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KOJIOHKA I'TABHOI'O PE[JAKTOPA

O BCTPEYAX C BJAJUMHUPOM UWJIBNYOM TPABYHIEM

WNuxenep — 3to ['enuii: yueHslid, KOHCTPYKTOP U u3oOperarens. Baagumup Wneuu TpaBym
OTHOCHUTCSI MMEHHO K TaKOH KaTeropuu YYeHBIX, KOTOPBIM YyIaeTcs He TOJIbKO CO3/aBarTh,
WCCIIEIOBAaTh, HO W PEaJM30BBIBATh B JKU3Hb IPOPBHIBHBICE TEXHUYECKHUE PELICHHS, KOTOPHIE,
HECOMHEHHO, SIBIIIIOTCS OOJIBIIMM BKJIQJOM B Pa3BUTHE MHPOBOW CTPOHMTEIBHON TEXHUKHA W
aApPXUTEKTYphl. DTU yHUKaIbHBIE 00BeKTHl (OcTtankuHckas OamrHsi, MockBa-Curtu, Jlaxra LlenTp u
JpYyrUe) XOpOIIo U3BECTHBI HE TOJBKO MUPOBON WHIKEHEPHOU OOIIECTBEHHOCTH, HO M MPAKTHYECKH
BCEM JKUTEJISIM CTPAaHBI JAbHETO U OJIKHEro 3apyoekbs. OHM SBISIFOTCS CHMBOJIOB JIOCTHKCHUN
uHxeHepHoro uckyccrsa Coserckoro Coro3a u Poccun XX u XXI Bekos. Ho MoxeT ObITh HE Bce
3HAKOMBI C OJIHUM W3 TIPOEKTOB, pa3paboTaHHbM Oosiee 50 yer Hazaa. Eme B 1966 romy H. B.
Hukutun Bmecte ¢ B.M. TpaBymieM mnonyuunu 3aka3 OT SNOHCKOW KoMmaHuM Mwurtcycnba
3anpoekTupoBath OarrHio BeicoTOM 4000 MeTpoB. KoHCcTpykius OamrHu Oblia 3ampOeKTHPOBaHA B
BH/JIC YETHIPEXAPYCEON CTATHPHOW KOHUYECKOW CETYATON 00O0JIOUKHU C BBICOTOM Kaxkmoro spyca 1000
MeTpoB. [{uamerp ocHoBaHusi HeOockpeba — 800 merpoB. DyHIaMEHT OB 3aMpPOEKTUPOBAH U3
MpeaHanpsKeHHOTo  kene300eroHa. KouceTpyknusi HeOockpeba Obuta paccudTaHa € Y4ETOM
MIpe/ieIbHO BO3MOKHOM BEJMUMHBI yparaHHOTO BETpa U MPEAeSIbHOTO YPOBHS 3e€MJIETPSCEHUI Ha
tepputopuu SnoHun. M3BeCTHO, YTO 3JIEMEHTHI KOHCTpYyKIMHM OamHu Hebockpeba Hukutmna —
TpaBymia ObUTH MCTIONBL30BaHBI B MpeIoKeHHOM B SlmoHun yxxe B XXI| Beke mpoekte HeOockpeba
X-seed 4000.

He y Bcex y Hac ecTh npu3BaHue
OTKpPBIBaTh HOBBIE BEXU B
dbysgameHTanpHON Hayke. Emie crioxnee
ObIBaeT  JIOBECTH  HCCIIEOBAaHHE  JIO
KOHKPETHBIX MPOEKTOB M BOIJIOTUTH UX B
XKU3Hb, TO €CThb B CTPOUTEIILCTBO
peayibHBIX, Ja €Ille U YHUKaJIbHBIX
00BEKTOB.

Y MeHs BOT yxke OoJjiee 4YeTBEpTH Beka
UMEEeTCS  BO3MOXXHOCTH ~ HE  TOJIBKO
obmarscs ¢ Bnagumupom Unbudom, HO U
IIPOBOJIUTH COBMECTHBIE HAy4YHbIE
HCCIIEIOBaHUS O]l €0 PYKOBOJICTBOM H
MpH ero KoHcynabTanusax. W cuurato s
ce0s1 00JIBIION YeCThIO OBITH MPUYACTHBIM
K TakoMy oOmeHuto. M B cBsi3u ¢ 3TUM
MHEC XOTCJIOCh ObI HONCTUTBCS  Pucynok 1 - Obcyscoenue ucnsimanuii ppazmenma kapkaca 6
HEKOTOPBIMU 0COOEHHOCTSIMU nadopamopuu Open I'TY
npo(hecCUOHAIBHOTO U YEJIOBEYECKOTO

ctunss obmenus B.M. TpaByma, Bcskuil pa3 BBI3BIBAIOIIEM CHMIATHIO U BOCXUILEHHE €ro
CcOOECEeTHUKOB. Y IUBUTENbHAsE CKPOMHOCTb, OTKPBITOCTb, JIOOpOKEIATENLHOCTh B OOLICHUH HE
TOJIBKO C KOJUIETaMU M JAPY3bsSMH, B OOIIEHUH CO CBOMMH YYEHMKaMM, HO U CO BCEMH APYIUMH
co0eceJTHUKaM1, ¢ KOTOPbIMU MPUXOJUTCS eMy o0maTbeca. MHe He pa3 NPUXOJUIOCh yIacTBOBATh
B Hay4yHBIX HCCIEJIOBAHUAX, MPOBOJUMBIMHU acHUpaHTaMu, koraa Brnagumup Wneuu menpo
JETWICS CBOMMH DHIMKIIONEANYECKMMHM 3HAHMSMU W ONBITOM, JaBas IEHHbIE COBETHI IO
HPOBE/ICHUIO HCCIeI0BaHMi (pUCYHOK 1).

B o0cyxneHusx HaydyHOM TEMaTUKU C KOJUIeTaMH MOpOH MO BECbMa CIOXHBIM U
JMCKYCCHUOHHBIM BompocaM Brnagumup Unbpud ymeer chmymiaTh, CIBIIIATh U yOEKIaTh KOJUIET B




0e3aJbTEepHATUBHOCTA TOTO HJIM WHOTO pemeHus. Tak, K mpumepy, Ipu OOCYKICHHUU BIEpPBBIC
pazpabareiBaemoro mpoekra CII 385 mo 3amuTe 31aHUI U COOpPYKEHHUH OT HPOTPECCHUPYIOLIETO
oOpyieHus, B KOTOPOM YYacTBOBAJIM pa3padOTUMKH, npenctaBurenu | aBskcneptusbl Poccuw,
npeacrasutenu noakomutera 21 TK 465, korjja MHEHHS] YYaCTHUKOB CTalld HOCUTh AUAMETPAILHO
IIPOTUBOIOJIOKHBIM XapakTep IO BOIPOCY, KacCaOLIErocs BBOJIUTh WM HE BBOJUTH B HOPMBI
BEPOSATHOCTHYIO MOJIENb IMPH MPOCKTUPOBAHUH 3aIIUTHI OT MPOTPECCUPYIOMIETO OOpYyIIEHHs, OH
CcMOT yOeIUTh MPUCYTCTBYIOMIMX MPHHATH Hanboliee Oe30macHoe A MpakTuku pemeHue. Korma
10100HO€ CII0KHOE PEIICHNE TPUHUMAETCS BIIEPBHIE €r0 OTIIMYAeT YMEHUE HE TOJIBKO BHIIETH BCIO
KapTUHY MPOOJIEMBI, HO ¥ TPEIBUACTH TOCIEIACTBUS IPUHSATOTO PEIICHUS B IPAKTHKE.

Jlexuu, xoTopsle ynTaeT Braamumup Mnbpuy, — 3TO HAJ0JITO 3allOMHHAONIEECS COOBITHE
JUId TIpernojaBaTesiel, CTYJEeHTOB M acCHUpaHTOB YyHHBepcuTeToB. Kak 1O, mocie oaHOW U3
npouyuTaHHblX Brnaaumupom Winpuuom nexuuit o crpoutenbersBe 3qaHuit MockBa-Cuty, oquH U3
pykoBoauteneir BY3a, nocnymasmmii 3Ty snekumio, ckasan MHe: «[louemy Bbl mpurnamaere Ha
TaKyl0 JIEKIIMIO TOJIbKO [pernojaBaTesied U CTyAeHTOB-cTpouTeneii? Jlekuus yauBUTENIbHA
MHTEpECHas Ui BCEX MpernoiaBaTesiel u cTyIeHToB Hamero BY3aly

IIpu Bcelt cBoel KoJioccalbHOW 3aHATOCTH Brnagumup WMnpud akTUBHO Yy4YacTBYET B
MOATOTOBKE  WH)XXEHEpOB,  aClUpaHTOB, KOHCYNIbTalUsAX  JoKkTopaHToB  IOro-3amanHoro
rocy/lapcTBEHHOr0 yHUBepcuTeTa, OpJIOBCKOTO TOCY/IapCTBEHHOIO YHUBEPCUTETA U JPYTUX BY30B.
Ha npoTsbkeHnr MHOTHX JIET OH Y4acTBYET B paboTe AMCCEPTAllMOHHOIO COBETA, CO3JAaHHOTO MpHU
3THX BY3aX, a Takke B jauccepraunoHHoM coBere npu HUY MI'CY. AcnupaHTbl U CTYIEHTHI,
KOTOpblE HMEIOT BO3MOXKHOCTH BBIMOJHATH MPOEKT WIM JUCCEPTAIMIO MOJ PYKOBOACTBOM
Bnagumupa Mneuya ropadrcs 3TuM, U npodeccnoHaibHOoe OOIIeHHE C HUM 3allOMHUTCS UMHU Ha
BCIO JKH3Hb (PUCYHOK 2).

B.W. TpaBym, sBissch kKypatopoMm LlenTpansHoro tepputopuanbHoro otaenenus PAACH,
BIIPOYEM, KaK M IPYTHX TEPPUTOPHAIBHBIX OTAEICHHWM, HE IPOIYCTHI HHM OJHOIO T'OJUYHOIO
coopanus [ITO PAACH (pucynok 3). M maxe, korga Bce paboune THU HEACTU ObLIHA MOJHOCTBIO
3aHATHI, OH TIPOCKJI TIPOBECTH 0011Iee COOpaHne B CyOOOTHHUI JICHB.

Pucynok 2 - C 6blnycKHUKaAMU-UHICEHEPAMU Pucynox 3 - 3aceoanue I{ITO PAACH 6 bpauckom
CREYUATBHOCHU CIPOUMETbCIE0 YHUKATbHBIX 20Cy0apcmeeHHOM UHHCEHEPHO-MEXHON0ZUYECKOM
30anuii u coopyscenuii ¢ K0z0-3anaonom YHuUegepcumeme

20cy0apcmeenHom yHugepcumeme

Ero pabounii 1eHb HauMHAeTCs 0OBIUHO B MOJIOBUHE BOCBMOTI'0, M KOJIIETH, 3Has 3TO, BCEria
UMEIOT BO3MOYKHOCTH IpHeXaTh MOpaHblle, YTOObl Oe30TiaraTelibHO OOCYAWUTh MHTEPECYIOLIUI
Bornpoc. Ilpuesxas B By3 Ha KOH(PEPEHLIHIO WU 3aceJaHhe JAUCCEPTAIMOHHOIO coBeTa Bragumup
Wnpuy Beceraa HaxoauT BpeMs JUIsl BCTPEYM € aClMpaHTaMH U CTyJEHTaMH, HE CMOTpS Ha KpailHe
IUIOTHBIA Tpaduk cBoell koMaHaupoBKHM. M Kaxkngas Takasg BcTpeya Bcerga ooOoramaer
po(hecCHOHABHO U OCTABIISET MPUSATHbIE BOCHIOMUHAHMS, HO YacTO U YJHBJISET HOBBIMHU IPaHAMU
ero TajgaHta. MHe BCIOMHHAaeTCcsd Hay4yHas KoH(epeHUus, mpoxoauBmas B OpIoBCKOM
TexHuueckoM yHuBepcutere B 2006 romy, mocssiieHHas 80-JE€THUI0 CO JHSA POXAEHUS Hpod.



I'eoprust Anekcanaposuya ['eHneBa, u moe3axa BO BpeMs 3Toi KoH(pepeHunn B HarnpoHansHBIN
napk OpJOBCKOE TOJNieChe, T/I€ NPOU3OILIAa BCTpEYa C HMHTEPECHEUIIUM  (POIBKIOPHBIM
KOJUIGKTMBOM PYCCKOW HapoJHOU mecHU. Bo Bpemsi 3Toro mHTepecHoro ooOmeHus Bragumup
Wnpuy ucnosiHWI U3BECTHYIO MECHIO Ha cioBa bopuca Ilacrepraka «3uMHAS HOUb» (PUCYHOK 4),
BbI3BaB TEM CaMbIM Y BCEX MPUCYTCTBYIOLIUX HEMAJIOE YIUBICHUE U BOCTOPKEHHBIE OT3BIBBI.
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Poccun.

Komuynos B.U.

Pucynok 4 - B Cnacckom: B.H. Tpasyw u H.U. Kapnenko

TJIaBHBIN peakTop xypHaia « CTpOUTEIBCTBO U PEKOHCTPYKLIUS
Axanemuk PAACH, npodeccop, I-p TeXH. HakK, 3aB. KaQeIpoil YHUKAIbHBIX 3JaHUI 1 COOPY>KEHUI
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CTPOUTEJIbHBIE KOHCTPYKLNN

VK 625.7 DOI: 10.33979/2073-7416-2021-95-3-6-14

A.T'. KOJJECHUKOB!

1®Ir'B0OY BO «IOro-3anamHblii rocy1apcTBEHHBIN yHUBEPCUTET, T. Kypck, Poccus

HEJMHEMWHBIE METO/bl MEXAHUKH JEPEBSHHBIX ITOJIOT X
OBOJIOYEK HA ITPAMOYT OJIBHOM IIJIAHE

Annomayusn. B cmamve paccmampusaromest KOHCMPYKYUu ROKPIMULL 30AHULL U COOPYIHCEHUT
6 GUOe 0EPEeGSHHbIX NON02UX 0DONIOYEK HA NpSAMOy2oabHOM naane. IIpueodumcs 6vl1800 ypasHneHull ¢
yuemom — Opmomponuu  pabomvl MAMEPUAId U  2eOMEMPUHECKOU  HeIUHeUHOCmU  pabomuvl
MOHKOCMEHHOU Koncmpykyuu. /laémesi memoouka peuieHuss CUCeM YPAGHEHUU ¢ NOMOWbIO Memood
bybnosa-I'anépxuna. Modenupyemcsi paboma KOHCMPYKYUU € PA3TUYHBIMU CHOCOOAMU 3aKpenieHus
Kpaés. Hccredyemces @uusinue COOMHOWIEHUsE MOOYIEU YHPY2OCMU 60 G3AUMHO NEPREHOUKYISAPHBIX
HAanpasneHusx, opmul, MOaUHbI KOHCMPYKYUU HA 3HAYEHUE HANPAICEHUT, KPUMUYECKOU HAZPY3KU U
HUDICHUX — 4ACMOM  MANbIX  C80DO0OHbIX Konebanutl. Pesynomamvi  npugedéHHuIX  UCCIe008aHUL
npueoosmcst 6 0e3pasMepHoM Guoe U ULIIOCMPUPYIOmMcs  epaguxamu, ymo odeiaem YOOOHbIM
UCNONb308AHUE UX 8 UHIICEHEPHbIX pacuemax. Jlaomcs pekomenoayuu no Koppekmuposke Gopmol u
MOMWYUHBL  KOHCHPYKYUU NOKPpLIMULl 6 6ude noao2ux o06010uex Ons YEeIuyeHuss ux Hecyujell
CROCOOHOCTNU UNU YMEHbULEHUSL PACX00d MAMEPUATA.

Kniouesvie cnoea: nonocas 00010uyKa, YCMOUYUBOCL  KOHCMPYKYull, OepesaHHbvle
KOHCIPYKYUU, 2e0MEMPUHECKasl HeTUHEIHOCIb, HANPAXCEHHO-0eDOPMUPOBAHHOe COCOAHUE.

A.G. KOLESNIKOWV!
1Southwest State University, Kursk, Russia

THE SUPPORT BONDS RIGIDITY INFLUENCES ON THE CARRYING
CAPACITY REDUCTION OF THE SHALLOW SHELLS ON A
RECTANGULAR PLAN

Abstract. The coatings construction of buildings and structures in the form of wooden shallow
shells on a rectangular plan are considered. The orthotropic of the material and the geometric
nonlinearity of the thin-walled structure taken into account in the equations. The Bubnov-Galerkin
method is used to solve differential equations of wooden shallow shells with different supports. The
influences of the ratio of elasticity in mutually perpendicular directions, shape and thickness of a
structure on the value of stresses, critical load and low frequencies of small values of vibrations are
investigated. The investigations results are given in dimensionless form and graphs are shown. This
makes them useful in engineering calculations. Recommendations for adjusting the shape and thickness
of the structure of coatings in the form of shallow shells to increase their bearing capacity or reduce
material consumption are given.

Keywords: shallow shell, stability of structures, wooden structures, geometric nonlinearity,
stress-strain state.

BBenenue.

KoHCTpyKIIMM  TOKpPBITHI B BHJIE JACPEBSHHBIX OOOJNOYEK TMOJYYHUIH [IUPOKOE
pacrpocTpaHeHue, 0COOCHHO B ceBepHbIX ImmpoTax [1]. Tlpu 3TOoM mnpugaHWe KOHCTPYKIHMSIM
HeOombIoN (He 6osiee 1/5 MeHbIEro pa3Mepa B IUIAHE) CTPENBI MOAbeMa TO3BOJISET 3HAYUTEITHHO
YBEIIMYUTH HECYIIYI0 CIIOCOOHOCTh W YMEHBIIUTH KOJMYECTBO HCMOJIB3YEeMOIrO MaTepuana IIo
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Teopusi HHKEHEPHBIX coopy:keHHH. CTpouTeIbHbIE KOHCTPYKITHHI

OTHOIICHUIO K TUIOCKMM KOHCTPYKLHMSM M HE TPeOYIOT YCTpPOWMCTBA 3aTSHKEK WM BO3BEICHHS
KOHTP(HOPCOB, KOTOpbIE HEOOXOMMMBI TPU HCHOJIB30BAHMM KYHOJBHBIX MOKPHITHUHA. JTO B
HEKOTOpPOM CTENEHM YCJIOXKHSAET MPOLENypy pacueTa M BO3BEACHHUS, OJHAKO HMMEET OYEBMJIHBIC
IIPEUMYILECTBA TP 3KCILTyaTalluy 3JaHUs.

N3ydeHnio AepeBSHHBIX KOHCTPYKLMM B BHJE 000J0YEK B HACTOsAIIEE BpeMs yAensercs
3HAUMTEIbHOC BHHMaHMe BO BceM Mupe. IIpoBogsrcs wuccienoBanus ycroWumBoctu [2,3],
npouHocTH [4] u xoneGanuil KOHCTpYKIMiA [5-8], B ToM uucie Ha ynpyrom ocHoBanuu [9] u mpu
ydeTe CII0KHOTO HanpshkeHHoro coctosiaus [10]. MaTepecHbl paOoThl, aHATU3UPYOLIHE TOBECHUE
MHOTrOCIOWHBIX [11] KOHCTpyKuMH ©  pabOTy KOHCTPYKIMH B HEIMHEHHOW  cTaguu
nedopmupoBanus [12, 13], pe3yabTaThl KOTOPHIX MOTYT OBITh MCIIOJB30BAHbI I MOCTHPOBAHHUS
JIEPEBSIHHBIX TOHKUX MOJIOTUX 000JI0UEK.

Yacto mnepea NpPOEKTUPOBIIMKAMHU CTOST 3aJadyd HE TOJBKO pacueTa JIEepeBSHHBIX
MIPOCTPAHCTBEHHBIX KOHCTPYKLHH, HO M HAXOXXACHHUS MX ONTHUMAJbHBIX MapaMeTpoB, MO3TOMY
pa3paboTka METOJ0B MX aHaju3a SIBJSETCS BaXHOW 3amauyeidl. B HacTosiiee BpemMsi OOJBIIMHCTBO
TaKUX KOHCTPYKIHUH PACCUUTHIBAIOTCA U MCCIEAYIOTCS MPU MOMOILIU IPOrpaMMHOTO 00ecredeHus,
OCHOBAaHHOTO Ha METOJI¢ KOHEYHBIX 31eMeHTOB [14, 15], 4ro ymoOHO i1 WHKXEHEPHOTO
MIPOEKTUPOBaHMs. B pemeHMH HEKOTOphIX 3ajady TMPOEKTUPOBAaHUS, a OCOOEHHO CHHTE3a H
ONTUMM3AIMHM KOHCTPYKIMM O0Jiee TOUHBIE PE3yslbTaThl MOKHO IMOJIYYUTh C HCHOJIb30BAaHUEM
YHUCJIEHHBIX METOJIOB MPSMOT0O BapHAIMOHHOTO ucuucienus [16, 17].

Pa3paboTka 4YMCIEHHBIX METOJOB pacdyera W ONTHUMHU3ALUU TOHKOCTEHHBIX JEPEBSIHHBIX
KOHCTPYKUUH TOKpPBITHH, paboTalonMx B HEJIMHEHHOW cTaauu JedopMHUpPOBAHMS OCTaeTCs
aKTyaJIbHOM 3a/1auei.

MartepuaJjbl 1 METOIbI

B cooTBeTcTBHHM CO CTpPOCHHEM JIPEBECHHBI MOJICIMPOBAJICS OPTOTPOIHBIA MaTepHal,
UMEIOIINAN  OTpeNeIeHHbIe KOJMYECTBEHHBIC TOKA3aTeld IPOYHOCTH B JIBYX XapaKTePHBIX
HaTpaBJICHUSAX — BIOJb W IMOTEPEK BOJIOKOH, HE Jeasi MPH TOM Pa3IHyHsl MEXIY MPOYHOCTHIO
JPEBECHHBI B PaIMATGHOM U TAHT'CHIIMAIIEHOM HATIPaBJICHUSX.

Jubdepenninanbaple ypaBHEHUS TOJOTUX OPTOTPOMHBIX 000J0YEK Ha MPSIMOYTOJBEHOM
IUTaHE C YYETOM T'€OMETPHUYCCKOM HETMHEHHOCTH PabOTHI MOTYT OBITH 3amucaHbl B Bue [16, 17]:

(11 3* 1 9% vy 9% vy 0% 10t
(E 6y Tz Ey x4 Ey 0x20y? d) Ey 0x20y? ¢ T G 0x20y? ¢ T
2%w 2w 9%w | 9*waiw 9w 1
) +ky 6x2 + ke dy? kay 0xdy T dx2 dy2  Axdy 0, ( )
h3 (D D, —2 D, w4 Dyvy——w 16—
xﬁw-l_ Vya 26 2W-|' y04W+ an 20y 2W-|'§ aszyzW -
~ ot (et 58) = 5 (o + 52) + 250 (ko 4 15) — 2 =
L 377 kx+6x2 6x2k+ +Zaayk +aay Z=0.
. 92F 9%F .
rae ¢ — dyHKIus ycwidd, W — mporu0, k, =~ 2z k, =~ 3,7 - KPUBH3HEI CPE/IMHHOI 10BEPXHOCTH
92F o
000JI0UKH, Ky, = 929y ~ KPYUCHNE CPEIMHHON MOBEPXHOCTH o6osoukn, F = F(x,y) — ypaBHEHHUE
CPEIMHHOM MOBEPXHOCTH 00O0JIOUKH MPU HAUYATHHOM HATpyKEHUH.
28 28
F(x,y) = f[a &) +8(2) + 1]. )
rje f- cTpena nmoabeMa B IEHTpe 000I0YKH,
a=-— ];—1, = — ];—2- napameTpsl, Xapakrepusyroiue GopMmy 000I0UKH,

fi, fo- CTpemnbl moIbeMa OMOPHBIX ApOK 0OOJIOUKH,

f- cTpena noxbema B IEHTPE KOHCTPYKIIUH,

- mapamerp GOpPMBI CPEIMHHOMN MOBEPXHOCTH 000JIOUKH, M3MEHsouiics B peaenax [0,5,2],
a, b- pa3Mepsl B TUIaHE.
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Tak kak paccMaTpuBarOTCA 60JIBH_I€HpOJIeTHBIe TOHKHUC KOHCTPYKOUH, TO MPCKIAC BCCIO

YUUTBIBAETCS YCTOMUMBOCTD JAEPEBSIHHBIX 000JI0OYEK.

be3pa3zmepHblii kK03QPUIINEHT UHTEHCUBHOCTH BEPXHEH KPUTUUECKON HArpy3KH UMEET BHI:

_ pa*
pCT‘ - Ef4'

rac

Y1

3)

p= (( 22T, — 33 (v + 295 ))3/2+t¢21‘2<t2¢21‘22—§w3(¢4+tzwsf‘zz))). @

_ 5 ]4 % 2]3
l/) - 54] lpZ _— lp 12(1 —Vxvy )]4 l,l)5 ]1]4 (5)
_ 12(1-vy
Iy = Echa?)y. =712,13=a13,14=gf4,15=%15. ©)
A0t 10t vy 0t w0t 1 0t N
Ji= f j hE 6y hEy dx* hE, 0x20y2 hEy 0x20y? ¢+ hG 9x20y? (’b) WdXdy' (7)
9°F 9%w 62F62_ 9%F 0%w
j f 8y2 ax2 axz dy? —2 0xdy axay) wdxdy, (8)
a
—_ — b _
I3 =f f_b(Aw)wdxdy,h =j f_bZdedy, 9)
-a -a

a
b
a* a* 9* 9* 3 0*
]5—ff (Dxa W+ Dyvy———— 29y Zw+Dya W DV ——— 25y 2W+ Gh 372557
—-a

—_ BEx ___ B G = ExEy = h,
X 12(1-veyy) Y 12(1-veyy) x(1+vy)+Ey(1+vx) f’
Ey, Ey- MOtyi ynpyrocT BO B3aMMHO MEPIIEHIMKYIIAPHBIX HATIPABJICHUAX,
Vi, Vy - KOO dumenTsl [Tyaccona Bo B3aMMHO NEPIEHIMKYIIAPHBIX HAIPABICHUAX,

h — TomKMHA KOHCTPYKIIMU JAECPEBAHHON 000IOYKH.

w) wdxdy (10)

(11)

OKBUBAJCHTHbIC HAIPSDKEHUS, BO3HHUKAIOUIME B OPTOTPOMHOM MOJOroid 000JI0UKe,
MPUHUMAIOTCS 110 YETBEPTON TUIOTEe3€ MPOYHOCTH. be3pasmepHblili kKodhGUIUMEHT HANpsSHKEHUM

umeet Bun [ 18]:

ca*

JExEyf*’

rae

5= \/i[(a—l—a—z)z + (33 — 5% + (77 — )],

2

53 Zalyt| +

=

_ |6—_(9? 9°
=|?DB 333 Dty + Vy 5o Lyl

+|a

)

gD_B 63ZZ aZ 62Z
+|_ oy3™Y +6y Y 9x2 ¥

62
S ZyZyt| +

)|+

)

ox
(a3 9 _ o
+|5D,B 5y3 2% 3y B g

(12)

(13)

(14)

(15)
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7 = |§GB;—xzx;—yzy|+|A;—xzx%Zyt g=1 (16)
A,B- wmeusBectHble MeTona bybnosa-I'anepkuna, Z, u Z, — Oanounble QyHKIMH
B.B. Biacoga [19].

PaccmarpuBanuchk Masble KojeOaHHs OJOTHUX OPTOTPOIHBIX 000J0YEK OKOJIO MOJIOKEHHS,
ONPEAEISIEMOr0 HEKOTOPOM HadyaJbHOM Harpy3kouh. HavaibHOE COCTOsIHME ONpPENENsIoch
pelIeHHEeM CHCTeMbl HETMHEHHBIX YpPaBHEHHH TEOPHUH T'E€OMETPUYECKH HEIMHEHHBIX ITOJIOTHUX
obosouex (1).

Hcnonp3oBanach cucTeMa HEIMHEHHBIX Au(p(depeHIUanbHbIX YpPaBHEHUH JIHHAMUKA
MOJIOTHX 000JIOYEK C YYETOM OPTOTPOITHBIX CBOWCTB JIEPEBSIHHBIX KOHCTPYKIIUNA:

(1o, 1t v 0t v 0t 19t N
h\E, dy* E, 0x* E, 0x20y? E, 0x?%0y? G 0x?dy?
LW W W PWoW W
< Y 0x? * 9y Y oxdy odx? dy? oxdy 17)
N 9+ 9* o* 1
W D g W 4 Dy 5o W o Dy g W o Dy oo W+ 26 axza W
o (W) (W O W oW
L T ayz\"* T ax2) T gxz \"Y T gy2 axay \ " Y oxay ) TPV G T

I'ne p - nmnoTHOCTH MaTepuaa.

DYHKIIMY HANpPsHKCHUH W TEPEeMEIICHUN MPEeACTaBISUTNCh B BHUAEC CYMMBI (DYHKIIHA,
OTIPEIeIIAIONINX HauyalbHOE PAaBHOBECHOE COCTOSIHUE 000JI0YKHU, U Bapualluil OTKIIOHEHUH CUCTEMBbI
OT HAYaJILHOTO PAaBHOBECHOTO COCTOSIHUS OW H ¢

Y=¢+6p,W=w+ 5w, (18)

Sp(x,y,t) = Aw(x, y)sinwt, Sw(x,y,t) = Bw(x, y)sinwt, w(x,y) = Z,Z,. (19)

[IpoBens mpeoOpa3zoBaHKs U BBEICHUS HOBBIX O003HAYEHHIl, MOIYYUIIH BBIpAXKEHUE IS
oTmpeseNieHus KBaJlpaTa HUKHEH YaCTOThI MaJbIX CBOOOIHBIX KOJIeOaHUI:

J:BZ  255B . 1 T 2
w? ==+ = 4= e (20)
J1Js J1Js t*12(=vxvy)Js  J1Js
rae J; + Js - koahduueHTsl, onpeaensiemMsie 1o (6).
[lepecueT B pa3MepHbIe BETUYHHBI 1a€T:
E 2
w3 = %wz. (21)
pa
[TomyueHHble BBIpRKEHUS [UISL OIpPENETICHHUs] KPUTUYECKON Harpy3ku, SKBHUBAJICHTHBIX
HANpPsDKEHUH U HUKHEW YacTOThI MallbIX CBOOOHBIX KOJIEOAHHMI MO3BOJISIOT BHIMOIHATH PACUEThI
JICPEBSHHBIX TMOJIOTHX OOO0JIOYEK C Y4eTOM OpTOTPONHH MaTepualia, a TaKKe MPOBOIUTH
WCCIIEIOBAHUS BIUSHUS Pa3IMUHBIX [MapaMeTpOB Ha HaIpPsHKEHHO-AE(POPMUPOBAHHOE COCTOSIHHE
KOHCTPYKIUH.

PesyabTaTsl

Jlns mpuMepa paccMaTpuBajiach KOHCTPYKLUS KBaJpaTHOM JIepeBAHHONW OOOJIOUKU C
COOTHOIIICHHEM TOJIIMHBI K pasmepy B tuiane h/a = 1/10 u oTHOIIEHHWEM CTpeNbl MOJbeMa K
pasmepy B ruiane f/a = 1/20. Ha pucynke 1 noka3aHo u3MeHEHHE 3HAYCHHST KPUTHICCKON HATPY3KH
(a) ¥ SKBMBAJEHTHBIX HampspKeHUH B LeHTpe (0) B 3aBHCHMOCTHM OT COOTHOLICHHS MOJYJeH
YIIPYrOCTH B JIBYX B3aUMOIIEPIEHINKYIISIPHBIX HAIPABICHUSIX.
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a) 0)
0.0081 Py Y
0.007- 6000-
0.006-
] S000+
0.005
' 4000+
0.004-
0.003- 3000
0.002- 20001
6=E1/E; CE/E
ooory TN '
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 01 02 03 04 05 06 07 08 09 10
| CEONIB3AINAA 340ENKEa """ 7 WEpHHPHOE CIIHPAaHHE — — EHECTHOC 33.U.Iﬂ\q[J'IEHHC|

Pucynox 1 — 3asucumocms Kpumuueckoii Hazpy3Ku (@) u IKGUGAICHMHBIX HANPAINCEHUIL 8 UEHMpPe
Koncmpykyuu (6) om napamempa 0=E1/E;

I'padukn HariasAHO WILTIOCTPUPYIOT OIMACHOCTh TMOTEPH YCTOWYMBOCTU U IMPOYHOCTHU
KOHCTPYKIIMM TpU CHWKEHHH COOTHOLIEHHsS MOJYyJEeHd yOpPYyrocTM B JBYX B3aUMHO
MEPIEHUKYIISIPHBIX HAPABJICHUSIX.

[Ipm »TOM, 3HaUe€HHME KPUTHYECKOW HArpy3KM M SKBHBAJICHTHBIX HAINPSIKEHHWH B LIEHTPE
KOHCTPYKIMH MOXET OBITh CHUBEJIMPOBAHO M3MEHEHHEM TOJIIUHBI U (POPMBI KOHCTPYKIMH

(pucyHoK 2).

6)

1300+
1200
1100
1000
G 900
800
700
l)()(}:

Pucynok 2 — 3asucumocmo Kpumuueckoii Hazpy3Ku (@) u IKGUBANEHMHBIX HANPANCEHUI 8 eHMPe KOHCMPYKUUU
(6) om coomnowenun omnocumensHoi monuwyunst t u napamempa popmor &

[IpuHATO cCuUuTaTh, YTO TOJOTHE OOOJOYKH (C COOTHOLIEHHEM CTpeNbl MoAbeMa K
HauMeHbIeMy pasmepy B mane f/a < 1/5) TepsitoT ycToW4nBOCTD, @ MOABEMUCTBIE — HPOYHOCT.
OnHako Mpu yueTe OpPTOTPOIHBIX CBOMCTB MaTepuasia ¥ reéOMETpUYECKON HEeTMHEHHOCTH paboThl,
CYIIECTBYIOT COOTHOILIEHUS XapaKTEPUCTUK, MPU KOTOPHIX HEOOXOIUM pacdeT Ha MPOYHOCTbH Jaxe
MOJIOTUX KOHCTPYKIHH (pUCYHOK 3).
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a) 0)

Pucynok 3 — Obnacmu nomepu npouHOCmMu U YCMOUYUEOCMU NPU PA3IUYHBIX COOMHOWEHUSAX CIPEbl NO0beMa U

OMHOWEHUA MOOYNIEll YRPY2OCHU 8 O8YX 63AUMHO NEPNEHOUKYIAPHBIX HANPABIEHUAX NPU:
a) £&=2, 1=200, 6) &=0,7, t=10

Ha pucynke 4 mnoka3zaHoO HU3MEHEHHE KBajapaTa HIKHEH YacTOThl MajblX CBOOOIHBIX
KojeOaHui OT COOTHOIIEHHs MOJAYyJeH YHOpyrocTd B JABYX B3aUMHO MEpPHEHAUKYISIPHBIX
HaIpaBJICHUSX.

200
1801
160+

1404

120+

\\\
100+ 0=E{/Ey "~I-
0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 1.0

CKONB3AINAA 3AMENKa “ """ L OMUpaHHE —— —— XeCcTKoe 3ammnaane‘

Pucynok 4 — 3asucumocms 3nauenus HUICHEl YACMONMbL MATBIX C60000HIX Konebanui om napamempa 0=E1/E>

I'padbmkn mOKa3bIBAIOT BO3MOXHOCTH HCIIOJIB30BAHMS  MPEACTABICHHOW UWCICHHOM
METOJUKH OIpEeNeNeHHUs] HANpPsSHKEHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS TMOJIOTUX OPTOTPOITHBIX
TreOMETPUYECKH HETMHEWHBIX 000JI0YeK Ha MPSIMOYTOJILHOM IUIAHE JJIsl aHaIu3a BIIMSHUS CBONCTB
MaTepuana (OTHOIIEHUSI MOAYJEH YIPYroCTH B ABYX B3aMMHO MEPHEHANKYISIPHBIX OTHOIICHUSAX) U
pa3MepoB KOHCTPYKIMHU (TOMIIMHBL, ()OPMBI KOHCTPYKIIUHU, CTPENbI MOJbEMa) Ha HCCIEeIyeMbIe
XapaKTePUCTHUKH.

Oobcyxaenne

Metonuka ompeAeneHUs HaMpsHKEHHO-Ae(OPMHPOBAHHOTO  COCTOSHHUS — JIEPEBSIHHBIX
MOJIOTUX 000JI0UEK Ha MPSMOYTOJHHOM IUIaHE MO3BOJISIET MPOBOIUTH MCCIECIOBAHUS M MOAOUPAThH
dbopMy U pazMepsl KOHCTPYKITUH HUCXO/IS U3 YCIOBUHM MPOEKTUPOBAHUSI.
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CTponTe/IbCTBO H PEKOHCTPYKIHSI

[IpencraBnenue ypasuenuit (3, 12, 20) B Oe3pasMepHOM BUAE YAOOHO AJSl MOJIyYCHHUS
3aBHCUMOCTEH 1 aHaJIM3a BHOCHMBIX U3MEHEHUI 0€3 IPUBS3KH K KOHKPETHBIM pa3Mepam.

3amanre (QYHKIMH CpeAuHHOUM moBepxHocTH F(X,Yy), BXomsmiei B cucremy (1) B BHuE
MOBEPXHOCTHU TepeHoca (2) MO3BOJMIO MCCIIENOBATh BIMSHAE KOAPPHUIHUEHTa U3MEHEHUS (HOpPMBI
oOpasyromield & Ha HampsHKEHHO-1e(hOPMUPOBAHHOE COCTOSIHUE KOHCTPYKIUH. [ maHHOTO THIA
KOHCTPYKIMH onTUMaibHas Gpopma konedaercs Mexay chepruueckoil v nemHoi GpyHKIusIMu.

Pucynok 1 nokasbIBaer, 4TO y4eT OPTOTPOIIMU MaTepuaja Mpu ONpPeNeIeHUH KPUTHUYECKON
Harpy3kud M HamnpsyKEHUN 3HAYUTENIBHO YTOYHSAET pacdyeT KOHCTpYKuMU. He yder 3Tux CBOMCTB
MOXXET IPUBECTU K HEBEPHBIM, 3aBBIIICHHBIM JaHHBIM O Hecylled cnocobHoctH. Pucynok 4
WLTIOCTPUPYET ATOT TE3UC NP OINPEICICHIH HIKHUX YaCTOT MAJIBIX CBOOOTHBIX KOJICOaHUH.

Ha n3menenne 3HaueHn HaNpsSHKEHUN M KPUTUYECKOM HArpy3Kd B 3HAQUMTEIIBHOW CTENIEHU
BiuseT (opMa KOHCTPYKUMH M €€ TONIMHA, MpPUYEeM MpPU pa3INYHBIX 3HAYEHUSIX MOMIyJel
YOPYrOCTH B JBYX B3aUMHO MEpPHNEHAMKYISIPHBIX HampaBieHUsX. M3MeHsas 5Tu mnapameTpsl
(pUCYHOK 2) MO’KHO TIOJyYUTh HEOOXOAMMBbIE 3HAUEHHUS ITPU KOHKPETHBIX UCXOIHBIX JAHHBIX.

BaxxHo mDOHMMaTh, 4YTO TMpH OMNpPEAEIEHHBIX COOTHOIIEHUSX (OPMBI U  TOJILIMHBI
KOHCTPYKIIMH, AK€ IMO0JIOTHE OOO0JIOYKM HEOOXOAMMO pacCUUThIBaTh Ha MOTEPI0 IMPOYHOCTH.
I'padpuk HaA pucyHKe 3,2 MOCTpPOEH s KOHCTPYKUMH C THapaMeTpoM (OpMbI CpPEIUHHON
MOBEPXHOCTU &=2 W OTHOCUTENbHOW TonmuHOW t=200 (IpH TaKMX 3HAYEHHUSIX SKBUBAJIECHTHOE
HaIpsDKEHUE B IIEHTPe 000J0YKH MaKCHUMAabHO), Tpaduk 3, 6 — mis koHCTpyKuu ¢ £=0,7, t=10
(PKBUBAJICHTHOE HAIpsDKEHHE B LIEHTpe 000JI0UKM MUHUMaNbHO). Ilpu pacnonokenun 3enéHoit
(cBetrnoif) obmactu HaA KpacHOUW (TEMHOWM) pacder cleayeT NPOW3BOIUTH Ha IOTEPIO
YCTOWYMBOCTH, B MPOTHBHOM Ccllydya€ — HCXOls U3 norepu mnpoyHoctu. [lpum 3HaueHusx,
COOTBETCTBYIOIIMX TpaHUIE JBYX oOiacTell JepeBsSHHbIE TOJOrue OOOJIOUKH  CIEAYyeT
paccUUTHIBaTh UCXOMS KAK U3 MPEANOCHIIOK OTEPU IPOYHOCTH, TaK U YCTOHYHUBOCTH.

W3 rpaukoB BUAHO, YTO CYIECTBYIOT pa3IMuHble KOMOMHAILMY TapaMEeTPOB KOHCTPYKIIUH,
JAIOIUE OJAMHAKOBBIC 3HAYCHMS HANPSDKEHUHM, KPUTHUECKOW HArpy3KHM M HIDKHUX YacTOT MajbIX
cBOOOIHBIX KoJieOaHuil. CreoBaTeIbHO, MOXKHO HAWNTH ONTUMAJIBHOE COYETaHUE 3TUX NTapaMeTPOB
C OrpaHMYEHHEM BEIWYMHBI HANpPSDKCHMs, KPUTHYECKON Harpy3Kd WIM TOJIUHBI (00beMa)
OPTOTPOITHOM TIOJIOTOM OO0OJIOYKH. DTO MOXKET OOCCIEeUUTh 3HAYUTEIBHYIO SKOHOMHIO Beca
CTPOMTEIBHBIX KOHCTpYKIHiA [18, 19].

BriBoabI

[IpemiosxeHHass MeTOMKa MOXKET ObITh MCIIOJb30BaHa JAJs ONPEAETICHUs U HCCIeOBaHUs
HaNpsKEHHO-1€(OPMHUPOBAHHOIO COCTOSIHUS KOHCTPYKLUH JEpEBSHHBIX MOJOIMX O00JOYeK ¢
y4eTOM TIeOMETpUUYECKOW HenuMHeWHocTn paboTel. [locTpoeHHble rpaduku  3aBUCUMOCTH
HaNpsOKeHUH, KPUTHUYECKOW HArpy3Kd M HMDKHEH 4acTOThl MajblX CBOOOJHBIX KojeOaHMH OT
pa3UYHBIX [apaMEeTPOB IO3BOJWJIM OLEHUTh PAa0OTy KOHCTPYKLUHH C Y4eTOM HU3MEHEHUs
pa3IUYHBIX BHYTPEHHUX (PaKTOPOB M OPTOTPOIHBIX CBOWCTB Marepuaia. Peanuszainus METoAUKH B
nporpaMMHoM Komiuiekce [20] mo3BoJisieT HCHob30BaTh €€ MPU PacueTe PealibHbIX KOHCTPYKIIUH.
IIpoBeneHHBIE HCCIEIOBaHMS IMO3BOJWIM JaTh PEKOMEHJALMHU [0 PalMOHAIbHBIM 3HAUYEHUSIM
(OpMBI U TOJIIMHBI KOHCTPYKLUH 1€PEBSIHHBIX 000JI0YEK.

CIITMCOK JIMTEPATYPBI

1. laranosa /[.B., IIsemoB B.H. Kcropusi BOSHHKHOBEHHS W Pa3BUTHA KOHCTPYKTHUBHBIX PEIICHHHA
COCIMHEHNH KpyKaJlbHO-ceT4aThIX cBOAoB // Tpyasl HoBocmOMpCKOro rocynapCTBEHHOTO —apXHTEKTypHO-
crpoutensHoro yHusepcureta (Cudcrpun). 2020. T. 23. Ne 1 (75). C. 105-113.

2. Apnenunos J[.K., IToramosa T.B., Poroxxuna A.B. O MeTouke pacdera c)kaTo-u3rndaeMbiX AePEeBIHHBIX
anemenToB // CTpouTenbHas MEXaHUKA U pacyeT coopyxenuit. 2019. Ne 6 (287). C. 19-21.

3. TloropembueB A.A., Typkosckuii C.b., Kongpames MN.A. Bbonpmenponérasie Kymona H3 KiIe€HOH
npeBecuHbl ¢ xéctkumu y3namu cuctemsl LIHUMICK // CtpontensHas MexaHHKa W pacdeT coopyxeHuid. 2017. Ne
4 (273). C. 63-70.

12 N 3 (95) 2021



Teopusi HHKEHEPHBIX coopy:keHHH. CTpouTeIbHbIE KOHCTPYKITHHI

4. Tnyxux B.H., Kuptoruna C.E., bornanoBa A.C. BrnusiHue Ha4aJbHBIX HalpsDKEHHH B JIpeBECHHE Ha
MIPOYHOCTH U (POPMOYCTOHYMBOCTDh AEPEBSIHHBIX KOHCTpyKIwmi // U3Bectust IlerepOyprckoro yHuBepcutera ITyTeit
coobmrenust. 2017. T. 14. Ne 3. C. 523-531.

5. Sofiyev A.H., Omurtag M.H., Schnack E. The vibration and stability of orthotropic conical shells with
non-homogeneous material properties under a hydrostatic pressure. 2009. J. Sound Vib. 319: 963-983.

6. Jouneghani F.Z., Dimitri R., Bacciocchi M., Tornabene F. Free vibration analysis of functionally graded
porous doubly-curved shells based on the first-order shear deformation theory. 2017.Appl. Sci. 7 (12): 1252.

7. Eisenberger M., Godoy L.A. Navier type exact analytical solutions for vibrations of thin-walled shallow
shells with rectangular planform. Thin-Walled Structures. 23 December 2020. Volume 160: 107356.

8. Sofiyev A.H., Turan F. On the nonlinear vibration of heterogenous orthotropic shallow shellsin the
framework of the shear deformation shell theory. Thin-Walled Structures. 19 February 2021.

9. Nie G, Chan C., Yao J., He X. 2009. Asymptotic solution for nonlinear buckling of orthotropic shells on
elastic foundation. AIAA Journal 47-7. 2009. Pp.1772-1783.

10. IsrtukpecroBckmii K.II. Pacuer nepeBSHHBIX NPOCTPAHCTBEHHBIX KOHCTPYKIUH MpPU  CIOKHOM
HanpsbkeHHOM coctosiauu // CTpoutenbHast MexaHUKa U pacueT coopyxenuit. 2020. Ne 5 (292). C. 17-24.

11. Trushin S., Zhavoronok S. Nonlinear analysis of multilayered composite shells using finite difference
energy method. Space Structures 5 proceedings of the Fifth International Conference on Space Structures, held at the
University of Surrey. 2002. Pp. 1527-1533.

12. Jingchao Wang, Zheng LiangLi & Wei Yu. 2019. Structural similitude for the geometric nonlinear
buckling of stiffened orthotropic shallow spherical shells by energy approach. Thin-Walled Structures. November 2018.
Volume 138: 430-457.

13. Marukpecrockuii K.I1., CoxonoB b.C. HenuHe#HbIl pacueT CTaTHYECKW HEONPEACTUMBIX JIEPEBSIHHBIX
KOHCTPYKIIUI U ONTUMH3ALIUSI Pa3MepoB ceueHuit pedep kynosos // CTpouTenbHash MEXaHUKA U pacyeT COOPYKEHHUH.
2019. Ne 5 (286). C. 48-56.

14. KuroknH A.A. PekoMmeHmaluy 1o pacyuery MOKPBITHSA-000JIOUKH ¢ pedpamMu U3 LeNIbHOH JpeBEeCHHBI //
WNunoBanuu u nasecturmu. 2021. Ne 2. C. 172-174.

15. ToropensieB A.A., IlstukpecroBckuii K.I1. JlanpHeliniee pa3BUTHE W COBEpIICHCTBOBAHHE HOPM
MIPOEKTUPOBAHMS KOHCTPYKIIUIA U3 ipeBecuHbl // [IpoMblluieHHOE U rpaskaaHckoe cTpouTenbeTBo. 2019. Ne 3. C. 35-41.

16. Crynumun JI.IO., KonecuukoB A.I'. BoccranoBiieHne Hecyieid CHOCOOHOCTH M JKCILUTyaTal[MOHHBIX
XapaKTePUCTUK TCOMETPUUYCCKH HENWHEHHBIX MOJOTHX O0O0NOYEeK Ha MpsMOyroibHoM Iwiane // TIpoMblnuieHHOE |
rpaxaanckoe crpouteibctBo. 2014, Ne 2. C. 51-53.

17. Stupishin L., Kolesnikov A., Nikitin K. Variable form forming investigation for flexible shallow shells on
circular base // Asian Journal of Civil Engineering. 2017. T. 18. Ne 2. C. 163-171.

18. Crynumun JI.1O., KonecuukoB A.I'., ConomarnukoB U.B. HccnenoBanue ontiuMaibHbIX (OPM MOJIOTHUX
TEOMETPUYECKH HEJIMHEHHBIX O00O0JOYeK MO KPUTEPHI0 MAaKCHUMyMa 3HAYeHUH HH3IIMX YacTOT MAaJbIX CBOOOIHBIX
kosteGanwmii / M3Bectust FOro-3amaamoro rocyaapcrBennoro yuupepeurera. 2011, Ne 5-2 (38). C. 313-316.

19. Stupishin L.Y., Kolesnikov A.G., Nikitin K.E. Optimal design of flexible shallow shells on elastic
foundation // Journal of Applied Engineering Science. 2017. T. 15. Ne 3. C. 349-353.

20. KonecuukoB A.T'., Crynuumn JLIO., TonmaueBa T.A.Ilporpamma st onpeneneHus] HIDKHEH 4acTOThI
MAaJbIX CBOOOIHBIX KOJICOAHHH HM30TPOMHBIX IOJOTMX T'€OMETPHYECKH HEIMHEWHBIX O0OJOYEeK Ha MPSMOYTOJIbHOM
IUIaHE C TIOCTOSIHHOM TOJIIMHOM M nepeMeHHo# (opmoit cpenuHHON noBepxHOCTH // CBHIETEIBCTBO O PETHCTPAIMN
nporpammsbl st O9BM RU 2015660771, 08.10.2015. 3asska Ne 2015617664 ot 20.08.2015.

REFERENCES

1. Shatalova D.V., Shvedov V.N. Istoriya vozniknoveniya i razvitiya konstruktivnyh reshenij soedinenij
kruzhal'no-setchatyh svodov [The history of the emergence and development of constructive solutions for the
connections of circular mesh vaults]. Trudy Novosibirskogo gosudarstvennogo arhitekturno-stroitel'nogo universiteta
(Sibstrin). 2020. Vol. 23. 1 (75). Pp. 105-113. (rus)

2. Arleninov D.K., Potapova T.V., Rogozhina A.V. O metodike rascheta szhato-izgibaemyh derevyannyh
elementov [On the method of calculating compressed-bendable wooden elements]. Stroitel'naya mekhanika i raschet
sooruzhenij. 2019. 6 (287). Pp. 19-21. (rus)

3. Pogorel'cev A.A., Turkovskij S.B., Kondrashev I.A. Bol'sheprolyotnye kupola iz kleyonoj drevesiny s
zhyostkimi uzlami sistemy CNIISK [Large-span domes made of glued timber with rigid nodes of the TsNIISK system].
Stroitel'naya mekhanika i raschet sooruzhenij. 2017. 4 (273). Pp. 63-70. (rus)

4. Gluhih V.N,, Kiryutina S.E., Bogdanova A.S. Vliyanie nachal'nyh napryazhenij v drevesine na prochnost'
i formoustojchivost' derevyannyh konstrukcij [Influence of initial stresses in wood on the strength and form stability of
wooden structures]. lzvestiya Peterburgskogo universiteta putej soobshcheniya. 2017. 14 (3). Pp. 523-531. (rus)

5. Sofiyev A.H., Omurtag M.H., Schnack E. The vibration and stability of orthotropic conical shells with
non-homogeneous material properties under a hydrostatic pressure. J. Sound Vib. 319. 2009. Pp. 963-983.

N 3 (95) 2021 13



https://www.sciencedirect.com/science/article/pii/S0263823120310533
https://www.sciencedirect.com/science/article/pii/S0263823120310533
https://www.sciencedirect.com/science/journal/02638231
https://www.elibrary.ru/item.asp?id=44247382
https://www.elibrary.ru/item.asp?id=44247382
https://www.elibrary.ru/contents.asp?id=44247378
https://www.elibrary.ru/contents.asp?id=44247378&selid=44247382
https://www.elibrary.ru/item.asp?id=21214402
https://www.elibrary.ru/item.asp?id=21214402
https://www.elibrary.ru/contents.asp?id=33943400
https://www.elibrary.ru/contents.asp?id=33943400
https://www.elibrary.ru/contents.asp?id=33943400&selid=21214402
https://www.elibrary.ru/item.asp?id=29494970
https://www.elibrary.ru/item.asp?id=29494970
https://www.elibrary.ru/contents.asp?id=34493957
https://www.elibrary.ru/contents.asp?id=34493957&selid=29494970
https://www.elibrary.ru/item.asp?id=31058265
https://www.elibrary.ru/item.asp?id=31058265
https://www.elibrary.ru/contents.asp?id=34534867
https://www.elibrary.ru/contents.asp?id=34534867&selid=31058265
https://www.elibrary.ru/item.asp?id=39338140
https://www.elibrary.ru/item.asp?id=39338140
https://www.elibrary.ru/item.asp?id=39338140

CTponTe/IbCTBO H PEKOHCTPYKIHSI

6. Jouneghani F.Z., Dimitri R., Bacciocchi M., Tornabene F. Free vibration analysis of functionally graded
porous doubly-curved shells based on the first-order shear deformation theory. Appl. Sci. 2017. 7 (12): 1252.

7. Eisenberger M., Godoy L.A. Navier type exact analytical solutions for vibrations of thin-walled shallow
shells with rectangular planform. Thin-Walled Structures. 23 December 2020. Volume 160: 107356.

8. Sofiyev A.H., Turan F. On the nonlinear vibration of heterogenous orthotropic shallow shells in the
framework of the shear deformation shell theory. Thin-Walled Structures. 19 February 2021.

9. Nie G, Chan C., Yao J., He X. Asymptotic solution for nonlinear buckling of orthotropic shells on elastic
foundation. AIAA Journal 47-7. 2009. Pp.1772-1783.

10. Pyatikrestovskij K.P. Raschet derevyannyh prostranstvennyh konstrukcij pri slozhnom napryazhennom
sostoyanii [Calculation of wooden spatial structures in a complex stress state]. Stroitel'naya mekhanika i raschet
sooruzhenij. 2020. 5 (292). Pp. 17-24. (rus)

11. Trushin S., Zhavoronok S. Nonlinear analysis of multilayered composite shells using finite difference
energy method. Space Structures 5 proceedings of the Fifth International Conference on Space Structures, held at the
University of Surrey. 2002. Pp. 1527-1533. (rus)

12. Jingchao Wang, Zheng LiangLi & Wei Yu. Structural similitude for the geometric nonlinear buckling of
stiffened orthotropic shallow spherical shells by energy approach. Thin-Walled Structures. November 2018. VVolume
138: 430-457.

13. Pyatikrestovskij K.P., Sokolov B.S. Nelingjnyj raschet staticheski neopredelimyh derevyannyh
konstrukcij i optimizaciya razmerov sechenij reber kupolov [Nonlinear analysis of statically indeterminate timber
structures and optimization of the cross-sectional dimensions of the ribs of domes]. Stroitel'naya mekhanika i raschet
sooruzhenij. 2019. 5 (286). Pp. 48-56. (rus)

14. Klyukin A.A. Rekomendacii po raschetu pokrytiya-obolochki s rebrami iz cel'noj drevesiny [Design
guidelines for sheathing with solid wood ribs]. Innovacii i investicii. 2021. No. 2. Pp. 172-174. (rus)

15. Pogorel'cev A.A., Pyatikrestovskij K.P. Dal'nejshee razvitie i sovershenstvovanie norm proektirovaniya
konstrukcij iz drevesiny [Further development and improvement of standards for the design of timber structures].
Promyshlennoe i grazhdanskoe stroitel'stvo. 2019. No. 3. Pp. 35-41. (rus)

16. Stupishin L.Yu., Kolesnikov A.G. Vosstanovlenie nesushchej sposobnosti i ekspluatacionnyh
harakteristik geometricheski nelinejnyh pologih obolochek na pryamougol'nom plane [Restoration of bearing capacity
and performance characteristics of geometrically nonlinear shallow shells on a rectangular plan]. Promyshlennoe i
grazhdanskoe stroitel'stvo. 2014. No. 2. Pp. 51-53. (rus)

17. Stupishin L., Kolesnikov A., Nikitin K. Variable form forming investigation for flexible shallow shells on
circular base. Asian Journal of Civil Engineering. 2017. 18 (2). Pp. 163-171.

18. Stupishin L.Yu., Kolesnikov A.G., Solomatnikov I.V. Issledovanie optimal'nyh form pologih
geometricheski nelinejnyh obolochek po kriteriyu maksimuma znachenij nizshih chastot malyh svobodnyh kolebanij
[Investigation of the optimal shapes of shallow geometrically nonlinear shells by the criterion of the maximum values of
the lowest frequencies of small free vibrations]. lzvestiya YUgo-Zapadnogo gosudarstvennogo universiteta. 2011. No.
5-2 (38). Pp. 313-316. (rus)

19. Stupishin L.Y., Kolesnikov A.G., Nikitin K.E. Optimal design of flexible shallow shells on elastic
foundation . Journal of Applied Engineering Science. 2017. 15 (3). Pp. 349-353.

20. Kaolesnikov A.G., Stupishin L.YU., Tolmacheva T.A. Programma dlya opredeleniya nizhnej chastoty
malyh svobodnyh kolebanij izotropnyh pologih geometricheski nelinejnyh obolochek na pryamougol’'nom plane s
postoyannoj tolshchinoj i peremennoj formoj sredinnoj poverhnosti [Program for determining the lower frequency of
small free vibrations of isotropic shallow geometrically nonlinear shells on a rectangular plan with constant thickness
and variable shape of the middle surface]. RU 2015660771, 2015. (rus)

HNudpopmauus o6 aBTope:

KonecunkoB Anexcanap I'eoprueBuy

OI'bOY BO «HOro-3anamHblii rocyJapCTBEHHBIA YHUBEPCUTETY, T. Kypck, Poccus,
KaHIUIAT TEXHUIECKUX HayK, NOIeHT Kadenpsl Y3C.

E-mail: ag-kolesnikov@mail.ru

Information about author:

Kolesnikov Alexander G.

Southwest State University, Kursk, Russia,

candidate of technical sciences, docent of the department of UBS.
E-mail: ag-kolesnikov@mail.ru

14 N 3 (95) 2021



mailto:ag-kolesnikov@mail.ru
mailto:ag-kolesnikov@mail.ru

Teopusi HHKEHEPHBIX coopy:keHHH. CTpouTeIbHbIE KOHCTPYKITHHI

VK 624.072 DOI: 10.33979/2073-7416-2021-95-3-15-26

B.U. KOJJUYHOB'?, K. KY3HEIIOBA?, C.C. ®EJIOPOB?
}Oro-3anannbIil rocyiapcTBEeRHBINA yHUBEPCHTET, T. Kypck, Poccns
2 HanmoHambHBIH UCCeI0BaTeNbCKUE MOCKOBCKHUIA FOCYapCTBEHHbIH CTPOUTENbHBIA YHUBEPCHUTET,
r. MockBa, Poccus

MOJIEJIb KPUTEPUSA TPEHMHOCTOMKOCTH U ITIPOYHOCTH
IJIOCOKHANPS)KEHHBIX KOHCTPYKIIUHN U3 BBICOKOIIPOYHOT' O
OUBPOBETOHA U ®PUBPOXEJIE3OBETOHA

Annomauusn. IIpeonoscen eapuanm xKpumepus mpeuwuHoCcmouKoCmu u Kpumepusi Rpo4HOCu
NIOCKOHANPAJNCEHHBIX KOHCMPYKYULL U3  BbICOKONPOYHO20 (Qubpobemona, ¢hubpodicere306emona.
Kpumepuu nocmpoenst na ocnose meopuu naacmuynocmu 6emona u scenezobemona I A. I'enuesa. B
obwem 6ude YcCuogue mMpewuHOCMOUKOCMU NIOCKOHANPAICEHHO20 (DuUOPOOEmonHo2o dliemMeHma
npeocmasneno 6 6uoe IIUNCA CO CKAYKAMU HA KOOPOUHAMHBIX OCAX 2IAA6HbIX HPUBCOCHHbIX
Hanpsicenull. Ycaosue npounocmu  Guoposicene306emonno2o0 dieMenma ONUCHIBACMCs  CLONCHOU
¢ueypou, yuumsisaiowell mpeuwunooopazosanue 6 dieMeHme npu NIOCKOM HANPANCEHHOM COCTOSIHUU.
Xapakmepnvle  mouku HA  KOOPOUHAMHBIX — OCSIX — GbIYUCTEHbL N0 (PUBUKO-MEXAHUYECKUM
XapaKxmepucmukam RpOYHOCMU OEMOHA, NOLYHYEHHbIM 6 De3yLbiname UCHbIMAHULL BbICOKONPOYHO20
pubpobemona Ha 0OHOOCHOE cocamue U 0OHOOCHOE PACMANCEHUEe C «PACMEOPEHHOWY Gudpoll 6 meie
bemona u apmamypotui, npugedennou Kk 0OemoHy. [laHvl pe3yrbmamsl CPAGHUMENbHO20 AHANU3A
Kpumepued mpeuwuHoCmMoUKOCmu U NPOYHOCMU  BbICOKONPOUHO020 Oemona U GblCOKONPOYHOO
@ubpobemona 6 sasucumocmu om NPOYECHMHO2O0 COOEPIHCAHUSL BOJOKHA 6 meie bemona u munda
npumensiemoi pubpwl. [Ipeonoscennvle anarumuiecKue 3a6UCUMOCU MO2yn OblMb UCHOIb308ANbL OISl
AHANU3A MPEWUHOCTNOUKOCIU U NPOYHOCIU NIOCKOHANPSNCEHHBIX JHCeNe300eMOHHbIX OAI0K-CMEHOK,
ApMUPOBAHHBIX YUOPOT, V208X 30H NOJO2UX 000N0UEK U OPY2UX NIOCKOHANPANCEHHBIX KOHCPYKYUL
U3 8bICOKONPOUHO20 (hubpobemona u hubpodsicenre306emona.

Knrwouessle cnosa: @ubpobemon, ubpooicenezobemon, MPEeWUHOCMOUKOCMD,
RAOCKOHANPSIICEHHbIE KOHCMPYKYUY, YUCTEHHBIM AHATU3.

V.I. KOLCHUNOV'?, K. KUZNETSOVA?, S.S. FEDOROV?
! South West State University, Kursk, Russia
2 Moscow State University of Civil Engineering, Moscow, Russia

CRACK RESISTANCE OF PRESTRESSED REINFORCED CONCRETE
FRAME STRUCTURE SYSTEMS UNDER SPECIAL IMPACT

Abstract. A variant of the crack resistance criterion and the strength criterion of plane-
stressed structures made of high-strength fiber-reinforced concrete, fiber-reinforced concrete is
proposed. The criteria are based on the theory of plasticity of concrete and reinforced concrete G.A.
Genieva. In general, the condition for crack resistance of a plane-stressed fiber-reinforced concrete
element is presented in the form of an ellipse with jumps on the coordinate axes of the main reduced
stresses. The strength condition of a fiber-reinforced concrete element is described by a complex figure
that takes into account cracking in the element under a plane stress state. The characteristic points on
the coordinate axes are calculated from the physical and mechanical characteristics of concrete
strength, obtained as a result of testing high-strength fiber-reinforced concrete for uniaxial
compression and uniaxial tension with “dissolved” fiber in the concrete body and reinforcement
reduced to concrete. The results of a comparative analysis of the criteria for crack resistance and
strength of high-strength concrete and high-strength fiber-reinforced concrete are given, depending on
the percentage of fiber in the concrete body and the type of fiber used. The proposed analytical
dependences can be used to analyze the crack resistance and strength of plane-stressed reinforced
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concrete beams-walls reinforced with fiber, corner zones of shallow shells and other plane-stressed
structures made of high-strength fiber-reinforced concrete and fiber-reinforced concrete.

Keywords: fiber-reinforced concrete, fiber-reinforced concrete, crack resistance, plane-
stressed structures, numerical analysis.

