaase B 1972 r. B batymn cosganoch otaeneHne MOCKOBCKOro
Hay4HO-MCCNe10BaTeNbCKOr0 MHCTUTYTa NiacTMacc, BO rnaBe Kotopoit ctan H. Uxenase. OCHOBHOW 3afavei
OTJeNIeHNs CTasio CO3faHue annaparoB U MPOLECCOB U3 XUMMWYECKM aKTUBHbLIX MOMMMEPOB, AN CMeLTeXHUKM;
Mo3TOMY OTAeNeHNe CTasI0 CTPOrO CEKPETHOW OpraHn3aLUuei.

B nepByt0 ouepeab Oblna coszgaHa nabopatopus  3MeKTPOMEMOpaHbl, KOHCTPYKTOPCKOoe 6topo,
UCMbITaTeNbHble YHUBEpPCa/bHbIE CTEHAbl, CEKTOPbl aBTOMATUKM 1 6apoMemMbpaHbl. MapannensHo NpoBOAWIOCH
MepenoAroToBkKa MOJOABIX CMELUanMCcTOB B HaYyUYHbIX MHCTUTYTax CoseTckoro Corosa. bbinv NoCTpoeHbl HOBbIe
Kopnyca. VccnenosaHusi NPUHANKM CUCTEMATUYeCKUiA XapakTep, U Ha 6ase OTAeneHus Gbli CO34aH CHavala
npeanpusTAe MOYTOBbLIA AWMK, B 1992 rogy 6bln1 MNepevMeHOBaH B Hay4HO-WUCCNeLOBATENIbCKUA WHCTUTYT
MeMOpaHHOW TeXHOMOMMK, KOTOPLIM pyKoBoaun Ao 1997 roga.

PyHOaMeHTa/IbHblE TMAPOAUHAMUYECKUE WCCNeA0BaHUA MPOBOAMMbIE HenocpefcTBeHHO H. Uxenpse,
MMEIOT MeXJyHapoAHoe 3HaydeHus. OH Mepsblid U3yUnn CTPYKTYPY TYpOYNEHTHOrO ABVKEHWA XUAKOCTER N UX
B/INSHWE Ha NPOLLeCC MAccoobMeHa B MOrpaHUYHbLIX CMosX, B MAOCKMX W LWMPOKMX (10 MM ¥ BbILe) KaHanax
manoit TonwmHel (0,2 , 0,9 Mm), KoTopas 6blna onucaHa AuddepeHUManbHbIM YpaBieHMeM B UHTErpasibHOM
(hopMe. Ha OCHOBaHMM 3TUX  WUCCNEAOBaHWA  OblIM  CO3[aHbl  CreuMabHble  3/1eKTPOAWANU3Hble
(anekTpomMeMOpaHHbIe) annapaTbl HAMHOIO NPEBOCXOAALLME TOrAALLIHNE MUPOBbIE aHANOr .

Hago otmeTuTb, uto B CCCP B 1974 rogy Ha baTyMCKOM YHMBEPCA/IbHOM CTeHAe Oblnn MUCMbITaHbl
nepsble 06pa3Lbl 06paTHOOCMOTPUUECKUX (6apomeMbpaHHbIX) annapaTos «Poca-1» n «Poca-2», paspaboTaHHbIe
COBMECTHO C LieHTPa/IbHbIM HaY4HO-UCCNEef0BATENIbCKUM UHCTUTYTOM «KoMMac».

Mof HenocpeAcTBEHHbIM Hay4HbIM PYKOBOACTBOM H. Uxewmpase, ¢ NpUMeHeEHMEM METOLOB BbICOKUX
TEXHOMOTMKM, KOTOPbIX CeAYac Ha3blBAtOT HAHOTEXHOMOrMel, CO3faHbl CreunaibHble MOAMMULMPOBAHHbIE
COpPOEHTLI M YCTPOICTBa CENeKTUBHOIO W3BMIEYEHNS M3 MOPCKOW BOAbl MOHOB Pybuanyma u conu YpaHa. A
TaKke 419 KOHAULMOHNPOBaHWS NMUTLEBOI BOAbI Obinn pa3paboTaHbl Bpom 1 Bpom-bop cenekTuBHbIE COPOEHTI.
3a aTM wuccneposatenbckve paboTbl B 1986 rofdy (hpaHLys3cKas HayyHO-TEXHOMOrMYeckas MexayHapoaHas
Kopnopauusa «AyounT NHTepHaumoHanb C.A.» Harpaguna pykosogutens pabot H. Uxeunase 30n10Toi Mefasnbio 1
JMMIOMOM.

