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TEOPWS1 UH)KEHEPHbBIX COOPYXXEHUM.

CTPOUTEJIbHBIE KOHCTPYKLnHN

VJIK 624.012.45 DOI: 10.33979/2073-7416-2019-85-5-3-10

OCOBEHHOCTHU TPEHIMHOOBPA3OBAHHUA B KOHCTPYKIIUAX
N3 BBICOKOITPOYHOT O KEJIESOBETOHA ITPU CJI0OKHOM
COITPOTUBJIEHUMH — KPYYEHUU C U3I'NBOM

JEMbBAHOB A .N.

IOro-3anaaHsiii rocyapcTBEHHBIN YHUBEpCHUTET, T. Kypck, Poccns

Annomayus. Ilpusedenvl nekomopbvie pe3yibmamol IKCHEPUMEHMANbHBIX UCCIeO08ANUL U OAH
AHANU3 NOLYUEHHBIX ONLIMHBIX OAHHbIX 00 0CODEHHOCMAX MPeWUHO0OPA306aHUA U PACKPLIMUL Mpe-
WUH 68 ONbIMHBIX KOHCMPYKYUAX OAIOK CRIOWHO20 U NOA020 CEeYeHUll U3 8bICOKONPOUHO20 dicene300e-
MOHA NPU CLOHCHOM HANPANCEHHOM COCMOAHUU — KPYYeHUU ¢ u3eubom. Ycmarnoeneno, umo npu Koau-
4eCmeeHHO CONOCMABUMbIX OMHOUEHUAX KDYMAWE20 U U32UOAIOUe20 MOMEHIOS8 8 PACCMaAMPUBAEMbIX
KOHCMPYKYUAX 8 30He KPYUEHUs C U32UOOM 803MOICHO 00pA306aHue 0OHOU UL HECKObKUX NPOCHPaH-
cmeennvlx mpewjun. Ilonyuennvle onvimuvle 3HAYEHUS WUPUHLL PACKPLIMUA mpewun Olid 6anok
CHIIOWHO20 U NOJI020 CEYeHUs. CYWECNEEHHO OMAULAIOMCs Mexcoy cobou. Maxcumanvioe packpvimue
npozpeccupyrouux mpewut, no KOmopuimM npoucXoouio paspyuenue onblmHuoblx KOHCmpyKyui Habuo-
0anoch He no oCU pacmanymol apmMamypbl, a Ha pacCMOAHUY NOPAOKA 08YX OUAMEMPO8 OMm MOl OCU.
Tonyuennvie pesyromamol IKCNEPUMEHMANLHBIX UCCIEO08AHUL NO3BOIAIOM GbINOIHUMb HPOGEPKY U
CONOCMABUMENbHBII AHANU3 PACHEMHBIX MOOeell NPEON0ICEeHHbIX OISl pacyema mpewuHoCcmouKocmu
CMEPIICHEBBIX JiCeNe300eMOHHbIX KOHCMPYKYUL NPU KPYYeHUU ¢ U32UOOM.

Knrouesvte cnosa: scene3obemon, KpyyeHue ¢ usubom, mpeuwuHocmouxocms, degopmayuu,
NPOYHOCMY, CHAOWHOE U NOJI0e ceYeHue.

CRACK FORMATION IN HIGH-STRENGTH REINFORCED CONCRETE
STRUCTURES AT COMPLEX RESISTANCE - TORSION WITH BENDING

DEMYANOQOV ALl
Southwest State University, Kursk, Russia

Abstract. The paper presents experimental results and an analysis on the features of crack
formation and crack opening in beams of solid and hollow cross sections made of high-strength rein-
forced concrete at a complex stress state - torsion with bending. It has been established that one or
more spatial cracks can form at quantitatively comparable ratios of torque and bending moments in the
considered structures in the zone of torsion with bending. The obtained experimental values of the crack
opening width for beams of solid and hollow sections significantly differ from each other. The maximum
opening of progressing cracks along which the destruction of the experimental structures occurred was
observed not along the axis of the tensile reinforcement, but at a distance of about two diameters from
this axis. The obtained results of experimental studies make it possible verification and comparative
analysis of the calculation models proposed for calculating the crack resistance of rod reinforced con-
crete structures under torsion with bending.

Keywords: reinforced concrete, bending with torsion, crack resistance, deformation, strength,
solid and hollow section.
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CTpouTeNbCTBO U PEKOHCTPYKIUSA

Beenenne

Pacuer xesie300€TOHHBIX KOHCTPYKIIMI MPU CII0KHOM COIPOTHUBJICHUH — KPYYCHUH C U3TH-
OOM OcTaeTcsi OJJHUM M3 MaJIOMCCIICIOBaHHBIX HAIIPABICHUI COBPEMEHHOH TEOpHH kKe1e300eToHa.
W3BecTHBIE pe3yNbTaThl TEOPETUYECKUX M DKCIICPUMEHTANIBHBIX HCCIEIOBAHUI HOCAT (parMeH-
TapHBI XapakTep U JaJIeKO He OTPaXKaIOT BCE BaXKHBIE 0COOCHHOCTH Ae()OPMUPOBAHHMS, TPEIIHHO-
00pa3oBaHus U Pa3pyLICHUs KeJIe300eTOHHBIX KOHCTPYKIIHIA TIPU TAKOM HAINPSHKEHHOM COCTOSHUH,
B OCOOCHHOCTH JJIsl HOBBIX BUJIOB OeTOHA U puOpPOOETOHA, IMUPOKOTO Hara30Ha COOTHOICHUH U3-
rHOAOLIETO U KPYTSIIEr0O MOMEHTOB, ()OPM U CTPYKTYPBI ONEPEUHBIX CEYCHHI, TPAHUYHBIX YCIIO-
BHI ¥ pyrux (akTopoB. B mpoBeeHHBIX B MOCIECIHNE TOAbI KCIIEPUMEHTAIBHBIX UCCIICI0BAHHSIX
(cm., Hampumep, paboThl [1-7]) paccMaTpuBamuCh B OOJBLUIMHCTBE CIIy4aeB KOHCTPYKLMHU H3 Tpa-
JIUIHOHHBIX OETOHOB M (pUOpOKEIe300eTOHa OTHOCHTEIILHO HEBBICOKOW IPOYHOCTH. B cBsizu ¢
9THM HHTEPEC MPEJCTABISACT YKCICPUMEHTAIBHOE HCCIICOBAHUE HKEIe300€TOHHBIX KOHCTPYKIIHI
U3 BBICOKOIIPOYHOTO OETOHA, MPHYEM HE TOJIBKO MPSMOYTOJIBHOTO, HO U KOPOOYATOro, KPyIioro u
KOJIBIICBOTO cedyeHuil. Takue GpopMbl ceueHHid BCe Yallle UCTIONb3YIOTCS TPU MPOSKTUPOBAHMH KOH-
CTPYKIHMH si/Iep KECTKOCTH BBICOTHBIX 3/IaHUH M MH)KEHEPHBIX coOpyskeHuil. [IpoBeeHHsbIe, ¢ y4a-
CTHEM aBTOpa IKCIICPUMEHTAIIbHBIC MCCICIOBAHUS KEJIC300€TOHHBIX 0aJOK M3 BBICOKOIIPOYHOIO
’Kene300eToHa P COBMECTHOM JACHCTBHH U3rMOAIOIIEro U KPyTsmero MoMeHToB [8,9] mo3Bomnmmm
HE TOJIBKO BBISIBUTH PsiJI BAXKHBIX OCOOCHHOCTEH 1e(hOPMHUPOBAHHS U Pa3PYIICHHUS TAKUX KOHCTPYK-
U IS IPOBEPKHU MPEITIOKEHHON JUIsl UX pacdeTa HOBOM pacyetHoit monenu [10-12], Ho u ycra-
HOBUTHh TPUHIUIHAIBHBIE OCOOCHHOCTH TPEUIMHOOOpa30BaHHsA M Je(OPMUPOBAHUS TAKUX KOH-
CTPYKIIMH IIPU pacCMaTPUBAEMOM HAIPSHKEHHOM COCTOSIHMH JIO U IOCJIe 00pa30BaHHs TPELIMH.

Oco6enHocTH 00pa30BaHusA, PA3BUTHA M PACKPBITHS TPELIHH

OOBEKTOM HCCIIEJOBAHUN SBUIINCH Kelle300€TOHHBIE KOHCTPYKIMH OANOK MPsIMOYTOJIBHO-
ro, KOpoO4YaToro, KPyrioro U KOJBIIEBOTO MONEpedHoro cedeHus mmHoi 1200MMm ¢ pasmepamu
nonepedHoro ceueHus b=h=200MM — 17151 KBaJpaTHBIX cedeHui Oanok u auamerpom 200 MM - st
KpYIJIOTO M KoJiblieBoro ceueHuil. KyOukoBas mpouHocTh 6eToHa R Kk MOMeHTY ucnbITanuil (B BO3-
pacte 60 cyt.) CocraBnsuia 109,5 MIla - ans 6anok kBajapaTHOro W KopoOdaroro ceduenuid u 130
MITIa — a1 6anoK KPyTriioro u KOJbIIEBOTO CEUCHUM.

KoHCTpyKIIMM OMBITHBIX OajOK MPSIMOYTOJBHOTO M KOPOOYATOTO CEYEHHUs apMUPOBAINCH
CBapHBIMU IIPOCTPAHCTBEHHBIMU KapKacaMy C MPOJOJIBHBIMU CTEPKHAMHU AHMAMETPOM OMM U3 ap-
Matypsl kiacca A - 240C (puc. 1 a, 0). B kauecTBe monepeuHoit apMaTypbl IPUHSTHI CTEPKHU JHa-
metpoMm 6mMM Kimacca A-240C ycranonenHble ¢ marom 70 M. [ oGecriedeHust HaIe)KHOM Tiepe-
Jlauy KPyTSIIEr0 MOMEHTA OT Harpy304YHbIX YCTPOWCTB Ha KOHCTPYKIUHU OAJIKM B TOPLAX OIBITHBIX
KOHCTPYKIIMH YCTaHABIMBAJIUCh METAJUIMYECKHE IUIACTHHBI TOJIIMHOW 8MM C OTBEPCTHUSIMHU JHUa-
MeTpoM 14 MM moj aHkepa B BUJE apMaTypHBIX CTepkKHEW auaMerpoM 10 MM BbIITyCKaeMble U3
KOHCTPYKIIUH.

KoHCTpyKIIMK ONBITHBIX OajiOK KpPYIJIOrO M KOJBLEBOTO CEUEHUH apMUPOBAIUCH TAKXKE
IIPOCTPAHCTBEHHBIM KapKacoM, HO Kpyrioro ceueHus (puc. 1 B, r). TopIioBble NIaCTUHBI BBITOIHS-
JHCh B BUJI€ BOCBMUTPAaHHMKA, BIIUCAHHOTO B KPYTJIOE MOIEPEYHOE CEUEHHE OMBITHOTO oOpasia ¢
AQHAJOTMYHBIMM aHKEpAaMH B BHJIE apMaTypHBIX CTepkHeW auameTpoM 10mm. Jlo Havana ucrbITa-
Hul onbITHEIX KOHCTpYKIM o I'OCT 18105-2010 «betonsl. IIpaBuiia KOHTPOJIS U OLIEHKH IPOY-
Hoct», ['OCT 22690-2015 «beronsl. Onpenenenne NpOYHOCTH MEXaHHMYECKHUMHU METOJAMH He-
paspywatoniero koutpossi» u 'OCT 12004-81 «Cranbs apmaTypHas. MeToabl UCTIBITAHUS Ha pac-
TsoxeHue (¢ Mamenenusimu N 1, 2)» Obuin ompeaeneHbl (GU3NKO-MEXaHUYECKHUE XapaKTEePUCTUKH
BBICOKOIIPOYHOT'O OETOHA U apMaTypHOU CTalu.

VcnblTaHue ONBITHBIX KOHCTPYKIMH IPOBOIMIIOCH C TOMOIIBIO Mpecca U CHEeNHaIbHO CKOH-
CTPYHMPOBAHHBIX HArPy304YHBIX yCTPOHCTB. KaxkapIilt 0Opa3zer] OnbITHBIX KOHCTPYKIIMNA UCTIBITHIBAIICS
B TOPU30HTAJIBLHOM IOJIO)KEHUH I10 NIEPEBEPHYTON JBYXKOHCOJIBHOM CXEME, CO CBOOOJHBIM JIOCTY-
IIOM K PacTsHyTOM 30HE KOHCTPYKLHH (puC. 2).
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Teopusi HHKEHEPHBIX cooOpY:KeHHii. CTpouTeIbHbIE KOHCTPYKIHH
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Pucynox 1 — Koncmpykuyuu onstmuuix o0pasyoe 0an10K: a — onaiypounas cxema 01 jHcene300emonHbixX
KOHCMPYKUUIL K6AOPAMHO20 U KOPOOUAMmO20 ceveHull; 6 — mo ce, 071 KOHCIMPYKYUIL KPy2i1020
U KOIbYe6020 ceuenuii; 6, 2, 0, € — (hopma nonepeuHozo ceyeHus, cO0meen cmeeHHo

Bce Oanku ucneITaHbl C JOBEAECHUEM A0 pa3pylieHus. [Ipunokenue Harpy3Kku OCyIIeCTBIIsI-
JIOCh Yepe3 CHEIHAbHYI0 TPaBepcy CTyneHsIMHU paBHBIMU 0,1 OT Harpy3Ku TpenMHOOOpa30BaHUS C
BBIIEPKKON Ha Kaxkaou cryneHu. [lpu 3ToM mokaszanus mpuOOpoB (MHAUKATOPHI MPOTHOOMEPOB)
CHUMAJIOCh Ha KAXKJOM CTYIIEHU JBaXXJbl 10 U Mocie BbIAEpKKU. [lluprHa pacKpbITHs TpeniuH HU3-
Mepstach ¢ moMoIbio Mukpockona MITB-3M. ®ukcupoBanock pa3BUTHE U PACKPBITHE TPEIIUH Ha
BCCX OTallaX HAarpy3ku, OTMCYAJIOCh TAKXKE IOABJICHUEC HOBBIX TPCIIUH, Pa3BUTUC YK€ MMCBIIUXCA.
N3mepsinach mmprHa pacKphITUS TPEIIUH Ha OOKOBBIX TPAHSAX B Pa3HBIX YPOBHSIX BIOIbL OCH MPO-
JIOJIHOW W MONIEPEYHOM apMaTyphl, a TAKKE€ HAa PACCTOSIHUM JABYX JUAMETPOB OT OCH apMaTyphl B
XapaKTepPHBIX TOYKAX BJIOJIb BCETO MPOMUIIS TPEITrH.

Pe?,y.]'II)TaTBI IIPOBCACHHBIX UCHBITaHUN U HpOBC}I@HHBIfI AHaJIN3 MO3BOJJIAKOT OTMETUTH CJIC-
Iyrolee.

B KOHCTPYKIHSIX W3 BBICOKOIPOYHOTO OETOHA CILIONIHOTO CEYeHHUS 00pa30BHIBATIACh Kak
MIPABWJIO JIMIITH OJIHA MarucTpaibHas MPOCTPAHCTBEHHAS TPEIIMHA, B KOTOPOI MO0 Mepe YBETUYCHUS
Harpy3KH YBEJIMYHBAIOCH €€ PACKPBITHE M IO KOTOPOH MPOHMCXOIWIIO pa3pylIeHHUe KOHCTPYKIIHH
(puc. 3a).
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Pucynok 2 - Cxemut (a,6) u o6uuit 6uo ucnvimanuii (6) KOHCMPYKYull 6AN0K U3 8bICOKONPOUHOZ0 Jicee300emona

a) | BB-KB-410 (2)V Ne acrc, MM Ha YPOBHE OCH apMaTypsbl /
9 8 7 6 JTana| Ha pacCTOSIHUH 2-X TMAMETPOB OT OCH
t g 112 |3 4 |5 |6 |7 8
Ie-1\ 3 v 0,2/0,2/0,2/
; 0,5/05/05
¢ \Y 0,4/ |0,15/|0,8/|0,8/|0,7/| 0,8/ | 0,3/
\\ 5 09/039|1,5[15/1,7| 14|07
: s VI 10,8/ 1,5/| 2,0/ |2,0/{3,5/12,0/| 2,3/ | 1,9/
To-1 , 16|31| 42 (41(72(41|52 |40
7 VIl |1,0/| 3,0/ | 3,0/ |4,0/(4,0/|4,0/| 3,0/ | 3,0/
20/59]61 18 269|79|58]6,2
5 4 3 1 2 VI |1,5/| 4,5/ | 4,9/ (9,0/9,2/(9,3/| 4,6/ | 4,0/
29192199 |17 20,118,0 9,2 | 8,2
0) IV-BB-KO-410 (2) Ne acrc, MM Ha YPOBHE OCH apMaTypsbl /
3 2 1 JTana| Ha PacCTOSIHUH 2-X TMAMETPOB OT OCH
‘ ‘ ‘ 112 |3 4 5 6 7
3 U,Nkj 3 [ VI 0,2/ 10,18/ 0,2/ 0,2/ | 0,1/
2 2 042|104 105 /0,38] 0,2
, X 0,6/ [0,56/0,67/0,55/| 0,6/
1111115112 ] 13
3 ; X 10,2/10,8/| 2,7/ | 2,7/ | 3,3/ | 3,2/ | 1,7/
) ) 02/17|59]61]68|70]| 34
] \ \ ] X1 10,4/|1,1/| 3,2/ | 3,3/ | 4,0/ | 3,9/ | 4,5/
. " 2 . 09/21|/65(65(82|81] 91
7 6 4 5

Dludp xoncTpykuuu Bkmouaet: BB — 6aika Beicokonpounas; KB — kpaaparnoe ceuenue; KO — Kpyrioe 1ooe;
I, I, 11, IV—HoMep cepun; 410-520 —3HaueHHE IKCIEHTPUCUTETA; (2) — HOMEP OMBITHOTO 00pasia

Pucynok 3 - Cxemvl mpeuwjuHoo0pazo06anus u WUPUHA PACKPbIMUs MPewut 6 ONbIMHBIX KOHCMPYKUUSX
0anoK NPAMOY2071bHO20 CHIIOUIHO20 (@) U KPY211020 noiozo (6) nonepeunozo ceuenus; 1, 2, 3, ...9 — ocu pabouux
apMamypHuIX cmepHcHell
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a) T+M, kHuM 6) T+M., kHum

e /F/V\\\

(TCIC+MCIC)

1,0+1.,46

0.5+0.73 |

IV-BB-KO-410 (2)  IV-BB-KO-410 (2)

| | | 1 I

2,0 6.0 10,0 £10-3m 0.01 0,03 o, pan

Pucynok 4 — I'pagpuxu npozubos (a) u y2nos nosopoma (6) onvsimuoii koncmpykyuu \V-5EB-K0-410 (2),
6bIYUCTIEHHbIE NO NOKA3AHUAM uHOUKamopos H2 - U3

a) 6)

5.42+7.957 +
7‘02+7“33 . vd 2 (Tcrc'*Mrrf} T I (Tere+Merc)
4414645 f—ff——— 1
3.38+4.95 | I-BB-KOP-410-(2) 1I-BB-KOP-410-(2)
= 3 1 B
2.40+3.45 (e ! 1| s
i ”‘t L r :.\E 2
1q33+1.95 25//1":'/:"5//25 ) 25//75/15//2?
) 200 P L 200,

E: 3

t t } t t t } —
0 2 4 6 8 1012 fq03,y 0 0005 0.010 0015 0.020 0025 o par

Pucynok 5 — I'pagpuxu npozuéos (a) u yenos nosopoma (6) onoimuoit koncmpyxyuu 111-6B-KOP-410-(2),
8bIUUCTICHHbIE RO NOKA3AHUAM UHOUKamopoe H2 - U3

B ONBITHBIX KOHCTPYKIMSIX KOPOOUATOTO U KOJIBIIEBOTO CEUCHUN XapaKTEpPHO 0O0pa3oBaHUE
HECKOJIbKUX TPEIIMH M0 TPACKTOPUU MPOCTPAHCTBEHHOM moBepxHocTH (puc. 30). [To mepe yBenu-
YCHUS HArPY3KU U3 3TUX TPCHIUH BBIACIACTCA OAHA, C MPOrpeCCUPYIOIIUM €€ PACKPBITUCM, 11O KO-
TOPOW M TPOHMCXOIMT pa3pylICHHE KOHCTPYKIMH. KOJIMYeCTBEHHBI aHA W3 NIMPUHBI PACKPBITHS
TPCIIMH B ONBITHBIX KOHCTPYKIUAX NPAMOYTOJIBHOT'O U KPYTJIOTO CIUIOIIHOTO CCUCHUS, a4 TAKIKC B
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KOHCTPYKIIHUSX KOPOOYATOrO M KOJIBIIEBOTO CEUEHHUs MoKa3aj (CM. TaOnuipl puc. 3), 4TO IIUpHHA
PacKpBITUSL TPEIIWMH, H3MEPEHHAas: BIOJb oceil 1, 2, 3 ... 9 pabodeil apmaTypsl B J1Ba U Oojee pas
MEHbIIE IUPHUHBI PACKPHITUS TPEIIMH B 3TOM K€ HANpaBICHUH HA yAaJCHUH JIByX TUAMETPOB OT
3TUX OCEN.

Takue paznuuus B IIMpPUHE PACKPBITUS TPEIIMH HAa YPOBHE paboueil apMaTypbl U Ha yJane-
HUU JIBYX JMAMETPOB OT OCHU apMaTypbl CBUJIETEILCTBYET O JICTJIAaHAIMU MPOCTPAHCTBEHHOM IO-
BEPXHOCTH TPEUIMHBI BBI3BAHHOW peaklMel B apMaTypHBIX cTep:kHAX. V3 aToro cienyer, 4yTo Tpa-
JUIIMOHHO MCIIOJb3yeMasi MOJIEIb TEOPUHU Kejie300€TOHA JJI pacyeTa MIUPUHBI PACKPBITUS Tpe-
IIMH, KOTJIa IIUPUHA PACKPBITHS TPELIMH OMpeeiseTcsl Ha YpOBHE OCH pabouelt apMaTyphl U Tpe-
OyeT KOpPEeKTUPOBKH, HAIIPUMED, B paMKaxX MOJCIH MpeaiokeHHoi B padotax [10-13]. CkazanHoe
MOATBEPK/1aeT KOJMUYECTBEHHBIM aHalIM3 M COMOCTaBICHUE 3HAUCHHUN IIUPUHBI PACKPBITUS TPEIIUH
B KOHCTPYKIHUSAX U3 BBICOKOIIPOYHOTO JKEJIE300€TOHA CIUIONIHOTO CEUSHUS - TIEPBOM M TPEThEH ce-
pUH, U MIOJIOTO CEYEHUS - BTOPOM U YeTBEPTOM cepuu (cM. puc. 3).

YMECTHO OTMETHUTh, 9TO 1e()OPMATUBHOCTh KOHCTPYKIIMIA M3 BBICOKOTIPOYHBIX OETOHOB CY-
IIECTBEHHO MEHBIIE, YeM KOHCTPYKIHI 13 OOBIYHBIX OETOHOB, YTO MOATBEPHKAACTCSA U CYIIECTBEH-
HO OOJIBIINM MOAYJeM JehopManuy TakuX OSTOHOB. [[Jsl HCIIBITAHHBIX KOHCTPYKIUNA MOJYJIb Je-
(dhopmaruii BeIcOKkonpouHoro 6erona kiacca 110 -130 cocrasmnsn 4,6 — 4,8 MIla. D10 KaueCTBEHHO
MEHSET XapaKTep TPEeUIMHOOOpa30BaHUs B TAKMX KOHCTPYKIIHSIX, KOT/Ia KaK YK€ 0TMEJalioch 00pa-
3yeTcsl OJIHa WM HECKOJIbKO MPOCTPAHCTBEHHBIX TPEHIMH, B OTIMYUU OT TPEUIMHOOOpa30BaHUS B
KOHCTPYKIIUSAX U3 O0BIYHOTO OE€TOHA — KOT/Ia TIPU PacCMaTPUBAEMOM HAMPSHKEHHOM COCTOSIHUU 00-
pasyeTcs 1emnasi CeTh TPEIMH B 30HE COBMECTHOTO JIEHCTBUS KPYTALIETO U U3rH0aronero MOMEHTOB
(cM., HarpuMep, onbITH [4,7]).

Crneuunduka takoro aeopMupoBaHUs KOHCTPYKIMH U3 BHICOKOIPOYHOTO OETOHA MOJTBEp-
KTACTCS U XapaKTEPOM JHAarpaMM «HArpy3Ka-TpoTrud» U «Harpy3Ka-yroi moBopotay» (puc 4.).

CunoBoe cOnpOTUBICHHE KOHCTPYKIUHU O 00Opa30BaHMsI TPELIUH UMEET XapaKTep OMU3KUl
K JITHEMHOMY, a YpPOBEHb Harpy3kH TpeumHooOpa3zoBanus coctasiisii 0,75-0,85 ot paspymarorieit -
B KOHCTPYKIMSIX cIiomrHoro ceuenus u 0,6-0,7 ot paspyiaromieit — B KOHCTPYKIMSIX KOPOO4aToro
U KOJIBIIEBOTO ceueHus (cM. puc. 4 u puc. 5). To CBUAETENbCTBYET O TOM, uTO cTaaus |l paboter
KEJIe300€TOHHBIX KOHCTPYKIIMM M3 BBICOKONPOUYHOTO OETOHA 3HAYMTEIBHO KOpOuYe, YeM B KOH-
CTPYKIUSIX U3 OOBIYHBIX OETOHOB U, CJIEI0BATEIBHO, KPUTEPUH HECYIEH CITOCOOHOCTH KOHCTPYK-
U U3 BBICOKOMIPOYHOTO OeTOHa TPeOYIOT COOTBETCTBYIOIICH KOPPEKTUPOBKH. AHAIM3ZUPYS MOIY-
YCHHBIE OTBITHBIC TUATPAMMBI «HArPy3Ka-MPOTHO» U «HATPY3Ka-yroj MOBOPOTa» 10 YPOBHS Tpe-
mmHo00pazoBaHus (TerctMerc) TMPOMCXOANUT HE3HAYUTETIBHO TaK, B OIBITHBIX KOHCTPYKIIHAX
CIUTONIHOTO KBAJPAaTHOTO U KPYTJIOTO CEYCHHSI CHMIKCHHE HadaIbHOU KECTKOCTH cOoCTaBiisiio - 20-
24%, a B KOHCTPYKIHUSAX KOPOOUATOTO U KOJblieBOro ceueHuit — 35-40%. OOpa3oBaHue MPOCTpaH-
CTBEHHOM TPEIIUHBI B OMBITHBIX KOHCTPYKIHAX OAJIOK BBI3BIBAET PE3KUN POCT PACKPBITHS TPEIIHH,
nedopMaluu B apMatype B CEYEHHMH C TPEIIMHOW, HapacTaHHe MPOTrHOOB W YIIIOB MOBOpoTa. M3
3TOTrO CJIEAYET BBIBOJ O TOM, YTO B KOHCTPYKLHUSAX U3 BBICOKOIIPOYHOI'O XeJIe300€TOHa IlacThye-
ckue nedopMaluu 10 o0pa3oBaHUs TPEUIMH 3HAYUTEIFHO MEHbIIE, YEM B KOHCTPYKIIHIX U3 00bIU-
HOTO *keye300eToHa. OOpa3oBaHWE MPAKTUYECKU CIUHUYHON WM MPOTPECCUPYIOMIEH TPEIUHBI
BBI3BIBACT PE3KUN POCT JAePopMaInii B PaCTSIHYTON apMaType U MOMEPEYHBIX CTEPIKHSIX MPU HE3HA-
YUTENFHOM YBEIUYCHUN HArPy3KH MOCJEe 00pa30BaHUsl TPEIIMH CBUICTENBCTBYET O HEOOXOIUMO-
CTU KOPPEKTUPOBKHU TPATUITHOHHON MOJIEIH pacueTa )KeCTKOCTH CEUYEHUN ¢ TPEIMHAMHU U COOTBET-
CTBEHHO NapaMeTPOB PACUETHOM MOJEIH Ys U Yh.

BriBoabI
1. ITpuBeneHHbIe PE3yabTaThl UCTIBITAHUN W AHAIU3 TPEIIMHOCTOMKOCTH U IIMPHUHBI pac-
KPBITHS TPEIIUH B OMBITHBIX KOHCTPYKIUSX M3 BBICOKOTPOYHOTO KeIe300€TOHA MO3BOJIHIN BBI-
SIBUTb OCOOCHHOCTH COIPOTUBIICHUS TAKMX KOHCTPYKUUN IPU KPYUYEHUU C U3THOOM.
2.DKCIeprUMEHTaIbHO YCTAaHOBIEHO, YTO B KOHCTPYKIIMSX M3 BBICOKOIPOYHOTO XKelie300e-
TOHA CIUIOIIHOTO ¥ TOJIOTO CEYEHUH MPH KPYUEHUH C U3THOOM 00pasyeTcsl oJlHa WM HECKOJIBKO
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TPEIHH, Pa3BUBAIOIIMXCS [0 MPOCTPAHCTBEHHOW MOBEPXHOCTH. B ciryuae 0Opa3oBaHMs HECKOJIb-
KUX TPEIIUH, B OJHOW U3 HUX 10 MEPEe YBEIHMUYECHHs] HATPY3KH MPOUCXOIHUT IPOTPECCUPYIOIIee pac-
KPBITHE 110 KOTOPOU MPOMCXOIUT 3aTEM Pa3pyIlCHHUE.

3.Mcnosnb3yemble A7k KOHCTPYKIMH M3 00BIYHOTO OETOHA pacueTHbIe MOJIEITH 10 OMpeese-
HUIO IMUPHHBI PACKPBITHS TPEIINH MPU KPYUCHHUH C M3THOOM, B Cilydae KOHCTPYKIMH U3 BBICOKO-
OPOYHOrO OeToHa TPeOyeT KOPPEKTUPOBKH OCHOBHBIX PACUETHBIX MapaMeTPOB TEOPHHU Kelle300e-
TOHA, B X YUCIE s , Wb U lerc.
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VK 624.072.225 DOI: 10.33979/2073-7416-2019-85-5-11-16

OLOEHKA BEPOSATHOCTHBIX XAPAKTEPUCTHUK IINIOTHOCTHU BEPO-
ATHOCTHU ITPEAEJIBHOU NOITEPEYHOU CUJIbI B U3STUBAEMbIX
KEJE3OBETOHHbBIX 9JIEMEHTAX

JEMMWHOB IT.]1.

HanunonaneHelil nccaenoBaTebckuii MOCKOBCKUN TOCYIapCTBEHHBIN CTPOUTENBHBIA YHUBEPCUTET, I. MockBa, Poccust

Annomayus. IIpounocmuvie napamempul, onpeoensiowjue nPedeibHylo HeCYuyIo u3eubaemozo
JHCene300emMOHHO20 INEMEHMA NO HAKIIOHHOMY CEYeHUI0 Om OeUCmeus NONePeuHOU CUIbL, HOCSM SGHbL
cayuaiinblil xapaxkmep. s mo2o ymoodvl ROCMpoums NIOMHOCHb PACIPEOeLeHUsl 6ePOSIMHOCIU npe-
0eNbHOL NONEPed Ol CUNbL, HYIICHO HAUMU napamempul 3mo2o pacnpeoenenus. Eciu npeononodcums,
umo pacnpeoeiieHue NpeoeibHol NONEPeyHOl CUibl OIUKO K 2AYCCOBOMY 3AKOHY, MO OOCHAMOYHO
3HAMb MAMEMATNUYECKOE ONCUOAHUE U OUCNEPCUIO IMO20 PACAPeOeNeHUst NIOMHOCMU 8ePOSIMHOCHIU.
Tocmpoenvr gepossmuocmuble XapakmepucmuKku npedebHOU NONEPey Ol CULbl 8 Jicele300emOHHOM
uzeubaemom snemenme. Ilpedenvras nonepeunas cuna sA618emcs HeIUHEUHOU QyHKYUell npoYHoCmu
bemoHa u apmamypbi, KOMopbie paccmMampusarmest Kak caydyatinble HOpMAIbHO pAcnpedeieHHble Ge-
auyunsl. Tlokazano, umo weruneinas QyHKyusi npedeibHOl RONEPEYHON CULbL MOdICem Obimb IUHeapu-
306ana nymem pasnodcenust 6 psio Teiiopa 6 OKpeCmHOCHSIX MAMEMaAMUYECKUX OACUOAHUL RPOYHOCTU
bemoHna Ha pacmsdicenue u npedend meKy4ecmu apmamypbl ¢ 00CMAmMOYHOU Ot NPAKMUYECKUX PAC-
uemog mounocmuio. Iliomnocms pacnpedenetus npedeibHOU NONEPEYHOU CUbL NPU IMOM MOICHO
CUUMAams NOOYUHSIIOWECS. HOPMATbHOMY 3AKOHY.

Knwuesvle crosa: mamemamuueckoe oofcu()anue, ()ucnepcuﬂ, npedeﬂbyaﬂ nonepedHas cuuia,
NnJIONMHoOCmMdb pacnpedeﬂeHuﬂ eeposimrocmu, JHcene300emoHHbLL dNIeMEeHM.

ESTIMATION OF THE PROBABILISTIC CHARACTERISTICS OF THE
PROBABILITY DENSITY OF THE ULTIMATE TRANSVERSE FORCE IN
BENDING CONCRETE ELEMENTS

DEMINOQV P.D.
National Research Moscow State University of Civil Engineering, Moscow, Russia

Abstract. Strength parameters that determine the ultimate load-bearing of a bent reinforced
concrete element along an oblique section from the action of a transverse force are clearly random. In
order to construct the probability density distribution of the ultimate transverse force, it is necessary to
find the parameters of this distribution. If we assume that the distribution of the ultimate transverse
force is close to the Gaussian law, then it suffices to know the mathematical expectation and variance of
this probability density distribution. The probabilistic characteristics of the ultimate transverse force in
a reinforced concrete bending element are constructed. The ultimate transverse force is a nonlinear
function of the strength of concrete and reinforcement, which are considered as random, normally dis-
tributed quantities. It is shown that the nonlinear function of the ultimate transverse force can be linear-
ized by expanding in a Taylor series near the mathematical expectations of the tensile strength of con-
crete and the yield strength of the reinforcement with sufficient accuracy for practical calculations. The
distribution density of the ultimate transverse force in this case can be considered obeying the normal
law.

Keywords: expected value, dispersion, ultimate transverse force, probability density, rein-
forced concrete element.

M5 (85) 2019 (cenmabpb-oxmsaops) 11



CTpouTeNbCTBO U PEKOHCTPYKIUSA

Beenenne

Jiis obecrieueHust HAAEKHON U O€30MacHON pabOTHI KeEJIe300€TOHHBIX KOHCTPYKITUN HEO0O-
XOJUMO 3HATh paclpeaesieHus] mapaMeTpoB, HEOOXOAUMBIE [Tl OLEHKU Hecylleil cnocoOHocTu. B
psizne paboT MpeCTaBICHBI OAXObI JUTS ONPECTICHUs HAAEKHOCTH 1 pucka [1-4].

B paGote [5] OblTH TOTyYEHBI CTATUCTHYECKUE XAPAKTEPUCTUKHU PACTIPENICTICHUS MPEICTb-
HBIX M3THOAIONINX MOMEHTOB B Kele300€TOHHOW Oanke co CIly4alHbIMU NMPOYHOCTHBIMH XapaKTe-
PUCTHKAMU MaTEpUajoB; B JaHHON pab0Te pacCMOTPEHBI BEPOSITHOCTHBIE XapaKTEPUCTUKHU pacipe-
JIEJICHUS TIPEIEIIbHOM TIOTIEPEYHOU CHUIIBI.

[IpoyHOCTHBIE TTApaMEeTpPhl, ONMPEICISIONINE NPEASIbHYI0 HECYUIYI0O M3rH0aeMoro >keie3o-
OCTOHHOTO 3JIEMEHTA 10 HAKIIOHHOMY CEUEHUIO OT JICUCTBUS MONIEPEYHON CUJIBI, HOCSIT SIBHBINA CITY-
yailHblil XapakTep. s Toro 4To0sl NOCTPOUTH MIIOTHOCTH PACHPECIICHUs BEPOSATHOCTU MPEEIib-
HOH IIONIEPEYHOMN CWIIBI, HY’)KHO HAalUTHU IIapaMeTPhI ATOr0 paclpeneseHus. Eciu npeanoaoxuTh, 4To
pacnpeeneHue NpeaesbHON MOMepeyHol Cuibl OJMM3KO K rayCCOBOMY 3aKOHY, TO JOCTAaTOYHO
3HaTh MATEMATUYECKOE OKUJAHUE U JUCIIEPCUIO ITOT'O PACIPEACIICHNS INIOTHOCTH BEPOSATHOCTH.

MeTtoanka

N3 ycnoBus paBHOBECHS kKeJIe300€TOHHOTO N3TH0AaeMOro JIEMEHTA B CEUCHUH ¢ HAKJIOHHOU
TPEIIMHONW, MMEIOIICH MPOEKIHMI0 ¢ HAaMMEHbILIEH HeCyllell CIOCOOHOCTHIO, MOJIy4aeM HECYIIYIO
CIOCOOHOCTh M3TH0AaeMOro 3JIEMEHTA 1O TIOMEePEeYHON cuie, 00eCleuynBaeMyr CONMPOTHUBICHUEM
OeTOoHA CIKATOU 30HBI U COMPOTHBIICHUEM XOMYTOB, TIEPECEKAEMbIX TPEIIUHOMN, B BUJIC:

Pp bh(z)ﬁbt(pszswAsw
S ’

Qsw = 2 €Y)

rae ¢, = 1,5, ¢s,= 0,75 - K03pdUIUEHTHI, €CITM MOXOIUTh CTPOTO, SIBJISIOIIACCS CIyYalHBIMH
BEJIMYMHAMH, YEM B JAJBHEHUIINX BBIKJIAJKAX Mbl IpeHEOpekEM, 4TOOBI YIIPOCTUTh Pacu&THBIH ar-
napar, 1 OyJieM CUMTaTh UX JI€TEPMUHUPOBAHHBIMU BEIMYMHAMMU; OCTajIbHbIe 0003HaueHus B (1) u
Janiee COOTBETCTBYIOT [6].

Hecymias ciocoOHOCTH ene300€TOHHOTO M3ru0aeMoro 3J1eMeHTa SBiseTcs pyHKuuen AByx
CITy4YaifHBIX HOPMAIBEHO PAcHpeeNEHHBIX apTyMEHTOB: MPOYHOCTH OETOHA Ha PAcTsSKeHHS Ry, C
MaTeMaTHICCKUM OXumanueM < Rpe > u jucmepcuedl Dp, ¥ TMPOYHOCTH apMarypbl XOMYTOB

Ry, = Y510, C MaTeMaTHYECKUM OXHJIAHUEM TIpeJiesia TEKyUYeCTH apMaTypsl < 0; > U €ro JAucIep-
cueit Dy, .
[lepenuiem Beipaxkenue (1) cnenyromum odpazom:

(pbbh(z)ﬁbtysla'T(PswAsw

st(ﬁbt' 5-T) =2 S
w

(2)

Kak BusHO u3 BbIpakeHMs (2) 3aBUCUMOCTb HECYLIEH CIIOCOOHOCTH K€1€300€TOHHOTO 3JIe-
MEHTa 0 HAaKJIOHHOMY CEYEHHIO OT MPOYHOCTEN OETOHA M apMaTypbl HOCUT HEJIMHEHHBIN Xapak-
Tep. st Toro 4roObl HAHTH BEPOATHOCTHBIE XapaKTEPUCTUKU HEIMHEHHON QYHKINU ABYX CIydaii-
HBIX TIEpEMEHHBIX [ (X, ), BOCMONb3yeMcs JTMHEeapu3auei 3Toil GyHKIUU MyTEM pasiioKeHHs e€ B
psn Teitnopa [7] B OKpeCTHOCTH HEKOTOPOI TOUKH X, Yo, TOTJa B ONepaTopHoil (hopme Oe3 yuera
OCTaTOYHOT'O WICHA Pa3JIoKEeHUe 3anumercs B Buze [8]:
n

{k}
Fooy =y T/ (x0.50) 3)

k!
k=0

rne T — muddepeHmanbHbIi onepaTop BUIa
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0 0
T:(x_xo)a‘F()’_}’o)@- (4)

B namem cnyuyae OynaeM JuHeapu3oBaTh (PYHKLIMIO NPEAEIbHON MMONEPEYHON CHIIbI
QSW(Rbt, 5T) B OKPECTHOCTAX MaTeMaTHYECKHX OXHJaHUU MPOYHOCTEW OETOHa M apMaTyphl, CO-
XpaHsis B pa3nokeHuu (3) 4jaeHbl He BbILIE BTOPOro MOpsaKa:

st =~ st(< Rbt >, < Or >) +

d < Ry ><o0.> d < Ry > <o0.>
st( bt T )(Rbt_< Rbt >)+ st( bt T )

(o —< o0, >)+

ORpe dar
1[0%Qsw(< Rpe >, < 0, >) 02Qsw (< Ry >, < 07 >)
+§[ angt - (Rbt_< Rbt >)2 + 60‘T2 - (GT_< Oy >)2 +
02 <Ry, > <0 >
Q< Rey v >) (Rpt—< Rpt >) (0,—< 0, >). (5)

aRthO'T

[TpuMeHUB criocoObl ONpeIeICHHs YUCIIOBBIX XapaKTePUCTUK JTUHEHHBIX GyHKImi [9], ams
MaTeMaTHYECKOT0 0KUIaHHS MIPEAeIbHON MOMEePEeYHOM CUilbl Oy1eM UMETh:

< st >= st(< Rbt >, < Or >) +

1[0%Qs,, (< Ry >, < 0, >) 0%2Q,, (< Ry >, < 0, >)D N
2 dRZ, Roe 002 or
0%2Q,, (< Ry >, < 0, >) .
OR,. 00, Rpor - (6)

3nech Kp, g, — KOPPEIAUMOHHBIA MOMEHT CIIyYalHBIX BEJUYHMH R,; u R,,,; T.X. IpouHOCTH GETOHA U

IIPOYHOCTD apMAaTYpPHI SABJIAIOTCS HE TOJIBKO HEKOPPEIUPOBAHHBIMU CIIy4alHBIMUA BEJIMYMHAMMU, HO U
HE3aBUCUMBIMH, TO B JaibHelieM npuHumaeM Kg, ;= 0.

[Toacrarnss B ypaBHeHHE (6) QYHKITHIO MOTIEPEYHOM CHITHI (2), ITOTydaeM Il MaTeMaTH4e-
CKOTr'0 O’KMJaHUS MPEIETbHON IMONEPEYHON CHIIBIL:

bh3 < Ry > Vs1 < 07 > Qg A
<st S~ 2 Pp 0 bt Vs1 Psw swo

. 1 Py bh(z) (pswAsw
4 Sw

D, |- ()

I[I/ICHepCI/ISI npeﬂeanoﬁ HOHCpC‘IHOfI CHJIBI 3aITMIIICTCA B BUC:

2

005w (< Rpe >, < 0, >) D+
Or

D =~
Qsw [ aRbt
1 {IOZQSWK Ryt >, < 0y >)

’ D ast(< Rbt >,< Oy >)
Rpt do,

[1ta(Rpe) — DRbt] +

4

92Q,,,(< Ry >, < 0. )] 92Q,,,(< Ry >, < 0, >)
l ad abot_z . [nu"]-(o—T) - DO'T] + - aR::aO_ -
ast(< Rbt >: < Oy >) . azst(< Rbt >1 < Oy >)

aRbt aRbtz
ast(< Rbt >, < Or >) azst(< Rbt >, < Or >)
’ 2 Us (O-T)F (8)
do, do,

4 dORZ,
2
Dg,,Dy. +

Us(Rpe) +
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rae Us(Rpe), ts(op) v ta(Rpe), ta(0p) — TpETHI U YE€TBEPTHIM LEHTPAILHBIE MOMEHTHI CITyYalHBIX
BEJIMYUH — IIPOYHOCTH OETOHA Ha pacTsHKEHHs Ry, ¥ Ipeena TeKyuecTH apMaryphl Gy.

YuuteiBas, 4T0 Rj; U G, pacnpeneneHbl HOpMaJIbHO, TO TPEThHU LIEHTPabHbIE MOMEHTHI 0Y-
IyT paBHBI HYJIIO:

t3(Rpe) = ps(oy) =0, 9
a YETBEPTHIE LICHTPAJIbHBIE MOMEHTHI OYIyT paBHBI:
ta(Rpe) = 3Dg,, ¥ pa(oy) = 3Dy, . (10)

[ToncraBnss BeipaxkeHus (9) u (10) B BeipakeHue (8) mosrydaeM MocCie HECIOXKHBIX YMpo-
HIEHUH AUCTIEPCHIO TIPEACITbHOMN NOMEPEYHOM CHIIBI B CIICIYIONIEM BHJIE:

D ~ last(< Rbt >, < Or >) 2 last(< Rbt >, < Or >) 2 D +
Qsw aRbt Rpt aO'T Or
1([02Qsw (< Rpe >, < 0, > .,
E“ T D
lazst(< Rbt >, < Or >) 2 Do’ 2} [azst(< Rbt >, < Or >) 2 DR Da . (11)
do? T O0R, 00, bt O

[ToncraBnss B BelpaxkeHue (11) BelpaskeHue U1l HONEPEYHOM Cuilbl (2), ojydaeM JUlsl Juc-
NePCUU NPEeNIebHOM MONepeyHON CUIIBI CIIEAYIOLIEE BEIpaXKEHUE:

D ~ @bbh(z)Aswysl(psw [ < 2 > < Rbt >
Qsw Sw <Ry > ot <g >0
+ 1(—< 0 Dy 2 4 St > 2>+1- ! Dg,,D (12)
2\< Ry, >3 Bt T < g >370 4 <Ry ><o,> Rotlor|

OneHuM BIHSIHUE HETMHEHHBIX WiIeHOB B BhIpaskeHUsX (7) u (12) Ha TOYHOCTH BBIYUCIICHUS
MaTeMaTHUYeCKOIr0 OKUJaHUs U JUCTIEPCUU TPEEIbHOMN MOMEPEYHON CUJIBL.

JlelicTByIOIIME HOPMATHUBHBIE TOKYMEHTHI JIOMYCKAIOT IPUHUMATh IPOYHOCTh OETOHA U ap-
MaTypbl, pacrpeieIEHHPIMA TI0 HOPMAJILHOMY 3aKoHy. Torma, kak moka3aHo B [10], maremaTmye-
ckue oxunanns < Ry, >, <o.>, mucnepcuu Dy, , Dy, KOdphUUMEHT BapHauK Vg, , Vs, TPOY-
HOCTH O€TOHA Ha PacTsLKEHUE U Ipeiesia TEKYUeCTH apMaTypbl MOYKHO 3alicaTh B CIEIYIOIIEM BH-
ne:

N @ 1— 1 ’
Rpt 14 14
<Rpt >=Rptn —5 — brf ) Dg,, = Rbt,nﬁ )
Rbf bet bef bet
vP — Lﬁr 1— 1
<0,>= Ry— Ls D= [Rw—2 |,
VaT ~ Yo, yaT ~— Yo,
1- yi 1 —yl
VRy, = o Vo, = S (11)
p _Yr p _ Yoo
bet Vbt Yo, Vs

rae Ry pn, Rsy — HOpMaTHMBHOE 3Ha4YeHHE KyOMKOBOH ITPOYHOCTH OCTOHA M HOPMATUBHOE COIPO-
TUBJICHHE apMaTyphl;
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YRypr y};bt, Yo yfT, — YHCIIO CPEIHHMX KBAJPATHUYCCKHX OTKIOHCHHH KyOWKOBOH IPOYHOCTH
O0eToHa M Tpejesia TeKy4ecTH apMarypbl, MO3BOJSIOUIMX TOCTUYL TpeOyeMbIX obOecreueHHOCTEeN
HOPMAaTUBHBIX U PACUETHBIX 3HAUEHUH MpovyHOCTeW. JJiss HOPpMAIBHOTO pachpeiesieHUusl BEpOsSTHO-
CTEH /71l HOPMATHBHBIX 3HAYEHHH IPOYHOCTHBIX XapaKTEPUCTHK Vg, = V. = 1,645, a nnsa pac-
YeTHBIX 3HAYCHUM yg e = y(fT =3;

Ybes Vs - KOOhOULIMEHTHI HAIEKHOCTH 10 OETOHY M apMaType, OHU MIPUHUMAIOTCS B COOTBET-
CTBHH C JCHCTBYIOIIMMH HOPMAaTHBHBIMHU TOKYMEHTaMH [5].

Jlyis mpuMepa pacCMOTPHM Kelle300eTOHHYI0 Oanky pasmepom b = 0,2 M, hy = 0,365 M,

Agy, = 0,566-10"*w% s, = 0,15M, a; = 1,5; Geron B20 c Rpen = 1,35 MIla, vy, = 1,3, <
Ry >= 1,76 Mlla, Dg,, = 0,058 MIla?; apmatypa A300 ¢ R, = 300 MIla, y5; = 0,8, 7, = 1,1,
< g, >= 341,9 MlIla, D, = 403 MIla?. Torna muist TUHEHHOTO YJICHA MATEMATHUECKOTO OXKHIaHHSI
npeAesbHON nonepeyHoi cuiabl umeeM < @, > = 128 kH, nenuneitnsie wiens! paBusl 0,419 kH,
yto coctaBisieT 0,33%. Jlns nucnepcuu mpeneabHOM MONepeYHON CHITBI MMEEM: TOJIBKO JTMHEHHBIC
wieHsl paBubl Dy = 133 kH?, nenuneitable unens! pasusl 1,15 kH?, uto cocTtasnser 0,86%.