BBenenue

W3ydyeHnio  BONPOCOB  TPEIIMHOCTOMKOCTH U IPOYHOCTH  IJIOCKOHAIPSKEHHBIX
KeNe300€TOHHBIX KOHCTPYKIMHA ITOCBSIIEHO 3HAYUTEIBHOE KOJHYECTBO OTEYECTBEHHBIX U
3apy0eKHBIX HAYYHBIX MCCIIEIOBAHUMN, CPEIM KOTOPBHIX MOKHO Ha3BaTh myOmmkarw [1-5]. B aTux
U JIpyrux paboTax MPUBEICHBI METOMUKH W PE3YIbTAaThl HCCICIOBAHUH IJIOCKOHAIPSDKEHHBIX
KOHCTPYKIMH M3 OOBbIYHBIX OeToHOB M (ubpobderoHa. PesynbTarsl HcciaenoBaHuil  (pusmko-
MEXaHUYECKHUX CBOMCTB BBICOKOIPOYHOTO OETOHA M BBICOKOMPOYHOTO (pribpoberoHa [6-7] moka He
MOJIYUYMJIM OTPaXXEHHUsI NPU PEHIeHMM 33Jad CUJIIOBOTO CONPOTHBIIEHUS CIIOKHOHAMPSKEHHBIX
KEJIe300€TOHHBIX KOHCTPYKIHI. M3BeCTHBI JUIIb OTACNbHBIE UCCIeqoBaHus, Hapumep [8-10], B
KOTOPBIX JIaHBI TIPEUIOKCHHSI TI0 pacyeTy IUIOCKOHANPSIKEHHBIX KOHCTPYKIUH C  ydeToM
JICUCTBUTEIILHBIX CBOWCTB BBICOKOIIPOYHBIX OCTOHOB. B TocnemHWe rojabl B CBSI3U C Pa3BUTHEM
TEXHOJIOTUH MPOU3BOJCTBA BBICOKOMPOYHOro (GuOpoOeToHa Bce OO0Jbllle KOHCTPYKLUUN CTajo
BBITIOJTHATBCS ¢ TMPUMEHEHHEM TaKWX MaTepHaOB, B TOM YHCJIE€ KOHCTPYKIIMH, TJ€ OCOOCHHO
a¢hdexTHBEH BBICOKOTIPOUHBIN (prbpokene3o0eTon. B To ke Bpems mnsi yBenuwdeHUs: oObeMa
MPUMEHCHHSI TaKMX MAaTEPHaIOB B OTBETCTBEHHBIX CJIIOXHOHAINPSHKCHHBIX KOHCTPYKITHSIX
COBEPIIICHHO HEIOCTATOYHO W3y4YeHUs JUIIh (U3UKO-MEXaHUYECKUX CBOWCTB W TEXHOJOTHH
m3rotoBieHus [11-18]. Kak cnpaBennmuBo orMedeHo B pabotax [19-20] HeoOxoauMbl UCCIeT0BaHMS
ocoOeHHOCTEH neopMUpOBaHUS TAKWX KOHCTPYKIMH TPU PA3TMYHBIX BHJAX BO3JACUCTBUU H,
COOTBETCTBEHHO, PA3JIMYHBIX HAMPSIKEHHBIX COCTOSHUSAX, OMHUPAsCh HA OTMEUYEHHbIE PE3yNIbTaThI
WCCIIEIOBAaHUH MOCIEIHUX JIeT M0 M3YYEHHUIO PE3yIbTaTOB OJHOOCHBIX HCIBITAHUNA 00pasLoB U3
BBICOKONIPOYHOTO OeToHa u pubdpodeToHa. bonee Toro HE0OX0AUMO MPOJOIKUTH UCTIBITAHUS ATHX
MaTEepHUaJIOB U MPH CIOKHBIX HAIPSDKEHHBIX COCTOSTHUSX. B CBSI3U € 3TUM 1eNbl0 paccMaTpuBaeMon
paboThl SBWIOCH MOCTPOCHHE BapuUaHTa KPUTEPHsI TPEIIMHOCTOMKOCTH M KpPUTEpHsl MPOYHOCTU
KOHCTPYKIIMH W3  BBICOKOMpOYHOro (udpoderona u  (Pubpoxene3o0eToHa C  YIETOM
NEMCTBUTENBHBIX CBOMCTB 3TUX MAaTEPHAJIOB MPHU INIOCKOM HAIMPSKEHHOM COCTOSTHHH.

Kpurepuii TpemunocroiikocTu pudpodeTona u pudpoxene300eToHa

Jlia pemieHusi paccMaTpuBaeMO 3aJayd HCIOJb30BaHa oOmas nedopmalnroHHas MOJEb
TEOpUH TUIACTHYHOCTH OcToHa H kene3o0erona I'.A. TI'enmeBa [21]. B oOmiem Buae ycioBHe
TPEIIMHOCTOMKOCTH Ha OCHOBE JTOW MOJENIH MPUMEHUTENIbHO K (QUOpOOETOHY MOKET ObITh
3aMKcaHo B KOOPJAUWHATAX Oy, Oy, O3:

02 + 0% + 0% — (010, + 0,05 + 030,) — (Rpp — Rypt ) (01 + 05 + 03) — RepRppe = 0 (1)

3nech Ry, —npesen MPOYHOCTH MPH  OJHOOCHOM CKAaTWM  (IPU3MEHHAs MPOYHOCTD
BBICOKONPOYHOTO (GubpodeTona) U Rpp, —IPEAEN TPOYHOCTH MPH OIHOOCHOM PACTSIKEHHH
(mpenen MPOYHOCTHU BBICOKOMPOYHOTO (prOpPoOETOHA HA OAHOOCHBIN OTPHIB) SIBJSIOTCS OCHOBHBIMU
pacueTHBIMH MapaMeTpaMHu.

[IpuMeHHUTENBHO K MIIOCKOMY HAIPSKEHHOMY COCTOSIHUIO IAHHOE YpaBHEHUE NMPUMET BUIL:

of — 010, + 05 — (be - bet)(fh +03) — RepRppe = 0 2)
PaccmoTpuM XxapakTepHbIE YaCTHBIE CIy4and TAKOTO HAPSHXKEHHOTO COCTOSIHUS:
1. Mpuo, =0:

o — (Rfp — Rpe )01 — RepRppe = 0; (3)
(01)1 = Ryp - OTHOOCHOE CKATHE;
(01)2 = —Rfpt - OTHOOCHOE PACTSKEHHE.
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2. Ilpuo; =0, =0"":

(0")?* - (be - bet)(za,,) — RepRepe = 0; (4)

ol = (be — bet) + \[R]?b — RepRppe + R]?bt - IBYXOCHO€ PaBHOMEPHOE CIKATHUE,

05 = (Rpy — Rppe) — |R%, — RppRype + RZ,, -IBYXOCHOE PaBHOMEPHOE PACTSIKCHHE.
3. Ilpu 0, = —0, — YUCTbIN CABUT:
of +0{+(=01)* = RppRppe = 0; ®)
_ |RepRppe
e T

do
4. Ilpu ycnoBuwu, 4yTo d—1 = 0 MOJy4UM SKCTpEMaJIbHbIE 3HAUECHUSI 04 U Oy:
(9]

—0y + 20, — (Rep — Rppe) = 0; (6)
R%2, —RpRspe+R2
_ _ fb~ bR fbtT Nfpt
01 = (be bet) * 2\[ 3 )
RZ —bebet-FRz
0, = (be — bet) i\[ Ib 3 fbt

Jlst BeICOKOTIpOYHOTO (pribpobOeToHa, YCIOBHO, «pacTBOpsiem» GhuOpy B Tene OeToHa W IS
rpaduyecKkoro MPEJCTABICHUS KPUTEPUS TPEUIMHOCTOMKOCTH MpUMEM (PHU3UKO-MEXaHHUYECKHe
XapaKTEPUCTHUKH 110 JAHHBIM 3KCIIEPUMEHTAIbHBIX HccienoBanuii [7] (tabmumna 1). CormacHo 3TUM
JIaHHBIM, 3HA4YE€HHE TPHU3MEHHOM mNpouHocTH (uOpoberona kmacca B120 Ry, = 128,6 Mlla, a
npenen MPOYHOCTH [PU  OJAHOOCHOM  pacTsikeHuu  —Rgp, = 7 MIla.  Iloas3ysach  sTuMu
XapaKTepUCTUKAMH MPOYHOCTU M MEPEBOJS UX B OTHOCUTEIbHBIE MPOYHOCTHBIE XapaKTEPUCTHKU
Nl =01/Rpmax 1 M2 = 62/Rpmax B COOTBETCTBHU ¢ 3aBHCHMOCTAMH, (3)-(6), moctpoeHa 00acTh
TPEIIMHOCTOMKOCTH U 00J1acTh MPOYHOCTH ISl BBICOKOIIPOYHOTO OeToHa (pucyHOK 1, kpuBas 1) u
BBICOKOIIpOYHOTO  (hubpoberona (pucynok 1, xpuBas 2). Ilpu BBIYUCIEHUU KpUTEPHUS
TPEIIMHOCTOMKOCTH B OOJIACTSAX  «PACTSHKEHUE-CKATHE» U «PACTSIKEHHE-PACTSHKCHHE»
(3aIITpUXOBAaHHBIE  YYacTKH) HCIOJb30BAaHbl HOPMATHUBHBIE XapaKTEpPUCTUKU OeToHa U
¢ubpobeToHa, a MPHU BBIYUCICHUU KPUTEPHsI MPOYHOCTH BBICOKOMPOYHOro OeroHa (pucyHOK 1,
KpuBas 3) U BbICOKOIpoYHOTo pubpodeToHa (pucyHok 1, kpuBas 4) B 001acTU «CiKaTUe-CHKATHEY

HCIIOJIb30BAHbI PACUCTHBIC XapAKTCPUCTUKU MATCPUATIOB.

Tabnuua 1 - XapakTepuCcTUKU BBICOKOIIPOYHOTO OeToHa U (hubpobeToHa kinacca B120[7]

Ry ; Ry MITa Ry; Ryy, MITa Rt Ry, MITa Ruye; Rype, MITa
Yp =1 Yp =13 Yoe =1 Yoe =13

Beron 85 52 4,2 2,25

®ubpobeTon 128,6 98,9 7 54
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N
1,2

10

-0,2

Pucynox 1 - Kpumepuii mpewjunocmoiitkocmu (1, 2) u kpumepuii npounocmu (3, 4) évicokonpounozo 6emona (1, 3)
U 6bICOKONPOUHO20 (pubpodemona (2, 4) npu n10CKOM HANPANHCEHHOM COCMOAHUU.

N3 rpaduka pucynka 1 MOXXHO BHUIHO, YTO TIPH MPUIIOKECHUH CKUMAIOIINX HAMPsHKECHUN
MIPOUCXOUT 3aMETHOE YBEIMYCHHE IMPEACITHLHOTO PACTATHBAIOIICTO HAMPSKCHHUS B CPAaBHEHUU C
R¢pt, 9TO COOTBETCTBYET ONBITHBIM JAHHBIM TIOJTy4EHHBIM B HCCIEN0BaHUAX [22].

Anamusupys rpaduKu KpUTEPHUsS MPOYHOCTH TPEIIMHOCTOWKOCTH (CM. PHCYHOK 1) BUIUM,
YTO  OTHOCHUTEJIbHBbIE 3HAUEHHUS [JIABHBIX HANPSOKEHUM  MaKkCUMalbHbl MNpPH  CHKATHU:
o, =108,54 MIla, g,;= 15,02 MIla — npu pacTsHKEHUH MJIsi BBICOKONIPOYHOTO OeToHa, a IS
BBICOKOIIPOYHOTO (hMOPOOETOHA MaKCHMAIIbHBIE HANPSKEHHS CKATHA COCTAaBIAKT ofp =204,71
Mlla, a pactskenus - arp, =23,02 MIla. Beenenne GpuOpbI B BHICOKOIPOYHBIA OETOH 3HAYMTENIBHO
yBEJIMYUBAET 00JaCTh TPEIIMHOCTONKOCTH TaKOr0 MaTepuaia.

[IpuBenenublii B Bujae (2) KpUTEPHd TPEHTMHOCTOMKOCTH BBICOKOIPOUYHOTO (hrbpoberoHa
IpU IUJIOCKOM HAaNpsOKEHHOM COCTOSIHUM MOXET ObITh 00001IeH M Ha BBICOKOIMPOYHBIN
¢bubpoxenezobeToH. st atoro, ciaeays, [21] mpuMeM HEKOTOPHIE TOMOJTHUTEIIbHBIE YCIOBUS:

- apMHUpPOBaHHUE 3JIEMEHTOB BBINOJHIETCS OPTOTOHAIBHO PACIOJIOKEHHBIMH CTEP>KHAMU
COHAIPABJICHHBIMH C OCSIMU KOOP/MUHAT:

- OyaeMm mojaratb, 4YTO B apMAaTypHBIX CTEPKHAX BO3HUKAIOT TOJBKO MPOAOJIbHBIC
HOpMaJbHbIe HampspbkeHus (T.K. 0e3 OeToHa apMaTypHasl CeTKa SABIIAETCS M3MEHSIEMOW CUCTeMOM
[P ICHCTBUU KacaTeIbHBIX HAPSHKECHHN).

YcioBue TPeIMHOCTOMKOCTH 0 aHaIoTuu ¢ (2) Oyner uMeTh BU:

Gz — 0,0y + T3 — (Rep — Rype) (G + T) + 3Ty — Wy050(20, — T,) — 1y 050(20, — T) +
(Hazc — Hx My + H;Z/)Uszo + (be - bet)(lix + Hy)ffso — RepRepe = 0 (7)

3nmech, Ry, —mpenen NPOYHOCTH TP OJHOOCHOM CKAaTWH (NPU3MEHHAs IIPOYHOCTh
BBICOKONIPOYHOTO (puOpoOeTOHa), Rppy —TPEAET MPOYHOCTH TIPU OJHOOCHOM PACTDKEHUHU (Tpesen
NPOYHOCTH HA OJHOOCHBIH OTPBIB BBICOKONMPOYHOro (ubpodeToHa, 0y, 0,
HamnpsDkeHUs B O€TOHE IPHUBEJCHHOTO CEYEHHUs B HANpaBIeHUH X MU Y, COOTBETCTBEHHO,
Tyy —KacaTENbHbIE  HANPHKEHM B  OCTOHE  NPUBEJEHHOTO  CEYCHMs,  Ogo —PacyETHOE
COTIPOTHUBJIEHUE apMaTyPhl PACTSIKEHHMIO, [y, W, —KOI(Q(OUIMEHT apMUPOBaHKs B HAIIPABJICHUH X U

Y, COOTBETCTBCHHO.

—HOPMaJIbHLBIC
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HopmabHble 1 KacaTelbHbIC HALPSDKCHHUS B OCTOHE NPUBCACHHOTO CCYCHUS Oy, Oy, Tyy

MOKHO 3alrcaTb 4€pce3 rIaBHLIC HAIIPSPKCHUA B 9TOM CCUCHUU 04, O3.

j— o1+0 01—0
Oy = —12 2+ —12 2 cosZﬁ\|
— 01+0, 01—0>
—_ 1 4 1 2z 2 &.
oy =— S Cos B (8)

Tyy = %sinZﬁ )

B ypaBHenuu (8) yroa [-yrosn Mexay HampaBlIeHHEM OOJIBIIErO IJIaBHOIO HOPMAJIBHOTO
HaIpPSDKEHUS U TOJIOKUTEIbHBIM HalPaBJICHUEM OCH X (PUCYHOK 2).

y
“y / 01
/

khx

QB

Pucynok 2 - Cxema yena ff mescoy nanpaenenuem 601vuie2o 2nagno20 HOPMAabHO20 HANPANCEHUA U
RONOIHCUMENLHBIM HANPAGTIEHUEM OCU X

Torma ycnoBue MPOYHOCTH W TPEHIMHOCTOUKOCTH i (PuOpOoKene300€TOHOro dIeMeHTa
MIPH TUIOCKOM HAIpsHKEHHOM COCTOSIHUU OyJeT UMETh BHI:

of — 010, + 05 — [(be - bet) + ( UT)] (01+0,) —3 Hx;lly aso(01—0,)cos2f8 (liazc -

My by + u§,)0520 + (be - bec)(lix + liy)aso — RepRepe = 0 9)

ByneM moJjarartsb, qTo ApMHUPOBaHUC JJICMCHTAa BBIINTOJIHACTCSA OPTOI'OHAJILHO
PacCIiOJIOKEHHBIMU CTCPIKHAMU, COHAIIPABJICHHBIMHU C OCSAMHU KOOpAMWMHAT, B KOTOPBIX BO3HHUKAKOT
TOJIBKO ITPOAOJIbHBIC HOPMAJIbHBIC HAIIPAKCHU.

Myt Uy

PaccmoTpuM yacTHbIE cydau:
1. Ilpu 0, =0, B =0, p, =0 — OAHOOCHOE HANPSHKEHHOE COCTOSHHE H OJHOOCHOE
apMHUPOBaHHUE COCTOSHUE:

of — (be — Rppe + 2uxaso)01 +uioh + (be - bet)llxo'so — RepRppe = 0; (10)
B ciyuae cxarust py = p> 0: 0y = Ry + pog;
B 0611acTH CKaTHs Ogy — PACUYETHOE COMPOTUBIIEHHUE APMATYPhI CHKATHIO.

B cnyuyae pactskenus (P, = —W) mocie oOpa3oBaHMs TPELIMH PAcTSIHYTO€ CEUYeHUe
COIPOTHUBIIAETCS apMaTypoll U JUIst 3TOro cityyast ypaBHeHue (10) mpuHUMaeT BUL:

07 + 21,0500 + 3050 = 0; (11)

0, = —U0gp

B oGmactu cxxaTus Og50 — PaCYCTHOC CONPOTUBJICHUE apMaTypPhbl paCTAXKEHUIO.
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2. 01 =03 Wy =W, — IBYXOCHOE HAIPHKECHHOE COCTOSHHE!

0% — 2(Rpp — Rype + We050) 01 + 1202 + 2(Rrp — Repr)Ux0s0 — RepRppe = 0; (12)

B cnydae nByxocHoro cxxatus U, = i > 0 u3 ypaBHeHus (12) nomyunm

oy = \[R]gb — bebet + Rjgbt + (be — bet) + Wy Os05

B cnywsae nByxocHoro pactsokeHust (U = —J) OeToH mociie 00pa3oBaHUs OPTOTOHAIBHO
MEPECEKAIOIINXCS TPEIIUH BBIKIIOUACTCS U3 pabOThl M BCE YCHIIMS BOCIPHHHMMAET apmarypa. B
3TOM ciy4ae ypaBHeHue (12) npuHuMaeT BUI:

05 + 21,0500, + p505, = 0; (13)
02 = —UOs0-
3. Ilpm 0y = =03, Uy = —Hy, B =0 — YKCTHIA CABUT C PALMOHAIBHO PACTIONOKEHHON

apMarypoil:
RepR
07 — 21405001 + U505, — % =0; (14)
R:pR
fbirbt

0y =0+ |=——%— * UxOso-

3

[Ipu uricToM caBure kene300€TOHHOTO JIEMEHTa ¢ TPEIIMHAMHU y4eT HareJlbHoro 3¢ dexTa
U CUJ 3aleIUIeHUs Mperojaraercs y4uTbiBaTh BBeAeHHEeM Kodpdumuenta (. KomnuecTBeHHOE
3HaYeHHUe ATOro K03 uIueHTa MOXKET ObITh MOIYUYEHO SKCIEPUMEHTANbHO. Jl0 MOTyYeHUus TaKux
JAHHBIX B TMEPBOM MPUOIKEHUM COTJIACHO aHaiu3a uccienoBanuit [1, 22] 3Hadenune { MOXKHO
npuHATH paBHbM 0, 1.

KosdduuueHt apmupoBanus | OIpeaesicM, HCI0Ib3ys H3BECTHBIC GopMyIibl [24].

Jiia rpadguueckoro MOCTPOEHUS KPUTEPHUsI MPOUYHOCTU (PUOPOkKENTE300€TOHOTO dIIEMEHTa
npuHAMaeM Mo AaHHeiM wuccinenoBanuii H.M. Kapmenko [7] npuBeaennsiM B Tabmuie 1:
IPHU3MEHHAs MPOYHOCTh BBICOKOMPOYHOro (ubpoderona B120 Ry, = 128,6 MIla, a mnpexen
HPOYHOCTH IIPU OJHOOCHOM pacTsikeHuH Rpp, = 7 MIla. Xapakrepuctuku apmarypsl AS00 u
KO3 puIMeHT apMHpOBaHUS JIEMEHTa OPTOrOHAIBHO pacrojokeHHoH npuHuMmaemM W= 0,1%
npumeM 1o gaHHeiM CII 63.13330.2018. 3HaueHuss pacyeTHOrO CONPOTHUBIICHUS apMaTypbl
PaCTSKEHHUIO PAaBHO 3HAYEHHS PACUETHOTO CONMPOTHBIICHUS apMaTyphbl CKATHIO M COCTaBIAET Ry =
435 Mlla.

Jis  comocTaBieHHs  KPUTEPUEB  MPOYHOCTH  XAPAKTEPUCTHKH  BBICOKOIIPOYHOTO
xene3o0erona npunaTel mo CIT 311.1325800.2017 (tabmuma 1).

Pe3ynbpratel TpaduyecKkoro COMOCTABIEHUS OTHOCUTENBHBIX KPUTEPHUEB MPOYHOCTH
BBICOKOIIPOYHOTO  JKeJe300eTOHa U BBICOKOMPOUYHOro (ubpokene300eToHa MpU  IUIOCKOM
HaMpsKEHHOM COCTOSIHUM MTPUBEICHBI Ha PUCYHKE 3.
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Pucynok 3 - OmuocumenvHulil Kpumepuii npoOYHOCHIU GbICOKONRPOUHO20 Heene3obemona (kpueaa 1) u
8bICOKONPOUHO020 (hudpoicene3obemona (Kpueas 2) npu nioCKomM HAnPAICEHHOM COCHLOAHUU.

AHaJIu3 pe3yJIbTaTOB

AHanmu3upys TOJNYyYCHHbIE KPHUTEPUH MPOYHOCTH, MOXKHO BHJIETh, UYTO YyUYET pa3HOUH
COMPOTHUBIIIEMOCTH ApPMUPOBAHHOTO JJIEMEHTA J0 W IMociie 00pa3oBaHUS TPEUIMH MPUBOAMUT K
HEKOTOpPOMY KadeCTBEHHOMY M3MEHEHHUIO KpUTepus MPOYHOCTH OEeToHa TNpU IJIOCKOM
HampsDKEHHOM  COCTOSIHMM  (KpuBasgs 1) 1O CpaBHEHHMIO C KPUTEPUEM TPEHIMHOCTOMKOCTH
(cm. pucynok 1). Kputepuit mpo4HOCTH BBICOKOTIPOYHOTO JKee300eToHa u (hudpokene3o00eToHa ¢
Y4eTOM HaJM4usl TPEIIMH B TIOCOKOHAMPSKEHHOM 3JIeMEHTE (KpUBasi 2) OCTaeTCsl «3aMKHYTHIMY
BO BCEX 4YEThIpeX KBaJpaHTax. ApmaTypa B 00OMX HampaBleHUSX pabdOTaeT Ha pacTsHKEHHUE 0
HACTYIUICHHSI B HEMl TEKydyecTH. YMECTHO TakKe OTMETHTh, YTO pa3Has COMPOTHBISEMOCTb
CIIOKHOHAMPSDKEHHOTO 3JI€MEHTa B 3aBUCHMOCTH OT BHJIa HANPSXKEHHOTO COCTOSIHUSI «CXKaTHe-
CKaTHUe», «PacTHKEHUE-CHKATUEY», «PACTIKEHUE-PACTSHKEHHE» W HEe0OXOJMMOCTH ee ydera Oblia
oTMedeHa emie B uccieaoBaHusax KomuyHoBa Bn.U., 3azapaneix D.M. [22], lanupo I'.U.,
[Harmupo A.I'. [23] s  TUIOCKOHANPSDKEHHBIX — AJIEMEHTOB  IUIATOPMEHHOTO  CTBIKA C
OJIHOCTOPOHHUMHU CBSI3SIMH.

Ananu3upys rpadUKd OTHOCHTEIBHOTO KPUTEPHUS MPOYHOCTH (PUCYHOK 3) BUIUM, YTO
KOJIMYECTBEHHBIC 3HAUEHUS TJIABHBIX HAIPSHKEHUH MaKCHMAalbHBI MPH JABYXOCHOM CXKaTUU U
COCTABJISIOT JUIS BBICOKONPOYHOro OeToHa: a3, =145,28 Mlla, o,,= 43,5 Mlla, a
BBICOKONPOYHOTO (pubpobeTona - oy, =238,21 Mlla. MakcuMmanbHble HANPSHKEHHS B 30HE
JIBYXOCHOTO PacTsKEHHs], Te Ha pacTshkeHue paboTaeT TONbKO apMaTypa ¢ MPUHITHIM MPOILIEHTOM
apMHPOBAHHS COCTABIAIOT Ofp; =43,5 Mlla. U3 rpaduka 3 MOXHO BHAETH, YTO MPOYHOCTH
KOHCTPYKIIMHU 3aBHCUT HE TOJIBKO OT XapaKTEPUCTUK MaTepHaja, HO TaKKe OT CTPYKTYphl CEUCHMS
U OJTHOCTOPOHHEH paboThl OETOHA Ha pacTsKEHHE MOCie TPEIIMHOOOpa30BaHuU.

bbul  BBINOJHEH TaKKe aHAIW3 KOJMYECTBEHHOTO W3MEHEHMs TpaHULl KpUTEpHUs
TPELUIMHOCTOMKOCTH M KPHUTEPHUs] MPOUYHOCTH BBICOKOMPOUYHOro (UOpoOEeTOHa C Pa3IUYHBIM
IPOLIEHTOM cojiepkaHust (ubpoBosokHa (pucyHok 4,a). Ilpu sTom (usnko-mexaHuyeckue
XapaKTepUCTUKH (pUOPoOETOHA C pa3IMUHBIM MPOLIEHTOM (TI0 00beMy) cojiepxkaHus (puOPOBOIOKHA
MIPUHSATHI IO JJAHHBIM paboThI [6] (Tabnuna 2).
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Tabnuua 2 - [IpoYHOCTHBIE XapaKTEPUCTUKU BBICOKOIIPOYHOTO (huOpoOeToHa ¢ pa3IuyHbIM
conepxanueM GuopsI [6]

Kon-Bo ¢puopEL, % 1,0 (80 xr/m®) 1,5 (120 xr/m®) 2,0 (150 kr/m®)
Ry, Mlla 86,3 1154 1144
R pin MITa 3,77 48 5,98
Rgp, MIla 66,39 88,77 88,0
Rype Mlla 29 3,69 16
s
s
a5 3) 125

Pucynok 4 - Kpumepuiit mpeuwyunocmoiikocmu (keaopanmst 1, 3, 4) u Kpumepuii npounocmu (keaopanm 2)
8bLICOKONPOUHO020 PUOPOOEMONA nPU NAOCKOM HARPAINCEHHOM
a) ¢ paziudHbIM BPOYEHMHBIM cooepaicatuem ubposorokna: 1—1%; 2— 1,5%; 3— 2%;
0) ¢ paznuynvim munom Guopul: 4— ubpobemon ¢ ankepHoll Gubpoil co corcamvimu KoHyamu, 5— pubpobemon c
amHkepHou Guobpoil ¢ 3aznymuvimu Konyamu, 6— duopobemon ¢ 601H000pasHol ubdpoti

W3 pucyHka MOXHO BHUJIETh, YTO 00JIACTh TPEHIMHOCTOMKOCTH KOJIMYECTBEHHO CYIIECTBEHHO
MEHSIETCS MPU HU3MEHEHHHM NPOLEHTHOTrO cojepxaHus (uoOpbl. Tak, MakcuMaibHbIE 3HAUYCHUS
TPELIMHOCTONKOCTH ITPU PACTSKEHUH JUISl BBICOKONIPOYHOro Gpubpoderona (1%) coctaBnser Repy =
15,02 MIla. Ilpum yBenuueHMH KOJMYECTBA BOJOKOH B CcOCTaBe O€TOHAa 3HAYeHUs
TPEUIMHOCTOMKOCTH PacTyT A0 3HAYCHUM: bet = 19,97 Mlla, bet = 20,97 MIla maa 1,5% u
2,0%, cooTBeTCTBEeHHO. TakuM o0O0pa3oM, BHUIMM, 4YTO CYIIECTBYET HEKOTOPOE ONTHUMAalIbHOE
conmepkanue ¢uobpel B cocraBe OeroHa (1,5-2,0%), manbHeilliee MpeBbIIIEHHE KOTOPOTO
HE3HAYUTENIbHO BIUSET Ha YBEJIMYEHHE OONACTH TpeluHOocToiKocTH (pubpobderona. Ckauok Ha
SMIOpe KPUTEpUsl MPOYHOCTU U KPHUTEPHs TPEUIMHOCTOMKOCTH OOYCIOBJIEH YYETOM pPAa3JIMYHBIX
3HaYeHUH MPOYHOCTHBIX CBOWCTB JUIl TEpBOM (KpUTEpHH NPOYHOCTH) M BTOpPOU (KpUTEpHi
TPELMHOCTONKOCTH ) TPYIII MPEAETbHBIX COCTOSTHUM.

AHanu3 BIUSHUS BHUAA CTambHBIX (uOp HA 00IACTh TPEUIMHOCTOWKOCTH TpPUBENEH Ha
pucynke 4,0. JlaHHble 0 (hu3HEO-MEXaHMUECKUX XapakTepUcTHKax (pubpobeToHa u3 (PpuOPOBBIX
BOJIOKOH Pa3HbIX TUIIOB MPUHATHI TI0 padoTte [24] u npuBeacHsI B TabmuIe 3.
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Tabmuua 3 - IlpodHOCTHBIE XapakTEPUCTUKH BBICOKONPOYHOro (ubpodeToHa C
pa3nuuHbIMU Bugamu Guopsl [24]

12;};?2;[\;‘; I%);/II-?I?:Mf AmnKepHast puOpa ¢ 3aTHyTHIMH KOHIIAMHA BOHH(;;ggngaﬂ
Ry 5, MIla 69,0 74,0 80,0
Rpen, Mlla 4,2 4,6 7,4
Ry, MIla 53,08 56,92 61,54
Ry, MIla 3,23 3,54 5,69

W3 pucynka 4,6 MOXHO BUAETH, YTO MAKCUMAILHOE 3HAYCHHUE MPOYHOCTH TP PACTSHKEHUN
IJIOCKOHAMPSOKEHHOro  huOpoOeTonHoro  snementa  Repe = 15,81 MIla  pocturaercs  npu
apMHpPOBaHMHM 0€TOHA BOJNHOOOpa3HOH (QuOpOM, a MUHUMAaJIbHBIC 3Ha4eHHs Rp,, = 12,56 MIla y
¢ubpoberonabetona ¢ GuOpoit co COKaThiIMH KOHIAMU. TakuMm oOpa3oM  00JacTh
TPEHIUHOCTOUKOCTH (UOPOOETOHA 3aBUCUT OT CHJI CIEIuieHHs (UuOpsl ¢ OETOHOM U SIBIIAETCS
MaKCUMaJIbHOU MPHU UCTIOIH30BaHUU (PUOPHI BOJHOOOPA3HOTO BHIA.

13380: 100181

1. Ha ocHoBe Teopuu MJIaCTUYHOCTH OeToHa M kene3oberoHa I.A. I'eHumeBa mocTpoeH
BapuaHT KPUTECPHUA TpeIHHHOCTOfIKOCTH u Kpurepus IMPOYHOCTHU IIJIOCKOHAIIPAXKCHHBIX
KOHCTPYKIIUH W3 BBICOKONPOYHOTO (uOpoOeToHa Gubpoxkene300eTona. XapakTepHbIe TOYKH Ha
KOOPJIMHATHBIX OCSIX NpU TpaduyecKoM OTOOpaKEHUH KpUTEepHUs MOJY4EeHbI C yUeTOM TpeOOBaHUMN
K (PM3HKO-MEXaHMYECKUM XapaKTepUCTUKaM MaTepuana Uil NpelesIbHbIX COCTOSHUI MepBOil u
BTOPOM TPYIIIT ¥ C YIETOM PA3IIMIHOTO XapaKTepa COMPOTHUBIICHUS CEUCHUS DIIEMEHTOB JI0 M MOCIIE
00pazoBaHUs TPEIIUH.

2. YWCneHHBIM aHAJM30M KpUTEpPUS NPOUYHOCTH (HUOPOKETEe300€TOHHOTO 3JIeMEHTa
YCTaHOBJIEHO, YTO Ja)XX€ MpPH «PacTBOPEHUM» apMaTypbl B Teie OeToHa 001acTh MpeAesbHOM
npovyHocTH (hudpodeToHHOTO U (HUOPOKETE300ETOHHOTO JIEMEHTAa Ka4eCTBEHHO OTIUYHBI MEXKITY
coboit. Obmacte mpoyHOCTH (HUOPOKETE300ETOHHOTO DIIEMEHTa Tociie O0pa30BaHMs TPEIIUH
0100Ha 06JaCTH MPOYHOCTH MIIOCKOHATPSHKEHHOW KOHCTPYKIUU C OJJHOCTOPOHHUMH CBSI3SIMHU.
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@yuryuio om @ynkyuil, a maxdice nepexoodvl, — onepayuu mexcoy @yuxyusmu. Ipu smom nonyuen
NPOCMPAHCMEEHHbIL MPOUHOU unmezpail om apeymenmos X,Y,Z u3 npoooavbHbix Oeopmayuti 015

nepeoll eunomesvl, a MAKdxice mMpemuil U Hemeepmvill (QYHKYUOHAIbL (HeonpedeieHHblll U
OonpedeneHHblll) U3 MOMEHMO8 (useubarowui u Kpymswull) ¢ npoeyuposanuem Kodp@uyuenmos
ouazpammsl «0eopmayuil — HanPINCEHUIL» CHCAMo20 Oemona u KodG@uyueHmamu HanoIHeHUs: NP
corcamoeo bemona Ons ux niey 00 HeumpanbHOU ocu OMsl ROl U3 Manbix Keaopamos. Onpedenen
uzeubaowull U Kpymsuyuii MOMeHmbvl Om cocamoi obracmu 6bemoua u pabouei apmamypul
(ceepHymulil 0isL UX YpOGHell Ulu pa3eepHymulil 6 ancedpaudeckue QYHKYUU U3 CUHME3d pacyemuou
Modenu dicene300emonnvix 6a0Kko08). Ilpu smom umeem HOBvle (YHKYUOHAMLI (OM NEpeo2o 00
uemeepmo2o (QYHKYUOHANA), NpeosiodCeHHble 2UNnomesvl (nepedsi u 6mopas), a Mmakaice NONepeyHvle
ceuenust (om Manvix K6aopamos) 00 NpoCMpaHCmEeHHOU mpewjunbvl. [losensiomes makce CKauKu
(mpewunvl) 60K0Gble, HOpMATbHBIE U Op., OM NEPBOl - mpemvell cmaouu cpeoHux oeghopmayuti
bemona u pabouetl apmamypbi.

Knrouesvie cnosa: momenmor 6 dcene3obemone, cnocob cemok, QYHKYUOHALbL, 2UNOME3bl
Oepopmayuti, HanonHenue ONIOPbl, U3UG ¢ KPYYEHUEM, KPUBOIUHEUHble DRIOpbl, JUHEUHbLe
Odeghopmayuu, yanoguvle oeghopmayui.

VL.I. KOLCHUNOV?, A.l. DEMYANOV?, M.V. PROTCHENKO?
1South-West State University, Kursk, Russia
2Bryansk State Engineering and Technological University, Bryansk, Russia

MOMENTS IN REINFORCED CONCRETE STRUCTURES
UNDER BENDING WITH TORSION

Abstract. The moments in reinforced concrete during bending with torsion were determined,
the new first hypothesis of linear deformations and its filling of the diagram during bending with torsion
for the analytical second functional as a function of three functions - an exponent, a straight line and a
parabola curve. A simple new method is found (from the family of mesh methods) and a summed
function of additional deplanation is proposed. The new second hypothesis of angular deformations and
its filling of the diagram in reinforced concrete during bending with torsion is constructed. The
analytical first general undefined functional is a function of functions, as well as transitions, operations
between functions. At the same time, a spatial triple integral of arguments from longitudinal
deformations for the first hypothesis was obtained, as well as the third and fourth functionals (indefinite
and definite) from moments (bending and twisting) with the projection of the coefficients of the diagram
of "deformations - stresses" of compressed concrete and the filling coefficients of the diagrams of
compressed concrete for their shoulders to the neutral axis for a field of small squares. The bending
and torque moments from the compressed area of concrete and working reinforcement are determined
(folded for their levels or expanded into algebraic functions from the synthesis of the computational
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model of reinforced concrete blocks). In this case, we have new functionals (from the first to the fourth
functional), proposed hypotheses (first and second), as well as cross sections (from small squares) to a
spatial crack. There are also jumps (cracks) lateral, normal, etc., from the first - third stage of average
deformations of concrete and working reinforcement.

Keywords: moments in reinforced concrete, method of grids, functionals, deformation
hypotheses, diagram filling, bending with torsion, curvilinear diagrams, linear deformations, angular
deformations.

BBenenue

CTpoUTENBbCTBO KEIE300€TOHHBIX KOHCTPYKIUM, UCIBITHIBAIOLIUX CIOXKHOE HAIPSHKEHHOE
COCTOSIHUE IPU U3rH0e C KPyueHUEM, PACCMOTPEHO B HayuHbIX myOnukanusx [1-12 u np.].

DKCIepUMEHTANIbHBIE U TEOPETUUYECKUE HCCIIEAOBAaHNUS, BBIIIOJHEHHBIE B MOCIEAHHUE TOJbI
[13-22], cBsi3aHbI ¢ HEOOXOAMMOCTBIO PA3BUTHSI PACUETHON CXEMBI M YYETOM psiia HOBBIX 3(pdexToB
nehopMUpPOBaHUS Kelle300eTOHA ¢ MPOCTPAHCTBEHHBIMU TpemuHamMu. B jxenme3o0eToHe moka He
ObUTa HailfieHa runoTtesa AJs MPSIMOYTOJIbHBIX CEUEHUH JIMHEHHBIX W YIJIOBBIX JepopManuil u ee
HaIlOJIHEHUSI KPUBOJIMHENHBIX S3IIOp MpH u3rube ¢ kpydeHuem. He ycraHOBJIEH aHATIUTHYECKUM
HEONPEJCIICHHbIH (YHKIMOHA W3 HECKOJbKHUX (PYHKUIMN W HE IpeyiokKeHa eule (yHKUUS OT
nermaHauu. IlosToMmy Hamu ObUIM TNpEASIOKEHBI TMpoenupoBaHHe Kod(D(UIIMEHTOB TeH30pa
HANPSKEHHO-1e)OPMHUPOBAHHOTO COCTOSHHSA ¢ M ympyrommactudeckoro V(A), ux auarpammsi

ckaroro OeToHa Juisi HampsbkeHuil (medopmainmii), a Takke BaXHO MOIYYUTh KOIPPHUIIMEHTHI
HaIOJIHEHUS S0P ,(X,Y,Z) W3 MOMEHTOB - U3THOAIOMUX M, , ¥ KPYyTSAKX M, , IId UX IUIed J0

HEUTPATBHBIN OCH [UIS JII0OBIX Keéadpamukoe (B TOM 4HCIe, - CpeaHuX aeopmanmii padboueit
apMmarypel). Ilpm 3TOM HEOOXOJUMO TIOJYYHTh MOMEHTHI B JKEJIEe300€TOHE IpU H3rude ¢
kpydenuem, s craguu I-111 oT cxaToit o6mactu GeToHA 10 MPOCTPAHCTBEHHBIX U HOPMAJIbHBIX
TpenMH B cpenHel pabouedl apmarype (CBEpHYTBIE [UIi WX YPOBHEH WIIM pa3BepHYTHIC B
anreOpandeckue GyHKIIUA U3 CHHTE3a PACYCTHOU MOJICIIH KEIe300€TOHHBIX OJIOKOB).

Mopaean u MeToabI

Haiinen mnpoctoit Hoewlit cnocoé6 (M3 CeMEHCTB METOJ CETOK) sl pa3paboTKu
¢ynkuyuonanoe nebopmarnmii [23] mis anmpoKCUMAaUU MTPSIMOYTOJIBHBIX JTFOOBIX CPEIHUX CEYCHUI
B CXKaTOW M PacTAHYTOW 30HaX C MOMOUIBIO UX CHEYUATbHBIX K6AOpamoe (HECKOIbKUX (PYHKIUN
MEXAYy TOYKaMH, - OOJIbLIME WM Majble OTpe3Ku A Tpedyembix morpeurHocreit). [Ipu stom
MMEEM MOMEHTHI: 00uiuil VU MAablX K6AOpamoes, Heonpeoeiennple VI onpedenennsle u hopmy
W3 COMPOTHUBJICHUS (TJ€ U3TUO M KPYICHHE).

N3 teopum ympyroctu Tumomenko u ['ymbep [24] ¢ ucnosib30BaHMEM MEMOpPaHHOU
aHAJIOTMU MO>KET OBITh OlpeseeHa (PYHKIUS HAIPsDKEHUN ISl IPSIMOYTOJIBHOTO CEUEHUSI.
3areM [IOJIy4Y€H HOBBII IIEPBbIN

z X

5 ! (GYHKIIMOHAJ IS alllIPOKCUMAIIMHU MTPSIMOYTOJIbHBIX
- Ay JTOOBIX CPEHUX CEYCHHH B CXKATOW M pacTAHYTOMN
e ./ 7 L hex, 30HaX C MOMOIIBIO X KBAJPATOB U pacIpeliciiCHUE

A 17 A U3TUOAIOIINX U KPYTAIIUX MOMEHTOB (pUCYHOK 1).
T,,C/‘ % i " Oynkuus Tumomienko u I'yasep [24] Mmoxer

m.O (1%0%2 OBITH TIPEJICTABJICHA B BU/IE:
@ 44 j m.O; f=4-f. 1)
! 8-G-p,-b’

T,C/ 2y 3necy 0603HauMM Y = + ; @, — Yroa ams
r MOTIEPEYHOT0 CeUeHHUsl B KpaeBbIX (pudpax cxaToro

Pucynok 1- Annpokcumanus npamoy20abHbIX
JI00bIX CPEOHUX CEYEHUTL 8 CHCAMOU U PACHIAHYMOTL
30HAX C NOMOUBIO UX K6AOPAMO6 014 CJIOKHas (bYHKL[I/IH TumomeHko u Fym:ep B TCOpHUU
pacnpedenenusn uzzudaouux u Kpymauux YIPYrOCTH [24].
Momenmog (be3 mpeujun)
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3arem aHanorumyHo mius GyHKOuH (1), mModyduMMm Ham HOBBIA TepBblid (yHkuuoHan. Ha
BTOpPOM Iare (IepBasi 1 BTOPOI UTEpaliy) Al KOPPEKTUPOBKU 3HAYECHUH MOJYYCHHON (YHKIHH
BHOBB MOBTOPUM TPONJICHHBIC IIATH, C UCIOJIb30BaHHEM 0OJiee YacTOTO pa30MEHHUs: MOMEPEYHOTOo
CEUEHUS C UCIOJIb30BAHUEM JIPYTUX TOUEK.

JUis 3TOro IpeABapUTENIbHO 3alUIleM Hepeylo (QyHKyur TOPU3OHTAIBHYIO MapadboIy
oTHOcuTenbHO ocu Y f. .(y). 3arem Tarke 3amumeM BTopylo dynkuuio f,(z) — mapaGomy

OTHOCHUTENLHO OcH Z. Torja HOBbIM nepBbii Gynkunonan f; .(y,z) UMeeT aBe QyHKIUH.
3neck mpencraBiensl GyHKuMU A(y)u B(y),C(y) OT aprymenra Y, a takke fg .(y,z) OT

JIBYX apr'yMEHTOB Y, Z (T. €. orniepanus nepexoza (mepexoa 0003HaYMM Kak ) MEX/IY UX CUCTEMOM

GyHKIMI).
Pems cucremy, NOTy4MM ananumuueckuii nepewiii gynkuyuonan f, .(y,z): depes

Gynxumro 1, — f.(y) u dynakuuio 2, — f,,(z) TpU NEPBUYHOM KPYIHOM PasOMEHUH CemKu W NPy

pa3zbueHun Ha OoJiee MeJIK1Ue 4acTu cemku (PUCYHOK 1):

3(47b” —200y* _, 487b*—2280y° 93y?
f..(y,2)="f. o f . ()=t| ——2"+————7+0.923——| (2
5, (y ) 1, (y) 2, ( ) |: 25b2h2 500b2h 25b2 ( )
3necy mns kBaapantoB |, Il u Il, IV, — 3HaKU «+» W «—» TPUHATBHI COOTBETCTBEHHO,
2 2 2 2 2
:_3(47b —ZZ(ZJOy ); B 487b —22280y .C=0.923— 93y2 .
25b°h 500b“h 25b

[IpoBeneH CNOXHBIN aHAM3 TPEITIOKEHHOTO HOBOTO TEpBOTo (YHKIMOHANA, a TaKKe
¢byakuun u3 teopun ymnpyroctu Tumomenko C.II. [23] ¢ ux anmpoxcumanueil. Ilpu stom
(YHKIIMOHATBI UMEIOT pa30MEeHUS CETKM (KpYIHAs WIJIM MEJKas) JUIsl JIMHUA — TOPU30HTAJIbHBIX H
BEPTUKAIbHBIX, a TaKXKe MEXIy ToukaMu (T. €. GyHKUMH 1o ocu Y wiu Z). Ilpu HaxoxaeHuH
3HauYeHU QYHKIUI B paccmMompennplx TOUKax MOMEPEYHOTr0 CEYSHHsI MOJTydyaeM MOTPEIIHOCTh 10
2% wnH B 001X TOUKAX — MOTPENTHOCTH 10 7%.

Torga chopmynupyem cieayroiiee onpedenenue (PUCYHOK 2).

Ob,.\‘,!l
Xp I Aze-A(Aze)=hs 2e
I’R f li _________ l: }\’ 7
T — Z
‘ Ze=Xu ; A(hze) , ¢ % Ze=Xu
v '
ho'Zc 7 hO'ZC
h2 ,/r,’ AShZ.f,Az
’,/ 7
{ Ag e,
h2.f.cr
A(&'S())m h2.f.cre
(85-80)111\ (SS_SO )crc
S

Pucynok 2 — niopa oeghopmayuu npooonvHuIX Gemona u apmMamypeol.
a) ona cmaouu 1; 6) 30ecy 0nsa ynpyzoniacmuuecKkas INWOPA HANPANHCEHUI CHCAMO20 Oemona;
8) o1 cmaouu |l u 11l
Ag,, , — CKAUOK nepewlil; As, , — CKA4oK 6mopoi
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[Ipemoxennas Hoeaa cunomeza 1 nuueiinvix Oegpopmayuii — KUHEMATHKA MEXITY
BOJIOKHAMH UL OTHOCUTEIIBHBIX MPOJIOJIBHBIX (PUOPOBBIX BEPXHUX M HIDKHHX Aedopmaruii 6eToHna
U apMaTypsl (&, U &, ) I UX OTHOLIEHUH B PacCTOAHMAX OT HEHTpanbHOH ocu, 1mojao6Has

MOJIEPHU3UPOBAHHON THIIOTE3e bepHymu, HO MMEroIas CHeHaIbHYI0 T€OMETPUIECKYIO QUTypy
st ynkuun f , , (3HAKM «+», «-» MPUHATH U PA3IMYHBIX KBAJPAHTOB), a TAKKE CXKAThIN

O0CTOH B TUIACTHMYECKOW M YHpPYroil oOjacTsax MEXIy mapamerpoM A, (YUCIO) Al MOJTy4eHUs
ypaBHEHUs ¢ iehopmanuei g, , -
[ToctpouM KpuByr0 n€(QOPMHUPOBaHMS &, . (HACIUIAHAMSA BBIMUTAHMSA OT THUIOTE3HI

bepnymnu u3 TpeyroapHuUKoB). [l 3TOro CilOXKHUM 3HAuU€HUS OTHOCHUTEIBHBIX IPOJIOJIBHBIX
nehopmanuil &, , HAWJICHHBIX U3 HOGOU 2unomesvl 1 1 OTHOCUTEIIBHBIX IPOJIOJIBHBIX Je(pOpMaIHi

NEeTUTaHalu &, , , HAWJIEHHBIX U3 QyHKI[MOHAMA:

x,d >
gb,x,sum = gb,x + gx,d ) (3)

Takum o00pa3oM, mpocTpaHCTBeHHas Hoeasa cunomesza 1 nehopmMupoBaHUS HMEET BH]
6bIYUMAHUA TEOMETPUUECKOW (UTYpBI OT TpeyrojpHUKA. [lodydnM crenuanbHyo (yHKIHIO
f

sum,A—d:
fsum,D—d = 8x,sum(x’ Y Z) = i[Bl ) (Z _Zc) + Bz ) (ho +i— Zc)]' Bs ’ B4 Xt

—AM(LAW

! J+D3-e

—AM(LAW

+D,-y-z|-D,-x-e ! ]+D4 : (4)

&
3necs B =—%;B, = — Mo epynna ll, m.e. uepes uszubarowuit momenm M,
ho Vo By A2,
_ gb,u . _ _ Rsup 1
(a TAKKE npoturnocms o BZ __)’ B3 = b|y:const =5 B4 - [5b,x:|1 B Eb -Vb ‘@, Zc
M, a’-b? - 1 C..
D = t . , D = —’ D =— ’ D = — '
' GI‘EC.II’QC af+b*2 ‘ |2 ’ I ’ I
3,84h—22,962 2,88h—-12,3z 0,34h-0,362
A\.,,,( ' Z — 1] 1] . 2 _ ] ] . _ ] ] ’C*** ,Z —
(y,2) oh (¥) o y - (v,2)
- - — h b
9,3% 227,022 () - 7,16h-17,39z y— 0,306h +0, 232z A =ibe =2,
b°h bh h 2 2
Jnsi KHHEMaTHYeCKUX BEPXHEH 1 HUKHEN (GuOp NmoyduM MpOoNopIHMIO:
8b,x — X — fsum, —d,up — fsum, —d,d (5)
(85—6‘0)-1//5 hO_X Z hO_Zc .

3necy 3HaeM Touky Ay (z,=0,5h; g ,), Touky Azs (—[h0 —Zc]; —&,m), Y =const
(T.€. IMCKpeTHas 1S ee TpeOyeMol TOUKn); & . = (&, —&,) - ¥/, , — CpelHss aedopMalys apMaTyphl;
&, — Aeopmanus npeHaNpsHKEHUS.

VYpaBHeHHe i HaxOoxAeHUs A. (A1 ynpyroriacTH4ecKoil oOmacTH cM. pHCYHOK 2,0)

UCIIONb3YeM U3 ypaBHeHUs (4).
Teneps uMeeM TEPBBIH CKAYOK (PUCYHOK 2,B), CBEPXY BHH3 OT BEPXHEN IPaHU KOHCTPYKIMH
JI0O MPOCTPAHCTBEHHON TPEUIMHBI B KOHIE BEPXHEH CkaTodl 06macT s Xg; foma agee—
¢yHkuus cxkauka (06o3HauMM A, — ckauok 1); A — medopManuu MexAy KPUBOH M MPSIMOM
JIMHUAMMU:
fsum,\ J-d.ere = €x,sumere = i|:Bl,crt: ’ (Z - (Zc —Xg )) + BZ,crc ) (hO +Z- Zc):l ’ B3,crc : B4,crc XE
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—M(T’(mﬁ] —M(ILAW]
iDl,crc Y-z _DZ,crc X-€ + D3,crc € + D4,crc
(6)
& R -1
3ILGCI) — smcrc . — b,xg ,crc : B _ ;B =[e _ sup,crc :
Blcrc hO X 2,cre ho _ XB 3,crc y 4,cre I: b,x,crc :Il Eb,crc ‘o, - (Zc _ XB)
M 2 _p? 1 (O
D, = e & =B p =D2:—ﬂ***-D =D,==; D,y =D, ===

1,crc 2 2 2,crc 2 3,cre 3 ’ 4,crc
Grec'lrec a*+b* I I

A TakKe MMeeM BTOpPOI CKa4OK OT KpailHeW OOKOBOI I'paHu KOHCTPYKIIMH JI0 BHYTPEHHEU

0011aCT! IIPOCTPAHCTBCHHOM TPELIMHBI (DUCYHOK 2, B), — CKa4OK 2 QyHKums T, o -

3anumeM (yHKIMIO IPOAOIBHBIX Aedopmarumii f, OT BTOPOro Ckavka, BOSHHKAIOIMIETO MU

00pa30BaHUM TPELINHBI:
f,=f —f
3nech QyHKIAA f 4 4 g oo s — M. hopmynty (6); pyrrums fgym a—q, — oM. popmymy (4).

Teneps MokeM 3anucaTth QyHKIUIO AeGopManuil Mpyu BO3SHUKHOBEHUH BTOPOI TPEIIMHBI —
OOKOBbIE, HOPMAJIbHBIE, CJIEBI-TPELIUHBI U Ap. (MOSBISETCS U BTOPOI CKavyOK):

fsum S-ditr T = f - fDZ = f - fsum,D—d + f =2f

Chopmynupyem crnenymwoiee onpeoenenue. llpenyioxxentnas Hoeas zunomesa 2 y2noevlix
odepopmayuit — cymmapusie yriaoBbie aegopmanmu ¢ kodhdumuentom k WX YBEJIWYEHUS, T.€.

sum,A—d sum,A ,A—d,crc * (7)

sum,l;,_—d,crc sum,t;,_—d,crc sum,t;,——d,crc sum,;,_—d,crc - fsum,]—d ' (8)

¥,sum
KHMHEMATHKa MCXKIY BOJOKHAMU I OTHOCHUTCIIBHBIX IMOIICPEYHBIX (1)I/I6pOBI:IX BCPXHUX U HUIKXHUX
CYMMapHbIX JAedopManuil CIBUTOB OeToHAa M apMatypsl (¥ ., U Vems) AI89 X OTHOIUIECHHH B

pacCTOSIHUSIX OT HEWTpPATbHOW OCH, WMEIOIIasi CICHUAIBHYI0 TEOMETPHYECKYI0 (QUrypy Uis
yukuun f, - (3HAKK «+», «-» MPUHSTHL JUIs Pa3IMYHbIX KBAJPAHTOB), & TAKXKE CXKATHIA OCTOH B

IJIACTUYECKOM U YIIPYroi 001acTsaX MEKIy NapaMeTpoM A, (MUCII0) JUls MOJTyYEeHUs YPaBHEHHS C

nedopmanueit y, .
Takum 06pasom, ciBUroBble AehopManuu Takue ke (Ynpyras U HPOYHOCTh MMEIOT T€ XKe

¢opmet), TonbKO GoJIbLIE HA KOdDDUUMEHT K,

7 sum,u
k;/,sum = ' (9)
sum,el

CyMMapHble CABUTOBbIE fiehopMaluK VISl 7, ,, U 7, , TOIy4UM:

_ _ ’ 2 2 _
7sum,y _7t,sum - yt,zx +7/t,yx -

2¢ > :
=Dt -\/(b2 (487h-56402)+16y” (~101h+1320z))" + 256y” (229h” + 202hz ~13202°)" . (10)

Jlis Touku 2 (X=ai — paccTosHME OT ONOPbI JIO MONEPEYHOro ceueHus; Y;z, — A -Z.),

MOJIYYHUM:
2 2
Fom,, (M2) = 125(;9 - [(b2(487h-5640-(zc—@7'zc))+16y2(—101h+1320-(zc—ﬂW.zc))) +
1
1256y (229h2 +202h (2, 4., -2,)~1320-(2, - 4., -2,)’ )T . (11)

Teneps nomyunm y . -

Vama =\[Vea 72 = 12§h2 3 [(b2(487h 5640- (2, ~ 1., c))+16y2(—101h+1320-(zc—ﬂw-zc)))2+
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1

1256y (229h2 +202h (2, 4., -2,)~1320-(2, - 4., -2,)’ )T . (12)

Hedopmaruu caBura oT KpydeHUs: UMEIOT CKAUuKH Ha 3II0pe MPEICTaBICHBI HAa PUCYHKE 3.

3anuwem ¢QyHkuuo pepopmauumii, npu obpasoBanud Tpewusst fo . . OHa aHazornyHa

ynxkumn f,  (takas xe Gopma SMIOPEL, TONBKO MEHbIIE Ha KOO duuuentk,, ).

Nmeem QpyHKIHIO U UX IEPBOTO CKayKa:

f
— _sumy (13)
sum,y,Aq,crc
g ky,sum

3mecy  fg,,, — OyHKOMS Ui BBIYMCHEHHs JaepopMauuid casura 0e3  TPEIUH
(em. popmyny (11)); fo o e — GyHKUMS 101 BBIMMCHEHMS AedopMaumii CABAra B CEdCHMH C
OJTHOM ITPOCTPAHCTBEHHOM TPELIMHON B €€ KOHIIE BEPXHEH CKaTOW 00aacT Ui Xg .

brina paccmoTpena cymmaphast smtopa nedopmanuii ciapura (pucyHok 3) B ceuenuu 1-1 (a);

. b b 3b
CyMMapHasi 3MIopa B BUJI€ BOTHYTOM 1MapadoJibl, epexo.1 OT cedeHus 2-2 (mpu y = 3 V=g y= E)
K ceueHuro 3-3 (B BUJE BBIMYKIOHM apaboJIbl ¢ y4eTOM 3HAKOB B 4eTBEPTIX) (0).
a) 0)
b z
Ysum (8) Y ’Y boxu
b,x,, cre
B AFY[J,,‘CB
A(\z) .
N
| VHi,A/ , §, }
’ D
h2 , 7/ :I: 'E
AN Agg (Ys-Yo)m T 0, T
’Ysum(g),*

b

Ysum (g)

Loy, (ys-oere

] @5 (Ys-Yo)m

Pucynok 3 — Cymmapnas niopa oeghopmayuii coguza 6emona u apmamypol:
a) ona cmaouu I; 6) mo snce onsa cmaouu II (unu I1).

Teneps nosyanm dynkumto f, , Ui BTOporo ckauka. 3anumem QyHKIHIIO BTOPOro CKavka
negopManuil CABUra, BOSHUKAIOIIETO MPU 00Pa30BaAHUU TPEIIUHBI:

f
f S VU EP (14)

sum,y ~ 'sum,y,A,,crc sum,y K sum,y k
7,5um 7.5um

fa=f
3anumem QyHKIUIO AepopManuii Mpu BO3HHUKHOBEHUHM BTOPOW TPEUIMHBI (TIOSBIISETCS U
BTOPOM CKa4OK):

f f
f _f fooo_smy g 4 Uy _ f L—l . (15)

sum,y, A, tr sum,y,Acrc Ay sum, y sum, y
ky,sum ky,sum k;/,sum
B xene306eTone npu U3ruGe ¢ KpydeHHEM, BaXKHO UMETh Kodpduuuentsl ¢; u V(4) mns
MPOCIMPOBAHUS OT TJABHBIX “HaNpspKeHUH — nedopmanuii” yepe3 HOpMalbHbIE M KacaTelbHbIE
JyarpamMmsl, IIpU 9TOM HOpPMaJbHBIE M KacaTeJbHbIE HAIPSDKEHHS MOXKHO TMOJIYYHMTh 4Ye€pe3 HX
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neopmanuu U auarpammbl. Torzaa moydyuM U3ruOarofe U KpyTSAIire MOMEHTHI (OTpeieieHHbIe
Y HEONPEIETICHHBIE), a TAK)KE UX WHTErPaIbl U (PYHKIIMOHAIIBI.
Nmeem obnacty ynpyrue, miacTu4eckue U TpeluuHbl (OOKOBbIE, HOPMAJIbHbIE, B KOHLIE X, U

Ap.) MEXIY CKaThlM OETOHOM C pacTsDKEHUEM cpefHell apMaTypsl ¢ koddduuuentom y, (0e3

pactshkeHus 0etoHa). Tereps Ayt MPOIOJILHON U MONIEPEYHOH apMaTypsl (C pacTsHKEHUEM CpeTHel
apMaTypsl ¢ KO3(QOUIUEHTOM I/, ) MOJYYUM KOHTYpPbl — HOTOKH BKIIIOYAIOTCS B M3rHOaroIIue U
KpYTALIME MOMEHTBI, a TAaKXKe UIUPUHY PACKPBITUS TPEILHUH U PACCTOSTHUS MEXKIY TPELIMHAMU WIH
pa3pyllieHHE KeIe300€TOHHBIX KOHCTPYKIIHH.

Torma mnst muarpamMm ckatoro OeToHa aisi HampsbkeHUi (medopmaruii) (pucyHok 4)
poeIMpoBanus Aedopmaruii 1 Hanpsukenuit oxyduM kodddurmentsr ¢, u V(4) n3 nx touek C,

B, A, D (u1st IpOYHOCTH U TPELIMHOCTOUKOCTH).
Teneps B Touke C uarpaMMbl KMeeM KOIQQUIUEHTBI ¢ 1Tt Oeghopmanyuii

2 .2 1 . 1 1 1
g ,Cos“a+eg, Sina+—y,, ,SiN2a  —& ,+-& o+ Vi
o _ Exu _ 1 11 2wk _ 2 X 2 & 27k . (16)
“U e, 1567 ¢, + &, 1,567 ¢, +¢&,,

o (st 45° unmm Ap.) — yroa MexX 1y MOTepeyHbIM CEUCHUEM M HAKJIOHHBIM CEYCHUEM K.

C
Vo (gxl,u —&,, ) sin2a + Voo cos 2a ) < c ) Tl (h\] . 2(1+ Ho (l))

0 _ _ XU 3,u 0
Vol

&, 1567 ¢, +¢,, 15676, +&, E,,(4)- (L5675, +&,,)
Hapamerpsi g,

(17)

H 7, ., cM. dopmyist (4) u (10), orpannyenns:

. yzx,Q,u (sz,u - sz,Mt,u) : 2(1+ Hy oy (ﬂ“))

_ _ . 18
?,,.Qu &, E,,(1)-(L,567 ¢, +&,,) (18)

u

O-i,u

Rb
= ; A)=0.357.
5 00035 lub,u( )

Teneps wist Koo dpuumenTa ¢, | MOIYIHM:
-

3necy E,, (1) =

_ 7/yx,u _ k*,u L VMl

= = : (19)
g, L567-g, +é,
3xech 4eTBepTHI mepexon, — uepes JedopManuH  y, WM AedopMalMM  y,
Mt,u
napametpa K..; 1apamerp 7, .. (cM. ananor gedopmanyu &, T.€. B Touke A, — K., = Y )-

t,crc

Ipoenuposannem kodpduuuentos ¢, u V(4) m3 touex C, B, A, D ux auarpamm

(pucyHok 4) nonyduM HanpsbkeHus (aedopmanmn):

o, 0,008 a+o, sina+z,  sin2a 20)
Poei = oy 1,149R, '
3nece j= C, B, A, D; o,=¢,-E (1) =¢,V, (1) E,; Ebj(/l)za"‘; g toukn C, —
' Ehi
of R M o, R

E, (A)=—*t=—2> | A2)=0,357 ,k, =—29Y - g TOoukM B, — E_ (A)=—R=_b |
s (2) &, 0.0035 #ou(4) * Moen ore 8 o (4) & 0.0020
Uz (1)=0.251; st Touku A, —E, , = %a__Ry v My =0,167 ; nust Touku F (BTOpO# rpymmbl, —

bel T g 0,0015

iel
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ydactok AC (Hanpumep, Touka F) U3 nuarpammel « o, —&,» CM. PUCYHOK 4 1 KOOQQUUHUERT ¢, ), —
O, O,

tga, =—==E (1) =EV, - (1),V, (1) =—"—.

9, = = Bur, () =B, () s, ()=

Ananozuuno HanpsHKEHHO-1€POPMUPOBAHHOMY COCTOSIHUIO HAaXOIUM KOdGGULIHMEHT ¢ 1

X, Fye X, Fy

V(4) s I rpynmst (yuactox AC st iuarpaMme « o, — €, » CM. PUCYHOK 4) mist mo6oii Toukn Fy

HONLYYUM, — &y, &, €1, 60, Vsunr Vuma B AP-, @ TAKKE V; (11:0001 j — TOH) 1 K0dpPuLmeHT Ve (1)

Ox [lpu pacuere mepBOi rpymmbl (O

MPEUIOKEHHON  MOJIENW, JJIA  KPUTEpHUs

Oxu-TTA B F, C IPOYHOCTU MO MPEIENIbHBIM JiehopMaIusim)

HaXOJT MIPOJIOJIbHBIE nepopmanum,

Ox,cre HPOMOPIIMOHATIBHO TIepeXxo/isi oT cedeHus k-K
—D Xor 1o ceuenust I-1.

0 E YV EXF | &x [lpu pacuere BTOPOM TpyIINE OHU

.\g_x,m £ n Ex; MOTYT OBbITh HalJEHBI MYTEM OCYILECTBICHUS

IMPOMNOPHUOHATIBHOTO IEPEX0aa OT CCUCHUSA I-
Pucynok 4 — /luazpamma « o, — &, » ¢ moukamu F_, I no ceuenus k-K, — mpu M3BECTHBIX RSup u

U0 CIMPUPYIOUas Haxoxcoenue Ko3hguyuenmos v, A D). Momente M
' bend *

Teneps mosydrM HOpMaJIbHBIC M KacaTelbHbIE HAMPSDKEHHS (PUCYHOK 2, 0 U PUCYHOK 4):
o, =&, EA)=¢-v,(1)-E,. (21)
YMHOKUM (QYHKIMOHAN ISl ONPENEIICHHsT COCTABISIOMMX ¥, ,, M J,, OTHOCHTEIbHBIX
nebopManuii CBHUIa IIpy Kpy4eHHn Ha Moayib casura G(A) :
T = Yo" G(A) = V10 * Gy - Vp ()] (22)
T = Vi G(A) =7y Gy -V (A) - (23)
[Ipn wucnonp3oBaHuM (GyHKIMOHANA ISl OMPEAETCHUS COCTaBISAIOIIMX KacaTeIbHBIX
HANPSDKEHUH 7, HEoOX0IUMO yUuThIBaTh z° — (+2); Y — (1Y) — GyHKIMOHAT CO 3HAKOM
«+t» B kBagpanTax I, IIl, co 3HakoM «-» B kBagpanTax I, IV.
BaskHO yuuTBHIBaTh, YTO €CIIM KPYTAIIUI MOMEHT UMEET NMOCTOSHHYI0 Bennuuny (M, =const),

a z-t,ZX

TO T,umi = Toyum> & €CIM KPYTANIMHA MOMEHT nepeMeHHbld (M, #const), 1o 7, v =7, ywim -

T - q)YHKI_[I/IH, IEpEMEHHad Ha Y4aCTKC CTCPIKHA HIJIIM HE IECPEMCEHHAsdA, a CKA4YO0K Ha J3II0pE

zy,u,Mt
pr’THH.IeFO MOMCHTAa mj .

Takum o6paaoM, BMCCTO nepeMeHHoﬁ (bYHKI_[I/II/I BO3MOJKHO CHACJIAaTh TPHU-UYCTBIPEC CKadKa

KpYy4dCHUA mj , 3Hasd KaXXAbIN mj . CYMMapHOG KaCaTCJIbHOC HAIIPAKCHHUC IIPpU KPYUYCHHMH 7, .

