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TEOPUS1 NH)XEHEPHBLIX COOPY)XEHUM.

CTPOUTEJIbHBIE KOHCTPYKLNN

VK 624.142 DOI: 10.33979/2073-7416-2019-81-1-3-9

HAINIPAXKEHHO-AE®@OPMUPOBAHHOE COCTOAHHUE
CTATUYECKH HEOITPEAEJIMMBbIX BAJIOK
B YCJIOBUAX OTPUIIATEJIBHBIX TEMIIEPATYP

NCTOMUH A /L., IIETPOBA B.A.

HaHI/IOHaJ'[LHHﬁ I/ICCJ'ICZ[OBaTeJ'H)CKI/Iﬁ MocKoBCKHIt FOCY}IapCTBeHHLIﬁ CTpOI/ITeJ'II:HHﬁ YHUBEPCUTCT, T. Mocha, Poccus

Annomayus. B cmamve npeocmaenen ananu3 HanpaJNCeHHO20 COCMOAHUSA JHcene300emoHHO
cmamudecky Heonpeoerumol cene300emonHoll 0anky 8 YCI08UAX OMPUYATNETbHLIX MeMNepamyp.
IIpugedennvl sxcnepumenmanvivie OaHHble NO XAPAKMEPUCIMUKAM OEMOHA, MEeMNEePATYPHbIM YCUTUAM 6
Jrcenez0bemonnvix oankax. Ilpousseden ananus GIUAHUA MEMNEPAMYPHBIX YCUIUL HA HANPAICEHHOE
COCMOsIHUE HOPMATLHO20 CeYeHUsI OAIOK.

Kosgppuyuenm memnepamypuuix depopmayuii apmamyproti cmaau xnacca A400 ocmaemces
HOCMOAHHBIM HA 6CeM 3a0anHoM unmepsane memnepamyp. C noHudiceHuem memnepamypol 3HaueHue
Koapuyuenma memnepamyprot depopmayuu bemona ymenvuiaemcs.

Takum obpaszom, pekomeHOyemMoe HOPMAMU 3HAYEHUe KOID@uyueHma memnepamypHuix Oe-
@opmayuii 3asvrueno na 40%. Omo ckaszvieaemcs npu onpeodeneHuy memMnepamypHuix yCuiuii 6 cma-
MUYecKU HeonpeoenrumMblx dIeMeHmax, a makdice pacmacuearowux HAnpsadCeHull 6 apmamype u3-3a
PA3HOCIU 9M020 KOIPPuyuenma 0 apmamypul u Oemond.

Bosnukaiowue memnepamypuvie ycunus npugooOsam K poCmy HANPANCEHUU 6 CIICamoll 30He,
pocmy mpewjurbl U YMEeHbUIeHUIO §blcombl cocamoui 30usl 6 1,2...1,4 pasza. [Ipu s3mom npucymcmeyem
YUACMOK pACmAHYMO020 OemoHa Hao MpewuHol.

Kniwouegvie cnoea: memnepamyphvie Odegopmayuu, nNPOYHOCMb, MeMREPAMYPHbIE YCUNU,
HOPMANbHOE ceueHue; OnbimHble OaHHble, WUPUHA PACKPLIMUA MPEWun, Jicene300emonnas 6aixa.

STRESS-STRAIN STATE OF STATICALLY INDEFINABLE BEAMS
UNDER TEMPERATURE BELOW ZERO BY CELSIUS

ISTOMIN A.D., PETROVA V.A.

Moscow State University of Civil Engineering, Moscow, Russia

Abstract. In the article the analysis of the strain-stress state of reinforced concrete statically
indefinable beam is presented in the conditions of temperatures below zero by Celsius. Experimental
data for mechanical parameters of concrete, temperature efforts in reinforced concrete beams are pre-
sented. The influence of temperature efforts to the strain-stress state of normal section of beams is ana-
lyzed.

The temperature deformation coefficient of reinforcement steel of class A400 remains constant
throughout the entire specified temperature range. With decreasing temperature, the value of the coeffi-
cient of temperature deformation of concrete decreases.

Thus, the value of the temperature distortion coefficient recommended by the norms is overes-
timated by 40%. This affects to the determination of temperature forces in statically indeterminable el-
ements, as well as tensile stresses in the reinforcement due to the difference of this coefficient for rein-
forcement and concrete.

The resulting temperature forces lead to an increase of stresses in the compressed zone, a
crack growth and a decrease in the height of the compressed zone by a factor of 1.2 ... 1.4. At the same
time there is a stretched area of concrete above the crack.

Keywords: temperature deformations, durability, temperature efforts, normal section, experi-
mental data, width of opening of cracks, reinforced-concrete beam.
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CTpouTeNbCTBO M PEKOHCTPYKIAS

Pabota cTatnuecky HeoNmpeAeTuMBbIX Kelle300€TOHHBIX 0aJoK B YCIOBUSX OTPUIATENIbHBIX
TEMIIEpPATyp UMEET BaXKHOE 3HAUECHUE JJIs 3[JaHUI TEKCTUJIBbHOM MPOMBIIIJIEHHOCTH, HaXOIALINXCS
B YCJIOBUSIX LIUKIMYECKUX 3aMOPaKUBAHUH.

Pacuer craTMuecku HEOMpPEASIUMBIX Kele300€TOHHBIX KOHCTPYKLUUH Ha COBMECTHOE BO3-
JeiicTBHE TeMIepaTyphl U HArpy3KU MPOU3BOAUTCS CIIOCOOOM MOCIIEI0BATEIbHBIX MTPUOIMKEHUN C
WCII0JIb30BaHUEM JIEHCTBUTEILHOM XKeCTKOCTH ceueHuid [4,6,10-16]. Eciu ycunus miockoi craTu-
YEeCKU HEONPEeIMMOI CUCTEMBI OT BO3JICUCTBUS TEMIIEPATyphl ONPEACIAIOTCS METOAOM CHII, TO B
o01ieM ciyyae KAHOHMYECKHE YPaBHEHHsI, IPECTABICHHBIE B MATPHYHON (hopMe, UMEIOT BUT [9]:

[o){x]+[a]=0. 1)

B o0mem ciydae nepeMenieHus o HamnpapieHUIO JIMITHUX HEU3BECTHHIX B CUCTEME KaHO-
HUYECKUX YPaBHEHUU IS )KeIIe300€TOHHBIX 3JIEMEHTOB BBIYUCIISIOTCS TI0 (hopmyie:

=2

I|v| My o

I —
QiQk dx . 2
+Zi:£uGAred X )

B BeIpaxkeHuu (2) 1151 HEMAaCCUBHBIX CTEPIKHEBBIX COOPYKEHHUHM TPETHUM MUHTErPaioM, yYUH-
TBHIBAIOIIUM JIe(OPMALIUU CIBUTA, OOBIYHO TPEHEOPETaroT.

HepeMemeHHe Ait B OCHOBHOM CHCTEME B i-OM HallpaBJICHHWH, BBI3BAHHOC BOSI[GIZCTBPIGM

TEeMIIepaTypbl paBHO:

Aig=> J'M— dx+ZjNEt (3)
i0

rie M., N, — u3rubaroimii MOMEHT | TIPOIOJIbHAS CHJIA B CEUCHHH «X)» DIEMEHTa OCHOBHOM CUCTEMBI OT
JICWCTBHS B I-OM HaIpaBIICHAH COOTBETCTBYIOIICH SIMHIIHOMN CHJIBI,

1
— (X) v & (X) — KpHBH3HA U OTHOCUTEIIbHOC YIJIMHCHUE DJIEMECHTA B CCUCHMU «X», BBI3BAHHOC BO3-
t

NIEIICTBUEM TEMITEPATYPHI,

W3rubHast 1 oceBasi MKECTKOCTHU JUISl 3JIEMEHTOB OIPENENSETCS] COIVIACHO MPEIOKEHUSIM,
U3NI0KEHHBIM B paboTax [4,5].

B Hacrosimiee BpeMs IIMPOKO HCIHOJIB3YETCS PAacyeT >KeIe300€TOHHBIX CTEPHKHEBBIX KOH-
CTPYKIIMI Ha OCHOBE JuarpaMm JaedopMmupoBaHus 6eToHa u apMatypsl [2,10]. Ilpu sTom noctpoe-
HUE Mojenu 1e(opMHpPOBaHUS CTEP’KHS OCHOBBIBAETCS HA HCIIOJIb30BAHUU TOJHBIX JUarpaMm Ma-
TepuasoB M npeanoceuiok teopuu B.M. Mypamesa. Hanpumep, H.M. Kapnenko u T.A. Myxame-
JIMEB, JUIsl yueTa U3MEHEHUS 1uarpaMMbl paboThl apMaTyphl IpU 00pa30BaHUU TPEIIMHBI, UCIOJIb-
3YIOT CBSI3b MEXIY HANpsDKEHUSIMH apMaTypbl B TpELIMHE U €€ CpelHUMH JepopMalusiMH Ha
y4acTKax MEXIy TpeuHamu [8].

@u3nYecKUue COOTHOLIEHUS [UIsl HOPMAJIBHOI'O CEYEHMS YCTaHABIMBAIOTCS C UCIIOJIb30BaHU-
€M TIPEANOChUIOK, U3JI0KEHHBIX B padoTax [4,8]: 1) CBsI3b MEXIy OCEBBIMHU HANIPSHKECHUSIMU U OTHO-
CUTENIbHBIMU eopManusiMu O€TOHA U apMaTypbl IPEJICTaBISIETCS B BUAE UCXOIHBIX qUarpamm; 2)
pacnpeeneHre CUIOBbIX U BBIHYX/IEHHBIX OTHOCUTEIBHBIX AeQOopMalliii MO BHICOTE CEUEHUS MOJI-
YUHSETCS TUIOTE3€ IUIOCKUX CEYeHMH; 3) MPUMEHSETCsl yCIOBHE COBMECTHOCTH OCEBBIX Jledopma-
Uil apMaTypbl U 0eToHa; 4) MpH Nepexoe OT HAIPSHKEHUH K 000OIIEHHBIM YCHIIUAM (MOMEHTY H
HOPMAJIbHOW CHJIE) BBOAMUTCA MPOLEAYypa YUCIEHHOIO MHTEIPUPOBAHUS IO BBICOTE CEUEHUs, NPHU
9TOM CeueHHEe pa30uBaeTCs Ha OT/eNbHbIE MaJible IPSIMOYTOJIbHBIE SJIEMEHTHI, B IIPE/Ieiax KOTOPhIX
HaNpsHKEHUE YCPEIHSETCs; 5) HETPECHYBIIMM CUMTACTCS TOT 3JIEMEHTApHBI y4acTOK, B KOTOPOM

nebopmaiyy pacTsbkeHus He npesbimaoT Bemuuuabl 2R, /E, ; 6) yuuTbiBaeTCs BIMsHUE BIaKHO-
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Teopusi HH)KeHEPHBIX COOPY:KeHHi. CTpouTeIbHbIe KOHCTPYKIIMH

CTH OETOHA M TeMIepaTyphl 3aMOPaXUBAHUS HA AUarpaMMbl paboThl O€TOHA MPH CHKATUU U PACTS-
KEHUH; 7) HaNpsDKEHUs, BO3HUKAIOIINE M3-32 Pa3HOCTH KOA(PGUIIMEHTOB TeMIIepaTypHbIX edop-
maruii (KT/I) 6eroHa u apMaTypsl, pacCMaTpUBAIOTCS KaK BHYTPEHHUE HaYaJlbHbIE HAMPSDKEHUS U
YUUTBHIBAIOTCS Ha YPOBHE (PU3HUECKUX COOTHOIICHUU.

OKCIIepUMEHTAIIbHBIE HMCCIIEOBAHUS NPOBOAMIINCH Ha Kele300€TOHHBIX Oajkax MpsiMO-
yrosnbHoro cedueHus 10x20 cm ¢ pacuetHbiM nposietoM 200 cm. baiku apMupoBanuch BS3aHHBIMHU
Kapkacamu. B pacTsHyTOl 30HE Kapkac MMeJ [Ba CTEpXHs AUaMeTpoM 12 MM U3 cTanu Kiacca
A400.

OKclepUMeHTalIbHAasl yCTaHOBKA IPEACTaBisia cO00M KECTKYIO CTAIbHYIO paMy ¢ MacCHUB-
HBIMU TOPLIEBBIMU CTOMKaMH, MpeJHa3HAUCHHAS JJISl ONMUPAHUS U3TMOAeMOro 3JIEMEHTa U OrpaHU-
YEHUs ero NepeMeleHUH B 0CEBOM HaIpPaBICHUU. DTO OCYILECTBIIAETCS IyTEM 3aKpeIIeHus apMa-
TYpPHBIX BBIITYCKOB B TOPIIEBBIX CTOMKax. J{Jsl MCKIIOUEHUS] TEMIEpaTypHBIX MEepeMEelIeHUl co0-
CTBEHHO YCTaHOBKH, OHAa HAaXOJMUTCS B BaHHE C BOJIOM, TeMIepaTypa KOTOPOH MOAJepKUBAETCSA 110-
CTOSTHHOH C IMOMOIIBIO CHEIMATIBHOTO TeIUIO00OMEHHHUKA.

[TpuHnMnManbHas cXxeMa UCHBITAHUN OHAX]Ibl CTATUYECKU HEONpPENeIMMOM Kene300eToH-
HOM OaJIKu MpejcTaBlieHa Ha pUCYHKeE 1.

JledpopmaTiBHBIE U TPOYHOCTHBIE CBOMCTBA OETOHA ONPEJEIMINCH HA CTAaHIAPTHBIX 00pas3-
nax-npuzMax pasmepamu 10x10x40 cM mpu MONOKHUTENBHBIX U OTPULIATENbHBIX TeMIlepaTypax.
CooTBeTCTBYIOIIME PE3ybTaThl, OJIYYEHHBIE KaK CPEIHUE 110 TPeM oOpasliam, IpUBEIEHbI B Ta0-
e 1.

B xone uccrnenoBanuii u3mMepsuMch cBOOOAHBIE TeMIepaTypHble AedopMalum, KaKk xKeine3o-
0eToHa, TaK W COCTABIIIOUIMX €r0 MaTepHalioB - OETOHA M apMaTyphl, KOTOPBIC TPEACTABICHBI Ha
pUCYHKE 2.

2 Pl N I ?

= A ? @ —0—x I |
;///// ’//////771]:— | s I %
350 300 350 350 850
2000

Pucynox 1— Cxema ucnolmanus 00Ha?cObl CMAMUYECKU HEONPEOETUMOU OAIKU:
1...4 - unouxamopul uacoeozo muna; 5 - Keapueaevie YOJTUHUMENU

W3  npeacraBneHHbIX — rpadUKoB Tabma 1 — JleopMaTUBHO-NPOYHOCTHBIE
BUJTHO, YTO KOA(P(HULIMEHT TeMIepaTypHbIX XapaKTepUCTHKU OETOHA
negopMalii - apMaTypHOM CTalmu Kiacca ToCTRe | E10° | R R, E, R, o
A400 ocraercs TOCTOSIHHBIM Ha BCEM MIa | MITa | MITa 15 > s o1

+ + -
3aJlaHHOM MHTEpBAIE TEMIEpaTyp U paBeH Ry Ep Rt pan

os = 1,2210° rpagl C mnommkenmem | +15 | 4541 | 3341 [ 369 | 100 | 100 | 100 | 100

TEMIIEPaTypbl  3HAYECHUE KTI[ o0eToHa 45 | 5449 | 37,09 | 4,83 1,20 111 131 0.80

yMmenbmaercst: ¢ op = 1,0:10° rpar’

(+15°C...-15°C) 0 op = 0,6-10° rpan? (-15°C...-45°C), To ecTh 3HaUEHHUE 0 yMeHbIIaeTcst Ha 40 %. Takum
00pa30M, peKOMEH TyeMoe HOpMaMH 3HadeHHe Ko uImpenTa TeMmepaTypHbIxX aeopmarmii: op = 1,0-10°
rpax’ 3aBbimeHo Ha 40%. DTO CKas3hIBAeTCS MU ONpENETeHMH TeMIEPaTypHBIX YCHIMH B CTATHYECKH
HEOMpEIEMMBIX 3JIEMEHTaX, a TaloKe PACTATHBAIONMX HANpPsHKEHWH B apMarype m3-3a pasHoctd KT/]
apmatypsl 1 6eToHa [7].

Nel (81) 2019 (aneapv-¢hespans) 5



CTpouTeNbCTBO M PEKOHCTPYKIAS

15 0O 15 30 45
T’C
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-50
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-60
-70

E10°

Pucynox 2 — Ceo600nvle memnepamypmule oegpopmayuu:
1 — apmamypur knacca A400; 2 - 6emona (no pezynomamam
IKcnepumenma); 3 - scenezovemonnoit oanku npu pu =1,13% ;

4 - pemona npu a» =1.0-10° 1/2pao

BbicoTa ceyHUs B MM

OnpITHBIE 3HAYEHUS TEMIIEpaTyp-
HBIX peakiuii, B BHUAE paCTITUBAIOIINUX
ycuinid B Oaikax Ha YpOBHE HPOAOJIbHOM
apMaTtyphbl, MpU MOHMKEHUU TEMIIEpaTyphl
MpUBECHBI B TAOIUIIE 2.

Ha pucynke 3 mpeacTaBieHbl SIHOPbI
HAIIPSDKEHUH 110 BBICOTE CEYEHUsI C TPELMHOM,
TOTy4eHHbIE HA OCHOBAHUH PACcY€TOB I10 BBIILIE
IIPUBEICHHON METOUKE.

W3 pucyHka BUAHO, YTO BO3HHUKAIOIIIIE
TEMIIEpaTypHbIE YCWIIMS IPHUBOAAT K POCTY
HaNpsDKEHUN B CKaToOM 30HE, POCTY TPEIUHBI
U YMEHBUICHUIO BBICOTHI C)KaTrod 30HbI B
1,2...1,4 paza. [Ipu 3T0M NpUCYTCTBYET Y4aCTOK
pacTaHyTOro OETOHA HaJT TPEIIIMHOM.

Ha  pucynke 4  mpencraBiieHO
TIpUpaIeHue 1101710)7131 31 PaCKpbBITUSI
HOPMAJTLHBIX TPEIUH Tpu Temrieparype -45°C
B 3aBUCUMOCTH OT YpPOBHA IIONEPEUHOIO
Harpy>KeHHUsI.

Tabmuia 2—-Temneparypubie yeums (kH) B Gankax

T,°C 15] 0 [ 10 ] 20 [ 30 45
M/M; =0 | 0 | 3608 | 40,05 | 4596 | 51,74 66,39
M/M;; =030 | 0 | 1201 | 1867 | 2899 | 32,07 46,65
M/M,, =045 | 0 | 12,00 | 1867 | 26,02 | 30,70 34,65
M/M; =067 | 0 | 57 | 1002 | 1330 | 1597 17,05

0 5

10

15

20 25 30

Hanps:xeHus B 6eToHe, Mla

@ - ypoBeHb HarpyxeHus - 0,30; @ -0,45; ® -0,67; m-0,0

Pucynox 3— Hzmenenue nanpsorcenuil 8 bemore no éblcome ceuenus
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0,2
=
2 0,16 e
£ é
3 0,12 // 2
g- ’ /I’ =
'_ /
« 0,08 ——
z /(
S 0,04 /
5 /

0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

YpoBeHb nonep4yHoOro Ha rpy>xeHus

& onbiTHble fgaHHble npu T=+15 rpag;
® nou T= -45 rpan

Pucynok 4 — LLlupuna packpeimus HOPMATbHBIX MPEUIUH

AHaM3 pPE3yJbTaTOB TOKA3hIBACT, YTO  BOZHHKAIOIIME TEMIICPATypHBIC YCHIMSI B OHAKIIBI
CTaTUYECKA HEONPEICIMMON Oallke MPHUBOIAT K 3HAYUTCILHOMY YBEIMYCHUIO IIHPUHBI PACKPBITHS
HOpPMAJTBHBIX TpelrH. CpefHsisi MMpUHA PACKPBITHS TPEIMH OaToK yBenmumwiach Ha 94% mpu ypoBHE

cusoBoro nonepeuroro Harpyxenus 0,3M ,, u Ha 37% mpu ypoBHE CHJIOBOTO IONEPEUHOTO HArpy:KeHHUs

0,67M,, npu mormwkeruyn Temmeparypbl 10 45 °C. OTHOLIEHHE MAKCHMATHHONH —IIMPUHBI PACKPBITHS
TPELIMH K €€ CPEHEMY 3HAYEHHMIO B CPETHEM COCTABWJIO JUIsl HOPMAIBHBIX ycinoui — ay. /a,, =152,

npu Temneparype -45°C — alo /@, =1,67 . [TomydeHHble 3HAYECHHS GIM3KH K 3HAYEHHIO 1,66, IPUHATOrO B

HopMmax [3].
BeiBOABI
1. [Tpy BHIUKCIICHIHN TEMITEPATYPHBIX YCHITHIA B CTATHYECKH HEOPEICIIMMBIX JKeJe300e TOHHBIX

KOHCTPYKIIMSIX HEOOXOMMO YYUTHIBATH M3MEHEHHE JeOPMATHUBHBIX W MPOYHOCTHBIX CBOKMCTB OETOHA, a
TaKKe JKECTKOCTH CEYEHUH C YUETOM HEJTMHEHHOT0 XapakTepa J1e(opMUpOBaHusl OETOHA.

2. TemriepaTypHble YCUITHS TPUBOJIST K YBEIMUESHHIO HAMPSHKEHUH B Cxkatoi 30He 10 40%, B
pactsHyTtoii apMarype 10 70%.
3. TemriepaTypHple yCHINS TPUBOIAT K YBEIWYCHHIO IIUPUHBI PACKPBITHS HOPMATIBbHBIX

TperrH Ha 94% mipu ypoBHE CHI0BOTO roriepedroro Harpykerust 0,3M ,, n Ha 37% npu ypoBHE CHIIOBOTO

norepeunoro Harpyxeauss 0,67M ;.
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K OITPEAEJIEHUIO HAITPA’KEHHO — JE®@OPMHUPOBAHHOI'O
COCTOSIHUA CTEPKHEH NPOU3BOJIBHOI'O
ITOITEPEYHOI'O CEYEHMUA ITPU KPYYEHUU
METOJAMMU COITPOTUBJIEHUA MATEPHUAJIOB

KOJIYYHOB BJI. 1., AEMBAHOB A. U.

IOro-3ananHelii rocyqapcTBeHHBINH yHUBepcuTeT, T. Kypck, Poccus

Annomauus. Ilpeonosicen HOBbIl N0OX00 K ONpedeleHU0 KaCAmenbHblX HANPA*CEeHUl Kpyue-
HUsL OJisl CIePIICHel NPOU3BOTLHO20 NONEPEUH020 CedeHusl, Oa3upyloOuuiicss Ha YNpOueHHbIX Npeono-
CHUIKAX cOnpomugnenus mamepuanos. E2o ocobennocmo 3akmiodaemcsi 8 annpoKCuMayuu npsimoy2oiib-
HBIX U H0OBIX CILOJCHBIX NONEPEYHBIX CEHEeHULl JHCENe300EMOHHBIX KOHCMPYKYUTL ¢ NOMOWbLIO UX pa30us-
KUl Ha K8AOPambl ¢ NUCAHHBIMU 8 HUX KPY2aMU, COCOUHEHHBIMU MeHCOY cODO0U 8 eOUHYIO MOHOIUNHYIO
Queypy 6 OonbuwioM Kpyee, ONUCAHHOM BOKpY2 M06020 nonepeyno2o cedenusi. B npedenax bonvwiozo u
Kanicoo2o 1-020 Kpyea CMaHoUmcsi Cnpagedueoll 3a6UCUMOCTb KACAMEbHbIX HANPSANCEHU KPYUEHUsL Om
paccmosimus 00 YeHmpa paccmampueaemozo Kpyea. MaxcumanvHbie HANPSJICEHUs! COZIACHO NPeodnazaemort
MemoOuKe QOCHUSAIOMCSL 8 CPeOUHAX ONUHHBIX CHIOPOH NPSIMOY20IbHUKA, YN0 COOMBEMCMEYent UxX Oeticmel-
menbHOMY pacnpedenenuio. [Ipu smom maxas Mooeb NO360em CHSIMb BONPOC O HEOOXOOUMOCHIL UCHOTb30-
6aHUSL CNEYUATILHBLIX Mabiuy OJsl pacuema He moabko 6 ynpyeou cmaouu. OHa makdice no360sen Omoeums
HANPSIIICEHHO-0ehOPMUPOBAHHOE COCMOSIHUE 6 YETOM HADOpe KPY2IbIX CedeHuti Om OONOIHUMENbHO20 NOJI,
CES13AHHO20 ¢ OeNIAHAYUell NPSIMOY2OTIbHO20 CedeHus. ABMopamu OmKOPPEKMUPOSanbL U CYUeCHBEeHHO 00-
ROHEHbL 3a6UCUMOCTIU TS YYema OCnIaHaAYUU CIEPIICHSL NPSIMOY20TbHO20 HONEPEYHO20 CEeHeHUsl, B600UNICSL
HOHSIMUE U NPEONIONCEHbI 3A6UCUMOCTIU 0TS YHema MeCmHOU Oentanayuu. AKyeHmupyemcs eHumanue Ha
@usuueckoli cymu npoooNbHbIX nepemeujerutl, 00yCcl08IeHHbIX Oenianayuell, NPOSOOUMCS aAHAN02UsL C
INEMEHMAPHBIMU NEPEMEUSHUSMU, BbIZbIBAEMbIMU CO8U208bIMU yeunuamu. TIpednoocennas memoouka
NO380JI5lem YUUmbl8ams KOHYSHMPAyuio Yeiosblx 0e@opmayull 6 yeiax u Opyeux pesko UsMeHsiouuxcs
2e0MempUiecKUx napamempax Kaxk OmHOCUMeNbHO RIOCKOCMU NONEPEYHO20 CedeHUsl, MAaK U 6 Hanpae-
JIeHUU npoooabHOU ocu cmepoicHs. Manvle i-mbie Kpyeu, nonaoaroujue 6 KOHNyp NONEPeuHO20 CeyeHus!
CMEPIICHSL, CTydHcam 6 Kauecmee ‘“KOHOSHCUpyiouux”’, - UMEHHO 8 HUX COCPeOOMAYUBAIOMCS dNeMEHNb
arcecmrocmu U dhhekmusHvle 3HAUEHU. NAPAMENPOS HANPSINCEHHO-0ehOPMUPOBAHHO20 COCMOSIHUSL, KOMO-
pble 0Decneuusaom CconpoOmMuGIeHUe NONEPEeUHO20 CeueHust cmepiichs Kpyuenuio. Tpancgopmayuonnoie
nepexoosbl Om YUIUHOPUYECKOU K 0eKAPMOBOU CUCHeMbl KOOPOUHAM U NPUGLEYeHUe MECMHbIX CU-
cmem KOOpOuHam, HO360JUNU MAKCUMATbHO YAPOCMUMb NOJYyYeHHble 3asucumocmu. Pazdenenue
PACYEMHBIX NAPAMEMPO8 HA COOMBEMCMBEYIOWUE COCMABNIOUUE HANPSICEHHO — 0ehOPMUPOBAH-
HO20 COCMOSIHUSL NPEOOCMABISEeM B03MONCHOCHb UX 27YOOK020 aHANU3A.

Knrouesvie cnosa: xpyuenue, Hanpsiscenno—oepopmuposantoe coCmosHue, Conpomueilenue
Mamepuanos, npou3eoIbHoOe ceueHue, npediazaemas MemoouKd, OeniaHayus, KOHYeHmpayus, KOHOeH-
cayus.

TO DETERMINATION OF STRESS-STRAIN STATE FOR A ROD
OF ARBITRARY CROSS SECTION UNDER TORSION
USING MECHANICS OF MATERIALS

KOLCHUNOV VL. |.,, DEMYANOV A.l
South-West State University, Kursk, Russia

Abstracts. A new approach to the determination of tangential torsional stresses for rods of ar-
bitrary cross section, based on simplified assumptions of material resistance, is proposed. Its peculiari-
ty lies in the approximation of rectangular and any complex cross-sections of reinforced concrete struc-
tures by breaking them into squares with circles inscribed in them, interconnected into a single mono-
lithic figure in a large circle described around any cross-section. Within each i-th circle, the depend-
ence of the tangential torsional stresses on the distance to the center of the circle in question becomes
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valid. The maximum stresses according to the proposed method are achieved in the middle of the long
sides of the rectangle, which corresponds to their actual distribution. At the same time, this model al-
lows us to remove the question of the need to use special tables for the calculation not only in the elastic
stage. It also allows you to separate the stress-strain state in the whole set of circular sections from the
additional field associated with the rectangular section. The authors corrected and significantly added
dependencies to account for the deplanation of a rod of rectangular cross-section, introduced the con-
cept and suggested dependencies to account for local deplanation. The attention is focused on the phys-
ical essence of the longitudinal displacements caused by the deplanation; an analogy is drawn with the
elementary displacements caused by shear forces. The proposed method allows to take into account the
concentration of angular deformations in the corners and other sharply changing geometric parameters
both relative to the cross-section plane and in the direction of the longitudinal axis of the rod. Small i-th
circles that fall into the contour of the cross section of the rod serve as “condensing” - it is in them that
the stiffening elements and effective values of the parameters of the stress-strain state, which provide
the resistance of the cross-section of the rod to torsion, concentrate. Transformational transitions from
the cylindrical to Cartesian coordinate systems and the involvement of local coordinate systems, made
it possible to simplify the dependencies as much as possible. The division of the calculated parameters
into the corresponding components of the stress - strain state provides the possibility of their in-depth
analysis.

Keywords: torsion, stress — strain state, resistance of materials, arbitrary cross section, pro-
posed method, deplanation, concentration, condensation.

BBenenue

W3 conpoTuBiIEHMs] MAaTepUaJIOB M3BECTHO, YTO 3aJauyy OIpPENEICHUS HANpsDKEHUU U Jie-
dbopMaluu npu KpyueHUU CTEP>KHU HEKPYTIIOro MOMEPEYHOr0 CEUEHUs! Heb3s PEUIUTh METOIaMH,
0a3uPYIOUIMMHCS Ha YIPOIIECHHBIX MPEINOCHITKAX STON IKCIIEPUMEHTAIBHO-TEOPETHYECKON HAYKH,
SBJIAIOIIEHCS OJHUM M3 Pa3esioB CTPOUTENIbHON MexaHukH. Takas 3ajaua 0ObIUHO pelIaeTcs ¢ uc-
MOJIb30BaHUEM METOJOB TEOPHH YIPYTOCTH U TNIACTUYHOCTH. TeM He MeHee, UCIOIb30BaHne pado-
YUX THIOTE3 COMPOTHUBIICHUSI MaTepUaIoOB MPUMEHUTEIHHO K CTEP)KHEBBIM KOHCTPYKIUSM BeChMa
IIpUBJIEKATENbHO. B CBS3M € 3TUM BO3HMKAaeT PE30HHBIA BOIPOC O TOM, Ha CKOJIBKO KAaTErOPUYHO
YTBEPXKACHHUE O TOM, YTO HEJIb3Sl PEIIUTh 0O003HAUYEHHYIO BBIIIE 33]a4y METOJAAMH COIPOTUBIICHUS
marepuanioB? Bee mu moaxonst [1-22] 1 pe3epBbl PU 3TOM HCYEPIIaHbI?

Pacyernas moaein

B »T0#i cTatbe aBTOPHI AENAIOT MOMNBITKY MOJIYYUTh TAaKO€ pEIICHHE, OCTaBasCh B paMKax
TUIIOTE3 CONMPOTUBIIEHUS MaTepraioB. s perieHus 3ajauu OyieM annpoKCUMUPOBATh pa3inyHbIe
CEUCHHsI CTeP)KHEH ¢ MMOMOIIBIO pa30MBKY MX Ha MaJible KBAIPATHI C TMOCIEIYIOIIUM BITUCHIBAHUEM
B 3TU KBaJpaTbl KpyroB. Torjga NpUMEHUTENbHO K 3TUM MaJIbIM Kpyram, COCTaBJISIONIUX MONepey-
HOE CEeYeHHEe CTep KHEW 000l (popmbl, OyayT crpaBeIMBbl (POPMYIBI COMPOTUBIIEHUSI MaTepua-
JIOB, MOJTyYEHHbIE JUIsl KPYTJIBIX MOIEpeyHbIX cedeHui. IIpu 3ToM Heo0X0oaAuMO peluTs mpu co-
nymcmeywujue 3a0a4u’. 60 — nepevix, HeOOXOAUMO YYECTh JEIUIaHAILMIO0 MOMEPEYHbIX CEUEHUM
CTEep)KHEH HEKpYyTJIoi MpOU3BOIBHON (OPMBI C IIOMOIIBIO KAaKOH — TO PEKYpEeHTHOU (HOopMyJIbl; 60 —
6MopbIX, KOPPEKTHO NMPOCYMMHPOBAThH 3JIEMEHTAPHBIE KPYTH C MOMOIIbIO KOTOPBIX alllIPOKCUMHU-
pyeTcs MonepeyHoe cedyeHue 000l GopMbI ¢ pacnpeeseHueM, MPUXOIAIIUXCS HAa HUX, KpYyTd-
IIMX MOMEHTOB; 6 — mpempux, He0OXOAUMO YUEeCTh HaJIMUMe KOHIEHTpaluu JedopManuii B 30He
BXO/JISIIUX YTJIOB IONEPEUYHOr0 CEYeHHUs TPOU3BOJIILHOM (POPMBI M MECTHOM JIeTIJIaHALIMKU B yIJIax M
JIPYTUX PE3KO M3MEHSIOUINXCA T€OMETPUYECKUX MapaMeTpax, a TakkKe ee «BO3BpaTa» B MecTax,
COCEJICTBYIOIIMX C KBaJApaTaMH C HYJIEBOH JKECTKOCTBIO.

Pemenue nepeoii v3 >TiX 3a1a4 npeasioxkeHo apropamu B padote [20]. [Ipu aTomM ocHOBHBIE
MOTIPaBKU OyOyT KacaTbCsl Oennanayuu HEKPYTIIBIX TONEPEeYHbIX CEYEHWH, Hampumep, MpsMo-
YTOJIBHBIX WM, COCTOSIIIUX M3 HAaOOpa MpsIMOYTOJFHUKOB (3aMETHUM, YTO KBAJIpaThl, HA KOTOPHIC
pa3buBaeTcs I BBHIIOJIHEHHUS MPOLEAYPHI IPEAJIaraéMoro pacuera, TaKkKe sIBISIOTCS WX YaCTHBIM
cimydaeM). 3aBUCHMOCTH JIJIsl yUeTa JCTUTaHAINK TIPEeIoKeHbI aBTopaMu B padote [20]. [Ipuaumas
ee BO BHUMaHHe, MepeMelieHrne, 00yCcloBIeHHOE JIeTUIaHalMel MONepEeYHOro CeYeHus, 3anueTcs
B BUJIC:
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M, M, aZ-b? X
W= fy,z) f,(x)=—- yez-l 1= 1
G'lt (y ) 2() Glt a3+b*2 y | ()

3nech
f(y,z)=B.-y-z, ¥
aZ —h?

==, 3
P aZ +b? ®)

Takum oOpazom, nepemerienue W sBisieTcs clokHOM (yHKIMEH, 3aBUCSIICH OT KOOPAUHAT
¥, Z,x

dusnueckas CyTh nepemenieHnid W 3aKkiroyaeTcs B TOM, YTO OHH OOYCIIOBJIEHBI KacaTellb-
HBIMH HANPSOKEHUSIMH KPYUESHUSI U BBI3bIBAEMBIMH UMH JiehopManusiMu cJIBUTA (31€CH MOXKHO IPO-

BECTH aHAJIOTHUIO C MEPEMELIEHUSIMU AQ , BBI3BIBACMBIMU TIOTIEPEYHOM CHIIOH [16]). AGCOTIOTHBIM
nepemMenieHusaM Jennananua W Oy1yT COOTBETCTBOBATh OTHOCHTEIBHBIE 1e(pOPMALIUK CIBUTA Y 5y
, BBI3BIBAEMBIC KACATE/IbHBIMU HANPSUKEHUAMHU KpydYeHHus T .

IIpn OTHICKAHMU OTHOCUTEIBHBIX YIJIOBBIX (CIBHMIOBBIX) AeOpMaluii JenIanauuu Yy ,, U
Yd,yx CHCIIOIb30BAHHEM 3aBucumocteit Koy, oHu mpuMyT BUA:
OW O® OwW oW
—4+—=—+0=—,
oz OX o1 oz
—+—=—+0=—, (5)
oy ox oy oy

rae W, V, ® — nepemMenieHus 1o HanpasieHuto oce X, Y u Z, COOTBETCTBEHHO.

(4)

Yd,zx =

Yd,yx =Vyx =

[TpuMeHUTENBHO K MOJENH JIeIUIaHalluM, OMUChIBaeMoM ¢opmynoit (1), mepemenieHus
V= =0. B urore 6ynem nmeTs:

Mt ag—bvg X
}/dep,yXZG_lt'ag_'_bz'l' 1_|_ "Z=7dep,yxul » (6)
M, a?-b? X
7dep,zxZ?L'M'l‘[1_|—j'y37dep,zx,ula (7)

TAC Vdep,yxul ¥ Ydepzxul — COCTAaBISIOLINE NPEACIBbHBIX OTHOCUTEIBHBIX YIJIOBBIX AepopMaruii

JCTIJIaHaluu.

Cocrapmsiroliie KacaTelbHBIX HAIpsHKEHH, 00YCIOBICHHBIX JACIUIaHaIMel, ONpeensoTes U3
3aBUCUMOCTEN:

M, af-b? X

Tdep,yx = Ydep,yx -G :_G ' tlt '—ag . g -(1—I—j- 2-G< Tdep,yx.ul - (8)
M, a?-b? X

Tdep,zx = Ydep,zx -G sztlt‘m'l '(1_Tj' y-G< Tdep,zx,ul » 9)

TIC Tgep,yxul ¥ Tdep,zx,ul — COCTABISIOIIME MPEACTBHbIX KaCATCIbHBIX HANPSDKCHUH ACTUIAHALINH.

[Ipennaraemasi MeTOJIMKa IMPH OLIEHKE CONPOTHBIICHUS >KEI€300€TOHHBIX KOHCTPYKLUN
NPSIMOYTOJIBHOTO M CJIOXKHBIX IONEPEYHBIX CEYeHHUH (COCTOSIIMX M3 Habopa MPsIMOYTOJIbHHKOB)
CTPOMTCSI HA TOM, YTO BOKPYT NMPSMOYTOJIBHOTO WM JH000ro 60jee CI0XKHOTO MOMEepeyHOro ceve-
HUSl ONMCHIBAeTCs OOJIBLION KpPYT, MO0 KOTOPOMY YCIOBHO «pacceMBaeTcs» (Urypa mornepeyHoro
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ceueHus. [Ipu 3ToM Bee mosie GOIBIIOro Kpyra pa3onBaeTcsi Ha psiji KBaApaToOB, KOTOPBIE BIIOCIE/I-
CTBHMM 3aMEHSIOTCS] BIUCAHHBIMU B HUX MaJbIMHU Kpyramu. Masble Kpyru, KOTOpbIE IIONAJIU B 30HY,
OTPAaHUYEHHYIO KOHTYPOM IIONEPEYHOIO CEYEHUs CTEP)KHSA, CIyXaT B KayeCTBE «KOHIEHCHPYIO-
IIMX», - IMEHHO B HUX COCPEA0TAYMBAIOTCS 3JIEMEHTBI )KECTKOCTU U 3()()EeKTUBHBIE 3HAUEHUS Ia-
paMeTpoB HANpPsHKEHHO — Ae(OPMUPOBAHHOTO COCTOSHUS, KOTOPhIE 00ECTIEYNBAIOT CONPOTHUBIICHHUE
MIONIEPEYHOI0 CEYEHUS CTEPIKHS KPYUEHHUIO.

Panee aBropamu ObuIa paccMoTpeHa 1moo0Has 3ajada TOIBKO C OJHUM PSIIOM pa30MBKHU MO
HIMPUHE IPSAMOYTOJIBHOTO CEUEHUS] Ha Majible KPYTH, CBA3bIBAsl HANPSHKEHHO — Ne(OPMHUPOBAHHOE
COCTOSIHUE ATHX MAJIBIX KPYrOB C Pa3IMYHBIMU THUIAMH TPOCTPAHCTBEHHBIX TpeUIHH. [Ipyrumu
CJIOBaMH, Pa3JIMYHbIE THUIbI TPEIIMH, UMEIOIIUX MECTO CHMU3Y, B CEPEIMHE U CBEPXY IONEPEYHOro
CEUEHUs, NONAJAIM MUMEHHO B 3TU Majble KPYyrd COOTBETCTBEHHO HX PACIOJIOKEUIO 10 BBICOTE
IPSIMOYTOJIBHOTO CEYCHMS], - HIDKHUHM KPYT UCIOJIb30BAJICS, KAK IIPABUIIO, AJIsl TPELIMH [IEPBOTO TH-
11a, CPEAHMM — /171 BTOPOro U Tperbero tumna [20].

Tenepsb, npoaHanu3upoBaB BCe HEJAOCTATKH OTMEUEHHOI'O pa3OMEHUs, aBTOPbl HECKOJIBKO
YCOBEPIICHCTBOBAIIM TPEATIaraeMblii MOAX0/. A MMEHHO /IS peleHusi 0003HaueHHON BBIIIE 6MO-
Poit 331241, ONUIIEM BOKPYT IONEPEYHOr0 CEYEHMs CTEPXHs MPOU3BOIBHOM (OPMBI KpyT, KOTO-
PBIi MOTHOCTBIO BKJIFOYAET B cebs JIt00oe morepednoe ceuenue (puc. 1 u puc. 2), - purypa A- B —
C - D nns nmpsaMoroyroisHOro ceuenus, puc. 1, a; purypaA- B—-C-D-K-D-J-E-I-P -
G —H nns nByraBpoBoro cedenws, puc. 1, 6; - purypa A- B—C - D — | - F qys I - o6pasnoro ce-
4yeHwusl, puc. 2, a; - purypa A- B—C—-D — | - F - G - H ana kopoGuaroro ceuenus, puc. 2, 6.

3aMeTHM, YTO MPHUBEICHHbBIC QUTYPHI U HanOoJIee XapaKTePHBIX MOMEPEYHbIX CEUCHUN He
MCUEPIIBIBAIOT BCEI0 UX MHOT000pasus, Ha KOTOPbIE PAacIpOCTpaHsIeTCs MpeAaraeMblil Moaxo, u
CIIy’KaT JIMIIb B KaUeCTBE KOHKPETHBIX NMpUMepoB. TakuMm obpazom, u3 puc. 1 u 2 cienyer, 4To Bo-
KpYT' MONEPEUHBIX CeYeHUl 11000 (POpMBI MOKHO OmucaTh Kpyr, TeOMETPUUYECKUI yenmp Komo-
D020 coenaoaem ¢ 2eOMemMpuUYecKUM YeHmMpPoOM nOnepeunozo ceuenusa. B npenenax 3Toro kpyra
BBINOJIHSAETCS pa30uBKa (GUIYyphl NOMEPEYHOI0 CEYEHUs U JONOJHUTEIBHOM IUIOIAAH, OXBaThIBae-
MOW KpPYrom, Ha KBaJpaThbl, C BIUCAHHBIMH B HUX, MaJbIMH Kpyramu. Pa3OMBKYy Ha KBaapaThl C
BIIMCAaHHBIMM B HUX Kpyramu, ()OpMajbHO BBIMOJIHSAEM Ha BCEH IJIOLIAIM OXBaThIBAEMON OOJIBIINM
KPYT'OM JIJIS TIOTYYEHUS! peKYPPEHTHBIX 3aBUCHMOCTEH, PUHUMAsI KPYTHIIEHBIE MOMEHTHI MHEPIIHH,
IUIOINAZM U JKECTKOCTH B KBaJparaxX, PAcCHOJOXKEHHBIX 3a MpelelaMu IONEePeYHOro Ce4eHUs
CTEpHS, pABHBIMH HYJIIO.

bynem pasnuyare cpenu Kpyros, BXOJAIIMX B MONEPEYHOE CEYEHHE, KPYTH, KOTOpPBIE pac-
MIOJIOXKEHBI B YTJIOBBIX 30HAX 3TOro cedeHus (mo3uuus 1 Ha puc. 1 U 2) U Kpyru, pacrosioKeHHbIE
BO BXOJSIIMX BHYTPEHHUX yriax cedeHus (rmo3uuus 2 Ha puc. 1 u 2). [Ipu aTom, eciu HanpsixKeH-
HO-71e()OPMUPOBAHHOE COCTOSIHME KPYroB, 0003HAYEHHBIX MO3MLMEH 1, B COOTBETCTBHM C THIPO-
JMHAMHYECKON aHaoruel OJU3KO K HYJIO, TO B HAIPSHKEHHO-1e(hOPMUPOBAHHOE COCTOSIHUE KpY-
roB, 0003HAYEHHBIX MO3UIMENH 2, HEOOXOIUMO BBOJIUTH KOI(P(UIMEHTHI, YUUTHIBAIOIIUE 3/1€Ch
KOHLIEHTPALIUIO.

Tenepb NPUMEHUTENBHO K OOJBIIOMY KpPYTy, BKIIOYaOIEeMy B ceOs B TOM YHCIIE U TOIe-
pedHoe ceueHue Mpou3BoIbHOM (GopMbl (puc. 1 1 2), MOXKHO UCTIONB30BaTh (OPMYJIbI COIIPOTUBIIE-
HUS MaTe€pHaJIoB Ul KPYIIIBIX cTep)kHel. Takue popMyIibl CipaBelIuBBI U IS KQK0T0 U3 MaJbIX
KpYyroB, Ha KOTOPbIE, B CBOIO 04epeb, pa30uT 00ibI0N Kpyr. B pe3ynbraTe mpenocTaBisercs Bo3-
MO>KHBIM 3alHCaTh PEKYpEHTHbIE (POPMYIIbI MPUMEHUTENBHO K PACUETy CTEpKHEW MPOU3BOIHLHOTO
MOTIEPEYHOI0 CEUYEHHUS C BBEJICHUEM HEOOXOAUMBIX MMOMPAaBOYHBIX
KO3 PHUIIHEHTOB.

(DOpMyJIBI JJIA OIIPECACIICHHN A KAaCaTCIIbHBIX HaHpH)KCHI/Iﬁ KPY4YCHHUA Tt B OTBCTCTBYIOILICM

Kpyre MONepeyHoro CeueHHus, pacrojoKEHHOM Ha PACCTOSIHUHM X OT OMOpBI, 3alMCHIBAETCS B IIH-
JUHAPUYECKON U I1EKapTOBOW CUCTEME KOOPUHAT:
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It

M Mk, Mi [2 .2 Mi 5 2
LA = TtAspr TR Acond = 7 T ATl A =_'\/3’j,A+2j,A +|—_'\/yi,A+Zi,A <ty (10)
t t,i i

3mech Fj A +YjA » ZjA — PACCTOAHHS OT LEHTPA OOJBIIOrO KPyra, OMMCAHHOTO BOKPYT

MOTIEPEYHOr0 CEUCHHUST CTEPIKHS JI0 TIPOU3BOJIBHOM TOUKM A, HAXOJSIICHCS B MaJIOM J-TOM Kpyre, B
KOTOPOW OINPENEIAIOTCA 3HAYEHHUs KAcaTEIbHBIX HAIPSIKEHUN KPYyYeHHMS Ty U €€ KOOPAMHATHI B

obmeit cucreme koopaunat YOZ, coorBercTBeHHO; Mt - KpyTSIIUil MOMEHT, IEHCTBYIOIIUN B TIO-
[IEPEYHOM CEYEHUU CTepXKHS; |t - CyMMapHBbIi NOJSPHBIA MOMEHT MHEPLMH MOIEPEYHOI0 CEYECHUs

CTEPXKHSI, AIIPOKCHMHPOBAHHOTO MaJbIMU KBAJPATaMy - KPyraMu; i o, Yj A» Zj A — PACCTOSHHS

OT LIEHTPA MAJIOTO I-TOTO KPyra JI0 MPOU3BOJIBHON TOYKU A, HAXOAIICHCS B MaJIOM I-TOM Kpyre, B
KOTOPOH ONpENENAIOTC 3HAUYEHUsI KacaTeIbHbIX HANPsIKCHUH KPydyeHHUs 7y U €€ KOOpAMHATHI B

MecTHoU cucteMe koopauHat YiOiZi, COOTBETCTBEHHO; Mt,i - KpYTAILLIAA MOMEHT, IPUXOIAILIHAICS

Ha I-ThIil MaJbIi KPyr, Ha KOTOpPBIC Pa3OMTO MolepevHoe ceueHue crepkHs It j - mosspHsiil Mo-

MEHT WHEPIMH, MPUXOAAIIMNACS Ha I-ThIii MBI KPYT, Ha KOTOPbIE Pa30UTO MOMEPEYHOE CEUCHHUE
CTEP>KHS (CKIIAABIBACTCS U3 COOCTBEHHOTO MOJSPHOTO MOMEHTA MHEPIIMH U T0OABOYHOTO, PABHOTO

rj2 *A); Ty, — TIPEENbHbIE 3HAYEHHUS KACATENbHBIX HAIPSIKEHNH KPYYEHHUS.

B ¢opmyne (10) cymmapHbIii ONSAPHBIA MOMEHT MHEPLUU CEUECHHUS, COCTOSIIETO U3 MPSMO-
YTOJILHUKOB, PABEH CyMME TMOJISIPHBIX MOMEHTOB MHEPIIUU KBAAPATOB - KPYroB, HA KOTOPhIE pa3Ou-
BaIOTCA MPSAMOYTOJIBHUKY (C UX MOCIEAYIONIeH anmpoKCUMaIueil MalbMi KpyraMu, BIIUCAHHBIMU
B 9TH KBaJpaThl):

n
lp=lgg+lgo+o =2 ki, (11)
i=1

Pacnipenenenue nelcTBYIONMIETO B MOMEPEYHOM CEUCHHH KPYTSIIIETO MOMEHTA BBITTOTHSICTCS
MPOMOPLHMOHAIEHO COOTHOIICHUSIM MEXKIY OOIIEeH KPYTUIHHON KECTKOCTHIO MOMEPEYHOTO CEUEHUS
U KPYTHUIIBHOM JKECTKOCTHIO KaXKJIOTO M3 MAaJIbIX KPYroB (Ha KOTOpbIE pa3OMTO IMONEpPEUHOe ceve-
HUE) OTHOCHTEIHFHO TeOMETPUYECKOro IIEHTpa morepeuHoro ceueHus. [locne cokpaieHus Ha 00-
IIUH MHOXHUTENb, PABHBIA MOJIYJIIO CABUTA TIPU KPYUECHUH, KXKJIBIA U3 MOMEHTOB KPY4YEHUS, TIPU-
XOASUIMXCS HAa BIMCAHHBIE MaJIble KPYTH, COOTBETCTBEHHO ONPEAEISAIOTCS, —

lta lt,2 It i
Mt,let_’; MtZZMt_’;"' Mti:Mt_' (12)
It It It
It j — MONAPHEIH MOMEHT MHEPIMH BITMCAHHOTO B COOTBETCTBYIOIIMH KBagpaT Majioro Kpy-

ra, ucroib3yemoro B popmyie (11).

MoOMEHTHI Kpy4YeHHUs], IPUXOASAIINXCS Ha BIUCAHHBIE Majble KPYTH, PaclOJIOKEHHBIE 3a
npeaciiaMu MmoncpeyYHoOro CCUYCHUs CTCPIKHA, paBHbBI HYJIIO, TaK KaK 3CCh PABHbLI HYJIIO UX ITOJIAP-
HbIE MOMEHTHI HHEPIUH.

HOJ'IHpHI)Ie MOMCHTBI MHEPIIUN MAJIbIX KPYTI'OB, pacCIlOJIOKCHHBIX B IIPEACIaxX KOHTYypa IIoIIe-
PEYHOTO CEUeHUs] CTEPXHS OTHOCUTEIHLHO T€OMETPUUYECKOTO IIEHTpa CTEPXKHS CIAararoTcs U3 Mo-
JIAPHBIX MOMCHTOB MHEPIIUU MAJIBIX KPYI'OB OTHOCUTCIIBHO COOCTBEHHBIX TCOMETPHUICCKUX LICHTPOB

(It ow) ¥ JIOTOJHUTENLHBIX MOMEHTOB MHEPLMH TUIOIIA/M KaXKIOT0 Maoro Kpyra OTHOCHTEIBHO
0011Iero reOMeTpPHYECKOro eHTpa cTepkHs ( It add ):

4
7d 2
lei = lti,ow + lt,add =3 i A (13)
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[pu sTOM 7}t A, OTBICKHBaEMYIO 1O Gopmyie (10), Oynem paccmaTpuBarh Kak paBHOJEH-
CTBYIOLLYIO JBYX COCTAaBIAIOIUX TyAxy M TyAxz B obmel cucreme koopauHatr YOZ, KoTopbie

OIIPECACIIIIOTCA U3 CICAYIOIINX 3aBHCHMOCTEH:

Tt Axy = Tt,A sina = \’ yJ At Z AT \’ yl AT \/72 < Tt xy,ul » (14)

Yj

My [2 Mei [2
Tt Axz = Tt,A " COSa = I_t YAt Zj Yia+t \/72 < Tt xz,ul (15)
t

+yJ

rie Tt,xz,ul , Tt, xy,ul — COCTaBJISIOLIKE NPEACIbHBIX 3HAYCHUH KAcaTEIbHBIX HAIPSKEHUM Kpy4e-

HHA.
Basicno 3amemumbs, Umo e6ce ceomempudecKkue XapaxKkmepucmuKu paccmampuearomcsn
OMHOCUMEIbHO 2eoOMempuUueCcKoco ueHmpa Cjiox)icnHo20 ce4eéHui.

JIONOJHUTENBHO K PAaBHOACUCTBYIOIIUM T A , OTBICKHBaeMbIM 110 dopmyiie (10) mist coor-

BETCTBYIOIIMX KPYIrOB HEOOXOAMMO YUUTHIBATh COCTABJISIONINE, CBSI3aHHbBIE C JIeTIIaHAIlueH TTPsSMO-
yroisbHoro ceuenus [20].

Torz[a, CKJIaabIBas COCTAaBJIAIOIINEC KaCaTCIIbHBIX HaprI)I(eHI/Iﬁ IIpU KPYYCHUH T¢ pA Xy Tt A Xz

Tdep,yx M Tdep,zx » HOMYIHM PE3YIBTUPYIOIIHIE HAIPSIKCHAC Tgym A -

2 2
Tsum,A = \/(Tt,A,xy + 2'dep,xy> + (Tt,A,xz T Tdep,xz ) , (16)

TIC Tdep,xy M Tdep,zx — COCTABILIONIME KACATEIbHBIX HAIPSIKCHUH [CIUIAHALINH, YCPEIHCHHbIC B

I - oM Kpyre

3HAKU UX OIpPENESIOTCS aBTOMAaTHYECKH, — C TOMOIIbIO BTOPOTO MHOXKUTENS B (popmynax
(6) — (7), ympaBisitolero KBaapaHTaMu MPSMOYTOJIBHOTO cedeHus. Eciau B mpesenax j-Toro kpyra
3HAKU KacaTeJIbHBIX HANpPSKEHUH JeIUIaHalluy pa3Hble U IPU UX YCPEAHEHUH BO3HUKAIOT HEKOTO-
pbl€ CI0KHOCTH, — TOTAA PAIUYChl AlIIPOKCUMUPYIOIIMX KPYTOB HEOOXOJMMO YMEHBIIHUTD.