Takum oOpa3om, [UIsl MPAKTUYECKUX LeJeil HEMUHEHHBIMU YIEHAMHU Pa3JIOKEHUS MOXKHO
npeHedpedb U OCTaBUTh TOJBKO JMHEWHBIC WICHBI psifa Teiiopa, Toraa MaTeMaTu4eckoe 0KHa-
HUE TPeeIbHON MOMePEeuHON CUITbl TPUOOpPETaeT BUI:

bh2 < Ry > Vs1 < 0, > g, A
< st >=12 Pp 0 bt Vs1 T Psw sw’ (12)

Sw

a JUCIiepcus HpeHeHBHOﬁ HOHCpC‘-IHOfI CHIJIbI 6yneT HUMCTHb BUI:

(13)

D _ (pbbh(z))/slq)swAsw ( < 0p > < Rbt > D )
Qsw — or)*

<Ry > ot T <g >

Sw

VYuurteiBas, 4to A 1000 JMHEHHOW (PyHKIMU CIIy4allHBIX apryMEHTOB, MUMEIOLIUX HOp-
MaJIbHBIE PACIpPENEIICHUs], Ha BBIXOJE IOJIy4acTCs ClydalHas BEIWYMHA, PACIpeleia€HHas TOXKE
HOPMAaJIbHO, TO IOCJIE JIMHEAPHU3ALMK IUIOTHOCTh PACIpPEIEICHNS IPEASIbHON MTONEPEYHON CHUIIBI B
M3ru0aeMoM 3JIEMEHTE MOKHO MPUHATH T'ayCCOBOW U 3alMCcaTh B BUJE:

p — 1 exp |— (st_< st >)2
QSW lanQSW ZDQSW )

(14)

BriBoabI

[TomyyeHs! CTaTUCTHUECKUE MapaMeTphl pacrlpeaeseHus MpeaeabHON NOoNepeyHol CHIIbI B
n3rubaeMoM >Kene300€TOHHOM 3JIEMEHTE, MPOYHOCTH OeTOHA U apMaTypbl KOTOPOl SBISIOTCS CITy-
YJaiilHpIMU BenuurHamu. [lokazaHo, 4TO (YHKLHUIO MpeleNbHOM MONepeyHoil CHlbl B M3rndaeMoM
XKeNe300€TOHHOM dJIEMEHTE MOYKHO JIMHEApU3HpOBaTh 0e3 ymiepOa sl TOYHOCTH BEPOSTHOCTHBIX
pacueTos.
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Teopusi HHKEHEPHBIX cooOpY:KeHHii. CTpouTeIbHbIE KOHCTPYKIHH

VK 624.012.35 DOI: 10.33979/2073-7416-2019-85-5-17-22

K UCIIBITAHUIO BEPTUKAJIBHBIX CBAPHBIX CTBIKOBBIX
COEAMHEHNMU NTAHEJIBHBIX 3IAHUHU

JIIOBJIMHCKUI B.A.

HanunonaneHelii nccnenoBaTebckuii MOCKOBCKUN TOCYIapCTBEHHBIN CTPOUTEIBHBIA YHUBEPCUTET, I'. MockBa, Poccus

Annomayusn. B 0annoti pabome 6v110 NPOEEOEHO IKCNEPUMEHMANLHOE UCCIe008AHUE CBAPHO-
20 00eMOHUPOBAHHO20 CIMBIKA HA cO8U2080€e ycunue. Mcnvimanue npogoounocs moivko Ha cosue, no-
CKOJIbKY OCHOBHOE CMAmMUu4ecKoe HA3HAYEeHUe 6EPMUKALbHBIX CIMBIKOBbIX COeOUHeHUll naneneli — obec-
neuums 80CnpuaAmue COBULAWUX CUJl, BOZHUKAIOWUX 8 CINBIKAX NPU COBMECMHOlU pabome conpsedae-
moix cmen. Obbekmom uccie0o8anus AGIAmcs Qpazmenm 6epmuKaIbHO20 CIMEHO0B8020 COCOUHEHUs
125 cepuu KpynHONaHenbHuIX HCUNLIX 30AHUL, MOMWUHA KOMOopozo cocmaenana 160mm, a obwas evi-
coma — 550mm. B pezynomame npoeoeHHbIX IKCNEPUMEHMANbHBIX UCCIEO08AHUL ONPe0eNeHO HANpsi-
JHCEHHO-0epOpMUPOBANHOE COCMOAHUE BEPMUKANLHO20 CMbIKOBO20 COCOUHEHUSI U NPedNodiCeHa an-
NPOKCUMUPYIOWAS 3A6UCUMOCTL OepopMayuu c6apHo20 cmvika om ycunuu cosuza. Pezynemamel uc-
NbLIMaHuti Mo2ym Oblmb UCHONL306AHbI NPU pacieme HeCywux cucmem KpyNHONAHENbHbIX 30AHUll C
Yuemom HeIUHeHol noOamIU60CMU C6APHBIX CHIbIKOS.

Knwuesnvie cnosa: ceéssu 6‘06‘142[1, noOamaUBOCHb 06}13611, CmblKO6blEe coeduHeHuﬂ, KpynHona-
HeJlbHble 30aHUSL.

TO TEST VERTICAL WELDED BUTT JOINTS OF PANEL BUILDINGS

LYUBLINSKIY V.A.
National Research Moscow State University of Civil Engineering, Moscow, Russia

Abstract. In this work, an experimental study of the welded concreted joint on the shear force
was carried out. The test was carried out only for shear, since the main static purpose of vertical butt
joints of panels is to ensure the perception of shear forces arising in the joints when the mating walls
work together. The object of the study was a fragment of wall vertical connection 125 a series of large-
panel residential buildings, the thickness of which was 160 mm and the total height is 550mm. In result
of experimental research defined stress-strain state of vertical butt joints and proposed approximating
the dependence of the deformation of the weld joint from shear forces. The test results can be used in
the calculation of load-bearing systems of largt-panel buildings taking into account the nonlinear com-
pliance of welded joints.

Keywords: shear bonds, deformability of connections, butt joints, large-panel buildings.

BBeaenue

PasBuTre HOBBIX TEXHOJOTMI BO3BEIECHUS 3/AaHMM, MOSBJICHHE HOBBIX IPOTPAMHBIX KOM-
IIJIEKCOB U METOJMK IPOCTPAHCTBEHHOI'O pacyeTa 37aHui, IOBBIIICHUE PBIHOYHOIO CIIPOCca IIpHUBe-
JIM K HOBOMY 3Tally pOCTa KPyITHOIIAHEIBHOIO JOMOCTPOEHHUS.

JUis noBbIIIEHUsT YPOBHS 0€30MAaCHOCTH KPYHMHOINAHEIbHBIX 3/aHUM HE0OXOAMMO Kak Ha
CTaJuM NPOEKTHPOBAHUS, TaK U HA CTAJUM SKCIUTyaTalliM Y4ecTh Bce (akTOPbI, KOTOPbIE MOTYT
BO3HHMKATh B HECYLIUX KOHCTPYKIMSX [1-6].

[TanenpHOE 31aHUe HpeAcCTaBiIseT coO00il HAOOp TOHKOCTEHHBIX BEPTHKAJIBHBIX HECYIIMX
KOHCTPYKLHH, OOBENMHEHHBIX B MPOCTPAHCTBEHHYIO CHCTEMY JMCKAMU MEPEKPHITHH, TOPU30H-
TaJbHBIMU U BEPTUKAJIBHBIMU CBsI3IMUA. OIHOM U3 3a/1a4 IPU BO3BEICHUY TTAHEIBHBIX 31aHUH SIBIIS-
eTca obecrieueHre NOCTATOYHOM HeCylel CIOCOOHOCTH CTHIKOBBIX coeluHeHHH. CTBIKOBBIE CO-
eMHEHUs MaHesnel, paboTarolue Ha CABUT, U UMEHYEMbIE CBSI3SIMM C/IBMra, SIBISIOTCS Hanbosiee
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OTBETCTBEHHBIMH 3JIEMEHTaMH HECYIIeH CHCTEeMbl MaHEIbHOro 37aHus. biaronapst CTHIKOBBIM CO-
€IMHCHUSM MMaHEeTHbHOE 3aHKE MPECTABISIET COO0M BechMa JKECTKYIO U MPOYHYIO MTPOCTPAHCTBEH-
HYIO CHCTEMY, CIIOCOOHYIO MPOTHUBOCTOSITh BEPTHUKAIBHBIM, TOPU3OHTAJIBHBIM U CEHCMHUUYECKUM
Harpy3kam, HEpaBHOMEpHBIM JepopMalisiM OCHOBAaHHUS, KIMMATUYECKUM TeMIepaTypHO-
BIIQYKHOCTHBIM U aBapuUiHBIM Bo3neicTBUsAM. K Hanbonee pacnpocTpaHHEHBIM CBS3SM CABHUTa OT-
HOCHTCS: TIaT(GOPMEHHBIN CTHIK, OETOHHAS IIMOHKA, IEPEMbIUYKH HIIM HAAIPOEMHbIEC TPOCTPAHCTBA
U CBapKa 3aKJIaJHbIX jaeTaneil. OQHUM U3 CaMbIX YaCTOMCIIOJIb3YEMbIX COCIMHEHHI CTEHOBBIX Ma-
HeJel B CYIIECTBYIOIIECH KpPYMHOMAHEIHHOM 3aCTPONKH SBISIETCS CBApHOM OOCTOHMPOBAHHBIN
CThIK. B HOBOM MaHEIbHOM JJOMOCTPOCHUH MOSBIISIIOTCS U HOBbIE KOHCTPYKUMH CTBHIKOB [7,8]. Tlo-
CKOJIbKY IMaHEeNIbHas 3acTpOWKa MPEAbIAYIIUX CEPUM COCTABISET 3HAYUTEIBHYIO YacTh KHUJIOTO
dbonga PO, nzyuenue nogaTIMBOCTH CBAPHOTO MEXKIAHEIHHOTO COCIMHEHHSI UMEET HEMAaJIOBAXKHOE
3HaueHue. [1o BepTUKaTbHBIM MEXITaHEIbHBIM COSAMHEHUAM, TAKUM KaK OETOHHAs IIMOHKA U ApY-
rue OeccBapHbIC CTHIKH, MPOBEICHO OOJIBIIOE KOJIUYECTBO MccieaoBanuii [9-14], Ho o cBapke 3a-
KJIQJHBIX JIeTajlel SKCIIEpUMEHTaIbHbIE JAHHbIE IOCTATOYHO OTPAHUYEHBI.

OcHoBHas 3aaya pabOThl — MIPOAHAIU3UPOBAThH BIMSHUE HATPy3KHU Ha Aedopmaruu cBap-
HOT'O CThIKA, YCTAHOBHUTH CXEMY Pa3pyILICHUS UCCIEAYEMOr0 COSUHEHUS.

Marepuajabl 1 METOAbI
B nannoi#t paboTe 00BEKTOM HCCIIEIOBAHUS ABISIETCS (PArMEHT BEPTUKAIBHOTO CTEHOBOTO
coeuHeHMs 125 cepun KpynmHOMaHEIbHbBIN XWIbIX 10MOB. CTEHOBBIC TTAaHENX B JAHHOW CEPUU CO-
eMHSITUCH MKy COOO0M MOCPECTBOM CBApKH 3aKIaHBIX aeranei. s uccnenoBanus ObUTH U3-
TOTOBJIEHBI KOHCTPYKIIMH OIBITHBIX 00pa3ioB, KOTOPbIE B TOYHOCTH COOTBETCTBOBAIIM OCHOBHOMY
TUITy BEPTUKAIBHOIO MEXIAHEIbHOTO COEIMHEHUS], TPUHUMAEMOTO MPU MPOEKTUPOBAHUU KPYITHO-
MaHENbHbIX 31aHuil 125 cepun.
Konctpykuus o6pa3uoB mnpen-
BETOH /ﬁ cTaBisieT coboit nBe ['-oOpa3Hbie maHe-
3aMOH ONMIMBaH/A B15 )170 30 aei TommuHOH 160 MM M3 TSKEIoro
6erona B20 (cMm. pucynok 1)

OG6mias BeicoTa coctaisieT 550
~ MM. [laHenn WMEIT KOHCTPYKTUBHOE
JIBYCTOPOHHEE apMUPOBAHUE U3 CTEPXK-
Hel kimacca ctanu A240 U MPOBOJIOKH
kiacca ctaau B500. CTbik 3aMOHOJU-
yuBaeTcst 6eroHoM B15 Ha Menkom 3a-
nosauTenu ¢paknuu - 10mm. CranbHas
Q ol 3aKJIaJHas JeTaib MOKPHITA IEMEHTHBIM
pactBopoMm B7.5 Tomuuuoit 20mMM. 3a-
KJIaJHasl JIeTalb TPEJCTaBIsSET COOOM

= METII0 C 3arHYThIMU KOHIIAMU U TpeMs
350 'r| 170 MPUBAPEHHBIMU TUIACTUHAMM.
OCHOBHOE Ha3HAYEHHE BEPTHU-
KaJIbHBIX CTBIKOBBIX COEIMHEHUN MaHe-
et — chopMHUpOBATh MPOCTPAHCTBECH-
HYI0 HECYUIYyI0 CHCTeMYy 3JaHusl |
00ecreYnTh BOCTPHUSATHE CIIBUTAIOIINX
CHJI, BO3HUKAIOIINX B CTHIKaX MPHU COBMECTHOM paboTe compsiraeMbix cTeH [15]. B3aumubie caBurn
CTCHOBBIX TMaHENeH, BO3HUKAIOIIUE BO BPEMs BO3BEACHHUS 3/1aHUS U3-3a HEPABHOMEPHOU Harpy3Ku
Ha CTCHBI U Pa3IMIHON J1e(hOPMATUBHOCTH, TIPOJIOJDKAIOTCS U B DKCIUTyaTaIllMOHHBIN niepuoa. [1pu-

Q
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Pucynok 1- I'eomempuueckue xapaKxmepucmuKku onvimnozo
obpazua
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YUHAMH JIOTIOJTHUTEIHHBIX B3aUMHBIX CIIBUTOB CTEH SIBJISIFOTCS HEOJMHAKOBHI JIe(hOpPMAIMH yCATKH
U TOJI3y4YeCTH COMPATAaEMbIX CTE€H, HEpaBHOMEPHbBIE OCAIKU OCHOBAHMSI, TEMIEPaTypHbIe KIUMaTH-
YeCKue BO3JCHCTBUS, a TaKKe JNEHCTBUE TOPU3OHTAIBHBIX (BETPOBBIX M CEHCMHUYECKUX) HATPY30K
[16,17].

Jliia oGecriedeHHs CABUTAIOIIETO YCIWIHS KaXKIblii oOpasell o0Kumalics B ABYX HampasJe-
HUSIX C MIOMOIIBIO META/THYECKUX TUIACTHH Ha 3aTshKKax (CM. pucyHok 2). KoHcrpykius o0pasios
MpeycMaTpuBaeT BO3MOXKHOCTbh OLEHKHA PabOTOCIOCOOHOCTH M KECTKOCTH y3Ja, 00ecreunBaro-
IIUX Mepeaady yCUIui B MaHeIbHOM 3[aHuu. HermocpeacTBEeHHO nepe1 UCTIBITAaHUSIMH TTPOU3BO -
JIOCh OTPE/IEIICHNE TPOYHOCTH OETOHA U PACTBOPHOTO IIBa pa3pyIAIONIIM METOJOM Ha cxkatue. Ha
OTTapUPOBAHHOM HCIHBITATEIbBHOM IPECC€ HCHBITHIBAIMCH CTaHAapTHhIE 00pa3up—Kyosl 100
MM* 100 MM (1151 6eTona coopHoro snementa) u 70,7 x70,7 MM (pacTBopa 11Ba).

Bcero 6b110 ricibiTano 8 00pasioB. Kaxkaeiii oOpaszer; OblT YCTAHOBIICH B YHHUBEPCATILHYIO
aBToMaTtuyecKkyto ruapasiandeckyto mamuay WAW-500C. Harpyska npukiaabiBaiach MO3TAIHO,
CTYNEHSIMH, KaXKJas U3 KOTOpbIX cocTapiisiia mpumepHo 10% ot paspymaroieit Harpysku. [locne
MPUIIOKECHUS KKION JIOJIH HArpy3Kd 00pa3el] BhIICPKUBAJICS TOJ] HArpy3Koi He MeHee 10 MHUHYT.
VcnibITaHust OCYIIECTBIISUTUCH BIIOTH 10 pa3pyieHus: 00pasios cornacHo [18-21]. OqHoBpeMeHHO
P TIPOBEACHUH HCIIBITAHWA KOHTPOIb MPOBOAMICA U 1O AedopmarusiM. CKOPOCTh HArpyKCHUS
coctBsaa 0,5- 2 MM/MHUH.

[To pe3ynbTaTam HUCIBITAHUS TOTYUYEHBI JaHHBIE O CXeMax pas3pylieHusi, 1e(h)OpMaTUBHOCTH
U pa3pylIAIOIIKX Harpy3KaxX CTHIKOBBIX cOeAMHEHUH. [Ipy nucnpITaHUAX YCTAaHOBIIEHO CIIEeAYyIOLIee:

- xapaktep JnehopMHUpPOBaHMSI CBApHOIO COEIUHEHHS MpU paboTe Ha CABUT YIPYTo-
IUIACTUYHBIM;

- cxema paspyuieHust o0pa3LoB Oblia cieayrolas: cCHayana NOSBIISIOTCS TPELUMHbI U HAUK-
HaeTCs pa3pylIaThCsi PACTBOP 3aMOHOJIUYHUBAHUS, IPUMEPHO Ha 7-9 CTyNeHU HArpyKeHUs HauyWHa-
€T pa3pylIacThCsl CBAPHOU IIOB, MPUBAPEHHAS K 3aKJIATHOW JCTANU IUJIACTHHA, KOTOpas COSIHHSET
JIBE TaHEeIN MEeXay coOOM, 3aMEeTHO MepeKallnBaeTcsl U HauuHaeT pBarbes (cM. pucyHok 3). Cap-
HBIE [IBBI B MIPOIIECCE HATPY>KEHUSI HE UMEIHU CIIEAO0B Pa3pyIICHHS.

Pucynok 2 — Hamypnbuiit o6paszey ceapnozo Pucynok 3 — Pa3pule niacmunsl 6 RpedeabHoll cmaouu
00emonupo6anHOz0 CMvlKa paspywenusn

B pesynbrare ucnbsitaHuil A KaXka0ro oopasia Oblia MoJyyeHa OCHOBHAS XapaKTepUCTHKA
CBSI3U CJIBUTA — TUarpaMma Jie(OpMUpPOBAHHUSI «CIBUTOBOE YCHIIHE - CMEIICHUE» (CM. PUCYHOK 4).
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Pucynok 4 — IxcnepumenmanvHole OUAZPAmMmsl 0eOPMUPOSAHUA CBAPHOZ0 CHIbIKA

JlnarpaMMbl CBUAETENBCTBYET O HEJIMHEMHOM ITOBEICHUM CTBIKA I10J{ HArpy3KOM.
[IpennoxxkeHa anmpoKCUMHUPYIOIIAs 3aBUCUMOCTh B BUJIE IOJIMHOMA BTOPOMl CTEIIECHH:

O(A)=(-0,0581A°+4,8381A+25,429), (1)

rae Q — nepepesbiBatoniee ycumiue, kH;

/A — cMellleHne, MM.

3akiaiouenne

HOJIy‘-IeHBI HOCTOBepHBIe BKCHCpI/IMCHTaHBHbIe JTAHHBIC 110 HpO‘-IHOCTI/I nu I[e(l)OpMaTI/IBHOCTI/I
CBapHBIX CTHIKOBBIX COCAMHECHHMH MaHENbHBIX 3aHui. CTHIKOBBIC CBapHbIC COCIMHEHHUS 00J1a1aloT
JIOCTaTYHOM MPOYHOCTHIO U BHINOJHSIOT CBOM (DYHKIMU MpU 3HAUMUTENbHBIX Harpykax. He mpouso-
IIJTO pa3pyIIeHUs 3aKIaHBIX JIETeNICH CTEHOBBIX MaHeNeH, He 3a)UKCUPOBAHBI TPEIIUHBI HA CTEHO-
BBIX ITAHCIISX U pa3pymeHH51 CBapHBIX IIIBOB.

BrInosTHeHHBIE UCCIIEIOBAHMS M MTOJIYYCHHBIC Pe3yJIbTaThl MOJATINBOCTH CBAPHBIX CTHIKOB
MOFYT 6BITL HNCITIOJIb30BAaHbI HpI/I OHpeI[CJICHI/II/I HaHpH)KCHHO-I[e(i)OpMI/IpOBaHHOFO COCTOSTHUA Hecy-
IIIUX CUCTEM IMMaHEIbHBIX 3JaHUH U OLIEHKH UX SKCIUTyaTalIHOHHOW MTPUTOTHOCTH.
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INFLUENCE OF THE GEOMETRICAL RESEARCHES OF RARE TYPE
SURFACES ON DESIGN OF NEW AND UNIQUE STRUCTURES

MAMIEVA 1.A.}, GBAGUIDI-AISSE G.L.?
Peoples' Friendship University of Russia (RUDN University), Moscow, Russia
2Laboratoire d'énergétique et de mécanique appliquées (LEMA) Ecole Polytechnique d'Abomey-Calavi, Univ.
d'Abomey-Calavi BP 2009 Cotonou, République du Bénin

Abstract. The aim of the paper is to illustrate using of analytical surfaces, i.e. surfaces, which can be
given by vector, parametric or explicit equations, in real structures, i.e. in parametric architecture. Parametric
architecture is a unique style in which such concepts as sculpture, mathematics, structural mechanics, and ar-
chitecture are interconnected. Parametric design in contrast to other styles has a relationship with mathemat-
ics. This paper continues a series of works of the authors devoted to application of analytical surfaces in archi-
tecture and building, devoted to investigation of influence of researches on the geometry of surfaces on design
of large-span shell structures and to application of interesting geometrical forms for unique erections. In the
paper, a photo of only one erection having this form illustrates every analytical surface, which can be seen in
forms of real erections. It turned out that only 42 of the 600 surfaces described in the literature were used in
the World. For those who are interested in the mathematical side of design of surfaces, their computer model-
ing, or more detailed information about real structures in the form of the surfaces in question, a voluminous
bibliography are given.

Keywords: parametric architecture, surface geometry, forming surfaces, surface classification, shell,
shell structure; public, residential, and industrial buildings.

BJIUAHUE TEOMETPUYECKUX WCCJEIOBAHUM PEJIKHUX
THUIIOB NIOBEPXHOCTEHW HA CO3JAHUE HOBBIX
N YHUKAJIBHBIX COOPYKEHUH

MAMMEBA 1.A.}, TBATYUJIA ATICCE K.J1.2

'Poccuiickuil yausepcutet apyxk0bl HapogoB, Mocksa, Poccuiickas ®enepanus
2YVuusepcurer AGomeii-Kanaen, 02 BP 244 Korony, Pecrry6nuka bennn

Annomayusn. Ilenv cmamvu — ananu3 UCNONL30BAHUA AHATIUMUYECKUX NOBEPXHOCMEN, MO
ecmyb nOGEPXHOCMEl, KOMOopble MO2ym Oblmb 3a0aHbl GEKMOPHLIMU, NAPAMEMPULECKUMU UTU HESAEHbI-
MU YPAGHEHUAMU, 8 PEANbHbIX KOHCMPYKYUSX, MO eChb 8 Napamempuieckou apxumexkmype. napamem-
puieckas apxumexkmypa — 3mo YHUKAAbHbIL CIULb, KOMOPbLL 00beOUHAEM CKYIbRIMYPY, MAMEMamuKy,
CMpOUmMenbHylo Mexanuky u apxumexmypy. Ilapamempuueckoe npoekmupoganue ¢ omiuiue om opy-
2ux cmuJiell umeem mecHylo césa3b ¢ mamemamurot. Cmamus A61AEMcs NPOOOIdICEHUEM cepuu padbom
agmopoe8, NOCEAUeHHBIX NPUMEHEHUIO AHANUMUYECKUX NOBEPXHOCMEl 6 apXumeKmype u Cmpoumens-
cmee, a makxdice UCCIe008anUIo SIUAHUA UCCIE008AHUL NO 2eOMempUL NOepXHOCMell Ha NPOeKmMUuposa-
Hue 601b WenpoNemHbIX CIMPYKMYpP U NPUMEHEHUIO UHMEPECHbIX 2e0MemPUiecKux Gopm O YHUKab-
HBIX coopydcenull. B cmamve xasxcoas ananumuueckas no8epxHocms, KOMOPYIO MOJICHO Y8udemv 8
gopmax peanvuvix coopydicenutl, unOcmpupyemcs gpomozpagueti moabko 00HO20 COOPYIHCEHUS, UMe-
towezo smy gopmy. Obuapysceno, umo monvko 42 uz 600 nosepxnocmeil, onucanHvle 6 HAYYHO-
mexHuuecKkou tumepamype, OblIU UCHOIB308ANbL 8 MUPOGOU Npakmuke. [ mex, Kmo uHmepecyemcs
MAmMemMamuyeckol cmopoHOU NPOeKMUpOBaAHUs AHATUMUYECKUX NOBEPXHOCMEN, UX KOMNbLIOMEPHbIM
MoOdenupogarnuem, uiu b6onee NOOPOOHLIMU C8EOCHUAMU O PEdibHbIX COOPYICEHUAX 6 hopme paccmam-
pusaemuvix nosepxHocmeti npugedeHa oouupHas oubauozpagpus.

Knrwouesvte cnosa: napamempuueckas aumepamypa, 2eomempus nogepxnocmet, gpopmooopa-
306aHue NOGEPXHOCMeEN, Klaccupurayus nosepxHocmeti, 00OI0YKA, 000N0UEYHAs. CIMPYKMYpd, Npo-
MbIULEHHbIE U 2PANCOAHCKUE 30AHUSL.

M5 (85) 2019 (cenmabpb-oxmsaops) 23



CTpouTeNbCTBO U PEKOHCTPYKIUSA

1. Introduction

Nowadays there are known more than 600 analytical surfaces set by the explicit, implicit,
vector or parametrical equations [1] that are grouped in 38 classes. There are several options of
classifications of analytical surfaces; the fullest of them is presented in a work [2]. In some works,
for example in [3 — 5], attempts to find out the most popular analytical surfaces among architects
which were used for design of public, residential, and industrial buildings were made. This style is
called the parametrical architecture [6, 7]. The present manuscript continues the researches begun
by the authors in the works [3, 5, 8 — 11] in which the known thin-walled shell erections realized in
practice or erections in design of which the most prominent architects took part, or the structurers
having the most optimum technical-and-economic parameters, or the structures noted by prizes and
taking high places in various ratings of professional associations and magazines are presented.
Now, only rare classes of analytical surfaces embodied in real thin-walled shell structures will be
considered.

2. Method of researches

In a paper, methods of researches assumed in analytical and differential geometry of surfac-
es will be used and applied for study of middle surfaces of thin-walled shell structures. Every ana-
Iytical surface will be illustrated with one erection outlined on the corresponding surface. The pre-
sented manuscript is the final stage of common researches of the authors devoted to the study of in-
fluence of geometrical investigations of analytical surfaces on design of unique structures and
buildings. Broadening of possibilities of computer modelling for shape finding methods of shells
with attraction of differential geometry with consequent automatic using of numerical methods of
analysis is the aim of the paper. For this aim, it is necessary to research the degree of drawing ana-
Iytic surfaces into the practice of design of thin-walled shell structures.

3. Results of the research

Let us examine classes, subclasses, and groups of rare analytical surfaces that found the ap-
plication in the shapes of public, residential, and industrial buildings. Ruled, translation surfaces,
and surfaces of revolution were studied in other works of the authors [3, 11].

3.1. Helical surfaces

A helical surface is formed by a curve in the process of its helical motion. The generatrix
curve uniformly revolves on an axis of revolution and at the same time executes a translational mo-
tion in the direction of the same axis. If the ratio of a value of the speed along the straight line to a
value of the angular velocity is constant then a helical motion is called an ordinary helical motion.

3.1.1. Ordinary helical surfaces

A surface formed by ordinary helical motion is called an ordinary helical surface. This type
of helical surfaces includes right helicoids and cylindrical helical strips and pseudo-developable hel-
icoids.

3.1.1.1. Pseudo-developable helicoid

At the beginning of the 21st century, architects and mechanical engineers paid attention to
the box surfaces on the basis of a circular cylinder [12, 13]. In many large cities, skyscrapers are
built in the form of a twisted rod of rectangular cross-section. The Infinity Tower, 306 m high with
a 90-degree turn relative to the base, was built in the prestigious Dubai Marina district in the United
Arab Emirates (Fig. 1). There are other objects that have this form. In all cases, a box-shaped sur-
face on the basis of the circular cylinder is composed of n identical intersecting along helical lines
pseudo-developable helicoids and cross-sections represent a regular polygon with n sides.
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3.1.1.2. Circular helical surfaces

A circular helical surface is obtained by the ordinary helical motion of a freely located gen-
eratrix circle of a constant radius. Circular helical surfaces are also included in the class of cyclic
surfaces. According to the position of a directrix circle, circular helical surfaces are divided into 4
groups. Only 2 groups are used in the architecture: a tubular helical surface and a right circular heli-
cal surface.

Tubular helical surface

Tubular helical surfaces are used in the design of solid and hollow helical springs, in round
section coils or to give the column the shape of a helical pole.

Right circular helical surface

This surface is formed by the ordinary helical motion of a circle of constant radius located in
a plane perpendicular to the helical axis [1]. A surface of helical pole is a variety of the right circu-
lar helical surface. In Fig. 2, the surfaces of the helical poles have four directrix circles similar to
poles of Iglesia Santa Maria Magdalena, Olivenza, Spain (the XVI" century).

3.1.1.3. Helical surfaces with arbitrary plane generatrix curves

A helical surface with an arbitrary plane generatrix curve (helicoid of general type) is
formed by some profile rotating about an axis and at the same time executing a translation motion
along the same axis. In addition, the translational speed of the profile is proportional to its angular
velocity. These surfaces can give modern architects good tool for creativity. Almost any city has
playgrounds with children slides in the form of this surface (Fig. 3).

Figure 1- Infinity Tower. Each Figurg 2- The helical poles of Morozov’s Figure 3 - Child slide

side of it is a pseudo-developable private residence, Moscow. The building
helicoid was built in 1895-1899, arch. V. Mazyrin

3.1.2. Helical surfaces of variable pitch

The helical surfaces of variable pitch can be seen in the thread of various types, in the forms
of screw conveyors and worm presses, where relatively smooth changes in the pitch of the screw
are usually made.

3.2. Spiral surfaces

The helical motion of this line forms a spiral surface with an arbitrary rigid curve in the
planes of a pencil with a point moving along a conical spiral. A spiral surface with a straight gen-
eratrix in the planes of a pencil is formed by the helical motion of a straight line intersecting the ax-
is of rotation at a constant angle. The other end of the straight line moves along the conical spiral.
All points of the straight generatrixes will form the conic spirals. As an example of application of
spiral surface with straight generatrixes in the planes of a pencil one can take the projects of houses
"The Stairscrapers” designed by the architectural Bureau "Nabito Arquitecture™. They became one
of the finalists of the contest "Total Housing: Apartments 2010" that was held in New York (Fig. 4
[12]).
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Figure 4 - The Stairscraper Figure 5 - Spiral-shaped roof

3.3. Spiral-shaped surfaces

Spiral-shaped surfaces (Fig. 5) are externally similar to spiral surfaces, but they cannot be
assigned to one class since spiral surfaces have only a spiral on a circular cone as a directrix curve
but a generatrix curve in the process of movement along the conical spiral curve does not change its
shape and orientation. One can take any spiral on any surface as a directrix curve of spiral-shaped
surface. In a paper [12], some spiral-shaped skyscrapers are described. Their forms with certain as-
sumptions can be attributed to spiral-shaped surfaces. These are Strata Tower (Abu Dabi, architect
Hani Rashid, Lise A. Couture, 2011), Fog Tower (Atacama, architect A. Fernandez, S. Ortega,
2008) and others.

3.4. Helix-shaped surfaces

Helix-shaped surfaces form a separate class of surfaces. In the special literature, designers
often confuse the definitions of helical, helix-shaped, and spiral surfaces. The helix-shaped surfaces
include surfaces formed by generatrix curves which in addition to a simple helical motion relative
to the helical axis make any additional movement or deform according to a certain law. The trajec-
tories of the points of the generatrix curve under helix-shaped motion will not be cylindrical helical
lines. Helix-shaped surfaces at a certain selection of geometric parameters will degenerate into heli-
cal surfaces. 19 helix-shaped surfaces are represented in the encyclopedia [1] but descriptions of re-
al structures are not found in available technical literature.

3.5. Cyclic surfaces

Cyclic surfaces are formed by circles of constant or variable radius in the process of their
arbitrary movement in space [14]. These surfaces are mainly used in structures of machines of vari-
ous purposes, in spiral chambers of refrigeration units, in high-pressure units, as fragments of at-
tractions in sport-and-entertainment centers [3]. They can be seen in the form of spiral chambers of
hydroelectric turbines. Among the huge number of cyclic surfaces offered by geometricians, only
tubular surfaces and surfaces of revolution are used in the building industry and architecture.

An equation of a cyclic surface in a vector form is

r=r(uyv) =p(u) + R(u)e(u,v),

where r(u,v) is the radius-vector of a cyclic surface; p(u) is the radius-vector of a directrix curve;
R(u) is the law of changing of a radius of the generatrix circles; e(u,v) is a vector-function of the
circle of the unit radius in the plane of the generatrix circle.

3.5.1. Normal cyclic surfaces

3.5.1.1. Tubular surfaces

Tubular spiral-shaped and helix-shaped surfaces are widely used in designing descents in
children attractions (Fig. 6). As a form of a launching chute in an attraction, it may be recommend-
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ed to take a tubular surface on sphere or a tubular loxodrome [3]. Sometimes a tubular surface with
an arbitrary line of centers is used as an exotic design of the whole building [3]. In a book [3], 17
types of tubular surfaces are proposed for integration.

Circular torus

Structures in the form of circular torus or its fragments are used much rarer than other sur-
faces of revolution. But architects know about this surface and sometimes use it in very original
projects. The Ark project (Bioclimatic building with an autonomous life support system) was devel-
oped taking into account the Disaster Architecture program of the International Union of Architects
and was nominated for the World Architecture Festival - 2010, received a third degree diploma
based on the results of the First International Festival of Innovative Technologies in Architecture
and Construction - 2010 " held in Moscow in the nomination” Conceptual Projects ".

There are some projects on using circular torus as a base surface for design of closed twisted
box-shaped surfaces [15].

3.6. Minimal surfaces

Catenoid and right helicoid belong to the class of minimal surfaces. However, they are also
surfaces of revolution and ruled surfaces of negative Gaussian curvature, respectively. In addition to
them, only Schwartz minimal surfaces have been used in architecture. Information about the re-
maining minimal surfaces can be taken from the encyclopedia [1] and in [16, 17].

3.6.1. Schwartz surface

Having used several of the same type surfaces Schwartz, one can build embedded triply pe-
riodic minimal surfaces. A basic sell of Schwartz surface is disposed into the regular cube with the
holes in all faces of the cube and has cubic symmetry. This fact is now widely used in architecture.
For example, the Olympic Stadium in Munich (1972) was created with using minimal surfaces
close to the Schwartz surface.

3.7. One-sided surfaces

One-sided and two-sided surfaces are two types of surfaces differing in the way of their dis-
position in the space. In the encyclopedia [1], 5 one-sided surfaces are shown and only models of a
Mobius strip have found the application in architecture of small forms.

3.7.1. Mobius strip (Moebius band)

The strip twisted ones is called a Mbius strip, or a Moebius band. In contrast to its model, a
Mobius strip has no thickness. Near the Museum of science and technology in Washington, steel
model of the Mobius strip rotates on a pedestal. There is a sculpture "Mobius strip” in Ekaterinburg
near the business center (Fig. 8), in Moscow and in other cities.

= 7 AVAVA.V.AVA S

2 vws'en'ew‘v S

F.ivguré 6 - Child éttraction - Figure 7 - The museum of Figure 8 - ""Mobius strip™,
aeronautics, Belgrade, Serbia. Ekaterinburg, RF
[https://ru.wikipedia.org]
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3.7.2. The Klein surface

The German mathematician Felix Klein first described the Klein surface in 1882. It may
have been originally named the Kleinsche Fliche ("Klein surface™) and then misinterpreted
as Kleinsche Flasche ("Klein bottle™). The Klein bottle has no boundary. Immersed Klein bottles are
presented in the Science Museum in London. Designers and students like to make a wire mesh of a
Klein bottle. McBride Charles Ryan gave the Klein bottle house unique shape in order to preserve
the Australian landscape in which it is so snugly nestled”.

3.7.3. The Boy surface

The Boy surface is named after Werner Boy, who constructed this surface, which is an im-
mersion of the real projective plane in Euclidean 3-space, in 1901 in his thesis. The model of the
Boy surface in front of the Institute's library building has 3-fold rotational symmetry and minimizes
the Willmore functional which measures elastic energy. On January 28th, 1991, it was installed at
the MFO as a gift of Mercedes-Benz. Many models of the Boy surfaces were placed in different
gardens.

3.8. Surfaces of umbrella type

A cyclic symmetrical spatial structure formed from several identical elements is called an
umbrella dome. Curves obtained as a result of the intersection of their middle surfaces are the gen-
eratrixes of any dome-shaped surface of revolution.

The cyclic symmetrical surfaces consisting of several identical elements are called surfaces
of umbrella type. But unlike an umbrella surface, the whole surface of umbrella type and all surfac-
es of the identical elements are determined by one and the same parametric equations

18 names of umbrella type surfaces [1, 3] are known. Unfortunately, in literature on archi-
tecture, they do not indicate the method of formation of surfaces and do not give their analytical
equations and that is why it is difficult to classify these two types of surfaces. For instance, architect
Marchand J.R. used the shell for covering of the restaurant near "La Concha hotel” (Fig. 9). This
form is very similar to the umbrella-type surface with astroid lines of level formed by biquadrate
parabolas.

SR,

Figure 9 - Restaurant near the “La Concha hotel”, Figure 10 - Umbrella-type surface
San Juan, Puerto Rico [http://www. architecturaldi-
gest.com/homes/hotels/2009]

This surface was proposed in [1, 18] (Fig. 10). Its parametrical equations are
x = x(t,u) = autcos®t, y =y(t,u) = ausin®, z=z(u)=H(1-u),

where u is a dimensionless parameter; 0<u <1; 0<t<2m; H is the rise of the surface.

* https://inhabitat.com/gorgeous-origami-esque-klein-bottle-house-nestles-into-australias-landscape/
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Apparently, surfaces of umbrella type [19, 20] are little known to engineers and architects in con-
trast to umbrella surfaces [21].

3.9. The second order surfaces

The second order surfaces are defined by algebraic equations of the second order relatively
to the Cartesian coordinates. The second order surfaces are called also quadratic surfaces or quad-
rics. 17 quadratic surfaces are known.

The most of quadratic surfaces are included in other classes of surfaces and were presented
in other works of the authors. These are cylindrical surface of revolution, elliptic cylinder, parabolic
cylinder, conical surface of revolution [22], ellipsoid of revolution, one-sheet hyperboloid, and pa-
raboloid of revolution [11]. Hyperbolic paraboloids (hypars) are very well known roof structures
[22, 23].

Consider some more second-order surfaces used in real structures.

3.9.1. Three-axial ellipsoid

The application of this surface is illustrated by the
example of the Wedding Palace, which is located at the top
of the two-level "Picturesque bridge” (Fig. 11), Moscow.
One level is provided for cars, the other for the subway. The
capsule is made of iron and glass and is 34 m long, 23 m
wide, and weighing 650 tons. It is suspended at a hundred-
meter height. Its Grand opening took place on December 27
in 2007. For the determination of stress-strain state of three-
axial ellipsoid by FEM one can use a method offered in a

paper [24]. Figure 11 - Restaurant and wedding
Palace, Picturesque Bridge, Moscow

3.9.2. Elliptic paraboloid
Elliptical paraboloid can be given by parametrical equations:

X=X y=Y, 2=2(x,y) =X*/(2p)+y*/(2q).

These parametrical equations show that elliptic parab-
oloid is a surface of translation and formed by movement of
one main parabola along another [10]. So, a sport hall on an
elliptic ground plan of 96 x 64 m in Hungary was covered by
a reticulated tubular shell structure having the form of an el-
liptic paraboloid.

A reinforced concrete dome covering of the Smith-
field Poultry Market, architect T.P. Bennett and Son, engi-
neer Ove Arup, in London (UK) was built in 1961-1963 on
the spot of the old market building brnt in 1958. A new build-
ing was designed in the form of an elliptic paraboloid with
the dimension of 68.6 x38.12 m in plan, 9.1 m high, a shell
thickness is 7.5 cm, a shell thickness in corners is 20 cm. A
middle surface of the shell is defined by an equation z =
(x/rx)?+ (y/ry)? (Fig 12). Having been inside, the visitors won-

A . . C Figure 12 - The Smithfield Poultr
der and express an admiration with triumph of technical idea : Market. London y

[25]. At the moment of erection, it was the largest thin-walled
reinforced concrete shell.
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4. Proposals for discussion

The study shows that out of the 600 analytical surfaces listed in the encyclopedia [1] only 42
surfaces have been used in architecture and building in the World. Previously, a similar study was
conducted on the example of Moscow [5] and it was found that only 18 analytical surfaces were
used in Moscow. The materials of the research suggest that geometricians are significantly ahead of
the needs of architects and builders, or architects have not yet mastered the entire set of analytical
surfaces proposed by geometricians, or architects consider the most analytical surfaces unsuitable
for their creative concepts. May be they prefer analytically undefined surfaces. Often the shape of
surface is designed by architects and geometricians make later its mathematical description.

With the advent of variation difference method, finite element method, and other numerical
methods, engineers received a powerful tool for the expanded using of thin-walled large-span shells
and other types of structures of various shapes [26, 27].

5. Conclusion

In works [5, 8-11, 20, 22], the authors have begun the researches of a degree of application of
methods of analytical and differential geometry of surfaces for shape finding methods of thin-
walled shells. Now for the first time, a classification of analytical surfaces in the obvious graphic
form was offered and it was shown that only not considerable part of the known analytical surfaces
was used for design of building shell structures. This situation can be corrected by introduction of
geometric researches of surfaces and advanced analytical and numerical methods of strength analy-
sis into a design practice. So, owing to the presented investigations, the builders and designers have
a good opportunity to choose new surface of attractive shape with given geometrical parameters but
unknown to other designers. For clarity, a classification of analytical surfaces is given in a tabular
form (Table 1). The surfaces, found the application in architecture and building, are darkened. The
surfaces, that can be used in architecture and building, are shown in Table 1 in open frames. The
materials of the paper can help to choose a proper criterion of optimality for a shell and to use opti-
mal shell design.
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VK 624.014 DOI: 10.33979/2073-7416-2019-85-5-35-47

CTEHOBBIE ITAHEJIM HA OCHOBE KACCETHBIX TPO®WJIEN.
YACTbD 2 DKCIIEPUMEHTAJIBHBIE UHCCJIEJOBAHUA

HAJIOJIbCKUM B.B., MAPTBIHOB 10.C., BEPEBKA ®.A.

Benopycckuii HarmoHATBHBIN TEXHHYSCKUA YHUBEPCUTET, T. MuHCK, Pecrybnmka benapychb

Annomayus. Ha cospemennom smane paseumus oepaxcoqiouux KOHCMPYKMUGHBIX CUCHIEM
WUPOKOe NPUMEHeHUe 8 Kayecmee CIMEH08020 02Pa*COeHUs NOLYUAION KOHCIMPYKIMUBHbIE CUCTEMbl HA
OCHO8€ MOHKOCMEHHBIX OYUHKOBAHHBIX npoguneli u d¢hgexmusneix ymenaumeneu. Haubonvuiee pac-
npocmpanenue NoIyYulo CmeHogoe 02padxcoerue nodremMeHmnoll coopku. Buecme ¢ mem, nosensiomes
HOBble peuieHus 6 eude Nnauenel, KOMHOHYeMbIX U3 dNEMEHMO8 3a800cKol eomosHocmu. Tlociednue
NOMUMO MEXHON0SUUECKUX NPeUMYeC8 N0 CPAGHEHUI0 CO CIMEHAMU NOdeMeHMHOU cOOpKU 06aada-
10M NOBbIUEHHOU Hecywell CHOCODHOCMbIO U JcecmKocmulo. B nacmosawel cmamve npedcmagneno
KOHCMPYKMUGHOE peuieHue CMeHo8ol camoHecyuel nanenu Ha 0CHO8e KAcCemHbIX npoguiell u npo-
Qunuposannozo nacmuna, 00beOUHEHHbIX 8 eOUHYIO NPOCMPAHCINGEHHYIO KOHCIMPYKIMUBHYIO CUCTHEMY.

Lenv pabomul cocmosiia 6 HAYYHOM 0OOCHOBAHUU HOBO20 KOHCIMPYKMUBHO20 PEUleHUs NaHe U
HA OCHOBe KACCemHbIX Npoghuiell u KCNePUMEHMATbHOM NOOMEEPIHCOeHUuU eé pabomocnocoOHOCmu.
Obvekmom ucciedo8anus A61Aemcs CmeH08oe oepaxcoetue (nanenu) Ha OCHO8e YKA3aHHbIX Npoghuiel.
Memoowl uccredo8anusa: YUCTEHHO — AHATUMUYECKUE MemOoObl, IKCHEPUMEHINANbHbIE UCCTe008AHU
MOoOenu HAMYPHBIX pasmepos, papuieckuli aHaiu3.

Cmamws cocmoum u3z 08yx yacmeii. Ilepsas uacms noceéauwjeHa ONUCAHUI0, AHAIU3Y U 0OOCHO-
8AHUIO KOHCMPYKYUU CIMEHOB0U NAHeNU, UCCIe008aAHUI0 0eQOPMUPOBAHHO20 COCMOAHUA KACCEMHO20
npoguisa u oyenKe cONPOMUBIEHUS U HCECTNKOCIU CIEH08OU NAHeNU HA OCHO8e PACYeMHO20 MeMOOd.
Bo emopoii wacmu ompasicenvl pe3ynomamel IKCHEPUMEHMATLHBIX UCCIE008AHUL NAHENU U ee KOMNO-
HEeHMOo8, a MAaKdice peanru306ana npoyeoypa npoeKmupoS8anis Ha OCHO8e UCHbIMAHULL.

Knrouegvie cnoga: monkocmennvie npoguiu, Xonro00Ho@popmosanuvie npoguiu, xapaxmepu-
CMUKY 3)PEeKMUGHO20 CeyeHus, 3aKpUumuiecKkas paboma niacmuH, nomeps MECIHOU YCMOUYUE0Cmu,
nomeps yCmouyugoCcmu oopmbl ceueHus.

WALL PANELS BASED ON CASSETTE PROFILES. PART 2.
EXPERIMENTAL RESEARCHES

NADOLSKI V.V., MARTYNOV Y.S., VIAROUKA F.A.
Belarusian National Technical University (BNTU), Minsk, Republic of Belarus

Abstract. Systems based on thin-walled galvanized profiles and effective heaters are widely
used as wall fencing at present stage of development of enclosing structural systems. Wall fencing
based on one-element assembly is most widespread. At the same time new solutions in the form of pan-
els assembled from prefabricated elements are appeared. The latter in addition to technological ad-
vantages in comparison with the one-element assembly wall fencing have increased bearing capacity
and rigidity. This article presents a constructive solution of a self-supporting wall panel based on cas-
sette profiles and deck profiled sheets, combined into a single spatial structural system.

The purpose of the work was to scientifically justify and experimentally confirm the operability
of a new structural solution of the panel based on the cassette profile. The object of the study is a wall
fence (panel) based on such profiles. Research methods: numerical and analytical methods, experi-
mental studies of the full-scale model, graphical analysis.

The article consists of two parts. The first part is devoted to the description, analysis and justi-
fication of the design of the wall panel and to the study of the deformed state of the cassette profile and
the assessment of the resistance and stiffness of the wall panel based on the calculation method. The
second part reflects the results of experimental studies of the panel and its components, and also im-
plements a design procedure based on tests.

Keywords: thin-walled profiles, cold-formed profiles, effective cross-sectional characteristics,
supercritical plate operation, loss of local stability, loss of stability of the cross-section shape.
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Beenenne

Hacrosiasi cratbs siBIsieTCSl MPOJIOJHKEHUEM KOMIUJIEKCHOTO HCCIEIOBaHUs CTEHOBOW Ma-
HEJTM Ha OCHOBE KacceTHbIX mpoduieil. B cratbe [0] mpencraBieHsl pe3yiabTaTbl TEOPETHYCCKUX
nuccnenopanuii. [IpeacraBneHa KOHCTPYKIMS CTEHOBOW MaHEIM Ha OCHOBE KacCCETHBIX Mpoduiieid u
npoMINPOBAHHOTO HACTUIIA U3 HEPKABEIOIIUX CTaJIeH, UCCIE0BAHO J1e()OPMUPOBAHHOE COCTOSI-
HUE KacCEeTHOro MPOGUIIS U BBIIIOJIHEHA OIICHKA CONPOTUBIICHUS U KECTKOCTU CTEHOBOM MaHENH Ha
OCHOBE PaCYETHOI'0 METO/IA.

JlaHHasi cTaThsl MOCBSIIEHA SKCIIEPUMEHTAIBHBIM HCCIIEIOBAaHUSAM MaHEIu U €€ KOMIIOHEH-
TOB, a TAK)KE peaJI3allMU MPOLETypbl ONPEAEIICHUS HECYIIENH CIIOCOOHOCTH U KECTKOCTH Ha OCHO-
BE JAaHHBIX(PE3yJIbTATOB), IOJIYYCHHBIX B X0JI€ UCIIBITAHUN. B TaHHOI YacTH cTaThu MpeICTaBICHbBI
CJIETYIOIINE PE3YJIbTaThl IKCIIEPUMEHTAIbHBIX HUCCIIEA0BAHU!

— YCTaHOBJICHBI (PU3UKO-MEXaHUYECKUE XapaKTEPUCTUKU: TMpeAesl TEKy4eCTH, BPEMEHHOE
COIIPOTHBIICHUE HEP)KABEIOIIEH CTaJIH, IPUMEHEHHOM P N3rOTOBICHUH KaCCETHOTO MPOdIIs;

— olpe/iesieHa Hecylasi ClIoCOOHOCTh COEAMHEHUS TOHKOCTEHHbBIX Mpoduiieil Ha AJIeKTpo3a-
KJIENIKaxX MPU CABUIE U PaCTSKEHUH;

— UCTIbITaHa CTEHOBAs MaHEeNb Ha JIBa BapuaHTa HarpyXeHHsI, COOTBETCTBYIOIIUX BETPOBOI
Harpy3ke (aKTUBHOE U [TACCUBHOE JIABJICHUE).