MOXeT ObITh HaljeHo wu3 BblpakeHus (24). IloacTaBuB COOTBETCTBYIOIIME 3HAYCHUS
nPeo10IHCeHH020 H06020 (hyHKyUuOoHana 2, Iocie aaredpanyeckux npeoOpa3zoBaHU MOTYIHUM:

Tt,sum = Vt,sum G. (24)

31ech 7, — PE3YIBTHPYIOIIEE KACATENBHOE HAMPSKEHUE (7, o\ < T\ — IUIACTUYECKOE

t,sum
KaCaTCJIbHOC HAIIPSKCHUEC pr‘IeHI/I}I).
Ter[epL HMECM YIIPYI'U€ U IJIACTUYCCKHUEC OITIOPBI HOPMAJIBHBIX U KACATCIIbHBIX HaprDKeHI/Iﬁ

(pucyHOK 2,0 M PUCYHOK 5) B ONEPEYHOM CEUEHUH JUIsSl CKATOro OETOHa X, M B KOHIIE BEpXHEH

MPOCTPAHCTBEHHOM TpelIMHBl Xz B ceuenusx 1-1, 2i-2i, 3-3.
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1-1 lef pagom 1-11ig pAnom 2i-2ilef  2i-2irig

a) 0) b b g
=- - =3 = X
(y 0) (y +0) (y' - 8) (y 8) Obnacrs L,
Obnacm Obnacts nnacTuyeckan >,<
Obnacto nnactuveckas  Tpl L1 J—— nnacTUYeckas Tl 0 amps
)gl emopbl\]‘; P emopu,gl aniopbl W E 2
Sy S it :\\ ‘J" Tt \F/l: KN\ f ‘-\- T ﬁ—c
sl S % 2 ‘ Vil X X ]'—\7 'y X
< T 2 < == ;
777X/ X X
X \ / /Q X X Obnacts N X
06nacts X ) @/ Obnacts ynpyras \
ynpyras aniopel X/ ynpyras antopbl 3Mopel
U
2-2i lef  2i-2irig py 3-3lef 3-3rig -
=-2) = ? y=-3) =) X
8 8 ¥ Tpl Tl P
Tpl Tpl . 2
N o Nl
Q’L O =) - < O6nacTe—— />1\_ Q6nacTs
. z I\ N2 N ynpyras aniopel ynpyran <
¥ Obnacto- N Obracs % | ¢ , T Tse ’ o
X" |yrpyras aniope \ /'+/ ynpyras aniopbl '-@ X < ; = i
X K v X o OBnacTb nnacTM4yeckas []3 OBnacTb NNACTHYECKas
< fEE =\ 2 o 3ntopsl aniopsl
- T . MpumeyaHue: 1-2 v~ 3-4 (m.e. aHapoz
O6nacTb nnacTuyecKan 0 9 0bnacTb nnacTuyeckan U3 ynpyzas 3nwpa

anopl aniopbl m.e. mo4ka 3 U3 QyHKuUoHaANa

Pucynok 5 — Ynpyzue u nnacmuueckue 3n10pvl KacamenbHuIX HANPANCEHUIL 01 CHCamozo 6emona X, u
Konua eepxueil npocmpancmeennoii mpewunst Xg 6 cewenuax I-1, 2i-2i, 3-3, w, naracmuueckas snwopa

obnacmu u @, ynpy2as niopa oénacmu.

[IpounrerpupoBaB ¢ynkumo f,,. . o (4) eévluumanusa TtpeyroipHuKa (T.e. THIIOTE3a

bepunymnu) nmo o6bemy (o ocaM X, y, Z), TOIYYUM HEOnPeOenéHHblil U3ZUOarouuii MoOMeHm.
[Tocne anre6panyeckux mpeoOpa3oBaHU MONydYUM mpemuii ¢pynkyuonan. llpoBenaeM HECKOIbKO
pa3 UHTErPUPOBAHUE TI0 YACTSAM:

fé'," int,vol (X’ Y, Z) = IJ.J‘ fsum,A_d dXdde = IIng,Sudedde =

* X
=f ¢ intwol (X ¥,2,B, By, 24, By, hib, D1,D21D3,TJ***) (25)

X
3neck X,Y,Z, h,b, - reomerpuueckue mapameTpsr; I—,ﬂ*m,zk - const; By, B,, By, D,

D,, D3 - mapametpsl B popmyie (4).

ITocne u3 Tpervero (yHkKIMOHANA (25), NOIYYUM, ORpedeeHHblil U3UOAIOU UL MOMEHM
nocne oopazosanus mpewun (11-111 cranuit):
a-¢ ¢

L L
. (26)

+ [fama-g - fsum,Al,A—d,crc‘X_X ]
-0.50 0 B

I X-g
Mieng et *= £, cef intyol (% ¥, 2) = [[fsum,A—d_fsum,Al,A—d,crc]‘O ]
-0.50
0
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CymmupoBanne m3ruGaromux M,y  BBIIONHEHO IS  BCEX i-bIX KBAJAPaTOB
PACIONIOKEHHBIX ( @ — HAIOJHEHHs 3II0pa JIMHEHHBIX Aedopmanuil, @, ~1; zj, j Win zg; — MIeYu
I BCEX | -bIX KBAJPATOB JI0 HEUTPANbHOM OcH; A, WIH Ag ;— IUIOIAAH IS 1 -bIX KBaJpPAaTOB) B

m
ckatoil 3ome mnomepeunsix cedennit, M, = > M;. B cBoro ouepens, msrmbaroumii mMomenr,
i=1
BOCHPUHMMAEMBbIH  CKaTbiM  OeToHOM — (&, ;Vyi By - A);-Z,; =Mygp;) HWIM  PacTAHYTOMH
'apl\/[aTyp017I qepes K03(1)(1)I/IIII/I€HT Ver — (8s,x,i WV s,i E '%I si T bend,s,i )
Tenepp KpyTAUIMIT MOMEHT, OHNPeEOeIeHHbII Yemeepmoulii (QYHKYUOHANL MOXKET ObITh
npescTasien Kak pynkums g =(y,z) (2):
8-G(4)-pa-b® b2 0.5b 0.5h
M=Y-f[| =—— 52 [ | f5*(y.2)dydz=4-0628-bh. (27)
d -0,5b —0.5h
31ech @p — yrod Ajs IOIEPEeYHOro CEYEHUs B KpaeBhIX (MOpax CKaToro OETOHAa MM PacTSIHYTON
apmatypsl; f 5x(y,z) — Hall nepeuwtil hynkyuonan, cm. hopmyiny (2);

) 05b 0.5h
g=86(4)-eab”_ M s =2 ] ] fox(y.2) dy dz=0.628-bh.
i ~0.628-bh’ -0,5b -0.5h

[Tocne anrebpanyueckoro mpeoOpa3’OBaHUs UMEEM HeEPEyio Zpynny — IPOUHOCTh, — My |

U3BECTHAsA BEIMYMHA YEPE3 KPUTEPUH Ysym,u (AMarpaMmbl «yrjioBble aeopManuu  —

KacaTellbHble HANPsDKEHUS»), a TaKKe emopyro pynny — My HU3BeCTHas BeJMYMHA OT BHEIIHEH

CHUTBI.
Tenepp M3 KHHEMATHKH JUTSI MAKCHMAaJIbHBIX BOJIOKOH TOTIEPEYHOTO CEUCHHSI HAXOIUM YT O
@, (U1 momnepeyHbIX ceueHui 1-6) B kpaeBbIX puOpax OeToHa.

Kpyrsiumii neonpedenennsiii MomeHT My j(Z,y) MOXeT ObITh IPEACTABICH KaK QyHKIHUS
OT yIiIa 3aKpyIHBaHUs YA j(Z,Y)

). b2 yz
o @ =2C T pni@y)2f [ fox dy da=

a 00

Mii(z.y)=92-¢pi(z.¥) /5,
yz

=Up-pi(z,9)-2[ [ fox dy dz=Y3 - ppi(z. 1) f5
00

8-G(1)- b2

s

Torma mocine I/IHTerI/IPOBaHI/I}I MOoJIyYuM HeonpeneneHHHﬁ ¢ym<uuomm 4.

5.0 (1Y) 2Hf5*dy dz_ZH [A(y) 22 + B(y)- z+C(y)}dy dz =
00

1 Kk

3nece o = 5*(2, y) — Hawr QpyHKImoHa, cM. popmyiy (2).

=A” -%Z +B” .22 +C” -22. (29)

3neck GyHKIIUU Af [ BI [ Cj | MPUHUMAIOT BU/I;
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2 2
ir =g 0 25h2h?2 25h2  b2h?
y Y[ 48702 —2280y2 | 487y  760y°
Bjj =[Bjdy=] 5 L ldy=22) - y2 : (31)
0 ol  500b“h 500h  500b“h
Cjj =JCy dy=]|0.923- R VR (32)
0 0 125b 1000  375p
Teneps us gpynxyuonana 4, popmyna (29) noxyuum HeonpezeneHubiid My j:
- 86G(A)-b* 2 3 .
M= 3 '¢A7I(Z,y)‘ A“ ‘32 +B” 4 +C” 22| . (33)
OTtcrona MOKHO BBIPa3UTh YroJl 3aKpy4yUBaHUs @A I KOKIOH TOYKH Ai MONEepedHoro
CCUCHUA:
M -(z,y)~7r3 M -(Z,y)~7r3
Pai(z,Y) = L U (34)

8'G(/7~)'b2'f5,**, i (Z,Y)_g.G(g).bZ.(A” .§z3+B” -22+C” 'ZZJ

3nech Mt,i (z,y)= 7t,sum .a)7t,sum "Iy j 'Ab,i (u M; si(Z,Y) = 1t.s,5um Oy s s sum 28 ASI) 1
NapaMeTpPbl Wy o\ Zhj + Zs)js ApinAsi -

Cymmmuposanne kpyramux M| BbimonHeHO st Beex i -BIX KBaIpaTOB, PAacIIONOKEHHBIX
(@, — HanoHeHus! BIIIOpa YrIIOBBIX Aepopmanyid, @, ~1; z,; wm zg; — mieun s Beex 1 -pIx

KBaZIpaToB 10 HEUTpaIbHOU ocu; Ay WIM Agj— IUIOIAAU JUIA 1 -bIX KBAJPAaTOB) B CKATOH 30HE

m
MONIEPEYHbIX CEUCHUH, Mt,c = _%Mt,i . B cBoto ouepenp, KpyTAIUA MOMEHT, BOCIPUHUMAEMbIH
i=

ckaTeiM  OeToHOM, — (7, Vo Gy A Z,; =M,,;) WIH pacTAHYTOH apMaTypoi depes

KodQpuument w, , — (7, W, Vi "Gy Ay 2, =M, ;).
B utore nosyuum:
Myiz.y) 7° (35)

opi(z,y)= - 3 3 T
8- G(1) b2 _ﬂJr% C23, | 48Ty 760y2 2. @_458y2 2
25h¢ bch<] 3 | 500h 500b%h 1000  375p

Pe3yabTaThl Hcc/ie0BaHUS U UX aHAJIHU3

beutn ompenenensl u3rubaroniue (WM KPYTSIIHE) OMpeAeNEHHBIM U HEOoNpeaeTeHHBIN
MOMEHTBl JUIsi AegopMmanui (JIMHEWHbIE ¥ CABWTM) WM HAOpsOKEHUH (HOpMalbHBIE W
KacaTelIbHbIE), a TAKXKE HAMOJIHEHUs SIIOpbI AehOpMallii @, , @, ., 1 HAIPSOKEHUS @, @,

¥,sum c! o,sum *
Jlnst 610Ka, OTCEKaeMOro IMPOCTPAHCTBEHHON TPEIIMHOM, a TakKe BHEIIHHX MOMEHTOB
(nanpumep My =Ryp-& u M3 3=Rgp-a3, -T.e. Ryp-X) u BHyrpeHHHX MOMEHTOB (13
rpaduka 3MIOpbl) HOJIYYUM HOIEPEUHBIC CEUCHHUs 1-6 uepe3 IpOCTPAHCTBEHHYIO TPEIIUHY.
[Ipu 5TOM B CXKaToM OETOHE NPOUCXOJUT HAIOJIHEHHE SHIOPHl B BHAC (YHKIMH WIH
MHTErpajla OT HIKHAX M BEPXHHX MPEIEeNOB, T.C. HEONPEIEICHHOTO H3THOAIONIEro MOMEHTA
M e «» @ TAKXKE ONPEEIEHHOTO MOMEHTA M ¢ e -
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Mbend,x =V, (l) ’ Eb ’ A),c (Z) ' Zb,g(z) ' J:U 1:sum,A—d dXdde =V, (ﬂ“) ' Eb ’ A),c (Z) ’ Zb,g (Z) ’ f,s int,vol (X, Y, Z) =
=Y L (6, 3,2) =&, B (1) 0,(X,Y,2)- A, (2) 2, .(2) =0y - 0, (X, Y, 2) - A, (2) - 2, ,(2) . (36)

WUIn
a; 05b 0.5h L (050 0.5h
Mbend,def =V (ﬂ) i Eb ’ A)'C ’ Zb"g ’ .[ J' fSUmJ —d dXdde =V (ﬂ‘) : Eb ' A),c ’ Zb,g ’ |:[[ 1:g,int,vol (X! Y, Z)]|()J] :| =
0 -0.5b-0.5h 050 1| o5n

=Dpenac =6y u0 Vo (D) By @, 4t Avc " 2o = Obxu Dot * Poc " Zoor - (37)

3nech @y U 43 — pacCTOSIHUS OT ONOPHI R, 110 momepevnoro ceuenus 1-1 u 3-3; f

sup sum,0—-d
cM. ¢opmyny (4), o obdbeMy (MO ocCsIM X, Y, Z); Yy =E(/1)~i:E(/1)-gx’ﬂ; . KpUBU3HA;
Pa Z, Pa
z
I*(X’ Y, Z) = Ac : Zb,,s,i ) fg int,vol (X’ Y, Z) “Pp = A\: ) Zb,s,i : fg int,vol (X, Y, Z) : < ;
X, max

V,(4) — ympyromnactudeckuil koopduuuent; o, — Hanpsukenue; @, (X,y,z) (wmao,(X,Y,z)) —
HaIlOJIHEHUE SIIOPBI AepopManuil (WK HanpsbKkeHui), A (z) — Iuiomans ¢Katoro 6eTona; z,,(z)
(uma z, (z)) — mwiedo s Aedpopmanuy (WIM HANPSHKEHUs) OT TOUKM 4 10 HeHTpanbHOU ocH;
&, — JmHedHple nedopmammu; E (1) — cexkymmit momynb; @, (X,Y,Z) (mm w,(xy.z)) —
HanoJHeHue Smiopkl Aedopmamuil (unmu HanpsokeHui);, z, (z) (wm z,,(z)) — miedo s
nebopmanuii (MM HaNpsKEHMH) OT TOYKU 4 [0 HeHTpanbHOH ocH; @, . (MM @, 4 ) —
HAaIOJIHEHUE dMI0PHI AedopManuii (WK HapsKEHUH), - 4ucio; A — Iomanb ckaToro 0etona; E,
— CeKymui MoAynb; z, (umu z, ) — miaedo jgedopmauuii (MIM HAMPsHKEHWH) OT TOYKH LIEHTpa

SMIOPHI A, (uucno) 10 HEUTpaIbHOU ocH; L=A -2, T i Pa (uucno);

Y

bend,c

1 gX max

=E(4) - —=E(4)-—— (u4ucno); A,, — MJIOIIAAb CKATOro OeToHa Ansd X =z, (YUCIO);
A ZC '

npeenbl HHTerpiupoBanust koopauHatel Z ot -0,5h no 0,5h , koopaunater y ot -0,5b 1o 0,5b u

koopauHathl X OT 0 (omopa) 1o nmonepeyHbix cedeHuit 1-1 — 6-6.
3anucaH TaKKe M3THOAIOMUI Heonpedenennvlii MOMEHT M, .. (1 kpyramuid M,,) ons

100020 i-20 manozo keadpama OT JIOO00H TOYKM CKATOW oONacTH OeTOHA i ee IUied 0
HEUTpAJIbHBIN OCH, T.€. UX nOJIe, U ONPede1eHHbLI MOMEHM.
Jlis Manoro KBajpara 3alulIeM HeonpeoeaeHnblil uzzubaowuic momenm M, ., a TaKKe

onpedenennvli uszudoarowui momenm M., . ;-

Mo =Voi(4) By - A ci(2) - 2, ,.:(2) I” foma g dXdydz =v, (1) -E,- A i(2)-2,,:(2) .- iuari (X, ¥,2) =

= Qg L (¥, 3,2) = gx,i(xa y,2) 'Vb,i(/?') -E, 'a)e,i(xv y,2) Aj,c,i(z) ‘ Zb,s,i(z) = Op i 'a)a,i(xa y,2) A;,c,i(z) : Zb,a,i(z) , (38)
NN
by
Miena,cer i =Vo () By Ay 245 _[ '[ j Fom o 0xdydz =v, (2)-E, - A -2, {[[ Finwol (Y, 2)] . }
a, b, hy h

=Dpengci Lei =€0i Voi(A) By @i - A i 2o o = T Do Poci " Zoori - (39)

841 bn+l hn+1 hn 1

Ay ]
&

hn

3neck v, (4)— i-it ympyromnactudeckuit koddduiuent; Y, =E, (xI)-i:Ei (/L)-M;
P ci
1 H Zc i
— - Fa xpuBmsHA;  L(%Y.2)= A Zi f i (60Y D) oa = A T o e (60 Y2 D)
pA gx,i
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Gynxuma f, .. —cM. Gopmyity (4), HO B TOUKE 4, , 0 00BEMY (110 OCAM X, Y, Z); @, (X, Y,Z) Win
@, (X, y,Z) — HamoJHEHHE SIIOPbl AepopManuii (WIM HaNPsHKEHUH) JUI Maloro KBaJpara;

z,.,.(2) (z,,,(z)) — mnedo nns HanpsKeHus (nedopManuu) OT TOYKM 4 JI0 HEHTpanbHOH ocu

IIOTIIEPEYHOTO CEUCHUS, A.i(2)— 10116 I-ro KBaJIpara;
I, = f - f e YU mE(L) = B, Sem
=i = Ab,c,i “Zpei Tor intvoli " Pai = A),c,i “Zyei Tor intvoli g_ (III/ICJIO > bend,c,i — i( c)'_ - ( c)'

X,i A C

(aucno); gynxums ., o — cM. popmyny (4) mo o6bemy (10 OCAM X, y, Z); @, ; — HANOIHEHHE

SIIOPBI HANPSDKEHWH UL Majoro Keajpara (umcno); z, ., (z,,,) — IUIEYO Ul HANPSDKCHHS
(nedopmamum) OT TOYKM A4 HO HEHTpanbHOW ocH (4MCIo); A ., — IUIOMAAb I-TO KBaJpara;
Ipefenbl WHTErPUPOBAaHUS KOOpAWHATHI Z oT h,1mo h,,, kxoopauHater y ot b, mo b, u
KOOpJAuHATHL X OT &, JI0 @,.
Takum oOpa3oM, CONpPOTHUBIEHUE MpU U3rMOE C KpPy4dEHHEM HMMEET aHaJIOTH4yHbIe
HEOTPE/IEJIEHHBIE U OTIPE/IETICHHbIE MOMEHTHI U3 JK€J1€300€TOHHBIX KOHCTPYKIIUI.
s Onoka, OTCEKaeMOro MPOCTPAHCTBEHHOM TPEIIMHOM, a TakXKe BHEIIHUX KPYTAIIUX
M
MOMEHTOB (Hampumep, M, , =R, 1 M, ;=P -l;, wm R -x-n, t1e n=—" ) ¥ BHYTPEHHHUX
bend
MOMEHTOB (M3 TpaduKa SIIOphl) MOIYYUM IOINEpeuHble cedeHus 1-6 depe3 MpoCTPaHCTBEHHYIO
TPEIINHY.
[Ipu sTOM B cxaToM O€TOHE MPOUCXOAMUT HAMOJIHEHHWE SIMIOphl B BUAE (GYHKUHUU WIN
UHTErpaja OT HKHHUX U BEPXHUX IPEIEIOB), T.€. HEONPEAEICHHOIO KpyTalmero MoMmenta M, , a

TaKKe ONPEACIEHHOTO0 MOMEHTa M . .

3anuileM HeonpeoeneHHblil 00uiUil KPYmauguii MOMeHm:
i =
M=t 0a2Y) Ts, ., | (2Y) =GR~ = Hon(z, ) F(2.3) =
= 7t,b,sum,u Vb (1) Gp -a)y(x, Y,2)- Ay c(2) Zb,y(z) =7t hsumu " @r (X ¥, 2) - Ay c(2) - 2 - (2). (40)

3nech |1 u |3 —IIJIeYM KPYYeHHs 70 morepeyHoro cevenus 1-1 u 3-3; R, *X:77 — MOMEHT

. M
KPY4EHHsS OT ONOpbI R, ¥ paccrosiuue X (M3rubaromuii MOMeHT My, ), T mapamerp 7 =—-=—;
bend

f5’**’ i (z,y) — cm. dopmyny (29), mo miomam (mo ocsm Y, z); o — cMm. dopmyny (28);
8-b? ) 1,
?pi(2,y)— cm. popmyny (35); lt(y,2)=?-f5ﬂ (z,y)-1; qﬁ(z,y)=G(/1)-¢A(z,y)-|—z, Vy(4) —
YIIPYrOIIACTHYECKUH KOX(D(HUUMEHT; 7,, — KacaTelbHOE HANPSHKEHHE; J,,, — YIIOBHIE
nedopmanun; G, — MoAaynb CIBHra; w,(y,z) (umm @,(Y,Z)) — HanoJHEHHE SIIOPHI YrIOBBIX
nedopmanmii (kacaTenbHBIX HaNpsoKeHWi); A, (z) — TIOmanb ckatoro 6eroa; zp,(z) (wm

Zp.(2)) — muedo yrioBeIX gAepopManuii (KacaTeNbHBIX HANPSKEHWH) OT TOYKHM 4 710

HEUTpaIbHOU OCH.
Onpeodenénnvtiic. o6wuit  kKpymawguii. momenm (27) mis  aedhopManud COBHra HIIH

KaCaTCJIbHBIX HAIIPSI)KCHUUN CXKATOT'O 66TOHa, MOJIYYHUM Y€pe3 @, et .

8.G(1)-or-b2 _05b 0.5h
Mt def :q'fs,jj _ ( )3(/’A 2 | [ fox(,2) dydz =Goox - Iy » =
7T —0,5b -0.5h
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= 7t,b,sum,i “Vb(2)-Cp - @, def “Poc " Zo,y =Ttb,sum” Or.def " Poc Zbr-  (41)
8.-b?
72_3

YIIOBBIX JeopManuii (KacaTelbHbIX HAIPSDKEHUM) uepe3 AuarpaMMbl «7—) »; Ay . — IUIOWIAfb

3necs I, = . f5’” 154 =G(ﬂ)-(pA(z,y)-|12; ®y def (MM @ gef ) — HATIOJNHEHHUS SIIOPHI

ckaroro OeroHa (YHCIO); Zy,, (um Zp;) — IWIEYO YIIOBBIX Jedopmanmii (KacaTenbHbIX
HaIpsDKEHUI) OT TOYKHU LIEHTPa AMIOPbl A, 10 HEUTpaIbHOU OCH (YHCIIO).
Jna manozo xkeadpama 3anulieM HeonpeoeneHHblil Kpymawui momenm M, (z,y) , a

TAKKE OnpedeneH bl Kpymawui momenm M . .
Mt,i (Z, y) = qz * P (Z, Y) fs** (f (Z: y) = q**,i(Z’y)' It,*,i(Z! y) =
= Yesumi Vo *Gbi @, (y,2)- Zy i (2)- A (2) = Tisum,i " Wi (y.2)- Zy i (2)- A (z). (42

Win
M geti =Dz Pai J. . 0o Qi Ly =

= Yesumi “Voi * Ghi "D, et i " Loy Ay = Tosumi O, def i " Lo o A=

2
= (7t,b,sum i 'ﬂ*,y -2¢) (¢ _015’/1*,7 +2¢) b +0,5 7 b sum  (Z¢ _ﬂ*,y : Zc)g(zc _ﬂ*,;f +2¢)-b. (43)

3mece  G,; —MOIymb CIBMIa JUIA Malloro KBaipara; V,;,— YHOPYTOIUIACTUYECKHH

ko> duument s moboro kBanpara; o,;(y,z) (WM w, (y,z)) — HANOJIHEHHE SIIOPBI YIIIOBBIX
nepopmanuii (KacaTenbHbIX HaNpsukeHui); A ;(z) — NUIOWAAb i-ro KBaapaTa; o, . (I @, ger )
— HamNoJHEHHE DSIIOphl YIJOBBIX JepopMaiuili (MM KacaTEeNbHBIX HAIPsSHKEHUN) A Majoro
KBajpata (4UCIO); 7y, j(z) (MM Zp £i(2)) — MIEYo A YriIoBBIX JAepopmaiuii (kKacaTeibHbIX
HaIPsDKEHUN) OT TOYKU 4, 10 HEHTPaJIbHOW OCHU TIOTIEPEYHOTO CECUCHHS.

Tenepp 1151 COOTBETCTBYIOUUX GOPMYI ISl HEONPEOe1eHHO20 MOMEHmMA U32uba 1noTyIuM
Koppuyuenm oouieco nanonnenun nopvt @,(X,Y,z) 1 odugee niewo Z, OT TOYKU HEHTP Ac 10

HEUTpAJIbHBIN OCH:

a%(x’y’z)::ﬂ]f&mmA_ddxdydz' (44)
ep,xPoc

zb=z—8“. (45)
Cc

3mech z, — 0003HaYMM 00IACTh CKATOrO OETOHA 110 BEPTHKANIHM; S, — CTATHYECKUM MOMEHT
C)KaToro 6eToHa U3 MOMEPEYHOTO CEUCHHUS.

[Ipn sToM KoIppuuuenm obéugeco nanonnenus niopvt ©,(X,Y,Z) OT onpedeneHHOz0
Momenma us2uba, - 10 xe B Gopmyrne (44), Ho B yncnutene noayduM dopmyiny (26), a Takke B
obuiee naeuo 7., - 10 xe B hopmyne (45).

[Tocne ams cOOTBETCTBYIOMINX (GOPMYIT UL OnPeOeeHH020 MOMEHmMA u32uba st To0bIX
KBA/IPATOB ONPENETUM KOIPPuuuennm HanonHenus INOpsl o, . 1 WIEUO Zj; OT TOUYKH Aj 10
HEUTpaJbHBIN OCHU:

A bn+l th

h

dxdydz

sum,0—d

_ & bn n

&,def i
Ehx,j " Ab,c,j (46)
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u
Si Z[/L-zc ‘b-(z,-05-4-2,)+0.5-(z, —L-zc)-b%(zc —L-zc)j
Z,; =1, _i?— =z, - i = (4D
A > (A-2,-b+05-(z,~ A-2.)-b),
i=1 j=1
3necs, A u S, — i - TBIC Hnoma)mjn CTaTHYSCKUE MOMCHTEI JJIS CXKATOro OCTOHA; IS

TMOOBIX KBAagpaTHUKOB OT @, 7104, (aprymeHTt x), ot b, mob,, (apryment y), or h, mo h,,
(aprymeHr z ).

IIpu sTOM KOIppuyuenm nanonnenusn niopvt o, (X,y,z) WA 1100bIX K6aOpamMuKos ot
HeonpeoeneHH020 Momenma us2uoa, - To xe B popmye (46), HO B UHCIUTEIE TOTYIUM POPMYITy
(38), a Taxke B i-r0 KBaapara nie4o z,,, - To xe B popmyine (47).

[Tocne momyduMm HeonpedeneHHbl KOIuyuenm HAMOIHEHNS SIIOPHI KacaTEIbHBIX
HaNpKeHUH ;. ;(y,z) (1 o, (Y, Z)) — HaNOJIHEHHUs SIIOpPHI JedopManuil CIBUra) s JI0ObIX

K8aopamuKoe — T.€. UX noJjie, B pe3ylibTaTe HEKOTOPBIX aJIredpandyeckux npeoopazoBaHui:

92-00i@Y) S5, .. (@ y)

1 k)

a)%i

Yto,sum,u " V(4)- Abm Iy t,i

~ \/b2(487h —56402) +16y°(~101h+1320)° + 256y*(229h° +202hz ~13202%) 29

7t,b,sum,u 125h% 73
[pu >TOM KO3ppunuenm nanonnenus sniopvl o, (X,y,z) s 100bIX K6AOPAMUKOE OT

(48)

ONpeoeeHH020 MOMEeHmMa Kpyuenus, - To xe B opmyse (48), Ho B unciuTene moayduM Gopmyny
(43), a Taxke B i-TO KBaapara nie4o z,,,, - To ke B popmyie (47).
Taxoke MoayduM oouguit onpeoeneHHvlil KoIghguuyuenm Hanonnenus Inwpsl nehopmanuii
CIBUTA @, 4oy (WM @, 4 ):
05b  05h

j 2
2 I j f5,*(y’ Z) dy dz Z((yt,b,sum,i %*,y ' Zc)'(zc _0’5'/1‘*,;/ ' Zc)'b+0’5'7t,b,sum,i '(Zc _/L,;/ 'Zc)é(zc _j‘*,y ‘ Zc)'b)j

-05h -05h B

yt‘b,sum,u'Vb(/?')'Gb'A)‘C.Zb't iytb G A] bt)
j=l

O, 4 =

. (49)

Ilpu stoM KoIppuyuenm obwieco nanonnenus niopsl o, (y,z) UL HEONPEIENEHHO20

Momenma Kpyuenus, - To xe B popmyiie (49), Ho B yncnutene noryduMm dopmyny (40), a Takxke B
obuiee naeuo 7., - 10 xe B hopmyne (45).
Tenepb onpenenM OTHOCUTEIbHBIE CpeiHue AedhopManu apMatypbl (PUCYHOK 6) MEXITY

NPOCTPAaHCTBEHHOM  TPEIIMHOW & Eqmuet 1 Esmrig ! Esmxi A KOODOUUMEHTBI  [Uist

s,m,x?

COIIPOTHUBJIEHUS PACTAHYTOrO0 OETOHA MEXAYy HMPOCTPAHCTBEHHBIMH TPELIMHAMH KEJIe300€TOHHBIX
KOHCTPYKIMH NPU U3rHOE ¢ KPYYEHUEM VW, W ., W ,, A JICBOH WIIM MPABOW apMarypel, a

TaKke J00o# k — oif apmatypely_, .

HpOBCI[CHa arrpoKCuMan i JHOOBIX MMPAMOYTOJIBHBIX CPEIHUX CEUCHHH B CXXaToM H
paCTHHYTOﬁ 30HaX C TIOMOOIBKO HUX MAJIbIX KBaApaTOB (pI/ICYHOK 6) AJIL pactpeACiICHUA
I/I3FI/I6aIOH_II/IX U KpYTAIIUX MOMCHTOB C TPCUIUHAMU 6OKOBLIMI/I, HOpMaJIbHBIMU U J1P.
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c7s',|ef,|
Z A Xl,*
o -'A f
bx,i” “b,i 630
qssw,lef
Oy rig i'A '
g, 8,1 % q;
q J ﬂy w, lef
SW,rig

AT/ Y /// hO_Xl,*
TbC g /

sw g / /Gs,lef,m,i
T A
s, lefi
C s,1 V/ qsw,o,lef
t

S rlg m, i V A qSW,O',I’ig

S,Tig,i

Pucynok 6 — Annpoxcumayus ni00bix RPAMOY20IbHBIX CPEOHUX CEYEHUIL 8 CHCAMOM Demone U PACIAHY MO
paodoueit apmamype ¢ HOMOULBLIO UX MATIBIX KEAOPAMOG 013 PACHPEOCTCHUSA ULUDAIOWUX U KDYMAUUX MOMEHMO08 C
00K0BbIMU, HOPMATILHBIMU MPEUWJUHAMU.

Heonpenenennsie uzzcuoarouiue momenmeol C TpEIIUHAMU U3 MATBIX KBAOPAMOE B CHKATOMN
Y PacTSHYTOM 30HaX UMEIOT BUI:

n,k

Mbend,sum =V, (1) Eb Ab 'Zb_[” fsum,Afd dxdydz +kZ:(Us,m,i,k ) A%,i,k ) Zs,i,k) =
-1
i=1

m n-m
Z(O'b,x,u Oy A L)t 2 (Us,rig,m,i “Asrig,i  Zs,i + s lef m,i = As lef "Zgj)+
=1 i=1
m J * *
+2 (05 ringmii - A rig,i 5% + Os et mi A5t ef i Zs'i) + 2 (A swyrig * (8] —Cj) £ swytef -(8j —C})) (50)
i1 i1

3neck N — ofIiee KOJIMYECTBO MajbIX KBaJpaToB; M — KOJUYECTBO KBAJAPaTOB CXKATOM
obyacTd; N-M — KOJIMYECTBO KBAJAPATOB PACTSIHYTOH OOJNACTH MpPOJOJIbHON apmarypel; K —
CBEpPHYTBHIC YPOBHHM pACTSDKCHHsI apMaTypbl, cC)KaTas apmarypa, XOMYTbl C HOPMaJbHBIMU

TpPELIMHAMH ¥ XOMYTbI ¢ OOKOBBIMH TPELIMHAMH; | — IONepedHble ceyenus j=1-6; gynxums f .

— cM. opmyny (4) mo oObemy (IO OCSIM X, Y, z); @, (X,Y,Z) — HeompeneaeHHbI KodpduimeHt
HAllOJIHEHHs MAJs SHIOPHl HANpsDKEHMH, WM @,(X,Y,Z) — HeompeneneHHbI Kod(duuueHt

HATIOJHEHUS JIJIS SIIOPHI JieopMarui.
Heonpenenenusie kpymauwjue momenmsl ¢ TpSUIMHAME U3 MAIbIX KAOPAMOE B CKATOU U

paCTHHYTOﬁ 30Hax UMCIOT BU/:
m

Mt sum _qZ wAI(Z y) f5,**, (f (Z y)"’i Usm,hk As, 'S Zs|k Z(ytbsumu (/I)la)y,i.A),C,i.ZU,b,i)-I-
k=1

i=1

i=1

n-m m
+ Z Os rig,m,i - A rig,i Bg i+ 05 tef mii A et i Dsi)+ Z(Us',rig,m,i A rigi Bsti + 051t mi Astrefi-Dsti)
=1 i=1
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j i
+ 2. (O rig, - (5 =) 2y £ Ooue (@5 =€) 2y, )+ X (Osworrig,i - @) =C5) 2y + Gt (8 =) 2y i) - (51)
5 5

3I[CCB n — 06H_[ee KOJIMYCCTBO MaAJIbIX KBaApPaTOB; M — KOJHUYECTBO KBaapaToB CKaTon
obmacti; N-M — KOJMYECTBO KBAJPATOB PACTSHYTOH 00JacTH MPOJOIBHON apMarypel; K —
CBEpHYThIC YPOBHH pACTSDKEHHUS apMaTypbl, CXaras apmarypa, XOMYTbl C HOPMaJIbHBIMU

TPEIIMHAMH ¥ XOMYTHI ¢ GOKOBBIMH TPEIMHAMY; j — Toniepednsle cedenns j=1-6; fg o ] (z,y)

cM. opmyny (29); Y, cm. dopmyny (28); ¢ai(z,y) cM. dopmyny (35); @,; — HeONpENENEHHBIA
KOX(QQHUIMEHT HAMOIHEHHSI SIIOPHI 1edopMaIyii caBHUTa (IS JIIOOBIX KBaIPATUKOB) — T.€. UX MOJIE;
Z,pi:0si0 Bsiv Zy o+ 2y, )i > — TICUH OT TOYKH O~ (a Tarxoke QyHKIMS OT TOUYKU b, ) pacTaHyTOil

U CKaTOM MPOAOJIBLHON apMaTyphl, IPABBIE U JIEBBIE XOMYTHI, 4 TAKKE HUKHUE XOMYTHI.

BrIBOabI

1. Haiinen mnpocTtoil Hoewvlit cnocod (U3 CEeMENUCTB METOJ CETOK) IS pa3pabOTKu
¢ynukyuonanoe nedpopmanuii Uis annpoKCUMalMU MPSIMOYTOJIbHBIX JIFOOBIX CPETHUX CEYEHUN B
C)KaTOM M pacTSHYTOM 30HaX C MOMOIIBIO UX CHEUUATbHBIX Keaopamoe (HECKONbKUX (QYHKIUI
MEXAYy TOYKamH, - OOJIbLIME WM Majble OTpe3Ku A TpedyembIx mnorpeurHocreit). [Ipu stom
MMEeeM MOMEHTBI: 00ujuil VU MaablX Keaopamoes, Heonpeoeientsle VU onpedenennsie N popmy
U3 CONMpOTHBJEHMs (rAe u3rud u kpydenue). Paspaboranbl ueTsipe ¢GyHKIMOHaAna: Aedopmariuii
(JIMHENHBIX — MepBbIi GYHKIHMOHA, YIIIOBBIX — BTOPON (DYHKIIMOHAT) 1 MOMEHTOB (M3ru0aromui —
TpeTHil PyHKIMOHAJ, KPYTSAIIMM - YeTBEPThIM PyHKIIMOHAI).

2. B xene3oberoHe ObLTa TpeIO’KEHA HOBash THIOTE3a JIMHEHHBIX Aedopmanuii u ee
HaITOJTHEHUS SIIOPHI TIPH U3rude ¢ kpyderueMm. [lonydeH aHamuTHYeckuii o0 HeonpeaeIeHHbBIN
BTOpOH (yHKIMOHAN (YHKUUS OT Tpex (YHKIUI, — 3KCIIOHEHTa, NpsiMas JUHHUA W KpHUBasd
napaboia, a TakkKe MX IepexoJibl, — ONEpaluu MeXIy (PYHKUUAMU Ul NEPBOrO — YETBEPTOro
KBAJ[PaHTOB, I'Jie 3HAKU IUIIOC U MHUHYC NPHHATHI COOTBETCTBEHHO. [Ipeanoskena cymmupoBaHHas
(byHKIHS OT HOTIOTHATENIBHOM ICTIaHALNH (BBIYUTAHHE GYHKIUI OT TPEYToIbHUKA, — foym A—d ), a

Tak)Ke CKaTbli OETOH B IJIACTHUECKUX U YIIPYTUX 00JIACTAX MEXKIY UX MapaMeTpami.

3. B xene3o0eToHe mpeiiokeHa HOBas TMIOTE3a YIVIOBBIX JedopMaluii U ee HaloJIHEHUS
SMIOPHI MPU M3rude ¢ kpydeHueM. I[lonaydeH aHATUTUYECKWA TEpBbIH OO HEONpeaeIeHHbBIN
¢dbyHKIMOHAN QYHKIUS OT IBYX (PYHKUMN, — KpUBBIE MapaboIibl, a TAKKE UX MEePEeX0Ibl, — ONepalu
MEXTy (PYHKITUSIMHA.

4. 3anucaH M3ruOarOMIMii MOMEHT, ONPENENICHHBIM I JI000Tr0 Malloro KBajapaTra WM
HEONpEeeNICHHbINH s JII000 TOYKH, a TakKe MPOoeHUpoBaHHE KOAPPHUIIMECHTOB gij V(4) u3

touek C, B, A, D ux auarpamm cxxatoro 0eToHa AJis HanpsbKeHu# (nedopmaniuit).
5. Tlpu stoM mosydeHbl KO3(DGHUIMEHTH HamoJHeHHs smop @, (X,Y,2) (@, (XY,2)) u

w,(y,2)(@,(y,2)) u nneun g0 HelTpanbHOH ocu (Touka O+) mnm mo Touku b, wmm ans

MIPOCTPAHCTBEHHOTO TPOWHOTO MHTErpajia U3 MPOJOJIbHBIX NehopMaluii Uis MepBOil TUIIOTE3b, a
TaKKe TPETUH M YETBEPTHIA (PyHKIMOHATBI M3 MOMEHTOB, — U3TUOAIOIMUK M, (X,y,z) B KPYTALIMI

M, (y,z) (31€Ch NOSBIAIOTCSA CKA4YKH, — TPEUIMHBI OOKOBBIC, HOpPMaJbHbIE U Ap.) mus cramun |-l

cpenHux nedopManuii MPOJOTIbHBIX OETOHA M apMaTyphl) U JUISL €€ IJied JI0 HEUTPaIbHBIM OCU
JII00bIX K8AOPAMUKOE — T.€. UX noJle.
6. Ilomyuen w3rubarommii M

U Kpyramuid M (HeompeneneHHbIH U

bend,sum t,sum
OHpC,Z[GJ'ICHHI:IfI - def) oT C)KaTOI‘;I O6J'IaCTI/I 6CTOH8. u pa60qe171 apMaTprI (CBepHYTLIﬁ nux Jis
ypOBHCfI HJIn HUx paSBCpHYTBIﬁ B anre6panqecxne (byHKI_[I/II/I 13 CHUHTE3a €€ pacquHoﬁ MOACIN
)KCJ'IC306CTOHHBIX 6J'IOKOB). HpI/I 3TOM OHpCI[CJ'IeHLI HOBBIC (I)yHKI_[I/IOHaJIBI (OT HCpBOFO 0

4eTBepTOro (yHKIIMOHANIA), TUIIOTE3bI (TIepBast U BTOpasi).

N 3 (95) 2021 43



CTponTe/IbCTBO H PEKOHCTPYKIHSI

CIIMCOK JIMTEPATYPbI
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1®Irb0OY BO «BpsaHCKH TOCY1apCTBEHHBIM HHKEHEPHO-TEXHOJIOTHYECKUH YHUBEPCHTETY, T. BpsHck, Poccus

BJIMSAHUE HAKJIOHHBIX PEBEP )KECTKOCTH B Y3JIAX
COEJUMHEHUA IBYTABPOB HA IEPEJJAYY BUMOMEHTOB

Annomauyusn. beccosucosass meopuss B.3. Bracosa ocmaemcsi o0Hum u3 Haubojee
000CHOBAHHBIX NOX0008 K pacyenty MOHKOCMEHHbIX CMEPICHEll C YUemoM CMECHEeHHO020 KpyueHus. B
Mo dice 8peMsl UCHONb308AHUe OAHHOU Meopuu Ol AHAIU3A 0ePOPMAYULl PAMHBIX KOHCMPYKYULL euje
mpebyem nposedenusi UCCICO08AHUL C MOYKU 3PEHUsl YCA08ULl nepedayu Cuil 8 Y31ax COeOuHeHus
cmepoicel. Kax ommeuaemces 6 iumepamypHbix UCHOYHUKAX, HA CIBIKAX MOHKOCMEHHbIX CMepiCHell
OMKpBLIMO20 Npouisi  OAsi  HEKOMOPLIX ~ KOHCHMPYKMUBHBIX — PEUEHUl  MOJICem — CYujecmeeHHo
Hapywamocs. 6ananHc OuMOMeHmo8. B nacmosiwell cmamve paccmampusaemcsi achekm OaHHO20
sa6nenust Ol CMANbHLIX  08YMABPOBLIX Npouiell, CEA3aHHbIL ¢ HAIUYUEM HAKIOHHbIX pebep
arcecmrxocmu 6 cmuikogouHbIX y3nax. C nomowwio 00010UeUHbIX KOHEUHOIIeMEHMHbIX Modenel
NOKA3aHO 6NUAHUE HAKIOHHbIX pebep Ha NoseleHue CKA4K08 NO OUMOMEHmAM Npu HONAPHOM
coeduneHuu cmepoichell. Bvigedena 3asucumocms, obecneyusaroujas B03MOICHOCb yuema 6
CMEPICHEBLIX MOOEJISIX JICECMKOCMU HAKIOHHO20 pebpa ¢ MOYKU 3peHust CMecHeHusi OenaaHayuti
nonepeunvlx cewenuti. Ha ocnose yucienmvlx KCNepumMenmos YCmAaHOBIeHO, Ymo 66edeHue MaKux
JlcecmKocmell 6 CMepICHesble KOHEUHOIIEMEHMHbIE CXeMbl DAMHBIX KOHCMPYKYULL NO360/5em C
00CMamoyHo BbICOKOU OISl UHIICEHEPHOU NPAKMUKYU MOYHOCIbIO OMpPA3Uums YCl08ue 83aumoo0eticmaus
cmepoicHell no nepedaye GUMOMENMOB.

Knrwuesvie cnosa: mouxocmenmvie CMEPIICHU, meopusi KpyueHus Bﬂacoea, cma’jlbHble pambl,
deymaepoeble np0¢wlu, HAKJIOHHblE p€6p6l Hcecmrkocnu, 6WOM€Hmbl, KOHEUHODIeMEHMHbII AHANIU3

I.N. SERPIK!, R.0. SHKOLYARENKO!?
!Bryansk State Engineering Technological University, Bryansk, Russia

INFLUENCE OF INCLINED STIFFENERS IN I-BEAM
CONNECTIONS ON BIMOMENT TRANSFERRING

Abstract. Shear-free theory of V.Z. Vlasov remains one of the most reasonable approaches to
calculating thin-walled bars taking into account constrained torsion. At the same time, the use of this
theory for the analysis of deformations of frame structures still requires research in terms of the
conditions for transferring forces in bar connections. As noted in some scientific papers, the balance of
bimoments can be significantly broken at the joints of thin-walled bars of an open profile in some
designs. This paper deals with this phenomenon for steel I1-beam profiles, associated with the presence
of inclined stiffeners in joint units. Using shell finite element models, the influence of inclined stiffeners
on the appearance of bimoment jumps at the pairwise connection of bars is shown. A dependence is
derived that makes it possible to take into account the stiffness of the inclined edge in the bar models
from the point of view of the restraint of cross-section warping. On the basis of numerical experiments,
it was determined that the introduction of such stiffness into the bar finite element schemes of frame
structures allows to reflect the condition of bars interaction in the transferring of bimoments with a
sufficiently high accuracy for engineering practice.

Keywords: thin-walled beams, Vlasov torsion theory, steel frames, I-beams, inclined stiffness,
bimomets, finite element analysis

Beeaenne
TpeGoBanust K IOCTaHOBKE IOMEPEUHBIX pedep MKECTKOCTH TOHKOCTEHHBIX CTaJbHBIX
crep>kHed oTkpbiToro mnpoduis peryaupytores CII 16.13330.2017 «CranbHble KOHCTPYKIIHH.
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AxrtyamusupoBanHas penakuuss CHull 11-23-81». [Ing oTaenbHBIX CTEp)KHEH Takoro TuUIA,
BBIIIOJIHEHHBIX B COOTBETCTBUM HOPMATHUBHBIMHU YCIOBUSIMHM, PACUYET C YYETOM CTECHEHHOTO
KpydeHHst MOKeT 3()(EKTUBHO BBITIOJNHATHCS HAa OCHOBE OeccapuroBoit Teopuu B.3. Biacosa [1].
Pa3znnyHble BapuaHThl pa3BUTUS 3TOM METOJOJIOTHH, B TOM YHCIE C NPUHATHEM BO BHUMAaHME
CIBUTOBBIX Jedopmanuii, paccCMOTpeHHEM H3rHba KOHTypa MOIMEPEYHOrO CEYEHUs, OTPAKECHHEM
0COOEHHOCTEH CHIIOBBIX BO3JICHCTBUI M CBOMCTB MaT€pHaliOB MPUBEACHBI B TPyJAaX psilia aBTOPOB
[2-17].

[locTpoeHre  TOHKOCTEHHBIX  CTEPKHEBBIX  KOHEYHBIX  3JIEMEHTOB, OCHOBAHHOE
HENOCPEJCTBEHHOI0 Ha 0ECCIBUIOBOM TEOPHH B paMKaX JIBYXY3JOBBIX CXEM, MPEJCTABIEHO B psle
pabor [18-25]. [1pu 3TOM UCIOIB30BAIKUCH KAaK TOYHBIC pelieHus TuddepeHInaibHbIX YpaBHCHHH,
TaK W KJIaCCUYECKUE aNMpOKCUMAIMK OOOOIIEHHBIX IEpEeMEIIeHN Ha OCHOBE CTEHEHHBIX
noJMHOMOB. B pabote [26] uzinokeHa mpoueaypa peaiu3ainui 0SCCABUTOBON TEOPHH C MOMOIIBIO
OMCTEP)KHEBOTO YETHIPEXY3JIOBOTO KOHEUHOTO 3JIEMEHTA.

VY4er BIUSHUS NMONEPEUHBIX pedep Ha pacnpenesieHne OMMOMEHTOB MOJIPOOHO PacCMOTPEH
B kHure [l]. [IpuHuMaercs BO BHUMaHHME W3rHOHAsl >KECTKOCTh AuadparM, BIHSIONIAs Ha
JeTUIaHAIlMU TIONePeYHbIX cedyeHui crepykHei. [losydyeHa 3aBHCHMMOCTbB, BBIpaKarollas CKadyoK
OMMOMEHTa B MECTE NOCTAHOBKU JHapparmMbl yepe3 Mepy JAerIaHallK MONepPeYyHOro CEYeHUS.

B paborax [23, 27] BwInonHsuics aHaiu3 Je(GOPMHUPOBAHUS PAMHBIX TOHKOCTEHHBIX
KOHCTPYKIUH B MpEANOJoXKeHNN OajaHca OMMOMEHTOB M PaBEHCTBA Mep JeIIaHallMi Ha CThIKaxX
crepxkHei. B cratesax [28-30] mpuBemeHbl pe3ynbTaThl pacdera KOHCTPYKIIMH TAaKOTO THIA Ha
OCHOBE 000JIOUEYHBIX KOHEYHOZJIEMEHTHBIX MOJIENEH, MOKa3bIBAIOUINE, YTO ATO MPEAINOJIOKEHHUE
MOXET BO MHOTHX CIy4asX B 3HAYMTENbHOW creneHu HapymaTbes. CormacHo paborte [31] k
pelIeHUI0 JaHHOW MpOOJEeMbl MOXKHO TIOJIOMTH C TIOMOIIBI0 KOMOWMHUPOBAHHBIX MOJIENEH,
IIPeyCMaTPUBAIOIINX HCIIOIb30BAaHUE BHE 30H CTBIKOB CTEPKHEBBIX KOHEYHBIX JIEMEHTHI, a AJIS
CTBIKOBOYHBIX Y3JI0B — KOHEYHBIX JIEMEHTOB 000JI0YEYHOTO THIMA. TeM He MeHee, 3TO MPUBOJIUT K
YCIIO’)KHEHHIO PACUETHBIX CXEM 10 CPAaBHEHMIO CO CTEP>KHEBBIMU MOJIEIISIMHU.

B cratesax [32, 33] noka3aHo, YTO MpU HATMYUH MTOTIEPEUYHBIX pedep KECTKOCTH BO3MOXKHOE
HapylieHne 0ajanca OMMOMEHTOB B y3JIaX COCIMHEHHS CTEPKHEH MOXKET OBITh YUTEHO Ha OCHOBE
paccMOTpPEeHMs SKCLEHTPUYHOM Mepeaud MOMEHTOB MEXy CTepKHAMHU. B To *ke Bpems ciemyer
UMETb B BMJYy, YTO BO MHOTHMX CIy4asX B Yy3JaX pPaMHBIX TOHKOCTEHHBIX KOHCTPYKLUH
YCTaHaBJIMBAIOTCS HAKJIOHHBIE pedpa sxecTkocTu. Takue pedpa MOTyT CYIIECTBEHHO OrpaHUYMBATh
JeTIJIaHaluy [IONEPEYHbIX CEUCHUN CTePKHEH.

B uccnenoBanuu [34] paspaborana meToamka pacyera HalpsHKEHHO-Ie()OPMHUPOBAHHOTO
COCTOSIHUSL OTJICJIbHBIX TOHKOCTEHHBIX CTEp>KHEH C JIBYTaBPOBBIMHM IONEPEYHBIMH CEUCHUSMHU,
CHA0>)KEHHBIX HAKJIOHHBIMH peOpaMM KECTKOCTH, IPU CTECHEHHOM KpydeHuH. PaccMaTtpuBaetcs
OLICHKa B3aUMOJEHMCTBUS HAKJIOHHBIX pedep C JBYTaBpOM Ha OCHOBE METOJa CHUJI M METoJa
[IOCJIEI0BATEIbHBIX NPUONIMKEHUH. BBISABICHO CYyIIECTBEHHOE BIIMSHUE HAKJIOHHBIX peldep Ha
KPYTHIIBHYIO JKECTKOCTh CTepxHeW. JlaHHO€ II0JIOKEHHE BBITEKAeT W U3  pe3yiIbTaToB
uccienoBanuii padoTel [35], BBIOIHEHHBIX C MOMOLIBIO 000JIOYCYHBIX MOJIENICH, a TAKIKE CTaThH
[36], mpuBosieit pe3ynbTaThl HATYPHBIX IKCIIEPUMEHTOB. B TO ke Bpemsi BOIpoc 00 OTpaKeHUH
3TOro 3¢ ¢eKTa B CTEPKHEBBIX PACUETHBIX CXEMaX PAMHBIX KOHCTPYKLUMH TpeOyeT MpOBeINeHHUs
IaJbHEUIINX UCCIISIOBAaHUHN.

B nacrosmeit pabote mpeacTaBiseTcss aJrOpUTM ydeTa HAKIOHHBIX pedep KECTKOCTH B
y3JlaX COEJMHEHUS JIByTaBPOBBIX MPOQUIIEH MpHU KOHEYHORIEMEHTHOM aHAJHM3€ CTAJIbHBIX paM C
YU4ETOM CTECHEHHOIO KpydYeHHUs CTep)KHedH. Bompoc 0 TOYHOCTHM IpemaraeMoro Inoaxona
OILICHUBAETCS Ha OCHOBE COINOCTABJICHMS PACUeTOB C IMOMOUIbIO CTEP)KHEBBIX M 000JI0YEUYHBIX
KOHEYHOJIEMEHTHBIX MOJIEIEH.

OcoOennocTu mepesayn OMMOMEHTOB B y3Ji¢ COCIMHCHHMS CTepKHeH NPH BBEJCHHH
HAKJIOHHOT0 pedpa ’KeCTKOCTH
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PaccmarpuBanace JMHEHHO nedopMupyeMas CTEp)KHEBas CHUCTEMA, COCTOSIIAs M3 JIBYX
nsyraBpoB Ne20bl mo I'OCT P 57837-2017 «/IByraBpbl cTaibHblE TOpsSYEKaTaHblE C
NapajuleJbHBIMU I'paHAMU NOJOK. TexHuueckue ycnoBus» (pucyHok 1). B mepBom BapuanTe
KOHCTPYKLMHU TOJArajioch, YTO CTEPKHHU CHAOXKEHBI TOJBKO IMOTEPEYHBIMU peOpaMu KECTKOCTU
TOJIIMHOK 5 MM. Bo BTOpoM BapuaHTE B y3J1€ COCAMHEHHS CTEPKHEWU JOMOJHUTEILHO BBOJIUIUCH
JIB€ HAKJIOHHBIE IJIACTUHBI TaKOM K€ TOJIIIMHBI, KOTOPbIE Mbl Oy/leM paccMaTpuBaTh Kak JBOIHOE
pedpo S. Cucrema xecTko 3amemiieHa B onope H u Harpyxena napoit cwit ¢ MomeHTom M=1 kH-m.
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Pucynok 1 — /leyxcmepicnesan cucmema Pucynok 2 — Pazoueka 08yxcmepiicnegoii

KOHCmMPpYKUUu Ha 00010ueuHble KOHeUHble
JJ1emMenmbl npu HAIUYUU HAKI10HH020 pe6pa S

Pacuersl BeITONHSUIMCH B mporpaMMHOM Komiuiekce Autodesk NEiNastran (munensus
OI'BOY BO «bpsiHCKHI TOCYAapCTBEHHBIN WHKEHEPHO-TEXHOJIOTMYecKuil yHuBepcurer» No PR-

05918596) ¢ momoIk 000J04YeYHBIX MOJeIeii. Jlas mepBOro BapuaHTa KCIOJIb30Baloch 16506
IJIOCKUX YETHIPEXY3JI0BBIX KOHEUHBIX AJIEMEHTOB. /{1151 BTOporo BapuaHTa MOJENb JAOTOIHUTEIHHO
BKJIIOYaJIa 224 KOHEUHBIX DJJIEMEHTOB JIAHHOTO THIA, OMHUCHIBAIOIIUX Aedopmarnmu pedpa S.
Cucrema KOHEUYHBIX OJJIEMEHTOB HJIs HccienyemMoro oObeKTa TMpu Haauuud pebpa S
MIPOUJUTIOCTPUPOBaHA Ha pUCyHKe 2. Ha ocHOBaHMM HampspKEHUH, MOTYYEHHBIX B 000JOYEUHBIX
KOHEUHBIX D3JIEMEHTAaX, BBIUUCIUINCH 3HAYeHHUs OMMOMEHTOB B psAJE IONEPEYHBbIX CEeUeHHH
crepxHed. Ha pucyHke 3 moka3aHbl 3MIOpbl OMMOMEHTOB, MOCTPOEHHBIE Ul 000MX BapUaHTOB
KOHCTpYKIMU. COrjacHO pUCYHKY 3,a 3HaueHHe OMMOMEHTa B TONEPEYHOM CEUYEHUH CTepxkHS |,
IPUMBIKAIOIIEM K COEAMHUTEIbHOMY Y37y, OTIMYAeTCd OT COOTBETCTBYIOLIETO 3HAYCHMS
o6umomeHnTa B ctepkHe |l Tosbko Ha 6,5%. DTOT pe3ynbTaT COOTBETCTBYET BBIBOLY paboThl [32] o
BO3MOKHOCTH TNpeHEeOpex eHUs Ul MPaKTHYECKHX pPacdyeTOB CKAyKOB MO0 OMMOMEHTaM B y3lie
COEJIMHEHUS] CTEep)KHEH TaKoro KOHCTPYKTMBHOI'O HCIOJNHEHUs. B To ke Bpems, COrJiacHO
pUCYHKY 3,0, A7l BTOpOro BapuaHTa 00BEKTa JAaHHOE pasziauuue yxe coctaBiseT 73,6%. To ecth
HAKJIOHHOE pedpo MOKET B 3HAYMTENBbHOM CTEeNeHH BIUATh Ha mepenady OMMOMEHTOB MEXITY
CTEeP)KHSAMHU.
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Metoauka y4era KeCTKOCTH HAKJOHHOIO pedpa B CTep:KHeBOH KOHEYHO3J1eMEeHTHOM
MO/eIH
PaccmaTpuBaeM CcOeIMHEHUE [BYX IBYTaBPOB C HCIIOJIb30BAaHHEM HAKIOHHOTO pebpa S
(pucyHok 4), tae t, a — TonmuHa u mupuHa pedpa. [Ipu 3ToM mosaraem MansiMu pazmepsl pedpa B
CpaBHEHHH C JUIMHAMH CTEP)KHEH W mpeHeOperaeM >XECTKOCThIO pedpa Mo aedopMmanuu U3 ero
iockocTu. Jljig BBEAGHUS B CTEP)KHEBYIO MOJEIb 3JIEMEHTA, MMUTHPYIOLIETO HAKIOHHOE pedpo,
HEO0XOIMMO OIIEHUTH JKECTKOCTh (g, KOTOPAs orpeesieT ckadok AB 1mo OMMOMEHTY (PUCYHOK 5):
AB = Cg0y, (D
rae Oy — 3HaueHWe Mepbl AemaHanuu 6 JUisi OPUMBIKAIOIIUX K Y31y IONEPEYHBbIX CEUYEHUM
CTEPKHEH.

a) 0) 588
385

360 155

90 39

Pucynok 3 — Iniopvl Gumomenmos ons osyxcmepoicnesoii konempykyuu (H-m?): a — npu ucnonvzosanuu monvko
nonepeunvix pedep; 6 — npu HAMUYUU HAKTIOHHO20 pedpa S 6 y3ne coeOuHeHUs cmepicHeil

t T, Il
- s L B = :‘
: B
— ; i
: H, :
———————
Pucynok 4 — Bapuanm ycmanoexku 0601020 HaKi10HHO20 Pucynok 5 — Bozoeitcmeue bumomenmos
peopa S npu coeounenuu ogymaepos | u 11 Ha y3el COeOUHeHUs CmepIcHell

HJ'ISI 9TOI'0 UCIIOJIB3YEM YCIIOBUEC COXPAHCHUA SHEPI'UU B BUJIC

App = Us, (2)
rae Axp — paboTa, coBepiaemasi OuMomMeHTOM AB Haj y3i10M:
1

Us — sneprus nepopmaimu pedpa.
[TpuHMMaeM BO BHUMaHHE YHCTHINH U3rud pedpa B cBoeil miockocTH (pucyHok 6). CormacHo
CTepKHEeBOM Mojenu st neopmaruii pedpa, MOJAYIH YIJIOB MOBOPOTA (Pp, ¢p €ro MomnepeuHbIX

KPOMOK MOYHO OIPEEIIATh C MOMOIIBIO 3aBUCUMOCTH
19311971 = Ipl=r)

2B,

(4)
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riae Mp— wsrubarommii Moment; | — muna pebpa; J,,=ta® /12 — MOMEHT MHEPIMH MOEPEYHOro
cedeHus pedpa OTHOCUTENBHO ocH OZp.
OTMeTuM TakxKe, YTO ISl YCIOBHSI YUCTOTO M3Truba sHeprus aedopmManuu

U 1 M3l )
ST 2EJ,,
a’2
M, % y, ' % M,
F JF | F ‘\ | T,

O S > > &

7 — I _.I. ......... - - i
X , o
z, ! | T

/
Pucynok 6 — Peopo S noo oeiicmeuem Pucynok 7 — Yenvt nogopoma nouox 6

U32UOAIOWUX MOMEHM 08 nonepeuHoM ceueHuu ogymaspa i

[MpumenutenbHo k crepxuto | (i =, 1) m1g mpUMBIKAIOIIEr0 K CTHIKOBOYHOMY Y31y
TOTEPEYHOTO CeYeHHs] MOJAYTH CBA3aHHBIX C €ro JIefiaHanuel yrioB moBopota ¢F, ¢pf
(pucyHOK 7) KpPOMOK TOJIOK OYIyT ONpeAeasThCs Takum oopasom [1]:

2|wril 16y
bl _ tr — _ Ti U
o] = 1ol = Il = I (6)
TJie Wy; — CEKTOpHANIbHAsI KOOpAUHATA B Touke T;.

BennmunmHa wg; Ui AByTaBpa TpSMO TMPONOPIHMOHAIBHA PACCTOSHUIO H; MExmy
CPEeAMHHBIME TIOCKOCTME ToJoK [1]. TIpu 3TOM cxemy yriioB moBopoTa ¢;, ¢;' KDOMOK MOJIOK
nBytaBpoB | u Il u yriioB ¢p, pp MOXKHO TpeCTaBUTH TaK, KaK MMOKa3aHO Ha pucyHke 8. Torma Ha
OCHOBAHHUH 3aBUCUMOCTEH (4)-(6) 1 3TO¥ CXEMBI TIOJIYyIUM

2 n2
_ 8EJwri0j

: (7)
5 la’sin’a
IJIe @ — yroJj HaKJIoHa peopa.
L
VA
A
X
/ﬂ @ 1
3 --$--- 2
1 — || & -
Y || AL
4
= e
s I
é .
Pucynok 8 — Yenwi nosopoma peopa, ceazannsie c Pucynok 9 — Cmepiicnegoit Koneunwlil Inemenm

()enﬂauauu}mu nonepeuHvlx ceyeHull CmEPIHCHA
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B cootBerctBuu ¢ paBerctamu (1)-(3), (7) Oyaem umerh
_ 16EJpr%I g
57 la%sin2a ®

Vuyer xectkocth Cp B CTEpKHEBOW KOHEUHORJIEMEHTHOM MOJIENH, OIMCHIBAIOIICH
nepopManuu  HECylleld CHUCTEMBbI B paMKax METOJa IEPeMEIICHUH, MOXET OCYIIECTBISTHCS
CJIeIYIOLIUM 00pa3oM:

Krr = Krr + CBJ (9)
rae K,, — IuaroHaJbHBIA SJEMEHT IJI00ATHHOM MaTPUIIBl KECTKOCTH JAUCKPETU3UPOBAHHOTO
o0BeKTa JUIsl CTETICHH CBOOOBI I, CBA3aHHOM C paccMaTpuBaeMoil i pedpa S Mepoil AeruiaHaIim
MOTMEPEYHBIX CEUCHUMH; K., — naHHBIA 3eMeHT, MOJIyYCHHBIA 0€3 yueTa *KECTKOCTH HaKJIOHHOTO
pedpa.

Kak moka3pIBalOT pacyeTbl, HMEETCS BO3MOXKHOCTh JIOOMTHCS  JIOTIOJHUTEIHLHOTO
MOBBIIICHUS] TOYHOCTH PEIICHUA C MOMOIIBI0 METOJa KOHEYHBIX DJIIEMEHTOB MPH YMEHBIIICHUH Ha
20% 3nauenus Cp, TOTYICHHOTO C MMOMOIILI0 GopMyITHI (8). DTa KOPPEKTUPOBKA BHITIOJIHSIACH JIJIS
MPEACTABICHHBIX B CTaThe MPUMEPOB.

TOHKOCTEHHBIN CTEePKHEBOW KOHEYHBbIN 3JIeMEHT

[Tonaraem, 4To B 00IIEM CiTydae CTEP>KHU MOTYT OBITh IMOJBEPTHYTHI PACTIKEHUIO-CKATHIO,
MOTMEePEYHOMY W3TUOY B JBYX TJIABHBIX TUIOCKOCTSIX M CTECHEHHOMY KpydeHwro. Jljis ommcaHus
KpY4eHHs HCIob3yeM OeccnBuroByto Tteoputo B.3. BmacoBa. PaccmarpuBaeM nBYyXy3moBOu
CTEP)KHEBOI KOHEUHBIH 3JIEMEHT C y37aMu | = 1, 2, pacrosioKeHHbIMU B IIEHTPaX TSKECTH KPAHUX
noriepeunblx ceueHuit 1 m 2 (pucyHok 9). Bekrop 0000mIEHHBIX TepeMenIeHHH KOHEYHOTO
3JIEMEHTA MPEJCTaBIsIeM TaKUM 00pa3oM:

T
{0} = {u1 V1 W1 @x1 Py1 P21 01 Uy V3 Wy @y Py2 Pz2 92} , (10)
rae Uj ) VJ- ) Wj — mpoekuu U, V, W BEKTOpa MEPEMENIECHHS IEHTPa TKECTH MONEPEYHOTO CEUCHUS

Ha ocu Cx, Cy, CZ mna y3na j; @yj, @y, Pzj— YrIbl HOBOPOTHI MONEPEYHOTO CEUEHMS y3la |
OTHOCHTEJIBHO 3THX oceif; §; = (¢, /0x) — Mepa JeIIaHalH B y3II€ |.
BekTopsl 00001eHHBIX AeGopMalnii 1 HaNpsHKEHUH 3alKIIeM B BUJE

I, 020,)"
{ec} =1ex Xy X2 % a2 |’ (11)
T
{o.} ={N M, M, My B}, (12)
rae £, = 0u/0x — OTHOCUTENbHAs JTUHEHHas AeopManys BAOIb OCH CTEPKHS; Yy = — 0%w/0x?,
X, = —0%v/0x? — nedbopmanuu uU3ruda cTEpsKHsA OTHOCHTENLHO oceil Oy n Oz; N — npojonbHas

cuna; M,, M, — uzrubaromue MOMEHTEI 0THOCUTENBHO ocelt Oy u Oz; Mg — MOMEHT CBOOOHOIO
Kpy4YeHHUSI.