B 3T0T xe nepuog 6bin co3faH GaKTePUOLMAHLIA COPOEHT U YCTaHOBKW, B TOM YMC/ie KOMMAKTHOE
(kapmaHHOE) YCTPOICTBO A1 06e33apaKMBaHNs NUTHEBOI BOAbI, C NMOMOLLLIO KOTOPOro N6yt 6akTepuaibHO
rpsi3Hyto Boay (KpoMe 6akTepum YyMbl) MOXHO MCMOMNb30BaTh ANS NUTLEBbLIX Lieneid. KapmaHHOe o6e33apatoLee
YCTPOMCTBO rapaHT1POBao NOAyYeHNs 25 NNTPOB «340POBOI» BOAbI.

Ha ocHoBaHWUW WccnefioBaHUs GaTYMCKMX YYeHbIX, 415 06ecrneyveHns XU3HeLesaTeNlbHOCTU YenoBeka B
3aKPbITbIX MPOCTPaHCTBaX, OblM CO3MaHbl CNeLnanbHble KOMMaKTHbIE annapaTbl pereHepaumu Bogbl C Lienbto ee
MHOrOKpaTHOro Mcnonb3oBaHnsA. Co3faHa annapatypa M TEXHONOrMYeCKUiA MPoLecc MosyvyeHUs: CBEPXUUCTOM
BOZbl MEMOPaHO-COPOLMOHHBIM METOAOM /15 aTOMHbIX 3/1eKTPOCTaHLMIA N 3NEKTPOHUKM.

B vHCTUTYTE NPOBOAWNCL UCCNELOBAHUA MArHUTHbIX U MHAOPMATUBHBLIX CBOMCTB BOLbl, MONyYeHUe
T.H. XXVBOW 1 MepTBOI BOAbI 1 U3y4YeHWe ee 0COBEHHOCTENA.
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Co3faHHble B UHCTUTYTE 3M1eKTpOANaNN3HbIe annapartbl LWMPOKO NPUMEHANUCL U NPUMEHAOTCA CErofHs
B 6e3BOAHbLIX M ManoBOAHbIX permoHax (MoBomkbe, ceB. YkpauHa, KpbiM, Mongasus, pecny6nuku CpefaHei
Asunn) ans obecneynBaHus NUTLEBOW BOLOM 4-5 MIH. YenoBek.

B 1993 rogy B MHCTUTYTE OblNM MPOBELEHbI 3HAUUTENbHbIE PaboThbl, NOMyYeHUe U3 MUHEPAIbHbLIX BOJ,
«bopxkoMu» 1 «Habernasu» HaTypanbHOIO MOPOLUKA Haf, KOTOPbIM MHOrve rogsl 6e3pesynbTaTHO paboTanu
Jpyrue nabopatopumu.

C 1997 r. H. Uxenase nepexogut Ha paboTy B TOMAMCKM B Hay4HO-UCCNELOBATENbCKUIA LEHTP
«Mem6paHa», rge ¢ yCrnexoM npojo/mKaeT paboTtar € MCMOb30BaHMEM MeMOPaHHO-COPOLMOHHON TeXHOMOr K
Haf OYMCTKOW U KOHLEHTPUPOBaHMEM PafnaLMOHHbLIX BOA C NOYYEHWEM PagnaLMOHHO-TPSA3HOrO T.H. MOKPOro
MOPOLLIKA.

Bwmecte ¢ konneramu paspabotan  annapatypy M TEXHONOTMI0  BbILENEHWS U3 rOpsAYnx
CEpPOBOJOCOAEPXKALLMX BOL arpeccyBHOI0 CEpOBOOPOAA C MOMOLLBIO FMAPOAMHAMUYECKON KaBUTaLuUKW, UTO AaeT
BO3MOXXHOCTb MUCMOJIb30BaHMe TakKUX ropsavmx Bog,.

2003-2009 rogax H. Yxenasze napannensHo paboTan B 'py3. TeXHUYECKOM YHMBEPCUTETE Ha Kadegpe
BOJOCHA0XEHNSA U KaHam3aumm npoteccopom.

H. Uxenase aBTop 120 Hay4HbIX paboT, 28 N306peTEHUS U NATEHTOB, U3 HUX 22 N300PETEHNIH BHEAPEHSI.
B nocnegHune rogbl NpyHUMaN yyacTvie B pasnMyHbIX HAYYHbIX KOHTPEeccax N KOH(epPeHUMAX B pasHbIX CTpaHax.
CtokronbM, Mocksa, Ceyn v gp. fBnseTcs npogeccopomM-amepmTycom oc. YHuBepcuteTta um. LU. PycTtasenu,
ABNSETCS YNEHOM PeAakLMOHHOM KONernm xxypHana «MaponHxeHepus», B 2014 rogy emy npucy>XaeHo 3saHue
«3JKonor roga».