AHanu3 5KCIePUMEHTANIBHBIX JIaHHBIX BBIOJIHEH HA OCHOBE MPHUHIIUIIOB U MPAaBHII pacyeTa
cornacHo eBporeickiuM HopMaM [0, 0], neficTByromum Ha Tepputopun Pecriyonuku benapycs.

MeTopl IPOSKTUPOBAHUS HA OCHOBE pacuera [4 - 9] npuMEHUMBI MOIbKO 11 KOHCTPYK-
LIUH, CBOMCTBA MAaTepHaJIOB U T€OMETPUUYECKNE NTaPAMETPBI KOTOPHIX HAXOATCS B 00JaCTH, ISl KO-
TOPOI HAKOIJIEH IOCTATOYHBIN OIBIT U JOCTYIHBI IKCIIEPUMEHTAIbHbIC JaHHbIE. BBUAY CloxHON
(GopMBI cedeHus: UCCIeayeMON MaHeIN TEOPETHUECKU CI0KHO M TPYJOEMKO YCTAaHOBUTH KOJIMYE-
CTBEHHbBIEC KPUTEPUU JJIS1 PELyLIUPOBAHUS CEUCHUSI.

VYuuThIBas BBIIEU3I0KEHHOE OCHOBHBIM PKOHOMUYHBIM METOJOM IPOEKTUPOBAHUS IaHe-
Jiei clieyeT cuuTaTh METOJ, OCHOBAaHHBIN Ha pe3yibTaTax uchbiTaHuil. [IpoekTupoBanne Ha OCHO-
BE€ UCTIBITAHUN TO3BOJISIET OMPEACTUTh MPENeNbHbIA (PaKTUIeCKHii M3rHOAIONIN MOMEHT H JKECT-
KOCTb. XapaKTepucTHieckoe (HOpMaTUBHOE) 3HAUECHNE COMPOTHUBIICHHUS, HA OCHOBE KOTOPOT0O yCTa-
HAaBJIMBAETCsl pacyeTHOE 3HAUEHHE, JOIYyCKAETCs ONpPENEsATh CTATUCTUYECKH (T.€. C 3aJJaHHOU J10-
BEPUTEILHOM BEPOSATHOCTHIO) TPH HAIMYUM HE MEHee 4-X pe3yJabTaToB HCHbITaHuid (A.6.3
TKIT EN 1993-1-3[0]). Ecnu npoBeieHO TOJBKO OJHO UCIBITAHHE, TO HOPMATHBHBIC (XapaKTepH-
CTHUYECKHE) 3HAUCHHSI CIeyeT ONMPEeNsITh Ha OCHOBE CKOPPEKTHPOBAHHOIO 3HAYEHUS pe3ysbTara
ucnbitanust Rk = 0.9 7k - Radj, tae 7k = (0.8-0.9) npu oTkase BcieacTBUE MOTEPH MECTHOM YCTOWYH-
BOCTH TOHKOCTCHHBIX KOMITOHEHTOB ceueHus (A.6.3 TKIT EN 1993-1-3[0]). PacueTHoe 3HaucHHE
COTPOTHUBIIEHHS NPUHUMACTCS PAaBHBIM Rd = #sys * Rk / M, Tie #7sys — KOO PUITMEHT, YIUTHIBAIOINIA
oTIMYre paboThl B YCIOBHUSIX HCTIBITAHUHN U AKCIUTyaTaIlluK; M — 9aCTHBIN KOA(UIHEHT.

HeoOxonuMocTh mpoBeieHus] UCIIBITAHUHN CBSI3aHA TaK)Ke C OTCYTCTBHEM arpoOUpOBAaHHOM
METOJIMKH pacyeTa CTEHOBBIX MaHEJIEeN Ha OCHOBE KacCETHbIX npoduiiel. Llens ucnsitanuii - onex-
Ka Hecylleil crmocoOHOCTH U KECTKOCTH CTEHOBBIX MaHeJel U3 KacCeTHBIX mpoduieit Ha aelicTBre
Harpy3KkH, SKBUBAJICHTHOW MO 3HAUEHUIO PACUETHOMY BETPOBOMY BO3JECHCTBHIO C YyUETOM ITyJbCa-
[IAOHHOI COCTaBJISAIOLIEH.

HcnpiTaHus HepKaBEUIUX CTAJIell KaCCeTHOr0 Npopuiis

U IPO(PHIMPOBAHHOIO JIUCTA

g onpeneneHust GaKTUUECKUX XapaKTEPUCTHK CTAIM ObUIM BBINOJHEHBI MCIBITAHUS 00-
pa3IoB Ha PACTSHKEHUS, IO Pe3ysIbTaTaM KOTOPBIX YCTAHOBIJICHBI MPEJEeNl TEKyUYeCTH U BPEMEHHOE
conpoTtusiieHue (mpezaen nmpoyHoctu). CpenHee ONMBITHOE 3HAYEHUE MpeJenna TeKy4eCTH JIMCTOBOU
HeprKaBeIoIIel cTanu KacceTHoro npodumis (Ha ocHoBanuu ucnbitanuid 10 oOpasios - 250.7 MIla)
MPEBBIIIACT XapaKTepUCTHUeCKoe 3HaucHue, permamentuposanHoe CTH EN 10088 [9] u TKIT EN
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1993-1-4 [10] (220 Mmna). CpeaHee ONBITHOE 3HAUYCHHUE IMpeZeia TEKY4eCTH JIMCTOBOM HEPIKaBEIO-
el cranu npodHactuna cocraBuwio 244.3 MIla. OTMeTuM, 4TO TEOPETUYECKHUN (pacyeTHBIH) ypo-
BEHb HAINpPSHKCHUH OT NEHCTBUS BETPOBOM HArpy3Ku B npodHacTuie dacagHON MOBEPXHOCTH MaHe-
mu coctaBui 12 Mlla, 94T0 3HaUUTENIEHO MEHBIIIE ONBITHOTO 3HAYEHMS Mpejiesia TEKYYeCTH U, TAKUM
00pa3oM, He SIBIISETCS ONPEACIIIONINM P OLIEHKE HECYIIeH CIIOCOOHOCTH CTEHOBOM MaHENH.

HcnpiTanue coequHeHU N

s omnpeneneHuss (pakTUUECKOW HECyIIed CHOCOOHOCTH CBapHBIX TOUYEK (DIEKTpO3aKiie-
OK), (POPMHUPYEMBIX KOHTAKTHOW CBAPKOW COMPOTHUBIICHUEM, U B MESX BEpUPUKALNN PACUCTHBIX
3aBUCHUMOCTEH IO OLIEHKE NPOYHOCTH YKa3aHHBIX COEJAMHEHUH COTJIacHO TpeOOBaHUAM
TKIT EN 1993-1-3 [0] ObutH BBINOJIHEHBI UCTIBITAHUS HA CPE3 U PACTSDKEHHE CTAHAAPTHBIX 00pa3-
11oB ¢ TomuHamu (1.2+0.8) M u (0.8+0.8) MM Mo 7 mIT. B KaX 10 cepuu.

[Ipy ucnbpITaHUU BBISIBICHO HECOOTBETCTBHE (PAKTUYECKOTO 3HAYCHHSI BHYTPEHHETO IHUa-
METpa DJIEKTPO3akKIenok ¢ BeuuciIeHHBIM coriaacHo TKIT EN 1993-1-3 [0]: ombiTHOE 3HauYcHHE
HaXOJWIOCh B auana3one 2.9-3.1 MM, a BBIUMCICHHOE COCTaBUIIO 4.5 MM. DTO pacxokIeHue o0y-
CJIOBJICHO KOHKPETHBIMH TEXHOJOTMUYECKHMMHM MpPOIECCaMH KOHTAaKTHOM CBapKu (BpeMeHeM o0ika-
THSI, HATPEBA, MMPOKOBKHU M OXJIKJCHUS COSAMHICMBIX JTUCTOB) M IUAMETPAMHU AJICKTPOJIOB B KOH-
TaKTHOU 30HE.

[To pe3ynbTaTam CTaTUCTHUYECKON 0OpaOOTKU OIBITHBIX JaHHBIX HECYIIas CIOCOOHOCTh OfI-
HOM 3JIeKTPO3aKJICTIKH COCTaBHIIA!

— Ha cpe3 cpenHee 3HaueHue cocrapuiio 4608 H, munumansnoe 4163 H;

— Ha pacTsbkeHue (BBIPBIB) 3HaYeHHE cocTtaBmwiio 1204 H, muanmansroe 1014 H;

Takum 00pa3oM, ONBITHBIC 3HAYCHHUS HECYIIEH CIOCOOHOCTH 3HAYMTEIHHO IMPEBBIMIAIOT
yCHUIIMS, BO3HUKAIOIIME B COEIMHEHUSX MpoHACTHIIA C KACCETHBIM MpoduieM. DTO MO3BOJSET
YMEHBIIIUTh KOJIWYECTBO 3JIEKTpo3akienok. OmHaKo, MpU 3TOM CIEAyeT YYHTHIBATh, YTO YaCTh
ANEKTPO3aKIIENOK 00eCIeunBaeT PacKpeIIeHHe Y3KUX MOJIOK OT MOTEPH MECTHOM YCTOWYMBOCTH.

3HaueHUsT HECymeld  CIOCOOHOCTH  BBITSDKHOW  3aKJICTIKM  TPUHSATBI  COTJIACHO
TC 05.0309.14 [11]. Hecymiast crmocoOHOCTh OJHON BBITSKHOM 3akienku Ha cpe3 3.44kH, Ha pac-
TsokeHue 3.24kH.

OO0mme mo/105KeHNs 110 HCNIBITAHNIO 00PA310B CTEHOBOH CaMOHecyllel MaHeJ u

HATYPHBIX pa3MepoB

Jlyis mpoBeIeHUs] UCTIBITAHUI TTAHEJW U3TOTOBJIEH OMBITHBIA 00pa3el] B COOTBETCTBUU C 3a-
JAaHHBIMU F€OMETPUUECKUMH pa3MepaMHu U TEXHOJIOTMEW cOOpKH, ¢ COOJIIOJIEHUEM BCEX TEXHUYe-
CKUX TpeOOBaHUI K MaTepuagaM U COeTUHEHUSIM.

Jlnst MosienupoBaHus pabOThl CTEHOBOTO OTPaKJICHHUS Ha OCHOBE KAaCCETHBIX MpoQuiieii paz-
paboTaHbl CIEIYIONINE CXeMbl UCTIBITAHUS:

> Cxema wucnbITaHus A — JUIsl MOJEJIMPOBAaHUSA PabOThl CTEHOBOIO OTPAXKICHMS Ha
JIeliCTBUE aKTUBHOTO JJaBJIEHUS BETPA,
> Cxema ucneltanus b — 17151 MoenupoBaHusi pabOThl CTEHOBOTO OTPaXKJICHUS 31aHUS

Ha JIeliCTBHE MAaCCUBHOTO JaBJIEHUSI BETpa.

Ilepen HauaaoM HCHBITaHUI 00CIEIOBAHO TEXHUYECKOE COCTOSIHME KOHCTPYKLUHU BHU3Yallb-
HBIM OCMOTPOM Ha MpeaMeT HaIN4usl 1e(PEKTOB U MOBPEXKICHUH, BIMSIONIMX HA HECYIIYIO CIIOCO0-
HOCTh. KOHCTpPYKIMSI MCHBITATEILHONH YCTAHOBKM COCTOUT M3 ONOPHBIX 3JIEMEHTOB KOPOOYATOro
cedyeHud. OnupaHue NnaHelu B 3aBUCUMOCTH OT BRIOPAaHHOM CXEMBbI UCTIBITAaHUS pa3inyatorcs. B co-
OTBETCTBHUHU CO CXEMOW A MaHENb ONUPAETCS HEMOCPEACTBEHHO Ha ONOPHBIE JIEMEHTHI, a 10 CXe-
Me b onopHsble ycuius nepefaroTcs IOCPEACTBOM IIIMMWIEK JUAMETPOM 8 MM Ha JKeCTKHe OallouHbIe
3JIEMEHTBHI, COCTOSIINE U3 JIBYX NMPOKATHBIX IIBEIEPOB. B 1ensax 6e30macHOCTH UCTIBITaHUM B 00e-
UX CXEMax IPeAyCMOTPEHBI CTPAXOBOYHBIE OMIOPHI B TPETAX MPOJIETa MAaHEIU C IOCTOSHHO KOHTPO-
aMpyeMbIM 3a30poM 150 MM Mexy onmopaMu M MOBEPXHOCTBIO CTEHOBOM maHenu. C LEIblo HC-
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KITFOUCHHS «PBIXIIBIX» AeopMarii, 00yCIOBICHHBIX HEIOCTATOYHON IUIOTHOCTBIO COCAMHEHHUN H
00’KaTueM OTIOPHBIX YaCTeH, maHe b ObljIa OIPeccoBaHa MPOOHBIM 3arpyKEHUEM.

B ocHOBY cxeM Harpy)KeHHsI TOJIO’KCHbI IPUHIUI CHMMETPHYHOCTH PACIIONIOKEHUS TPY30B
Y IPUMEPHO PaBHOMEPHOTO UX paclpesesieHus BIoJb posieTa. HarpyskeHne maHenu ocymiecTBIs-
JIOCh TOCPEACTBOM CHCTEMbI KOHCTPYKTHBHBIX JIEMEHTOB (PUCYHOK 1):

— JIepeBSAHHBIX OpyckoB ceueHrneM 60x60 MM HeOONBIION ATHHBI (C LETbI0 CHIKEHHS 3(¢-
(exTa Hepa3pe3HOCTH), PACIIONIOKEHHBIX B rodpax ¢acaaHol MOBEPXHOCTU MAaHENU NPH HCIBITA-
HUH 10 CXeMe A | MOTMEepeK MOJIOK KaCCETHOTo MPOoQMIIs — IPHU UCTIBITAHUU TI0 cxeme b;

— CTaJIBHBIX MPOKATHBIX YTOJKOB 50X5, SBISIOMNXCS ONOPAaMH JUIA IITYYHBIX TPYy30B Mac-
coit 20kr.

Harpysxenue ocymecTBisuiock cTyneHsMu. Ha kaxmoil cTymeHu mpeaycMaTpuBaiach BbI-
JepKKa 10 cTabWiIM3aluu MoKa3aHWid MporuOoMepoB M MHAUKATOPOB. [Iporudel manenu u ropu-
30HTAJIHBIC CMEICHHUS TIOJIOK OTHOCUTEIBHO APYT Apyra (GUKCHPOBAIHUCH U3MEPUTEIBHBIMU TIPH-
060opaMu, a BHEIIHUE MPOSBICHUS U3MEHEHUS HANPSIKEHHO-Ie()OPMHUPOBAHHOTO COCTOSHUS — BU3Y-
anpHO. [Ipy noCTIKEHUH yPOBHS HAarpy3KH, COOTBETCTBYIOIIEH KOHTPOJIILHON HArpy3Ke IO KECTKO-
CTH, BbIAEpAKKa cocTaBisia 30 MUHYT.

HcnbiTanue 00pa3noB CTEHOBOI MaHeJM MO cxeMe A

Beprukanbabie (Mporulbl) ¥ TOPU30HTAIBHBIE IEPEMELICHNST KOHCTPYKIUU (PUKCUPOBAINCH
M3MEPHUTENbHBIMU TIprbopamu (pucyHok 1). B cepeaune nposera ObUTH YCTaHOBIIEHBI TPOTHOOME-
pot 6ITAO c nenoii genenust 0,01 mm: I1-7(8, 10, 11)- w1 u3MepeHus: BEPTUKAIBHBIX TepeMeIe-
Huid, [1-9- mna duxcanum nokanbHBIX Aedopmaruii(KOpoOIeHUs) MHUPOKOH IOJKH KAacCETHOTO
npodust, [1-3(4) - ans pukcayu BO3MOXKHBIX TOPU3OHTAIBHBIX MEPEMEIICHHUH, BO3HUKAIOIINX
IIpU U3rMOHO-KPYTUIBbHOU (opMe norepu ycroiuuBoctu. Ha onopax O-1(2) u O-5(6) 6p11u ycTa-
HoBJIeHbI MHAUKaTopbl MYU-10 ¢ nenoit nenennd 0,01 MM U1t ©3MepeHus 0caoK OIOop.
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Pucyuox 1 - Cxema ucnvimanus naunenu no cxeme A
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Pucynok 2 — O6uguii 6uod cxemol ucnolmanus nanenu no cxeme A. Iman nazpyscenusn 8*.

Ha ocHoBe mokaszanuii mpornboMepoB C y4eTOM OCaJIOK OIOp OINpEeeICHbI TPOTHObI B cepe-
JIMHE MPOJITA MaHeM Ha KaXJI0W CTyNeHHu Harpyxenus (tadbmuna 1). ITo cpeHuM 3HaYCHUSIM W3-
MepeHHH MPOrndoB B 4-X TOYKaxX IO IIMPHHE MaHEIH HOCTPOEH rpadyK 3aBUCHMOCTH Iporuda ot
M3rudarIIero MOMEHTa, COOTBETCTBEHHO UCIIBITATENILHOM Harpyske: f> -M..

Tabnuna 1 — I[MporuGs

Ne Harp. M, krc*m [Iporu6s1, MM

f7 f8 f10 f11 cpemHuit
0 0/450 - - - - 0/7.49
1 219/669 4.00 4.04 4.09 3.93 4.02/11.51
2 423/873 7.43 7.62 7.79 5.73 7.14/14.63
3 603/1053 8.66 11.02 11.46 1141 10.64/18.13
4 699/1149 12.63 13.13 13.67 13.57 13.25/20.74
5 927/1377 17.39 18.22 19.13 19.10 18.46/25.95
6* 979/1429 17.84 19.82 20.73 20.62 19.75/27.24
6 1083/1533 22.06 22.97 22.12 23.99 22.78/30.27
7 1263/1713 28.13 29.22 27.49 29.29 28.53/36.02
8 1336/1786 31.24 32.60 34.30 34.20 33.08/40.57
0 0/450 4.29 5.05 5.77 6.08 5.50/12.79
Ilpumeyanue: HaJ 4epTOM NOKA3aHbl 3HAUEHNUS MOMEHTOB U IIPOrHO0B 0e3 yueTa Harpy3KH OT COOCTBEHHOT'O
Beca MAHENH, IOl YEPTOH — C yUYE€TOM 3TOU Harpy3KH.

Mexnay 4-oif ¥ IATON CTyNEeHbIO HAarpy»KeHusi ObUIO 3a()UKCHPOBAHO IMOSIBIEHUE M TOCIHE-
JYIOIIlee Pa3BUTHE TTOTEPU MECTHON YCTOWYMBOCTH y3KOH MOJIKH KAaCCETHOTO MPOdUIIS KpaeBoil 30-
HBI [TaHeNU (Ha pUCyHKe 4 oKa3aHO BBITyYHMBAaHHUE CXKAThIX MOJIOK KacceTHOro npoduis). s pac-
CMaTpUBAEMOr0 KOHCTPYKTHBHOTO PEIICHHUS JaHHOE COOBITHE SIBIISICTCS MPOTHO3UpYEeMbIM [1], HO
IIPU 3TOM CJIENAYET UMETh B BUJy, YTO IIOTEPS] yCTOMYMBOCTH YaCTH CEUEHUS HE ABIIACTCS KPUTEPH-
€M HACTYIUICHHUS OTKa3a KOHCTPYKIMH (HAcTyIuieHus mpexaenbHoro cocrosHus) [0, 12, 13]. Ora
cTagusl pabOThI MAHEIN XapaKTepPU3YyeTCs MOBBILICHUEM NPHUPAIEHU 3HaYeHUI nepeMeneHUi 1o
CPaBHEHMIO C NPUpPAIIECHUSIMU Harpy3ku. JlanbHeWIuil pocT conpoTuBieHUsl 00ecrednBaeTcs pa-

00Toii 3 PEeKTHBHOTO CCYCHUsI BILIOTH [0 JOCTHXKCHHUS Mpejiesia TeKyUeCTH WIH MPEIeIbHOTO 3Ha-
yenus nporuda manenu (A.6.1 TKIT EN 1993-1-3[0]).
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CTpOHTCﬂbCTBO U PEKOHCTPYKUUHA

B nuanazone nHarpyxenus 600-800 kr-M mOsSIBUIIMCH 3a30pbl B MECTAX MPUCOCAUHEHUS TTPO-
(UWIMPOBAHHOTO JIUCTA K KACCETHOMY NMPO(MUIIO BBITSXKHOW 3aKJIENKON (pUCYHOK 4), 4TO CBHIE-
TEJIbCTBYET O Pa3BUTUU MEPBOM (GOPMBI IOTEPH YCTONUHUBOCTH KacceTHOTO Mpoduiist. ITO SBICHHE
3aKOHOMEPHO, T.K. C)KaThl€ TOJIKM KPaeBOil 30HBI MaHeNIu 3aKperuieHsl ¢ marom 200 MM, 4TO COOT-
BETCTBYET JTMHE BOJIHBI IIPU MOTEpe MeCcTHOM ycroiuuBoctH [1]. TIporudomepom I1-9 3adukcupo-
BaHO KOpoOJeHne (BHITHO) PacTAHYTHIX MUPOKUX MOJIOK KACCETHOTO MPOQHIIS.
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Pucynok 3 — 3asucumocme npozuba s, mm om uzzuoarowezo momenma M,, k2°m npu ucnvimanuu no cxeme A

Pucynox 3 — I[lomeps ycmoiiuugocmu cocamoil y3Koii NOIKU KACCEMHO20 NPOPUAA KPaesoil 30Hbl RaHe U
U paspyuwienue coeOUHeHUs Ha bIMANCHOI 3aKienKe. Iman Hazpyycenus 6.

BcnencTBue oTMeUeHHBIX SBJICHUH (TIOTEPU MECTHOM YCTOWYMBOCTH M KOPOOJICHHS) TIOCIIe-
IYIOIEMY NOBEICHUIO KOHCTPYKIIMM IO HArpy3KOM HOCUT HEJIMHEWHBIN XapakTep BIUIOTH 10 J10-
CTH)KEHHUSl YCTAaHOBJIEHHOI'O MPOEKTOM 3HAu€HUsl Harpy3ku. OTMETHM, YTO pedb HJET O 3HAUYECHUU
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Teopusi HHKEHEPHBIX cooOpY:KeHHii. CTpouTeIbHbIE KOHCTPYKIHH

UCIBITaTEIbHON HAarpy3KH, a HE O MpPEIeIbHO BO3MOXKHOW, COOTBETCTBYIOLIEH JOCTUKEHHIO Ipe-
JIeIBHOTO COCTOSIHMS Hecyllei crnocoOHocTH. VcnbiTaHus HE OBEIEHB! J0 MOJHOI0 HCYEpPHaHUs
HecyIlel CIOCOOHOCTH B CBSI3U C MPEANOIaraéMbIMU UCIIBITAHUSMU HA OTHECTONKOCTD.

HcnbiTanue 00pa3uoB cTeHOBOM naHean 1o cxeme b

B cepenune nponeta Obitu ycTanoBneHbl porudomepsl 6ITIAO c nenoit nenenns 0,01 mm:
I1-1(2, 3, 4)- ans u3mepenus nporuOoB B cepeauHe mnpoiera. Ha omopax O-1(2) u O-3(4) ycraHoB-
nensl uaaukaropbl MY-10 ¢ nenoit genenus 0,01 MM 11 ©3MEpEHHST 0CaI0K Onop (PHCYHOK 5).

Ha ocHoBanum mokaszanuii mporuOOMepoB € Y4ETOM OCaJO0K OIOp OIpPEaesIeHbl IPOTUOBI B
CepelMHe MPoJieTa MaHeIu Ha KaKI0H CTYIIeH! HarpyxeHus (Tabmuna 2).
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Pucynok 4 — Cxema ucnvimanus nanenu no cxeme b
Tab6numa 2 — [Tporu6sr
Ne Harp. M, xr*m [TporuOs1, MM
fl f2 3 f4 CpeTHMA
0 0/435 — — — — 0/6.99
1 245/680 4.18 4.44 451 4.58 4.43/11.42
2 513/948 11.21 8.13 8.23 1.198 9.89/16.88
3 663/1098 17.21 14.22 14.35 18.37 16.03/23.02
4 885/1320 18.41 19.22 19.47 19.88 19.24/26.23
5 1119/1554 18.32 26.59 25.62 271.72 24.5631.55
6 1293/1728 22.41 30.30 31.07 32.26 29.01/36.00
0 0/435 0.68 5.08 6.15 7.20 4.78/11.77
Ipumeuanue: Hax 4epTOi MOKa3aHbl 3HAUCHHUSI MOMEHTOB U MPOTHOOB O3 y4yeTa Harpy3Ku OT COOCTBEHHOTO
Beca IMaHEIH, ITOJI YePTOH — C YIETOM 3TOH HATPY3KH.
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CTpouTeNbCTBO U PEKOHCTPYKIUSA

Ha pucynke 6 nmpeacrtaBieHa 3aBUCMMOCTb MPOruda KOHCTPYKIIMHU CTEHOBOTO OTPa)JACHUS
OT 3HaYEHUS U3rHOal0IIero MOMEHTA B IIEHTPE MPOJIeTa.
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Pucynok 5 — 3asucumocms npozuéba f,, mm om useubarowezo momenma M,, kz*m
npu ucnoimanuu no cxeme b

OTKJIOHEHHE 3aBUCUMOCTH OT JIMHEHHOTO XapakTepa Ha JTare HarpyXeHHUs 3 MOXKET CBHIE-
TEBCTBOBATH O BBIKIIOYCHUH U3 PAaOOTHI THOKOW YacTH KacCEeTHOTO MPO(HIIS — CKATOU HMIHMPOKOM
nosku. Ha 3ToM aTame uckakeHue nmpoduiis BH3yalbHO HE 3aMEUEHO, OJHAKO Ha TOCIETYIOIINX
dTamnax HarpyKeHUs UCKaKEHUs TPO(UIS HAYaIu MPOSBIATHCS. [[OBEBIIEHNE KECTKOCTH (MOMEHTA
WHEPIUH) TTAaHEITH Ha MOCIEAYIONINX CTYTICHX HCIBITAHUH BO3MOXKHO OOYCIIOBJICHO BHIpAaBHUBAHH-
€M U BKJIIOYCHHEM B pa0OThI PACTSIHYTHIX y3KHX IOJIOK, HanOoliee neOpMUPYEMBIX B MPOIECCE
MOCTICIYIOIINX UCIBITAHUH 10 cxeMe A. OTMETHM, YTO UCIBITaHus 10 cxeme A u b Obutn BBITION-
HEHBI Ha OJTHOM M TOM >K€ 00paslie MaHelIu He OBEJEHBI JI0 MOJHOTO WCYEPIaHus HeCcyllel Crio-
COOHOCTH B CBSI3H C MPEAIOJIAraéMbIMU HCIIBITAHUSIME MTAHEIIN Ha OTHECTOMKOCTB.

AHAJIM3 IKCMIEPUMEHTATbHBIX TaHHBIX U ONpeeJeHue Hecylleil criocoGHOCTH 10 Mo-

JIY4eHHBIM pPe3yJabTaTamM

WuTerpaapbHOil XapaKTEPUCTUKOM HAIPSIKEHO-1e(hOPMUPOBAHHOTO COCTOSTHHS M3rHOaeMBIX
SIIEMEHTOB SBJISIETCS rpadK 3aBHCHMOCTH TIPOruOoB oT usrubaromero momenra f — M. Jlnst ananu-
3a pe3yJIbTaTOB UCIIBITAHUI TTAHEITU MOCTPOCHBI CIIEAYIONIHe TpaduKn 3aBUCUMOCTEN (PUCYHOK 7):

e  3aBHCHUMOCTH 1 — OMBITHBIX 3HaYeHHI MPoruboBs f, — M, Mo cpegHHM 3HAYEHHUSAM H3ME-
peHuii;

e  3aBHCHMOCTH 2 — TECOPETHUECKUX 3HAYEHHI MPOrnOOB, BEIYHMCIIEHHBIX HA OCHOBE ITOJI-
Horo ceueHud fri — Ms;

e  3aBHCHMOCTH 3 — TO K€ Ha OCHOBE MOJHOTO peaylnupoBanus ceuenus fr> — M, cormacHo
TKIT EN 1993-1-3[0];

e  3aBHCHUMOCTH 4 — TO K€ Ha OCHOBE YaCTHYHOTO peaylupoBaHus cedenus fr3 — M., rae
frs = 0.5-(fr2+ fr2).

HauaspHbIi OTpe30K 3aBUCHMOCTH OT COOCTBEHHOI'O Beca IMaHEIM W HCIBITATEIbHBIX MPH-
CIOCOOJICHUH YCTAHOBJIEH PACUCTHBIM ITyTEM.
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Pucynok 6 — 3asucumocmu npozuba f, um om useubaroweco momenma M, kz*m
npu ucneimanuu no cxeme A

ComnocTapisisi NOTy4YE€HHbIE 3aBUCUMOCTH MOKHO OTMETHTD:

J XOPOIIYI0 CXOJAUMOCTb ONBITHBIX JJAHHBIX (3aBUCUMOCTB 1) M TEOPETHUECKUX 3Haue-
Hu# (3aBUCUMOCTb 2) 110 4-0i1 cryneHu HarpyxeHus (Med = 786kr-m), T.e. 10 MOTEPU MECTHOM
YCTOMUMBOCTH CKATBIX Y3KUX MOJIOK MepU(EepHiHbIX 30H KaCCETHBIX MpoQueii;

o pacxoxaeHue 3aBUcHUMoOcTed 1 U 2, yBelMuyHuBaromeecss ¢ poctoM MoMeHTa. Ecimu
Y4eCTh YaCTHYHOE PEIYLUPOBAHHE CEYCHHUS, TO OYEpTaHHE IKCIEPUMEHTAIBHON 3aBHCHMOCTH 1
OMKe K TEOPETHUECKOM 3aBUCUMOCTH 4, 4yeM K 3aBucuMocTH 3. IIpu 3ToM TeopeTuyeckue 3Have-
HUSI MEHBIIIE SKCIIEPUMEHTAIBHBIX, T.€. COO0aeTcsl TpeOOBaHMS MPEAECTHHOTO COCTOSHHUS IO He-
cyuiei cioco6HocTH. K cokaneHuto, 3TOT MPOMEXYTOUHBIH 3Tar paboThl CeYeHus, MO3BOJSIOMINN
MOJTYYUTh ONTUMAIBHYO TOJIIMHY JINCTa KACCETHOTO MPOQHIIS, IPOTHO3UPYETCS TOIBKO CIIOKHBIM
anamu3zoM HJIC ¢ ucnosnb30BaHMEM CIEIUATBHBIX MPOTPAMMHBIX KOMIUIEKCOB U HE MOXKET OBITh
peaIM30BaH B peaJlbHOM MpoeKkTupoBaHud. OTMeTHM, 9To coryacHo pasnerny 7 TKITEN 1993-1-3
[0] wacTmuHOEe pemynHMpoBaHHE albTEPHATUBHO JOIYCKaeTCs IMpH onpenesneHuH mnporuoos [0,
m7.1].

J pPaBHOMEPHOE pacIpe/ielieHne MPOTHOOB IO IIUPWHE TIAHETW Ha BCEX CTYIECHAX
Harpy>XeHus U 3Tanax padoThl KOHCTPYKILUH MO/ HATrPy3KOM.

CreHoBast TaHe b UCIIBITAHA HA JIEHCTBHE U3THOAIOIIEr0 MOMEHTA OT MPUJIOKESHHOW HATPY3KH
Med = 1336 kr-M, pu 3TOM ¢ yuyeToM coocTBeHHOTro Beca Mobs coctaBiser 1786 kr-m. CKOppeKTH-
pOBaHHOE 3HaUYeHHE 3TOro MoMeHTa Madj,i corntacHo A.6.3 [0] paBHoO:

Madj = Mobs / ur = 1786 / 1.04 = 1717 xr'™m

r7€ IR — IMOMPAaBOYHBIN KOOPPUIIMEHT 110 HECYIIEH CITOCOOHOCTH:

f

@ B a 1
yb,obs . tobs,cor _ ( 250.7 j . (118j — ]_04,
i, t 220 ) (1.0

cor

Hg =

3nech o = 0,5 Tak Kak MOTEepss MECTHOM yCTOMYMBOCTH sIBIIsIeTCS (popMoit paspymieHus, 3 = 1 tak

KakK tobs,cor Stcor-
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CTpouTeNbCTBO U PEKOHCTPYKIUSA

Xapakmepucmuqeacoe 3HA4YeHue I/I3FI/I6aIOHIel"O MOMCHTA, OCHOBAHHOI'O TOJIBKO Ha OJHOM PE3YJIb-
TaTC UCIIBITAHUA:

M =0,97M,5 =0.9-0.9-1725 = 1391 xr-m

rae Nk — Kod(QQUIMEHT, MPUHUMAETCS B 3aBUCUMOCTH OT (QOopMbI pazpyuienus. [Ipu ucnpitanuu
MMaHCJIN UMCCT MCCTO IMOTCPA MECTHOH YCTOFI[IHBOCTH B OI‘paHH‘IeHHOﬁ 30HC CCUCHHA ITIaHC/IHU, I10-
stomy mk =0,9.

Pacuemnoe snauenue necyuieit cnocobHoctd Md yCTaHOBJIEHO Ha OCHOBE COOTBETCTBYIO-
IIIEr0 HOPMATUBHOTO 3HaYeHUs1 Mk, OIIpeIeIeHHOT O 0 pe3yJibTaTaM UCTIBITAaHUMI:

M
My =14 —~ = 1391 kr'™

M

rae ym =1.0 — yacTHbIi KoddduLmeHT 0e30MacHOCTH;

Nsys — KO3 PUIMEHT yCIOBUN pabOThI, yUUTHIBAIOIINMA OTINYUS PAOOTHI B YCIOBUAX UCIIBITA-
HUW W dKcIDTyaranuu. [Ipu ucnbITaHud 00pasloB HATYPHBIX Pa3MEpOB MPH 3aKPEIUICHUSX, HIICH-
TUYHBIX HATYPHBIM, Nsys = 1.0.

Jliis aHanmm3a pe3yabTaToOB MCIBITAHUN MAHENI! 10 cxeMe b mocTpoeHsl rpaduku 3aBUCUMO-
CTeH, aHAJIOTMYHbIC OMMCAHHBIM BbIIlIe (PUCYHOK 8).
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Pucynox 7 — 3asucumocmu npocuoa f, mm om uszzubarouwieco momenma M, ke'm npu ucnvimanuu no cxeme b

ComnocraBisisi 3aBUCUMOCTH MOKHO OTMETHUTH!

e JluneitHbII XapakTep pabOTHI CEYEHUS MPH MOJHOCTHIO APPEKTUBHOM CEUYSHHH IO H3-
rubaromtero moMenta Med = 680 kr-M. B nanbHelinem MpoW30IUIO HE3HAYUTEIHHOE CHUKECHHE
KECTKOCTH CEUEHUS BCIIEACTBUE KOPOOIEH!s (BBIrH0a) IUPOKON TOJIKH;

e PaBHOMepHOE pacripe/esieHie TPOTnO0B 10 MUPUHE MAHETH Ha BCEX CTYIEHIX Harpy-
KEHHUS ¥ dTanax padoThl KOHCTPYKIUH 1101 HArpy3KOH.

CreHoBasi IMaHENb HCIBITAHA HAa JEHCTBHE W3THOAIONMIETO MOMEHTa OT MPHIOKEHHOMN
Harpy3kd Med = 1293 kr'M, mpu 3TOM € y4eTOM COOCTBEHHOTO Beca OINbITHOE 3HaueHue Mobs co-
craBisier 1728 kr-m. Ha ocHOBaHWU Tiporienypsl ONpeeseHUs HeCyIIe ClToCOOHOCTH 10 OpraHu-
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YCHHY KOJUTMYECTBY PE3YJIbTATOB pacuemHoe 3HayeHue Hecylen cnocooHocTr Md ycraHaBuBaeT-
Csl HA OCHOBE COOTBETCTBYIOIIETO HOPMATHBHOTO 3Ha4YeHHss Mk, ONMpeneneHHoro mo pe3yjibraraM
UCHBITAHUM cocTaBwio 1348 xr-m.

3akiioueHune

Ha ocHoBaHuu pe3ynbTaToB SKCHEPUMEHTAIBHO-TEOPETUUECKUX UCCIEIOBAaHUN MOKHO
CENaTh CJIEAYIOLINE BBIBOJBI U IPEUIOKUTH HEKOTOPbIE PEKOMEHIallNu:

1. HarypHble ucnbiTaHusi MOATBEPANIN MPOTHO3UPYEMOE TIOBE/ICHUE MaHEeIH O] Harpy3-
KOU ¥ 1eJIecO00pa3HOCTh MPOSKTUPOBAHNE TTaHENIeH Ha OCHOBE MCITBITAHHA.

2. IlpoexTupoBaHUE CTEHOBBIX MAaHEJECH Ha OCHOBE pacyeTa 0e3 yyeTa COBMECTHOM pabo-
Tl €€ KOMIIOHEHTOB HE OTpa)kaeT (PaKTHUECKYIO HECYIIYIO CIIOCOOHOCTb M )KECTKOCTb ITaHEINH, SB-
asietcst He 3(PPEeKTUBHBIM U HE OOBEKTUBHBIM. B CBSI3U € 3TUM /10 HAKOIUIEHHUS JOCTaTOYHOM 3KCIie-
pPUMEHTAIIbHOM 0a3bl JaHHBIX U A0 0OJiee TOYHOH pa3pabOTKH anpoOMPOBAHHON pacYeTHON METO-
JUKW OIpeJIe]IeHHs] HECYIE CITOCOOHOCTH U JKECTKOCTH MaHEeIH paccMaTpUBaeMOro THIA IEIeco-
00pa3HO ycmanaeiueams NPedeabHyl0 HeCyuylo CHOCOOHOCHIb U HCECMKOCHb ROCPeOCmEoM
ucnvlmanuil. 3TV UCTIBITAHUS MOTYT paclieHuBaThCs Kak npuemounsie [0, m. A.4.1]. Ecnu ucnbita-
HO OoJiee TpeX MPOTOTHUIIOB MAHENeH W OHM OTBEYAIOT BCEM TPEOOBAHMSIM HCIIBITAHUN, TO OCTalb-
HbIE MAHENH Psia KOONYCKAemcs UCno1b3068amy 6e3 OANbHetUUxX UCHLIMAHULL NPU YCIO8UU UX CO-
0meemcmeusi NPOMoKOIAM N0 8CeM NOKA3AMENAM UCXOOHBIX MAMEPUANO8 U KOMNIEKMYIOWUX U3-
oenunn» [0, m. A.4.2].

3. Pacnpenenenue nporuOOB MO MIUPHUHE MMAHEIH HA BCEX CTYMEHSX HATrPY>KEHUS U dTarmax
paboThl KOHCTPYKILUHU O] HATPY3KOM HOCUT PaBHOMEPHBINA XapakTep. JTO MO3BOJSIET paccMaTpu-
BaTh MaHeJb KaK MPOCTPAHCTBEHHYIO KOHCTPYKTUBHYIO CUCTEMY, KOTOPOM MPUCYIIHN TAKUE Ba’KHbIE
CBOICTBa, Kak IepepacripesiejieHie BHYTPEHHUX YCHIMH Mexay €€ KOMIOHEHTaMH, KUBYUYECTh U
HaJIeKHOCTh KOHCTPYKIIMU. B UCHBIThIBaEMOM TMaHenu mnepepacipeiesieHue yCHINM UMEET MECTO
Mexay nepudepuilHpIMU 30HAMH MOTIEPEYHOr0 CEYeHHs KpaWHUX KacCEeTHBIX mpoduieit (pemyiu-
POBAHHBIX BCJIEACTBUE MOTEPH MECTHON YCTOMUYMBOCTU CHKATHIX Y3KUX IOJIOK) M CPEIHEH 30HBI Cce-
YEeHHsl TaHENH, TJie MECTHas YCTOWYMBOCTH MPOMEXKYTOUHBIX IMOJIOK KacCETHOTO MpOoQuIiIs MOBBI-
[I€HA KOHCTPYKTUBHBIMU MEpaMHu.

CreneHp peaylIMpOBaHUsI TONEPEYHOTO CEYCHHS TaHETN B 3HAUUTEILHONU MEpe 3aBUCHUT OT
CKAaTOM Y3KOM IMOJIKK KaCCEeTHOTO MPOQ ISl KpaeBbIX 30H MaHenu. J{7s moBeIeHus 3¢ (HeKTHBHOCTH
CEUEHHUS PEKOMEH]TyeTCS:

a) YBEJIMUUTH MIUPUHY OTrHOa Y3KUX MOJIOK KacceTHoro npoduis. [Ipu sTom mocturaercs
JIOTIOTHUTENBHBIA 3(PPEeKT: 3HAUUTETHHOE YMEHBIICHHE KOJIMYECTBA COEJAMHEHUH, MPUKPEIUISIo-
mmx QacagHyo TOBEPXHOCTh K KACCETHOMY MPO(UITIO, WITH

0) YyCUITUTh CXKaTYI0 Y3KYIO MOJIKY JOMOJHUTEIbHBIM TOHKOCTEHHBIM MpOQUiIeM, MPUKPETI-
JICHHBIM 3JIEKTPO3aKJIEIKaMHU.
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MOJIEJIUPOBAHUE MMPOIIECCA BJIMSTHUSI HABOJOPOXUBAHUSA
HA HJIC IOJIOI' OMMIC®EPUYECKOM OBOJIOUKHA
N3 TUTAHOBOTI'O CIIJIABA

TPEILEB A.A., KY3HEIIOBA B.O.

Tynbsckuii ['ocynapctBeHHblit YHUBepeuTeT, Tyna, Poccus

Annomayusn. Paccmompeno nocmpoenue Mamemamuieckol Mooeiu, Onucbléaroujell 6IusHue
HAB00OPONCUBAHUA HA HANPANCEHHO-0ehOPMUPOBAHHOE COCMOAHUe MOHKOU NOJI020U chepuieckot
000710YKU U3 MUMAHOB020 CNIABA, HASPYIHCEHHOU PABHOMEPHO-PACHPEOeNEHHOU HASPY3KOU ¢
UCNOTL308AHUEM — HENUHEUHOU MOOenu, NpeoCmAaeleHHOU 8 HOPMUPOBAHHBIX NPOCMPAHCIBAX
nanpsxcenu. Hazpyska npumama maxum 06pazom, umoodvl npozudvl 00010YKU ObliU OOTLUIUMU.
3akpennenue obonouku owcécmroe. Paspaboman anzopumm peuieHus OAHHO20 Kiacca 3a0ad.
Ilpaxmuueckoe peuteHue npou3eoOUNOCH O8YXULA208bIM MEMOOOM HOCIe008ATNENbHBIX BO3MYUEHUL
napamempos ¢ noMowpio naxema npuxiaonvix npoepavm MatlLab u Maple. Jua pewenus cucmemor
paspewarowux oughpepenyuanbHblx ypasHenul npUMeHEeH Memoo KoHeuHvix pazhocmeil. IIpouszsedeno
cpagHeHue NOJYYEHHBIX Pe3VaAbmamos ¢ pesyibmamamu Kidaccuueckou meopuu u meopuu H.T.
Oguunnuxosa.

Knroueswvie cnosa: nonocas 0b6010uka, mumanoewli Cnias, KOHeuHvle PASHOCHU, HeluHeliHoe
degopmuposanue, U3OMPONHbIIL Mamepual, 60bulUe NPo2UodbL.

SIMULATION OF THE PROCESS OF INFLUENCE OF FLUIDING
ON STRESS-STRANE STATE OF THE FLAG SPHERICAL SHELL
MADE OF TITANIUM ALLOY

TRESCHEV A.A., KUZNETSOVA V.0O.

Tula State University, Tula, Russia

Abstract. The construction of a mathematical model describing the effect of flooding on the
stress-strain state of a thin flat spherical shell of a titanium layer loaded with an equidistributed load
using a nonlinear model is considered. By A.A. Treshchev. The load is adopted in such a way that the
deflections of the shell are small. Fix of the shell is hard. An algorithm was developed to solve this class
of problems. A practical solution was produced by the two-step method of sequential perturbation of
parameters using the MatLab and Maple application software package. To derive and solve the system
of resolving differential equations, the finite difference method was applied. A comparison of the results
obtained with the results of the classical theory.

Keywords: flat shell, titanium alloy, finite differences, nonlinear characteristics, isotropic ma-
terial, small deflections.

Brenenne

B Hacrosmiee BpeMs BCE 4allle WHXKEHEPBI MPOEKTUPYIOT 3[aHUs, AETald MallWH U
anmnapaToB, KOTOPHIM JI0 CETOIHSALIHEr0 MOMEHTa He ObLJI0 aHanoroB. K HUM OTHOCST COBpeMEHHbIE
CIIOPTHUBHBIE KOMIUIEKCHI, KOHILIEPTHBIE 3aJbl, YHHUKaJbHble HEOOCKPEObI, TOProBbIE U
pa3BiIeKaTEIbHbIE LEHTPBI, AETANIN JIETATEIbHBIX AllllapaTOB, PAKETHBIE KOMIUIEKCHI U T.1. TuTan n
€ro CIUIABbl IIMPOKO IPUMEHSIOTCS Ul U3TOTOBJICHUS KOHCTPYKLUN B aBUALMOHHOW, PAKETHOM,
XMUMHUYECKOH OTpacisiX, a TAKKe B CTPOMTEIbCTBE. DTO CBSI3aHO € OOJBIIMM HAOOPOM LEHHBIX
CBOMCTB, KOTOPBIMH SIBJISIOTCSA: BBICOKAs KOPPO3HMOHHAs CTOMKOCTb, MaJblid YZACIBbHBIA BEC,
JIOBOJIBHO OOJIbIIAs MPOYHOCTh U KAPONPOYHOCTb, TOCTATOYHAS IUIACTUYHOCTh IPU KPHUOTEHHBIX
TEMIIEPATypax, 3HAUUTEIbHAsI PacIpPOCTPAHEHHOCTh TUTaHa B Ipupone [l]. TuraHoBble criassl,
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M3HAYaJIbHO 00J1ajlass HEYYBCTBUTEIBHOCTHIO K BHJY HANPSXKEHHOTO COCTOSHUS, B IPOIECCE
HACBIIIEHUST BOJIOPOAOM (HABOJOPOKMBAHUS) MPUOOPETAIOT CBOMCTBA Pa3HOCOMPOTHUBISEMOCTH,
KOTOPBIE MEHSIOTCSI B TEUCHUE BPEMEHH, YTO MIPUBOIUT K OXPYITUHMBAHUIO U PAHHEMY pa3pyIICHHIO.

BriOpaHHBIif MOAX0A K PELICHUIO 3aJayd BIUsSHUS HaBoxopokuanus Ha HJIC momoroii
chepuyeckoit 00O0JIOUKM TPENCTaBIsACT COOOM UHCIEHHBI METOJl, OCHOBAaHHBI Ha 3aMEHE
MPOU3BOJHBIX PA3HOCTHBIMH cxeMaMu. Jlng pemieHus 3amadd, oOnajnaromieil  TpoHHOM
HEJIMHEHHOCTBIO TIPUHST JBYXIIArOBBIA METOJ MOCIEAOBATSIbHBIX BO3MYIICHUN mapameTpos [9],
KOTOpBI CITIOCOOEH JIMHEapU30BaTh UCXOHbIE YPAaBHEHUS U 00J1aJaeT BHICOKOM TOUHOCTHIO.

Jli1st pellieHrs MOCTaBICHHOM 3a/1aui METOJIOM KOHEUHBIX Pa3HOCTEH Ha pacu€THOM 00sacTu
CTPOUTCS CeTKa, 3aTeM BhIOMpAeTCs Pa3HOCTHAsl CXeMa U Ul KaKJIOTO y3Jia CeTKH 3alUChIBAETCS
Pa3HOCTHOE ypaBHEHHE, 3aT€M IIPOU3BOJUTCS YUYET KpaeBbIX YCIOBHM ([UIs1 KpaeBbIX YCIOBHM
BTOPOTO U TPEThEro poja TaK K€ CTPoUTcs pasHocTHass cxema). [lomywaercs cucrema
JMHEAPU30BaHHBIX alTreOpandecKuX YpaBHEHHH, pemias KOTOPYI0 MPHUXOAUM K TPHOIMKEHHBIM
pe3yapTaTaM pacuera B JUCKPETHBIX y3JIax.