Bynem annpoxcumMupoBaTh nepeMenieHus U 1o JMHEHHOMY 3aKOHY, a epeMEIIeHus V, W U
yroja MoBOpOTa ¢, — C INOMOIIBIO MOJUHOMOB TpeThed crteneHu [18, 22]. Torma c¢ yderom
cootnomenuit (10), (11) marpuryy nedopmanmii [B,] KoHe4HOro sieMeHTa, ONpPEACISIEMYIO
BeIpaxkenueM {&,} = [B,]{5,} [37,38], mpeacraBum Takum 06pasom:

—% 0 0 0 O 0 0 % 0 0 0 O 0 0
0 0O -n, 0 n, O O 0 0 -m 0 n, O 0
Bl=1o -4, 0 0 0 =n, 0 0 —=n, 0 0 0 —-n, of O3
0O 0 0 & 0 0 & 0 0 0 & 0 0 §&
L 0 0 0 n, O 0O 7n, 0 O 0 n3 O 0 74l
rae L — JuiMHa KOHEYHOTo >1eMEHTa;

6 12x 6x 6x? 4 6x 4x 3x?
n = _E‘FFFQ = _§+?}772 = —Z+§ifz = 1_T+L_2;
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6 12x 6x 6x? 2x 3x2 2 6x
BEET TR T T AT T T T T
[Mpuaumas Bo BHuManue paBeHcTBa (11) m (12), mpencTtaBuM MaTpHILy YIPYTOCTH [De]

KOHEYHOTI'0 DJIEMEHTA, OIpeeseMyto pasencTsoM {0, } = [D,]{e,} [38], B Buze
[EA 0 0 0 0 ]
|0 EJ, O 0 0 |
[D.]=l0 o0 EJj, 0 0| (14)
o 0 0 GJ 0|
lo o o o &)
rae E, G — Moaynp ynpyroctu u MOIyNb CIBUTAa MaTepuaia; A— Iioniaap MONepedyHOro CeUYSHHS
cTepxkHs; Jy, ¥ J, — MOMEHTBI HHEPIIMH TIONIEPEYHOTO CeYeHHst OTHOCUTENbHO ocel Oy u Oz; J; —
reoMeTpUUecKUid (HaKTOp JKECTKOCTH NMpU CBOOOJHOM KpYy4eHUH; J,, —TJIaBHBIA CEKTOpPUAIbHBIN
MOMEHT UHEPIIUHU CEUECHHUSI.
Pe3yibTaThl NpoOBepKHM TOYHOCTH CTEpP:KHEBBIX MoOJeJiell € KeCTKOCTSAIMH JIJIsl
HAKJIOHHBIX pedep
IIpumep 1. BemonHsuics pacueT cUCTEMbl, MPHUBEIEHHON Ha pHUCyHKe 1, mpu Hanuuuu
peodpa S. CrepkHeBass MOJETb NePOPMUPYEMOTO 0OBEKTa, BKIFOYAOMIAs JIEMEHT JKeCcTKOCTH (g,
nokazaHa Ha pucyHke 10, rae D — BcmomorarenbHasl CTep)KHEBas BCTaBKa, HE CTECHSIOIIAS
JETUTAHAIIMY  TIOTIepeYHbIX ceueHnid; U — y37abl KOHEYHORJIEMEHTHOW cxembl. [losryueHHoe c
MOMOIIBI0 Pa3pabOTaHHOTO AITOpUTMa paclpeneleHne OMMOMEHTOB B CTEP)KHSAX NPHUBEAECHO Ha
pucynke 11. M3 comocraBnenusi pucynkoB 3 u 10 BHAHO, YTO TpeiaraeMblii MOIXOA K YUETy
HAKJIOHHOTO pebpa MO3BOJIMJI 3HAYUTENIBbHO MOBBICUTH TOYHOCTh pacueroB. [lo Haubonbniemy
OMMOMEHTY OTJIMYHME pEe3yJIbTaTOB MJIsi CTEP)KHEBOM MOJENM COCTaBUJIO IO CPaBHEHHUIO C
000J104euHO MOENBI0 MeHee 6%.

Gy 623
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Pucynok 10 — Cmepircnesan KoHeunodnemeHmMHaA Pucynox 11 — Iniopa 6umomenmos ¢ npumepe 1 (H-m?)

Mmooens npumepa 1

IIpumep 2. PaccunThiBanach ctajibHasi paMHasi KOHCTPYKIIMS, COCTOSIIAs U3 TPEX CTep)KHEH
(pucyHok 12). OObekT cHaOXkeH MONepeyHbIMH pedpaMHu KECTKOCTH R 1o jyuHe cTepkHed u
HaKJIOHHBIMU pebpamu S B 00oux y3iax ux coequHeHus. Ilpoduns crepkHeil U reomeTpuyeckue
XapaKTepUCTUKU pedep NPUHUMAIUCh TaKUMHU Ke, KaK Uil JBYXCTEP)KHEBOW KOHCTPYKIIMH.
Cucrema HarpyxeHa 1ByMs cocpenoroueHHbiMu cwiiamu F = 3,500 kH, npunosxeHHbIMU 1O Kparo
noyiku purens. Pa30uBka oObekTa Ha 000JOYEUHBIE KOHEYHBIE HJIEMEHTH B IPOTPaMMHOM
komruiekce Autodesk NEI Nastran mpuBenena Ha pucynke 13. Jlannas monens Bkimodana 28478
YeThIPEXYroJbHBIX KOHEYHBIX 3JE€MEHTOB. B cTep)kHEBOIl MojenH, MOCTPOCHHOM MO aHAIOTUH ¢
npuMepoM 1, st TUCKpETU3aluK JIByTaBPOB MCHOJIB30BAJICS 51 KOHEUHBIN 3JeMeHT. Pe3ynbraThl
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pacueToB, MOJIY4YEHHbIE HA OCHOBAHUM 3TUX CXEM, IPUBEJCHBI HAa pucyHKax 14 u 15, oTKyJa BUAHO,
OTIMYME 1O HaOOJbIIEMYy 3HAUYCHHIO OMMOMEHTA JJIsi CTEPKHEBOM MOJENU IO CPAaBHEHUIO C
000J104euHOM cocTaBmiio 8,5 %.
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Pucynox 12 — Tpexcmepacnesasn pama: Pucynox 13 — Pazdueka mpexcmepircnesoii
I, I — cmoiixu; 11l — pucens KOHCMPYKUUU HaA 0007104eyHble KOHEeUHble ITIeMeHnbl
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Pucynoxk 14 - Pesynemamul onpedenenusn oumomenmos  Pucynok 15 — Pezynomamul pacuema 6umomenmog ons
Ha ocHoee 06010ueunoil modenu ¢ npumepe 2 (H-m?) npumepa 2 ¢ nomouibio cmepicnesoii mooenu (H-m?)
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Takum oOpa3zom, mpencTaBisieMas NpOIEAypa ydeTa >KECTKOCTH HAaKJIOHHBIX pebep 1o
JETIJIaHAlMU  TIOTIEPEYHBIX CEUCHHWH T03BOJIMJIA OTPa3UTh sl NpUMEpoB 1 W 2 CKaykk IO
OMMOMEHTaM B y3JlaX COCIMHEHHSI CTEpXKHEH C J0CTaTOYHO A(PPEKTHBHBIM OOECIIeYCHUEM
COOTBETCTBHUSl SIIOp OWMOMEHTOB, MOCTPOCHHBIX C IIOMOILIBIO CTEPKHEBBIX M 000JIOUEUHBIX
KOHEUYHBIX JIEMEHTOB.

BrIBOBI

1. Ha ocHOBe uCnoJip30BaHusl 000J0YEUYHBIX KOHEYHO-3JIEMEHTHBIX MOJIEJIEH YCTaHOBIIEHO,
YTO HAKIOHHOE pedpo B y3/I€ IOMAPHO COEAUHSIEMbBIX JABYTaBPOBBIX NpPO(UIIEH CYIIECTBEHHO
BIIMSIET Ha pacnpeziesieHue OMMOMEHTOB B CTEPKHSX.

2. Pa3paboTaH 1OIX0/1 K ONPEICTICHHUIO )KECTKOCTH HaKIIOHHOTO pedpa B y3llaX COCTUHEHHUS
JIBYTaBPOB C TOUKH 3PEHUS JIOKAJIILHOTO CTECHEHUS AeTlIaHaINi MONEpEeYHbIX CEUYEHUI CTEpKHEN.

3. Iloctpoerna cxema KOHEYHOIIEMEHTHOTO MOJICIIMPOBAHUSI CTEPKHEBBIX CHCTEM,
00pa3yeMbIX JBYTaBPOBBIMHU MPO(WISIMHU, C BBEICHHEM JIOTIOTHUTEIILHBIX KECTKOCTEH, CBSI3aHHBIX
C HAJIMYMEM HAKJIOHHBIX pedep.

4. ComnocTaBiieHHE  KOHEYHOAIEMEHTHBIX  pEIICHHH, TOJY4YeHHBIX C  IOMOIIBIO
pa3paboTaHHOW METOJMKHM M 00OJOYEUHBIX MOJEJEH, MOoKa3ajlo, YTO BBEJIEHHE B CTEPKHEBBIE
CXEMbI JOTIOJIHUTENbHBIX >KECTKOCTEH MO HAaKJIOHHBIM pedpaM MO3BOJSIET C JOCTATOYHOU JUIs
MPaKTUYECKUX IIeJIel TOUHOCThIO YUECTh CKaUKU 10 OMMOMEHTaM B y3JlaX CO€AMHEHUS CTEPKHEN.

5. IlpencraBisieMblil MOAXOA K YTOYHEHHIO PACUETOB PAMHBIX KOHCTPYKLIHH, 00pa3yeMbIxX
CTep)KHSMH C JABYTaBPOBBIMH MPOMWISIMUA TOTIEPEUHBIX CEYEHUI, MOXKHO pPEKOMEHIIOBATh K
MCI0JIb30BAHUIO B MAKeTaxX MPUKJIAJHBIX TPOrPaMM KOHEYHOAJIEMEHTHOTO aHaIN3a.
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CMEepPIHCHEOOPAZHBIX ~ HeCYWUx  IIeMEeHmO8  CIMPOUMENbHbIX — KOHCMPYKYULU — HYJICOQIOMCS 8
00noIHUMENbHBIX Uccaedosanusix. Hecmomps na umerowuticss npu 5mom 60abuot NOMEeHYUual, Memoo
006513KU HeCywux Onop u KOJOHH 00 CuX NOp usyuen Hedocmamouno. Mmeemcss nompebnocmo 6
NpoGeOeHUU  HAYYHLIX — UCCACO08AHUL,  KACAIOWUXCS — UWUPOKO2O  OUANA30HA — 2e0MEemPUYEeCKUX
napamempog U UCNOIb3YEMbIX CUCHEM apmupoganusi. B uncmumyme oicenezobemona Bovicwieil
mexHuueckol wkobl 2. Jleunyue 6vliu npogedensvl UCNbIMAHUS PA3IUYHBIM 00PA30M aAPMUPOBAHHBIX
VeAeBONOKHOM 00pa3y08 8 WUPOKOM OUNA30HEe 2eOMEMPUUECKUbX napamempos. Hx yenvio s61114ch
OYeHKA GIUAHUS HA BO3MOJICHOE YBeluueHue Hecywel CcnocoOHOCmU KOAOHH, apMUPOBAHHbIX
VenepoooM, npu KOHYEHMPUPOBAHHOU MOYEUHOU HaZpy3Ke.

Knwuesvie cnoea: m€Kcmu]lb-6€m0H, Hecywjue onopvl U KOJIOHHbL, CcmpoumejibHble
KOHCMPpYKYUuU, Hecywias CNoOCcoOHOCMb KOJIOHH.

K. HOLSCHEMACHER?, A.G. BULGAKOV?, W. POLIENKO!

'High School of Engineering, Economics and Culture, Leipzig, Germany
2 Southwestern State University, Kursk, Russia

STRENGTHENING SUPPORTING COLUMNS WITH CARBON
CONCRETE

Abstract. Textile concrete is an innovative composite material that has been the subject of
intensive research since the beginning of the 90s of the last century. After the approval of the rules and
regulations on its application to strengthen floor slabs, an important step was taken towards its entry
into the building materials market. Questions regarding the reinforcement of rod-shaped load-bearing
elements of building structures need additional research. Despite the great potential available, the
method of tying load-bearing supports and columns is still not well understood. There is a need for
research on a wide range of geometric parameters and the reinforcement systems used. The Institute of
Reinforced Concrete of the Higher Technical School in Leipzig tested various samples of carbon-
reinforced samples in a wide range of geometrical parameters. Their goal was to assess the effect on a
possible increase in the bearing capacity of carbon-reinforced columns at a concentrated point load.

Keywords: text textile concrete, bearing supports and columns, building structures, bearing
capacity of columns.

1. BBenenue

Xene3zo0eTOHHbIE KOJOHHBI SIBISIOTCS BAXXHBIM KOHCTPYKTHUBHBIM JJIEMEHTOM U HMEIOT
3HAYUTENbHBIN MOTEHIMAN JIsi BOCCTAHOBICHHS WM YBEIWYECHHs] WX HECYyIIed CHOCOOHOCTH.
OpaHako momepevHbIe CeYeHHsI KOJIOHHBI PEIKO UMEIOT OOJIBIION 3amac Mo Hecylleld CrocoOHOCTH,
MOATOMY, €CIIM Harpy3Ka Ha KOJIOHHY JOJDKHA OBITh YBENIWYEHA, MOCIEIYIONIee YCUICHHEe 0OBIYHO
HenszOexxHo [1,2]. XoTs Kimaccuueckue CrocoObl YCHIICHHs, TaKHe KaK TOPKPET-OETOHHBIE
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000JIOUKH, YK€ HCIHOJB3YIOTCS B CTPOUTEIBLHON TMpakTUKe, B TEYCHHE MHOTUX JIET
NpCANPUHUMAINCH ITONBITKH HPUMCHUTDH TGKCTI/IJIB-6€TOH AJI1 YCUJICHUSA KOJIOHH.

O6B$I3Ka KOJIOHHBI TCKCTI/IJIL-6€TOHOM MOXKCT BbI3BAaTb 3HAYUTCIIBHOC YBCIIMYCHUC
MOTIEPEYHOTO CEUYCHHsSI CEepJCUYHUKA KOJOHHBI. Pe3ynbTUpyIOlee TPEXOCHOE HAampsHKEHHOE
COCTOAHUEC B 6eTOHHOM CCPACYHHUKE ITO3BOJISACT 3HAYMUTCIIBHO IMOBBICHTH HECYHIYIO CII0COOHOCTH
Hecymero aneMenTa. OHAKO MCKPHUBICHUE apMUPYIOLIETO CII0s, KOTOpOe HEN30€KHO BO3HHUKAET
n3-32 00EPTHIBAHUS OMOpP, OKA3bIBACT 3HAUMUTEIILHOE BIUSHHE Ha ()(EKTHBHOCTH apMUPOBAHHMSL.
[lomepeunoe paBiIeHHE B TEKCTHJIE, BO3HHKAMOIIEE B pe3yinbTare 3Toro s¢ddekra, a Tarke
JOIIOJIHUTCIIBbHBIC ITMKU JIOKAJIBHBIX HaHpﬂ)I(eHI/Iﬁ Ha 66perax TPCIIWH, NPUBOAAT K CHHIKXCHUIO
npejesia MPOYHOCTH KOMIIO3UIIMOHHOTO MaTepuaia [3-5].

2. TexkcTnin-6eToH

TexcTub-0eTOH MOXKET OBITh ONpeiesicH KaK KOMIIO3UTHBIN MaTeprai, B KOTOPOM TUIOCKast
TEeKCTUJIbHAS CTPYKTYpa BCTPOSHA B KAUECTBE apMUPOBAHMS B OCTOHHYIO MaTpuily. [IpenmyiecTsa
10 CPaBHEHWIO C W3BECTHBIMH KOMIIO3UTHBIMH MaTepUaIaMU, TAKHMH KaK >KeJIe300€TOH WIIN
($udpoOeToH, 00YCIOBICHBI OJArONPUATHBIME CBOHCTBAMH, TAKUMHU KaK KOPPO3UOHHAS CTOUKOCTH
¥ BO3MOXHOCTh YIOPSA0YSHHOTO OPHUEHTUPOBAHUS apMUPYIONINX BOJIOKOH. [IpW MCHONb30BaHUN
HEMETAJUNIMIECKOTO TEKCTHIBHOTO apMHPOBaHUS HCKIIIOYAETCS HEOOXOJAWMOCTh B TPOYHOM
OETOHHOM TIOKPBITHH JUTI 00ECTICUSHHsI IOJITOBEYHOCTH, & TAK)KE MOTYT OBITh M3TOTOBIICHBI TOHKHE
U B TO JK€ BPEMS BBICOKOHECYIIIME KOMIIOHEHTHI [6-14].

TexkcTunpHast apMarypa COCTOMT W3 HENPEPHIBHBIX BOJIOKOH, KOTOpPBIE OOBEIUHSIOTCS B
My4KH OT CTa, 10 0O0Jiee YeM TBhICSYM HHUTEH, 0Opa3ysl pOBUHTH (HEMPEPBHIBHBIC MyYKH BOJIOKOH).
Jist MCTIONTb30BaHMS B KAYECTBE apMUPYIOMIETO KOMIIOHEHTa B OETOHE B OCHOBHOM HUCTIOJIB3YIOTCS
YCTOMYMBBIE K IIEJI0YaM CTEKIIa, YrIIEpOJHbIC W apaMUIHBIC BOJOKHA. [Ipu mpoBeneHWN TaHHBIX
WCCIIC/IOBAaHUI B KA4eCTBE AapMUPYIOUIETO MarepHaja HCIOJB30BAINCH TOJBKO YIJIEpOJIHBIC
BoJIOKHa [ 15-21].

2 cios 3 cnos 4 cros OOmas ToauHa, 3 ¢M
le I I —

Pucynox 1 - Tunuunvie pazmepol s1eMeHmoe npu ycuneHuu meKcmuib-6emonom S

3. JKCNepUMEHTAIbHbIE HCCIIeI0BAHUS

3.1. Oo6vem uccneoosanuii

B menax pacumupenus cymiecTByromeil 0a3bl JaHHBIX HCIBITAHUA AT YCUIICHHUS OIOpP
YIIepOoaHBIM OETOHOM B paMKax HCCIENOBAaHUI ObLIO M3TOTOBIEHO 24 MCHBITATENbHBIX 00pasiia,
apMHUPOBAHHBIX YIJIEPOJHBIM OETOHOM, C pa3IMYHBIMH TapaMeTpamu. PaccMmarpuBaiuch IBe
Pa3HBIX CUCTEMBI ycuiieHus. J1isg 9Toro o0pasibl ObUIH pa3/IeNieHbl, COOTBETCTBEHHO, HA JIBE CEPHH,
Ka)KJasi U3 KOTOPBIX OblJIa YCHUJIEHAa OTHOU W3 cucTeM. Kpome TOro, paauychl yriioB 3aKpyriaeHHUS
HCIBITYEMBIX 00pa310B OB COTJIACOBAHBI C KBAJAPATHBIMU MOTIEPEYHBIMU cedeHusIMU. cxons u3
9TOrO, BBIOpPAHBI TpPU 3HAUEHHUS PAAUYCOB, YTOOBI OMHUCATh BIHSIHHUE PE3YIbTUPYIOLIETO
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MOTIEPEYHOr0 AaBJICHUS Ha TEKCTUIb B YTII0BOM o0JacTu.

Kaxnas cepus cocrosina u3 15 06pa3nos:

- 3 HeapMHUPOBAHHBIX KOHTPOJBHBIX 00pa3iia ¢ paanycoM 3aKkpyrieHus 62,5 cwm;

- 9 ycuneHHbIX 00pa30B KBaPAaTHOTO CEYEHUs C JUIMHOM CTOPOHBI 150 MM U pa3inyHBIMU
paauycamu 3akpyrienus yrios (R =25 MM, R = 37,5 MM, R = 55 mm);

- 3 ycuneHHbBIX 00pasiia ¢ KPyrilbIM MOMEPEeYHbIM ceueHueM quamMeTpom 150 mm.

3.2. Cucmempwl ycuieHus KOi0HH

[lepBas cepus ucnplTaHuil ObLIa MIPOBEJIEHA MPU YCUIICHUU KOJIOHH YIJIEPOIHON TKAHbIO THIIA
Tudalit BZT2-V.FRAAS, xotopas y:xe ObUIa periaMeHTUPOBaHA M JOMYIIEHa K MPUMEHCHHUIO B
ctpoutenberBe [1]. B xauecTBe OETOHHOM MaTpullbl MCIONB30BAJICA PACTBOP OT MPOU3BOAUTENS
Maxit mox nasBanuem VP2 B2 SM20M HS MHK, HaHocuMBIli Ha MOpPBEPXHOCTh KOJOHHBI
MeTOJIoM HaOpbi3ra. OH UMEeT MaKCUMaIbHBIM pa3Mep 3epHa 2 MM U ObLI CIIEIMAIBHO pa3paboTaH
JUI YTAEPOAHOIO apMUPOBAHUS B IMPOLIECCE PYYHOTO JJAMUHUPOBAHUSI U PACTIbUICHUS.

Texctmibnas apmatypa GRID Q142 / 142 - CCE - 25 w3 yriepoaHBIX BOJIOKOH,
WCIIOJIb30BaHHAsI BO BTOPOM CepUU MCIBITaHMM, Obl1a paspaboTana mpousBoauTesneMm Solidian. Jrta
TEKCTUJIbHAS apMaTypa HMMeEeT pa3Mepbl sideek 25 MM 1o BceM HamasieHusM. Kak mnpasuiio,
TEKCTUJIb IPOMUTAH MOKCUAHON cMOJIoi. OHaKO ISl TOTO, YTOOBI TaKKe 00pabaThIBaTh TEKCTUIIb
B YIJIOBOM 30HE, €ro MPOMUTHIBAIM M0 COIVIACOBAHHUIO C MPOU3BOAMUTENEM T'HMOKON nucnepcueld Ha
OCHOBE CTHPOJI-OyTaJMEHOBOTO Kaydyka. Menko3zepaucteiii O6eron TUDALIT-TF10-PAGEL
UCIIOJIb3YeTCs 37IECh B KauecTBe OeToHa ycunenus [22-31].

He T

Tudalit BZT2-V.FRAAS Solidian GRID Q142/142-CCE-25

Pucynok 2 - Cxemol pacnonoxicenus apmupyrouux 6010K0H

3.3. 'eomempuueckue napamempsl nonepeuHozo ce4eHus KOJa0HH

UToOBI Hccea0BaTh BIUSHUE PA3IMYHBIX TEOMETPUICCKUX (DOPM IMOMEPEYHOTO CEYCHHS Ha
3¢ (HEKTUBHOCTD KEIe300€TOHHOTO apMHUPOBAHHUS, PAANYChl 3aKPYIIEHUS YIJI0B OBLIM OIEHEHBI OT
HAaUMEHBIIEro B 25 MM, J0 Kpyrjoi KoioHHBI auameTrpoM 150 mMm. OOpasisl UIsl UCHBITAHUN C
paanycoMm 3akpyriieHus 62,5 MM CIYXHJIM HEapMHUPOBAaHHBIMU KOHTPOJIBHBIMHU 3J€MEHTAMH LIS
WCIBITAaHUN. PaccMOTpeHHBIE BapwaHThl TEOMETPHUHM TIONEPEYHOTO CEYCHHS IPEACTABJICHBI B
rpaduyeckoM BUI€ HA PUCYHKE 3.
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Pucynox 3 - Bapuanmut ceomempuueckux gpopm nonepeunozo ceuenus

3.4. H320mo61enue onvimublX 00pazyos
Jlis  WBTOTOBJICHHS CEPACYHHKOB HECYIIMX KOJIOHH HCIOJb30Bajach omnairyOka ¢
TUTMIOCOBBIMH TpadapeTamul ¢ pa3HbIM PaJANYyCOM 3aKpyrieHus 1o yriaam. TpadapeTsl Kpemuimuch ¢
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IIOMOIIIBI0 AKPWJIOBOIO repMeTka. llocime M3roToBieHMs CEpACUYHHUKOB KOJIOHH IITYKATYPHBIE
TpadapeTsl yIaTsuIMCh U YTHIU3UPOBAIMUCH. Jlajgee M3 UX CepeluHBbl 3THUX KOJOHH BBIPE3aIHCh
cTojOMKM BBICOTOM 35 cM, KOTOpble 3aTeM OUIM(OBAIM OO 3E€PHUCTOW CTPYKTYphl H
MOATOTABIMBAIN K AapMUPOBAaHUIO. ApPMHUPYIOIIME CJIOM CHUCTEMbl HAHOCWIUCh METOA0M
JAaMUHUpPOBaHUS BpyuyHyro. B TO BpeMs kak oOpa3ubl Juig ucnbiTaHuil cepun ZT-M Obliu
00paboTaHbl TpeMsl CIOSIMH apMHUPYIOIIEro MaTepuaia, TO MPH MPOBEACHUHN HCIBITAHUN 00pa3IoB
tuna SOL-P ucnonb3oBajioch JBa Ci10s. YMEHBIIEHHOE KOJIMYECTBO CIIOEB BO BTOPOM CepHUM
CBSA3aHO C MCIIOJIb30BAHMEM TEKCTWIIS. boubline mIonaay nornepeyHoro Ce4eHus: pOBUHIA U, Kak
CJIEJICTBHE, NOBBIILIEHHAs )KECTKOCTh TEKCTHJISA IO3BOJIMIIM CBS3aTh JIMIIb JBA CJIOSI C MOCTOSIHHOM
TomuuHou cios 15 mm. [logaepxanue paBHOMEPHOCTH TOJIIHUHBI CJIOSL B 5 MM 00ecrieueHa myTeM
MPUKPETICHHUS 111a0JIOHOB K TOPILIAM JIEMEHTOB BO BPEMSI HAHECEHUSI TOKPBITHS.

3.5. Ilposedenue ucnoimanuii

Bce ucnbiTanus TPOBOJUIIUCH CO CIEISAIIAM YIPaBIEHUEM, YTOOBI MOKHO OBIJIO TOYHO
MPOAHAIM3UPOBATh TMPOIECCHl TIEPEPACTIPENCIICHUSI YCUIIUH B apMHPYIOIIEM CJI0€ TIPH  €ro
paspymennn. VcnbiThiBaeMbie 00pasibl MOMydalid NpeaBapuTenbHyto Harpy3ky 20 kH Jlanubie
U3MEPUTENIBHBIX TPUOOPOB HEMPEPHIBHO KOTPOIMPOBAIUCH U PETUCTPUPOBAIMCH. {7l 3TOTO Ha
MPOTUBOTIONIOKHBIX CTOPOHAX OBUIM YCTAHOBJICHBI HMHAYKTHBHBIC JaTYUKWA TIEPEMEIICHUS W
TEH30METPUUECKUE JATUYUKH I Hu3MepeHus aedopmaruii. Pe3ynbraTel JTOKYMEHTHPOBAIUCH
BIUIOTH JIO CHIDKCHHSI HECYIIIEH CIIOCOOHOCTH, mpuMepHO, Ha 50%, Tak 4TO MOKHO OBIJIO 3amucaTth
BCIO TIPOILIETYPY HCTIBITAHMS M TIOBEICHHE HCTIHITYEMBIX 00pa3IoB.

4. OeHKA MOJIYyYEeHHBIX Pe3y/JIbTaTOB

VYBenmn4yeHne Hecymied CIMOCOOHOCTH  DIIEMEHTOB  OBLIO  JOCTHTHYTO CO  BCEMH
WCCIIEIOBAaHHBIMU BapyWaHTaMH T'€OMETPHUH MEpPBOIl CepUM HCHBITATENIbHBIX 00pa3lioB, YCUIECHHBIX
cuctemoir apmupoBanusi BZT-M (3 sddextuBHBIX cios TommuHoM B 15 Mwm). JInarpammsl
HampspKeHus-aeopManuy,  MpeAcTaBleHHble  Ha  pUCYHKE 4,  TOKa3blBalOT  YETKOE
nepepacnpe/ielieHue Harpy3kd I0CJie pa3pylIeHUs cepAeyHHKa Ha CHUCTEMY apMHUpPOBaHUS, B

pe3ynbTaTe Yero Ha AuarpamMMe HaOJll01anoCch yBeJIMYEHHE yrila HaKJIOHA.
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Pucynox 4 - Jluazpammol cocmoanus «nanpaicenue-oeopmayusny 0oeux cucmem apmuposanus

OOpa3ipl ISl UCTIBITAHUN BTOPOM cepuH, ycuieHHble cucteMoil SOL-P (2 s dexTuBHBIX
CJIOSI TOJIIMHOM B 15 MM), HE3HAUUTENBHO M3MEHSIOT HECYIIYI0 CIIOCOOHOCTH aneMeHToB. [locre
paspylleHNs CEepACYHUKA CIIONW YCWICHMS BKIIKOYACTCS B CUJIOBOE COIPOTHBIIEHUE, HO TOJBKO B
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HEOOJBIION CTENEHH, TaK YTO MIPOYHOCTh OETOHA CepJICUHMKA Ha C)KaTHE HE MpeBbIIacTcs. TeM He
MCHCC, PE3YJIbTAaThbl HCOBITaHUHU JJIA ONUIMHAPUYCCKHUX  OIIBITHBIX 06p33].[0B IIoKasajin
3P PEKTUBHOCTh aAPMHUPYIOLIETO CJIOS, 32 CYET KOTOPOro OBUIO JOCTUTHYTO CpEIHEe yBEIHYEHHUE
HEeCyIIel CIOCOOHOCTH 10 CPaBHEHHUIO C HEAPMUPOBAHHBIMHU KOHTPOJILHBIMH OOpasmamu Ha 23%.
[lonyueHHble pe3ynbTaThl YKa3bIBalOT Ha SIBHYIO MpPOOJEMYy CKICHUBAaHUS BHYTPU POBUHIOB,
MMOCKOJIBKY, HECMOTps Ha OOJIbIIME TUIOMIAJN TOTEPEYHOTO CEUYCHHS IMPSHKH 10 CPAaBHEHHUIO C
cucremoii BZT-M, ObIJIO JOCTUTHYTO MEHBIIICE YBEIIMUECHUE HECYIIEH CITOCOOHOCTH.

I[To mepe TOrO, Kak IUIOIIAAh IMONIEPEYHOTO CEUYCHUS POBHHTA YBEIWYUBACTCS, JOJIS
CCPALUCBUHHOIO BOJIOKHA YBCIIMYUBACTCA KBaAPAaTUYHO, TOTAAa KaK OKPYXHOCTb U, CJIICA0BATCIIBHO,
J0Js1 KPOMOYHOTO BOJIOKHA YBEIMYMBACTCA TOJIBKO JHHEWHO. I[lOCKONBKY KpaeBble BOJIOKHA
HaXOJATCS B MPSIMOM KOHTAKTE ¢ OCTOHHOW MaTPUIICH, MX are3MOHHAs CBSI3b YIyUIIaeTCs 3a CUET
IIOJIHOTO MJIN YaCTUYHOI'O COCAUHCHU . C I[perfI CTOPOHBI, B CCPALICBUHHBIC BOJIOKHA ITPOHUKAIOT
MNPOAYKTHI TruapaTalliid WA BTOPHUYHOC IIOKPBITUC JIMIIbL HU3PEAKAa, U OHHM B OCHOBHOM MOTYT
AKTUBUPOBATHECA CUJIaMU TPCHUA. HpI/I YBCIIMYCHUU COACPKAHUA BOJIOKOH B CCPACUYHHUKE KAaYCCTBO
KOMITIO3UTA 110 OTHOLIEHHUIO K OOIIeH MIoIaay MONepeyHOro CeYeHUs yXy/IIaeTcsi B IPOLEHTHOM
OTHOIIICHUU.

HaprDKeHI/Iﬂ Ha rpaHuie pas3jciia BOJOKOH-MAaTpHll 3HAYUTCIIBHO BBIIIC, YEM Ha I'PaHUIIC
pasnena BOJIOKOH-BOJIOKOH. CyIlecTByeT HEpaBHOMEpPHOE HarpyXeHHe BOJIOKOH, KOTOpOeE,
corylacHO pesyiabTaTaM ucciaemoBanuii Ohno m Hannant [32], wiirocTpupyeTcss MeXaHW4eCKOH
MO/IENBIO0, TIPEICTABIICHHON Ha PUCYHKE O.

BonokHa B cepgeyHuke

Kpaesble
BOJIOKHa

Matpuua
6eToHa

Pucynok 5 - Kpueas pacuiupenus cepoeuHUKa u Kpaeawlx 60J10KOH CO2IACHO YRPOUIEHHOI MeXAHUYECKOU
mooenu Ohno u Hannant

5. UuTepnperanus pe3yJibTaTOB UCIILITAHUIA

Ha ocHoBe O1IeHKH MOJY4YEeHHBIX JAHHBIX MOKHO HAWTHU MPOCTYI0 AHAJUTUYECKYIO CBS3b
JUIS IPOTHOZUPOBAHMSI YBETUUYEHUS HECYIIEH CTOCOOHOCTH MCTIBITHIBAEMBIX 00pPa3IloB, YCHIEHHBIX
yriaepoaucTeiM OetoHOM. [lmst 3TOM 1enu mo pe3yinbTaTaM 3KCIepUMEHTa OBbLIH OIMpeeIeHb
OTHOIICHUS [IaBJICHUS CBS3BIBAHUS W MPOYHOCTH OETOHA B CEpPACYHUKE I10 CPABHEHHIO C
OTHOIICHUSIMU TIPOYHOCTH NP CXKATHH K MPOYHOCTH OETOHA M MEpeHeceHbl Ha auarpammy. Takas
(dbopMynTupoBKa M3BECTHA U3 JHUTEpATypbl M Oblja BbIOpaHA HA OCHOBE COBPEMEHHBIX MOAemneit
MIPOEKTUPOBAHUS ApMUPOBAHUS KOJIOHH TEKCTHIILHBIM OETOHOM.

Bce cymectByroiue pe3ynbTaThl UCIBITAHUI ObUTM UCHOJIB30BaHBI A7 (DOPMYIHUPOBAHUS
pacueTHO# GopMyIbI Al TPOTHO3UPOBAHKS YBEIHUEHHUSI HECYIIEH CITOCOOHOCTH 3a CYET OOBSI3KU
yIIAEPOAUCTHIM OETOHOM.

DOMIUPUYECKHEe KOHCTAaHTHl ()OPMYIbI OIMHUCHIBAIOTCS YpaBHEHHEM JIMHEWHOW perpeccuu.
AHanuTHYeCKass 3aBUCHMOCTh MOJYYE€HHBIX pE3yJIbTaTOB HCIbITAaHUN (pUCYHOK 6) uMmeeT
CHEAYIOIIUN BUL:

fee ~39g. 0wy 092

fco co
rie fec — NPOYHOCTH 00XkKaroro OETOHA; f;, — JaBJeHHE O00XKaTUs OT CIOS YCHIEHHS; fco

MMPOYHOCTDH OeTOHa Ha CHKaTue.
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Pucynox 6 - Yeeruuenue Hecymez? CHOCOOHOCHU KOJIOHHBL 3 CUem apmuposanus MeKCmuib-0emonHom

[IpuBenennas ¢dopmyna AeCTBUTENbHA I COOTHOmeEHHs f,/f.o <0,3. Kpome Toro,
dbopmyna AelcTBUTENbHA TOJIBKO JJISl KOJIOHH C KPYTJIbIM M KBaJPaTHBIM MONEPEYHBIM CEUECHUEM.
UTto06b!l HCTI0NIb30BaTh GOPMYIY AJIsi MPSIMOYTOJIbHBIX MOMEPEYHBIX CEYeHH, 0a3a JaHHbBIX JOJKHA
ObITh pacuIMpeHa M TIepeKanuOpoBaHa MyTeM JOIMOJHUTENbHBIX HCHBITAHUNH O0O0pa3LoB C
pa3IMYHBIMU pa3MepaMH NOMEPEYHOro CEYEHMs B HaNpaBJIeHUsX 1Mo ocsim OX u OV.

6. 3akil0uenue

1. BemonseHs! SKCIICPUMCHTAJIBHBIC HCCIICAOBAHUA KOJIOHH KBaApPaTHOI'O ITOIICPCHYHOTIO
cedyeHus (IpU HAJIMYUU CKPYIJIEHUH B yrilax) U KpPYyIJIOoro MONEPEeYHOro CEYEHMs], YCUIICHHBIX
yriaebeTOHOM ¢ HCIOJIb30BaHHEM JBYX cucreM ycwienus: Tudalit BZT2-V.FRAAS wu
Solidian GRID Q142/142-CCE-25.

2. YCTaHOBJEHO, YTO MCIOJIb30BAHUE YCUJICHHS CEYEHUH YIiIeOETOHOM MOXKET MPUBECTH K
pocty Hecyel cnocoOHocTH 10 23% 3a cUeT MonepeuHoro 00XKaTusl siipa CEUCHHUSL.

3. Ha ocHoBaHMM 3KCHEpUMEHTAJIbHBIX JAHHBIX MOJTY4Y€HAa aHAIUTHYECKash 3aBHCUMOCTh
JUI TIPOYHOCTH KeJIe300€TOHHBIX KOJOHH KBaJpPaTHOTO TMOIMEPEYHOTO cedyeHUs (TMpU HaIUYuu
CKPYIJIEHUH B yIJIaX) U KPYrjoro MONepeyHoro CeYeHUs, YCUICHHBIX YTIIeOeTOHOM.
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BE3OIMACHOCTb 3[JAHNA N COOPY>XEHUN

V]IK 624.075 DOI: 10.33979/2073-7416-2021-95-3-68-75

b. MUTPOBUY?

'HNY «MockoBcKuit TOCyIapCTBEHHBIM CTPOMTENBHBIN YHUBEPCUTET», T. Mocksa, Poccust

BEPUDPUKALIUA METOAUKHU UCITOJIB3OBAHUSA KOOPPUIINEHTA
PEAYKIUU ITPU PACYHETE MOHOJIMTHBIX KEJIE3OBETOHHBIX
CHUCTEM HA YCTOHUYUBOCTH K ITIPOT'PECCHUPYIOIEMY
OBPYHIEHHUIO

Annomayus. B pabome npedcmagiena MemoouKa UCnoab308anus Kodp@uyuenma pedyKyuu
0ns obecneueHuss YCmMoOUHUBOCU MOHOJIUMHBIX — JICENIe300eMOHHbIX  HECYWUX KOHCMPYKYUU K
npoepeccupyoujemy 06pyueHuro.

B pamkax npoeedennoz2o 8epupuKkayuoHHO20 UCCAeO08aHUSL OOKA3AHA KOPPEKMHOCMb U
060CHOBAHHOCMb  PA3PABOMAHHO20 MEMOOd PACYEMHO20 AHAMU3A YCMOUYUBOCIU MOHOJIUMHBIX
JHCene300eMOHHBIX HeCYUWUX CUCTNEM 30AHULL U COOPYICEHULL K NPOSPECCUPYIOUEMY 0OPYULEeHUIO.

THonyuennvlii U 060CHOBAHHBIIL 8 PAMKAX BbINOJHEHHbIX UCCICO08AHULL  KOdPduyuenm
peoykyuu (K1) npeocmasnsem cobotl sadcheiuyo 0ehopmMayuonHyl0 XapaKxmepucmuky ocobozo
nPedebHO20 COCMOSIHUSL MOHOTIUMHBIX HCENe300CMOHHbIX HeCYUWUX CUCIEM 30AHULL U COOPYICEHUTL OIS
ABAPUTIHOL PACHEMHOU CUMYAYUL, CEI3AHHOU C OMKA30M JOKAIbHO20 KOHCIMPYKMUBHO20 JJIeMEHMA.

Kniouesvie cnosa: mnecywjue KOHCMPYKYUU, HANPAHCEHHO-0eDOPMUPOBAHHOE COCMOsAHUE,
pacyemubvlil NPOSHO3, PACHemHas MoOeb, npozpeccupyioujee oopyuieHue.

B. MITROVIC!
!Moscow State University of Civil Engineering, Moscow, Russia

VERIFICATION OF THE METHOD OF APPLICATION OF
THE REDUCTION COEFFICIENT IN THE CALCULATION OF
MONOLITHIC REINFORCED CONCRETE SYSTEMS TO
RESIST PROGRESSIVE COLLAPSE

Abstract. The paper presents a method of using the reduction factor to ensure the stability of
monolithic reinforced concrete bearing structures to progressive collapse.

Within the framework of the verification study, the correctness and validity of the developed
method for the computational analysis of monolithic reinforced concrete bearing systems of buildings
and structures to resist progressive collapse were proved.

The reduction factor (K1) obtained and justified in the framework of the research performed is
the most important deformation characteristic of the special limiting state of monolithic reinforced
concrete bearing systems of buildings and structures for an emergency design situation associated with
the failure of a local structural element.

Keywords: load-carrying structures, stress-and-strain state, design prediction, calculation model,
progressive collapse.

BBenenne

OneHka yYCTOWYMBOCTH HECyLIEH CHUCTeMBbl 3JaHMA TNPU OTKa3e OTACIbHBIX HECYLIUX
KOHCTPYKUMH WM TpU 00Opa30BaHUM JIOKAJIBHOTO Je(eKTa B KOHCTPYKTUBHOM cUCTeMe sIBIseTCs
OJTHOW M3 BKHEHMIINX 3aJau MU OLIEHKE YPOBHS HAJICKHOCTHU HECYIIEH CHCTEMBI 3/1aHHs B IIEJIOM.
IocynapctBennbiM cranpaptom (COCT 27751-2014) BBeneHO HOBOE TPENENBHOE COCTOSIHHE:
«0COOBIE TIpe/eNbHbIE COCTOSIHMS - COCTOSHHSI, BO3HHUKAIOIIHME INPH OCOOBIX BO3ICUCTBUSX U
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CUTYallUsX U IPEBBIIIEHUE KOTOPBIX MPUBOJHUT K Pa3pYyLICHUIO COOPYKEHUH C KaTacTpoduaeckumu
MIOCJIEICTBUSAMMI.

[Tonsitne ocoObIX BO3ACHCTBHIA neTanbHO paccmarpuBaercs B CIT 296.1325800.2017, B
KOTOpPOM Ul pacdyeTa HECyIIMX KOHCTPYKLUMHM YCTaHaBIMBAE€T IIOBBIIICHHbIE 3HAYEHUS
IIPOYHOCTHBIX XapaKTEPUCTHK MAaTepHaoB, 4YTO OOOCHOBBIBAETCS CIEIYIOIIUM:  «...Yy4eT
BO3MOXHOCTHU pabOThI apMaTyphl 3a MIpe/ieIaMH TEKYUYEeCTH MaTepraiay.

N3BecTtHO, uTO paboTa HECyHIMX KOHCTPYKIMU 3a MpeAesiaMu yIpyrou a3l XOpoIiio
U3y4€Ha M PErIaMEHTUPYETCSI HOpPMaMM NPOEKTHUPOBAHUS celCcMOCTOMKUX 3aaHuil. OcHOBOM
pacyeToB KOHCTPYKIMH B IUIACTUYECKOH (a3e SBISIOTCS BEIMYMHBI «KOAPPHUIIMEHTA TOITyCKaeMbIX
noBpexeHnit / nosenerus» (K1) Gazupyrorcs, Kak MpaBuiio, HA XapaKTEPUCTHKE TUIACTHYHOCTH
KOHCTPYKUUU (KO3(PPUIMEHT MJIaCTUYHOCTH ).

Jliia HanboJiee pacpOCTPAaHEHHBIX BUJIOB HECYLIUX CHCTEM - MHOTOATAKHBIX M BBICOTHBIX
3/1laHUM C HECYIIMMM KOHCTPYKLUHUSMHU W3 MOHOJUTHOIO XKeJIe300eToHa - MPEeUIokKEH U 000CHOBaH
METOJI 3alllUThl OT MPOTPECCUPYIOMIETO OOpYIIEHHs, OCHOBAHHBIH Ha YCTPOWCTBE JTaXKEH
MOBBIIEHHONW JKECTKOCTH (ayTpurepHble 3Taxu). Hannuue 3HaueHMI XapakTEpUCTUKU YPOBHS
JIOTYCKAaeMbIX MNOBpeXIeHUM — Kkoddduuuenta penykuuu (aHainor kodpdumuenta Kl
CEHCMOCTOMKNX KOHCTPYKIMI) [UId pEXHUMa MPOrpecCUpYIOLIEro OOpylleHuss NpHU OTKasze
BEPTUKAIbHON HECYIIeH KOHCTPYKLNHU, TO3BOJIUT BBIIOJIHATH KOPPEKTHYIO OLIEHKY 3(h(EeKTUBHOCTH
AyTPUT€PHBIX ATAKEH.

OgHuM W3  METOJIOB  OMNpEAeNeHHs  BEIWYMHBI  «KOd(p(UIMEeHTa  JOMyCKaeMbIX
MOBPEKJICHUI/TIOBEICHUS»  ABJIAETCS aHAJIM3 COCTOSHUS HECYIIMX KOHCTPYKUUH 3/1aHuM,
MOJTyYMBINUX TOBpPEXKICHUS Tpu 3emieTpsiceHmsax [1, 2]. Teopermueckuwe HCCIeTOBaHHUS TIO
OTIPEIENIEHUI0 «KOA(PPUIIMEHTa JOMyCKaeMbIX MOBPEXKICHUM / TMOBEAECHUA» O0a3UpPYIOTCS, Kak
MPaBUJIO, HA XapaKTEPUCTHUKE IIACTUYHOCTH KOHCTPYKIUHU (KOAPPHUIIUESHT TUTACTHYHOCTH 1), JINOO
Ha IapamMeTpe NOBPEKIAEMOCTH KOHCTPYKIMHU («HMHAEKC MOBPEXKIAAEMOCTH KOHCTpyKuuu» D) —
cM. paboTsr [3, 4].

Mopaean 1 MeToabI

C unenpto 00OCHOBaHMS BO3MOYKHOCTH HCIOJIb30BAaHUS IMOJXOAOB, OCHOBAHHBIX Ha
JOITyCKaeMOM 00beMe MOBPEXIEHUI 3JIEMEHTOB HECyLIed cucTeMbl (B pPaMKax peIIeHus 3ajaad
YCTOHYMBOCTH MOHOJIMTHBIX JKEIe300€TOHHBIX 3IaHUI K IMPOrpecCUpyIoIeMy OOpYIICHHUIO), B
pabote [5] mpoBeneHBI HCCIEIOBAHUS MEXaHH3MOB DPa3pYLICHHH OCHOBHBIX KOHCTPYKTHBHBIX
3JIEMEHTOB MOHOJIMTHBIX KeJe300€TOHHBIX HECYLIUX CHCTEM B PEXHUME IPOrpPEeCcCHUPYIOLIETO
oOpy1eHust 1 000CHOBaHbI KPUTEPHAIIbHbBIE 3JIEMEHTBI U Y3JIbl JJIS1 OLIEHKHU IPEeAEIbHbIX COCTOSIHUI
B YCJIOBUSAX OTKa3a JIOKaIbHBIX 31eMeHTOB. Kpome Toro, BBIIOJHEHO OOOCHOBAaHHE KPHTEPHEB
IPEJENbHBIX COCTOSIHUN, KOPPEKTHO OTPAXKAIOIIUX YCIOBUS (OPMUPOBAHUS JOIYCTUMOIO 00beMa
MOBPEXJICHUH B KPUTEPUAIBHBIX 30HAX HECYIIMX JKEIe300€TOHHBIX CHUCTEM B PEKHUME OTKaza
JIOKAJIbHBIX 2JIEMEHTOB HECYILIEH CUCTEMBI.

Ha  ocHoBanum  pe3ynbTaToB  O0OOCHOBaHa  HEOOXOAMMOCTb  HCHOJIb30BAHUSA
ne(GopMalMOHHBIX KpUTEpUEB Ul JAajdbHEWIMX pacueTHbIX uccienoBanuii HJIC Hecymei
CHUCTEMBI B YCIIOBMSIX OTKa3a JIOKAJIbHBIX KOHCTPYKIIMM.

HccnenoBaHusiMu yCTaHOBJIEHO, YTO B Ka4eCTBE OCHOBHOrO Kpurepus ais oueHku HJIC
MOHOJIUTHBIX JKEI€300€TOHHBIX KOHCTPYKLHMH [UIi pEeXHMa OTKa3a BEPTUKAIbHOM Hecyuel
KOHCTPYKLMU MOKET OBbITh MPUHSTA BEIMYMHA BEPTUKAIBHOM JepopMaluy MPHONOPHOTO ydyacTKa
MEPEKPBITUS TPU «OTKa3e» BEPTHKAIBHOW HECYIIeW KOHCTPYKLHHU, IPU KOTOPOH (OpPMHPYIOTCS
YCIIOBUS «pa3pyLICHHsD IPUONIOPHON 30HBI IEPEKPBITUS — BEJIMYUHA NIPEAETIBHOTO CMEILIEHUS.

Hcnonbs3oBaHue pa3pabOTaHHOTO METOJAa MOJAEIMPOBAHMS Ipolecca CTPYKTYPHBIX
U3MEHEHHH KOHCTPYKTHUBHBIX 3JI€MEHTOB MOHOJIUTHBIX JKEI€300€TOHHBIX CHCTEM B pEXHUME
pa3BUTHs JETpajlallid KOHCTPYKLUMH B CPAaBHEHUU C HEIMHEHHBIM DPACUETOM, YYMTHIBAIOLIUM
¢bu3nUecKyro HEMMHEHHOCTh PabOThl MaTepHala, JaeT XOPOIIne pPe3yabTaThl.

Ha ocHOBe aHanmM3a NpelNeNbHBIX CMEIIEHUHA M COOTBETCTBYIOIIMX IPEAEIBHBIX
OTHOCHUTENIbHBIX JleopMalMii TOJdydeHbl 3HadeHus KoapduuuentoB penykuuu (K1) s
Pa3NIUYHBIX BEJIMYMH IMPOJIETOB M TOUYEK «OTKA30B» KOHCTPYKIUII MOHOJIUTHBIX JKEI€300€TOHHBIX

N 3 (95) 2021 69



CTponTe/IbCTBO H PEKOHCTPYKIHSI

3MaHuii. B KadecTBe KOHCEPBATMBHOW BEIMUYMHBI KOA(PHUIMEHTA IOMYCKAEMBIX MOBPEKICHUN
npunsTto 3nadenue: Ky = 0.50.

B ycnoBusx nomyckaeMbIX HOPMAaMHM IUTACTHYECKUX Jedopmanuii B kKene300€TOHHBIX
JIEMEHTaX IPU «OTKa3ax» JIOKAIbHBIX KOHCTPYKUMH M C YYE€TOM AaKTUBHOTO IIPUMEHEHHS
KeNe300€TOHHBIX ayTPUTEPHBIX CHUCTEM IMPEJCTABISAETCS BIOJHE OOOCHOBAHHBIM MPUMEHEHHE
pa3pabOTaHHOTO M OOOCHOBAaHHOTO METO/a HCIIOJIB30BAaHMUS KOX(PPHUIHMEHTa PEAyKIHHA JUIs
pacyeTHOTO aHaJIM3a YCTOWYMBOCTH MOHOJIMTHOM JKEIe300€TOHHONH HECYIIeH CHCTeMBI K
nporpeccupyromeMy oopymenuto. Tak Kak mpoBelneHHe (PU3NIECKUX IHKCIEPUMEHTOB C OTKAa30M
JIOKaJIbHOM KOHCTPYKLUMU B MOHOJMTHOM »K€Je300€TOHHOM Hecyllell CcUcTeMe, BKIIIOYaroIIeH
ayTPUTrepHYI0 KOHCTPYKLUIO, CBSI3aHO C OOJBIIMMHU 3aTpaTaMu, IOJ00HBIE 3KCIIEPUMEHTHI J10
HACTOSIILIEr0 BPEMEHU HE IIPOBOANUIIUCE.

B ycnoBusix oTcyrcTBUsI JaHHBIX O (DU3MUECKUX SKCIIEPUMEHTAX METOAMKa BepU(UKaluu
pa3paboTaHHOIO METOJa PAacCYETHOTO aHallu3a ¢ NMpUMEHEHHEeM Kod((dUIMeHTa PEeayKIUH MOXKET
OBITh OCHOBAHA HA COIOCTABJIEHUU PE3YJIbTATOB PAaCYETOB TECTOBBIX MOJIEJEH, BBIMOIHEHHBIX 10
METO/IMKE, pa3pabOTaHHON B paMKaxX JIaHHOTO MCCJIENIOBaHUSA, U MO METOJUKE, HCIOJb3YIoUIei
METO/Ibl PAacyYeTHOTO AaHalIMu3a JKEJIe300€TOHHBIX KOHCTPYKIMH B (U3NYECKH HEJIMHEHHOU
IIOCTAHOBKE C YYETOM JMHAMUYeCKHX 3(P(PEKTOB (HEJIMHENUHBIM TUHAMUYECKUN aHalIu3), HO paHee
BepU(UIIMPOBAHHON M TMpHU3HAHHOM KOppeKTHOW — pedepeHcHolt Meronuke. Ilpomenypa
BepU(UKALUN CBOJUTCS K COMOCTABIICHUIO BEIMYUH BEPTHUKAIBHBIX J1ehOpMalIHii, TOITy4YE€HHBIX 110
pe3ynpTaTaM ~ pacuera  JKelIe300€TOHHBIX  KOHCTPYKLUHH, apMUPOBAaHHBIX Ha  OCHOBE
peAylHpOBaHHBIX 3HaueHUM Harpy3ouHbslx s¢dekroB (K1<1,0) B pedepencHoit meronuke, c
pe3yibTaTaMi IpeJeNbHBIX BEPTUKAIbHBIX Je(opMaluil, COOTBETCTBYIOUIUX COCTOSHUIO «II€pej
paspyuieHreM» IPUOMOPHOM 30HBI Y31 CThIKA MEPEKPHITUS U KOJIOHHBI.

B kauecTtBe pedepeHCHONH METOIMKH HCHOJIb3yeTCs METOJMKa, MpeJCTaBleHHas B padoTte
[6] BmMecTe ¢ pe3ynbraTamu ee Bepudukanuu. Metoauka [6] BKIrOUeHa B COCTaB BHIYMCIUTEIHLHOTO
koMmruiekca SCAD, yTo Mo3BOJISIET BBHIMOJHUTH B PAMKaxX OJHOTO BHIYMCIUTEIBHOTO KOMIUIEKCA KaK
pacueTsl MO METOJMKE, pa3pabOTaHHON B paMKax HACTOSAIIEr0 MCCIEAOBAHMS, TaK U PacueThl C
MPUMEHEHUEM HEIMHEWHOTO IMHAMUYECKOTO aHaIH3a.

B pamkax meroauku [6] UCIONB3YIOTCS KOHEYHBIE JIEMEHTHI TUIOCKOH 000JOYKH CpeaHeit
ToJIIHHBI [6,7] OnHMChIBaeMbIC COOTHOIIEHUSAMH Teopun MunamuHa-Peticcaepa (cM. pucyHok 1), a
TaKKe JIBYXY3JIOBOI KOHEYHBIH 3JIEMEHT MPOCTPAHCTBEHHON paMbl, YYUTHIBAIOMIUN Aedopmanuu
nornepeunoro casura Ha ocHoBe Teopun C. I1. Tumomienko [8] (cM. pucyHok 2).

B pamkax meroauku [6] apmupoBanre 000JI04€YHBIX KOHEYHBIX 3JIEMEHTOB MPEACTABICHO B
BUJIE «pa3Ma3aHHBIX» 0 IUNIOCKOCTH apMaTypHBIX CTEpKHEH, 00pa3yronnux apMarypHeie ciou S1,
S2, S3, S4. Kaxaplid apMaTypHBIN CJIOH COCTOUT U3 CTEPAKHEHU OJIHOIO HAIpaBJICHHS, OJTHOTO U TOTO
e MaTepuaia U rnonepeyHoro cedenus. KomuuectBo apMaTypHBIX ClIO€B HE orpaHuueHo. B ciyuae
CTEpKHEBOTO KOHEYHOTO 3JIEMEHTa MPOJI0JIbHAs apMaTypa YUUTHIBAETCS AUCKPETHO.
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Pucynok 1 - Obwan cxema 060104€4H020 KOHEUHO20 INEMEHMA: @) — YEMbIPEXYZOTIbHbLI, ) — MPEXYY20IbHbLIL
h — monwuna xoneunozo snemenma, ZSy - ZSs — paccmosinie om coomeencmeyiowe20 apmanypho20 ciost 00
CPeOUHHOU NOBEPXHOCMU.
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Pucynok 2 - Obumas cxema cmepicueso2o KOHEUHO20 INEMEHMA, YUUMbIEAIOUe2o oedhopmayuu nonepeuHozo
cosuza na ocnoge meopuu C. I1. Tumowenko: a) — 0dugan cxema apmuposanus ce4eHus nPou360ibHoN (opmol,
0) —KOHEUHO0IIEMEHMHAAL CXEMA NONEPEUHO20 CeHeHUs NPAMOYZOTbHOU (POPMBL C OUCKPEMHBIMU APMATYPHBIMU
Jyiemenmamu

OcCHOBHBIE COOTHOIICHUS B KOHEUYHBIX JJIEMEHTaX IO METOJWKe [6] OCHOBaHBI Kak Ha
TEOPUH TIJIACTHYECKOTO TEUYCHHS, TaK U Ha Je(OopMallMOHHON TEOpUH TIACTHYHOCTU. B pamkax
BepU(DUKAIMOHHBIX paboT Mo pedepeHCHON MeToIiKe B paboTax [6,7] mokazaHo, 4TO MPUMEHEHUE
nehopMaIMOHHOW TEOPUHU TUIACTHYHOCTH B CIIydae HEIHMKINYECKOTO HArpy)KeHHUs MPHUBOJUT K
pesynbpTaTam, Oosee OMM3KUM K pe3yiabTaTaM (U3HUYECKUX SKCIIEPUMEHTOB, YeM NpPUMECHEHHUE
TEOPHUH TUTACTHYECKOTO TeUEHHS, TT0 KpaifHel Mepe Ha paCCMOTPEHHBIX TECTOBBIX 3aavax.

TpamuunoHnHo B paMkax (U3WYECKHM HEIWHEWHOTO aHajdu3a WCIOJIB3YIOTCS 0a30BbIe
nojoxenus  aepopmanvionHo  teopun H.M. Kapmenko. C  y4eToM  HCIOJIB30BaHUSA
nepopMalMOHHON TEOPUH IJIACTUYHOCTU B paMKax METOJUKH [6] Hcmonb3yercsl tuarpaMma ¢ — €.
(cM. pucyHok 3).

3HaveHus HanpsokeHud u aedopmanmii B Toukax C u U (COOTBETCTBEHHO G¢, & M Oy, €u), @
TaKke HadaJdbHBIH MOIyab nedopmaruii 6etoHa E ogHO3HAYHO OMPEACNAIOT KOHQPHUTYpaIUio
KPUBOM G — € B 30HE CXKaTHUs. 3/1eCh G¢ — MPEJEN MPOYHOCTH OeTOHA Ha ckaTtue. B 30He pacTsokeHus
WCIIOJNBb3YEeTCSl TPEXJIMHEHHas JuarpaMma, [pUYEeM HHUCHAJAIIMM  Y4aCTOK MOJAEIUPYET
Jerpajiaiuio 0eTOHA MPH MOABICHUU U PA3BUTUH TPELIUH. 3/1€Ch Gt — Mpeiell IPOYHOCTH OeTOHa Ha
pacTsbkeHue, €t = o/E, mapamerp o onpezenseT 0CTaTOYHYIO MPOYHOCTh OETOHA HA PACTsHKEHHE U
0OBIYHO PaBEH HYIIIO, a MmapameTp & ompenenseT MPOTSHKEHHOCTh HUCIAAAIONIEH BETBU U MOMIYIIb
pasympounenus 6erona Er = — E/(§ — 1).

BaxxHoit 0COOCHHOCThIO METOJAMKH [6] sBisieTcss  (HOpPMYJIUPOBKA  COOTHOIICHUM
nepOopMaIMOHHON TEOPUH IUIACTUYHOCTH B TEPMHUHAX OCTATOUHBIX AeQopMaiuii, MO3BOJISIOLIAS
OCYILIECTBIISTH IEPEX0] U3 30HBI CKATUS B 30HY PACTSKEHUS U HA000POT.
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Pucynok 3 - luazpamma ¢ — & 0na 6emona (npueeden 8 agmopcKoli pedaKuyuu)
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B Meromuke [6] s obOecriedeHus BBHIYMCIUTEIBHOW YCTOMYMBOCTH METOJA YYUTHIBACTCS
KECTKOCTh apMaTypbl HE TOJIbKO Ha pacTsDKEHUE-C)KaThe, HO U Ha IONEpedHbId CABUT. ITO
MO3BOJISIET U30€XKaTh TeOMETPUIECKON M3MEHAEMOCTH WM TUIOX0H 00YCIOBIEHHOCTH 33a4H B TeX
Cllydasix, KOrJja KOHEYHbIE IEMEHTHI ITOJIHOCThIO HAXOIATCS B 30HE PACTSKEHMUSL.

[loBeneHnne apmaTyphl TaKK€ OIKMCHIBACTCS COOTHOUICHHAMHU Je(QOPMAlMOHHOW TEOpUHU
IUTIACTUYHOCTH, C(HOPMYIMPOBAaHHBIMH B TEPMHUHAX OCTATOYHBIX JedopMaluii, ¥ TPHHUMACTCS
CUMMeTpUYHas OunuHeiHas auarpamMma 6 — € ¢ ynpounenueM 0,01Es, rae Es — moayns ynpyroctu
JUIS CTaJIH.

AHaM3 TPUBEACHHBIX BBINIE O0a30BBIX IMOJIOKCHUH METOAWKU [6] TOKa3bIBaeT, dTO
yKa3aHHas METOJWKA MOXKET OBITh TPUHATA B KadecTBe pePepeHCHOW s TPOIEAYPhI
BepuUKalUK pa3pabOTaHHOIO METOJa PAacYeTHOIO aHajdu3a C MCIOJIb30BaHMEM KO3(PQUIMEHTa
PEeAYKLHUU.

PesyabTaTsl Hcc/ieq0BaHUS U UX AHAJIM3

[Tponieaypa Bepudukamnuu pazpaboTaHHON METOIMKHA COCTOUT M3 HECKOJIBKHUX ITATOB.

Otan 1. Pa3paboTka TecTOBOW MOENH, BKIIOYAIONIECH ayTPUTEPHYIO KOHCTPYKITUIO, IS
BBINIOJIHEHUSI  PacyeTHOTO AaHAJIMW3a YCTOMYMBOCTH K  IPOrPECCUPYIOIIEMY OOpYIIEHMIO,
onpejeneHue 0a30BBIX MapaMETPOB apMUPOBAHMS BJIEMEHTOB TECTOBOM MOJENM MPU MPUHATHIX
rapameTpax HarpyXeHus (mapaMeTpbl apMUPOBAHUS ayTPUTEPHON KOHCTPYKITUU OTIPECIISIOTCS Ha
aTane 2).

Otan 2. BeimosHeHue pacyera Mo pa3pabOTaHHOW METOAMKE C YYETOM JMHAMHUYECKUX
s¢dekToB B IByX BapuaHTax. Mojenb BapuanT 1 — 0e3 ydyera koapdunuenta penykuuu (K1=1,0).
Monens Bapuant 2 — ¢ yuetom kodddunuenta pexykiun (K1=0,5).

Junamuueckne d3PQPEeKThl MPU «OTKa3e» JIOKATHPHOW KOHCTPYKIIMU YYUTHIBAIOTCS B paMKax
MPSIMOTO UHTETPUPOBAHUS yPaBHEHUI IBUKEHUS.

[lo pesynpTaTam pacueToB 3Tama 2 ONpPENeNAloTcs TpeOyeMble BETUYMHBI apMUpPOBaHUS
ayTPUTrePHBIX KOHCTPYKIIUA.

Ortan 3. BeInonHeHHe pacyera METOJOM HEITMHEWMHOro IMHAMHUYECKOrO aHajau3a Io
MeTouKe [6] TecToBOW MOAENM C apMHUPOBAHMEM OCHOBHBIX JJIEMEHTOB HECYIEH CHUCTEMBI IO
pe3ynbTaTam 3Tana 1 u ¢ apMUPOBAHUEM AyTPUTEPHBIX KOHCTPYKIHM MO pe3ylbTaTaM pacdyera Ha
stane 2.

Junamuueckue 3((EKTbl YUYUTHIBAIOTCS B paMKax MPSMOTO MHTETPUPOBAHUS ypaBHEHHI
JIBUKCHHUSI.

Pe3ynbratoM pacuera stamna 3 SBISIOTCS 3HAYEHHS] BEPTHKAIbHBIX CMeIleHUH (1o ocu Z)
y3J1a HaJl «OTKa3aBIIUM» 3JIEMEHTOM.

Ortan 4. BbINoONHAETCA CpPaBHUTEIBHBIM aHAIM3 BEPTUKAIBHBIX CMEIICHUH Yy3/1a Haj
«OTKa3aBIIMM» 3JIEMEHTOM, MOJYYEHHBIX Ha dTamne 3, ¢ BeIUYMHAMHU MPEAETbHBIX BEPTHKAIBbHBIX
CMEIIEHUN y3JI0B, COOTBETCTBYIOUIMMU COCTOSIHUIO «IIepe]] pa3pylIeHHEM» IPUOMOPHOTO y4acTKa
y3J1a CThIKA KOJIOHHBI U MIEPEKPBITHUA.

B pamkax mnpouenypsl BepHU(pHUKAUU paccMaTPUBACTCS TECTOBAas pacyeTHas MOJeIb
MOHOJIUTHOM KeJIe300€TOHHOW HeCyIllled CHCTeMbl C Oe3pHUrelbHBIM Y3JIOM CThIKA KOJOHHBI U
MEPEKPHITHS (CM. PUCYHOK 4).

