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CEVMCMOCTOMKOCTb T'MAPOTEXHUYECKUX
COOPYXEHHMM C YYETOM PABOTHI KOHCTPYKIIUI
3A IIPEJEJIOM YIIPYTOCTH

Lenbto nccnenoBaHus ABIAIOCH U3YUEHUE BIUSHUSA CEHCMUYECKONW HArpy3Ku Ha ILJI0-
TUHBI, YCTPaUBAaE€MbI€ B TOPHBIX YLIEbIX, IPU Pa0OTe KOHCTPYKIMH 32 IPEAEIOM yIIPYTOCTH.
YepHomopckoe mobdepekbe KpacHomapckoro kpasi pacioyioKeHO B 30HE C BBICOKOU celicMu-
YEeCKOW aKTMBHOCTBIO. B NeCTBYIOIUX HOpMaxX OTCYTCTBYIOT KPUTEPUU OLICHKU BOJOXPaHHU-
JIMII HA MaKCUMAaJIbHOE pacdyeTHOe 3emileTpsiceHre. Bmecre ¢ TeM yCTaHOBJIEHO, UTO ropoja
Yepaomopckoro mnodepexbs KpacHomapckoro kpas He oOecredeHbl B JIOJDKHOM oObeMe
IIPECHOI BO/IOM B JIETHUM nepuoj. Penenue npoOiemMbl BO3MOXKHO ITyTEM pa3pabOTKU TEXHO-
JIOTMH U TeXHUYECKHUX CPEACTB, CIOCOOHBIX aKKyMYJIMPOBATh aTMOC(HEpHbIE OCa/IKH C IOcCIIe-
JQYIOIMM HUX HCIOJIb30BAaHUEM B MEKEHHBIM mepuoj. ONTUMaIbHBIM MECTOPACIOI0KEHUEM
BOJIOXPAHWINIL HAa OOEpexbe ABISAIOTCS ropHble yiienbs. OleHka HaJlexHOCTH U Oe3omac-
HOCTHU IUIOTUH ObLIA BBIIOJHEHA C UCIIOJIb30BAHUEM METOJIa IpeaesbHbIX cocTossHui. C 1e-
JbI0 AHAJIU3a BIIMSHUSA HA COOPYKEHUE CEHCMUYECKOTO BO3ICHCTBHS, 3aJaHHOIO AKCEJIEPO-
IrpaMMOH, OCYIIECTBJIEHO HCCIeA0BaHUE cucTeMbl B nporpamMMmHoM mnpojaykte STARK ES
C YYETOM BJIMSHHUS HA TMAPOTEXHUYECKOE COOPYKEHHE BOAHOM cpenbl. HopMaTuBHBEIE NOKY-
MEHTBI, AEUCTBYIOLINE B CTPOMUTEILCTBE, B HACTOSIIEE BpEMsl HE PErVIAMEHTUPYIOT CTPOU-
TEJbCTBO IIJIOTUH B FOPHBIX YHIENBAX U B 30HAX C BBICOKOM CEMCMUYECKOM aKTUBHOCTBIO. M-
[10JIb30BAHNE COBPEMEHHBIX METOJIOB pacuera U CTPOMUTEIbHBIX MAaTEpPHaJIOB MO3BOJISIET CO-
3/1aTh O€30IacHbIE COOPYKEHUS, OTBEUAIOIIME BCEM TPeOOBAHUAM HAJAEKHOCTH T'MJIPOTEXHU-
YECKHUX COOPYKECHMII.

KitoueBble croBa: BOJIOCHAOKEHHUE, BOAOXPAHMIIHUILE, IUIOTHHBI, PECHas BOJA, TeX-
HOJIOTHUHU BO/1000€CTICUEHNU s, THIPOTEXHUUECKUE COOPYKEHHUSI.
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SEISMIC STABILITY OF HYDRAULIC CONSTRUCTIONS TAKING
INTO ACCOUNT THE YIELD STRUCTURE BEYOND ELASTICITY

The aim of the research was to study the effect of seismic load on the dams in moun-
tain gorges, when the structures operate outside the elastic limit. The Black Sea coast of
Krasnodar Territory is located in a zone with high seismic activity. There are no criteria for
assessing reservoirs for the maximum design earthquake in the current regulations. At the
same time, it has been found that the cities of the Black Sea coast of Krasnodar Territory are
not provided with adequate fresh water during the summer period. The problem can be solved
by developing technologies and technical means capable of accumulating precipitation with
their subsequent use in the low-flow period. The optimum location of reservoirs on the coast
are mountain gorges. Dams reliability and safety assessment was done by the limit state
method. To analyze the impact on the seismic impact on structure specified by the accelero-
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gram, the research of system in the STARK ES software product was carried out taking into
account the effect on the hydraulic structure of the aquatic environment. Regulatory docu-
ments operating in construction currently do not regulate the dams construction in mountain
gorges and in areas with high seismic activity. The use of modern methods of calculation and
building materials allows to create safe structures that meet all the requirements of the relia-
bility of hydraulic structures.

Key words: water supply, reservoir, dams, fresh water, water supply technologies, hy-
draulic structures.