Moaeau 1 MeTOABI
PaccmatpuBatoTcs TOHKHE TOJIOTHE OOOJIOYKH, Y KOTOPBIX OTHOLIEHUE CTPENbl MOAbeMa B
neHrpe f k MeHbIIeMy pa3mepy a (paduycy) B TIaHE COCTABJISIET:

f 1
—< =,

a b5

a OTHOICHHEC TOJIIHNHBI 00010ukH h Kk HanMMCHBIIEMY paanyCy KPHBHU3HBI

h 1
S = (1)

BBuay nosoroctu 000J0YKH T€OMETPHSI €€ MOBEPXHOCTH OTOXKIECTBIISIETCS C TeoMeTpueit
Ha IPOEKTHOM MJIOCKOCTH, U KPUBOJIMHEWHAs CUCTEMa KOOPIMHAT 3aMEHSIETCs MOJSIPHOI CUCTEMOIA.
PaccMoTpuM yrpyroe paBHOBeCHE MOJOroil chepudeckoil 000M0YKH TonmuHOW h mox
JNEICTBUEM TIONEPEYHOW OCECUMMETPUYHON paBHOMEPHO-PACIpPENEICHHON Harpy3ku ( u

BOJIOPOJIOCOICpIKAIICH Cpellbl ¢ KOHIIEHTparuer A. CpeauHHas TOBEPXHOCTh O0OJIOYKH SBISCTCS
gacTeio cdepsl, xapakTepuzyemor pammycoMm R (M). OOosouka MMeEeT KECTKYIO 3a/eiKy II0

KOHTYDY.
[MpumeM KMHETHYECKUI TOTeHIMAN nedopmaruii B Buae [11]:

W, =(A(1)+B,(%)g)0” +(C.(1)+ D (1) +E, (% nCos3p)t* +
+[(A,(2)+ B, (L)) +(Cp(Ah)+ D, (L) +E (A )Cos3p)e®]", @)

rne 'AE(}V), BeO‘)l Ce(%), De(K), Ee(?“), Ap(k) ' Bp(k), Cp(k), Dp(k), Ep(k) -
¢uzmveckue (YyHKIUHM TOTEHIIMAda COOTBETCTBEHHO KBA3WJIMHEWHOW W HEIWHEWHOW dYacTei,
3aBUCAIIME OT CTENEHH BOJOPOJOHACHIIICHUs. (DYHKIMOHATIbHbIE 3aBUCHMOCTH MEXaHMYECKHX
XapaKTePUCTHK MaTephalia ONpeeNieHbl B Pe3yIbTaTe MOJMHOMUAILHOW MHTEPIIOISIINY 3HAYCHUN
KOHKPETHBIX KOHCTAHT NpH (UKCHPOBAHHOM ypoBHe KoHieHTparmu cpeabl A (0; 0,01; 0,03 u
0,05%) nna cimaBa BT1-0 npunumarot BUI;
Vek (A) = ek + €1k - A +ex A%V (L) = Pok + Pk - ( P2k )
Ae(1) =Ver(2); Be(1) =Ve3(R); Ce(r) =Ve2(R); De(R)=Vea(R); Ee(1)=Ves(2);
Ap(A)=Vpr(RA); Bp(A)=Vp3(X); Cp(R)=Vp2(R); Dp(A)=Vpa(R); Ep(X)=Vps(R); (3)

rae €k Pik — xoadduiments: mommuomos i =0..3; k= 1..3.
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O0605I04YKy TpPUHUMAEM JIOCTATOYHO TOHKOW, TaKOW, YTOOBI MOXKHO OBUIO CYHTAaTh
crpaBeIMBBIMU runote3bl Kupxroda-Jlssa (1).

™ e
~

‘01

Pucynox 1 — Cxema 3a0auu

Jlns ceprudeckoil 000IOUKH CIIPAaBEAIMBO MOCTOSHCTBO TVIABHBIX PAIMyCOB KPUBU3HBI €&
CPEeIMHHOI MOBEPXHOCTH B IIpefeNax IaHa: Ry = R, = R

Torna rnaBHble KpUBHM3HBI OOOJIOYKM HPUHUMAIOT 3HaueHHE k; =k, =k =1/ R. Hanee
paccMaTpUBaIOTCS MOJIOTHE O00JOYKH, B KOTOPBIX MOXKHO MpeHeOpeub pa3sHHULEH MEXTY UTMHOM
JyTH CPEANHHOW MOBEPXHOCTH U €€ MPOEKIHel Ha II0CcKocTh [1].

ITpu 3TOM HCHOIB3YIOTCS CIEAYIOIIUE 3aBUCHMOCTH:

a) KOMITOHEHTHI AiehopManyy B CPEAMHHON TOBEPXHOCTH:

L

=u,,—kw+0,5(Ww,)* &, =%—kw, (4)

rae &y ,S(P — paaAruaJIbHBIC U OKPYIKHBIC OTHOCUTCIILHLIC )Ie(bOpMaI_II/II/I B CCPCAMHHBIX MOBCPXHOCTAX;

U/ W — pamuanbHble NEpeMENIEHHMS W INPOrHObI; K — IaBHAs KpUBM3HA;, I — paaualbHAas
KOOpJIMHATA;
0) KOMIIOHEHTHI U3rHOHOM nedopMaluy (KpUBHU3HBI):
W
_ . _ "
Xr = Wrrs X =~ r ®)

B) BBIPDOXKCHHS KOMIIOHCHTOB TEH30pa Jie(opMarLinii Yepe3 napamMeTpsl aedopmannn &r, 8y u

KPUBU3HBI X1, Y ¢ CPCANHHON OBEPXHOCTH:
€ =&t Z)Yy; € =8pt+ZXo (6)

Iie Z — BepTHKAJIbHasg KOOpJMHATA, OTCYUTHIBaeMas OT CPEIWHHOW MOBEPXHOCTH OOOJOUKH,
HarpaBJieHHas K [ICHTPY KPUBU3HBI.

[MoxcraBnsist 3aBucumoctu (4)-(5) B (6), MOTYYNM BBIpKEHUS JUIsI KOMIIOHEHTOB TEH30pa
nedopManuii uepe3 nepeMenieHust U mporuob:

2 . u W,r
e, =U,—kw+05(w, )" —zw , ; e, =——kw-z—".
r r (7)

3aBHCHMOCTH MEXIYy AePOopMalusMH W HANPSHKCHUSIMH IMOMYYCHBI IyTeM NPUMEHEHUS
Gopmyn KacTuibsHO K TOTEHUHMATY v, , KOTOPBIE TPUHUMAIOT BHI
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e =M.~ M k=123),
0o, oty (8)
e, = 2C,(A)o, 13+ 2(A, (A) - C,(A))od, 13+ T, (A); o
rae Tij(2) - nenuneiinas cocrapnsiomas ypaBHeHH i COCTOSHHUS.
Ipu srom Tjj(A) pacemarpuBaeTcs Kak cymMMa ABYX ClIaraeMbIX:
Tii (M) =T (M) +TP();
] ] (10)

rne Tif( A) - MapaMeTpbl, yUYUTHIBAIOIINE YyBCTBUTEIBHOCTh MEXAaHUYECKUX CBOMCTB MaTepuana K

BHJIy HAMPSDKEHHOTO COCTOSIHHSI Ha KBa3WJIMHEHHOM 3Tare AeOpMHUpPOBAHUS, a Tijp( A) HO3BOJIAET

Y4ECTh SIBJICHHE PA3HOCOIPOTUBIAEMOCTH KOHCTPYKLIMOHHOTO MaTepuajla M HEIMHEHHOCTH
9KCIIEPUMEHTAJIbHBIX IUarpaMM JAe(pOopMUPOBAHUSL.

Camu cnaraemble Tif( A)UT, jp(k) OIPEIEISAIOTCA COOTBETCTBEHHO CIIEAYIOIUM 00pa3oM:
Ty (1) =27, (D, (A )&+ E, (A )ncos3)/ 3+{(B,(1)o" +
+D, (1)1 .., +E, (A )t*[n(cos3¢),,, +n,,, C0s301}/ 2, npu i#j; (11)

Ty (M) =n[(A,(2)+B,(1)E)0” +(Cp(A)+ Dy(R)E+E (R )ncos3e)r*]™ x
x{21(A)(C,(1)+ D, (1)E+E (A)ncos3p)/ 3+ [(B,(A)o” + D, (A )e* )&, +
+E, (%)’ (n(cos3¢),, +n,, c0s3p)]/2}, npu i j;

rne i"rij = _zénzslj /B’CZ; HpH i i j; ;T]’Gij = 2&38” /30’[; HpI/I i ¢ j;

c = djjoij /3 ; T=\/Sij3ij 13 Sij = Gjj _SijG; 6ij — cuMBoJbl KpoHekepa.
(c033¢).;, =V2[(01 —0)( 0 jj —Gii )+ (0 jj —6 ) O — i ) + T +
+1f — 215 1 /(3¢ ) cos 3¢( o5 - 6) / 1°;

(cos 3(p)’Tij = zﬁ[rikrjk _Tij(Gkk -o)/ 1:3 _2C053(p‘tij /12; (12)

CBs3b MCKAY I[e(bOpMaI_II/IHMI/I " HANPSPKCHUAMU IIPEACTABUM B BUJIC:

er| _paqlor
€ _[ ] o} ' (13)
o] e
{Ge}_[B]{ee}’ (14)
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3nech A11, A12..A44 — KOMIIOHEHTHI CHMMETPUYHON MaTpHibl [A] — GYHKINH, BKIIOYAOIINAE
KOHCTAHTHI IOTCHIIMAaJ1a Wl.
Ycumus ¥ MOMEHTBI HaiIEM depe3 HaNpsHKCHUS TPAJAUIIMOHHBIM CIIOCOO0OM:

h/2 h/2
N, = jcrdz; N(p: jc(pdz;
-h/2 -h/2
h/2 h/2
M, = Icrzdz; My = J'cs(pzdz; (15)
~h/2 ~h/2

CBsi3p MOMEHTOB M YCWJIHI ¢ KOMIIOHEHTaMu Jiepopmaliiii 0007109KH IpUBEIEM K BULTY:

My =Kyg(A)er +Ka(R)eg + D (A )xr + Dia(R )
Mg = Ko1(A)er + Koa(R)eg + Dog(A)xr + Doa(R )
N =Cpa(R)er +Cra(R)eg + Kpa(A )ur + Kia(R)xe:
No = Ca1(2)er +Cop(R)eq + Kon(R)xr + Kaa(A)xe, (16)

C yuétoM BIWSHHSA CTETNICHW HABOJOPOXKMBAHHMS MAaTEPUANOB NPU KOHIICHTPALUU A
MaTepualibHble (PYHKIIUU UMEIOT BUJIL:

Cy(A) = TBH (A)dz; K;;(4) = hszij (A)zdz; D;(4) = hjZBij (A)z%dz;

-h/2 -h/2 -h/2

rze Bij — pyHKuM, nouiexaniye onpeaeaeHuIo n3 IKCIEPUMEHTOB 110 J1e(hOpMUPOBAHHIO 00pa31I0B
MarepHaa pHu Pa3HbIX YPOBHIX KOHIIEHTPAIMU BOAOpOA L.

Hcnonb30BaHue Te€X WIM UHBIX ONPEAEISAIOIINX COOTHOIIEHUH HE NPUBOIUT K U3MEHEHUIO
YPaBHEHUI CTAaTHKO-TEOMETPHYECKOH MPHUPOIbl [2], MO3TOMYy, BHYTPEHHHUE YCHIIUS U MOMEHTHI
oboouku nipu ycinoBun ZK << 1 MOAYMHSIOTCS ypaBHEHHSM PAaBHOBECHS:

M, =M, /r+2M,, /r+k(N, +N, )+ Nw,,, =-q;
Nr1r+(Nr_N(p)/r_k[Mr'r+(Mr_pr)/r]zo' a7

Hcnone3yst ycnoBust paBHoBecus (17), a Taxke BBIpaKEHHS IS yCHIMHA 1 MOMEHTOB (16),
MOJIyYUM CUCTEMY JBYX HEJIMHEHHBIX MU(QPepeHINaIbHbIX YPABHEHUH OTHOCUTEIBHO (PYHKLIHUH y
u W, CBsI3aHHBIX C YPOBHEM HABOJOPOKWBAaHUsS L. JIs JIMHeapW3amuM OSTHUX ypaBHEHHI
UCIIOJIb3yeM JIBYXIIIArOBBI METO/I MOCIIeI0BAaTEIbHBIX Bo3MyIeHu mapamerpoB [9, 10], cormacho
KOTOPOMY 3allMIlIeM BbIpQXEHUs s [pupalleHuid aedopManuii W KpUBU3H CpEAMHHON
MOBEPXHOCTH:

r'r

oe oe oe
&= % 554 B o+ i s,= " 5+ % 55,1 Ko 5y 18)
0o, do, oA do, 0o, oA
|
0g, =, ,—KWw+w,, oW, ; §g¢:7—k5w, (19)
W, |
é‘Zr:_My rr; 5Z¢:_ r , (20)

3aBHUCHMOCTH TIpHpalleHuit aedopManuii B TOYKe dYepe3 MpHpalieHus aeopmanuit
CPEIMHHON TIOBEPXHOCTH 68r u 58(p1/1 KPUBHU3H CPEIMHHON ITIOBEPXHOCTH 6Xr " SX(p
MIPEJCTABIISAIOTCS CIIEIYIOIUM 00pa3oM:
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de, =8¢, +208Y,; Oep =08q +20) ¢, (21)

Ucnone3ys ypaBuenuss (18) — (20), momyduM BbIpakeHHUsS, CBS3BIBAIONINE MPHPAIICHUSI
nedopMaruii u nepeMenieHui:
ol o
®, =, —kdw+w, o, —zdw,  ; R, :T—de—z "
Jlanee paccMaTpuBaeTCs BapHaHT 3a/lauM, KOTAa MpolecC BO3AECHCTBHS BOJOPOIOCOACPKA-
el cpeapl Ha 000JI0YKY 3aBEpILEH M OHA HaBOJOpOkeHa. [loaToMy B BhIpa)KeHHSIX MpHUpaIICHUN
nedopmanuii (18) nuddepeHunupoBats mo napamerpy A He TpeOyercs. ITo HEOOXOIUMO, KOTAa
MIPOLIECC HABOJOPOKMBAHUS COIIPOBOXKAAETCS POCTOM HArpy3KH, a CJIEAOBATEIbHO — YBEIMYCHHEM
HanpspKeHUH. 3aBUCHMOCTH MPUPALICHUH YCHIINKA U MOMEHTOB OT HANpsKEHUI UMEIOT BU/I:
h/2 h/2
N, = J'éardz; N, = Id%dz;
-h/2 -h/2
h/2 h/2
M, = J.ﬁarzdz; M, = I&%szi (23)

-h/2 -h/2

r

(22)

rae ON o ON, ¢ — NpHpalICHHs YCUJIMA B CPEIUHHON MOBEPXHOCTU OOOJIOUKH, oM 7 oM o~

MIPUPAIICHIS] MOMEHTOB.
Ucnonb3ys ypaBhenust (16) u 3aBucumoctd (23), MONMy4YMM 3aBUCHMOCTH TMPHUPAIICHUN
YCUJIMA U MOMEHTOB OT IIPUPAICHUN TEPEMEICHUI:

ON, =C,(A)(u,, —kdw+w,  dw, —zdw,,, )—

ow ow

)= Kyp(2)
r r

ON, =Cp, (A )(u,, —kéw+w,, ow, —z8w, , )—

r
1

— K (A )dw

rr

+C12(7»)(8ru—k6w—z

ow ow

)= Ky(2)
r r

'r
1

— K, (A)dw

rr

+C22(X)(8—u—k8w— z
r

M, =K, (A)(u,, —kdw+w,, dw,, —zdw,,, )—

SW,r du SW,r
= Du(h)— =+ Ky ()= -~ kow) = D () —

oM, =Ky, (A)(u,, —kdw+w, 6w, —zdw,, )—

D, (oW, K (Y —kw) D, () (24)

[IpencraBuM B mpupamieHUsIX ypaBHEHHUS PaBHOBECHS IMOJOTON ceprueckoil 000I0YKH,
npeHeOperas 4ieHaMu BTOPOTO MOPSIIKa MaJTOCTH U BBIIIE:

oM M, /r+23M , [r+K(8N, +8N,)+8N w, +N, ow —-dq,
SN, , +(8N, =6N_ )/ r—K[M , +HM -6M )/r]=0. (25)

vrr

roer T

[TonyuyeHHyto cucTeMy paspemarmux JudQepeHnaIbHbpIX YPaBHEHUH B MPHUPAIICHHUIX
(25) HeoOXoAMMO JIOMOJHUTH TPaHUYHBIMH ~ YCIOBHSMH. Tak Kak 3ajada  sIBISICTCS
OCECUMMETPUYHOH, B LEHTpe OOOJOYKM IOBOPOT HOPMalIM K CPEIUHHOM IOBEPXHOCTH,

pajuanbHble MepeMellleHds M WX mpuparmeHus OymyT pasuel mymo (W, =0,u=0,06w, =0,

du =0,). Uto KacaeTcsi TpaHUYHBIX YCJIOBHUM IO BHEHIHEMY KOHTYpPY OOOJOYKH, TO OHU 3aBHCAT OT
BbIOOpa 3akperuieHus. B ciydae kecTKoro 3amemiieHus 00OJOYKH MO MEPUMETPY, NPUHUMAEM
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panuanbHble TepeMeIleHHs, UX NPUPALICHUs, NPOrHObl W IMOBOPOT HOPMAaIM K CPEIMHHOM
TIOBEPXHOCTH paBHbIMU Hymro (U=0,W =0,w,=0,8w, [ =0,5u=0,).

[ToxacraBnsiss B ypaBHeHHs paBHOBecHs (25) COOTHOIIEHHS I NPUPALICHUN YCHIHH U
MOMEHTOB (24), TOJyYuM CHCTEMY JIMHEAPH30BaHHBIX pa3permaromux auddepeHranbHbIX
ypaBHEHUU OTHOCUTENFHO MPUPAIIECHUI MPOTUOOB U paiuaibHBIX MEPEMEIICHU:

Sr“[ K, (1)U, —kSw+w,, Sw,, —z8w,, )~ Dll(m&'vru Kn(x)(ﬁ:‘_ kow) —

dw,,

- D12(7\‘) r

1 -0w, [K,(A)(u, —ksw+w, dw, —zdw,, )— D, (1 )dw,, +

rr

oW
r

K 0 —kow) = Dy (1) 0 1422 [K, () (U, —kow+ w, w, —z6w,,, )
r r

ow
r

a

=D, ()™ + Ky (1) ~Kw) - Dy (1)

ow
r

K(Cp (A)(u,, —kdw+w, dw, —zdw

)= K230, 1€ () - kw2 20 ) -

CKy ()W (1) U, —kow w,, oW, —zdw, )
r
w,,
r
w,, [C,,(A)(u,, —kdw+w, dw, —zdw

ou ow,,
= Ky, (2 )dw +C22(X)(T—k8W—Z )_Kzz(k)T)‘F

rr

) - Kll( A )Bw’rr +

rr

+ Clz(}’)(Siu_ kBW_ z SW’T )_ Klz(}’)&Ni’r] + 8Wyrr [Cll(}\’)(ulr _k8W+ W!r 8W!r _ZSW!rr )_
r r
8U 8er 8W’|’
K (0w, +C () kw2 ), 2] = g0, )

ow
r

-

rr

Sr“ [C.o(2)(u,, —kow-+w, oW, —zow, )= K.;(%)ow +<:12(x)(6r“— KW~ 2

ow,,

- Klz(k) r

1+(Cp(A)(u, —kdw +w, dw, —zdw,,, ) -

dw,, ow,,
)= Ky, (%)
r r

+C22(k)(5—u—k8w—z
r

— Ky, (1 )dw

"

+C12(X)(6—u—k8w—z
r

ow,,
r

- ClZ(}\’ )( u, —kdw + W,, 6W’r _ZSW’rr ) - K12 ( A )SW’rr ) -

ow
r

w,,
+
;

Koo (1) 2 ) KL LKy (2 )(u, —kow-+ w,, 3w, —28w,,, )~ Dyy(2)
r

K (002 = kow) = Dy (1) 2+ (Ky (), —Kow+ w, Sw, 25w, )~
r r

oW
r

=D (1) M Ky () K3W) = Dy (1) ™ — Ky (), —hOW-+ w0, B0, ~25,, )~
r

Svrv’f )1 =0. 27)

[Tpn xuMuyeckoi aacopOIMKU MOJEKYJbl BOJAOPOJa B KOHEYHOM HUTOTE PACMaJaloOTCs Ha
aTOMBbI, KOTOpble 3areM aubQyHIUpyrOT Briryob Matepuana [5, 6]. IlmorHocTh moToka J, T.e.

—D12<x>8w,r,++<zzm<5:’—k8w)—D22(x)
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KOJIMYECTBO BEIIECTBa, MTUPGYHIUPYIOMETO B €AWHUILY BPEMEHH 4epe3 €IMHUILYy MOBEPXHOCTH,
MEPHEeHIUKYJSIPHYI0 TOTOKY BEIIECTBa, MPOMOPLHUOHAIBHA MPOCTPAHCTBEHHOMY T'PaUEHTY
KoHueHTpanuu A. Kak mokaszan ombIT [5], U1 HE CIMIIKOM OOJIBIIMX MEPEnagoB KOHIECHTPALUH
MPUMEHUM TaK Ha3blBaeMblil MepBbId 3aKOH DHKa, COTJIACHO KOTOPOMY KOJHMYECTBO BEIIECTBA,
MpoxXojsIiee dYepe3 BOOOpakaeMoe CedeHHe, MEepIeHANKYISIPHOE HampaBieHuo auddys3um,
MPOMOPLMOHAILHO BEITUYMHE TPAJAMECHTA KOHIIGHTPAIIMH B 3TOM CEUEHHH, IUIOMIAA CEUCHUS U
Bpemenu auddyszuu:

J =—Dgradﬂ»=—D5—/1 (28)

oL

rae D - koaddumment nuddysun, Z - koopiuHaTa B HanpaBiieHuu 1udys3un.

B paccmaTtpuBaemoii 3amaue (QU3MUECKM aKTHBHAs Cpela KOHTAKTHPYET C O0O0OJIOYKOMH
TOJILKO [0 BEpXHEW WM HI)KHEW IOBEPXHOCTH, YTO MPUBOAMUT K OJHOMEPHOCTH IpoIliecca
i dy3un.

Jlns ogHOMEpHOM 3agaun ypaBHeHue (28) mepexoauT B mepBblii 3akoH DHKa, UMEIOIIUI
BH/I;

J=-Ddé.

17

Jlnist THTaHOBBIX CIIaBOB K03 dunmeHT nuddys3nn He 3aBUCUT OT KOHLIEHTPAIMH, TI03TOMY
U3 MepBoro 3akoHa PuKa BEITEKaeT BTOPOH 3aKOH B BHUJIE:

oAMz,t) L 0°A(z,t)
-D- Y
ot 0z

(29)

rae t — rexyuiee Bpems.

W3 ypaBrHenus (29) BHIHO, YTO CKOPOCTh M3MEHEHHUs TU(PQPYHIMPOBAHUS BO BPEMEHHU
3aBUCUT TOJBKO OT OJHOrO (M3MYEecKoro mnapamerpa — koapounuenta auddysuun D. Bennuuna,
obpatHas koddpdunuenty auddys3un, xapakTepru3yeT HHEPIIMOHHBIE CBOWCTBA Tela B OTHOIICHUU
pacrpocTpaHeHus T0JIsl arpecCUBHOMN cpebl [7].

[Tponiecc auddy3nu Bomoposa B TEIO MOM00CH SBICHUIO TEIUIONPOBOIHOCTH. [IpuHsToe
ypaBHEHHE WACHTUYHO TU((PEpeHINaTbHOMY YPaBHEHHUIO TEIJIONPOBOJHOCTH ISl OAHOMEPHOTO
MOTOKA TeIUIa ¢ TOW JIMIIb Pa3HUIICH, YTO B YpaBHEHWH IEpeadd TeIuia BMECTO Kod(p(HUIeHTa
muddy3un npuHEMaeTcst KOA(QPHUIUEHT TeTUIONPOBOTHOCTH [8].

Jns pemenus ypaBHeHUs auddy3unm ucHonbpdyeM Te K€ MEeTOIbl, 4YTO M IS
TEMIIepaTypHBIX 3a1a4. Bocmonb3yemcsi METOJIOM pa3/ielieHusl MePEMEHHBIX, B OCHOBE KOTOPOTO
JISKUT TPOIECC HAXOXKICHHUS COBOKYITHOCTH YaCTHBIX PEUICHHH, YAOBJIECTBOPSIONINX YPaBHEHHUIO
(29) HavanpHBIMM ¥ TpaHMYHBIMH ycloBusMH. Jlamee paccMmarpuBaeTcsi psill PEIICHUH TI0
MIPUHITUITY HaJoXeHus. YacTHoe peleHne HIeTcs B BHIIE MPOU3BEICHHS ABYX (DYHKIMA, OJHA U3
KOTOPBIX 3aBHCHUT TOJBKO OT BPEMEHH, a Jpyras TOJbKO OT KOoopauHaThl. s pernenus 3amau
HABOJIOPOYKUBAHHS IIEIECO00Pa3HO MPUMEHATh METOJ HHTETpabHOTO Mpeodpa3oBanus Dypbe.
Kpome 3TOro, MOKHO NMPHUMEHSATh YHMCICHHBIE METOJIbl PEIIEHUs, HCIONb3Yys, HAalpHUMep, METOJ
KOHEYHBIX pa3HocTeii [6, 8].

B kauectBe pemienus ypaBHeHus (29) s mpoliecca OJHOCTOPOHHEH M JABYXCTOPOHHEH
muddy3un npuMeM U3BECTHBIC aHATUTUYECKUE PEIICHUS, TPeACTaBlIeHHbIe B padoTe [9].

Jlns mpouiecca oAHOCTOpOoHHEN 1uddy3un pereHne nuMeeT BU:

Mzt)=h+(ho—21)z/h+(2/ 1) = sin(i-nt-z/ h)exp(—Fym?i? )x
i=1

x[A,cos(i-mt)—A, /1, (30)
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rae Fo =Dt/ h? — aucno @dypbe; i — YKUCIO YICHOB psla; 7h1 u 7»2 — KpaeBble YCJIOBHUS IS
KOHIICHTPAIIUH CPE/Ibl CBEPXY U CHU3Y 000JIOUKH; N — TOMIIHHA 000IOUYKH; 7 — KOOPHHATA TOUYKU
0 TOJIIHHE 00O0JI0YKH.

KpaeBble ycimoBus IpeacTaBiIeHbI CISIYIOINM 00pa3oM:

a) IpU BO3JCUCTBHUU CPEJIbl CO CTOPOHBI IIPHIIOKEHUS TTOTIEPEYHOM CHUIIOBOI Harpy3Ku:

M-h12,t)=h, =) M+h/2,t)=0=1,. (31)

0) pu BO3JIEHCTBUU CPEJIbl CO CTOPOHBI CBOOOAHOM OT CHIIOBOTO HATPYKEHUS:

M-h12,t)=0=0; M(+h/2,t)=h, =1,

B) JUTsI IpoIiecca AByXCTOpoHHeH nuddy3uu:

M=hI2,)=h, =) M+h/2,)=0, =),

s1ech Ay — PaBHOBECHAsI KOHIIEHTPALIMS BOJOPOIOCOIEPKAIICH CPEIbI.
HavanbHble ycoBUs UMEIOT BUA

Mz, 0)=0. (32)

Jlo6aBuB k ypaBHenuto (30) HauanbHbie (32) U rpaHu4HbIe ycinoBus (31), moayduM Moelb
BO3/ICHCTBUS aKTHBHOI Bojiopoaocoaepxaieit cpeast [10, 11].

Pe3yabTaThl Hcc/ief0OBaHUSA U UX AHAJIM3

3aMeHMB IPOM3BOJHbIE KOHEYHBIMU PA3HOCTSAMHU B mnporpammHoM komiuiekce MATLAB
MOJTyYeHHbIE Pa3pellaroliie ypaBHEHUs, U 00pabOoTaB BBIUMCIUTENBHBIA aJTOPUTM, IPUXOAUM K
CIEIYIOIMIMM pe3yJibTaTaM peUIeHHUs] IOCTaBICHHOM 3aJaud MpH TMpolecce OJHOCTOPOHHEHN
TuGQy3un co CTOPOHBI MPHUIOKEHHUS TMONEPEYHOI CHIIOBOM HArpy3Ku, KOTOpbIE NMpPUBEACHBI Ha
pucyHkax 2-3.

Ha pucynke 2 mnokazaHbl rpadukyd 3aBUCUMOCTH HANpPSDKEHWH GOr U Gy IO TOJIIMHE
00OJIOYKM OT CTETEeHW KOHIIEHTPAIMH arpecCMBHON BOIOpOJOCOAEpKamiell cpenpl. PucyHok 3
OTpakaroT rpauku NporuOOB U TOPU3OHTAIBHBIX MepeMeNIeHHH 000I0UKH.

CpaBHMM nOJy4YeHHBbIE pe3ysbTarhl ¢ pe3ysibraramMu M.I'. OBunnHukoBa 1 JI.A. Kupumio-
BOi1 [7], mpH MoJTyuyeHHH KOTOPHIX UCTIOIB30BATMCH IpocTelne GU3nIecKre COOTHOIIEHHS, B 3a-
BHCUMOCTH OT CTEIIEHU KOHIIEHTpaIuu A [7]:

7

o, = kl— 5 (e, tve,)
(7{p=k1_l'ljv2 (&, +ve,)
v =o0,/¢&

rae Y — (pyHKIMA, yYUTHIBaIOIIas BIUSHUE BUAA U YPOBHS HAMPSHKEHHOTO COCTOSHUSA, a TaKXKe
BOJIOPOJTHOTO BO3JCHUCTBUS Ha XapakTep (U3MYECKMX COOTHOIICHWH, K — TiaBHas KpHUBH3HA

00osiouku, Oj.— WHTCHCHMBHOCTh HANpsDKEHUH, €] — HMHTEHCUBHOCTH nedopmanuid, V — K-T

ronepevyHon aedopmariiu.
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-9
a) 0 ¥10
1 [——1\=0,00
) = - = )=0,01
L - =0,02
" = =1=0,03
- = 1=0,04
ND 4
&
o -4
-:h
S 5
B
=7 il e
-8 !
0.15 -0.1 0.05 0 0.05 0.1 0.15
KoopauHata no ocu Z, m
-9
0) 0 X10

(o h?)/aD?

-8 1 1 |
-0.15 -0.1 -0.05 0 0.05 0.1 0.15
KoopauHata no ocu Z, m

(o h?)iqD?

A=0,05

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
KoopauHata noocn Z, m

0

(¢ h?)/qD?

A=0,05

-0.15 -0.1 -0.05 0 0.05 0.1 0.156
Koopauxarta no ocu Z, m

Pucynox 2 — Hanpsasicenus (no moawjune): a) or 6 mouke 1/2 ouamempa obonouku, 6) 6, 6 mouxe 1/2 ouamempa
000104KU, 8) Gr 6 MOUKe Kpas 0007104KuU, 2) GQ 8 MOUKe Kpas 000104KU
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0.1~
= \=0,00

Wrh

2 25 3 35 4
KoopawHata no ocur, M

-0.5

6)

15
w— \=0,00
A=0,01

U /h

-5
1.5 2 25 3
KoopauHata no ocur, m

Pucynox 3 — Hepemewenusn: a) npozuovt \Wih, 6) zopuzonmansusie ¢0os paouyca U/h

CuuTas, 4yTO BIMSHHE Cpelbl HE MPUBOIUT K M3MEHEHHIO BUAA ypaBHEHUN COCTOSHHS, a
MEHSIFOTCS JIHIIb KO GHUIUEHTBI, KOTOPbIE CTAHOBATCS (YHKIMSIMHU MapaMeTpoB A, &, aBTOPHI [6-

8] mpeacrasnstor quarpammy aedopmupoBanus O — € B BHE!

1/2 ,
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CpaBnuBas B nporpaMMHoM Komiuiekce MATLAB nonydenHsle perieHus mo paspaboTaH-
Hot moxaenu [10-12] ¢ pesynapratamu mo Teopun W.I'. OBumHHUMKOBa [6-8], MOXKHO TPOU3BECTH
CIENYIOIUNA aHalu3: pe3yJbTaThl OTJIMYAIOTCS U3-3a TOro, 4ro B Teopuu M.I'. OBUMHHUKOBa HE
YUUTBIBAECTCS BIMSHUE HABOJAOPOKMBAHUS IIPU PAa3HBIX CIOKHBIX BUIAX HAPSHKEHHOTO COCTOSHHUS.

Ha pucynkax 4 moka3aHO, YTO PacXOXKJACHHWE B 3HAUCHHUSIX MaKCHUMAJIbHBIX NMPOTHOOB U
nepeMeleHuil ¢ ydyetoM u 0e3 ydera HaBOJOPOKMBAaHHWS 3HAUMTEIbHOE M cocTaBisieT 16,5 %,
HanpspkeHuid — 1o 50%, 4ro HE [O0mMyCcTHMO, TaK Kak IIPEBBIIAET MPEACIbHOE 3HAUYECHUE
MOTPEITHOCTH JJISl CTPOUTENIbHBIX KOHCTPYKIIUH, paBHOE 5% (cM. puc. 4, 5).

VYder 3aBHCUMOCTH Ae(POPMALMOHHBIX U MPOYHOCTHBIX XAPAKTEPUCTHK OT CTENICHU HACHI-
LIEHUSI BOJOPOJIOM BHOCHUT 3HAYUTENIbHBIE IOMNPABKU B PE3YJbTaThl ONPEICIICHUS HAIPSKEHHO-
1e(OpPMHUPOBAHHOTO COCTOSHUS C(hepUYecKHX 000I0UEK U3 TUTAHOBBIX CIUIABOB, a TIOATOMY HE0O0-
XOJIUM JUISl TIOJTyYEHHMSI IOCTOBEPHBIX PE3YyJIbTATOB PacyeTa.

BrIBOaBI

MHOro4YuciaeHHbIE IKCIIEPUMEHTAIbHbBIE UCCIEAOBAHUS CBUACTEILCTBYIOT O TOM, YTO BO3-
JICHCTBHUE BOJIOPOJA Ha Psii KOHCTPYKLMOHHBIX MAaTEPUAIOB MIPUBOAMT K MOSIBJICHUIO B HUX HaBe-
JIEHHON HEOAHOPOJHOCTH M Pa3HOCOMPOTUBIISIEMOCTH, MEHSIOUICHCS C TEYEHHUEM BPEMEHH. IJTO
00yCIIOBIMBAeT HEOOXOAMMOCTh pa3pabOTKU HOBBIX MOJENEH, OMHMCHIBAIOLINX HAMPSKEHHO-
nehOpMUPOBAHHOE COCTOSIHUE TEJl, C YUETOM HABEICHHOW YyBCTBUTEIBLHOCTH CBOMCTB MAaTEPUAIIOB
K HABOJIOPOKMBAHUIO B LIMPOKOM JIMAINa30HE U3MEHEHHUs BUI0B HAMPS)KEHHOIO COCTOSIHUS.

VYder Bo3IeUCTBUS BOJOPOIOCOAEPIKAIICH Cpeibl B IaHHOUW paboTe ObLIT MOCTPOCH HA OCHO-
B€ HEJIMHENHBIX ONPEIEISIOIUX COOTHOIIEHNMN, YUUTHIBAIOIINX HABEAEHHYIO YyBCTBUTEIBHOCTD K
HABOJIOPOYKUBAHMIO B IIMPOKOM JIHANIA30HE U3MCHEHHUS BUIOB HANTPSLKEHHOTO cocTosiHus [10-12].

B nannoit pabore mpon3BeeHO NOCTPOCHNE MAaTEMAaTUYECKOM MOJIETIHN BIUSHUS HABOJOPO-
xuBanus Ha HIIC momoroit cepuueckoil 000I0YKHM ¥ MPUBEJCHO YMCICHHOE PEIICHUE 3a7adu C
WUTIOCTpaIei mporudoB, nepeMeieH’i U HanpsHKeHU .
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V]IK 624.15 DOI: 10.33979/2073-7416-2019-85-5-63-73

CIIOCOB YCUJIEHHUA KAPKACA MHOT'O9TAKHOTI'O 3JAHUA
TP HEPABHOMEPHBIX OCAJIKAX ®YHIAMEHTOB

KOJIYYHOB BJL.U.Y, JIbSIKOB U.M.2, TPEUMIIIHUKOB C.B.}, IbSIKOB M.U.2

fOro-3ananneiit rocyrapcTeenHbi yausepeutet, Kypek, Poccust

2Kpeimckuit penepanbubiil yausepeuter um. B.W.Bepuanckoro, r. Cumdepornons, Poccus

Annomayus. Ilpugedenvl pe3yiomamvl UCCIEO08AHUSL NOBPEICOCHHO2O COCMOAHUA MHO2O0-
IMANCHO20 30anus caydicedono-ovimogou onoxa Kypckoii ADC. Ananus 8blnoaHen ¢ yuemom umice-
HePHO-2€0102U4eCK020 CIMPOeHUs OCHOBAHUSA U 0cOOeHHOCmell 6036e0eHus Kapkaca. H3yuenvl umero-
wuecs nogpexcoeHus u 0ehpopmayull HeCyWux u 0epaxcoarowux 2NEeMeHmo8, BbiA61eHbl UX NPUUUHDL,
OCHOBHBIMU CPedU KOMOPLIX AGNAIOMCA HEPABHOMEPHASA 0CAOKA QYHOAMEHMO8, BbI36AHHAS ONUPAHU-
em 00H020 pA0a NOOKOOHHUKOS HA QYHOAMEHMHYIO NAUTNY NPUMBIKAIOWe20 30AHUS NPOU3BOOCHEEH-
HO20 KOpHyca, a makice nocied08amenbHOCHb 8036€0€HUS PACTIONIONCEHHBIX PAOOM CPOEHUIL.

Onucan paspabomannviii cnocod yCuneHus: Kapkaca MHO209MANCHO20 30AHUS, OCHOBAHHDII
HA nepeonupanuy paoa KOJIOHH HA OONOTHUMENbHYIN He3A8UCUMBLIL IEHMOYHBII QYHOAMeHm, pacno-
JIOJHCEHHBIT MedcOy Kpatinell u cpeonel ocamu. Pacuemnvim ananuzom noxasana s¢ggexmusHocms
NPeONONCEeHHOU KOHCMPYKYUU YCUNEHUA, NPU IMOM NPeoNodceHbl OONONHUMENbHbIE KOHCMPYKMUG-
Hble peuleHls no 3auume 30anus Om Npocpeccupyioue2o 0OpyuleHUs.

Knrouesvle cnosa: ycunenue @QyHOAMEHMOS8, HEPABHOMEPHASL OCAOKA (QYHOAMEHMOS,
nospexcoenus, oeghopmayuis, 1eHMouHbllL yHOAMeHMm, JHcene300emMonHbIl KapKac, npospeccupyioujee
obpyuenue

METHOD FOR STRENGTHENING THE FRAME OF A MULTI-STOREY
BUILDING UNDER DIMENSIONAL SEDIMENTS OF FOUNDATIONS

KOLCHUNOV VLI.1.%, DIAKOV 1.M.?2, GRECHISHNIKOV S.V.!, DIAKOV M.1.2
1South-West state University, Kursk, Russia

2Crimean Federal University named after V.I. Vernadsky, Simferopol, Russia

Abstract. The results of the study of the damaged condition of the multi-storey building of the
service and household unit of the Kursk NPP are presented. The analysis is carried out taking into
account the engineering-geological structure of the base and the peculiarities of the construction of
the frame. Studied existing damage and deformation of load-bearing and enclosing elements identified
their causes, chief among which are nervnoe-tion of sediment foundations, caused by resting one row
podkolonnik on the base plate adjacent buildings industrial buildings, as well as the sequence of con-
struction of adjacent buildings.

The developed method of strengthening the frame of a multi-storey building, based on the re-
support of a number of columns on an additional independent ribbon Foundation, located between the
extreme and middle axes, is described. The calculated analysis shows the effectiveness of the pro-
posed reinforcement structure, while additional design solutions are proposed to protect the building
from progressive collapse

Keywords: strengthening of foundations, uneven sediment of foundations, damage, defor-
mation, ribbon Foundation, reinforced concrete frame, progressive collapse.
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Beenenue

Heo6xonumMocTh B MPOBEICHUH YCUIICHUS KOHCTPYKLUH 3AaHUN M COOPYKEHUH €KETrOIHO
yBenuunuBaercs. C OJHON CTOPOHBI, 3TO CBSI3aHO C JIUTEJIBHOM 3KCIUTyaTallMeil U BO3PACTHOM Je-
rpajanmen CTpouTeNnbHbIX 00bekToB [1,2,3,4]. C apyroit cTOpoHBI, B YCIOBHSAX POCTa 00BHEMOB
CTPOUTENIBCTBA B CJIOKHBIX HHKEHEPHO-TE€OJOTMUECKUX U CTECHEHHBIX YCIOBUAX, MHOTO(AKTOPHAs
HEOIPEICIIEHHOCTh BO3JICHCTBUHN, MPOEKTHBIC OMIMOKHM, HEJOYUYET TeX MM WHBIX (DaKTOPOB CTPOH-
TEJICTBA NMPUBOJUT K Je(POpMALIUAM M MOBPEXKIECHUAM 3/1aHUM, a COOTBETCTBEHHO — K HEOOXO1U-
MOCTH yCWIeHUs1 (yHIAMEHTOB M HaJ(pyHIAMEHTHBIX KOHCTPYKIHii [3,5,6,7,8,9]. B aTux ycnoBusx
MOBBIIIAETCS AKTYaJIbHOCTh [TOUCKA HOBBIX TEXHUYECKUX PELICHUH IO YCUJICHUIO KOHCTPYKIHMH 110-
BPEXKJICHHBIX 3/JaHUI U COOPY>KEHUM, COBEPLIEHCTBOBAHUS METOIUK X PACUETHOTO aHAJIN3a, B TOM
YHCJIe U Ha CO3JaHNEe METOJOB 3aIlUThI OT MPOIPECCUPYIOLIEr0 pa3pylieHHs B MPOLECCe IKCILTya-
TaluyU U pou3BoicTBa padot [10-12].

B pamkax peanuzanuu NpoeKTa BOCCTAHOBJICHMS IOBPEXKAECHHOIO 3/1aHUS CIly>KeOHO-
6b1TOBOI Os10Ka Kypckoit ADC ObUT IPOBEICH aHAIU3 €r0 TEXHUYECKOT'0 COCTOSIHUS U pazpaboTaHa
cucTeMa yCuIieHus (pyHIaMEHTOB U 3JIEMEHTOB Kapkaca [5,13].

3nanue ciyxebno-6srroBoro 6soka (Cbb KIDKPO) npencraBisieT co00i YeThHIPEX3TaXKHOE
KapKacHOe 3/1aHue pazMepamu B miane — 43,94x13,49 m ¢ BeicoTOM 3Taka — 3,6 M 1 001Iei BBICO-
toir — 18,35 M (pucynok 1). Mexay ocamu «27»-«28», «I'/1»-«E/2» pacnonaraercs mojBai ¢ OT-
MeTkoi mosia -3,700. ITo ocu «26» ciykeOHO-ObITOBOM OJIOK MPHUMBIKAET K MPOM3BOJCTBEHHOMY
KOpITyCy. 3aHKe BBITIOJIHEHO 110 PAMHO-CBSI3€BOM KOHCTPYKTHBHOM cXeMe U3 COOpPHOTo kere300e-
TOHA C LIAPHUPHBIM COIPSKEHUEM pUreliel U KOJIOHH.

['eonoruueckuil pa3pe3 OCHOBaHUS IO 3aHUEM I10 CKBa)XKMHAM, PACIOJIOKEHHBIM BJOJIb
€ro MpoJI0JbHON OCH B COOTBETCTBUU C MOCIECIHUMHU MH)KEHEPHO-T€OJIOIMYECKUMH U3bICKAaHUSAMHU
2018 roma mpencraBiI€H Ha PUCYHKE 2, C XapaKTEpUCTUKaMU OCHOBAHMsI NPUBEICHHBIMU B
tabymue 1.

IIpocTpaHcTBEHHAs yCTOWYMBOCTD 37aHUs OOECIIEUNBAETCS CUCTEMOW BEPTUKAJIBHBIX AHA-
(bparm ecTKoCTH, 00bEIMHEHHBIX TOPU3OHTAIBHBIMY JUCKaMM NEepeKpbITuil. Hapy)kHble CTEHBI -
CaMOHECYIIINE U3 KUPIUYHOU KIIAJIKH TOMIHUHONU 640 MM.

@dyHnaMeHThI 0] KOJIOHHBI 3[JaHHs BBIIIOJIHEHBI CTOJIOUATBIMU MOHOJIMTHBIMH JKeje300e-
TOHHBIMHM ¢ OTMETKOM mojomBel -2,100 M. [To ocu «26», B COOTBETCTBUU C MPOEKTOM, MOJIKOJIOH-
HUKHU ONEPThl Ha ()YHIAMEHTHYIO IIUTY CMEXHOTO NMPOU3BOJCTBEHHOro Kopmyca. JKene300eToH-
HbI€ KOJIOHHBI KapKaca UMEIOT KBajipaTHoe ceueHue pazmepamu 400x400 MM. Purenu nokpsITus u
NEePEKPBITUI MPUHATHI COOPHBIMU B Buje T-00pa3HOTro MONEPEeYHOro CeueHHs rabapuTHBIMU pa3-
Mepamu 595x590 MM. Bee koHCTpyKIMM Kapkaca ObUIM BBINIOJHEHBI U3 OeToHa kiacca B20 u ap-
MHpOBaHbI paboueit apmarypoit kiaacca A400. [TepekprITrs U TTOKPBITHE — COOPHBIE KeJIe300€TOH-
HBIE U3 KPYTJIOMYCTOTHBIX IUINT.

Tabnuna 1 — PacueTHble XapaKTEepUCTUKU TPYHTOB OCHOBaHUS

HaunmeHnoBanue YaeabHblii Bec Mopyasb Moayab Koa¢pdunuent
Aedopmanuu YIPYrocTH IIyaccona
T/m3 T/m? T/m?
Uro 1l 1.91 2038.74 16989.47 0.32
uro 2 15 2038.74 16989.47 0.32
urn i 1.95 1512.82 12942.26 0.35
o 4 2.05 1427.12 11892.63 0.35
Uro s 1.63 2446.49 20387.36 0.32
o 6 1.91 1427.12 11892.63 0.35
nuro 7 1.79 3567.79 29731.57 0.33
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Pucynox 2 — Huorcenepno-zeonozuueckuil pa3pe3 0CHOBAHUA OO 30aHUEM

[TpuMbikaromuil K ciayx’eOHO-OBITOBOMY IPOM3BOJICTBEHHBIN KOPIYC pacroJiaraercsi Ha
(yHIaAMEHTHOW TUIMTE M3 MOHOJHMTHOTO ene3o0erona ToimuHon 1,0 M. Ilocine yacTuaHOrO BO3-
BEJICHUSI IPOM3BOJICTBEHHOTO KOpPIIyCa, €ro CTPOMUTENbCTBO OBLIO MPHUOCTAHOBIEHO. B mpormecce
CTPOUTENBCTBA CITY>K€OHO-OBITOBOTO OJI0Ka cTONOUYAThIe (PYHAAMEHTHI 3[JaHUS TTO0 OCH «26», B COOT-
BETCTBUU C IPOEKTOM, ObUIM ONEpThl Ha (YHIAMEHTHYIO IUIMTY IMPOM3BOACTBEHHOIO KOpIyca
KIDKPO. Ilocne nocTpoilku MPOU3BOJCTBEHHOTO KOPITyCa BCIIEICTBHE OCaIKH (yHIaAMEHTHOM
IUTMTHI TIPOM301ILIA JOMIOJHUTEIbHAS O0CaJKa CTOI0YAThIX (PyHIaMEHTOB CIyeOHO-ObITOBOTO GJ10-
Ka TI0 OCH «26» Ha BEIMUYMHY, NMPEBBIIIAIONIYIO0 JOMYyCTUMOE HOpMaMu 3HaueHne. HepaBHOMepHas
ocajika 3JaHMs SIBHJIACh NPUYMHOM BO3HMKHOBEHHS 3HAUYMMBIX JE(PEKTOB U IMOBPEXKIECHUH KOH-
CTPYKIHIA CITyke0HO-ObITOBOTO Os10Ka[2,14].

Pe3yabTaTnl 00c/1e10BaHUA

B pesynbTate mpoBeAeHHOro 0OCIEOBaHUS TEXHUYECKOTO COCTOSHHS 3/1aHUsl CIy>KeOHO-
OBITOBOTO 0JIOKA BBISIBUJIM CIIETYIOIIEE:

- B 0CSIX «26»/«Al» B y3ie onupaHus GpyHIaMEHTHON Oalku Ha cToNOYaThId QyH/Ia-
MEHT MMeeTCs 3a30p MEXAy HIKHEW rpaHbio (pyHAaMEHTHOH OajKu U BEpXHEH TpaHblO CTOJO-
yaToro yHJAaMeHTa, CBSI3aHHBIN C MPEBBIICHUEM OCaAKd (YyHAAMEHTOB KOpITyca MO OCU «26» u
BEJIMUMHBI OCATKU CTONOUYATHIX (DYHAAMEHTOB CIIYKEOHO-OBITOBOTO KOPITyCca MO OCSM «27» U «28»,
a TaKKe N3MCHCHHUEM CXEMbI OImupaHus (PyHIaMEHTHOH Oaku;
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— B MIONEPEUYHBIX CTEHAX U MEPErOPOJAKAX MEXKAY OCAMH «26»-«27» UMEIOTCSI HaKIOH-
HBIC TPEIIWHBI ITUPUHON PACKPBITHS O 5 MM, CBSI3aHHBIC C HEPaBHOMEPHOH Ocaakoi GpyHIamMeH-
TOB 37aHUs, YACTUYHBIM HW3MEHEHUEM CXEMbl ONMHMPAHUS KOHCTPYKILUU 3JaHUS B OCAX «27»-«28»
yepe3 MEeperopoikyd Ha KOHCTPYKIHMIO IMOJIa M 3aleMJIEHUEM OTIENbHBIX KOJOHH KOHCTPYKLHEH
oJa;

- MEX]y Hapy>KHOH CTEHOM M KOJIOHHaMHM B ocsiX «27»/«H1», a Taxke Mexay CTEHOH
U IUTUTaMU NIEPEKPHITUIl UMEIOTCS 3HAUUTEIbHBIE 3a30pbl ¢ pacKpbiTUEM 10 30MM, CBA3aHHBIE C HE-
paBHOMEPHOM 0cagkoi (hyHIaMEHTOB U KPEHOM KapKaca 37jaHusl.

AHanu3 OTHOCUTENIBHON 0Cca ki (YHIaMEHTOB 3/1aHUS MOKa3all, YTo: (paKkTHUecKast OTHOCH-
TeJIbHAs Pa3HOCTh OCAOK (DYHJIaMEHTOB MO OCH «26» U (YyHIAMEHTOB IO OcAM «27», «28», a Tak
K€ OTKJIOHEHHE OT TOPU30HTAJIbHOW IJIOCKOCTU OTIEIbHBIX KOHCTPYKIUI Ha mepuoj obciieoBa-
HUS NPEBBIIIAET MPEAETIbHO JOMyCTHMble 3HadeHus. [Ipu 3ToM mporuGbl KOHCTPYKUMI purenen
HaXOJATCS B TPAHMIIAX JOIMYCTUMBIX 3HaYCHHH.