2004 rogy H. Yxempgze c Konneramu paspaboTan KOHLEMUMIO CO34aHUA U PasBUTUA UHAYCTPUM
NWUTLEBOW BOAb! B 'py3un. OCHOBHas Liefib 3TOr0 NPOEKTa Pas/ive NOA3EMHLIX BOJ B OYThIIKax 1 ee AUCTpUOYLmMS
B 3arpaHuLly.

H. Uxenpse crapaetcsi MpoOLO/DKWUTL UCCNeLOBaHUA O1A MPAKTUYECKOro NPUMEHEHWUs pe3ynbTaToB B
YCNOBMSIX PbIHOYHOW 3KOHOMUKMW, Hamnpumep: CO3AaHue CeneKTUBHLbIX COPOeHTOB K MoHam dTopa n Bapuyma,
NCMONb30BaHNe KOTOPbLIX [A1A KOHAWLIMOHMPOBaHUA MUHEPasibHbIX BOf, «3aHaBuU» W «BOPXOMW» COKpPaTUT
npucyTcTBMe 3TUX MOHOB B Bofe B 5 , 30 pas, gosedd ux npucytctsme o MNAK. B PaynMHCKOM pervioHe
OUMLLEHUs peyHbIX BOA OT npucyTcTBMA ApceHuyma (Mbillbska) Mem6paHO-COpPOLMOHHBIM METO4OM WU
YAYULLUTL 3KOMOTUYECKYD O6CTaHOBKY B pervoHe; M3yuveHue NOKanbHbIX FMAPOAMHAMUYECKUX MPOLEecCcoB
paspylleHnst 6eperoBoii 4yacTM YepHoOro mops, C LEAb0 ONTUMAIBLHOrO MPOEKTUPOBaHWS YCTPOICTBA
GeperosalnTbl NPUOPEXHON YacT MopS; pa3paboTka MiaBatoLLero YCTpoicTBa rmapoAMHaMUYeckoro racuTens
3Hepruu BoSH 1 ap.

YueHblli 1 rpaxgaHuH H. Uxenase u ceiiuac >XMBET JymaMu CBOEro ropofa, TpebyeT coxpaHeHus
NCTOPUYECKNX LIEHHOCTE, FOPOACKMNX TPaanLWiA, ero pa3BUTUS 1 MPOLBETAHUS.

H. Uxenfse Kak pyKoBOAWTeNb, UCCNeA0BaTeNb U MPadKAaHUH PYKOBOACTBYETCA OAHUM MPUHLMIOM: He
annoaupyw, eCnu He HPaBUTCS, He BOCXBANIAA TOMO, KTO He 3aCNy)XXMBAET. TUM NPUHLMMOM M XKMBET ceiivac. s
HEro He CyLLeCTBYeT aBTOPWUTETA, CKPbIBAKOLLErOCA 3a YbEA-TO CMMHON. OKPYXKAIOLWMX OLEeHUBaeT AefoM M
CO3[jaHHbIM Hay4HbIM MPOAYKTOM.

H. Uxenase akT1BHO COTPYAHMUYAET C OTAENEHWNEM TUAPOUHXKEHEPUN MHXEHEPHOW akagemmu py3uu.

C 75-netnem 6atoHo Hopap.

XKenaem 340p0BbS, XWUTb U TBOPUTb C TaKOM XKe 3Heprueid U naocom Ha 61aro Hallero oTeyecTsa u
HayKw.

OT YIMeHW OTAEeNEHUS TMAPONHXKEHEPUA
WHxxeHepHoOM AKagemnn Mpy3umn

3. LUuxenawmsnm

. N'mopragse u. ap
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SUMMARIES

J.GIGINEISHVILI, I.TIMCHENKO. INFLUENCE OF RESULTS OF NUMERICAL ANALYSES AND
STRUCTURAL DECISION ON ARCHITECTURE OF “HILTON” HOTEL COMPLEX IN BATUMI CITY.
Scientific-technical journal “BUILDING” #2(37), 2015