Pucynok 4 - Tecmosasn pacuemnas mooens 01 eepupurayuu papadomannozo memooa
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Jns  Bepuukanuu pa3pabOTaHHONH METOIUKM HCIIONB3YeTCsl pacueTHas MOJENb C
«OTKa30M» YIJIOBOH KOJIOHHBI. B ypoBHE HMOKPBITHS B COCTaB TECTOBOM MOJIETN BKIIFOYECHBI OaliKy,
BBITIOJTHSIOUINE POJIb ayTPUTEPHBIX KOHCTPYKIIHA.

KoHCTpyKIInu TECTOBOW MOJIENIN BBHIMOJIHEHBI U3 TSHKEJIOr0 OeTOHa Kilacca 1Mo MPOYHOCTH Ha
cxarue B30. Ayrpurepnsie 6anku umeror pasmepsl 500x700 mm. KoJIOHHBI MPUHSATHI CEYCHHUEM
500x500 mm. IlepexpoiTue nmpuHsaTO TOMIUHON 200 MM.

[IpononbHOE apMHUpPOBAaHUE OCHOBHBIX BEPTUKAIBHBIX JKEI€300€TOHHBIX 3JIEMEHTOB
(KOJIOHH) BBINIOJIHEHO OTIEJIBHBIMM CTEpXKHSAMH U3 apMmaTypbl kiacca AS500, nomnepedHoe
apMHUpOBaHHUE CTEP/KHEBBIX AJIEMEHTOB U3 CTEP)KHEBOI apmaTypbl kiacca AS500.

ApMupoBaHUE MEPEKPBHITHI U MOKPHITHS B PACUETHON MOJIENN MPUHSATO B BUAE PA3THUHBIX
30H: IPUOTIOpHAst 30Ha (BepxHee apmupoBanue — apmarypa A500 ©10/200x200 mm + 320/200x200
MM; HIKHee apmupoBanme — apmatypa AS500 @10/200x200 mm); mponerHas 30Ha (BepxHeEe
apmupoBanue — apmarypa AS500 @10/200x200 mMMm; HukHee apMupoBaHue - apmarypa AS500
@10/200x200 MM + @12/200x200 Mm).

[TapameTpsl HarpyXeHHS B TECTOBBIX 3a/la4aX MPHUHSATHI:

- Harpy3ka OT COOCTBEHHOTO Beca JKEIEe300€TOHHBIX KOHCTPYKIHHA (Ompeensercs
BBIUMCIIATEIBHBIM KOMIUIEKCOM aBTOMATHYECKH ),

- IMTeNbHas Harpyska Ha nepekpsitue —5,0 klla.

I[To pe3ynpraTam pacdera Ha dTare 2 ONpeaesieHo apMUPOBAHNE ayTPUTEPHBIX KOHCTPYKITHIA
(cm. Tabmuiy 1).

Tabnuma 1 — PacueTHble BeTMYUHBI apMUPOBAHUS ayTPUT€PHBIX KOHCTPYKLIUN

Bun Mozenn Si[em?] Ss [em?] W,[cM?/M] Wy [cM2/M]
Monenb BapuanT 1 (K1=0) 50,83 4,69 35,08 26,46
Monens BapuanT 2 (K1=0,5) 22,54 2,11 13,87 11,63

JIisi BBITTOTHEHUSI pacyeTOB Ha dTame 3 (Ha OCHOBE PE3yJbTAaTOB dTama 2) OmpeaesieHbI
JMICKPETHBIE BEJIMYMHBI aPMUPOBAHUS AyTPUTEPHBIX KOHCTPYKIUH (CM. Tabnuiy 2).

Tabnuma 2 — JluckpeTHble 3HaYEHUST ApMUPOBAHUS AyTPUTEPHBIX KOHCTPYKITAN

Buz Mozenn Si[em?] Ss [em?] W.[cm?/M] W, [cM?/Mm]
1\/101[&:&1;1 A !'| 5428+ 5025= 55,33 | 2d18=508 | 2d16/150+2c12/150 = 41,86 | 2d16/150 = 26,80
M"H?}("l Py 2 5025 = 24,54 2d16 = 4,02 2d12/150 = 15,06 2d12/150 = 15,06

[lo pe3ynbraram pacuera dTana 3 oONpeAeieHbl 3HAUEHUS CMEUICHHsI OIOpbl Haj
OTKa3aBIIeil KOJOHHOH A; BO Bpemenu — PucyHok 5 (Mozens Bapuant 1 - K1=1,0), (Momenb
BapuaHr 2 - K1=0,5).

=== Az (Moaexp BapnaHt 1) === AZ (MoJeJb BapHaHT 2)

Pucynox 5 - I'paghux cmewenusn y3na Ha0 «OMKA3A8UWUMY ITEMEHNIOM RO HETUHEUH020 OUHAMUYECKOZ0 AHANU3A
(Oman 3) ona moodenu eapuanm 1 (K1=1,0) u mooenu sapuanm 2 (K1=0,5)
To eepmuKanbholi 0cu — 3HAYEHUS CMeUeHull (MM), N0 20PUSOHMATLHOU OCU — 8peMsl (CeK).
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1o pe3ynbraTram pacueToB Ha 3Tarne 3 (Ha OCHOBE HEJIMHEHHOTO AMHAMHUUYECKOTO aHajn3a o
MeToauKe [6]) mMmoyiydeHbl 3HAYEHUS MAKCUMAJIbHBIX BEPTUKAIBHBIX CMEIIEHUH Yy371a Haj
«OTKa3aBIIMM» AJIEMEHTOM JIJIsl PACUETHOIO CiIydasl «OTKa3a» yrioBOoH KoJOHHBL. ComocTaBieHue
rpaduKOB  JIEMOHCTPUPYET CYIIECTBEHHOE BIIMSHUE YPOBHS apMHUPOBAHUS  ayTPUTEPHOU
KOHCTPYKIIMU HAa BEIUYHHBI BEPTUKAIBHBIX JehopMannii KOHCTPYKIIUHN y371a HaJ[ «OTKa3aBIIUM)
AJIEMEHTOM:

- mist Bapuanta 1 (K1=1,0) Az = -53,06 mwm;

- mst Bapuanta 2 (K1=0,5) A; = -87,0 mm

Jlnst  BBITIONHEHUS BepU(PUMKAIMOHHOW TPOLEAYyphl PAaCCMAaTPHUBACTCS PE3YNIbTATHl IO
BapuaHnty 2 (K1=0,5) Az = -87,0 mm. Ota BenMuMHA BEPTUKAJIBHOIO CMEIIEHUS CPABHHUBAETCS C
MpeieIbHON BETUYUHOM, KOTOPasi COOTBETCTBYET COCTOSIHUIO «IIEPE]] pa3pyLIEHUEM) TPUOTIOPHOTO
ydacTKa HEPEeKpBhITHS U KOTOpas paccMaTpUBaercss B KadyecTBE OCHOBHOTO J1e(hOpMAalMOHHOIO
kputepust st onieHkn HJIC MOHONMHMTHBIX jkeIe300€TOHHBIX KOHCTPYKIMHA ISl PeXHMa OTKaza
BEPTUKAIBHOIO HECYHIEro 3JIEMEHTa — JJIsi PacyeTHOro ciydas «OTKa3a» YIJIOBOW KOJOHHBI
[Az]=77,62 mm.

JlaHHOE 3HaYECHNE BBIYUCIICHO C YUETOM MPHHATHIX OTpaHMUEHUH Ha TPEACTbHYIO BETMIUHY
OTHOCUTENbHBIX Aegopmanuii (0,85 oT mpenenbHOM BETUYMHBI CMEILIEHUS, COOTBETCTBYIOLIETO
pa3pyIIeHUIO PHOTIOPHOM 30HBI epekpbIThs [9]), 00ecreunBarONIMX COXPAHHOCTD MOBPEKICHHOM
KOHCTPYKIUU U, CII€0BATEIbHO, YCTOMYUBOCTH K MPOTPECCUPYIOLIEMY OOPYILIEHUIO.

BenmuunHa BEepTUKAIBHOTO CMEIICHUS TPH apMHPOBAHUHM AyTPUTEPHBIX KOHCTPYKIIHM,
MOJYYCHHBIX C HCHob30oBaHueM kodddurmenta pexykuuu K1=0,5, cocraBmser 112,1% ot
MpeIebHO JOMYCTUMON BETUUMHBI BEPTUKAILHOTO CMEIIEHHS [A,].

[lo pesynbraram pacueta Ha OJTane 4 TMOKa3aHO, YTO apMHUPOBAHHE AyTPUTEPHBIX
KOHCTPYKITUH, TTOJIYYeHHOE ¢ TPUMEHEHHEeM Kod(duIMeHTa peIyKIuu K Harpy304HbM 3¢ deKTam
(K1=0,5), obecrieunBaroT BeIMYHHBI AehOPMAIHIA KETE300€TOHHBIX HECYITUX KOHCTPYKIIMHA HaJ
«OTKa3aBIIMM» DJIEMEHTOM, OJM3KHEe K BEIMYMHAM NPEIEIbHO JONMYCKaeMbIX 3HAYeHUI
(otknonenue cocrapusieT +12,1%), ompeneneHHbIX MO KPUTEPUIO HEPA3pPYILEHHUS MPHOMOPHOTO
y4acTKa MOHOJIMTHOTO K€J1€300€TOHHOTO MEePEKPHITHUS.

BriBoabl

1. B kauectBe ocHoBHOrO Kputepus ais oueHkd HJIC MOHOIUTHBIX jkee300€TOHHBIX
KOHCTPYKIUH JJIsi peKMMa OTKa3a BEPTUKAJIbHOW HECyIled KOHCTPYKUIMU MpPHUHSTA BEIMYMHA
OTHOCUTENIbHON  JnedopMaluy, COOTBETCTBYIOIIAas  OOpa30BaHUIO  30HBI  «pa3pyLICHHSD)
MIPUOIMIOPHOTO Y4acTKa MEPEKPHITUS TPU JEHUCTBUH MOTIEPEYHBIX CUJI.

2. [IpunsaTtele nedopMalMOHHBIE KPUTEPUU OCOOOTO  MPENENIbHOTO  COCTOSHUS
KOPPEKTHO OTpa)KaroT yCIOBHS (HOPMUPOBAHMS OMYCTUMOTO OObeMa MOBPEXKACHUN SIEMEHTOB
HECYIIUX KeJIe300€TOHHBIX CUCTEM MPH MPOTPECCUPYIOIIEM OOpYIICHUH.

3. B  pamkax mpoBeneHHOro  BepU(pHUKAIMOHHOTO  KCCIEAOBAaHUSA  JIOKa3aHa
KOPPEKTHOCTh M OOOCHOBAaHHOCTH Pa3pab0TaHHOIO METOJla PACYETHOIrO aHallu3a YCTOWYMBOCTHU
MOHOJIUTHBIX JK€I€300€TOHHBIX HECYIIMX CUCTEM 3JaHHi U COOPYXKEHHH K MpPOTPECCHPYIOIIEMY
oOpylIeHHI0O, B OCHOBE KOTOpOro Jnexar jAedopmanuvoHHble Kputepuu. [lomydeHHbId U
00OCHOBAaHHBIII B paMKaxX BBIIOJHEHHOro wucciefoBanus kodpduuuent penykaun (K1)
mpencTaBisieT co0oil BaxHEHIIyI0 AeQOpMAIMOHHYIO XapaKTepUCTHKY OCO0O0ro MpeaeibHOTO
COCTOSIHUSL MOHOJIUTHBIX JKEJIE300€TOHHBIX HECYIIUX CUCTEM 3JaHUH M COOPY)KEHUH s
aBapHUITHON pacyeTHON CHUTYyallMH, CBSI3aHHOW C OTKa30M JIOKAJIbHOTO KOHCTPYKTUBHOTO JJIEMEHTA.
Benuunna koaddummenta nomyckaembix nopexaeHuii K1 = 0,50 MoxkeT ObITh peKOMEHI0BaHa K
MPUMEHEHUIO B PAcue€THOM aHallu3e YCTOWYMBOCTH MOHOJIUTHBIX IKEJI€300€TOHHBIX HECYIIHX
CHCTEM 37JaHUI U COOPYKEHHH K MPOrpeccCUpyroIieMy 0OpyIIeHHIO.
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!National Research Moscow State University of Civil Engineering (NRU MGSU), Moscow, Russia

PROGRESSIVE COLLAPSE RESISTANCE OF FACILITIES
EXPERIENCED TO LOCALIZED STRUCTURAL DAMAGE -
AN ANALYTICAL REVIEW

Abstract. During the entire life cycle, the facilities are experienced to force and environmental
actions of various nature and intensity. In some cases, such influences can lead to a loss of the bearing
capacity of the structural elements of a building, which in turn can lead to a disproportionate failure of
the entire structural system. Such phenomenon was called progressive collapse. Major accidents at
facilities, such as the collapse of a section of the Ronan Point high-rise residential building (London,
1968), the Sampoong department store (Seoul, 1995), the Transvaal Park pavement (Moscow, 2004),
the World Trade Center (New York, 2011) and others, clearly demonstrated the urgency of this
problem. In this regard, the regulatory documents of the USA, Great Britain, EU, China, Australia,
Russia and other countries established requirements for the need to calculate structural systems of
buildings for resist to progressive collapse after sudden localized structural damage. However, the
steady increase in the number of new publications on the problem of progressive collapse observed in
the world scientific literature indicates that the results of such studies do not yet provide exhaustive
answers to all questions related to this phenomenon. In this regard, the proposed review article is
aimed at systematizing, generalizing and analyzing new research results on resistance to progressive
collapse of facilities, identifying new trends and proposing new research directions and tasks to
improve the level of structural safety of design solutions for buildings and structures. In order to
achieve this goal, the following aspects were considered: the nature of the impacts leading to
progressive collapse; features of modeling the progressive collapse of structural systems of buildings
and structures; mechanisms of resistance to progressive collapse and criteria for evaluation of a
progressive collapse resistance.

Particular attention in the scientific review is paid to the analysis of works related to a new
direction of research in the area under consideration, associated with the assessment of the bearing
capacity of eccentrically compressed elements of structural systems, the effect on their resistance to
progressive collapse of the parameters of the loading mode, degradation of material properties and the
topology of the structural system.

The significance of the proposed scientific review is that, along with the well-known and new
results presented in the English-language scientific literature, it summarizes and analyzes the original
approaches, methods and research results published in Russian-language scientific publications,
primarily included in the RSCI Web of Science.

Keywords: analytical review, structural safety, progressive collapse, progressive collapse
resistance, ultimate limit state, buckling failure, shear failure, flexural failure

H.B. ®EJIOPOBA!, C.10. CABIH!

'HampoHanpHbIi HccenoBaTenbekuii MOCKOBCKMIA rocy1apCTBeH b cTpouTenbHbli yausepcuter (HIY MI'CY),
r. MockBa, Poccus

AHAJIN3 OCOBEHHOCTEN CONTPOTUBJIEHUSI
INPOTPECCUPYIOLIEMY OBPYIIEHHNIO KOHCTPYKTHUBHbBIX
CUCTEM 3JAHUM U COOPYKEHUM ITPU BHE3AITHBIX
CTPYKTYPHBIX IEPECTPOUKAX: AHAJIMTUYECKHU OB30P
HAYUYHBIX UCCJIEJOBAHUI
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Aunomayusn. B meuenue 6ceco Cpoka CrydcObl KOHCMPYKYUU 30AHUL U COOPYICEHUU
NO0BEPICEHbL CUNOBBIM U CPEO0BbIM B030eUCMBUAM PA3IUYHOU NpUpoOobl U UHMEHCUSHOCMU. B
OMOENbHBIX CAYYAAX maKue 6030eliCmeUs Mo2ym Hpueooumsv K nomepe Hecywjel CHOCOOHOCMU
KOHCMPYKIMUGHLIX — DNIEMEHMO8  30aHUs, YUMo 6 C60I0  oyepedb  MOJicem  Npueecmu K
HeNnponopyuoOHaIbHOMY —OMKA3Y 6Cel KOHCMPYKMUGHOU CUCeMbl — ee NpOSpeccupyioujemy
obpywenuio. Kpynuvie agapuu, npouzoweduiue Ha 00beKmax KanumaibHo20 CMpoumensCcmed, maxkue
Kak obpyuieHue cexyuu MHO203MaxicHo2o dicuno2o 30anus Ponan Iounm (Jlonoon, 1968), mopeosoco
yeumpa Camnyn (Ceyn, 1995), nokpwimus Tpanceaanv-Ilapxa (Mockea, 2004), 30anus BTI] (Hvio
Hopx, 2011) u 0p., Haznadno npodeMoHCmpUposan akmyaibHOCmy 3moil npobnemst. B ceasu ¢ smum 6
Hopmamuernvlx Ooxymenmax CILIA, Benuxoopumanuu, EC, Kumas, Ascmpanuu, Poccuu u opyeux
cmpan 6vlIU  YCMAaHogieHbl Mpebo8anust 0 HeoOXOOUMOCMU pacyema KOHCMPYKIMUGHBIX CUCHEM
30anull Ha npozpeccupyroujee oOpyuleHue npu BHe3aANHbIX CIMPYKMYPHBIX NEpecmpoliKax, 6bl36aHHbIX
yoanenuem 00H020 U3 Hecyuux snemenmos. OOHaKo HAbmoOaeMblll 8 MUPOBOU HAYYHOU TUMEPANype
YCMOUYUBbILl POCM YUCAA HOBbIX NYOIUKAYULL NO NPobIeMe NPOSpeccupyiowe20 00pYIeHUs YKa3bleaem
Ha Mo, Ymo pe3yibmamvl MAKuX UCCIe008aHULL NOKA He OAlom UCYEPNbIBAIOWUX OMBEmos HA 6ce
B0NPOCHL, CEA3ANHBIE C IMUM SABNIEHUEeM. B 2moll cés13u npediazaemas 0630pHAs CMAmMbs HANPAGLeHa Ha
cucmemamuzayuio, 0000WeHUe U AHATU3 HOBLIX PE3YAbMAMmMos UCCIeO08AHUL NO  BONPOCAM
CONPOMUBTEHUSI NPOSPECCUPYIOWEMY 0OPYUIEHUIO KOHCMPYKIMUBHBIX CUCTEM 30aHULL U COOPYIICeHUl,
BbISIBNICHUE HOBLIX MEHOCHYUU U NPedNodHCeHUe HOBbIX HANPAGLeHUl U 3a0a4 Uccie008aHutl 07
NOBbIUUEHUS YPOBHS KOHCIMPYKMUBHOU Oe30NACHOCMU NPOEKMHbIX peuleHull 30aHUtl U COOPYICEHU.
Il 0ocmudiceHusi  YKA3aHHOU Yenu PACCMOMPEHbL. NPUpood  6030elicmeutl, NpuoOsUx K
npozgpeccupyiowemy 0OpyueHuio;, 0COOEHHOCMU MOOEIUPOBAHUSL  NPOSPECCUpyIouje2o  o00pyuenus
KOHCMPYKMUGHBIX CUCTEM 30aHULL U COOPYIHCEHULL, MEXAHUMbL CONPOMUBTIEHUSL NPOSPECCUPYIOUEMY
00pyuweHuIo u Kpumepuu 006020 NpedebHO20 COCMOSIHUSL.

Ocoboe sHuManue 6 HAyYyHOM 0030pe YOeneHOo anaiu3y pabom, OMHOCAUUXCSE K HOBOMY
HANpasneHulo UCCIe008anuil 8 paccmMampusaeMou o0OIacmuy, CEA3aHHOMY C OYEHKOU Hecyujell
CHOCOOHOCTNUL CHCAMNBIX U CHCAMO UZ0SHYMBIX DJIEMEHMO8 KOHCMPYKMUBHbIX CUCTNEM, GUSIHUSL HA UX
conpomueienue npopeccupyiowemy O0OpYUEHUIO NAPAMEMPO8 PENCUMA HAZPYJiCeHUsl, Oespadayuu
CBOLICME MAMEPUATIO8 U MONOIOSUU KOHCIPYKIMUGHOU CUCTHEMDL.

3uauumocms npediazaemozo HayyHo2o 0030pa COCMOUM 6 MOM, 4O 6 HeM HApsody ¢
U3BECMHBIMU U HOBLIMU PE3VIbMAMAMU, NPEOCMABGIEHHbIMU 6 AH2I0SA3bIYHOU HAYYHOU Iumepamype,
00006Wenbl U NPOAHATUIUPOBAHBI OPUSUHATIbHBIE NOOX0O0bl, MEMOOUKU U Pe3yIbmamyl UCC1e008aHUl,
ONnyOIUKOBAHHbIE 6 PYCCKOAZbIYHBIX HAYYHbIX U30AHUAX, npedicoe 6cezo exoosuux 6 RSCI Web of
Science.

Knrwouegvle cnosa:  koncmpykmugnas — 6e30NACHOCMb,  KOHCMPYKMUGHASL — CUCMEMA,
npoepeccupyiowee obpyuienue, 0coboe npederbHoe COCMOoAHUEe, MEeXAHU3MbL CONPOMUBIEHUS
paspyuwenuio, Kpumepuu 0co6020 npeoeibHo20 COCMOIHUS

1 Introduction

It is believed that since the partial collapse of the Ronan Point building on May 16, 1968 in
London [1], which occurred as a result of a gas explosion on the 18th floor of this 25-story building,
scientists and design engineers have paid closer attention to the problem of ensuring the safety of
supporting systems buildings and structures under accidental impacts caused by emergencies of
various nature. An additional impetus to the development of this relatively new direction in the field
of theory of structures and structural analysis was given by a series of collapses of buildings caused
by terrorist attacks [2], [3]. Thus, most of the victims of the terrorist attacks on the buildings of
Alfred Murray in Oklahoma City (USA) in 1995, residential buildings in Moscow on September 8
and 13, 1999 were caused by the collapse of parts of the buildings that followed powerful
explosions, and not a direct result of the blast wave. Fires following the collision of aircraft with the
South and North Towers of the World Trade Center in New York on September 11, 2001 [4] led to
the complete collapse of these structures and thousands of lives. These collapse cases clearly
demonstrated that an emergency failure can be implemented for any element of the supporting
system.

Subsequent studies of the problem of progressive collapse showed that the nature of the
failure of a structural element of a building or structure can vary from a relatively mild scenario of
failure associated with bending, for example, in mechanical collisions of vehicles moving at low
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speeds, to a shear [5], characterized by the absence of significant deflections of the structure
immediately before destruction and the transfer of the reaction from the destroyed element to the
remaining part of the bearing system for a period of time, calculated from tenths to hundredths of a
second. Analysis of experimental and numerical studies [5-8], modeling such a character of the
initial local destruction of the bearing element of the structural system of a building, makes it
possible to ascertain the emergence of additional inertial forces in the elements of the frames of
buildings and structures. Due to a wide range of impacts that differ both in their physical nature and
in the intensity and likelihood of occurrence during the life of the structure, the enumeration of
design situations covering all the assumed cases is ineffective. Therefore, to substantiate
constructive measures to protect against progressive collapse, most researchers, and subsequently in
the regulatory documents of many countries [2,9-11], [12], adopted a situational approach to
modeling the design situation. In this case, the most unfavorable scenario is considered as a
scenario for the development of an emergency, leading to the emergence of additional dynamic
additional loading. Despite the currently emerging dominance of the situational approach to
modeling emergency design situations for analyzing the stability of bearing systems of buildings
and structures to progressive collapse, it is an important scientific and technical task to analyze the
mechanisms of initial local destruction and the corresponding modes of deformation of structural
systems to formulate sound recommendations for modeling the effects in the secondary design
diagrams of structures that are formed after the initial local destruction.

The authors of the reviews of studies of progressive collapse presented in the scientific
literature, as a rule, focus on the mechanisms of destruction of elements of the secondary design
scheme [13-15], analysis of experimental and numerical studies of the problem of progressive
collapse, while taking a situational approach as a postulate. However, the list of loads and actions
adopted in the current regulatory documents of various countries, which are used for the design
justification of protection against progressive collapse, has some differences. For example, in UFC
4-023-03, a non-linear static analysis for floors above a removed structural member takes a load:

Gn = Qn(1.2D + (0.5L or 0.29)),
where Qn is a normative dynamic amplification factor, D is a death load; L is a live load; S is a
snow load.

In a numerical study by Byfield and Paramasivam [16] of the explosion-induced collapse of
the supporting system of the federal building by Alfred Murray (Oklahoma City, USA, 1995), the
convergence of the simulation results with the real picture of destruction was achieved with a
combination of loads:

G =1.05D + 0.25L.

In Building Code of Russian Federation SP 385.1325800.2018, as in UFC 4-023-03, a

combination of constant and long-term loads is accepted:

Cs =Pq + Pi + Ps,
where Py is death load, P is live long-term load, Ps is a load associated with the dynamic effect in
the load-bearing system under the sudden removal of the load-bearing member. All loads, including
death ones, are taken according to their nominal value.

In the Eurocode EN 1991-1-7, the issue of normalization of loads for the calculation of
disproportionate destruction is included in national annexes, however, in contrast to the above-
mentioned regulatory documents, recommendations are given for assessing the risk of emergencies.

Analysis of these documents also indicates differences in approaches to accounting for the
dynamic effects of removing an element. UFC 4-023-03 unambiguously adopted the dynamic
nature of the removal of an element, while with a static method of calculating an accident in the
form of a failure of a bearing element for elastically deformable systems, the dynamic factor is
taken equal to 2 for all loads applied to the floors above the removed element. And for systems that
allow the development of plastic deformations, it accepts with a reduction factor that takes into
account the features of the structural system. In the Building Codes of Russian Federation for
reconstructed buildings built before the entry into force of SP 385.1325800.2018, in order to ensure
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the requirements of protection against progressive collapse, it is allowed to perform calculations for
a statically applied impact, and for newly erected buildings, a “slow” quasi-Static or sudden
dynamic scenario of the transfer of forces can be considered. from the item to be removed.
However, the document lacks criteria for differentiating these design situations for specific types of
buildings and structures. Although this aspect is not reflected in the main text of Eurocode EN
1991-1-7, as noted by Paolo Formichi [17], it is common practice to apply a dynamic amplification
factor of 2 for structures above the localized failure zone.

An analysis of regulatory documents and review and analytical scientific articles on the
issue of progressive collapse shows that in order to answer the questions related to taking into
account the initial local destruction in the supporting system of a building or structure, it is
necessary to return to considering the possible causes of such local destruction. In this direction,
one can note the informative report of Ellingwood B.R. et al. [18] and an article by Kiakojouri et al.
[3], in which one of the sections is devoted to a brief analysis of the impacts that cause the
progressive destruction of the load-bearing systems of buildings. As such, Kiakojouri et al.
following Ellingwood B.R. et al. emit explosions, fires, shock and seismic effects, as well as
combinations of these and other factors. However, Kiakojouri et al. as well as in the above-
considered analytical reviews, the quantitative and qualitative parameters of such impacts are not
highlighted, their assessment is not given in terms of the impact on the propagation of damage in
the bearing system and the nature of such damage.

In addition, since the publication of the review articles discussed above, such as [13-15],
new publications have been published on the issue of progressive collapse, and a number of non-
English-language research articles of the past (primarily those belonging to authors from the CIS
countries) have remained outside the border consideration of these works. Therefore, this analytical
review is intended to fill this gap.

2. The nature of the impacts leading to progressive collapse. Loading modes

2.1. Explosions

The collapse of part of the Ronan Point building due to a natural gas explosion on May 16,
1968 in London [1], served as a trigger for a more intensive study of the phenomena associated with
the progressive destruction of the bearing systems of buildings and structures in order to reduce the
possible damage from some initial local destruction in constructive system.

At present, many researchers [3-5, 13, 19] consider explosions as one of the main threats to
the occurrence of initial local destruction, since it is precisely with such influences that the
mechanism of initial shear destruction is possible [5], characterized by a rapid transfer of forces
from the destroyed element on the preserved structures and the emergence of significant forces of
inertia.

Explosive effects are extremely diverse. These include explosions of natural gas in
residential premises and inside industrial buildings and structures, terrorist attacks. In the listed
cases, the loading mode and the load application pattern will differ. In the scientific literature, as a
rule, a distinction is made between nearby explosions and those remote from the structure. For the
unification and convenience of modeling explosive effects on building structures, a parameter of the
scaled distance z (m/kg*®) is introduced, which takes into account the distance to the explosive
device, its mass and makes it possible to assess the resistance of structures to explosive effects,
based on the equivalent pressure of the blast wave on the building structure. In most studies carried
out in recent years [20—24], this parameter varied from 0.4 to 6 m/kg'®. This range of values is
consistent with the cases of real explosions leading to the progressive collapse of buildings and
structures. Thus, in the 1995 terrorist attack on the federal building of Alfred Murray, as noted by
Tagel-Din, H., & Rahman, NA [25], an explosive device weighing about 4000 pounds (about
1814 kg) was detonated at a distance of 14 feet (about 4.27 m) from the entrance group of the
building (z = 0.35 m/kg'?®) led to the fragmentation of the column of the first floor nearest to the
epicenter of the explosion in 0.3-0.4 seconds from the moment of detonation, as well as damage to
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the adjacent girders and columns leaving on the facade of the building (figure 1, a - b). This
provoked, after 1.5 seconds, a complete collapse of the girder over the destroyed column and the
formation of plastic hinges in the girders of the overlying floors above the removed load-bearing
element. The complete collapse of the supporting system of the building occurred after 4.5 seconds.

a)
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Figure 1 - A picture of the collapse of a building by Alfred Murray, Oklahoma City, USA, 1995 [27]:
diagram of the destruction of the structural structures of the building caused by the blast wave - a view from the side
of the northern facade (a) general view of the eastern and northern facades of the building after the collapse (b)

Yan J et. al [20] found that at close detonation of an explosive device (z = 0.4 -
0.54 m/kg'®), brittle shear fracture was observed for CFRP columns. The destruction of the models
under consideration occurred depending on the percentage of reinforcement CFRP 10 - 25 ms after
the contact of the blast wave with the structure. Similar results were obtained by Hu et. al. [21], who
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established that the zone strengthening of a column using CFRP does not prevent its brittle fracture
at the considered intensity of the blast wave. In studies by C. Zhang, Abedini, and Mehrmashhadi
[23], the destruction of an element exposed to the action of a blast wave from a close detonation of
an explosive device was 0.08-0.1 seconds.

For an H-section steel column, Momeni et al. [24] found that the greatest deflection was
achieved in 0.004 seconds from the moment the explosion pressure was applied to the structure.

Lim K. et al. [26], having numerically investigated the resistance of a monolithic joint
between a reinforced concrete floor slab and a column at a scaled distance of 0.1 m/kg*® to the
epicenter of the explosion, they came to the conclusion that the explosion has a greater effect on the
floor slab than on the column. Even with small rotations of the slab sections in the zone of abutment
to the column, significant damage was observed, which indicated the fragile nature of the
destruction.

According to Kiakojouri et al. [3] the situational approach adopted in the current standards,
consisting in the exclusion of one of the load-bearing elements of the system from the design
scheme, is poorly suited to the analysis of resistance to progressive collapse under explosive effects,
since in real explosions (see, for example, [25]), as a rule, it turns out damaged more than one load-
bearing element

2.2. Mechanical collisions

Primary local failures in the bearing systems of buildings and structures from mechanical
collisions are associated, as a rule, with transverse impacts of vehicles crashing into the bearing
structures located along the outer contour of the building or structure. The most susceptible to such
initial damage are the supports of bridges and transport overpasses, less often the columns and
pylons of the extreme rows or the outer walls of civil buildings located near sections of roads with
heavy traffic. Referring to the 1970s research by Leyendecker and Burnett, Ellingwood B.R. et al.
[18] indicate that the probability of such an impact on the structure during the year is 6x10-4.
Collisions of cars with curb weight from 2203 kg [28] to 8000 kg [29], moving at speeds from 40 to
120 km / h, with parts of structures are considered as scenarios of impacts for this type of
emergency situations in the scientific literature.

Influence of the column structure (flexibility; cross-sectional shape; the presence of fiber for
reinforced concrete structures), as well as the impact parameters (the height at which the collision
occurs; the angle at which the transverse impact occurs; the vehicle speed; the forces in the column
before the collision) on the nature of deformation and destruction load-bearing element in
transverse impact was investigated by Gholipour, Zhang, and Mousavi [30,31], NH Yi et al. [29],
Abdelkarim and El Gawady [32], Wu, Jin, and Du [33], R. W. Li, Zhou, and Wu [34], [28],
C. Demrtino et al. [35], Radchenko P.A., Batuev S.P., Plevkov V.S., Radchenko A.V. [36,37],
Belov N.N., Dzyuba P.V., Kabantsev O.V., Kopanitsa D.G., Yugov A.A., Yugov N.T. [38],
Afanasyeva S.A., Belov N.N., Kopanitsa D.G., Yugov N.T., Yugov A.A. [39] and others. Since
testing of full-scale structures under the considered type of impact seems to be an extremely
expensive and difficult to implement measure, most of the above studies were carried out by
modeling an emergency situation using FEM, mainly using LS Dyna. At the same time, the
numerical models were verified on the basis of comparison with the data of tests of scale models of
columns for transverse impact. Such experimental studies were carried out mainly according to two
methods: with a vertical free fall of a load on a column set in a horizontal position and pre-
compressed using jacks or external prestressed steel rods [40] or when a pendulum load hits a
vertically installed and loaded column structure [34].

The results of the studies considered show that in collisions of vehicles with columns of
buildings and structures, the probability of their destruction according to the shear scenario
increases significantly as the speed and mass of the vehicle increase. In experimental studies of
column models under impacts with pendulum loads performed by R. W. Li, Zhou, and Wu [34], a
change in the longitudinal force in the column under transverse impact was observed. The authors
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also draw attention to the not entirely correct reproduction of the dynamic effect of the gravitational
load on a column when simulating a lateral impact using freely falling weights. Numerical
simulation results obtained by Sohel K. et al. [28] show that the deflections of the column upon
lateral impact from a vehicle moving at a speed of 40 km / h reach their maximum in the interval
from 20 to 30 ms from the moment of the beginning of mechanical contact. The authors of the
studies [20] note that with an increase in the value of the longitudinal force in the column in relation
to its limiting value, it led to an increase in the bearing capacity of the columns under transverse
mechanical impact, however, as noted [31], in this case, the fragile fracture mechanism became
more probable. for reducing the range of plastic work of the material.

Yankelevsky et al. [41] considered as a design emergency a mechanical collision when a
floor slab falls, caused by the exhaustion of the punching shear capacity, onto the underlying floor.
The aim of the study was to establish the numerical values of the impact parameters (the height of
the fall, the weight of the falling floor, the size of the overhangs of the floor slab), which determine
the development of progressive collapse or the decay of the fracture process after the first
mechanical collision. Based on the results of the performed numerical simulation in ANSYS, it was
found that at a ceiling fall height of 12 m, a local failure of the column was observed directly under
the floor exposed to mechanical shock, which was estimated by the authors of [41] as a local
buckling loss. This led to the complete collapse of the entire load-bearing system of the building,
and not only to the destruction of floors in the area of direct mechanical collision.

Performed by a group of researchers Radchenko P.A., Batuev S.P., Plevkov V.S,
Radchenko A.V. [37] numerical modeling of the resistance to destruction of the structure of the
protective dome of a nuclear power plant when a Boeing 747-400 plane crashes showed that
structural measures alone cannot provide effective protection of the structure's load-bearing system
under the type of impact under consideration.

2.3. Errors in design and construction

According to the estimates given in the work of Ellingwood B.R. et al. [18] the majority of
cases (more than 80%) of collapse of the bearing systems of buildings and structures, as well as the
cost of repair and restoration after damage, are associated with errors and violations made during
the design, production of work or subsequent operation. Examples of such collapses include the
collapse of the Sampun shopping center (1995, Seoul, Republic of Korea), caused by both
ambiguous design decisions (reduction of the cross-sections of several columns, an increase in the
thickness of the floor slab compared to the original design), and disruptions in operation (exceeding
the load by overlapping due to a change in the functional purpose of the premises led to the
formation of cracks). Errors in design, as a result of which the required load-bearing capacity of the
structures was not provided, also led in 1981 to the complete collapse of the 5-storey building of
Harbor Cay Condominium, USA [42].

Analysis of the causes of destruction of wooden elements of load-bearing systems of
buildings and structures, carried out by Eva Frihwald Hansson [43], shows that most often the
failure of structures is caused by mistakes made at the stage of elaboration of structural schemes of
structures, as well as during the subsequent calculation justification of the adopted design solutions:
34 % of cases out of 295 considered emergency situations. At the same time, the causes of failures
characteristic of steel and reinforced concrete structures associated with violation of the work
technology (25% [44] and 40% [45], respectively, for steel and reinforced concrete structures), for
wooden structures accounted for a significantly smaller share in the total number of failures - 14%
[43]. Johannes AJ Huber, Mats Ekevad, UIf Arne Girhammar & Sven Berg [46], having performed
a comparative analysis of the mechanisms of resistance to destruction of steel, reinforced concrete
and wooden structures, came to the conclusion that the peculiarities of wood do not allow to fully
apply the same approaches to the calculation. on progressive collapse, as for other structural
materials.
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According to the research data of Dietsch P, Winter S [47], BlaR HJ, Frese M [45], the
distribution of failures by types of load-bearing structures was as follows: beams (55% [47] and
72% [45], respectively), wooden and metal elements. timber trusses (19% [47] and 5% [45],
respectively), frames (19% [47] and 10% [45], respectively), columns (2% [47] and 6% [45],
respectively).

Belostotsky A.M. and Pavlov A.S. [48] based on the results of detailed numerical modeling
of the entire load-bearing system and individual load-bearing elements and their interfaces for the
sports and recreation complex "Transvaal-Park™ (Moscow), which collapsed on February 14, 2004,
showed that the accident was caused by mistakes made in the design : incorrect consideration of the
conditions for coupling the column with the pavement structure and the local buckling of the
column, which was revealed in the detailed modeling of the column's operation under load using the
shell FE model (figure 2 a-b).

b)

Figure 2 - Collapse of the sports and recreation complex ""Transvaal-Park"":
General view (a); local buckling of the column (FEA result), which became one of the causes of collapse [48] (b)

The reasons for such collapses as Skyline Plaza, USA, 1971 and Ice-hockey stadium in
Humpolec, Czech Republic, 2004 were mistakes made during the work [42]: in the first case -
premature removal of the formwork, in the second - connections from the plane were not
established.

The indicated errors and irregularities in the design, production of work and operation are
difficult to quantify and, unfortunately, in most cases cannot be taken into account by design
standards. To reduce the risk of such errors, a high qualification of a design engineer is required to
design the bearing systems of buildings and structures, performers at the construction site who
perform construction work, and persons responsible for the operation of buildings and structures.

2.4. Degradation of material properties

Analysis of emergency situations with capital construction facilities [3,13,49] that have
occurred in recent decades, such as the collapse of the Hotel New World (1986, Singapore), the
Sampun shopping center (1995, Seoul, Republic of Korea), the collapse of the Basmanny market
(2006, Moscow, Russia), eight-story Rana Plaza building (2013, Savar, Bangladesh), Maxima
shopping center (2013, Zolitude, Latvia), Synagogue Church Of All Nations building (2014, Lagos
state, Nigeria), Xinjia Express Hotel (2020 , Quanzhou, Fujian Province, China) and others, shows
that the destruction of reinforced concrete structures of load-bearing systems of buildings and
structures in many cases occurs after several years, and in some cases - decades from the date of
completion of their construction and commissioning. The collapse of the buildings in use poses the
greatest danger, since it leads to catastrophic consequences: a large number of human casualties and
significant material damage. With regard to reinforced concrete frames of buildings and structures
of normal and increased levels of responsibility [50] to reduce the risk of collapse after the sudden
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removal of one of the elements of the bearing system due to the impact of an unknown nature
within the framework of the situational approach adopted in the regulatory documents [2, 51], at the
stage of calculation justification adopted design solutions for protection against progressive
fracture, it is necessary to take into account not only the physical nonlinearity of materials and the
geometric nonlinearity of elements during their short-term loading, but also creep deformation,
environmental or mechanical damage [52] accumulated during operation. The listed factors of the
force and environmental resistance of reinforced concrete lead to a change in the rigidity of the
elements of the bearing system and, as a consequence, to the redistribution of efforts in them, i.e.,
changes in the design scheme of the structure [53].

According to V.M. Bondarenko [54], the most important component in solving the problem
of the structural safety of buildings and structures is to take into account their operational wear and
tear. Evolutionary accumulation of damage (for example, corrosive wear) can ultimately also lead
to the sudden brittle destruction of individual bonds or elements and the subsequent local or
avalanche-like collapse of the structural system.

Thus, the collapse of the roof of the Basmanny market in Moscow on February 23, 2006 was
the result of unsatisfactory operation, which led to waterlogging of the material of the reinforced
concrete shell of the coating and corrosive wear of the cables supporting it. It was the break of one
of the cables that served as the initial local destruction, which led to the collapse of the entire
coating [55].

To take into account long-term processes of corrosion damage to structural elements in
contact with an aggressive medium, in our opinion, it is convenient to use a phenomenological
model of the environmental resistance of concrete, for example, proposed by V.M. Bondarenko
[56].

The analysis of the force resistance of loaded and at the same time corrosively damaged
reinforced concrete frame-bar structural systems with sudden structural changes in them from the
accumulation of corrosion damage is given in the work of N.V. Klyueva, N.O. Prasolov and V.I.
Kolchunov [57]. It is shown that the evolutionary accumulation of corrosion damage in the
connections of the frame-rod system leads to a sudden destruction of the strut due to the loss of
stability from a change in its free length. Subsequent numerical [58—60] and experimental [61, 62]
studies of deformation show a significant effect of corrosion processes on the parameters of
deformability of structural materials under special influences caused by the sudden removal of one
of its elements from the bearing system of a building or structure.

As the experience of accidents shows, such as, for example, the collapse of the World Trade
Center in New York [4], a decrease in the parameters of strength and deformability of materials of
load-bearing structures of buildings and structures can also occur for a short time, calculated in
minutes, from high-temperature effects caused by fires.

In the studies of A.G. Tamrazyan. and Avetisyan L.A. [63, 64] it was shown that fire effects
affect the parameters of strength and deformability of structures, causing a decrease in their bearing
capacity, as well as a change in the dynamic parameters of the supporting system as a whole, which
can cause its progressive collapse.

Fedorov V.S. and Levitsky V.E. [65] found that the ultimate thermal-force resistance of a
reinforced concrete beam depends on the stiffness of the fastenings from displacements and turns in
the support nodes. Due to the implementation of adaptation mechanisms, higher levels of fire
resistance of structures can be achieved. The same authors proposed a phenomenological model of
the thermal-force resistance of reinforced concrete [66], which allows describing the behavior of
structures under high-temperature heating modes. The possibility of loss of stability of eccentrically
compressed elements under the considered type of impacts due to a decrease in the parameters of
strength and deformability is noted [67].

2.5. Influence of the nature of the impact on the deformation mode and the nature of
destruction
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The analysis of the results of the study of the influence of the impact parameters on the
nature of deformation and destruction of the bearing elements of structural systems of buildings and
structures considered above in this section of this article allows us to draw the following
conclusions:

- for buildings and structures not only of increased, but also of a normal level of
responsibility (the classification is adopted according to [50]), the possibility of high-impulse
impacts on individual structural elements or their groups cannot be excluded. An example of this is
the collapse of a significant part of the Alfred Murray building (Oklahoma City, USA, 1995) after
the terrorist attack.

- high-impulse impacts caused by detonation of powerful explosive devices located close to
the load-bearing structures, as well as collisions with load-bearing structures of vehicles moving at
high speeds, can lead to a sudden loss of load-bearing capacity of the elements of load-bearing
systems of buildings and structures exposed to such effects in a fraction of a second.

- when modeling the resistance to progressive collapse, one should also take into account the
possibility of reducing the bearing capacity of structures due to the action of blast waves, as well as
factors of prolonged loading (creep in concrete, corrosion damage to concrete and steel), high-
temperature effects. An example of this is the collapse of the WTC towers in New York on
September 11, 2001, which was largely the result of fires caused by aircraft collisions with
structures, rather than the collisions themselves.

- the sudden nature of the removal of one of the elements of the bearing system is equivalent
to impact and requires taking into account the dynamic effects arising in the structural system of the
building under such impacts.

Experimental data on the dynamic

resistance of structural materials under dynamic o ‘
loading made it possible to introduce the d
coefficients of dynamic hardening of materials Ry =¥
into design and research practice. In the studies
carried out by G.A. Geniev [68], Yu.M. Ry —|
Bazhenov [69], Nam et al. [70], Malvar L.J. [71] 2 A

b | !

and others show stress-strain state diagrams for
concrete and steel depending on the strain rates.
These data show a significant change in the
strength and deformability parameters of the
materials under consideration under high-speed
loading, which |

However, a number of studies performed A o "

. . bR “HR
on the deformation and destruction of concrete Figure 3 - Schematic diagram of the deformation of

under static-dynamic |0_adir_19 conditions [7_2' 73] reinforced concrete under static-dynamic loading mode
have revealed quantitative and qualitative caused by a special emergency action [74]:

differences in the resistance of elastically brittle 1 - single short-term (quasi-static) loading; 2 - single
plastic materials, such as concrete, to fracture  dynamic (impulse) loading; 3 - static-dynamic loading
depending on the loading mode.

In emergency situations associated with a sudden loss of the bearing capacity of one of the
elements of the building's structural system, there is a dynamic reloading of the surviving structures,
in which at the time of the emergency there are forces from the operating load. In this regard,
Kolchunov V.l., Kolchunov VLII. and Fedorova N.V. [74] propose to use static-dynamic
deformation diagrams (figure 3) instead of standard diagrams for single loading.

In studies [75, 76], it is noted that the formation of cracks in elastic-brittle-plastic materials
is of a dynamic nature and should also be taken into account when analyzing the resistance of
elements of bearing systems of buildings and structures to progressive collapse under special
influences.
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3. Progressive collapse simulation

3.1. Experimental studies of progressive collapse

3.1.1. Testing of buildings and structures to be demolished

In recent years, in order to study the mechanisms of resistance of the bearing systems of
buildings to progressive collapse with the instantaneous removal of one of the columns, a large
number of numerical and experimental studies have been carried out. Below we will dwell in more
detail on some of the most characteristic models of experimental reinforced concrete structures that
were used for full-scale tests, test methods, as well as the main results obtained during their
conduct.

A separate group consists of studies carried out on the reinforced concrete frames of real
buildings to be demolished, for example, studies of the progressive collapse resistance of a hotel
structure in San Diego carried out by Sasani et al. [77]. The initial destruction (the corner column
and the column of the extreme row at the end of the building) was created by detonating explosive
devices installed in the holes previously drilled in the columns. Analysis of the displacement
diagram of the node above the removed column shows that at the initial moment of time, measured
in milliseconds, it moved slightly upward (tenths of a millimeter), which was caused by an
explosion. Then, in a time of 0.079 seconds, the node moved downward by 5.7 mm (the first peak
in the time-displacement diagram, t = T / 4). The maximum displacement of the node downward by
6.2 mm was achieved after 0.29 seconds (t = 13T / 4) and after 0.6 seconds from the beginning of
the impact, having completed 4 full vibrations, the carrying system stabilized, while the
displacement of the node under consideration was 6.1 mm.

Song and Sezen [78] investigated the progressive collapse resistance of a steel-framed civil
building to be demolished by successively removing columns in different parts of the building
(4 columns were removed in total). It is shown that for the steel 4-storey frame under consideration,
the structural elements most susceptible to destruction are the columns above the remote bearing
element, primarily on the upper floors of the building. This is due to the smaller dimensions of the
cross-sections of the columns of the upper floors, as well as to the increase due to the structural
rearrangement of the bending moments acting in them.

Undoubtedly, the studies of the resistance to progressive collapse of the bearing systems of
buildings considered in this section, carried out during their demolition, are of the greatest value,
however, for obvious reasons, they are extremely few, difficult to implement and, as a rule, cover
design solutions that are already outdated and not used in modern construction practice. In this
regard, they do not allow the collection of a sufficient amount of statistical data.

3.1.2. Scale model testing

Another approach to the experimental study of the mechanisms of resistance to progressive
collapse is to test 2 or 3-storey flat or spatial 2-span, 3-span (less often with a larger number of
spans) scale models of building frames. The validity of the choice of these parameters of scale
models is consistent with the results of M. Botez, L. Bredean, A.M. loani [79] nonlinear dynamic
analysis of a three-storey reinforced concrete building frame for instant removal of a column using
three design options: for the entire building frame, for two spans, and for one span. The numerical
calculations performed by them showed that to assess the forces and displacements in the building
frame for the type of beyond design impact under consideration, it is sufficient to limit ourselves to
considering a fragment of the frame bounded by two spans adjacent on each side to the zone of
local destruction. This experimental approach is presented by Yi WJ, He QF, Xiao Y, Kunnath S
[80], Wang, Zhang, Zhao and Chen [15], Anil Ozgir and Altin Sinan [81], Shan Sidi, Li Shuang,
Xu Shiyu, Xie Lili [82], Zheng Yongkang, Xiong Jingang, Wu Zhaogiang, He Yinong [83],
Li Shuang, Shan Sidi, Zhai Changhai, Xie Lili [84], Fedorova NV, Ngoc Vu Tuyen [85],
Kolchunov V.1, Prasolov N.O., Kozharinova L.V. [86], Fedorova N.V., Korenkov P.A. [8] and
[87]. The listed works can be conditionally divided into two groups depending on the method of
modeling the removal of the column: quasi-static using hydraulic jacks and dynamic using
gravitational loading devices [8,85,86]. Among the most characteristic works of the first group is
the work of Wang, Zhang, Zhao and Chen [15], in which a study was made of the resistance to
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disproportionate failure of elements of a model of a fragment of a reinforced concrete frame of a
building, made on a scale of 1: 3, when the corner column was removed (figure 4, a). The
experimental space frame was under the influence of a constant load evenly distributed over the
floor surface. A concentrated load was transferred to the column of the second floor, created by a
hydraulic jack (figure 4, b) at a controlled piston movement speed of 2 mm / min. Beyond design
basis impact was modeled by removing a movable steel post installed in place of the corner column
of the first floor.

As a result of the tests carried out by Wang, Zhang, Zhao and Chen, it was revealed that the
redistribution of force flows mainly covers structural elements directly adjacent to the zone of local
destruction, and a positive effect of the arched effect on the resistance of the frame to progressive
collapse was established.

In the works of Fedorova N. V., Ngoc Vu Tuyen [85], Fedorova N.V. and Korenkov P.A.
[8] provides a detailed description of the methodology for conducting an experimental study of the
deformation of scale models of flat reinforced concrete frames with an instantaneous removal of the
load-bearing element. Figure 5 shows a diagram of a stand prepared for testing a two-span three-
story frame for instant removal of the middle row column.

b)

Figure 4 - General view of destruction (a) and test stand diagram (b) [15]:
1 - column, 2 - beam, 3, 4 - cross beams, 5 - hydraulic jack, 6 - distribution steel plate

Figure 5 - General view of the test bench when testing frames N.V. Fedorova and Korenkov P.A. [8]
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The considered approach to experimental research makes it possible to model with sufficient
accuracy the process of redistribution of power flows in the building frame, to reveal the features of
the implementation of resistance mechanisms to progressive collapse, depending on the design
features of the structural system, and not only its individual nodes in the zone of local destruction.
In the considered experimental studies, in which hydraulic loading devices were used, it is possible
to test models close in their geometrical dimensions to real structures, however, the possibility of
taking into account the inertia forces arising in the instant scenario of the column removal was
practically excluded. The use of a gravitational-lever loading system made it possible to simulate
the dynamic effects in the tested models associated with the occurrence of inertial forces, but
imposed restrictions on the dimensions of the experimental structures.

3.1.3. Testing of substructures and fragments of structural systems

The most common way to experimentally study the mechanisms of resistance to
disproportionate failure and the nature of the work of structural elements during the redistribution of
power flows is to conduct quasi-static tests on individual substructures, separated by the
decomposition method from the building frame. Such studies include, for example, works by Yu
Jun and Tan Kang Hai [88], Kang Shao-Bo, Tan Kang Hai and Yang En-Hua [89], Forquin Pascal
and Chen Wen [90], Han Qinghua, Li Xinxia, Liu Mingjie and Spencer Billie F. [91], et al. [92-95].
Figure 6 shows a typical for this method of full-scale tests a scheme of a stand with a substructure
in the form of a two-span girder used by Shao-Bo Kang, Kang Hai Tan, En-Hua Yang [89] to study
the mechanisms of resistance to progressive collapse. In this approach, a hydraulic jack is used to
simulate the removal of the middle row column, which transfers the force to the substructure at a
controlled speed of movement of the moving part of the loading device. The resistance to rotation
of the end sections of the girder adjacent to the columns is modeled using damping devices. Shao-
Bo Kang, Kang Hai Tan, En-Hua Yang [89] established a sequential change of the arched resistance
mechanism to the cable-stayed mechanism as the crossbar-column interface unit of the middle row
moved under the action of the loading device.

Actuator Reaction wall

Out-of-plane
restraint

Load cell

Roller support

Ofational restraint
on middle joint

Figure 6 - Schematic of a prefabricated substructure test performed by Shao-Bo Kang, Kang Hai Tan, En-Hua Yang [89]

The approach described above makes it possible to simplify the design of the experimental
model. The structural members most sensitive to abnormal impacts are usually well predictable and
accessible for observation, they can be investigated in detail using a relatively small number of
measuring instruments. However, with this approach, an additional complexity arises associated
with modeling the nonlinear response of the entire structural system to the beyond design basis. To
solve this problem, a number of researchers, such as, for example, performed by Shao-Bo Kang,
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Kang Hai Tan, En-Hua Yang [89], have resorted to the use of damping devices. However, even in
this case, questions remain about the correspondence between the operation of dampers and the
physical and structural nonlinearity observed during the deformation of real structures. In turn,
modeling the beyond design basis impact of hydraulic loading devices does not allow to recreate in
the experimental model the dynamic effects [5] associated with the occurrence of inertial forces, as
well as to study the features of the dynamic deformation of reinforcing bars and a concrete matrix
of preloaded reinforced concrete elements.

3.1.4. Assessment of the experimental research methods relevance

After analyzing the most typical experimental research methods, it is pertinent to note that
almost all the works considered above are related to the study of the mechanisms of resistance to
the progressive collapse of bending and compressive-bending girders, as well as stretched and
eccentrically stretched columns of reinforced concrete frames of buildings. However, separate
numerical and analytical studies of the deformation of steel frames of buildings carried out by
Pantidis P. and Gerasimidis S. [96,97], as well as the fragments of reinforced concrete frame and
frame-braced frames identified by the decomposition method [58,98,99] indicate that secondary
fractures in such structural systems under a number of conditions (high flexibility in an undeformed
state or the presence of corrosion damage) can be associated with the loss of stability of
compressed-bent elements.

Executed by V.I. Kolchunov, N.O. Prasolov. and Kozharinova L.The. [86] experimental
studies on the model of a single-storey frame (figure 7) made it possible to establish the features of
deformation and loss of stability of elements with a sudden change in the calculated length of one of
the frame struts due to disconnection of the connection or the formation of a plastic hinge in the
junction with the crossbar. However, this design of the experimental frame did not fully allow
simulating the emergence of inertial forces and additional dynamic loading of the remaining
structural elements, which was observed in later experiments on models of three-story frames
[8, 85].

Figure 7 - General view of testing scale models of flat reinforced concrete frames of building frames [86]

Full-scale tests of models of reinforced concrete frames or substructures in order to study the
process of loss of stability of their elements under a static-dynamic loading regime, typical for the
case of a sudden removal of the load-bearing element of the system, apparently have not been
carried out so far. The results of buckling tests presented in the scientific literature refer to
individual specimens made of concrete or reinforced concrete [100-102], as a rule, under static
loading conditions, studies of static-dynamic deformation of specimens are extremely few [73]. As
for the tests of frame models, they were carried out mainly in a static setting and on metal structures
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[103, 104]. However, as applied to structures made of reinforced concrete, it is necessary to take
into account a number of additional features, including resistance to resistance under the action of
tensile and compressive stresses, the fragile nature of the destruction of the concrete matrix,
significant nonlinearity and the presence of residual deformations already at the initial stages of
loading. All these factors are reflected in the nature of the dissipation of the deformation energy
under dynamic influences.

Summarizing the results of the analysis of publications presented in the scientific literature
with the data of experimental studies, the following conclusions can be drawn:

» The largest number of experimental studies was carried out for large-scale or full-scale
models of substructures including a two-span continuous girder and its joints with columns. This
test method allows one to concentrate on a detailed study of the deformation of individual
structures, but excludes the possibility of taking into account the nonlinear nature of the
deformation of nodes as elements of a whole structural system.

« Testing of large-scale flat and spatial models of frameworks allow taking into account the
influence of structural elements adjacent to the zone of local destruction. However, they give an
order of magnitude larger amount of data, which complicates the analysis.

* In experimental modeling of structural member removal, a quasi-static approach prevails,
in which the load is transferred directly to the model above the removed structure using hydraulic
jacks. This approach does not allow one to accurately simulate the emergence of inertial forces and
the resulting dynamic effect.

* Studies using dynamic loading of frame models with gravitational loading devices are
relatively few and currently cover a small number of variants of structural systems.

* Experimental studies of scenarios of resistance to disproportionate failure associated with
the loss of stability of compressed-bending elements of reinforced concrete structural systems are
practically absent.

3.2. Methods for numerical modeling of progressive collapse

3.2.1. Nonlinear static analysis

Since most of the structural materials used in construction allow plastic deformation, the
calculation in the linear formulation does not allow taking into account the changes in the design
scheme of the structure in the process of loading and deformation, noted in [53]. The non-linear
static method for calculating the resistance of the bearing systems of buildings and structures to
progressive collapse is based on the representation of the dynamic effect acting in a system with a
discarded connection, its static equivalent. The validity of using the static calculation method is
confirmed by the studies of Marchand Kirk, McKay Aldo, Stevens David J. [105]. At the same
time, in the scientific literature, two main approaches to modeling the dynamic effect of loading can
be distinguished. According to the first one presented in the UFC and the works of V.O. Almazov.
[106], the dynamic effects are taken into account by multiplying the values of the loads applied to
the floors and covering over the removed element by the dynamic factors (figure 8).

In the studies of G.A. Geniyev [107,108], Weng J. et al. [109], Yan J. et al. [20] and others
to simulate the dynamic effect, a model of a system with one degree of freedom is used, in which
the entire dynamic effect “"condenses" in the form of a generalized effort in a node above a
discarded connection (element). A comparative analysis performed for a scale model of a two-story
reinforced concrete frame using the described approach showed good convergence with the direct
dynamic calculation method [110].

According to the approach proposed by G.A. Geniyev [107, 108], the determination of the
deformed state of the building frame under a special emergency impact is carried out by a quasi-
static method. In this case, the stiffness and coordinates of the sections (nodal points) are assigned
to the bar elements of the design model in accordance with the results of the deformation
calculation according to the primary design scheme of the second level, and instead of the load
acting at the stage of normal operation, only the generalized force is applied at the place of the
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discarded connection, which is determined from taking into account the forces acting in the
removed element of the structural system at the stage of normal operation and taken with the
opposite sign (figure 9), according to the condition of constancy of the total specific energy of
deformation of the structural element:
q)(ggﬂ) —d(gy) = 05—1(51?—1 - Ersl);

0—1?—1 = 20_15—1 - O-rir

Nrtti—l = ZNrf—l - Nrf»
where o _;, 05_,, 05, €2_,, e5_,, &5 are respectively, stresses and strains in the n-1 system (with
the removed member) under dynamic (d) and static (s) loading and in the n-system under static

loading; d>(eff_1), ®(&3) are respectively, the potential energy of deformation under dynamic and
static loading in systems n-1 and n.
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Figure 9 - To the definition of the generalized force at the place of the discarded connection (structural element):
a) diagram of concrete work under uniaxial compression; b) generalized force in place of the removed column of the
building frame

Despite the relative simplicity of the implementation of nonlinear static analysis on modern
computers, this approach significantly complicates the procedure for finding optimal structural
solutions to ensure the structural safety of a structure in the event of a sudden failure of one of its
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load-bearing elements. In this regard, at the initial stages of the search for preliminary design
solutions, highly linearized methods have been developed in recent years (see, for example, [111]),
which make it possible, based on a combination of iterative procedures and the introduction of a
"defining" load, including a combination of loads according to SP 385.1325800. 2018, to perform
not only verification of the decisions made, but also imply some design calculations related to the
selection of the parameters of sections of structural elements.

3.2.2. Nonlinear dynamic analysis

Nonlinear dynamic analysis is the most complex method for modeling the resistance of load-
bearing structures of buildings and structures to progressive collapse, however, it provides the most
detailed and accurate information about the deformation and destruction of building frame elements
under special influences. This method is based on direct integration of the equations of motion
[112].

Nonlinear dynamic analysis uses nonlinear material deformation diagrams that take into
account the effects of residual plastic deformations (hysteresis). This approach makes it possible to
most correctly take into account the hardening of the material or the decrease in adhesion over the
contact surface of composite and composite structures, which, as a rule, cannot be correctly taken
into account when solving in the frequency domain.

However, when using the described approach in combination with the standard
implementation of the finite element method (FEM), it does not allow obtaining correct results of
calculating deformation at an out-of-limit stage for structures made of brittle materials and
composite structures, which are characterized by a discrete change in the stiffness parameters in
narrowly localized areas (for example, the process cracking in concrete). In this regard, in recent
years, discrete-continuous methods have been actively developed and introduced, in particular the
Applied Element Method (AEM) [113], in which the connection between the elements is modeled
using elastic-compliant springs that simulate the work in compression - tension and shear.
Comparison of the AEM calculation results with the standard FEM implementation and
experimental data indicates the preference of using the discrete-continuous approach (AEM) when
modeling physically and structurally nonlinear bearing systems of buildings and structures under
special influences [3].

3.2.3. Modeling of 2D stressed joints of load-bearing structures

When analyzing the mechanisms of resistance of reinforced concrete frame-tie frames of
buildings and structures to progressive collapse, taking into account the possibility of local
destruction in them in any section of the bearing system, researchers and design engineers mainly
use spatial rod, plate or plate-rod finite element (FE) models [ 5,6,15,58,114-117] or similar models
of the Applied Element Method [118,119]. For a more detailed analysis of the features of
deformation and destruction of nodal joints, substructures and fragments of frames of buildings and
structures under special influences caused by structural rearrangements of their bearing systems due
to the sudden removal of one of the elements, using the decomposition method, such elements are
separated from the spatial core design model of the entire structure, and then perform a
computational analysis of their models built from volumetric finite elements [85,95,120,121].

The results of such numerical modeling, in combination with the data of experimental
studies, demonstrated the need to take into account the peculiarities of the operation of nodal
connections of load-bearing structures, such as girder-column, slab-column, etc., to ensure overall
resistance to the progressive collapse of the load-bearing systems of buildings and structures. In the
listed types of nodal connections and in sections of rod structures (girders, columns), directly
adjacent to such nodes, a complex biaxial or volumetric stress state is realized, which requires
taking into account additional components of stresses and deformations. In this regard, for a more
rigorous analysis of the stress-strain state of the supporting structures of buildings and structures
during design emergencies associated with the occurrence of initial local destruction, it is advisable
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to resort to the combined use of the two approaches listed above - combining spatial rod models
with models of nodal connections from volumetric finite elements or simplified semi-empirical
models.

The combination of such approaches, taking into account the variation of scenarios of
emergency design situations, leads to a high laboriousness of solving the problem under
consideration. In this regard, high requirements are imposed on the qualifications of the designer-
constructor, who, on the one hand, must be able to make the correct choice of the most unfavorable
scenarios of emergency design situations from the point of view of the power work of the
supporting system of the building, and on the other hand, exclude minor variants of initial local
destruction, obviously not posing a threat to the structural safety of the structure. However, even in
this case, due to the presence of a human factor, one of the scenarios of an emergency design
situation can slip out of sight, which can subsequently be realized during the life cycle of the
structure. Therefore, to reduce the complexity of computations when enumerating a large number of
possible variants of initial local fractures, computational models can be used, which, by analogy
with the method of applied elements, would consist of rod elements of columns and girders
interconnected by elastically compliant bonds, the parameters of which would be refined by solving
a plane or volumetric (depending on the design of the node) problems of the nonlinear theory of
elasticity of an anisotropic body. Analysis of the calculated models of the girder-column interface
nodes presented in the scientific literature shows that most of them are based on a simplified
representation of a complexly stressed element by replacing stresses with generalized forces. Thus,
highlighting two characteristic resistance mechanisms, truss and compressed inclined strip, Shyh-
Jiann Hwang and Hung-Jen Lee [122] evaluate the possibility of their implementation separately. A
similar approach to the analysis of the work of the girder and column interface units, which are
somewhat different in their design, can be found in the works of other authors [88,123,124]. In
works [125-127], the work of a flat joint element is modeled using elastic ties (springs). The
introduction of such elastic-yielding bonds between elements into the computational model allowed
De-Cheng Feng and Ning Chao-Lie [127] to achieve better quantitative and qualitative convergence
with experimental data than when using traditional rod models of the finite element method with
rigid nodal joints. However, this approach does not allow to fully assess the resistance of the nodal
connection itself.

In the study of a 2D fragment of a multi-storey building frame, N.V. Fedorova, N.T. and
Yakovenko I.A. [128] to assess the special limiting state of a girder-column nodal connection, a
shell FE model was used, in which two characteristic elements were identified and their strength
was analyzed using the deformation theory of plasticity of reinforced concrete by GA. Geniyev
[68]. However, the use of strength conditions according to this theory in combination with the use
of shell FE models of frame fragments, subject to variations in a large number of emergency design
scenarios, which must be analyzed, following the requirements of the code of rules SP
385.1325800.2018 " Protection of buildings and structures against progressive collapse", according
to which local destruction can occur anywhere in the building, leads to the solution of an extremely
time-consuming task. At the same time, it seems that the approach used in [128] to assess the
strength is quite effective and can be used to construct a universal computational model of a special
element that simulates a junction of vertical and horizontal load-bearing structures. Such an element
could be integrated into spatial bar and plate-bar FE computational models to improve their
accuracy.