B ciydae, eciau BIosb MPOI0JIBHOM OCH 7KeN€300€TOHHONW KOHCTPYKIIMM KPYTAIIUN MOMEHT
UMeeT MOCTOSIHHOE 3HaYeHUe, TO pe3yabTHPYIOLe HanpskeHust KpydeHus B ctaauu |l nocturaror
CBOMX IIPEJIENIbHBIX 3HAUCHUN 7|, .

3uast 7, (WM Tgym A) U3 ypaBHeHus (10) MOXKHO HAWTH MPENEITBHBIA KPYTSIIUNA MOMEHT,

NPUXOAIINICS Ha | - i KPyT CKaTOW 30HBI.

Wrak, HyneBble K03((HUIIUEHTHI BBOJIATCS K TEM MallbM Kpyram, KOTOpbIe pacloyoKeHBbI 3a
npene’aaMyu MOMEePEeYHOro CEYEHUs! CTEP’KHS M BBOJSATCS JIMILIb JJIsi 3aII0JHEHHUSI BCEro OOJBIIOTO
Kpyra, oXBaTbIBarollero nomnepeyHoe ceuenue (puc. 1 u 2). Hynesble ko3¢ (uIMeHTsl BBOASTCS
TaK)Xe K MaJIbIM KpyraM, pacrojOKEeHHbIM B YIJIOBBIX 30HaX CE€UYEHHUs (B COOTBETCTBHHM C Pe3yibTa-
TaMH TUIPOJJMHAMUYECKOH aHanorumn), 0003HaueHHbIX no3uuueit 1 Ha puc. 1 u 2.

K kpyram, pacrnonox’eHHbIM BO BXOJSIIMX yIilaX MONEepeYHbIX ceueHni (0003HAUEHHBIX I0-
3unmeit 2 Ha puc. 1 u 2) BBoAATCS KO3(QPUIUEHTHI, YIUTHIBAIONINE HATTMUUE 37I6Ch KOHUYEeHMPayuu
HaIpsDKEHHO — AeOpMHUPOBAHHOTO cocTosiHUsA. [Ipu ympyrom compoTuBieHHUU Takue Kodhduiu-
€HTBI JIETKO OTBICKMBAIOTCS I COOTBETCTBYIOLIETO CEUEHUS C UCIOIb30BaHUEM METOJa KOHEUHBIX
AJIEMEHTOB (C MaJIbIMH pa3MepaMy KOHEYHBIX 3jieMeHTOB). [Ipu ympyro - mjaacTHUecKoM COMpo-
TUBJICHUU U HAJIMYUU TPEUIUH, HAIPUMEp, B jKene300eToHe, Takue K03(pPUIMEeHTHI onpeaesoTcs
10 3aBUCUMOCTSM, IIPEJI0KEHHBIM B padote [20].

Wtak, nns xene300€TOHHBIX AJIEMEHTOB CO CJIOKHOW (OpPMOHM MONEPEeYyHOro CeueHus,
MMEIOIINX BXOJsmue yribl (puc.l u puc. 2) npucyiia onpeaeneHHas cnenu@uka pacyera.
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CTpouTeabCTBO U PEKOHCTPYKIHS

Kaptuna pacnpenenenue aedopManuii Ha yd9acTKax CTEpXKHEH, MPUIIETAONINX K HOpPMaslb-
HBbIM CEYEHHUsM, Bblpe3arolux y3en [21, 22], HanmoMuHAET, elle A0 MOSABJIEHUS TPEIIMH KapTHHY
aHAJIOTUYHYIO, BbIsABIIeHHONW B.W. MypareBbimM, B cTaguu TpenmmHooOpa3zoBanus. [loatomy npen-
CTaBJsieTcs HauOoJee MPUEMIIEMBIM YUUTBHIBATh TAKyl0 KOHIIEHTPALUIO Je(OpMaIfii C TOMOIIBIO

Kod(pduuueHTa |/, , 10 (U3NICCKOMY CMBICILY, aHAIOTUIHOMY KOOQ(HULHUCHTY Ys, BBEICHHOMY B

TeopHIo xene3o0eroHa B.M. MypaiieBsiM. ITO MO3BOJISET ONIEPUPOBATH B MPOBEACHHBIX CEUCHHSIX
CpPEeIHUMH 3HAUYCHUSAMHU AeopMaluii, 1Ji1 KOTOPBIX YK€ CIpaBeInuBa TMIOTe3a IIOCKUX MOBOPO-
TOB. B cTamuu, Korma cConpoTUBIICHHE JKeIe300€TOHHOTO CTeP KHSI OJM3KO K yrmpyromy, kodhduiu-

eHT oIpeAeisgeTcs ¢ IPUBIeYeHuEM Kod(dduuenTa Kouneurpanun nedhopmaruii k [21, 22]:
Y, oup p p p

k-1
"k

rae @, — Kod(pGUILNCHT HAIOIHCHHS SIOPBI Ae(opMaliil paCTIHYTON apMaTypbl (HIIH CXKaTOro

(17)

b

Wb,r zl_a)

6eTOHa) Ha y4aCTKax, OTCTOSAIIUX Ha h ot LCHTpa y3Jia.

[pu 3ToM 3HaueHUs KOG dUIMEHTa K OIpeIeNsitoTCsI 0 CPAaBOYHBIM JAHHBIM HIIH (TIPH UX
OTCYTCTBHMHM) JIETKO MOT'YT OBbITh IOJy4eHbI ¢ ucnoiabzoBanueM MKD u yuere ocobeHHOCTEH pado-
Thl 30HBI CONPSDKEHUS KaK IJIOCKOHAIPSDKEHHOTO (MM OOBEMHOr0) 2JIEMEHTA MpPU €ro YyIpyrom
COIIPOTHBIICHUM.

[Tocne nmposiBneHus PU3NUECKON HETMHEHHOCTH M TPEIIUH (opMyIta JUIs ONpeaesieHus 3Ha-
4eHMd Kod(Q(dHUIMEHTa KOHIEHTPAIUK YIJIOBbIX JehopManui ¥/, =~ 1jis NPaKTUYECKUX PAaCyETOB,

npuHUMaeT Buf [21, 22]:

v, =v,. t(-w, ) w (18)

b,u _7b,el

rae Y, ., Y bel ¥ bu— CPEIHHUE YITIOBLIE AehopMannu OETOHA, NPEEN yIPYTUX YIJIOBBIX Je-

¢opmanwuit 6erona (Y, ,, = 0.3 z-7}’) U TIpe/ieNIbHBIE YIIIOBbIE AepopManuu O€TOHa, COOTBETCTBEH-
Gb

HO.

Ba)kHpIM 2JIEMEHTOM IPEAIAraeMoro MoaxoAa sIBISETCS TaKKe MPENOCTaBIIsieMas BO3MOXK-
HOCTb (M3-3a pa30MEHUs CEUEHHs Ha MaJlble KBAApaThl -KPYI'H) y4eTa MeCHmHOU Oenianayuu B yr-
JaxX U APYTUX pe3KO M3MEHSAIOIIMXCS eOMETPUUECKUX MapaMeTpax, a TaK)Ke €€ «BO3BpaTa» B Me-
CTax, COCEJICTBYIOIIMX C KBaJpaTaMH C HYJIEBOH *kecTKocTbo. Ilociennee o0ycnoBieHO HE0O0XO-
JUMOCTBIO KOPPEKTUPOBKH HEKOTOPBIX HECOBEPUIEHCTB MPEJIaraéMoro rnoaxo/ia B MecTax pe3Koro
nepenaja *KecTkocTel Mexay MaiabiMu Kpyramu. C Jpyroil CTOpOHbI, UMEHHO pa30MeHHe CeueHUs
Ha MaJjible KBaJlpaThl —KPYTU JAeT BO3MOYKHOCTb yU€Ta MECTHOM JEIUIaHALMU B MECTaxX PE3KOT0 U3-
MEHEHUS! F€OMETPUUYECKUX IapaMeTPOB IOMEPEHYHOIO CEUEHMSI CTEPKHS U €€ KOPPEKTHUPOBKU —
«BO3BpATa» OMHOCUMENbHO NIOCKOCMU DO0bULOZ0 KPy2a B MECTaX, COCEICTBYIOLIMX C KBaJapara-
MU — KpyraMu, UMEIOIIUMHU HYJEBYIO )KECTKOCTb.

Torna mpuMEHHMTENBHO K MOJEIM JelaHalluyu, onmuckiBaeMoil (opmymnoii (1), mpu yuere
MECTHOM JieTJIaHaIlUuH, TOTYYHM:

we il £ (y,2)- fp () = S B0

X
1—— [+ Wi 19
G-It | loc ( )

18 Ml (81) 2019 (aneapo-ghespans)



Teopusi HH)KeHEPHBIX COOPY:KeHHi. CTpouTeIbHbIe KOHCTPYKIIMH

31ech Woe - MecTHas gemnananus. Ee 1enecooOpasHO BEIPasHTh YEPE3 COCTABIIAIOIIME
OTHOCHTEJIBHBIX YINIOBBIX JeOpMaLUil Ydep yxloc U dep,zx,loc» KOTOPBIC OTCUMTBHIBAIOTCS B

npez[naraeMoﬁ METOJHUKE OTHOCUTCIBHO ITIJIOCKOCTHU 0O0IBIIOrO Kpyra.

2 2
M; af—bs X M, My i
+ = — Jd1-=|z4+| —F; p———'r: < ’ 20
Vdep, yx * Vdep, yx,loc G, 22 + b2 ( J I, LA |t,i i,A ” Vdep, yx,ul (20)
2 2
M; af—bs X M, My i
+ = ] 11-=|' V| —-f; p———T < , (21
Ydep,zx = 7dep, zx,loc G-I, IIRY. | y I i A I i,A Ydep,zx,ul (21)

X
TAC Vdep,yxul ¥ Ydep,zxul — COCTABIISIOIIME IPEACIBHBIX OTHOCHTENIBHBIX YIJIOBBIX Aeopmarinii

JelIaHaluy;
Ydep,yx Y Vdep,zx - COCTABISIIOLIIE OTHOCHTEIBHBIX YIIIOBBIX AehopMaLnil AeTlaHaLNHY;

Ydep,yx,loc 1 Ydep,zx,loc - COCTAaBISIOLINE OTHOCHTENIBHBIX YIJIOBBIX Ae(pOopMaLyii MECTHOM Jeria-

HAIIMH, - ONPEACIISIOTCS C UCIOIb30BAaHUEM 3aKOHA MAPHOCTU KAcaTEeIbHBIX HAIPSDKEHHM, Tepexo-
JSIIMX W3 TUIOCKOCTH TomnepedHoro cedeHus YOZ BO B3aWMHO TEPICHIUKYISPHBIC TLIOCKOCTH
XOZ u YOX, - ciiaraemoe BXoJsiee B mociieqaue ckooku 3apucumocteit (20), (21) cooTBeTCTBEH-
HO.

[Tpu 5TOM BBIOOD 3HAKA MEpea MociueTHuMU ckookamu B Gpopmynax (20) u (21) BeimonHseT-
Csl B 3aBHCHMOCTH OT TOTO, B KAKOM KBaJIpaHTE MPSIMOYTOJLHUKOB (Ha KOTOPBIC pa30MBaeTCs moIie-
pedHoe ceueHue J1t000i PopMBI) paclosioKeHa Touka A.

HaxoHerl, HeOOXOJMMO Y4eCTh HAMUNE KOHUEHMPAayuu yriioBbIX IedopMalui B yriax u
JIPYTUX PE3KO M3MEHSIONIMXCS TEOMETPUYCCKUX TapaMeTpax TakKe B HAIPABIICHUU OCH X, (a HE
TOJIBKO B IWIOCKOCTH YOZ), T.¢ IPUMEHUTEIBHO K Mecmuou denaanayuu. [pu 3troM K03hduim-

CHT KOHICHTpAaIUun Yo 7loc BJOJIb HpOI[OJIBHOfI OCH CTCPXKHA X OHIPCACIIACTCA 110 aHaJIOTHU C 3a-

BHCUMOCTBIO (18 CM.BBIIIE) C IpUBIIEUEHHEM KOXD(DHIIMEHTa KOHIIEHTpauK aedopmanuit Ky, :

Kioe —1

e, (22)
loc

rjae nmapaMeTprl a)},,|OC u kloc — IO CMBICIIY aHAJIOTUYHEI IIapaMeTpaM, HCI0JIL3YEMEIM B Q)opMyne

Wb,z loc =1= @ loc

(17), c TO¥ TOJILKO pa3HUIICH, YTO OHU XapaKTEPU3YIOT MECTHOE, a He oOIlee Moje yrioBBIX Jie-
dbopmanui.
[Ipu 5ToM 3HaueHns kodpduimenta K. JETKO MOTYT OBITh TONTYYEHBI C MCTIOIL30BAHUEM

MKD u y4yere ocobeHHOCTEH pabOThI 30HBI CONPSIKEHUS KaK MJIO0CKOHANPSKEHHOTO (MM 00beMHO-
r0) 3JIEMEHTA [P €0 YIPYTOM CONPOTHBIECHUH.
[Tocne nposiBiaeHus PU3NUECKON HEMMHEWHOCTH U TPEUIuH GopMmyra Jiis onpeneeHus 3Ha-

YeHHH KOO PUIMENHTa KOHIEHTPAIMK YTIIOBBIX IepOpMauil Yy 7 [oc AV NPAKTHIECKUX PACUETOB,
MIPUHUMAET BU/JI, aHATOTHYHBIN hopmyre (18):
7 v
b,m,loc ~ /b,el,loc ' (23)
Yb,u ~7b,el,loc

Yb.rloc =¥orlloc T (1= ¥br1loc)

i€ Ypmloc: Ybelloc: Ybu— MAPAMETPBI, ONPEAETAEMbIE MO AHATOTUU C COOTBETCTBYIOIIMMU
napameTrpamu u3 Gopmyisl (18).
BbiBoaBI

1. HpezmoxceH HOBBIM MOJXOJ K OIMPCACIICHUIO KaCaTCJIbHBIX HaHp&I)KCHI/Iﬁ KpYUCHUA JI
CTCp)KHefI MMPOU3BOJIBHOT'O TOTIEPCYHOI'O CCUCHUA, 6a31/1py101um710;1 Ha YIIPOIICHHBIX MPCANTOChUIKAX
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COIIPOTHBIIEHUS MaTepuanoB. Ero 0co0eHHOCTh 3aKIH04aeTCsl B allIPOKCUMALIMK TPSIMOYTOJIBHBIX U
JHOOBIX CIIOKHBIX TMOTMEPEYHBIX CEUCHHMI KOHCTPYKIUH (B TOM 4YHCIIE )KeJIe300€TOHHBIX) C TOMO-
IIbI0 UX Pa30MBKU Ha KBaJApaTbl C BIUCAHHBIMU B HUX KPYI'aMHU, COEJIMHEHHBIMH MEXAy COOOH B
€IMHYI0O MOHOJUTHYIO (pUrypy B OOJBIIOM KpYre, OMMCAHHOM BOKPYT JIFOOOTO TMOMEPEYHOTO ceye-
HUS, OTHOCUTEJIBHO KOTOPOT'O BBIMOJIHSAETCS yU4€T MECTHOM JAeIaHallMM U KOHLEHTPALUU YIJIOBBIX
nedopmariuii.

2. Maubie i-Thle KPYTH, MONAAAIONINE B KOHTYP IONEPSYHOTO CCYCHUS CTEPIKHS, CIIyXKaT B
KayecTBe “KOHJCHCUPYIOLINX’, - UMEHHO B HMX COCPEAOTAYMBAIOTCS 3JIEMEHThI )KECTKOCTU U 3(-
(eKTUBHBIC 3HAYEHUS [1apaMETPOB HAIPSKEHHO-AE()OPMUPOBAHHOIO COCTOSIHUA, KOTOpbIE o0ecrie-
YUBAIOT COIIPOTUBIIEHUE ITONIEPEYHOTO CEUEHMSI CTEPIKHSI KPYUEHUIO.

3. B npeaenax 601b1IOr0 ¥ KaXXJOr0 i-Oro Kpyra CTaHOBHUTCS CIPABEIJIUBON 3aBUCUMOCTh
KacaTelbHbIX HANPSUKEHUN KPYyUeHUs OT pacCTOSHUS JI0 LIEHTpa paccMaTrpuBaeMoro kpyra. Mak-
CHUMaJIbHbIE HAIPSDKEHUS COIVIACHO IPEIaraéMoi METOJUKE JIOCTUIaloTCs B CpPEeIMHAX JJIMHHBIX
CTOPOH IPSIMOYTOJIbHMKA, YTO COOTBETCTBYET MX IEHCTBUTEIBHOMY pacnpeneseHuto. [Ipu stom
Takask MOJIENIb MO3BOJISIET CHATH BOIPOC O HEOOXOJMMOCTH HCIIOJIB30BAHMS CIIEIUAIBHBIX TaOJIHIL
JUI pacueTa He TOJIBKO B YIIPYTOM CTaIuH.

4. IlpemnaraeMplii MOJIXOA TaKXe MO3BOJIAET OTIAEIUTH HANpPSHKEHHO-IE(POPMUPOBAHHOE CO-
CTOSIHME B LIEJIOM HAaOOpe KPYIVIBIX CEUEHUI OT JIOMOJHUTEIBHOIO IOJs, CBS3aHHOIO C JeTlIaHaluen
IPSIMOYTOJIBHOTO CEYEHMsI. ABTOpaMH OTKOPPEKTUPOBAHbI U CYIIIECTBEHHO JOMOIHEHBI 3aBUCUMOCTH JUIs
yuera JIeTJIaHalK CTEPKHSI IPSMOYTOJIbHOTO TIONEPEYHOTO CEYEHH S, BBOIUTCS ITOHATHUE U IIPEIOKEHbI
3aBUCHMOCTH JUISl yUeTa MECTHOM JIeIIaHalMu. AKLIEHTUPYETCsl BHUMAaHUE Ha (GU3UYECKOM CyTH Mpo-
JOJIbHBIX MepeMelIeHni, 00yCIOBICHHBIX JIeIUIaHalMel, IPOBOIUTCS aHAJIOTHUS C 3JI€MEHTapHBIMU
MepPEMELIEHUSIMU, BbI3bIBAEMBIMH C/IBUTOBBIMU YCUIIUSMHU.

5. IlpennoxeHHas METOAMKA MO3BOJISIET YUUTHIBATh KOHLEHTPALMIO YIJIOBBIX Aedopmariuii
B YIJIaX ¥ JAPYTUX PE3KO U3MEHSIOLIMXCS N'€OMETPUUECKHUX MapaMeTpax Kak OTHOCUTEIbHO IJIOCKO-
CTH IOIEPEYHOI0 CEYEHMsI, TAK U B HAIIPABJIEHUU MPOJI0JIbHOM ocu cTepxkHs. [Ipu 3ToM ncnonb3y-
eTcs IpHUeM aHaJOrMYHbIN BBEIEHHOMY B TEOPHIO kese300erona B.. MypaiueBbiM.

6. TpanchopManmoHHBIE TIEPEXOABI OT HUIMHAPUYECKON K JIEKapTOBOM cHCTEME KOOp-
JUHAT U IPUBJICYEHUE MECTHBIX CUCTEM KOOPIMHAT, IO3BOJUIN MAKCHUMAJIBHO YNPOCTUTH IIO-
Jy4eHHBIE 3aBUCUMOCTH. Pa3fenenne pacueTHpIX apaMeTpOB HAa COOTBETCTBYIOIIME COCTABIIA-
I0IME HAMpPSHKEHHO — 1e(OPMHUPOBAHHOTO COCTOSIHUS MPEIOCTABISAET BO3MOXHOCTh UX TIIy0O-
KOT'0 aHaju3a.
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CABLE-STAYED STRUCTURES FOR PUBLIC
AND INDUSTRIAL BUILDINGS

KRIVOSHAPKO S.N.
Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia

Abstracts. Cable-stayed structures are simple in assembling, light in weight, safe in
maintenance, and often possess the architectural expressiveness. Today’s cable-stayed structures
erected in Germany, France, Italy, Japan, Singapore, USA, South Korea, Australia, and other countries
are recognized as unique and innovative structural solutions. Unique first-of-its-kind systems and the
well-known structures and buildings of all types, which have practical importance and novelty and were
marked by the rewards of professional associations or were passed into the top lists of journals, are
presented in the paper. But there is no current classification of cable-stayed structures till present time.
New classification of cable-stayed structures containing five groups or ten sub-groups of considered
structures is offered. It is impossible to present all meaningful cable-stayed structures in one paper but
every sub-group is illustrated by specific notable examples. The principal information on the 90
remarkable cable-stayed public and industrial buildings are submitted for consideration and a special
table with the indication of country, architects, and year of erection of these structures was compiled
first. The existence of such cable-stayed structures as "suspended bridges" of two types is indicated but
their description is not given, because it is the subject of analysis for bridge engineers. The 58
references presented in the manuscript will help to obtain additional information.

Keywords: special structures, cable-stayed structure, cable-stayed roof structure, guyed mast,
green roof, open cables

BAHTOBBIE KOHCTPYKIIMN OBIIECTBEHHBIX
U IPOMBIIIJIEHHBIX 3JAHUHA

KPUBOIIAIIKO C.H.

Poccuiickuit yauBepcurer 1pyx0bl HapooB, Mocksa, Poccus

Annomayus. Banmogvie Koncmpykyuu npocmel 6 cbopke, mano eecsm, Cable-stayed
structures are simple in assembling, light in weight, 6ezonacusi ¢ ob6cnyscusanuu u wacmo npuenocsam
APXUMEKMypHYIO 8bIPAUMENIbHOCMb. B Hacmoswee epems 6anmosvie KOHCMPYKYUU, 8036€0CHHbIE 8
T'epmanuu, @panyuu, Umanuu, AAnonuu, Cuneanype, CIIA, FOxcnoii Kopee, Ascmpanuu u opyeux
CMpanax, NpusHaHvl KAK YHUKAIbHblE U UHHOBAYUOHHbIE KOHCMPYKMuUeHble peuienus. B cmamobe
nPeocmagienbl YHUKAIbHbIE, NePEble 8 C0eM POOe KOHCMPYKYUU, KOMOPble UMEIOM NPAKMUYECKyIO
BHAYUMOCHb U HOBU3HY U ObLIU OMMeUeHbl HaA2padami nPOYecCUOHATbHBIX COOOWECmE Wil 6OULTU 8
mon-aucm JHcypHanos. OOHAKO K HACMOAWeEMY BPEMEHU OMCYMCMEYem KIACCUDUKAYUS 6AHNOBHIX
koncmpykyuil. Ilpednosicena HO8ast KIACCUDUKAYUS 6AHMOBBIX COOPYICEHULL, COOepIcauas Nsinmb
2pynn uau O0ecsimb NOOSpynn paccmampugaemvix koncmpykyuti. He npedcmaensemcs 803mModiCHbIM
npeocmasub 6ce 3HAYUMbBIE BAHMOBLIE COOPYIICEHUSI 8 OOHOU CMamve, 00HAKO KANCOas NoOSpynna
APOUIIOCMPUPOBAHA  COOMBEMCMBYIOWUM — NpUMEpoM. B cmamve  enepevie  npedcmaeinenvl
npunyunuanvivie céedenus 0 90 3HAUUMBIX BAHMOBLIX OOWECTNBEHHBIX U NPOMBIUIEHHbIX 30aHUsX. B
mabauynol opme npedcmasieHa unGopmayus 0 cmpame, apxumexmope u 200ax Cmpoumeibcmed
omux coopyoicenuil. OmmeueHo Cywecmeoganue maKux 6aHMOGHIX COOPYICEHUN, KAK NOOBECHble
MOCHbL 08YX MUNOS, OOHAKO IMOM 60NPOC OMHOCUMCSL K CREYUPUUECKOU 0OIaACmU MOCHOCIPOCHUSL.

Knrwuesvie cnoea: cneyuaibHole  COOPYIHCEHUsS, 6AHIMOBbIE COOPYI;HCEHUA, 6AHMOBblE
KOHCMPYKYUU NOKPblMust, Maima, «3ej1eHasn)» KpoeJist, OmKpbvinible mpocosl.
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1. Introduction

R. Bradshaw et al [1] suppose that special structures are landmarks and testimonials to the
achievements of the structural engineering profession. They include the following types of
structures: space frames or grids; cable-and-strut and tensegrity; air-supported or air-inflated; self-
erecting and deployable; cable net; tension membrane; lightweight geodesic domes; folded plates;
and thin shells. But R. Bradshaw et al did not point out the cable-supported structures. Massimo
Majowiecki [2] from University of Venice, Italy, writes that cable structures include cable-stayed
roofs, suspended roofs, cable trusses, and single and multilayer nets. Zagorkov [3] marked out three
groups of cable-stayed structures orientating by the dominating state of bearing metal pylons.
Kloiber Lawrence A. et al [4] show that there are several types of cable-supported structures, but
they can generally be sorted into two categories, cable-suspended and cable-stayed structures. In
cable-suspended structures, the draped cables are the main supporting element of the structure, and
their curvature is a major factor in the load carrying capacity of the system [4]. Cable-stayed
structures are special structures containing open tensile steel wire ropes. Their curvature is equal to
zero practically. Cable-supported structures attracted the attention of architects and civil engineers
in the 20" and 21% centuries and can obtain larger recognition in the future, but there is no current
classification till present time.

2. General information and definitions

In suspended structures, steel wire ropes, cables, chains, rolled metal and sheet membranes
resist the external load and they work only for tension. In the cable-stayed suspension systems, guys
(threads) or wire rope plane or space trusses support rigid elements (beams, plates, arches, frames)
in the design position. Covering materials (roofing) are placed on these rigid elements working in
bending. Besides suspended cable-stayed systems, cable-stayed structures include in themselves
also the structures containing cables as the stabilizing elements or creating geometrical image of the
erection. One can consider that the ideal thread is the simplest cable-stayed structure because it
does not resist the bending and torsion. But architects consider that cable-stays, staying always
straight, do not belong to the class of elastic threads [5].

The wire rope suspension structures (cable-suspended structures) differ from the cable-
stayed suspension systems because the covering elements in them are placed directly on the wire
ropes or on the wire rope net. Stay suspension cables (guys) are called sometimes open cables, or
open wire ropes, or tensioned straight cables [6] and that is why cable-stayed structures are called
also roof structures with pylons and open cables. This term is used sometimes by some Russian
engineers. The classification of wire rope suspension structures can be found in [7].

Although all cable-supported structures are effective for wide span, each system has its own
distinct characteristic which makes it attractive for certain conditions and more suitable for
particular architectural application. This paper focuses only on the second type of cable-supported
structures that is cable-stayed structures.

3. The classification of cable-stayed structures

Due to the fact that guys are open wire ropes, the following classification of cable-stayed
structures according to their design features, purposes, and methods of strength analysis is
suggested:

1) cable-stayed roof structures (straight tensioned cable roof structures [6, 8]):

- suspended cable-stayed roof structures supporting tent membranes in particular points;

- suspended cable-stayed structures with single bearing pylon (pillar);

- suspended cable-and-rod roof structures with bearing pillars placed at one or several rows;

- suspended cable-and-arch roof structures;

- cable-stay supported cantilevers;
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2) cable-stays for stabilization of contour
rigid elements of tent membranes; i scemes

a)

3) masted structures with cable-stay [ N
elements: b> g"l | ' gji ; :

- masted structures with cable-stays | |5

be:

T[T

archs and thread:

ensuring stability of the structures; = %w%ﬁ;
- masted structures in the form of one-sheet
hyperboloid with cable-stays coinciding with ﬂk_d§ i
rectilinear generatrixes of the surface;

4) special combined suspended cable-stayed N A S N
roof structures; o s

5) suspended bridges.

A simplified version of the classification ﬁ& I § ]21%
presented here was submitted for consideration in a -
paper [9]. It should be noted, that cable-suspended || xor~ap | A<\ M S5
structures were not inscribed in the classification ||
although they together with membrane roofs can | J% J% W
make up a larger class of suspended roof structures. @

Yermolov [5] has resulted the main front views of | | § Z

location of pillars and guys in suspended cable-and- | |7 Q Z !

rod and suspended cable-and-arch roof structures in Figure 1 - fhe front views of pillars and guys
the tabular form (Fig. 1). in suspended cable-stayed roof structures

The names of cable-stayed structures used
in the classification have synonyms. Other authors can use other names because there are no settled
exact wordings for some types of cable-stayed structures.

4. Brief information on design considerations in cable-stayed structures

Wire rope suspension structures and cable-stayed suspension systems allow overlapping
spans more than 200 meters, but usually the overlap spans range from 50 to 150 m. As a rule, guys
are single or double twisted wire ropes made of high-strength wires with the diameter of 4-6 mm.
Wires with smaller diameters are not recommended because of their low corrosion resistance [10].
Depending on the type of touching wires between themselves, the steel wire ropes are divided into
the ropes with a point (PT) and linear (LT) touching of the wires. The ropes of the PT type are more
rigid than the ropes of the LT type.

Inclined guys diverge from the upper points of the pylons as rays. Guys are often arranged
parallel to each other (the "harp" scheme). The slopes of the cable-stays have to be larger than 30°,
but in special cases up to 25°. The ends of the cables are pushed into the sockets. There are two
types of sockets, open sockets and closed sockets.

It is believed that the cable-stays retain the rectilinear shape. So, they can be made of rods,
strips, profiles, and so on. The nonlinear effects of cables are generally less dramatic in cable-stayed
structures than in cable-suspended structures [4]. The stay suspension cables are placed outside in
the open air space, so they require the effective proof against possible corrosion. Galvanizing, anti-
corrosion paint, plastic paintworks are usually used as protective means. Measures taken for
protection of the stay suspension cables against corrosion will be discussed on specific examples of
real structures in the next parts. Design decisions used for the units of passing of cables through the
roofing are quite complex and they require a high-quality execution of the work guaranteeing the
lack of leakage. This factor influences on the working properties of cable-stayed roof structures.

Very long unsupported spans, rapid installation, lightweight structures, aesthetic,
competitive in comparison to steel roof structures are the benefits of cable-stayed roof structures.

Consider the real-life examples of cable-stayed structures, erected at the late twentieth and
early twenty-first century, according to the classification proposed in the paper. The very interesting
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information on the suspension structures realized in the projects or in real structures built in the XIX
and XX centuries can be found in a book [11].

5. Cable-stayed structures

5.1. Cable-stayed roof structures

Suspended cable-stayed roof structures supporting tent (fabric) membranes in particular
points

The barrel-shaped roof of the Lawn Tennis Association’s National Tennis Centre in London
illustrates well the erections of this type. The tent membrane overlaps the space of 11,500 m?.
Volume structures of various purposes are placed under this roof. Six courts for tennis, a specialized
gymnasia, a sports clinic, rooms for coaches, and so on are among them. One of the three-
dimensional structures is covered by a tent structure which is supported by a system of guys with
two tubular pillars (Fig. 2).

-
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Figure 2 - The Lawn Tennis Association’s National Figure 3 - Beaufort Ice Skating Rink,
Tennis Centre (Hopkins Architects), London, UK, 2008 Beaufort, Luxembourg, after 2011

A tent structure of the summer cafes hung up to the central pillar with the help of the guys
may be also included in subgroup of suspended cable-stayed roof structures supporting fabric
membranes in particular points [9]. The edges of the tent are fixed to the aluminum profile with the
help of the steel staples or plastic straps. The application of the cables gives the possibility to
decline massive weight frame with a heap of metal trusses and beams, which would override the
lightness of tent covering [F. Nadyozhniy, http://www.teniradi.ru].

Structures of the type considered can be ascribed both to tent structures and to suspended
cable-stayed roof structures. The innovative structural solution of Grande Arche of La Défence in
Paris presented by a Danish architect J. Otto Spreckelsen won the international competition of the
Grande Arche. This structure of 110 meters of height contains also the tent membrane suspended by
cable-stays from the wide and tall hypercube made of concrete and marble. This structure is one of
varieties of suspended cable-stayed roof structures supporting fabric membranes in particular
points.

Beaufort Ice Skating Rink in Beaufort, Luxembourg, was opened in 1969. Since 2011, it is
covered by a tent and becomes a suspended cable-stayed roof structure (Fig. 3). NSC Kuala Lumpur
tent roof over swimming stadium, Malaysia, completed in 1997, is hung up to the single inclined
pillar in several points with the help of the guys.

Additional examples of suspension tent-and-cable structures are given in [12, 13].

Coverings made of not tent materials but resisting only tension are ascribed to the same
group of suspended cable-stayed roof structures. The covering of the Olympic stadium in Munich,
Germany, is a striking example of these structures. It was built in 1972 and designed by the
architects Otto Frei and Giinter Behnisch.

Suspended cable-stayed structures with single bearing pylon
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The mushroom-shaped pavilions erected for the exhibition of flowers in Kassel in 1955 (Fig.
4) were the first representatives of this type of suspended cable-stayed roof structures. But they
become irrational if they have large spans.

Ontario Place Pods in Toronto,
Canada, look like a model of the
mushroom-shaped pavilion shown in
Fig. 4. The pods are supported on four
pipe columns, rising 105 feet (32 m)
above the lake. Ontario Place Pods are
anchored into the ground under the
water. Tension cables support the

short-span  trusses. The Ontario y

government decided to close the park

in 2011 | =y
The covered skating Center Figure 4 - A model Figure 5 - The single pylon

"Krylatskoe" in Moscow, Russia, of the mushroom-shaped of the Ice Palace in Moscow,

opened in 2006 is the Europe's largest pavilion Russia

structure of this type. Here, the

covering is hung from a A-shaped pole placed on the axis of symmetry of the skating center with an
offset along this axis (Fig. 5). Two backstays of the pillar (the anchoring wires) ensure the balance
of the whole cable-stayed system [14]. An emergency situation caused by the sagging roof of the
Ice Palace raised at the end of 2007. It was proved that a manufacture defect of the metal structures
caused the emergency. A similar project of suspension of a steel rod rectangular plate of covering
with the help of cable-stays to a single vertical steel pylon was applied to the structure in La Rachel,
France (Ré Island Toll Gate, La Rochelle, Poiton-Charente). Taking into account the offset of the
pylon in the direction of the center of the covering plate, two corners of the plate that are the closest
to the pylon, were anchored into the ground.

The cable net roofing of the Olympic Stadium in Montréal is hung from the inclined 175 m
high tower La Tour de Montreal but the roof is only 52 m above the field of play. This is the
highest inclined tower (Fig. 6). The futuristic round building with a suspended cable-stayed roof
which is hung from the IT-shaped single bearing pylon with the help of ten of stays is a part of a
complex of buildings of Convention Center, Hanover, Germany (Fig. 7). At the annual meeting of
the European Convention for Construction Steelwork in 1991, the designers of this complex were
awarded the European Steel Construction Prize.

An experimental study on model of a cable stayed pavilion roof, proposed for a university
complex in Trinidad, West Indies, has been carried out at the National Wind Tunnel Facility, IIT
Kanpur [15]. Two towers are the main supports from which cables, in turn, support two roofs. Due

Figure 6 - The single pylon (the tower) of the Figure 7 - Convention Center, Hanover, Germany, 1989
Olympic Stadium in Montréal, Canada, 1976
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to the shape and location of the cable stayed roofs, the designer was interested in deter-mining the
most adverse wind loading conditions that the structure might be subjected at design wind speed.

A detail design of a civil aircraft museum in Sestoretzk, Russia (Fig. 8), foresees the
application of the large span covering supported by diagonal guys attached to a single pylon [16].

Juventus Stadium in Turin, Italy, has two huge steel supports of 86 m high. But it is
desirable to add on this erection to the category of suspended cable-stayed roof structures with
single bearing pylon, taking into account that pylons work irrespective of each other.

Suspended cable-and-rod roof structures with bearing pillars placed at one or several rows

This subgroup of cable-stayed roof structures is the easiest and most commonly used. These
covers are called often cable-and-beam roof structures. Rigid beam is supported here by the guys at
one or several points. The guys are attached to the posts that are braced in both transverse and
longitudinal directions.

The UK Pavilion at EXPO-70 in Osaka, Japan, is
a one-row system from four steel frames of 34 m high.
The bearing roof structure and walls are hung from the
I1-shaped frames with the help of the cable hangers.

A single-row system from three pillars with the
cable-stays attached at the same level and holding up the
roof in two directions was described in a paper [17] as an
example of one of cable-stayed buildings in Rome
Flgur8 - A detail design of a museum (I_taltubi yvarehogse): Italy_. A single-row system from 13

of civil aircraft (Sestoretzk, Russia) plllars with two inclined I’Igld elements and with one gay

cable was applied in But-Pole Atlantis, Saint Herblain,

France. The inclined rigid elements and gay cables were attached at the same level but they were

placed in perpendicular planes. The inclined elements and pillars are in transverse parallel planes,
but pillars and gay cables are along the longitudinal axis of the building [18].

The cable-stayed roofs of Atatiirk Stadium in Istanbul, Turkey, completed in 2002
(architects A. Zublena and M. Macary) [19], Yishun Stadium with the 32 m cantilevered structure
completed in 1992 (the first of its kind in Singapore) [20], the canopy in the main entrance to
EXPO-89 with main total dimensions 47 m X 33 m in Yokohama, Japan; Eastville Tesco (Tesco
Supermarket) in Bristol, UK, can be also related to these suspended cable-and-rod roof structures
with bearing pillars placed at one row. The main structural system of Conference Center in Smart
Village, Giza, Egypt is a space truss roof supported by cables connected to six steel masts also
placed at one row. It was constructed in 2002. The roof loads, wind and seismic loads were taken
into account. The optimization procedure managed to decrease the structure total weight by about
16.88 tons.

The unique five-level building of “Kaliningrad Stadium”, Russia, having rectangular plan
with rounded corners was designed by “Crocus International” and erected in 2018. The project of
Architectural Bureau “Wilmotte & Associes Sa” was assumed as a basis of this stadium. 32 pillars
with the rod-stays supporting the roof over the stands (see Fig. 1, the first line and the first column)
are placed in a single row along the oval closed curve.

A strength analysis of a shed over the petrol station with cable-stays was fulfilled by the
company ARHIKOM with the help of a module APM Structure3D. This petrol station was built in
Nizhnevartovsk, Russia, in 2004 (Fig. 9). It is a one-row system from two pillars [21].

An unusual building of the PA Technology Center in Princeton (NJ, North America) with
one row of bearing pillars was designed by the architect Richard Rogers in the style of "high tech»
(the high tech architecture movement) during period of its highest popularity from 1960 to 1990.
The Center was built in 1982 [22]. The architect abandoned traditional columns and beams in favor
of the steel structures, usually used in bridge construction and in the design of tower cranes. The
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modules (blocks) of the building were prefabricated in the factory and this decision significantly
reduced the deadline for the completion of a project.

A cable-stayed roof structure of one building of
Bayfront Convention Center in Erie (Barton Malow Co.,
USA) contains four bearing pillars placed also at one row.
Five cable-stays attached at the same level to the same pillar
carry the roof block at five points around the pillar. Barton
Malow Co. shepherded the project to completion in
February 2008 and garnered a 2009 Aon Build America
Award for best construction management. A cable-stayed
roof structure of Champratel Bus and Tramway Depot in
Clermont-Ferrand, France, contains four bearing pillars

placed at one row. Seven cable-stays attached to every pillar Figure 9 - The solid body model of a petrol

carry the roof block at seven points around the pillar. station with cable-stays for a module APM
Structure3D, “ARHIKOM?”, Russia

Let us pay attention to an interesting trend in the
architecture of suspended cable-stayed roof
structures such as "green roofs". For example, in
the South France in Leone, architects Jourda and
Perraudin designed the suspended roof in the form
of the umbrella surface covering an area of 8,000
m?. Wild flowers and grass grow on the roof.
There are lecture-rooms of the International
School under this roof. The suspended cable-and- e Bl -
ro_d roof with bearlpg pillars placed at severa_l rows Figure 10 - Green roof Service LLC, Stuttgart,
with a green roof in Stuttgart, Germany (Fig. 10) Germany (photo by G. Breuning)
covers the larger area. Now, there is the public
transportation company inside.

Suspended cable-and-beam roof structures are often categorized into three groups:

a) suspended roof structure with a transverse cable-stayed system and with two rows of bearing
pillars (Fig. 11);

b) suspended roof structure with a transverse cable-stayed system and the central row of bearing
pillars (Fig. 12);

c) suspended roof structure with a longitudinal cable-stayed system with one or more rows of
bearing pillars (Fig. 13).

- - -—

Figure 11 - The design consideration : : . L
of the Gerald Rather Athletics Center Figure 12 - A roof structure of railway station

of the University of Chicago, USA in Nanjing, Jiangsu Province, China

The Eastleigh Tennis Center located near Southampton, UK, and designed by the Architects,
Euan Borland Associates and Buro Happold Consulting Engineers is an example of the using
longitudinal wavy beam supported by the cable-stayed system with one row of bearing pillars [23].
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Two buildings are covered by industrial fabrics. A key factor in the design of the roofs was that
they needed to provide lighting comparable to daylight at a cost less than a traditional glass roof.

The first suspension roof structure with the transparent plastic roofing was built over a bus
stop in Milan, Italy, in 1949. The sloping roof is hung from sloping bearing pillars with the help of
a system of cable-stays. The equilibrium is achieved by special braces which are attached to the
edges of the cover.

The Gerald Rather Athletics Center of the
N\ University of Chicago is a unique first-of-its-kind
'- asymmetrically supported cable-stayed system with
\ 3 & composite tapered masts that are stabilized by back-stay
cables, anchored in place by massive concrete
counterweights (Fig. 11). An innovative solution gave a
chance to cover the large area of over 20,000 ft?. According
to the authors of the project (Cesar Pelli & Associates
teamed with OWRP/P), refusal of the application of
p : = - reinforced concrete gave a number of advantages, including
Figure 13 - A suspended roof structure  reduced cost of the structure. The masts are inclined at an
with the longitudinal cable-stayed system,  apole 10° with the vertical. Both aesthetic reasons and the
Milan, Italy conditions of work of the asymmetrical structure [4] were
taken into account. Each pillar holds 3 curved beams. Three
cables are fixed to the high pillar and one cable is fixed to
the small one. Apart from its award-winning design, the
Ratner Athletics Center is also known for its world-class
facilities.
A suspended roof over the Olympic stadium in Squaw
i Valley, USA, can accommodate 8,000 spectators. Its
Figure 14 - The project of Ch. MakIntosh dimensions in plan are 94.82 m x 70.80 m. The suspended
for the Green House, 1853 roof consists of eight pairs of inclined box girders with
variable cross-sections supported by the cable-stays. The
cable-stays are based on 2 rows of the pillars which are installed every 10.11 m. The beams were
placed on the inclined box girders and after the plates with box-section and length of 3.8 m were
laid on the beams. The carrier cables are steel wire ropes of 57 mm in diameter [24]. The diagram
of installation of the pillars and guys of the stadium in Squaw Valley city is presented in Fig. 1, the
sixth line, the second column. The diagram of a cable-stayed roof structure with three hinges roofed
over the ice rink in Braunschweig, Germany, is shown in Fig. 1 in the sixth line, in the third
column. The diagram of a cable-stayed roof structure of Railway Station in Tilburg, Holland, is
presented in Fig. 1 in the sixth line, in the second column. This station has three pairs of inclined
pillars.

The classical design of a suspended roof structure with a transverse cable-stayed system and
two rows of bearing vertical pillars was embodied in the roof structure of the flower market «Pescia
flower markety, Italy [17].

As an example of a suspension roof structure with transverse cable-stayed system and the
central row of bearing pillars, one can take the cable-stayed roof structure of the railway station in
Nanjing city, Jiangsu Province, China, Fig. 12; Ocean Terminal in Piraeus, Greece, opened in 1972;
INMOS microprocessor factory with nine pillars located in one row and a spine of 7.2 m wide and a
106 m central corridor in Newport, UK [3]. The diagram of the INMOS microprocessor factory is
shown in Fig. 1 in the second line, in the last column but the real building has the horizontal truss
beams [25]. The diagram presented in Fig. 1 in the fourth line in the third column was used in Altos
de la Vanega Metro Station in Maracaibo, Zulia, Venezuela, completed in 2006.

In 1853, Charles Macintosh in his work "Book of the Garden™ proposed for the first time
the design of a suspended roof structure with the longitudinal cable-stayed system for the Green
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Theatre. Here, each stiffening girder is supported by four guys which were planned to fix to the
vertical pillars (Fig. 14). However, Ch. MaclIntosh did not provide anchoring wires for the columns
(masts) and that is why, the project was not realized in nature [11]. But a cable-stayed frame, that is
the main supporting structure of a wide-span sport hall preliminarily designed by MacGinley and
Duran [26], is free from this defect. A model of the frame is shown in Fig. 1, the third line and the
third column.

Figure 16 - A model of stable
cable-stayed structure

A suspended roof over a paper factory in the city of Mantua, Italy, was built in 1963. It
consists of six longitudinal stiffening girders with the 163 m span with the symmetric 43 m
cantilevers. The roof is suspended with the help of four steel cables to two reinforced concrete
pylons of 45 m high. The building resembles suspension bridge from the outside [24]. The chosen
solution of Oxford Ice Rink, UK, uses a central longitudinal spine beam made from a pair of
rectangular hollow sections, and spanning up to 15m between overhead supports. Every end of the
central longitudinal beam is suspended by two tie-rods at two levels from one pylon.

A cable-stayed roof structure of Fleetguard factory Quimper in France (Fig. 15) and the
presented model of stable cable-stayed structure (Fig. 16) [27] can be picked out into the new fourth
category of cable-stayed roof structures in the described class of the suspended cable-beam roof
structures. This fourth category can be called «suspended multidirectional roof structure
with transverse-and-longitudinal cable-stayed systemy. The roof structure of a factory in France
(Fig. 15) designed by architect Richard Roger and engineer Ove Arup consists of 25 modules of 18
m? area. Every roof module contains stiffening beams placed in two directions and it is slinged by

—t - -y \\ SO S — - 5

Figure 17 -
its corners from the pillars with the help of guys. Cable-stayed roofs of the company restaurant of
Audi in Ingolstadt completed in 2000 (architects Ahlheim-Nebe-Schoofs, Darmstadt) can be also
related to suspended roof structures with a transverse-and-longitudinal cable-stayed system and
with two rows of nine bearing pylons in every row. This stable cable-stayed structure resembles a
model shown in Fig. 16 but every pair of bearing pylons is joined by two spatially curved cables.

A cable-stayed roof of multipurpose hall in San Antonio (Texas, USA) completed in 1993
and Renault Distribution Center in Swindon, UK, completed in 1982 and consisted of several
typical sections can be also related to the category of suspended multidirectional roof structures
with transverse-and-longitudinal cable-stayed system. The Igus factory in Cologne, Germany,
designed by Nicholas Grimshaw and Partners [igus.ru/wpck/1681/Factory] contains 8 typical
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sections (Fig. 17). Every roof section is supported by one 86 m high yellow pylon of unusual form
placed in the center of the section. The pylon with the help of the cable-stays holds the roof at 12
points.

Cable-stayed roofs of the WA Basketball Centre in Perth, Australia, completed in 2010 and
Multiplex Theater in Saint Herblain, France, can be related also to suspended roof structures with a
transverse cable-stayed system and with three and more rows of bearing pylons.

Suspended cable-and-arch roof structures

A single-span arch-and-cable-stayed structure was used in Cologne, Koln, Germany, in
1996. The Lanxess arena is the Europe’s biggest and modern multifunctional arena. In 2013, the
Lanxess arena was ranked as the world’s third most-frequented multipurpose arena. The arena is
spanned by a steel arc of 76 meters high and seats up to 18000 visitors.

The quite new possibilities of suspended cable-stayed structures were discovered by famous
architects Norman Foster (Wembley Stadium, London, 2006) and Santiago Calatrava (Stadium
«Spyros Luis», Athens, 2004). Their cable-stayed structures represent a separate group of
suspended roof structures called pylon arch-and-cable-stayed roof structures, or suspended cable-
and-arch roof structures, or suspended cable-stay supported arch structures. These names were
given to the suspended structures that are supported by cables suspended to a system of arches
(pylons). Both pylons and cables (strands), supporting the roof structure, are located above it i.e. the
elements of the roof are not placed on the cables directly. Wembley Stadium in London, UK,
opened in 2006, is the longest single-span arch-and-cable-stayed structure in the World. The arch
holds the northern edge of the section of the stadium roof. The stadium roof can be fully opened for
15 minutes by removing of the mobile panels into the southern stationary roof section. This
Stadium takes first place in Europe by seating capacity [14], 90000 visitors simultaneously.

The Durban's Moses Mabhida Stadium built for the FIFA World Cup-2010 (Fig. 18) has
become the iconic of Durban City in South Africa. Gerhard le Roux was the leading architect of the
project. The tent covering for spectators is suspended to the single arch-pylon with the help of guys
organized in a network structure. The rectangular-in-plane roof of the Lufthansa hangar in
Hamburg, Germany, is hung up also to the central arc bisected at its both ends.

At present time, a project of the Dolphinarium in Volgograd, Russia, is elaborated in the style of
suspended cable-and-arch roof structures (Fig. 19) [28].

Rare and unexpended, the phenomenon of disproportionate collapse usually results to many
fatalities. Gerasimidis and Baniotopoulos [29] describe the analysis of a cable-stayed steel roof
under the scenario of a cable loss in a cable-stayed bridge-like steel structure with four independent
supports on the ground separated by 300 m in the longitudinal direction and by 145 m in the
transversal one.

Figure 18. A model of the stadium in Durban Figure 19. A solid-body model of the design scheme of the
(South Africa) [stadiums.at.ua] Dolphinarium in Volgograd, Russia

Cable-stay supported cantilevers (cable-stayed, cantilevered beam structures)

Cable-stay supported cantilevers are the stiffening beams which are supported at one end by
the guys but the other end rests on the building directly. Cable-stayed cantilever canopy, the free
end of which is connected to the bearing wall of the building by several cables, is the simplest
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example of such a single-cantilever system. Links can be made of rods, tubes or cables. Cable-
stayed cantilever canopy can have large coved area because the second end of the structure is
supported by cables which transfer the load from a canopy again at the main building.
Displacements of an end of cable-stay supported cantilever can reach a few tens of centimeters, that
IS why, its overhang is usually taken no more than 40-50 m. Designers can use one-cantilever
diagram (Fig. 1, the first line) or two-cantilever diagram (Fig. 1, the 2" line).

A restaurant in the round tower of the Convention
Center on the trade fair ground in Hanover, Germany, is
the futuristic building in the form of a cable-stay
supported cantilever (Fig. 7).

A good representative of the suspended cantilever
roof with overhanging ends is a hangar at the airport of T
Frankfurt on the Main having 55.65 m overhang of one Figure 20 - A hangar at the airport
cantilever (Fig. 20). The roof structure consists of 16 of Frankfurt on the Main, Germany
shells on the every side. The width of one monolithic
reinforced concrete shell is 10.7 m, the thickness is 8 cm. | ,
The boundary elements with cross-section of 22 cm x 30 g
cm are located along the perimeter of the shells. One side
of the shell is hung from the frame of the central
building, but its cantilever part is supported by six cables
made from forty steel wires of oval section. The wires
are put into the steel tube of 0.35 mm thickness. To Figure 21 - Gallery for passengers’ reception,
protect guys against corrosion, the tube is filled with ~ Sheremetyevo Airport, Moscow, Russia
cement mortar. Maximum design vertical displacement for the end of the cantilever is 90 cm.

The cable-stayed roof structure of the gallery for passengers’ reception at the Sheremetyevo
Airport (Fig. 21), erected in 1964, is rather well-known. Some people call this gallery “a wine-
glass”. The circular in plan roof structure consists of steel beams and every beam is supported by
four cables with diameter of 59 mm. The carrier cables are attached to a metal ring of the central
zone of the building.

A suspended cable-stayed roof structure of the football club "Rennais™ erected in 2004 in
Rennes, France, can be also added to the group of cable-stay supported cantilevers. This cable-
stayed roof structure contains the support elements that are grandstands, the rigid cantilevers in the
form of broken beams, supported at one end by the guys, and the other ends rest on the stands and
are fixed to the ground with the help of guy-wires and anchoring wires. Calculation of the structure
was made by the company Egis. A roof of the Gas station in Milano, Italy, is also designed as a
cantilever, supported at one end by guys, and with the other end resting on the high pillars braced
by guy-wires in the transverse direction [17].

Cable-and-membrane tensile structure of Munich Airport in Germany, Arles Bus Terminal
in Arles (Provence-Alpes-Cote d’Arur, France), and the circular in plan roof structure of Pan Am
Worldport in New York City, USA (1960-2014) are cable-stay supported cantilevers. The diagram
of Arles Bus Terminal in Arles is presented in Fig. 1 (the second line, the third column).

t
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Figure 22 - The shed of a bus station in Minsk, Belorussia
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The bus station in Minsk, Belorussia, built in 1962, represented small one-story bus station.
In 1990, it was decided to begin erection of new bus terminal. In summer of 1999, the building of
the bus station was completed. New modern building that became the sight of Minsk was erected
near the former one-story pavilion (Fig. 22). Architects call the building by the characteristic
postmodern object in Byelorussian architecture. Many perceived the Minsk bus station as a
futuristic object: big plane circle hanging over the bus parking at thin metal cable-stays. But in
November, 2014, this building was demolished and the place was freed for the erection of a sky-
scraper. The design of the bus station gives an opportunity to include it in «Suspended cable-stayed
roof structures with single bearing pylon» also.

The Eugene Bavinger House was completed in 1955 in Norman, Oklahoma, United States.
It was designed by architect Bruce Goff in the form of an open helicoid. The house became an
attraction. The wall of the house was a 96-foot long spiral, made from 200 tons of local sandstone.
A central steel mast was more than 55 feet high. The guys were fixed at one level to this mast but
another ends of the tensile guys were fixed at the helicoidal roof. The house had no interior walls;
instead there were a series of platforms at different heights. The ground floor was covered with
pools and planted areas. This is a significant example of organic architecture, the house was
awarded the Twenty-five Year Award from the American Institute of Architects in 1987.

For the determination of the design wind load for a cantilever roof, one can use the results of
a work [30]. An article [31] presents numerical simulations for the modelling of seismic impact on
the unique cantilever cable-stayed structure with the application of two methods.

5.2. Cable-stays for stabilization of contour rigid elements of tent membranes

This type of cable-stayed structures is a combined structure
which includes wire rope suspension roof structure and
incorporates several stabilizing strands (Fig. 23). Structures of this
type can be classified both as wire rope suspension roof structures
and suspended cable-stayed roof structures. The cables (guy
cables) and the tent roof work effectively as a self-balancing
structure. Having designed erections of this type, the designers
must pay particular attention to anchors i.e. means transforming
forces from the basic structure to the ground base.

o
Figure 23 - Tent roof with
stabilizing strands

5.3. Masted structures with cable-stay elements

Masted structures with cable-stays ensuring stability of the structures (cable-stayed masts)

A thin vertical mast supported by guy wires is called a guyed mast. One end of the guy is
attached to the structure, and the other is anchored to the ground at some distance from the mast or
tower base. All materials for the stabilizing
strands are made of special high-strength steel, the
bearing parts of the structure are made, as a rule,
of iron and concrete. A mast in the Krasnoyarsk
region of Russia can be of good example. The
whole height of the tower is 462 meters; cable-
stayed strands (guy wires) are attached to the mast
in 6 points. The sculpture composition in Porto,
Portugal, is another interesting example (Fig. 24).