B nenom, Ha OCHOBaHMM MPOBEJCHHOTO aHAJIM3a Pe3yJIbTaTOB 00CIEI0BAHUS TEXHUUECKOTO
COCTOSIHUS 37aHMsl, ObLIIN ClI€TaHbl CIECAYIOIINE OCHOBHBIE BHIBOJIBI:

- Ipyu pa3pabOTKe MPOEKTa 3/1aHus CIyKeOHO-OBITOBOro 0JIoKa HE ObLIO yYTEHO B3a-
HMMHOE BIMsAHUE (PYHAaMEHTOB IPOU3BOJICTBEHHOT'O KOPITyca U CIIy>KeOHO-ObITOBOrO 0J10Ka;

- B IIPOLIECCE CTPOUTENBCTBA MPOU3BOACTBEHHOIO KOPIIyca IIPOU30IILIA 3HAUNTEIbHAS
ocajka (yHIAMEHTHOM IJIUTHI U ONMUPAIONIMXCS HA HEE MOJKOJIOHHUKOB CITY>KeOHO-OBITOBOTO 0J10-
Ka 10 OCH «26» M, COOTBETCTBEHHO KpeH (hyHIAMEHTHBIX OaJOK IO/ MONEePEUYHbIMU Hapy>KHBIMU
CTEHAMU;

- HepaBHOMEpHas ocaaka (yHIaMEHTOB 3/JaHUS MPHUBEIA K 3HAUUTEIbHBIM Jedopma-
LUSAM KOHCTPYKLUH KapKaca, IOBPEKICHUIO Hapy>KHbBIX CTEH U I1EPETOPOAOK.

KoHcTpykuusi ycuiieHus Kejie300eTOHHOT0 KapKaca

B nporecce pa3zpa®oTku nMpoekTa yCUIIEHUS 3/1aHUS CIIyKeOHO-OBITOBOTO 0JI0Ka OBUTH pac-
CMOTpPEHBl HECKOJIbKO BapHUAHTOB TEXHUYECKHX PEIICHHH W3 M3BECTHBIX CIOCOOOB YycCuIe-
HusA[13,15]. B xauecTBe OKOHYATENIBHOTO, UCXO/ISI U3 PA3JIMYHBIX KPUTEPUEB TEXHUUYECKOTO U TEX-
HOJIOTUYECKOTO XapakTepa, ObLI MPUHAT BAPUAHT C ONMMPAHUEM KOJIOHH U ()yHIaMEHTHBIX OaJIOK 10
ocH «26» Ha HE3aBUCHMBIN JICHTOUHBIM (YHIAMEHT U PACIOJIOKEHHEM €r0 MEXIY OCSIMU «26» U
«27» B HETMOCPEICTBEHHOW OMU30CTH K (DYHIAMEHTHOW TUIUTE MTPOU3BOJCTBEHHOTO KOpIyca (pUCy-
HOK 3). OTMeTKa MOAOUIBBI JIEHTOYHOTO (yH/IaMeHTa Ha3HaueHa PaBHOW OTMETKE IMOJOMIBHI (yH-
JAMEHTHOW TUIMTHI MPOW3BOJICTBEHHOTO Kopiryca. BwiOop neHTouHOrOo (hyHIaMeHTa 00OCHOBaH
CTpeMJICHHEM MaKCHUMaJbHO MPUOIU3UTH LIEHTPATBHYIO OCh (YHIAMEHTa K OCH «26)» KOJIOHH 371a-
HUS CITyKeOHO-OBITOBOTO OJIOKA.

JononHurtenbHbINA JEHTOYHBIN (DYHAAMEHT UMeeT nepeBepHyTyro T-oOpasHyto dhopmy mo-
MEPEYHOTO CEUCHHUSI C YITUPEHUSIMHU B MECTaX OMHUPAHUS PAMHBIX KOHCTpYKIui ycuienus. [lupuna
¢byHnnamenTa Obula onpeaeneHa pacuerom. [lns onupanust GyHIaMEHTHBIX OaloOK M MpeoTBpallie-
HUS TTOBBIIIECHUS YPOBHS HOPMATBHBIX KOHTAKTHBIX HAMPSKCHHM O] TIOJIOMIBOH JICHTOUHOTO (yH-
JTaMEHTa, Ha KpaeBbIX y4yacTKaX KOHCTPYKIMHM ObUIM MPEeAyCMOTPEHBI BBICTYMHI (yHIaMEHTa 3a
npeiessl rabapuTHOTO pa3Mepa AJIMHBI 31aHusl.

[lepenaya ycunuii ¢ KOJOHH MO OCH «26» Ha JONOJHUTENbHBIN (yHIaMEHT OCYIIECTBIISIET-
csl 4yepe3 KOHCTPYKIIMU METAUTMYECKUX PaM, KECTKO 3aKPEIUICHHBIX K KOJOHHAM MO OCSIM «26» H
«27», U COOTBETCTBYIOIIUM pHreiasiM. CTEpKHU paMbl YCUJICHHS] MPUHSATHI U3 METAJUTHYECKON
KBa/IpaTHOU TpyOBl, IJIOIIA b MONIEPEUHBIX CEUEHUN KOTOPOU ONpEIeNIeHa PaCUETOM.

Jnst pacdera kapkaca 3[1aHUs U KOHCTPYKIHU yCHIIEHUS ObLI HCIONb30BaH MPOTPaMMHBIN
komiuieke SCAD Office 21.1. PacueTHble cxeMbl MpeacTaBieHbl Ha puc. 4 a, 0. B 3agaun pacuer-
HOTO aHaJIM3a BXOJWIH CJeayIOLIHe:

- MPOBEPKA MPUHATHIX CEYCHUH JIEMEHTOB YCUJICHHMS], IIUPHUHBI MMOJOMIBBI TOTOIHU-
TENbHOTO (PyH/IaMEHTa;
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34aHuA 1 OCHOBAHHUU ITOCJIC BKIIFOUCHHUS B pa60Ty KOHCTPYKIHNU YCUJICHHUA

OnpeACIICHUC NCPCPpaCpCACIICHUA CHUIJIOBBIX IMOTOKOB B HCECYHIUMX KOHCTPYKIHAX

BBISIBJICHUC I_ICJIGCOO6pa3HOCTI/I BKJIFOUCHUA B KOHCTPYKIHUIO YCHIICHUA HOOIIOJIHU-

TEJBHBIX YCTPOMCTB (JIOMKPATOB) AJISl TIOATAITHOW TIepeayyl YCHINI Ha HOBBIA (DyHIIAMEHT;

BO BpCM:I 3KCILUTyaTalluu 3J1aHUA.

CXEMA PACTONOXEHUA NEHTOYHOMO ®YHOAMEHTA YCUNEHUA

pacUeTHBIN aHa N3 3JaHUs Ha 0COOBIC BO3ACHCTBUS, BRI3BAHHBIC YAAJICHHEM U3 Kap-
Kaca 374aHMs OJHOM U3 KOJIOHH MJIM JIEMEHTOB PAMHON KOHCTPYKLIMH YCUIJIEHHUS, C IIPOBEPKOU 37a-
HUSl Ha MPOTpecCUpyIOIIee pa3pylIeHHe KaK B IMPOLECCE BBINOJHEHUS padoT MO YCUJIEHHIO, TaK U
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Pucynok 3 — Koncmpykuyusa ycunenus 30anus
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Cxema pacnonoxeHus yHaaMeHToB
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Pucynok 4 — Cxema pacnonoscenue cyuieCmeyiouiux u 00noJIHUmMeNIbH020 PyHoamenmos 30anus (a),
INIOPBL 0CA0OK hynoamenma 6 ceuenusx 1-1, 2-2, 3-3 coomeemcmeenno (6) u Iniopst ycunuii 8 I1emMeHmax
Kapkaca 30anus u ycuienus (8)
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Bbu10 BBINOTHEHO YeThIpe BapHaHTa pacyeTa:

— OJHOCTAJUMHBINA pacyeT 31aHusl C KOHCTPYKIHUEH YCUIICHHUS;

— MO3TAIHBIA pacdeT, IpeayCMaTPUBAIONINI TaKhe CTaauH, Kak: pacueT B CyIIECTBY-
IOIIEM COCTOSIHMHM C CBEPXHOPMATHUBHOM ocajakod ¢yHAaMeHTa Mo ocu «28» (ocaaka 3a/iaBajiach
MyTeM Moadopa MIIOIIAIU YCIOBHBIX ()YHAaMEHTOB IO JAaHHOM OCH ISl TOCTHXKEHUS BEIUYUHBI
CYIIECTBYIOIIEH OCaaKM); BKIIOYEHUE KOHCTPYKIIMU YCHJICHHSI M BBIKIIOYCHHE (YyHIAMEHTOB TIO
ocH «27»;

- MOATAMHBIA pacyeT aHAJIOTUYHBIA MPEeAbIAYIIEMY, HO C 3aJaHUEM MPEIBAPUTEIbHOMN
OCQJIKU JIOTIOJIHUTEIbHOMY (YyHIaMEHTY (B pEabHBIX YCJIOBHSIX 3Ta CXE€Ma pPEeaiM3yeTcs 3a CUeT
BPEMEHHBIX JJOMKPATOB, YCTAaHABIMBAEMbBIX MEXKIY METAJUIMYECKUMU paMaMH ¥ HOBBIM (DyHIaMEH-
TOM);

- pacdeT 31aHusA 0€3 KOHCTPYKIMU YCWJICHHS Ha MPOTPECCUPYIOINIEE pa3pylIeHUE C
BBIKJTIOYCHHEM M3 palbOThI OJJHOW M3 KOJIOHH MEPBOTO 3Ta)ka Mo ocu «26». Takas curyamus B pe-
AIBHBIX yCJIOBUSX BO3MOJKHA TP BBIMIOJHEHUU PadOT MO JAEMOHTaXXy KOHCTPYKIIMH TOJia U TIepe-
TOpPOJOK Mepe]l MOHTaKOM KOHCTPYKLIUH YCUIICHUS;

- pacyeT Kapkaca 3/1aHHs Ha IPOTrPECCUPYIOILEE pa3pyILICHHUE C BBIKIIOUEHUEM U3 pa-
00THI HanOOJIee HATPYKEHHBIX KOJOHH II0 OCH «28» ¢ y4eTOM JUHAMHUYECKHX aorpyxenuii [11,12].

Cxema pacroniokeHust GyHIaMEHTOB, pe3yJabTaThl pacueTa OCaJKUd U YCHIUN B KOHCTPYK-
LUSAX 3/1aHUA 0 NIEPBOMY BapHaHTy pacyeTa IpeJCcTaBiIeHbl Ha pucyHKe 4. B pe3ynbraTe pacuera
10 IEPBOMY BAPUAHTY C UCIOJIb30BaHUEM KpUTEpHEB [16] yCTaHOBIEHO, YTO MAKCUMaJIbHAsL OCaJl-
Ka pyHIaMEHTOB cocTaBiisieT 19.57 MM, 4TO 3HAYMTEIIPHO MEHBIIIE TTPEACIIBHO JOIMYCTUMOMN OCaJIKH,
paBHoii 100 MM cornacuo HopMam [17,18,19]. OTHOCHTEIbHAS MaKCUMaJIbHAsI PA3HOCTh PACUCTHBIX
3HaueHHH ocamok As/L=1.42 MM/M Tak ke HE IPEBBIIIACT MPEACIBHO OMyCcTUMYHO As/L=2 MM/M.

[To pe3ynpTaTam pacuera C IeTbI0 TEXHOJIOTUICCKOW YHU(DHUKAIINK CEYCHUS BCEX PACKOCOB
paM PEeKOMEHOBAHO MPHUHATh U3 METAUTMYECKOW MpopuirpoBaHHON TpyOsl ceueHneM 200x6 mm.
[Tpu 3TOM pacdeTHBIN KOIPPUIMEHT 3amaca y caMoro HANpsHKEHHOTO CTEPIKHSI paMbl COCTABHII
18%.

[To pe3ynbratam pacuera Kapkaca 37aHHUSI IPU CAMBIX HEBBITOJIHBIX 3arpyKEHUSX CIIEIyeT
OTMETUThH 3HAUUTEJIbHBIC MEPEMEIICHUS Y3JI0OB PUTEIs BEPXHEro 3Taxa 3/1aHus ocu «27». Abco-
JIOTHAs MAKCUMaJlbHas BEJIMYMHA TOTO MepeMelieHus 1no Z cocrasmia 31.48 mm.

a) 6)
| |

R

Pucynok 5 — Pacuemnan cxema Kapkaca 30anus (a) u KOHCmMpyKuuil ycuienus (6)
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Pe3ynbraThl pacueTa mo BTOpOMY M TPEThEMY BapHaHTaM, B YaCTH OCAJIO0K (YHIaMEHTOB,
CYIIECTBEHHO HE OTIMYAINCh OT Pe3yJbTaTOB MEPBOrO pacueTa. BmecTe ¢ TeM yCcTaHOBIIEHO, YTO
MIPEIJIOKEHHBIM BapUAHT UCIIOJIb30BAHNS BPEMEHHBIX JOMKPATOB, MEXIY METaUIMYECKUMU pama-
MH ¥ HOBBIM (DYHJaMEHTOM IIO3BOJISIET OOJee MOJHO BKIIOYHTH JOMOIHUTEIBHBIA (pyHIAMEHT B
paboTy, MOBBICUTH KOA(PGUIMEHT 3arPy3KH KOHCTPYKIMH YCHJICHHS, YMEHBIIUTh UMEIOIHECs He-
paBHOMEpHBIE epOpPMALIUU 3AaHUS, & TAKKE CHU3UTH MIEPEMELICHNS y3JI0B PUTEIIsl BEPXHET0 ATaxa
3[JaHUS M BCEX JIPYTUX y3JIOB KapKaca 3/1aHHs IO OCH «27».

PacudeTr moBpeXIEHHOTO 3/1aHUS CITy>K€OHO-OBITOBOTO OJI0Ka 0€3 KOHCTPYKIMHU YCUIICHHUS Ha
Iporpeccupyloliee oOpyIeHne, BHIIOIHEHHBINA ¢ BBIKIIIOYEHUEM U3 pabOThI OHOW M3 KOJIOHH (Ba-
puaHT 4), BBISIBUI BO3MOXKHOCTh pa3pyllieHusi 0jioka B mpouecce paboT 1o BoccraHoBieHuto. [o-
3TOMY B Cllyyae NMPHUHATUS TaKOI'0 BapUaHTa YCHJIEHHUS JIOJDKHA OBbITh JETalbHO NMpopadoTaHa TeX-
HOJIOTUYECKasi CXeMa IPOU3BO/ICTBA 3TUX PaldoT.

Pacuer 31anus no tpedosanusm CII 385.1325800.2018 Ha ymaneHue oIHOM M3 HECYIIMX
KOJIOHH MEPBOT0 3Ta)ka MOKa3ajl, YTO TpeOOBaHUS 0COOOTO MPEeIbHOI0 COCTOSIHUSA AJIS 3alpOEK-
TUPOBAHHOTO KapKaca 37aHusi 0e3 JIOTIOJHUTENILHOW 3aIuThl He obecnieunBatorcs. [losTomy npu
MIPOEKTUPOBAHUN YCHJICHUSI PACCMaTPUBAEMOI0 00bEeKTa HEOOXOMMO 3alpPOECKTUPOBATH JOMOIHH-
TeJIbHbIE KOHCTPYKTHBHBIC PEILICHUS 110 3aIUTE 31aHHUsI OT IPOTPECCUPYIOIIETO OOPYIICHHS.

BriBOaBI

1. Pa3paGoTtanHas cuctemMa YCHUJIEHMsSI KOHCTPYKLMHU 3/1aHUSl I03BOJISIET HPEIOTBPATUTh
nanpHeimme aedopmanuu 1 paspyumenue 3aanus Cbb myteM nepeonupaHusi KOJIOHH 10 OCU «26»
Ha HOBBIM JICHTOUHBIN (pyHIaMEHT.

2. Jlns obecnieyeHuss COBMECTHOW padOThl KOHCTPYKIMHM YCHUJIEHHMSI C OCHOBHOM CHCTEMOM
3/1aHMsl 11€J1ecO00pa3HO BKIIKOYEHUE TOMKPATOB MEXIY CHUCTEMON YCWJIEHHUS U JIOTOJHUTEIIbHBIM
(GbyHIaMEHTOM JUIsl BKIIOYEHHUS KOHCTPYKIMU (yHIaMeHTa B padOTy M yMEHbIICHUS AedopManuil
KOHCTPYKLIUH 3/JaHUsl.

3. Ilepen ycTpoicTBOM KOHCTPYKIHMM YCHJICHHsI KapKaCHBIX 3[aHUN 1eJ1eco00pa3HO BbI-
MOJTHEHHE pacyeTa Ha Iporpeccupylomee oopyiieHne. 9T0 MO3BOIUT pa3padoTaTe MEPONPUSTHS
1o 0e30MacHOCTH MPOU3BOACTBA PabOT MPHU MOHTA)XKe€ KOHCTPYKIMHA YCHUJIEHHS, a TaKKe BHECTU
KOPPEKTHUBBI B MPOEKT YCUJIEHUS Uil OOeCreueHusl yCTOMYMBOCTU 3/1aHUsl K IPOrPECCUPYIOLIEMY
pa3pyLIEHUIO.
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ASSESSMENT OF EXISTING REINFORCED CONCRETE STRUCTURES
WITH USAGE OF THE FUZZY LOGIC - BASED EXPERT SYSTEM

TUR V.V., YALAVAYAY.S.
Brest State Technical University, Brest, Belarus

Abstract. Fuzzy logic is a useful tool when assessing the existing reinforced concrete struc-
tures. The introduction of expert system in assessing the technical condition of the existing structures
built on the fuzzy logic represents a transition to a new and higher-quality level for the survey of con-
structions sites. The paper presents the principle of development and implementation of expert system
for assessment of the damages of the existing structures. The process is based on the algorithm in which
the input data (crack width and propagation, residual strength of materials, amount and condition of
the steel reinforcement, deflection, corrosion level et al.) and information collected at each phase are
processed and interpreted in order to define the successive step of the procedure. As a result, it is seen
that the assessment of the existing building with precast concrete elements with usage of the proposed
fuzzy system is in compliance with the estimation of the qualified experts.

Keywords: expert system, fuzzy logic, existing structures, assessment, technical condition.

AHAJIN3 TEXHUYECKOI'O COCTOAHUSA SKCILIYATUPYEMbBIX
KEJE3OBETOHHBIX KOHCTPYKIIMM C UCIIOJIb3OBAHUEM
HEYETKOMH JIOTUKW HA OCHOBE SKCIIEPTHOI CUCTEMBI OLIEHKHA

TVYP B.B., JAJIOBAA 10.C.

Bpectckuit rocynapcTBeHHBIN TEXHUYECKHH YHUBEPCUTET, T. bpect, benapych

Annomayusn. Heuemkas no2uxa s6asemcsi NOIE3HbIM UHCIMPYMEHIMOM NPU OYeHKe CYUecma)-
FOWUX JHCene300emOHHbIX KOHCMPYKYull. Bruedpernue 3xcnepmuol cucmemvl OYeHKU MeXHUuecKo2o co-
CMOAHUSL CYWeCmEYIOWUX KOHCIPYKYUL, NOCIMPOEHHOU C UCHOIb308AHUEM HEeUemKOll J02UKl, npeo-
cmaeasem coboll nepexo0 HA HOBbI U DOJlee KAYeCmBeHHbIL YPO8eHb 00CAe008aAHUA 30AHULL U COOPY-
arcenull. B cmamve npedcmasnen npunyun paspabomxu u 6HeOpeHus IKCNEPMHOU CUCTNEMbl OYEHKU
MEXHUYEeCKO20 COCMOAHUA CYecmayrouux KoHempykyuil. Ilpoyecc ocHosan na anzopumme, 8 KOmMo-
PoM 8X00Hble OaHHble (BHewHUll 6UO bemona, Hanuyue U WUPUHA PACKPLIMUAL MPeWuH, cCmenetb Kop-
PO3UOHHO20 NOBPEHCOEHU APMAMYPYL, OMHOCUMETbHbIE NPO2UdLl U Op.) U uHgopmayus, coopanHsie
Ha Kaxcoom smane, nocied08amensHo 00padamvleaiomcs u UHMepRPemupyIomcs 8 yposehnv, a oajiee 8
Kaacc nogpedcoenus Koncmpykyuu. B pesyrsmame euoHo, umo oyenxa cywecmeyioweo 30anus ¢ uc-
NONb308aHUEM COOPHBIX JHCeNe300eMOHHBIX INeMEHMO8 C UCHONb306aHUEM NPEONOIHCEHHOU HeuemKOll
cucmemuvl COOMEEMCMEYem OYeHKe KeanUPUYUPOBAHHbIX CHEYUATUCTNOS.

Knwueswvte cnosa: OKCnepmuas cucmema, Hedemkas jocuka, cywecmeyroujue KOHCmpyKyuu,
OYEHKA, mexHu4ecKkoe cocmosHue.

Introduction

In recent years assessment of existing structures is becoming a more and more important en-
gineering task. The process of assessment and structure management is a decision process which
aims to remove any doubts regarding its current condition and future structural performance and/or
to identify the most effective interventions required to fulfil the basic requirements. This process
must be optimised considering the total service life costs of the structure. The standard I1SO 13822
[1], defines “assessment of existing structures” as the “set of activities performed in order to verify
the reliability of an existing structure for future use”. It defines investigation as “collection and
evaluation of information through inspection, document search, load testing and other testing”.
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Moreover, inspection is “on-sSite non-destructive examination to establish the present condition of
the structure ”.

According to [1], the assessment of the existing structure can be initiated under the follow-
ing circumstances:

— an anticipated change in use or extension of design working life;

— a reliability check (e.g. earthquakes, increased traffic actions) as required by authorities,
insurance companies, owners, etc.;

— structural deterioration due to time-dependent actions and influences (e.g. corrosion, fa-
tigue);

— structural damage by accidental actions (see [2]).

As it was shown in [3] the diagnostic process for evaluation of the safety level of existing buildings
is based on a decisional tree in which the data information collected at each phase are processed and
interpreted to define the successive step of the procedure. Following [3], in general case the estima-
tion procedure consists of three main phases, which can be singled out as follow:

Phase A: Preliminary analysis (visual inspection; basic in-situ testing) is aimed at obtaining
a coarse estimation but general information of the real present state conditions of the existing struc-
ture and defining a rapid mapping of instabilities, damage and vulnerability. Based on the data ob-
tained, it will be then decided if further and more detailed investigation needs.

Phase B: Extensive or detailed in-depth investigation, including a complete and systematic
survey of the degradation scenery; experimental and laboratory tests, including both destructive and
non-destructive in-situ methods.

Phase C: Interpretation and assessment of the obtained results; formulation of the judgment
on the level of damage and reliability; specification of the repair and retrofitting interventions need
in order to meet safety format requirements.

The investigation, including updating of information, is one of the most important activities
in the assessment process. It must take into consideration all available information and, in particu-
lar, the influences of present damage and deterioration mechanisms. The aim of a preliminary in-
spection (designed as Phase A) is to identify the structural system and possible damage of the struc-
ture by visual observation with simple tools. The information collected is related to aspects such as
surface characteristics, visible deformations, cracks, spalling, corrosion, etc. The results of the pre-
liminary inspection are expressed, traditionally, in terms of a qualitative grading of structural condi-
tions (e.g. none, minor, moderate, severe, destructive, unknown) for possible damage. According to
the Recommendation given by [4], the preliminary assessment (Phase A) is organized in three con-
secutive steps, each of which provides an intermediate judgment: (1) Typological and structural de-
scription and existing original design documentation analysis; (2) Visual inspection, which con-
sists of visual evaluation of cracks (extension an amplitude), concrete condition (degradation, cov-
ering thickness), reinforcing bars conditions (corrosion); (3) In-situ experimental testing (non-
destructive or destructive).

Thus, preliminary inspection (visual inspection + in-situ testing) becomes the ruling practice
in the management of maintenance, even when the importance of the construction is significant.
The process of evaluation of degradation based on the results of visual inspection is heavily affected
by subjectivity. It is because most of the assessment approaches are similar in principle but varies in
the details.

As was shown above, most practical cases the expert in charge of the inspection writes down
on a safety assessment protocol a linguistic statement, which represents the subjective judgment for
the degradation under examination. When relying only on visual inspection both the problems of
dealing with different levels of expertise of the inspectors and the problems of handling subjective
information on degradation raise this information, which needs to be turned into objective and reli-
able assessments.
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To use the visual inspection as a robust and reliable instrument to evaluate the safety level of
existing structures of the buildings, it was decided to take advantage of the ability of Fuzzy Logic to
treat uncertainty as expressed by linguistic judgments [5, 6].

The Fuzzy Logic was introduced in the 60’s by Zadeh, who stated that the “key elements of
human thought cannot be represented by numbers, but rather are the labels of fuzzy sets, that is to
say, linguistic values identifying fuzzy sets”. Fuzzy sets are classes of object characterized by a
gradual transition from the membership conditions to the non-membership one, whereas crisp sets
(that where the only one known before this new theory) only allow the drastic binary condition
membership/non-membership.

Some common theoretical background of the Fuzzy Logic approach to the civil engineering
problems described in detail in numerous international publications [7-10].

As it pointed in [3], “a Fuzzy Logic is a versatile tool, particularly suitable for the manage-
ment of decisional trees involving the processing of data endowed with “vague” nature (both nu-
merical and qualitative one), and is naturally able to provide a linguistic, qualitative assessment of
the health conditions of the building ”. In this context, the Fuzzy Logic appears the most qualified
tool for the processing of numerical data and uncertain information to obtain a linguistic description
of structural damage.

In order to create the multilevel expert system for existing structures assessment based on
the diagnostic process outlined above, a Fuzzy Logic-based algorithm is proposed, which exploits
the Fuzzy Logic Toolbox package of MatLab Software.

The developed expert system is based on the results of the own investigations of the basic
variables, which are used for description of the membership function and fuzzy rules.

Methods

Fuzzy Logic System: Development Steps. Figure 1 presents a general view of a fuzzy logic
system that is widely used for the assessment of the different technical problems. A fuzzy logic sys-
tem maps crisp inputs into crisp outputs. It contains four basic components: (1) fuzzifier; (2) rules;
(3) inference engine and (4) defuzzifier. Once the rules have been established, a fuzzy logic system
can be viewed as a mapping from inputs to outputs [7, 8].

The theoretical background of the Fuzzy Logic approach is described in detail in numerous
publications [3, 9-13].

rReal | Real
words i _ I'|words

I
|
Crisp : RELES I | Crisp
inputs i i | | outputs
——+—{FUZZIFICATION| | ! |DEFUZZIFICATION|—{—>
|
!
|

inputs outputs
membership A ——— membership
function function

Figure 1 — Block diagram of the fuzzy logic system [8]

Following [8] the expert system designed and developed depending on the experience and
expertise of experts. The procedures for developing the proposed system are divided into two main
steps: (1) designing and (2) implementation. For each there is a list of procedures as follows:

— Designing: (a) Selecting Assessment Criteria; (b) Estimating the Importance of Assess-
ment Criteria; (c) Designing of Damage Assessment Expert System.
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— Implementation: (a) Investigation and Inspecting; (b) Input Data; (c) Assessing the Struc-
tural State of the Building.

As it was shown in [13-19] in the practical evaluation, one finds that the influence of the
most basic variables is not as important as predicted. For instance, one originally regards that the
deflection and strength of each member will result in decreased safety in the existing structure.
Strength is generally satisfied by the specification requirements in the design. Therefore, to simplify
the evaluation process, some variables, such as strength and so on are neglected in the evaluation
method. In the proposed expert system, the basic variables are listed in Table 1.

Based on classification and ranges of parameters for the basic variables stated in own studies
[20], the relationship between the evaluation of basic variables in existing structures was estab-
lished.

Rule-Based Fuzzy Model/Expert System Development
For the development of the fuzzy production model for assessing of the performance of the

existing structure, it is necessary to formulate the following set X = {Xi } i=1n, consisting the basic

variables (see Table 1) which are characterized performance of element and setY = {y i } J =1m,
characterizing damage level (see Table 2).

Table 1 — Input linguistic basic variables

Designation
linguistic Description of the linguistic variables Term-set
variables

Phase A: Visual Inspection (A-1)

T4 = {no «0»; single «S»; numerous «N»; massive

X1 Crack propagation (bending/shear) My}

T4 = {no «0»; in the mid-span «1»; near support «2»;

X2 Positions of the cracks (bending/shear) mid-spant near support 3}

The longitudinal corrosion cracks propaga-

X3 tion T4 = {no «0»; local «Ly; partial «P»; solid «S»}
Xa Corrosion damage (deteriorations) T2 = {no «0»; yes «1»}
X tSig;fsa;ce degradation of concrete (deteriora- T2 = {no «0»; yes «I»}
X6 Propagation of the longitudinal corrosion T2 = {n0 «0»: yes «I»}

cracks in compression zone of the section

Phase A: Basic Testing (A-2)

C
X7 Concrete cover to diameter ratio, 2 T3 = {small «S»; mean «My; large «L»}
% Load-induced cracks width, wy (bend- T4 = {small «S»; permissible «P»; exceeded «E»; ex-
8 ing/shear) cessive «Ex»}
X9 Longitudinal corrosion cracks width, w, T3 = {small «S»; medium «M»; excessive «E»}
X10 Level of the reinforcement corrosion T3 = {small «S»; mean «My; large «L»}
. .0 T4 = {small «S»; permissible «P»; exceeded «E»; ex-
X11 Deflection ratio, — .
L cessive «Ex»}
Phase A: Damage Class
X12 Visual Inspection (A-1) T3 = {critical «1»; significant «2»; minor «3»}
X13 Basic Testing (A-2) T3 = {critical «1»; significant «2»; minor «3»}
X14 Documentation T2 = {no «0»; yes «1»}
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Table 2 — Output linguistic basic variables

Designation
linguistic var- Description of the linguistic variables Term-set
iables
V1 Damage level T3 = {critical «1»; significant «2»; minor «3»}
Yo Damage level T3 = {critical «1»; significant «2»; minor «3»}
Y3 Damage class T3 = {small «1»; moderate «2»; severe «3»}

As it was shown above, in the damage assessment of an existing buildings (structures), several
input data are required (crack width and propagation, residual strength of materials, amount and con-
dition of the steel reinforcement, deflection, corrosion level et al.) that will all be treated, according to
previous remarks, as fuzzy sets. The common structure deficiencies associated with the deterioration
of the structural element are corrosion of steel reinforcement and the cracking, scaling and spalling
concrete, deflections. The ranges for basic variables and correlation function were adopted based on
their own numerical and experimental studies [3].

The architecture of the proposed Fuzzy production model/expert system for assessing the
existing structural members is shown in Figure 2.

( y
1
X —>
Base of the Rules R1
Xg —>)
. o [
Y3
X14 1—Bas of the Rules R3
4 X13
\.
X7 ————>
Base of the Rules R2
Xyg —————————>
\ y2

Figure 2 — The structure of the proposed Rule-Based Fuzzy Model

Results and Discussion

Realization of the Fuzzy production model for assessment of existing structures in MatLab
Software is consisting of the following steps.

Step 1: Fuzzification — Input Fuzzy. At this stage, the membership function is adopted for
term-sets of input and output linguistic variables, as shown in Table 3. The most commonly used
membership functions are the trapezoidal and triangular one that will be indeed the functions adopt-
ed in the proposed algorithm.

Table 3 — Membership functions mathematical descriptions

Designation of the Membership

linguistic variables function type Mathematical description (upper index designate the corresponding term)

1al (x; 0; 0; 0), wa® (x; 0.5; 0.5; 5; 15), uaN (x; 5; 15; 35; 45),

X1 Trapezoidal us™ (x; 35; 45; 60: 60)

X2 Triangular 1A’ (x; 0; 0; 0.5), ual (x; 0.5; 1; 2), ua® (x; 1525 2.5), ua® (x; 2.5; 3; 3)

1al (x; 0; 0; 0), wa® (x; 0.5; 0.5; 5; 15), uaF (x; 5; 15; 35; 45),

X3 Trapezoidal 1 (x; 35; 45: 60: 60)

X4 Triangular 1A’ (x;0;0; 1), puat (x;0; 15 1)

X5 Triangular 1A’ (x;0;0; 1), puat (x;0;1;1)

X6 Triangular 1A’ (x;0;0; 1), puat (x;0; 15 1)

X7 Trapezoidal uaS (x; 0; 0; 0.5; 1.5), uaM (x; 0.5; 1.5; 2.5; 3.5), uaS (x; 2.5; 3.5; 5; 5)

Y& Trapezoidal uaS (x; 0; 0; 0.1), ua® (x; 0; 0.1; 0.35; 0.45), ua® (x; 0.35; 0.45; 0.95; 1.05),

ua® (x; 0.95; 1.05; 1.05; 1.05)
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Table 3 continuation

Designation of the Membership Mathematical description (upper index designate the corresponding term)
linguistic variables function type
Xg Trapezoidal uaS (x; 0; 0; 0.1), uaM (x; 0; 0.1; 0.95; 1.05), uaF (x; 0.95; 1.05; 2; 2)
X10 Trapezoidal uaS (x; 0; 0; 0.5; 1.5), uaM (x; 0.5; 1.5; 2.5; 3.5), uat (x; 2.5; 3.5; 4; 4)
uaS (x; 0; 0; 0,0005; 0.0015), pa® (x; 0.0005; 0.0015; 0.0035; 0.0045),
X11 Trapezoidal uaF (x; 0.0035; 0.0045; 0.0195; 0.0205),
ua® (x; 0.0195; 0.0205; 0.021; 0.021)
X12 Triangular ual (X;0.5; 1; 2), pa® (x; 1; 2; 3), ua® (x; 2; 3; 3.5)
X13 Triangular ual (X;0.5; 1; 2), pa® (x; 1; 2; 3), ua® (x; 2; 3; 3.5)
X14 Triangular ua’ (x;0;0; 1), puat (x;0; 151)
Y1 Triangular ual (X;0.5; 1; 2), pa® (x; 1; 2; 3), ua® (x; 2; 3; 3.5)
Y2 Triangular ual (X;0.5; 1; 2), pa® (x; 1; 2; 3), ua® (x; 2; 3; 3.5)
Y3 Triangular ual (X; 0.5; 1; 2), pa® (x; 1; 2; 3), ua® (x; 2; 3; 3.5)

Step 2: Setting Fuzzy Rules following Table 4. The base of the Rules of the Fuzzy produc-
tion model is defined as a structure with an appropriate member of inputs xi and one output yi (see
Figure 3) following the logic relationships.

[
a) Crack propagation

e =R

Positions of phe cracks \\
L(Enliag/ﬁal cfz&oa};m\‘ VISUAL
sy ¢ INSPECTION \ /‘\
Surface degradation of concrete
e R e DAMAGE LEVEL

Propagation of‘the cracks in the compression zone
b [ES=ses
Concrete cover / diamiter

e e
B S e

Load induced crack’s width \ / \
[ > = }————{ BASICTESTING
Longitudional corrosion cracks /\\ \
Level of reinforcement corrosion
[_—><_'>< DAMAGE LEVEL
Deflection
0 [

= Bk e

Visual inspection \
o B DAMAGE CLASS
Basic testing / /\

R N
B e CLASS
Documentation

f

Figure 3 — The «black boxes» for the Visual Inspection (a), the Basic Testing (b),
the Damage Class or Phase A (c)
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Table 4 — Example of the Fuzzy Rules of the production model

Rule number | Antecedent | Consequent

The base of the rules R1

X1:0/\X2:0/\X3:O/\X4:0/\X5:1/\X6:0)v
Xi=0AX, =0AX3=0AX, =1AXg :1/\X6:0)v
Xp=EAX, :l/\X3:0/\X4:0/\X5:0/\X6:O)v
X1:E/\X2:2/\X3:0/\X4:0/\X5:0/\X6:0)v

(
(

(

R1.1 (
o
(

(

(

Y1 =3

X1:E/\X2:1/\X3:0/\X4:O/\X5:1/\X6:0)v
X1:E/\X2:2/\X3:0/\X4:0/\X5:l/\X6:0)v
Xle/\X2:3/\X3:0/\X4:0/\X5:0/\X6:0)v
X, =EAXy=3AX3=0A X, =0AXs =1 X =0)

<..>
(X12:2/\X13:1/\X14:0)V
Xpp =LA X3 =2 A%y =0)v

R3.3 (x 13 14=0) v, =3
(X12:1AX13:1/\X14:1)\/

(X =LA X3 =1A X, =0)

Step 3: Aggregation is the process by which the fuzzy set that represents the outputs of each
rule are combined into a single fuzzy set. A rule premise, in general, is a compound fuzzy proposi-
tion. Aggregation only occurs once for each output variable, which is before the final defuzzifica-
tion step. According to the original proposal of Zadeh for aggregation of the confidence, level of as-
sumption min-conjunction is used:

ot = MiN g, (%), B, (%) a (o), (60} 1=1 2, M

Step 4: Activation. A fuzzy “IF-THEN” rule is a connection of two (compound) fuzzy prop-
ositions. Hence, this connective has to be interpreted within the framework of set-theoretic or logi-
cal operators. The simplest interpretation is that of the conjunction of premise and conclusion, such
that the appropriate operation is the minimum:

Mg (y) =minjo pg () i=12 .. n )

Step 5: Accumulation. Usually, a rule base is interpreted as a disjunction of rules, i.e. rules
are seen as independent “experts”. Accumulation has the task to combine the individual «expert
statements», which are fuzzy sets of recommended output values. Consequently, an appropriate ac-
cumulation operation is the maximum:

e (y) =max {ug (y), 1y (¥), - gy (V) @)

Step 6: Defuzzification — from a fuzzy decision to real decision. As inference results in a
fuzzy set, the task of defuzzification is to find the numerical value, which “best” comprehends the
information contained in this fuzzy set. A frequently used method is the so-called Center-of-Gravity
defuzzification.

According to [3] a nested fuzzy algorithm manages the whole phase: starting from the as-
sessment of the single structural elements, and progressively proceeding through the structural hier-
archy (element/storey/building), input data are processed and collated in order to obtain the new
Phase — assessment of the whole building. It is worth remarking that part of the results provided by
the preliminary investigation could be used also at this stage.

80 Ne5 (85) 2019 (cenmaopb-okmaopn)




be30nmacHOCTD 3JaHHH H COOPYKEeHHH

The starting point, as it has pointed out in numerous publications [3, 8], is the availability of
an inventory of data and information derived from the investigation on the analyzed building, the
collecting and organization of which is performed by using the survey diagnostic forms.

The form (see Table 5) to be used in Phase A of Diagnostic Protocol should trivially contain
all the fields required as an input by the algorithm, organized in such a way to permit the correct
implementation of the software.

For each of the diagnostic phases (see Table 5), a set of sequential operation is performed: at
each step data are recorded in the program, fuzzified and then processed to obtain an intermediate
output. At the end of the chain, the combination of the partial results provides the safety assessment,
in the form of qualitative judgement, together with a numerical score.

According to the protocol outlined above (see Table 5), the fuzzy algorithm manages the as-
sessment of the damage, in general, in two consecutive phases: Preliminary Investigation — Phase A
and In-depth Investigation — Phase B. For each of them, a properly chosen set of data and infor-
mation is collected and processed for the formulation of the synthetic final assessment.

In Figure 3, the scheme of the two “black boxes” is shown: the input data, represented by
scores of the individual observations and testing, are processed through the fuzzy rules, providing
the value of the damage. At this point, the judgment of the Visual Inspection and Basic Testing are
combined with results derived from the evaluation of the general features of the structure (as it was
shown in [3], this step is performed with no fuzzification).

The diagnosis about building, concerning the Phase A is eventually obtained from these
three (two) partial scores (see Figure 3) and is once again expressed with a coefficient varying in
the interval 1-10 according to [3].

The example of the assessment of the existing building with load-bearing precast concrete
elements and masonry walls are presented in Table 5.

Table 5 — The Diagnostic Protocol Example

Phase A: Visual Inspection (A-1)

Structural Member Precast beam
. T-section with height 450 mm, web width 120 mm, flange width 200 mm and
General Description .
with 6 m span
. P : ion length of th li ize, [% length
Propagation of the flexural (bend- arameter propagatlop ength of the damaged linear size, [%] span en_gt
ing)/shear cracks, x; no single numerous massive
' 0 0.5-10 10-40 >40
Inspection results 35%
Position of the flexural (bend- Parameter_: position In a span -
. no | mid-span | notsure near support mid-span+near support
ing)/shear cracks, x,
0 1 15 2 3
Inspection results \%
. H 0
Propagation of the longitudinal cor- Parameter: propagation length, [%] span length _ _
rosion cracks. xs no local partial solid
’ 0 0.5-10 10-40 >40
Inspection results v
Parameter: damage appearance
Corrosion damage (deterioration), X4 no not sure yes
0 0.5 1
Inspection results %
Surface degradation of concrete (de- Parameter: damage appearance
terioration), Xs no not sure yes
' 0 0.5 1
Inspection results %
Propagation of the longitudinal cor- | Parameter: damage
rosion cracks in the compression no not sure yes
zone of the section, Xs 0 0.5 1
Inspection results %
Damage Level 1 (critical)
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Table 5 continuation

Phase A: Basic Testing (A-2)

Characteristic of the Structure Parameters
Length, | [mm] 6000
Height, h [mm] 450
Concrete cover, ¢ [mm] 22
Diameter of steel bar, @, [mm] 22
Concrete

Parameter: c/@

Ratio ¢/@ (concrete cov-

. small mean large

er/diameter), x7 <1 13 >3
Inspection results 1

Parameter: crack width, wy
Flexural (bending) cracks, xs small permissible exceeded excessive

no more 0.05 mm from 0.05 to 0.4 mm from0.4to 1 mm more 1 mm

Inspection results 0.8

Parameter: corrosion crack width, w
Longitudinal corrosion crack, Xg small medium large

no more 0.05 mm from 0.05 to 1 mm more 1 mm

Inspection results 0

Reinforcement (steel)

Parameter: loss of the mass

Level of the corrosion damage,

X small mean large
10 no more 1 % from 1 to 3 % more 3%

Inspection results 0

Deflections, deformations

Parameter: relative deflection

Deflections, x11 small permissible exceeded excessive
no more 1/900 from 1/900 to 1/250 | from 1/250 to 1/50 more 1/50

Inspection results 1/120
Damage Level 1 (critical)

no partially yes
Documentation 0 from0tol 1

Vv
Damage Class 3 (severe damage)

The results of the assessment of building under examination comply with the estimation formulated
by the highly qualified experts.

Conclusions

1. An effective structural assessment expert system for evaluation of the existing rein-
forced concrete structural systems using Fuzzy Logic MatLab Toolbox was developed and verified
on the real objects in this study.

2. Although the presented expert system based on close visual inspections and simple
measurements, it may provide substantial assistance to more complicated work (for example, evalu-
ation of existing structures based on detailed investigations).
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HAJIEXKHOCTh BYPOUHBEKIIMOHHOMN CBAU C YHIUPEHUEM
IHO KPUTEPHUIO OCAJIKH

COJIOBBEB C.A., YTKHH B.C.

Bonoroackuii rocynapcTBeHHBIN YHUBEpCUTET, Bonorna, Poccus

Annomayusa. B pabome npedcmasnenvt Memoosl paciemos Ha0eHCHOCU OYPOUHbEKYUOHHBIX
ceail ¢ yuwupenuem no Kpumepuio ocaoku. B npeocmagiennvix Memooax pacuemos HaoeicHOCmu yuu-
MblBAEMCA 0SPAHUYEHHOCb CINAMUCTIUYECKOU UHPOPpMAYUY 0 KOHMPOIUPYEMbIX NAPAMEMpax 6 pac-
YEMHBIX MAMEMAMUYECKUX MOOEIIAX NPeOeNbHbIX COCIMOAHUL, YMO NOGbIULAEN UX NPAKMUYECKYIO 3HA-
yumMocms (mpebyemcs MeHbliee KOIUUeCmeo KOHMPONbHBIX 00pa3yos 2pyHma O UCHbIMAHUlL), HO
CHUdICAem UHGOPMAMUSHOCb NONYYeHHO20 pe3yabmama. Taxoice 6 pabome npugedeHsi Memoobvl pac-
Uemos HA0EHCHOCMU C8aU NPU HATUYUU NOTHOU CIMAMUCIMUYECKOU UHGOpMayuU 0151 OMOeTbHbIX nApa-
Mempos, NOSLUUAIOWUX UHPOPMAMUBHOCHb PE3VIbINAMO8 Pacyemos Hadexchocmu. B cmamve pac-
CMOMPEHbl YUCTOBble NPUMEPbI PACYemd HAOEHCHOCHU OYPOUHBbEKYUOHHOU C6au C YUuUpeHuem Ha
HudcHem KoHye. Paboma nanpaenena na evinonnenue mpebosanuil 3axona PO Ne384-D3 u Meoczocy-
dapcemeennozo cmanoapma I'OCT 27751-2014 «HadesicHocms cmpoumenvblx KOHCMPYKYU U OCHO-
BAHULLY NPU NPOEKMUPOBAHUU U 00CTe008AHUU CBAUHBIX OCHOBAHUI C OYPOUHBEKYUOHHBIMU CBAIMU.

Knwuesnvie cnosa: ocadka, 6yp0uH‘b€KL]u0HHa}l cea, Hda@.?iCHOCWlb, meopust HevemKkux MHO-
acecms, yuwupernue ceau, uHmepeai HaoedcHocmu

RELIABILITY ANALYSIS OF CFA PILES WITH UNDER-REAM
ON SETTLEMENT

SOLOVYEV S.A,, UTKIN V.S.
Vologda State University, Vologda, Russia

Abstract. The article presents the methods for reliability analysis of CFA (Continuous flight
augering) piles with under-ream on settlement criterion. The presented methods of reliability analysis
take into account the limited statistical information about the controlled parameters in the design math-
ematical models of limit states. That increases their practical significance (fewer control soil samples
are required for testing), but reduces the informativeness of the reliability analysis results. The paper
also presents methods for reliability analysis of CFA piles in the presence of complete (full) statistical
information for individual parameters that increase the informativeness of the reliability analysis re-
sults. The article deals with numerical examples of reliability analysis for CFA piles with under-ream at
the lower end. The paper is aimed at fulfilling the requirements of Russian Federal Law No. 384-FZ
and Interstate standard GOST 27751-2014 "Reliability of structures and foundations” for the design
and inspection of pile foundation with CFA piles.

Keywords: settlement, CFA pile, reliability, fuzzy set theory, pile under-ream, confidence
interval

BBeaenue

Cpaitnpie GyHIAMEHTHI ¢ OYPOMHBEKIIMOHHBIMH CBassMH HCITOJIB3YIOTCS B KadyeCTBE KOH-
CprKTI/IBHBIX pGIHeHI/Iﬁ JUUIA CTpOI/ITCJIBHBIX O6’I)CKTOB Ha CpaBHI/ITeJH)HO cna61)1x FPYHTaX )41 HpI/I
yculieHuu (yHIaMEeHTOB 3[aHUi U coopyskeHui. OT HaJIeKHOCTH cBail U cBailHOro ¢yH/IaMeHTa B
LIETIOM 3aBUCHUT HAJEKHOCTh BCErO CTPOUTEIHHOTO 00BhekTa. OCHOBHOE Ha3HAYEHHUE CBall 3aKiIr0va-
€TCsl B HCIOJB30BAaHUHM HECYIEH CIMOCOOHOCTH TPYHTOB OCHOBAaHWN Ha OONbIION TMyOWHE Mpu
MEHBIIEM pacxojie MaTepHajioB B (yHIaMEHTaxX U Iepejade AeCTBYIOLIEH Harpy3Kyd Ha HIDKEJe-
JKalllie CJIOU TPYHTA, KaK MPaBUIIo, 00Iagaronux 601ee BHICOKOW MEXaHMYECKOM MPOYHOCTHIO.
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CTpouTeNbCTBO U PEKOHCTPYKIUSA

B cootBercTBHM ¢ TpeGoBaHusamu 3akoHa PO Ne384-D3 «TexHuueckuit perimamMeHT o 0e3-
OIACHOCTH 3[aHUH U COOPYKEHUI», HECYIINE FIEMEHThI CTPOUTEIbHBIX KOHCTPYKIUI AOJKHBI OT-
BeUaTh TPEOOBAHUSIM MEXaHWYECKON (KOHCTPYKIIMOHHOW) Oe3omacHoCcTH. KonnuecTBeHHON Mepoit
HA/IKHOCTH (0€30IacCHOCTH KCIUTyaTallui) MOXKET CIYKUTh 3HaUCHHE BEPOSTHOCTU 0€30TKa3zHOU
paboTHI.

B cootBercTBUN ¢ MexrocynapcrsenHbiM crangaprom 'OCT 27751-2014 «HanexHocTtb
CTPOUTENbHBIX KOHCTPYKLIUNA U OCHOBAHUI» MOJ MOHATHEM HAJIEKHOCTU CTPOUTEIHHOTO 00BEKTa
MMOHUMAETCA €ro CHOCOOHOCTh «BBIMOJHATH TpeOyeMble (PYHKIUH B TEUCHHE PACUETHOIO CPOKa
JKCIUTyaTtanuuy. HaaeskHOCTh CTPOUTENBHOrO 00BEKTa ONMPEAEIseTCs Yepe3 HaIeKHOCTh KaXKIoro
HECYIIETO JIEMEHTa 00BEKTa C YUeTOM UX B3aUMOZEHCTBUS. [t 3TOro 0OBEKT paccMaTpuBaeTcs B
BUJIE COBOKYITHOCTH 3JIEMEHTOB, KOTOPbIE 00pa3yIOT CUCTEMBI C MOCIEAOBATEIbHBIM, Mapalljiellb-
HBIM U CMEIIAHHBIM COEIMHEHHUEM AJIeMEHTOB cucteM [1, 2, 3 u ap.]. CBasg MOXeT paccMaTpuBaTh-
Csl KaK yCIIOBHBIN 3JIEMEHT CHUCTEMBbI, COCTOSIIINN TaK)Ke U3 AIEMEHTOB — KPUTEPUEB ee paboTOCIO-
cobHocTH. Pacuer Ha/eXHOCTH OIMHOYHOM CBaW SIBISETCS HEOOXOAMMBIM YCIOBHEM Il pacyera
HAJIe)KHOCTH CBAaHOTO OCHOBaHUA (yHIaMEHTa KaK CHCTEMBbI, COCTOSIIECH U3 CBail, pOCTBEpKa U
Tena pyHIaMeHTa.