Beeagenne. I'opoga YepHomopckoro nodepexbs KpacHomapckoro kpas
HE 00ecIeyeHbl B TOJDKHOM 00BbEME MPECHOM BOJOM B JieTHUM nepuod. Orpom-
HBIE IJIOWIAIN IUIOJOPOAHBIX 3€MEIIb, HE 3aJICHCTBOBAHHBIE B HACTOSIIEE BPEMS,
CHOCOOHBI MPU OPOILIEHUM JaBaTh YCTOMUMBBIE U BBICOKHE YpOXKaHu CEIbCKOXO-
3SICTBEHHOM MpoayKuuu. Pemenue npo6sieMbl BO3MOKHO TPAJULIUOHHO TyTEM
akkymyssinuu Bogsl. Penbed YepHomopckoro mobepexbs KpacHomapckoro
Kpasi IPEUMYILECTBEHHO TOPHBIN, 00pa30BaH CI0KHON cucTeMOil XpeOToB, Mo-
CTEIICHHO TOBBIIIAETCA K IOr0-BOCTOKY TeppuTopuu [l, 2], CEHCMHYHOCTH
7-9 GannoB, MO3TOMY YCTPONCTBO TPaJULMOHHBIX BOJAOXPAHWINIL TEXHUUECKU
Y TEXHOJIOTUYECKHU CIOKHO. BMeCTE ¢ TeM KIIMMaTUYECKHUE YCIOBUS CKIIA/IbIBa-
I0TCS. HAMTy4IIUM 00pa3oM JUIsl aKKyMYJIAIMK aTMOoc(epHbIX ocaakoB. Lupky-
JSIUOHHBIE yciioBusi YepHoMopckoro nodepexbst KpacHonapckoro kpas omnpe-
JEJSAIOTCSA CE30HHBIMM CMEIIEHUSMH YMEPEHHOW 30HBI 3allaHOTO NEPEHOCA U
CyOTpONMYECKON 30HbI MOBBIIIEHHOTO JIaBJICHUS C Pa3IesSIOUIIM UX MOJIIPHBIM
(ymepennbim) dportoM. Crienuduka peruoHa — MorpaHUYHOE MOJI0KEHUE C 30-
HO ymepeHHoro kiaumara. [loaTomy B OCHOBHOM MpeoOiafaroT MOJBUKHBIE
LUKJIOHbI U AHTHUIMKIOHBI, a OOIIMPHBbIE OOJACTH MOJBBIILIEHHOTO JaBJICHMUS
HaOMIoAA0TCA JHIb »nu3oaudecku [3, 4]. Pa3HooOpasue KIMMaTH4eCKUX
yCIIOBUM OOBSACHSETCS CIOKHBIM CTPOCHHEM pelibeda, Mo/ BIUSTHUEM KOTOPOro
BUJIOU3MEHSIETCS] LIUPKYIISIUS BO3AYIIHBIX Macc. YUepHOMOpCKOe MoOepekbe —
HauOoJiee yBlIakHeHHbIA perroH KaBkasza Onaronaps BiusHuio YepHoro Mops u
npeobaaroiM B TEIUIbIN nepuos 3anagHbiM BeTpaM. OcOOEHHO MHOTO aTMO-
chepHBIX OCaJKOB BbINAJAeT HA IOro-3alaJHbIX, HABETPEHHBIX CKIOHaX Boib-

moro Kapkaza [5].
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Pexxum ocankoB UepHnomopckoro nodepexbs Kpacnogapckoro kpast 00y-
CJIOBJICH OOIIEH IUPKYJSALIUEH aTMOC(EpPhl U CIOXKHOU oporpadueld MECTHOCTH.
Ocaaky B OCHOBHOM ONPEAEISIOTCS HUKIOHUYECKON AESTENIbHOCTBIO, HO POJIb
BHYTPHUMACCOBBIX TPOLIECCOB TOXE Benuka [4]. B ycrnoBUSX Top KOJIHYECTBO
OCaJIKOB 3aBUCHUT OT BBICOTHI MECTHOCTH, OPUEHTAIIMUA XPEOTOB MO OTHOIIECHUIO
K BJIArOHECYIIMM MaccaM BO3/yXa, JOCTYHHOCTH MX JJI 3TUX Macc U OT OCO-
OCHHOCTEH CHHOINITUYECKUX Mpo1eccoB [6—8].

Ha Teppuropun Yeprnomopckoro nodepexnss KpacHogapckoro kpast ro-
JIOBOE KOJMYECTBO OCAJKOB YBEJIMYHMBAETCS C CEBEPO-3alaja Ha KOr0-BOCTOK
ot 460 mM B AHane 510 1430 mMm B Tyance u 1660 mm B Coun. B ropusix paiio-
Hax FKHOro ckiioHa bosbmoro KaBkaza KOJIM4YecTBO OCaJKOB pPE3KO BO3pacTa-
€T, JocTuras (HaOJIOJEHHOr0) MakcMMyMa B OacceiiHe MB3bIMTBI Ha XpeoTe
Auuiixo (6onee 3200 mm/roxn).