High masts with cable-stayed stabilizing
strands can be installed not only on the ground but

o " also on roofs of buildings [9] or on special

Figure 24 - Sculpture composition in Porto, Portugal  platform rigidly fixed with the mast.

A manuscript [32] is one of new works
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devoted to non-linear analysis of cable-stayed masts. The dynamic effect for stabilized mast at the
different heights is very important, and the main modes of vibration should be considered [33].
Influence of number of cables and inclination angle on the natural frequencies was studied in [34]
where the most impotent investigations, devoted to non-linear dynamics of cable-stayed masts, are
mentioned too. Finite Element Analysis Ltd insists that the modelling of cable stayed masts is
ideally suited to using the LUSAS parametric language. This scripting language allows engineers to
automate the modelling and loading of masts having a similar overall structural layout or
arrangement [www.lusas.com].

Three accidents of bringing down masts are known. These are the upper section of the 208
m mast in Felsberg-Berus, Germany, in 2012, a 300 feet upper section of a TV tower in
Pennsylvania, USA, in 2007, and a cable-stayed mast of 186 m high in Russia in 1952.

Masted structures in the form of one-sheet hyperboloid with cable-stays coinciding with
rectilinear generatrixes of the surface

Another kind of cable-stayed structures is known where flexible guys resist only tensile
forces. But these structures are put in a separate group, because here guys provide stability of the
whole structure, in contrast to suspended cable-stayed structures, but a central pole is the main
bearing structure. Sometimes, the unique tower structures have the form of one-sheet hyperboloid
of revolution and it is achieved with the help of cables coinciding with the rectilinear generatrixes
of the hyperboloid. The structure consists of a central cylindrical pylon with circular platforms
placed on it. The outer contour of the platforms coincides with the parallels
of  one-sheet  hyperboloid. Sydney TV  Tower, Australia
[http://www.enci.ru], and the 108 m height tower in the port of Kobe, Japan,
designed by the company Nikken Sekkei in 1963, belong to this group of
cable-stayed structures. Comparing these two towers, having the same form
of one-sheet-hyperboloid of revolution, one can notice that they do not
resemble each other. In both cases, the talent of the architect is seen. The
Sydney TV Tower is a member of the World Federation
of Great Towers.

The Killesberg cable-stayed tower, suspended on a central pylon
with the height of 40 m (Fig. 25), was built in Stuttgart Park
(Killesbergpark) in 2000. The tower in the form of one-sheet hyperboloid of  Figure 25 - Masted
revolution was designed by Jorg Schlaich. One can climb up on the top of structure in Stuttgart,
the tower on the spiral staircase of the equal slope attached to the circular Germany
plates that are attached to the central pylon.

5.4. Special combined suspended cable-stayed roof structures

Obviously, not all cable-stayed structures
created by architects and engineers can be attributed
to one or another type of cable-stayed structures,
represented in the classification proposed by the
author. For example, the roof over the train
platforms in Tilburg (Netherlands), described in
[24], with the dimensions of about 46.2 m by 147 m
consists of 12 hypars. Some corners of these hypars
are placed on reinforced concrete supports, while
others are supported by guys. Assume the roof
structure of the Chunu/Jeonju (Chonju) Stadium in
South Korea with the dimension of 260 m x 160 m
also as an example. The stadium is one of 11 new stadiums being constructed in Korea for the 2002
football World Cup. The roof structure was suspended from four masts (63 meters in height)
located in the corners of the stadium [http://www.lusas.com]. Four guys hold the free edge of the
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long section of the stadium and 3 guys hold the free edge of the short section. Additional four guys
are stabilizing elements for each mast. The guys with diameters of 65 and 95 mm were used in this
structure. The cable-stayed roof structures over the stands of the stadium, proposed by V.V. Handji
and L.V. Lisitsyn (Fig. 26) [5], can be also attributed to this group of suspended cable-stayed roof
structures.

Kazakhstan site [update.kz] called Serpentine Pavilion
in London, UK, as one of the impressible erection of the last
ten years. This erection is a special combined suspended cable-
stayed structure (Fig. 27) with disorderly arrangement of rigid
elements and guys.

In 2002, the International Association for Bridge and
Structural Engineering awarded a prize recognizing the unique
i structure of the Stade de France (Fig. 28) in Saint-Denis, north

Figure 27 - Serpentine Gallery of Paris, France, commenting that the Stade de France

Pavilion, London, 2002 exhibited "a construction of an attractive open architecture of

the city, with an elegance and natural lightness". Here, one row

of support masts arranged in an ellipse carries the roof. So, this structure can be called also a
suspended cable-and-rod roof structure with bearing pillars placed at one row.

R . 1N
Figure 28 - The Stade de France, Saint-Denis,
France

Figure 29 - Reservoir nea Al-Makkah, audi Arabia

BC Place Stadium in Vancouver, Canada, completed in 2011; the 330 m in diameter cover
for approximately one million water cubic meters circular bulk storage reservoir near Al-Makkah in
Saudi Arabia, Fig. 29; Welsh national stadium in Cardiff (Wales), the third largest stadium in
Britain; Bangkok Futsal Arena in Bangkok, Thailand, with the dimensions of 132x116x25 meters
and with four 56-meter pylons at each corner; Manchester City Stadium (the Etihad stadium) in UK,
opened in 2002, and received much praise and many accolades, including an award from the Royal
Institute of British Architects in 2004 for its innovative inclusive building design and a special
award in 2003 from the Institution of Structural Engineers for its unique structural design; National
Exhibition Centre in Birmingham, UK, opened in 1976; Sydney Super Dome in Australia, opened
in 1999; “National Stadium” in Warsaw, Poland [35], with expressive multifunctional arena with a
retractable inner roof above the field, opened in 2012, and a fabricated tensioned cable structure of
the Millennium Dome can be also related to special combined suspended cable-stayed roof
structures. The rectangular form of the RheinEnergieStadion with the four steel towers at the
corners has become one of the symbols of the Cologne city in Germany. It was built to replace
Cologne’s old Miingersdorfer Stadion with the perspective of the city being one of the host cities of
the 2006 World Cup and was opened in 2004. It is also attributed to a group of special combined
suspended cable-stayed roof structures.

Construction of the Toyota Stadium with transforming segments of the roof was far from
obvious and not welcome by all people in Toyota, Japan. The Stadium was one of the venues of the
2002 FIFA Club World Cup. Two stationary parts of the roof are nonmetal mesh shells hung up
with the help of cable-stays (140-200 mm in diameter) to four masts of 90 m high [36]. The main
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dimensions of the closed roof of the stadium are 195 m x 92 m. This unusual erection is also
reckoned among special combined suspended cable-stayed roof structures.

With the help of these structures, it is
possible to create impressed geometric forms |
and, at the same time, effectively to cover large
areas without intermediate supports. Interesting
examples of the application of combined
suspended arch-and-cable structures in the §
Russian Federation are given in the paper of §
D.B. Kiselev [37]. In Russia, interest in the
cable-stayed roof structures particularly
intensified due to the FIFA decision to hold a
world champion-ship for football in the Russian
Federation in 2018. Modern roof structures of
sports arenas were built mainly with application of suspended cable-stayed and wire rope
suspension structures. For example, a stadium “Zenit Arena” with the eight inclined pylons was
erected in Saint Petersburg (Fig. 30), a stadium “Rostov Arena” was erected in Rostov-upon-Don.

The first cable-stayed roof structure for sport arena in Russia was built over Lokomotiv
Stadium in Moscow in 2002 [38]. The design was devised by GUP MNIIP jointly with GUP
TsNIISK. The A-shaped inclined reinforced concrete pillars were placed in four corners of the
stadium. The main dimensions of the oval roof of the stadium are 205.67 x 157.35 m. The tops of
all four pillars were united by the main stay suspension cables with a 140 mm diameter. The pair
cable hangers are of 50mm in diameter (Fig. 16). They hold the light-transparent covering of 33 m
wide. In 2017, the Lokomotiv Stadium was modernized.

Figure 30 - The stadium “Zenit Arena”,
Saint Petersburg, Russia (photo by P. Kovalev)

5.5. Suspended bridges

Suspended bridges are divided into two main groups (Fig. 31). An element ABC in the
bridges of the first group is made of separate units, combined in the chain (Fig. 31, a). The ABC
chain together with anchoring guy-wires AD, EC, and pylons Aa, Cc bears the entire load. Today,
the ABC element is made of cables, but the name "Chain Bridge™ of the bridge group was retained
unchanged (Fig. 32). Chain bridges were built in India and China in the first century already.
Bridges of the second group (Fig. 31, b) call 4 C
cable-stayed bridges. Here, braces and chords
resist a load. Cable-stayed suspension bridges are
divided into 3 groups: cable-stayed statically
determinate trusses, statically indeterminate pre-
stressed trusses without stiffening girders, and
statically indeterminate cable-stayed trusses with
stiffening girders (Fig. 31, b). Additional
information on classification of suspension
bridges, their design considerations, and methods
of analysis can be taken in [39, 40, and 41]. In this
section, the existence of such cable-stayed

structures as "suspended bridges” is indicated a o |
only. Stiffening girder

al | | |

At present, the world's highest suspension b
bridge is a bridge connecting Vladivostok with Figure 31 - Two types of suspended bridges
Russian Island. The top of its main pillars is 327
m away from the see surface. The longest central
span is 1104 m. A common length of tension cables-guys is almost 55 km (Fig. 33).
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6. Brief information on strength analysis of cable-stayed structures

Information about cable-stayed structures would be not full if architect does not know the
basis of strength analysis of these structures. Due to different applications, the analysis of cable-
stayed structures has been object of several investigations in the last years. Systematized initial
information on static analysis of cable-and-rod combined systems is given in [42]. By the way, A.V.

Figure 32 - Siduhe River Bridge, 2009. The length Figure 33 - Suspended
of the main span is 900 m, the distance the road connecting Vladivostok and Russian Island
from the bottom of the canyon is 496 m

éabé—sted bridge

Perelmuter introduces the term "quasi-invariability of cable-stayed system™. It means that a system,
derived from a cable-stayed system by replacing of all cables by rods that are able to resist
compression, becomes geometrically invariable.

There are enough numbers of structural engineers who can give satisfactory support to
architects [26, 30-34, 42, 43-49]. In a paper [46], a hybrid micro-genetic algorithm is developed to
detect tension forces of cable-stayed structures subjected to impact loads. For the numerical
analysis, a perfected finite element computer program was used, which permitted to avoid
premature convergence due to incorrect initial values. Static analysis of a cable-stayed structure,
subjected to in plane loading with consideration of geometrical nonlinearity of cables as well as
shear deformation effect in the bending element, is presented in a paper [48]. It allows to determine
displacements and internal forces of structure without too much hypothesis as in traditional
methods. The influence of temperature variations on the mechanical behavior of cables, used in
cable-stayed structures, is investigated in [49].

7. Results and discussions

In 1834, steel wire ropes were invented. Steel wire rope is a new constructive element that
found wide application in construction due to its strength, small mass, flexibility, and durability.
First, steel cables were used as bearing elements of suspended bridges and after that they received
wide spread in large-span suspended roof structures.

Suspended cable-stayed roof structures inspire engineers over the years. They have
application in a variety of wide span structures like exhibition halls, stadiums, sports halls,
swimming pools, warehouses, factories, hangers, and so on. However, the cable-stayed systems are
still fairly new type of roof structures. Today, cable-stayed structures are considered as innovative
design considerations. In addition, several computer programs simplifying design of cable-stayed
structures were created for architects [50]. Ciro Cuono P.E. and Michael Wyetzner in their work
“Cables in Structures” have written “Exposed and visible, cable-stayed structures are the ultimate
honest expression of structure and thus provide a wide variety of distinct architectural forms”.

But till present time, designers do not have a finished classification of cable-stayed
structures. Often they confuse various groups and sub-groups of these erections.

In this paper, a new classification is presented. It differs from the classifications proposed by
M. Majowiecki [2], A.A. Zagorkov [3], L.A. Kloiber et al [4], J.B. Harris and Pui-K Li Kevin [11],
E.Yu. Ageeva and A.l. Spiridonova [14], and G. Quelle lago [55].
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A list of notable cable-stayed structures, mentioned in the paper, is provided in the Table. In
this table, cable-stayed structures are grouped under new classification. Having this table, everyone
can make an analysis on application of cable-stayed structures for buildings of diverse purposes, on
architects working in this area, on countries using this type of erections, and so on. A list of the
cable-stayed structures built before 1995 is given in a publication [11]. This list and a list of the
notable cable-stayed structures presented in the Table well add each other. W. Schueller in his work
“The Cable in Structures Including SAP2000” [51] also presents interesting examples of simply
suspended structures and suspended cable-and-arch-supported roof structures.

Table - Notable cable-stayed structures described in the manuscript

Structure | Location | Country | Architects, designers |Opened in| Presented in
1) Cable-stayed roof structures (straight tensioned cable roof structures):
Suspended cable-stayed roof structures supporting tent (fabric) membranes in particular points:
The Lawn Tennis Association’s London UK Hopkins Architects 2008 Fig. 2
National Tennis Centre
The Olympic stadium Munich Germany Otto Frei, G. Behnisch 1972 [9]
Beaufort Ice Skating Rink Beaufort Luxembourg | Architekten & Ingenieure | 2011 Fig. 3
NSC Kuala Lumpur roof over Kuala Lumpur Malaysia | Schlaich Bergermann 1997 www.sbp.de
swimming stadium Partner
Grande Arche of La Défence Paris France J. Otto Spreckelsen 1989 [13]
Suspended cable-stayed structures with single bearing pylon
Pavilions of flowers Kassel Germany 1955 Fig. 4
Ontario Place Pods Toronto Canada Ed Zeidler 1971-2011 | zeidler.com/
Ice Palace "Krylatskoe" Moscow Russia M. Ya. Livshin 2006 [14], [38]
Ré Island Toll Gate, Poiton- La Rochelle France CABINET SEPRA + 1988
Charente BET SIT
Olympic Stadium Montréal Canada Roger Taillibert 1976 Fig. 6
Convention Center Hannover Germany H. Storch & W. Ehlers 1989 Fig. 7,[51]
(SEP) Arch
Civil aircraft museum (a project) | Sestoretzk Russia A. Kuz’mina 2014 Fig. 8
Juventus Stadium Turin Italy H. Suarez, G.Zavanella 2011 StadiumDB.com
Suspended cable-and-rod roof structures with bearing pillars placed at one or several rows
Italtubi warehouse Rome Italy S. Musmeci 1963-67 [17]
The UK Pavilion at EXPO-70 Osaka Japan Ph. Powell and H. Moya 1970 [9]
But-Pole Atlantis Saint Herblain | France [18]
The shed over the petrol station Nizhnevartovsk | Russia ARHIKOM 2004 Fig. 9
The PA Technology Center Princeton USA Richard Rogers, Ove 1982- [9], [22]
Arup Struct. Eng. 1984
Atatiirk Stadium Istanbul Turkey A. Zublena, M. Macary 2002 [19]
Yishun Stadium Singapore Singapore WY Steel Construction 1992 [20]
Pte Ltd
Suspended green roof in Lyons Leone France Jourda and Perraudin 1992 [9]
Green roof Service LLC Stuttgart Germany Jorg Breuning 1980 Fig.10
Bayfront Convention Center Erie USA Barton Malow Co. 2007 [18]
Champratel Bus and Tramway Clermont- France [18]
Depot Ferrand
Bus stop Milan Italy 1949 [17]
The Gerald Rather Athletics Chicago USA Cesar Pelli & Associates 2003 Fig.11, [4]
Center of the University of teamed with OWP/P
Chicago
Railway station Nanjing China 1968 Fig.12
The Eastleigh Tennis Center Southampton | UK Euan Borland Associates | after 1994 | [8], [23]
and Buro Happold
Consulting Engineers
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Olympic stadium (Ice Hockey Squaw Valley | USA Corlett & Spackman 1960 [24]

Rink)

Pescia flower market Pescia Italy I. Savioli at al 1981 [17]

The company restaurant of Audi Ingolstadt Germany Ahlheim-Nebe-Schoofs, 2000 www.sbp.de
Darmstadt

The main entrance to EXPO-89 Yokohama Japan G.K. Sekkei Associates 1989 [55]

Eastville Tesco Bristol UK D.Daw Architects 1984-86 [11]

Conference Center in Smart Giza Egypt 2002 [56]

Village

Kaliningrad Stadium Kaliningrad Russia Crocus International 2018 StadiumDB.com

A paper factory Mantua Italy P.L. Nervi 1963 [24]

Oxford Ice Rink Oxford UK N. Grimshaw & Partners 1984 [57]

Fleetguard factory Quimper France Richard Rogers, Ove 1981 Fig. 15
Arup Struct. Eng.

A lgus factory complex Cologne Germany N. Grimshaw & Partners. | 1994 Fig. 17

Multipurpose hall San Antonio USA J.A. Martin Ass. and others | 1993

Bendat Basketball Centre Perth Australia Jackson Arch. and others [01.24, 2010 | en.wikipedia.org

Multiplex Theater Saint Herblain | France Richard Rogers 1987

INMOS microprocessor factory Newport UK R. Rogers & Partners, An- | 1980- [25]
thony. Hunt Struct. Eng. 1982

Renault Distribution Center Swindon UK Norman Foster 1982 [51]

Railway Station Tilburg Holland Koen van der Gaast Arch. | 1965 [24], [51]

Ocean Terminal Piraeus Greece J. Liapis, E. Skroubelous | 1972 [11]

The Green Theatre (a project) Edinburg UK Ch. Macintosh 1853 [11]

Sport hall (a project) Zagreb Croatia T.J. MacGinley, M. Puran | 2002 [26]

Altos de la Vanega Metro Station | Zulia Venezuela 2006 [18]

Suspended cable-and-arch roof structures

The Lanxess arena Cologne Germany | Peter Bohm Architekten 1998 [51]

Wembley Stadium London UK Norman Foster 2006 [9], [14]

Stadium «Spyros Luis» Athens Greece Santiago Calatrava 2004 [9]

The Durban's Moses Mabhida Durban South Gerhard le Roux 2010 [9], [52]

Stadium Africa

The Lufthansa hangar 7 Hamburg Germany | van Gerkan Marg Arch. 2009 www. lufthansa-

technik.com

Dolphinarium (a project) Volgograd Russia Ishmametov R.H., 2018 Fig. 19

Galitzkaya E.M.
Cable-stay supported cantilevers (cable-stayed, cantilevered beam structures
[Tower restaurant, Convention Center | Hanover Germany 1989 Fig. 7

Munich Airport Munich Germany | Giinter Biischl Arch 1992 [41]

Roof structure of the Gas station Milan Italy unknown designer [13] [17]

A hangar at the airport of Frankfurt on Germany | ABB Architects, 1972 Fig. 20

Frankfurt on the Main the Main Dyckerhoff and Widmann

Gallery for passengers’ reception, | Moscow Russia G.A. El’kin, G.V. 1964- Fig. 21

Sheremetyevo Airport Kryukov 2018

Bus station “Moskovskiy” Minsk Belorussia | N.Naumov, Yu.Rushev, 1999 - Fig. 22
L. VVolchetskiy 2014

The football club "Rennais" Rennes France Atelier Bruno Gaudin 2004 [9]

Arles Bus Terminal Arles France [18]

Pan Am Worldport (Terminal 3) New York USA Ives, Turano & Gardner 1960- https://www.we
Associated Architects and | 2014 buildvalue.com
Walther Prokosh

The Eugene Bavinger House Norman, USA Bruce Goff 1950- https://en.wikip

Oklahoma 2016 edia.org
2) Cable-stays for stabilization of contour rigid elements of tent membranes Fig. 23

3) Masted structures with cable-stay elements

Masted structures with cable-stays ensuring stability of the structures (cable-stayed masts)

40
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The 462 m height mast (Chayka- Dudinka Russia E.S. Poltorak 1980 en.wikipedia.org
mast)
The sculpture composition Porto Portugal Fig. 24
Masted structures in the form of one-sheet hyperboloid with cable-stays coinciding with
rectilinear generatrixes of the surface
Sydney TV Tower Sydney Australia Donald Crone and Ass. 1981 [9]
Tower in the port of Kobe Kobe Japan the company Nikken 1963 [9]
Sekkei
The Killesberg cable-stayed tower | Stuttgart Germany Jorg Schlaich 2000 Fig. 25
4) Special combined suspended cable-stayed roof structures
The train platforms Tilburg Netherlands | Koen van der Gaast Arch | 1965 [24], [33]
Chunu/Jeonju Stadium Jeonju South Korea | Pos A.C. Arch, CS Struct. | 2002 [9], [53]
Eng
Serpentine Gallery Pavilion 2008 London UK Frank Gehry 2008 Fig. 27
BC Place Stadium Vancouver Canada Studio Phillips Barratt, 2011 StadiumDB.com
Ltd, and others
Mina water reservoir Al-Makkah Saudi Arabia| Muna Project Aug. 1986 | Fig.29
Principality Stadium (Welsh Wales UK Bligh Lobb Sports 1999 StadiumDB.com
National Stadium in Cardiff) Architecture, W.S. Atkins
Bangkok Futsal Arena Bangkok Thailand King Mongkut’s Univ. of | 2015 https://en.wikip
Technology Thonburi edia.org
Manchester City Stadium Manchester UK ArupSport 2002 [51]
National Exhibition Centre Birmingham UK Ed. Mills, S. Harris 1976 en.wikipedia.org
Sydney Super Dome Sydney Australia | Abigroup Ltd and 1999 https://en.wikip
Obayashi Corporation edia.org
The Stade de France Saint-Denis France M. Macary, A. Zublena, 1998 Fig. 28
M. Regembal, CI.
Constantini
The Millennium Dome London UK R. Rogers 1.1.2000 [1]
RheinEnergieStadion Cologne Germany | Gerkan, Marg und Partner |1.31.2004 |StadiumDB.com
SCHARRena (76mx38 mx11,5m) | Stuttgart Germany | ASP Architekten Arat 2011 www.shp.de
National Stadium Warsaw Poland GMP Architekten 2012 [35]
Toyota Stadium Toyota Japan Kisho Kurokawa 07.21.2001 | [36], [38]
Architect & Associates
Lokomotiv Stadium (RZD Arena) | Moscow Russia A. Bokov, D. Bush et al 2002 [38]
Zenit Arena (St. Petersburg S. Petersburg Russia Kisho Kurokawa 2018 Fig. 30, [54]
Football Stadium) architects & associates
A stadium “Rostov Arena” Rostov-on-Don | Russia “Sport-Engineering”, 2018 [58]
Inteks, TzNIIPromzdaniy
Stadium (a project) Russia V.V. Handji, I.V. Lisitsyn | 1991 Fig. 26
Alamodome San Antonio USA W.E. Simpson Com. etal. |5.15.1993 | [18]
Cable-stayed erections sorted simultaneously into several categories
Grand Bigo (Columbus 1992) Genova Italy Renzo Piano with Ove 1992 [18]
Arup and Partners
Diisseldorf Airport Railroad Station | Diisseldorf Germany 2000 [18]

Some cable-stayed erections can be sorted into several categories simultaneously. For
example, the Grand Bigo in Columbus, opened in 1992, made of eight masts contains also a tent
roof hung up by cables from the four steel tubular arches. So, this hybrid can be related to cable-
stayed masts, or to suspended cable-and-arch structures, or to suspended cable-stayed roof
structures supporting tent membranes in particular points. Analogically, combined suspended cable-
stayed roof structures of Diisseldorf Airport Railroad Station in Germany, opened in 2000, with four
pillars can be also sorted into several categories simultaneously.

A unique cantilever cable-stayed structure, described in [31], is used by some designers for
public multifunctional buildings. This structure contains open cables, but they are hidden in a body
of the building. Although this solution is not yet widely known, there are few existing models
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already. One of them is the Cosmopolitan skyscraper, inaugurated in December 2013 in Warsaw,
Poland. This atypical cantilever cable-stayed structure now is out of the classification presented at
the beginning of the paper.

. Cable-stayed suspension bridge
2) Cable-stays for stabiliza- Chain bridge
tion of contour rigid ele- \ Atypical cantilever
ments of tent membranes 5) Suspended bridges cable-stayed structure
A J }

CABLE-STAYED STRUCTURES H&s
i \ 28
3) Masted structures Z g

; 1
{ i G5

_ n
Suspended cable-stayed roof structures sup- Masted structures with S §
porting tent membranes in particular points cable-stays ensuring sta- 23
bility of the structures D 5
[<B) =)
. . c
Suspended cableb-;a:%/:d strllé(;]tures with single Masted structures in the 'a; >
gry form of one-sheet hy- 8 9g
perboloid with cable- £ P
Suspended cable-and-rod roof structures with stays coinciding with =<

bearing pillars placed at one or several rows rectilinear generatrixes 8

W of the surface

Suspended roof structure with a transverse cable- . .
stayed system and with two rows of bearing pillars 4) Special combined sus-

pended cable-stayed roof

Suspended roof structure with a transverse cable- structures
stayed system and the central row of bearing pillars *

Suspended roof structure with a longitudinal cable- Cable-stayed structures
stayed system with one or more rows of bearing pillars with disorderly ar-
rangement of rigid ele-

ments and guys

Suspended multidirectional roof structure with
transverse-and-longitudinal cable-stayed system Roof structure, suspended from

four masts located in the cor-
ners

Suspended cable-and-arch roof structures

Support masts arranged in a closed curve
Cable-stay supported cantilevers (ellipse, circle, oval)

Figure 34 - A broadened classification of cable-stayed structures

Sometimes, it is more convenient to use the representation of the classification in the form
shown in Fig. 34.

About one hundred cable-stayed erections are examined in a paper but in the World, we
have much more of them and it is impossible to point out the references dealing with question. New
classification of erected buildings and the illustration of every class and subclass of cable-stayed
structures by real examples is an aim of this paper. All variety of incarnated constructive solutions
and sketches, projects, models, and offers suggested for realization is presented.
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CONCLUSION

Having summarized the information presented in the paper, one can draw the following
conclusions.

1. For the first time, a classification of cable-stayed structures was compiled with due regard
for structural model, lay-out diagram of pillars, cables, and so on.

2. For the first time, every group and sub-group of cable-stayed structures are illustrated by
the most notable erections.

3. The cable-suspended structures differ from the cable-stayed suspension systems because
the covering elements in them are placed directly on the wire ropes or on the wire rope net.

4. Besides suspended cable-stayed systems, cable-stayed structures include in themselves
also the structures containing cables as the stabilizing elements or creating geometrical image of the
erection.

5. Ten not old cable-stayed buildings or thereabouts were demolished and the place was
freed for the other erections. It would be interesting to study the main reasons of these decisions.

6. According to the examples demonstrated, there are good perspectives for the construction
of all types of cable-stayed structures included in the classification, proposed by the author.

7. Study of the prerequisites of the structural solutions in building, the history of the
development and perfecting of building technologies of erection of cable-stayed structures will
permit to generalize the experience accumulated by designers and to develop new fundamental
solutions. Otherwise, architects and designers will be repeating the achieved solutions in building
and architecture.
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IKCIIEPUMEHTAJIBHASA OHEHKA TOYHOCTHU PACYETOB
CTAJIBHBIX BAJIOK ITPU PA3JIMYHBIX 'PAHUYHBIX YCJIIOBUAX

KPBUJIOB A.C.
AO "HUII "Crpourensctro”, THUUCK um. B.A. Kyaeperko, r. Mocksa, Poccus

Annomayun. Paccmompenvi 60npocsl 4uciennvlx pacuemos KoOHcmpyKkyuil na uzeu6. [ano
060CcHOBaNUEe BLIOPAHHOU TeMbl UCCTe008aNUsl. Bvinonnenvl yuciennvle pacuemsl CmaibHbix 08ymae-
Posbix 6anok ¢ nocredyiouell IKCNEPUMEHMAlbHOU NPOGEPKOU NOLYHEHHbIX pe3yabmamos. Pacuemol
BbINOJIHEHbL 6 (YUUYECKU HETUHEHOU NOCAHOBKE ¢ Y4emom (akmuiecKkol ouazpammol 0eghopmupo-
sanust mamepuana. Paccmompenvl pasnuunvie yciogus onupanus mooesetl, 8 mom 4ucie, ¢ yuemom cui
mpenus. IIposedenvl ucnvimanus CmanbHbIX OAIOK HA ducmelll useub. Jano onucauue mooenel, xa-
PAKMEPUCIMUKA UCNBIMAMENbHOU YCIMAHOBKY, ONOPHBIX U HASPY30UHBIX NpUcnocobOneHuil. Buinoanen
AHANU3 Pe3yIbMaAmos IKCNepUMeHma U ux cpaeHenue ¢ paciemuvimu OanHvimu. Ilpusedenvl epaguxu
deghopmuposanus mooenell 00 HASPY3KOU NPU PA3IUYHLIX 2DAHUYHLIX YCIO0BUSAX, NOJYYEHHble NO pe-
3YILMAMAaM IKCNEPUMEHMATLHBIX U YUCTEHHBIX UCCTe008aHUN. [JaHA OYeHKa MOYHOCMU PA3PYULAIOUWUX
HA2PY30K U 8EPIMUKANbHLIX NepeMelyeHuli, NOIYYEeHHbIX PACUemHbIM nymem, no OMHOWEHUI0 K dKcne-
PUMEHMATLHBIM OAHHBIM.

Knwuesvie cnoesa: cmalile, 6anKa, onopwl, YUCJIeHHble pacyenivl.

EXPERIMENTAL ASSESSMENT NUMERICAL SIMULATION
OF STEEL BEAMS WITH DIFFERENT BOUNDARY CONDITIONS

KRYLOV A.S.

Research Center of Construction TSNIISK named after V.A. Koucherenko, Moscow, Russia

Absracts. The problems of numerical calculations of structures for bending are considered.
The substantiation of the selected theme of research is given. The numerical calculations of steel I-
beams with the subsequent experimental verification of the results are performed. The calculations were
carried out in a physically nonlinear formulation, taking into account the actual material deformation
diagram. Various conditions for supporting models are considered, including taking into account fric-
tion forces. Pure bend models of steel beams were tested. A description of the models, the characteris-
tics of the test equipment, support and load devices performed. The analysis of the results of bending
tests of models and comparison with the calculated data is done. The graphs of deformation of models
under load with different boundary conditions, obtained from the results of experimental and numerical
studies, are given. An estimate of the accuracy of ultimate loads and vertical displacements, obtained by
calculation, with respect to experimental data is given.

Keywords: steel, beam, support, numerical simulation.

Beenenne

B nH)XeHepHOH NMpaKTHKE NMOCIECIHUX JIET MUPOKOE IPUMEHEHUE HAXOAT YNCIEHHBIE pac-
YeThl C JAETAIbHBIM YYETOM HEIUHEHHBIX (PU3NKO-MEXaHWYECKUX XapaKTEepUCTHK MaTepuanoB. He-
CMOTpPSI Ha MHOT000pa3nue BO3MOKHOCTEH IPOrpaMMHO-BBIYMCIUTENBHBIX KOMIUIEKCOB [1, 2, 3, 4],
MOJTyYeHHbIE PacUETHBIE PE3yNbTaThl HYKJIAIOTCS B TIATEJILHOM aHaJU3€e M, YTO Haubolee mpes-
MOYTUTENBHO, B 3KCIIepUMEHTaNIbHOI mpoBepke [5-10]. TlockoabKy, TOBOJIBHO 4acTO Pe3yJbTaThl
TaKUX pacy€TOB CYLIECTBEHHO OTINYAKOTCA OT COOTBETCTBYIOIIUX BEIMYMH, ITOJYYEHHBIX IO HOP-
MaTUBHBIM METOJIMKAM U B XOJI€ HAaTypHBIX HcHbITaHUI. OcTaHOBUMCS OoJiee IeTalbHO Ha JKCIIe-
PUMEHTAJIBHBIX UCCIIEOBAHUAX 0aJOK Ha YMCTHIA M3rU0 (PUCYHOK 1) MpH pasIuYHBIX TPAHUYHBIX
YCJIOBHSIX C ITOCEAYIOLIEH TPOBEPKOM M CPABHEHUEM C pe3yJIbTaTaMU YMCIIEHHBIX PACUETOB.
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JloctaTouHo MOAPOOHO METOAWMKA HCIBITAHUH Ha E E
YUCTBIA U3TUO OINMCaHa I KeJe300€TOHHBIX OaJlOK, KO-
TOpBIE CIIEAYET BBIMOIHATH ¢ yueToM TpeboBanuii [[OCT o l o
8829-94 «M3nenus CTPOMTENBHBIEC JKEIE300€TOHHBIE U O ;;i;}
OCTOHHBIC 3aBOJICKOTO M3TOTOBICHHUS. METOABl HCITBITA- 1A L/3 7 L/3 L/3
HUIl HarpyxeHueM. [IpaBuiia OIEHKH MPOYHOCTH, JKECT- ) L L

KOCTU M TpemuHocTorkocTu» [11], roe momMuMo mpouux
TpeOOBaHUI K MPOBEACHHUIO SKCIICPUMEHTOB 0003HAYEHBI Pucynok I — Cxema ucnvumanuii 6anku
YCJIOBUS ONUPAHUS: MOJCIH «CIEAYET OMHUPaTh MPH HC- Ha wucmuli us2ub
MBITAHUAX Ha JBE IIAPHUPHBIC JIMHEWHBIE OMOPHI, PACIOJIOKEHHBIE MO KOHIIAM M3JETHs, OJIHA U3
KOTOPBIX JTOJDKHA OBITH HETIOJIBHKHOM, a Ipyras - HOJBM)KHOM, OITyCKAIOWIEH MepeMenieHne n3e-
JIUsS BOJB TIpoJieTay. J{s ctanbHbIX KOHCTpYKIMA cooTBeTcTBYtomui ['OCT Ha ucnbiTanus 6anok
OTCYTCTBYET.
B pamkax Hacrosimiel paboThl paCCMOTPEHO BIUSHUE HA PE3yNIbTaThl SKCIIEPUMEHTA U3Me-
HEHHE TPAaHUYHBIX YCIOBHA. BBIOHEHO CpaBHEHHE ABYX BApHAHTOB OMMPAHUS OaJIOK:
e B coorBercTBuHu ¢ TpeboBanusmu 'OCT 8829-94 — onupanue Ha ABE TMHEHHBIE OMIOPHI,
OJIHA OTIOpA SIBISIACH MIAPHUPHO-HEMOABUKHOM, Apyras — MapHUPHO-TIOABHKHOM;
e c orkioHenueM ot TpedoBanuit 'OCT 8829-94 — onmpanue Ha ABE JTUHEHHBIE OTOPEI,
00€ OTIOPBI SABJISIINCH NIAPHUPHO-HETIOABIKHBIMHU.
PaccmatpuBaembie omopsl — katkoBoro tuna. [llapHupHo-HEnoABUXKHAS OMOpa MpUBEICHA
Ha PUCYHKE 2, IOJBUXKHAsI — HA pPUCYHKeE 3.

A

Pucynox 2 — lllapnuupno-nenodsuiicnasn onopa Pucynox 3 — Lllapuupno-nodsuiicuasn onopa

Onucanue 3KCNepUMeHTa

Bcero Ob110 HCIBITaHO 4 MOJIENH CTANBHBIX OAJOK — MO 2 IMIT. Ui KaKIOTO BUJA TPaHHY-
HBIX yclIoBUH. Bece Mozienu BBIOTHEHB! OAMHAKOBBIMU U3 MpokaTHOro aAByTaBpa Ne20b1 mo 'OCT
8239-89. B mectax omupaHusl U MPHUIOKEHUS HArpy30K BBIIOJHEHO IOTOTHUTENHHOE YCHIICHUE
MojieNiel cTalbHBIMU IulacTUHAMHU (pucyHOK 4). Marepuan mogneneir — cranp C255 mo I'OCT
27772-2015.

Hns onpenenenust (pakTUYECKUX XapaKTEPUCTUK MaTepuana 0ajaoK ObUTH BBITOTHEHBI JO-
MOJIHUTENbHBIE HcTibITaHus 00pa3ioB ctamu o ['OCT 1497-84 «Meramibl. MeToIbl HCTIBITAaHHIA Ha
pactsbxkenue» [12]. Pesynbrarel ucnbitanuii npuBenaeHsl B Tabmaune 1. M3 tabmumel 1 BuaHO, 9TO
(dakTUYeCKHe XapaKTePUCTUKU CTalli MPEBBIMIAIOT COOTBETCTBYIOHIME HOpmupyemble B ['OCT
27772-2015 3navenus Ha Benmuuny 40-50 MIla.

WcnbiTanus Mozenelt cTalbHBIX 0alok BhIMONHEHBI Ha ipecce MANSO0 (pucyHok 5) Ha uc-
neitatenbHoi 6aze LIHUMCK um. B.A. Kyuepenko.

Harpyska npukiagsiBazach K MOJENsAM cTyneHsMu — He Oosnee 10% OT KOHTpOJIbHOM
Harpy3Ku 10 IPOYHOCTH. Y CTaHOBKA U BbIBEpKa TPABEPCHI JJIsl IEPEAAUN HArpy3KH, a TAKXKE CaMHUX
MO/ICJICH, BBITIOJITHEHA OTHOCUTEIHHO 3apaHee HAHECEHHBIX Ha TTIOBEPXHOCTh METAIIJIA PHCOK.
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Tabmuua 1 — PesynbraTsl onpeneneHus pakTUYECKHX XapaKTEPUCTUK CTAITH

Pucynox 4 — Obwuit 6uo mooeneii

Hanpspokenue, MIla

Ne o6pasma XapaK1epHCTHia TonmuHa, MM Mupuna, MM IIpenen Texyde- | IIpenen mpouHo-
oOpasia
CTH CTH
1 U3 CTCHKH JIBY- 5.65 20.3 318.8 414.0
2 TaBpa 5.75 20.3 282.5 393.4
3 U3 TIOJIKA 7.7 30 318.8 433.6
4 JIByTaBpa 7.75 30.25 297.2 431.6

Pucynox 5 — O6wuit 6uo ucnvimamenibHol yCmanoeKu

B mporiecce ucnpiTaHui Ha Ka)XIOM IIare BHIMOIHUIACH (PUKCAIUS BEPTUKATBHBIX MepeMe-
IIEHUH B CEpeIMHE MPOJIeTa MOCPEACTBOM WHIUKATOPA YaCOBOTO THMA ¢ IleHoH neneHus 1/100 Mm.

KpOMe TOTO, (I)I/IKCI/IPOBZUII/ICB 3HA4YCHUA BepTHKaHBHOﬁ Harpysku.

YucjieHHbIEe pacyeThl
[lepen mpoBeneHNEM SKCIIEPUMEHTOB OBLIN BHITIOJHEHBI YMCIICHHBIE pacueThl 0aJoK B Mpo-
rpamMmmHOM KoMmIuiekce Femap with NX Nastran. OOmiuit Bu pacueTHON CXEMbI IPUBEICH Ha PH-

CyHKe 6.

50
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Cxema pa3paboTaHa ¢ TPHUMEHEHHUEM
IUIACTUHYATBIX KOHEUYHBIX 3JIeMEHTOB. Pac-
CMOTpPEHBI pa3jMyYHble TPAHUYHBIC YCIOBUS
ONUpPAaHUs MoOJeNel Uil OTpa)KeHUs IeHCTBU-
TENBbHOM paboThl OaJOK B COOTBETCTBUHU CO
cXeMaMM HcHbITaHui. PaccMoTpeHsl ciemyto-
M€ CITy4au MapHUPHBIX JIMHEHHBIX OIOp:

1. o0e onopsl HETIOABHKHBIE,

2. onHAa — TMOJBWXHAA, JIpyras — HEIo-

JIBYDKHAS,

3. OJlHa — HEMOJBM)KHAs, Apyras —
MOJBUKHAS, C YYETOM CHJIBI TPEHUS MEXKIY
OIIOPHON MOBEPXHOCTHIO OAIKH M CTaJbHBIM KAaTKOM OIOpPbI. TpeHHe cMOJENUPOBAHO B COOTBET-
ctBuM ¢ pekomeHaauuamu CII 16.13330 «CranbHble KOHCTpYKUMMW» [13] - mocpencTBoM BBeIEHUS
koxpduuuenta tperus, papaoro 0,3. CooTBeTcTBYIOLIas ropu3oHTaIbHas Harpy3ka (0,3 oT BepTu-
KaJIbHOM COCTaBJISIONIEH peakliuy Onophl) ObliIa MPUIIOKEHA B MECTE IIAPHUPHO-TIOJBUKHOIO OIU-
paHus MOJEIH.

[TomMumo omop 1o Kpasim OanKu ObUTH BBEICHBI PACKPEIICHUS M3 TUIOCKOCTH M3TrMda B Me-
CTax yCTaHOBKM TpaBepcChl [yl Mepellaud Harpy3ok B cCpeAHed TpeTu mposera (000CHOBaHUE 10-
IIOJIHUTEJIBHO BBEACHHBIX I'PAHUYHBIX YCJIOBHH IOJIy4EHO B PE3yJbTaTe SKCIEPUMEHTOB — B MO-
MEHT IOTE€pPH Hecylled CIOCOOHOCTH MOJEIM OCTAaBAINUCh B IUIOCKOCTH JCHCTBUS Harpyski,
HAOJIIOAAHCh JIMIITh HE3HAYUTENIBHBIE CMEIICHUS U3 TUIOCKOCTH). PacyeTsl BHIMONHEHBI B HU3nye-
CKM HEJIMHEHHOM MOCTAaHOBKE C y4eToM (PakTHUYECKOW auarpammbl J1e(GOpMHUpPOBaHUS MaTepuala.
UYucneHHass MOJENb U IOJYYEHHBIE PE3yJIbTaThl IMO3BOJISIIOT JETAJbHO OLCHUTHh HaIpPsHKEHHO-
ne(GOopMHUPOBaHHOE COCTOSIHUE MOJICNIEH, a TaKkKe MPOBECTU COIMOCTABJICHUE C JIAHHBIMHU 3KCIIEPH-
MEHTOB ¥ OLEHHUTh TOYHOCTh HETMHEWHBIX PAacUETOB C MCIOIH30BAHUEM BBHIOPAHHOH MPOTPAMMBI.
HexoTtopsie pe3ynbTaThl pacyeToB NPUBEIEHbI HA PUCYHKaX 7, 8.

Pucynok 6 — Odowuit 6ud pacuemnoit cxemol

Pucynox 7 — Bepmukanvhvie nepemeujeHus Mooeau ¢ WapHUPHbIMU TUHEHHbBIMU OROPAMU
(00na — noosudicnasn, Opy2as — HeNOOBUICHAA) 6 MOMEHM, OIUZKULL K PAZPYUIEHUIO, M
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Pucynok 8 — Hanpsoicenun 6 mooenu ¢ wapHupHbolmMu TUHEHHOIMU ONOPAMU
(00na — noosusicnas, Opy2as — HeNOOGUICHAR) 6 MOMEnm, OAUKUIL K pazpywienuio, H/m?

B pesynbpTaTe pacueToB ompeselieHbl HAarpy3KH, COOTBETCTBYIOIIME TOTEPE HECYIICH CIo-
COOHOCTH KOHCTPYKILIMH, & TaKKe MOCTPOCHBI TpauK BEepTUKAIbHBIX NepeMerienuii. CpaBHeHHE
MOJIYYCHHBIX JJAHHBIX C IKCIIEPUMECHTAILHBIMH PE3YJIbTaTaMU MIPUBEJACHO HA PUCYHKE 9 1 B Ta0H-
e 2.

Pe3yabTaThl IKCIIEPUMEHTA

[IpenenbHble HArpy3KH Ui Mojenu (yCpeIHEHHBbIE AJis TPYIIbI), 3adUKCUPOBAHHBIE BO
BpEMSI SKCIICPUMEHTOB U COOTBETCTBYIOIINE BEIIMYMHBI, IIOTYICHHBIE PACUCTHBIM ITyTEM MPHUBEJIC-
HEbI B Ta0uie 2.

Tab6numa 2 — [IpenenbHbIe HATPY3KU TSI MOJIETH

Bapuant OKcrepuMeH- IIpenenbHble Harpys3ku, kKH
: OTKJIOHEHHE,
IPaHUYHBIX TajbHasi MO- Omnopst Okcnepu- Femap with NX %
yCIOBUN JIeJNTb MEHT Nastran
+
L enomas 2763 10,0
1,2 — - 304,1
2 HOJIBWKHAS C TPEHUEM 282.0 78
HETIOIBYIKHAS
+
3 3,4 HETIOABIDIHA 304,1 305,8 05
HETIO/IBYIKHAS

AHanu3 TaHHBIX, IPUBEJCHHBIX B TaOJMIIE 2, OKA3bIBAET, YTO YCPEAHEHHAs BEJIMYMHA JKC-
NEPUMEHTAIbHON Harpy3KH, COOTBETCTBYIOIIEH MOTEPE HECYIEN CIIOCOOHOCTH OKa3ajaach Ype3BbI-
YyaiiHO OJM3KOM Ui BceX MOJieNel, BHE 3aBUCUMOCTH OT YCJIOBHI OMMpaHUs. DTO HECKOJIBKO OTIIH-
qaeTcs OT pe3yJIbTaTOB YHCIEHHBIX PacueToB, /i€ pa3HHLA (s ciaydyas OAHOW MOJBUKHON C Tpe-
HHUEM, JPYroll HEMOJBM)XHOH OIOpbI, B COOTBETCTBUU C YCJOBHUSMH SKCIIEPUMEHTA) JOCTUTAET
7,8%. B 1enom, naxke npu HAIMYUU OTMEUEHHOMN MOTPEIIHOCTH Pe3yNbTaThl TAOIUIBI 2 UMEIOT J10-
BOJILHO XOpolllee COBMajieHue. boyiee BbICOKME 3HAYEHHUS INPENEbHbIX HAarpy3okK, 3aQUKCHpOBaH-
HBIE B XOJI€ SKCIIEPUMEHTOB, IOJIy4€HbI, BEPOSITHO, B pe3yJibTaTe 0osiee CI0KHOM paboTsl MaTepua-
Ja (MHOTOOCHOE HANps’KEHHOE COCTOSIHHE) B KOHCTPYKIIMH, [0 CPAaBHEHUIO C MCIIBITAHUSAMH Ha O
HOOCHO€ PacTsKEHUE, M0 pe3ysibTaTaM KOTOPOTo ObUTM MPUHATHI XapaKTEPUCTUKHU CTaIH I YHC-
JIeHHbIX pacueToB. COBMAaeHNE OMBITHBIX pa3pyIIAIOLINX HArPYy30K i OaJIOK C pa3HbIMU YCIIOBH-
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SIMU OIIMPAHUS, CBA3aHO C TOYHOCTHIO 3a/aHUs Harpy3ku. s 6anok, paspyuieHne KOTOpBIX Mpo-
MCXOJUT IUIACTUYHO, IIPY PYYHOM YIPABJICHUU YCUIMEM IIpecca, BeJIMUMHA pa3pyLiaoeil Harpys-
K1 ObUIa OI[EHEHA C TOYHOCTHIO JI0 OJJHOTO 3Tara Harpy)XeHus (Ha MOCIEJIHUX ATarax 3TO COCTaB-
nso 10 kH).

Jpyroii BaxHbIN (akTop (IIOMHUMO NpEAETbHBIX HArPY30K), TPEOYIOUIH OLEHKH — BEpTH-
KaJbHbIE MEpPEMEIICHUsT MoJieneil. YCcpeaHeHHbIe YKCIEPUMEHTANIbHbIE PE3Y/IbTaThl U PacCueTHbIC
JTaHHBIE TI0 BEPTUKAJIbHBIM IIEPEMEIICHUSM IIPUBEACHBI HAa PUCYHKE 9.

N3 pucynka 9 BUIHO, 4TO TpaMKU BEPTUKAIBHBIX MEPEMEILEHUH I pa3IMyHbIX BapUaH-
TOB TPAaHUYHBIX YCIIOBUM pacIoJIaraioTcsl JOBOJIBHO KY4YHO, 33 MCKIIIOUEHHUEM KpPUBOH, OTpaxkaro-
IIUHA caydail aOCONIOTHO HETOABUKHBIX OIOP, MOJIYYEHHOMU 110 pe3yJbTaTaM YMCICHHbBIX PacueToB.
OTO AOCTUTHYTO IO IPUYMHE WUJCAIBbHBIX YCJIOBUN 3aKpEIUICHUS B pacyeTHOM MOJEIM, YTO Ha
IPAaKTUKE He ObUIO peann3oBaHo. 1103TOMY 3KCHEpUMEHTANbHBIM Cilydail HEMOABHKHBIX OIOpP Io-
pa3o JIydlle ONMMCHIBAETCS KPUBOM, OJyUYEHHOW C yUYETOM CHJI TPEHUS B IPOrPaMMHOM KOMILIEK-
ce. OTMEYEHO XOpolllee COBMAJCHUE C IKCIIEPUMEHTAIBHBIMU IaHHBIMU C PAacXOXKAECHUEM, HE Ipe-
BbinaomuM 8%. Pacuersl 11 BapuaHTa IpaHUYHBIX YCIOBHM B BHUJE IIAPHUPHO-TIOABMXKHON U
HEMOBM)KHON OIOp MOKA3aJIi MAaKCHMAJIbHYIO Pa3HUIly BEpTUKAIbHBIX NepeMenieHuit B 15%.

350
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S . °
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:5 200
-?H —*—HEIIOJBIUAHEBIE OITOPEL SKCIIEPHMEHT
?‘
<
s 150 HEIIOJBITKHAA + ITOJBIDKHA S OITOPBIL.
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ITK Femap Nastran
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Pucynok 9 — luazpammel 3a6ucumocmu Hazpy3Ku om 6epMUKAIbHbIX NepemeuieHuil
014 PA3IUYHBIX YCIOGUTI ONUPAHUA

BepTtukanbHble nepeMenieHus 6ajlok ¢ OAHON HEMOJBUKHOM OMOPOil, BTOPOH — MOABHKHOM

0oJbIle, YeM C ABYMSI HETIOABM)KHBIMU (MIIU OJHOW OMOPOW — HEMOJBUKHOW, BTOPOH — C y4ETOM
CHWJI TPEHHS ), YTO COTIIACYETCsI C MPABHJIAMHA CTPOUTEIHHOU MEXaHUKH.

BriBoabl

1. JInst o1eHKW TOYHOCTH BBITIOJHEHHUS YMCICHHBIX PACY€TOB BILJIOTH JI0 Pa3pylICHUS KOH-
CTPYKIIMH, TPOBEICHBI MCTBITAHUS MOJIEICH CTAIbHBIX JBYTABPOBBIX OaJOK C PAa3IMYHBIMU Tpa-
HUYHBIMH YCIIOBUSIMHU.
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2. DKCIEepUMEHTAJIbHO MOITYYCHHBIE HArPy3KU, COOTBETCTBYIOIIHNE MPEIACIbHON Hecymei
CIIOCOOHOCTH, JUIsl BCEX BAPUAHTOB ONUPaHUsI 0ATOK SBIISIOTCS KpaliHE OJIM3KUMH.

bonburyto poinp MMeeT MPOCKaNIb3bIBAHME OMNOPHOM 30HBI OalloOK MO IIApHUPHO-
HETOJABUXHBIM OMOPaM, YTO MPUBOJUT K U3MEHEHHUIO pa0OThl KOHCTPYKLIMH 32 CYET KOPPEKTUPOB-
KM ycloBUl onupanus. Takum oOpa3oM, AJs paCCMOTPEHHBIX CIy4aeB MOJBUKHOCTH OIOpP Ha He-
CylIel crmocoOHOCTH OaJIOK CYIIECTBEHHO HE CKA3asach.

3. OreHka YKCIIEPUMEHTAIBHBIX JAHHBIX 110 BEPTHKAIBHBIM MIEPEMEIICHISIM TTOoKa3aia He-
KOTOPbIC OTJIMYUS JIsl PA3JIMUHBIX TPAHUYHBIX YCIOBUM:

®  OKCIIEPUMEHTAJIbHBIN Cllyuyail HEMOABHKHBIX OIMOpP XOPOILO OMHMCHIBAETCS KPUBOIL, MO-
JY4YEHHOW C Y4E€TOM CHJI TPEHHUS B MPOTrpaMMHOM KoMiuiekce. OTMEUEHO XOpoIllee COBMAJCHUE C
AKCIIEPUMEHTAILHBIMU JAHHBIMU C PACXO0XKICHUEM, HE MPEBBIIAIONIIM 8%.

®  HKCIEPUMEHTAJbHBIC JIaHHBIE JJI BapuMaHTa T'PAHUYHBIX YCIOBUU B BHJI€ IIAPHUPHO-
MOJIBM>KHOM M HEMOABUKHOM OIOP UMEIOT MAaKCUMAJIbHOE PacXoXkeHue ¢ pacueramu B 15%.

BeprukansHpie nepeMenieHus IpU OAHOW IOABUKHOM, IPYroM-HENOJIBHKHOW OIOpax
00JIbIlIe, YeM C IBYMS HEMOJIBHXKHBIMH, YTO COTJIACYETCS C IPABUJIAMU CTPOUTEILHON MEXaHHUKH.

4. YucrneHHble pacyeThl UMEIOT JOBOJIBHO XOpOIlIee COBMAJCHUE C Pe3ylIbTaTaMU JKCIIe-
pPUMEHTA B BETUYMHAX MPECNIbHBIX HATPY30K Ha MOJIETIH.

HaubGonee TouHo mepegaer ocoOEHHOCTH paOOTHI OATKK B CIIyd4ae ONMUpPAHHS HA JIBE IIap-
HUPHO-HETOBUKHBIE OIMOpPHI pacu€THas MOJIENb, YUMUTHIBAIOIIAs BO3HHUKAIONIME CHJIBI TPEHUS
MEXy OMOPHOM MOBEPXHOCTHIO OANKK 1 KaTKOM. [Ipu 3TOM pacxoxaeHue ¢ 3KCrepuMeHTaIbHBIMU
JAHHBIMM HE TIpeBbIaeT 8%.

Pacuers myis BapuaHTa IpaHUYHBIX YCJIOBUN B BUJE IIAPHUPHO-TIOABUKHOM M HEMOBIK-
HOM OIOp MOKa3aay MaKCUMAIBbHYIO Pa3HUILY C SKCIIEPUMEHTATbHBIMY BEIMYMHAMH BEPTUKATbHBIX
nepemenieHuit B 15%.

5. [IlpuBeneHHBbIC BBHINIC JAHHBIE [0 CPABHEHHIO UYHCIEHHBIX PACUETOB C PE3yJbTaTamMHu
SKCIIEPUMEHTA JIal0T BO3MOKHOCTh OLIEHUTh TOYHOCTh PACUETOB M KaueCTBO HACTPOUKHU TMapameT-
poB Mojenu. JlaHHBIE O TIEPEMEIICHHUSIX U O Pa3pyIIAIINX Harpy3kax, MOJy4YeHHbIE PACUETHBIM
MyTEM OLIEHUBAIOTCS KaK JOCTOBEPHBIE
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YCTOMYNUBOCTh COCTABHBIX JEPEBOKOMITO3UTHBIX TAHEJIEA
C IEPEMEHHBIMU ITAPAMETPAMHA MEXAHUYECKHWX CBA3EN

[IOIIOB E.B.}, KAPEJILCKUI A.B.}, PYCJIAHOBA A.B.!, CTOJIBIIINH J.A.1,
JIABYJIVH B.B. !, MEJIEXOB B.1. %, TOPOIIOB A.C.?