The aim of this work is to evaluate the proposed architectural and planning decision and development of more appropriate
structural system of the whole complex. The article considers current issues of design and creation of reliable and optimal
structures of the hotel complex «<HILTON> in Batumi at the same time. On the example of the complex under construction the
optimal coupling between function and form, as well as strength, stability, reliability and cost of the building are considered.
The first option of the hotel complex «<HILTON» in Batumi was a complex design schemes of various high-rise buildings,
located on a single foundation and bears the permanent, long-term, temporary, short-term loads and external factors such as:
hydrostatic pressure of water, heat, wind, seismic load et a. This paper discusses various options for based on the relevant
computer models architectural and planning and structural features and performed analysis, as well as shows the results of
these analyses. Amendments made to the structural part of the project, not only improved strength characteristics of the
buildings, but also had a positive influence (beneficial effect) on the architectural appearance of the complex as a whole.
Methodology. This paper is based on the submitted multi optional studies of the designed hotel complex «HILTON» in
Batumi. The numerical investigations were carried out with the use of computer modeling based on multi optional analysis of
existing design solutions as well as new versions created for the purpose of choosing the most suitable and acceptable option,
both in terms of architectural, planning and design solutions. Findings. The numerical simulation of the complex structural
system of the hotel complex «HILTON» in Batumi Was carried out using the software "LIRA". The complex stress-strain
state has been analyzed for different design options, the most appropriate configuration of both architectural and structural
features of the bearing framework and foundation have been developed. As a result of the application of modern computer
technology numerical simulation of different options of the complex, the architectural, planning and design solutions were
obtained both in terms of architectural and structural. Practical value. Performed stress-strain state analyses of the hotel
complex allowed us to determine the optimal size, shape and design features of the entire complex under permanent, long-
term, short-term and other factors, such as the hydrostatic pressure of water, heat, wind, seismic, etc. and the optimal option
was selected for external shape of the complex considering the structural features.

M. Bediashvili. CONSTRUCTION PROJECT EXPERTISE IS PREREQUISITE TO IMPROVE BUILDINGS
SEISMIC RESISTANCE. Scientific-technical journal “BUILDING” #2(37), 2015

The expertise of various buildings projects, issues of their providing seismic resistance and operational reliability are
considered in this article. Are stated revealed by "Georgian Association of Civil Engineering Experts' defects, or
lapses. |s stated the necessity for the expansion of expertise in such parts of construction, as architectural, accounting,
fire protection parts and so on.

A. Chikovani, G. Gureshidze, D. Vardiashvili. DESIGN OF CONCRETE MIX WITH CHEMICAL
ADDITIVES. Scientific-technical journal “BUILDING” #2(37), 2015

Now almost everything in Georgia construction are being by monolithic concrete and reinforced concrete. Concrete mix
preparation, transportation, pouring, hardening are performed by modern means an to do this without chemical
additives becomes impossible. Therefore it is essentia to know the calculation of the concrete composition using
chemical additives.

E. Abramidze, El. Abramidze, V. Chankotadze. NUMERICAL SOLUTION OF LAYERED ELIPSOIDAL
SHELLS NONLINEAR DEFORMATION TASKS BASED ON REFINED THEORY. Scientific-technical
journal “BUILDING” #2(37), 2015

Based on one version of the refined theory, for solving of layered shells elipsoidal axisymmetric nonlinear deformation
tasks, are obtained simultaneous equations for such class tasks. |s stated the elipsoidal shell deformation particular case.
Based on the obtained by this case numerical realization results is carried out certain analysis, are evaluated caused by
change of boundary conditions effects on shell mode of deformation.

C. Jibuti. URBAN PROBLEM S ON EXAMPLE OF TBILISI. Scientific-technical journal “BUILDING” #2(37),
2015

Recent years have shown that the Georgian urban areas design main methods and aspects are inaccurate, due that the
country is in a deplorable condition. In country reigns architectural and urban crisis. Historical and cultural heritage is
being eroded. The city is getting worse day by day.

In the paper are stated out the objectives and necessary action plans, necessary conditions for solving the problems, the
considered of that have to be made as soon as possible.

|.Kvaraia. The ways of solving problems arising during concreting of reinforced concrete shells. Scientific-
technical journal “BUILDING” #2(37), 2015

This paper discusses the problems that arise during the concreting of reinforced concrete shells and the ways of solving
them. The main difficulty is the most inclined, and reinforced concrete pillars near the surface of the mold for the
design thickness of the membrane to maintain, because in the case of concreting the circular outline it is complicated to
fit the concrete structure in the desired frame.
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R. Dznéladze; M. Kechakhmadze, L. Chilochava, M. Sulamanidze. Reinfor cing of soils and design layers of road
coating. Scientific-technical journal “BUILDING” #2(37), 2015

Presented article deals with the application of geosynthetic materials — in particular, high resistance polyethylene
perforated sheet so-called geonet, as reinforcing for the soils and design layers of road coating foundations. Geonet
application allows decrease the thickness of foundation bearing layer and increases the pavements service life, due to
increasing of the resistance of foundation layers. The application of geonet provides formation of bearing layer on the
interface due to formation of protective layer, which excludes mixing together of bearing and additional layers.
|.Kvaraia, T.Dvalishvili. Technological process of the dome mold manufacturing and installation. Scientific-
technical journal “BUILDING” #2(37), 2015

The article describes the structure of reinforced concrete retaining walls to start the dome, large diameter circular
formwork carpentry workshop of manufacturing and the delivery-installation process works.