Summarizing the results of the above brief analysis of studies on modeling the operation of
load-bearing systems of buildings and structures, taking into account the peculiarities of
deformation and destruction of the junction points of vertical and horizontal load-bearing structures,
it can be concluded that there are apparently no universal design models that could be used to assess
the resistance to progressive collapse of such joints during their dynamic loading, which occurs as a
result of the sudden destruction of one of the load-bearing elements of the structural system. In this
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regard, the purpose of this study is to fill this gap - to build a computational model that could be
implemented in the form of a special finite element of the interface node and integrated into the
standard procedure of finite element analysis to improve the accuracy of its results when assessing
the special limiting state of such complexly stressed elements of supporting structures.

3.2.4. Consideration of the contact interaction of elements of composite structures

It should also be noted that when modeling the elements of bearing systems of buildings and
structures, design designers usually use rod or plate analogies, which, as a rule, imply absolutely
rigid adhesion of reinforcement to concrete, which does not fully reflect the nature of their actual
joint work. in areas with a high stress gradient, for example, at the junctions of a column with a
girder [129].

Experimental studies of the adhesion of reinforcement to concrete carried out by various
authors [59, 129-131] have shown that adhesion is influenced by a number of factors: concrete
resistance to axial tension, the type of reinforcement surface and its diameter, the presence or
absence of prestressing, etc. In studies [131, 132] with dynamic loading of a reinforced concrete
element, an increase in the adhesion resistance of reinforcement to concrete was observed by more
than 1.3 times at a loading rate of 1 N / (mm?-ms) compared to monotonic quasi-static loading. At
the same time, in reinforced concrete elements subject to long-term action of force and
environmental factors, adhesion can decrease over time due to a change in the stress-strain state of
the elements, strength and deformation characteristics of the concrete matrix [133, 134].

The analysis of scientific publications on modeling the adhesion of reinforcement to
concrete in bent and eccentrically compressed elements of reinforced concrete structures made it
possible to identify two main directions for solving deformation problems and problems of stability.
The first area deals with performing finite element analysis using models consisting of 3D concrete
elements and 2D rebar elements. In this case, the interaction of concrete and reinforcement is set
through special elements of elastic ties of zero length. To take into account the increased
deformability in areas with cracks, shear force transfer coefficients for open and closed cracks are
set. The values of these coefficients vary from 0 (in the absence of adhesion at all) to 1 (in the
absence of displacements in the nodes). The described finite element models are mainly used to
clarify the fracture mechanisms and parameters of the contact interaction of reinforcement with
concrete: shear force transfer coefficients for open and closed cracks; coefficients that take into
account corrosion damage to steel reinforcement, etc. The objects of modeling in this case, as a rule,
are the junctions of girders and columns (see, for example, [124,129,130,135,136]), individual
structural elements [133,137] or typical substructures [125]. The advantage of the considered
approach is the ability to achieve high convergence of the results of numerical simulation with
experimental data. However, the application of this approach to the computational analysis of the
entire structure seems to be an extremely laborious task, examples of the solution of which,
apparently, are absent in the scientific literature.

The second approach to taking into account the effect of shears on the deformation of
structural elements is based on the theory of rods by Engesser [138], Harings [139, 140], and
A.R. Rzhanitsyn [141]. In [138-140], the influence of shear stiffness and transverse forces on the
nature of the deformation of sections and the loss of stability of compressed bar elements was
investigated. In [141], on the basis of a bar analogy, a general solution to the problem of the
deformed state of a composite bar with branches made of nonlinear elastic material, connected by
structural ties in the form of lattices of braces or strips, is presented. The considered solutions, built
on the basis of a bar analogy, are less laborious than 3D finite element analysis, however, the author
of this study did not identify the solution to the problem of accounting for the adhesion of
reinforcing bars and concrete under eccentric compression of dynamically loaded reinforced
concrete elements of building frames in the scientific literature.
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4. Mechanisms of resistance to progressive collapse and criteria for a special limit state

4.1. Analysis of resistance mechanisms of structural systems and their elements to
progressive collapse

In the survey and analytical work [3], several mechanisms of progressive destruction of the
bearing systems of buildings and structures after the appearance of the initial local destruction
(figure 10, a) were identified: “zipper-type” (figure 10, b), pancake-type (figure 10, c¢), dominoes
(figure 10, d) and their combination.

However, the implementation of any of the listed mechanisms of propagation of destruction
in many cases is preceded by the destruction of structures above the remote element (link). Since in
the regulatory documents [2,12] the propagation of the chain of failures of load-bearing elements
outside the local destruction zone is considered unacceptable, a significant number of studies of the
mechanisms of resistance to progressive collapse presented in the scientific literature are
concentrated on the analysis of deformation and destruction of substructures limited by 1-2 spans
and 1 -2 floors above the remote structure (brace).

a) b)
Initial failure Zipper-type p.c.
f -
mmJmn 7w T T mmemme mm e
c) d)
Pancake-type p.c. Domino-type p.c.

mmmme mme 7 T mmomm e mme T mm

Figure 10 - The most common mechanisms of progressive collapse of the frames of buildings and structures [3]:
initial failure (a); zipper-type (b), pancake-type (c), domino-type (d)

Adam et al. and Qiao, Yang, and Zhang [13,142] identify three main mechanisms of
resistance to progressive collapse:

* Arch / shell (figure 11, a);

« Catenary / membrane (figure 11, b);

* Virendel's truss.

Almusallam et al. [143] note that the implementation of various resistance mechanisms
depends on many factors. They investigated the influence of the magnitude of the efforts in the
columns of a multi-storey building frame on the implementation of the arched mechanism of
resistance to destruction. It is shown that with insufficient stiffness of the cross-sections of the
columns, the arched and cable-stayed mechanisms of resistance to destruction may not be realized.
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In the article [117] it was established that the resistance mechanism can be influenced by setting the
pre-compression forces in the floor elements.

With regard to vertical load-bearing elements of building frames (columns, pylons), the
failure mechanism can be associated with shear failure (see, for example, collapse of columns along
the "G" axis on the second floor of the Alfred Murray building (Figure 1)), bending or buckling.
The boundary between the last two mechanisms can be considered conditional in a sense if we go
from the stability of the form of the Lagrange - Euler equilibrium to the stability of motion
according to Lyapunov.

In emergency situations caused by the sudden removal of one of the load-bearing elements
from the building frame, in the sections of eccentrically compressed structural elements (columns,
pylons, braces and truss chords, etc.), a stress-strain state of more than disadvantageous in
comparison with their VAT at the stage of normal operation from the action of the main and special
combinations of loads according to SP 20.13330.2016 "Loads and actions”. The deterioration of the
conditions for the strength resistance of such structural elements is also caused by the degradation
of the conditions for their fastening in the process of emergency loading or an increase in the
calculated lengths when the fastening structural element is removed. In cases where the
eccentrically compressed elements of the structural system reloaded as a result of an emergency
have a "graceful” section, or have acquired environmental (corrosion) or mechanical (chips, death)
damage during operation, the loss of form stability.

Experimental studies by V.I. Kolchunov and N.O. Prasolov [86], performed on scale models
of flat reinforced concrete frames of building frames, demonstrated the possibility of implementing
this scenario of destruction of structural elements with a sudden removal of the element of vertical
ties.
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Figure 11 - Mechanisms of resistance to the disproportionate failure of floor structures and roofs:
arch / shell (a); catenary / membrane (b)

4.2. Analysis of special limit state criteria

The transcendental state of structures after the initial destruction in the supporting system of
the building was called the ultimate limit state [2]. UFC 4-023-03 specifies ultimate forces and
deformations as criteria for evaluating such a transcendental state. At the same time, to assess
alternative load transfer paths (Alternate Load Paths), the nominal values of the strength of
materials are multiplied by the strength reduction factor.

To assess the bearing capacity of structures in extreme states caused by the sudden removal
of one of the bearing elements of the structural system, the concept of a special limit state was
introduced in SP 385.1325800.2018. As criteria for a special limiting state in SP 385.1325800.2018,
the limiting deformations in the elements of the bearing system and the limiting deflections of the
elements were taken. In contrast to the norms for the design of structures for the purposes of normal
operation in SP 385.1325800.2018, the criteria for the bearing of a special limiting state were
established according to the normative characteristics of the strength and deformability of materials,
and for the case of a sudden initial failure, leading to dynamic additional loading of the preserved
structures, it is allowed to take into account the dynamic strengthening of the material by
multiplying its normative resistance by the corresponding coefficient given in the normative
document.
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Following SP 385.1325800.2018, the deflections of bending elements of the structural
system for a special limiting state, provided that the minimum permissible length of the support
zone and anchoring of tensile reinforcement is ensured, should not exceed 1/30 of the span length,
with the exception of reinforced concrete structures reinforced with high-strength reinforcement
with a nominal yield strength, for which deflections should not exceed 1/50 of the span.

In the studies presented in the scientific literature, as a rule, the ultimate deformations of
materials are used as criteria for the exhaustion of the bearing capacity, taking into account their
dynamic hardening on the basis of diagrams and analytical expressions depending on the strain rate
[144-146].

The critical force Ncr can be considered as criteria for the special limiting state associated
with the loss of shape stability for individual elements of building frames:

N < Ncr,

or other parameters derived from it (critical stiffness, critical eccentricity).

To identify the most dangerous from the point of view of loss of stability of structural
system elements, the energy criteria proposed by A.V. Alexandrov and V.I. Travush [147],
determined by the work of the nodal bending moments and shear forces A (M, Q) in the bending
process. The load-bearing element of the building frame, which is losing stability, corresponds to
the largest negative work of the nodal bending moments and shear forces in absolute value:

4i(M, Q) <0.

Trekin N.N. and E.N. Kodysh [148] considered the deformation criteria limiting the relative
limiting deflections of structures [f/l] as integral criteria for the special limiting state of bending
reinforced concrete elements of the frames of buildings and structures. A special limiting state in
accordance with [50] should be understood as such a state of structures after exceeding the limit of
the bearing capacity in the first and deformability in the second limiting states, in which they do not
fully meet the functional requirements, a further increase in loads and (or) impacts leads to their
destruction ... It seems that it is also advisable to introduce similar integral criteria for assessing the
special limiting state of eccentrically compressed rod elements of reinforced concrete bearing
systems. However, the deformation, loss of stability and destruction of such elements have their
own specifics, which must be taken into account when constructing deformation criteria for their
special limiting state. In particular, it is necessary to take into account the ratio of the sizes and the
structure of sections of the elements of the structural system, the conditions of conjugation at the
nodes, as well as the ratio of the forces acting in the element.

5. Conclusion

Analysis of emergency situations that have occurred in recent decades and led to the
progressive collapse of the bearing systems of buildings and structures, as well as experimental and
theoretical studies of the disproportionate collapse problem allows us to formulate the following
conclusions:

- for buildings and structures of not only an increased, but also a normal level of
responsibility, the possibility of high-impulse impacts on individual structural elements or their
groups cannot be excluded.

- high-impulse effects caused by detonation of powerful explosive devices or those close to
the load-bearing structures, as well as collisions with load-bearing structures of vehicles moving at
high speeds, can lead to a sudden (fractions of a second) loss of load-bearing capacity of the
elements of the load-bearing systems of buildings and structures exposed to such effects.

- when modeling the resistance to progressive collapse, it is also advisable to take into
account the possibility of reducing the bearing capacity of structures due to related factors, for
example, the action of blast waves, as well as factors of long-term loading, such as creep in
concrete, corrosion damage to concrete and steel, high-temperature effects.
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- the sudden nature of the removal of one of the elements of the bearing system is equivalent
to impact and requires taking into account the dynamic effects arising in the structural system of the
building under such impacts.

- in case of high-impulse shocks, accompanied by the transfer of huge Kkinetic energy, such
as when an aircraft collides with a structure, the protection of the bearing systems of structures
using only constructive measures is impractical, in this case organizational measures related to the
prevention of such emergencies will be more effective.

- one of the possible causes of secondary destruction in structural systems of buildings and
structures after initial local destruction under a number of conditions, such as high flexibility or the
presence of corrosion damage, may be the loss of stability of the deformed state.

- at present, the most studied are the mechanisms of resistance to the progressive collapse of
floor structures and coatings of buildings and structures, while issues related to the bearing capacity
of eccentrically compressed elements, taking into account the effect of the bearing system on their
deformation, require more detailed study.
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E.B. XOJIOJJOBA!
!Hayuno-uccrnenoBarensckuiit MHCTUTYT TEOPHM W UCTOPMH apXUTEKTYPHI M rpajgocTponTensertea (HUUTUAT)
Ouuan OI'BY "IHHUUIT Munctpost Poccun", r. Mocksa, Poccus

CTUWJINCTUYECKHUE TANIBI U OB bEMHO-IIJIAHUPOBOYHBIE
PEILIEHUS B APXUTEKTYPE AHCAMBJIS 3JIAHUMA 1 COOPY X XKEHUN
MECTEUKA KOPEHHAS ITYCTBIHb KYPCKOI'O KPAS
2- TOJIOBUHBI XVIII — 1- TOJIOBUHBI XIX BEKOB

Annomayun. Hccneoosanue ocCHOBAHO HA MANOU3BECMHOM (DAKMUYECKOM Mamepuane:
KOMNIEKCHOM ananuse OOKYMEHMANbHbIX U NeUAmHbIX UCIOYHUKO8 YEHMPATbHBIX U PeCUOHATbHBIX
apxueos, myzeeg u OUOIUOMEK, CeMEUHbIX OMEeYeCMEEHHbIX U 3aPYOEHCHbIX apXueax;, HAMmypHOM
00c1e008aHUY COXPAHUBWUXCA (hpacmenmog nocenenus Kopennas nycmoino.

Hayunaa Hoeusna uccie008anus C6A3aHA C NpOoGedeHueM a8moOpCcKux dKcneouyui u
06credosanus Komniekca 3acmpotiku mecmeuxa Kopennas nycmuine (MOHacmuipy, Apmapka, ceno)
(obmepyi, homoghuxcayus, Hamypuvle 3apUcO6KU), BLIAGIAIOMCA APXUBHBIC U NeYamHble UCTNOYHUKU,
B0CKpeuaiowue 00pasvl YympaiueHHbIX OBOPSHCKUX U KYNeUeCKux ycaoed oay, ocywecmesisemcs oouut
ananu3s 3a0aHHOU Mmembi.

Basicnvim  pe3ynomamom uccie008anus CMaHo8Umcs packpvimiue QeHomenda 3a20pooHO20
yeadebnoeo cmpoumenscmea Kypckoiul  eybepnuu  noceiemus 6 cocmase MOHACHBIPCKO20 U
apmapounoz2o Komniekca mecmeuxa Kopenmas nycmuine 6o 2-ti nonosune XVIII — 1-ui nonosune
XIX 86.. B pabome paccmompensi ocobeHHOCMU CIMUTUCTIUYECKUX ITNAN08 U 00BEMHO-NIAAHUPOBOUHBIX
peweHuil 8 apxumexmype aHcamons 30aHUll U COOPYHCEHUL  YHUKATLHO2O NOCENCHUSL.

Hccneoosanue svinoaneno 3a cuem cpeocms Iocydapecmeennoii npozpammul Poccuiickoi
Deodepayuu  «Pazeumue Hayku u mexnonoeutly 6 pamxax Iliana @QyHOAMEHMATLHBIX HAYUHBIX
uccnedosanuii Muncmpos Poccuu u PAACH.

Kniouesvie cnosa: oauu, ycadvOvi, MOHACMBIDL, APMAPKA, APXUMEKMYpd, CMUIUCINUKA,
00bEMHO-NIAHUPOBOUHBIE PeUeHUS.

E.V. KHOLODOVA!
'Research Institute of Theory and History of Architecture and Urban Planning (NIITIAG) Branch of the Federal State
Budgetary Institution "TsNIIP of the Ministry of Construction of Russia", Moscow, Russia

STYLISTIC STAGES AND SPATIAL PLANNING SOLUTIONS IN THE
ARCHITECTURE OF THE ENSEMBLE OF BUILDINGS AND
STRUCTURES OF THE TOWN OF KORENNAYA PUSTYN IN THE KURSK
REGION 2ND HALF OF THE XVIII - 1ST HALF OF THE XIX CENTURIES

Abstract. The study is based on little-known factual material: a comprehensive analysis of
documentary and printed sources of central and regional archives, museums and libraries; family
domestic and foreign archives; a full-scale survey of the preserved fragments of the Korennaya Pustyn
settlement.

The scientific novelty of the research is connected with the author's expeditions and surveys of
the development complex of the village of Korennaya Pustyn (monastery, fair, village) (measurements,
photo-fixation, full-scale sketches), archival and printed sources that resurrect images of lost noble and
merchant estates of dachas are identified, and a general analysis of the given topic is carried out.

An important result of the study is the disclosure of the phenomenon of country estate
construction of the Kursk province settlement as part of the monastery and fair complex of the town of
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Korennaya Pustyn in the 2nd half of the XVIII — 1st half of the XIX centuries.. The paper considers the
features of stylistic stages and spatial planning solutions in the architecture of the ensemble of buildings
and structures of a unique settlement.

The research was carried out at the expense of the State Program of the Russian Federation
"Development of Science and Technology” within the framework of the Plan of Basic Scientific
Research of the Ministry of Construction of the Russian Federation and the RAASN.

Keywords: cottages, manors, monastery, fair, architecture, stylistics, space-planning solutions.

BBenenue

O0bexkTaMM  HCCJIEJOBAHMSA  SIBJSAIOTCA —  3aropojHble  ycaapObl M Jlauu
IIPUBWIIETMPOBAHHBIX COCIOBUN KypCcKoro Kpas: 1BOpSHCTBA, KyII€YECTBA.

IIpeameToM mHcc/iel0BaHMS SIBIISICTCS 3arOPOJHOE ycaneOHOe CTPOUTENhCTBO Kypckoro
Kpas Ha MpPUMEpPE TOCEJIEHUS B COCTaBE MOHACTHIPCKOTO W SIPMApOYHOTO KOMILIEKCAa MECTedKa
Kopennast mycThIiHb B XpoHOJIOTHUeckuid mepuo/1 2-i nojoBuHb XVIII — 1-if mooBunas! XIX Bekax.

Heanb uccienoBaHusi — pacKpbITHE OCOOCHHOCTEH CTUJIMCTUYECKHUX STAroB U 0OBEMHO-
TJITAHUPOBOYHBIX PEHICHUN B apXUTEKType aHCAaMOJIsl 3/IaHU U COOPYKEHHMI TOCENIeHUs B COCTABE
MOHACTBIPCKOTO M SIPMapOYHOro KOMIUIEKca MecTeyka KopeHHas mycThiHb, Kak (EHOMEH
3aropo/IHOTo ycaaeOHoro cTtpoutenscTBa Kypckoit ry0epHuH.

TeppuropuanbHble rpaHULbI HccaenoBaHus U NoHsATHE «Kypckuil kpaii».

Brinecennoe B Ha3BaHue TeMbl ToHATHE "Kypckuii kpail" o0OBSICHSET Ciemyromiee.
3aiaHHBIe XpOHOJIOTHYECKHE paMKu padoThl (2-1 mosioBuHa XVIII — 1-1 mon. XX BB.) npuxoasrcs
Ha TIEPUOJI HEKOTOPOW TpaHCHOpMAIMK TPAHUI] M MEPEUMEHOBAHUS H3y4aeMOW TEPPUTOPHH U
HCTOPUYECKH HE TIO3BOJISIOT TOBOpUTH oAHO3Ha4HO — "Kypckas rtyOeprus" wmm "Kypckas
obmacTe", T.K. B TEUYCHHH OTOTO BPEMEHHU, paccMaTpuBaemasi TEPPUTOPHUS HMEHOBAIACh TIO
pazaomy: benropoackas ryoepaus (1727-1779), Kypckoe nHamectanuectBo (1779-1796), Kypckas
ryoeprus (1796-1928). TlosTomy B 3arnaBue BeIHECEHO oO1iee onpeneneHue — "Kypckuii kpaii".

TepputopuanbHble TpaHULBl UCCIEIOBAHUS NPHUHATHI B TI'PAHMIAX IIOCEJIEHUS MECTEYKa
Kopennas mycteiHb U ero okpectHocteil Kypckoro yesga Kypckoro kpas (HbIHE MECTEYKO
CBoboma, 3onoryxuHckoro paiioHa Kypckoit oOmact, pacrojiokeHo B 25 KM K CeBepy OT
r. Kypcka).

['maBHOE 3HayeHWE HSTOM pabOTHl — W3YUCHHE BAXHOW CTPAHUIIBI PYCCKOW KYJIBTYPHI,
Mporaraiia IaMsTHUKOB HCTOPUU U KYJIbTYPBI, KaK OJIHA U3 aKTUBHBIX (POPM UX 3aIUTHL

HUcropuorpadusi mnpodieMbl HcCCIeI0BAHUA MocejieHust B MecTreuke Kopennas
nycteinb Kypckoro kpas.

Kpartkue ucropuueckue ceneHus o Mecreuke KopeHHas MyCcTbIHb BCTPEYAIOTCS B PEIKHUX
JOPEBOJTIOIIMOHHBIX MYOIUKALIHUIX.

Haunbonee pannue u3 Hux otHocsaTcs k koHIy XVIII B. u mansl B onucanusx Kypckoro kpas
Hapsay C APYTMMH KpAaTKUMHU XapaKTEPUCTUKAMM HaceJIeHHbIX MmecT aBTopoB Jlapuonoa C.H.,
bamunosa Y., 3y6oBa u ap.

Emé Gonee peaxkumu sIBISIOTCA €€ OMUCAHHsS COBpeMeHHUKOB. [lpuuem naHHble pabOTHI
KAaCarTCsl MPEUMYLIECTBEHHO HUCTOpUM MOHACThIpA KoOpeHHas MyCTblHb W JOBOJBHO CKYJIHBIX
onucanuii KopenHoii sipmapku. HauOosiee KpymHBIMEH aBTOPCKHUMH HCCIIEIOBAHUSIMHU BTOPOI
nonoBuHbl XIX - mauwama XX BB. 3nmeck sBustorcs Tpyael: JILA. Kasenuna, A.A. Tankoa
@. YerbIpKkuHa.

Uctopun co3manus u pabotrel Kypckoit KopeHHo#l spMapku U ee SKOHOMHYECKOTO
yCTpOMCTBa TOCBsIIEHBl HcchneaoBanus cepeaubl XIX - nawama XX BB. A. [onoBaTeHKo,
N. Akcaxosa, U. becsnoBckoro u nip.

Oco00 1EeHHBIMU KUBBIMU CBUAETEIHCTBAMU SIPMAPOYHOM U MOHACTHIPCKOU ku3HU XIX —
Hayana XX BB. MecTeuka KopeHHast MyCThIHb SBISIOTCS aBTOOHOTpadudecKkie MOBECTH, 3aMHCKH U
BOCIIOMHMHAHUS MyTelIeCTBeHHUKOB U mucareneit M. XXnanosa, B.I1. bezo6pazosa, E.JI. Mapkoga,
A.MapxoBa (Iapxu), A.A. dera u ap., B TBOpuecTBe xyaoxHukoB W.E. Penuna,
K.A. TpyroBckoro (cMm. pucynok 1), B.Jl. SlkoBneBa u 1p., MOYTOBBIX OTKPBITKAax pybexa XIX-
XX BB.

[Tocne peBomoOHHBIX cOOBITHH (OKTIOpst 1917 1.) B Teuenne XX B. mecteuko Kopennas
MYCTBIHb C SIPMApPOYHBIM KOMIUJIEKCOM M MOHACTBIPEM pa3JCNUIN TPAaru4eCKyl0 Y4acThb CBSATHIHb
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Poccun — OeccieqHo uMcue3no  OOJNBIIMHCTBO — 3aMEYaTelIbHBIX MAMATHUKOB HCTOPHH U
apXUTEKTYpPBI, YTPau€Hbl B PEBOIIOLMOHHOE U BOEHHOE BPEMS apXUBHbBIE JOKYMEHTHI.

B coerckuil mepuojs BHHUMaHue K paspymaromemycs komiuiekcy Kypcekoit Kopennon
apMapku OblIo oOpamieHo apxurekropom A.H. ApmuHoBBIM, cremaBmmM B 1929 r. oOMmeps u
3apUCOBKM pyMH 34aHuil l'octuHOro naBopa, KkoTopsle B 1937 TI. JOKTOp apXUTEKTYpbI
B.W. IlunsBckuii ynoMuHan B CBOEM PYKONMCHOM uccienoBaHun «Kypckue TOProBble psiibl
Ksapenru».

Opnum u3 nepBbix ucropukoB Kypckoit Kopennoit spmapku Bropoil nosioBunsl XX B. cTal
Mmy3eiinbiii pabotauk B.M.CamconoB, B 1949 r. omyOnmkoBan CBOW TpyX B «YUEHBIX 3alUCKax
Kypckoro rocuncturyray.

B 1990-e rr. ¢ HacTymieHHEeM BpeMEHU Nepefaud TeppuTopuu MoHacTelps Kypckoit
Enapxumn Havanochk Bo3pokaeHreM mecteuka Kopennas myctsiHb. B 1990 r. oTkpeiT HcTopuxko-
KyJIbTYpHBIH IIeHTp «KOopeHHast MyCThIHBY, BRITycTUBIIHMA B cBET 1990-e — 2000-¢ rT. psing OykineToB
U OTHAENbHBIX M3AAHUN, MOCBSIIEHHBIX HCTOPUM CO3JAHMSI MOHACTBIPS M YAaCTUYHO HCTOPHH
spMapku. DkoHoMuueckue Bornpochl Kypckoit KopenHoli sipmapku mojHHMaeT B CBOMX paboTax
KaHauaat uctopudyeckux Hayk M.B. CaxneBuu.

O0630p nUTEpaTypbl M HAayYHBIX PAaOOT, MAIOIMIMA TPEICTABICHUE O CTENEHU JOCTATOYHO
MIOJIHOTO OCBEUICHUS] MpOOJeMbl HCCIENOBaHUS TMOceleHuss B MecTeuke KopeHHas MycThIHB
Kypckoro xpasi, moATrBep)kaaeT, YTO OHO He ObLIO emé MpeaIMeTOM IEJOCTHOTO HCTOPHKO-
apXUTEKTYPHOTO HCCIIE0BaHus. 3apyOeKHbIe HCCIeI0BAHUS TaK )K€ OTCYTCTBYIOT.

OcHoBHast 4acCTh.

YrBepxkaeHnHas B koHue XVIII Beka tepputopus Uil pasMelieHHs spMapKu SBHIIACH
IpaJoCTPOUTEIHLHON OCHOBOM (POPMUPOBAHMS CETBCKOTO HACEIEHHOTO MYHKTA MO TUITY Ye3THOTO
ropoja (KOTOPBIA Ha MPOTSDKEHUH OKOJIO CTa JIET MMEN COOBITHITHBIN XapaKTep KU3HU, BPEMEHHBIH,
Ha KOPOTKHH IEPHOJ, CBSI3aHHBIA C NEPHOJOM KPECTHBIX XOJOB M YCTPOWCTBA APMapKH, 4YTO
IIPUXOJMIIOCH B cpefHeM 1- 1,5 mecsna, mprudeM ocTanbHOE BpeMs Iofja «TOPOJIOK» U €r0 CTPOCHUS
IIPEUMYIIECTBEHHO HE MCIOJIB30BAJICS, TyCTOBAI).

IIpocTpaHCTBEHHO-IIIIAHUPOBOYHONW OCOOEHHOCTBIO ABJISETCS MECTOINOJIOKEHNE MOHACTHIPS
1o OeperoBbIM CKJIOHAM peku Tyckapp U 1Mo ee Oepery, MpOCTPAHCTBO OBIBIIECH SpMapKH, a HbIHE
Mecteuka CBoOoOsa, Ha POBHOM Y4YacTKe IUIATO, peryispHas IUIAHUPOBKA OBIBILEH spMapKH,
3aKpeIUICHHas: OCEBBIMH yiuIaMu — MockoBckoil (HbiHe yi. [Tnonepckas u KommyHucTraeckas),
Kypckas (wpiHe [arapuna), morpanudHbiMu yiaunamu — MupHas, Coserckas, [lomazoBckas,
Oxts0pbckast, IlnMoHepckas, LEHTpalbHBIM sIpoM — Teppuropun ['ocTHOrOo xABOpa (HBIHE
JJIEKTPOMEXAaHUUYECKUI 3aBOJ) B TIpaHMLAX YIUL OJjeKkTpuyeckas, ['paxnaHckas (ObIBILL
JIBopsinckas), CropTuBHas, 3aBojckas. TpaccupoBka BHEHMIHUX jaopor - u3 Kypcka, Ha MockBy
(Bonmoryxuno, ®Parex), Ha Iurpel, B T.4. Kk crannuu bynaHoBka (ObiBmiel cranimu KopeHHas
MYCTBIHB) (CM. PUCYHOK 1).

a) 0)

Bl il RN 5G| S b [EN
Pucynok 1 - Ilnanupoeka 6v16. m. Kopennaa nycmuoins noine n. Ceooooa:
a) - cnymuukogas cvémka 2000-e 2 2., 6)- nian 1860-e 2.
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ApXUTEKTypHasi M CTUJIMCTUYECKAs LIEHHOCTb OMPENENseTCs: B 3aCTpPOMKE MOHACTHIPS,
OGYCTPOfICTBOM B OCHOBHOM OJHO- JABYXOTAXXHBIMU KUPHUYHBIMU 3JaHUSAMH, CO CKATHBIMU
KpBIIIaMU, C MPEUMYIIECTBEHHONW KIIACCUIIMCTHYECKOW CTUIIMCTHKONW odopmieHus (acanos, a Tak
ke B (hopMax PYCCKOTO M PYCCKO-BU3aHTHUIHCKOTO HANpPAaBICHUS B apXUTEKType €ro XpamoB, B
3aCTpOMKE TOCTHHOTO JBOPa M BCEH TOProBOM 30HBI TAKXKE OJHO, JIBYX- U IMOJIYTOPAdITAXKHBIMU
KAPIUYHBIMU 3[aHUSMU M COOpPY)KEHHsIMH B (opMax mepuoaa KIacCUIM3Ma, a TaKke
MCTOPHYECKOW 3acTpOiiku HaceleHHOTo myHkTa M. CBoOoma (Kopenckoii cmobompl) — oHO-
ABYXOTAKHBIMU KUPIIUYHBIMU W ACPCBAHHBIMH TOPrOBBIMH, TOProBO-KWUJIBIMU, KUJIBIMA U
O6H_[CCTB€HHBIMI/I 3AaHUAMU, B IPOIIJIOM MMCHOBAHHBIX «CTaBKaMu» IMPEACTABIIAIOIINX I10 cBoen
apXUTEKTYype B PsAY JKAJIOM M TOPrOBOM 3aCTPOMKE HEKOE E€JUHCTBO CEJIIBCKOTO0 HAapOJIHOIO
TBOpPYECTBA C TOPOJICKON ycaeOHOM 3aCTPOMKON XapaKTEpHOU IJisi HEOOJBIITNX YEe3HBIX TOPOIOB
nopy0exxHOU TeppuToprun YepHO3eMBbsI.

Bcé Bmecte, 0Oe3ycioBHO, WUMeEET OCOOYHO IICHHOCTHBIE B CBOMX (DYHKIIMOHAIBHBIX
XapaKTEePUCTHKAX  OMPEACISIOMMNX -  UCTOPUYECKOE  €IMHCTBO  JyXOBHO-CAaKpaJbHOM,
MaJOMHUYECKOM, MEMOPHAJILHOM, TOProBOM, XKWJIOH, aAMUHUCTPATUBHO-XO3SHCTBEHHONW (DYHKIINMH,
COXPAHUBILIYIOCS 10 CETOHAIIHUX THEH.

IlepBbIM M TIIaBHOM JyXOBHBIM, HCTOPHUKO-KYJIBTYPHBIM JOMHHHUPYIOLIUM IEHTPOM U
rpajoCTPOUTENBHON A1poM siBigeTcst koMiuieke Kypckoro Kopennoro PoxxaectBa boropoauikoro
MOHACTBIpsi, ocHOBaHHOTO B X VI B. 1 mosyunBIiero HauooabIee pa3BUTHE K Hadary XX B.
Pacuer monacteips — Kypckoit KopeHHo# mycThiHM, HaumHaeTcs ¢ KoHma 1850-x romoB u
JIOCTUTAeT HauBbICHIeH Toukw B KoHIE X1X — Hau. XX BekoB. MIMeHHO B 3TOT mepuoja ObLIH
MOCTPOCHBI HOBasi coOopHast 1epkoBb Bo uMs PoxpaectBa Ilpecssroit boropomuier (1860),
HaJBpaTHasi KOJIOKOJIbHs ¢ KenbsiMu (1862), yacoBHsS 0K0JO IepkBH KUBOHOCHOTO HCTOYHHKA
(1898), nByxataxkubie keneinbie Kopiryca (1862-1864), neBATh TOCTUHUYHBIX 3aHUH HA TOCTHHOM
nsope (1865 - 1904), nBa rOCTMHUYHBIX JOMa Ha TEPPUTOPUU SIPMApPKH Y MOCKOBCKHUX BOPOT
(1860), moma M XO3MOCTPOMKHM HAa KOHHOM JBOpE, INMPH MEIBHUIIAX M Ha JBYX XyTOpax B
[[urpockoM ye3ne. IlepBoHayanbHBIMH OCTaBAIMCh JUIIb KameHHas LlepkoBb JKuBOHOCHOTO
HMCTOYHHMKA C KAMEHHBIMH CXOJaMu, TocTpoeHHas B 1719 roxy npu yyactun denpamapiiania, rpada
B.I1. llepemeTheBa, ABYXATaXKHBIM KaMEHHBIN JOM C JIOMOBOU IEpPKOBBIO (B Hadase XX BEKa 3TO
obuta nepkoBb Kazanckoit ukonsl boxkueit marepu), noctpoeHHsiit B 1819 roay (ceituac maMsaTHUK
apXUTEKTYpPhl), OJHOATAXKHOE 3AaHue O0oiapHUIBI (1819 1.), 1Ba 10Ma U Ky3HHUIIA HA KOHHOM JBOpE
(1813-40-¢) u nom B Kypcke, moctpoennsiii B 1829 roay [1].

4 - .

Pucynox 2 - Brazoycmpoiicmeo u gyynxkyuonansroe 3onuposanue Poxcoecmeenckozo monacmuips.
Kopennaa nycmoins. Buo ¢ socmounoii cmoponwt, om pexu Tyckape. Jlumozpagpus 1885 2.
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Bce kuimble W BCIIOMOTraTelIbHBIE CTPOEHUS MOHACTBIPS IPOCTBI M JAKOHUYHO
(GyHKIMOHATBHBI B 00BEMHO-TIPOCTPACBEHHBIX (POpPMax M XyH0KECTBEHHOM odopMmiieHUH (acaaoB
XapaKTepHBIX Ul [epHoJa KJIaCCULIM3Ma U UCTOpU3Ma. APXUTEKTYpa XpaMOB UMEET BIUSHUE T.K.
HEOPYCCKOTO U PYCCKO-BH3aHTUICKOTO HarpaBlieHHs pa3BUTUs GopmooOpazoBanus XIX — Hauana
XX BB. (CM. pUCYHOK 2).

Monacteipp kK Hauany XX Beka HMMEN BBIPRKEHHOE 30HHPOBAHME, OOYCIOBJIEHHOTO B
HEMaJIOW CTeNeHH JaHAMA(GTHEIMA OCOOCHHOCTSIMH TEPPUTOPUH. TeppuTopus COOCTBEHHO
MOHACTBIPS OblTa HEOOJBIIOW, pa3Meniajach Ha BBICOKOM MBICY HAaJl PEKOH, ¢ ceBepa M Iora
OTpaHUYEHHOM OOpPBIBUCTHIMH OBparamu. Ha Oepery peku, OKoJI0 MCTOYHHKA, T1e Obla oOpeTreHa
WkoHa, coopyxeHa HaAkiIaJe3Has LEPKOBb, COECAUHEHHAs C OCHOBHOM TEPPUTOPUN MOHACTBIPS
KpPBITOM JIECTHUIIEH — CXOJIOM.

C 3anagHON CTOPOHBI MOHACTBIPH MpOJoJKaNcAs ['OCTUHBIM ABOPOM — (FOCTUHHUIIAMM JJIs
MaJOMHUKOB), 3a BOpPOTaMH KOTOpPOIO HauyuHajnach IylaBHag8 MockoBckas ynuna Kopennoit
spMapku. Ha 3amagHoil OKOHEYHOCTHM OTOW yaulbl, mnpu MOCKOBCKHX BOpPOTax, OBLIO
MOHACTBIPCKOE TOJBOPhE C JIBYMS TOCTMHHYHBIMU JIOMaMH M YIIOMHUHAaeMOW B HCTOYHUKAX
XIX Beka He0O0IbI1I0I YacOBHEH.

C rora oT MOHACTBIPs, Yepe3 OBpar, Ha COCETHEM MBICY, B MOHACTBIPCKOM cafdy, B 1875 roay
ObUla MOCTaBJIEHa KaMeHHas 3HaMeHCKas LEpKOBb C OJHOATAXKHBIM OpaTCKUM KOPIIyCOM C
HeOOJIBIION 3BOHHUIIEH (B OMUCSX 3Ta YacTh MOHACThIps Ha3biBaeTcs «Ckut»). B xon. X1X Beka
3/1ech cTajgo (OpMUPOBATHCA TPEThE MOHACThIpCKOEe Kianouiie. M3BecTHO, YTO Ha OCHOBHOM
KJ1aA0uUIIle MOHACTBIPS,, KPOME MOHAXOB, ObLIM MOXOPOHEHBI M JIBA HACTOSTENS - apXUMaHAPUTHI
[Maucuit u Ilannanuii, kasruns AnHa MBanoBHa IIpo3opoBckasi, ypoxkaeHHas BoiikoHckas, keHa
Kypckoro ryoepHaTtopa (B 1809 romy), cam ObIBIIMI TYOepHATOP KHS3B JIMUTpU ANeKcaHIpOBUY
[Tpo30opoBckuii. DT MOTHIIBI OBLTA PACIIONOXKEHBI C FOKHOW CTOPOHBI OT CXOJIOB, Ha CKJIoHE. U3
OBIBIIMX HACTOsATENEH oOuTeNn uryMeH Makapuii ObuT TorpeOeH 1Mo 1 manepThio COOOPHOTO XpaMma,
nepomonax Codponutii - mox [IpeareueHckum npuIeaom (CM. pUCYHOK 3).

Pucynox 3 - Cospemennoe cocmoanue meppumopuu n. Ceoo60o0a (6v16. m. Kopennasn nycmoins)

C CCBCPAa OT MOHACTBIPSA, Ha TEppace 6epera PCKH, pa3MCCTHUIINCH CJ'Iy>KC6HLIC HOCTpOI\/'IKI/I,
HUMCHYCEMBIC B OIMUCAX KaK KOHHBIHN ABOP, HO (I)aKTI/ILIeCKI/I BKJIIOYaBIIHUEC B CCGSI, INOMHMO KOHIOIICH
n SKHHa)KHOI\/'I, U KOpIyC 3KOHOMa U 6paTI/II/I, U MAaCTCpCKUC, U 'OCTUHUYHBIC JOMaA. 3a KOHHBIM
ABOPOM NoMceHiaJjicsa CKOTHBII ABOD, JaJICC HICI Caa € CIIC OJHUM K.]'Ia)l6I/IIJ_[eM.

Ha 6epery PCKU CTOAJIO JBa MCJIbHUYHBIX XYTOpa — «Hukomnbckas MCJIIBHHUIIA», BBIIIC IIO
TCUYCHHIO, U «I[OJ'II‘aH MCJIBbHUIIA» - HUXC 10 TCUCHUIO, 1101 C. I[OJ'II‘OC. BIICCB, INOMHMO MCJIbHUII U
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amM0apoB, HAXOJMIUCH JBYXSTAXKHBIC M OJHOATAXHBIC JIOMa JJIs OpaTHM W pabouMx, KyXHS,
IIpaueyHasi, XJIeB, Ky3HHMIa U HHbIE XO3AWCTBEHHBbIE NOCTPOWKH, YACTUYHO DPACIIOJIOKEHHBIE Ha
OCTpOBax PEeKH U Ha JIEBOM Oepery.

B 1903 rony npu cranuuu Kopennast mycteinb (HblHE bynanoBka) Kypcko-MockoBckoit
KENe3HOW JOporu Obljla BBICTPOCHA YAaCOBHS, a OT CTAHIMU K MOHACTHIPIO, TI0 HU3KOMY JICBOMY
Oepery, Benma ToOIbe3AHAs Jopora. VIMEHHO OT 0JTOM JOpOTH OTKpBIBAJICS Hamboee
BEJIMYCCTBCHHBIN BH]] HA MOHACTBIPb, COXPAHHUBILHIACS 10 HACTOSIIErO BpeMeHu [1].

Kopennas sipmapka mnosydaer oOmiepoccuiickuii cratyc u mo Yka3zy Mwmmeparpuiist
Exatepuns! Il nogmucannomy 17 uronst 1787 ., korja ObII0 JaHO yKa3aHHWE O CTPOUTEIHCTBE 3/1EChH
KaMEHHOTo ['0CTHHOro J1BOpa, K UCIOJIHEHHIO KOTOPOro CHEIHO npuctynmio Kypckoe ropojackoe
o6mectBo. CtpouTtenbeTBO Beioch ¢ 1793 no 1812 rr. [2] ABTOpoM mpoekTa ObUT BBIIAFOIIUIACS
apXUTEKTOp SMoxu KiaccuimaMa - JDxkakomo Ksapenru [3;4]. Kommiekc T'octuHOro msopa,
OKOHYEHHBINA MOCTPOiKON K 1812 roay cTanm oqHUM U3 3HAYUTEIBHBIX apXUTEKTYPHBIX aHCcaMOei
tora Poccuu neprona 3pesoro kinaccuimsma [5].

C 1824 rona KopenHas sipMapka 1moJry4aer craTyc MexXIyHapoHo# [6].

Hentpom T'octunoro JlBopa ObLa MJIOMIAAL, CO CIEIHAIBHO YCTPOCHHBIM MECTOM ISt

Uya0TBOPHON MKOHBI, BMEIABIIAS 0 MATHAECATH THICSY YEJIOBEK. 3/IECh JK€ CILY’KUJICS MOJIEOEH,
1ocjie KOTOPOro HMKOHOIO OOHOCWIIM TOPrOBbIE psifibl, a Ha OamrHe 31aHus bupku noaHumanu
Poccuiickuit duar, u spmapka HauMHaNIa CBOIO paboTy.
C sapmapouHoi momaan YynoTBOpHYIO HKOHY «3HaMeHHE» KpecTHbIM XO0J0M M0 yaulam
Kypckoii, MockoBckoil u JIBOpsSHCKOI TOp>KECTBEHHO BHOCHJIM B MOHAcCThIpckue BopoTa. OOuias
IJTIONIAJb IPMAPKHU «COCTaBJsIa 64 NeCATHHBI, TAe pacnoJaraauch 649 TOProBeIX MOMEIICHUH, 58
rocTuHull (cTaBok), 20 TPakTHUPOB, UMIOAPOM, KOHHBIM TOpr, 37aHue ropoackoi Jlymsbl, 31aHus
rybepHaTOopa U MMEHHUTBIX TOCTEH, TOM KOMEHJIaHTa SIPMapKH, [0YTa, TOJUIUS, TeaTPAIbHBIN J0M,
[IUPKOBBIC OayaraHel, MMo’KapHas KOMaHja, BeTepuHapHas ciay:kOa» [7]. Ha Gepery pexu Tyckapu
ObUTH YCTPOEHBI KyMaJbHU U JIOJOYHbBIE CTAHIINU.

/ 1
=
ocmutbIit
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280 ™M

/
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MOHacmbIpb KopeHHas nycmeixb w J

FocTuHe geop - 15,8 ra

23U Mi

KopeHHag lapmapka Toproeble KBaPTanbI

MKunble KBapTans! B YepTe ApMapKu

:I - 60 wuneix gomoe (146 ayw - )
I

- 58 cTaBOK - MMNBIX BO BPEMA APMAPKH A0MOB (M3 HuX: B ropoackoro
obwectsa, 30 nomewmkos, 12 Kynuos, 2 roc. KPECTLAH),
€ KaMeHslX ¥ 52 AepesaHsIX

KopeHckas cno6oda

Hunele KBapTank! 33 YepTOR APMAKN - 76 QOMOE (427 Ayw roc. KpecTbs
10 MOHACTLIPCKWX CTABOK

— 2l 15
& o

Kopenckas cnoboda Ofwas nnowade KoperHod apmapku - oxkono 80 2a
~ 800 JMKunas 4acme - OKORO 1/4 ecel nAOWadu ApMapKu

Pucynok 4 - Ilnan pazmewenus sxcunoii u mopzosoit wacmu Kopeunoii apmapku m. Kopennas nycmuins.
Pexoncmpykuyusa agmopa.

KamenHsb1i1 ['ocTuHBINA ABOP, MPSIMOYTOJIBHBIN B IUIAHE, YCTPOCHHBIN B LIEHTPE SIPMapOYHOU
TEPPUTOPUU UMEET MapaMETPhI MO UCTOpHUECKUM I'panuiiaM okoiio 800 x 1000 m. Obmas mionans
e€ - okoso 80 ra. Ilo HOKyMEHTaJbHBIM ONMCAaHUSAM IUIOIIAAL SPMAPOYHON TEPPUTOPUHU
ykaszpiBanack - 60, 64 nec., uto cocrasisieT okojio 70 ra. Teppuropust 'octuHOro 1BOpa ykazaHa Ha
iaHax cep. — 2-i moi. XIX B. - o0Omieit miomaneto 14 nec. 470 xB. cax., T.e. 0koyo 16 ra.
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Tepputopust Oblla OOHEceHa 3E€MJISIHBIM BajJOM M pPBOM M HMeENA ISATh BBE3IHBIX
OXpaHsAEMbIX BOPOT I10 HAIIPABJICHUSM JBUKEHUS JOPOT, U 110 BCEM CTOPOHAM cBeTa — MOCKOBCKHE
¢ ceBepa, Kypckue ¢ tora, lllurposckue ¢ Bocroka, darexckue ¢ 3anafga u CBsTble BOpoTa - Ha
TEPPUTOPUIO MOHACTBIPA. SIpMapoyHOE NIPOCTPAHCTBO JAEIUIM BOCEMb IPOJOJIBHBIX M IIECTh
IIOIIEPEYHBIX YJIUL, HA HEpaBHbIE 110 ILIOLIAIN MPSIMOYTOJIbHBIE KBapTajsl. B 1ieHTpe pacnosaraics
['octunbll 1BOP, Yepe3 KOTOPBIA KPECTOOOPAa3HO MPOXOAUIIU JIBE TJIaBHBIC YIHIBI — MOCKOBCKas B
3alaJHO-BOCTOYHOM HAIPABICHUH, COEAVHUBLIASA ApMapKy ¢ MoHacTeipeM M Kypckas B 1oro-
3amaJIHOM HaIpaBJeHHH (CM. pUCYHOK 1, 4).

PerynsipHass mniaHUpOBKAa MNPAMOJMHEHHBIX YIML, ONPEAEISIIonas IMpsAMOYrOJIbHbIE
KBapTajbl, UMeJa YeTKO (PYHKIIMOHAIBHOE JIJIEHUE, /1€ BOKPYT I'PaJoCTPOUTEIbHON JOMUHAHTHI —
LEHTPAJBbHOU sIpMapOyHOM IUIOIIaaM C TOpProBeiM aHcamOneMm [octuHoro naopa u bupxu
pacrnojiarajuch KBapTajbl TOPrOBBIX IUJIOLIAJAEH C TOProBBIMU U OOCIY)KMBAIOIIMMH SPMapKy
00beKTaMu U j1ajiee Ha nepudepun, MPeUuMyIIECTBEHHON B CEBEPHOM U 3amaJHON 4acTH 3aCTPOUKHU
- JKWJIble KBapTaJibl, KOTOpPbIE COCTOSUIM W3 J0MOB >kurened KopeHckoil cinoboasl U T.H.
Ha3bIBaeMbIX «cTaBok» [8; €.32]. Ilpudyem, IeHTpaibHass W CeBEpHAs YacTH SPMApPOYHOM
TEPPUTOPUN OBUIM OTBEAEHBI JIJIsl PO3HUYHON TOPTOBIIM, PA3JIMYHBIX 3aBEACHUM, OpraHu3aluil u
KUJIbsI, a I0XKHBIE, O0JIee YKpYIMHEHHbIE MO MJIOU[aANd KBapTajibl, ObUIM MepeHa3HAuEHBbI JIsl ONTOBOM
TOPrOBJIM, UMEIH OOLIMPHBIE TOPTOBbIE IIIOIIAHN, CKIIAJICKAE TOMEIIEHNS, KOHIOUTHH, UIIOAPOM U
T.II.

Qaoass xneoeia Toomumaare Asova ws Kosrumon Remarke
Brncmatass gombpoiiomnsis 217 Sebpasa 1783 wuda

PI'BHA ®.BVA, Ne19609. Her.CITP.IIL575.Ne143
®parment nana Kopennoii nycroinm ¢ okpecrnoctsivm 1844 r.
Iaaub u dacane: Foctunoro asopa Kypcekoii Kopennoii sapmapku. Apxurextop /I. Ksapenru.

---------ll“l
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Pucynok 5 - Inanst, ghacaowt u paspezvt cmpoenuii Kopennoii apmapru .1898 2.
PI'BUA. ®.349.011.17./1.33516. Hezamue. CIIP.111. 575. Nel42.

Hokrop apxutektypbl Braaumup MBanoBuu [Munssckuit (1910-1984) aBtop MoHOTpadus
"Ixxakomo Keapenru" (JI., 1981) [4] mpeanpuHsin 0HO WX MEPBBIX HCCIEIOBAHHN apXHUTEKTYPhI
ToproBbIX panoB J[.KBapenru, oOHapyxeHHbIX B pykonucu «Kypckue Toprosoie psaasl KBapeHruy,
B (onaax Kypckoro o6macTHOro KpaeBeq4eckoro Mysesi, ¢ aBrorpagom 3oa4uero 1937 r.[3]. .

Slpmapka B Mecreuke KopeHHas MycThIHb, HOCHBIIAS XapakTep OOIIEpOCCHIICKOro
TOpXKHINA, OblJJa  CTAalMOHApPHOM M TpeAacTaBisuia  coboil  Xopomo  o0ycTpOEHHBIH,
MIPUCTIOCOOJICHHBIM K TOPTOBIIE U 3aKIIOUYCHHIO CIETIOK OOIIMPHBIA KOMILIEKC (CM. PUCYHOK 5).
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Pucynok 6 - Pyunwvt cmpoenuii Kypckoit Kopennoii apmapku. @omo nauana XX 6.
a) — yenmpanvras yacme I ocmuno2o 06opa, 6ud na bupoicy ¢ 1020-6ocmoka, 6) — ud bupoicu ¢ ceeepo-3anada,
pucyrok I. Jlykomckozo, 8) yenmpanvnas yacmo I ocmunozo 0éopa, éuo Ha Bupaicy ¢ 1020-60cmoka.

Pucynok 7 - Mecmeuko Kopennaa nycmoins Buo I'ocmunozo 06éopa. Aapopomocvémra 1920-x zz.
@Donowvt Hcmopuko-Kynosmyphozo uenmpa «Kopennas nycmuinby.

Co3nanne Ha pyOexxe XVIII-XIX BB. 3HaKoBOW TIpaJOCTPOUTENbHON JOMHHAHTBI —
ancam6nsi ['octunoro asopa Kypckoit KopeHHol sipmMapku, MOCITYKMJIO OCHOBOHM Al pa3BUTHUSA
BOKPYT HETO PETyJSPHOTO IUIaHa BCETo MOCENIeHHs], KOTOPBIN 3acTpanBajcs Ha npoTshkeHnu XIX —
Havyana XX BB. [9-19], mepexxuB HanOOIBIIYI0 aKTHBHOCTh B IepHO] paciBera pabotsl KopeHHO#
apmapku B koHue XVIII - mnepsoit nmonosune XIX BB., Korja u 3acTpavBajiachb OCHOBHAsl 4acTb
TEPPUTOPUU BOKpYr ['OCTHHOrO [BOpa, KBApPTAJOB TOPIOBBIX JIABOK M TOProBBIX IUIOLIAJIEH,
YBECEIUTENbHBIX 3aBEACHUN M OOCIYKMBAIOUIMX MACTEPCKUX, KOHHBIX JBOPOB, TOCTHHHIL,
JBOPSHCKUX U KYIEUYeCKHX cTaBOK (ycaned, nau) u ap. [20]. 3a HeckonbKo AHEH 0 0pHIHATBHOTO
OTKPBITHUS SIPMapKH JUisl €€ ycTpoicTBa U yrpasieHus: B KopeHHyro mycThIHb 00BIYHO IIepee3xkana B
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MOJIHOM cocTaBe Topojckas Jlyma, Iuis KOTOpOH OBUIO BBICTPOCHO CHEUHAIbHOE 3/1aHUE (CM.
pHCYHOK 5, 6, 7).

Tak, Ha 1863 r. mpuBeAEHB! KaK >KMBOIIMCHBIE ONMCAHUS MPOCTPAHCTBA SIPMAPKU, TaK U
TOYHAsl CTaTHUCTUKA MECTA, ONMCAHUE CTPOEHUI U IJIAaHUPOBKH, Hampumep: «...IIpoexas ceno
Jonroe <...> BBl YBUAUTE BO3BBIMIAIONIMNACS HAJ TYCTHIM TyOOBBIM JIECOM MOCEPEOPEHHBINA KO
HOBOM U KpacuBoil 1iepkBH — 3T0 KopeHHast mycTbiHb. CMEXHOE ¢ 3TOM MYCThIHEW U MpHJIEraromen
k Hell KopenHoii cio6oor0 momeraercss KopeHnnas sspMapka Ha IPOCTPAHCTBE OKOJIO 60 IecsaTuH
Ka3eHHOU 3emuid. <...> Bbeskas B pacrojioKEHUE SPMAapKH BBl BHIUTE Tepes co0oil OoibIoe
3nanue [ocTuHbIl 71BOp, cpeaM MENKHX JOMHKOB M CTAaBOK €ro okpyxawromux <...> Eger
JIBOPSHCTBO W3 IUNIyXMX 3aXOJIyCTUH: CTapOMOJIHBIE KOJISICKH, YPOJUIMBBIE TapaHTacChl,
HEBOOOpa3uMble SKUMAXKU JpeBHEWIIero (acoHa, HANOJHEHHbIE KOPOOKaMH M MELIOYKAMH,
COCTaBJISIIOT FOMOPHUCTUYECKYIO MIUTIOCTPAINIO MEPBBIX ABMKEHUM sspMapku <...> CylllecTBEHHYIO
MIPUHA/IEKHOCTh TOCTUHOTO JIBOPA COCTABIISIOT CMEXHBIE C IByMs MEHBILIMMHU €r0 KOpIycamH JiBa
KaMEHHbIE JIOMa, TaK Ha3blBaeéMble CTaBKU. B OJHONW U3 HHUX BO BpeMs SApMapku —
MecTonpeObIBaHNEe HayallbHUKA T'yOepHuu, a B apyroi komennanta (Ilpunoxenue 1-9). Otu asa
JIOMa BBICTPOEHBI II€peJl BbE3/IOM B CKBEP TOCTHHOT'O JIBOpa C IepeaHel ero cropoHsl. Hemaneko ot
HUX KAMEHHBIN JBYXITAXKHBIA JIOM FOPOACKON TyMbI <...> BOKPYT TOCTHHOTO JBOPA PACIIOIOKEHBI
OCTaJIbHbIE CTaBKU WJIM BPEMEHHBIE MOMEIIEHUs JUIsl MOCETUTENEeH sSpMapKu, OHU MOCTPOEHBI 110
IJIaHy U 00pa3yloT co0ol KBapTaibl U YIHUIBL. Bcex yiaull MpoaoibHBIX BOCEMb, a MOMEPEUHBIX
IIeCTh; JIBE€ M3 HUX IE€PECeKaloT TOCTUHBIA JBOP KpecTooOpa3HO <...> MOCTOSJIBIX JOMax
YCTPOEHHBIX B JOCTATOYHOM KOJIMYECTBE B JOMax xutenei KopeHckoil cio0o0apl. TH MOCTOSIIbIE
JIBOPBI OTICISIOTCS OT KOHCKOW muiommaau [21] moporor u J0BOJBHO moMecTuTeNbHb» [8, €.131-
38].

il
I
K al

Pucynok 8 - Xapaxmep ycadeonvix cmpoenuii ¢ m. Kopennaa nycmoinp:
a) - xo3sticmeenHas NOCMpoKa, pucynok ¢ Hamypul apx. HA. Conosvésoii, 1980-¢ ee.,
6) - ycadvba «cmagoxy 6 slcuiou 3acmpotixe Kopennoti ciob600wl, pomo nau. XX 6. (vacmmast KOJLIeKyust).

Mecreuko KopeHHast mycThIHb U3BECTHAsi CBOUM MOHACTBIPEM U SIPMapKOW POCCHICKOTO U
MEXJIyHapOJAHOTO 3HAYEHUs, KOTOpas BIIEPBbIE NPEACTABISECTCS, KaK pEerMOHAIbHBINA (heHOMEH
Kypckoro kpas — ocoOblif TUII MHOTrOycaaeOHOTO IMOCEIeHUs, CO3JaBIINN 3HAUUTENbHBIN palioH
ycajeOHOM 3acTpoiiku moceseHus («He MeHee cta» [22]) - «ycaapborpamy, «ropomok» [23],
UMEIOIINN Ha MPOTSHKEHUM OKOJIO BeKa He CE30HHBINM, a COOBITMHHBIN, JTauHOW XapakTep >KU3HH,
Ha3BaHHbIE B JJOKYMEHTaX «CTaBKaMm». ['J1e BOKpYT HCTOPHUYECKOTO siipa MOCEIEeHUs TyXOBHOTO U
TOProBOro ILEHTPOB - MOHAacThIpss 3HaMmeHHs KopeHHoil mkonsl boxkueit Marepu n Kopennon
apmapku (B TeueHun KoH. XVIII — XIX BB. cdopmupoBanach MHOTOYMCIEHHas 3acTpoika
«CTaBOK» - HEOOJBIIUX ycase®d KypCKOM 3HATH, HOCSIIMM COOBITHIHBIA XapakTep NpeObIBaHUS B
celie Ha BpeMst paboThl ApMapKu M KpecTHhIX X0/10B ¢ Kypckoit KopenHoii ukoHoii.
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K tepMmuHy «cTaBKa» HMEIOIMIEMY B JOKYMEHTaX OCHOBHOE€ HMMEHOBAaHHE OOJIBIIMHCTBA
3/IaHHUI, MECT M COOPYXECHHU SpMapKu HEoOXOAMMO JaTh CIEAyIollee MOsiCHeHue. B cioBapsx
«CTaBKay 0003HaYaeT OyKBAJIBbHO «KHJIbE, KOTOPOE CTABUTCSA HA BpEeMs», - MajaTka, HaMeT, [arep,
KUOWTKA, IOpTa WM BEXKa, T.C. «IAIAaTKH, MWATPbl U NOMHUKH» [24]. IMeHOBaHWe «CTaBKOI» B
JAHHOW MECTHOCTH MMeNO OoJiee IMHMPOKOE 3HAYEHUE, CTABKAMH HA3BIBAIHCH JKUJIBIE U TOPTrOBO-
CKJIAJICKUE OOBEKThl KHUPIHYHBIE M JEPEBSHHBIC, MO CYTH BCE YTO OTHOCWJIOCH K JIOMaM |
COOPYXEHHSIM, HCIIOJB3yEMbIX Ha BpPEMs IPOBEICHHS SPMApKH, CBSI3aHHOW C KPECTHBIM XOJO0M
(IpUXOAMIIOCH HA JIETHEE BPEMs, OPUEHTUPOBOYHO CPOKOM OKOJIO | Mecsilia U HECKOJIBKO JIHEH B
ceHtsi0pe). OCOOeHHO 3TO OTpaKeHO Ha Kaprorpaduyeckux miaHax 1-it momoBuabl XIX B.. U B
CTaTUCTHUYECKMX ONHCAHUSAX COBPEMEHHBIX HcCcieroBareneil. Hampumep, B >KWIIBIX KBapramax -
«CTaBKU ISl TIOCETHUTENEN», «CTaBKU JBOPSHCKHE M KyNEUeCKue», «ryOepHaTopckas CTaBKa C
HA/IBOPHBIMH TIOCTPOMKAMM», «KOMEHJAHTCKasi CTaBKa C HAJBOPHBIMH TIOCTPOMKAMM», >KHIIbIE
OanaraHbl», «CTaBKH JUIS [UPIOJBHUKOB, YAacCOBBIX M MOJWCTOK»; JKWJIBIE W TOPTOBO-
MIPOU3BOJICTBEHHBIE OOBEKTHI «3EMIISTHKU-TICKAPHU», «3EMJISTHKH-KY3HHUIBI» a B JaJbHEHIIEM «
ycaapObl Ha 3eMIITHKaX», TOCTHHHIBI «HYMEpa», «IIOCTOSJIBIE IBOPBI»; TPAKTHUPbI, MUTEHHBIC
3aBEJICHUS», «PECTOPAINI», «CTAaBKA C BUHHBIMHU TOTpedamu, «morpeda», «0Oamaran ¢ BUHAMHU U
BOJKOIO», «IIAJNAIIN CO CHECTHBIMH NpUIIACaMMW», a TaK e CTaBKH «J[yma», «momBopwe mis
MOKapHOW KOMaHJBI», «IOYTOBas AKCICTUIHS», «OaHsS», CTAaBKUA «OallaraHbl ISl TTAHOpamy,
«3BEPHHIIBI», CTABKU «KOHIOIICH», CTaBKa «KOHHOM TUIOMIAIM U 1Ip. [8, mpuokeHue].

Pucynox 9 - Xapaxmep ycadeonvix cmpoenuii ¢ m. Kopennas nycmoins, pom nau. XX 6. (vacmuan Konnekyus):

a) npumep ogopmaenus 21asHo20 acada ycadeb «cmagoxy 6 scunoi zacmpotixe Kopennoti c1o600wi,

6) meppaca u unHmepbep 21A8H020 00MA YCadbObl — OBOPAHCKOU « CMABGKILY.

OcHoBHast Macca CTpOeHHI ObliIa IepeBsiHHAs, KaMEHHBIMU IMOJ1 JKEJIE3HBIMU WJIU TECOBBIMU
KphbIlIaMu - Oblin aHcaMOi1b ['0CTHHOTO IBOpA U IIECTh CTaBOK, KUJIOTO HA3HAYECHHUS.

Haubonee panHee omucaHue BpPEMEHHBIX >KWIUII "cTaBOK" (JIETHUX Jad), YCTPauBaeMbIX
6nu3 3Hamenutor Kopennoit spmapku y Kopennoit Poxxnectsa IIpecBsitoii boropoauiibl mycTeiHI
«oT Kypcka B 27 Bepctax npu 0ouiblioii gopore k Opiy B MpaByr CTOPOHY» OTHOCHUTCA K 1784 T.
[25] «...mpu OHOM TyCThIHM ObIBae€T B roj IBe spMapku. IlepBas B JeHb Ha3bIBAEMOW JeBsTAasI
MATHULA TPOJOJDKAeTCs ABe Henenu u 6osee. Bropas centaOpst 8 uncna aHg mo asa. Ha mepyro
ChE3KAIOTCSI U3 BEIMKOPOCCHUICKUX OTAAJIEHHBIX T'OPOJIOB, TAaK K€ U HMHOCTPAHHOE KYIEYECTBO.
[Ipomarorcss pasHble MIENKOBBIE CYKOHHBIE CBECTHBIE W JpPYrue BCSAKUE TOBApbI, TA€ JUIA
IIPOU3BOJICTBA TOPIrOBJIM BBICTPOEHO 337 nepeBsHHBIX JaBOK» M 1786 r.: <...> bmaroponHoe
0OIIECTBO ABOPSHCTBA U3 OKPYKHBIX MECT, 2 MHOTHE M3Jali HAE3KAI0T TyJAa, PeIKOi roj ObIBaeT
MeHee (paMuIuil cTa; KOTOpPBIE PACIIONIOKATCA TaM, YCTPAUBAIOT MaJlaTKU CBOU M IIATPHI U HHBIE
JeNnalT W JAOMHUKM U3 JOCOK WM IUJIETHA TJIHMHOK OOMa3aHHbBIE, C HapyXH 4YeM-HHOyIb
yKpalleHHble, BHYTPU K€ KOHEUHO He OecrokoifHble. CHe cOCTaBiseT OYeHb MPUSTHBIN BUI U
0COOJIMBAro COBCEM pPOJIy CENIEHUS, MOJI0KEHNE MECTO KPACHUBO €CTh; HE OOJBIION JIECOK MPHU peEKe,
1Mo OOJbIIEeH YacTW pacCTaBIEHBl TaM CTAaBKH CHU BXOJOM Ha OTKPBITBIE MOJSI, Ype3 KOTOphIe
MHOKECTBO CEJICHUM KKYTCS B Ay U MPUAAIOT JIYUILEE €lIe KPalleHUe CUM MPUATHBIM MECTAM.
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Hapox tyna coOupaercss B BEIMKOM KOJMYECTBE W MHOTO HMEET Pa3iIMYHBIX YBECEICHHI»
[22, c.15].

B onucanum cenenus XX B. rOBOpHUTCS YTO HE CHATH CTaBKY HJIM NOCTPOHUTH JOMUK IS
MIPOKMBAHUS MOTJIM TI03BOJIUTH ce0e COCIIOBHAS 3HAThH, KPECTHSIHE XK€ KUIIM O] OTKPBITBIM HEOOM
Ha CBOUX IIOBO3KaX C TOBapOM.

F

P T T TN

Pucynox 10 - Hcmopuueckas 3acmpoiika mopzo80-jcuivlx Keapmanog. /lepeéannsle dcunvie u X03aicmeeHHble
nocmpoiiku ¢ 6v16. M. Kopeunas nycmeotnn (n. Cé0600a), pomo asmopa, 2020 2.:
a-2) Mmunvl JHCUIBIX U XO3AUCMBEHHBIX NOCHPOEK, 0-JiC) OeKOPamugHasi Omoexa hacados.