1Cesepublii (ApkTuueckuii) denepanbublii Yausepcuter uM. M.B. JloMoHOCOBa, T. ApXaHrensck, Poccus
[ToBoKCKHMit TOCYIAPCTBEHHBIN TEXHOJNOTMYECKUI YHUBEPCUTET, T. Momkap—Oia, Poccus

Annomayusa. /[pesecuna naxooum 6ce 60abuiee NPUMeHEHUE 8 JHCUTULYHOM CIPOUMENbCINGE 8
Poccuu u mupoeoii npaxmuxe. Ocobbviii unmepec npedcmasisem MooyibHoe 0OMOCMpoeHue, npu Ko-
mMopom 6onbwias 4acms pabom no U320MOBNEHUIO KOHCMPYKYULL, OMOeNKe, UHICEHEPHO20 060pY0086a-
HUSL BLINOJIHACMCA HA 3a600e—u3z2omogumene. B ocnosnom evicoma maxux 30aHuil 02paHudueaemcs
2...3 amaoicamu, pedxce — 00 5 amadicei. OOHAKO 3apyOedtCHbIL ONbIM NOKA3bIBAEN, YMO IMANCHOCHD
MAaxkux 00Mo8 Modicem Obimb NosvieHa 00 7—mu smavicetl. Koncmpykyuu na depessinnom Kapkace mo-
2ym coOOmeemcmeosamy 3—i cmeneHnu ocHecmouxocmu u knaccy noxcapuou onachocmu C0. B Poccuu
npu IMUX NOKA3amensix OONYCKaemcs Cmpoums 30aHus 8bICOMOU 00 S—mu smadicell ¢ pazoeieHuem ux
Ha nooicapuvle omcexu. Onpedensiowum Gakmopom dMAACHOCIMU MAKUX OOMO8 A6IAeMCsL NPOYHOCHIb
U YCMOUYUBOCMb OCHOBHBIX HECYWUX DIIeMEeHMO08 Oepesanno2o Kapkaca. Kak nokaszvieatom ucciedosa-
HUsl, O0OUMbCA 3HAYUMENLHO20 YBENUUEHUs NPOYHOCIU U YCINOUYUBOCMU 0EPEBSHHBIX CIMOeK KapKaca
MOJICHO BKIOUEHUEM 8 pabomy OOUWUBOK, 8 MOM HUCE 3a CHem NPUMEHEHUs COB8UL0YCIMOUYUBLIX MeXa-
Huyeckux cesase. B pabome npusooumcs memoouxa u pe3yrbmamsol UCCICO08AHUSL KPUMUYECKOU CUIbL
071 0epeAHHbIX pebep, paboOmarwux 8 cocmase CmMeHO8bIX NaHenell Uil 00beMHbIX MOOYyell CO8-
MmecmHo ¢ obwuekamu. [Jus pearuzayuu NOCMABIEHHOU 3a0ayu UCHONLIYEMCA Meopus COCMABHbIX
cmepoicei A.P. Pocanuyvina.

Kniouesvie cnosa: mooynvroe domocmpoenue, 0epessaHHblll KapKac, MexanuyecKue coeoute-
HUsL, RPOYHOCTb, YCMOUYUBOCHIb, JHCECMKOCHb, NOOAMIUEOCHIb.

STABILITY OF WOOD—-COMPOSITE PANELS WITH VARIABLE
PARAMETERS OF MECHANICAL CONNECTORS

POPOV E.V.}, KARELSKY A.V.!, RUSLANOVA A.V.! STOLYPIN D.A.1,
LABUDIN B.V.!, MELEKHOV V.I.1, TOROPOV A S.?

'Northern (Arctic) Federal University n.a. M.V. Lomonosov, Arkhangelsk, Russia
2\/olga State University of Technology, Yoshkar—Ola, Russia

Abstracts. Employment of wood in housing construction constantly increases. Special interes is
observed in modulus housing, in which the most part of construction production, finishing and engi-
neering equipment is performed on factory. Basically, the height of such buildings is limited to 2...3
floors, but sometimes can be up to 5 floors. Foreign experience showes that the number of storeys of
such houses can be increased to 7 floors. Structures on a wooden frame can be corresponded to the
third degree of fire resistance and CO fire class. These indicators allowes to build buildings up to 5
floors in height in Russia with their division into fire compartments. The determining factor of number
of floors in frame houses is strength and stability of main bearing elements of wooden frame. Significant
increase of strength and stability of the wooden racks of the frame achieving with including claddings
by shear-resistant mechanical connectors using is shows in studies. The article presents the methodolo-
gy and results of the study of the critical force for wood ribs, working with claddings in wall panels or
bulk modules. To accomplish the task, the composite rods theory of A.R. Rzhanitsyn is used.

Keywords: modulus housing, wooden frame, mechanical connectiors, strength, stability,
stiffness, compliance.
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Beenenue

Pa3Butne 6a3pl MaTepraioB U KOHCTPYKIIMI HA OCHOBE APEBECHUHBI 00YCIOBUIO HE TOJIBKO
TEXHUYECKYI0 BO3MOXKHOCTh, HO ¥ SKOHOMHYECKYIO 11€JIeCO00pa3HOCTh MPUMEHEHHS B 3/aHUSX U
COOPYKCHHSIX Pa3IMYHOrO Ha3HAYEHUS PEOPUCTHIX MaHeel CTeH U 00beMHBIX Moayael [1-10].
Haubonee spko mpenMyInecTBa TakuX MmaHesei (PUCYHOK 1) MpOSIBISIFOTCS TIPU COBMEIIIEHUU UMH
HECYIIUX U OTpaKIaronnX QyHKIUH, KOTa OCHOBHbBIE MPOI0JIbHBIE peOpa BHIIOIHSIOT POJIb CTO-
€K, a OOIIIMBKY BBIMTOJHSIOT POJIb OTPAXKICHHIA.

[ToBBICUTH HECYIIYIO CIIOCOOHOCTH CTOEK BO3MOXKHO 3a c4eT 3(()EeKTUBHOI'O BOBJICUCHUS B
paboTy maHenu OOIIMBOK, /Ui Y€ro TPaJAUIIMOHHO MPUMEHSETCS KECTKOE KIeeBOe COCTUHECHNE Ha
rpanuiie «pedpo—obmmBka» [11, 12, 13]. B 1o ke BpeMs, MpUMEHEHHE KIIEEBbIX COCTUHEHHUH OIIY-
THUMO YCJIOXKHSET TEXHOJOTMYECKHUI MPOLiEcC TPOU3BOJICTBA CTEHOBBIX ITAHENEH, YTO IPOTUBOPEUUT
OCHOBHO HJiee MPUMEHEHHUS TaKUX KOHCTPYKIIUN — MPOCTOTE U HU3KOM ce0ECTOMMOCTH MPOU3BOI-
cTBa. P51 mpoBeEHHBIX SKCIIEPUMEHTAILHO—TEOPETUUECKUX UcciaenoBanui |14, 15] nokaszan ue-
71ec000pa3HOCTh yueTa OOMIMBKYU MPH KPeIieHuH e€ K pedpaM ¢ UCHOJIb30BaHUEM OIATIUBBIX Me-
XaHUYECKUX CBs3ei. B KauecTBe MEXaHMYECKUX CBS3EH MCMOJB3YIOTCS TBO3/IM, BUHTBI, CKOOBI HIIH
KOMOHMHHUPOBAHHBIE COEMHEHUS Ha OCHOBE KOI'TEBhIX Imai6 [ 14, 15—18].

OpHako B IpeACTaBICHHBIX pabOTaX paccMaTpUBAIOTCS IPEUMYILECTBEHHO H3THOaeMble
MAHEJH, U BOIPOC BIIMSAHUSA MOAATIUBOCTH CBSI3€H HA MPOYHOCTh U YCTOWYUBOCTH CHKATBIX CTOCK
TpeOyeT MPOBEACHHS JOMOTHUTEIHHBIX UCCIIEIOBAaHHN.

Monaean 1 MeTOAbI

[Ipu urxxeHepHOM pacyeTe peOpPUCTHIX MaHEe Ha IEPEeBIHHOM KapKace JOMYyCKaeTcsl pac-
CMaTpUBaTh NMPUBEACHHBIC TABPOBHIE WM IBYTaBPOBbIE CEUEHUS, I/Ie OOIIMBKH BBICTYNAIOT B POJIU
nosiok. HopMmanbHble HanpspbKeHUs, HANPaBIECHHBIE BJOJIb OCH IMAHENH, BO3HHMKAIOIIHME B IOJIKaX,
OyayT UMeTh HauOoJblllee 3HaUCHHE Y pedep U YMEHbIAThCSA IO Mepe yAajaeHus oT Hux. B cepe-
JTUHE OOIIMBKH HaIpsDKEHUs OyayT MMETh MUHUMAalbHbIE 3HaueHus. [losTomy B pacuer ciemyer
BBOJUTH HE (PAaKTUYECKYIO0, 2 YMEHBIICHHYIO PUBEICHHYIO ITUPUHY OOIIMBKHU (PUCYHOK 2), KOTO-
past OIpeaeNsieTcsl ¢ Y4ETOM TOTO, YTOObI 3HAYCHHS] HaWOOJBIINUX MPOJOIBHBIX HAMPSKCHUH IS
(aKTUYECKOTO U MPUBEACHHOTO CEUEHHUs OKa3adnch paBHbIMH [19].

[podonsHble

BHYmpeHHas
odwubka

MexaHu4eckue
coeduHeHus

Ymenaumenb

BcnomozamenbHble
pedpa

odwubka

Pucynok 1 — Peopucmasn 0epegoKoMno3umnan cmenosas nanes
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MexaHu4eckue
coeduHeHus b
/‘\/ od,red /‘v
— M 7 W X 7
P =3 —_ \/};\
& & & - & .
N
i | | R i 7 7l < I .
1 1 1 — S 7 1 : —
By By By Oy
braw Do req=Dnan"Kred
1
a) 0)

Pucynok 2 — Cxema pacuemnozo npueedeHHozo ceueHus nanenu:
a — (akTHIECKOE TTOIIEPEUHOE CEYCHHE; 6 — PaCYETHOE CEUCHHUE

Cornacio HopMm [20] BO3MOMKHOCTH MOTEPH YCTOHYMBOCTH IIpU pacyeTe LEHTpalb-
HO—C)KaThIX CTEP)KHEH YUUTHIBACTCS BBEACHUEM KOA((UIIMEHTA POIOIBLHOTO U3ruba, u3 yCIOBUS:

<R, ®

Fpac ’ ¢
rae F — pacuerHas miom@aap MOMEPEYHOTO cedeHus; ¢ — Kod((UIMEHT MPOJOJIBHOTO U3rHoa,
OTIpeIeIIsIeMbIid TT0 GopmyIie:

O-K
Q= R—p (2)

C
IJle Oxp — 3HAUEHHUE CXKMMAIOUIMX HAIPSDKEHUH, COOTBETCTBYIOUIMX MOTEPE YCTOMUUBOCTH (KPUTH-
yeckoi cuie Nip).

Jnsa onpenenenus ko3dduumenTa npogoabHOro u3ruda HeoOXOAMMO OINPENENIUTh JI0JIH0
Harpy3Kku, NPUXOSAIIYIOCS Ha CTOHKY IpH ACUCTBUM KPUTHYECKOW CHIBI Nyp. 3amuinem cuctemy
YPaBHEHHH TPEXCIONHOIO COCTaBHOIO IeMeHTa [21, 22]:

T n
— =AT +ALT, + Ay
1
In : (3)
f_ = AT+ AT, + Ay

2

riae 7i — ycunus B IBaX COCTaBHOTO CTEPIKHS,
Ajj, Aiy — K03 PULIMEHTHI TPU HEU3BECTHBIX;
Aio — cBOOOIHEIE YIEHEI;
& — k03 HUIMEHT KECTKOCTH CBsi3eil cABHUTa B I—OM IIIBe, onpeesnsiemble o popmyie (12).

2 2
Ay = - + - + A Ay = L"’ e : =0y = 1_+—clc2 ;o (4)
E-4 FE,-A, XEI E,-4, ZXEI E,-4, ZXEI
0 0 0 0 0 0
=N, N N, N M™-c ’ N, N N, N M -c, (5)

A10 = A20 =
E, -Al E, -A2 YEI E, -A2 E, 'As YEI

rne E1, A1, E3, A3 — MOAYNb yIpyrocTd M IUIOLIA/Ib CEYEHUS Hapy>KHOW M BHYTpPEHHEH OOIIMBOK
COOTBETCTBEHHO; FE2, A2 — To ke, peOpa; Ci, C2 — paccTOSHUE OT LIEHTpa TSHKECTH HapyX-
HO¥/BHYTpeHHel oOmmMBKM 10 1.T. pebpa cooTserctBenHo; N’ — mpoponbHas Harpyska Ha i—blid
anement; M® — cymMmapHEIif n3rubarommii MOMEHT OT BHeIIHei Harpys3ku; LE| — m3ruGHas xect-
KOCTb CTEPXKHsI C HYJIEBOH JKECTKOCTBIO II0B CABUIa.
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Tak kak paccMaTpuBaeM Cillydyail HEHTPaJbHOTO CXKATHs M YYUTHIBAEM IPHUIIOKEHUE BHEUI-
Hell Harpy3kM Ha CTOMKY C nepepacnpezeaeHueM e€ Ha OOLIMBKU TOJBKO 3a cYeT paboThl MEXaHU-
YecKHX CBs3eil, B JaibHeHuX pacyerax nosnaraem, uto M= N% = N%=0.

Cucrema ypaBHeHHH (3) MOXKeT ObITh NMpEACTaBIE€HA JBYMs HE3aBUCUMBIMHU YpPaBHEHUSIMHU

JUTs1 00OOIIIEHHBIX HEM3BECTHBIX YCHUIIUH B MIBax 712 :
-|__1=ﬂ,127_"1+ﬁl; 1_—2=ﬂ.22f2 +Ez, (6)

rae Ri2 — o0oO0ImieHHbIe HArpy30uHbIE YICHBI, ONpeAesieMble BhIpakeHUus MU (7);
A, XapaKTEPUCTHUECKUE YHCIIA, ONpeiensieMble 1o (8).

Ri=1J&A,,C080+.JEA,SiNg;  Ro=—[EA,SiN@+.[E,A, cosg, (7)
1
11,2 = \/E(flAll + §2A22 * \/(§1A11 - ngzz)z + 4Afz 152 ) (8)

OyHKIMH 0000IIEHHBIX HEM3BECTHBIX YCUIIHH B Bax 71 U T2 UMEIOT BU:

T:=Ash(4x)+ Blch(zlx)+jRl(t)sh[z1 -(x—t)]dt;
° ©)

T2 = Ash(24x)+ Bzch(ﬂix)+j' R, (t)sh[4, - (x—t)]dt.

s nepexona oT QpyHKIMIA T1uT2 K CABUTAIOLIAM yemnusam T1(x) u T2(x) ucmosib3yeM BbI-
paxeHHs:

Ty(x) = J& -c0s@-T1i—\[& -sing-T2; T,(x) =&, sing-T1+[&, -cosg-To. (10)

Yron ¢ onpenensiercs 1o GopmyIe:

Q= arctg (Mj (11)
- Alz
KoadduineHTs! xeCTKOCTH IBOB &j ONpeenseroTcs no Gopmye:
£ = n;” ’ (12)
c8,i
TIE Cci — KOAPQPUIMEHT )KECTKOCTH COSTMHEHHUI B I—TOM ILIBE, ONPEIesieMblii SKCIIEPUMEH-

TaJlbHO;

S¢,i — Iar coeMHeHM; N — KOJIMYECTBO MPOIOIbHBIX pedep.

[Toncrasiss Beipaxenus (4) u (12) B (6) u uHTErpupys MpaByro YacTh BhIPAXKEHUM, MoTyda-
eM:

(V& A -cosp+JZ, - Ay -sing)-(ch(4X) -1)

T1(x) = 4 Sh(Ax)+ Beh(Ax) — 7 , (13)
= 220" /S Ay S -(ch -1
T2(x) = Ay S h(A,x) + B,ch(A,x) — (\/5_ S 0059 \/Eg S'w) (chi%) 1) . (14)

[Tpon3BoabHBIE TOCTOSIHHBIE Ai M Bi OnpeenstoTcs U3 rpaHUYHBIX YCIOBUN (CABUTaIOLIUE YCH-
JMsI Ha oropax 6e3 MpensTCTBUM cABUrY paBHBbI 0):

x=0-T,(0)=T,(0)=0; x=1>T,(1)=T,(1) =0.
[Toncrapmnsist rpaHnYHBIE yeloBHs B BeIpakeHus (13) u (14), momyqaem: B1=B>=0,
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A~ JE A, cosg-(1-chld) +/& Ay sing-(1-chl 2,

A2 -shlq, ; (15)
&y, cos-(1-chl, )~ \JE A, sing-(1-chlA,) (16)
A= A2 -shl4, '

IToncranoska 3HaueHnit A1 1 Az B (13) u (14), a 3aTeM NOJyICHHBIX 3HAYCHUN B BBIPAKCHUS
(10) maeT BO3MOKHOCTH ONPENICIUTh CIIBUTAIOIINE YCHIIUS i B TFOOOM CEYCHUH IO BBICOTE CTOHKHU.
HopmanbHbie HanpskeHust B pedpax onpeaenstorcs no Gopmye:
1(-T+7, M, 058

o,=—
P A I

p » P

, (17)

rae Mp — MOMEHT B pebpe, BOSHUKAOIIMIL 3a cyeT paboThl CBSI3eH CABMra, OIpeaeseMslii o Gpop-
mysie (18) (ans cummerpudHoii Tpexcoitnoii manenu Mp=0);
Np — KOJIMYECTBO MPOJIOJIBHBIX pedep.
(T-a+T,¢,)-E, -1

M =- L. 18
g 2El (18)

Hns onpenenenus 3HaueHUus Ny pacCMOTPHUM IMaHENb KaK COCTAaBHOM 3—XCJIOMHBINA CHKAThIN
CTEP)KEHb, HAPYKHBIMH CIIOSIMH KOTOPOTO SBJISIOTCS OOIIMBKU, & BHYTPEHHUH CIIOH — MPOJIOJIbHbIE
pebpa (pucynok 3). CBsi3AMHU CIBUTA B IIBaX SIBJISIFOTCS MOJATIWBBIC (TBO3IH, BUHTHI, CKOOBI) CO-
enunenust. CornacHo [21] 3anumem cucremy auddepeHnnanbHbIX ypaBHEHUH COCTaBHOTO CKATOTO
CTEPXHS C YUETOM MPOJI0JIBHOIO U3ruoa:

T, "/ G =AnT +A,LT, + Aly y+Ay
T, & = AT +A,,T, + Ay Y+Ay (19)
INCY = AT +A T, +A Y, +A,

31ech:
2

0 SN° 0
_ 2N ¢, A =—( ); Ay0=—ZN M°, (20)

A, =A,
Y 2El 2El

YT SEI
rze Yy — nporud 3JeMeHTa;
>No — cymMMapHasi Ipo/10JibHas Harpy3Ka Ha MaHellb.

[Tockonbky Mo=0, koaddunmentsl Aio u Ayo paBHbl 0, cucrema onHopoaHa. E€ pemenuem
apnserca 17i=0, y=0. OgHako, Mpy HEKOTOPBIX CYMMapHBIX 3HAYEHUAX MPOIOJIbHOWCUIIBI OJHOPO/I-
Hasi CHCTEMa HMMEET pelICHHUs, OTIIMYHBIE OT HYJSA, KOTOPBIE COOTBETCTBYIOT (hopMaM IOTEpH
YCTOMYMBOCTH C)KAaTOIO COCTABHOTO CTEPKHS. DTH 3Hau€HHs] CyMMapHOW MpoaosibHOM cuibl XNo
SBIISTIOTCS. KpUTHYECKUMH. [Ipy MIapHUPHOM ONMMPaHWU KOHIIOB CTOMKH T'PAaHHUYHBIMH YCIOBHSIMHU
oynyt: x=0 Ti=0—Yy=0; x=I—Ti=0, y=0. Cuctema auddepeHranbHbIX YpaBHEHHI TPH 3TUX Tpa-
HUYHBIX YCIIOBUSIX UMEET perierue [21]:

T, =a;sin yx; y=a,sin yx, (21)

rae y =kz /1, k — nenoe momaoxurenpHOE YUCIIO, yIUTHIBaIONEE GOPMY MTOTEPH YCTONYHUBOCTH;

@i, Oy — IOCTOSIHHBIE KO3(pPHULIUEHTHI.
[Toncrasmss Beipaxkenus (21) B (19) u cokpaias Ha sinyX MoJy4aeM CUCTEMY YpaBHEHUM:
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2 0

Y4
A11+?1 a1+A12a2 +ﬁ 1C¥y =0

2 0
N
AZlazl + AZZ + /z;— a, + ﬁczay =0 . (22)
2

2
Nk SNC (=N°)
—Ccao, +—C.a, + —+ZNO 2 a =0
sEl 24T 3E 2% T T 2%

Pemenue 3Toi 0JHOPOAHON CHUCTEMBbI OOBIKHOBEHHBIX YPaBHEHUH, B KOTOPOH HE3aBUCHMBbI-
MU SIBJISIOTCS Qli, Oy OTJIMYAETCS OT HYJIS TOJBKO TOI/A, KOTJA €€ ONpEeesIUTeNb paBeH Hymto. Co-

Kpallasi CHCTEMY Ha (2N0)2 / SEl, mosy4aem ypaBHEHHUE:

(All +1° /51) App G
Ay (Azz + 2 /fz) C, =0. (23)
c, , | ZE1+ 7 (1) /2N°]

PackpbiBas ompeznenurenb OTHOCUTENbHO XNo, MojydyaeM BBIpKEHHUE Ul OIpeesIeHUs
kputnueckoi criibl Nip=2No:

N =-— ZZZEI 2 .(14 * Zzé:lAll + 12§2A22 + 61504, — §1§2A122) (24)
T (2 (PEEN — G2 &, + EALSEN + EA,ZE) - |

—&&, - (CEA + A, =26, A, — A ALTE] + AL PSEN )

MuHUMaTbHBIC 3HAYCHUS] KPUTHUYECKOM CHJIBI TTONTy4YaroTest TIPU K=1, 4TO COOTBETCTBYET M3-
ru0y CTOMKU 1O OJTHON MOTYBOJIHE CHHYCOU/IBI.

Pe3yJII>TaTLI HCCJICI0BAHUA U UX AaHAJIU3

PaccMoTpuM CTeHOBYIO MaHenb Ha JEpeBSIHHOM Kapkace, pazmepamu 1,0%x3,0 m, ¢ Tpems
poJoNBEHEIMU peOpamu (cocHa/enb [23]). PeOpa mapHupHO 3aKperniieHsl o kKoHiaMm. CedeHne pe-
6ep 40x100 m. O6muMBKa coeJMHEHa ¢ peOpamMu MOAATIUBBIMU MEXaHNUYECKUMHU cBsi3siMU. Ha pebpa
MaHenau JeWCTBYeT MpoJojbHAs CKUMAIOIAsi Harpyska, nepefaBaeMasi ¢ BBIIIECTOSALINX MaHesel
0e3 aKcleHTpucuTeTa. PaccmarpuBaeM maHenu ¢ IByXCTOPOHHUMH OOIIMBKaMH TOJIIUHOW 12, 15
u 18 MM u3 opueHTHpoBaHHO—CTpYXeuHbIX MIUT OSB/3 [24], dhanepbl KOHCTPYKIIMOHHON MapKu
OK [25] u uementHo—ctpykeunbix mauT LICII [26]. Onpenensiem 3Ha4eHUs KpUTHIECKON CHUIIBI U
KO3 QHUIHUEHTHI TPOAOIBHOIO U3ruda B 3aBUCHUMOCTH OT JKECTKOCTHU CBS3€H, TOJIIMHBI U MaTepua-
na obmmBoK. Pacyernas mupuna oommBku coracHo [20] cocraBisier 0,90,=0,9 m. Pesynabrats
pacuera KpuTuueckoi cuiibl |Ngp| mpeacTaBiensl Ha rpadukax Ha pucyHke 3. 3HaUSHHs IPUBOAATCS
Ha 1 peOpo. Kputnueckas cuna nmpu E=0 ompenenena ans pedpa 0e3 ydera 0OMMUBOK, MO GpopMyIie
Olinepa.

[IpencraBieHHas METOAMKA MO3BOJISIET ONPEAETUTh 3HAYCHHE KPUTHUECKOW CHUJIIBI TSl pe-
0ep, BXOAAILINX B COCTAaB CXKATBIX JEPEBOKOMIIO3UTHBIX CTEHOBBIX MaHenel. [locie ompeneneHus
3HaYeHUH KpuTudeckor cuiibl |Nyp| 0 Gpopmyiie (2) MOKHO onpenensTb KodpUIUeHTh TPOaA0b-
HOro u3ruba ¢ ¢ yuyetroM paboThl OOLIMBOK B COCTaBe MaHeNH, U 1o ¢opmyne (1) mpou3BoauTh
YIPOILEHHBIN MHXEHEPHBIN pacdeT TAKMX KOHCTPYKIUH.
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Pucynok 3 — 3asucumocmu |Nyp| 012 00H020 pedpa om ryncecmxocmu ceéazeil, KpenaAujux

obwiueKy k peopam: a — oowuexu uz OSB; 6 — OK; 6 — L{CII; 1 — tos=12 mm; 2 — to=15 mm; 3 — tois=18 mm

VY4er o0mmBKH B paboTe pedep MmpH CKATUU MO3BOJISIET MOBBICHTH MPOYHOCTh U YCTOWYH-
BOCTb KOHCTPYKLIMU. B 3aBUCUMOCTH OT ’KECTKOCTH MEXAaHMYECKUX CBA3EH yBEIMYEHUE KpPUTHYE-
CKOH CWJIBI YCTaHOBJICHO 110 62% ¢ obmmBkamu n3 OSB; no 69% npu obmmBkax u3z ®K u mo 64%
npu obmmBkax u3 LICII. U3 rpadukoB Ha pucyHKe 3 04E€BUHO, UTO YBEITMUEHHUE KECTKOCTH CBsA3EH
C/IBHUTa JAaeT 3HAUYMTEJbHO O0NbIINN IpupocT 3HaYeHUH [Np|, UeM yBeTndeHHe TOIUHBI OOLINBKH.
Tak, Opu yBeITHYEHNH KEeCTKOCTH coemuHenuii oT 0 10 10000 kH/M? m03BONsET yBEIHUUTE 3HAYE-
HUs [Ngp| Ha 52...69%, B TO Bpemsl KaK yBeJIMUEHHE TOJIMHBI OOMUBKY B 1,5 paza (¢ 12 1o 18 mm)
— Ha 6...8%. Vcnonp3oBanue oOMIMBOK M3 (aHepsl AaeT HauOoIbInuil 3G dekT yBemmueHus |Nip|,
1o 4,5% no cpasuenuto ¢ OSB, no 2,6% — ¢ LICII.

BriBoasbl

1. IlpencraBiaeHHas METOAMKA MO3BOJIAET YTOYHMTH HaNpsHKeHHO—Ae()OpMUpOBaHHOE CO-
CTOSIHME CTEHOBBIX MaHEJEeH Ha JEPEBSIHHOM KapKace U OlpeIeIUTh 3HaUeHHE KPUTHUYECKON CUIIBI C
Y4€TOM BOBJICUEHHBIX B pabOTy OOIIMBOK, COEIUHEHHBIX ¢ peOpamMH NOJATIMBBIMU MEXaHUYECKH-
MU CBSI3SIMH.

2. Y4er ABYXCTOPOHHUX OOIIMBOK B paboTe pedep Mo3BOJSAET 3HAUUTEIBHO YBEIUYUTD 3HA-
yeHue Kputuieckon cuibl [Nyp|. Haubonbiiee yBenmuueHune kputruueckoi cuibl [Nip| HabmogaeTcs
IIPU MOBBIIIEHUH JKECTKOCTH MEXaHMUYECKUX CBS3EH CABMra, Kpemsiiux oOIIMBKY K pedpam. YBe-
JTMYeHNE TONIIMHBI OOMIMBKH, a Tak ke npuMeHsemMblii Matepuan (OSB, K wmu LICIT) maet Bech-
Ma HEe3HAYUTENbHbIN AP PEKT.

3. JIns moBBIIEHUS] TPOYHOCTH U YCTOMYMBOCTH CTEHOBBIX JE€PEBOKOMITO3UTHBIX MaHEJIEH
CIIeIyeT, B IIEPBYIO OYe€pe/lb, YMEHBIIATh NOJATIMBOCTh MEXaHUYECKUX COEJAMHEHHUH Ha TrpaHule
«pebpo—0oO0IIMBKa», YTO MOXKET OBbITh JIOCTMUTHYTO KaK IpPUMEHEHHEM Oojiee CIBUTOYCTOMYMBBIX
CBsI3€H, TaK U YMEHbBIIICHHEM IlIara uX pacCTaHOBKH.
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PECTABPAIIUSI BOJOHAIIOPHOM BAIITHU
HMWKHE-BBIKCYHCKOI'O 3ABOJIA

MAMUH A.H.}, KOJBIII ».H.}, EPIIIOB M.H.2, FOBPOB B.B.5, POVIIY A.B.!

1AO «IH1UIIpom3nanuii», r. Mocksa, Poccust
2000 «IICII «KuHy, r. Mocksa, Poccus
3MockoBCcKuii roCcyIapCTBEHHBIN CTPOMTENbHBIH yHUBEpCUTET, I'. Mocksa, Poccust

Annomayus. Paccmampusaromea npobaemvl coxpanenus 00beKma KyIbMypHO2O HACIeOus
«Booonanopnas bawmns Huowcne-Buvikcynckoeo 3a600a» (AO «BM3») u 8osmoscnocms e2o pecmaspa-
Yuu u nepemeyenus 8 YeHMpanbHyr yacms 2. Buikca. B cmamve npusedena ucmopus co3oanus u sxc-
nayamayuu 6000HANOPHOU OAWIHY, Pe3yTbMAmbl KOMIIEKCHO20 HAYYHO20 UCCAe008AHUSA, NPOBEOEHHO20
6 2018 200y, exnrouarouieco HamypHoe o6ciedosanue, npu NPOBeOeHUU KOmopo2o bvliu 3aguxcuposa-
Hbl MHO2OYUCTIEHHbIE OeheKmbl U NOBPENHCOCHUs MeMAIUYecKux Konempykyuti. Haubonee onachvie u3
HUX — wenesas u 21yb0Kas A36eHHAA KOPPO3UA Y3108 U daemenmos bawnu. Ilpedcmaenenst pesynoma-
Myl NPOBEPOUHBIX PACUEMO8, KOMOpble NOKA3AMU, YO NPOYHOCMb U YCTHOUYUEOCHb bauHU 00CMa-
mouna. B cmamve npusedenvt pexomenoayuu no pasbopke, pecmaspayuil 1emMenmos nepemewyaemozo
8 YyenmpanvHyio uacme 2. Bvikca coopyocenus memooom a1azepHoli HanaasKky u nociedyouel ux coop-
Ke, Komopble nO360IAM COXPAHUMb IMOM YHUKANbHBIE NAMAMHUK UHICEHEPHOU MbICTU.

Knroueeuvie cnosa: 3000Hanopna;l 6amH}l, KOoppo3us, 060]16()0661HM€, pecmaspayusl, HanjiasKkda.

RESTORATION OF THE WATER TOWER NIZHNYAYA-VYKSA PLANT

MAMIN A.N.}, KODYSH E.N.}, ERSHOV M.N.2, BOBROV V.V.3, REUTSU A.V.1

1JSC “TSNIIpromzdany”, Moscow, Russia
2000 “PSP “KiN”, Moscow, Russia
3 Moscow State University of Civil Engineering, Moscow, Russia

Abstracts. The problems of preservation of the object of cultural heritage "water Tower of the
lower Vyksa plant" (JSC "VMZ") and the possibility of its restoration and moving to the Central part of
Vyksa are considered. The article presents the history of the creation and operation of the water tower,
the results of a comprehensive scientific study conducted in 2018, including a full-scale survey, during
which numerous defects and damage to metal structures were recorded. The most dangerous of them —
slit and deep ulcerative corrosion of nodes and elements of the tower. The results of verification calcu-
lations, which showed that the strength and stability of the tower is sufficient, are presented. The article
presents recommendations for disassembly, restoration of elements moved to the Central part of the city
of Vyksa construction by laser cladding and their subsequent Assembly, which will preserve this unique
monument of engineering.

Keywords: Water tower, corrosion, inspection, restoration, surfacing.

Beenenue

B 2018 r. aBTOpamu ctaTh ObLUTH POBEIEHBI HCTOPUKO-apXUBHbBIE U HATYpHBIE HCCIIEI0BA-
Hus (00CiIeIoOBaHUsS METALTMYECKUX KOHCTPYKIHMM) 00BEKTa KYyJIbTypHOTO Haciemus «Bomompo-
BOJIHAs OalIHs», pacloiokKeHHOro Ha TeppuTopud AO «BBIKCYHCKHI METalTyprudeckuii 3aBoa
(manee - AO «BM3») c 1enbio BBISBIEHUS TEXHUYECKOIO COCTOSHUS OallHU, pa3paboTKU peKo-
MEHJIAlU{ 110 €€ BOCCTAHOBIICHUIO U PECTaBpalli, a TAKKe ONPEIEIICHUS] BO3MOKHOCTH Iepeme-
uiennst Bogonanopuoit 6amrau ¢ repputopun AO «BM3» B ieHTpanpHYI0 YacTh ropoaa Brikca.

Boponanopnas GamrHs B T. Bblkca siBIsieTcss OTHUM U3 COXPAHUBIIMXCS COOPYXKEHUH, MO-
CTPOEHHBIX MO CHUCTEME BBIJAIOIIETOCA PYCCKOro mHkeHepa Bmagummupa ['puropeeBuua Illyxosa
(1853-1939), Ha3BaHHOTO COBPEMEHHUKAMH «POCCUICKUM DIMCOHOM», «IIEPBBIM WHXeHepoM Poc-
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CUHCKOU UMIIEpUN» U «4enoBeKoM-hadpukoit». [Ipoussenenus lllyxoBa mopaxkanin HOBAaTOPCTBOM
MHXEHEPHBIX PEIICHUH U HENPUBBIYHOM JIETKOCTHIO BO3BOAUMBIX KOHCTpykIuil. K Havany XX Be-
Ka OHHU CTaJIi 3aMETHOH JeTalIbI0 IIPOMBITIeHHOTO JaHamadTa Poccnn [1, 2].

Ceroans Tonbko B Huxeropoackoii 061acTu BBISIBICHO HE MEHEE ILIECTH COOPYKEHUH, CBS-
3anHbIX ¢ umeneM B.I'. Hlyxosa [1, 3]. K ux uuciay oTrHocuTcs ObIBIIAs BOJOHANOPHAS OalliHs,
pacnojoKeHHas Ha TEppUTOPUN BBIKCYHCKOr0 METallTypruueckoro 3aBoja.

Cornacno [Tacnopty uctopuu u xkynetypsl 1976 roga (Apxus YI'O OKH Huskeropoackoit
obnactu, coctaButenb - apxutekTop A.B. Kocumpia [4]) Bogonanopras Oamrsst B T. Beikca sBiisi-
JIaCh MaMITHUKOM apXUTEKTYPHI C 0OIIIEH OIICHKON 00IIeCTBEHHOM, HAYYHO-HCTOPUIECKON U KYJIb-
TYpHOH 3HAUUMOCTH KakK "MaMATHUK CTPOUTEIBCTBA COBETCKON MHyCTpUH'".

Ha cerogusimauii neHp OaliHs sBIsSETCS 00bEKTOM KyIbTYpHOTO Hacienus (MaMsITHUKOM
UCTOPUHU U KYJIBTYpHI) (he1epaabHOro 3HAUCHUSI.

4 i .
™ -

Pucynox 1 — Booonanopuas 6awns ¢ Ilonubuno Pucynok 2 — Booonanopnas éawins Bblkcyncxozo
(noo Jluneyxom). @omo P. I'peghe, 1989 2. [7] Memannypzuieckozo 3aeo00a. Oouyuii uo.

Domo A.B. Kocuywvina, 1976 2. [4]

KoHncTpykuus BooHanopHsIX OamieH Obu1a pa3pabotana B koHe XIX B., korja "k npoek-
TaM 3/1aHUH, CBSI3aHHBIX C OJAaroycTpoiCcTBOM TOPOJOB OTHOCHUJIIMCH HE KaK K MPOU3BOJICTBEHHBIM
COOPYKEHHSIM, a C XapaKTEPHBIM Ul apXUTEKTYphl TOTO BPEMEHH MOJX0A0M, pacCMaTpuBas UX B
1LIE€JIOM C TOYKH 3PEHUs HOBU3HBI U OPUTHHAIBHOCTU KAaK apXUTEKTYPHOE COOpYyXKeHue. ... B Hu3Ko-
STaXHBIX ropojax Poccuu BBICOTHBIE HAmMOpHbIE OAalllHU, MadTbl, MasKWd JOJDKHBI OBUIM CTaTh
yKpaiieHueM ropoja. Bee 310 moOykaano NpOoeKTHPOBIIMKOB UCKAaTh OPUTMHAIBHBIE KOHCTPYK-
TUBHBIE pEIIEHUs] BHEIIHUX (HOpM INPH CO3/JaHUM HOBBIX COOpyxeHMi..." [5]. BrnepBbie BomoHa-
MopHasi OamrHs TUnepOooJONIHOTO TUIA OblTa TmocTpoeHa Ha Hwmkeropomackoit BeicTaBke 1896 T.
Bamus ¢ 6akom ayist Bojbl obbemMoM 114 M3, ycTaHOBIEHHOM Ha BBICOTE 26 M, MMeNa HABEPXY
CMOTPOBYIO ILIOA/KY. bamHs Oblia npogaHa nomemuky-mMeneHary HeaaeBy-ManbleBy u nocie
3aKpBITHS BBICTaBKU TiepeHeceHa B ¢. [lombouHo Jlumenkoit obmactu (cm. pucyHok 1) [6]. Kon-
CTPYKIIMS OKa3ajach OYEHb HAJIEKHOM M OTHOCUTEIILHO HEIOPOTOH, YTO MOBJIEKIO OOJIBIIOE KOJIHU-
YECTBO 3aKa30B, B UTOTe OBLIO 3aPOEKTUPOBAHO U MOCTPOCHO HECKOJIBKO COTEH MOI00HBIX OalleH.
[Ipumenennsiit B. I'. [llyxoBeIM B KOHCTPYKIIUSX OAallleH MPUHIUI YCTAaHOBKH MPSIMOJHUHEHHBIX
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CTepXHEH MO MOBEPXHOCTU THIEPOOTHUECKOTr0 MapadoIon/ia O3B0 JOOUTHCS HE TOJIBKO TEeX-
HOJIOTUYECKON M KOHCTPYKTHUBHOU 3(PPEKTUBHOCTU MPUHATHIX PEIICHUI, HO U BechbMa MpUBIIEKa-
TEJIBHOTO CBOCOOPA3HOTO BHEIIHETO BU/IA.

B 2018 roay IIponsBoacTBeHHO-CTpoUTENIbHBIM npeanpustueM "KadectBo n Hagexuocts"
u uactutyToM AO « THUHNIIpomM3nanmii» ObLIM MPOBEICHBI KOMIUIEKCHBIE HAyYHBIE HCCIIEOBAHUS
[0 COXPaHEHHIO 00BEKTA KYJIbTYPHOTO HACIEAMS, BKIIOYAIOUINE HCTOPUKO-apXUBHBIE U HHXKEHEP-
HO-TEXHUYECKUE UCCIIEJOBAHMSL.

PesyabTaTsl HcciienoBaHui

bamins B r. Beikca npencrasiser co00l cTanbHyo perierdaryto onopy. CoopyxeHue uMeet
BU/JI IOBEPXHOCTH TrUIepO0JION1a BPALIEHUS, CPE3AHHOIO0 HEMHOT'O BbIIIE TOPJIOBOro Kpyra [8], u3-
HavyaJIbHO TOJIEPKUBAIONINN Ha BBICOTE 28,8 METPOB OKpY)KCHHBIM O00XOJIHOM rajepeeil MacCHB-
HBIM WIMHAPUYECKUI pe3epByap Ulsl 3araca BOJbl, MUTAIOLIEH Liexa 3aBoja (cM. pucyHok 2). He-
CYLILYIO cucTeMy OamHu cocTaBisoT 50 MpsAMBIX CTEP’KHEH (CTOEK) U3 YTrOJIKOB IEPEMEHHOIO ce-
yenust (140x120x14 u 120x11), HaKJIOHEHHBIX B ABYX IPOTHUBOINOJIOXKHBIX HANpPABICHUSIX U 00pa-
3yrolux runep6onous BpameHus. CTONKY BHEIIHEro psijia, Ipu B3IIJE CHApPYXKH, HAKIOHEHbBI B
IIpaByIO0 CTOPOHY, BHYTPEHHETO - B JIeBY10. Kaxk/1as u3 croek 3aKpydyeHa BOKpPYT CBOEH OCH Tak, 4TO
M0JIKa PO CTOMKH, B KaX10M TOUKE IO BBICOTE, PACIOI0KEHA B KacaTelbHOH K runepoosion-
Ny IUIOCKOCTH. IIpOCTpaHCTBEHHYIO >KECTKOCTh KOHCTPYKIIMM OOECIEYMBAIOT T'OPU3OHTAJIbHBIE
KOJIbLIa, pacroyioKeHHble ¢ marom 1,2...1.95 M 6e3 npuBsA3KU K y3/1aM nepecedeHus croek. IIpo-
MEXYTOYHBIE KOJIbIIA BHIIOJTHEHBI H3 OJMHOYHBIX (PaCOHHBIX dy1eMeHTOB (yrosok 100x10, mBemnep
Nel0) win B BUzie TJIOCKON peIIETYaTOM KOHCTPYKIMU U KPEHATCS K CTOMKAaM ABYMS 3aKjeNKaMu
yepe3 ckoOy win yroyiok 75x8. BepxHee onmopHoe KOJIbIO AuaMeTpoM 7,47 M BBITIOJIHEHO U3 JABYX
YTOJIKOB, CO€IMHEHHBIX B BUJIE TABPOBOI'0 ceueHUs. B ypoBHE BepxHEro KoJibla moJ pamoil u3 pa-
JMAJIbHO PACIIOJIOKEHHBIX JBYTaBpoB Ne28 CMOHTHpOBaHA paclpeneauTelIbHas KOHCTPYKLIHUS,
obecrieyrBaBIlasi paBHOMEPHYIO Iepeiady Harpy3kH OT JHa pe3epByapa Ha cToiku OaiHu. CToiiku
yepe3 (aCOHKHM ONHMPAIOTCS HAa HIDKHEE OMOPHOE KOJBI[O TaBPOBOTO CEUCHHS M3 ABYX YTOJIKOB
140x10, ntuametp xoabia 14,6 M. OnopHOe KOJIBIO KpenuTcs K pyHJAaMeHTY aHKepHBIMU 0O0JTaMu,
YCTaHOBJICHHBIMU HAINPOTHUB CTOEK. Bce coeTMHEHUs 3IeMEHTOB MPH CTPOUTENHCTBE BBITOJIHEHBI
Ha 3aKJIENKaX, B MPOIECCe IKCIUTyaTallui OTACIbHBIE KOJIbLIA U CTOMKH YCHJIEHBI C IPUMEHEHUEM
cBapku. B nenTpe runepbosona pacronaraeTcsi BUHTOBAs JIECTHULIA, KOTOpas Bejla K pe3epByapy.
OmnopHoe KOoJIb10 OalIHK BHIMOJIHEHO B Xkene300eTone. DyHAaMeHT BBIMOJHEH U3 OyTOBOM KIIaJKH
Ha MIyOMHY 2,75 M OT ONOPHOIO KOJIbLA, UpHHA NogomBkl pyHaamenta 1,585 m [9, 10]. O6mas
BBICOTA COOPYKEHHUS C YUETOM pe3epByapa U3HAYAIBHO COCTaBIsia okojo 40 m [4].

CrpoutenscTBO 6aIHU MPorcxo1uiIo B 30-€ To/Ibl IBaALIaTOTO BEKa, KOTAa OBbIBIINE 3aBObI
barameBpix, HallMOHATU3WPOBAaHHbBIE MMociie peBosmonuu 1917 roma, B Xxole MHIyCTpHATIU3ALUU
CTpaHbl MOABEPIVINCH PACUIMPEHUIO U PEKOHCTPYKLHNH, XOTs B CMCKax rOCyJapCTBEHHBIX MaMsT-
HuKoB Huxeropoackoil o0nactu coopykenue natupyercst KoHioM XIX Beka [11]. ABtopsl [3, 12]
CKJIOHHBI CUUTATh €€ 00pa31ioM HHKEHEPHON MBICIIU MepBOi 4eTBepTH XX BeKa.

Opnaxo, kak cinenyeT U3 «lloscHUTETbHON 3alMCKU K TEXHUYECKOMY MPOEKTY BOJOHAIIOp-
HoOW GamHK" GamrHs Oblia 3ampoekTupoBaHa B 1932 roay, moctpoiika 3Toil O6amHu Obula HayaTa B
1933 rony, ctpouTtenbHbie pabOThI MPEINUCHIBAIOCh OKOHYHUTD K TpeTheMy kBapTany 1937 rona.

[To npyruM MCTOYHUKAM, «IIyCTUTh B paboTy OamrHio Ha HoBoM 3aBoze» MiiaHupoBaioch |
okTs10ps 1934 roga, oAHAaKO MO pa3IMYHBIM IPUYUHAM CPOKU He ObutH coOmtoaeHs! 3, 13, 14].

Hctopuk H.C. 'onyGeBa yrounsier, uro Oamnsg B 1937 r. He ¢pynkunonuposana [15]. Ot-
CYTCTBOBAJIM TUIOMIAKA IaTpa u Tpyoomposo [15]. He paborana bamns u rogom mo3xe, 94To OT-
MedeHo B [lacnopre BrikcyHckoro mertammypruueckoro 3aBoaa 1938 roga [16]. B rogossix oTue-
tax 3a 1940-1947 ronpl BooHanopHas OalIHs TakkKe 3HaYMJIach B pa3Jiesie O 3aKOHCEPBUPOBAHHOM
U BPEMEHHO NPUOCTAHOBJICHHOM (TIPEKPALIEHHOM) CTpOMTENbCTBE. /laToil KOHCepBaluM yKaszaH
1934 ron [3, 17].
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BBoj OamrHu B 3KCIUTyaTalMio MOCE AJIUTENLHOTO Mepruoia KOHCEpBAllud COBNAN C Haya-
JIOM HOBOT'O KPYITHOTO 3Tana B KM3HU BBIKCYHCKOTO METAJTyprudeckoro 3aBojia - MOCIEBOSHHON
PEKOHCTPYKIIUU MPEANPHUATHS (IPOSKT U CMETa yTBEpKIeHbI B ceHTsA0pe 1950 rona) [3]. Pacmouo-
KUBIINCH B F0)KHOW 9acTU 3aBOJICKON TEPPUTOPHH, HA ydacTKe Oyin3 ceBepHOro Oepera HuxHero
npyzAa, BOJIOHANOPHAs OallHs cTaja JOMUHUPYIOLIEH MOCTPOWKONW BCEro MPUIIETarollero paioHa,
OJTHAKO 10 CBOEMY HA3HAYCHHIO MCIIOJIb30BAJIaCh HEONITO. PecTaBpalimoHHBIX padoT Ha OariHe He
MIPOBOAMIIOCH, BUHTOBAS JIECTHUIA B HIDKHEM YPOBHE 0OCTpamBaiach KUPIUYHBIM TaMOypoM (CM.
PHUCYHOK 2), KOTOPBIN OBUT BIIOCEICTBHH Pa3o0paH.

IIpu odepenHol peKOHCTPYKIMHU 3aBojaa B 1970-e roapl mpeAnosiarajioch CHECTH BOJIOHA-
MOPHYIO OalIHIO, YTO OTMeueHO B lacmopTe namMsTHHKA UCTOPHH U KYJIbTYphl B 1976 rony [4].

B naugane 1980-x rooB BHOBB OBLI MOJHAT BOIIPOC O AEeMOHTaxe. Pemennem npencenarens
KOMHUTETA TI0 OXpaHe MaMSATHUKOB KYJIbTYPBl U apXHUTEKTypbl Anekcanapa Kozepaackoro OamrHio
TOTJa YAAJIOCh COXPaHUTh.

Ha py6exxe 70-80-x rofoB mpomwioro Beka OalHs mepexuia moxap. PesepByap 1uist Boabl
ObL1 yTpadeH. B moxkape cropeiu 1epeBsiHHbIC YaCTH COOPYKESHHSI.

B pesynbrare HEeymauHOM MOMBITKU JEMOHTa)a C IIeJIbI0 TIepeHoca OamHu (B CBSI3U C TeX-
HOJIOTUYECKUMU TPYAHOCTSIMH), TTOBPEKIEHbI KOHCTPYKIIMUA KperuieHus: crepxkHei. [ns ycrpane-
HUS TOCJEICTBUIN MONBITKY ""pa3pe3aTh HAa YaCTU U MEPEeHECTH" MPOBOJIUINCH BOCCTAHOBUTEIbHbBIE
paboTHLI.

[TepexxuB k koHIy XX BeKa ATUTENbHBIN MEPUOA KOHCEPBALIUHU, MOXKApP U MOMBITKA AEMOH-
Taxka, OalIHs MepecTaja UrpaTh poiib OJHOTO M3 OMMO3HABAEMBIX OPUEHTHUPOB MPOMBIIUICHHON 30-
HbI, HO BCE-TaKU COXpaHMJIA CBOM XapaKTepHbIi 00JHMK (CM. pucyHOK 3). B mocnemyromiee Bpems
PEMOHTHO-BOCCTAHOBHUTEIIbHBIX pa0OT HE MPOBOAMIOCH.

Hecmotps Ha To, yTO OamHs sBIsSETCS 00BEKTOM
KYJIbTYpPHOTO HacleAusi, OHa HEJOCTYyIHA JJII MacCOBO-
rO MOCELIEHUS.

Astopamu ctatbu B 2018 r. mo pe3ynbraram
MIPOBEJICHHOTO MMM OOCIIeJIOBaHMSI, HA OCHOBAaHUM aHa-
nTu3a cOOpaHHBIX MATEPUATIOB U C YUYETOM Pe3yJbTaToOB
MIPOBEPOYHBIX PACUETOB pa3padOTaHbl PEKOMEHAAINU
M0 BOCCTAHOBJICHUIO HECYIIUX KOHCTPYKIIMM, Ompene-
JIEHUIO BO3MOXKHOCTH NEpEeHOCca U JalbHEHIIel pecTas-
paiuu 00BeKTa KYJIbTYpPHOTO HACJIEAHs U MOATOTOBJIE-
HbI UCXOJIHbIE JaHHBIE O COCTABE M TEXHUYECKOM COCTO-
SSHUM KOHCTPYKTHUBHBIX DJIEMEHTOB JUIsI Pa3pabOTKU
MIPOEKTa NEPEHOCA U MOCIEIYIOLIEN peCTaBpaLIMH.

B mpouecce nHatypHOro oO0OcienoBaHus ObLIH
BBHITIOJTHEHBI 0OOMepHBIE PadOThl M 3a(UKCHPOBAHBI Xa-
pakTepHble aedexTsl u noBpexacHUus. OCHOBHbIE Je-
dekTh 1 oBpexaeHs «BogoHanopHoit OanrHm:

-sI3BE€HHAs1, CIUIONIHAS TIOBEPXHOCTHAs M IIejie-
Basi KOppo3us (cM. pucyHku 4, 5 u 6);

-JIOKQJIbHBIE M OOIIHe TMOTHOBI 3JIEMEHTOB (CM.
PHUCYHOK 7);

-OTCYTCTBHE OTJIETBHBIX aHKEPHBIX OOJITOB M 3a-

Pucynox 3 — Booonanopnas 6auns
Buikcynckozo memannypzuueckozo 3agooa. KICTIOK,
Oobuuii 6uo. 2018 2. -CJIeJIbl BOCCTAHOBUTEIIBHOI'O PEMOHTA,

-pa3pylleHuEe CBapHbIX IIBOB YCHJICHUS KOH-
CTPYKUHUH (CM. PUCYHOK 8);
-pa3opBaHbl WIKA JEMOHTHUPOBAHBI PACTSKKU MEKY JECTHUIICH U KOJIbIIaMU OallTHY;
-CKBO3Hasl KOPPO3US AJIEMEHTOB TEXHOJIOTUYECKOU JIECTHUIIBI.
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Pucynox 4 — A36ennasn Koppo3us, KOppo3us nAMHAMU Pucynok 5 — Il]enesasn u nogepxHocmuas Koppo3us 6
Ha I1emenmax Konvya (21youna Koppo3uu 00 2,5 mm) V314X CIbIKA 006A304HBIX KOJ1Ely N0 6HYMPEHHEMY U
éHeuiHeMy pAdam nooKocoe (enyouna kopposuu 1 mm)

Pucynox 6 — Il]enesasn koppo3us 6 y3ne KpenjieHus Ho2u Pucynox 7 — Ilozubb Konvya co cmpenoii nocuou
(enybuna koppo3uu 00 4 mm) 00 100 mm

Pucynox 8 — Paspywienue ceéapnuix ui606 coeounenus
JIUCMO8 YCUTIEHUA C ITIeMeHmaM KO1byd.
1Ll]enesasn koppo3sus (21yéuna koppozuu 00 2 mm)

HauGomnpIryto omnacHOCTh At pabOTOCTIOCOOHOCTH AJIEMEHTOB OAIllHHU MPECTABISET IIese-
Basi Koppo3usi. [IpogyKThl KOPPO3MH PACIUPAIOT COCEAHUE DIIEMEHTHI Ha BeIH4YHHY 10 20 MM,
BCJICJICTBHE YEro MPOUCXOMAAT jAedopMaIiiy 3JIeMEHTOB U pa3pylIeHUe 3akjenok. [1oBpexaeHue
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AJIEMEHTOB B MecTax 00pa30BaHHUs LIEIEBOM KOPPO3UU MPOUCXOAUT UHTEHCUBHEE, YEM Ha COCEJ-
HUX Y4acTKax U JOCTUTAET 4 MM, YTO COOTBETCTBYeT He MeHee 30% TONIIUHBI CONPSATraeMoro dJe-
MEHTA.

[Tpu HaTypHOM OCBHAETEILCTBOBAHUM CTPOUTENIbHBIX KOHCTPYKIMI «BoaoHanopHoil Oari-
HuU» B 2018 r. 3aMETHBIX U3MEHEHUN TEXHUYECKOTO COCTOSIHHUS U T€OMETPUHU IJIEMEHTOB O00BEKTa
oTHOCcUTENBHO oOcnenoBanus 2016 r. [10] He BBISBICHO.

Pacuer Boponamopnoii OamHu npu oOciiefoBaHMM ObLI BBIOJIHEH Ha JIEHCTBYIOIIHE B
Hacrosiiiee BpeMs Harpy3ku (06e3 yuera maccsl pesepByapa) ¢ yuerom CII 20.13330.2016 «Harpys-
KM M BO3ZeHCTBUs». ['eomeTpruyeckrue XapaKTepUCTHUKU MMONEPEYHOr0 CEYEHUS AJIIEMEHTOB OallHu
MPUHSTH IO HAUMEHBIIIUM 3HAYEHUSM 00MEpOB. MeTaur HEeCyIuX KOHCTPYKIUN OamrHu HEOHO-
POJIeH MO XUMHUYECKOMY COCTaBY U MEXaHUYECKUM XapakTepucTukam. [Ipu BbIMOIHEHMS MpOBe-
POYHBIX PAaCUETOB PACUETHOE CONPOTUBIIEHHE CTAIH CTOEK IPUHATO Ry=196 H/MM2,

Haubonee HarpyXeHHbIMH KOHCTPYKLHUSMHU SBIISIOTCS HIJKHHE YYacTKHU CTOEK OalllHu, a
TaKKe BTOPOE OMOPHOE KOJbIT0 (ceueHneM u3 mBeiiepa Nel() cunras oT ocHOBaHMsI OalTHH.