B menom ¢ yBelMYEHHMEM BBICOTBI MECTHOCTH BO3PACTacT KOJIMYECTBO
ocagkoB. OHAKO POCT OCAJKOB MPOUCXOJIUT 1O ONpPEAEIEHHONW BBICOTHI, 00Yy-
CJIOBJIEHHOM BBICOTOM ypOBHs KOoHAeHcauu [7, 9, 10]. MakcumanbHOE KONr4e-
CTBO OCaJKOB Ha 3anagHoM KaBka3ze BbINIaJaeT, O pa3HbIM OLIEHKAM, B JHara-
30He BeIcOT 1800-3200 M [9].

B npenenax YepHomopckoro nodepexnsi KpacHomapckoro kpasi BHyTpH-
rOJIOBOE€ PaCHpElEICHUE OCAKOB XapaKTepU3yeTcs 3WMHHM MaKCUMyMOM
OCaJIKOB, @ MUHHUMYM MPUXOJUTCS MO0 Ha BEeCHY (B MpUOPEkKHOMN 30HE), TMOO
Ha JIeTo (B rOopHO# yacTu). B 3uMHuE Mecslbl HOpMa OCaJIKOB BIBOE IPEBOCXO-
JUT HOPMY OCaJIKOB BECEHHE-JIETHUX MECSLIEB.

JloJIMHBI M OKaWMIIAIOIIHME UX XpeOThl npeBpaniatoT YepHoMopckoe node-
pexxbe KpacHomapckoro kpasi B Liellb OTHOCHTEIBHO OOOCOOJIEHHBIX PEYHBIX
OacceitHoB. BHyTpu kaxaol OaccelHOBON «sT4eMKW» (OPMHUPYIOTCS MOTOKU
MOPCKOr0 BO3JyXa B TOpPbl U TOPHOI'O — K MOPIO M OCYLIECTBJISIETCS CTOK IO-
BEPXHOCTHBIX U MOA3eMHbIX BoA [3]. HampaBneHnue nBux’eHUs MOA3EMHOIO CTO-

Ka TECHO CBSI3aHO C penbedoM, a PEXKHUM MOJ3EMHBIX BOJ OTpakaeT KIMMaTHde-
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CKHE YCIIOBHs. HacTUUHAs aKKyMYJISIIUS MMOJ3EMHBIX BOJ MPOUCXOAUT B IMONY-
3aKpBITBIX CTPYKTypax [11]. BoJOHOCHBIN TOPU30HT AIHOBHANBHBIX OTJIOKEHHIM
MUTAeTCs TJIABHBIM 00pa3oM 3a c4eT MHPMIBTPAIIMN MTOBEPXHOCTHBIX BOJI B II€-
PHOJI BECEHHETO TOJIOBO/IbsI, aTMOC(EPHBIX 0CATKOB, & TAKXKE 32 CUET Pa3rpy3Ku
MOJI3EMHBIX BOJ JOKeMOpus 1 naneosos [12].

BcenencTre 00ap1101 MOTIIOMAKOIIEH CITOCOOHOCTH MOA3EMHOM €MKOCTH
PEYHBIX BOAOCOOPOB, JOCTATOYHO OBICTPON MHEOUIBTpAIIMK Yepe3 30HY a’pa-
MU, OCOOCHHO B BEPXOBBAX PEK, I'JI€ BCTPEUAIOTCA KapCTOBbIE GOpMBbI (KOTIIO-
BUHBI, BODOHKH, KapCTOBbIE MCTOYHUKUA U JAP.), © UHTEHCUBHOTO BOJI0OOMEHA
B MTOI3€MHBIX BOJOHOCHBIX TOPU30HTAaX, JUHAMHUKA MOA3EMHOIO CTOKA M3 HUX
B PYCJIOBYIO CE€Th MPAKTUYECKH MOBTOPSET AMHAMUKY MOBEPXHOCTHOW COCTaB-
JSoIIe pycinoBoro croka. M3-3a HeOOIbIION MOA3EMHON €EMKOCTH PEYHBIX BO-
10cOOPOB M MaJoro BPEMEHU CKJIOHOBOIO AOOEraHusl B YCJIOBHSX 3HAUUTEIb-
HOW pacuJIeHEHHOCTHU pelibea MPOUCXOAUT OBICTPBIN COPOC B PYCIOBYIO CETh
auBHEBBIX ocankoB [13]. Uepnomopckoe mobepexkbe KpacHomapckoro kpas
IIPEICTABIIAET COOOM TEPPUTOPHIO C 3aMKHYTBHIM OaslaHcoM Boj. Bee ectecTBen-
HbI€ BOJIHBIE PECYPCHI (HAJI3€MHbIE U MOJI3EMHBIE PEKU U BOJOTOKHU) pasrpyxa-
I0TCS B aKBATOPHIO YepHOro Mops.