ITo I'OCT 27751-2014 nyst pacyeToB HAJEKHOCTU PEKOMEHIYETCSl IPUMEHATH BEPOSITHOCT-
HO-CTaTUCTHYECKUE METO/BI PACUETOB, JJIs1 KOTOPBIX HEOOXOAMMAa IOJIHAS CTATUCTHYECKast HH(OP-
Malusi 0 KOHTPOJIUPYEMBIX MapaMmerpax. Ha mpakTuke pacueToB HaJEKHOCTH HECYLIUX 3JIEMEHTOB
KOHCTPYKIIMH, B TOM uuciie OypOMHBEKIIMOHHBIX CBail (M TeM Oojiee OJHOW CBaM), 3a4acTylO HE
yaaeTcs noiaydutb Tpedyemyro corsiacio ['OCT 27751-2014 nmo o6beMy cTaTUCTHYECKYIO HHDOP-
MalMIO0 0 KOHTPOJIMPYEMBIX ITapaMeTpax s MaTeEMaTHUECKON MOJIEIH NMPEAEIBHOTO COCTOSHUS 110
BCEM KpUTEpUAM pabOTOCIIOCOOHOCTH, B T.4. 1O Ocajike. B CBsA3M ¢ 3TUM, HAIILIU CBOE MPUMEHEHUE
JIbTEPHATHBHBIC METOJIBI PACYETOB HANEXKHOCTH [4, 5, 6 U Ap.], KOTOpBIE NAIOT MeHee UH(OopMa-
TUBHBIN pe3yJbTaT pacyeTa HaJeKHOCTHU JIJISi CUCTEM C OIPAaHUYEHHOM M0 00BEMY CTATHUCTUYECKOM
nH(popmManyei. ITH METO/Ibl TOCTPOEHBI HA HOBBIX TEOPHUSIX MATEMAaTUYECKOTO aHAJIN3a, KOTOPBIE U
OyIyT UCTOIB30BaHbl B MPEAJIaraéMbIX B CTaTbe METOJaX PacyeTOB HA/IEKHOCTU OYPOUHBEKIIMOH-
HBIX CBail ¢ ymmpeHueM. B kauecTBe MeTOn0OB pacyeTa OyJyT pacCMOTPEHBI METOJIbl HA OCHOBE
TEOPUU HEYETKUX MHOXECTB U KOMOMHUPOBAHHBIE METObI, TOCTPOCHHBIE HA BO3MOXHOCTHBIX U
BEPOATHOCTHBIX PacpeeNICHUsAX CIIy4YalHbIX BEJIUYUH.

Bompocs! pacueToB HaIe)KHOCTH CBail MO OCAJKE U MepeMEICHUSIM (JTMHEHHBIM U YTJIOBBIM)
IIpU TOJTHOW CTATUCTHYECKOM MH(OPMAlMU pacCMOTPEHBI B pabOTax OTEYECTBEHHBIX M 3apyOex-
HbIX aBTOpOB [7-10]. JlaHHbIE METO/BI MOCTPOCHBI HA OCHOBE MOJOXKEHUI TEOPUU BEPOSTHOCTEHN U
MaTeMaTHYeCKON CTaTUCTUKU. Mcronp30BaHne TakMX MOAXO0/I0B HA MPAKTUKE 3a4acTyI0 OrpaHuye-
HO BCJIE/ICTBHE HETOJIHOTHI CTATUCTUYECKON MH(pOpMaInK, a B CIy4yae UTHOPUPOBAHUS STUX YCIIO-
BUI, MOTYT IPUBECTH K OIIMOOUHBIM pE3yJIbTaTaM pacyeTa HaJeKHOCTH.

B pa6ore [11] onuchiBaeTcs MpoIeCC MEPECMOTPa HOPM MPOSKTUPOBAHUS CBAMHBIX (ByH/Ia-
MeHTOB B KnuTae Ha OCHOBE IMOJIOKEHHH Teopuu Haje:kHOcTH. B [12] paccmarpuBaercst MOAX01 K
MIPOTHO3UPOBAHUIO OCAJIKHU CBal HAa OCHOBE TMOJIOKEHUI TeOpUM BEpOSITHOCTEH. BeposTHOCTHBIN
aHau3 pabOTHI TPYIII CBAH ¢ yUETOM JKECTKOCTH COOPYKEHHSI U IPOCTPAHCTBEHHON M3MEHUMBOCTH
rpyHTa paccmoTpeH B [13].

B nanHoit paboTe paccMOTpeH pacdeT Ha/IeXKHOCTH OypOUHBEKIIMOHHON CBaK C YIIUPEHUEM
(pacdeTHas cxema IpejacTaBieHa Ha puc. | M0 KpUTEPHUIO OCAJKU CBau MPU OIPaHUYEHHOM CTaTH-
CTHYECKON MH(POPMALIMHU O 3HAUEHUSIX OCAIKH S.

MatemaTHuecKyI0 MOJIENb MPeIeIbHOr0 COCTOSIHUS sl pacueTa HaJeKHOCTH CBaH C YIIH-
PEHHMEM IO KPUTEPUIO OCAJKH MOXHO 3amucarh B BUjAE (TJi€ BOJHUCTBIMH JMHUSIMHU 0003HAUYEHBI
CIly4aifHbIe BEJIMYUHBI):

§<s,, (1)
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rge S — ocalka CBaWM OT PAacUeTHOM SKCILTYaTalMOHHOM HArpys3ku (CilydaiiHasi BelMYMHA); S, -

npeneabHasi 10IMyCcTuMas 0cajka CBau (JIeTepMUHUPOBAHHAS BETUYHMHA).
B cootBerctBun ¢ CII 24.13330.2011 «Caaiinble ¢pyHIamMeHThl», N. 7.4.2, pacueT Oocajku
OJTMHOYHOI BHCSYCH CBaW C yIIUPEHUEM Ha HIDKHEM KOHIIE TPOBOIUTCS 1O (hopMyJie:

0,22N NI
S=——+—, 2)
G,d, EA
rae N - BepTHKaibHAs AKCIUTyaTallMOHHAs HArpy3Ka Ha cBaro; | - mimua cBam; G, - MOIyIb cABUTA

rpyHra; O, - muamerp ymmpenns ceau; E - Moxyns ynpyroctu marepuaia crBona cBam; A - mio-

11aab IornepeyYHoro CCUCHUA CTBOJIa CBau.

N

8%

Pucynox 1 — Pacuemnasn cxema 0ypouHBeKyuOHHOI C8AU C yuiupeHuem
N — naepysxa na ceaio,; db — ouamemp ywupenus, | — onuna ceau

B npyrux umccrnenoBaHMSX COJEpKATCS APYTUE MPEINIOKEHHUS IS BTOPOTO ClIaraeMoro B
(2). Tak B [14] npemnaraercs pacCUUTHIBATH OCAJKy BEPXHETO KOHIIA CBaW OT YKOPOYEHHS CTBOJIA

2N NI
cBau 1o GopmyJe: S = cEA’ B [15] mpuBeneHo 3HaueHHE S = SEA" B obmem Buae BTOpoe ciara-

emMoe B (2) MOXKHO 3amucath Kak K % ,rne k=1 B coorBercTBum ¢ CII 24.13330.2011. IIpu HEOO-

XOJMMOCTH pacueTa OCaJKH Mo JIpyruM (Gopmyiam, JaabHEHIINI pacyeT MOKET OBITh JIETKO Tepe-
CTPOEH C MOMOIIBI0 KodddunmeHTa K.

[IpenenpHOE OONMyCTMMOE 3HA4Y€HHME OCaAKM IpuHUMaercss 1o npuwioxenuro [ CII
22.13330.2016 «OcHoBaHus 31aHKN U COOpYKeHn». Hanpumep, 1711 TPOMBINUIEHHBIX U TPaXJaaH-

CKHUX 3JIaHHUM C IIOJHBIM )Kel1e300€ TOHHBIM KapKaCOM MaKCHUMAJIbHO JOITyCTUMad OcCaJiKa Su =100

MM.

Moaeau u MeToabI
BeprukanbHast 3kcmryaTaniMoHHas Harpyska N v Moaynb ciasura rpyHta G, onpeneinstorcs

[0 pe3yJibTaTaM M3MEPEHUI W UCIBITAHUI U SABJISIOTCS CilydaiiHeiMu BenumduHamu. [lapamerpsr |,
d, u A ompenensroTcs MO pe3yybTataM U3MEpPeHUi 1 B (2) ABISIOTCS ICTEPMUHUPOBAHHBIMH (T10-
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CTOSTHHBIMH ) BEJIMYMHAMH B CHITYy UX MAJIOM M3MEHYHBOCTH ITPH U3MEpEHUsX. [Ipumem [utst mepBoro
BapuaHTa pacyeTa HaJeKHOCTH CBal MOJYJb YIPYTrOCTH Marepuajia cBau E neTepMuHUpPOBaHHOMN
BenMunHOM. MartemaTtudeckyro mozaensb (1) ¢ yaerom (2) MOXKHO 3amucaTh B BUIE:

g %22, 1o ?)
G,d,

u

PaccmotpuM pacdeT HaJeKHOCTU CBaM MO KpUTEPHUIO (3) BOZMOXKHOCTHBIM METOJIOM, IPH-
Humass N u G, HeueTkumu nepeMeHHbIMU [16].
Beenem B (3) mnpuHATEIe B TeOopuHM BO3MOXHOCTeH [16] o6o3Hauenmst N =X,
0,22 I
-+ —
G,d, EA

B BUJIC:

=Y . Torna MaremMaTHYECKyI0 MOJIEIb MPEAETHHOTO COCTOSHUS (3) MOKHO 3aIHcaTh

X-Y<s,. 4)

T.x. uncno u3mepenuii mapametpoB X u Y B (4) 1uIst OTHOM WIIM HECKOJIBKUX MPOOHBIX CBan
Ha TPAKTUKE OTPaHMYCHO, OyJEeM HCIOJb30BaTh I pacueTa HAJACKHOCTH CBaW IO KPUTEPHUIO
OCaJIKH TOJIOKECHHS TEOPHH HeueTKUX MHOXkecTB [17]. [Ipumem 1o [5] nms onucanus HEYETKUX Tie-
peMeHHbIX X 1 Y (PYHKIUIO pactpenesieHrss BO3SMOKHOCTEN ¢ aHATUTHYECKUM BUJIOM:

2

X—a,
7y (X) =exp| - b— ) %)

rae a, =05 -(X;ux + Xmin) — «ycmoBaoe cpexueey; by =0,5(X oy — Xmin )/ v=Ina — mepa

«pacCeaHus»», rac X u X min — HanOOJIbIIICe U HAMMEHBIIIEE 3HAUCHUE BO MHOXKECTBE 3HAUCHUN

max
{X} HeueTKOM MepeMeHHO# X, MOTyYEHHBIX U3 pe3ybTaToB u3Mepenuii; o €[0;1] — ypoBeHb cpesa
(prcka), 3HAYEHHEM KOTOPOTO 33Jaf0TCsi, HAPHUMEp, 10 PEKOMEHIANusIM, TpuBeaeHHbIM B [18].

OGpatHyto QyHKIUIO OT 7y (X) Haiigem u3 (5) B Buge Xx=a, tb, /—-Ina wm x=a, b, 3, rue

f =~—Ina . Ananornunsie BoIpakeHus, Xapakrepusyronme QyHKImio (5), OyayT U U HEUETKON

nepeMeHHoi Y.
I'padmueckuit Bua QyHKIMH pacnpeeseHns BO3MOXKHOCTEH (5) mpeacTaBieH Ha puc. 2, T1e

06J1acTh BCex BO3MOXKHBIX (DYHKIMI pacmpenesenust orpanndesa dyskumsmu F o (X) u F x (X)

(HrxHEN U BepxHel QpyHKIMel pacrpeaeneHus: BO3MOKHOCTEH).

JTx(x)

Fx(x)=JTx( x) Fx(x)

0 X min dx X max X

Pucynok 2 — Oonacmo zpagpuros yuxuyuii pacnpeoenenus 603M0NCHOCHEI 7Ty (x)
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PacueT HaeXHOCTH MO MaTeMaTHYECKOW MOJENH (4) MPOBEAEM C HCIIOJIb30BAHUEM IPHUH-
nuna o6o0menus JI. 3age u3 Teopun HedeTkUx MHOKeCTB [17]. dopmupyem u3 (4) HeueTKyro me-
peMeHHyo T Kak (pyHKIIMIO OT HEYETKHX apryMeHToB X, Y B BHUJE:

T=XY<s,. (6)
['paduueckuit Bun pyHkuuu 77 (t) HEM3BECTEH, HO OHA XapaKTepU3yeTcs 3HAYCHUsIMH a, b,
o, 110 aHAJIOruu ¢ 7y (X). YcnoBHas «cpenHsas» at Uit GyHKIMM T onpexensercs no (6) B Buie

a; =a,ay, ¢ JeBoi BeTBbIO 1 <@; 1 mpaBoii BetBbto > 8, QyHkumu 77 (t), a oOparHas pyHkuus t

ot T Oyzer onpenenarbes yepe3 oOpatHbie PyHKIMH X, Y OT X, Y, KOTOphIe UMEIOT BUA 0OpaTHOU
GbyHKIUH X OT 7y (X), onucaHHOH BbIe. [l1s 1eBOi U npaBoii BeTBel pyHkuun 77 (t) umeem:

tzzee :(ax _bxﬂ)(ax _bxﬂ)gsu’ (7
t,, =(a, +b.Bla, +b,B)<s,, (8)

rae B = \/—|n7zT t) = \/—Ina* . Mepen «b» B t,

BEJIMYMHBI 3HaYECHHE JIEBOH BeTBH B (7) Bo3pacTaeT, a B (8) Haobopor. IIpu t =a, umeem 7 (1) =0

. CTaBAT 3HAK MUHYC B YUCIIUTENE, €CJIU OT 3TOU
wim £ =0. Ilo (8) npu BeimonHeHUH a; < S, 3HAUYEHHE BO3MOXKHOCTH 0€30TKa3HOH pabOThl OanKu
npunumaercs R=1. Bo3moxxHocTs oTkaza Q (i npaBoil BeTBu QyHkuuu 77 (t)) HaiigeM mo 3Ha-
4eHno f3, noiydeHHoro u3 (8) mpu t,, =S;, KOTOPOE COOTBETCTBYET HAMMEHBIICH PacUeTHON
HajexHocTH. [1o pesynbratam pewenus (8), nmpu t,, =S, HaXOMAT Sy MO a0COMOTHOMY 3HaYe-

2
HHIO U BO3MOXKHOCTB 0TKa3a Q = exp(—/Lni,)- B [] HeueTkast mepemMeHHast XapakTepu3yeTcsi Mepa-

MH BO3MOKHOCTH R m HeoOxomumoctu N. B moHsTHAX Hame:xHOCTH, HeoOXomumMocTh N Oe30TKa3-
HOM paboTsl cBam paBHa N=1-Q. HamexxHOCTh Kak Mepa 0€30MacHOCTH XapaKTepU3yeTcsl HHTEpBa-

aoM [N; R] unu B BEpOSTHOCTHBIX MOKa3aTENsIX [E;ﬁ] ,rne P u P — nmxHee n BEpXHEE 3HAUYCHHE
BEPOSATHOCTH O€30TKa3HOI paboThI.

Mpumep 1. Jlawo: d, =05 ™, =6 ™, A=0071 ™’ E=30-10° MIla,
N = X ={19; 2,1, 2,0} MH; 62 ={10,1; 9,9; 10,0} MIIa, Torma Y ={4,638, 4,726, 4,682}-10°®
M/H. Berauciaum mapameTpsl  (QYHKIMHA —pacmpeneiieHus Bo3MoxHocted: a, =2,0 10°  H;
b, =5,74-10* H; a, =4,682-10"° w/H; b, =2,544-107'° m/H npu ypoHe cpesa (prcka) o =
0,05. Tx. a,a,=0094<s, =01 m, To npunumaem R=1. U3 (8) mpu t,, =S, BbUKCIUM
£ ={-220,620; 1,963}.  CoorBeTCTBEHHO Bmin =1963.  Torma  BO3MOXHOCTH  OTKa3a

Q= exp(—ﬂ,fﬂn ) =exp(—1,963) = 0,0212. Heo6X0auMOCTh GE30TKa3HO paGOThI N=1-

Q=10,0212=0,979. HanexxHOCTh cBau xapaktepusyeTcs uarepBaiom [0,979; 1].
PaccMoTpuM BapuaHT, B M1 KOTOPOM MOJYJb YIPYTrOCTH MaTepHalia CTBOJIa CBaW SIBISIETCA
HEUYETKOU mepeMeHHoi. MaremaTudeckasi MOJeIb MPEAeIbHOTO COCTOSIHUSA (3) MPUMET BU/L:

N 222, o 9)

G,d, EA) "
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~ 0,22
BBenem o6o3zmauenus: N = X, =Y, ..I—= Z . Pacuer HamexHOCTH OyIeM TPOBO-

G,d, EA
JUTh TaKXKE Ha OCHOBE MpuHIMMa 0000meHus JI. 3ane u3 Teopun HeueTKUx MHOXKecTB [17]. Dop-
MupyeMm u3 (9) HeYeTKyI0 IepeMEeHHYI0 | KaK (YHKLHUIO OT HEYETKUX apryMeHToB X, Y, Z B BHUJE:

T=X(Y+Z)<s,. (10)

VYcnoBHas «cpenusisi» ar onpenensercs no (10) B Bume a, =a, (ay +a, ), C JIEBOM BETBBIO

t <a, u npasoil BetBbto t >a; Pynxuuu 7 (t), a oOpatHas QyHkuus t or T Oyaer onpenensaTbes
yepe3 oOpaTHble GYHKUUU X, Y, Z oT X, Y, Z KOTOpbIe UMEIOT BUJ 00paTHON (PyHKIUH X OT 7y (X),
onucaHHOM BbllIe. J{y1st 1eBoi ¥ paBoi BeTBel QyHKIMU 77 (1) nMeeMm:

tﬂes = (ax _bxﬂ)l_(ay _byﬂ)+ (az _bzﬁ)JS Sus (ll)

t,, = (@, +b,B)a, +b,A)+(a, +b,8)|<s,. (12)

ITo (10) npu BemONHEeHMM a; < S, 3HAYEHHE BO3MOXHOCTU 0€30TKa3HOH pabOThI OamKu
npunumaercs R=1. BoamoxxHocTs oTkaza Q (a1 mpaBoit BeTBU QyHKUuHU 7 (t) ) Haligem 1o 3Ha-

uennto f3, moiyuensoro us (12) npu t,, =S,, KOTOPOE COOTBETCTBYET HAMMEHBIIEH PaCYETHOMN

U
HajexHocty. [To pesynsraram pewennst (12), npu t,, =S, HaXOIAT B, 110 aOCONOTHOMY 3HaYe-
HUIO M BO3MOXHOCTh OTKaza Q = exp(—ﬂrfﬂn). HanexxHocTh Takke XapakTepu3yeTcs WHTEPBAJIOM
[N; R].

Ipumep 2. Bocnonbsyemcs nanubivu nipumepa 1: d, =05 m, 1=6 M, A=0,071 m?,
N=X={L9; 2% 2,0} MH; G,={10L 9,9; 100} MIla, E ={30,0; 284; 316)-10° MIla,
Y ={4,400; 4,356; 4,444}~10_8 M/H, Z ={2,976; 2,735 2,674}-10_9 M/H. Berauciaum mapamer-
pel  (yHKOMI pacmpenereHdss BO3MOXKHOCTEH: : @, = 2,0-10° H; b, =574-10" H;
a, =4,400-10° w/H; b, =2,543-10"° w/H; a, =2817-10° wH; b, =8,728-10"" wH npu
ypoBHe cpe3a (pucka) «=0,05. T.k. a, (ay + az)=0,094< s, =01 m, To mpunumaem R=1. U3 ()
npu t,, =S, BbMHUCIUM p={-173518; 1858}. CoorsercrtBento S, =1,963. Torma BO3MOX-

HocTh oTKaza Q=exp(—42.)=exp(-1,858?)=0,0317. HeoO6xoauMoCTh 0E30TKA3HON pPaGOTHI
N=1-Q=1-0,0317=0,968. HagexxHocTh cBau XapakTepusyercs uurepnaiom [0,968; 1].

Pe3yabTaThl HCC/IeIOBAHUS M MX AHAJIU3

Kak BugHO M3 pe3ysbTaToB pacueToB B mpumepe | u mpumepe 2, ¢ BBEAECHUEM JIOMOJIHU-
TEJTHLHON HEYETKOW MEPEeMEHHOW WHTEpBaj HAJIEKHOCTH CTAaHOBUTCS ITUpE, T.€. MEHee MH(pOopMa-
TUBHBIM, T.K. B paC4e€T BHOCHUTCS JIONIOJIHUTEIbHAS HEOMIPEAECICHHOCTb.

JlJis OLIEHKH HaJIeKHOCTH CBaW MO BCEM KPUTEPHUSIM pabOTOCIIOCOOHOCTHU CIIETYET YyCIOBHO
paccMaTpuBaTh CBal0 Kak MEXaHUUYECKYIO CUCTEMY C MOCIEA0BATEIbHBIM COETUHEHUEM DJIEMEHTOB.
HanexxHoCcTh CBau B 11€JI0M 1O BCEM KPHUTEPHUAM PadOTOCIIOCOOHOCTH (HECyIIeld CIOCOOHOCTH Ma-
Tepuana, Hecyliel CHoCOOHOCTH TPyHTa OCHOBaHUS, ocajke) 1o [19] onpenensiercs mo hopmynam:

P= max(o, Zn:Ei —(n—1)]

i=1

P = min(P;)
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rae P; u Pi - HIDKHAS ¥ BepXHsA IPaHUNA BEPOATHOCTH O€30TKa3HOH pabOTHI CBaM MO i-My KpHTe-

pHUI0 paboTOCITOCOOHOCTH; N — KOJUYECTBO KPUTEPUEB paboTocmocobHocTr. B manHoi#t padoTe 3a-
Ja4a OrpaHrueHa KPUTEPUEM OCaTIKU.

Ecnu B monenu (3) yaaercs mo HEKOTOPBIM MapaMeTpaM MOJYYUTh MOJHYIO CTaTHCTHUYe-
CKyI0 HH(OPMAIIHIO, TO PE3YyJbTAT pacdyeTa HaIe)KHOCTH MOXKHO clienarh 0osiee HH(OOPMATUBHEBIM C
MEHBIICH IMUPUHON HMHTEpBasia, MPUMEHSS KOMOMHUPOBAHHBIA METOJ pacueTa HaaeKHOCTH [5],
HampuMep, KOMOMHAIMIO (QYHKIIUU PACTIPEACTICHUS BO3ZMOKHOCTEH I HEUYETKUX TEPEMEHHBIX U
(GyHKIMU pacnpeesieHus BepOATHOCTEH AJisl cllydaiHbIX BenuyuH. [IpencraBuM mMaTeMaTuyecKyro
MOJIEJb MPEEIbHOr0 cocTosiHUA (3) B BUE:

S
9022 | 11 5 (13)
G,d, EA) N
0,22 | S,
Beenem o6o3HaueHHS | =< + —|=X, ==Y . Toraa (13) MoxHO 3amucarb B BUJIE:
G,d, EA N
X <Y, (14)

rae X — HeyeTkas nepeMeHHast; Y — cilydaifHasi BeIMUMHA.
HuxHsis u BepXHsig rpaHuLla BEPOSITHOCTH 0€30TKa3HON padoThl B KOMOMHUPOBAHHOM Me-
TOJIE pacueTa HaJeKHOCTH 10 MOJIEIH B OOIIIEM CITyyae 3alMChIBAIOTCS B BUJIE:

P:TPY(X)OdX+pr(X)(1_TCx(X))dX;
0 . a, B (15)
ﬁ:ij(x)nx(x)dH _[pY(x)ldx,

X

rae py (X) — INIOTHOCTD BEPOSTHOCTH «IIPOYHOCTH»; 7y (X) — (YHKIHUS pacnpeaeieHus BO3MOXK-
HOCTEH [T «Harpy3Kn», Kak MoKa3aHo Ha puc. 3.

T (x) A\ o (%)
1

Py(x)=1-m,(x) £y (x)
A

osfF—-~——--

>

0 a m, v
Pucynox 3 — @ynkyus pacnpedenenus éo3moxcnocmeir 7y (X) u ee 2panuys

0na newemkoii nepemennoii X u ynkyusn naomnocmu eeposmnocmu Py (X)

HOPMAIbHO20 3AKOHA PACHpedesieHUA O CAYyUainou eenuyunst Y

Ecmm cnyqaﬁHaﬂ BeanurHa Y OIMMCHIBAETCS HOPMAJIbHBIM 3aKOHOM pacCnpeacjiaCHus, TO B CO-
OTBETCTBUH C [5] HMKHIOIO M BEPXHIOIO T'PAHHUIYy BEPOSTHOCTH OTKa3a MOKHO BBIYUCIHUTH 1O (HOp-
MyJam:
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o

A [ (x=m, ) x—a )
p= j exp| — ;}(l— exp{—( x j Ddx;
a, Vv 2TCSY L 28Y bX (16)

- 2
R (x—m, )’ Xx—a T (x=m, )’
P= expl ————— | exp| — X dx + exp —————— |dx,
! \/2xS, p{ 28y g b, 3 ~2ns, P 252

rae My u Sy — MAaTCMAaTUYCCKOC OXKUAAHHUEC U CPECAHCKBAAPATHUICCKOC OTKIIOHCHUC cnyqaﬁHofI BCJIN-

S
uuHbl (IpoyHoCcTH) Y = —=- .
N

Mpumep 3. Bocronbsyemcs nannbivu mpumepa 1: d, =05 M, 1=6 M, A=0,071 M,
E=30-10° MIla, N=20 MH; G,={l0L 99 100} MIla, s,=01 m, Torua
X ={4,638 4,726; 4,682}-10° w/H. BoblumciuM napamMerpsl (OYHKIHI — paCIpee/CHIS:
a, =4,682-10° w/H; b, =2,544-10"° wm/H npu yposHe cpesa (pucka) ¢ =0,05; my =5.10"°
M/H; Sy =2 .10 m/H. Toraa 1o () BEIYHCIMM HIKHIOK U BEPXHIOK PAHMUILY BEPOSTHOCTH 0e3-

oTka3Ho# paboter: P =0,993, P=1. HagexHocTts Xxapakrepusyercss uarepBaiom [0,993; 1], uro
uHpopmarusuee uarepsaia [0,979; 1] B npumepe 1.

PaccMoTpuM BapuaHT pacyeTa Ha/IeKHOCTH KOMOMHHPOBAHHBIM METOJOM, B KOTOPOM MO-
JlyJib YIPYTOCTH MaTepuaja CTBOJIA CBAaW SIBJIAECTCS CllydyalHOW BenuuuHOM. [IpencraBum marema-
TUYECKYIO MOJIENb MpeIeabHOT0 cocTossHus (13) K BUaY:

S
022 11 5 (17)
G,d, EA N
0,22 I Sy
BBenem 00o03HaueHns | = =X, ==X,, X=X;+X,, ==Y. Toraa (9) MmoxHO
G,d, EA N
3amucaTh B BUJIE:
X=X;+X,<Y. (18)

Bripaxkenune X = X;+ X, HpeacTaBisieT coOOW CyMMy HEYETKHMX IMepeMeHHbIX. [Ipumep

rpaduyueckoil peanu3anuyd CyMMBI JJisl HATJISSHIHOCTU C JIMHEWHBIMH (YHKIIUSMHU pacrpe/esieHus
BO3MOJKHOCTEH HEYETKUX TepeMeHHbIX F1 u F2 mpencrasiien Ha puc. 4.

e (/) Fi1 F2 F
e/ /J

012345678

Pucynok 4 — I'pagpuueckoe npedcmasnenue cymmol Heuemkux nepemennvix F=Fi+F;
e (F) - pyuryus pacnpedenenus eozmoscnocmei
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B osrom cnyuyae mnapamerpsl (YHKIMM pacrlpeieieHus 7y (X) ONpenessioTes Kak
a, =a, +a,,, b, =b,, +b,,. Hagexnocts no mozenu (18) BEIUKMCISETCS aHATOTHYHO TIPEIbITY-

ieMy IpuMepy.
Tpumep 4. Bocnonbsyemcs: nannbiva tipumepa 2: d, =05 m, 1=6 M, A=0,071 M?,

N=2,0 MH; 62 ={10,1, 9,9; 10,0} MIla, E:{30,0; 28,4; 32],6)-103 MIla. Berumuciaum mapa-
METpbl (PYHKIUH pacrpeesieHus] BOSMOXKHOCTEH: 8,5 = 4,400-10"° w/H; by = 2,543-1071% w/H;
a,=2817-10° wH; b,, =8,728-10™ w/H npu yposHe cpesa (pucka) «=0,05. Torua
a,=a, +a,, =4,628 wH, b, =b,, +b,, =3,416-10"° m/H. o npumepy 3: my =5-10"° m/H;
Sy =2 -107° w/H. Toraa 10 () BBMUCINM HIKHIO M BEPXHIOK IPAHHIy BEPOSTHOCTH OE30TKA3-

HOU paboter: P =0,990, P =1. HagexHocTb xapakrepusyercss uatepBaiom [0,990; 1], uro un-
¢dopmaruBHee unrepsaia [0,968; 1] B mpumepe 2.

BriBoabI

1. Pa3zpaGoTaHbl HOBbIE METO/bl pacueTa HaJeKHOCTH CBaW C YUIMPEHUEM I10 OCAJIKe MpHU
Pa3IUYHOM MO MOJHOTE CTATUCTHYECKOW HHPOPMALIMU O KOHTPOJIUPYEMBIX IMapaMeTpax;

2. Ha 4ucnoBbIX mpuMepax pacuera HaJIeKHOCTU MPOWLIIOCTPUPOBAHBI aJITOPUTMBI pacye-
TOB HAJIEKHOCTHU CBau C YIIUPEHUEM 110 KPUTEPHUIO OCAJKH IIPU PA3JINYHBIX IIapaMeTpax MaTeMaTH-
YEeCKOM MOJENU NPEEIbHOIO COCTOSIHUS U Pa3IMuHbIM METOAaM pacuera HaJleKHOCTH;

3. Ha 4ucnoBeIX mpumMepax pacueTa HaJeKHOCTH HNPOMUIIOCTPUPOBAHO BIMSHHUE KOJIUYE-
CTBa HEYETKUX MEPEMEHHBIX U BIUSHUE MOJHOTHI CTATUCTUYECKOW MHPOpPMAIMU Ha UHTEPBa, Xa-
pakTepu3yIOIINNA HAJE)KHOCTh CBaH;

4. Pa3paboTaHHbIE METOJIbI PACUETOB HAJEKHOCTH MOTYT OBbITh HCIIOJI30BAHBI NIPH OLIEHKE
HAJEKHOCTH YCIOBHOW MEXaHUYECKOW CHUCTEMBI «OCHOBAaHUE-3[aHHE-COOPYIKEHUEY, a TaAKKE Ul
KOJIMYECTBEHHOM OIIEHKM O€30MacHOCTH JKCIUTyaTalliM CBaWHBIX (YHIAMEHTOB U BKIIOYEHBI B
HOPMAaTHUBHYIO JIUTEPATYpy 10 pacueTaM HaJEeKHOCTH OYpOUHBEKIIMOHHBIX CBail.
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APXUTEKTYPA U TPA4QOCTPOUTEIIbCTBO

YK 711.581.03 DOI: 10.33979/2073-7416-2019-85-5-96-107

COLIMAJBHO-TICUXOJIOTUYECKUE ®AKTOPBI
B I'PAJJOCTPOUTEJBbHOM NOJIUTUKE HA IPUMEPE
BOPOHEXCKOW ATJIOMEPAITUA

I'VPBEBA E.N., AHBIINHA H.A.

Annomayun. Paccmampusaiomcs coyuanvbHo-ncuxonozuyeckue Qaxkmopvl, Komopvie MO2ym
8030eliCMB08aMb HA CAMOYYECMBUEe Yel08eKd NPU (POPMUPOBAHUU YCMOUYUBO20 PA3BUINUSL MEPPUMOPULL
Bopoueoiccroii aznomepayuu.

0Ob60ocHOBbI8AEM S AKMYATLHOCHIb PA3GUIMUSL 20POOCKUX PEKPEAYUOHHBIX NPOCMPAHCME, NPUOO-
MOBbIX MePPUMOopuULl, npeodpaz06anus U MOOEPHUZAYUSL YIICe CLOINCUBULENICS 3ACMPOUKU 8 KOHMEKCHe
pewenus npobiem epadocmpoumenbHoll 0essimeabHOCMU.

Ilpusedenvr mpebosanusi Kk oyeHKe no KadHCOOMY XapaKmepHoMmy NOKA3amenro, 6Iusiiouemy Ha
ncuUxono2uiecKoe CoCMosHuUe YenoeeKka. niomHOCMb 3ACMPOUKU, 8bICOMHOCMb 3ACMPOUKY, CUMYAYUsL C
080POBLIMU NPOCMPAHCMBAMU, O3€NeHEHUE.

Knrouesvle cnosa: coyuanvrho-ncuxonozuieckue hakmopul, 2padocmpoumenscmeo, 20poo, o3e-
Jienenue, RI0MHOCMb 3aCMPOUKY, 080D, KEAPMAL, MUKDPOPAIOH.

SOCIO-PSYCHOLOGICAL FACTORS IN URBAN POLICY BY EXAMPLE
VORONEZH AGGLOMERATION

GUREVAE. I, YANSHINA N. A.

Abstract. Social and psychological factors that can affect human well-being in the formation of
sustainable development of the Voronezh agglomeration are considered.

The article substantiates the relevance of the development of urban recreational spaces, adjacent
territories, transformation and modernization of existing buildings in the context of solving the problems
of urban development.

The requirements to the assessment for each characteristic indicator affecting the psychological
state of a person are given: the density of building, the height of construction, the situation with yard
spaces, landscaping.

Keywords: socio-psychological factors, urban planning, city, landscaping, density of building,
yard, quarter, neighborhood.

BBenenue

B nacrosimee Bpems arnomepaniuss Boporexkckoit obmactu camasi kpynHas B LleHTpanbHOM
tdbenepanpHOM OKpyre Poccuu mocine MockoBckoid. PykoBoauTens genapraMeHTa CTPOUTENIbHON T0-
JUTUKU PETHOHA B CBOEM €XKETOJHOM OTYETe OTMEYaeT, YTO 00JacTh BXOAUT B TPOUKY nuaepoB Poc-
CHU TIO TEMITY BO3BOAMMOTO Xmwibs [1]. Ho yBennueHre 4nCIEeHHOCTH HACEJICHHsI TOPOJOB 00JIacTH
HE BEJICT K YJIYUIIIEHUIO KauecTBa KU3HH ropoickoit cpenst (Puc. 1).

OO0 5TOM CBUIETENBCTBYET, PEUTHHT TOPOI0B Poccuu 1o kadecTBy *)U3HU 10 12 KpUTEpUAM
(Puc. 2) B 2018 romy mokasai, 4To B ACCATKY JIy4IIUX HE BOILIEI HU OJJMH TOPOJ-MILIHOHHK [2]. Tak
Boponex Haxoautcsa Ha 68 cTtpoke pertunra u3 150 ropogoB Poccuu. M3BecTHO BceMUpHOE yXy-
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LIEHHE HKOJIOTUYECKOM CUTyalluu B ropojax NPUBOAMUT K INIOOAJBHBIM COLMAIbHBIM IpoOIeMaM B
obmecTtBe. B cBsi3u ¢ 3THM, npoGieMbl ypOaHU3alUK HE MEpecTaloT TpeOoBaTh BCECTOPOHEHHOTO
aHalu3a, Tak Kak B I'PaJlOCTPOUTENILCTBE MJIET MOCTOSHHBINA MOUCK (POPMBI, KOTOpas obecrednBana
Ob1 0€30MacHOCTh U KOM(OPT, HO KOTAA 3TH U3MEHEHHUS JOCTUTAIOTCA MyTEM «TOYEYHOW» 3acCTpOoii-
KH, TO 3TO COCOOCTBYET YXYIIEHUIO COLMAIbHO-TICUX0JIornueckux (axkropos. Ilo nanueiM LleHnTpa
TOPOJICKOTO JU3aiiHa U NICUXUYECKOI0 3710POBbsI U3BECTHO, YTO B FOPOJIAX JIFOJEH C pacCcTpONCTBAMU
HactpoeHus Ha 39% Oomblie, a ¢ TPEBOKHBIMHU HEeBpo3aMu — Ha 21% BlIBOe BbIllIe PUCK Pa3BUTHUS
mm3oppennn [3]. XKuszHb B ropoae TpeOyeT OT )KUTEINS Pa3BUTHS TAKMX BAXKHBIX MHTEIUICKTYAJIbHBIX
KayecTB, KaK IUIAHUPOBAHUE U CTPYKTYPUPOBAHUE BPEMEHM, HAXOJSACh B MOCTOSHHOM MH(pOpMAaLU-
OHHOM BO3/€UCTBUU. B KauecTBe OCHOBHBIX KPUTEPUEB OLICHKU KAaueCTBAa IPOCTPAHCTBA COLIUYMOM
SBJIIFOTCS IOCTYITHOCTb U KOM()OPTHOCTh CPEJIbI.

OcHOBHOE HampaBlIeHHE HCCIEA0BATEIBCKONW pabOThl: M3yYeHHE MPOCTPAHCTBEHHOTO IOBE-
neHus yenoeka. OHO CBA3aHO C OpraHu3alMel NPOCTPAHCTBA U YYETOM YMEHBILEHUS KOJIUYECTBa
03€JICHEeHHBIX TEPPUTOPHIL, BCIEICTBUE MHTEHCUBHOM ypOaHu3anuu. B chepe nHTepecoB Takxke oka-
3bIBAOTCSl IBOPOBBIE IPOCTPAHCTBA U TOPOJICKHE PEKPEALIMOHHBIE IPOCTPAHCTBA.

CHTYSUMOHHBIA NNaK

Cuctema pacceneHus BopoHEXCKoW arnomepaumm

o%{nscx

Masuncotd
M LATRNIR BaRCH

obpazoBannin:
200-1000 xmrened
1000-5000 mvrenad
- 5000-10000 wmrenen
B 1000025000 murened

- Gonee 25 000 amened

YENoBHLIe 060IHAaHMA:

W Tpamnua obnacTm 0- 10 wurench

W

10 - 50 »uvenoh
50 - 100 mmrened
100 - 200 wureneh
200 - 500 »wrenon

[panaua ropoacxoro oxpyra

TPaMALE MyWALFMNANSHOIO PaRONE

[T

(PAMAUA CRMLTIOND NOCENeHINH 500 - 1000 enen
. 21N

Fpaniua armomepaLmm 1000 - 2000 wuTenai

,nI

Weneswan nopora 2000 - 5000 mureneh

[
I
|

5000 - 10000 xxrenei

Ccrossme BOR0TOM
10000 - 60000 wureneh

OQO0O000o00e-

Fopopa, pabose nocama

oI

Pucynox 1 — Acummempuunas opzanusayus meppumopuu Boponexccoii oonacmu [4]

CornacHo nmoknany BcemupHOH opraHm3anuy 30paBOOXPAaHEHHS, 3€JCHBIE 30HBI MOTYT
YIYYIIUTh U COXPAHUTh MICUXUYECKOE 30OPOBBE TOPOJCKHUX KUTENEH, CHU3UTh YPOBEHb cTpecca U
arpeccun [5]. UenoBeueckoe pa3BUTHE BO MHOTOM (DOpMHUPYETCS MCKYCCTBEHHOU CPENIOH, UTO Jea-
€T BOIIPOCHI TPaIOCTPOUTENHCTBA ellle 00JIee BaKHBIMH.

Hamwu ObITH BEISIBIIEHBI M HICCIIEIOBAHBI (DAKTOPHI, KOTOPHIE BO3JICHCTBYIOT HA YEJIOBEKA:

1. IUIOTHOCTh 3aCTPOMKH;

2 BBICOTHOCTb 3aCTPOMKH;

3. CHUTYAI¥sI TBOPOBBIX POCTPAHCTB;
4 03€eJICHEHUE.
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6e3onacH
oCTb
~
COOTHOLLIEHWE

[I0XOZI0B 1

CTOUMOCTU XU3HU
9Kosorua

pabota
KOMMYHaIbHbIX

cnyx6
BopoHex 68 mecto 13 150 co

cpegHem 6annom 7

06LLECTBEHHbII
{ TpaHcnopT ‘
W [VIHCbpaCprKTypy Ans ‘
NapKoBKM AeTen

MarasuHbl/ ‘ CcropT v l
PbIHKU OTAbIX

Pucynok 2 — Kpumepuu oyenku kawecmea sxcuznu no 10-6anvnoit wikane (Ouazpamma cocmaeiena agmopom
cmambou no 0annwvim onpoca domofond.ru sxcumeneit 20podoe Poccuu)

HameueHHble K pelIEHUIO 3aa4Hu:
J paccMOTpeTh pobIeMy B3auMOJICHCTBUS YeIoBeKa ¢ OKpyxaromeit cpenoit (Puc. 3);

L4 MMPUBCCTH Tpe6OBaHI/I${ K OLCHKC IO KAXKAOMY XapaKTCpHOMY U3 4x IIOKa3aTciro, BIN-
AIOMIEMY Ha IICUXOJOTMYCCKOC COCTOSAHHUE YCIIOBCKA.

Mopneau 1 MeTOAbI

O6bexTamu Ob1TH BBIOpaHBI TOpoa (Puc. 4), Bce Bxoasmme B BopoHEKCKYIO ariioMepaluio:
1. BopoHex Kak TropoA-MIUTMOHHHK; 2. T. BOOpOB — Kak MCTOPUYECKH, BXOJUT B CIIUCOK UCTOPH-
geckux ropoaoB Poccun; 3. r. Cemmnyku kak MoHoropox; 4. . [IoBOpHHO - Kak CTpaTeruuecKu
BaXXHBIH MyHKT (y3€l 10por).

NNOTHOCTb
3acCTpOWku

o3eneHeHune

CoBpeMeHHas

npeaMeTHo- ypbaHucTuyeckas cpeaa B

NPOCTPAHCTBEH-
Has

cocTaBnsioLasn

COLMOKYNbTYpHOE
copiepxarue
FOPOACKOW XU3HU

KOHTEKCTe Npobnemb!
"4enoBek-ropoackas
cpepa”

[BOpOBbIE
BbICOTHOCTb TeppuTopumn
3acTponkn

K Bonpocy onpeaeneHusi NCUXonoruieckoro
YeroBek B ropofickoi Cpeae: UCTOpUs 1 acneKkTa yCTOM4MBOTO Pa3BUTUS TEPPUTOPUI B
NepCneKkTUBbLI NCUXOMOMMYECKUX UCCNefoBaHIU KOHTEKCTE pelleHus npobnem
TPafloCTPONTENBHOM AEATENHOCTH

BrsHue rpapgocTponTentHbix 0co6eHHOCTeN
PeKpeaLnoHHbIX 06BEKTOB ropoja Ha
MCUXONOTUYECKOe COCTOsIHUE YernoBeka

Pucynok 3 — Konyenmyanvnas mooens ucciedoeanus
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* PaccMOTPEeHbI NPUAOMOBbIE
TeppUTOPUM ParioHoB C
NATUITaXHOWN 3aCTPONKON -
NpUAOMOBEIE TEPPUTOPUM,
Ha KOTOPYIO BbIXOAAT
HECKOMbBKO No/be3os
KOO AIOMa, OCBOEHHYIO
NpenMyLLEECTBEHHO
XKunbLamn

* MNIOTHOCTb
3aCTpOMKU
* BBICOTHOCTb
3aCTpOMKU
* 03efieHeHne
* ABOpPOBbIE

ropoackas
Tepputopun ropoackas
cpena 2pg,qa
r. BopoHexa
r. MoBopuHo
1054 111 fﬁ%7 025 uen

ropoackas ropoackas

cpepa cpena
r. bobposa r. Cemunyku
20 460 yen 26 732 yen

* paccMoTpeHs!
MCTOpUYECKNE PaitHbl,
KOTOpble aKTUBHO
PEKOHCTpYMpYIOTCS-
BHYTpUKBapTaribHble
TEpPUTOPUN, OCBOEHHbIE
netuexogamu

* TEppUTOPUM,
npureratoLime K
oTaenbHO
cTosemy
XKUMNOMY 34aHuI0

Pucynoxk 4 — Obvexmut uccinedoeanus

Pe3ysbTaThl HCCI1E0BAHUSA U X AHAJIN3

IInomnocmoe 3acmpouixku. CioxKuBIIasics B HacToslee BpeMs B Poccun cutyanus co crpare-
TMYECKUM TEPPUTOPHATIBHBIM IJIAHUPOBAHUEM M OOLIUM NMPU3HAHHEM B I'PaJOCTPOUTENBHOM MOJHU-
THKE KBapTaJbHOW 3aCTPOMKH, B OTIIMYUE OT MPOUUION CTPYKTYpPbI TOpoAa — MUKpOpaioHa, T0JKHA
co3/1aBaTh KOM(OPTHOCTb, OE30MACHOCTD, MOBBIIIATH YKOJIOTMYHOCTD, KyJIbTYpPHO-00pa30BaTeIbHbIN ypo-
BEHb, 3KOHOMUYHOCTb, COLIMATIBHYI0 HH(PACTPYKTYPY.

Ho cunbHOe yBenmueHue I0THOCTH T. BopoHexa npuBOJUT K TOMY, YTO JIFOJISIM HETJIe OTYJISTh
C IETEMU BO JIBOpE, TIOCTAaBUTh MamvHy U T.4. (Puc. 5, 6). Bce 310 He fenaer Kuabe TaKuM YK KoMpopT-
HBIM, a BCE IIOTOMY, YTO MHOTHE aPXUTEKTOPBI ¥ MIPOEKTUPOBIIMKY MPOIUIOrO HE YYUTBIBAI COLUAIIBHO-
TICUXOJIOTUYECKHE (PAKTOPBI, YTO OCJIOKHIJIO PAllMOHAJIBHOE pa3MelleHne 0OBEKTOB B TOPOJCKOM IPO-
crpaHcTBe. IIMOTHOCTE 3aCTpOMKK BIMSIET HA YMOLMOHAIBHYIO OLIEHKY HACEJIEHUs OKpY’Karollen pe-
aNbHOCTH. PeTpocnekTHBHBIN (OLIEHOUHBIN) aHAIN3 3aCTPOMKM IOKa3all, YTO YUCIEHHOCTb B MHKPO-
paiione B 30-e roza paBHsIach 8-12 TeIcsA4 4enoBeK. 3aTeM OHA yBeauuuBaiachk U gocturia 50-70 Teicsaa
xutesneil. CerogHs ¢ y4eToM TPaHCIOPTHOW BO3MOXXHOCTH, BRICOTHOTO CTPOUTEIILCTBA 3/IaHUH, TpeOOoBa-
HUSIM DKOJIOTMH KWJIMIIHAS MOJIMTHKA ropoa n3MeHmwnackh. [nomane Mukpopaiiona crana BapbupOBaTh-
cst ot 10 1o 60 rekrapoB ¢ yMCIeHHOCTHIO Hacennenus 6onee 100 Toicsiu yenoek [6,7]. [lepeuncneHubie
JeUcTBUS CHOCOOCTBYIOT YXYALICHHIO KOM(OpTa M COLUAIBHO-TICUXOJIOTHYECKOIO CaMOYyBCTBHS
KUATEIICH.

B cBsI3u ¢ 3TUM BBISIBIICHO, YTO KOM(OPTHOCTD /IS )KUTENEH ¢ MPEeBBIIEHUEM IUNIOTHOCTH B T. Bo-
poHexe ymMeHbleHa pakrtiudecku B 10 pas.
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Pucynox 5 — 3acmpoiika no yn. Illluwkoea Pucynox 6 — Kunoit 0om 6-p Onumnuiickuii
2. Bopomnesica 2. Boponesc
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Bvicomnocmo 3acmpotiku. JKUTh IOCTOSHHO HAa BBICOTE BPEAHO JUIsl OOIIEr0 COCTOSHUS Op-
raHu3mMa yenoseka [§]. B opranusme nosBiseTcs BAjI0€ COCTOSHUE, arlaTHs, YacThle TOJIOBHbBIE 00N,
CHIKEHHE MMMYHHUTETa U MHOIO€ Jpyroe, Mo3TOMY CTPOUTENIbHbIE KOMIIAHUH, PEalH3yIOUIue IMo-
CTPOEHHOE KMJIbE BBIIIE 7-TO 3TaXa, CHIKAIOT LIeHY Ha KBapTupsl Ha 10-15%.

HccnenoBanusi, NpoBEJECHHbIE B NMPOLUIOM, MOKAa3aJld, YTO HETAaTUBHBIMU (DaKTOpaMH, BIIH-
IOLLIMMU Ha KU3Hb Ha BBICOTE, SIBJISIOTCS:

1. BBICOTA camMa co00H TUCKOM(OpPTHA U HE SBJISETCS €CTECTBEHHOH IS YEIOBEKa;

2. AJIEKTPOMAarHUTHOE I10JIE;

3. panuoBoHbI [9-14].

Bricokue 3Taxu UMEIOT U IPEUMYIIECTBA, TAKHE KaK:

1. YucroTa BO3ayxa Ha BBICOTE IOpa3/Io BHILIE, BEAb IbLIb OT JABMKEHUS TPAaHCIOPTA

ocelaeT BHHU3Y, HO BbIie 30 METPOB KOHIIGHTPAIHS BEIOPOCOB MPOMBIIUICHHBIMH 00BEKTaAMU PE3KO
YBEITUYHBACTCSI.

2. OTHOCHUTENIbHAS TUIIMHA — TPEUMYIIECTBO HU3KUX TUIOMIA0K.

3. OTcyTCTBHE BIIard, MOCTOSIHHO TIOJHUMAFOIICHCS W3 IIOKOJISI JOMa BILIOTH A0 2-TO
sTaka. [ puOKM ¥ MIeceHb B KBApPTUPE, & OTCIO/IA TIOSIBIISIFOTCSI OPOHXUT, ajNIeprus, THEBMOHHUS U T.JI.