[TpoueHT HCmoNb30BaHMsI HECYyIel CIIOCOOHOCTH B AJIeMEHTax OaliHu He mpeBbimaer 14%
[0 pacyeTy Mo MEPBOM Ipymnmne NpeAesbHbIX COCTOSHHUI. Pacder mo BTOpoWl rpymmne npenesibHbIX
COCTOSIHMI MOKa3aJl, 4YTO BO BCEX 3JIEMEHTaX OalllHWU, KPOME OT/EIbHBIX 3JIEMEHTOB KOJEl| yCuile-
HUS, IPUBAPEHHBIX K OCHOBHBIM OTMIOPHBIM KOJIbIIaM, HEOOXOJUMbIE YCIIOBHS BBINIOJIHEHBI. [IporieHT
WCII0JIB30BaHUSI HECYIIEH CITOCOOHOCTH BO BCEX AJieMEeHTaxX OalrHu He npeBbimaeT 63% 1o pacyery
M0 MECTHOM YCTOWYMBOCTH.

KoaddurmenT 3anaca o0meit ycToiunBoCTH Kapkaca Oamrau coctaBmi K = 63.

Komruiekc mpoBepovHbIX pacueToB MOKa3al, YTO MPOYHOCTh U YCTOMUMBOCTD OAalllHU, C y4e-
TOM yJaJeHHUS U3 PACUETHON CXEMbl CHJIBHO TOBPEKICHHBIX Y3JI0B U YYaCTKOB 3JIEMEHTOB KOH-
CTPYKIUI OalllHu, JOCTATOYHA JJIsl BOCIIPUATHS ACUCTBYIOIIMX HA MOMEHT 00CJIeI0BaHUSI HATPY30K
OT COOCTBEHHOTO BeCa, CHErOBOW, TOJIOJIEAHON M BETPOBOW HArpy30K, TEMIIEPAaTypHOTO BO3ICH-
CTBHUSL.

Boponanopnast OamHs Obuta CIIPOEKTUPOBAHA HA HArpy3KH NMPEBOCXOMISIINE CYIIECTBYIO-
IIFe Ha MOMEHT 00CNeIOBaHuUs, ITO 0OCTOSITENLCTBO OOBSICHSIET 3amac Mo MPOYHOCTH U yCTONYHU-
BOCTH KOHCTPYKIIMHU OAIllHH, ONTACHOCTh OOPYIIEHUSI OCHOBHBIX KOHCTPYKIIUNA OTCYTCTBYET.

Ho mpouiecc pa3BuTHS 11e7I€BOM KOPPO3UU MPOAOKAETCS, YTO BBI3BIBAET YXY/IICHHUE TEX-
HUYECKOTO COCTOSIHUSI KOHCTPYKIIUN U C TEUSHUEM BPEMEHHU MPHUBEIET K aBAPUHHOMY COCTOSIHHIO U
pa3pylLIeHHIO OCHOBHBIX HECYIIUX KOHCTPYKIUi BomonanopHoit 6amrsu.

BriBoabI

Jlnst TUKBUAAIIMY CYIIECTBYIOLIEH IIEJIEBOM KOPPO3HH U HCKITFOUECHUS €€ JaJIbHEHIIEro pa3-
BUTHS HEOOXOIUMO pa3o0paTh y3JIbl CONPSKEHUM, OUUCTUTD CKPBIThIE TOBEPXHOCTH M 00ECIICUUTh
UX aHTUKOPPO3HOHHYIO 3amuTy. st pa300OpKH Y3JI0B CONPSHKEHUH HEOOXOAWMO MEXaHHYECKH
YIQINTh CYLIECTBYIONIME 3aKiIenku. [Topsiok pa3dopku, KOHCTPYKIIMM BPEMEHHBIX OIOp, BCIIOMO-
raTeibHbIe YCTPOMCTBA U MEXaHU3MBI, 00ECTIEYHBAONINE COXPAHHOCTh IIEMEHTOB OAalTHH HEOOXO0-
IUMO pa3paboTaTh B pabodel TOKyMeHTaluu. PekoMeHyeTcss B cocTaBe BPEMEHHBIX OIOp pas3pa-
00TaTh KOHCTPYKITMIO MEPEHOCHOTO Ma0IoHa Tl (PUKCAIMK CYIMIECTBYIOMIETO (PaKTUIECKOro pac-
MIOJIOKEHMS B IPOCTPAHCTBE AJIEMEHTOB coopykeHus. HeoOXoauMo TMKBUIMPOBATh MEXaHUUECKHE
MOBPEXICHHS JETaNel W 3JIEMEHTOB, BOCCTAHOBUThH WJIM 3aMEHHTBH DJIEMEHTHI, HMEIONINE 3HAYH-
TeJbHbIE MEXaHUYECKHE MM KOPPO3HOHHbBIE MOBPEXKJICHUS. YUHUTHIBAs BBIABICHHYIO HEOJHOPO/-
HOCTh XHMHYECKOT'O COCTaBa CTAJM MPH MPUMEHEHUH CBAPKU MPEIyCMOTPETh aHAJIH3 CBAPUBAEMO-
CTH BOCCTaHABIMBAEMbIX 3JIEMEHTOB. BoccTaHOBNIEHHE TeOMeTpUUECKON (OPMBI CEUEHUH dIeMEeH-
TOB PEKOMEH]IyeM BHIMIOHATH Ja3epHON HAIUIaBKOH MOPOIMIKOBOTO MeTauia. [logo0Hast TexHOoo-
I'Msl HIMPOKO NMPUMEHSETCS] B MAIIMHOCTPOSCHUH U MMEET Psiji IPEUMYIIECTB 10 CPaBHEHHIO C JIpY-
TUMHU CIloco0aMy HapalMBaHUs MeTauia (BO3MOXHaA JIOKaJIbHasi 00paboTka MOBEPXHOCTH, 00Opa-
60TKa aeranell 60bIIMX rabapuToB, 0OpabOTKa Ha HYKHYIO TTTyOMHY; MUHUMH3ALMS 30HBI TEPMHU-
YEeCKOTO BJIMSIHUS, OBICTPBIM HarpeB W OCTHIBAaHHME HAIUIABISIEMOTO Marepuaia; 00pa3yemMoe MOKphI-
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e 3G(HEKTUBHO MPOTUBOCTOUT KOPPO3UH; MUHUMAIILHOE TMEPEMEIIMBAHIE OCHOBHOTO U HAIlIaB-
nsieMoro matepuaina) [18]. Taxke mpu mpoBeneHHH padoT HEOOX0IUMO O00ECIIEUYUTh AaHTUKOPPO3H-
OHHOE TOKPBITHE TTOBEPXHOCTEH BCEX METAJUTMUECKUX IJIEMEHTOB OamrHu. OOpaTHYIO COOPKY CO-
OpY>KEHUS cielyeT MPOU3BOIUTH MOCIE PecTaBpalliy JIEMEHTOB OallHu U Aetaneil y3ioB. COopka
MOJKET OBITh BBHIMOJHEHA KaK HA CTApPOM MECTE, TaK U Ha HOBOM IUIOIIAJIKE C COXpaHCHHEM H3Ha-
YaJlbHbIX TEOMETPUUYECKUX ITaPaMETPOB OTAENIbHBIX AJIEMEHTOB U COOPYKEHUS B IEJIOM.

PazpaboTranHbie pekoMeHJaluu 10 pecTaBpanuu BogoHanopHoii 6amHu mo3BOJISIT HE TOJIb-
KO COXPaHUTh 3TOT YHUKaJIbHBIA MaMATHHUK, HO U MEPEHECTH €ro B LIEHTPAIbHYIO YacTh I. Brikca,
BKJIFOUMB B aHCAMOJITb ycaIeOHO-TIPOMBIIIUICHHOTO KoMIutekca baramenbix-11leneneBpix.
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VK 624.04 DOI: 10.33979/2073-7416-2019-81-1-76-84

AHAJIN3 ®AKTOPOB, BBI3BIBAIOIIIUX HEOBXOANMOCTb
YCWJIEHUA KE3E30BETOHHBIX KOHCTPYKIIUIA

CHUMAKOB O. A.

HanunonaneHelil necnenoBaTeslbckuii MOCKOBCKUI TOCYIapCTBEHHBIN CTPOUTEIbHBIA YHUBEPCUTET, I'. MockBa, Poccus

Annomayusn. Paspabomka npoekmog Kax HOB020 CHPOUMENbCHEA, MAK U NPOEKNO8 PEeKOH-
CMPYKYUU CYwecmeylouux 30aHutl U COOPYACEHUll mpebylom yuyema pucko8 CeA3aHHbIX C NpouU3800-
cmgom pabom u nociedyiowei sxcnayamayueti. Oyenka Gakmopos, npuseoutux K Heodxooumocmu
nposedenUs peMOHMHO-80CCIMAHOBUMENbHBIX PADOM CIMPOUMENbHBIX KOHCMPYKYUL, NO380aUm 0bpa-
MUmeb HA HUX HEOOXOOUMOE GHUMAHUE U YYecTb MU akmopsvl npu NPOeKmupo8anuu 1 nposedeHuu
pabom. B cmambe npueedenvl YUCieHHble OAHHble, d MAKJICe Pe3yibmantbl AHAIU3A NPUYUH, NPUGEO-
WUX K HeoOX00UMOCmu 80CCMAHOGLEHUS/YCUNICHUSL HCELe300EMOHHBIX CIPOUMENbHBIX KOHCMPYKYUTL
CYuecmeyouux 30aHUll U COOPYICEHUL, HOBbIX, HA CMAOUU CIMPOUMENbCMEA, U HAX0OAUUXCS 8 IKC-
nayamayuu (aHamus npogedeH no OaHHuLIM HA 576 pedanbHbIX 00beKmos, mpedyoujux npogederus pe-
MOHMA U YCULEHUs. CMPOUmenbHblx Koncmpykyuil). Ilposedena cmamucmuyueckas 06pabomra no KoH-
KpEemHbIM MUNam u 2pynnam 06beKmos, cOoelamnbl COOMBEEemcmsyouue bl800bl.

Knrouesvie cnosa: eoccmanosnenue uecywjelri cnocooHocmu, OWUOKU NPOEKMUPOBAHUSL,
pemonm 6emona.

ANALYSIS OF FACTORS CAUSING THE NEED FOR STRENGTHENING
OF REINFORCED CONCRETE CONSTRUCTIONS

SIMAKOV O. A.

Moscow State University of Civil Engineering, Moscow, Russia

Abstracts. The current realities of the development of projects of new construction and recon-
struction of existing buildings and structures are also require taking into account the risks associated
with the production of works and subsequent operation. Evaluation of the factors that lead to the need
for repair and restoration of building structures, will allow them to pay the necessary attention and take
into account these factors in the design and conduct of work. The article presents numerical data, as
well as the results of the analysis of the reasons that led to the need to restore/strengthen the reinforced
concrete structures of existing buildings and structures, new, under construction, and in operation (the
analysis is carried out according to 576 real objects that require repair and strengthening of building
structures). Statistical processing on specific types and groups of objects is carried out, the correspond-
ing conclusions are drawn.

Keywords: restoration of bearing capacity, design errors, repair of concrete.

B HacTosfIee BpeMsl aKTUBHO Pa3BUBAIOTCSI TEXHOJIOTMH 110 BOCCTAHOBJIEHUIO U YCHIIEHUIO
KeJIe300€TOHHBIX KOHCTPYKIUH CYIECTBYIOIIMX 3/IaHUI U coopykeHuil. [loHnManue npu4uH npu-
BEAIIUX K HEOOXOJMMOCTH JaHHBIX PEMOHTHO-BOCCTAHOBUTEIbHBIX MEPOIIPUATHI MTO3BOJIUT HOBBI-
CUTh TEXHUKO-DPKOHOMHUYECKHE MOKa3aTeNln CYLIECTBYIOIIUX METOJIOB YCUJICHUS KeJe300€TOHHBIX
KOHCTPYKLHUH, a TAK)KE YBEJIUYUTh MEXPEMOHTHBIN MHTEPBAI U CPOK DKCIUIyaTallud JAHHBIX KOH-
crpykimii [1-6].

s onpenenenust (pakToOpoB, BBI3BIBAIOIIMX HEOOXOIUMOCTbh YCHJICHHS KEJIe300€TOHHBIX
KOHCTPYKUUH, ObUT MPOBEJEH aHalu3 576 pealdbHbIX OOBEKTOB, JaHHBIE TIO KOTOPHIM OBbLIU MOJY-
YeHbI B XOJI€ 3alPOCOB HA YCHUJIEHHE/BOCCTAHOBJICHHE KOHCTPYKIIMHA CO CTOPOHBI 3KCILTyaTHPYIO-
IIMX U CTPOUTENbHBIX OpraHU3alii, a TaK)Ke U3 OTKPHITBIX KOHKYPCHBIX JTOKYMEHTAIUM (UCIOJb-
30BAJIMCH JAHHBIE TOJBKO NPU HAIMYMM B HUX PE3YJIbTATOB 0OCIEIOBAHUN CYHIECTBYIOIIHUX KOH-
CTPYKUUH C YeTKUMHU OJIHO3HAYHBIMU BBIBOJAMH U PEKOMEHIAIIUSIMU ).

76 Ml (81) 2019 (aneapo-ghespans)




Teopusi HH)KeHEPHBIX COOPY:KeHHi. CTpouTeIbHbIe KOHCTPYKIIMH

B xone Hacrosmiero mccienoBaHUS BCE paccMaTpuBaeMble OOBEKTHI ObLTH pa3/eleHbl Ha
CIICAYIONINE TPYIIIBI IO ()YHKIIMOHAILHOMY Ha3HAYCHUIO:

- 3/IaHUS KUIIbIE, OOIECTBEHHBIC U MIPOU3BOICTBCHHEIC,

- CIIeIIMAJIbHBIC 3/IaHHS U COOPYIKEHHS,

- MOCTHI;

- MAJIO3TAXKHBIC KHUIIbIC 3/IAHHSL.

JIist KaXKI0i U3 TPYII TPOBOAMIICS aHAIW3 MPUYUH, BCICICTBUE KOTOPBIX TpeOyeTcs Mpo-
BEJICHUE PEMOHTHO-BOCCTAHOBUTEIILHBIX MEPOIIPUSATHIA.

B pesynbrare aHanu3a UMEIONIMXCS JaHHBIX OBUTH BBIJCIICHBI OCHOBHBIC MPUYMHBI IPOBE-
JICHUST YCUJIEHUS CTPOUTEIILHBIX KOHCTPYKIHi [7-11]:

- OIMMOKY TPOCKTUPOBaHUS (HE BEpHAs pacueTHAsl CXeMa, CXeMa Harpy»KeHHs, WCXOTHBIC
MIPOCKTHBIE TAHHBIE, HE YYET OTBEPCTHUH 1101 KOMMYHHKAIIHH);

- OIIMOKYM TIPOU3BOICTBA padOT (3aHMKEHHBIN KJIacC OETOHA, OTCYTCTBHE YXOja 32 OETOHOM
BO BpeMsI TBEPJICHUS, OIIMOKU apMHUPOBAHU);

- IOBBIIIEHUE MPOCKTHBIX HATPY30K;

- paspylieHue KOHCTPYKIIMU B Pe3yJIbTaTe dKCILTyaTauu (KOPPO3Hs apMaTyphl U pa3pyiie-
HUe 0eTOHA B XOJI€ IKCIUTyaTallii KOHCTPYKIIHH);

- UHBIC BHECUCTEMHBIC TPUYMHBI (HE MPOCKTHBIC MEXaHUYECKUE BO3NICHCTBYS, aBapHH ).

[Tomumo aHaNM3a MPUYUH HEOOXOIUMOCTH YCUIICHHUS, TPOBOIWICS aHAIH3 110 TOAY BBEC-
HUS 37aHKs (COOPYKEHHSI) B OKCILTyaTanuto. Eciii mpoBouiiack peKOHCTPYKIIHS, TOJ] BBOJIA B IKC-
TUTyaTaIMio MPUHUMAIICS TI0 3aBEPIICHUN PEKOHCTPYKIUU. DaKTUYECKUe 3HAUCHHS TTPUBEICHBI 10
CPOKY DKCIUTyaTallii ¢ MOMEHTA BBOJIa COOPYKEHHUSI.

Kunele 37aHUST U COOPYXKEHHUS OTJIIMYAIOTCS OT OCTAIBHBIX COOPYKEHUH HOPMAIbHBIM
YPOBHEM OTBETCTBCHHOCTH, IIUPOKUM YPOBHEM PACIIPOCTPAHCHHS U MACCOBBIM CTPOUTEILCTBOM. B
KAaueCTBE MPOSKTHBIX M CTPOUTEIHHBIX OPTaHW3aIMil BHICTYIIAIOT MHOTOYHCIICHHBIC OPTaHU3AIUH C
Pa3IMYHBIM OIBITOM IPOEKTUPOBAHUSI U CTPOUTENHCTBA aHAJIOTHYHBIX 00BEKTOB. ObIee Konnye-
CTBO 3JIaHU JAHHOTO THIIA, IO KOTOPHIM IMPOBOIWIICS aHam3, - 331,

OO01mure gaHHbBIE 110 JAHHOM TpyIIe MpuBeaeHBI B Ta0M. 1.

Tabmuual — [IpuunHBl HEOOXOIUMOCTH YCUIICHHS/BOCCTAHOBIICHUS
JKUJIBIX 3JITaHUN U COOPYKEHHUU

KonumdecTBo 31aHmi 10 ToiamMm
[TpruanHa HEOOXOUMOCTH yCHITe- Oouee ko-
HUSA/BOCCTAHOBJICHHUS osee 20 et | 10-20 er | 2710 | MeHEES | uvecrro
et et

OLIMOKH MPOEKTUPOBAHHUS 12 25 37
OIMMOKU TPOU3BOCTBA PABOT 7 35 57 99
TIOBBIIIEHHME POEKTHBIX HATPY30K 21 23 17 30 97
paspyleHne KOHCTPYKIIMH B Pe3yJIbTaTe 9KC- 35 38 18 5 93
TLTyaTaluH
VIHbIE BHECHCTEMHBIE TPHUMHBI 1 3 1 5
O0u1ee KOJIHYECTBO 63 68 85 115 331

['paduuecku pacnpeneneHne NPUUrH, MPUBEIIINX K CHUKEHUIO IKCIUTYaTallHOHHBIX
CBOMCTB 3/IaHUI U COOPYKEHUI JAHHOTO BUJA MpUBEAECHO Ha puc.l. To ke ¢ pacnpeneneHuem no
CPOKY 3KCIUTyaTalluy IPUBEIECHO HA pUC. 2
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W OWWEKH NpoOeKTUPOBAHWA
B OWMGKN Npon3eoacTea pabor
NOBEILEHWE NPOEKTHRIX HArPYaoK
W pa3pyWEeHWEe KOHCTPYEUKMK B pe3yNbTaTe 3KCANyaTayuun
B 1HEIE BHECUCTEMHEIE NPWYWHEI

Pucynok 1- Pacnpedenenue npudun Heo0X00uUMOCmU YCUIEHUSA/B0CCIMAHOGTEHUA
CIPOUMENbHBIX KOHCMPYKYUILL HCUTIBIX, 00U{ECIEEHHBIX I NPOU3E00CH 6EHHBIX
30aHUTL U COOPYIHCEHUT

[lo nanHBIM qUarpaMMam BHJIHO, YTO OCHOBHBIMHU NMPHUYMHAMHM, IPUBEAIINMH K HEO0OXOaU-
MOCTH TMOBBILICHHUS] HECYIIEeH CHOCOOHOCTH KeJIe300€TOHHBIX HECYHIMX KOHCTPYKIHUH Yy JTaHHOTO
TUTIA 3/1aHUH, SBISIOTCS OIIMOKHM MPOW3BOJACTBA PadOT M IMOBBIIMICHUE NMPOEKTHBIX HArpy30K (IO
30%). OmmOKu Ha CTPOUTENBHON IIOMIAAKE SBISIOTCA, KaK MPaBUIIO, PE3yIbTaTOM HU3KOIO Kade-
CTBa MPOU3BOACTBA pabOT. B OCHOBHOM 3TO HECOOTBETCTBHUE Ki1acca OETOHA IPOSKTHOMY, HapyIle-
HUE TEXHOJOTHMH Mpu OETOHHPOBAHUH, OTCYTCTBHE yXOJa 3a OCTOHOM B IEPHUOJ] TBEPIACHUS U
OLIMOKYU IIPU apMUPOBAaHUU (TI0JIOKEHUE apMAaTypbl HE COOTBETCTBYET HOPMaM U IIPOEKTY, CEUEHUE
apMaTyphl M IIar MpeBbIIIaeT MPOEKTHOE 3HaYCHHE, HEeKaueCTBEHHAs CBAapKa apMaTypPHBIX CTEpK-
Hel). JlanHble OmMOKY BBISBIISIIOTCS TIPU CTPOUTENILCTBE (TEXHAI30POM) U B TIEPBBIC TOBI IKCILTY-
aTanuu (BU3yallbHbIE MPOsiBieHUs NedekToB). [[oBbIIeHHEe TPOEKTHBIX HArPy30K XapaKTepHO IS
CYIIECTBYIOIIUX 3JaHUI TPU U3MEHEHUH (PYHKIIMOHAIBHBIX Ha3HAYCHUH MMOMEIICHUH (KaK MpaBu-
710, YCTAaHOBKA TSKEJIOr0 000pyI0BaHUs, BCTpauBaHUe aHTpecosiel U meperiaHupoBkax). Konnye-
CTBO 3/IaHUH, B KOTOPBIX HEOOXOMMO YCUJICHUE CYIIECTBYIOUINX KOHCTPYKIIMI MPUMEPHO OAMHA-
KOBO paclpesiesisieTcs 1o rojiam, 3a UCKIIOUYEHUEM HOBBIX OOBEKTOB, B KOTOPBIX JIOCTATOYHO YacTO
COOCTBEHHHUKHU BBIMIOJIHAIOT HOBBIE MPOEMbI B HECYIIUX CTE€HAX, MOHTHUPYIOT aHTPECOJH, a TaKkKe
YCTaHABJIMBAIOT PA3IMYHOE TSDKENOe 000pynoBaHHME (XapaKTepHO U OOIIECTBEHHBIX 3JaHUN).
[IpouieHT 31aHUN U COOPYKEHUH, MONYYUBIINX MOBPEKACHUS B XOJI€ IKCILTyaTalliu, COCTABISET
28% ot ofrmiero gucia TpeOyomuX ycuiaeHus 3aannid. DakTHUecKn pa3pylieHue B X0JIe IKCILTya-
TaI[MM MOXXHO OTHECTH K OLIMOKaM MPOEKTHPOBAHUS U MPOU3BOJCTBAM paboOT, MOCIEACTBUS KOTO-
PBIX BBISIBWIMCH CIYCTSl IPOAODKUTENbHOE Bpems. Kak mpaBuiio, B 3TOH TpyIine 3aHus, jKele30-
OETOHHbIE KOHCTPYKIIMU KOTOPBIX MOJIYYHIIA MOBPEXICHHS B pe3yJbTaTe KIMMaTUYECKUX U TEXHO-
TE€HHBIX BO3JICHCTBHI, a TAaKK€ BBUAY HEKAYE€CTBEHHOW WM Pa3pyLIEHHOW TMIPOU3OJISALNUH, KOTO-
past IPUBOJUT K KOPPO3UU apMaTypbl M pa3pylieHuto 6eroHa. OmnOKN MPOEKTUPOBAHUS COCTAB-
151107 11% ot obmiero uucia npuduH (24% ot o01iero 4ucia 31aHui Mepruoia dKCIUTyaTaluu Me-
Hee 5 JIeT) U BBIABIIAIOTCS B OCHOBHOM IPU MPOM3BOJCTBE CTPOUTENBHBIX paboT (Kak MpaBUIIO, B
KOHCTPYKTUBHBIX PELIEHUSX HE YUYTEHbI OTBEPCTUS IMOJ KOMMYHHUKAIIMM, TaKke 3apUKCHPOBAHbI
Clly4ad SIBHBIX OIIMOOK MpPH pacueTax), U B MepBbIe IOkl IKCIUTyaTal[il KOHCTPYKIIUNA B XOJ€ BU-
3yalbHbIX 00cnenoBaHuil. MlHble BHeCHCTEMHbBIE MPUYUHBI COCTABISIIOT 1% W mpeacTaBiieHbl MO-
CJIE/ICTBUSIMU MO>KAPOB U aBAPUNHBIMU BO3JIEHCTBUSIMU HA KOHCTPYKIIMH.

CrneunanbHble COOPYKEHMSI IPEACTaBICHbl B OCHOBHOM COOPYKEHUSMHU MOBBIIIEHHOTIO
YPOBHSI OTBETCTBEHHOCTH, YHUKAJIbHBIMU U TEXHUYECKU CIIOKHBIMH. J[JI1 TaHHOTO Kjacca Xapak-
TEpHa BBICOKAsi MHKEHEepHas MpopaboTKa KOHCTPYKTUBHBIX PEIIEHUN B CUITy pa3pabOTKU MPOEKTOB
OMBITHBIMU KOJIJIEKTUBAMH U MPOXOXKIAEHUS CHEIUANIbHBIX SKCIEPTHBIX UCCeN0BaHu. TeM He me-
Hee, ObUTH 3a(pUKCHUpPOBaHBI CIy4ad HE TOYHBIX MCXOJHBIX JaHHBIX, MPHUBEIUIMX K pa3pyLICHHUIO
KOHCTPYKLIMU U HEOOXOIMMOCTH yCHJIeHUs (00U MPOIEHT OMMOOK cocTaBisieT MeHee 5%). O0-
1€ JaHHbIE N0 JAHHOM IpyMe npuBeneHbl B Tabu. 2. Takxke, 3apukcupoBaHHBIE OIIMOKH TPOU3-
BOJICTBA CTPOMUTENBHBIX padOT — HE COOTBETCTBHUE Kilacca OETOHA MPOEKTHOMY, a TaKKe CBapKa ap-
MaTypHbIX cTepxkHel, He cooTBercTByromas ['OCT. IloBblmeHre NMPOEKTHBIX HAarpy3oK Uil JaH-
HBIX COOpPYKEHHMI He xapakTepHO (7% oT o011ero yucia NpUuYrH) U BHECUCTEMHbIE IPUYHMHBI (aBa-
pun) (12%). BmecTe ¢ TeM, 10CTATOYHO BBICOK MPOIEHT KOHCTPYKIIUMA, TPEOYIOITUX BOCCTAHOBJIE-
HUS 110 pe3ysbTaTaM HeNpaBWIbHOM sKcIutyatauuu (64%). Takol BBICOKMI MPOLIEHT 0OBsACHIETCS
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B MEPBYIO OYEPEb CIOXKHBIM HAMPsKEHHO-Ie(POPMHUPOBAHHBIM COCTOSTHUEM KOHCTPYKIIUHN U CIIe-
nu(pUYECKUMU BO3ACHCTBUSMH arpeCCUBHBIX CPEJl, YMEHBIIAIOIINX MEKPEMOHTHBIN UHTEPBAJL.

60
a0
40
30
20 IMeHee 5 net
10 5-10 net

]

owmGrm 10-20net

NpOekTHPOEaHHA owmbkm
npouIB0aCTEa NOBLILUEHHE
FEEUT NpOEKTHBIX paspyLIeHne fonee 20 net
HATPY30K KOHCTRYEL MK B MHBIE
pesyNLTaTe EHECHCTEMHEIE
IKCNNyaTaunu NpHYHHbI

Pucynok 2 - Pacnpedenenue npuuun neodXo0UMOCmu yCuieHus/60CCMAH08IeHUSA
CIPOUMENbHBIX KOHCMPYKUUILL HCUTIBIX, 00UIECGEHHBIX U RPOU3E00CHIGEHHBIX 30AH UL
U Coopycenuii no 200am

Tabnuua 2 — [IpuunHbl HEOOXOJUMOCTH YCUJICHUS/BOCCTAHOBIICHHS
CIIELUAJIbHBIX COOPYKECHUM

Kosuuecto 3manuit o rogam
[IprunHa HEOOXOAUMOCTH yCHIIe- Oowee ko-
HH1/BOCCTAHOBJICHHS Somee 20 et | 10-20 er | 2710 | MeHEES | uvecrro
JeT ner

OIIMOKH MPOSKTHPOBAHHS 2
OIIMOKH MPOU3BOJICTBA padoT 3
MOBBIICHUE IIPOSKTHBIX HATPY30K 2 1
pa3pyLIeHHe KOHCTPYKIMHU B PE3YJIbTaTe dKC- 8 6 10 3 97
[UTyaTamuu
MHBIC BHCCUCTEMHBIC ITPUYUHBI 2 3 5
Ob11ee KOJIHYECTBO 8 10 16 8 42

I'paduuecku pacnpeneneHne NpUYKH, TPUBEIIINX K CHUKEHHIO SKCILTyaTallMOHHBIX
CBOWCTB 3/IaHUI U COOPYKEHUH JAaHHOTO BUA MPUBEICHO Ha PHC.3.
B OLIMOKN NPOEKTUPOBaHNA
= OLUMOKM NpOM3BOOCTBa paboT
¥ MOBbILIEHNE MPOEKTHBIX HArpy30K
B paspyLUeHne KOHCTPYKLUW B

pesynbrarte akcnryarauum
H IHEIE BHECUCTEMHbIE NMPUYUHBI

Pucynok 3- Pacnpedenenue npudun HeooX00UuMoCmu yCuienus/60cCmanoeneHus
CMPOUmMENbHBIX KOHCIMPYKYUIL CHEYUATbHBIX 30AHUTL U COOPYIHCEHUT

Toxe ¢ pactpeielIeHHeM TI0 CPOKY AKCIUTyaTalliy TPUBEICHO Ha puc. 4
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10
a
i
4 MeHee 5 neT
< 5-10net
0
Y o
oLWNGKM 10-20 net
NpoOSKTHPOBaHHA oGk
nponsB0gcTEa NOBLIWEHHE ~ _
pafoT NpOEKTHEIX PAZPYILEHHE fonee 20 net

Harpysok KDOHCTRYELMY B HHEIE

pe3yNeTATE BHECHCTEMHbIE
IKCNNyaTayuu NPHYUHBI

Pucynox 4- Pacnpedenenue npuuun neo0xo0umocmu yCuieHusa/60cCmano6ieHus
CMpPOUmenbHbIX KOHCMPYKUUIL CREYUAIbHBIX 30AHUIL U COOPYIHCEHUT NO 200aM

B rpymnmy MocToBbIe COOpYXEHHUSI BKIFOUEHBI MOCTBHI HA aBTOMOOMIIBHBIX U KEJIE3HBIX J10-
porax, a TakKe HelIeX0AHbIe MOCTOBbIE Tiepexobl. JJaHHbIe COOPYKEHHUSI OTIINYAET BHICOKUN YpO-
BEHb NMPOPAOOTAaHHOCTH, KaK MPAaBUIIO OCHOBHBIE HECYIINE 3JIEMEHTHI SIBISIIOTCS COOpHBIMU. B 3T0ii
CBSI3M OYCHb HHU3KUH IMPOIEHT OIMMUOOK MPOCKTHPOBAHUS M Mpou3BoAcTBa padot (3% u 7% coor-
BETCTBEHHO). Takyke HU30K MPOIEHT BHECHCTEMHBIX MPUYMH (JJIs1 JAHHOM TPYIIBI 3TO aBapuu —
MOBPEX/ICHHUE MPOJIETHBIX CTPOCHUH U O10p). B MecTe ¢ TeM BBICOK MPOIEHT NMPHYUH CBS3aHHBIX C
MOBBIIIEHUEM HArpy30K U pa3pylleHUeM KOHCTPYKLUH B xone skcruryaranuu — 1o 40%. IloBbime-
HUE HAarpy30K CBSI3aHO C yBEIMYEHUE KATETOPHH JIOPOT, HA KOTOPBIX PACIIONararoTcss MOCTOBBIE CO-
opykenusi. TunoBoe pazpyiieHre KOHCTPYKLIUNA MOCTOB B XOJ€ JKCILTyaTalldd — KOPPO3Us PacTs-
HYTOH apMatrypbl U pa3pylieHre OeTOHa HM)KHEW IpaHU MPOJIETHBIX CTPOEHUIl, BBI3BAHHOE HApy-
[IEHHEM THAPOU3OJISIIMH MTOJI0THA Joporu [12-15].

OOmue naHHBIE MO JaHHOM Ipymnne mnpuBeneHbl B Tabn. 3. I'paduuecku pacnpeneneHue
INPUYMH, PUBEALUINX K CHH)KEHHUIO SKCIUTyaTallMOHHBIX CBOMCTB MOCTOBBIX COOPY)KEHUI MpHBe/e-
HO Ha PUC.5 U ¢ YYETOM pacIpeieIeH s 110 To/1aM Ha puc. 6.

Tabnuna 3-IIpuunHbEl HEOOXOUMOCTH YCUIIEHHSI/BOCCTAHOBIIEHHUS MOCTOBBIX COOPYKEHUI

KonunuectBo 3manuii mo rogam
[TprunHa HEOOXOAMMOCTH yCHIIe- Oobuiee ko-
HHSI/BOCCTaHOBIICHUS 6onee 20 ner | 10-20 ner 510 | meneeS | uyecrso
jer aer

OIIMOKH MPOEKTUPOBAHUS
OLIMOKH MPOU3BOJICTBA padoT
MOBBIIIEHHE MPOSKTHBIX HATPY30K 21 14 7 2 44
pa3pymeHne KOHCTPYKIUH B Pe3yIbTaTe IKC- 29 18 3 50
TUTyaTaluu
WHbIe BHECUCTEMHBIE TIPHYHHBI 2 1 3
O0uree KOJIMYECTBO 50 34 11 13 108

ManosTakHbIe KUJIbIE 3JaHUS OTIIMYAIOTCS OT OCTaJIbHBIX 3JaHUN M COOPY>KEHHM HU3KUM
YPOBHEM WHXEHEPHOU MPOpabOTKH MPOEKTHBIX PEIICHUH (7151 psija 00bEKTOB OBLIO 3apKCHpOBa-
HO OTCYTCTBHE MPOCKTHOM JOKYMEHTAIIMH Ha KeJIe300€TOHHBIE KOHCTPYKIIHH, pa0OTHI IO KOTOPHIM
BBITIOJTHSUTHCh HA OCHOBAaHUU OTIBITA CTPOUTENEH ), a TAKKE, KaK MPaBUII0, HU3KHUM YPOBHEM BBITIOJI-
HEHUSI CTPOUTENBHBIX padoOT, B TOM YHCIIE THAPOU3ONIALUOHHBIX (B pe3yabTaTe Yero pa3BUBAIOTCS

80
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MIPOIIECCHI KOPPO3UH M TPEOYETCsl YCHIIEHUE KOHCTPYKIHii [ 16]). B 3TO# CBsI3M OCHOBHBIC MPHYNHBI
— omn6Oku npoektupoBanus (37%) u omubku npousBoacTBa padot (52%). Huzkoe kauectBo mpo-
€KTHBIX U CTPOUTENBHBIX PabOT OOBACHAIOTCA B MEPBYIO OUYepeab HU3KHUM YPOBHEM KOHTPOJIS CO

CTOPOHBI 3aKa34YMKOB (KaK IMpaBUJIO KOHTPOJIb q)aKTI/I‘ICCKI/I OTCYTCTBYCT, T.K. 3aKa3UUMKaMHU SBJIAIOT-

csl pusmueckue nuna 0e3 HeoOXOAMMBIX 3HaHWN). B OCHOBHOM Bce OMIMOKM MPOSBIAIOTCS B Iep-

BBIC T'OJbI OKCILTyaTallu B BUAC 3aMCTHBIX TPCIIUH U I[e(l)OpMaI_[I/If/'I KOHCprKHHﬁ.
OO0mue naHHBIC MO JAHHOW Tpymre MpuBelneHbl B Tabn. 4. I'padudecku pacrpeneicHue
MNpUYUH, IPUBCAIINX K CHHXKCHUIO OKCILTYaTallUOHHBIX CBOICTB MOCTOBBIX COOpy)KeHI/If/'I IIpuBCIC-

HO Ha pUC.7 ¥ C yYETOM paclpeiesIieHHs 10 ToJlaM Ha puc. 8.

B OWKWEKW NpoeKTUPOBaHNA

® OWKWGKK NpoW3B00CTeEa padoT

MOBLIWEHWE NPOEKTHRIX HATDY30K
B pA3pyWEHUE KOHCTRYELAKW B pe3yneTaTe IKCANyaTaumm

B \HbIE& BHECMCTEMHEIE NPWYKWHEI

Pucynox 5- Pacnpedenenue npuuun neo0xo0umocmu yCuieHusa/60ccCmano6ieHus
CMPOUmenbHbIX KOHCIMPYKUUIL MOCHOBBIX COOPYIHCEHUIL

MeHee Sner
510ner
"
- =}
owmikn 10-20 net
NpOEKT MPOBEaHUA DWHBEN
npoKss0gCcTEa NOBLILEHAE ~ _
pafoT NPOEKTHBIX PAIpYILEHNHE fGonee 20 net
HarpyaoK ECHCTRYELHH B MHBIE
pesyneTaTE BHECHCTEMHbIE
IKCNNYaTaLuu NPUUHHEL

Pucynok 6- Pacnpedenenue npudun Heo0X00UMOCHU YCUICHUS/80CCMAHO6TIEHUA
CIPOUMETbHBIX KOHCMPYKYULL MOCIOGBIX COOPYIHCEHUI O 200aM

Ta6ﬂ1/1ua 4- HpI/ILII/IHLI HCO6XOI[I/IMOCTI/I YCI/IJ'ICHI/IH/ BOCCTAHOBJICHUS MAJIOATAXKHBIX 3JaHUMN

KonnuectBo 3manuii mo rogam
[IprunHa HEOOXOANMOCTH yCHIIe- Oobuiee ko-
HUA/BOCCTAHOBJICHUS Gomnee 20 et | 10-20 mer 5-10 | menee 5 JINYECTBO
JeT JIeT
OIIMOKH MPOEKTUPOBAHUS 8 27 35
omMOKU MPOU3BOJICTBA PAGOT 19 30 49
MOBBIIIICHHE IPOCKTHBIX HATPY30K 2 5 1 8
paspylleHre KOHCTPYKIIMU B PE3yJIbTaTe IKC- 0
TUTyaTaIiu
WHBIC BHECUCTEMHBIC TIPUYHHBI 2 1 3
Ob1ee KOJIHYECTBO 0 2 34 59 95
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B OWWEKKW NpOeKTMPOBAHWA

B 0WWOKKM NponaeoacTea pabor

B MOBLIWEHWE NPOEKTHLIX HATPY30K

B pa3pyleHne KOHCTRYELMKW B peayNeTaTe SKCNNyaTauui
B [{HbI& BHECHCTEMHEIE NPWYWHEI

Pucynox 7- Pacnpedenenue npuuun Heo0X00UMOCMU YCUIEHUA/60CCMAHOBICHUA
CIPOUMENbHBIX KOHCMPYKUUTL MATOIMANCHBIX 30AHUT

MeEHEE B NeT

5-10net

oGk 10-20net

NpoEKTHPOBAHUA ownGkK
npoWizB0gCcTEd NOBbIWEHHE

FEEUT NPOEKTHBIX paspylLEHHE Gonee 20 net
HarpysoK KOHCTPYELMW B WHBIE

pE3IYNbTATE BEHECHCTEMHbBIE
IKCnnyaTaunu NpU4YKHBI

Pucynox 8-Pacnpedenenue npuuun Heod6Xo00uMocmu ycuieHus/60CCManosi1eHus
CIPOUMENbHBIX KOHCMPYKUUTL MATLOIMANCHBIX 30AHUT

BriBoabl

[To pe3ynbTaraM IpOBEACHHOTO aHAIM3a MOXHO C/IETIaTh CISAYIONIUE BBIBOIBI:

1. Jns 3qaHuil U COOpYKEHUHM ¢ HU3KUM YPOBHEM KOHTPOJISI IPOEKTHBIX PEHICHUA U TEXHO-
JIOTUH BBHITIOJTHEHHS CTPOUTEIBHBIX PA0OT, 4TO XapaKTEPHO JIJIT MACCOBOTO M YAaCTHOTO (MalodTax-
HOT0) CTPOUTENHCTBA, OCHOBHBIMU MPUYMHAMH MPOBEICHUS PEMOHTHO-BOCCTAHOBUTENBHBIX padoT
HECYITUX KOHCTPYKITHH SBISETCS OMUOKH, JOIMYIICHHBIC B X0/I¢ TPOSKTHPOBAHMS M TIPOU3BOJICTBA
pabot. JlanHbple OMMOKH MPOSBISIOTCS B OCHOBHOM B XOJI€ ITPOU3BOJICTBA pa0OT U B TEUEHHE MEp-
BBIX ITSATH JIET DKCIUTyaTaI|H.

2. Omubku mpu pazpaboTKe MPOESKTHON JOKYMEHTAIUH, a TakKe HapylIeHHe TeXHOJIOTUU
MIPOU3BOJICTBA PAOOT HE XapaKTEPHBI ISl CICIHATLHBIX COOPYKEHUH, UMEIONINX ITOBBIMICHHBINA
YpOBEHb OTBETCTBEHHOCTH, & TAK)K€ MOCTOBBIX COOPYKEHMI (KaK MPaBUJIO, IPEICTABISIONINE CO-
0011 cOOpHBIE KOHCTPYKITUH ), POEKTHI HA KOTOPBIE 110 CYTH SBJISIFOTCS TUTIOBBIMH.

3. TloBbIlIeHNE paCUETHBIX HArPy30K CBSA3aHHO C U3MEHEHHEM (PYHKIIMOHAIILHOTO Ha3Haye-
HUS TIOMEIICHUH, pa3MelIeHHEeM CIIeUaIbHOT0 000pyI0BaHus, NEPE0OOPYJOBaHUEM 3/1aHUHN U CO-
OpY>KEHUH WIIU MOBBIIMIEHHWEM Kiacca aopor (ams mMoctoB). O6beM NaHHBIX TPUYUH COCTABISAET 10
40% u He MOKET ObITh YMEHBIIIEH BBHUJly TOTO, YTO MOBBILIICHHE HAYAJIbHBIX PACYETHBIX HArpy30K
MPUBEET K 3HAYUTEIILHOMY CHHUKEHHIO SKOHOMUYECKHX TToKa3aTesnel 00beKTOB CTPOUTENHCTRA.

4. BbICOKMI POLIEHT MPUYUH HEOOXOIMMOCTH BOCCTAHOBJICHUS U YCHIJIEHUS KOHCTPYKIIHH,
CBSI3aHHBIN C pa3pylIeHueM KOHCTPYKIIUH B X0OJIe IKCIUTyaTalllH, XapaKTepeH Il TUTIOBOTO CTPOU-
TEJIbCTBA, CIIEHUAIbHBIX U MOCTOBBIX COOpYKE€HUH. B mepBoM citydae U Jisi MOCTOBBIX COOpYKe-
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HUI 3TO OOBACHSETCS HEYAOBIECTBOPUTEILHON 3KCITyaTallMii KOHCTPYKLUH, KaK MpPaBUIIO, CBOE-
BPEMEHHO HE BOCCTAHABJIMBAETCS IMAPOMU3OJIALMSA, YTO B JAJIBHEHIIEM NPUBOIUT K KOPPO3UU ap-
MaTyphl M pa3pylieHuto 6etoHa. i cnenuaibHBIX COOPYKEHUH XapaKTEPHBI CII0KHOE HATIPSKEH-
HO-71e(pOPMUPOBAHHOE COCTOSTHME KOHCTPYKLUH, a Takxke crennduyeckre Bo3AeHCTBHSL, YTO B KO-
HEYHOM CUYETE CHMYKAET MEXPEMOHTHBIN MHTEPBAI IS PsAa KOHCTPYKIIMM.

5. JlaHHO€ Mcciel0BaHUE HE BKIIIOYANIO aHAJIU3 OIIMOOK, CBSI3aHHBIX C MPOEKTUPOBAHUEM U
YCTPOHCTBOM (pYHAAMEHTOB COOpYKEHH. BMecTe ¢ TeM, 1aHHbIE KOHCTPYKTHBHBIE JIEMEHTHI SIB-
JISIFOTCSL KIIFOUEBBIMU Ul paclpeliesIeHusl yCWIMH U o0mux aeopmanuil 30aHUi U COOPYKEHHH.
Kpome 3Toro, B mnocienHee BpeMsi YBEJIMYUBACTCS NMPOLEHT 3JaHUNA U COOPYKEHUMH, IIPU CTPOM-
TEJIbCTBE KOTOPBIX MPUMEHSIOTCS MHHOBAL[MOHHBIC MaTepHaibl, HE MMEIOLIME HU HEOOXOAUMON
HOPMATHUBHOM 0a3bl, HU OMNbITa MpUMeHeHHs. [10 TaHHBIM MO3ULUAM HEOOXOIUMO OTJIEIBHOE HC-
CJIEZIOBAaHHE U COOTBETCTBYIOLINM HAOOP 00BEKTOB UCCIIEIOBAHMUS.
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BE3OIMACHOCTb 3JAHUA U COOPY>KEHUN

V]IK 699.8 DOI: 10.33979/2073-7416-2019-81-1-85-96

AHAJIN3 UCCJIEJOBAHUN U TPEFOBAHUM IO 3AIIIUTE 3JAHUI
U COOPYKEHUI OT NPOTPECCHUPYIOIEIO OGPYIIEHUS
B BAKOHAJIATEJIbHO- HOPMATHUBHBIX JOKYMEHTAX POCCHH
U CTPAHAX EBPOCOIO3A

AHJIPOCOBA H.b., BETPOBA O.A.

OpuoBckuii rocynapctBeHHblit yauBepcutet uM. M.C. Typrenesa, r. Open, Poccust

Annomayun. Paccmompena knaccuguxayus memoo0os 3aujumvl om Rpocpeccupyrouezo 0o-
PYUleHUs N0 Mpem OCHOBHbIM KAME2OPUAM: Mepbl 8MOPULHOU 3AUUMbl, KOCBEHHOE NPOEKMUpPOo8anue u
npsimoe npoexmuposanue. Ilpuseden ananuz mpebosanuii no 3awume 30aHULL U COOPYICEHUTI OM NPO-
gpeccupyioweco 0OpyuleHuss 8 3aKOHOOAMENbHO-NPABOBLIX U HOPMAMUEHBIX OoKymenmax Poccuu u
cmpan Eepocoioza. Paccmompenvl KoHKpemHubie NON0HCEHUSA POCCUNICKUX U e8PONEUCKUX HOPMAMUBHBIX
O00KYMEHMO8 N0 NPOEKMUPOBAHUIO YCIMOUYUBOCTU HECYWUX KOHCMPYKYUL 30aHULL U COOPYIHCEHU NPO-
mue npoepeccupyiowezo oopyuienus. A UMEHHO NPUBeOeHo CpasHeHue mpedosaHull o OnPeoeireHuUIo
KOMOUHAYUII HAZPY30K, 3HAYEHUIO 0CO0O0l HASPY3KU, K NAPAMEempam 30Hbl 02PAHUYEHUS JIOKATbHO20
paspyutenus 8 Hopmamuguvix ooxymenmax Poccuu, CLIA, cmpan Espocorwsa. Bvinonnen ananus sxc-
NEePUMEHMATIbHO-MEXHUYeCKUX UCCIe008AHUL CIMPOUMENbHbIX KOHCIPYKYUL NPU 0COObIX 8030eticmau-
ax. Borvuwunemeo sxcnepumenmanvhvix ucciedosanull npo8OOUIUC HA HCENe300eMOHHbIX, CIATbHBIX
U KOMNO3UMHbBIX KOHCMPYKYUSX, MATO BHUMAHUS YOeNaemcs UCCIe008aHUAM KAMEHHbIX U 0epPeGAHHbIX
KOHCMPYKYUll 6 3mou oonacmu.

Knrwouegvie cnosa: koncmpykmugnas 6e30nacnocms, npozpeccupyiowee obpyuenue, 3auuma
30aHULL U COOPYIHCEHUU.

THE ANALYSIS OF STUDIES AND REQUIREMENTS
FOR THE PROTECTION OF BUILDINGS AND STRUCTURES
AGAINST PROGRESSIVE COLLAPSE IN REGULATORY DOCUMENTS
OF RUSSIA AND THE EUROPEAN UNION

ANDROSOVA N. B., VETROVA O. A.

Orel State University named after I.S. Turgenev, Orel, Russia

Abstracts. The classification of methods of protection against progressive collapse in three
main categories: secondary protection measures, indirect design and direct design is considered. The
analysis of the requirements for the protection of buildings and structures from progressive collapse in
the legal and regulatory documents of Russia and the countries of the European Union. The specific
provisions of the Russian and European normative documents on the design of stability of bearing
structures of buildings and structures against progressive collapse are considered. Namely, a compari-
son of the requirements for the definition of load combinations, the value of the special load, to the pa-
rameters of the zone of limitation of local destruction in the normative documents of Russia, the USA,
the EU countries. The analysis of experimental and technical studies of building structures under spe-
cial influences is carried out. Most of the experimental studies were carried out on reinforced concrete,
steel and composite structures, little attention is paid to the study of stone and wooden structures in this
area.

Keywords: structural safety, progressive collapse, protection of building and structures.
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CTpouTeNbCTBO M PEKOHCTPYKIAS

Brenenue. B Poccuu ¢ 2010 roga nerictByer ®enepanbhblii 3akoH Ne384-D3 «Texnuueckuii pe-
TJIAMEHT 0 0e30MaCHOCTH 3MaHuid U coopyxkenuin» oT 30.12.2009 r. B a1o xe Bpems ¢ 2010 roga Bo Beex
cTpaHax-4jeHax EBpocoro3a HopMaTuBHBIE TOKYMEHTHI EBpOKO/IBI 3aMEHIIM BCE HAIMOHAIBHBIE CTaH-
JIapThI B 00JIACTH CTPOUTENBCTBA ISl 0OSCTICUeHNUs €IMHOOO0PA3HBIX TPEOOBAHMIA K OE30MTaCHOCTH 3aHHIA
U COOPY)KEHHUI Ha BceX CTaausX u3HeHHoro nukia. [IpaBurenscrBom PO u npodeccnoHaabHbIM CO-
OOIIECTBOM aKTHBHO O0CYXaeTcsi BOMPOC MAPMOHM3AIMH 3aKOHOAATEIFHOW U HOPMATHBHO-TIPABOBOM
0a3bl B cepe rpalocTpOUTENbCTBA ¢ HOPMATUBHO-TEXHUYECKHM OOECIICUeHHEM, a TaK )K€ MeXaHU3Ma
KauecTBa 1 0E30MaCHOCTH CTPOUTENBHOM MPOAyKIuK 1 yeuyr [ 1- 3].

Kparkuii 0030p nyOJuMKanuid ¥ 3KCIIEPUMEHTAIbHO-TEXHUYECKUX HCC/Ie0BAHUM CTPOH-
TeJIbHBIX KOHCTPYKIHUIH NPH 0co0bIX Bo3aeiicTBUsX. [lapamiensHo ¢ 3akoHOIATENBHOM U HOPMOTBOP-
YECKOM JIeATEIIPHOCTRIO aKTUBHO BEIYTCSl HAyqHbIC HCccienoBanus B Poccun u 3a pyoeskom [4- 6], koto-
pble Tall BO3MOYKHOCTH CYIIIECTBEHHO JIOpAabOTaTh M YIYUIIHUTh CYIECTBYIONE HOPMBI U PEKOMEH/Ia-
1w B 3toi obsactu. IIpodeccopamu Jose M. Adam, Fulvio Parisi, Juan Sagasete, Xinzheng Lu [6] BbI-
TIOJTHEH TIOJIBIA 0030p UMEIOIIMXCSl MACIITAOHBIX UCCIEIOBAHMN U3YUCHUSI CTPOUTEIBHBIX KOHCTPYKIIMNA
pu ocoboM Bo3aercTBrUM B Mupe. Kak npasuio, ocodoe Bo3ieiicTBIe MIMUTHPOBAJIOCH BKIIFOUEHHUEM O/I-
HOW WJIM HECKOJIBKMX KOJOHH. lIpy pasHbIX CLieHapusaX pa3pyLICHUs CTPOUTEIILHBIX KOHCTPYKLMH U3Y-
YaIUCh: Y3IIbI MEXKIY IBYMsI OalkaMH M KOJIOHHAMH; paMbl, 0Opa3oBaHHbIC OaKaMd M KOJOHHAMH,
(bparMeHTbl CTPOUTENBHBIX KOHCTPYKIIUH, TOCTPOSHHBIX /I SKCIIEPUMEHTOB; (haKTHUECKUE 3AaHUs, pe-
KOMEHIOBaHHBIE K CHOCY. Ba)KHO OTMETUTB, OOJBIIMHCTBO 3KCIEPUMEHTATIBHBIX HCCIIEI0BAaHUI TIPOBO-
JJIACH HA 5KEJe300€TOHHBIX, CTAIBHBIX U KOMITO3UTHBIX KOHCTPYKIIMSX, M0 BHUMAHUSI YIIENISETCS HC-
CIIEZIOBAaHMSIM KAMEHHBIX M JIEPEBIHHBIX KOHCTPYKLHIA B 3TOM o0nactu. [IpoaHammsupyem npoBeeHHbIC
AKCIIEPUMEHTAIBHBIE UCCIIEI0BAHMS B 3aBUCMOCTH OT THUIIA KOHCTPYKIIHIA.

1. V31bl CTPOUTENBHBIX KOHCTPYKIMH. DKCIEPUMEHTANIbHBIE WCIBITAHWUS CTPOMTENIBHBIX KOH-
CTPYKIMH Ha MPOrPECCHPYIOIIee Pa3pyIleHHE BBIMOIHATIOCh HA Y3llaX, 00pa3yeMbIX IBYX MPOJIETHOM
Oasikoit 1 HecKobKIMH KostoHHamH. [Ipogeccopom B.JM. KomayHOBBIM 1 ero yueHMKaMu ObUIH MPOBe-
JIEHBI UCTIBITAHUS Y3JI0B MHOTOITPOJICTHBIX )KEIe300€TOHHBIX OasioK [7], MIOCKUX W MPOCTPAHCTBEHHBIX
paMHO-CTepKHEBbIX KOHCTpykuuil [8,9, 10] (pucynok 1). 3amnpoektHoe BO3AEHCTBHE MMHTHPOBAIOCH
BHE3AITHBIM Pa3pbIBOM CBAapHOIO IIBAa MPOKATMOPOBAHHOM METAIMYECKON 3aKJIaJHOM IIACTHHBI y3Ja
OaJKy ¥ BHE3aITHBIM BBIKJIIOUEHUEM TEIECKOIMMUECKON LIEHTPAIbHON CTOMKHU-KOJIOHHBI ()parMeHTa mpo-
CTPAHCTBEHHOM paMbl.