S. Kuridze. Cultural heritage Urban planning documentation. Scientific-technical journal “BUILDING” #2(37),
2015

Preservation of cultural heritage and national interests outside problem borders for a long time, aso there was a world
measurement. If Convention, any of provisions, signed a charter for each state is responsible for realization of it of
international legal acts. According to the signed document, the relevant national legislation includes amendments to
heritage and reforms. Mtskheta ensemble of the international standards in the field of protection of Committee of the
world heritage of UNESCO the decision "Heritage & Tourism the Master plan for Mtskheta, Georgia - UNESCO and
PROON-SPPD of the pilot project” - creation is made. "Heritage & Tourism the Master plan for Mtskhet, Georgia -
UNESCO and PROON PRPP the Pilot project” reflects a landscape the concept of the city, cultural for development of
historical part, and complex preservation of the increased dependence from the same time will allow you to take it with
international opinions and recommendations the European context. "Heritage & Tourism the Master plan for Mtskhet,
Georgia - UNESCO and PROON-SPPD of the pilot project”, as cultural heritage of UNESCO in the field of the
established approaches the document providing access on the basis of professional circles and town-planning
documentation on rational use of this experience.

R. Chkoidze, 1. Stepnadze. Construction of Green’s function for a rectangular plate, which is hinged — supported
at the contour. Scientific-technical journal “BUILDING” #2(37), 2015

The proceedings deal with rectangular plate as the main system for designing of plates of complex contour in plan using
the method of expansion of the desired system. For the main system Green influence function is constructed applying
Ritz energy method. Whilst constructing the expression of total energy, potential deformation energy(potential of inner
strength) is designed both according to image adopted in the classical theory of elasticity and modified image. The
example detected substantial differences between the results received.

J. Togonidze. BENDING OF VARIABLE STIFFNESS ISOTROPIC PLATES DUE ACTION OF
CONCENTRATED FORCE. Scientific-technical journal “BUILDING” #2(37), 2015

In the construction of modern buildings are often found complex in plan reinforced concrete roofing slabs that analysis
on bending still represents the actual task of structural mechanics. Are existing several theories among them one
introducing in computations relatively ssmple shapes compared with dab fictitious plate that completely covers the
design dlab and for that at the same time is known the impact of the Green's function [1].

Hence the work is related to the compiling of the Green's function for analysis of complex shape in plan dabs a
fictitious (basic) system, in particular rectangular rigidly fixed , variable stiffness and anisotropic dabs, where are
obtained the relevant equations and the expressing stiffness change new values, based on the equality between the
stifnesses: D4(x,y)=4/D1(x,y)D,(x,y).

F. Japaridze, T. Garsevanishvili, N. Areshidze.e TREATMENT OF BUILDINGS FOUNDATIONS WATER
SATURATED CLAY SOILS STEMS BY ELECTROCHEMICAL METHOD. Scientific-technical journal
“BUILDING” #2(37), 2015

On the basis of conducted studies in engineering and geological aspects is generalized electrochemical drying method
in Georgia and turf water saturated soil environment that is applied in the case of clay, water saturated soil, foundation
pit sope stability, aswell asin landslide areas, in sedimentary and weak unstable soils.

L. Kakhiani, K. Makharoblidze, L. Balanchivadze. M odern methods of detailing monalithic floorings. Scientific-
technical journal “BUILDING” #2(37), 2015

This article represents modern methods of detailing monolithic concrete floors. There is described the use of light
elements in the structure of floor dlabs and principles of their detailing. The article also considers cross sections of the
element, allowable sizes of dabs and rebar.

L. Chilochava, M. Kechakmadze, M. Sulamanidze. Modificating of bitumen with polyethylene shell And the
determination of properties of the resulting modified bitumen and asphalt concrete. Scientific-technical journal
“BUILDING” #2(37), 2015
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In the article reviewed the changes in the technology of use of bitumen in the production of asphalt concrete, based on
bitumen enclosed in a polyethylene shell, when there is not used thermal procession of bitumen until its delivery in
mixer, As a result of this, asphalt plant equipment is simplified and power consumption is reduced. There also is
considered the bitumen modified by high-pressure polyethylene and asphalt mixture produced on the basis of its
features. In the article also reviewed the determination of properties of the resulting modified bitumen and asphalt
concrete with high-pressure polyethylene. The test results of asphalt concrete made by bitumen enclosed technology,
indicate that all the properties are applicable with requirements of the normative documents.