Kaptuna ycrpoiicTBa JayHOro sipMapouHoro mnpeObiBaHus B KopeHHOH MyCTBIHU
crenytomasi: «...Ha GomnblmioM nyry, mepes MOHACTBIPSMH, KaXJI0€ JIETO B TE€YCHHE BEKOB HMela
MECTO 3HAMEHMTas B UCTOpUM Hammx MecT «KopeHHas spmapka», BO BpeMs KOTOpPOW B cTapoe
BpeMsl BeCh JIYT ObIBal 3aCTPOCH MajaTKaMu, LIaTpaMu, JOMUKAaMHU U3 JOCOK M Ma3zaHKaMHU W3
XBOPOCTA ¥ IJIMHBI, HA TIOJJO0ME MaJTOPYCCKUX XaT. DTO ObUIM «CTaBKWY MPHUE3KABLINX Ha sIPMapKy
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U3 roja B TrojJ Ha OOroMOJIbE MOMEIIMYbHX CEMEH, YCTPOCHHBIC KPEIOCTHBIMU IUIOTHUKAMH H
CTOJIIPAMH U3 MPHUBE3EHHOTO ¢ CO00I M3 MMEHHMI MaTepuaia. ¥ MHOTHX TOCIIOJ 3/1€Ch ObLIU CBOU
MOCTOSIHHBIC Ja4yM, CHapYXH yKpalICHHBbIC pe3b00il MO JiepeBy, a BHYTpH OOTaTO OOCTAaBIICHHBIC
MSTKOM MeOeNbl0 M YCTIaHHBIC IEPCUACKUMH KOBpaMH. HekoTopple M3 TOMEIIMKOB Jaxe
coopyxaiau cebe Ha peke KyNaJlbHM Ha JeTo. J[BOpSHCKHE CeMbH C YaJaMH, IOMOYAIIaMH H
NPUCITYTOH, mpuedkanu «Ha KopeHHy0» [enbIMU MM0e31aMH ¥ KHJIM B 3THX [MOMEIICHHUSIX B Te4e-
HUE BCEH spMapKu, HeeH 1o Be-Tpu» [26, €.116].

Pucynox 11 - Hemopuueckas 3acmpoiika mopzo60-cuivlx Keapmanoe.
Kamennwie scunvie nocmpoiixu 6 ovié. m. Kopennasn nycmuins (n. Céoo6ooa), pomo agmopa, 2020 2.:
a-0) munsl HCUTLIX Kyneueckux 00Mo8, e) mun peuiemxy noosad.

CTpouTensCTBO CTAaBOK — TOPrOBBIX M JKMJIBIX MOMEIIEHWH Ha TOCYAAapCTBEHHOH 3emiie
OCYIIECTBIISUIOCh HAa YaCTHBIE CPEJCTBA KYIIIOB M JBOPSH, O Y€M CKa3aHO B JIOKYMEHTax KOHIA
XVIII — nagana XIX BB., BpeMeHH pa3BUTHUS IPMAPOYHOTO KoMIUIekca. Tak, «...B UIMEHHOM YKaze
Exatepunst Il ckazano (1787 r.): spmapke B 28 Bepcrax oT Kypckas B Kopennoit mo cero
OTIIPaBISIEMON OCTaBaThCA HAa NMPEKHEM MecTe, MPOM3BOJ HA OHOM CTPOCHHE KaMEHHBIX JIaBOK
KOM OTAATh CTPOMUTH CAaMMM KYIILIaM C OCBOOOKJEHHEM HMX OT IUIaThl MO3eMeabHON B TeueHun 10
aer..» [23,¢.129].

Ha mepuox 1808-1813 rr. mHaxomum: «...IlocTtpoenue ymoOHOE ISl CKIAIKH TOBapOB
MPUBJIEKABIIIEE OTPOMHOE YHCIIO TOPTOBLEB MOOYIUIIO 3/I€IIHUX U MHOTOPOJIHUX JIBOPSH U KYIILIOB
MOCTPOUTH MOCTOSIHHBIE yI0OHBIE AEPEBSIHHBIC U KAMEHHbIE TIOMEIICHNS TaK Ha3bIBa€MbI€ CTABKU.
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CkopoMy MOCTPOEHHUIO CTAaBOK COJEHCTBOBaIa caMasi HU4ToxxHas miata (ot 10 go 15 kom.
aCCUTHAIIMSMU B3MMaBIasics 3a mecra) <...>» [2, €.131-132] (cm. pucyHok 8-12).

Tak, x cepequne XIX B. Ha TeppPUTOPUM Ka3eHHOW SPMAPOYHON 3€MJIM HACUUTHIBAJIOCH
CBBILIE CTa )KUJIBIX JOMOB, MPUYEM U3 HUX «50 4aCTHBIX CTAaBOK MOJJIEKAT NOCAKEHHOMY cOOpY 10
8 KOI. C Ca)KCHU W BHECEHBI B KHHUTY JlyMBI, yCTAaHOBICHHYIO JJIsl 3TOTO cOOpa, OHU HIIM CITyXat
MOMEUICHUSAMHU JUII CaMUX BJIAJIENbLEB, NMPHUEIKAIOMINX Ha SPMApPKy, WM C UX OTCYTCTBHEM
CIIAIOTCSl B HAEM JIPYrMM MOCETHUTEISIM sipMapkm» [8, €.131].

[Ipuyem, B KauecTBe JKWJIbsi Ha BpPEMs NPOBEICHUS SPMApPKU KYIIbI UMEITH U SKUJIbIE
MOMEUICHUS TIPU CBOUX CKIIAJICKUX COOPY)KEHHUSX, O YeM CKa3aHO B CTATHCTHYECKUX ITAHHBIX CEp.
XIX B.: «...JuIsl IOMEIIEHUSA K€ HE Pa3JIOKEHHOTO TOBapa M A CKJaja MPOJAHHOTO KYIIIBI IO
HE/IOCTaTKy MECTa, JOJDKHBI OBLITM BBICTPOWTH NPU 3aHMMAaeMbIX MMM JaBKax Oojiee WM MEHee
MIPOCTOPHBIE OajaraHbl W3 JEPEBSHHBIX JOCOK M OOJBINEH YacThbIO TOJ JKEIE3HOW KPBIMIEHO.
Croumocts 3tuX 6amaranoB — ot 20 1o 600 py0. ¥ Bce OHU MPEACTABISAIOT CTOJLKO YI00CTBa, YTO
B HHUX 3HAUUTENIbHAS 9aCTh KPACHOPSIIIEB KUBYT BO BpeMs spMapKH, HE HAaHUMas JaKe CTaBOK...)»
[8,¢.46] (cm. pucynok 8-12).

)

Pucynox 12 - Hemopuueckas 3acmpoiika mopzo60-cunvlx Keapmanos. /lepesaHnvie yHcunsvle u Xo3a1UCmeeHHble
nocmpoiiku 6 ov16. m. Kopennasa nycmoins (n. Cé0600a), pomo aemopa, 2020 2.:
a-2) munvl OKOH, 0-2iC) Munsl 6X0008.

IIoMMMO YaCTHBIX JKUJIBIX CTaBOK KOpCHHYIO APMApPKy OKPYKAJIO MHOKCCTBO IMOCTOSJIBIX
AOMOB, TOCTUHUI U «CHATBIX NOMOB Ha BPCMI». Iloceturenu u YYaCTHUKOB SAPpMapKH MOIJIN
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OCTaHOBUTBCS «B IOCTOSUIBIX JOMAaX YCTPOEHHBIX B JOCTATOYHOM KOJIMYECTBE B JIOMaX >KUTEIIEH
Kopenckoil c1060abl. OTH NMOCTOSIIBIE BOPBI OTAEISAIOTCS OT KOHCKOW IUIOMIAJH JOPOTOI0 H
JIOBOJILHO TIOMECTUTEIBHBI <...>» [8,C.38].

«...B KopeHHO!l MBI 3aHAIM OAMH U3 MHOXECTBAa JOMMKOB C IIMPOKMMH JABOpaMHU C
HaBeCcaMu Ul NOMEIECHMS JIOIAAed M JKunaxed. JloMa 3TH, MOCTPOCHHBIE Ha CKOPYIO PYKY, B
OOJIBIIMHCTBE CIIy4aeB OTJIMYAINCH OT KPECThSIHCKOW M30BI CpeAHEH PYKH - pa3Be OTCYTCTBHUEM
Ieyerl M JOUIaThIMM IIOJIaMH. Bce OHM BEpPEHMIEH TSAHYJIHUCh C OJHOM CTOPOHBI SPMAapOYHOM
IUIO[aM B KOHHOM O€ry M MNpeJHa3Hadyaduch Uil CJaud BHAWMBbl TOJBKO Ha JIBE HENENU
ApMapoYHOi mopel. B riaBHO# m30€, CIY)KMBIIEH HaM CTOJIOBOIO M TOCTHHOIO, 33 IEPETOPOIKOM
pacroyiokuics OTell, a B HEOOJBINOM NPUCTPOMKE, 4Ype3 HEMOIIEHbIE IPOXOJHBIE CEHH,
MOMECTHIIUCH MBI ¢ OpaTom <...>» - BcomuHaeT A.A. @er [21,¢.245-250] (cm. pucynok 8-12).

B)

Pucynok 13 - Hemopuueckasn 3acmpoiika I'ocmunozo osopa 6 6v16. m. Kopennaa nycmuoins (n. Ceo600a «cmasku
2ybepnamopa u euye-2ybepuamopa», pomo asmopa, 2020 2.: a-2) 6udbi co CIMOPOHBL I0HCHO2O 6be30d.

[Tucarens MapkoB A. JI. coobmaer: «Ha GoJbIiom JIyry, mepea MOHACTBIPSIMH, Kaxoe
JIETO B TEUEHHE BEKOB MMeEJa MECTO 3HAMEHUTasl B UCTOpUHU Hamux MecT «KopeHHas sipmapkay, BO
BpeMsi KOTOPOl B cTapoe BpeMs BECh JIyT ObIBAJ 3aCTPOEH MajaTkamu, MaTpaMu, JOMUKaMH U3 JI0-
COK M Ma3aHKaMH U3 XBOPOCTA U [JIMHBI, HA IM0I00Me MaJIOpyccKux Xar [26,¢.116-119] .

DT0 OBLIM «CTaBKW» MPHUE3KABIINX HA SPMapKy U3 Tojia B o Ha OOroMOJbe MOMEIUYbIX
ceMel, YCTpOEHHbIE KpPEHNOCTHbIMU IIJIOTHUKAMM M CTOJSIpaMU W3 IPUBE3EHHOIO C COOOH u3
MMEeHUH MaTepuasa. ¥ MHOTUX rocro/ 37iech ObUIM CBOM MOCTOSIHHBIC a4, CHAPYKHU yKpallleHHbIE
pe3p00ii 1o JiepeBy, a BHYTpH 00raTto 00CTaBI€HHbIE MATKONW MEOEIIbIO U YCTIAHHbIE EPCUACKUMU
KoBpamMu. HekoTopble M3 MOMEHIMKOB JaXe COOpYyXalu cebe Ha peKe KyNajdbHH Ha JIETO.
JIBOpsSIHCKHE CeMbH C 4aJaMH, IOMOYAaMU U MPUCITYroH, npuexanu «Ha KopeHHyro» 1enbMu
MOe37aMH | JKWIIH B OTHX TOMEIICHUAX B TCUCHUE BCEil sipMapKH, HEleNu 1o aBe-Tpu» [26,C.116-
119] (cm. pucynok 13).

Haubonee 1eHHBIM 37€Ch ISl HAC SIBISIFOTCSI JAHHBIE O KUJIOW TEPPUTOPUU U CTPOCHHSIX
SpMapKd M HaceJleHHH cJI000Ibl B craTUcTHueckoM wuccnenaoBanuu M. becsmoBckoro. Tak, Ha
1863 r. gaHbl KaK )KUBOMMCHBIE OMIMCAHUS TaK U TOUHYIO CTAaTHCTUKY MECTa M ONMCaHHE CTPOEHHM
U IUIAHUPOBKH, Hampumep: «...IIpoexas ceno [lonroe <...> Bbl YBUAUTE BO3BBILIAIOIIMICSA HaL
T'YCTBIM JIyOOBBIM JIECOM TMOCEpeOpPEHHBIN KyIoJ HOBOW M KpacuBOM LepkBU — 310 KopenHas
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nycThiHb. CMEXHO C 3TOH mycThiHEH W mpuuteratomeid k Heit Kopennoii cno0omoro momeriaercs
Kopennast sipmapka Ha mpocTpaHcTBe okosio 60 necsiTMH Ka3eHHOW 3emun. <...> Bbesxas B
pacmoJio’)KeHUue SpMapKu BB BHIUTE Tepeln coOoi Ooibinoe 3maanue. ...['oCTHHBIA IBOp, cpeau
MEJIKMX JIOMHUKOB M CTABOK €ro OKpY>KaromHuX |[...]. CyllleCTBEeHHYIO MPUHAIIEKHOCTh TOCTHHOTO
JIBOpa COCTABJISIIOT CMEXHbBIE C JBYMsS MEHBIIMMU €ro KOpPIycaMH JBa KaMEHHBIE J10Ma, Tak
Ha3bIBaéMble CTaBKU. B OJHONW M3 HUX BO BpeMs SpMapKd — MECTONpeObIBaHME HadallbHUKA
ryOepHHH, a B IPYroil KOMEHIaHTa. DTH JIBa JIOMa BBICTPOCHBI IIEpE/ BHE3I0M B CKBEp TOCTHHOTO
JIBOpa C IEpPEeIHEN ero cTopoHbl. Henaneko oT HUX KaMEeHHBIN JIBYX3TaKHBIM IOM TOPOJCKON TyMbI
<...> ...BOKpYI TOCTHHOIO JIBOPA PAacIOJIOKEHbl OCTAJIbHbIE CTABKU WUJIM BPEMEHHbIE NOMELICHUS
JUIS IOCETUTENEH IpMapKu, OHM ITOCTPOEHBI 10 IUIaHy U 00pa3yroT co0oil KBapTaiibl U yaulsl. Beex
YIUL TPOAOJIbHBIX BOCEMb, a IONEPEYHBIX LIECTh; JBE U3 HHUX IEPECeKaloT TOCTUHBIA ABOP
KpecTooOpa3Ho <...> TMOCTOSJIBIX JIOMaX YCTPOEHHBIX B JOCTaTOYHOM KOJHMYECTBE B JIOMax
xuteneil KopeHckoil cimo0onbl. DTH MOCTOSUIBIE JBOPHI OTHEISIOTCS OT KOHCKOW TUIOIIAJH
JIOPOTOI0 U JIOBOJIBHO MOMECTUTEIbHBD [8,C.31-32].
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Pucynox 14 - 'ocmunuya «bopucoe», pomo u oomeput asmopa, 2020 2.:
a-6) euowt hacados, 8) nian 1-2o smasica, 2) nian 2-20 smaica.

JIaHHBIE O KWJIOM TEPPUTOPUU U CTPOCHUAX IPMApPKU M HaceJleHUH ciao601b! Ha cep. XIX B.,
W. becsoBCcKUi MPUBOJUT YTO OJIHU U3 KOPEHCKHUX OObIBaTeNeH KUBYT B uepTe ApMapKu, Ipyrue
3a yepToro. [IpuyeM Te, 4TO KUBYT B 4EpTE SAPMApKH, T.€. HA €€ TEPPUTOPUU JEIATCSA HA JKUIIbIE
JI0OMa, C TIOCTOSIHHBIM IPO’KMBAaHUEM B HUX M HEXKHJIbIE «CTaBKW», PACCUUTAHHBIE HA NIPpeObIBaHKE B
HUX Ha BpeMs KPECTHBIX XOJI0B M NMPOBEJICHUS sIpMapKu (B cpeiHeM 3To okoJio 1 Mecsina B rof). B
yepTe SpMapKd Cpeld TMOCTOSIHHO JKUBYIIETO HACEIEHHs, KPOME TOCYAAPCTBEHHBIX KPECTbSH,
TaKXe KMBYT KYIILbI, MellaHe U oTcTaBHbIe coiaThl. B KopeHckoii cnobojie, mpuMbIKaromen K
yepTe sipMapku cuutaercs 76 gomoB u 427 mym o6oero monia; B caMoOi ke 4epTe SpMapKH —
60 tomoB u 146 npym o6Goero moma. Haxonsmwuecs e B 4YepTe sSpMapkud >KWIble JOMa,
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pacrpenenstoTcsl CIeAYIImUM 00pa3oM: 5 U3 HUX MPUHAIEkKAT KYIaM, 5 OTCTaBHBIM COJIIaTaM,
10 memanam u 40 rocynapcTBeHHbIM KpectiuHawm [8,€.131].

CBepX KUJIBIX HeXKUIIBIE JIOMA, Ha3bIBAEMBIC «CTaBKaMU», KOTOPHIE «OTKPHIBAIOTCS U UMEIOT
KuTeneil Tonbko Bo Bpems sipMapku [20], a mocne spMapku 3amuparoTcs HArJlyXo M OKHa BO
MHOTHX W3 HHUX 3a0uBaroTcsi gockamm» - 58 craBok [8,C.131-132]. M3 Hux 6 mnpuHamiekar
TrOpPOACKOMY OOINECTBY H CIyXKaT Juii O(HUIMAIBHBIX HA3HAYEHUWH — «TyOepHaTopCcKasy,
«KOMEHJIAaHTCKas» (CM. pUCYHOK 13), «<4MHOBHUYECKAS», IIOUYTOBAS, «IOKTOPCKAS» U «ITyMCKas»,
OCTaJIbHBIE CTaBKH MPHUHAJICKAT YaCTHBIM BJIAJETbIIaM M MOHACTBIPIO 50 4acTHBIX cTaBoOK. MTak,
o0rIee KOJMYECTBO KWIBIX JTOMOB K cepeaune XIX B. mpeBbimano cro. [lo ommcu BiagenbieB
CTaBOK 2/3 W3 HHUX NPUHAIUICKAIN BOPSHAM, OCTAJIbHBIC OBUIM BIaJICHUEM MEMIaH W KYMIOB
[8,c.131-132].

MoHacThIpcKas cTaBka B 4epTe SpMapku 1, KpoMe TOTrO 3a 4epTOol sIpMapKd Mo 0O0euM
CTOpPOHaM YJHUIIBI BEIyIIel K MOHACTBIPIO €CTh Psi/I CTABOK MOHACTBIPCKUX yuciioM 1o 10, u3 HuX 5
B UCIPAaBHOM COCTOSIHUH, & OCTAJIbHBIE B ITOJIypa3pyII€HHOM.

[IpocTpaHcTBO, 3aHMMaeMO€ BCEMH CTaBKaMHM, TIOJISKANIMMHA TIOCAKEHHOMY CcOOopY,
paBusiercs 7 891 Y4 kB. cax. (0,175 ra) [8,¢.133].

Bpemennoe nacenenue KopeHckoit cioboasl Bo Bpemsi spmapkd Ha 1863 1. ObLIO
CIEAYIOIIUM: «BCETO B YEPTE MU 3a YEPTOI0 APMApPKH 10 MpuHOca UKOHbI 7 090 yenoBek, BCEro B
YyepTe U 3a YepPTOI0 ApMapKH MOcje mpuHoca HKoHbI 27 137 yenosex» [8,€.133-134].

[T1OTHO TpaHWYAIIME YIaCTKH KHUIIBIX ycaned MBYXPSIHON 3aCTPOMKM KBApTaJIOB CXOJHAsS
ropoackoMy ycrpoiictBy [20]. OcHOBHass KOMIO3HMIHS ycaaeOHBIX MeECT KOMITaKTHas,
MpsIMOYroJibHAsI B IJIaHe. | J1aBHbIE ycaieOHbIe JoMa PACIIOJIOKEHBI [0 KPACHOW JIMHUU 3aCTPOHKU.
['paHuIIBI yYaCTKOB TUIOTHO TMPHUMBIKATH APYT K APYry ¥ OTACISUIMCH MPOE3THBIM BOPOTaMH. 3a
JIOMOM ObLT MPOTSKEHHBIN ABOP C HaBECaMU Ui TOBO30K U JIoIaiel, HeOOIbIINMU capasMu.

Cyns mo omnucsM, TO YHCITYy KaMEHHBIX CTPOEHUH M KOJMYECTBY HAXOIANIMXCS Ha
TEpPUTOPHUHU pa3nuHbIX yupexaeHuid, Kypckas Kopennas spmapka k cepenunnl X1X Beka umena
OoJbIIee TpaJOCTPOUTENBHOE Pa3BUTHE, YeM OOJIBIIMHCTBO YE3IHBIX TOPOJOB YEPHO3EMHBIX
ryoepauii. @akTudecku - 3To0 peakas B Poccum Tepputopus, OTBEACHHAs IOJ TOPTOBIIO, HO
pa3BHUBaBIIAsCS MO TUIY TOPOJACKOTO  HACEJIEHHOTO0 IMYyHKTa, M  MCIOJIb30BaBIIASICS
MIPEUMYIIIECTBEHHON Ha KOPOTKUN COOBITHIHBIA CPOK, B CpelHEM B OJUH MECSI], Ha IMepHO]l
KPECTHOTO XOJ1a U sIpMapKH.

Haubonee 1eHHBIM 37€Ch ISl HAC SIBJISIIOTCSI JAHHBIE O KUJIOH TEPPUTOPUU U CTPOCHHSIIX
spMapku M HaceileHuun ciobonel. W. becsgoBckuil mpuBoaut ux cruenyromumu: «KopeHckas
cinoboa uHaue emnie HasbiBaeTcsd «KOpEHCKMMU TOCTOSIIBIMU JIBOPAMK», HacejdeHa OoJblieit
4acThI0 TOCYIAapCTBEHHBIM KpecThiHaMu Kypckoro, (aTeXcKoro M LIUTPOBCKOTO Yye3JI0B U B
0COOCHHOCTH KpECThsIHAMH JIBYX COcCeIHUX JepeBeHb CiykHU U BynaHOBKH, pacHojOKEHHBIX OT
Hee B JIByX Bepcrax. KpecThsiHe 3TH MONYy4YMJIM 3[1eCh MOJaTh C JABHETO BPEMEHU U MOCTPOUIIU
ycanp0bl. OHU TOJNB3YIOTCA [OXOJAOM C JOMOB BO Bpems sipMmapku. OJHH H3 KOPEHCKHX
oObIBaTeliel KUBYT B UepTe spPMapKu, JApyrue 3a UepTold B uepTre SIpMapKd, Kpome
rOCyIapCTBEHHBIX KPECThSH, TAKKE KYIIIbI, MEIIIaHE U OTCTABHBIE COJIJIATHI.

B Kopenckoii cnobone, mpuMbIKaronieil kK uepre sspMapku cuuraercs 76 poMoB u 427 myin
oboero mona; B camoii ke uepte sipMapku — 60 1omoB u 146 qym o6oero mouia.

Haxonsmuecs B uepre >Kuible IOMa, PaCHpelesioTcs CIEAYIOIUM 00pa3oM: 5 W3 HUX
MpUHAUIeKAT KYyIIaM, 5 OTCTaBHBIM confaram, 10 mentanam u 40 rocyaapcTBEHHBIM KPECTHHAM.

CBepX JKMUITBIX €CTh ele HEXHIIbIE JOMa, Ha3bIBa€MbIe «CTAaBKAMI», KOTOPbIE OTKPBIBAIOTCS
U UMEIOT XHTeNei TOJIbKO BO BpeMs spMapku [20], a mocie sipMapKu 3amUparoTCcsl HArIyXo U OKHA
BO MHOTHX M3 HUX 3a0HMBaroTCs Hockamm» [8,€.131-132].

06 srom Haxoaum y E.JI. MapkoBa: «KopeHHasi pacnoyioxkeHa KakuM-TO 0eCropsIOUHbIM
TaTapCKUM CTaHOBHIEM Ha BbicOkoM Oepery Tyckapu. TecoBble, Hackopo cOUTBIE J0Ma C
0aTKOHAMU W TaJlepesiMU, MPOMOKAIONINE OT JOXKISA U TPSACYIIUECS OT BETpa, HACHITIAHBI IEJIBIM
nabupuHTOM. Kpyripiii roa B HUX HE KUBET HUKTO, a TOJIBKO HA TPH JICTHHIE HEIETH OKUBAIOT 3TH
MEPTBBIE yullbl. CTPaHHO MPOE3KaTh 3UMOIO TI0O MHOTOYHCIICHHBIM MIepeyKaM, Ha KOTOPBIX CTOST
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pAAbl CIENBIX JOMOB C 3aKOJIOUEHHBIMHM CTaBHSMH, MOKHHYTbIE TOCTHHMIIBI, TPOMAJHbIE ITYCThIE
psabl u Ganaranel. CoOcTBeHHO AepeBHs KopeHHas TsHETCs Mo OO0JIBIION JOpore AIHHHBIM PSI0OM
OOBIKHOBEHHBIX MYXHIIKMX M30, CIINBAsCh MOYTH CILIONIL C OKpeCTHbIME cémamun» [20].

W Bcero B ueprte sipMapku 58 craBok. M3 HUX 6 mpuHAIERKAT TOPOACKOMY OOIIECTBY U
cIykaT  ans  OQUIMANbHBIX  Ha3HAYCHHH —  «ryOepHATOpCKas»,  «KOMEHIAHTCKas,
«YMHOBHHUYECKAS, «I10YTOBASL», «IOKTOpPCKas» U «ayMcKas». OcCTallbHble CTaBKU MpPUHAIIEKAT
YaCTHBIM BIIAJIENIblIaM U MOHAcCThIpI0. 50 YaCTHBIX CTaBOK IOJUIEKAT MOCAXEHHOMY cOopy 1o 8
KOIl. C CAXCHW W BHECEHBI B KHUTY JlyMblI, CTaHOBJIEHHYIO Ul 3TOro cOOpa, OHH WJIHM CIY)XaT
MOMEILEHUSAMU JJIl CaAMUX BIIAJIENIBLEB, MPUE3KAIOUIUX Ha SpMapKy, WJIM C HUX OTCYTCTBHUEM
CHAIOTCA B HAeM JPYTUM IIOCETUTENSIM SpMapKH; U3 OCTAJIbHBIX K€ YaCTHBIX CTAaBOK B OJHOMU
(momenmiel KykoseBckoit Hacinequuipl [lanryruna) momernaercs o0bikHOBeHHO Tpaktup [20], a B
npyroi (xynua TuxoHOBa) ycTpOEHBI HyMmMepa JUlsl MPUE3KAIoUINX; 00€ OHM MOAJEXAaT 0COO0OMY
coopy.

EnuHcTBEHHOE COXpaHUBIIAACS IMOCTPOWKA B TOProBO-KWJIOM 4dacTh MecTtuka KopeHHas
MyCTBIHb, TEpUOaa co3/anusa aHncamOis ['octuHoro nBopa KopeHHoi spmapku pyOexa - 37aHUE
obiBIIel roctuHuibl «bopucos» (Ilpunoxenue 1-8), B maHHOM KBapraje (B HacTosllee Bpems -
«CBoboaunckuit Jlom kynbtyps» (CK) (cMm. pucyHok 14).

CornacHo miana 1863 r. 31aHKE PaconokeHo B ceBepo-BOCTOUHOM yriry kBaprtana VIl mox
TuTepoil «e» noa HaumeHoBaHueM «l'octununa bopucos (IlamryruHckas)» B IIIOTHOM OKpPY>KEHUU
TOProBBIX U 0OCTYKMBAIOIINX CTPOCHUMN: a — OalIMauHblil ¥ 10QTOBBIN psAll; 6 — MBUIBHBIN pAL; C —
TyaynHblid psg, d - cyHIy4Hbld psg; f — cTaBku Ui IUPIOJIBHUKOB, YaCOBBIX MAacTepOB H
MOJMCTOK, TPAKTyeMbIi Tak >ke Ha TutaHax XX B. Kak «0ObIBaTeNIbCKHE KBapTaIbD».

N3ydyenne coxpaHuBIIErocsi  OOBbEMHO-IUIAHUPOBOYHOIO PEIICHUs 3/aHus [0Ka3ajo
BO3MOXHYIO PEKOHCTPYKIMIO (YHKIMOHAIBHOTO Ha3HAUEHHUsS TMOMENIEeHUl o00beKkTa Ha
npoTsbkeHuH XIX — mHay. XX BB.: 1-i 3Tax — XOJUI, TOCTHHUYHBIE HOMEpa, Kabak; 2-H sTax -
JIECTHUYHBIN XOJUI, YBECETUTEIbHOE 3aBe/icHUe (OabHBIN 3aj1, KIyOHO-KOHIIEPTHOE MOMEIICHHE),
KOMHaTa Jiy1s 6ecen (MIu IOMEIIECHHE JTsl My3bIKaHTOB).

B coBerckuii mepuoaa B 37aHWUM ObUT OpraHW30BaH palioHHBIM J[oM KyabTypbl. 3a 3TOT
MepuoJi MPOM30LUIA  PEKOHCTPYKIMS  O0beKTa, B  pe3ylbTaTe KOTOPOWM, YaCTUYHO
TpaHCPOPMUPOBAHO 0OBEMHO-TNIAHUPOBOYHOE pPelIeHHe, AeKop dacaroB U yTpauyeHbl HHTEPbEPHIL.

Qdacanel U B 1LEIOM OOBEMHO-IPOCTPAHCTBEHHAs] KOMIIO3UIUS 3/aHUs BBIIOJHEHBI B
TPaJMLUAX BPEMEHHU PAHHETO KJIACCHUIM3Ma U COMOJYMHEHbI C OOIIel ujeeil apXUTEeKTypHOTO
3aMbICIa, PaCIoOJIOKEHHOTO BOMM3M, aHncam6Oiia ['octunoro nsopa JI. KBapenru, otpaxas oOuryro
TEHJCHIIMIO €ro (POHOBBIX OOBEKTOB - KHUJIOTO, TOProBO-00CTY)KMBAIOIIETO M Pa3BIIEKATEIHLHOTO
Ha3HAYEHUS] MCTOPUYECKON 3aCTPOUKH, POPMHUPOBABIICICS MO MEHIUIAHY PETYISIPHOI TTaHUPOBKHU
MOCENIEHUsI B CBSI3U C yCTpoilcTBOM paboThl u obcimyxuBanusi Kypckoit Kopennoil sipmapku Ha
pyoexe XVIII-XIX u nepoit nonoune XIX BB..

Octanpubie 11 TpakTHpHBIX 3aBeleHUN MOMEIIAIMCH B OOJNBIIMX M MallbIX OajaraHax,
KOTOpbIE HE BXOJSAT B pa3psi/i CTaBOK, XOTS M HEKOTOpbIE M3 HUX HMEIOT BCE YAOOCTBA YKUIBIX
IOMOB. 3ameuaresnbHenmue n3 Hux CemHukoBa, Beixoanesa, [lepenenkuna u ColpoMATHUKOBA.

N3 50 yacTHBIX CTaBOK, BHECEHHbIX B KHUTY Jymbl 30 mpunHaanexar noMmemukam, 12
Kyniam, 6 Merianam, 2 rocyJlapcTBEHHbIM KPECThsiHAM M 1 MOHACTBIPIO (B TIOCIEIHEM MTOMEIANIOCH
B HbIHEIIHeM rojty Bpemennoe [lonuneiickoe Ypasienue).

W3 mepedncineHHbIX HAMM CTABOK TOJIBKO 6 KaMEHHBIX, a OCTaJbHbIE JNEPEBSHHBIE. BBITH
MOJKET ¢ MaJIeHUeM sSipMapKu BCE ITH CTaBKU BCKOpe OyAyT pa3pyllieHbl BpEMEHEM HJIU CIOMaHbI.
(HekoTopsle Biajenbipl CTaBOK HE HMEIOT C HHMX HHMKAKUX JIOXOJOB BCIEACTBUE OBICTPOTO
YMEHBIIEHUN YHCJIa MOCETUTENeH sipMapKu M He jKenas IUIaTUTh HAIPacHO MOCAaXEHbI cOop B
Jymy, mojanu yxe NpOIIEHUs B CIOMKE UX cTaBoK. 20 JieT TOMy Has3aj 3a HaeM CTaBKH IIJIaTHIIN
Hezemo 1o 200 py0.; Teneps camyro JIYUIIYIO CTaBKY MOXKHO MMETh 3a MATYIO OO 3TOH LIeHBI, HO
U NIPU 3THX HU3KHUX LIEHaX IOJIOBMHA CTaBOK OCTAKOTCS HEXWIbIMHM). MHOTHE U3 HUX U TENEpb B
MOJIypa3pyLICHHOM COCTOSIHUM U B JIYPHYIO INOTOAY MPEACTaBISIIOT BecbMa ciaalyio 3aIlUTy OT
JIOKJS U BETpA.
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MoHacTbIpcKas CTaBKa B 4epTe spMapku 1, KpoMe TOro 3a 4epTolo sSpMapKud Mo 0O6eum
CTOpPOHAM YJIHUIIbl BEAYIIEH K MOHACTBIPIO €CTh Pl CTABOK MOHACTBIPCKUX yucioM 10 10, u3 Hux 5
B UCIIPaBHOM COCTOSIHUH, @ OCTAJIbHBIE B IIOJypa3pyLIEHHOM.

[IpocTtpaHCcTBO, 3aHMMAaeMO€ BCEMM CTaBKAMM, NOJJISKAUIMMHU IIOCAKXEHHOMY cOOpYy,
paBusiercs 7 891 Y5 kB. cax. (0,175 ra) [8,¢.131-132].

HeGomnpiras 9acTh KHWIBIX HCTOPHUYECKHX KBapraioB IeHTpa 1. CBoOoma (ObIB. CII.
KopeHnckoii) ¢pparMeHTapHO COXpaHSET YacTh 3aCTPOHKH B APXHUTEKType KOTOPBIX YTabIBAIOTCS
[IPEEMCTBEHHOCTh CTPOUTENIbHBIX TPAAULIUU, XapaKTEPHBIX KOIAA-TO JJISl IOCEJIEHUS IaYHOIO THIIA
B 00pa3ax KpeCThSIHCKUX MOCTPOEK MPOILIOTO. B MCTOpUYecKnX KBapTaiax clI000CKOM 3aCTPOMKU
COXPAHAIOTCS €l KAapKaCHbIE JIEPEBSHHBIE U JIEPEBO-IUICTHEBBIE U TIJIMHSAHBIE JKUJIbIE U
XO3SMCTBEHHBIC IOCTPOWKA Ha KHPIUYHO-OYTOBBIX (yHIAaMEHTaX TOJ BaJIbMOBBIMU H
MIOJIyBJIbMOBBIMH KpbIIIIaMH, ¢ acaiaMy OOLIUTHIMU AOCKOH (MM MOOEIeHHBIMU), YKpaIll€HHBIMU
CKPOMHOM pe3b00i1 OKOHHBIX HAJIMYHUKOB U HEOOJIBIINX MTOA30pOB KapHU30B. Kpbliblia n36 umMeroT
[IIyX0€ /10CYaToe Orpak/IeHUE U HaBeC, Kak MPaBmWiIo NMOIyKpyrioil ¢popmsel. [locnennuil onupaercs
Ha YEThIPe CTOJIOHNKA, paCHOJIOKEHHBIX MOMAPHO.

ApPXHUTEKTypa KUPIHUYHBIX KYITEUECKUX TOPTOBO-KHIIBIX 3aHUI SKJICKTHYHA M MMOXOIUT Ha
KWIYI0 HCTOPUYECKYIO 3acCTpONKy MalibiX ropojsoB Kypckoro kpas - OJHO-ABYX JTaKHbIE
JOXOJIHbIE JloMa ¢ (DyHKIIMeH — Toprosas jJaBKa Ha Mmorpedax M >KUJIble KBapTHPBI, BBICTPOCHHBIE B
OTKpPBITOM KUPIMUYHOW Kiaake (C JOCTATOYHO BBICOKOM JI€KOPATHBHOM HACBHIIIEHHOCTHIO) IO
Mo0eNKy, KOBAaHBIMU BXOJ/JHBIMH HaBECAMU M KOBAaHBIMHU OaJIKOHAMU, JEPEBSHHBIMHU pPacHallHBIMUA
CTaBHSIMU OKOH.

BriBoabI

Pe3ynbTathl uccnea0BaHus MO3BOJISIIOT ClIeNaTh CIEIYIOIINE BHIBOIbI.

Kaxk nokaszano uccienoBanue, Mecreuko KopeHHast myCTbIHb U3BECTHAs! CBOUM MOHACTBIPEM
U SIPMApKOW POCCUHCKOTO0 M MEXIYHAapOJHOIO 3HAYEHUs, KOTOpas BIEPBBIE MPEJCTABISAETCA, KakK
pernoHanbHBIN (peHoMmeH Kypckoro kpas — OCOOBIM THIT MOCENCHHS, CO3JABIINNA 3HAYMTEILHBIN
palioH peryisipHOM 3acTpOWKHM TIOCeNeHHs («HE MEHee CTa» JKIbIX JIOMOB) — IO CYTH
«ycaap0orpaa», «ropoAok». 37ech BOKPYT HCTOPHUYECKOrO sApa IOCENIEeHUS - ITYXOBHOTO H
TOProBOTO ILIEHTPOB - MoHacThipsi 3HameHuss KopenHoit mkonsl boxkueir Marepu m KopenHoit
spMmapku (B teueHun koH. XVIII — XIX BB. copMupoBanace peryisipHasi 3aCTpodKa «CTaBOK» -
HeOONpIINX ycaned KypCKOW 3HATH, HOCAIIUI COOBITUHHBIA XapakTep NpeObIBaHUS B cele Ha
BpeMsi paboThI IpPMApKU U KpeCcTHBIX X010B ¢ Kypckoit KopeHHOM HKOHOM.

Perynspnas nmnnaHupoBKa MNPSIMOJUHEHHBIX YJIHML, ONPEEISIonias MpsSMOYrOJIbHbIE
KBapTajbl, UMeNa YeTKO (PYHKIMOHAIBHOE JIEJIEHNE, T/1€ BOKPYT I'PaJoCTPOUTEIbHON JOMUHAHTHI —
LIEHTPAJBHOM sIpMapOYHOM IUIOMIa[M C TOProBeiM aHcamOnem [octuHoro naBopa u bupxu
pacrnojiarajquch KBapTajibl TOPrOBBIX IUIOHIaJed C TOPrOBBIMH U OOCIY)KHBAIOIIUMH SPMapKy
oOBbeKkTaMu U Janee Ha nepudepu, NPEeUMyIIeCTBEHHO B CEBEPHON U 3aMaIHOM 4acTH 3aCTPOMKH -
KUJIbIE KBAapTalbl, KOTOPbIE COCTOSJIM M3 JIOMOB - «CTaBOK», KOpEHCKUX oObiBareneil. [lpuuem,
LEHTpadbHAs U CEBEepHAas YacTH SAPMAPOYHON TEPPUTOPUU OBUTM OTBEACHBI JUISI PO3HUYHOU
TOPrOBJIM, PA3JIUYHBIX 3aBEACHUI, OpraHM3allMi U >KWIbs, a IOKHBIE, 0OJiee YKPYNHEHHBIE IO
TUIONIAAM KBapTalbl, ObUIM MEepeHa3HaueHbl JJIi ONTOBOM TOPrOBIH, UMENN OOLIMPHBIE TOPTOBHIE
IJIOIIA/IU, CKIIAJICKUE TOMENIEHUS, KOHIOLIHHU, UIIIIOIPOM H T.II.

VImMeHOBaHUE «CTaBKa» B JIAHHOW MECTHOCTM HMeNO Oojiee IMIMPOKOE 3HAYEHHUE, YeM
MPUHATOE TOHSTHE OYKBAIBHO - «KHIIbE, KOTOPOE CTaBUTCS Ha BpeMs». CTaBKaMU Ha3bIBAIUCH
KUJIbIE U TOPrOBO-CKIAJICKUEe OOBEKThl KHUPHNHYHBIE W JEPEeBSHHBIE, YTO U OTPAKEHO Ha
KapTorpadgudeckux ranax 1-it momoBunbsl XIX B. U B CTATUCTHUECKUX OMUCAHUSX COBPEMEHHBIX
Hccaea0BaTeNe.

[110THO TpaHHUYaIIe YUYaCTKU KUIBIX ycaaeO ABYXPSIHON 3aCTPOUMKH KBAapTajJOB CXOJHAs
rOpoACKOMY YCTpoiicTBy. OCHOBHAs KOMIO3HIIMS ycaJeOHbIX MECT KOMITAKTHAs, MPSMOYTOJIbHAs B
wiane. ['nmaBHBIE ycajeOHBIE JOMa pacCHOJIOKEHBI MO KPacHOW IWMHUM 3acTPOUMKH. [ paHHIIbI
YYaCTKOB TUIOTHO MPHUMBIKATHU JIPYT K IPYTY U OTACISUINCH MPOE3AHBIM BOPOTaMHU. 332 JOMOM OBLIT
MIPOTSHKEHHBIN JBOP C HABECAMU ISl TOBO3OK U JIOIIa iel, HEOOIbIINMU capasiMu.
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ApXUTEKTypHasi M CTUJIMCTUYECKAsl IIEHHOCTb OIPENEISETCS: B 3aCTPOMKE MOHACTBIpS,
00yCTpOMCTBOM B OCHOBHOM OJHO- JBYXATa)XHBIMU KUPIHYHBIMH 3JIaHUSMH, CO CKATHBIMU
KpBILIAMH, C MPEUMYIIECTBEHHOM KIACCULIMCTHYECKON CTUIIMCTUKOM odopmiieHus (acamos, a Tak
xKe B (opMax pycCKOrO M PYCCKO-BHU3AHTUHCKOTO HANpPaBIICHUS B apXUTEKType €ro XpamoB, B
3aCTPOMKE TOCTHMHOIO JBOpa M BCEH TOProBOM 30HBI TaKXKE€ OJHO, JIBYX- U IOJYTOPa3TaXKHbIMU
KAPIUYHBIMU 3[aHUSMH M COOPYXEHHsiIMH B (opMax Imepuoja KIACCHIM3Ma, a TakKe
HMCTOPUYECKOM 3acTpolKkM HaceleHHoro mnyHkra M. CBoOoma (KopeHckoit cnmo0oasl) — 0HO-
JIBYXSTKHBIMUA KHUPIUYHBIMU W JIEPEBSIHHBIMU TOPTOBBIMHU, TOPrOBO-KWJIBIMHU, >KWIBIMH U
OOIIECTBEHHBIMH 3JJAHUSMH, B MPOIJIOM MUMEHOBAaHHBIX «CTaBKaMM» MPEICTABISIOMINX 10 CBOCH
apXUTEKTYype B PsAY JKAJIOM M TOPrOBOM 3aCTPOMKE HEKOE E€JUHCTBO CEJIBCKOTO0 HApOJHOIO
TBOpPYECTBA C TOPOJCKON ycaneOHOM 3aCTPOHKOM XapakTepHOW IJisi HEOOJBIINX Ye3JHBIX TOPOJIOB
nopyOexHoi Tepputopun YepHO3eMb.

B nenom mecreuxko KopeHHast mycThIHb, O€3YCIIOBHO, UMEET 0COOYIO IIEHHOCTHBIE B CBOUX
(YHKIIMOHAJIBHBIX XapaKTEPUCTUKAX OMNPEACSIOIUX - MCTOPUYECKOE E€IUHCTBO JyXOBHO-
CakpaJbHOM, MaJOMHUYECKOM, MEMOPHAIBHOM, TOPrOBOM, IKWJOW, aJIMHHUCTPATHBHO-
X035IICTBEHHON (DYHKIIMM, COXPaHUBIIYIOCS /10 CETOHSIIHUX THEH.

['maBHBIM TyXOBHBIM LIEGHTPOM M I'PaJOCTPOUTENBHOM sIpOM siBisieTcst kKomiuieke Kypckoro
Kopennoro PoxnectBa boropoauiikoro monacteipsi, ocHoBaHHoro B XVII| B. u mosyduBiiero
HauOoJbIlIee pa3BUTHE K Havany XX B.

Bce okumple W BcroMoraTellbHbIE CTPOEHHUSI MOHACTBIPS TMPOCTBI M JTAKOHUYHO
(GYHKIMOHATBHEI B OOBEMHO-NPOCTPAHCTBEHHBIX (OpMax U XYAO0KECTBEHHOM O(pOpPMIICHUU
(dacanoB XapakTepHbIX Ul IMEpHojJa KilacCUlU3Ma M HCTOpU3MA. ApPXHUTEKTypa XpamMOB HMeEET
BIIUSIHUE T.K. HEOPYCCKOTO U PYCCKO-BU3AaHTHICKOTO HampaBlieHUs pa3BUTUS (POpMOOOpa3oBaHuUs
XIX — navana XX BB.

MomnacTeipp K Hauany XX BeKa HMMEN BBIPRKEHHOE 30HHUPOBaHUE, OOYCIOBIECHHOTO B
HEMaJION CTeMeHW JaHAMA(PTHBIMA OCOOCHHOCTSIMU TEpPUTOpUU. TeppuTopus COOCTBEHHO
MOHAcCTHIpsi OblIa HEOOJBIIOMN, pa3Melianach Ha BBICOKOM MBICY HaJ pEKOM, C ceBepa U Iora
OTPaHUYEHHOM OOpPBIBUCTHIMU OBparamu. Ha Oepery peku, OKoJI0 UICTOYHHUKA, T/ie Obls1a 0OpeTeHa
HxoHa, coopyxeHa Haakiajae3Has LEPKOBb, COCAMHEHHAs C OCHOBHOW TEPPUTOPUN MOHACTHIPS
KPBITOM JIECTHULIEH — CXOJOM.

Kopennas spmapka moiy4aer oOIMIEPOCCHICKUN cTaryc W 1o Ykazy KMmmeparpuiibi
Exarepuns! Il moanucannomy 17 urons 1787 1., Koraa ObUIO TaHO YKa3aHUE O CTPOUTEIBCTBE 3/1€Ch
KaMEHHOTO ['0CTHHOro J1BOpa, K MCIOJIHEHHUIO KOTOPOro CHElHO npuctynmio Kypckoe ropojackoe
obmectBo. CtpoutenbcTBO Benochk ¢ 1793 mo 1812 rr. ABTOpOM mpoeKkTa ObUT BBIJAOITUICS
apXUTEKTOp AM0XH Kiaccunusma - [xakomo Kapenru. Kommneke ['ocTHOTO 1BOpa, OKOHUEHHBIN
nocTpoiikoit k 1812 romy cran ogHUM U3 3HAUYUTENBHBIX apXUTEKTYPHBIX aHcambneil tora Poccun
MepHroJia 3peyioro KJIacCuu3Ma.

HeGonpimas 4yacTh >KWJIBIX HCTOPUYECKUX KBapTajoB MeHTpa m. CBobonma (ObIB. CiL
Kopenckoii) parMeHTapHO COXpaHSeT 4YacTh 3aCTPOUKU B apXUTEKType KOTOPBIX YTaJbIBArOTCS
MIPEEeMCTBEHHOCTh CTPOUTENIbHBIX TPAAULIUU, XapaKTEPHBIX KOT/Ia-TO JJISl MOCEJICHUS IaYHOTO THIIA
B 00pa3ax KpecThSIHCKUX MOCTPOEK MPOILIOTo. B ucTopuieckux KkBapranax clio00CKOM 3aCTPOUKH
COXPaHAIOTCS el KapKacHble JEpPEeBSHHBIE U JIEPEBO-IUICTHEBbIE W TIJIMHSAHBIE JKUIIbIE U
XO3SIIICTBEHHBIE TOCTPONMKM Ha KHUPHUYHO-OYTOBBIX (yHIaMEHTaX TOJ BaJIbMOBBIMU U
MOJTyBJIbBMOBBIMH KpbITIIaMH, ¢ dacaiaMy OOIIUTHIMU AOCKOH (MM MOOENeHHBIMU), YKpAIIeHHBIMU
CKPOMHOM pPe3b00ll OKOHHBIX HAJMYHHUKOB M HEOONBIIMX MOJ30pOB KapHU30B. Kpeuibiia uz0
UMEIOT TIIYXO€ JI0OCYAaTOE OTpakJIeHUE M HaBec, Kak MpaBWIIO MONMyKpyrioi (opmel. Ilocnemnuit
OTIMPAETCs Ha YEThIPE CTOJIOMKA, PACIIONIOKEHHBIX MOMAPHO.

ApPXHUTEKTypa KUPIHUYHBIX KYIEYECKUX TOPrOBO-KHIIBIX 3aHUI SKIEKTUYHA U MOXOJUT Ha
KWIYI0O HCTOPUYECKYIO 3acCTpOMKYy MalblX roponoB Kypckoro kpas - OJHO-ABYX JTaKHBIE
JOXOJIHBIE JJoMa ¢ (DYHKIIMEH — ToproBas JaBKa Ha morpedax U >KUJIble KBAPTHPHI, BRICTPOCHHBIE B
OTKPBITOW KUPIMHYHOW KJIaAKe (C JOCTATOYHO BBICOKOW JIEKOPATUBHON HACHIIMIEHHOCTHIO) IO
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1no0eNKy, KOBaHBIMH BXOJIHBIMU HaBECAMU M KOBAHBIMH OAJIKOHAMH, JEPEBSIHHBIMH PaCHalIHBIMU
CTaBHSMH OKOH.

IIo 4ucily KaMEHHBIX CTPOCHUN U KOJIMYECTBY HAXOIALIUXCS HA TEPPUTOPUU PaA3IUYHBIX
yupexnaenuit, Kypckas Kopennas spmapka k cepenmHe X1X Beka wumena Oombliee
IpaJOCTPOUTEIBHOE PA3BUTHE, YEM OOJIBIIMHCTBO YE3/JHBIX T'OPOJOB YEPHO3EMHBIX T'yOEpHUM.
Perynspras miaHupoBKa 3TOH TEPPUTOPUM, COXPAHMBIIASACA 10 HACTOSILETO BPEMEHH, CTPOrO
(bUKCUpOBaHHBIE MECTa Pa3IMYHBIX CTPOCHUH, I'PAaHMI IJIOMIAJCH, YJIHI, KBapTaJlOB M YYacCTKOB
MOJT 3aCTPOIKY, OBUIM CXOIHBI C IUIAHMPOBKAMHU YE3THBIX TOPOJIOB EKATEPHHUHCKOTO BPEMEHH.
@aKTUUYECKH - 3TO pelKas U B CBOEM pOJI€ €AUHCTBEHHAs B Poccum TeppuTopus, OTBEACHHAS 110
TOPrOBIII0, HO PAa3BHUBABIIAACS IIO THUILy TOPOJCKOTO HACEIEHHOIO IYHKTA, W HCIIOJIb30BABILIASICS
MIPEUMYILIECTBEHHON Ha KOPOTKUI COOBITUIHBIN CPOK, Ha MIEPUOJT KPECTHOTO X0J1a U IPMapKH.
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E.. TYPBLEBA!, A.A. TPUBIIOBA!

1®IrBOY BO «BopoHexCcKuii rocy1apcTBEHHbINH TEXHMYECKUH YHUBEPCUTET», T. Boponex, Poccus

PEHOBAIIUSI IPUBPEKHBIX TEPPUTOPUM HA IPUMEPE
HEHTPAJIBHOU HABEPEKHOU I'OPOJA BOJIT'OI'PAZIA

Annomauyusn. Ilenaimu uccne0oganus AGUIUCHL 8ONPOCHI  NPEONOCHLIKU K  DPEHOBAYUU
npubpesicnoti meppumopuu Bonzcoepada ons @opmuposanus ycmouuueo2o pazeumusi meppumopuii
Boneocpaockoii aznomepayuu. B cmamve npusedenvi pesyibmamuvl 2padoCmpoumensHo20 aHaiu3ad:
@yHKYUuoHaTbHOEe 30HUPOBAHUE MEPPUMOPUU HADEPEICHOU, CXeMd DPeopaHu3ayuu Mmeppumopuu 8
epanuyax  pazpabomku  KOHYenyuu, cxemMa KIACCUDUKAYUU — O3€IeHEeHHbIX — mepumopuii  u
pempocnexmugnozo  mamepuana.  OOOCHOBbIGAEMCS — AKMYANbHOCMb — pA3GUMUSL  20POOCKUX
PEKPEAUUOHHBIX NPOCMPAHCING, NPUOPEINICHBIX MEPPUMOopUll, npeodbpazoeanus U MoOepHU3AYUsL Yoice
COJICUBUICTICS. 3ACMPOUKU 8 KOHMeEKCme peulenus npoorem 2padocmpoumenvHoll OesimeibHOCHU.
[Ipusedenvl mpebosanus K oyeHnke NO KANCOOMY XAPAKMEPHOMY NOKA3AMEN0, GIUSIOuWeMy Ha
npeobpazosanue cyuecmsylowe2o obauxa Boneozpada ons noswiuienuss mypucmuiecko2o nomeHyuad.
Yemanoeneno, umo nnanuposounvie u apxumexmypro-npocmpaHcmeeHHble pPeueHusi HAbepestCHOl
2. Bonzoepao newexoono-mpancnopmuas — O08YXbAPYCHAS: NPU IMOM GepXHUE U HUJICHUE SPYChbl
uMerom paznuyHoe QyHKYUOHAbHOE HA3HAYeHUe.

Kniouesvie cnosa: penosayus, epadocmpoumenbcmeo, 20pood, o3elleHeHue, npubpesicHvie
meppumopuu, HabepesicHas

E.l. GUREVA! A A. GRIBTSOVA!
Voronezh state technical University, Voronezh, Russia

RENOVATION OF THE COASTAL AREAS ON THE EXAMPLE
CENTRAL EMBANKMENT OF THE CITY OF VOLGOGRAD

Abstracts. The objectives of the study were the questions of the prerequisites for the renovation
of the coastal territory of Volgograd for the formation of sustainable development of the territories of
the Volgograd agglomeration. The article presents the results of an urban planning analysis: functional
zoning of the embankment territory; a scheme for the reorganization of the territory within the
boundaries of the concept development; a scheme for the classification of green areas and retrospective
material. The article substantiates the relevance of the development of urban recreational spaces,
coastal areas, transformation and modernization of existing buildings in the context of solving the
problems of urban development. The requirements for evaluation for each characteristic indicator that
affects the transformation of the existing image of Volgograd to increase the tourist potential are given.
It is established that the planning and architectural and spatial solutions of the Volgograd embankment
are pedestrian-transport — two-tiered: the upper and lower tiers have different functional purposes.

Keywords: renovation, urban development, city, landscaping, coastal areas, embankment.

BBenenue

Ha nanHbIii MOMEHT TemMa PEKOHCTPYKLUU NPUOPEKHBIX TEPPUTOPUN CTalla JOBOJIHHO
akTyanpHON (pucyHok 2, 3). MHOrume ropoja HaJyajid aKTHBHO pa3BUBaTh W (PMHAHCHPOBATH
MPOEKTHI 10 O1aroyCTpOrCTBY HabepekHbIX 30H [1-4]. [ToMrMO TOTO, YTO GOJBIIMHCTBO PETHOHOB
Poccun craBsT mepen coOoit 3ajauM cAenaTh TOPOJCKHE MPOCTPAHCTBA, MpeJHA3HAUYECHHBIE IS
TMOJe, Tak e HaOupaeT NOMyIIPHOCTh TeMa 3allMThl OKpYXKaloled cpeabl u Ooprda ¢
WCTOYHHUKAMH 3arps3HEHUSI SKOJIOTUHU (PUCYHOK 4).

HabepexxHble SBIAIOTCS HE TOJIBKO JIEMEHTOM 3alllUThI Oepera oT pazpymariux (pakTopos
BO3JICHCTBUS, HO M TIPUBHOCSAT ICTETHUCCKUI XapakTep B 0JaroycTpoucTBO TEPPUTOPHIi roposa [5-
10].
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APXHTEKTYPA M TPATOCTPOUTENHCTBO

Bonpoc He00X0AUMOCTH TPOBEICHHS PEKOHCTPYKIIMM HAOCPEIKHOW CTal aKTyalbHBIM Ha
ceroans u Juist ropoaa Bonrorpaa. IombiTku mpeoOpaszutk 6eper peku Bonru 6epyr Hauano ¢ 19
BEKa, KOIJIa BEpXHsAsS Teppaca HCIOJb30Bajlach Kak MPOrYJIOYHAs TEPPUTOPHs, a HIDKHSSA
BBITOJIHSAJIA TEXHUYECKHE (PYHKIUH, 10 cepeanHbl 20 Beka Ha HEW pacrosiarajuch rpy3oBbIE U
naccaxxupckue npuctanu. Haumnas ¢ 21 Beka, mecTHble BiacTu Bonrorpama He pa3 coBepiain
MOTBITKKH TPUBJCYb AapPXUTCKTOPOB M TPAJOCTPOMTENCH K pa3pabOTKaM MPOEKTOB IO
0J1aroyCTpOMCTBY TEPPUTOPHUU HAOEPEKHOMN (PUCYHOK 1).

Enmpanenan nnouazs nACWALD
FOPOACKOrS UEHmPA

IIpoekT LlentpansHoii iomaan CraauHrpaaa. IIpoext munomaau rpoackoro eHTpa B CTaauHrpaze,
INepcnexrusa, apxur. M. Mepkynos, 1940 r. nepcrekrusa. 1940 r.

DKCKaBaTOPBI HA CTPOUTENBCTBE APaIHO JIECTHHUIIBI O6uiuii BUI CTPOUTEIBCTBA LICHTPAIBHOM

HenrpanbHoi Habepexxnoi Cranunrpana. Baanu HabepexHo# (¢dot. B. Ponayrun), anpens 1952 .
BUHEETCS CTPOUTEINIBCTBO [ABIIbOHA PEIHOTO BOK3aJa

¢or. C. Kypynun 1952

[Iponunen npu BXoAe ¢ TPAH3UTHOM NPUCTaHU HA I'maBHas nectauna LenTpansHOl HabepekHON M. 62-
[eHTpaNbHYI0 HabepexHyo CTanuHrpana mocie CHATHS i Apmun

necoB (¢port. B. KpacHoB), mronb 1952 T.
Pucynok 1 — Hemopus nabepesicnoii. Mamepuanwt http://uapuyvin. pgp/stalingradbattle/326-naberezhnaya.html
B 2012 romy ObIBmIME M3p TOopoda Mpe3eHTOBal TyOepHATOPY NPOEKT (PaHIy3CKOTO

APXUTCKTOPpa Kana Mumens BI/IJ'IBMOTTa, KOTOpBIﬁ COACpIKAI B cebe paa AOCTOUHCTB B BUJC
COMACIITaOHOCTH BO3BOJHUMBIX COOpy>KCHPII71 IO OTHOIICHHUIO K YCJIOBCKY, HACBIIICHHOC
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(yHKIIMOHATBPHOE 30HHpOBaHHME W JaHmmadTHoe OnaroycrpoiictBo. Ilpu stom Bosrorpanackue
APXUTEKTOPHI HAIUIA B JAaHHOM MPOEKTE MHOXECTBO HEIOCTATKOB, TAKUX KaK HEOOXOJIMMOCTh
BHOCAa KOPPEKTHUPOBOK BIOCIEJACTBUU CTPOUTENHCTBA, T.K. 3aTPOHYThl BOJOOXPAHHBIC 30HBI,
OTCyTCTBHE OOIIEeH maHOpambl, M3-3a YEro CTAJI0 HEBO3MOXKHBIM y3HATh, KaK OyIET BBITJIAIETH
KOHEUHBbIN pe3ynbTaT. [0 MHEHHIO MHOTHMX B MPOEKTE MPOCICKHUBACTCS MPEHEOPEKUTEIHHOE
OTHOIIIEHHE K F€HEpaIbHOMY IUIaHy IOpoJia, a caMoe INIaBHOE K 00beKTaM KyJIbTYpHOI'O HacleIus,
YIIOMUHAHHUS O KOTOPBIX BOOOIE OTCYTCTBYIOT. B cBsi3m ¢ 3TUM mpoekt BuimbmorTa He ObBLI
OCYILIECTBJIEH.

Mopgeau u MeToabl

New
York,

TOPOHTO I\(/.[j(a)l?l?;f’
Tlerepby DYHKIHOHATBHOE
pr Ha3Ha4YeHHe
TR Tlo pasmemenuio B 5 . .
Temexobe FES MR HaOEpeXHbIX U
. K BOJHBIM - &
Gectpancnopribie OGrocan (I)ym\uuonanbgml
COCTaB 3aCTPOHKH
Tam6ypr, wzr
Hosropos,
Bapcesio- Kasarr,

Ha

TInaHupoBOYHbIE K APXUTEKTYPHO-
Krnaccudukarus HaGepekKHbIX TPOCTPAHCTBEHHBIC PELICHHs HAOEPEKHBIX

I/IayquHe 3apy6e>|<1—10m M OT€YECTBEHHOTO
OIlbITa IIPOEKTUPOBaAst Ha6epe)KHI>IX

Pucynok 2 — Konuenmyanvnas mooenb uccie006anus

OObekTaMH HUCCIeIOBaHUS ObUIM BBIOpaHBI Topoaa (PHUCYHOK 3), BXOJISIIHNE B CIHCOK
JYYIITUX TOPOJOB C COBpeMEHHBIMHU HabepekHbiMu [10-15].

ToponTo

Bbapceno-
Ha

Pucynox 3 — Oovexkmut uccnedosanus (3apyoexcHulii onvim)

1. ®opmuposanue npudpexHOil Teppuropun Hpio Mopka ckiambiBamock B IIpolecce
uHaycTpanu3anuu. Ilocne pocta mpoM30HBI OOJIBIIMHCTBO PalOHOB OKAa3aJIMCh OTPE3aHbl OT BOJBI.
KOMILIEKCHEIH TIIaH pa3sBUTHS BCero 520-MMIBHOTO «BOHOTO (hacama» Huro-Mopka, crparerus
KOTOpPOTrO 3aKkimouaercs B mpeoOpa3oBaHue Oepera B OOLIENOCTYNHYIO OJIarOyCTPOEHHYIO
TEPPUTOPHUIO.
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2. Teppuropusi Oospmoro mopra lamOypra TpanchopMupoBasiiach B HOBEHIIWI
MHOTO(YHKIIMOHATBHBIA  paiioH: 157ra HOBOM  3aCTPOMKH  CTaJd  TYPUCTHYECKOU
JOCTOIIPUMEYATENBHOCTHIO, B OCHOBE apXUTEKTYPHO-IUIAHUPOBOYHON CTPYKTYPbl — MAaKCUMAJIbHOE
coxpaHeHue Ttonorpaduu Mecta. PeHoBaIus Mo3BOJMIA BKIIOYUTH D60y B IPaJOCTPOUTEIBHBIN
KOHTeKCT [‘amMOypra, KOTOpBIM paHbIIe BCEra «OTBOPAYMBAICS» OT PEKH B MOJIb3Y IIEIBHOU
KOHLEIIUH.

3. OcHOBHas TEeppUTOpPUST TPUOPEKHONW ToJOoCckl TopoHTO, ObLTa chopMHpOBaHA B
MIEHIEX0/IHOE IPOCTPAHCTBO, COKPAIIEHHO TEM CaMbIM KOJMYECTBO TMOJOC sl JABMXKCHUS
aBToMoOmieli. Tak ke TOSBWIOCH MPOCTPAHCTBO Ui  BEJIOCHIIEJUCTOB, CIHOPTCMEHOB,
XYJI0)KHUKOB, JIETEH.

4. Tlpubpexusie Tepputopun bapcenonsr nmpeodpazoBanuck B nepro OIuMITHAAbI, TOPT
MIEPEHECITH; a IO TOTO MOMEHTa OBLJIO MOJHOE OTCYTCTBHE HaOEpeX HBIX W IUIDKel B ropoae. Hax
OJIHOM W3 TOJIOC aBTOJIOPOTH TENeph MPOXOJUT TMEUIeXOAHO-Benocuneanas 3oHa. OcCHOBHas
apXHUTEKTypHAst MJIesl 3aKIIF0Yaach B OTKa3e OT TOYEYHOTO NMPeoOpa3oBaHusl HAOEPEKHBIX B TIOJIB3Y
L[EJIOCHOCTH MTPOCTPAHCTBA CO CBOMCTBAMU pEKpeari.

[IpoaHanu3upoBaB OTEUYECTBEHHBIH ONBIT MPeoOpa3oBaHUsl MPHUOPEKHBIX TEPPUTOPHIA,
ClIeTyeT 3aKJII0YUTh, YTO BO MHOTUX T'OpOJiaX Halllel CTpaHbl OeperoBble TEPPUTOPUH MOJIB3YIOTCS
00J1B1101 TIONYIAPHOCTHI0. CTAHOBSACH BU3UTHBIMU KapTOUYKaMHK TOPOIOB (PUCYHOK 4).

Hwxuuit HoBropoa. Bomkckas HabepexHast Kazanp. Kpeminerckas mabepexHast

Pucynok 4 — O6vekmut uccneoosanus (omeuecmeenHvlil Onvin)

OCHOBHBIC APXUTEKTYPHO-IJIAHMPOBOYHbBIE IPHEMBbI:

1. C Kpemnesckoii HaOepexHONH MOCKBBI MOXKHO IMONAcTh B OOJbIINE pPEKpearOHbIE
30HBI: AJIEKCaHAPOBCKUN Caj U B MApK «3apsabe» — BOJHOE NMPOCTPAHCTBO CBSA3AHHO C 3€JIEHBIMU
KJIMHbMH TOPOJa.

2. JlBopuoBas HabGepexHas CankT-IlerepOyra siBisieTcsi BU3BUTHON KapTOYKOM ropoja, T.K.
OTpaskaeT Bce OOTATCTBO «IBOPIIOBOTO MEPHOIA».

3. Hab6epexnas Hwxknero HoBroposa packpbiBaeT Bce JOCTONPHUMEUYATEIBLHOCTH TOpOJa.
Omna Obu1a IpeoOpazoBana Bo BpeMs UM no ¢yrooury.
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4. Homas mnpuOpexnas Tteppuropus T. KazaHb mnomapwia KUTEISIM M TOCTAM
OJaroyCTpOCHHYIO TMEIIEXOAHYI0 TEPPUTOPHIO C PA3NIUYHBIMH  (QYHKIUSMH: BBICTABOYHOE
MPOCTPAHCTBO, OMOIMOTEKA, MYy3bIKa TIOJI OTKPBITHIM HEOOM.