Pucynox 1 — Oowuit 6uo ucnvimanuit Hepa3pe3nvIX Heene300emonHbIX 0anoK (a); OnLIMHO20 hpazmenma
RPOCMPAHCMEEHHOII KOHCHPYKIMUBHOI CUCHIEMBL 8 8U0e nePeKpPéCmHbIX pam (0)

B 3agaun sKcriepMMEHTAIBHBIX UCCIIEI0BAaHUI BKIIIOYAJIOCh: IOCTPOEHUE CXEM pa3pyLICHUS
(GbparMeHTOB KeNe300€TOHHBIX IUIOCKUX W MPOCTPAHCTBEHHBIX OaJOYHBIX U PaMHO-CTEP)KHEBBIX
KOHCTPYKLHUH C BBIKJIFOYAIOLUIMMUCS HAJONOPHOM MOMEHTHOW M JIMHEWHBIMM CBSI35IMHU; HU3Y4YEHHE
0COOCHHOCTEN AeQOopMUpPOBaHUS, TPEIIMHOOOPA30BAHUSA M PA3pPYILIEHUS IUIOCKUX M IPOCTpPaH-
CTBEHHBIX Y3JIOB CONPSKEHUS CTEPIKHEBBIX 2JIEMEHTOB IPU JUHAMHYECKHUX JOTPYKEHUSX, BBI3BAH-
HBIX BHE3AIIHBIM BBIKJIIFOYEHUEM JIMHEWHBIX CBSI3€H; YCTAHOBJICHHE KOJWYECTBEHHBIX MapaMETPOB
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BIMSIHUA 3 deKTa MPOCTPAHCTBEHHOI pabOTHl U (pakTOpa BPEMEHU Ha MapaMeTphl )KUBYYECTH KOH-
CTPYKTUBHOM CHUCTEMBI.

2. CranpHble U KOMIIO3UTHBIE KOHCTPYKIMH. BakHOoe 3HaueHHe B paboOTe CTAIBHBIX KapKacoB
MMEET y3JI0BOE COeIMHEHHNE OalIKi C KOJIOHHOM [ 00ecrieueH sl COIIPOTUBIICHHUS TIPOTPECCUPYIOLIEMY
oopymrenuro. Yuensivu Qin X., Wang W., Chen Y., Bao Y. ObUIH BBIIOJTHEHBI SKCIIEPUMEHTAIIBHBIC HC-
cnenoBanus [11-13] Ha pa3MMYHBIX TUMAX CBAPHBIX M OOJITOBBIX THUIAX COCAWHEHUN OAJIKW ¢ KOJIOHHOM
(pucyHOK 2) Ha aBapuilHOE BO3/IEHCTBHE.

Pucynok 2 — Oouguii 6uod ucnslmanuil y3106 coeOuHeHUs CMAIbHbIX KOHCIMPYKYUI

B o0nactu KOHCTPYKIMHA U3 KOMIIO3UTHBIX MaTe€pHajIoB MOXHO BBIAECTUTH PaOOThI yUEHBIX
Yang B. [14] u Wang W. [15]. U3yuanack HecyIasi ClocCOOHOCTh COSIMHEHHUH ABYXIPOJICTHON CTallb-
HOI OaJIKu CO CTaJbHBIMU KOJIOHHAMHU C UCIIOJIB30BAHUEM 3aKJIA/IHBIX JIeTajel U3 KOMIIO3UTHBIX MaTepu-
aJIOB TP BHE3AITHOM Y/IAJICHUH OHOM U3 KOJIOHH.

3. COopHbIE 1 MOHOJIUTHBIE KEeIe300€TOHHbIE KOHCTpYKLIMH. B Poccun maciitaOHble skcnepu-
MEHTaJIbHO-TEXHHUECKUE HCCIICOBAHUS 3a MOCIIEIHUE TIOATOPA ACCATUIICTHS TIPOBEIEHBI B paMKax
nporpaMMm ¢gyHaaMeHTanbHbIX uccinepoBanuiit PAACH [16,17,18], Openl TV [7,8,19,20] u IOro-
3ananHoro rocynapctBeHHoro ynuBepceureta [10,21-23] B 06imacTé KOHCTPYKTHUBHO#M O€30MacHO-
CTHU U >)KMBYYECTH COOPHBIX U MOHOJUTHBIX KeJIe300€TOHHBIX KOHCTPYKTUBHBIX CUCTEM (PUCYHOK
3).

Lenblif psn HayuHbIX paboT Mo paccMaTpuBaeMoi mpoOieme mposereH B« {HUU-
[Tpomznanuii». Illupoko u3BectHbl uccnenoBanus B.B. I'paneBa, 3.H. Kogsima, H.H. Tpekuna,
N.K. HukuTnHa 10 MPOEKTUPOBAHUIO U 00ECHEUEHUI0 YCTOMUMBOCTH COOPHBIX JKEI€300€TOHHBIX
CBSI3EBBIX KapKacoB OT Mporpeccupyomiero oopymenus [24,25], a Takke padotel AiizeHbepra, Ko-
neima, Hukutuna, CMupHOBa [26] 1O CEMCMOCTOMKUM MHOTOATaXXKHBIM 3JJaHHSIM C Kele300eTOH-
HBIM KapKacoM. Pe3ymbTaThl 3THX HCCIEIOBaHHN 000OMIEHBI B MOHOTpadusix, HOPMATHBHO-
TexHndeckux nokyMmeHTax (CTO, pekoMeHIaiy Mo MPOSKTUPOBAHUIO U JP.) MO 3aLIUTE 3JaHUN OT
nporpeccupytoinero oopymenus [27,28].

3a pybexom yueHsIM Ren u ero komneramu [29] mpoBeieHbI UCTIBITaHUS] COBMECTHOM pabOThI pu-
TeJisl ¥ TUTUT TPH BBIKJFOYEHUH IEHTPATLHON KOJIOHHBI (PUCYHOK 4). BKiTFOueHHe KOJIOHHBI IMUTHPOBA-
JIOCh THPABINYECKUM JIOMKPATOM. AHAIOTMYHO POCCHHMCKMM SKCIIEPHUMEHTAIBHBIM HCCIEIO0BAHUAM
IUTOCKHMX PaMHO-CTPS)KHEBBIX KOHCTPYKIIMI MPY aBapuHbIi BoaeicTBusx yaeHpiMu Nimse [30], Kang
[31] u ap. MPOBOAMIKCH SKCIIEPUMEHTAIBHBIE UCCIIEA0BAHUS TUIOCKMX PAMHO-CTPEKHEBBIX KOHCTPYKIIMH
C MOHOJIUTHBIMU ¥ COOPHBIMU Y3JIOBBIMH COEAMHEHUSIMHU TPH BHIKJIFOUEHUH LIEHTPATbHON KOJIOHHBL. OT-
JieTbHast cepusl MCTbITaHUM ObLTa ¢ UCTIONIB30BaHUEM IIEMEHTHBIX KOMIIO3UTOB /Il COSIMHEHUSI Oalku U
KOJIOHHBI.
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Pucynok 3 — IkcnepumenmanbHsle UCc1e006aHUs Jcene300emonnvix koncmpyxkyuii ¢ Poccuu npu asapuitnoix
6030€liCMeuUnX - 00WUIL 6UO UCRBIMARUIL: MHO2ONPONEIMHBIX OAIOUHBIX KOHCMPYKYUIL CRIOWHO20 U COCIABHOZ0
ceuenus (a); NIOCKUX PAMHO-CIPEIHCHEBIX KOHCIPYKYUIL CRIIOWHO20 U COCIABHO20 Ce4eHUsl, 8 NMOM YUCle
¢ npeonanpsaiceHHvim puzenem (0); MHOZ0IMAIHCHOU MOHOIUMHOU PAMHO-CINEPIHCHEBOI KOHCIMPYKMUBHOIL
cucmemul (2); hpacmenma npocmMpancmeeHHOU paAmMHO-CIEPIHCHEEOI KOHCMPYKYUU (8);

Mooenu pebpucmoit naumel (0) u ppacmenma npusmamuueckoil cKiaoku (e)

Pucynok 4 — Oowuit 6ud ucnvimanuii 6a104HBIX NAUM

88

4. daxTHyecKkue 3IaHus, IoJIe-
JKalpe K cHocy. VcmbITaHusi HaTypHBIX
CTPOUTEIILHBIX KOHCTPYKLMH 3aHUN Ha
aBapUITHBIC BO3/ICHCTBUS B JJA0OPATOPHBIX
YCIIOBUSIX JTOCTAaTOYHO CJIOXKHBIM U JIOpO-
rocrodmmii skcnepumeHt. [loatomy He-
KOTOpPbIE yYEHbIE MPOBENTH SKCIEPHUMEH-
TaJIbHbIE MCCIIENOBaHHUS Ha CYIIECTBYIO-
IIMX 3/1aHMs, 3aIJTAHUPOBAHHBIX K CHOCY.
Hanpumep, B oGmactu craipHbIX mpodec-
copbl Song u Sezen [32] mpoBenu 3Kcre-
pPUMEHTAJIbHbIE UCCIIEIOBAHUSI Ha 3/1aHHE
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yHUBepcHuTeTcKoro kamiryca B mrare Oraiio CLIA. B xozne skcriepuMeHTa BHE3AIHO BBIKITIOUMIIA YEThI-
€ KOJIOHHBI TI0 TIEPUMETPY CTAITLHOIO Kapkaca 4-3taxknoro 37aanus (1950 roma moctpoiiku) 6e3 paspy-
IIEHHS BHEIIHUX CTEH U NEPEropoJOK, MPOU30ILIO JIOKAIbHOE pa3pylleHue (pUCYHOK S). Pe3ynbrarsl
WCIOJIb30BAHBI JUIsl CO3/1aHUsI AJIbTEPHATUBHBIX IIyTEW HArPYKEHUSI paCCMaTPUBAEMbIX KOHCTPYKTUBHBIX
CHCTEM 3JJaHUH [IPU aBAPUMHBIX BO3ACHCTBHSX.

Pucynok 5 — 30anue ynueepcumemckozo Pucynok 6 — 30anue omensa é Can-/{uezo, ucnonv3osannoe
kamnyca ¢ wimame QOzaiio CILLA, 0151 HAMYPHBIX IKCNEPUMEHMATLHBIX UCCTE008ANUTL
UCNOJIb308AHHOE 071 HAMYPHBIX
IKCHEPUMEHMATIbHBIX UCCTe008AHUTL

HanGonee macmitabHble dKCIIEpUMEHTAIBHBIE UCCIEIOBAHUSI B 00JIACTH KeIe300€TOHHBIX KOH-
CTPYKIIMI BBIIONHEHBI Tipodeccopom Sasani u ero koswieramu [33]. McnbITaHus 110 BHE3AIMHOMY y/1alie-
HUIO HECYILUX YKeIe300eTOHHBIX 3JIEMEHTOB KapKacoB MpoBoawiHch Ha 10-3taxknom 3nanuu (1985 roma
MOCTPOMKK) B YHUBEpcUTeTe Apkan3aca, Ha 6-3TaxkHoM 31anuu otenst Can-/{uero (1914 roga moctpoii-
K1) (pucyHok 6), Ha 20-3taxkHoM 31anun rocrurtas (1956 ropa moctpoiiku) B ropoae Memduc CILA,
Ha 1 1-3TaxxaHoM 31anuu otestst Crowne Plaza (1973 roaa moctpoiiku) B XbrocToHe. B xo1e sxcriepumMeH-
TaJIbHBIX UCCIIEIOBAHUI BHE3AIMHO YIASUTH: OHY WM HECKOJBKO KOJIOHHBI TI0 TIEPUMETPY 3aHUS Iep-
BOIO U BTOPOI'O 3TaXKeH, BHYTPEHHHE HECYILME CTEHbI U neperopoaku. M3zyuanoch nepepacnpeneneHue
YCHIIMIA B KOHCTPYKIIMSX MTOCIIE TIOBPEXKICHHUSI M BBICOTHOCTH 3/1aHUSL.

Metoabl 3alIMTHI OT MPOIPecCHPYIOLEro oOpyuIeHus 31aHui U coopyxxeHuii. Ha cero-
JHALIHUHN JIeHb U3 paboT y4yeHbIX [5,34,35] sicHO, UTO He CyIEeCTBYET YHUBEPCAIbHBIX MPaBUII IPOEKTH-
POBaHUS M 3alUTHI 34aHUA M COOPY)KEHMI OT IMporpeccupyrouiero oopymenus. Tem He meHee, A
NPEeIOTBPALLIEHNUS WM OrPaHUYEHHUS IPOTrPECCUPYIOLIEro 0OpyYIIEHHUs MOCIe 0TKa3a OTHOTO U3 HECYIIHX
AIIEMEHTOB KOHCTPYKTHBHOM CHUCTEMBI (HEMPETyCMOTPEHHOE TMIIOTETUYECKOE BO3CHCTBHE) B 3aBUCH-
MOCTH OT MICHTU(DUKAIMK 31aHHS ¥ COOPYKCHHUSI MPETIOKEHBI Pa3INYHbIe METO/IbI 3aimThl [36-39).
Poccuiickumu [37] u eBponeiickumu yueHbiME [40] paccMoTpeHa KiacCuUKaIs METOIOB 3aIlIUThI OT
MPOTrPECCUPYIOIETo OOPYILIEHHS 110 TPEM OCHOBHBIM KaTErOPHSIM: MEpbl BTOPHYHOM 3aIlUThI, KOCBEHHOE
MPOEKTUPOBAHHUE U MPSIMOE TIPOSKTUPOBAHHE.

Mepbt 6mopuunoil 3auiumel HanpaBJieHbl Ha MPEJOTBPAILCHNE WM CHUKEHUS BIUSHUS COOBI-
TU, BBI3BIBAIOIIMX OCOObIE HATPY3KH HAa KOHCTPYKIMU C UCIOJIb30BaHUEM 3allUTHBIX Mep [37]. OcoObl-
MM Harpy3KaMH MOTYT OBITh: 3allIUTHBIE Oapbepbl BOKPYT KOJIOHH, JIOKATM3ALMS 3/IaHUs] OT MHOTOJIO/I-
HBIX MECT, KOHTPOJIb 33 TIOCETUTENSIMUA OOBEKTOB, CIiEMaIbHAs OKpacka MOBEPXHOCTEH, MOBBIIIAIOIIAS
COTIPOTHUBJIEHHE OTHEBOMY WJIM B3PhIBHOMY BO3JICHCTBHIO U T.JI. BaXkHO 3aMeTUTh, 4TO paccMaTpuBaeMble
Mephl HE YBEJTMUMBAIOT CTOMKOCTh KOHCTPYKIIMHU K MPOrPECCHPYIOIIEMY OOpYIIEHHIO 3[aHUIA U COOpYy-
YKEHUI.

Koceennoe npoekmuposanue oCHOBaHO Ha TPEOOBAHUSIX K KOHCTPYKLMSAM JUisi 0OecredeHHs
3Tl OT TPOrpeccUpyrolero paspyirenus. Harmpumep, npodeccopsr M. Fintel u D.M. Schultz [41]
JUTsL OTIMCAHMSI ATOTO TMOJXOJa UCIOIb30BAIM TEPMUH «OOIIast CTPYKTYpHAsl LIEIOCTHOCTBY. Jpyrumu
CJIOBAMH — 3TO METOJ CTPYKTYPHOI'O CHHTE3a KOHCTPYKTHUBHON CHCTEMBI C CO3/IaHHUEM Harepes 3a-
JTaHHBIX TpeOoBaHUM 3(P(PEKTUBHO BHIMOIHAIOUINX (YHKIMOHANbHBIE cBOicTBa. [IpoexTupoBanue
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KOH(UTYpali KOHCTPYKTUBHOW CHCTEMBI 3aKII0YAETCS B OMPEIEICHUH €€ TOMOJIOTUH, TeOMETPUU
U IIapaMeTpOB apMHUpOBaHUs ceueHus [36].

Memoo npamozo npoeKmupo8aHusa VCTOIb3YeTCs HEMOCPEACTBEHHO MPU MPOSKTUPOBAHUU U
KOHCTPYMPOBAaHNUH KApPKACOB 3/1aHUI U COOPYXKEHUIL. DTOT METOA pa3AeiAeTcsl Ha: AIbTEPHATUBHBIE ITyTH
cwoBoro conpotuBiieHus (ALP), mpu koTopoM Tpedyercsi, 4TOObI KOHCTPYKIHS ObLTa CIOCOOHA COXpa-
HHUTH HECYIIYIO CIOCOOHOCTb IOCIIE YTPAThl KOHCTPYKTUBHOTO 3JIEMEHTA M pa3pyLeHHs ObUTH ObI JIOKa-
JIM30BaHbI [TOCPEICTBOM IepepaciipeieieHHsl YCUIIUI Yyepe3 KOHCTPYKTUBHBIE CBS3U; METO Ha3HAYECHHUSI
JokapHOrO conpotuBieHus (SLR mwm Key) — meron, Kotopsiii Tpedyer, 4To0bI 3aHKe WIH €ro 4acTh
00J1a1aIi COMTPOTUBJICHUEM CIIEIMATBHBIM Harpy3Kam U BO3ICHCTBUSAM. ABTOpaMu paboThl [42] oTMede-
HO, YTO MEpbl BTOPHYHON 3aLUTHI U KOCBEHHOTO NMPOEKTHPOBAaHMS HE Beeraa 3(PEeKTHBHBI, 0COOCHHO
JUTSL 37JAHUI ¥ COOPY>KEHUH MOBBIIIEHHOT'O YPOBHSI OTBETCTBEHHOCTH M C MacCOBBIM NPEObIBAHUEM JIHO-
neil. Mepbl akTUBHOM 3aIlUTHI (TIPSIMOE TIPOSKTUPOBAHKME) HanOoIIee 11e1eco00pasHbl I TAKUX OOBEK-
TOB KallUTaJIbHOTO CTPOUTENHCTBA, TPEOOBAHUS, IO 3aIUTE KOTOPHIX OTPaXKeHbI BO MHOTMX 3aKOHOJa-
TEJIbHBIX 1 HOPMATHBHO-TIPABOBBIX IOKYMEHTAX Pa3HbIX CTPaH.

B ornenbHyro rpymnmy MOXHO BBIICIUTH METOJ MPOEKTHUPOBAHUS YCTOMYMBOCTH 3IaHUN U CO-
OpY’KEHHH, OCHOBaHHbII Ha METOZIE pUCKa (BEPOSTHOCTHBIN IOIXON).

CpaBHHMTE/ILHBII aHAJIM3 OCHOBHBIX TPeOOBaHMIl MO 3alUTe 3AHUN M COOPYKEHMH OT
Nporpeccupyouiero oopyueHusi B 3aKOHOJATeIbHO-HOPMATHBHBIX JOKYMeHTax. BenukoOputanus
CTaJia O/IHOM M3 NIEPBBIX CTPaH, KOTOPAsk BKJIOUMIIA OCHOBHBIE TIOJIOYKEHUSI 10 OLIEHKE IPOrPECCUpPYIOLLIe-
ro oOpyIIeHust 31aHuii B CBOM cTaHAapThl. OCHOBHBIE MOJIOKEHHSI MEP 3aLUTHI OT IPOTPECCHPYIOIIETO
o0pyrenus npuBeneHsl B BS 6399 [43]. OtnenbHbIe TpeOOBaHMS 10 3aIUTE OT IPOTPECCUPYIOIETO 00-
PYIIEHHUS IS CTATIbHBIX, JKEIE300€TOHHBIX U KaMEHHBIX KOHCTPYKIMi npuBeseHbl B BS 5950 [44], BS
8110 [45], BS5628 [46] cOOTBETCTBEHHO.

B EBpokone EN 1991-1-7 [47] npuBoasATCS MOJIOXKEHUS (CTPATETUH M TIPaBHJIA) ISl IPOSKTHUPO-
BaHUSI 3/1aHUH TPOTHB WACHTH(OUIMPYEMbIX U HEWJICHTH(DUIMPYEMbIX 0COOBIX Bo3zaeiicTBril. OHAKO B
yactu 1.1 (6) EBpokona EN 1991-1-7 [47] yka3bIBaeTcCs, 4TO JaHHBIA JOKYMEHT KOHKPETHO HE paccMmar-
pHBaeT 0coOble BO3/ICHCTBYS, BbI3BAaHHbIE BHEIIIHUMU B3pbIBAMHU, BOEHHBIMU U TEPPOPUCTUUECKUMU aK-
Tamu. Takum 00pa3oM, IPOEKTUPOBAHNE KOHCTPYKLIUHA MPOTHB BO3MOXKHOM YTPO3bl TEPPOPUCTHUECKOTO
HaraIeHys1 JIOJKHO MTPOBOJIUTHCS B COOTBETCTBHH C MOJIOKEHUSIMHU Ha YKa3aHHOE 0CO00€ BO3/IEHCTBHE.

B Poccun o0s13atesnbHble TpeOOBaHUs 10 PacyeTy Ha YCTOMYMBOCTH IPOTUB MPOTPECCHPYIOIIETO
00pyIIeHHs 3/1aHUI ¥ COOPY’KEHUI TOBBIIIEHHOTO YPOBHSI OTBETCTBEHHOCTH OBLIN BIIEPBBIE BKIIIOUEHBI
B DenepanbHblii 3akoH Ne384-D3 «TexHudeckuit periamMeHT o 6e30MacHOCTH 37[aHUi U coopykeHui» 30
nekadpst 2009 . s peanuzaiuu 3Toro TpeOOBaHMs pa3paboTaHbl U BCTYIWIN B ICHCTBUE CIIETYIOIINE
HopMatHBHBbIe JoKyMeHThI: CIT 296.1325800.2017 «3nanus u coopyxenusi. Ocodble BozzaeiicTBus» [48],
CIT 385.1325800.2018 «3Bammra 31aHUH U COOPYKEHHMI OT Mporpeccupyromero oopymenus. [lpasuna
npoekTrpoBanusi. OCHOBHBIE ONOKEHND [49].

Pe3ynbTarhl BRINOIHEHHOIO aHAM3a U CUCTEMATH3AlMsl OCHOBHBIX MOJIOKEHUM HAllMOHATIBHBIX
HOPMAaTHBHBIX JOKYMEHTOB IO 3allIUTe 3/JaHUi U COOPYKEHHH OT Iporpeccupyouiero oopymenus Poc-
cun, ctpad EBpocoroza u CIIIA cBenens! B Tabmuiry 1.

Otka3 0HOM U3 HECYIIMX KOHCTPYKLMM 31aHUS WM COOPY)KEHMS IO HEM3BECTHBIM MPHUUYMHAM
HEOOXOIMMO pacCMaTpUBATh KaK HEMPETyCMOTPEHHOE TUIIOTeTHIeCKoe Bo3ieiicTBre. Tombko B EBpoko-
JlaX yKa3bIBaeTCs 3HAUCHUE YCIOBHOM CTATUUECKOW Harpy3ku (ocoboii Harpysku) (34klla), Ha koTopyro
PaCCUMTHIBAIOT U MPOEKTUPYIOT HECYIIHE «KITFOUEBBIEY» KOHCTPYKIMHU 3/1aHusl. MHOIMe y4yeHble Mo/iBep-
ral0T COMHEHHIO TO 3HAYEHUE U CUMTAIOT 3aBbIIIEHHBIM. B HopMaTtuBHbIX fokymMeHTax CIIA otpakeH
abTEepHATUBHBIN MeToa HarpyxkeHus (ALP) BmecTo TpeOoBaHMII K CONPOTHBICHHIO Pa3pyLLEHUs JO-
KaJTbHBIX 30H, TOHATHE «0cobast Harpy3ka» («accidental load») BooGie oTcyrcTByer.

Ha ocHoBe TpeOoBaHMii K apamMeTpaM 30HbI JIOKATHHOTO Pa3pyILEeHNs] B HOPMATHBHBIX JTIOKYMEH-
Tax pa3HbIX CTPaH MOXKHO C/IENIaTh BBIBOJI, YTO HAMMEHbIIAs MPEIENIbHAs IUIOLIA b 30H JJOKAIBHOIO pa3-
pYILIEHHSI B POCCUHCKHUX HOpMaX. TeM He MeHee, 4TO O4YeHb Ba)KHO, YTO IpeAeibHas 30Ha JIOKAILHOTO
pa3pyLIEHHUs: HOpPMUPYETCSI 17151 KOHKPETHOTO TUIIA 3/1aHHSI.
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Tabmura 1 — CpaBHeHue TpeOOoBaHMI KOMOMHAIIMI HArPY30K, 3HAUCHUIO 0COOON HArPYy3KH,
K TapaMeTpaM 30HbI OTPAHUYCHHUS JIOKATLHOTO Pa3pyIICHUS] B HOPMATHBHBIX
nokymenTax Poccum, CILIA, crpan EBpocoroza

Hopmartusaeiii | KomOmHaImm Harpy3ok At 0cO00H pacyeTHOH CUTYaIi Ocobas TpeboBaHUS K JTIOKAIBHO 30HE
JOKYMCHT Harpyska paspyLIeHus
(acci-
dental
load)
CI1 Oco0ble coueTaHusi Harpy30K, COCTOSIIINE M3 TIOCTOSTHHBIX, - Ilpu pacyere Hecymmx KOHCTPYK-
296.1325800.20 | jutMTENbHBIX, KPATKOBPEMEHHBIX U OJJHOM M3 0COOBIX Harpy- it omHOro (JIroOOro) sTaxka 3ra-
17 [48], 30K: HUSL U COOPY)KCHUS 30HY JIOKATHHO-
CcI Cs=Cn+Ps, IO Pa3pyIICHUS OMPENEIIOT Kpy-
20.13330.2016 | rme rOM IUIO@BI0 He MeHee 28 M2
[50], Cm — Harpy3ka ISl OCHOBHOTO COYCTAHMS, COCTOSIIAS W3 (mramerp 6,0 M) WIA 3MAHUHA U CO-
(Poccmst) TOCTOSIHHBIX Py , umrenbHBIX P) 1 kpaTkoBpeMeHHBIX Py, OpYKECHHI TIPH BBICOTE 0 75 M; HE
Cs — Harpy3ka 111 0cO00T0 COUCTaHMS; MmeHee 80 M2 (maametp 10 M) ms
i (i=1,2,3...) (yn = 1,0; ypo=wi=...=0,95) — koahuimeH- 3[aHUH U COOPY)KEHUI BBICOTOM OT
ThI COYETAHUM 151 JUTUTEIBHBIX HAarpy30K; 75 mo 200 m; He menee 100 M2
Y = 08 (i=1,23...) — xoabuImeHTs coueTaHmi st (mmametp 11,5 M) 1151 3021w 1 cO-
KPaTKOBPEMEHHBIX Harpy30K; opyxenuii Gonee 200 M. B oxHo-
Ps — ocobast Harpyska (B3pbIBHAsI, Harpyska, BBI3bIBacMast ST@XHBIX ITPOU3BOJACTBEHHBIX 31a-
PE3KMM HapyIIEHHEM TEXHOJIOTMYECKOTo MpolLiecca; BO3neH- HMSIX CIEJyeT paccMaTpHBaTh pas-
CTBHS, 00YCJIOBIICHHBIE Ae(opMalsIMi OCHOBAHUSI; HArPYy3- pYLICHHE WM yJaJIeHHEe Hecylen
KM, 00YCJIOBJICHHBIE NI0XKapoM; yapHasi Harpy3ka OT CTOJIK- KOHCTPYKIIMM Ha Y4YacTKe yKa3aH-
HOBCHHMSI TPAHCIIOPTHBIX CPEICTB C YACTSAMH COODPYKCHHS; HOro pasMmepa (TIpH pa3MelICHHU
9KCTpEMalbHBIE  KIIMMaTHYeCKUE (CHETOBbIE, BETPOBEIC, LIEHTpa Kpyra B LEHTPE THKECTH Ce-
TEeMIIepaTypHBIC H TOJOJICAHBIC) HAIPY3KH). YeHYIs1 OTHOM M3 KOJIOHH).
BS [43] D+L/3+W/3, 34 xI1a 15% mepeKphITHS WITH TUIOMIATh Tie-
(BenmkoOpu- rre D - mocrosiHHAs Harpyska, L - BpeMeHHas Harpyska, W - pexpbitus 70 M? (B 3aBUCUMOCTH OT
TaHusl) BETPOBas HAarpy3Ka, S - CHErOBasi Harpy3Ka. TOTO, YTO MEHBIIIE).
Eurocode Y21Grj+P+Ag+ (1/)1‘11“1141/)2’1) Q1+ 34 klla | IlpenenbHasi 30HA JOKAIBHOTO pa3-
[47,51] Y s Qus PYIIEHUST HOPMHpYETCS I THIA
(EBpocoro3) (>1 P2l ekl 31aHMs. PekoMeHIyeMoe 3HaueHHe
rae G — mocTosiHHAs Harpyska, P — ypoBeHb npeaHarnpsike- o
HIst; A — ocobast Harpyska; Q — KpaTKOBpeMeHHas Harpy3Ka. COCTaBIAET 15% MepepsITH Win
’ ’ 100 M? TIepeKphITHS B 3aBUCMMOCTH
OT TOTO, YTO MEHBIIIE Ha KaK/IOM U3
JIBYX CMEKHBIX 3TaXKeH.
GSA[52] 2+(D+0,25-L) (crarnueckuii pacyer), KOHCTpYKTHBHBII y4acToOK, CBSI3aH-
(CIIA) rre D - mocrosiHAas Harpyska, L - BpeMeHHas Harpyska. HBIM C yJIaJIeHHOM KOJIOHHOM paBeH:
D+0,25-L (muHamMudeckuii pacyer), 167 M? TepeKpbITHS TIPAMO HAIo
rre D - mocrosiHHas Harpyska, L - BpeMeHHas Harpyska. KpaiHel yJaneHHo! KoIOHHOM; 334
M? TIEPEKPBITHS MPSMO  Hajl BHYT-
PEHHEN yIaeHHOM KOJIOHHOM.
UFC 4-023-03 2-((0,9 wm 1,2)-D+(0,5-L i 0,2-S)+0,2-Wy] - KoHCTpYKTUBHBII y4acToOK, CBSI3aH-
[53] (HeTMHEHHBIN CTATHIECKUI pacyer), HBIH C yIAJCHHON KOJIOHHOW PaBeH:
(CIIA) rre D - mocrosHHas Harpyska, L - BpemenHas Harpyska, W - 167 M? nepekpbITHs NPAMO HAJI0

BETPOBasl HAPY3Ka, S - CHErOBasi Harpy3Ka.

(0,9 wmm 1,2)D+(0,5L mmm 0,25)+0,2Wh
(HeTMHENHBII TMHAMIUYECKHH pacyeT) ,
rre D - mocrosiHHas Harpyska, L - BpemeHHas Harpyska, W -
BETpOBasi Harpy3Ka, S - CHEroBasi HarpysKa.

KpaifHell yaieHHOH KOITOHHOMW; 334

M? TIEPEKPBITUS MPSAMO Hajl BHYT-

PEHHEN yIaJICHHOM KOJIOHHOM.
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BouiBoabl. Ha ceromusiiamii 1eHb OONBITMHCTBO MCCIICIOBAHUMA IO MTPOTPECCUPYIOIIEMY 00pY-
IICHUIO0 KOHCTPYKIMI BBINOJHEHO HA MOHOJIMTHBIX JKENIE300€TOHHBIX, CTATBHBIX U KOMITIO3UTHBIX KOH-
cTpykuusix. [IppumedarensHo, 4To KapKachl 3 COOPHBIX JKeIe300€TOHHBIX KOHCTPYKIMIA Hanbosiee 4acto
HCTIOJIB3YIOTCS JUIS 31aHUA U COOPY’KEHUM C MACCOBBIM HAXOXKICHUEM JIFOICH, M UMEIOLUXCS UCCIIE0-
BaHUI B 3TOH 00J1aCTH HEAOCTATOUHO. DKCIIEPUMEHTATIbHBIE UCCIIEIOBAHUSI HAIIPSMYIO BIIMSIOT HA JaJlb-
Hellee pa3BUTHE HOPMATHBHBIX JOKYMEHTOB B 00JIACTH KOHCTPYKTUBHOW OE30MaCHOCTH 3/1aHUH U CO-
opyxeHui. bonbIIMHCTBO TpeOOBaHMU B UMEIOLIMXCSI HOPMATHBHBIX JTIOKYMEHTAaX PUMEHNUMBI TOJIBKO K
BHOBb IIPOCKTUPYEMBIM 3[JaHUSM U COOpYKEHUsAM. He 5CHO, Kakue KOHCTPYKTHBHBIE MEpPOIPUATUSL
HEOOXOAMMBI /Il PEKOHCTPYUPYEMBIX M SKCIUTYaTUPYEMBbIX 3[[aHUH M COOPYKEHUH JUIsl YBEIMUCHUS UX
HAJIeKHOCTU U YCTOMYMBOCTB IMPOIPECCUPYIOIIEMY OOpYIICHHIO MPH aBapUHOM BO3JeHCTBHU. B 3a-
KJIFOUCHUM MOYKHO 3aMETHTh, YTO JAJIbHEHIINE TEOPETUUECKUE U DKCIIEPUMEHTATIBHBIE UCCIICIOBAHNS B
3TOM 00J1acT HEOOXOUMBI ISl ICTAIIBHOIO U3YYCHUS TIepepacipeielieHsl YCUIHI B KOHCTPYKTUBHOU
CHUCTEME U HaIpsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUS KOHCTPYKLIMIA Ha 0c000€ BO3JENCTBHE, 0COOEH-
HO 3KCIUTYaTUPYEMBIX U PEKOHCTPYMPYEMBIX 3aHUN U COOPYKEHUM.
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APXUTEKTYPA U TPALJOCTPOUTEJIbCTBO

YK 72.035.5 DOI: 10.33979/2073-7416-2019-81-1-97-105

IBOJIIOLUA MPOCTPAHCTBEHHO-INIAHUPOBOYHOM CTPYKTYPBI
BOPOHEXA U EE BJIMSAHUE HA XAPAKTEP 3ACTPOMKH
XIX - HAYAJIA XX BEKA

I'VPBEBTI'.C.

Boponexckuil rocynapcTBeHHbINH TEXHUUYECKUN YHUBEPCUTET, I'. Boponex, Poccus

Annomayusn. Paccmampugaiomcss 0coOeHHOCMU U IManvl (HOPMUPOBAHUsL NIAHUPOBOYHOT
cmpykmypol Boponesca 60 63aumocesisu ¢ USMEHEHUSIMU aAPXUMEKMYPHO-XY00HCECMBEHHbIX, 00bEMHO-
NIAAHUPOBOUHBIX, KOMNOZUYUOHHBIX U KOHCMPYKMUBHBIX Xapakmepucmuk 3acmpouku nepuooa XIX —
Hauana XX 6exos. AKyeHmupyemcsi HUMAHUE HA 3HAYUMOCMU SPAHOUOZHOU 00WepOoCCUiCKOU 2pado-
cmpoumenvhol pepopmor 1763 200a u peenamenmupyrowux 0oKymenmax, pazpabomarnnvix Komuccueu
cmpoenuti Canxm-IlemepOypea u Mockevl, Komopvie cMO2nU 3HAYUMENLHO NOBLICUMb, NOCPEOCNEOM
BHEOPEHUsL «0OPA3YOBLIX NPOEKMOBEY, APXUMEKMYPHO-XYOOICECMBEHHbIE KAYeCmed 3ACMpPOUKU U No-
arcapnyio 6esonacnocmuv 2opooda. Ilpusodames paznogpemennvle munvl 3acmpotiku Boponesca ¢ coom-

BEMCMBUU C IMANAMU IEOTIOYUOHHO20 PAZGUMUSL NPOCMPAHCIEEHHO-NIAHUPOBOUHO CIMPYKMYPbL 20PO-
oa.

Knrwouegvie cnosa: nianupogounas cmpykmypa, pecyiaphbli NAaH 20podd, «oopasyosasy 3a-
CMpONKa, IKIEKMUKA, MOOEPH.

EVOLUTION OF THE SPACE-PLANNING STRUCTURE
OF VORONEZH AND ITS IMPACT ON THE CHARACTER
OF THE XIX - THE BEGINNING OF XX CENTURY

GUREV G.S.

Voronezh State Technical University, Voronezh, Russia

Abstracts. The features and stages of formation of the planning structure of Voronezh in connec-
tion with changes in architectural and artistic, space-planning, compositional and structural characteris-
tics of the period of XIX-early XX centuries. The attention is focused on the importance of the grandiose
all-Russian town-planning reform of 1763 and the regulatory documents developed by The Commission
of buildings of St. Petersburg and Moscow, which could significantly improve, through the introduction of
"exemplary projects", architectural and artistic qualities of the building and fire safety of the city. Differ-
ent types of Voronezh development are given in accordance with the stages of the evolutionary develop-
ment of the spatial-planning structure of the city.

Key words: planning structure, regular city plan, "exemplary" building, eclecticism, modern.

K cepequne XIX Beka manupoBouyHast cTpykTypa BopoHeka, ¢ yueToM cliokHOTO penbeda
MECTHOCTH, C(hOPMHUPOBAJIACh PETYIAPHBIM TIaHOM 1774 roma, GakTUyecKw, MOIIEANIAs 10 HAIINX
JHEW, B TPaHULIaX UCTOPUUYECKON YacTH ropojia 0e3 CylecTBeHHbIX n3MeHeHni. OiHaKo, mpolecc ee
(dbopMHpOBaHUS TIPOMCTEKAN, MPETEPIIeBas OMPEEICHHbIE TPYIHOCTH peali3allii MPOEKTHBIX 3a-
MBbICIOB. [IpencTaBuTh 0OBEKTUBHYIO KAPTHHY BOJIOLMOHHOTO PAa3BUTHS TUNIAHUPOBOYHOMN CTPYKTY-
pbl BopoHexka u cTunuctuyeckue 0COOEHHOCTH apXUTEKTYPHOTO KOHTEKCTA IOCTATOYHO CIOXKHO, HE
3aryisiHyB B 0oJiee paHHUE NepHO/Ibl e (OPMHUPOBAHUS.

Kunsle noctpoiiku BopoHexka, kak U MHOTUX POCCHUHCKHUX TopozoB, k koHiy XVIII Beka
CTPOWJINCh TPEUMYIIECTBEHHO W3 JAEpPEBA, IMOCKOJIbKY, SKOHOMHYECKHE BO3MOXKHOCTH IPOCTOrO
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CTpouTe bCTBO H PEKOHCTPYKIHA

HAaCeJIEHUs1 HE MOIJIM MO3BOJIUTh CTPOUTEIBCTBO IOMOB M3 KHPIINYA, JAaBABIIMX 3HAUYNUTEIbHBIE MIPO-
TUBOIIOKApHBIE MpenMyiecTBa. OMyCcTOMUTENbHBIE MMOKAPhI, SBISBIINECS OTPOMHBIM O€ICTBHEM,
YHUUTOKAJH LEeJble TOpoJia, JOMa U MOCTPOUKH KOTOPBIX OBLIN JEPEBSIHHBIMH, KPBITbIE TECOM, FOH-
TOM WJIA cojioMoH [1].

Ouepennoit moxkap 1773 roma, cTan moBoJoOM pa3pabOTKH HOBOTO TeHepalbHOro IutaHa Bo-
pOHEXka, I/l I0KAa3aHO COOTHOIIEHHE ITOCTPOEK U3 KaMHsI U JEPEBSIHHON JKUJIOW 3aCTpOMKU. DTO co-
OTHOIIEHHE YMCIIEHHO OBbLIO B MOJIb3Y JEPEBSIHHBIX MOCTPOEK, U COCTABISLIO0: 60 KaMEHHBIX 3/IaHUI -
9yTh MeHee 6%., a nepeBsHHBIX 96% [2], [3]. [Ipeobmanaromniyie AepeBSHHBIE TOCTPOUKH SIBIISUTH CO-
00l MPSIMOYTOJILHBIN OpeBeHYATHIN CPyO C TECOBOM KPOBJICH Ha JIBa CKaTa, a TO U KPBITHIE COJIOMOM.
ITo nmepumeTpy ycaabObl pacmoyaraiuch X03siiCTBEHHBIE TIOCTPOUKH, B TIIyOMHE — CaJ UM OrOpoj, a
caM HUJIOW JIOM MOT HaxOJUThCS IO KPACHOM JIMHUM 3aCTPOMKH yauubl. HacTo, B TpaAULUAX AOET-
POBCKOTO TOPOJICKOTO CTPOMTENHCTBA, KUIJIOM JOM pacrojarajicsi B LIEHTPaJIbHON 4YacTu ycaabObl,
WIH B TITyOMHE JIBOPA, a XO3HCTBEHHBIE MOCTPOMKHU BRIHOCHIIUCH OJIMKE K YIIHIIE, YTO O0ECIIeUrBaIIO
yIOOHBIN TOJBO3 CE€HA, KOPMOB M APYrod CEIbCKOXO3SHCTBEHHOW MpOMyKIHMU. EcTecTBEHHO cllo-
KUBIIAsICS K 9TOMY BpEMEHH TIaHUPOBKa BopoHexa mpecTasisiiia coO0i CI0XKHYIO B3aUMOCBSI3b U
COUYETaHME Pa3IMYHBIX IUIAHUPOBOYHBIX CUCTEM.

Ot komIuiekca 31anuil Boponexckoii enapxuu, noctpoeHHoi B Hauaie XVIII Bexa Ha mecte
JIEPEeBSIHHON KPETOCTH, PACXOJMBIINECS B 3allaJHOM HANpaBlIEHUU TPHU paauaibHbie aprepun (Y.
Bononapckoro, yi. [Inexanosckas, yiu. [InmatonoBa) u nse ynuilsl B Bujae noiykoden (yia. K. Crpe-
moka, yia. OpmKoHHKUA3E), GOPMUPOBAIU pAOUAIbLHO-KOHYEHMPUYeCcKyo TUIAHUPOBOYHYIO CTPYK-
Typy. B BOCTOYHOM HampaBieHMM OT MCTOPHYECKON NEPBOOCHOBHI I'Opoja, BHU3, K peke (pailoH
ynunsl benunckoro, yn. Hapsckas, yi. llleBueHko), monydusna pa3BUTHE NOPsAOKO8aAs TNIAHUPOBOU-
Has cuctema. [lopsiikoBasi CTpyKTypa XapakTepHa u Ui paiioHa SIMCKO# ci1000/1bI, BIOJIb JOPOTH HA
OcTporoxck, a Takke JJi KWIOK 3acTpoiiku BIoJb MockoBckoro Tpakra. Paiton Crpenenxkoil cio-
60wl (yn. Hapsckas, yin. ['opa Meraimuctos, yn. bazapraas ['opa), paiion OwiBireli borocimoBckoit
uepkBu (yn. bexrepesa, yn. Cupenenas, yi. 25 Okta6psi) u paiion UepHaBckoit 6anku (yi1. 3aMKuHa,
nepeynok @adpuunsii, yi. b. UepHaBckas) sSBISIOT cOO0U gemaucmyro TUNIAHUPOBOYHYIO CTPYKTYPY.
BetBucras miaHupoBouyHasi CTpyKTypa chopMupoBanack B CHIIy CIOXXHOTO pelibeda 3TUX TEPPHUTO-
pHi, 3aCTpauBaeMbIX CIIO00JICKOM KUJIOM 3acTpoiikoil. Bioas 6eperosoit muaun peku Boponex, ere
B XVII Beke Hauana GpopMHpOBATHCS U MOJIy4nsa pa3BUTHE B MEPHOJ KOPAOIECTPOCHUS JUHENHAs.
MJIaHUPOBOYHAs CTpyKTypa [3, c. 63]. B mauane XVIII Beka, B pailoHe AJIEKCEEBCKOTO MOHACTHIPS,
no yka3zy Ilerpa | Hape3aroTcs yyacTKM JUIs CTPOMTENBCTBA JKUJIbsI, KOTOPbIE (POPMUPYIOT ps008yio
IUTAHUPOBOYHYIO CTPYKTYpPY. YIUIBI IPOOUBAIOTCS NapauIeIbHO JIPYT IPYry U OPUEHTHPOBAHBI Ha
noiimy pexu Boponex (ynuusl barypunckas, Jloctoesckoro, JJyposa, KommyHnapos, OcBob0x1eHUS
tpyna) (Puc. 1).

B noperynspHOl IUIaHUPOBOYHON CTPYKTYPE, HECMOTPSI HAa CMEILAHHBIM XapakTep pa3iand-
HBIX THUIIOB IJIAHUPOBOYHBIX CHCTEM, OOBEKTHBHO CYIIECTBOBABIIMX B pa3HBIX palioHax ropoja,
NPOSIBUIINCH POOKHE 3a4aTKU PETYJISPHOro IUIaHAa, XOPOLIO YUTAeMble B 3allaJIHOM HalpaBlIeHUU
pa3BUTHA ropojia. ITU LEHHbIE POCTKU PETYISIPHOCTH OBbLIH, B JaJIbHEHIIIEM, HCIIOJIB30BAHbI U B3SIThI
32 OCHOBHYIO HJICI0 PETYJISIPHOTO IUIaHA TOpoJa.

HeymopsiioueHHOCTh TOpOACKON 3aCTPOMKH, B TOM YHCIIE U PAJOBOM, OOBIBATENbCKOM, Mpe-
HUMYILECTBEHHO JECPEBSIHHOM, B IOPETYISAPHON INIAHUPOBOYHOM CTpYKType BopoHexa, sBisiiace of-
HOHM W3 IVIAaBHBIX MPUYMH MHOTOYMCIIEHHBIX IOKAPOB. 3aadeil rocyJapCTBEHHON Ba)KHOCTH CTalla
HEOO0XOAMMOCTh M3MEHEHHs MOps/IKa CTPOUTENILCTBA B POCCHICKUX ropojiaX, ILieJeHANpaBIeHHOE
BBEJIEHUE MEPONPUSITUI 1O MPOTUBOMOXKAPHOI 0€30MacHOCTH, MO (GOPMUPOBAHUIO PETYISIPHOCTH
IJIAHUPOBOYHON T'PaZlOCTPOUTENIBHON CTPYKTYPBI, YIYUILIEHUIO apXUTEKTYPHO-XY/105KECTBEHHBIX Ka-
YeCTB 3aCTPOMKHU TOpoja U ero 6JaroycTponcTaa.

Vka3 umneparpuiiel Ekarepunoii 1l ot 1763 roga «O crienanuu BceM ropojiaM, UX CTPOSHHUIO
U yJIUIAaM CHelHalbHbIX IUIAHOB 0 KaX10M ry0epHuu 0co00» Bo3arai ero ucroiHenue Ha Komuc-
cuto ctpoennit Cankrt-IlerepOypra 1 MockBbl, KOTOpasi sSIBISUIACh B TO BPeMsl IO CYILECTBY IJIaBHOM
MIPOEKTHON opraHu3aluel, pazpadaTeiBarolleld peryspHble IJIaHbl A poccuiickux roponos. Ko-
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ApXHTEKTYpPa M I'PATOCTPOUTEILCTBO

Muccueit 0 kaMeHHOM ctpoeHnH CankT-IletepOypra 1 MOCKBbI ObIIIO COCTABICHO U PACCMOTPEHO 32
niepuoa ¢ 1766 o 1796 rox 416 miuaHoB, BKIIIOUEHHBIX B MIpuiiokeHue K [lomHoMy coOpaHuio 3ako-
HoB Poccuiickoit ummnepun (ITC3PU) [4]. Dra kammanus mo pa3paboOTKe PeryssipHbIX IUIAHOB POC-
CUHCKHMX TOPOJIOB Ipoaospkaiack u B Hadane XIX Beka, B mepuoa ¢ 1806 o 1840 rox, u crana nep-
BO¥ IpaHMO3HON 00IIEPOCCHIICKON MPaBOBOI rPa0CTPOUTEIbHOM pedopmoii [2, ¢. 46].
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Pucynox 1 - Jlopecynapuasa naanupogounas cmpykmypa 2. Boponesc na ocnoee nnana 1773 200a

[Tnan ryGepackomy ropony Boponexy 6bu1 nonnucan Exatepunoit Il 11 mapra 1774 rona,
pa3paboTKy koToporo ocymecTsui apxurekrop Msan Eroposuu Crapos [3, c. 80] (Puc. 2).

B ocHOBY rinaBHOM KOHLENTYaIbHOW UIEW HOBOTO reHepanbHoro miuana M. Crapos 3amoxuin
MIPUHIIMII PETYISPHOCTH U Pa3BUTHE YK€ CIOKHUBIICHCS TPEXITYy4eBON IIIAaHUPOBOUYHOM CTPYKTYPBI, C
aKLIEHTUPOBAHUEM M YCHWIIEHHEM KOMIIO3UIIMOHHO-INIAHUPOBOYHOM 3HAUMMOCTH cpeiHero ay4a. Ha
ATOM MEHTpaIbHOM ocu (coBpeMeHHas yi. [1nexaHoBckas) OH pa3MeCTHII IB€ TOPTOBBIE IUIOMIA/IN,
YTO B 3HAYUTEIHHON Mepe 0003HaUMIM ee TOMUHUpoBaHue. Kpome Toro, 3Ta ieHTpaibHask KOMITO-
3UIIMOHHAs OCh UMEJIa CBOE HalpaBjieHne Ha MOCKBY U CBSI3bIBaJIa HCTOPUYECKHU CIOKHUBIIMNICS
LIEHTP rOpOoJia C HOBBIMM pailOHaMU PETYJIIPHON IUIAHUPOBKHU.

JleBwlii myu (yn. IlnaTtoHosa), OyAay4yu JOBOJIBHO MPOTSKEHHBIM, BBIXOAWI Ha SIMCKyIO cio-
601y, ¢ HOBOI perynsipHoil MIaHUPOBOYHON CTPYKTYypoil. [IpaBblil 1yd HEe MOTYYMIT TaKOrO MPSMO-
JMHENHOTr0 pa3BUTHUSA, U JONAS 10 CTaporo 3eMJISIHOTO Bajla, MEHSET HalpaBJIEHUE U MPOCTHPAETCS
napajiensHo peke Boponex, k rydepHaTopckoit pesuneHimu. KonokonbsHs brarosemenckoro co6o-
pa MurpodanoBckoro monacteips (1793 ronx moctpoiiku), Oyaydu TJIaBHOM BEPTUKAIBLHOM JOMH-
HAHTOW B TOPOJIE, KOMIIO3ULIMOHHO «JI€p>Kajla» BCE TPHU Jy4ya, B COOTBETCTBUU C KJIACCHUIIUCTUUYECKOU
Tpaauuueit. Ennckon Pycckoil mpaBocinaBHO# 1iepkBH, ucTopuk U apxeorpad E. A. BomxoButuHoB
OTMeYaeT, 4To ¢ oTKpsiTueM 13 nexabpst 1779 roxga Boponexxckoro HamectHndectBa, Boponex mo-
JYYUIT «TYYIIUA BUJ U 3HATHOCTH ... [0 HECPABHEHHO YMHOXKMBIIUMCSI OT TPaXKJaH CTPOCHUSIM
OOJIBIIINX KaMEHHBIX U JICPEBSHHBIX JIOMOB HOBeiimeil apxurekrypsl. K yectu Boponexxckoro kyme-
YecTBa HaJl0 CKa3aTh, YTO OHO ... CTAPAETCS yKpallaTh TOPOJ MHOTUMHU XOPOLIET0 BKyca 3/ITaHUSMU

[5, c. 62].
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CnemmanpHo 11 Topona Boponex, Komuccueit ctpoennii Cankr-IlerepOypra m MocKBHI,
ObUTH pa3pabOTaHbI U MPEJIOKEHBI ISl BHEPECHUS B MPAKTUKY CTPOUTEIBCTBA MPOEKTHI «0Opa3Iio-
BBIX» JIOMOB, M3 KOTOPBIX: JIBA KAMCHHBIX — JIByX- U TPEXATAXKHBIA U OJMH JICPEBSIHHBIA — OJTHO-
staxkHbiil (Puc. 3).
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Pucynok 3 - «Obpasyosvie» ghacadvt sncunvix 00mos ons 2. Boponesca. 1779 200

W3 nmpuBeneHHOTO BBIIIE PUCYHKA BHHO, YTO OJHOITAKHBIM JEPEBSHHBIN JIOM BBITJISIUT,
CKopee, Kak KaMeHHas mocTpoiika. Kak 3To yacto ObIBajio, MPH CTPOUTEIHCTBE JACPEBIHHOTO JIOMa,
KaMEeHHbIE KJIacCMYecKue (HOpMbI BOCIPOM3BOAMINCH B JIepeBe: NPOPHINPOBAHHBIN BEHYAIOLIHUI
KapHH3, TPEYTOJIbHBIE CAaHIPUKH HaJl KIIACCHUECKUMH HAIMYHUKAMHU OKOH, JTOIIaTasi OOIINBKA, MU~
TUPYIOILAsi pyCT CTEHbI, MWISCTPHI HA yIJIax oMa.
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APXMTEKTYPA ¥ TPAOCTPOUTETHCTBO

B xonne XVIII Bexa 30HupOoBaHue ycaneOHOW 3aCTPOWKH BEIOCh OECCUCTEMHO, PACIOIONKE-
HUE KHIIOTO JIOMa MOTJIO OBITh B CEpEAMHE, WIH B TITyOMHE yJacTKa, MPH 3TOM, XO3SHCTBCHHBIE 10~
CTPOWKH PACHOJAralich MO MEPUMETPY ycaabObl, BBIXOJS Ha KpacHYIO JMHUIO ynuibl. K Hauamy
XIX cronerus ropoa BopoHex paaukaabHO MpeoOpa3miics, uMes B IpeobiagaroneM OO0IbITMHCTBE
«00pa3IoBYI0» 3aCTPONKY U PETYISPHYIO IUIAHUPOBOYHYIO CTPYKTYpY. [ OpoacKue KBapTajbl BKIIO-
qanu B ceOsi OIHM3KUE MO TUIOIAAN ycaabObl U UMENN MPABUIBHBIE TEOMETPHUYECKUE ouepTaHus [6].
Jloma pacrmonarajgich CTpOro IO KpacHOW JIMHUM YJHI, C TPUOJIM3UTEIBHO PABHBIMU IPOTHUBOIO-
KapHBIMU MHTEPBAJIAMH, YTO CO3aBaJi0 PUTMUYECKOE, KOMIIO3UIIMOHHOE U CTUJICBOE CIUHCTBO 3a-
crpoiiku. B riryOune ycaned o0ycTpanBauch X03HCTBEHHBIE TIOCTPOWKH U BBICAKHBAIIUCH Ca[OBbIC
nepesbs (Puc. 4).

Haubonee moapoOHO xapakTep U 0COOCHHOCTH TIAHHPOBOYHOM CTPYKTYpbl BopoHexa, pas-
OMBKY Ha KBapTajbl U ycajcOHbIC YyUaCTKH, ETATbHO WILTIOCTPUPYET «Y MEHBIICHHBIN TUIaH ycaneo-
HOM 3eMJI TyOepHCKOro ropojia BopoHexkay, CKpyIyJie3HO BBIOJTHEHHBIN IPaXIaHCKUMH TOOTPa-
damu Kenpunabim Boxxe u @anbkenmnreiinom B 1851-1852 romax (Puc. 5).