U. Dzodzuashvili. TRENDS IN BUILDING MONITORING SYSTEMS DEVELOPMENT. Scientific-technical
journal “BUILDING” #2(37), 2015

In the paper is analyzed the trends in the development of buildings monitoring systems. Due analysisis revealed that it
is necessary to develop an automated monitoring system grounded on the building structures state experimental-
theoretical analysis for full-size structures and its implementation at the construction and operation process of buildings
and structures for providing the safety. For this must be performed the following: critical analysis of structure mode of
deformation monitoring systems; development of hardware and software of complex for determination of structural
dynamic characteristics (own oscillation frequency, oscillation form, damping coefficient); development of building
structures dynamic monitoring complex technology that contains information modeling technology, Finite Element
Method (FEM) modeling technology, and theoretical and experimental modal analysis technology.

G.Tkeshelashvili  Z.Kupatadze. Using the production functionsin production management. Scientific-technical
journal “BUILDING” #2(37), 2015

The article discusses the dependence between the combination of production factors and manufactured products
maximum capacity. It isindicated that production function is always concrete and is suitable only for given technology
and introducing a new technology means a new industrial function. It is noted that also that the two-factor model
production function Cobb-Douglas is the smpliest. It can help solve the relation between labor and capital. It is
indicated that the influence over any manufacture within specific time can give us the positive effect, but it is necessary
to change all the factors operating in the production.

N. Rurua, L. Rukhadze. SELECTION OF RESTORATION TECHNOLOGY OF RAILS JOINTS DEFECTS
BY RAILSWELDSIN CONTINUOUSWELDED RAIL. Scientific-technical journal “BUILDING” #2(37), 2015
In the article is considered the selection of restoration technology of rails joints defects by rails welds in continuous
welded rail with taking into account defective places location and number. Is proposed in continuous railway rails joints
by application of moving rail-welding car by electro-contact method rails welding technology two methods: welding of
rail joints by pressing and welding rail joints by preliminary bending or simultaneous use of both above mentioned
methods. Are defined values of continuous railway rails joints extension depending on the temperature, accordingly of
the fixing in rails difference of temperature. Is determined in continuous railway rails joints values of temperature
forces diagrams in works production zone up to restoration by electro-contact welding.

G. Tskhelashvili, P. Giorgadze, D. Gurgenidze, G. Chichinadze, M. Onezashvili.ON EFFECTIVE
APPLICATION OF GEORGIAN HIGH-QUALITY "BIOLOGICALLY ACTIVE" NATURAL DRINKING
WATER UNDERGROUND OPERATIONAL PERMISSIBLE RESERVES. Scientific-technical journal
“BUILDING” #2(37), 2015

in the background of drinking water deficit worldwide according to the ,,country's socio-economic rapid development
program-concept by Georgia drinking water resources rational application”- constructed logistics-innovative project -
,water-national assets' the establishment in country of drinking water bottling-packaging industry and bottling of
operationally possible stock (2 m3/sec) of the finished product g and its commercia realization in international markets
will be beneficial for Georgia Economy, as well as in attractive investment projects business.

N. Rurua, I. Chkheidze. DEFINITION OF 25-METER-LONG RAILS WORKING MODES AND
OPERATIONAL CONDITIONS. Scientific-technical journal “BUILDING” #2(37), 2015

In the article is considered the 25-meter-long rails working modes and operating conditions, in particular, depending on
the climatic conditions possible modes of operation of 25m rails. |s proposed 25 m rails gaps volatility chart with joint
bolts bending and without it at winter minimum temperature. Is defined annual temperature amplitude variability of the
railway rails (73 up to 95 ), rails maximum (+52 up to +64 ) and minimum design temperature (-8 up to -38 ).
I's determined the maximum constructive clearance value of 25 mrails for annual variation compensation, which vary in
the range of 24-28mm. Is determined value of allowable temperature amplitude, which gives a 25 m rails operation
possibility without joints clearances seasonal adjustment.

G. Tsikhelashvili, P. Giorgadze, D. Gurgenidze, G. Chichinadze, M. Onezashvili. ON CONSTRUCTION OF
WATER QUALITY DISTRIBUTION CARTOGRAPHIC PORTRAIT BY GEORGIA UNDERGROUND
NATURAL DRINKING WATER OPERATIONAL - PERMISSIBLE RESERVES. Scientific-technical journal
“BUILDING” #2(37), 2015

On the basis of proposed methodology will be possible by Georgia underground natural drinking water operational-
permissible reserves to construct water quality distribution cartographic portrait (cadastra map of water quality
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distribution) as separate sample points, as well as by set of points. At this in correspondence with water quality
distribution regionally (by separate municipalities) will be planned construction of the finished product water bottling-
packing plants.