HccnenoBanue mokaszano, Ha KaKOM dTa)ke KUTh Hanbosee OmaronpusatHo. 1o pekoMeHaanu-
sIM Bpadeil moJie3Hee XKUTh B TOpoJie 10 7-To 3Taxa. B nmydmem ciywyae mexay 2-7 staxamu [15].
Brimie 7-ro ectb 0lHM HIOAHCHI, HUXKE 2-r0 Apyrue. [lepBoie 7 3Taxel Ha3bIBAIOT «30JI0THIMU 3Ta-
xamm» (Puc. 7,8).

 ———

Sleanoos:

loloocsoe:!

5 5

it $ MK
w«flemduion Kﬁu clauseitna
— oo
Pucynok 7— «llamo 36e30» Pucynox 8 — Camole évicokue 30anus
2. Boponeoica, 25 amascei 2. Boponesca

BrIcoTHBIE 371aHUS MOTYT CIIPOBOLIMPOBATh pa3BUTHE NCHUXUYECKUX 3aboneBaHuid. K Takomy
BbIBONY Ipuien aupektop Jlaboparopuu roponckoit peansHoctu (Urban Realities Laboratory) B ka-
HajzckoM YHusepcutere Yorepiy - Konun Omnapn [16].

Kak pacckazana nupekrop Llentpa rpagoctpoutensubix komnerenunii PAHXul'C npu Ilpe-
sunente PO Upuna Mpbutckas, GONBIIMHCTBO JIIOJEH )KUBYT Ha PAaBHUHHBIX MJIM XOJIMUCTBIX MECT-
HOCTSIX ¥ IIPEANOYUTAIOT CENIMTHCA "HE BBIIE KPOH AepeBbEB', TO ecTh 12-ro 3Taxa. [lone3nee xuTh
B Topoje A0 7-To 3taxa. B myumem ciydae mexnay 2-7 staxamu. [lo cnoBam aupexropa Llentpa
rpagoctpoutenbHbix komneTeHnit PAHXul'C Upunst MpOoutckoii, Ha moCcO3HaHKUE YeT0BeKa BIIU-
sIeT HECKOJIBKO (haKTOPOB:

1. JIFOJIM OTCTPAHEHBI OT 3EMJIU;
2. BEPXHHUE TAKU U30JIUPOBAHBI OT OOIIIECTBA;
3. Ha BEPXHHUX dTakaX CHJIbHEE BHOpaIIUU.

Curyanus 1BOPOBBIX IPOCTPAHCTB.

C Kax/plil TOJOM BO JABOpax >KUJIBIX JJOMOB CTAaHOBHUTCS Bce OOJIbIIIE MAIINH, OTCIOJa BO3HHU-
KaeT mpo0sieMa MapKOBOYHBIX MECT, BE/Ib UX CTAJIO CYIIECTBEHHO HE XBaTaTh. KaxkKblii Baaemnel aB-
TOMOOWJISA cTapaeTcs peluTh 3Ty NpolaeMy, HaXOs CBOM CIIOCOOBI, HAPUMeEp, TPUMEHEHUEM CHUIIbI
K JIpyroMy 4eJlOBEKY, Ubs MalllMHA BCTaja Ha «3aHATOe» MecTo. OTCI0/1a B JIOJSX BO3HUKAIOT MPH-
CTYIIbI arpECCHH, UYTO YK HUKAK HeJb3sl Ha3BaTh OJArONMpHUITHBIM (DaKTOPOM, BIUSIOLUIUM Ha YelloBe-
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ka. lHOrma Mecra, HE3aKOHHO CTaBUIME IMAPKOBOYHBIMH IPEBBINIAIOT JOMYCTUMYIO HOPMY, U O3€Je-
HEHHBIX MECT, OTBEJICHHBIX 10J] TUXUW OTABIX KWJIBLIOB, CTAHOBUTCS KpaliHE MaJIo.

B HekoTophIX cilydas MecTa, HE3aKOHHO CTaBUIME MAPKOBOYHBIMHU, MPEBBIIIAIOT TOMYCTUMYIO
HOPMY, M O3€JICHEHHBIX MECT, OTBEICHHBIX I10J] TUXUI OTIBIX KUJIbLIOB CTAHOBUTCS KpalHe Maio. A
BeJlb MMEHHO TaKOM OTABIX B THILIHMHE M HAa BO3/yXe OyKBaJbHO HEOOXOIUM TOPOJICKUM JIOASM, KO-
TOpBIE OOJIBIIYIO YacTh CBOETO JHs MPOBOJAT HA paboTe B UIyMHOM 3aMKHYTOM HOMeIieHud. OnbIT
pa3paboTKH apXUTEKTYPHO-TJIAHUPOBOYHBIX PEIICHUN M (PYHKIIMOHAIBHON OpPraHU3allH JBOPOBBIX
TEPPUTOPUI TIOMOTaNl OBl JIIOJIM CHHMATh HAIPSDKEHHE IMOCTEe TPYJHOTO JHSA M TICHXOJOTHYECKH
OKa3bIBaJ Obl 0JIArOTBOPHOE BIHSIHUE.

Takas cuTyanust BO ABOPAX BIIMAET HE TOJBKO HA B3POCIBIX, HO M Ha JETEH, BEIb HA CEro-
THSIIHUNA JeHb CYIIECTBYET JIOCTATOYHO MHOIO JBOPOB, UTPOBasi 30HA KOTOPBIX HAXOIUTCS (aKTu-
YEeCKH B IUIAYEBHOM COCTOSIHUM. B HOBBIX JJOMaX 3aCTPOUIIMKH MBITAIOTCSA PEIIUTh MPpodiIeMy, ycra-
HaBJIMBas HEOOJbIINE ATTPAKIMOHBI Ul JETel W Jenas MUHUMAaJbHOE JIaHma(THOe O3elIeHeHue,
HO B CTaphIX JIOMax M0100HbIe TPOOIEMBI 10 CUX MTOP OCTAIOTCSA HEPEIICHHBIMHU.

Bomnpocs! TUIIONOruy KWIbIX IBOPOBBIX IPOCTPAHCTB COBPEMEHHOIO I'OPOJIA.

[IpoBeneHHbIE MCCIEIOBaHNUSA UCTOPUYECKHX pailoHoB I'. BoOpoBa, KOTOphIE aKTUBHO PEKOH-
CTPYUPYIOTCS-BHYTPUKBAPTAJIbHbIE TEPPUTOPUU, OCBOCHHBIE IEIIEXOJaMH I103BOJIUIN BBIIEIUTH
TEPPUTOPUIO, KOTOPYIO MOKHO 0Tpa3uTh (Puc. 9) kak nemexonHas 30Ha U TONOJIHUTEIbHAS 3€JI€Has
30Ha. JlaHHBII MPOEKT 100aBUTh pEeKpPEallMOHHYI0 30HY B LIEHTpe ropoaa. B paMkax mpoekTa co3nan
TYPUCTUYECKHUI MapuIpyT, HECYIIUH B ceOe HECKOIBKO (YHKIUH, IEPBON M3 KOTOPBIX SABJISETCS J0-
cyroBasi, obecreyuBaronasi akTUBHOCTb OTJIBIXAIOIIUX W JKUTEJIeH ropojna B pa3HOE BpeMs CYTOK.
Bropas — pekpeannonHas, obecrieqnBaronas pa3BuTHE KyJIbTypHOTO U UCTOPHUYECKOTO KapKaca ro-
pona. Tpetbsi — oOpa3oBaTenbHasi, 000CHOBaHHASI OOJBIIMM YHCIOM MECT HCTOPHUKO-KYJIbTYPHOIO
Hacjeaus, B TOM YUCJEe NIaMATHUKOB apXUTEKTYPBI, a TaK K€ MAIIYIO dKOJOTMYECKYIO TPOIly, Ha IIPO-
TSOKEHUH KOTOPOI BCTpedyaeTcss MHOXKECTBO MAJIOM3BECTHBIX MpecTaBuTeNeit Giopsl U GayHBbI.

Tlyralenccan yn.

Obope
yn. Nap
yn. Ane

yA. Wt Kitposa

¥A. CooBoast

*” yn. wm. Knpogs

& . Y. Aspeesa T

Mepsomancxay vy

Dkennukaums: YenosHble 0603HaueHNs:

- My3eit 1 Ky3HuLa - NelwexoAHas ynuua —— - rPaH1La NPOEKTUPYEMOro y4acTka
- cBETOAVHaMMYeCcKUit poHTaH - BbIXxoA K peke BuTior “e - KYNbTYPHO-UCTOPUYECKUIA KapKac
- UEHTPaNbHbIN NapK ® s o- OCb KapKaca

Pucynox 9 — Pazeumue Ky1omypHozo u ucmopuueckozo kapkaca 2. boopoe (aesmop I'ypvesa E.H.)

ADPXUTEKTYPHO IUIAHUPOBOYHOE pelIeHrEe C(HOPMHUPOBAHO COTTIACHO MPUHIUITY MUHUMAJIbHO-
ro BMELIATENIbCTBA B CIIOXKHUBIIYIOCS TOPOJCKYIO cpeny. Bce m3MeHeHus ropoickoro Kapkaca He
HAHOCST BpeJ UCTOPUKO-KYJIbTYPHOMY HAaCJIEIUIO TOPOJa.
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B ropone Cemunyku pa3BuTa nNpoMbllIIEHHOCTh. HO HMccienoBanus mokasaiau, 4TO OCHOB-
HBIM IMOTCHIMAJIOM TropoJa ABJIAKOTCA HAYKOCMKOC U HHHOBAIIUOHHOC IIPOU3BOACTBO, BBITCCHAA I0-
MUHUPYIOLIYIO B MPOIIJIOM MPOMBINIIEHHOCTh. TeM cambIM IpeBpalias ObIBIIME MPOMBINIICHHbIE
TEPPUTOPHUH B JCTIPECCUBHYIO 3aCTPOMKY, SBIISSACH U30JIMPOBAHHBIMU OT COLMAIILHOM CPElbI rOpoAa.
Ha »Tux TeppuTopusix MOXHO MPOBECTU SKOJIOTHUECKYI0 pEeaOMIUTAINIO — PEKYJIbTUBALIUIO TEPPU-
TOpUH, MONABUIMX B 30HY 3arpsi3HEHUs (YCTPONCTBO HOBBIX 3€JIEHBIX MAaCCHUBOB — IIAPKOB, CKBEPOB,
ajei), TeM caMbIM YBEJIHUUTh MPOLEHT peKpealmoHHbIX 30H. Tem Oonee B r. CeMUITyKH CIOXKUIACh
KyJIbTypa OpraHu3aiuy TopoICKOTo OaroycTpoiicTBa cunamu xuteneit (Puc. 10).

HAAWYME CAOXKMUBLIEACS

NPOMBIIAEHHOM BA3bl

P> U TPYAOBLIX PECYPCOB,
NPOMbILWAEHHOM
KYABTYPbl TOPOAA

CAOXMBLWASACH KYABTYPA

OPFTAHU3ALUM TOPOACKOTO
BAATOYCTPONCTBA <
CUAAMMU XHUTEAEN

Pucynok 10 — Ilonosxcumenshuvie npeonocwiiku K pazeumuio 2. Cemunyxu (aemop I'ypvesa E.HU.)

Osenenenue. Vccnenosarens KonuH Dinap1 BEISICHAI, YTO HA IICUXMYECKOE COCTOSTHUE TO-
POJCKUX KUTEJEH TaKkKe BIUAIOT AU3aliH (aca 0B, CTETIEHb 03€JICHEHUS U T€OMETPHS YIIHULL.

Ecnu teppurtopus, rie pacnoiaokeH JA0M, SBISETCS CHAJbHBIM paloHOM 0e3 3€JIeHH BOKPYT
HEro, TO B TaKOM CJIydae BBIOMPAThCS HA MPUPOIY PEKOMEHAyeTCs peryispHo. VpeanbHoe Kuibe
MMEET KOHKPETHbIE KPUTEPUHU: HEBBICOKUHM 10 7-TO 3Tax, yJIajleHHOCTb MUHUMYM 200 MeTpoB OT
Tpacchl C UHTCHCUBHBIM JBHKEHHEM, MPUPOIHBIE JaHAIIAPTH BOKPYT JOMA C JIEPEBBSIMHU U Kella-
TEJIbHO HEOOBIION MPY/T HEMOJAJIEKY.

Kaxkue sMonuu BbI3bIBAIOT y YEJIOBEKA T€ WJIM UHBIE TOPOJICKHE MPOCTPAHCTBA U apXUTEKTYpa,
HCCIIEN0BATENb ONPEEIII C IOMOIIBIO TEXHOJIOTUN BUPTYaJIbHON peasibHOCTH. "JIroau Haxonarcs B
IJIOTHOM cpenie, KOTOpasi yTHETAET U BbI3bIBAET HETaTUBHBIE SMOLIUH.

Kaskercst 1OruuHbIM, 4TO OHA CKa3bIBAETCS HA TOM, KaK Mbl IOHHMaeM JIFOJEeH U OTHOCUMCS K
HUM. DTO MOXKET OBITh CBSI3aHO C YBEJIMYEHHEM NCHUXUYECKUX 3abosieBaHuUil", - pacckaszan Dmmapn
[17].C

Cornacno noknaay BecemupHoii opranusaiuu 3apaBooxpanenus (BO3), 3eneHbie 30HbI MOTYT
YJIY4IIUTh U COXPAHUTh ICUXHYECKOE 37]0POBbE TOPOJCKHMX >KUTEJIEH, CHU3UTh YPOBHHM CTpecca U
arpeccuu [18]. K Tomy e pacTeHHs OXJIaKJal0T TOpo/ia, MOTJIOMIAI0T IyM, OYMIIAl0T BO3ayX. Hc-
cinenoBarenu LleHTpa ropoackoro nu3aiiHa ¥ MCUXUYECKOTO 370POBbS MPHU3BIBAIOT CO3/1aBaTh 0€3-
ONAacCHBIEC U YXOKEHHbIE MAPKOBBIEC 30HBI, O3EJICHATh YUl U ApXUTEKTYPY.

Tak ucciienoBaHus 1BOPOBBIX TeppUTOpUH I. [IoBOpHHO MOKa3anu, 4To0 paCCMOTPEHHBIE MIPU-
JIOMOBBIE TEPPUTOPUU PANOHOB C MATUITAXKHOW 3aCTPOMKOM - MPUIOMOBBIE TEPPUTOPHUH, HA KOTO-
PYIO BBIXOAST HECKOJBKO IMOABE3I0B YKUIJIOIO JI0Ma, OCBOEHHYIO NPEUMYIIECTBEHHO >XHJIbLIAMU
HMMEIOT XOPOIINE pa3Mephl, HO MOpPaJbHO ycTapenbie 3eMeHThl 6maroycrpoiictea (MA®) (Puc. 11).
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_ AHGIWU3 TeppuUuTOopUn

Mnowank psopa : 1,38 [a

06w1as OUeHKa COCTOAHMSA: TEPPUTOPUA YXOXKEHHAR, HO ABOP U3HOLWEH W TPeBYET PeKOHCTPYKUMN
C Y4ETOM HOBbIX WA U COBPEMEHHbIX TEHAEHLMIA

SasPe 40000

Pucynox 11 — I'padocmpoumenvnutii ananus 06opoeoui meppumopuu 2. Ilosopuno (aemop I'ypvesa E.U.)

VYcroitunBele 3e€J€HbIE TOPOA - OJIHA U3 LEJIe pa3BUTHUS MUpA, IPUHATHIX | 'eHepanbHOIl Ac-
cambneeit OOH 25 cents6ps 2015 roxa. K 2030 roxy crpanam Heo0XoauMo "oOecrieunTs BCeoOITHit
JOCTYH K 0€30MacHbIM, OTKPBITHIM ISl BCEX U JIETKOJOCTYIHBIM 3€JeHbIM 30HaM U OOIIECTBEHHBIM
MEeCTaM OT/bIXa, B YACTHOCTHU JUIsl KCHILIUH U JeTeH, MOXKUIIBIX JTtofei 1 uaBaiuaos" [19]. JIBopoBsie
Tepputopuu T. [IoBOpHHO MO3BOJISIOT BBIJEPKATh BCE BhILIENepedrciieHHbIe MyHKTHI (Puc. 12).

[eHepanbHbIv NAIAH

1.0eTtckas NNowWagka ans aeten
LOWKOMBHOIO BO3PACTA

2. [leTckas NAowaaxko ans geren
MAGAHErO LWKONBHOIO BO3RACTA
3. Jetckas niowaaka s gerten
CpefHero WKOIbHOro BO3pacTa
4, 30HA TUXOrO OTAbIXO

5. CueHa

6. becenka

7. MNaowanka ana KaTaHUA HO
PONUKAX 1 KOHBKOX

8. CNopTUBHbIE MNAOLWALAKN

Q. YNUYHbIE TREHMKEPbI

10, XO3aMCTBEHHOA NACLLOAKD

1. Oropoasbl

Yz 60 peT OKTaBpS, 18

Pucynox 12 — Konuenuyusn osoposoii meppumopuu 2. Ilosopuno (aemop I'ypvesa E.H.)

«JloxazaHo, 4TO JIFOJM TPEIIOYUTAIOT OOXOIUTH MECTa C pa3speKCHHON 3acTporkoi. OHU
BBIOEPYT yiHIly, KOTOpas oOpa3oBaHa ¢acajaMu, TJIe HA MEPBBIX M BTOPBIX ATaKax OOBIUHO TOMeE-
Iar0T Kade, CepBUCHBIE IEHTPHI. YeTIOBeK YyBCTBYET ce0si KOMPOpTHEE, KOTIa 3HACT, UYTO B JIF00O
MOMEHT MOXET 3alTH U MEPEKYyCUThb», - OTMe4aeT nupektop LleHTpa rpagocTpouTeNnbHbIX KOMIIe-
terimii PAHXul'C - Upuna Up6utckas [20].
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ITo cioBam 3kcriepra, B MaJIbIX TOPOJIax C MIIOTHOW TOPU30HTAIBLHON 3aCTPOMKOM JIFOJU pEKe
HOCAT C COOOW 30HTHMKH, TaK KaK 3HAIOT, YTO CMOTYT YKPBITbCS OT JOXKAS MIM OOCOXHYTh B Kade.
BaxxHO Takke KpacMBO OQOPMIISITh YIIHIIbI, BRICAKUBATH JIEPEBbs. 3€JICHb YCIIOKOUTEIHHO BIHSCT HA
YeNoBeKa, CHIDKAeT YPOBHM arpeccuu U crpecca’, - pacckaszana Mpourckas.

[lepeuncnennpie (HakTOPsl UMEIOT OTPOMHOE BIUSHHE HE TOJBKO Ha HACTPOCHHE, HO W Ha
3mopoBbe denoBeka (Puc. 13).
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Pucynok 13— Tpebosanus k oyenke nokazameneii, 6AUAIOUWUX HA NCUXOTI02UUECKOE COCMOARUE Hel06eKa
(aemop I'ypvesa E.H.)

B 3axiiroueHuu OTMETHM, YTO Ha IICUXOJOTNYECKOE COCTOSIHUE YEJIOBEKA BIMAIOT MHOTOYHC-
JICHHBIE COLMAIBHO-TICUXOJIOTHYECKUE (aKTOphI B chepe rpagocTpoutenseTa. B 0600mennn MHO-
TOYMCIIEHHBIX MCCIIE0BaHUM, IPOBEIEHHBIX HE TOJBKO POCCUHCKUMH, HO U 3apyOC)KHBIMU yU€HBI-
MU, pabOTaIOMKUMU B TPAJOCTPOUTEIBHON cdepe, Kak Ha Tepputopun PD, Tak 1 BHE Hee BBISBICHO:
3a4acTyl0 3aCTPOMIIMKU NPOEKTUPYIOT U CTPOST KWIbE, HE YUUTHIBAs BIMSIHHE INEPEUUCIICHHBIX
(akTOpPOB HA YEIOBEKA, a BeJJb UMEHHO OHH SIBIIIIOTCS HauOoJiee BaXKHBIMHU U BIIHSIFOT HE TOJBKO Ha
HaCTPOEHHE, HO U Ha 3JJ0POBBLE.

I'pamocTpouTenbHas AESTENBHOCTh B arjoMepanuu BopoHekckod o00JacTé JOKHA OBbITh
HalpaBjeHa Ha pellleHHe YCTONUMBOro pa3BUTHs TEPPUTOPUNA, KOTOpOE Ipenanoiaraer GopMupona-
HUE COBPEMEHHON IropoJICKOM cpefibl BopoHexckoil 001acTH.

BriBoabl

1. CunbHoOe yBelnUYeHHE IUIOTHOCTH B ropojax BopoHekckoil o61acTu He AenaeT Kuiibe
koMbopTHbIM. Celiuac MBI BHJIUM, YTO TOPOJI Y HAC Pa3BHBAETCS SKCTEHCHBHO, OCBAaHUBAIOTCS OKpa-
UHHBIE TeppuTOpun ropoja. IloBblmaeTcs Harpys3ka Ha OOIIECTBEHHBIH TPaHCHOPT, MCIOJB3YIOT
00JbIlIe JTUYHBIX aBTOMOOMIEH. A Koraa Jroau OydyT OCTaBaTbCsl B MCTOPHUYECKH CIIOKMBIIUXCS
I'paHMIaX, IIOTHOCTHBIE XapaKTEPUCTUKU TaM MOXHO OyZeT MOBBICUTH Oe3 yiiepOa ans koMmdopr-
HOCTH ITPOYKUBAHUSI.

2. BricoTa HeectecTBeHHa Uil yenoBeka. JKUTh Ha BBICOTE BPEIHO AJIS OOLIET0 COCTOS-
HUS OpraHu3Ma yesnoBeka. McciaenoBaTeny yCTaHOBWIN HEraTUBHbIE (DAKTOPBI, BIUSIONINE HA )KU3Hb
Ha BBICOTE: DJIEKTPOMATHUTHOE I0JIE U PaJUOBOJIHBL. Peanusanus NpoeKTOB KOMIUIEKCHOTO Pa3BUTHUS
TEPPUTOPUH, IIPEyCMATPUBAIOLIUX CTPOUTEIBCTBO KUIbs B UJ€AJIE JOJKHO NPEJICTABIATh: JOM J10
7 3Takel ¢ yIaleHHOCTBIO OT Tpacchl MUHUMYM 200 M, C IpUMBIKaIOLIEH peKpeanen 1uis KUTeleu -
Ja”aAmapT BOKPYT JoMa

3. «YMHBII TOPOJ — YMHBIM pernoH» - 00J1acTH U acleKThl IICUXOJI0IMYECKOT0 UCCIIeN0-
BaHUs. braroycrpoiicTBo 1BOPOBBIX U OOIIECTBEHHBIX TEPPUTOPHIA.
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4, OObecnieyeHne pocTta YpPOBHS KU3HM HACEJCHUs, CO3/IaHue KOMGMOPTHOU CpeIbl €ro
KHU3HEJIEATEILHOCTH, MOBBIIICHNE TPECTHKa MPOKUBAHUS U pabOThl B MeCTHOCTH. braroyctpoiicto
[IapKOB, CKBEPOB, IUISKEH, CaJ0B, pEMOHT M 0JaroycTpoiicTBO BOEHHO-MEMOPHAIbHBIX OOBEKTOB,
YCTPOHCTBO TPOTYapoOB, YTO IO3BOJIIET CO3/aTh YCIOBHS A Oojee KOM(OPTHOrO MpOKUBAHHS
IPaXAaH, NOBBILICHNS TYPUCTCKON IIPUBIIEKATEIbHOCTH TEPPUTOPHH.

S. PesynbraThl ccnenoBanuii 00beKTOB BOpOHEKCKO aroMepanny moKas3ajiu, 9YTo Ipu
JeTa’abHOI MpopaboTKe TOPOIOB MOXKHO BBIBUTh YHUKAJIbHbIE TEPPUTOPUU AJISI CO3/IaHUS TaPMOHHY-
HBIX PEKPEALMOHHBIX 30H: B UCTOPUYECKUX IOPOJIaX-3TO MOXKET CTAaTh KOHLEMIMS CO3/IaHUs Iellle-
XOJHOTO MCTOPUUYECKU-KYJIBTYPHOIO KapKaca COIJIaCHO NMPUHIUILY MUHAMAJIbHOTO BMEIIATENbCTBA B
CJIOKMBILYIOCS TOPOACKYIO CPElly; B MOHOTOPO/JAX — IKOJIOTHUYECKAsE PEKOHCTPYKIMS 3a0pOIIEHHBIX
IIPOMBILICHHBIX TEPPUTOPUI U MPEBPALEHUE UX B NAPKH; B TOPOJaX ¢ OOJIBIIUMH JIBOPAMH, HO MO-
panbHO ycTtapensiMu MA® — BO3MOKHA PEKOHCTPYKLMS B KpOWYANIIIMe CPOKU TPU HATM4UK (PUHAH-
CHUPOBAHUU CTPOUTEINIbHBIX paboT i (OpMUPOBaAHUS KOMPOPTHOH CpeIbl.
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APXUTEKTYPA YCAJEBHBIX 3JJAHUM KYPCKOM I'YBEPHUU
XVIII - MEPBOM IMOJIOBUHE XIX BB.

XOJIOJOBA E.B.

HayuHo-uccnenoBaTenbCKuif HHCTUTYT TEOPHH U HICTOPUH apXUTEKTYphl U rpanoctpoutensctsa (HUUTUATL)
Owmman OI'bY "ITHUHUIT Munctpost Poccun", r. Mocksa, Poccust

Annomayusn. Hcciedosauue OCHOBAHO HA BLIAGIEHHBIX APXUBHBIX U NEHAMHBIX UCTMOYHUKAX,
HAMYPHBIX UCCIE008AHUAX ABMOPA, KOMOPble NO360AAI0M 60jee 0OOCHOBAHHO PEKOHCIMPYUPO8Amy ap-
XUMEKMYPY VMPAYEHHBIX U COXPAHUBUIUXCA PPASMEHINO08 080PAHCKUX U KYNeUecKux ycaoed Ha meppu-
mopuu nopybexcnozo pezuona Poccuu.

Hayunas HosusHa uccne008anuus céa3ana ¢ nposedeHuem asmopcKux IKCReOUyuti no 8blasneHuUI0
NPUSHAKOS CYUWeCBO8AHUS U HATNYPHOM 00C1e008aAHUU PAOA COXPAHUBUIUXCA YCAOeOHBIX KOMNIEKCOS,
He npueiexaguiue panee 8 O0INHCHOU Mepe sHuManue ucciedosameneii. Ocoby0 3HAUUMOCI UMeem Bbl-
AGNEHUE APXUBHBIX U NEYAMHBIX UCIOYHUKOS, KOMOPble NO360JIAIM 00Nlee 000CHO8AHHO PEKOHCPYUpPO-
samv 00OPA3HYI0 U MAMEPUATLHYIO CIPYKIMYPY YIMPAUEHHBIX I]IeMEHMO08 080PAHCKUX U KYNeUeCcKUux yca-
oeo.

Ocobas 3HauuMocmyv BbLINOIHEHHOU KOMWIEKCHOU UCCIe008amenbCKoll pabomsl 00yClo6eHa
B03MOICHOCBIO 3ANOIHUMb JAKYHbL 6 UZVHEHUU BANCHBIX CIPAHUY UCTOPUU 0OWEHAYUOHATLHOU U Pe-
SUOHATLHOU PYCCKOTUL KYTbIYPbl, OMPASUBUIUXCS HA (POPMUPOBAHUYU PEUOHATLHBIX 0CODeHHOCmell Cmpo-
UMeNbHbIX NPUEMO8 U 0OPA3HOCMU APXUMEKMYPHbIX ancambell ycaded Kypckozo kpas.

Kniouesvie cnosa: Kypckuil xpail (2ybepHus), apxumexmypa, CMUAUAYUS, KOMHOZUYU,
NIAHUPOBKA, 20CHOOCKUE 00MA, YePKEU, CIpOUmenbCmeo, PeKOHCMPYKYUs.

THE ARCHITECTURE OF MANOR HOUSES IN KURSK PROVINCE
XVII-FIRST HALF OF XIX CENTURY

KHOLODOVAE.V.

Research Institute of theory and history of architecture and urban planning (NIITAG)
branch of "TSNIIP of the Ministry of construction of Russia", Moscow, Russia

Abstract. The study is based on the identified archival and printed sources, field studies of the
author, which allow more reasonably reconstruct the architecture of the lost and preserved fragments of
noble and merchant estates in the territory of the border region of Russia.

The scientific novelty of the study is associated with the author's expeditions to identify signs of
existence and full-scale survey of a number of surviving manor complexes, which had not previously at-
tracted the attention of researchers. Of particular importance is the identification of archival and printed
sources that allow more reasonably reconstruct the figurative and material structure of the lost elements
of noble and merchant estates.

The special significance of the complex research work is due to the possibility to fill in the gaps
in the study of important pages in the history of national and regional Russian culture, reflected in the
formation of regional features of construction techniques and imagery of architectural ensembles of es-
tates of the Kursk region.

Keywords: Kursk region (province), architecture, stylization, composition, planning, manor
houses, churches, construction, reconstruction.
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Beenenue

[Tpenmerom uccienoBaHMs SBISIETCS 3aropoHOE ycaneOHoe cTpouTenbeTBo Kypekoro kpas,
PaccMOTpPEeHHOE B paMKaX 3HAUUTEIBHOTO B MCTOPHUKO-KYJIbTYPHOM OTHOILIEHUH XPOHOJIOTHYECKOM
nepuoae — XVIII — 1-it nonoBunst XIX BB.

OOBEeKTHI UCCIeI0OBaHUSl — IOMECThs, UMEHUS, yCaabObl U Aauu MPUBUIETUPOBAHHBIX COCIIO-
Buii Kypckoro kpas: JBOpSHCTBA U KyIle4eCTBa.

[TockonbKy aAMHUHHUCTPATUBHbBIE TPAHUIIBI TOCIEPEBOIIOLMOHHOTO IEPUOA PA3BUTHS CTPAHBI
MEHSUIUCH, TPU OMPEACIICHUH TEPPUTOPUATBHBIX T'PaHUI] UCCIEAOBaHUS MPUHAT TepMuH «Kypckuii
Kpait», Kak pabounii HHCTPYMEHT, MO3BOJISIOUINI paccMaTpUBATh CYIIECTBOBABIIYIO HAa MPOTSKEHUU
XV — 1-i1 momoBuHbl XX BEKOB KaK TEPPUTOPHATBHYIO [IETOCTHOCTD, OMPEISISBIIYI0 (POPMUPO-
BaHue B e€ npejenax crnenupuyecKkux 4epT KyIabTyphl.

Hcmopuoepaghus npobremsr uccredosanus na meppumopuu Kypckozo kpas.

HcTtopuueckue ceaenus o6 ycaapbax Kypckoro kpas peiko BCTpeuaroTcs Ha CTpaHHIax J0-
PEBOJIONMOHHBIX M31aHuil. HeT oTaenpHbIX craTeil u MoHOorpaduyeckux paboT KOMIUIEKCHBIX HC-
CJIeIOBaHM, MOCBSIIEHHBIX TEME CTPOUTEILCTBA U apXuTekType Kypckoro kpasi.

Nccnenoatenu xonma XIX — mavama XX BB., OCTaBasCh B paMKaxX MCTOPUIECKON (PaKTOJIO-
TUH, K COXAJICHUIO, HE Pa3BUWJIM B CBOUX TPYJaX XyAOXKECTBEHHOIO OCO3HAHUS ycaJeOHOM apXUTeK-
TYpBL.

B mecTHoi neproanyeckoi neyatu (B Kypckux rydepHckux u EnmapxuanbHbIX BETOMOCTSIX U
Ip.) YIIOMUHaHHS 00 ycaap0ax BCTPEYAOTCS JTUIIh B (PAKTHIECKUX COOOIICHUSX.

3HAYUTEIbHBIM SIBICHUEM B KYPCKOH JIETOMMCHOW MCTOPUU CTAl BBIXOJ psifa U3AaHui A.A.
Tankora, /1.1. baranes.

B teuenue XX Beka ycanp0nl Kypckoro kpast He mpHBIIeKalu JOHKHOTO BHUMAHUS apXHUTEK-
TOPOB U UCKyccTBOBenoB. Hambonee ynaunmBoii okaszanachk ycanpba bapstunckux "MapbeuHo", KO-
TOpOH MOCBIATHIIA CBOM paboThl apxutekTop C.U. ®énopos uctopuk E.B. KoHunH, HCKyCCTBOBEIBI
M.C. Tapacona, H.A. Cunsanckasi.

Onucanne NaMATHUKOB apXUTEKTYpbl OTHAEIbHBIX OENrOpOJICKUX ycaaed BCTpedaroTcs B
ouepkax apxurekropa JI.M. KonecHukoBoii.

Hcropuyeckue cBeeHNs U3 )KU3HU OTAENbHBIX ycaaed Kypckoil rybepHun u ux BiajenbleB
MPO3BYYaIH B MyOIMKaLUAX KypCKUX HccienoBareneit u kpaesenoB (1990-e — 2004 rr.).

Bonbmioil Bkiag B M3y4yeHHE OHBOJIOLUU CTPOUTEIBCTBA CEJIBCKOTO JKHIIHUIIA PYCCKO-
YKPauHCKOI0 orpanuybs BHecu Tpyast JI.H. UmkukoBoil.

JBopsHCKHE UMeHUA B TIpoliecce KpenoctHuuecTBa LlentpansHoro YepHo3embs 1-i moioBu-
Hel XVIII B. (3BOMNIONIMS TOMECTHO-BOTYMHOTO (DOHAA, CTATHCTUKA U CTPYKTYypa JBOPSHCKHUX TIOMeE-
cTui) mpeacTaBieHsl B paborax ucropuka C.B. UepHukoBa. DBOMIONNS ABOPSHCKUX M KYTIEUECKHX
3emieBnaaenuit Llentpansnoro UepHo3eMbs B TOpeOpMEHHBIN NEPUOT paCCMOTPEHBI B TPyIax HC-
topukoB B.A. IllanmoBanosa, B.C. Kymabyxosa, I'.1I. Ctapuenko, B.B. beraukosckoro, N.T. Illatoxu-
Ha u Jp.

O0630p mUTEpaTyphl U HAYYHBIX pabOT, JAIONIUI MPEACTaBICHUE O CTENIEHU JOCTaTOYHO MOJI-
HOTO OCBEIlleHHUs MpoOIeMbl, MOATBEp)KAaeT, uTo Kypckue ycaapObl He ObUIM emé MmpeaMeToM Iie-
JIOCTHOTO MCTOPUKO-apXHTEKTypHOro uccienoBanus nepuoga XVII - magama XX BB. 3apyOexHbIe
HCCIIEI0BaHMS TaK K€ OTCYTCTBYIOT.

AKTyalnbHOCTh UCCIIEZIOBaHUs O0YCJIOBIIEHA TEM, YTO pyccKasi ycaJap0a ceroHs sBIsSeTCs pe-
JHUKTOBOM mcue3aroueil Temoid. CerosiHsi ObIBIINE JBOPSHCKUE M KyNEUECKUE 3arOpoJIHbIE ycaabObl
Kypckoro kpasi camas He3amumEHHas YacTh 00BEKTOB KyJIbTYPHOI'O HacleAus - 0eCX03Hble, pa3ou-
paeMble Ha CTpoMMaTepuanbl, Kajedaluecs HekoMneTeHTHRIMU pemonTamu. K nHagany XX B. B Kyp-
ckoi rybepuun Owu10 O0see 6 000 ycane6. Ha Tepputopun COBpEeMEHHBIX PETHOHOB, BXOJAIINX B
oniBIIYI0 Kypckyto TyOepHUIo, MOXKHO Ha3BaTh JuIlb 0koio 100 mect, rie ¢pparMeHThl ycaneOHbIX
KOMIUIEKCOB, Pa3IMYMMBI [0 OCTaTKaM ajulel MapKoB, NPYAOB U ycaJeOHbIX CTpPOSHHH. YcaneOHbIX
KOMILIEKCOB, TIOJJEPKUBAEMBIX PETYJIIPHON pecTaBpaluedl equHuLbl. B pe3ynbrare X03s1HCTBEHHOU
JeSITeIbHOCTH MCYE3al0T CeMEITHbIe HEKPOIIOJIM ¥ YHUKAJIbHbIE ycaleOHbIe JTaH A ThI.

M5 (85) 2019 (cenmabpb-oxmsaops) 109




CTpouTENbCTBO U PEKOHCTPYKIMS

Pucynok 1 — Jlom kynyoe Xnononunsix
6 3axypHnoii cnobooe oau3 2. Kypcka,
nauano XVlll 6.:
a) ¢pacao u nnan - oomepwr apxumexkmopa O.B.
Jlesuyxozo, 1970 2.,
0) 6uo co 06opa - zpajuka apxumexmopa A.I.
Llyknuna, 1940-e ze.

C xypckumu ycaab0aMu CBsI3aHBI KU3Hb U Jiesl-
TETHHOCTh MHOTHX HW3BECTHBIX HCTOPHUYECKHX JUYHO-
CTei, OOIIECTBEHHBIX U MOJIUTUYECKUX AesTeNel u aes-
TeNe Hayku U uckycctBa. Kypckas ycansba crana Ko-
JBIOENbIO CTAHOBJIEHUSI OTEYECTBEHHOIN HAyKH, HCKYC-
CTBA M KYJBTYPBI.

OcHoBHas 11e1b pabOThl — HCCIEA0BaHNE OCHOB-
HBIX  CTUJIUCTHYECKHE  JTaloB W O0BEMHO-
IUIAHUPOBOYHBIC PELICHUN B apXUTEKType ycaaeOHbIX
3/1aHWH, B KOHTEKCTE OOIIMX XyJT0KECTBEHHBIX MPOIIEC-
coB XVIII - 1-i1 mon. XIX BB. Ha 0IHOM U3 3HAUUTEIIE-
HBIX TEPPUTOPHIA YEepPHO3EMHBIX O0JIACTEH FOKHOTO TI0-
py6exbst Poccun — Kypckoro kpas.

OcHoOBHasi 4acCThb.

Bonee pannue ycaneOHble 0OBEKTHI M3y4aeMOTO
Nepuo/ia He AOLUIM JI0 Hac B IOCTaTOYHOM CTENEHU CO-
XPAaHHOCTU U JIOKYMEHTaJbHBIX CBHAETENbCTB. OIHAKO,
€MHUYHbIE COXPAHMBILIMECS /10 HAC JOKYMEHTHI U Ka-
MEHHBbIE yca/ieOHbIe 3/1aHUs 3TOTO BPEMEHH JaroT Mpe/l-
CTaBJICHHUE O TOM, YTO aPXUTEKTypa 3aropoJHBIX ycaaeod
Kypckoro kpasi pasBuBajiach B TpPaJUIUSAX OOBEMHO-
IJIAHUPOBOYHBIX PEIICHUN JAPEBHEPYCCKUX KUJIBIX JO-
mMoB — nanat XVI-XVII BB. (cMm. pucynku 1-6) xapax-
TEPHOM I TOPOJOB M 0o0JIacTel neHTpainbHol Poccun
U Ykpaunsl. X BHyTpeHHE YOpaHCTBO Tak e ClieZ0Ba-
JIO TPAIULMSIM JPEBHEPYCCKOTO KUJIOTO J0Ma: Ha BTO-
pOM dTake - MapajJHble KOMHATHI, BHU3Y - MOJICOOHBIE
MIOMEIIEHUS, a )KWJIbIE KOMHAThI PacIojarajuch B BEpX-
HEW 4acTH.

Peubr up€r, Hampumep, O ABY- TPEXATaX]HBIX
3nanusx 1-i1 werBeptn  XVIIl B., Tak Ha3piBaeMbIX
«lom PomonanoBckux» (KymioB XJIOMOHHMHBIX) B 3a-
KypHO# cioboze nop r. KypckoM, HeIHE TEpPUTOPUS T.
Kypcka (cMm. pucynok 1) , «/lom Ilerpa Benukoro» B T.
Pouibcke u «lom Ilerpa IlepBoro» B ycanpbe B.II. Ille-
pemereBa B bopucoBke (cM. pHCYHOK 5,6), «mamarbl
retMaHa Masenb» B c¢. MBaHOBCKOM (CM. PHCYHOK
2,3,4) u ap.

PaccmoTpuM HEKOTOpBIE U3 HUX.

B cénax xypckoro umenus rermana 1.C. Mase-
bl OBUTM MM OCHOBAaHBI ycaJbObl M SKOHOMHUYECKHE
JBOPbI U3 KOTOPBIX HauOOJblllee pa3BUTHE MOTy4daeT

HBaHoBckoe, B KoTopoM Mo omnucanuio Ha 1708 r. ObUIO TPU LEPKBU, Pa3BUTHIA YKOHOMUYECKUN
MOCENOK M Xuiasi Xo3saickas ycanpba. «IlocTpoiiku Bo aBope Masensl pacnosioKeHbl O JApeBHE-
pyccKOoMy OOBIYaIO: XOPOMBI CTOSUIA BO JIBOPE, @ BOKPYT HUX 10 CTOPOHAM HAJIBOPHBIE MOCTPONKH,
KakK OKoJIo IeHTpa. Ha nBope Haxomunoch 11 OJHOATaXKHBIX «ITO3EMHBIX» CBETIIHII, U3 HUX 5 OBLIO
HOBBIX, a 6 cTapbiX. Bo3ie cBeTnuIl HaXOQWINCH JIBE BapHU, a MEKIY HUMM CTOsaIa KyxHs». [Ipu
ycaap0e UMeIcs JOBOJIBHO Pa3BUTHIN X03ABOp. B 1OKyMeHTe mepeunciaeHbl HECKOIBKO aMOapoB, KO-
HIOIIHA, JCAHUKH, Horpe6a. «Ho3am/1 CBCTJINIL] paCHJIaHI/IpOBaH caa, B HEM 6I>I.Ha 6aH$I — «MBUJIBHS CO

crenamu» [1,c. 37-38].
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Pucynok 2 - «Ilanamot Mazenwry c. Heanoeckom Poinvckozo ye3oa Kypckoii zyoepnuu.
IIpoexm eoccmanosnenus apxumexmop A.F1Q. Exayexum, 1949 c.:
a) eeepxy — 3anaouslil ghacao, 6) enu3zy — 1W0xHcHbLI Pacao.

Pucynok 3 - «llanamor Mazenwvr» ¢ c¢. Heanosckom Pvinvckozo yesoa Kypckoii 2yoepruuu.
Pexoncmpykuusa K. .Jlonano, 1970-e ze.
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a)

Pucynok 4 - Ycaoeonvie cmpoenusn 6 c. Heanoecxkom Polnvckozo yezoa Kypckoii 2ybepnuu. Qdomepul apxu-
mexmopa O.B. Jlesuukozo, 1950-e¢ 22.:
a) Kamenuya — paszpes (66epxy) u nian Imaixica,
0) «llanamuvr Maszenwl» — paspes (86epxy) u naau 1-20 ymaica.

Jlo Hammx aHeH coXpaHWJICS KUPIHUYHBINA TJIaBHBIM JOM ycaabObl, T.H. «majaTbl Mazembh»
(BeposiTHEH Bcero nmocTpoeHHsle ap. Biaaaensuamu B 1730-x rr. — E.X.) u HeOosplas «kaMeHuIa -
LIEHHbIE M pEIKHE MaMSATHUKU T'PaXXJIAHCKOW apXUTEKTYpbl, COCIMHHBIINE B ceOe 4epThl PycCKO-
yKkpaunHckoro 6apokko XVIII B..

Kpome Toro B ¢. Kpymie Masena ocHOBaJl yKPEIUIEHHYIO YCaab0y — «OCTPOXKEK TOPOIOK».
VYcaneOHblil KOMIUIEKC, OKPY>KEHHBIM TPEYTrOJIbHOI B IUIaHE JEPEBSHHOIO KPEMOCThIO ¢ OalTHsIMU
«0e3 Bepxa» ObUT pacHoJIOkKeH Ha Tope HaJl MeIbHUYHBIM IpyaoM Ha peke Kpymer. BuyTpu kpemno-
CTH pacroJiorajics Ii1aBHbIN JOM-CBETJINLA B OKPYKEHHH XO3MOCTPOEK.

bopucoBka, craBmias IVIaBHOM KOHTOPOW YIIPaBJIEHHS SKOHOMMSMH Pa3BUTOrO KpPYITHOTO
[EHTPATBHO-UYEPHO3EMHOTO UMEHHsI U 00pa3noBoro xo3siicTea lllepeMeTeBbIX, TOMUMO >KHIION Ya-
CTH - yca/ibOBbl JJIs IpUe3/1a X035€B (KOTOpbIe ObIBAIN PEIKO) 371eCh HaXOAWINCh A IMUHUCTPATUBHbIE
3/1aHue KOHTOPBI UMEHHUs. Y caap0a BKIItoYania: TOCHOACKUN oM, (prurenu, KyXHi0, BOTYMHHYIO KOH-
TOPY, JIOM YIPABJISIOIIEr0 MMEHUS, KapeTHbIM capaif, KOHIOIIHIO, CKOTHBIM capail, 1Be H30bI I
JIBOPOBO#1 MPHUCIYTH, TpU TOrpeda, 6aHio, Tpu ambapa, caa-mapk [2, ¢.392].

B mepsoit uerBeptu XVIII B. ycaneOubiii kommiekc IllepemereBbix mnpeacTaBisl coOon
OMM3KMIA K KBaapary y4acTok (okoiyio 1 jec.), orpaHWYEHHBIN CENbCKOM yNHIeH, pekoil Bopckiioi,
CaJioM U KPECThIHCKUMH yCaIb0aMu.

B cocraB 6apckoit ycaan0b1 BXOAWI U Tak Ha3eiBaeMbli «Jlomuk [lerpa Bemukoroy. Ilo mpe-
nanuro 10 u nocine [lonraBckoit OUTBBI B 3TOM JoMe ocTaHaBnuBaics [I€Tp |, rocTuBmmii y cBoero
CroIBMKHUKA - Oenropojickoro BoeBoabl b.I1. [llepemereBa. DTo 31aHue, Kak cTapeifias ycaneOHas
MOCTpOiKa MpHUBIeKano BHUMaHue YuéHbix XIX B. u Gnaronaps yemy, COXpaHUIHCh 0OMEpHI, 3apu-
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COBKHM W €T0 OnucaHus: «...Hebombimoe aepeBsHHOE 3/1aHKe, HA JIEeBOM Oepery Bopckibl, oOpamén-
Hoe dacamom Ha BocTok. OHO moctpoeHo B Hadane XVIII Beka u3 Toncroro myboBoro yeca, B ABa
3Ta)ka, HamojoOue CTapUHHOTO TepeMka. Kakaplii 3Tak COCTOMT M3 ABYX HEOONbIINX KOMHAT, a
HIDKHUN COEAUHSAETCS ¢ BEPXHUM IIOCPEICTBOM HAPYKHOM JIECTHUIIBI, OTKYAA HABEPXY C TPEX CTO-
poH Uit Hebonbias ranepes. Kpblia U3 ronTa, BeIKpalieHa KpacHOI Kpackorw. Mebenb B HIKHEM
3Ta)kKe€ COCTOUT U3 OJJTHOTO CTOJIA U HECKOJIBKMX CKAMEEK CTApUHHOMN OTJIEJNKH. .. HaJl BXOJIOM HAJIIIUCh
"T'enepanbras Kaptupa"... mpu TOMHUKE COXPaHSIOTCS BOCEMb OPYIHHA pa3HOTO KaauoOpa (7 myiiek
U OJIUH €IMHOpOT), NI0AApEHHbIE, N0 Npenanuto, Mmnepatopom nocine IlonaraBckoro cpaxkeHus rpa-
¢y B.II. IllepemereBy, BEpOSATHO OTOMTHIX Y IIBEIOB, T.K. OHH OYCHB IMOBPEXKIACHBI. ..» [3;64].

. A;‘;gu%

AN

Du.n wlaa

HETPA BEJHNAIO

dEAC A W
B

U
(SR I ]} L‘.¢\

LOBUATPAN BB

* o .
. cone o ’J.!Pu\'ubclc.’. "o,

a) 0)

Pucynox 5 - «lomux Ilempa Benukozo» 6 c. bopucoske Xommuiorcckozo yezoa Kypckoi cybepuuu.
Oomeput cep. XX 6.: a) 2nasustii hacao, 6) nnanvt Imasiceil.

K maMaTHHKY HpOLUIOrO OTHOCWINCH OEpexHO, KaK K MY3€HMHON pPEITMKBHUU: ITOHOBIISIN
Hapy>XHYIO OTIEJKY, OKPYXWIH U3ropojbto. B nome xpanunu apxus umenusi. B 1845 r. Han tepe-
MOM OBLT YCTPOEH JIEPEBSIHHBIN MIATED IS 3aIUThI OT Hemoroas! [4, 11.1-173].

ApPXUTEKTypa OCTANBHBIX yCaJeOHBIX MOCTPOEK 0 HAC HE JOIUIa, KpOME KpaTKOil XapakTe-
PUCTHUKH 0apCKOTO JIOMa: «...NMOCTPOEH B UTAJBIHCKOM BKYCE M YKpAIIeH IMoJ Bepx repoom rpados
[IlepemereBbIX...». XKunas 4acTe ycaap0bl HE COXPAHUIIACh, BCE TOCTPOUKH BMECTE C JOMAITHUM U
KOHTOPCKHM apXHBaMH CrOPEIIU B MoXKapax KpeCThHCKUX BoccTanuii 1905-1906 rr. [3; 5].
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Pucynok 6 - Humepuep sncunoit komnamol «/Jomuxa Illempa Benuxozo» é c. Bopucosexe Xommuiscckozo
yesoa Kypckoii zybepnuu. Pucynok c pomozpaghuu 1904 2. @onovt KOKM.