Pucynok 4 — Tunuunoe 30nupoganue ycadeonoii 3acmpoiiku 2. Boponeac:
a) xoney XV 6., 6) 1860-e coowt XIX seka, 6) koney XIX sexa
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Pucynok 5 — Ymenvuiennotit nian ycadeonoi 3emau 2ydepHckozo 2opooa Boponesica, 1851-1852 ze.
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CTpouTebCTBO M PEKOHCTPYKIAS

«B 0o01eM ropoJickoM BHEUTHEM BHJIE OpOcaeTcs B I1a3a CIeAyIoIas XapakTepPHOCTh: LIEHTP
ropojia COCTOUT IO MPEUMYIIECTBY U3 KaMEHHBIX MOCTPOEK, OOJNbIICH YacThio B JABa 3Taxa, U OT
LIEHTpA I10 pajuycaM HJET IOCTENEHHOE N3MEHEHUE NIOCTPOEK, HAUMHAS OT CMELIAHHOIO KAMEHHOTO
U JICPEBSIHHOIO XapaKTepa U OKaHYMBas CIUIOIIHBIM JepeBOM. Bce moyTu okpauHbl ropojia HOCST Xa-
pakTep OeTHOCTH: MOCTPOIMKH 3/IeCh CKOpee HAIIOMUHAIOT OOraTtoe cejo, 4eM OOoraThblii TOpoay, - MH-
cast o Boponexxe XIX Beka U3BEeCTHBI BOPOHEKCKUI KpaeBesl, U3aTeslb U OOLIECTBEHHBIN eATeNlb
I'. M. BecenoBckutii [7, c. 225-226]. Hacenenue ropoJcKux MpeAMECTHH U ci1o0oackux okpauH Bo-
poHexka pOopMabHO CUUTANIOCH CENbCKUM, U B 1860 roay HacuuThIBano Oosee OJMHHAIIATH ThICSY
4enoBeK. B camom ropose npoxuBaiio okoio 40 THICSY YETOBEK, a C yYETOM MPUTOPOIHBIX CI000/
HaceneHnue Boponexxa cocrarmsuio 51106 yenosek. K konity XIX Beka Hacenenue Boponexa yBenu-
qmiioch BABoe. Tak nmo nepenucu 1897 roga konuuecTBo xurteneit cocrabuiio 80599 yenoseka. Poct
YHCJIEHHOCTH HaceJeHHs ObLI BbI3BAH MHTEHCUBHBIM Pa3BUTUEM MPOMBIIIJICHHOCTH U MPUTOKOM pa-
004Yeil CHITBI, BCIIEACTBHE OTMEHBI KPEMOCTHOTO paBa B 1861 romxy. ['opon cTpeMHUTETHHO pacIupsit
CBOM TpaHMIIbI, U Ha3pelia HeoOXOIUMOCTh B Pa3pabdOTKE HOBOTO I'€HEPAIBbHOIO IJIaHa, KOTOPBII
cran  Obl pEerTaMEeHTHPYIOIIUM  JTOKYMEHTOM  JajbHEWINero pa3BUTHS  MPOCTPAHCTBEHHO-
IJJAHUPOBOYHOM CTPYKTYpsI BopoHexka.

B 1910 rony 6bu1 coctaBiieH 1iaH r. BopoHnexka ¢ mpuropogHsiMu ci000/aMu, Ha KOTOPOM
nopoOHO 0003HaUeHBI HanOOJIee 3HAUYMMBIC TMOCTPOUKH; KUJIBIE, aIMUHUCTPATHBHBIE, KYJIbTOBbIC
3/1aHus1, ydeOHbIe 3aBEICHUS, Ca/ibl, CKBEPbI, OMOINOTEKH, Mara3uHbl, PECTOPAHbl U TOCTUHUIIBI, 3a-
BOJIbI, (PaOpUKH, CKIIAbI M APYTHE MPOMBIIUICHHBIC 3aBeeHus. [10ApOOHbII TUIaH JOMOHIIO TOsIC-
HUTEJIBHOE OMHUCaHUE, COCTaBIEHHOE MO (DYHKIHMOHAIBHO-THIIOJIOTHYECKOMY MPUHIIUITY, C YKa3aHU-
eM mecTtonoioxkenus 3nanuit (Puc. 6).
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Pucynok 6 - ITnan 2opooa Boponesica ¢ npuzopoonsvimu cnoéodamu. 1910 200

AHaJIM3 CTAaHOBJICHUS M PA3BUTHS NMPOCTPAHCTBECHHO-TUIAHUPOBOYHOU CTPYKTYphl BopoHeka

B niepuof ¢ koHa XVIII B. 1o vauana XX B. T03BOJISET ONPEACIUTE €€ BIMSIHUE HA XapaKTep U 0CO-

OCHHOCTH TOPOJICKOH 3acCTpoiku. B moperynspHoi TUIaHUPOBOYHON CTPYKTYpE ropoja, HeYImopsio-
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YeHHas JIEpeBsSHHAs 3aCTpoiika He MMeJa MPOTHBOIOXAPHBIX Pa3pbIBOB. DTOT (hakT ObLI IIIaBHOM
MPUYMHON OMYCTOIIUTENbHBIX MOKAPOB, MOCIE KOTOPBIX TOPO OTCTpauBajics 3aHOBO [8], [9]. I'ene-
payibHbIHN Tu1aH 1774 rona U periaMeHTUPYIONIHE JOKYMEHTHI 10 «00pa3IoBbiM (acagam», pazpadbo-
tanHble Komuccuelt crpoenuit Cankr-IlerepOypra 1 MOCKBBI CTalM 3aKOHOIATEILHON OCHOBOM IS
nanpHeimero pa3Butus Boponexa. Tonbko k cepeaune XX Beka 3acTpoiika ropoja craia npuo0-
peTath ynopsaoueHHbIH xapakTtep. Hambornee pacnpocTpaHEHHBIMM THUIIAMHU KHJIBIX JIOMOB 3TOTO
nepuoja B BopoHexe sBIsUINCH:

- O/IHOATAXKHBIN JIEPEeBSHHBIN JOM Ha KAMEHHOM I[OKOJIE HJIM Ha MOJYIO/IBAIbHOM 3TaXe;

- IBYX3TaKHbIII KAMEHHO-/ICPEBAHHBIN 10OM, 1€ IIEPBBIM 3TAK — KAMEHHBIN, a BTOPOU — Jepe-
BSIHHBIM

- IBYXOTa)KHBIN JEPEBSAHHBIA TOM, HA KAMEHHOM (hyHJaMEHTe, KaK MPaBUIIO, B PYCCKOM CTH-
e, ¢ 6oraThiM aXKYPHBIM JEKOPOM U BBIPA3UTEIbHBIM CHUITYITOM;

- ABYXSTa)KHBIM KaMEHHBIH JOM, CTPOUTEIBCTBO KOTOPOTO MOTJIH ceOe MO3BOIUTh Hanbosee
oOecrnieueHHbIe CJI0U HAceNIeHUs (IPOMBIIUICHHUKH, KYIIbI, ABOPSHE).

B xonne XIX Beka, ¢ mOsSBICHHEM HA TJABHBIX YJIHIAX Topojia OOJBIIOr0 KOJIMYECTBA Ka-
MEHHBIX JKUIIBIX M OOILIECTBEHHBIX 3AaHUM, HEOOXOAUMOCTh B MPOTUBOIIOXKAPHBIX Pa3phIBaX MEXIY
JIOMaMH OTMaja. DTO MEHAJIO XapaKTep 3aCTPOMKU YJIUIl U UX PUTMHYECKUN cTpoH. J[ByX — Tpex -
STa)KHbIE KAaMEHHbIE 3JaHUsI CO3J]aBAId HEMPEPBIBHBIN, TOBOJIBHO MECTPbI (PPOHT 3acTpONKH yIull,
MIOCKOJIBKY, OIITYKaTypeHHBIC, CBETIIbIe (hacaibl 3aHUil KOHTPACTHPOBAIH C KPACHO-KOPHYHEBBIMHU
(bacagamMu COCEIHMX MOCTPOEK B «kupruaHoM ctuie» [10] (Puc. 7).

T g

a) nepeaqa 4YeTBepTb XIX Beka. OTCyTCTBMe NPOTUBONOXAPHbBIX Pa3pbIBOB MeXAy OAHOJTAXHON AepeBﬂHHOVI SQCTDOMKOM BbI3bIBANo noXapoonacHoCTb.
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Pucynoxk 7 - Paznoepemennsie munot 3acmpoiixu 2. Boponesc:
a) nepeas uemsepmo XIX 6., 6) cepeouna XIX sexa,
8) koney XIX — nauano XX eexa

BeiBoabl. Heyrmopsiio04€HHOCTh TOPOJICKON 3aCTPOMKH B TOPETYISIPHON IIJIAHUPOBOYHOMN
CTpyKType BopoHexa, siBisiack OHON U3 TJIaBHBIX IPUYMH MHOTOYMCIIEHHBIX MOXKapoB. 3agadei
rocy/1apCTBEHHON BaKHOCTH CTaJjla HEOOXOAMMOCTh U3MEHEHHS MOPsAKa CTPOUTEIHCTBA B POCCUMA-
CKUX TOPO/Iax, LeJIeHApaBIeHHOE BBEACHNE MEPOTIPUATUI O MPOTUBOMNOXKAPHOU O€30MaCHOCTH, TI0
(OpPMUPOBAHUIO PETYISIPHOCTH IIJIAHUPOBOYHOM IPpaJOCTPOUTEIBHON CTPYKTYPHI, YIYUIIEHHUIO ap-
XUTEKTYPHO-XY/10’)KECTBEHHBIX Ka4eCTB 3aCTPOMKH ropojia U ero 6J1aroycTpoicTBa.

OcHoBHOM 3aaueii rpaHANO3HON 00IIEPOCCUICKON TPaOCTPOUTENBHOM pehopMoil sBIsIach
peann3anys yTBEpKACHHOIO PeryiIsipHoro Iuiana r. Boponexa 1774 rona, a uMEHHO:

- BBIIPSIMJIEHUE U pacIIUPEHHE YIIUII, UX 0JI1aroycTpoiicTBo;
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- IPOTHUBOIOKAPHBIE PAa3PBIBBI MEXKY COCETHUMH MTOCTPOUKAMU;

- IepUMeTpalbHasl 3aCTPOMKa KBapTaJIOB M0 KPACHOW JIMHUHU YJIULL;

- paccesieHue 10 COLMAIbHOMY IOJIO0XKEHUIO U MATEPUAIBHOMY COCTOSIHUIO: B LIEHTPAJIBHOU
YaCTH ropoJia - ABOPSHCKHE U KYIIEYECKHE I0Ma U TIOCTPOMKH, Ha CI000JICKMX OKpauHax U B TOPOJ-
CKUX MPEAMECTBAX - IEPEBSIHHBIE I0Ma MATIOUMYLIUX FOPOKaH;

- HOPMHUPOBAHKE U MOBBILIEHUE APXUTEKTYPHO-XY10KECTBEHHBIX KaueCTB 3aCTPOMKH, I1O-
CPEACTBOM BHEAPEHUs «00Pa3LIOBBIX IPOEKTOBY;

- IOJITOTOBKA MPO(ECCHOHATIBHBIX aPXUTEKTYPHBIX U HHKEHEPHO-CTPOUTEILHBIX KaJIPOB.
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IMPOTHO3UPOBAHUE JUMHAMMKHA BO31YIIITHOMN CPE/bI
B I'OPOJICKOM 3ACTPOMKE

CKOBEJIEBA E.A., ABPAMOB A.B., IIMJIMITEHKO O.B.,
ITYEJIEHOK O.A., POANYEBA M.B.

Opnosckuii rocyaapctBeHHblit yHuBepcuteT uM. 1.C. Typrenesa, r. Open, Poccus

Annomauusn. B pavkax KoHyenyuu ycmouyugoeo pasgumus 20p0008 peuaemcs 3a0a4d npozHo-
3UPOBAHUSA NAPAMEMPOS8 B030VUIHOU CPEObl U NPOBOOUMCS OYEHKA BIUAHUSL NPOYECCOo8, NPOMEKAOWUX HA
YpOaHU3UpOBanHblX meppumopusx Ha ammocgepy. [lokazano, 4umo 8 yucie 0CHOBHbIX MEMOO08 PeuleHUs
amoll 3adauu — co30anue u passumiue UHOOPMAYUOHHBIX CUCTEM MOHUMOPUHEd, NPOSHOZUPOBAHUS U
onogeujeHuss 0 COCMOAHUU B030YWHOU Cpeobl. Ycmanosneno, umo Hauboiee AKMUBHO pPA38UBAIOMCA
KOMNJIEKCHbIE UHDOPMAYUOHHbBIE CUCTEMbl, NO3BONAIOWUE PACCMAMPUBATNb DUIUKO-XUMUYECKUE NpO-
yeccol Ha AOCMAMOYHO OONLUUX NPOCMPAHCMEEHHBIX MACUMADAX, a MAKd’ce NPOSHOZUPOBAMNb COCMOSL-
HUS 8030YUWHOU Cpeodbl 20pooa 6 yeioM. Bozmoosicnocmu ucnonv3osanus smux cucmem OJis UCCIE008AHUSA
npoyeccos 8 OMHOCUMENbHO HeOONLULUX 00bEMAX 8030YXa 02PAHUYEHDI.

Aemopamu npeonodicena NPUHYUNUATLHASL CXeMA JTOKATbHOU UHMOPMAYUOHHOU CUCMeEMbl NPO-
CHO3UPOBAHUSL OUHAMUKU 8030YULHOU cpedbl. [Ipuseden ancopumm pearusayuu npediodcenHo20 nooxood.
IloopobHo paccmompensi pe3yromamol paspaboOmKu UMepUmenbHo20 KOMNOHEHMA JTOKAIbHOU UHDOp-
mayuonnou cucmemvl. I[Ipedcmagnensvl pe3yiomamol usmepeHusi OUHAMUKY KOHYEHMPAYUU y2apHo2o 2d-
3a, OKCUOa azoma 4, CepHUCmMo2o aHeuopuda 8 ammocgepHom 8030yxe HCULOU 3aCMpOUKU, NPUiLe2auell
x meppumopuu Opaosckoui TOL] ¢ meuenue ous. Iloxazano, ymo OUHAMUKA KOHYEHMPAYUU 3aePA3HIIO-
wWux geujecme 8 8030yxe 8 meueHue OHs, NOLYYEHHAS IKCHEPUMEHMANbHO, COOMBENCMBYem CO8PeMeH-
HbIM MeopemudeckumM npeocmasienuam o xapakxmepe pacnpocmpaHeHus paccCMompenHblX 3a2pA3HAI0-
wux sewgecmas 6 6030yxe. Ha ocnose nomyuennvix pesyiomamos Ovii coenan 6bl00 06 a0eK8amHoCmu
PaspabomantHo2o usmMepumenbHo20 KOMROHEHMA JIOKANbHOU UHGOPMAYUOHHOU CUCTEMbl NPOSHOZUPOBA-
HUsL OUHAMUKU BO30YULHOU CPeobl.

Kniouegvie cnosa: unghopmayuonnasn cucmema MoHumopuHaa, NPOSHO3UPOSAHUS U ONOGEUEHUS
0 COCMOSIHUU BO30VUIHOU CPeObl, YUCTEeHHAS MOOeb, UsMeperue, (usuieckoe noie 6 803oyxe.

PREDICTING THE DYNAMICS OF THE AIR ENVIRONMENT
IN URBAN AREAS

SKOBELEVA E.A., ABRAMOV A.V., PILIPENKO O.V.,
PCHELENOK O.A., RODICHEVA M.V.

Orel State University named after I.S. Turgenev, Orel, Russia

Abstracts. Within the framework of the concept of sustainable urban development, the problem
of forecasting the parameters of the air environment is being solved and the impact of the processes oc-
curring in urban areas on the atmosphere is assessed. It is shown that among the main methods for solv-
ing this problem is the creation and development of information systems for monitoring, forecasting and
warning about the state of the air environment. It has been established that complex information systems
are developing most actively, allowing one to consider physical and chemical processes on a fairly large
spatial scale, as well as to predict the state of the air environment of the city as a whole. The possibilities
of using these systems to study processes in relatively small amounts of air are limited.

The authors proposed a schematic diagram of a local information system for predicting the dy-
namics of the air environment. An algorithm for the implementation of the proposed approach. The re-
sults of the development of the measuring component of the local information system are considered in
detail. The results of measuring the dynamics of the concentration of carbon monoxide, nitric oxide 4,
and sulfur dioxide in the ambient air of residential buildings adjacent to the territory of the Oryol CHP
during the day are presented. It is shown that the dynamics of the concentration of pollutants in the air
during the day, obtained experimentally, corresponds to modern theoretical ideas about the nature of the
distribution of the pollutants in the air. On the basis of the obtained results, it was concluded that the de-
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veloped measuring component of the local information system for forecasting the dynamics of the air en-
vironment was adequate.

Keywords: information system for monitoring, forecasting and warning about the state of the air
environment, numerical model, measurement, physical field in the air.

CoBpeMEHHBIC METaroIUChl SBIISIOTCS IIEHTPAMU HAYKH, KYJIbTYPhI, OOIIECTBEHHOMN MKU3HU U
JIOCTaTOYHO MHTCHCHBHO pa3BHBaioTcsa. He cMOTpsI Ha MONBITKU (POPMHPOBAHUS KOHIICIIIIMKM YCTOM-
YUBOT'0 Pa3BHTHS TOPOJIOB, MPOLIECCHI X CTAHOBJICHUS MPOTEKAIOT XaOTHYHO M HEPEIKO CBS3aHBI C
000CTPEHUEM SKOJOTHYSCKHUX IpoOsieM. K 4KCIly OCHOBHBIX OMAacHOCTEH, (OPMUPYIOIIUXCSA B 0O0JIb-
KX TOPOJaxX CErofHsS MOXHO OTHECTH M3MEHEHHE IMapaMeTPOB BO3AYIIHOW CPEJbl MO JCHCTBHEM
M30BITOYHBIX BBICTICHUN TEIUIA, 3arps3HSIONIMX BEIIECTB, HAPYIICHHS] €CTECTBEHHBIX MOTOKOB C
BHEIIHEH Cpesioi.

B nacrosiiiee Bpems mpo0jieMy MpOrHO3UPOBAHUS COCTOSIHUSL BO3AYIIHOM Cpelibl B ropojax
IpeJyiaraeTcsl pearh 3a CYeT KOMIUIEKCHBIX WH(POPMAIMOHHBIX CHCTEM MOHHTOPHHIA, MPOTHO3H-
POBaHMSI U OTIOBEHICHHSI O COCTOSIHUM BO3IYITHOW CPebl HA YPOAHU3UPOBAHHBIX TeppUTOpUSX. Ta-
kue cucteMbl kak «Urban Weathery, «Environ mentata», «Climate Services» yxxe BHeapensl B boiio-
Hbe, Banencun, Konenrarene, Xenbcunku, Ocio u np. [2].

DJIeMEHTaMH KOMIUICKCHBIX CHCTEM SIBJISIOTCS: CETH HAOJIOACHUS, MPOTHO3UPOBAHMS, IIpe-
OYIPESKICHUS HHTETPUPYIOTCS B KOMMYHAJIbHYIO MH()PACTPYKTYPY U IO3BOJISIOT IPOrHO3MPOBATH
MOCJICICTBHS OT M3MEHEHHUSI MUKPOKIIMMATHYCCKOTO PEXKKMMa, MM COKPAICHHs BEIOPOCOB (puc. 1).

OHH O3BOJISIFOT OTCIICKHUBATH TMOKA3aTeNId (PU3UKO-XUMHUUYCCKUX TPOIECCOB, OMPEICIISIFOIINX
COCTOSIHME BO3JYIIHOHM Cpeibl B TEKYIIUHA MOMEHT BpeMeHH. VIcXons U3 3TUX pe3yabTaToB (GopMu-
PYIOTCSI TIpeJCKa3aHus OyIyIero COCTOSIHHS BO3IYIIHOW CPEIbl B ONPEICICHHBIX BPEMEHHBIX HMH-
TepBAJIaX W TPH BO3MOXHOM (DOPMHPOBAHUHU OIACHBIX COCTOSHUN OCYIIECTBISIOT OIOBCIICHUE
HACEJICHUs, IPOKMBAIOIIETO B MOTCHIIMAIBLHO OIACHOM 30HE.

JlanpHelee pa3BUTHE TEOPETHUCCKHMX OCHOB ITOCTPOCHHS HH(MOPMAIMOHHBIX CHCTEM, a
TaK)Ke peIleHUe MPUKIAIHBIX HAYYHBIX 3a/1a4 ¢ X IOMOIIBI0 IpoBoauTcs A. baknanossim, G. Beig,
T. Butter, M. Lawrence B pamkax komiutekcHbIX mpoektoB GURME, HIVFUMAPEX u 1.1. [1, 3, 4,
5, 11].

OTH KOMILUIEKCHBIC HH(POPMAITHOHHBIC CHCTEMBI 0€3 COMHEHWSI SIBJISTIOTCS. MOIIIHBIMUA HHCTPY-
MEHTaMH MPOTHO3UPOBAHUS JUHAMHUKHU (U3NYECKUX TMOJIeH B BO3yXe OONBIINX ropoaoB. OIHAKO UX
MPUMEHEHHE OTPAaHWYCHO IMPHU PEIICHUW 3a/1a4, CBS3aHHBIX C HCCIICIOBAHUEM OTHOCUTEIIHHO He-
00JbIINUX 00HEMOB BO3/TyXa, B YACTHOCTH TaKUX 3a/1a4 KaK:

1. UccnenoBanue mpoIeccoB mepeHoca aTMOC(EpHBIX MOTOKOB M PACCEUBAHUS 3arps3HSIIO-
IIMX BEIIECTB B TOPOJICKUX KBapTasax.

2. WccnenoBanve BIUSHUS PACTUTEIBHOCTH M, B 0OJee IMUPOKOM CMBICIIE, MWHTETPATLHOMN
CTETIEHU YEepPHOTHI MOBEPXHOCTEH B TOPOJICKON cpelie Ha MPOIecChl MepeHoca TEeIuia B TOPOACKOM
cperne.

B 10 ke Bpems, Kak mokasbiBatoT uccienoanus T.M. Butler, atu 3amauu sBIIsIFOTCS BayKHBI-
MU TP HAYYHOM O0OOCHOBAHUU KUJIOM 3acTpoiiku [3]. Hanmpumep, BaxHOM PUKIAIHON 3aa4€i co-
BPEMEHHOW TEOpUHU TEIUIOMAcCOOOMEHa MPUMEHHUTENBHO K JKUJION 3acTpOWKe SIBISIETCS M3y4YeHUe
BBIPKCHHBIX TEIUIOBBIX 30H («strong urban heat islandsy) [1, 2].

DOta u mojo0Has e 3a/1a4i MOTYT OBITh PEIIEHBI C TTOMOIIBIO JTOKATBHBIX HH(POPMAITHOHHBIX
cucTeM, (YHKIIMOHAT KOTOPBIX COCTABIISIOT W3MEPHTEIbHBIC M MPOTHOCTHYECCKHE KOMITOHCHTBI.
Hanpumep, pazBuBaemas aBTopaMu JIoKaidbHasi HH()OpPMAIIMOHHAS CHCTEMA MPOTHO3UPOBAHUS INHA-
MUKH BO3JIYILIHOM cpeibl (pUC. 2) MoApa3yMeBaeT pealn3aluio CIeIyIOIMUX 3TaroB:

- KOHGUTYPUPOBAHHUE U3MEPUTEITHLHOTO KOMILIEKCA UCXO/ISI U3 3a/1a4 MIPOTHO3HPOBAHUS, COOP
HCXOJHBIX SKCIIEPUMEHTAITLHBIX JaHHBIX

- (hopMUpOBaHKE HAYATBHBIX U TPAHUYHBIX YCIOBHI B MPOTHOCTUYECKOW MOJIENN UCXOMIS U3
TIeJIeH NCCIIeIOBAaHUS M SKCIIEPUMEHTAIIBHBIX PE3yIbTaTOB;
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Pucynok 1 — KomnnekcHas uH@opmayuonnas cucmema MOHUMOPUH2A, RPOZHO3UPOGAHUA U ONOGCULCHUSL
0 cOCmoaARUU 6030YUWIHOIL CPeObl HA YPOAHUZUPOCAHHDBIX MEPPUMOPUIX

M3meputenbHble
KOMMOHEHTbI

ANroput™M yHKLMHMPOBaHUSA
NHOPMALMOHHON CUCTEMbI

1. dopmuposaHve

MporHocTuyeckue
KOMMOHEHTbI

1. MNocTaHoBKa 3agauun

N3epUTENbHON CUCTEMBI C
P nccnegoBaHns

y4YeTOM peliaemblx 3agay

PU3NKO-XMMUYEKMX MPOLECCOB

2. NamepeHue akTniekmx
napameTpoB aTMocdepb!

3. Mposepka pesynbTaTos
MOZENMpOBaHus

4. PesynbTtaTbl YUCEHHOrO
MOAENUPOBaHUA

2.MocTpoeHne YicneHHoi moaenm| |

J\

A

1. NcxogHasa uicneHHas

mopenb

2. HayanbHble 1 rpaHnyHble

YCroBust

3. YTOYHEHHas yncneHHasa
Moaenb OU3KO-XUMUYCKNX

npoLeccoB B aTMocdepe Ha
paccmarpusaemon
TEppUTOPUN
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Pucynok 2 — Jlokanvnas ungpopmayuonnas cucmema nPOZHOIUPOCAHUS OUHAMUKU 8030YUIHOIL CPeObl
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- YUCJICHHOE PEUIEHHE NMPOTHOCTUYECKOM MOJENN Ul OIrPAaHUYEHHOI'O KOJIMYECTBA MPOBE-
POYHBIX PEHICHUI, COMTOCTABIIEHUE BHIYMCIEHHBIX PE3yJIbTaTOB C U3MEPEHUSIMH; BHIBOJ 00 a/leKBaT-
HOCTH (HEaIeKBaTHOCTH ) MO/IEIIH;

- YTOUHEHHME HA4YaJbHbIX U I'PAHUYHBIX YCIOBUM B HEAIEKBAaTHBIX MOJIEIAX, [IOBTOPHAS IPO-
BEPKa;

- MOJIyYEHUE KOMIUJIEKCa YMCIICHHBIX PEUICHUN B BUJE paACIpe/lesICeHUs TeMIlepaTypbl, KOH-
[EHTPAIMX PA3TUYHBIX BEIIECTB U APYTHX (U3NUECKUX MOJICH Ha aeKBAaTHOM YMCICHHON MO/IENH;

- IPOBEJICHUE aHAJIN3a BBIYMCIIUTEIbHBIX PE3YJIbTATOB UCXO/IS U3 3a7a4 UCCIEIOBaHUSI.

N3MepuTenbHbIi KOMIIOHEHT CUCTEMbI PEajJM30BaH HA OCHOBE aBTOMATU3UPOBAHHOM ILIAT-
dbopmber Arduin0 1 KOMIUIEKCHOTO IIPOrPaMMHOI0 obecrieueHus (PUCYHOK 3).

Kondurypauus u3smMepuTeaIbHOI0 KOMIOHEHTA MPOBOAUTCS 33 CUET MOAKIIOYCHHS 33/1aHHOTO
YHCJIa CEHCOPOB M MEPBUYHBIX Mpeodpa3oBateneii k miardpopme Arduino, a Takxke 3arpy3ku B MHUK-
POKOHTpOJUIEp MpOrpaMMbl, HallMcaHHOW B crneuuanusupoBaHHoil IDE-cpene. Ilon ynpasieHuem
3TOM MpOrpaMMsbl mIaThopMa OCyIIECTBISET ONMPOC BCEeX MOIKIIOYEHHBIX K HEel nmpeoOpa3oBareneil u
¢dbopmupoBaHue 6JIO0KOB U3MEPEHHI COTIIACHO MPOTPAMMHO OTPEACTICHHOMY aJITOPUTMY.

Otu GJIOKM MOTYT IepenaBaTbcs KoMIbloTepy yepe3 USB mopt mim HakamiuBaTh B MaMsTh
cucrembl. J{is 006paboTku OJOKOB JAaHHBIX, ocTynaromux B mopt [I9BM B cpene LabView paspa-
00TaHO MpOorpaMMHOE oOecrieueHrue cOopa MEPBHUHBIX IKCIEPUMEHTAIbHBIX NaHHBIX. [Iporpamma
MPUHUMAET MCXOHBIC TAHHBIE, OCYIIECTBIISIET UX 00pabOTKY, B 3aBUCUMOCTH OT IIeJIei HCCIeI0Ba-
Hus U popmupyet 6a3zy AaHHBIX, ISl UETO B3aUMOJICHCTBYET C CUCTEMOM yrpaBieHHs 0a301 JaHHBIX
SQLiteStudio.

TakuM 00pa3oM, U3MEPUTEIHHBIA KOMIIOHEHT 00ecreYnBaeT BO3MOKHOCTh M3MEPEHUSs ITI0-
0011 KOMOMHALINY TTApaMETPOB OKPYKAOIIEH cpelibl U (HOPMUPOBAHHS TAOIHUI] C UCXOAHBIMH U 00pa-
OOTaHHBIMU JAHHBIMHU.

[IporHocTHYecknii KOMIIOHEHT JIOKAJbHOW WH(POPMALMOHHOM CHUCTEMBI MPOTHO3HPOBAHUS
JUHAMHKU BO3JYIITHOM Cpelibl OCHOBAaH Ha MAaTeMaTUYECKOM MOJICITMPOBAHUH (HU3UKO-XUMUUYECKHX
npoueccoB B armocgepe. Ilomyuaemas B urore nuHaMuka (U3MYECKUX MOJIEH, WUIUIIOCTPUPYET
HaIpaBJIEHUE U PAa3BUTHE PACCMAaTPUBAEMOr0 IIpoLecca.

OTarnbl MaTEMaTUYECKOT0 MOJIEIMPOBAHUS IPEACTABIEHBI HAa PUC. 4 HA IPUMEpE aHAJIU3a Bbl-
pa’keHHOH TeTJI0BOH 30HBI, (HOPMUPYEMOIl Ha 0’KUBJICHHOM MPOCHEKTE OAHOTO M3 OOJIBIINX TOPOIOB
Poccuiickoit ®enepanuu.

Ha nmepBoM sTame MojaenupoBaHMs pa3padaTbIBaeTCs MCXO/AHAs YHMCIEHHAs MOJENb, Ipea-
CTaBJICHHAsl PaCYETHON F€OMETPUEH.

PacueTHast reomeTpusi MOXKeET ObITh chOPMUPOBAHA B JIBYX MM TPEXMEPHOM MPOCTPAHCTBE.
Kak noka3zpIBaeT npakTrka, MHOTHE TEIUIOBbIE MPOIIECCH MOTYT ObITh pACCMOTPEHBI Ha JBYXMEPHBIX
cpe3ax 6e3 morepu cyTu (hu3MYecKoro nporecca. ITo HO3BOJISIET HE TOJIbKO O0JIErYUTh MPOIECC MO-
CTPOEHHS YUCICHHOW MOJENHN, HO U COKOHOMHTH BBIYUCIUTEIbHBIA PECYPC, YTO OYEHb BA)KHO IPH
pean3alnyy pacueToB 110 METOLY KOHEUYHBIX 2JIEMEHTOB.

Janee, wucnonb3ys pe3ynbTaTbl MPEIBAPUTENBHBIX AKCIHEPUMEHTANIbHBIX HCCIIEJOBAHUM,
HAKJIaBIBAIOTCSA HAYaIbHBIC U TPAHUYHBIC YCIOBUA 3afaun. Ha yeTBepTom sTamne ¢popmupyercs cer-
Ka KOHEYHBIX 3JIEMEHTOB, MATHIN ATAIl CBA3aH C MOJyYEHUEM PE3yIbTaTOB BbIUMCICHHUS.

B Hacrosmmii MOMEHT aBTOpaMu pa3pabaThIBAIOTCS OT/IEIbHBIE KOMIIOHEHTH HH(GOPMAIMOH-
HOW CHUCTEMBI MPOTHO3UPOBAHMS JUHAMUKH BO3IYIIHOW CpeIbl B TOpoJCKoi 3actpoiike. Cobpan
AJIEMEHT U3MepeHus KoHleHTpanuu yraptoro rasza (CO), okcuna azota 4 (NO2), cepHucToro anrui-
puna (SO2) B Bo3ayxe. B ero ocHOBy mosoykeHa cxema, MpeICcTaBlIeHHast Ha PUCYHKE 3, JUIS Yero K
wiargpopme Arduino noaxmroueHsl onoku: MG-811, MiCS-2714, 2SH12 (puc. 5), coriacHo CTaH-
JTapTHBIM cxemam [15].

Jis mpoBepku 3¢ (heKTUBHOCTH OJI0Ka MPOBECHBI U3MEPEHHS KauecTBa BO3/IyXa Ha TEPPHUTO-
pHUU KIIJIOTO paiioHa BOIM3M TerioBou snekTporeHTpanu (OpnoBckas TOIl) Ha oxxuBIEHHOM Tiepe-
KpPECTKE, TEPPUTOPUI MHOTOITAXKHON M MAJIO3TAXKHOM 3aCTPONKHU; JOMIKOIBHOTO M CpelHero odpa-
30BaTENBHBIX YUPEKACHUHN. Pe3ynbraTsl M3MepeHuil pecTaBieHsl Ha puc. 6 — 8.
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Mporpamma cBopa

MporpaMma KOHTpONA 3a
npouecom cGopa AaHHbIX

oo VlamepuTensHan cuctema
-

1. Mnatdhop 2.Mep
Arduino HPEOSPEGOBETEJ‘IVI

Ci Y 1A Bazamu

Pucynok 3 — Cmpykmypa uzmepumenbHozo0 KOMHOHEHMA 10KAIbHOI UHHOPMAYUOHHOT
cucmembl RPOZHOZUPOCAHUA OUHAMUKU 8030YULHOIL CPEObL

Kak BuiHO, MakcHUMasbHble 3HAUEHUS! KOHIEHTPALUK YTapHOTO ra3a HaOJIroaloTCsl B yTPEH-
HUe 4Jackl (puc. 6), 9TO OOBSICHIETCS YCHICHHEM TPaBUTAITMOHHOTO KOMIIOHEHTa CKOPOCTH OCEIaHuUs
BBIOPOCOB JBIMOBBIX TPyO NpH 0ojiee MHTEHCUBHOM OXJIQXXKJICHMM B HOYHbIe yachl. HaOnromaemas
JMHAMHUKa TPOIlecca COOTBETCTBYET KAUeCTBEHHOH XapaKTEepHCTHKE, NpencTaBieHHONW B [Ipukas
MunucrepctBa I[Ipupoansix pecypcoB u skojoruu PO Ne273, a koauuecTBeHHbIE U3MEHEHHs KOH-
IIEHTpAIMK BO BpEMEHH COOTBETCTBYIOT JanHbiM G. Brunet, van der Gon [9, 10, 12, 14].

Ha rtepputopuu, mpuieraromeil K 0XKHMBJICHHOMY IEPEKPECTKY, JAMHAMHKA KOHLEHTpaIlu
YrapHOTO Ta3a CBs3aHa C M3MEHEHHWEM TPAHCIOPTHHIX MOTOKOB. MakcumanbHble KoHeHTpammu CO
peructpupyrorcs 10 12-00 wacos u B nepuog 18-00 + 20-00 yacos. IlepBblil TOKaNbHBI MAKCUMYM
OoJiee BBIPAKEH, YTO CBSA3aHO C CYTOYHBIMH KOJICOAaHHMSIMH BeTpOBOW akTHBHOCTH [8]. JlnHamuka
KOHIIEHTPALMU YTapHOTO ra3a Ha TEPPUTOPUU MPOMBIIUIEHHOTO NPEANPHUATHS CBsi3aHa C OCOOCHHO-
CTSIMH TIPOM3BOJICTBEHHOTO PEXKHMMa, & TAKXKE CYTOUYHBIMHU KOJIEOAaHUSIMU BETPOBOW aKTHBHOCTH. [lo-
JTydeHHBIE Pe3yJIbTaThl cOOTBeTCTBYIOT TpeboBaHuaM (ITTKma=5 Mr/m3; TIIKe=3 mr/md).

Junaamuka xonneHtpamuu NO2 u SOz (puc. 7, 8) cBsizaHa ¢ H3MEHEHHWEM TPAHCIIOPTHBIX I10-
TOKOB, @ TaKXe€ IMPOLECCOB MEPEMELICHHUsI BO3IYIIHBIX MacC, YTO COOTBETCTBYET CYIIECTBYIOIIHUM
npejcraBineHusm [6, 7]. Ha Teppuropun 0xxuBiIeHHOTo niepekpectka xoa koHienTpamuu NO2 anaso-
TMYEH PAaCCMOTPEHHOMY paHee. Paznuuue coOCTOUT B TOM, YTO BTOPOI JIOKaJIbHBIN MakCUMyM OoJiee
BBIpa)KEH.

Junamuka NO2 u SOz B oCTalIbHBIX TOYKaxX CBsi3aHA C OCOOCHHOCTSMHU MUTPALUU BPETHBIX
BEIIECTB 110 TEPPUTOPUH KUJION 3acTpoiiki. OCHOBHBIMHA MEXaHU3MaMH IEePEHOCA BBICTYMAOT MO-
nsipHast U MonekyisipHast quddysust [13]. [Tpudem nepBblil MexaHU3M SIBISIETCS MPeoOIaaronmM. 3a
CUET TETUIOBBIACTICHHI aBTOMOOMIIBHBIX MTOTOKOB HAJl IOPOTOW (OPMHUPYETCS] BOCXOISIINNA BO3IYIII-
HBIN NOTOK, KOTOphIi BoBiekaeT NO2 u SOz, BeensIoNIMecs IpYU HEMOJIHOM cropaHuu Torausa. [1o
Mepe yJTalleHHUs] OT JTOPOTH BO3IYIIHBIN IMMOTOK OXJIKIAETCS M OIMYCKAETCS BHU3, BBI3BIBASI OCAXKIE-
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HUE BpeAHBIX BeulecTB. [Ipu nocTaTOYHON MPOTSKEHHOCTH aBTOMOOMIIBHOM JOPOTH Ha HEH MOTYT
(opMHPOBATHCS TOPU3OHTAIBHBIE BO3AYIIHBIE TEUCHHsI, KOTOPbIE BbI3BIBAIOT MOBBILICHUE 1aBICHUS
BO3JlyXa MEXAY 3JaHUSMHU U IIPOHMKHOBEHUE HACBILICHHBIX BPEIHBIMU BEIIECTBAMHU BO3AYLIHBIX
Macc B JKHIIYIO 3aCTPOMKY.

1. DopMupoBaHue pacyeTHON reomeTpum

. HanoxeHue HayanbHbIX yCNoBuii

1]
v

\

5. YucneHHoe peweHue 3apaum

3. HanoxeHue rpaHnMyHbIX YCNOBUIA

4. DopmupoBaHue CeTKU KOHEUHbIX 3NIEeMEHTOB

Pucynox 4 — dmanut npocHoCmMuYecK020 M0OeIUPOCAnUs

0)

Pucynox 5 — Moodynu 0ns usmepeHuss KOHUEHmMpPAyuu 3azpa3HAIOMWUX éelecme 6 6030yxe (a — mooyas MG-811
ona usmepenusn CO; 6 — moodynv MiCS-2714 ons usmepenus NOz; ¢ — moodynv 2SH12 ona usmepenus SO2)
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Pucynok 7 — /lunamura KOHyenmpayuu y2apHozo 2a3a ¢ ammochepnom 603oyxe

Tepputopua

=+ ManoaTaxHoRn 3acTponku
&= MHOrosTaxHon 3acTpoiku
—*— [owkoneHoro obpazoeaTentHoro y4pexaeHua

== CpepHero o6pa20BaTenkHOro yHpexaeHus

= MNpPOMBILNEHHOTO NPEANPUATUA

—o— OXUBNEHHOTrO nepekKpecTka

10 12 14 16 18 20 22
Bpems cyTok

Pucynok 8 — /lunamuka Konyuenmpayuu cepHucmozo aHzuopuoa 6 ammocheprom ozoyxe

Ot MMPpOHCCChI ABJISIFOTCA AOCTATOYHO WHCPIHUOHHBIMHU, YTO U O6YCJ'IaBJ'II/IBaCT OTCTaBaHHUC

JIOKAJIbHBIX MAaKCHMYMOB KOHIICGHTpPAIlMM PAcCMATPUBAEMBIX BEIIECTB HA TEPPUTOPUU SKUIIOH 3a-
CTPOWKHM OT MakCHMyMOB Ha paccMaTpuBaeMoM Iepekpectke. [lomyueHHbIE pe3ynbTaThl BO BCEX
cirygasx npepbrmatoT BennarHbl [111K xak mo NO2, tak n o SOx.
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Kak BUIHO, pe3ynbTaThl U3MEPEHUN COIIACYIOTCSI C COBPEMEHHBIMU TEOPETUUECKUMHU IIPE-
CTaBJICHUSMHU O JMHAMMKE BPEIHBIX BEIIECTB B aTMOC(EpPE, UTO MO3BOJSET CyAUTh 00 aJeKBaTHOCTH
pa3paboTaHHOTO M3MEPUTEIHHOTO KOMIIOHEHTA. JlanpHeiinee pa3BuTHe JTOKAIBHON WH(MOPMAIIMOH-
HOM CHUCTEMBI IPOTHO3UPOBAHUS JUHAMUKHU BO3IYIIHOW CPEIbl MO3BOJIMUT AOCTATOYHO TOYHO MpeN-
CKa3bIBATb HAIIPABJICHHUC PA3BUTUA (1)I/ISI/I‘ICCKI/IX IMpOUECCOB, a TAKIKC MOJYUaTb JAHHBIC I HAYYHO
000CHOBAHHBIX MOJIXOJI0B K IPOEKTUPOBAHUIO KUJION 3aCTPONKH.
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YK 79.1 DOI: 10.33979/2073-7416-2019-81-1-115-130

OCOBEHHOCTH INTAHUPOBOYHO-KOMITO3UIITMOHHOT'O
IHHOCTPOEHUA 3ATI'OPOIHBIX YCAIEDB B ITPOCTPAHCTBE
KYPCKOI'O KPAS XVIII - 1-¥ TIOJIOBUHBI XIX BEKOB

XO0JIOJIOBA E.B.

Hay4Ho-uccnenoBaTenbCKUil MHCTUTYT TEOPUM U UCTOPHU apXUTEKTYpsl U rpafgocTpoutensctsa (HUMTUATL),
Oumman OI'BY "IHHHUUIT Munctpos Poccun", . Mocksa, Poccnst

Annomauyusn. Hccnedoganue 0CHOBAHO HA BbISIGIEHHBIX APXUBHBIX U NEUATNMHBIX UCMOYHUKAX,
HAMYPHBIX UCCIEO08ANHUSX ABMOPA, KOMOpble N0360JsI0m 6ojiee 000CHOBANHO PEKOHCMPYUPOBAmMs 06-
PA3HYIO CMPYKMYPY YMPAu4eHHbIX 08OPSHCKUX U KYReuecKux ycadeb @ chepe peKxoHCmpyKyuu ux apxu-
MEKMYPHO-NPOCMPAHCMBEHHOL Op2aHU3AYUU HA meppumopuu nopybesicho2o pecuona Poccuu. Ocnosotl
uccne008anusl A6NAEMCs U3yueHue monozspaguu u Quzuxko-eeozpaguueckue munog MeCmHoCmu, Xapax-
mepHuix 015 Kypckozo pezuona.

Hayunas nosusna uccnedosanus céazamna ¢ npogedeHuem asmopCKux IKCneouyuil no 8visAGneHUIo
NPUBHAKOS8 CYWeCMBOBAHUSL U HAMYPHOM 00C1e008aHUeM PAOA COXPAHUBUIUXCS YCAOEOHBIX KOMNIEKCOE,
He npuegnexasuiue panee 8 00NNCHOU Mepe sHumanue ucciedosameneti. Ocooy0 3HAUUMOCHb UMEEN 8bl-
S6NIEHUE aPXUGHBIX U NeUAMHBIX UCTOYHUKOG, KOMOpble N03601510m 60jee 000CHOBAHHO PEKOHCMPYUPO-
6amb 0OPA3HYIO U MAMEPUATLHYIO CIPYKIYPY YIMPAYEHHbIX IAEMEHMO8 OBOPSHCKUX U KYNEYeCKUX Yca-
oeo.

Ocobast 3HAUUMOCMb BLINOIHEHHOU KOMMIEKCHOU UCCIe008AMENbCKOL pabombl 00YCL08IeHA
B03MOICHOCBIO 3ANOIHUMDb JIAKYHbL 8 U3VUEHUU BAICHBIX CIPAHUY UCMOPUU OOUEHAYUOHATIHOU U De-
2UOHATILHOU PYCCKOU KYIbNYPbl, OMPAZUSUUXCSL HA (POPMUPOSAHUU PESUOHAILHBIX 0COOEHHOCEN CIpPO-
UMENbHBIX NPUEMOE U 0OPA3HOCMU APXUMEKMYPHBIX ancambell ycaded Kypckozo kpas.

Knrouesovie cnosa: Kypckuii kpail (2ybeprus), 1anouwiagpm, ycadvbwi, KOMRO3UYUsL, NIAHUPOBKA.

FEATURES OF PLANNING AND COMPOSITIONAL CONSTRUCTION
OF COUNTRY SUITES IN THE SPACE OF KURSK REGION
XVIII - 1st 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

Abstracts. The study is based on identified archival and printed sources, full-scale studies of the
author, which allow more reasonably reconstruct the imaginative structure of lost noblemen and mer-
chant estates in the field of reconstruction of their architectural and spatial organization in the territory
of the border region of Russia. The basis of the study is the study of topography and physical-
geographical types of terrain, characteristic of the Kursk region.

The scientific novelty of the research is connected with the conduct of the author's expeditions to
identify signs of existence and a full-scale survey of a number of surviving manor complexes, which did
not previously attract the attention of researchers. Of particular importance is the identification of ar-
chival and printed sources, which allow more reasonably reconstruct the imaginative and material struc-
ture of the lost elements of the nobility and merchant estates.

The special significance of the comprehensive research work is due to the ability to fill the gaps
in the study of important pages of the history of national and regional Russian culture, reflected in the
formation of regional features of building techniques and imagery of architectural ensembles of the Kursk
region's estates.

Keywords: Kursk region (province), landscape, manor, composition, layout.
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BBenenue

[Ipenmerom uccrnenoBaHus SBISETCS 3arOpoIHOE ycaneOHoe cTpoutenbeTBO Kypcekoro kpas,
PacCMOTPEHHOE B PaMKaX 3HAYUTENIBHOIO B MCTOPUKO-KYJIBTYPHOM OTHOIIEHUH XPOHOJIOIMYECKOM
nepuonae — XVIII — 1-it nonoBunst XIX BB.

OOBeKThl HCCIEI0BAHUS — IOMECThS, UMEHHUS, yCabObl U Jauu PUBUIETUPOBAHHBIX COCIIO-
Ui Kypckoro kpas: ABOpSIHCTBA U KyII€4eCTBa.

[TockonpKy aAMMHHACTPATUBHBIE TPAHULIBI ITOCIEPEBOIIOLMOHHOIO IEPUOJA PA3BUTHSI CTPaHbI
MEHSUINCh, NPU ONPEAEICHUN TEPPUTOPUAIIBHBIX IPAHULL UCCIIEI0BAaHUS NPUHAT TepMUH «Kypckuit
Kpail», Kak pabouymii HHCTPYMEHT, 103BOJIAIOLINN paccMaTpUBaTh CYIIECTBOBABIIYIO HA IPOTSHKEHUU
XVII — 1-it monmouab!l XX BEKOB KaK TEPPUTOPUATHLHYIO IIEJIOCTHOCTh, ONPEICISBIIYIO GOPMUPO-
BaHue B €€ mpejernax crenuduieckux 4ept KynbTypsl (puc. 1, puc. 2).

Hctopuorpadus npodiiemsl uccaenoBanus Ha Tepputopun Kypckoro kpasi.

Hcropuueckue cBeneHus 06 ycanpbax Kypckoro kpas peiko BCTpe4aroTcsi Ha CTpaHHUIAX J10-
PEBOJIONMOHHBIX M3AaHui. Her oTaenbHBIX craTeil M1 MoHOrpaduueckux paboT KOMILIEKCHBIX HC-
CJIEJOBAHMM, ITOCBSAIIEHHBIX TEME CTPOUTEIBCTBA U apXxuTekrype Kypckoro kpasi.

Uccnenoarenu xonma XIX — magama XX BB., OCTaBasICh B paMKaxX UCTOPUIECKON (HhaKTOJIO-
T'HH, K COKAJICHUIO, HE PAa3BHJIM B CBOMX TPyJaX XYI0KECTBEHHOTO OCO3HAHUS ycaaeOHOW apXHUTEK-
TYPBI.

B mectHoi nepuoanyeckoii neuatu (B Kypckux rydepHckux u EnapxuanbHbIX BEJOMOCTSIX U
Ip.) yHOMHHaHUS 00 ycaap0ax BCTpEUatoTCs JHUIIb B (DaKTUUECKUX COOOLICHHSIX.

3HAYUTENIBHBIM SIBIEHUEM B KypCKOW JIETONMCHOW MCTOPUM CTall BBIXOJ psiia m3aHuil A.A.
Tanxogsa, /.M. baranes.

B teuenne XX Beka ycaap0b1 Kypckoro kpasi He IpuBJIeKalu JODKHOTO BHUMAHHS apXUTEK-
TOpPOB U UCKyccTBoBeoB. Haubonee ynaunuBoil oka3anachk ycanpba bapsatunckux "MapbuHo", Ko-
TOpOH nocBATUIN cBoU paboThl apxurekrop C.U. ®énopos, uctopuk E.B. KonunH, uckycctBoBeabt
M.C. TapacoBa, H.A. CunsHckasl.

Onucanue NaMATHUKOB apXUTEKTYPHI OTACIBHBIX OeITopo/I-
CKuX ycanaed BcTpeyaroTcs B ouepkax apxutekrtopa JIL.U. Konecuu-
KOBOWM.

HcTtopuueckue cBeieHUs U3 KU3HU OTAEIbHBIX ycaned Kyp-
CKOIl ryOepHHM M €€ BIaJebleB IPO3BYYalu B MyOIUKAIUAX Kyp-
CKUX HccnenoBatene u kpaesenoB (1990-e — 2004 rr.).

bonpmoil BKiax B HM3y4EHHE DHBOJIIOLUU CTPOUTENIHCTBA
CEJIbCKOTO JKMJIMILA PYCCKO-YKPaWHCKOIO MOTpaHU4bsl BHECIU TPY-
el JI.LH. YnkukoBoH.

JIBOopsiHCKME MMEHHs B Ipoliecce KpernocTHuuecTBa LleH-
TpasibHOro Yepnozembst 1-if momoBunbl XVIII B. (3Bomrouus mo-
MECTHO-BOTYMHOTO (DOHJIA, CTATHUCTUKA M CTPYKTypa JBOPSHCKUX
MOMeCTU) mpexacTaBieHbsl B paborax ucrtopuka C.B. UepHukosa.
OBONIOIMSA BOPSIHCKUX M KYNEUYECKUX 3emileBlafcHui LlenTpans-
Horo YepHozeMbs B mopeOpMEHHBIN MepHoJI paCCMOTPEHBI B TPY-
nax ucropukoB B.A. IllanoBanoBa, B.C. KynaGyxosa, I'".1. Crap-
yeHko, B.B. Berukosckoro, N.T. [llatoxuna u ap.

O0630p nuTEepaTyphl U Hay4yHBIX paboT, AAIOLIUI MPEICTaB-
JIEHUE O CTENEHU JOCTATOYHO MOJIHOIO OCBEIICHUS MPOOIEMBI, MOJ-
TBepxkaaeT, uto Kypckue ycanpObl He ObLIM emié MperaMeToM Iie-

Pucynox 1 - Yepmesnc 3emens

no pexe Cems om o3epKa JIOCTHOTO MCTOPHKO-apXUTEKTYpHOTO uccienoanus nepuojga XVII
®umesnc 00 PoLnbeka - Hadasa XX BB. 3apyOexHbIe UCCIIEOBAHUS TaK Ke OTCYTCTBYIOT.
IMudp: PTAJIA, ¢. 210, AKTyabHOCTh HCCIIEJIOBaHUSI OOYCIIOBIIEHA TEM, YTO pycC-

Ilpuxkasuwiit cmoan,

CKas ycaJ:[L6a CETOAHS SABJIACTCA peHHKTOBOﬁ I/IC‘-ICSaIOH_[Cﬁ TEMOH.
cmnd. 1410, n. 295

Ceronns ObIBIIME ABOPSHCKUE W KYNEYECKHE 3arOpOHBIE YCaIbOBI
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ApXHTEKTYpPa M I'PATOCTPOUTEILCTBO

Kypckoro kpast camas He3aluIEHHAast 4acTh 00BEKTOB KYJIbTYPHOTO Hacienus - 0ecxo3Hble, pa30ou-
paemMble Ha CTpoiMaTepualibl, Kajeyaluecs HekoMieTeHTHbIMU peMoHTamu. K Hawany XX B. B Kyp-
ckoii ryoepuuu Obut0 O6osee 6 000 ycane6. Ha TeppuTopun COBpEMEHHBIX PETMOHOB, BXOISIIUX B
obBIIyt0 Kypckyro rybepHHIo, MOKHO Ha3BaTh Julb okoso 100 mect, rae ¢pparMeHTsl ycaaeOHbIX
KOMIIJIEKCOB, Pa3JIMYMMBI TI0 OCTaTKaM aJljied MapKoB, MPYAOB U ycaaeOHBIX CTPOCHHUU. Y caaeOHbIX
KOMIUIEKCOB, IOAECPKUBAEMBIX PEryISIPHOM pecTaBpalueil eIMHULBL. B pe3ynpTaTe X0341iCTBEHHOU
JESTeTbHOCTH UCYE3aI0T CEMEHHBIE HEKPOTIONIN U YHUKAJIbHBIE ycaaeOHbIe TaHAmA(THI.

C xypckumu ycaap0aMu CBA3aHbI KHU3Hb U JIEATEIbHOCTh MHOTUX M3BECTHBIX MCTOPHUYECKUX
JMYHOCTEH, OOIIECTBEHHBIX U TMOJIMTHYECKUX AEATeNed M JesTeneid Hayku M uckyccrBa. Kypckas
ycaap0a cTana KoJablOeIbl0 CTAaHOBIICHUS OTEUECTBEHHON HAyKH, UCKYCCTBA U KYJIBTYpBI.

OcHoBHas 11e71b pabOThI —ONpeIeTICHNE APXUTEKTYPHO-IIPOCTPAHCTBEHHOW OpraHU3alluu 0COo-
OeHHOCTEH 3aropoAHOro ycaaeOHOro CTPOUTENLCTBA OJHOM W3 3HAUUTEIbHBIX TEPPUTOPHM YEpHO-
38MHBIX obnactelt 10:HOro nopyoexns Poccun — Kypekoro kpast 8 XV I — 1-it monoBunsr XIX BB.

Yacrs |.

Ku3Hp NEpBBIX 3€MIICBIAJENBLEB - CIYXWIbIX JIIOAEH, BpeMeHU KojoHM3auuu Kypckoro
kpast XVI-XVII B. mpoxonuna B MOrpaHUYHON CIy*k0€, B YCIOBHU MOCTOSIHHON BOWHBI, 00OPOHEI
F0’KHOM TpaHUIlbl TOCYIapCcTBA OT MHO3EMHBIX 3aXBaTUYMKOB, U B IIPOIECCE PA3IMUHBIX BHYTPHYCOO-
HBIX KOH(PIUKTOB. [103TOMY TOBOPUTH O KaKOM-JIMOO TIOCTOSTHCTBE M IIPOYHOM MHUPHOM OCEIJIOM 00-
pase JKU3HU 3aropoIHON ycaabObl B 3TOT EPUO HE IPUXOIUTCSL.