VYuuteiBas cnenupuxky YepHomopckoro nodepexps, B KybanckoMm rocy-
JApCTBEHHOM arpapHOM YHHMBEpPCUTETE pa3paboTalyd CUCTEMbl PEryIHMpOBaHUS
cTOKa atMoc(epHbIX 0caakoB [14], aganTUpoBaHHbBIE 711 YCTPOUCTBA B TOPHOU
MecTHOcTH. CHcTeMa BKJIIOYaeT B ce0sl MOCIeI0BAaTEIbHO YCTAHOBICHHbBIE JIPYT
3a APyrom, a BO3MOKHO, YCTPOCHHBIE B OTPAaHUYEHHOM 00beMe YUIeNbs He I10-
CJIEIOBATEIbHO, a OJHO HaJ JPYrMM JiBa WJIM HECKOJIBKO BOJOXPaHUIIUII.
Y CTpoHCTBO AaHHBIX CHUCTEM IMPEATIOIAracTCsl B TOPHBIX YIIEIbSAX C LEIbI0 MU-
HUMU3AIUU BO3JEHCTBUSA Ha OKPYKAIOIIYI0 Cpely, TaK Kak HMMEIOIIHecs paB-
HUHHBIE [UIOIIA/IA PALMOHAIBHEE MCIIOJIB30BATh I TPOU3BOACTBA CEJICKOXO-
3qiicTBeHHON npoaykuuu. Co3gaHue BOJOXPAHUIIUIL C 0OBEMOM BOJBI, 1OCTA-

TOYHBIM IJIs1 YAOBJIICTBOPCHUA HYXXA HACCIICHUSA W IMPOU3BOACTBA, KOPCHHBLIM
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o0pa3oM HM3MEHSIET MECTHBIN JaHAa(T, CUIBLHO BIMAET HAa MHUKPOKJIMMAT,
baopy u dayny tepputopuu. Eciin BOJOXpaHWIHILE COOPYKEHO Ha KPYIMHOU
pEeKe, TO U3MEHEHHMS B €€ THIPOJIOTMYECKOM PEKMME 3aMETHBI HA MPOTSIKEHUU
COTEH KWJIOMETPOB IO pycily. M3MeHsieTcs TemiiepaTypa BOJbI, JIEAOBBIA pe-
YKUM, CKOPOCTb T€UEHUSI, YBEIIMUYMBAETCS BHICOTA BETPOBBIX BOJH [15].

OpHUM U3 acmeKTOB, TPEOYIOMIUX JIETaIbHOTO U3YUYEHUs, SIBISETCS BIIH-
SHUE HAa CUCTEMY CEHCMHYECKOTO BO3IECHCTBUS, BEIb TAHHBIE COOPYKEHUS
MPEICTOUT PEATU30BBIBATH B 30HE MOBBIIICHHOW CEUCMHYECKON AKTUBHOCTHU
(7-9 6annoB). B cBsI3u C 3TUM IIENBbIO HCCIIEIOBAHUS SBISJIOCH U3YUEHUE BIIMS-
HUSI CEUCMUYECKON HArpy3Kd Ha IJIOTHUHBI, YCTPAUBAEMbIE B TOPHBIX YIIEIbSX,
pU paboTe KOHCTPYKLUMN 3a MPEIETIOM YIPYTOCTH.

Marepuajbl 1 MeTOAbl. PaccMOTpUM pa3inuyHbIe MOAXOABI K PacyeTy
TUAPOTEXHUYECKUX COOPYKEHUM U UX KOHCTPYKUMK HA TUHAMUYECKHUE BO3IECH-
cTBusA. TpeboBanus Kk Merony pacdera mnpencraBiensl B CII 14.13330.2014
«CTpOUTENBCTBO B CECMUYECKUX PAOHAX).

Jns COOpy>KEHUH MACCOBOTO CTPOUTENBCTBA BO3MOXKHO NPUMEHEHHE
KBa3UCTAaTUYECKUX METOAOB, JOCTOMHCTBOM KOTOPBIX SIBJISIETCS IPOCTOTA pac-
yeTa Ha JTWHAMHUYECKHE Bo3AencTBHs. KBasucrarnueckue METONBI UMEIOT 3Ha-
YUTEJIBHOE KOJWYECTBO HEIOCTATKOB, TAKMX KaK HCIIOJIb30BAaHUE KPATKOBpE-
MEHHBIX Harpy30K BMECTO JUHAMUYECKHUX, UCIOIb30BAHUE CTATUYECKUX XapaK-
TEPUCTUK MATEPHATIOB BMECTO JMHAMUYECKMX W T. A. ['JIaBHBIM HEIOCTaTKOM
ABJISICTCS OTCYTCTBHME BO3MOYKHOCTH aHAJIN3a KOHCTPYKIIMU 34 NIPEACIOM YIIPY-
roil neopmannu, B CBSI3U C 3TUM KBAa3UCTATUYECKUE METObl pacyeTa Heo0Xo-
VMO paccMaTpuBaTh Kak MpuOImKeHHbIe [16].

CoBpeMeHHbIH MOAX0 K 00eCIeYeHUI0 MEXaHUYeCKOW 0€30MacHOCTH CO-
OpYKEHHUM, PACIOJIOKCHHBIX Ha IUIONMIAJKaX CEHCMUYHOCThIO 7-9 OGasios,
HAKJIQJIBACT JIOMIOJIHUTEIbHBIE TPEOOBAHUS K TMHAMHYECKIM PacueTaM.