To accomplish this in practice will be necessary definition of water quality distribution in existing Georgia area
potential for underground natural drinking water finished product operational permissible volumes of resource by its
desirability (cadastra mapping) and based on them of regionally (by municipalities) justification of necessity of
establishment of drinking water the finished product bottled-packing plants and transport infrastructure.

By proposed approach on the background of natural drinking water deficit worldwide will be available in each
municipality in Georgia to establish one or two of the drinking water tap-packing enterprises, there will be employed a
certain part of the local working population, and the finished products will be exported and commercially realized in
international market, as will be the significant economic benefits for country.

A. Lebanidze, V. Beridzee STRUCTURAL ACTIONS FOR RESTORATION-REINFORCEMENT OF
CULTURAL HERITAGE MONUMENT KVAVLO TOWER. Scientific-technical journal “BUILDING” #2(37),
2015

In the article is considered the current technical condition of cultural heritage monument Kvavlo tower and structural
actions for its restoration — reinforcement.

M. Tyrdzeladze, Z. karumidze, G. Chichinadze. Some aspects of concrete deformation and deterioration.
Scientific-technical journal “BUILDING” #2(37), 2015

Modern approaches to concrete deformation and deterioration are considered. Conditions for creation, development and
stabilisation of micro-cracks as formation of crystallites on micro level in the cement gell are described together with
modern concept of concrete deterioration.

A. Qatamidze. Analysis accidents of buildings and their causes. Scientific-technical journal “BUILDING” #2(37),
2015

In the article is discussed the analysis accidents of buildings and the causes of injuries. The main section covers
the following topics: Defects of construction of manufacturing, installation and their consequences, which include:
Earthwork defects, Concrete foundations Defects, Defects of installing stone constructions, Wall panels
installation defects, Reinforced concrete columns and beams manufacturing and installation defects, Closing and
sealing reinforced, concrete slabs and beams installation defects, Wood construction manufacturing defects

Steel structures manufacturing and installation defects. Methodical instructions for structural studies, which are
discussed: Cracks analysis of reinforced concrete structures, Concrete strength features to rate, Reveal the actual
reinforcement of reinforced concrete construction elements

O. Khazaradze, Z. Babutsidze, G. Bagishvili. METAL COMPOUND CROSS-SECTION CRANE BEAMS-
BOUNDARY GIRDERS. Scientific-technical journal “BUILDING” #2(37), 2015

In the work is proposed cross-sectional crane beams, crane boundary girders. Cross-sectional crane girders are more
economical by material consumption than crane beams and boundary girder separately. At calculating the
crossOsectional crane beam by static scheme represents a combined system with girder rigid upper flange. The stressin
girder elements are preliminary determined, stress valuesis calculated by finite scheme.

R. Makhviladze, A. Chikovani, A. Gogberashvili, L. Joglidze. PRE-DIAGNOSTIC OBSERVATION OF
SUSPENDED CONSTRUCTION WORK RENEWAL ON THE BUILDINGS. Scientific-technical journal
“BUILDING” #2(37), 2015

The atmospheric agents negatively affects on the suspended during many years buildings on the load-bearing structural
elements strength characteristics; in the article are considered materials of such suspended construction buildings
diagnostic examination including conclusions and recommendations.

T. Ambroladze, M. Kublashvili. THE CALCULATION OF MAXIMUM EXPANSES IN THE CASE OF
EXISTING OF OBSERVATIONS SUFFICIENT SERIES. Scientific-technical journal “BUILDING” #2(37),
2015

The flood water maximal consumption is random variable. Its quantitative and qualitative evaluation is performed using
the probability theory, in particular, by application of frequency curve. For this is necessary to pre-select distribution
law. The three-parameter gamma distribution is accepted. For its application is required the determination of three
parameters, arithmetical mean, coefficients of variations and asymmetry. They would be determined by the method of
moments, maximum likelihood method and special formulas, when we have a data on the extreme consumption. For all
of these methods have been developed for applications in the symbolic language Mathematika-8 software, due which
will be defined three parameters and maximum consumption. In the article is considered one case on the example of the
river Borjomula.

L. Avalishvili, L. Chkuaseli. REINFORCED CONCRETE FRAME BUILDING DYNAMIC CARRYING
CAPACITY (STRENGTH) AT SEISMIC IMPACT. Scientific-technical journal “BUILDING” #2(37), 2015
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Inthe article is stated the theoretical investigation of reinforced concrete frame building seismic resistance grounded on
single-mass dynamic design scheme (oscillator). Building specific engineering computer program "Lird" are received
dynamic parameters of the oscillation periods, full range of dynamic coefficients and seismic forces at 8 and 9-
magnitude seismic activities by vary of reinforced concrete frames standard elements and possible loads. By seismic
stresses is defined frame structure dynamic carrying capacity (strength), and it is compared with the static strength. Are
analyzed the reasons to increased dynamic strength compared with static strength. The obtained results represents
scientific and practical interest, as it significantly simplify the designer’s work.