CaMbIM paHHUM U HanboJiee pacpoCTPaHEHHBIM TUIIOM JIEPEBSIHHOTO LIEPKOBHOTO 3J1aHUSI B
Kypckom kpae, Tak ke Kak MHa BCE TeppUTOpUH LieHTpanbHOM Poccuu, OblT Xpam «kopabiiby, Xa-
PaKTepU3YIOIIMICSA PAcIOIOKEHUEM YacTell LIEpKBU (XpaMa, Tpane3Hoil U KOJOKOJIbHU) B OAHY JIM-
HUIO - C IPOJOJIBHO OCEBOM KOMIIO3ULUEN, C OJHOIJIABBIM JBYCBETHBIM YETBEPUKOM, IIOUYTU KBaJ-
paTHBIM B IUJIaHE, HEOOJIBIIION TPane3HON U KOJIOKOJIBHEHN B JIBa WM TPH spyca, MPSIMOYTOIHHON W
TPEXTPaHHOM B IJIaHE AJITAPHOM YaCThIO. A Tak K€ BapHallMu 3TOH (HOpMBI, Onpeenstonencs no-
BBILIEHUEM SIPYCOB LIEHTPAJIbHOM YaCTH U KOJOKOJIBHH U ITapaMeTpaMu IIIaHUPOBOYHBIX 4acTeM.

[IpumepomM Takoro LEPKOBHOI'O CTPOUTENILCTBA SIBISAETCS JIEPEBSHHAS LIEPKOBb 3HAMEHMS
Kypckoit nukonsl boxueir Marepu «Ycnenckas, 4to B bopy» noa ropoioMm PeuibCKoM, MOCTpoeHa B
cepeaune XVII B. B cBoéM nMeHHM pbUILCKMM KHs3eM Bacunuem VBanoBuuem Illemsikoi, B uecTb
YyJIeCHOTO CBOero ucienenus. Jomenmme 10 Hac poTorpadun, puCyHKH U OTIMCAHUS XpaMa SIBJISIOT
IIpUMeEp TUIMA JePEeBAHHBIX LIEPKBEH, KOTopble nMenu pacnpoctpanenus B Kypckom kpae XVII-XVIII
BB. (CM. pUCYHOK 7).

Pucynox 7 - Ilepkoes Ycnenckas 6 ¢. boposeckom onus 2. Poinscka. @omo cepeounvt XX 6.:
a) wocnwlil ghacad, 6) cesepuulit hacao.
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LleHHBIM U penKuUM SIBIISAETCS ONMUCAHUU XpaMa COBPEMEHHMKOM Hayana XX B., B KOTOPOM
CKa3aHo: «3a JIPeBHOCTh XpaMa rOBOPUT U COOCTBEHHBIH ero ¢acaj: B HEM U JI0 CUX MOp CYILIECTBY-
IOT BOJIOKOBBIE "3aJIBIDKHBIE" OKHA 0€3 paM KpOIIEYHBIX Pa3MEpPOB, OT MATH JI0 CEMH BEPIIKOB JJTH-
HBI, ¥ OT YETHIPEX C MOJIOBUHOIO JI0 IIECTH BEPUIKOB IIMPHUHBI (JUIMHA 3/1€Ch Pa3yMeeTcsl HE BEpTH-
KaJibHasl, a TOPU30HTaJIbHAs ); KOJIOKOJIbHS YCTpOeHa HE Ha MarepTH, Kak 0ObIKHOBEHHO CTPOSATCS KO-
JIOKOJIbHM; a Ha Tparese; B Tparese, IpU BXOJE € JIEBOM CTOPOHBI, CYLIECTBOBAJIO Ha YEPJAK OTBEp-
CTHE, CIY’KUBILIEE HEKOTJla €IMHCTBEHHBIM XOJOM Ha 3BOHHMILY; CJIE€JbI TOTO OTBEPCTHUS BUIIHBI U
TETeph; B aITape U Tpare3e MOTOJIKHA YCTPOEHBI MoBepX MaTull (0aiok) 0e3 BCAKHX MPaBUII apXUTEK-
TYpbl, Tpare3Has MaTHlla Jake U TOIOPOM He OTecaHa; BBIIIMHA 0OOWX MOTOJKOB HE Ooyiee Tpex C
YEeTBEPTHIO apIUIMH; CTEHBI XpaMa pyOJIeHbl OJHUMHU JIUIIb TONOPaMHU, 0€3 BCAKHX IMOYUCTOK HX yCO-
BEPILIEHCTBOBAaHHBIMU OPYAMSIMH, KaK-TO: HieprieOkamu, pyOaHKaMy U Mpod.: TaK YTO HA BHYTpEH-
HUX CTEHAaX Xpama, HECMOTPs Ha MOKPACKY MX, IO CUX IOP 3aMEUaeTcs JIE3BUE TONOPa; KOJIOKOIbHS
yCTpOeHa Ha Tpanese. Beck aApeBHUI Xpam 0e3 rajepeit umeeT B JUIMHY 22 apiil., B IIUPUHY OT 5,5 10
7 apul., B pa3HbIX OTJENICHHUSIX. XpaM JIOJTroe BpeMs CyIIecTBOBal 0e3 (yHIaMEHTa M MOKPBIT ObLI
TecoM; a B 1830-X IT. moJ HEro MOJAJIOKEH KUPIMUYHBIA (YHIAMEHT U MOKPBIT JIUCTOBBIM KEJIE30M.
W3-nog 60pTOB HACTOSIIEH KPBIIIY BHITTISABIBAIOT U TEEPh KOHIIBI JOCOK MPEKHEH KPOBIH.

B ob6mem xpam 10 cux nop npedbIBaeT B TOM CaMOM BHJI€, B KAKOM MEPBOHAYAIBHO U TOCTPOEH
6bu1. Ho 1Be mocyathix ranepei ¢ 3amajHoi CTOPOHBI IPUCTPOCHBI K HEMY YK€ B TOCIIEHEE BpEMs,
onHa B Hayan 1850-x rr., a BTopas B cepenune 1860-x rr.

B xpame cymiectBoBano He MeHee Tpex HuKoHocTacoB. Ilociennuil moctpoen B 1836 r., B0300-
HOBJEH B 1892 r. CylecTBOBaHHE MPEKHUX JBYX UKOHOCTACOB JOKAa3bIBAETCS TEM, YTO B XpaM U J0
CHUX IIOP XpaHITCSI UKOHOCTAaCHBIE NKOHBI IaBHUX BPEMEH COXpaHWINCh oJHU llapckas Bpara u ogus
0O0JIBIION JepeBSHHBIN KpPECT, KpacoBaBLIMIICS Ha BepXy Bcero mkoHocraca. [pyrue ke Llapckue
BpaTa, 110 CBUJETEJIbCTBY OYEBUALIEB HEJIABHO €IlI€ HAaXOJWINCh B CKJIAJl HA KOJIOKOJIbHE, HO HEU3-
BECTHO KOT'/Ia M KEM yTpadeHsl...» [6, ¢.296-298].

HauOonpIiiee pa3BuTHE CTPOUTEILCTBA ycaleOHBIX KOMIUIEKCOB B Kypckom kpae, Kak U 1O
BCeH TeppuTopuu 1eHTpaibHON Poccun, mpoucxoauino B mocnenneit tpetu XVIII B. uto 6v110 CBS-
3aHO C OCBOOOKICHUEM JBOPSIH OT 0053aTENILCTB HECEHUS] BOMHCKOM ciy»0b1 (MaHudpecT 0 BOJIbHO-
CTH ABOpSHCTBA 1762 I.) ¥ C paclIupeHUeM UX SKOHOMUYECKON M MOJUTHYECKHUX MPUBUIIETUH («OKa-
JIOBaHHAs IrpaMoTa JBOPSAHCTBY», 1785 r.). bnaromaps npuBHMIErusM MHOTHE JABOPSHE MPOYHO
000CHOBAJIUCh HA 3eMJIE€ B CBOMX ycaap0ax .

CoBpemMeHHHUKH oTMeuanu, yTo Bo BTopoil monouHe XVIII B. «...momemuubu ycanbObl
3HAYUTENIBHO YIyYIIMINCh. J|0 TOTO BpEMEHU OHU COCTOSUIM MPEUMYIIECTBEHHO U3 TECHBIX HU3KUX
JIOMUKOB, JIETKO BO300HOBIISIEMBIX IOCJIE MOTPOMOB INEPEHOCHMBIX C MECTa Ha MECTO, MpU4eM
MPENNOYNUTATIOCH TAKOE UX PACIOIOkKEHHE, YTOObI U3 0apCcKOro omMa ObLIO BUIHO KaK Ha JIaJJOHHU,
qTo Jenaercs B AepeBHe. C Tex Mop Kak Hamla o0yiacTh Obljla HaBCerJa OrpaxkJeHa OT BPaKeCKUX
HamaJeHu, ycaapObl CIENaaiuCch BIOJHE OCEUIbIMU. JloMa, OKpY>KEHHBIE cajJjaMHi HWJIN MapKamw,
MOMEIIMKH CTaJll CTPOMTH OOIIMpPHEE, BBIIIE U JIaKe M3peaKa W U3 Oosee MPOYHOro Marepuana,
HampuMep KUpIu4a U KaMHS U KpbITh kee3oM. Camas )KM3Hb B TaKuX ycaJp0ax ciaenaiach Oonee
KoMpopTabesbHOM U OoJiee KyIbTypHOI» [7,c.141] (cM. pucynku 8-15).

006 o6béMax rmaBHbIX ycaneOHbIX 1oMoB Kypckoro kpas no ganasM u3 «Onucanus Kypcko-
ro HamecTHUYecTBa» 1784 T. 1Mo 3TaXXKHOCTU M YMCIY MOKOEB B KPYMHBIX ycanasbax: berropoackas
okpyra: ¢. bomxoser - AaapeeB M.M. «2-x staxuoe 16 mokoeBy; [Imutpuenckas okpyra: c¢. Kapma-
HOBO - M.II. AHHeHKOB «0 9 mokosix»; c. Ilerposckoe-Illeraposo - I'.Il. IIlarapoB «o 9 mokoesy;
JIerosckas okpyra - Kommakoso - A.I'. U3benunoB «50 nokoeBy; darexckast okpyra - c¢. [Tokpos-
ckoe-AnucoBo - AnucoB A.E. «3-x ataxHelii 39 nokoey; Lllurposckas okpyra - n1. Kmenesa - A.H.
CyxotnHa «0 6 mokoeB» [4].

IIpuBen€HHBIE HUXKE ONMMCAHUA AT LICHHBIM MaTepuasl O PacIllOlOKEHUH U YCTPOMCTBE Ha
npuMepe NMoI00HBIX ycaeo:

«PpikoBo ceno (B 6 Bepcrax oT Kypcka). Cenenuem jnexut npu peke CeMHu Mo TEYEHUIO
OHOI1 10 JIEBYIO CTOPOHY. BO OHOM cesie iepkoBb KaMeHHas BO ums JImMuTpus MydeHuka npu KoTo-
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POIi CBSILIIEHHO U IIEPKOBHO CIIY>KUTENIbCKUX JIBOPOB J1Ba. BO OHBIX Ayl YeThIpe, /1a TOCIIOACKOMN Jie-
PEBSHHOM J0M, IIPH KOTOPOM CyKOHHasi pabpuka JepeBsIHHOI CTPOCHHSI C OJTHUM YIIOKOEM, B KOTO-
poMm onuH ctaH. B Toil ¢pabpuke paboTy MpOM3BOAIT TKAIBHYIO U NMPSAWIbHYIO KPEOCTHBIE JIIOIHU, a
Martepuaibl MOKynawTcs B MoCkBe, CyKHa » JJi BAJIKM M KPOILIEHHUS BBITKAHHBIE OTIPABIISIIOTCA
Mocksy k. [la ogun moctosutoit aBop. I[Ipu Tom ke mome Ha peke CeMu MEJIbHHIIA O IECTH MYYHBIX
IIOoCTaBax U ABYX TOJYECAX, HC JOC3KaAd 10 OHOM MCJIBHUIBI Ha COJIAHKE MOCT TPUTHATU ABYX CAa’KCHb.

Jlec COCTOMT OKOJIO OHOTO JIOMY IIO JIyTY M OCTPOBaM IPHUHAUICKHUT MOJKOBHHUKY Aliekcero VBaHo-
Buay Ilanuny» [1, Y.1.J1.8300.].

Pucynok 8 - Buo ycadeonozo mecma. Ceno fxosneska Ooanckozo yezoa Kypckoit 2ydepnuu (?).
Xyooacuuk K.A. Tpymoeckuii, cep. XIX .

Pucynok 9 - Buo Kypckoii ycaovovl. Kapmuna neuzsecmnozo xydoxcnuka, 1883 2..
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Pucynok 10 - Buo na ycaovdy Ycmumosuueii 6 c. Bosnecenckoe
Ooboanckozo yezoa Kypckoii 2yoepnuu. @omo nau. XX. 6.

T oW

Pucynok 11 - Ilapkoesiii 6uo zocnoockozo ooma Bykpeeesuvix ¢ cene Menosom Tumckozo yezoa Kypckoii 2y-
oepnuu. @omo nau. XX 6.

«Kononraeso M3HockoBo Tox. CeneHueMm JexxuT npH peuke ['yctomoe ot uaymei uz Kyp-
cka B PpuIbcK JIopore B JIEBOM CTOpPOHE B 1I€CTH BepcTax. Bo OHOM cele 1IepKkOBb KAMEHHAsI BO UM
cestoro Hukonas Yy noTBopua npu KOTOPOU CBSAIIEHHO M IIEPKOBHO CITYKUTEIBCKUX JBOPOB 1Ba. Bo
OHBIX AYII JEBSTH JIa MOMEIIUKOB [...] APCEHbEBBIX YEThIpE JAOMa, U3 KOUX ABa KamMeHHbIe JIyku
(CremanoBa ceiHa ApceHbEBA) B OJIMH ATAX O CEMH MOKOSX W KOHIONTHS kameHHas, HOpoeu (Cremna-
HOBA ChIHa ApCEHBbEBA) B JIBa ATaXkKa O JIBAJIATH MOKOAX. BO OHBIX IMEIOT CaMH OHHU >KUTENBCTBO Ja
eBo X, FOppu ApcenbeBa oJIMH KUPHHUYHBIN 3aBoJ. Ky3HHUIl yCTPOEGHO NEepeBSHHBIX TPHU, a Ha O3Ha-
YEeHHOW pEeYKH MENbHHIIA 00 OTHOM My4YHOM mocTtase...» [4, U.5.J1.81006.].
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Pucynoxk 12. Tunwi cenvckoui 3acmpoitku Kypckoi zybepnuu —
a) paoosas ucmopuueckan zacmpoiika ro2a Kypckoii zyvepnuu, pomo nau. XX ¢. ,
0) mun eempanoii meabHuusl, pomo nau. XX 6.,
8) scunasn Kpecmovanckas ycaovoa Oboanckozo yezoa Kypckoii 2yo., pomo asmopa 2000 2.

«Hukonsckoe ©Ha Tyckope Kommakoka Tox. Cenenuem nexxut Ha ipH peuke Peyre... Ha
6ompoit u3 Peutbcka B Kypck mopore, Bo oHOM cene nBe 1epkBu. [lepBas kameHHast BO UMs 3HaMme-
HUS OOTOpOaUIEI ¢ AByMs mpuaenamu cBsitoro Huxomas YynorBopria u Jumutpus PocroBckoro.
Bropas nepeBsinHast Bo ums csitoro Hukonas UynoTBopiia, npyu KOTOPBIX CBSIIIEHHO U LIEPKOBHO
CITY>KUTEITBCKOU IBOP ofuH. Bo oHOM aymi ceMb na ero, M3penHOBa ("HAaABOpHOTO COBeTHHUKA Erres
I'puropneBa ceiHa M3benuHoBa") 10M KaMEHHOM 0 MATUIIECATH MOKOEB B KPYT OHOTO Orpaja Ka-
MEHHasl Jla JIUIs JTIFOJIEH CBSI3e BOCEMb O MIECTHAJIATH TIOKOsIX Ha Oepery peku Peyra kameHHas co-
JIOI0BHS €BO X M3beAnHOBA, IBE MEIBHULBL... 3aBOJIbI €r0 M3beAHOBA B KOHIIE CEJEHUs KUPINUY-
HOM{, a BHyTpU OHOT'O U3BECTHOM U OJIHA UMEETCS JIepeBsiHHAs Ky3HUIla pU peuke bobpuke BUHHOI B
TOM K€ Celle B TOJ] ObIBaeT MATh APpMAHKOB...»[4, U.5.J1.87-8700.].

«Kuraesa Crno6oska. JImutpueckas Oxkpyra. Cenenuem JexxuT Ha DaTeKCKON qJ0pore mpu
peuke JKuraeBoii. B oHoM cerne nepkoBb aepeBsiHHas BO uMsi KazaHckoit 6oromarepu... 1I0M €ro cu-
stenbcTBa Tpada SxoBa AnekcannpoBuda bproca aepeBsiHHOM, a Ha peuke JKuraeBoll MEJIbHHIA O
TPEX MYYHBIX TIOCTaBax M 00 OJHOM MPOCSHOM cTyme. 3aBObI HMEIOTCS €T0 CUATENILCTBA KUPITUYHOM
Y KOHCKOM, JIIsl KOTOPOTO YCTPOEHBI IBE KaMeHHbIe KOHIOMHHU. ..» [4,4.5.J1.140-141006.]

Cratuctuka 1780-X IT. MOKa3bIBaeT, YTO OOJBUIIMHCTBO JBOPSH OBLIM MEIKOIIOMECTHBIMU:
«JIBOPSIH JKUBYIIUX U HE KUBYIIMX B HAMECTHUYECTBE 2 622 [AaHO YMCIIO TOPOJICKUX U 3arOPOJIHBIX
— E.X.], u3 onoro yucna 6oratsix 100, cpegaux 1500, 6equbix - 1022 yenoekay» [4,4.15.J1.101].
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Pucynok 13 - Buo ycaovowt Kupeesckux 6 cene Bvicmpuust Tumckozo yezoa Kypckoii zyoepruu.
Domo nau. XX 6.

1 3
[

Pucynok 14 - Buo ycaowvowt Jlazapesvix Cyoxncanckuii ye3o Kypckou zybepuuu. @om nau. XX 6.

35ech ke MpHUBEACHBI OOIIMe JaHHBIE, NO3BOJISAIOIINE YBUJETh KApTHUHY ycaJeOHOro CTpOu-
tenbcTBa B Kypckom kpae B nocnenneit uersepty XVIII B. rae BuiHO, YTO OONBIIMHCTBO BIIAJEIb-
LIEB — «JIBOPSIHE XKMBYIIHME B JEPEBHSIX», MEIKUE U CPEIHEH pYKH ycaabObl U JIMIIb MsTas 4yacThb (110
BCEH BUAMMOCTH, CPEHNE U KPYIHbBIE) — «IBOPSHE, UMEIOINE JIEPEBHU U JIIOCH, a )KUTEIIbCTBYIO-
1Me B JAPYTHX Topojax U yesJax, a Tak e COCTosIue Ha cirykoe». [lo uuciy rocnoackux 10MOB
MPEeIoiIaraeTcs, YTo B TO BPeMsl YUCIIO ycaae® HEMHOTHM IPEeBBIIIao aABe Thicsiuu. [Ipudém, nepe-
BSIHHOE CTPOUTEIHCTBO OBLIO Mpeodianatomum [8, c.38].

Bropas nonosuna XVIII — 1-g mon. XIX BB. B Poccun siBisieTcs Mo UCTUHE «30JI0THIM Be-
KoMm» 1BopsiHCTBa. HoBble pedopMbl 1ar0T OONBLIYI0 OCEAIOCTh B CBOMX UMEHHSIX, U MPOJOKEHUE
pocTa ycaseOHOrO CTPOUTENBCTBA, XapaKTep KOTOPOTO HATIISIHO WILTIOCTPUPYET CTAaTHCTUKA BTOPOU
nosoBuHbl XVIII — 1-it monosunsr X1X BB..
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Pucynox 15 - Cenvckuii 0om 6 0. bvixoeke /Imumpuesckozo yezoa Kypckoit 2yoepnuu. @omo 1935 2.

Ucropuueckue nctouHuku noareepxaatoT [4, 4.1-15], uro B XVIII-1-it nonoBune XIX BB.
npeobiagaroniee KoauuecTBo BiajaeHuil LlentpanbHo-YepHO3EMHOTO perruoHa MpUHAAIEKAIN JABO-
psHam u 1-g nonoBuna XVIII cTonerus crajia HOBBIM 3TaliOM B pa3BUTHUHU JIBOPSHCKOTO 3€MJIECBIIAJIE-
HUs, 00Jiee TIOJIOBUHBI KOTOPBIX, SIBJISUTUCH MEJIKOTIOMECTHBIMU, U Oosiee 30 % cpeaHenoMeCTHBIMH.
B a1 xe nokazarenu Bxoaun u Kypckuit kpaii.

HccnenoBanue mokaspIBaeT, UTO B MPOBUHIMAIBHOM CTPOMUTENLCTBE MPOCIIEKUBAIOTCS pe-
TMOHAJIbHBIE CTUIIMCTUYECKHE 0COOEHHOCTH Pa3BUTHSI ApXUTEKTYPHI.

COBpEMEHHBIX CEIIbCKHE JOMa CEBEPHBIX paiiloHOB Kypckoi 00jacTH, OYEBUIHO COXPAHSIOT
TPaJUIIMOHHbIE YePThl KPECThSIHCKUX IMOCTPOEK MPOILIOro. ITO XapakTepHas OeneHast n30a KpbUIbLO
KOTOPOU MMEET TIyX0e J0CUaToe OTPaXKJACHUE U HAaBeC, KaK MPaBHIIO MOIYyKpyTioi ¢hopwmel. [locnen-
HUI onMpaeTcs Ha YEThIPe CTOIOMKA, PACTIOIOKEHHBIX MOMAPHO.

BonbmmHCTBO ycaned MENKOMOMECTHBIX JBOPSH, MAJIO OTIMYAINCh OT KPECThIHCKUX OJIHO-
JIBOPUECKUX MOCTPOEK, YTO OBIJIO XapaKTEpHO Ul 3HAYMTEIbHON TEPpUTOPUN 4epHO3EMHBIX 00JIa-
CTEN U pallOHOB PYCCKO-YKPaWHCKOT'O MOTPAHUYBbSL.

Tak, B "mHoroycane6nom" CyxopeOpuke ycanpba "Hambosiee Goraroro" nsopsHuHa H.H.
lNopsiunoBa (99 nec.) cocrosina u3 "aepeBIHHOTO TocmocKoro noma (9 x 12 api.), KpeITOTO COJIO-
MO, (hpyKTOBOIO cajia Ha 6 Jiec., THOACKON U30bl, IBYX aM0apoB MJIACTOBBIX PYyOJIEHBIX, KPBITHIX CO-
JIOMOM M OTOPOKEHHOTO IJIETHEBBIM capaem jaBopa [9, 1.10706.].

B memyapHoii auTeparype BcTpeuaeM omMcaHue MeskornoMecTHo# ycanposl JI.M. KycakoBa
konia XIX B. B ¢. bepesa, rie xu3HepagoCTHBIN BECENBIN HPAB XO3SIMHA CPOTHUIICS C OOJIMKOM €ro
Heboraroro xuwiuiia. B namsatu coBpeMeHHHKa OH ObLT "...HEOOBIKHOBEHHBIM JOMOM, €PEBSHHBIH,
KPBITBII COJIOMOM <...>, HAMOJHEH NPUPYUYEHHBIMH 3BEPSMHU M NTHIAMH <...> Ha MOOENEeHHBIX CTe-
Hax cBoero nomuinku cam (JleB Muxaitnosud — E.X.) u300pa3un "Tpé€x HUIMUX U TPEX CHITHIX", Te-
penenaB ApeBHIOK NpUTYy Ha HOBBIH Jax."[10,c.61-63].

" JIBOPSIHCKMX JIOMOB XOPOIIET0 CTPOSHHUS HEMHOT'O, T.K. 0OJIbIlIask 4YaCTh ABOPSH HEAOCTATOY-
HBI, TO JOMBI UX HEOOIIUPHBI U MaJo KpacHuBhl', — coobmanu ctatucthl LLlurpoBckoro yesna cepe-
quabl XX B. [9,J1.107 00.].

CKpPOMHOCTh M TIPOCTOTA PACIpOCTPaHsIACh M Ha JIPYTrye MOCTPOUKHU ycannObl. Hampumep,
nBopsiHCcKast ycaapba [opsuHoBeiX B A. Cyxopebpuk Il urposckoro y. B XIX B. H.W.I'opsiuHOBY
MpUHAJIekaa ycaab0a ¢ TOCIOACKUM JOMOM U (pyKTOBBIM caZioM Ha 6 aec. ¥Ycaap0a HaxoaAuIach B
F0’)KHOM YacTH JIepeBHU U 1o onucH 1854 . mpencraBisuia coboit cnenyromiee: "I'ocrioackuii 1om Je-
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peBstHHBINA. KpBIT comomoit, aymmuoro 12, a mmpunoro 9 apmr. Jlroackas u3ba, 1Ba aHOapa MmiIacTOBBIX
pyOuiensix. OropokeH IieTHEBBIM capaeM. J[Bop KpbIThiil Bech comomoit". [9,J1.107 06.].

VYcanp0bl TakKMX MEJIKOTIOMECTHBIX IBOPSH, Takux kak H.M. 'opsuHOB, BUAMMO, Mo 4eM
OTJIIMYAIUCH OT KPECThSIHCKUX, YTO ObLIO XapakTepHO ans Bcei Kypckoil ryGepuun. B cratuctuye-
ckoM ommcanuu lllurposckoro yesma cep. XIX B. coobmranock: "J[BOPSHCKHX JTOMOB XOPOIIETO
CTPOEHHUSI HEMHOTO, T.K. OOJIbIIast YacTh JABOPSH HEJOCTATOYHBI, TO JOMBI UX HEOOIIMPHBI M MAlo
kpacussbl". [9,J1.107 00.].

CoBpeMEHHHMKHM TaK OIHUCBHIBAIIM KPECThSIHCKYIO 3acTpoiiky lllurpoeckoro yesna B Havaie
XIX B.: "CTpoeHust KpecTbsIHCKHE OOBIKHOBEHHO CyTh: U€pHas n30a nepeBsiHHAs C IUIETHEBBIMU Ce-
HSMHU M IIyHBKOIO, M3peaKa U Oelol0 TOpHUIeI0, aHOaphl pyOJieHbIE; KOHIOUIHH, 3aKyThl U Capau
IUIETHEBbIE; MpOYas Oropoka BOOOIE IUIETHEBas WM PBbI, OKJIAJCHBIE COJIOMOIO U 3eMJIEI0, OTy-
MEHHHMKH C OBUHAMHM IO OOJbIICH YacTu yAaleHbl ObIBalOT OT ABOPOB. BooOIe uinima u oaexaa
KpeCThH HEUUCTHI U HeonpsATHBI". [4,]1.18809.J1.1].

Cratuctudeckoe onvcanue 1848 r. nomonnsiet 3tu cBeneHus: "M30bI CTPOST MOYTH BCE OJHA
C APYTOil ¥ PeJKO OTAEINAIOT IBOPOM, @ Yallle OJHUMHU TOJIBKO BOPOTAMH, KOU KPBITHI COJIOMOIO, JIBO-
pbl HAXOAATCS M03aU U 3aCTPOCHBI PA3HBIMU XO35UCTBEHHBIMH CTPOCHUSIMU. Y PYCCKHUX - KYpHBIE
130bl, KOTOPBIE OHU OEJIAT TOJIBKO MO BOJIE MOMEIIMKOB MM KOT/Ia KHUBYT B OJJHUX CEJICHUAX C Ma-
JIOPOCCUSIHAMU, K 3TOMY B FOKHBIX ye3nax Kypckoit ry0epHun y BEIMKOpPYccoB ropasao 6osee Oere-
HBIX M30 1Mo KpaitHe Mepe 9 u3 10 . Y HEKOTOPBIX M3 MOCENSIH CTEHBI W30 CleaHbl U3 JIBOMHOTO
IJICTHSI, 00OMa3aHHOTO TJIMHOK M HAOUTOTO B cepeaune mycopom" [4,]1.18822].

Jlo HacTosimero BpeMeHn BO MHOTHX cénax OwiBiier Kypckoit ryoepuun (Kypckas, benro-
ponckasi, yactb CyMckoi oOiacTeii) COXpaHWIUCH pPyOJCHBIE W TUICTHEBBIC XO3SHCTBEHHBIC IIO-
CTpOIKHU - aMmOaphl, MyHbKH, MOBAJIEHU (PEXKE KUIIbIE XaThl) MO/l COJJOMEHHBIMH KpBIIIaMH, OTpaXka-
IOLME OOJIMK 3aCTPOMKHU IPOIUIBIX CTOJIETHH.

B XIX BB. B Kypckoit Ty0epHHM Tak KpbUIM BCE KPECThSIHCKHE JIoMa M JaXKe ycaaeOHbIC
CTPOEHUS MOMEeUINYbeil ycaabObl, HEe pelKko U rocnojickue aoma. OOBICHAIOCH 3TO JOPOrOBU3HOM
neca B 3TUX Kpasx. B "3amucke n3 [IpaButenscTByromero Cenara MUHHCTPY BHYTPEHHHUX Jen" OT 6
Mmas 1807 r. "O paspemenun xutensim ropoxaa benaropona Kypckoil ryGepHun nenats Ha JOMax
KPBIIIIM U3 COJIOMBI ¢ riauHOW" ckazaHo: "Ilo HemMeHU0 B OJM30CTH JIECOB, a TTIOTOMY IO JIOPOTO-
BHU3HE JUIs1 KPBIIIX 3aHUI TOHTA U IpaHu O MO3BOJICHUH KPBITh B TOPOJI€ BCAKHE CTPOEHUS COJIOMOIO
¢ MIMHOIO 1O MpuMepy kak B Manopoccuu nenaercs. [1ogo0HOMY MOJI0KEHUIO MOABEPKEHBI U Y-
rue Kypckoii ryGepHuu roposa, KakoBoe MOJ0XKeHHE 10 Oe30MaCHOCTH CEeTo poJia KPBIII OT MoXKapa
cuntan emg r. Cenarop He 6ecrmone3nbm” [11].

[Mnan kpecThIHCKOW ycaabObl UMeNT BCE OCOOCHHOCTH XapaKTEepHBIE ISl CPEIHEH MOJIOCHI
Poccun. 3a Hero pacnosnarasncs ABOp € 3aJIBOPKaMu, 3aTe€M I'YMHO, pUTa U OTOPO/I.

ITo craructuyeckomy onucannio 1847 r. "Benukopoccusine Kypckoii rydbepHun, umest cytie-
CTBEHHYIO HYKIy TOJBKO B pelbKe, KallyCcTe U Oryplax moyTd 6ojiee HUYEero Jpyroro He pa3Boist”
[4,0.18822]

JIst KypCKoO#M 3aropoJIHO#M ycaap0bl, KaK M IS IPYTUX TIOMECTHH MPOBUHITMATLHON Poccun,
0ojee xapakTepHa MPaKTHYHOCTh, (PYHKIIMOHAIbHAS TPOYMAaHHOCTbD, YTHUIMTAPHBIN MOIX0 HEXKETH
JIBOPLIOBAs MapagHOCTh U HOBOMOJIHBIM LIHK.

Tax, uzBecTHbIN pycckuii mo3T A.A. det, 000CHOBABIIKCH B CBOEM KypckoMm uMeHHH Bopo-
obéBke B 1870-1880-x rr., KOpeHHBIM 00pa30M TEpeyCTpauBaeT ycaan0y, MmapkK U BCE XO3AUCTBO
MMEHUS B COOTBETCTBUH CO CBOMMH BKycaMu (CM. pUCYHOK 16, 17).

CoxpaHuBIIMeCs] JOKYMEHTbI, BOCTIOMUHAHUSI COBPEMEHHMKOB M CaMOT0 BIaJelblia MO3BO-
JSIOT MoApoOHEeH OCTAaHOBUTCS Ha ATare MpeoOpa3oBaHUS CTAPUHHON ycaabObl, Kak Hambolsiee xa-
PaKTEpHOM TIPHMEpPE MEePEyCTPONCTBA CPEAHETIOMECTHBIX MMEHUHN TopedopmMeHHOTO BpemeHu [12,
c.330,338].

lNocoackwmii jom 66T TocTpoeH B KoHIe X VIII B. 1 ipy IpeXHUX BJIaJIeTbIIaX MPEACTABISIT
co00i 0JTHOATAXKHOE 3[aHUE C AHTPECOJISIMU, YaCTh KOTOPBIX OblJIa 3aHATa ME30OHHHOM, a 4acTh Yep-
nakoM 0e3 okoH "BeicoToi Tpu apiiuHa" [12, ¢.334] (cM. pucyHok.16).
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Pucynok 16 -. I'nasnotit ycadeonotit 0oom A. @ema 6 0. Bopoovéexe Kypckoii 2yoepuuu. @omo nau XX 6.

Pucynok 17 - Buo na napxosewtit napmep u gponman 6 ycaovoe A. @ema 6 0. Bopoovéexe
Kypckou 2ybeprnuu. @omo nau XX e.

"Beroay npeactosii 0e3oTiiaraTeNbHbIe MOMPaBKH, HAYMHAS ¢ KAMEHHOUM Teppackl moja Oai-
KOHOM, YYTYHHBIC TTUTBI KOTOPOW OBLIM MOKPBITHI TPYJAOM Pa3BAMBIIUXCS KaMEHHBIX CTOJIOOB...
OunIeHHBINH OT 00JIOMKOB OAJIKOH MOYYHII TIPEKHUN BUJ C HOBBIMU TyMOaMU U MPEKHUMU PEIET-
kamu'" — BcmomuHan A. @et [12, ¢.334]. B cBoMX BOCIIOMHHAHUAX W IIMChMaxX IOAT HUYETO HE T'OBO-
pWII O MEeperiaHuPOBKE TIEPBOTO dTaXka PTUIIEBCKOro jaoma. [loaromy OymeMm cuuTarh, 4TO OHA HE
MEHSUIaCh M TOCIOJICKUI JOM COXPAaHWJI aH(UIaIHBIA TPUHITUI PACTIONOKEHHUS KOMHAT, yHACJIEIO0-
BaHHBIN u3 X VIII B..
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a)

Pucynox 18 - I'nagnwtii ycadeonwiii dom A. @ema 6 0. Bopoovéexe Kypckoii 2ybepnuu, pomo nau. XX @.:
a) unmepuvep Hcuioli KOMHAmMbl, ) UHMeEPbEP 20CMUHOIL.

Ha nepBom staxe rmaBHoro goMa BpeMeHnu deta pacroyiarajinch: rnapajaHble KOMHAThl — Ioc-
THHAs, CTOJIOBAs; >KWJIble — KAOMHET 103Ta, CMajbHs, KOMHATA JKEHBI [103Ta; a TAaKXKe CEHH U KOpU-
JI0p, NEJMBIINI 31aHKE HA JIBE TIOJIOBHHBI — MApaJHy0 U xKiiyto [13].

B roctuHoii, MpOTHB BBIXOA HAa Teppacy, HoMelaics 00JIbIIoH KaMUH C 3epKajioM U 0I0CTOM
OBIBIIIETO BaJCNbIa ycaabObl Prumesa. det mryTMBO MOYUTAN €ro, Kak "TeHus MecTa" U MOKPOBH-
tens.!® (cm. pucynok 18). TocTuHas MMena TpU BBIXOJA B MaIyl0 FOCTUHYIO, PACIOIOKEHHYIO B
F0T0-BOCTOYHOM YTy 3[JaHUs], U CTOJIOBYIO — Ha I0r0-3amajie, BXoJ B KOTOPYI0 Obul 0OpMIIeH HOHU-
YeCKUMH KOJIOHHAMHU WM TaHelsMU ¢ 3epkanamu [13]. U3 crtonoBoii ObuT BXOA B mepeaHioo [12,
¢.330,338] w3 nepenHeit — BbIX0OJ, Ha3biBaeMblid detom "OydeTHbIM KpbUIbIIoM". Beero npu xu3Hu
M03Ta TOCMOJICKHIA oM UMeN YeThIpe Beixoa [12, ¢.330,338].

BepxHsis yacTh 31aHus, KoTopas npu PTHIIEBBIX MpelcTaBisuia co00M ME30HMH U uYeplak,
ObUIa MOJIHOCTBIO PEKOHCTPYUPOBAHA, YBEIMUYEHA BBICOTA 3TAXa, B PE3yJIbTaTe YEro MOSBUINUCH TPH
HOBBIE KOMHATHL. B 10:KHON yacTu BTOPOro 3Taxka, HajJ TOCTHHOM, pacroyaranach OWibspaHasi, ps-
JIoM ¢ Hell "BepxHui" kaOMHET mod3Ta U psJ KoMHAT 1yt rocteit [12, ¢.330,338] (cMm. pucyHok 19).

Bo BTOpOM 3Taxe ObTM UCHOIB30BaHBI MOJIBI  MTAPAJHBIX KOMHAT CTapoOro A0Ma.

dacazpl BOPOOBEBCKOTO J0Ma ObIITH BBIKpAILIEHBI B sKENTHIN 1BET. VX yKpamaim Mex Iy Tax-
HbI€ TSTW, CAHAPUKU HaJl OKHAMH U MIPOCThIe KapHU3bl. Haj riaBHBIM BXOJOM, C CEBEPHON CTOPOHBI,
Haxo/ausIcs OakoH, Ha KOTOPBIN BeJla IBEPh C JTYYKOBBIM 3aBEPIICHUEM.

3aMblIKas TOCIOACKHI JIOM C CeBEpHOW CTOPOHBI, HAXOJMINCH KapeTHBIM capail ¢ BOCTOKa U
KOHIOIIIHS — C 3ama/ia, 00beIMHEHHBIE KAMEHHOM OrpaIoH.

Cpenu npodmx mocTpoek, noctaBmuxcs dety ot ycaaposl PTHineBbix, ObUT KaMeHHBINH (k-
rejlb, ¢ BOCTOYHOM CTOPOHBI OT TJIABHOTO JIOMAa, KOTOPBIM HEOJHOKPAaTHO PEMOHTHpOBAJICA, a K

BecHe 1889 roma ObLI OKOHYATENHHO MPHUBENCH B MOPSIOK M HCIOIB30BAJICSA ISl MPUEMA TOCTEH
[14;15].
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Pucynox 19 -. I'nasnotit ycadeonotit 0om A. @ema 6 0. Bopoovésxe Kypckoii zybepruu.
Humepuvep ounvaponoii komnamul 6mopoz2o masnca. Pomo nau XX 6.

K 1879 r. ycaap6a 3HauuTENHHO MPEeOOpa3mIach, 0 UYéM CBUACTEIBCTBYET CIICAYIOIIEE ONUca-
nue, caenanHoe @erom B mucbMe kK H.H. Ctpaxosy: "...Ecnu Bl X0Th Mano-mManbCku HaOIr01aTeINb-
Hbl, To BopoObéBka npu Bve3ae B He€ craenaeT Ha Bac coBepiieHHO apyroe BreyaTieHUE. Yike HU
OJIHOM COJIOMEHHOH KpBIIIM HE CYLIECTBYET. BCE€ KpalleHoe *eyne30 M IUTyKaTypHble CTEHbI. S
Hamésn, 4yTo Bellb TOTJAa XOpoIlla, KOTJa OHa HEe HOCUT CBOEro THMa. ['0poja XOopoll, KOrja 3eJIeHbI0,
napKaM# HaIllOMHHAET JIEPEBHIO, a IEPEBHS, KOT/1a OCTPOHKAaMH HaIllOMUHAET YUCThIN Topo [13].

BriBoabI
B oCHOBHOI cxemMe pa3BHUTHS apXUTEKTYpPhl 3aTOPOJHOTO ycaaeOHoro cTpoutenbeTBa Kyp-
ckoro kpast XVIII — 1-if nonoBunbl XX BB. MPOCIEKHUBAIOTCS HECKOIBKO MEPUOJOB, B OOLIUX TEH-

JEHIMAX OOIIEePOCCUICKOTO Xya0kecTBeHHOTo pycia. B mepsoit mon. XVIII B. mponomkens! Tpaau-
UM 00BEMHO-TIJIAHUPOBOYHBIX PEIICHUH JAPEBHEPYCCKUX KHIBIX JoMoB — manat (XVI-XVII Ba.),
nanee B 1780 — 1840-e rr. 3HAYUTETHHOTO PAa3BUTHS KIACCHIIM3MA U TMApalIeIbHO €My BO BTOPOI
nos. XIX B. TposiBIIEHUs SKJIEKTUKU B popMax pOMaHTH3Ma U B AaJIbHEHIIIEM UCTOpU3Ma, HO OTJIU-
yayiach 3HAYUTENIbHON yIPOIIEHHOCTBIO U CTUIIN3aTOPCTBOM. [Ipruiem naHHbIe TEHACHIIUN OTHOCSTCS
MPEUMYIIECTBEHHO K KPYITHBIM U HEKOTOPBIM CPEIHEIIOMECTHBIM yCalb0aM.

B coznanum BHYTpEHHEro MpOCTPAaHCTBA ycaJeOHOr0 JOMa YYHMTHIBANIACh NMPAKTUYHOCTH U
PalMOHAIBHOCTD, a TAK)XKE TPAJAWLUOHHAS CBA3b C OKPYIKAOLIEH MIPUPOIOH, /1€ )KUIIbIE KOMHATHI U
paboune kabuHeThl ObLTN 00pallleHbl BO JBOP, a MapaHble — A7 OTJbIXa U MpUéMa rocTeil OTKphIBa-
JHUChH B MAapK.

Bricokuil Xy/10°keCTBEHHBIM ypOBEHb OTAEIBHBIX MOCTPOEK M LEIbIX KOMIUIEKCOB KYPCKUX
KPYIIHBIX 3aropoJHbIX ycaje® OOYCIIOBJIEH Y4acTHEM BUJIHBIX CTOJIMYHBIX 30/14HMX, YTO COIMXKAIIO
MIPOBUHIIMATBHBIE YCAIBOBI C KYJIBTYpOI CTOJIMYHOM.

B Kypckoii rybepHun, Tak *e Kak U B JPyTHX YePHO3EMHBIX 00JIACTAX PyCCKO-YKPAaHHCKOTO
IIOTPaHU4bsA, APXUTEKTYPa U MPOCTPAHCTBEHHA KOMIIO3HUIIMA MEJIKOIIOMECTHBIX MMEHUM HAallOMHUHA-
7a ycaap0bl TOCYJapCTBEHHBIX KPECThsH, OTJINYAsICh OT COCECH TUIIb OOIBIIUM 00bEMOM TIIaBHOTO
JIOMa, TPAJULIUOHHBIM ME30HUHOM M KIIACCULUCTUYECKUM ITOPTUKOM.

B cTunmnctudeckux yeprax KpymHBIX M YacTH CpeIHENnoMecTHBIX ycaned Kypckoii ryGepaun
nepBoil noi. XX B. HAXOAUM NPOSBICHUS PA3IMUHBIX HAIPaBIECHUH SKIEKTUKHU, 3aJI0KEHHBIX B ap-
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XUTEKTYpPE CTOJUYHBIX IIKOJ. APXUTEKTYpPHbII OOJMK OOJIBIIMHCTBA CPEIHUX U MEITKOMOMECTHBIX
ycaned OTIINYacs HKIEKTUYECKH-CTHIIN3aTOPCKUM XapaKTepOM C IIUPOKUM HCIOIb30BAHUEM TPUE-
MOB PETHOHAJIBHOTO 30/J4€CTBA — PYCCKO-YKPAHUHCKOTO MOPYOEKbS.
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YBaxxaeMble aBTOpbI!
IIpocum Bac 03HAKOMUTBCS ¢ OCHOBHBIMH TPeOOBAHUSIMH
K 0()OpMJIEHMI0 HAYUYHBIX CTaTeil

e JlpencraBnsieMblil MaTepual JOKEH ObITh OPUTHHAJIBHBIM, He Oy0JIMKOBAHHBIM paHee B JIpy-
TUX TI€YaTHBIX U3IaHUSX.

e OObeM Marepuana, IpeagaraeMoro K IyONMKanuu, U3MepsieTcs CTpaHUIAMM TEKCTa Ha JHCTax
(opmarta A4 u conepxut oT 4 10 9 cTpaHMI; Bce CTPAHUIIBI PyKOMHUCH JTOJKHBI UIMETh CILIOLIHYIO
HyMEpanuIo.

e Cratbs nowkHa ObITH HaOpaHa mwpudTom Times New Roman, pasmep 12 pt ¢ oguHapHBIM HHTEp-
BaJIOM, TEKCT BBIPAaBHUBAETCS IO IMHPHHE; a03aIHbIii OTCTYm — 1,25 cM, mpaBoe mojie — 2 ¢M, JIeBOe
nojie — 2 ¢M, 1oJig BHU3Y U BBEPXY — 2 CM.

e Crartbs mpenoctapisiercss B 1 ak3emmispe Ha OyMa)KHOM HOCHTENE W B 3JEKTPOHHOM Buze (IO
3JIEKTPOHHOM MOYTE WM Ha JIIOOOM 3JIEKTPOHHOM HOCHTEIIE).

e B ogHOM COOpHHKE MOKET OBITH OIYOJIMKOBAaHA TOJIBKO OHA CTaTbs OAHOIO aBTOPA, BKIIOYAsl CO-
aBTOPCTBO.

e Ilnara c acnupaHTOB 32 MyOJMKALMIO PYKONIUCEH He B3UMAaeTCs.

e Ecnu craThd BO3BpalIaeTcsi aBTOpy Ha JOPaOOTKY, UCIPABICHHBIN BapUaHT CIEAyeT NpHCcIaTh B
PeAaKIHIo MOBTOPHO, MPIJIOKUB MHCHMO C OTBETAMH Ha 3aMe4yaHus peneHseHTa. JlopaboTaHHBIN Ba-
PHAHT CTaTbU PELICH3UPYETCS U pacCCMaTPUBACTCS PEJAKIIMOHHOM KoJulerne BHOBb. J[aToil npencras-
JICHUs] MaTepuaa CYMTAeTCs 1aTa MOCTYIUICHHS B PEAAKLUI0 OKOHYATEIbHOTO BapHaHTa UCIPABIICH-
HOH CTaTbH.

e AHHOTaIMM BCEX MyOJMKYyEeMBIX MaTepPHaJIoB, KIIIOYEBBIE CJI0BA, HH(pOpMaIus 00 aBTOpax, CIIMCKU
JUTEPaTyphl OYAyT HaXOAUTHCS B CBOOOJHOM JOCTYIE Ha CaiiTeé COOTBETCTBYIOLIETO KypHaja M Ha
caiite Poccuiickoil Hay4HO# snekTpoHHO# Oubanoreku — PYHOB (Poccuiickuii mHAEKC HayYHOTO LU~
THPOBAHMUS).

B TekcTe cTaThbU HE PEKOMEHYETCS IPUMEHSTH:

- 000pOTHI pa3roBOPHOI peuH, TEXHUIIM3MBbI, TPO(PECCHOHATUIMBL

- JUIS OJIHOTO W TOTO K€ MOHATHUS Pa3IMYHbIC HAyYHBIC TCPMHHBI, OJM3KUE MO CMBICITY (CHHOHHMBI),
a TAaK)Ke MHOCTPAHHBIC CIIOBA U TEPMUHBI NIPH HAMYUHN PABHO3ZHAYHBIX CIIOB U TEPMUHOB B PyCCKOM
SI3BIKE;

- TPOU3BOJIBHEIC CJIOBOOOPA30BAHUS;

- COKpAIICHHUS CIIOB, KPOME YCTAHOBJIICHHBIX MPABUIIAMH PYCCKOU opdorpaduu, COOTBETCTBYOIUMU
CTaHJapTaMHu.

e Coxkpamenusi U ab0OpeBHAaTyphl IOJDKHBI PACIIM(PPOBBIBATECA MO MECTy MEPBOTO YIIOMHHAHUS
(BXOXKIIEHUS) B TEKCTE CTATHU.

Oo0s13aTe/IbHbIE 3JIEMEHTDI:
- 3aryiaBue (Ha PyCCKOM M AHIJIMICKOM si3bIKe) MyOJMKyeMOro MaTtepraia J0JKHO ObITh TOYHBIM
N €EMKHUM, CJI0Ba, BXOOAIINEC B 3arjiaBuc, Q0JI>KHBI 6BITB SACHBIMU CaMH II0 ce6e, ad HC TOJIBKO B KOHTCK-
CTe; CieayeT u30eraTh CIOKHBIX CHHTAKCHUYECKUX KOHCTPYKIIHA, HOBBIX CIOBOOOpPA30BaHUI M TEPMHU-
HOB, & TAK)KE CJIOB y3KOMPO(MECCHOHATBHOTO U MECTHOTO 3HAYCHHUS;
- aHHOTAIHUA (HA PYCCKOM M AHIVIMACKOM fI3bIKE) OMMCHIBAET MM W 3aJa4M MPOBEICHHOTO HC-
CIIE/IOBAHMS, a TAKXKE BO3MOXHOCTH €T0 MPAKTHIESCKOTO MPUMEHEHHS, YKa3bIBAET, YTO HOBOTO HECET B
cebe Matepual; pekoMeHayemMblii 00beM — He MeHee 100 cros;
- KJII0YeBbIe CJ0BA (HA PYCCKOM M AHIJIMHCKOM SI3bIKE) — 3TO TEKCTOBBIE METKH, TI0 KOTOPHIM
MOYKHO HAMTH CTaThlO MPHU MOUCKE U OMPENEUTh MPEAMETHYIO 001aCTh TEKCTa; OOBIYHO MX BHIOMpa-
IOT M3 TEKCTa MyOJIUKYEeMOro MaTepuaa, J0CTaTOuHO 5-10 KITFOYEBbIX CIIOB.
- CHHCOK JIUTEPATYPbl, Ha KOTOPYIO aBTOP CChLIAETCS B TEKCTE CTAThH.

[IpaBo McCTOAB30BaHMS MPOU3BEACHHUN MPEIOCTABICHO aBTOPAMHU HAa OCHOBAHMH TI. 2 CT.
1286 Yerseptoii yactu I'paxnanckoro Kogekca Poccuiickoit denepanun.

C nosHoii Bepcueii Tpe6oBaHUI K 0()OPMIIEHUIO HAYYHBIX CTATel
Bbl Mo:keTe 03HAKOMHUTBCSI Ha caiite Www. oreluniver.ru/science/journal/sir
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