PesyabTaThl Hcc/ieq0BaHNS U HX aHAJIM3

Ha cerognsmuwnii neHs B Bonrorpage BHOBH BCTall BOIPOC PEKOHCTPYKLIMHU HAOEPEKHOM,
pa3BepHyJI0Ch OOHOBJICHHE YYacTKa MPOTSHKEHHOCTHIO 1 KM, Ha KOTOPOM PACHOJIOXKHUTCS JICTHHA
amdureaTp, OOYCTPOWCTBO TMapka W TPOTYIOYHBIX 30H, JaHAMAPTHOE OJIIATOYCTPOICTBO.
CrpoutensCTBO mpennoJiaratoT 3aBepiuTh K 2022 roay. JlaHHBIM NPOEKTOM HE peuiaercs
KOMIIJICKCHOE OJIarOyCTPONCTBO BCEH TEPPUTOPUU HAOCPEIKHOH, pa3sMep KOTOPOHM COCTABIISET
okoJto 60 kM (pUCYHOK 5).
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YcioHete 0603HaveHMA:
- rPAHUIA Pa3pabOTKY KOHIEMI

= XwiaA 30Ha

[ ] - obmecTBenHoO-7ieN0Bas 30Ha
[ | - 30Ha KOIIEKTVBHBIX Ca/ioB
W27 - npownssoncTeerHas 305a

[ - KOMMyHAITBHO-CKITAZICKVe TepPUTOPUI
[ - 3052 peKpeanyoHHOr0 HasHaYeHMs

/ o
B o - T?',/ & R»;VZBN “ " ‘\ll Zin
Pucynok 5 — @ynxyuonanvnoe 3onuposanue ILlenmpanwvnoit nabepescnoii 2. Bonzozpaoa
(aemoput I'ypvesa E.H., I'puoyosa A.A.)
B HbIHEemHUM nepuoa Ha Ha6CpC)KHOI7I Bonrorpaz[a pasMEIICHbI NPCAITPUATHSA, HCKOTOPBIC

U3 HHUX YXKE HC q)YHI(I_II/IOHI/Ip}/IOT U TEM CaMbIM MCIIAKOT BO3MOYKHOCTH BbIXOJa K PCKE.
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Heo0xoauMa moJHAasi peopraHu3alus TEPPUTOPHH HAOEPEkKHOM, ¢ BBIHOCOM IPOM3BOJCTBA 3a
IpeIeNbl TOPOa, 3TO TO3BOJIUT HE TOJBKO pa3rpy3uTh Oeper Boiru uis pa3BUTHS CTPOUTEIHCTBA U
0JaroycTpoiicTBa, HO W CIAceT IKOJOTUYECKYH0 00CTaHOBKY ropoja (pucyHok 6). Becombimu
OCHOBAHUSAMU ISl TPUHATHS pEIICHHH 00 yCTpaHEHUHM NPEANPHITUN C OEperoBbIX TEPPUTOPHUI
MOT'YT IMOCIYXHUTb HAPpYHICHHA B OTHOIICHWHU CO6J'IIO):[€HI/I$I CaHUTAPHO-3allIUTHBIX 30H, KOTOPLIC HE
COOTBETCTBYIOT KJIacCaM BPEIHOCTH JaHHBIX IPOU3BOJICTB.
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YcnosHsie 06o3HaveHms:

- TAHVIIA Pa3paboTKY KOHITIETIIV

I - TeppuTOpYI peopraHvzaLy

[ |- reppuropwus, ocrasmasicst Ge3 M3MeHeHwMit

Pucynox 6 — Cxema peopzanuzayuu meppumopuu 6 Zpanuyax pa3padomru KOHyenyuu
(aemoput I'ypvesa E.H., I'puoyosa A.A.)
B nensx passutus tepputropun HabepexxHoil Bonrorpaga Ha mecte OBIBIIMX NMPEANPUATHI
MOKHO OpPraHHU30BaTb HC TOJILKO KHUJIMIIHOC CTPOUTCILCTBO, HO U C(bOpMPIpOBaTB 06H_ICCTBCHHI>IC
HCHTPBI, IPUBECTU B MOPANOK 3CJICHBIC HACAKICHUSA (pI/ICYHOK 7), O6y0TpOI/ITL MIpOCTPAHCTBA IJIA
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J0Cyra U OT/blXa, BO3BECTU CIIOPTUBHBIE COOPYKEHHUS, CO3/1aTh HOBBIE 30HBI SKOHOMHYECKOTO
npuTshkeHus. Hemano BaXHBIM SIBISIETCS TPUHSATH BO BHUMAHUE YCTPOWCTBO IMEHIEXOHBIX
BBIXOJIOB K Boure, nmyreM co3gaHus 3€l€HBIX KOPHJIOPOB OT CYLLECTBYIOILEH 3aCTPOMKH K 30HE
aKBAaTOPUH.
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Pucynok 7 — Cxema knaccupukayuu o3eieHeHHbIX MEPUMOPUL

(aemoput I'ypveea E.U., I pubyosa A.A.)

JlaHHBIE MEPONPHATHS MOMOTYT HE TOJBKO MPeoOpasuTh CYIIECTBYIOMIMNA OOIMK
Boarorpama, TOBBICHTE IMOTOK MNOTEHIMAIBHBIX TYPUCTOB, YBEIWYHTH (PUHAHCOBO -
SKOHOMMYECKHMI IOTEHIMA] 3a CYET 3TOro, a TIJIABHOE YJIYYIIUTh OKOJOTMYECKHE KauecTBa
MPUPOIHON cpebl Topoaa (pUCyHOK 8).
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I'enepanbpHbIi 11aH

USRI ) LIy SO A I 9 Wy 9 P23pa6oTKa MPOEKTOB IIAHUPOBKU TEPPUTOPHH U MPOEKTOB INAHUPOBKH
COXpaHE€HHUsI U pPasBUTUA BOJHO-3€JICHOI'O .HPIHePIHbIX 06T)eKTOB
Kapkaca HaCEJICHHOI0O ITYHKTa BO
B3aMMOCBS3H C  CHUCTEMOM TYPUCTCKO-
PEKpEallMOHHBIX 30H;

1. neranusuposats npoektHble peterus JEIINOIN0)) 101015 G NE (0)
2. ompeneauTh OCHOBHBIC Q)yHKLEI/IOHaJ'ILHLIC 10  (OPMUPOBAHUIO  IOLEPEUHOTO U JOKYMEHTalUU
30HBI MPUOPEKHBIX TEPPUTOPHi ¢ yueToM || IPOLOIBHOTO MpoQHis HAOEpEKHBIX,

(byHKIHOHATEHOTO 30HMPOBaHUS [ IPUHATBIE B COCTaBe I'€HEPaJIbHOIO

HaCEJICHHOr0 IyHKTa | Q)yHKL[I/IOHaJ'ILHLIﬁ IJ1aHa, Pa3sBUTUIO TPaHCIIOPTHO- KOHerTI/IBI/IPOBaHLI IIPOCKTHBIE PEIICHUS,
COCTaB OOBEKTOB Ha TPHJIETAlOIMX K || HEMIEXOMHON HHPPACTPYKTYpPbI Ha [} IpUHSITBIE B COCTaBE IPOEKTa IUIAHUPOBKH,
HaGepeKHBIM TEPPUTOPUAX, YCTAHABIMBATS || HAOEPEKHBIX u npuiieraimux i chopMUpoBaHa TPAHCIIOPTHO-IICIIEXOIHAS
Y4YaCTKH COXpaHEHUs €CTECTBEHHBIX || TEPPUTOPUIX " opranu3sanui [ HHppacTpyKTypa TS 00CITyKUBaHUS
OeperoB, a TaKKe Y4YacTKH, rae Oyayt | TPAHCIOPTHOIO o0ciyxuBaHus || HAOEPESKHOW W MPUIIEraloMX O0bHEKTOB
copMUpOBaHbI Ha0epeKHbIe n/viu | IPOKUBAIOIIMX U paboTalOMIMX HA JTOM || 3acTpOHKH, Ppa3MelLeHbl OCTaHOBKU

06HICCTBCHHOT0 TpaHCIIOpTa W MalIuHO-
MecCTa JJIsl HapKOBKU U XpaHEHUS JICTKOBBIX
aBTOMOOMITEI B Tapa)xHO-CTOSTHOYHBIX
O6T:CKTaX, NpeAyCMOTPEHBI O3CJICHEHUE U

[POBE/IeHa MX PEKOHCTPYKLHS; TEPPUTOPUM, a TaKXKE IOCeTHTENeH

HabEpeKHBIX;
3. OmpesesnTh OCHOBHBIC IICLICXOXHBIC U

TPaHCIIOPTHBIE KOMMYHUKaIuH, f| 2. pa3paboTaTh cucTeMy OOCIYKHBAHHS

obecreynBaroIIme AOCTYIHOCTD § TEPPUTOPHHI OBICCTBCHHEM 6J1aroy CTpoiCTBO HabEepeKHOH
MPUOPEKHBIX TEPPUTOPUIT [UIS HACENEHUS. || TPAHCIIOPTOM,; YCTP! . p >
pa3paboTaHbl CBOIHBIM IUIAH HWHXKCHEPHBIX

3. BBINOJIHMTL pacueT Tpebyemoro KOMMYHHKaIUH " KOHCTPYKTHUBHBIE

KOJIM4ECTBA MAaIIMHO-MECT JUJISl ITaPKOBKU
aBTOMOOWIIEH ToceTnTeneil HabepexHOI
u npueraonei 3aCTPONKH
OOIIECTBEHHOT0 HA3HAYCHMS, a TaKxke

PpELLICHHS JIEMEHTOB HaOEpEKHOM

IS XpaHeHHs aBTOMOOMIIEN
MOCTOSIHHOT O HaCeJIeHHs,
[POXMBAIOLIETO B OKMIBIX J0Max Ha
[IPHIIEraFOLIHX TEpPPUTOPHSIX, "
[pE/BAPUTEIBHO ~ HAMETHTh  MecTa
pa3MeLieHus rapaKHO-CTOSHOYHbIX
00BEKTOB.

Pucynok 8 — bnok-cxema nnanupoeounozo u apxumeKmypHo-npoCmpancmeeHno20 pewienus naoepexcnoi 2. Bonzozpao

OyHKIMOHATBHOE Ha3HAYEHUE HaOepexHOW M (PyHKIMOHANIBHBIN cocTaB 3acTpoiiku T. Bonrorpana
nokasai (pucyHok 9):

® ®
) ®
' ‘ HCHOCpCI[CTBCHHO

MPUMBIKAIOMIAs K
BOJTHOMY OOBEKTY

o
TPAHCIIOPTHO-TICIIEXOTHAS ,
Ha0epexxHas (c moxmopHBIMHU

® CTEHKaMH

. . Pa3JIMYHbIX
‘ . ‘ THUIIOB)
® o

* Ha3HAYEHUs 110 y4acTKaM TeppUTOpHUit
TIPUPOAHOTO KOMILIEKCa (IIPUPOIOOXPaHHEIE,
NPUPOIHO-PEKPEALIMOHHOI0 Ha3HAYCHHUS,
I[ByX’bﬂpyCHaﬂ. HpI/I 3TOM PE3EpBHBIC 3eMIIM IIPUPOHOTO KOMILICKCA)

BerHI/IC U HUKHUE ;[pyc},l . OGIHGCTBGHHOI‘O Ha3Ha4YCHUA
(aAMHHHCTPaTHBHOTO, KyJIBTYpHO-
HMEIOT pa3HHque IIPOCBETUTEIILHOI'O, CIIOPTUBHO-
Q)yHKHHOHaJILHOC Ha3HAYCHHC PEKpEaMOHHOr 0, JIe4eOHO-

03JJ0POBUTEIEHOIO ¥ APYTUX BHIOB).

Pucynox 9 — Ilnanupogounsie u apxumeKkmypHo-npoCmpaHcmeeHHble peuienus Havepescnoii 2. Bonzozpao
(aemoput I'ypvesa E.H., I'puoyosa A.A.)

Mo 3 (95) 2021 137



CTponTe/IbCTBO H PEKOHCTPYKIHSI

BrIBOIBI

1. ApxuTekTypHO-TIPOCTPAHCTBEHHOE pelleHne HabepexHoi Tr. Boarorpama momKHO
obecrieunBaTh €IUHCTBO O(OPMIICHHS HAOSPEKHOW U TPUJIETAIOIIEH 3aCTPONKH.

2. TlpubGeperosas Teppuropus . Boiarorpaaa nmeeM 00IbII0H peKpearlMOHHBIA TOTSHUA,
MO3TOMY MeECTa TIPUMBIKAHUS K TEPPUTOPUH HAOEPEKHON 30H OOIIECTBEHHBIX IIEHTPOB
PEKOMEH/YeTCsl BBIJICIISITh APXUTCKTYPHBIMH JJOMUHAHTAMHU, JUISl CO3JaHUS UACHTHYHOM CPeIbl.

CIIMCOK JIMTEPATYPbI

1. Enumn AE., I'ypeeB C.H., CykoueBa C.A. IIpoGieMbl O1aroycTpoicTBa TOPOICKOW HabOepekHOU (Ha
npumepe [letpoBckoit HabepexHoit B ropone Boponexe) // ApxutextypHbie uccnenosanus. 2018. Ne 1 (13). C. 83-93.

2. Teomoponckuii B.C. O mMeronmax nananagTHO-BU3YyaIbHOM OIEHKH OTKPBITHIX MPOCTPAHCTB B pailoHax
HaOepexxHbIX MockBbI-peku // B coopuuke: Benukue pexu 2019 Tpynsl HayuHoro koHrpecca 21-ro MexxayHapomHoro
Hay4HO-TIpOMBINIIeHHOT0 hopyma: B 3-x Tomax. 2019. C. 106-109.

3. Kpsokescku O., IllkoroBa O.B. Tenmenuuu Giaroycrpoiictea HaOEPEKHBIX B COBPEMEHHBIX ropoaax //
Axanemudeckas nyonumuctuka. 2019. Ne 11. C. 306-313.

4. Kocapesa JI.B., I'pannia FO.B. MOHHTOPHMHI COCTOSHHMS O3eIeHeHHs HabepexHoii r. Momkap-omsr //
Bectnux nanmmadrHoit apxurextypsl. 2019. Ne 19. C. 30-32.

5. Tlonueii pedituHr ropomoB Poccum mo kayectBy xu3Hu B 2018 rogmy [DnekrponHblii pecypc]. —
URL.:https:/mwww.domofond.ru/statya/polnyy_reyting _gorodov_rossii_po_kachestvu_zhizni_v_2018 godu/7679 (mara
obpamenus: 26.11.2019).

6. AmnanpeBa A.A., IlymseBckass O.B. BnmsHue rpasocTpouTenbHBIX OCOOEHHOCTEH pPEKpealOHHBIX
00BEKTOB TOpO/ia Ha MCHUXOJOTHYeckoe coctosiuue denoBeka // CouumanbHas kommereHTHOCTh. 2017. T. 2. Ne 4 (6).
C. 66-70.

7. TpamoctpoutenbHbiii kopekc Poccuiickoit @enepannn: denepanbubiii 3akoH ot 29.12.2004 Nel190-D3
(pen. ot 03.07.2016) (c u3Mm. u jom., Bery. B cuty ¢ 01.09.2016): Tlpunsrt [ocynapcrBennoit dymoit 22 nexadpst 2004
r. Onobpen Coerom Demepannu 24 nexkabps 2004 r. [Dnextponnsiit pecype]. — URL: http://www.consultant. ru /
document / cons_doc LAW_ 51040 / (nata oopamenus: 19.11.2019).

8. T'ypweBa E.W., Yibsukuna B.A. BoszeiicTBue 4enoBeueckoi nesaTebHOCTH Ha yaHamadT (Ha npuMepe
r. Jlurenk) // Apxurexrypubie uccnenosanus. 2018. Ne 3 (15). C. 71-80.

9. Kpyrmak B.B., Cementoruna A.B., I'ypbeBa E.J1. Monenu apXUTEeKTOHUKH PEKPEAIlMOHHBIX HACAKACHUN
IUIs aJanTHBHBIX cucTeM o3eneHenus // BectHuk Boponexckoro rocygapcrBeHHoro yHuBepcutera. Cepwst:
I'eorpadus. I'eoskonorus. 2017. Ne 3. C. 108-112.

10. Tmassruee B.JI. Yerpoenme poccuiickoro mpoctpanctsa // M3Bectiss KasaHCKOro rocymapcTBEHHOTO
apXUTEKTYpHO-CcTpouTeapHoro yuusepeurera. 2009. Ne 1 (11). C. 41-44.

11. ConoBseBa E.A. UenoBek B rOpOACKO# cperie: HCTOPHUS U MEPCHEKTHBHI IICUXOIOTUIECKUX HCCIIEJOBAaHUI
// BectHuk rpakmanckux urkeHepos. 2011, Ne 4 (29). C. 195-200.

12. XopoekoBa I'.P. ®opmupoBanue 0e30apbepHOr0 TOPOJCKOTO MPOCTPAHCTBA B KOHTEKCTE CPEIOBOTO
nozmxona // Becthuk rpaxmanckux urkeHepos. 2012, No 5 (34). C. 42-46.

13. IlImeneBa U.A. Ilpobnema B3aMMOJICHCTBUSI YeNOBEKa C OKPYXAOIIeH Cpemoil: 00acTH M acHeKThI
nicuxojiorudeckoro uccaenopanus // Bectamk MockoBckoro yuumBepcurera. Cepust 14: Tlcmxomorms. 2010. Ne 3.
C. 105-120.

14. Jirku A., Schroder T. Berlin eine Stadt amWasser// Garten + Landschaft. 2000. Ne2. S. 9-16.

15. Jodidio, Philip. Architecture now! Architectur heute / G architecture d'aujourdhui / Philip Jodidio
London.: Tashen, 2002.

REFERENCES

1. Enin A.E., Guryev S.N., Sukocheva S.A. Problems of urban embankment improvement (on the example of
Petrovskaya embankment in VVoronezh) // Architectural research. 2018. No. 1 (13). Pp. 83-93.

2. Teodoronsky V. S. on methods of landscape and visual assessment of open spaces in the Moscow river
embankment areas // In the collection: Great rivers 2019 Proceedings of the scientific Congress of the 21st International
scientific and industrial forum: in 3 volumes. 2019. Pp. 106-109.

3. Kryzhevsky O., Shkotova O.V. Trends in embankment improvement in modern cities // Academic
journalism. 2019. No. 11. Pp. 306-313.

4. Kosareva L.V., Border Yu.V. Monitoring of the state of landscaping of the embankment of Yoshkar-Ola //
Bulletin of landscape architecture. 2019. No. 19. Pp. 30-32.

138 Ne 3 (95) 2021



https://www.elibrary.ru/item.asp?id=32694698
https://www.elibrary.ru/item.asp?id=32694698
https://www.elibrary.ru/contents.asp?id=34839317
https://www.elibrary.ru/contents.asp?id=34839317&selid=32694698
https://www.elibrary.ru/item.asp?id=41146549
https://www.elibrary.ru/item.asp?id=41146549
https://www.elibrary.ru/item.asp?id=41146500
https://www.elibrary.ru/item.asp?id=41414997
https://www.elibrary.ru/contents.asp?id=41414921
https://www.elibrary.ru/contents.asp?id=41414921&selid=41414997
https://www.elibrary.ru/item.asp?id=42329009
https://www.elibrary.ru/contents.asp?id=42329002
https://www.elibrary.ru/contents.asp?id=42329002&selid=42329009
https://www.domofond.ru/statya/polnyy_reyting_gorodov_rossii_po_kachestvu_zhizni_v_2018_godu/7679
https://elibrary.ru/item.asp?id=32312684
https://elibrary.ru/item.asp?id=32312684
https://elibrary.ru/contents.asp?id=34827799
https://elibrary.ru/contents.asp?id=34827799&selid=32312684
https://elibrary.ru/item.asp?id=35709024
https://elibrary.ru/item.asp?id=35709024
https://elibrary.ru/contents.asp?id=35709011
https://elibrary.ru/contents.asp?id=35709011&selid=35709024
https://elibrary.ru/item.asp?id=30591881
https://elibrary.ru/item.asp?id=30591881
https://elibrary.ru/contents.asp?id=34546878
https://elibrary.ru/contents.asp?id=34546878
https://elibrary.ru/contents.asp?id=34546878&selid=30591881
https://elibrary.ru/item.asp?id=12856473
https://elibrary.ru/contents.asp?id=33379524
https://elibrary.ru/contents.asp?id=33379524
https://elibrary.ru/contents.asp?id=33379524&selid=12856473
https://elibrary.ru/item.asp?id=17322819
https://elibrary.ru/contents.asp?id=33728288
https://elibrary.ru/contents.asp?id=33728288&selid=17322819
https://elibrary.ru/item.asp?id=19002454
https://elibrary.ru/item.asp?id=19002454
https://elibrary.ru/contents.asp?id=33827452
https://elibrary.ru/contents.asp?id=33827452&selid=19002454
https://elibrary.ru/item.asp?id=17078633
https://elibrary.ru/item.asp?id=17078633
https://elibrary.ru/contents.asp?id=33699725
https://elibrary.ru/contents.asp?id=33699725&selid=17078633

ApPXHTEKTYpPa H I'PAJAOCTPOUTEILCTBO

5. Full rating of Russian cities by quality of life in 2018 [Electronic resource]. -
URL:https://www.domofond.ru/statya/polnyy_reyting_gorodov_rossii_po_kachestvu_zhizni_v_2018 godu/7679
(accessed: 26.11.2019).

6. Ananyeva A. A., Pulyevskaya O. V. Influence of town-planning features of recreational objects of the city
on the psychological state of a person / / Social competence. 2017. Vol. 2. No. 4 (6). Pp. 66-70.

7. town-Planning code of the Russian Federation: Federal law No. 190-FZ of 29.12.2004 (as amended on
03.07.2016) (with amendments). and add., Intro. effective from 01.09.2016): Adopted by the State Duma on December
22, 2004. Approved by the Federation Council on December 24, 2004. [Electronic resource]. - URL:
http://www.consultant. ru / document / cons_doc_LAW_51040 / (accessed: 19.11.2019).

8. Guryeva E. I., Ulyankina V. A. Impact of human activity on the landscape (on the example of Lipetsk) / /
Acrchitectural research. 2018. No. 3 (15). Pp. 71-80.

9. Kruglyak V.V., Semenyutina A.V., Gureva E.l. Models of architectonics of recreational plantings for
adaptive gardening systems // Bulletin of the Voronezh state University. Series: Geography. Geoecology. 2017. no. 3.
Pp. 108-112.

10. Glazychev V.L. Organization of the Russian space // Proceedings of the Kazan state University of
architecture and civil engineering. 2009. No. 1 (11). Pp. 41-44.

11.Solovyova E.A. Man in the urban environment: history and prospects of psychological research // Bulletin
of civil engineers. 2011. No. 4 (29). Pp. 195-200.

12. Khorkova G.R. Formation of a barrier-free urban space in the context of the environmental approach //
Bulletin of civil engineers. 2012. No. 5 (34). Pp. 42-46.

13. Shmeleva I.A. the Problem of human interaction with the environment: areas and aspects of psychological
research // Bulletin of the Moscow University. Series 14: Psychology. 2010. no. 3. Pp. 105-120.

14. Jirku A., Schroder T. Berlin eine Stadt amWasser// Garten + Landschaft. 2000. Ne2. Pp. 9-16.

15. Jodidio, Philip. Architecture now! Architectur heute / G architecture d'aujourd'hui / Philip Jodidio London.:
Tashen, 2002.

Nndopmanus 06 aBTopax:

I'ypbeBa Enena UBanoBHa

OI'bOY BO «BopoHexckuii rocyiapcTBeHHBII TEXHUIECKUN YHUBEPCUTETY, T. Boponex, Poccus,
KaH/U/IAT C/X HaYK, JOIIEHT KadeIpbl IpaJioCTPOUTEIbCTRA.

E-mail: gurjeva_el@mail.ru

I'puduoBa AHacTacus AJieKceeBHA

OI'bOY BO «BopoHexckuii rocynapcTBeHHBIN TEXHUIECKUN YHUBEPCUTETY, T. Boponex, Poccus,
MarucTp kaeapsl rpaioCTPOUTEIHCTBA

E-mail: anastasiacontrol@yandex.ru

Information about authors:

Gureva Elena 1.

Voronezh state technical University, Voronezh, Russia,

PhD. agricultural Sciences, associate Professor of urban planning.
E-mail: gurjeva_el@mail.ru

Gribtsova Anastasiya A.

Voronezh state technical University, Voronezh, Russia,
master's degree in urban planning.

E-mail: anastasiacontrol@yandex.ru

Ne 3 (95) 2021 139



mailto:gurjeva_el@mail.ru
mailto:anastasiacontrol@yandex.ru
mailto:gurjeva_el@mail.ru
mailto:anastasiacontrol@yandex.ru

CTPOUTEJIbHBIE MATEPUAJIbI U TEXHOJIOI A

V]IK 697.148 DOI: 10.33979/2073-7416-2021-95-3-140-150

C.B. ®EJIOCOB?, A.A. TIATINJIYC?, H.B. KPACHOCEJIbCKHX?,
A.M. COKOJIOB?, T.E. IAJIPUKOB?®

1®rb0Y BO «HaumoHanbHbIH MCCIen0BaTeNbckuil MOCKOBCKHI TOCY1apCTBEHHBIN CTPOUTENBHBIA YHUBEPCHTET
r. MockBa, Poccust
2000 «CrenrexMonTax», T. IBaHOBO, Poccust
SOI'BOY BO «MBaHOBCKMIA roCyIapcTBEHHbII 3HepreTuyeckuii yausepeuter umenn B.. Jlennna», T. Misanoso, Poccus

OCOBEHHOCTH OPTAHU3AIIUU MAJIOCEPUMHOI' O TIPOU3BOJICTBA
’KEJJE3OBETOHHbBIX NU3JEJUN C UCITOJIB30BAHUEM UX
JIEKTPOTEILIOBOM OBPABOTKU TOKAMHY MOBBIIIEHHOM
YACTOTBI

Annomayun. Paccmompena opeanuzayus, MeXHOI02UHECKO20 NPOYecca U320mo8IeHUs
uzoeaul u3 6emona ¢ npumeHeHuem 2NeKmpomensosol 06padbomky MoKamu NOGLIUEHHOU YACTHOMb]
KaK HA KPYNHBIX, MAK HA MATLIX NPOMBIUIEHHBIX NPeOnpUuAImuax. Ima mexHoi02us maxice yOooHa npu
3UMHEM OeMOHUPOBaHUU U NPosedeHUU DeMOHHBIX pabom 6 noaesvix ycaosusax. TexHonozus cmpoumcs
HA NpUMeHeHUU YeHMpPanu308aHHO20 UCMOYHUKA NUMAHUA NOBBIUEHHOU YACTNOMbL, 8bINOIHEHHOZ0 C
UCNONL308AHUEM MOUWHBIX MPAHIUCHOPHBIX Npeodpazosameneii HAnNpaXceHus, Oas 0OHOBPEMEHHOU
06pabomku HeckonbKux uzoeaut. Ilpeocmasnena onvlimHoO-npoMbIUIEHHAA YCIMAHOBKA ONIA Peanu3ayuu
MAKoU MexXHONOo2UU U pe3yTbmamvl IKCHEPUMEHMA C ee UCHONb306aHueM. Buinoinena oyenxa
MOWHOCIU YCTNAHOBKU HA OCHO8e paspabomanHozo epaguxa npoussodcmea pabom. Ha npumepe
uzeomosnenust Qynoamenmuvix 610k06 muna DBC 12.4.6 nokazano, umo peanvuvill epagux
npou3soocmea pabom no U320MoGIeHUI0 U30eUll ¢ NOMOWDBIO ITEKMPOMENI080U 06paboOmKu MoKaAMu
NOBBIULEHHOT HACMOMbl NPUBOOUM K MOMY, HMO NOmpednseMds u3 numaiowen cemu MOWHOCMY
umeem omHocumenbHo Hebonvuylo eenuuuny (13,2 kBm), xomopyio moocem cebe no3601umv
npakmuyecku a06oe npeonpusmue.

Kniouesvie cnosa: sumnee bemonuposanue, meniogas oopabomka, OemoH, Hcene300emoH,
OP2aHU3AYUOHHO-TNEXHONIO2UYeCKUe pellenue, 2NeKMpOomensosasn (dnekmpomepmuieckas) o6pabomxa,
NOBbIULEHHAA YACMOMA, NPeodpaz08amenb HanPAXCeHUs, epapux npoussoocmsea pabom.
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SPECIFIC FEATURES OF THE ORGANIZATION OF LOW-BATCH
PRODUCTION OF REINFORCED CONCRETE PRODUCTS USING THEIR
ELECTROTHERMAL PROCESSING BY INCREASED FREQUENCY
CURRENTS

Abstract. The organization of the technological process of manufacturing concrete products
with the use of electrothermal treatment with high-frequency currents at both large and small industrial
enterprises is considered. This technology is also useful for winter concreting and field concrete work.
The technology is based on the use of a centralized high-frequency power supply, made using high-
power transistor voltage converters, for simultaneous processing of several products. A pilot plant for
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the implementation of such a technology and the results of an experiment with its use are presented. The
plant capacity was estimated based on the developed work schedule. Using the example of
manufacturing foundation blocks of the FBS 12.4.6 type, it is shown that the actual schedule of work on
the manufacture of products using electrothermal treatment with high-frequency currents leads to the
fact that the power consumed from the supply network has a relatively small value (13.2 kW), which
almost any enterprise can afford.

Keywords: winter concreting, heat treatment, concrete, reinforced concrete, organizational
and technological solutions, electrothermal (electrothermal) treatment, increased frequency, voltage
converter, work schedule.

BBenenue

BrImosiHeHHBIE B TIOCIIETHHUE TOJBl TEOPETHYECKHE M OKCIEPUMEHTAIbHBIE HCCIIECTOBAHUS
MOKa3aJdl BBICOKYIO A((PEKTUBHOCTH AeKkTpoTerioBot o6pabotku (DTO) KOHCTPYKIIMOHHOTO
0eTOHa TOKaMU IMOBBIIIEHHOW 3JIEKTPOJIHBIM METOJIOM C MOMOIIBIO UICTOYHUKOB MUTAHUS Ha OCHOBE
MOIIIHBIX TPAaH3UCTOPHBIX MpeoOpa3oBareneil HanpsokeHus [1-4]. Taxoke ObLIO MOKa3aHO, YTO TaKOM
croco6 TernoBoil 00paboTku, oOnagaronii BeICOKONW sHepreTuyeckoil addexrusHocThio (90 % U
Oosee), SIBISIETCSl TPAKTUYECKH EIWHCTBEHHO BO3MOXKHBIM TIPH HM3TOTOBJICHUH >KEI€300€TOHHBIX
U3JeNui HEOOJBIIUMH CEpPHSIMUA B YCIOBUSIX Mallblx mpennpuatuii [5,6]. Takue mnpenmpustus
MPAKTUYECKU JIUIIEHBI BO3MOKHOCTH MPUMEHSTh B 3TUX ILIENAX KaKyro-1100 TEeIIoBYI0 00paboTKy,
HalpuMep IUPOKO PACIPOCTPAHEHHAs TEIUIOBIAKHOCTHAs o0pabotka mapom (TBO) wum
MPAaKTUYECKH HEJOCTYITHA W HE BHITOJIHA M3-32 HU3KOW SHEPreTH4eckoil apQeKTuBHOCTH (M3aenue
BocripuHuMaeT He Ooisiee 10-12 % osHeprum mapa) ¥ BBICOKOM CTOMMOCTH MPOMApPOYHBIX Kamep
[1,5,7]. Ha stux mpeanpusTusx, B OCHOBHOM, MPHUMEHSCTCS HOPMaJIbHOE TBEpJCHUE OETOHA, YTO
3HAYUTEIBHO CHWKAET UX MPOU3BOJUTEIBHOCTD, a UX BpeMs pabOThl OTpaHUYMBAETCS 6-7 MecanaMu
B roay. Ha kpymHBIX mpeanpustusx cOOpHOro Kene300eToHa TakkKe BeIuKa MOTPEOHOCTh B
IPUMEHEHUH 3JIEKTPOTEINIOBOM OOpaOOTKM TOKAaMHU IOBBIIIEHHONM YacTOThl, OCOOEHHO, KOTra
TpeOyeTcsi 3aMEHUTh IOJIMIOHHBIE YCTAHOBKHM, I'Zle dHeprerudeckas 3(QEeKTUBHOCTh TEIUIOBOM
00paboTKH, KaK MpaBUIIO, He TpeBbiiaet 5-7 % [8,9].

Hosprii nmoaxoa. IlInpokoMy NpPUMEHEHHIO TEXHOJOTMU H3TOTOBIIEHUS >KEJI€300€TOHHBIX
U3JeUI TOKaMH MOBBIIIEHHONW YaCTOThl ¥ PELIEHUIO BOIPOCOB OpPraHU3alMy TaKoIro MPOU3BOJCTBA
JI0JDKHA IPEALeCTBOBATh IPOBEPKA TAKON TEXHOJIOTHUHU C MCIIOJIb30BAaHUEM OIBITHO -IIPOMBIIIIEHHBIX
yCcTaHOBOK. B memsx pemenus Takoidl 3amauv ObUIM pa3palOTaHO M M3TOTOBJIEHO OIBITHOE
oOopyloBaHue Uil M3rOTOBICHMS PACHPOCTPAHEHHBIX Kelne300eTOHHbIX u3nenuil. Taxoe
00OpyZOBaHHE COCTOMT M3 JIBYX OCHOBHBIX 3JIEMEHTOB: MajorabapuTHOIO HCTOYHHMKA IMHUTaAHHA
NOBBIIIEHHOW  4YacTOThl,  TpeOyeMOW  MOLIHOCTM ¥  ONAIyOKH,  BBINOJIHEHHOH W3
3JIEKTPOM3OJIALIMOHHOIO MaTepuaia (JJaMMHUpOBaHHas (aHepa), CHAOKEHHOM CHapyKu CIIOeM
TEIUIOM30JILIMOHHOI0 MaTepuana (IeHoIulacT 4-6 cM) M 3JeKTpOJiaMU U3 OLMHKOBAHHOI'O JKelle3a,
YCTaHOBJICHHBIMM Ha BHYTPEHHEH IOBEPXHOCTH JBYX OOKOBBIX HPOTHBOIOJIOXKHBIX CTEHOK
onanxyOku. [Ipy BBINONHEHMHM 3JIEKTPOTEIUIOBON OOpabOTKU 3JIEKTPUYECKOE HANpPsHKEHHE OT
HCTOYHMKA MPUKIAIBIBACTCS K TUM 3JIEKTPOJIaM IMocIIe YKIaaAku OeToHa B onainyOky. B pesynbrare,
B Toiule OETOHAa IPOTEKAIT 3JIEKTPUYECKHE TOKU IOBBILIEHHOW YacTOThl W obOecneunBaeTcs
npeoOpa3oBaHue AIEKTPUUYECKON PHEPTrU B TEMJIOBYIO IO BceMy 00beMy OETOHA, BbI3bIBAsi HarpeB
&KeNe300€TOHHOTO U3/IeNHs 10 He00X0AUMOM TeMIIepaTyphl.

Ha pucynke 1 nmokazaH BHEIIHUH BUA ONATyOKH JJIs1 U3TOTOBICHUS (PyHIaMEHTHBIX OJOKOB ¢
MIOMOIIIBIO ATEKTPOTEIIOBOI 00paObOTKU TOKaMH MOBBIIIEHHONW YacTOThI IO YKJIAJKHU CBEXEro OeToHa
U TIOCJIE YKJIa/IKH.

Cpazy ke mocie ykIaaku M yrpamMOoBKHM OeToHa B omnanyOke, HO 10 Hadana OTO B Tommy
CBEXEro 0eToHa 3ariayOssuTUCh THOKHE TPYOKH U3 AJIEKTPOU3OJIALIMOHHOTO MaTepuana, 3anasHHble, ¢
OJTHOW CTOpOHBI, B KOTOpbIE 3aTe€M BBOJWJIACh TepMoIlapa Ui H3MEPEeHHUs TeMIIepaTypbl B
TpeOyeMbIX TOUKax 0ObeMa MaTepuana.
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Pucynok 1 - Buewnuii 6uo onaiyoxku 0asa uszzomoeinenus lyHOAMeHmMHbIX 0710K06 00 (c1eea) u nocie (cnpasa)
YKIAOKU c8erHcezo Gemona: InNeKmpoosl YCHAHO061eHbl HA MOPUEBHIX NOBEPXHOCIMAX ONANYOKU,
m.e. IneKmpu1ecKuil MoK npomeKaem 600J1b 0J10Ka

Ilocne yknanky n ynjaoTHEHHs] OETOHA Ha €ro MOBEPXHOCTH pa3Mellanach MOJUITUICHOBAs
IUIEHKAa JJI YCTPAaHEHHUs BJIAronoTepb C MOBEPXHOCTH OETOHA, a 3aTeM TEIMJIOMU3OJSALUS B BUJE
JIMCTOB NEHOIUIacTa TOMMUHON 3 — 8 cM. Ha anexTponbpl moJaBaioch HanmpspKEHHE OT MCTOYHUKA
MUTaHUS, U BBIIOJIHSIACH 3JIEKTPOTEIUIOBast 00paboTKa MOCPEACTBOM MPOITYCKAHUS AIEKTPUIECKOTO
TOKa MOBBIIIEHHON YacTOTHI B TOJIIIE OETOHA, T.€. AMEKTPOJAHBIM METOJIOM. BHelHui B yCTaHOBKHU
B xo/ie BeinoHeHus DTO npencraBieH Ha pUCYHKE 2, TaM K€ TIOKa3aH BHEIIHUN BUJ U3ENUs Mocie
OTO, oxyaxaeHus U pacranyOoKu.

Mopenu u meroabl. B Xoje SKCIIEpUMEHTOB BBIMOJIHAJIOCH U3MEpPEHUE TeMIepaTyphl B
pasMYHBIX TOYKaX oObeMa Kene300€TOHHOIO M3/eNHs, KOTOpO€ MOATBEPAMIIO BBICOKYIO
OJTHOPOJHOCTh TEMIEPAaTYypHOTO Noisl. V3Mepsumuch Takke SJIEKTPUYECKHE MapaMeTpbl — TOK U
HanpsDKEHHE Ha 3aXHMax o0pabaThlBaéMOro M3AENHs, MOIIHOCTh Pc, nepegaBaeMas B MCTOYHHMK
nuTaHus u3 nutaromei ceru. Ilocnequuii mapamerp nmeer OOJBIIOE MPAKTHYECKOE 3HAYEHHE, T.K.
OH ompezensieT TpeOOBAHUS K CUCTEME NIEKTPOCHAOKEHNUS 10 BEIMYMHE MPEAEIbHON nepenaBaeMoi
MOII[HOCTH.

Pucynox 2 - Bnewinuii 6uo onanyoku ¢ npoyecce 3TO npu uzzomoenenuu (pynoamenmusix 610K06 muna
DEC 12.4.6 6 HauanwvHblil MOMeHnm (c1e6a) u 20mogozo uzdeaus nocie pacnaiyoku (cnpaea): Ha pUcyHKe clieeéd Ha
nepeoHeM niaHe c1eed HANPAGO — CYEMYUK ITEKMPOIHEPZUU, UCIOUHUK RUMAHUA ROBLIEHHOU YaACHOMbl
Mmouwinocmuio 4,5 KBm u nopmamuenulii 0cyunnozpag ona pecucmpayuu HanPpAdceHUs Ha INEKMpooax onanyoxKu

Ha pucynke 3 npuBesneH rpaduk u3MeHEHHUs >JIEKTPUYECKON MOLTHOCTH Pc, KOTOPBIH ObLI
nonydeH B xonxe OTO wu3zmenus, NpencTaBIEHHOTO Ha pUCYHKe 2. XapakTep 3TOro rpaduka
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0OBSICHAETCS TEM, YTO MEPUOANYECKU (ITpUMEPHO, Kaxkzpie 0,5 4.) IpOU3BOIMIACH OLIEHKA CKOPOCTH
HapacTaHusl TEMIIEpaTypbl H3JEIMs W KOPPEKTUPOBAJach BEIMYMHA IIE€PEaBaeMONl B H3JEIHE
IEKTPUYECKOW MOIIHOCTH JJIsi TOTO, YTOOBI CKOpPOCTh IOJbEMAa TEMIIEPATypbl HE IIPEBBICHI
nonyctumoe 3nauenue (10 °C/4.) [1,6].

3aBUCUMOCTh BUJa PUCYHKE 3 TO3BOJIAET ONPEAEIUTH €II€ OJAMH BAXKHBIA IapaMerp — 3TO
BEJIMYMHA AJIEKTPOIHEPIUU, TPeOYEMOU [UIsl BHINOJHEHUS 3JEKTPOTEIUIOBOM 00pabOTKU M3JeUs 110

dopmye (1):
Z Rz

W= 6
3.6-10° (1)
rae Pi — momHOCTh, BT 1 7i — IpOo0KUTENBHOCTD, C, IEPHOIa BPEMEHH, COOTBETCTBYIOIIETO
HEHU3MCHHOI'O 3HAYCHUSA MOITHOCTHU (pI/ICYHOK 3)

kBt | P

2 ;[

15

0,5

Pucynox 3 - H3menenue 60 epemenu MOWHOCHU, ROMPeONIAEMOI YCIMAHOBKOU U3 nUmMarouieli cemu, 8 Xxooe
ITO uzoenus pucynok 2: nauanvnan memnepamypa 6emona Tn =9 °C; memnepamypa okpyscarouiezo 6030yxa
T, = 13 °C; koneunana memnepamypa nazpeea demona (uzomepmuueckoii cmaouu) Tusom = 50 °C;
onumensuocms cmaouu nazpesanusn Atway = 5 u.

3uanve W TO3BOJISIET ONpEAENSATh BEIUYHMHY NPSIMBIX 3aTpaT Ha JJIEKTPOIHEPTHIO U
ylelbHbIe 3HAUEHUSI pacxojia dHepruu (3arpat) npu BoinolHeHuH DTO xene300eTOHHBIX U3AETHil.
B xauecTtBe nmpumepa Ha pucyHKe 4 MpEACTABICHO CPABHEHHUE YAENbHBIX 3aTpaT sHepruu npu OTO
10 pe3yJIbTaTaM SKCIIEPUMEHTA PUCYHOK 2 M PUCYHOK 3 ¢ yCpeIHEeHHbIM noka3arenem npu TBO [1].
Ceenenusi pucyHka 4 CBUIETEILCTBYET O BeCbMa BBICOKOHM 3Hepreruyeckoil s dexkruBnoctu ITO
TOKAMH MOBBINIEHHON YacTOTHI: yelbHble 3aTparhl sHepruu (33,9 kBr/M®) mHa Bemonnenue DTO
nouty 15 pas Hike, yem npu TpaaumuonHoit TBO (500,1 kBt/M®). XapakTepHo, 4TO 3TOT pe3ysibTaT
MOJTy4eH B 3MMHUX YCJIOBHUSIX, a B JIETHEE BPEMS 3TOT Pa3phIB, T.e. 3pdeKT, Oyner emre OoblIe.

KpoMe paccMOTpeHHBIX IOKa3zaTeled, Mocie pacnalyOKu H3Aenus ObUTM  BBINOJHEHBI
M3MEpEHus Mpejiesia MPOYHOCTH OeTOHa Ha CKaThue HepaszpylalomuMu MetogaMu. OHM MOKa3aiH,
4TO B BO3pacTe 28 CyTOK MaTepua UMeeT IPOYHOCTh Ha 1-3 Kilacca BbIlIE HOPMATUBHOIO 3HAYCHMSL.
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Pucynox 4 - 3nauenus yoenvnoit Inepzuu: 3e1eHas 3a1UBKA — PE3YIbIMAMbL IKCHEPUMEHMA CONACHO PUCYHOK 3;
KpacHas 3anuexa — ycpeoHennvie 3navenus ona TBO [1]

Pe3yabTaThl Hcc/ieqoBaHMS W MX aHAAU3. Pe3ynbTaTbl SKCIIEPUMEHTOB IO MPUMEHEHHUIO
OTO TokaMU MOBBILIEHHONW YaCTOTHI MO3BOJISIOT PEHINTh HEKOTOPHIE OPraHU3AI[UOHHO -TEXHUYECKHE
BOIPOCHI IPOU3BOJACTBEHHOTO NPUMEHEHHSI TEXHOJIOTUH MU3TOTOBJICHUS JK€J1€300€TOHHBIX U3ENUi C
MTOMOIIBI0 TaKOW TemioBol 00paboTku. Kak mokazano B [10,11], mpu opraHu3aiuu MpoHU3BOJICTBA
J)KEJIe300€TOHHBIX M3eMid ¢ Hucmoab3oBanreM OTO ToxKaMyM TMOBBIMIEHHOM YacTOTHI Ha
MPEeANPUATHIX JI000r0 TUIA HEIelIeco00pa3HO MPUMEHSTh CXeMY AJIEKTPOCHAOKEHHs, KOTJa OJ1H
MUATaHUs OOCTY)KHUBAET OJIHY OTIATYOKY JISI M3TOTOBJICHUS JK€JIe30 06 TOHHOTO M3eNUsl. 3HAYUTEITHHO
0oJiee palMOHATIBLHOM SBISETCS CHUCTEMa, B KOTOPOIl OJMH MCTOYHUK NHUTAHUS, BBHIMOJTHEHHBIN Ha
OCHOBE TPaH3UCTOPHOTO MpeoOpa3oBaTesss OOJBIION MOIIHOCTH, 00ECHEeUYHBAET 3JIEKTPOIMUTAHHE
HECKOJIBKAX TEXHOJIOTHYECKUX IIOCTOB [0 HM3TOTOBIICHHIO JKene300eToHHbIX wu3menuii [10,11].
OCHOBHBIM 2JIEMEHTOM KaXIOTr0 TOCTa sBisercs omnainyOka (pucyHok 1), a Takxke YCTpoiicTBa
aBTOMATHUKH U CUTHaNMM3auuu. Ha pucyHke 5 nmpeacrasiieHa ynpoleHHas cXeMa TaKOM yCTaHOBKH.

[Ipn peanmu3amuu TaKOW CHUCTEMbl H3TOTOBJICHHS JKEJIE300€TOHHBIX H3JIEIUN BO3MOXKHO
pa3aMyHOE B3aUMHOE PACIOJIOKEHUE UCTOUHHKA MMTAHUS U MIOCTOB.

Li L2 Ls N
fy ———-
f, -
HcTouHuk nuTaHus o g o g s 5 s
HOBBIIIEHHO S g g 2 g 2 g 2
o O QO QO o O
yacToTHI f, e = 2 & 2 = 2 &
= E_é.d SN = < o = < <t
E B o = = el = = el [~ =l
S 5 2 c = 2 s = 2 c =
8 o g o g o S o
220/380 B g5 g5 g5 25
v 5 ﬁ = ﬁ g ﬁ 2
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Pucyuox 5- Cxema JJIeKmponumanui noOCmoe6 no u32omaoeji1eHuro JHcene300emoHHbIX U30enull ¢ nOMOULBIO 3T0
MOKAMU NOBLIUIEHHOU YACHOMbl
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B kauectBe nmpumepa MOXKHO pacCMOTPETh MPOCTEUIINI Cilydail pa3MelleHnus o00opyI0BaHUS
B OJIHY JIMHHUIO, KaK MOKa3aHO Ha PHCYHKE 6, KOTAa OT UCTOUYHUKA MUTAHUS OTXOJIUT OJHMH OOIIHiA
JBOWHOW TPOBOJ (ABYXIPOBOAHBIA Kabeib), KOTOPBIA YIIOKEH BJOJIb JIMHEHKH PACIOJIOKEHHS
TEXHOJIOTMYECKUX IIOCTOB. Y Ka&XJIOrO II0CTa HMEIOTCS KOMMYTALMOHHBIE 3JIEMEHTHI I
TIOIKITIOYEHUS AIEKTPOI0B ONAIyOKH K 00IIeMy ITPOBOIY.
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\/ HaCTEHHBII

Hctounnk
MU TAHHUS
TOBBIIIEHHON

YacTOThI
— | L
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TeXHOIOrnYe CKHi
moct Ne3
TeXHOIOrnYECK U

[—————————

—1
—1
—1
—1

KaGenbHblii kKaHaa (KOpoO) Ui YKIaaKK Kabesst (IIPOBOIOB) HANPSDKEHU S
MOBBIIICHHOHN YaCTOTHI ¢ OTBOJAMH K TEXHOJIOTHUECKIM ITOCTaM

Pucynok 6 - Pabouas 30na yuacmka (yexa) no uzzomosieHuio jceyie3odemonnuix uzoeauii ¢ ucnonvsosanuem 3TO
MOKAMU NOGLIEHHOIL YACM OMbl

OmHuM W3  BOXHEWITUX  TEXHWYECKUX  BOMPOCOB  OPTraHWU3alMd  IIPOM3BOJICTBA
KEJIE300€TOHHBIX M3JIEJINH pacCMaTpPUBAEMbIM CIOCOOOM (PUCYHOK 5 M PHCYHOK 0) SIBJISIETCS
onpezeneHue TpeOyeMol MONIHOCTM WMCTOYHUKA MHUTAHUS U MHUTAIOMIEW CeTH, HeoOXOIuMOM it
HOpMaJIbHOM paboThl 3TOro mpou3BojacTBa [12]. Pemrenue 3Toro Bompoca BO3MOKHO Ha OCHOBE
cocTaBjieHUs rpaduKa BBITIOJHEHHS TEXHOJOTHUUECKUX Omeparuii (Mpou3BoACTBa padoT) mpu padboTe
TaKoTO TPOU3BOJCTBA C MCIOJIb30BAaHUEM HOPMATHBHBIX IOKYMEHTOB, Hampumep [13,14]. Jlns
npuMepa 3ToT rpaduk MpeIcTaBieH B Ta0nuie | TpUMEHUTEIbHO K U3TOTOBIICHUIO U3IEIUN B BUIE
byngamentHbIx 0;10K0B THIIA PBC 12.4.6 (prucyHok 2).

IIpu cocraBneHuu 3TOoro rpaduka MOpeanosaraioch, YTo paboTa BBHIMNOJIHIETCS JBYMS
pabotHuKamMu (JIn6o aBa (GopmoBIIMKa, OO0 (HOPMOBIIMK M AIEKTPOMOHTAXHUK) [13], a ycrmoBus
paboTel cooTBeTcTBYIOT 3uMHeMYy BpeMeHu: 71, =T, = 0 °C, Tuom = 50 °C, ckopocTh moabema
TeMmreparypbl Ha ctaauu HarpeBa < 8 °C/4., pexxum ITO — ¢ TepMOCHOM BBIAEPIKKOM, T.€. TOCIE
3aBepUICHUS CTa/IMW HAarpeBaHUs U3JIeIHe OTKII0YAeTCA U MOCTENEHHO OXJIaKIaeTCsl, MaKCUMaslbHas
MOIIIHOCTh, MepeaaBaeMas u3 nurawpomeid cetd npu ITO onHOro M3AENus COrIacHO PUCYHKA 3 —
Pcm=2,2 xBt. Kak cnenyer u3 tabmunbsl 1, mpu pabore yCTaHOBKHM (PUCYHOK 5 U PHCYHOK 6)
MIPOUCXOJUT TOOYEPEHOE M CO CABHIOM BO BPEMEHH MOJKIIOYEHHE K HMCTOYHHUKY OYEPEIHOTO
TEXHOJIOTHYECKOr0 TOCTa IOCNe MPOBEIEHUSI MOATOTOBUTENBHBIX padOT, YKIAAKH M YTPaMOOBKHU
OeroHa B onanyOky. [locie moAximoueHus OYepeHOrO IMOCTa MOIMHOCTD Peyuu, MOTpeOIseMas U3
MUTaronlel cetu yBenuuuBaeTcss Ha Pcm. Tak MpPOUCXOOUT OO TeX IMOp, MOKa He OyayT
3a/IeiCTBOBaHBl BCE TEXHOJIOTUYECKUE TMOCTHI, JIMOO Ha TEXHOJOTUYECKOM IOCTY, KOTOPBIA ObLI
MOJKIIIOUEH TEPBBIM, 3aBEPIIUTCS CTaAWs HAarpeBaHUsS M OH OyaeT OTKiIoueH. B atoM ciydae
JOCTUTAETCS] HAWBBICIINE 3HAUEHUS MOTPEOIIeMO MOIITHOCTH U YKCIIa OJTHOBPEMEHHO pabOTaOIIUX
TEXHOJIOTHUYECKHX TTOCTOB.
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Tabmuua 1- I'paduk mpousBoacTBa paboT

Neo Haumenosanue | ITpomomku- Pabouee Bpems, 4.

n/m pabor TCJIbHOCTD, 1(2|3|4|5|(6|7 8|9 |10 |11 (12|13 |14 |15 |16 | 17
q.

1 Ounctka  GoOpMBbI
(onmany6ku) Nel u 0,11
OOPTOCHACTKHU

2 Cmaszka ¢opMEI 1
6 0,1
OPTOCHACTKH

3 C6opxka (opmbl 0,15

4 VYcraHoBka 0.1
MOHTKHBIX MIETENTb !

5 Vknajka,

pa3paBHUBaHHE U
YILUIOTHEHHE 0,57
OETOHKOM cMecH
BHOPUPOBAHHEM -

6 BripaBHUBaHME 1
3arjJaKuBaHue
OTKPBITBIX 011
MOBEPXHOCTEH !
cBexe3adopmo-
BaHHBIX M3JIENUI

7 ToaxnroueHue
dopmbr Ne 1
UCTOYHUKY 6
NUTAHUS M HAYAITIO
9TO

8 OTkIoueHne
¢dopmet Ne 1 ot

HCTOYHHMKA TUTaHHUS 12+16
U TepMOCHAs
BBELICPIKKA

9 Ouuctka  (GoOpMBbI
(omanyOku) Ne2 u 0,11
OOPTOCHACTKH

10 | Cma3ka ¢opmer u
6 0,1
OPTOCHACTKU

11 | Coopxka hopmbl 0,15

12 | YcranoBka 0.1
MOHT&XKHBIX HETEND !

13 | Vkmanka,

pa3paBHUBaHHE U
YILUIOTHEHHE 0,57
OETOHKOM cMecH
BUOPHUPOBAHHEM b

14 BripaBHuBaHue U
3arJaKuBaHue
OTKPBITBIX 011
MOBEPXHOCTEH !
cBexe3adopmo-
BaHHBIX M3JIEIUI

15 | Ioxpkmrouenue
opmbl Ne 2
UCTOYHUKY 6
NUTAaHWS U HA4aJIo
9TO

16 | OtkiaroueHue
dhopmbr Ne 2 ot
HCTOYHHMKA TUTaHHUS 12+16

U TEPMOCHAsI
BBIJIEpPIKKA

[pogomxenue mo ananoruu ¢ nm. 1-8 u 9-16 s omany6ku (popmsr) 3,4,5 u T.4.

Ha pucynke 7 mpencrasieH rpaduk U3MEHEHHUS BO BPEMEHHM BENUYHUHBI Py, TOTYICHHBIN
Ha OCHOBaHWH TAOIUIEI 1.
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Pucynok 7 - H3menenue 60 epemeHu e1utunbl NOMPEOIAEMOI MOWHOCIU U3 RUMAlOu|ell )1eKMPUYECKoll cemu
npu pabome yuacmka (yexa) no npou3e00CMmaEy Hcene300enonHbIX uzoenuil (hynoamenmuoix 010K06 muna
DBC 12.4.6) c ucnonvzosanuem 3TO mokamu noevlLLeHHOU UACH O bL

CornacHo 3ToMy Tpaduky (pUCYHOK 7) B T€UeHHE pabOdero JHS MPOUCXOIUT MOCTEIIEHHOE
CTYIICHYAaTOE yBEJIMUYCHHE MOTPEOIIEMON U3 CETH MOIIHOCTH IO MEpe MOJAKIIOYCHUSI K HCTOYHHUKY
MUTaHUS BCE HOBBIX TEXHOJIOTMYECKUX IIOCTOB TMOKa HE OyAeT IOCTUTHYTa MaKCHMalbHas
MOIITHOCTh, KOTOpasi B pacCMaTPUBAEMOM CITydae COCTaBHIIa

PC}Lmz = 6 ’ PCm = 13’ 2 KBT, (2)

a MaKCUMAaJIbHOE YHCJI0 OJTHOBPEMEHHO MOJKIIOYEHHBIX TOCTOB COCTABISAET Nm = 6 mIT.

B nanbHeimem HaOmomaeTcst KoseOaTeNbHbIN XapakTep H3MEHEHUS Pe, MO Mepe
OTKJIFOUEHHUSI TEXHOJIOTUYECKUX IMOCTOB, Ha KoTopeix OTO 3aBepmmiach U MOAKIIOUEHUS
OYEPEIHOr0 MocTa (PUCYHOK 7) B COOTBETCTBHH C Ipa)uKOM MPOU3BOACTBA paboT (Tabmuma 1).

BrionHe oueBHAHO, YTO pacCMOTPEHHOE OMMCAHKE MPOU3BOICTBEHHOTO Mponecca (Tabiauua 1
U PUCYHOK 7) C ompejaeieHHeM Moka3atens (2) MOXXHO NMPUMEHHTh Ha MPAKTHKE HE TOJIbKO IS
PacCMOTPEHHOTO THIMA EJNe300€TOHHBIX H3AENUN, HO Ui JIIOOBIX JIPYyrHMX, B TOM YHUCIE U
Pa3HOTHUITHBIX U3JICITHA.

BeiBoabl. DnekTpoTeruioBas 00paboTKa Kene300€TOHHBIX U3IeNUi TOKAMH IMOBBIIICHHOM
YacTOTHl MO CBOEH SHEpreTudeckord >(PPEeKTUBHOCTH MHOTOKPATHO MPEBOCXOAUT TPATUIIMOHHYIO
TEIUIOBYI0 00paboTKy mapoMm (PUCYHOK 4), a MCTOYHMK MUTAHUS A €€ OCYIIECTBICHUS HMeEEeT
MaJible pa3Mephl, BEC ¥ yI00€H B 3KCIUTyaTalluu (PUCYHOK 2).

TexHooTHsI M3rOTOBJICHUS KENE300€TOHHBIX H3Aenuil ¢ ucnoibzoBanueM OTO Toxamu
MOBBIIEHHOW YacTOThl MOKET C OJMHAKOBBIM YCIEXOM TMPUMEHSThCS KaK Ha KPYIHBIX
OPEaNpUATHAX, TaKk M Ha MOPEANpUATHIX Maloro Ou3Heca, O00JaJaloUIMX OrpaHUYCHHBIMU
TUTOIIA/SIMH U PECYPCAMHU.

PeanbHblil rpaduk Mpou3BoAcTBa pabOT MO HM3TOTOBJICHUIO JKEJIE300€TOHHBIX M3JAEIMNA ¢
nomoinpio 3TO TokaMM NOBBIIIEHHON 4yacTOThl (Tabnuma 1) mpUBOAUT K TOMY, YTO K UCTOYHUKY
MUTAHUIO OJJHOBPEMEHHO MOIKIIIOYAETCS CPABHUTEIBHO HEOOJBIIOE KOJIMUYECTBO 0OpadaThIBaeMBbIX
U3JIeIIMA HE3aBUCUMO OT KOJINYECTBA TEXHOJOTHYECKUX ITIOCTOB, B PACCMOTPEHHOM cillyyae — 6 IIT., a
ANIEKTpUYECKass MOLIHOCTh, MOTpedisieMas U3 MUTAIOIIEH CEeTH MMEET OTHOCHUTENBHO HEeOOJBIIYIO
BennuuHy (13,2 xBT), KoTOpyro MOXxeT cebe MO3BOJUTH MpaKTHUYeCKH Jtoboe mpeanpustue. [Ipu
STOM HCTOYHHMK NMUTaHHUSA TAKOM MOIIHOCTH MOXeET OBbITh peajn3oBaH B radapurax, NOKa3aHHbBIX Ha
pHUCYHKE 2.
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YBaxxaeMble aBTOPbI!
IIpocum Bac 03HAKOMHTBCSI ¢ OCHOBHBIMH TPeOOBAHUSIMH
K 0(hopMIICHHIO HAYYHBIX CTATEH

e [lpencraBnsieMblii MaTeprana JOMHKEH ObITH OPUTHHAJIBHBIM, He ONMYOJMKOBAHHBIM paHee B JIPYruX
MEeYaTHBIX U3JAHUAX.

o (OObeM MaTepHana, MPeAIaraeMoro K myOJIuKaluy, U3MepsIeTCcs CTpaHUI[aMU TeKCTa Ha JicTax gopmMara
A4 1 conepxuT oT 4 10 9 cTpaHuUIl; BCEe CTPAHUIIBI PYKOIIHMCH JOJKHBI UMETh CIUIOIIHYIO HyMepaluio.

e Craths JODKHA ObITh HaOpana mpudpTom TimesNewRoman, pasmep 12 pt ¢ omUHAPHBIM UHTEPBAIIOM,
TEKCT BhIPABHUBAETCA IO MIMpUHE; ad3amHbil oTcTynm — 1,25 cM, mpaBoe mojie — 2 ¢M, JIEBOE IoJie — 2 CM,
TI0JIs1 BHU3Y U BBEPXY — 2 CM.

o Cratbs mpenoctaBisiercss B 1 3k3emiuisipe Ha OyMa)KHOM HOCHTENE M B DJIEKTPOHHOM BHje (IO
AJIEKTPOHHOM MOYTE WK HA JIFOOOM JIEKTPOHHOM HOCHUTEINE).

e B ogHOM cOOpHHKE MOXKET OBITh ONYOJMKOBaHAa TONBKO OJHA CTaThsi OJAHOIO aBTOpa, BKIIOYAs
COABTOPCTRO.

e [Ilnara c acnupaHToB 32 MyOJMKAIUIO PYKONKCell He B3MMaeTcs.

e Ecmu crates BO3Bpalaercs aBTOpy Ha J0pabOTKy, HCIIpaBIEHHBI BapHaHT CleAyeT MpuciaTh B
pPEeAaKIMIo TTOBTOPHO, MPHJIOKUB MUCHMO C OTBETAaMHU Ha 3aMeuaHHus peleH3eHTa. JlopaGoTaHHBIN BapuaHT
CTaTbU pEUEH3UPYETCA W pacCMaTpUBAETCS PENAKIMOHHOM Kojulerhued BHOBBL. JlaTod mpencTtaBieHUs
MaTepuaia CYMTaeTcs JaTa MOCTYIUIEHUS B PEAAKIINI0 OKOHYATENFHOTO BapuaHTa NCIIPABIEHHON CTaThU.

e AHHOTanMM BceX NYOJIMKYeMbIX MAaTEpUaNIOB, KIIOYEBbIC CiOBa, MH(opMmaims o0 aBTopax, CIIHCKU
JUTEPaTyphl OyIyT HaXOAUTHCS B CBOOOJHOM JIOCTYII€ HA CAalTe COOTBETCTBYIOIIETO XKYpHaja M Ha caiTe
Poccuiickoit Hay4HOI anekTpoHHOM Onbnnorekn — PYHOb (Poccuiickuit HHIEKC HAYIHOTO IUTHPOBAHUS).

B TekcTe cTaThbH HE PEKOMEHIYETCSI IPUMEHSITD:

- 000pOTHI Pa3roBOPHON PEUH, TEXHUIIU3MBI, TPO(ECCHOHATI3MBI;

- ISl OHOTO M TOTO JK€ TMOHSTHS Pa3InYHbIe HAYYHBIC TEPMUHBI, OJM3KHE 1O CMBICTY (CHHOHHUMBI), a
TaK)Ke HHOCTPAHHBIE CIIOBA U TEPMUHBI IIPU HAJTMYHH PABHO3HAYHBIX CIIOB U TEPMUHOB B PYCCKOM SI3BIKE;

- TIPOU3BOJILHBIC CJIOBOOOPA30BaHUS,

- COKpaIlleHUsl CJIOB, KPOME YCTaHOBJICHHBIX MpaBWIAMH pycckoil opdorpaduu, cOOTBETCTBYIOIIUMU
CTaHJApTaMHU.

e Cokpamenuss u abOpeBHATyphl [OJDKHBI pacmMpOBBIBATECA TI0 MECTYy TIEPBOTO YIOMHHAHUS
(BXOXICHHS) B TEKCTE CTATHH.

Oo6s13aTe/IbHBIE 3JIEMEHTHI:
- 3arjaBue (Ha PyCCKOM M AHIJIMIICKOM si3bIKe) MyOIIMKyeMOoro maTephaia JODKHO OBITh TOYHBIM H
€MKHM, CIIOBA, BXOISIINE B 3arjiaBUe, JOJDKHBI OBITH SICHBIMH CaMH 1O ce0e, a He TONBKO B KOHTEKCTE;
ciemyer m30eraTh CIIOKHBIX CHHTaKCHUYECKMX KOHCTPYKIIMMA, HOBBIX CIOBOOOpPa3OBaHWN W TEPMHHOB, a
TaKXKe CJIOB y3KOMPO(ECCHOHAIEHOTO U MECTHOTO 3HAUCHMUS;
- aHHOTalusA (HAa PYCCKOM H AHIVIMMCKOM $I3bIKe) ONMCHIBACT LEMM M 3aJauyd MPOBEAECHHOIO
WCCIICJIOBAHUS, a TAK)KE BOSMOXXKHOCTH €r0 MPAKTHYECKOrO NMPUMEHEHHUs, YKa3bIBaeT, YTO HOBOT'O HECET B
cebe MaTepual, pekoMeHIyeMbIii 00beM — He MeHee 100 cItoB;
- KJI04YeBble CJI0BA (HA PYCCKOM U AHTJIMIICKOM SI3bIKE) — 3TO TEKCTOBBIE METKH, 110 KOTOPHIM MOXKHO
HaWTH CTAThIO MPH MOMCKE W OMPEHENUTh MPEAMETHYIO 00IacTh TEKCTa; OOBIYHO WX BHIOMPAIOT M3 TEKCTa
MyOIMKyeMOoro MaTepraia, JOCTaTOYHO 5-10 KIF0YEBBIX CIIOB.
- CIOHCOK JIMTEPATYPHbI, Ha KOTOPYIO aBTOP CCHUIAETCS B TEKCTE CTAThHU.

[IpaBo ucmonb30BaHMs MPOU3BEICHUI MPEIOCTaBICHO aBTOpPaMH HAa OCHOBaHHHM 1II. 2 cT. 1286
UYerseproii yactu ['paxaanckoro Konekca Poccuniickoit denepanumn.

C nmosHoit BepcHeii TpeGoBaHNI K 0(pOPMIICHHIO HAYYHBIX CTaTeH
Bb1 MoxeTe 03HAKOMUTBCS HA caliTe www.oreluniver.ru/science/journal/sir
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