M .Tsikarishvili, T.Giorgobiani, T.gonashvili. Life cycle of the immovable property objects. Scientific-technical
journal “BUILDING” #2(37), 2015

In this article we have discussed life cycle of the immovable property, which includes the time period from its
creation to the end of its demand. In general view of the matter, life cycle of any object is the unity of complete
sequential process stage of its existence, composition of time intervals, from its appearance till its disappearance.

In this work,reason of the sense of immovable property life cycle creation is discussed and analized, as well as the
reasons, why its compound processes and stages are reaserched.

Chart of immovable property life cycle is presented,whichis based on the market research by its “classical right”- by
economic raising and downfall. The length and complexity of the cycle depends on various exogenous and endogenous
factors. We have discussed major stages of the structure life cycle,which are: building, exploitation, development and
demolishment.

D. Revazishvili, r. Chkoidze. DEFINITION OF PLATE FREE TRANSVERSAL OSCILLATION
FREQUENCY BY ENERGY METHOD. Scientific-technical journal “BUILDING” #2(37), 2015
In the paper is considered supported on whole contour rectangular plate’s transversal conservative free oscillations and
by approximation energy method (Rayleigh method) is defined the oscillation frequency range. For the determination of
plate deformation potential energy is applied the classical mechanics formula[1] aswell asthe samein a modified form
[2]. The examples show that the results are significantly different from each other.
F. Japaridze, T. Garsevanishvili, N. Areshidze.e TREATMENT OF BUILDINGS FOUNDATIONS WATER
SATURATED CLAY SOILS STEMS BY ELECTROCHEMICAL METHOD. Scientific-technical journal
“BUILDING” #2(37), 2015
On the basis of conducted studies in engineering and geological aspects is generalized electrochemical drying method
in Georgia and turf water saturated soil environment that is applied in the case of clay, water saturated soil, foundation
pit sope stability, aswell asin landslide areas, in sedimentary and weak unstable soils.
J. Esaiashvili, M. Mukhigulishvili. Calculation of biaxial bending of reinforeced concrete. Scientific-technical
journal “BUILDING” #2(37), 2015

Biaxial bending of reinforced concrete column is reviewed in the article. Simple calculation method of Eurocode 2 is
used to calculate biaxial bending of the reinforced concrete column.
T. Zakutashvili, Z. Kapanadze, T. Matsaberidze, |. Bochorishvili. SOME ISSUES OF HIGH-RISE BUILDINGS
STABILITY. Scientific-technical journal “BUILDING” #2(37), 2015
With the increase of height and width of building is increasing the volume and masses of the building, while the spatial
stiffness decreases. Therefore, special attention should be paid to the stability of ahigh-rise building.

In the article are considered issues of high-rise buildings structures calculation on stability according to the P-A curves.
Avre stated the dependency diagrams between building’s relative strains and stiffness.

A. Sakvarelidze, N. Gudushauri. The mechanical properties of different age high strength concrete upon
compression. Scientific-technical journal “BUILDING” #2(37), 2015

In Georgian based on local raw materials and use of production wastes, high strength basalt fiber concrete can be
produced. For high strength basalt fiber concrete Kaspi portland cement, the inert materials of river Krami basin and
imeri basalt send, basalt gravel, basalt fiber of local production was used. As on addition the super plasticizer produced
Sika company (Switzerland) “Viscocrete SF-18" was used.

The optimum amant of plasticizer gives possibility to increase concrete strength 35-40 by.

J. Togonidze. ANALYSIS OF LOCATED ON ELASTIC BASE SLAB BASED ON THE REFINED THEORY.
Scientific-technical journal “BUILDING” #2(37), 2015

In construction (eg. motor roads, airfields and other) often are applied located on elastic bases average thickness
reinforced concrete slabs. There are several theories of such slabs analysis, in that as elastic bases are considered the so-
called Winkler or bed two coefficients elastic bases. In our article we consider bending of located on the elastic Winkler
foundation slab based on the refined theory equations. The analysis was carried out by the initial parameters method,
when two plates hingedly are supported on the opposite sides while the two other sides are arbitrary supported. Are
received simultaneous equations, due the solution of that with taking into account the boundary conditions will be
obtained the final result: deflection function, etc. in cases of different loads.
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