N3ydyeHne u aHanm3 KOHCTPYKIMU COOPYKEHUW MPU 3HAUYUTENIBHBIX JIH-

HAMHYECKUX HArpy3Kax CBUICTEILCTBYET O Pa3BUTHH B JKEJIE300€TOHE HEYIIPY-
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rux aeQpopMaiuii, Ipu 3TOM CJIEAYeT OTMETUTh, UTO HauboJiee TOUYHBIN pe3yJib-
TaT pacyeTa JOCTUTAETCS MOCPEACTBOM NMPUMEHEHUS HEMHEHHOTO TUHAMUYE-
CKOro pacueTa BO BpeMeHHOM oOnactu. [Ipu TakoM moaxone CyiiecTByeT BO3-
MO>KHOCTb YUUTHIBATh HEJIMHEHHBIE XaPAKTEPUCTUKHU CUCTEMBbI, U3MEHSIOIIECHUCS
BO Bpemenu [17, 18].

[Tom paboTOi KOHCTPYKIUK 3a TPEICIIOM yIpyro aedopmanuy moHUMa-
€TCsSl yYeT IUIACTHYECKUX JedopMaIiii CUCTEMBI MOCE JOCTHKEHUS HArpy3KOM

npenensHoro 3HaueHust P _u . Huxke npencraBieHa ynpyromiacTuueckas MOJIeNb

nehopMUPOBaHUST KOHCTPYKIIMK TI0 OWJIMHEHHOW auarpamme «Harpyska P —
nepememienue U » (pucyHok 1). KacarenbHas )K€CTKOCTb CUCTEMBI B HEYIIPY-

roi cragun K __ IpUHHMaeTcs paBHOM ee HadalbHOW kecTkoctu K, yMHO-

C

YKEHHOW Ha KO3 (PUIMEHT CHUKEHUS )KECTKOCTH, KOTOPBIN ONpeneseTcss IKC-

MePUMEHTAIIBHO.
P A
Koac
P u ] |
1Kﬂ 1K“ ;i
U
' !
— Km

Pucynok 1 — buinneiinas nuarpamma «Harpy3ka P — nepememenue U»

[Ipn nMHAMUYECKOM aHAJIN3€ B KAYECTBE CEMCMOJIOTUYECKUX JTaHHBIX HC-
IIOJIB3YIOT 3AIIUCU CEMCMUYECKUX JIBUKEHUN IPYHTA — aKCEIEPOrPaMMBl.
YpaBHEHHE OTHOCUTEIBHOIO IBWKCHUS HEYNIPYTOW KOHCTPYKLHH B JAUC-

erTHOP'I ITIOCTAHOBKCEC 110 KOOp)II/IHaTaM HUMECT BU:
M-YO)+C-Y()+S(@) = P(@),
rae M — marpuia Macc KOHCTPYKIINH;

C — Marpuna aeMrpupoBaHus;
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Y(t) u Y(t) — Hew3BecTHBIE BEKTOPbl YCKOPEHUN M CKOPOCTEU JABUKECHHUS
KOHCTPYKIIMH OTHOCHTEIFHO OCHOBAHHUS B MOMEHT BPEMEHH 1 ;
S(t) — BEKTOp HEYNPYTUX CHII OTIIOPA;
P(t) — BexTOp Harpy3ox.
YucneHHOE HHTETPUPOBAHUE TI0 BPEMCHH:

M-AY®)+C-AY(®)+K__(1)-AY () = P(1),

Kac

rae K (f) — mMarpuna KacaTeabHON XKECTKOCTH KOHCTPYKLUHMHA B MOMEHT Bpe-

Kac

MCHH [ ;
Y)=Y(t—At)+AY (@),
Y)=Y({t—At)+AY (@),
Y(£)=Y(t—At)+AY (1),

S =St—-Ar)+K_ ()-AY(2).

Kac

BBuay oTCyTCTBHS B IEUCTBYIOIIUX HOPMAaX COOTBETCTBYIOLIUX KPUTEPH-
€B OLICHKH PAaCCYMTBHIBAEMBIX COOPYKEHUN HA MAKCUMAJIBHOE PACUETHOE 3eMIIE-
Tpsicenue (MP3), olieHka HaZEKHOCTH U OE30MaCHOCTH TMAPOTEXHUYECKHUX CO-
OpY>KEHHI MOKET OBbITh JaHa C MUCHOJb30BAaHUEM METOZAA NPEETbHBIX COCTOS-
HUW U3 YCIIOBHUS:

F <R,
rae ' — 0000ImeHHoe MaKCUMAaJIbHOE 3HAUC€HUE CHIIOBOI'O BO3JICHCTBHSA, Jie-
dopManuu (cMelleHus1) WM Apyrue napamerpbl, MO0 KOTOPHIM MPOU3BOIUT-
cs [16] onieHka NpeneIbHOTO COCTOSIHUS;
R — 0000111€HHOE 3HAaYeHUE HECYIIel COoCOOHOCTH, MPOYHOCTH, AePopMa-

UM (CMELIEHMsI) WK IpYTHe MapamMeTpsbl, 0 KOTOPHIM MPOU3BOJUTCS OLIEHKA.

B pacyerax TruApOTEXHUYECKUX COOPYXEHUW Ha 0co0oe coueTaHue
Harpy3ok npu aeiicteun MP3 cienyeT yuuThIBaTh CEHCMHYECKUE MHEPLIMOH-
HbI€ Harpy3Ku OT MacC COOPYKEHHUsI, THAPOJNHAMUYECKOE JAaBIICHUE, JaBJe-

HHC OT BOJIH, BBI3BAHHBIX 3EMJICTPSACCHUCM, NTUHAMHWYCCKOC OABJICHUC I'PYHTA,

HaHOCOB.
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PesyabTarsl U 00cyxneHusi. C 1eJIbI0 aHAIM3a BIUSHUSA HA COOPYKEHUE
CEMCMMUYECKOTO BO3JECHCTBUS, 3aJlaHHOTO AKCEIEePOrpaMMOM, OCYILIECTBUM HC-
cienoBaHre cucreMsl B mporpamMmmMHoM npoaykre STARK ES ¢ yuerom BausiHus
Ha TUJPOTEXHUYECKOE COOPYKEHUE BOJHOU CPEJIbI.

Ha pucynke 2 npencrasiieHa pacyeTHass MOJEIb COOPYKEHUS, IIPU MOJIE-

JIMPOBAHUHU YUYTECHA NPUCOEAUHEHHAS Macca BOJBI.

B e
-“‘i"ﬁ“

Pucynok 2 — PacyeTHast MoJeJIb COOPYKeHHUS

[IpucoennuenHas Macca BOABI IIPU CEUCMUYECKOM BO3JAEHCTBUHU PACCUU-
TBIBAETCS U3 YCIIOBUA:
m, =p,hp¥,
rae p, — MIOTHOCTb BOJBI;

h — rmyOuHa BOJBI Y COOPYKEHUS;

L — 6e3pa3MepHbIil KOADPUIIUEHT MPUCOSTUHEHHON MacChl BOJIbL;

Y — koadpuLeHT, yUUTHIBAIOIINI OrPAHUYEHHOCTD JJIMHBI BOJOEMA.
Ha pucynke 3 npeacraBiensl GOpMbl COOCTBEHHBIX KOJICOAHMIA.
Ha pucynke 4 npeacraBieHO MaKCUMAJIbHOE TIEpEeMEIeHUE KOHCTPYKITUU
OT celicMUYeCKUX (KBa3UCTATUYECKUX) HArPY30K C y4eTOM pabOThl KOHCTPYK-
LN B YIIPYTOU 30HE.
Hcxonast u3 mpeacTaBIeHHOTO, HEOOXOAMMO KOHCTaTHPOBaTh, YTO B KOH-
CTPYKLIMH BO3HUKHYT MEPEMEUICHUs BAOJIb OCH Y , MaKCUMaJIbHOE 3HAUYE€HUE KO-

TOpbIX cocTaBUT 10,568 MM, OT celicMUUeCKuX (KBa3UCTATUUECKHUX ) HAIPY30K.
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®opwma 1 ®opwma 2 ®opwma 3
W = 58,45 pan/c W =79,98 pan/c W =90,31 pan/c
f =9303Tn f=12,73Tn f=1437Tn
T =0,1075c¢ T =0,07856 ¢ T =0,06957 ¢

Pucynok 3 — @opMbl COOCTBEHHBIX KOJIEOAHM I

Max: ¥Y3en 5619, Uy = 10,568 mm

. I . .
—0,4 0,8 2,0 3,3 4,5
. I . .
5,7 6,9 8,1 9,4 10,6

Pucynok 4 — IlepemenieHne KOHCTPYKIIUU
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Ha pucyHnke 5 npencrapiieH [TMHAMAYECKUNA OTKJIMK CUCTEMbI HA CEMCMHU-
YECKOe BO3JICCTBHE BO BpeMEHHM (IIepeMelleHUe BJIOJIb OCH Y ), MOJy4YCHHBIH
IIPY TTIOMOIIIA METOJa PA3JI0KEHUS TI0 COOCTBEHHBIM (popMaM, ¢ y4eTOM PabOThI

KOHCTPYKIIMU B YIIPYTOi 30HE.

VBRI max=0.0143, t=13.960
T -0.0143

-
b
b

rrrrr

-0.0143
rin=-0.0137, t=13.780

PucyHnok 5 — Ilepemeriene KOHCTPYKIUU

Hcxons v3 mpeacTaBieHHOT0, HEOOXOAUMO KOHCTAaTUPOBATh, UYTO JIUHA-
MUYECKUN OTKIUK CUCTEMbI Ha CEMCMUYECKOE BO3JICHCTBHE BO BpeMeHU (Tiepe-
MelleHue BI0Ab ocu Y ) coctaBuT 14,3 MM C y4eTOM pabOThl KOHCTPYKIIHH
B ynpyroii 30He. Jlannbiit 2 ekt nabmogaercs Ha 13,96 ¢ npu BpeMEHHOM WH-
TE€pBaJE BO3JAECHUCTBUS, PABHOM 235 C.

Ha pucynke 6 npeacraBiieH JUHAMHUYECKUN OTKIMK CHCTEMBI Ha CEMCMU-
YECKOe BO3JICKCTBHE BO BPEeMEHHM (IIepeMelIeHUe BJIOJIb OCH Y ), MOTy4YCHHBIHN
IIPY TOMOILM METOJA Pa3joKEeHUs MO0 COOCTBEHHBIM (pOopMaM, C y4eTOM pabOThI
KOHCTPYKITUU 32 TIPEACIIOM YNPYTOCTH NpU KOdPPUIIMEHTE CHIKEHUS KECTKO-

cTH, paBHoM 0,5.

YEET4[H] max=0.0153, t=18 200
T -0.0178

k-
5
k-

| L A

-0.0178
min=-0.0173, t=12.170

Pucynok 6 — IlepemenieHne KOHCTPYKIIUH

10



Hayunstit xypnan Poccuiickoro HUM npo6iem menmoparuu, Ne 1(33), 2019 r., [92-108]

Hcxons U3 npeacTaBieHHOro, HE0OOXOJUMO KOHCTaTHUpOBaTh, YTO JIMHA-
MUYECKHUI OTKIMK CUCTEMbI Ha CEMCMUYECKOE BO3JICHCTBUE BO BPEMEHH (Tiepe-
MelIeHUe BIOJb OCH Y ) cocTtaBuT 15,3 MM C y4eTOoM pabOThl KOHCTPYKIIMH
3a npenenoM ynpyroct. Jlanusiii addexr Hadmomaercs Ha 18,20 ¢ mpu Bpe-
MEHHOM HMHTEpBaJIe BO3JAEHCTBUA, paBHOM 25 c. Cieayer OTMETHTh, YTO KOH-
CTPYKLIMS I1OCJE€ OKOHYAHUS BO3JECHCTBUS HE BEPHYJACh B MEPBOHAYAIBHOE CO-
CTOSIHUE, T. €. HA0II0AA0TCS OCTATOUYHbIE 1e(POpMAaLIHH.

Ha pucynke 7 npencraBiieH TMHAMUYECKUN OTKJIUK CUCTEMBbI HA CEMCMMU-
4eCcKOe BO3ACHCTBHE BO BPEMEHM (TEpEeMEIICHUE BAOIb OCH Y ), MOIyYEHHBIN
IIPY TOMOILM METOJA Pa3joKEeHUs M0 COOCTBEHHBIM (pOopMaM, C y4eTOM pabOThI
KOHCTPYKIMU 32 MPEAEIIOM YIPYTrOCTH, MPU KOIPPUIMEHTE CHUKEHUS KECTKO-

cTH, paBHOM 0,2.

YEE19t) max=0.0197, t=13.330
e - 0.0301

riray

-
b
b

rrrrr

-0.0301

rin=-0.0301, t=15.220

Pucynok 7 — IlepemenieHne KOHCTPYKIIUU
Ucxons w3 mpencraBieHHOr0, HEOOXOIUMO KOHCTAaTHUPOBATh, UTO JUHA-
MMYECKHI OTKJIMK CUCTEMBI Ha CEHCMUUYECKOE BO3JCHCTBHE BO BpEMEHHM (Tiepe-
MenleHue Baodb ocu Y) coctaBuT 19,7 MM ¢ ydeToM paOOThl KOHCTPYKLIMH
3a npenesnoM ynpyroctu. [lannsiii adpdext Hadmomaercs Ha 13,33 ¢ npu Bpe-
MEHHOM HHTEpBaj€ BO3JEHCTBUS, paBHOM 25 c. CieayeT OTMETHUTh, YTO KOH-
CTPYKIIUS TIOCJIE OKOHYAHMS BO3JEHCTBUS Tak)Ke HE BEPHYJIACh B MEPBOHAYAIIb-

HOE COCTOSTHUE, T. €. HAOJIFOIAI0TCSl OCTaTOYHBIC Je(hOpMAaIIHH.
Ha pucynke 8 npencraBiieH TMHAMUYECKHI OTKJIMK CUCTEMbI Ha CEMCMMU-
YECKOe BO3JICUCTBHUE BO BpeMEHHM (IIepeMelIeHue BJIOJIb OCH Y ), MOTy4YCHHBIH

IIPY TTIOMOIIIA METOJa PA3JI0KEHUS TI0 COOCTBEHHBIM (popMam, C yueToM pabOThI

11
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KOHCTPYKIIMU 32 MPEAEIIOM YIPYTrOCTH, PU KOADPUIIMEHTE CHUKEHUS KECTKO-

ctu, paBHom 0,1.

YYEET9(Y) maw=0.0442, t=18.330
e - 00442

b

-
-
-

rrrrr

-0.0442

rir=-0.0403, t=13.430
Pucynok 8 — Ilepemenienne KOHCTPYKIUH

Hcxons w3 mpeacraBieHHOr0, HEOOXOJUMO KOHCTAaTUPOBATh, UTO JUHA-
MUYECKUN OTKIUK CHUCTEMbI Ha CEMCMUYECKOE BO3/CHCTBUE BO BpeMeHU (Tiepe-
MeEIIeHUe BI0Jb OcH Y ) cocTaBuT 44,2 MM C y4eTOM paOOThl KOHCTPYKIIMH
3a npeAesnoM ynpyroctd. Jlanueiil apdext Hadmonaercs Ha 18,33 ¢ npu Bpe-
MEHHOM HHTEPBAJE BO3ACUCTBUS, paBHOM 25 ¢. KOHCTpyKIMs Mocie OKOHYaHUS
BO3JICHCTBUSI HE BEPHYJIACh B MEPBOHAUAILHOE COCTOSIHUE, T. €. HAOJIIOAAI0TCS
OCTaTOYHbIE AEPOPMALIHH.

BeimonmHuM aHanu3 Hecyleld criocOOHOCTH HAIIOPHOM T'PaHU COOPYKESHHS
C Y4E€TOM CEHCMHMUYECKOTO BO3JIeHCTBUS BO BpeMeHu. Ha pucynke 9 npencranie-

Ha OLICHKA ITPOYHOCTH 3JICMCHTOB HaHOpHOﬁ I'paHH.

OLI,EHKE NPOYHOCTH 3AEMEHTOE. CTaTHCTHES - *

[J=us
[]<=o7
! T ma TT
jEEEsamEse -
Z x——*“‘:: = -:*:; "‘i’———‘ég:
Sgannansec=aal BrmRimnmme R []<=10s
] =
oyl s >J'Rb¥ e T L
S ] CP . -
33 ——‘E _}gzég A S =11 = . — _ ==
W § g il i 1834 184 183 83 45 135
TR T | ERE
PR = B PP Rt T P e
ImE= ==
== Q<)§5 ] 4;'[( T ( Homep korGunaumm MakziansHoe sHavzHe
| | Ly | |
i I Fﬁ%} 5 T I H 4 w KO PPUUMEHT 3 MPOYHOCTH
I 1 VAR AR I 1y

Hotep 3 nementa E KOMEGHHELMM N0 BCEM KOMEUHALMARM

128 = 3.2286 | | 35506

Beoa...

Pucynok 9 — Ouenka npoYHOCTH 3J1eMEHTOB HAIIOPHOM I'PaHHU
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Hcxons U3 NOpeACcTaBIEHHOTO, HEOOXOAMMO KOHCTAaTUPOBaTh, YTO
B HAIIOPHOM TPAaHM IPUCYTCTBYIOT DJIEMEHTHI ¢ HEAOCTATOYHOM HECYIIEH CHO-
COOHOCTBIO, 3TO CBHUJIETEIBCTBYET O HEOOXOJIMMOCTH YBEIWYEHUS HECYIIEH
CIIOCOOHOCTH KOHCTPYKIIMH.

Ha pucynke 10 npencraBieHa oleHKa MPOYHOCTU 3JIEMEHTOB HAIIOPHOM
TpaHu TMOCJe YBEIMYEHUS HECYIIeH CIOCOOHOCTH KOHCTPYKIIMUA HArlOPHOU Tpa-

HH, CBUACTCIbCTBYIOIAA, YTO ITPOYHOCTD HaHOpHOﬁ I'paHu o0OecrieuecHa.

OueHka NTPOYHOCTH 3NEMeHTOE, CTAaTHETHES — *

[ os
[0
] = T | T
e H;f(%t" -
S e
8 RS s [ ]e=105
% T ] eI T
%; ARER S 3&;& LR . =11
e T S —
T = Mz 6 2
i HERS oS CRRE L > 11
7 Sy 77§ §§ k] - e .
SRk gl
‘rl}’,,‘}.‘ i g% P 77\| Horep komBuHaHm MakcumanbHoe sHa4eHHe
i i' W : : I } i 4 ~ K03 PhHLHEHT S NPOYHOCTH
=}

Horep 3 nemerta B KOMBUHALHA N0 BCEM KOMEUHALMAM

123 = 05138 | | 0397

Beoa...

Pucynok 10 — OnieHKka NpoO4YHOCTH 3JIEMEHTOB HANIOPHOM IPaHU

BoiBoabl. Vicxoas U3 mpenacTaBiIeHHOTO UCCIIeIOBAHUS, VISl aHAIN3a CeMi-
CMOCTOWKOCTH THIPOTEXHUYECKUX COOPYKCHHA HEOOXOIWMO YCTAaHOBIICHHE
BEJIMYMH CJICAYIOIMINX MapaMeTpoB: 0000IIEHHOE MaKCHUMAJIbHOE 3HAYCHHUE CH-
JIOBOTO BO3EHCTBUSA, AeopManuu (CMelIeHus); 0000IeHHOe 3HaUCHHE HEeCy-
el crnocoOHOCTH, MPOYHOCTH, AedopManuu (CMEIICHUs); CTEICHb BIUSHUS
MIaCTUYECKUX JiehopmManuili Ha HECYIIYIO0 CTOCOOHOCTh KOHCTPYKIIMH.

Ocrarounbie nedopmaru npu KodPGUIMEHTE CHUKEHUS KECTKOCTH,
paBaHOM 1,0, coctapmsitor 0,0 MM, npu ko3 dummente 0,5 — 9,9 MM, pu K0d3dh-
dbummente 0,2 — 6,6 mMm, ripu kodpdunuente 0,1 — 10,6 mm.

[IpencraBineHHbIe TTapaMeTpPsbl MO3BOJIST OLEHUTh CEMCMOCTOMKOCTh THJ-
POTEXHUYECKOTO COOPYKCHHS U, KaK CJICJICTBHE, TPOAHAIM3UPOBATH PE3EPB MU
HEJIOCTATOK HECYIICH CIIOCOOHOCTH KOHCTPYKIIUM, T€M CaMbIM 0OECTIEUUTh CO-
OMIOICHNE KOJIMYECTBEHHBIX M KAYECTBEHHBIX IIOKa3aTelIe COOPYXKEHUS

JUTst o0ecriedeHus: 6e30macHOM dKCIUTyaTaluu.
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