[ToceneH1pl ITOr0 BpEMEHU COCTAaBIISUIM UCKIIOYUTEIBLHO BOEHHOE HaceseHue. [lepBoie 3em-
JIeBJIAIETIbIIBl IPUTPAHUYHBIX HE3AIMIIEHHBIX TEPPUTOPHUM BBIHYKICHBI ObUIH CO37aBaTh ycaaeo-
HYIO ’KM3Hb, KOTOpas BIIOJIHE XapaKTEPU3YETCsl TEPMUHOM «KOYEBOE» ycaapbocTpouTenbeTBo. Kak
TOBOPWJIM COBPEMEHHHUKHU - «JOMBD» MOMEIIMKOB HPEACTABIsUIN COO0H BpeMEHHOE MPOCTOE JKUIIBE,
CXOJHOE C KypHOW XaToi KpecThsIHMHA, BHIIIOJIHEHHOE U3 HEKAUECTBEHHOIO0 MaTepuaa, U «KOTOphIe
OHU BBIHYX/IEHBI ObUIM IIEPECTaBIATh C MECTA Ha MECTO» M3-3a YaCTOTO pa3opeHHsl U 1moxapos [1].
Taxoe nosyoxeHue BUANUTCS PUMEHUTENIBHO KO BCE HAacCeNEHHON TeppUTOpUHU Kpasi, KOTOpas rpym-
MUPOBAJIaCh MPEUMYIIECTBEHHO BOJIM3M YKPEMJIEHHBIX FOPOJIOB, B OCHOBHOM B IIEHTPAJIbHOM, 3amajl-
HOM M CeBepO-BOCTOUHOI YacTH Kpasi, U uMena OoJblliee pacpoCTpaHEHUE TOJIBKO BO 2-i MOJIOBHUHE
XVII B. T'oOBOpPHUTH O CTPOUTEIBCTBE YKPEIUIEHHBIX yCaIb0ax-KPEMnocTsAX 3TOro Mepruoja Tak e He
npuxoautcs. Ha cioyyail ocaapl moceneHus Jy4YIIUM YKPBITHEM SIBIISUTUCH IPEUMYILECTBEHHO OJM3-
Jealue jeca. 371ech ke HHTepecHa IPEEMCTBEHHOCTb ITOKOJIEHHUH - Y100CTBO JKU3HU BOJIM3H JIPEB-
HUX TOPOJUIIL U CEJUIL, COXPAaHUBIINX BCE XapaKTEPUCTUKU YKPEIUIEHHON MECTHOCTHU - MPUPOAHbBIE
U PYKOTBOPHBIE 3€MJISIHbIE YKPEIUIEHUs] B OKPYKEHHUHU peK U 00JI0T, YTO OBLIO JOCTATOYHOH mperpa-
JIO B cliydae 0caibl HEMPUSTENS.

HccnenoBaTtenu mpouioro yTBEp:KIaiu, 4TO «<...> BBIHYXJIECHHAas HEMOCEMAJIMBOCTb 3J€LI-
HEro HaceJIeHHs B TE€UYEHHWE MHOTHX CTOJETHH HaJOKWja Ha HEr0 XapaKTepHbIE YEpPThl, CKa3bIBalO-
IIMecs M MOHBIHE: CEJIeHUsl OONbIIeH YacThio MOCTPOCHHBIE U3 MAJOLEHHOTO MaTepuana, COCTOSIH
CKOpee U3 KYpHBIX JauyT, YeM U3 U30, yeMy BIOCJEICTBUHU enl€ criocoOCTBOBAIO eI yCHUIIMBAIOLIe-
ecsl JIeCOUCTpeOIeHNe; KPECThIHCKUE MalllH UMETH BUJ KOE€-KaK BCKOBBIPEHHBIX MOJIOC, OJ1aro 3eM-
7151 He OblIa UCTOIIEHA, U KPYroM ObLIO MHOTO HETPOHYTOW LIENIMHBI, HACEJIEHNUE HE MPUBBIKIIO JOPO-
KUTh HACHKEHHBIMU MECTAMH U JIETKO MOKHUAAI0 uX <...>» [1].

VYcaneOHas KU3Hb TPHUOOPETAET ONPEACIEHHYIO OCEJIOCTh M OOJIBIIIEe PaCTIPOCTPAHCHUE TaK
e BOJIM3M YKPEIUIEHHBIX TOPOAOB UM JIMHUHU YKPEIJIeHUH nmorpaHnyHoil benropojackoit uepTsl B mo-
cinenneil yuerBept XVII B. u Ha pybexe XVII-XVIII BB., koraa rpanuisl Poccun nepenBUHYNHCH
naneko Ha tor, 1 Kypckuil kpail U3 morpaHu4Hoi 00JIaCTH MOCTENIEHHO CTAHOBUTCS «THUIOBBIM paii-
OHOM).

«<...> W3 BonBOpeHHBIX BO BTOopoii monosuHe X VII B. B LlenTpanbHoil uepHo3eMHON 001acTH
JUTSE €€ 3aIUTHI CITYKUJIBIX JIFOACH, TBOPSH M OOSPCKUX JETEH, HAJCICHHBIX HACEIICHHBIMUA BOTYH-
HaMH U MTOMECTBhSIMH, 00pa30BajICsl 3a)KUTOYHBIA WM, TIO KpaiiHel mepe, 10CTaTOYHBIN Kiacc IMo-
MECTHOTO JIBOPSIHCTBA. DTO COCJIOBHE HE TOJBKO HE OCTAaBJISUIO CBOMX BOTYMH U MOMECTUM, Hace-

Nel (81) 2019 (aneapv-ghespans) 117




CTpouTebCTBO M PEKOHCTPYKIAS

JIEHHBIX KPETMOCTHBIMH JIFOABMH, HO U OY€Hb YCEPAHO 3aHUMAJIOCh CEITBLCKUM XO3SIMICTBOM, MPUHO-
CUBIIMM €My, TIpU TIOJTHOM 00ECIEYeHHH OT BHEIIHUX BPAaroB W JIapOBOM KPEIMOCTHOM TpyJe, 3Ha-
YUTENbHBIC BBITOJBI. [Ipy SKCTEHCHBHOM cHCTEME 3eMIICIENHs MMOMEIIMKH Halleld o0lacTh CTaau
BBICEIISATh YaCTh CBOUX KPECThSH M3 PEUHBIX JOJUH Ha CBOOOJHBIE OT KYJIbTYPHI 3€MIIH, OJMKE K
BOJIOpa3jiesiaM: MOSBHIMCH B CEBEPHOM IMOJIOBHHE 00JaCTH MHOTOYHMCIICHHBIC "BhICENKHU", "MBOPH-
ku'", ¥ B 0€3BOJHBIX JOJIMHAX HAYAJIOCh YCTPONCTBO MEPBHIX HCKYCCTBEHHBIX MPYAOB. TakuM 0Opa-
30M CIUIOITHAS KOJIOHU3AIMS Halllel 00JIacTH HE TOJBKO 3aBEepIniIach, HO U MPOHUKIIA B UCKOHHOE
JOCTOsSIHUE KOYEBHHUKOB — coceanue IIpuBomxckyro u HoBopoccuiickyro obmactu» [1].

Pucynok 2 - Buo na pexy Ceiim 8 okpecmnocmsax Poinvckozo ye3oa

31ech yke BUAUTCS OoJbIas OCeNIOCTh 3€MJIEBIIAIENbIEB, YCTPOHUCTBO 0O0Jiee OCHOBATEIb-
HOTO >KUJIbSI — CBOEOOpa3Hble ycaibObI-KPETOCTH, TOTOBBIE K OTPAXKEHUIO HEX/IaHHOW Ocajibl Bpara.
JIOBOJIBHO pacrpOCTpaHEHHBIM TUIIOM yca/bObl MEJIKOIIOMECTHBIX BIIAJIENIBLIEB SIBJISIETCS CKPOMHOMN
JIepEeBSHHBIN ycaJeOHbIH JOM C XO31HCTBEHHBIMM MOCTPOMKAMHU, HE YacTO LEPKOBBIO U CaJI0M, 3a-
IIUIIEHHBIN BBICOKOM Orpajioi - manucagoM 1 yacto psoM. U Ooliee pacmivpeHHbI BapuaHT ycab-
ObI 17151 KPYIHBIX MOMEIIMKOB, YCTPAUBAIOIIUX «yCaIbObI-TOPOJIKNY, - XOPOIIO 3aIIUIICHHBIH Kpe-
MIOCTHIO JKUJION M XO3sIIICTBEHHBIN KoMIuieke, Harpumep, Kpynen u MBanosckoe U.C. Mazensi, To-
JIOKOHHOE-BuHorpaaHoe BeIpooBbIX U 1p.
B cuny npeobnagaroiero pacnpocTpaHeHHsI METKOITOMECTHOM ABOPSHCKOM ycabObl TOBCIO-
Iy BUJUM NPEUMYILECTBEHHO JIEPEBSIHHbIE ycaJeOHble KOMILJIEKCHI: JBOP CO CKPOMHBIM JIOMOM B
LIEHTPE, OKPY>KEHHBIN Yepeioi HeOOIBIINX X03MOCTPOEK M BHICOKOM JAEPEBSIHHBIMU OTPAION - Maju-
caloM U pBOM. Psnom ¢ ycanp0oil - nepeBsiHHas 1LIEpKOBb. UepThl 3aMKHYTOTO JIBOpa C BBICOKOM
orpafoi Kypckas ycaapObl coxpansieT U Ha nporspkeHur XVIII B. m 1o navana XIX B. YcaasOwi
XVII- nau. XX BB. mpenMyI1ecTBEHHO JiepeBsHHbIe. OCHOBHAsI OTpacib — 3eMJIeIeNne.
CoBpemeHHHKH OoTMeuanu: «<...> Bo Bropoii monoBune XVIII B. momemuusn ycanbOsbl
3HAUUTENIBHO YIYUYIIWINCE. JI0 TOr0 BpEMEHN OHU COCTOSUIM MPEUMYILIECTBEHHO U3 TECHBIX HU3KHUX
JIOMHKOB, JIETKO BO300HOBIISIEMBIX TOCJE MOTPOMOB MNEPEHOCHMBIX C MECTa Ha MECTO, MpHYEM
NPEANOYUTATIOCh TAKOE UX PACIOJIOXKEHHE, YTOOBI U3 0apCKOro JoMa ObLIO BUAHO KakK Ha JIAJ0HH,
yTO AenaeTcs B AepeBHe. C Tex Mop Kak Haia o0nacTh Oblla HaBCEr/la OrpaXk/ieHa OT BPaKeCKUX
HanaJIeHuH, ycapObl ceNantuch BIOJIHE OCEAIBIMU. B mpexkHee BpeMsi MPUMBIKaBIINE K TOMEIIH-
YbUM JIOMaM CaJlbl COCTOSUIM UCKJIIOYMTEIBFHO U3 HACAXKACHUS (PPYKTOBBIX JI€PEBHEB Ha JIECHBIX
pocurctsx. C yCUJIeHHBIM 00pallieHHeM JIECHBIX IPOCTPAHCTB B 3alalllki, a TeM 0oJiee C OCHOBaHU-
€M NOMELINYbHX ycaaed U B MECTHOCTSIX CTEIHbIX UM OE3JIECHBIX, Y OMEIINKOB, BTOPO MOJIOBU-
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Hel XVIII B. mosiBuacek BrepBbie MOTPEOHOCTH B Pa3BEICHUH CaJOB €BPONEUCKOTO THIA, T.€. C HC-
KYCCTBEHHBIMU HACaXkIICHUEM U JIECHBIX JepeBbeB. CHayalla TUIIOM 3TUM HACaKICHUSAM CITYXKHIN
(bpaHIry3cKHe cabl ¢ UX TEHUCTHIMU MPSIMOJIMHEHHBIMH aJUIESIMU JIECHBIX JAEPEBHEB U IPABUIBHOIO
Pa3OMBKOIO HA MPSMOYTOJbHBINA WM KBAJpaTHbIE KyPTHHBI, 3aCaKEHHbIE ()PYKTOBBIMH JAECPEBBIMH.
Ho yxe B Hayane XIX B. B Hameil 00JIacTH MOSBUIMCH CaJIbl IPYTOr0 — aHTJIMHCKOTO TUIIA — MAPKH
C UX Pa3HOOOPA3HBIMU JICCHBIMH HACAKACHUSAMH, IIEpEeMEKAIOIMMUCS ¢ 0oJiee WIM MeHee o0Lup-
HBIMM TOJITHaMU. /loma, OKpy>KEHHbIE TaKUMU CaJlaM{ WIHA NapKaMH, IOMEUIUKU CTajJd CTPOUTH
o01MpHee, BbILIE U AaXKe U3peaKa U u3 6ojee MPOYHOro Marepuasa, HapuMep KUpIuya U KaMHs U
KpBITh skene3oM. Camasi )KM3Hb B TakuX ycaab0ax caenanach Oojee komdopTabenbHO u Oonee
KyJIbTypHOW» [1].

Yacrts 1.

[TocTpoeHne KOMIO3UIMK yCaaeOHBIX KOMIUIEKCOB B OOJBIICH CTENEHH ONpPEesId TOMO-
rpadus u pu3uKo-reorpagpuyecKkre TUILI MECTHOCTH.

O6o03HaunM obmue nanamadTHeIe XapakTepucTuku Kypckoro kpas mo gaHHeIM Hadana XX
BEKa.

Kypckas ryoepnust mo ¢popme penbeda npeacTaBisieT co00i HEBBICOKOE TNIOCKOTOPhE, Ha TI0-
BEPXHOCTH KOTOPOH PAaCIOJIOKEHBI I'Psbl BO3BBILIEHHOCTEN OT 245-277 M BBICOTHI Hall YPOBHEM
OKeaHa. JTU XOJIMbI SIBISIIOTCS BETBIMU CpeqHEpYCCKOM BO3BBIIIEHHOCTH, BXOJSLIEH B Mepesesbl
Kypckoii ry6. [2]. HeBbicokas Lenb X0IMOB, KOTOpasi HAYMHAETCS] HA CEBEPO-BOCTOKE M UAET HA 0T
o mpaBoMy Oepery pek Ockona u Jlonma B XapbKOBCKYIO TYOSpHHUIO, HOCHIIH Ha3BaHHUE " XapbKOB-
ckux rop" [1]
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Pucynox 3 — Kanvicmuuu. IIpumep pazmewienue ycaoed 3enenunvix (XVII 6.), 3amem Boponanoewix (XIX 6.)
60nu3u meppumopuu 2opoouwa X — X I 6.: a) — 6) cospemennoe cocmosanue; 8) CUMyayuoHHAsA cxema

Kypckas rybepHus He UMeeT OOIUPHBIX POBHBIX MPOCTPAHCTB. 13 HEMHOTOUMCIEHHBIX paB-
HUH 110 OeperaM HEKOTOPBIX PEK U MEX/Y MX UCTOKaMH, OTMEUEHBHI JIBE: OJ{HA Ha ceBepe, 1Mo beperam
p. Ceiima, ycthsiMu p. Tyckapu u p. CBarbl, a Jpyras B LIEHTpe T'YOepHUH, COCTABIISAIONIAs TNIOCKYIO
BO3BBIIIEHHOCTh MeXKAy p. CelimoM u [lciom.
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[To Tumy penbeda ryOepHHUS OTHOCHUTCS K SPO3UOHHO-0ATOUHOMY WM JOJMHHO-OBPAKHO-
6anoynomy. Hanbonee tunuuner 6anku (siora). bombmie Bcero ux Ha mpaBbix Oeperax pek Ceiim u
[Icén. XapakrepHsl cTenHble 0roana (4acTo 3anaJuHbl). bamouHsle jeca ¢ CyXuM ITHUIIEM U T0JI0-
TMMU TIPSMBIMU KpasiMH TIOJTYYMIIM Ha3zBaHUe Oalipaynble jeca. VX ObUI0 MHOTO B CEBEpO-3alaIHBIX
ye3ziax TyOepHHUH.

OT BO3BBIIIEHHOCTH (0KOJIO T. THMa) Ha 3amaj U Iro-3amaj pacXoJsuTcs B BUJIE Beepa MHO-
TOYMCIIEHHBIE HEBBICOKHE XOJIMBI, JIOXKOUHBI, PBBI, CIy>Kalllle pyclaMu PeK, pyubEB U MHOTOUYHCIICH-
HBIX MUTAIOMINX UX POJHUKOB [1].

Kypcknii kpait oporaercs Asymsi cucreMamu pek: JlnenpoBckoit u Jlonckoit. Hanbomnee mos-
HOBOJHBIMU cunTanuck peku Ceiim, Tyckaps Csana, kotopsie B TeueHun XVII — 1-ii nonoBuner XI1X
BB. OblTH cynoxoaHbsIMu. Ho yxke k Hagamy XX B. MHOTHE BOAHbBIE ITyTH OOMENeNn, 0 Y4EM U TOBOPH-
JIOCh B MyONMKAuUsAX Tex JeT: "<...> HeCMOTpsl Ha oOuiue Tekydeil Boasl, B Kypckoii ry0. HET pexu
CyIIOXOJHOM; TpaBaa, o CeliMy B mpezenax ryoepHur xoaat 1-2 mapoxoja, HO OHHM HAallOMHHAIOT
CKOpee UTPYIIKY U TaCKAIOT (OyKCUPYIOT) TOJIBKO OapiKu C IpOBaMU, MyKOil U cBekioBuiei" [1].

ITo Geperam pek Ceiima, [Icna u Bopckibl BcTpeuaroTcs 3HaYUTENbHbBIE 3aTOHBI U CTapUIIbI,
KOTOpBIE B HEKOTOPBIX MECTAaX COEJUHEHBI C PEUKaMH M COCTABIISIIOT YacTh UX pycia. bonee unu me-
Hee 3HAYUTEIIbHBIE MPYbl HAXOIMINCH MPU KaKJJOM OOJIBIIIOM CEJICHHU.

Bonbmux 03ép u 6010t B Kypckoit rydepann He Obut0. [To Mano3HaunTenbHOCTH cBOei 0o-
JI0Ta, HE MMEJIM HUKAKOro BIUsHUS Ha kiauMmar. KpymHeitmiee mo miomiaan MosdeHCkoe 00J10TO
HAXOJMJIOCHh B OKpecTHOCTAX Momuenckoit CoppoHueBoii myctbinu B [lyTUBIBCKOMD ye3e.

Pucynox 4 - I'opoouwe Xommoiscck Ha pexe Bopckne. Xapaxmepnutii nanowagm Kypckozo kpas
60nu3u 1020-3anadnoit wacmu ykpenaenuit benzopoockoit uepmut. Ilpumep gpopmuposanue nocenenuii
6 m.4. ycaoded 601u3u yKpenjieHHbIX 20P000e.

Kak yxe ormeuanocs, Kypckas ry0epHust oTinyaeTcsi 0JaronpusTHBIM YMEPEHHbIM KIUMa-
TOM M IUIOJIOPOJHBIMU MoyBaMH. UepHO3EM 3aHMMaeT OoJiee MOJOBUHBI TEPPUTOPHH BCEX YE3J10B,
kpome Pouibckoro u JImutpuenckoro. bonee Bcero — B Kopouanckom y. (90,5 %), menee Bcero — B
JmutpueBckoM y. (35,6%). BepxHuil naxoTHbIHM Cl10#, TpeUMYIIECTBEHHO Y€PHO3EMHBIN, TOCTUTA
TOJIIUHBI 70 2 apiiuH [3].

Yacrs 111

Jlns aHanmM3a apXUTEKTYpPHO-TIPOCTPAHCTBEHHON OpraHu3alMy ycaaeOHBIX KOMIUIEKCOB, MX
KOMITO3UIIMN U OMNpEJIEICHNs XapaKTepa UX CBSA3HM C OKPYXEHHEM He0OXOIMMO 0003HAYUTh THIBI
IJIAHUPOBKH CeJIbCKHUX MOCeJIeHNH 1 pPacroIokKeHus ycaaed B UX CTPYKTYpe.

Kypckas rybepHust cunranach OJHON M3 CaMbIX T'yCTOHaceln€HHbIX MecT Poccun. OcHOBHOM
THUI TUTAHUPOBKHU CENbCKUX HAceNEHHBIX MecT B Kypckoit ry0. — yaIuuHBINA ¢ IBYXPSTHOM MM OJTHO-
PSAAHOMN 3aCTPONKOM, pexe — 0eCCUCTEMHBIN WIIM CMEIIaHHbIH [4].
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B omucanuy Hau. XX B. HAXOAUM CIIEAYIOLIYIO XapaKTEPUCTUKY KYpPCKUX celleHui: «Bemu-
kopycckue cenenus llenTpanbHo-UepHo3éMHON 0051aCTH, B OTIMYHE OT MAJIOPYCCKUX, UMEIOT BCe-
I7la YJIHULBI OJHOCTOPOHHUE WJIM JABYXCTOPOHHHE, U COCTOSAT U3 OJHOW IJIMHHOW YIIHIIBI, BHITSHYB-
mieicst BAOJIb MO JOpOre Ha HECKOJIbKO BEPCT (C HEOOJBIIMMHU MEpepbIBaMH), TUOO0 U3 HECKOIBKUX
YIUL, PACXOSIINXCS HEMIPABUIBHBIMU paliycaMy OT IIEpKOBHOT'O IOTOCTa; B TAKOM cCllydae olriee
Ha3BaHME Cella SIBJISIETCA COOMpPATEIbHbIM, a OTJENbHbIC KOHIIBI €ro (yJIUIbl) HMEIOT KpOME TOro ca-
MocTosTeNnbHbIe Ha3BaHus. OkHa n30 oOpaleHbl Ha YIUIly, a c3a1d K HEil MPUMBIKAeT IUIETHEBOH,
KPBITBIM COJIOMOI JBOP <...>, PACIIOJIOKEHHBIE IPEUMYILIECTBEHHO IO PEYHBIM JIOJIMHAM WJIA BIOJIb
3HAYUTENIbHBIX TOPrOBBIX TPAKTOB; BIIOCIEACTBHUM 3TOIO0 MHOIME M3 HHUX BBITSHYJIUCh B IIOYTH
CIUTOIIHBIC, ITTMHHBIC PSIBI M30 HE HECKOJIBKO BEPCT» [1].

[InanupoBKa MoceneHnii NpenMyIeCTBEHHO UMeTa OJHOPSAHYIO 3aCTPOiKy, 1oMa oOparie-
HBI Ha OpOry U peKky. Jlopora 0eXHUT BJI0JIb MOJIEH, YaCTO MapauIebHO PEKaM.

Pucynok 5 - Kunuxuno /Imumpueeckuii ye3o. IlIpumep «muozoycadedbnozo» cena. @omo

K Teme apxuTeKkTypHO-IIPOCTPaHCTBEHHOM OPraHU3aIuU yCa1eOHbIX KOMIUIEKCOB OTHOCUTCS
ocobast yepTa KypCcKHX 4YepHO3EMHBIX TIOCETICHHM Takas Kak ""MHOroycaaed0HoCcTh'", OTiInyaronasics
BJIAJICHUSIMA HECKOJIBKUX TIOMEIIMKOB, PEUMYIIIECTBEHHO MEJIKOTIOMECTHBIX.
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Pucynok 6 - Kunuxkuno /Imumpuesckuii ye3o. Ilpumep «mnozoycaoeonozo» cena. Ilhan 1780-e ze.

«<...> Yem panee mpoJBUTraJIOCh HACEJIEHUE Ha IOT, TeM OoJiee MPHUXOIMWIOCH EMY B CHITY
€CTECTBEHHBIX YCIOBHUH OCEIION KU3HU U OOOPOHBI OT KOUEBHUKOB, 3aHUMABIINX CBOUMH KOYEBbSI-
MU OTKPBITYIO CTEIIb Ha BOJOpa3feniax, CIUIOYaThCsl B KpyIHBIE ceneHus, [1]». O1o aBusioch 6e3-
YCIIOBHOM MPUYMHON BO3HUKHOBEHHS MHOTOycaJeOHOCTH XapakTepHoW ocobeHHocThio Kypckoro
Kpas. Tak e CIUTaYMBaJIUCh, CEJHJIUCh BOJHM3U JPYT JPYTY, MEIKOIOMECTHBIE 3€MJIEBIIAIEIbIIbI.
Kypckuii kpail ©MeeT IeCATKH TaKUX MOCEJIEHUM, T/I€ PacoIaralIuCh BJIAJICHUSIMH HECKOJIBKUX I0-
MEIIUKOB, IIPEUMYIIECTBEHHO MEJIKOIIOMECTHBIX, BEAYIIUX CBOKO HCTOPUIO CO BPEMEHHU KOJOHHU3a-
uuu Kypckoro kpas B XVII B.
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B sror mepuon mocneaneit wereptu XVIII B. monmoBuHa ceneHU HaMECTHUYECTBA ObLIH
BIIQ/IETbYECKUMHU, 13 HUX 48% OBLIN CEJICHUs, B KOTOPBIX CYIIECTBOBAJIa OJIHA MMOMEIINYbS ycaub0a,
YTO XapaKTepHO AJIs KPYMHBIX, CpeAHUX UMeHUN. [1ocKoIbKY OONBIIMHCTBO IBOPSH ObUIM MENKO-
MIOMECTHBIMH, XapaKTEPHBIM SBJICHHEM JJIsl TOI'0 BPEeMEHH OBbLIO pa3MeIleHue B OJJHOM CEJICHHH He-
CKOJIBKHX MoMenuybux ycaned (mo 10 u 6osee): Hanboliee paclipoCcTpaHeHbl OT 2-X 10 4-x ycaae0 -
42% cenenwii, ocTaabHBIC BIaICTBUYCCKHIE IEPEBHU U C&a BKIIIOYAIH 5, 6, 7, 8 u 6onee ycaneO.

B omucanum coBpeMeHHHMKaMU TakuX CEN JaHbl CIEAYIOUINE XapaKTEPUCTUKH, HalpUMep:
«Cuunxa JImutpueBckoit okpyru: "Cenenuem JexxuT rpu peke Cparne or DaTexxckoil JOporu 1o Jie-
BYIO CTOpPOHY B 6-Tu BepcTax. Bo oHoM cene nepkoBs nepeBsiHHas Bo ums [lokposa mpecBsiToie 00-
TOPOAMIIBI... J1a O3HAYEHHBIX TOMEIIMKOB O-Th JIBOPOB, KOMX OHH JKUTEIbCTBYIOT. Jlec cTtouT Ha
POBHOM MECT€ U MPUHAIJICKUT OHBIM IMoMeIrKam <...>" [5].

«TonmauéBo Kypckoii okpyru: "CenenneM nexuT Ha peke CeMu 110 TEYEHHIO OHOM 110 JIEBYIO
CTOpPOHY OOJIBLINX JOpor, kpome npoezxeil B Kypck He umeercs. Bo oHOM celne 1iepkoBb JIepeBsiH-
Has BO MM apxaHresna Muxaunia, Ipyu KOTOPOH CBSILEHHO U LIEPKOBHO CIIYKUTEIbCKUX /[BOPOB TpH.
Bo oHbIX nymr msaTh, ga moMemukoB ToamMauéBbIX JOMOB TPUTLATH TPU, B KOUX JKUTEIBCTBYIOT OHU
cami. Jlec cocTouT 3a JBOpaMu K MOJ0 Oepe30BOi aCHHOBOM, a 3a pekoto CeMblo ApOBSAHOI Mo Oyr-
pam 1 1o 60JI0TaM IPUHAIISKHUT 10 BIIAJCHUS TOTO cejla MOMeUIKaM ToJIMaueBbIM U OJHOABOPIIAM.
[Ipu onoit xe cene upe3 pexky CeM raTh ABaTIATH apIUIMH, UCIPABISETCS TOrO celia MOMEIMKAMHU
TonmmauéBeiMu u [1laToBEIMY. [5].

«[InmoraBa JIbroeckoii okpyru: "Cenenuem NexuT npu pedke [lnoTaBke Bo OHOM ceje 1iep-
KOBb BO UM cBsitoro Hukomas UynoTBopiia mpyu KOTOPOH CBSAIIEHHO M LIEPKOBHO CITY)KUTEIBCKUX
IBOPOB TpU. BO OHBIX Ayl AEBSTH /a MOMEIIUKOB. .. JIEBITHAAThH JEPEBIHHBIX IOMOB, B KOMX OHH
... IMEIOT )KUTEJIBCTBO, B TOM K€ CEJICHUH KY3HHII JICPEBSIHHBIX JBE... Ja TPH BUHOKYPEHHBIX 33aBO-
na...» [S].

B sty MHOTOYCaneOHyt0 rpymiy nocenenuii Ha 1784 r. [5] Bxoaunu (puc. 3-10):

Boratunckas okpyra: c¢. bo6poBo (6 — ganee B ckoOKax JaHO KOIW4ecTBO ycaneod), ci. [lena
(12).

Jmutpuesckas okpyra - ¢. Kumukuno (12) (Ilpunoxenue 1-3x)., c. Ilymkapéso (10), c.
CxoBopomaneBo (8), c. Camxka (6), 1. Xapaces (11), c. benuia Mamkusno (8), c. benuia Crapoe (8);

Kopouanckas okpyra: 1. Hikeronenka (5), c. Onpmanen; Bepxuuit (13), ¢. Tpouukoe (5), c.
A6nonoso (7);

Kypckas okpyra - 1. bezo6paszoso (6), a1. bykpeesa (5), c. Bunnukoso (10), 1. I'yroposo (7),
1. 3esruniiena (5), 1. Komonnoe (9), c. PazunbkoBo (7), ¢. Tommauéro (33), c. LllymakoBo (6).

JIprosckast okpyra: 1. bpenuxuna (5), c. KpacHoe Ycnenckoe (6), a. [Tankeesa (5), c. IlnaTo-
Bo (17), c. [Ipyr upxoso (7),c. LLlyctso (8).

Ob6osiHCcKas okpyra: ¢. 3HameHckoe-Manebieso (8), c. JIrobay (5).

[Tyrusnbckas okpyra: 1. bynskuna (10), c. Bonbianeso-/Iporoneso (6), 1. Beiropeska (6), 1.
I'aunoe bonoto (7), n. l'opku (5), c. I'ynoso (5), c. yxanoska (6), c. Kuszeso (13), a. Jlesxxaun bo-
spckue (18), 1. Manymmuna (7), c. Mapkoso (6), 1. Mameska (7), 1. Mamytuna (9), c. O6neru Jlo-
MakuHO (9), 1. Cearoe O3epo (6), 1. Cemeiikuna (5), a. Llletununa (6).

Pruibckas okpyra: c. AptiouikoBo (5), c¢. bynen (8), n. Bansinka beipauna (6), c. KiieBenb
[Tomogka (9), c. Koctposo (6), n. Kynura (7), a. [lepecrymnas (9), a. [lepenenyeska (7), c. Pomano-
Bo (6), 1. Cadponoga (5), 1. Crepxkanb Moxkpoycona (11).

Crapoockoinbckast okpyra - ¢. bapanoso (6), c. boroponckoe (7), ¢. 3namenckoe (11).

Cymxanckas okpyra: ¢. KpemsiHoe (10), c. Manbieo (7), ¢. Pasrpe6nu (5).

Tumckas okpyra: c. ITaxanox (8).

datexckas okpyra: c. borossienckoe (10), c. Bpycosoit kononess - (5); lllurposckas okpy-

ra: c. PoxxnectBenckoe Ha llITeBue (9), c. CaBunst Crapsie (8) .

OTO0 K€ MOJIOKEHHE PACTIPOCTPaHsUIOCh U Ha BTOPYIO MmosioBuHy XIX B., KyJa MOXHO OTHe-
CTH, BBISABJICHHBIE 1O JaHHBIM Ha 1850 r. MHOroycanebusie nocenenus: 1. lllarynoBka JImMutpues-
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CKOT0 y. Xo3siiiHM4azno 11 nomemukos, B ¢. Kypunoska Cymxanckoro y. — 13, B ¢. Kmens Tumckoro
y.—22urT.n. [6].

OTH METKOIIOMECTHBIE ycab0bl pacroiarajiuch B CTPYKTYPE CEIbCKUX MOCEICHUH, T.€. ObLIH
BKJIIOUEHBI B O/IMH PsiJl 3aCTPOUKHU B HETIOCPECTBEHHOM COCEJICTBE C KPECThSIHCKUMHU ycaibOaMu.

MenkonoMecTHbIe ycaabObl IO CBOEMY OOJUKY M IJIAHUPOBOYHBIM, ()YHKIMOHAIBHBIM Xa-
pakTepUCTUKAM IMOXOAMIN HA XO3SIMCTBA 3a)KUTOYHBIX KPECThSH WM OJIHOJIBOPIIEB U YaIlE BCETO
pacroyiarajuch B CTPYKTYPE PsIOBOW 3aCTPOMKH MOCENEHHsI, HEPEAKO OTINYAsCh OT OEIHBIX coce-
Jiel JIAIIb OOJIBIIUM 00BEMOM TIIABHOTO yCaeOHOTO A0MA.

VYcanpba paccMaTpuBaeMoro mepuoja UMEIH BU 3aMKHYTOTO JIBOpPa-KpErocTH, HEPEAKO IMo-
BTOPSISL YEPTHI IIEpBOYycaed FKHBIX OKpanHax MockoBckoro rocyaapersa B XVI- vau. XVIII Ba.

a)
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Pucynok 7 - IIpumep muozoycadeouvix nocenenuii. Mecmeuko Kopennas nycmuvinb: MOHACMbIPb-apmMapKa-
«Pcaovoozpay, umerouull ce30HHbLL - 0auHol xapakmep xcushu na npomsaxcenuu konya XVIII — nau. XX gs.
a) omkpoimue Kopenckoii apmapku (ppazmenm cmapunnoi aumozpaguu), 6) cumyauuoHHlil nian

MenkomnomecTHasl ycaap0a 3aBepiianach J0BOJIBHO OOIBIIMM OTOPOIOM U CaJOM, T1e Hepe-
KO 3HAYUTENIbHAS IUIOMAAh OTBOAMIACE MO "nmuBaxy" (JIyT) ¢ mocaakamu BepObl, aKaIiu, — UCIIONb-
3yeMBIX JUIsl JOMAIIHEro CTPOUTENbCTBA. TuIl ABOpa ¢ Gojiee CBOOOJHBIM PACIIONIOKEHUEM XO3SIi-
CTBEHHBIX MIOCTPOEK PyOeka pacmpoCTpaHsIeTCs MOYTH M0 BCEH HCCIeNyeMOl TEPPUTOPUH, YACTHIHO
BBITECHSISI CO00M 3aMKHYTHIN "Kpyriibiit aBop"[7].
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COBpEMEHHBIX CEIbCKHUE JIoMa CEBEPHBIX pailoHOB Kypckoii 067acTi, 04eBUIHO, COXPAHSIOT
TPaIUIIMOHHBIE YEPThI KPECTHIHCKUX MOCTPOEK MPOILIOro. DTO XapakTepHast OeseHast n30a KpbUIbLIO
KOTOPOI MMEET IIyX0e A0CYaTOe OrpakJIeHUE U HaBeC, KaK MPaBUIO MOMYKpyrioil ¢popmel. [locnen-
HUH ONKpPAETCs Ha YETHIPE CTOJIOMKA, PACIIOI0KEHHBIX IOMAPHO.

Haubonee GorateiM BragenslieM cpeau ABopsiH ['opsauHoBbix B 1. Cyxopedpuk LLlurposckoro
y. B XIX B. 6611 ry0epHCKuii cekpetaps H.M. I'opsSsuHOB ero nMeHue cocTaBisuio - 99 aec., Toraa Kak
y IpYrux €ro pojcTBeHHUKOB - mo 20 nec. EmMy mpunamiexkana ycanp0a ¢ TOCHOJICKUM JAOMOM U
¢bpykTOBBIM camoM Ha 6 nec. Ycaap0a HaXOAWIACh B FOXKHOM YacTH JEPEeBHU U 1o omucu 1854 .
npeAcTaBisuia cobo cnenyromiee: "['ocmoackuii 1oM JepeBsHHBIN, KPBIT COJIOMOM, JIUHOK0 12, a
mpuHo0 9 apmr. Jlroackas n3ba, 1Ba aHOapa MiIacTOBBIX PyOsIeHbIX. OTOPOKEH TIETHEBBIM CapacM.
JIBOp KpbIThIN BeCch cosioMon" [8].

Ycanap0bl TaKUX METKOTIOMECTHBIX NBOpsiH, Kak H.M. I'opsuHOB, BUIMMO, MaJIO YeM OTJINYa-
JUCh OT KPECThSHCKUX, YTO ObLIO XapakTepHo aisi Bced Kypckoi rybepuun. B craTtuctuueckom
onucanuu Ilurposckoro yesna cepeaunsl XIX B. coobmanock: «JIBOpSHCKHX JTIOMOB XOPOUIETO
CTPOCHHSI HEMHOT0, T.K. OOJbIIasi YacTh ABOPSH HEJOCTATOYHBI, TO IOMBl MX HEOOLIUPHBI U Majo
KpacusbD» [8].

Jlo Hacrosiero BpeMeHH Bo MHOrux cénax ObiBiiel Kypckoit rybepuun (Kypckas, benro-
ponckas, yactb CyMcKkoi oOnacreil) cOXpaHWIHCh PYOJICHbIE M IIJICTHEBBIE XO3SMCTBEHHBIE IO-
CTpOMKHU - aMOaphl, MyHbKH, TOBAJIEHU (pEXE KUJIbIE XaTbhl) MO/l COJJOMEHHBIMH KpBbIILIaMH, OTpaka-
o1Me OOJIMK 3aCTPOMKY MPOIUIBIX CTOJIETHIA.

K Teme "mHoroycamebnoctu" otHocutTcs mecteuko KopeHHas myCThIHb W3BECTHAsi CBOUM
MOHACTBIPEM H SIPMAPKOU POCCHICKOTO U MEXKIYHAPOTHOTO 3HAYCHHsI, KOTOpas BIIEPBbIC MPEICTaB-
JsieTCs, KaK pernoHabHbId (peHomeH Kypckoro kpasi — ocoObIif THIT MHOTOYCaJeOHOTO TIOCEICHHMSI,
CO3/IaBIIMI 3HAUUTENbHBINA palloH ycaneOHOI 3acTpoiiku moceneHus («He meHee cta» [9, ¢.29].) -
«ycaap0orpaay, UMEIONINNA Ce30HHBIM - TavyHOM XapakTep >Ku3HW Ha mnpoTskeHun konna XV —
Hay. XX BB. ['1€ BOKpYT HCTEpUUECKOrO siipa MOCENEHUsS JyXOBHOIO U TOPTOBOTO IIEHTPOB - MOHA-
ctoipst 3HameHus1 Kopennoit ukons! boxueit Marepu u Kopennoii spmapku B Teuenun koH. XVIII —
XIX BB. chopmupoBanach MHOIOYHMCIICHHAs J1ayHas 3aCTpoika HeOONbIINX ycaned KypcKoW 3HaTH,
HOCSIIIMN CE30HHBIN XapaKTep NpeObIBaHUs B celie Ha BpeMsl paboThl ipMapKH U KPECTHBIX XOJI0B C
Kypckoit Kopennoii nkonoit. 91ot heHoMeH TpedyeT OTAETbHOI0 PACCMOTPEHUS.

Nutepecno onucanue 1786 r. BpeMEHHOTO KWW JBOPSH - "cTaBOK" (JIETHUX Jad), yCTpa-
uBaeMbIx 01113 3HaMeHuTOoN Kopenckoit sipmapku y Kopenckoro Poxxaectsa mpecBsaroit boropoauist
nycTeiHd «OT Kypcka B 27 Bepcrax npu Oonbinoi nopore k Opity B paByro cTopony»: «biaropo-
HOE OOIECTBO IBOPSHCTBA U3 OKPY)KHBIX MECT, @ MHOTHE U3 JaJli Hae3XKaroT Ty/Aa, pelKoi roj Obl-
BaeT MeHee (paMMIIui cTa; KOTOPBIS PacrojioXkacs TaM, yCTpauBaloT MajaTKU CBOU U MIATPbI U UHbISA
JIeNaoT U IOMUKHU U3 JIOCOK HIIW TIJIETHSI TJIMHOI0 0OMa3aHHBIA, C HAPYKHU 4eM HUOYIb YKpallleHHBI,
BHYTpH K€ KOHEUHO He OecrokoiiHbigd. Che cOCTaBiseT OUeHb NMPUSATHBIM BUJ U 0COOJIMBAro COBCEM
POy CeJleHus, MOJOKEHUEX MECTO KPaCHBO €CTh; HE OOJIBIION JIECOK MPH peKe, Mo OoJbIlel YacTu
paccTaBlieHbl TaMO CTaBKU CHUHM BXOJIOM Ha OTKPBITHIS MOJISI, Ype3 KOTOPBISI MHOKECTBO CEIEHHUM Ka-
KYTCSl B JJAJIM U TIPUJIAIOT JIy4Ilee ellle KpalleHne CUM MpUITHBIM MectaM. Hapon Tyna coOupaercs B
BEJIMKOM KOJIMYECTBE U MHOTO UMEET Pa3INYHBIX YBeceJIeHui» [9].

Yacts V.

O00co0/1eHHOE OT MOCeJeHHSI PACIIOJI0KEeHHe UMENU CPeIHUE U KpYMHbIe ycaabObl. CBs3b
ycasieOHOrO KOMILJIEKCA C TIIOCEJIEHHEM YacTO OCYIIECTBIsUIaCh MOCPEACTBOM BH3YalbHO-
KOMMYHHUKAaTHUBHON OCH — JIOPOTH (MIPOTHB noceneHnus: — Moksa, Mapbsuno, /lypoBo-bo6puk, ["onos-
YUHO W Jp.; HA OKpauHEe NOCeeHus B psay 3acTpoiku — [Ipucrennoe, Mansie Kproku, SIkoBieBka u
Ip.) ¥ TMPOMEKYTOYHON apXUTEKTYpHOW NTOMHHAHTHI — CelNbCKOW nepkBu (MakcumoBka, Hukoib-
ckoe, [lepeBep3eBka, JlypoBo-boopuk, [Ipuctennoe u mp.).
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APXMTEKTYPA ¥ ITPATOCTPOUTEIHCTBO

Belaensiorcs  HECKOJIBKO — OC-
HOBHBIX THUIIOB MOCTPOCHHSI KOMITO3U-
UMM B 3aBUCUMOCTH OT peJibeda
MECTHOCTH.

IlepBbll THI — pasMelICHUsA
ycanpObl HA PAaBHMHHOM Yy4YacTKe
BOJIM3M BOJHOTO 3€pKajla pPeKd WIH
npyaa (IIpucrennoe, Kepebuoso, Ko-
ctpoBa, BanoBckoe u 1ip.)

Haubonee pacrpoctpaHéHHBIM
U TPaJULIMOHHBIM THUIIOM SBIISETCS
pacrnojoxXeHue ycaabObl Ha XOJMH-
CTOi BO3BBILIEHHOCTH. 3]€Ch OIpe-
JIENSIIOTCSL  Tak K€ [JBa I[OJATHUIIA!
ycanp0a Ha BepumHe XxonMa (Mokaa,
MapsbuHo, SIkoBieBKa U Ip.) U B LIE€H-

Pucynok 8 - Konéuxu. Ilpumep pazmeuwienus ycaovbont
HAUCKYCCGEeHHOU meppace Xonma eonu3u npyoa

Tpe xonma Ha ero teppace (Manbie Kproku, Kpynen, Konéuku u np.).

a)

Pucynok 9 - Tonokounoe. Ilanopamuas u cmeuwtannas KOMRO3UWUA:
a) pomo nanopamwt 2017 2., 6) Ilnan cep. X1X 66. FTAKO. @.621.0n.2./1.1397.
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CTpouTeabCTBO H PEKOHCTPYKIHS

Y 1noaHoxXHs BO3BBIIMIEHHOCTH TPAaJULMOHHO PACIOJIOKEHUE PEKH, NPyAa WM KacKaja
npynoB (bopucoska, Mansie Kproku, ExarepunoBka u ap.). Cax u nmoszaHee caa-mapk, mapk Gopmu-
PYIOTCS, KaK MEXy JOMOM U MIPYAOM, TaK U 3a ycaqeOHbIM JBOPOM, OKpY’Kasi BECh ycaleOHbIil KOM-
IJIEKC WK IPUMBIKAs K HEMY C BBITOJAHON CTOPOHBI.

K cnenyromumy TUILy OTHOCUTCS. MbICOOOPa3HAsi KOMIIO3ULMSA —PACIIOJIOKEHHUE ycaabObl Ha
BBICOKOM, C UBONMUCHbIMU ckatamu 1uiato (MBus, bepé3zoBka, CeménoBka u ap.). Croga ke OTHO-
ciaTes ycaabObl, pa3MeIlEHHbIE Ha ceauiax BOIM3u apeBHUX ropoaui (YepenoBka CepeOpsKOBBIX,
Kanbictuun Bopomnanoseix, ['opoaumie [exoBroeix, Kopenckoe IlleykoBbix). ITOT TUI OOBIYHO
OTJIMYAETCSI KOMIIAKTHOM IIJIAHUPOBKOM BCETO KOMIUIEKCA, YTO YaCTO AUKTYETCS OIPaHUYCHHOMN Tep-
puropueii miaro (puc. 3 — 8)

HauOonbiiee pacnpocTpaHeHrne UMEI0 PACHOIOXKEHHE ycaabObl HA XOJIME, YTO ObUIO BBIMI-
PBIIHBIM Ui €€ MOMYEPKHYTO TOMUHUPYIOIIETO MOJI0KEHHUS, HauOOJIbIIee PACKPBITUE U CBS3b C
OKpY’KaroIlKUM JaHIAa()TOM U LIIMPOKHE Pa3HOIIAHOBOE BOCIPUSATHE NTaHOPAM MECTHOCTH, YXOHs-
11ee 3a JMHUIO TOPU30HTA.

Hccnenoanue nokasano, uro B nepuon XVIII-1-it mon. XIX BB. B Kypckoit rybepuuu npo-
SBJIIIOTCSL BCE OCHOBHbBIE IJIAHUPOBOYHBIE KOMIIO3ULIMU: KOMIIAKTHAs, MaHOPpaMHasi ((PpOHTAJIb-
HasA) U cMemaHHasA. OJHAKO MPEUMYIIECTBEHHO MMEJa paclpOCTpPaHEHUE KOMITAKTHAsE KOMIIO3U-
1IUs1, KOTOPYIO UMEJIM B OCHOBHOM MEJIKOIIOMECTHBIE ycabObl 1 HEKOTOPbIE CPEIHEIIOMECTHbIE yca-
neOHbIe KOMITJIEKCHI, HO K TTOCIICIHUM 3TO OTHOCHUTCS B OosbmmHcTBEe Ha iepuon XVIII B.

KomnakTHasi KOMIO3UIMs paHHUX ycaae0d uMesa Kak CUMMETPUYHBINA, TaK U acCUMETpUY-
HBIM XapakTep, €€ 3JeMEHThl Pa3BUTHI 110 TPEM HAIIPABJIEHUEM — BBICOTE, IIMPUHE U INIyOMHE. DTO
€IMHBIN, YaCTO 3aMKHYTBIH KOMILJIEKC — IPYIIbI ycaJeOHbIX MOCTPOEK U, HEPEAKO, C BKIKOUYEHUEM
uepksu (BopobOnéBka, UBHns, Kepebroro, [Ipuctennoe, MBanosckoe, SAxoBieBka, Mamnbie Kproku,
ExaTtepuHoBKa). D10 ycaap0bl, pacloloKeHHbIE HA MECTE CTapbIX yCaJeOHBIX KOMIUIEKCOB WIJIM Ha
HOBOM MecTe. Bee moctpoiiku ycaap0bl pOopMHUPYIOT HEOOIBIIOE 3aMKHYTOE TIPOCTPAHCTBO — TPa/Iu-
LIUOHHO JIOM, OKPY>KEHHBII CO BCEX CTOPOH XO3MOCTPOMKaMM WM MapagHbli JBOP B TI1yOMHE KOTO-
poro, 0ObIYHO Ha MOBBIIIEHHOM MECTE PACIIOJIOKEH TJIABHBINA IOM C (PIUTEISIMHA U Jp. MOACOOHBIMU
CTPOCHMSIMH.

Omnpenenenue xapakTepa MPOCTPAHCTBEHHOW KOMIIO3MIIMM 3aBUCUT OT TOYKHM BOCIIPHUSTHUS
O00BEKTOB B JIBUKEHUU U C PA3JIMYHBIX TOUEK, YTO MOXKET UMETh Pa3HbIi XapakTep BocnpusTus. [1o-
ATOMY JJIsl KJIJaCCU(UKALIMU TPOCTPAHCTBEHHON KOMIO3UIIMM HEOOXOAMMO 3HATh OLIEHKY C HanboJee
XapakTepHOW TOYKH ocMoTpa. [l ycageOHbIX KOMIUIEKCOB OCHOBHBIE M OTBETCTBEHHBIE BUBI — CO
CTOPOHBI ITAPAJHOTO BBE3/1a U BOAOEMA.

ITanopaMHasi KOMIIO3UIIMS pacCUNTaHa Ha BOCIPUATHE 110 LIMPUHE U BBICOTE MPU JBUKECHUN
BJI0JIb HEE WJIM 10 HANpPaBJIEHUIO K HEW, pacCuWTaHa Ha BOCIPUATHE C YJIMII, TUIOMIAJIEH, peK U Ipy-
noB (MakcumoBka, Moksa, Tonokonnoe, JlypoBo boOGpuk u np.). 31ech Bce MOCTPOUKH ycaabObl
PacrosoKeHbl B HEMOCPEICTBEHHOW OJM3M ycaapObl M Kak Obl BHICTPOEHBI B OJHY MPOTSHKEHHYIO
JIVHUIO.

PasznnyaroTcs Tak ke maHOpamMHbIE KOMIIO3ULMHU ycazned ¢ riIyOMHHO-POCTPAHCTBEHHBIM
noctpoenreM (MapbuHo, /lypoBo-boOpuk, bornanoska, I'o10BUMHO). DneMeHTHl KOMIIO3HULIUU Op-
TFaHU3YIOT BOCIIPUSITUE 3pUTEIIS [0 TITYOMHHBIM, (POHTAIBHBIM U BEPTHUKAIbHBIM HAPaBICHUSIM.

CMelnaHHble KOMIIO3HMIIMK COBMEIIAIOT B ce0e coueTaHhe BCeX YKa3aHHBIX BHJIOB, IPU JO-
MHUHHMPOBAaHHWH TOTO WJIM MHOTO B KaXJOM KOHKpeTHOM ciaydae Moksa, Mapeuno, bopucoska, Tono-
koHHoe, Hukonbckoe, JlypoBo-bobpuk, Mansie Kptoku, bopucoka u mp.).

B KOMITO3MIIMOHHOM MOCTPOCHHUM ONPEIEIAIONIEN U TJIABEHCTBYIOIIEH 4acTh SBIISIETCS yca-
NeOHBIH KOMILJIEKC, /i€ pOJib JIOMMHAHTBl O€3YCIIOBHO NMPUHA/UICKUT TJIABHOMY JOMY ycCaJbObl, a
BEPTUKAIBHOIO aKIIEHTa - LEPKBU MJIM KOMIUIEKCY IIepKBell (XapakTepHbIM Al KPYMHbIX ycaneld —
bopucoska, lIBanoBckoe). Berpedaercs Takke coueTaHre NaHOPAMHOW M KOMITAKTHON KOMITO3ULIUU
C OCEBBIM IOCTPOEHHUEM, TJIe 000CO0IEHO OTCTOAIIAS OT CEJIeHUs ycaab0a CBsi3aHa ¢ BEPTUKAJIbHBIM
aKLEHTOM XpaMa BU3YaJIbHO-TUIAHUPOBOYHON WJIM BU3YaJlbHO-KOMMYHUKATUBHOM ocbklo. Hanpumep,
NAaHOPAMHO-0CeBasi KOMIIO3UIIMS TPUCYTCTBYET B ycaapbax Hukomnbckoe, ['ogoBunHO.
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APXMTEKTYPA ¥ TPAOCTPOUTETHCTBO

Bce aneMeHThl KOMITO3UIIMU yCaleOHBIX KOMIUIEKCOB TOTYMHEHBI — IJIABHOMY ycaneOHOMY
JIOMY, BBICIISIONIEMYCS TIO CBoeMy 00bEMY. PacmosioykeHue dacTeld KOMITO3HIIMKA OTHOCHUTEIBHO ITa-
PaJIHO-)KUJION YacTH UMEET CaMble pa3HOOOpa3HbIC BAPUAHTHI PEIICHHIA.

Kommo3umun cpeiHux U KpynmHbIX ycaned (OHH ke 00paslioBble X03siCTBa) CO3/1aBaIUCh Ha
(YHKIIMOHATIHLHON OCHOBE W UMEIIM PA3BUTYIO CHCTEMY MPOU3BOICTBEHHBIX ITOCTPOEK, HE CBSI3aHHBIX
C YKUJIBIM KOMIUIEKCOM B €IMHBIN aHCaMOJIb.

¥,

Pucynok 10 - Axosnesxa Tpymoesckux u Camoypckux. Komnakmuasn komnozuyusn:
a) nanopama c 10za. @omo 2017 2., 6) nnan cep. XI1X 6. T’AKO. @.621.0n.2.71.6727,
6) Tpymoeckuii K.A. Bcmpeua zocmeii. Buo na fIlkoenegky,

2) Tpymoeckuii K.A. ITonosoove. (Buo na Axoenesxy)

B crpykrype ycaned XVIII-1-i mon. XIX BB. MOXHO BBIJIEIUTH MATh OCHOBHBIX TPATUITNOH-
HBIX YacTel — XKUY, CIIy:)KeOHO-X03SHUCTBEHHYIO, CaJJ0BO-TIApPKOBYIO, XPaMOBYIO, OOIIECTBEHHYIO.
[Ipnuém Bce Ha3BaHHBIE YACTH XapaKTEPHBI MPEUMYIIECTBEHHO JIJIsi CPEAHETIOMECTHBIX U KPYITHBIX
ycaieOHBIX KOMILJIEKCOB, a ISl MOAABIISIONIETO0 OOJBIIMHCTBA ycaned, KOTOPHIMU OBLIA MEIKOIO-
MECTHBIE yCcaabObl, XapaKTEPHBI TPH OCHOBHBIC 30HBI — JKUJIAs, CIYKEOHO-XO3SIMCTBEHHAs, CaJI0OBO-
MapKOBYIO (Yalle — CaI0BYI0), MPUUEM JKUJIAs U CITY)KEOHO-XO03SHCTBEHHAS Yallle BCEro MPEACTaBIs-
10T c000# eTMHBII KOMIUIEKC, 00beTMHECHHBI B KOMIIAKTHYIO KOMITO3HIIHIO.
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CTpouTeIbCTBO H PEKOHCTPYKIUS

3akiioueHune

[To pe3ynbraTam UccieqOBaHUS MOXKHO CAENIaTh CIEAYIOLIUE BBIBOIBI.

Oco00if 4epToil KypCKHX MOCETICHUH OblJla MHOTOYCaaeOHOCTh, OTIIMYAIOIIASCS BIAJICHUSIMU
HECKOJIbKUX MMOMEIIHUKOB, IPEUMYIIIECTBEHHO METKOIIOMECTHBIX.

B sror mepuon mocneaneii yerBeptu XVIII B. monoBuHa ceneHuii HaMECTHHYECTBA OBUIH
BJIa/IETIbYECKUMHU, U3 HUX 48% OBLIN CelieHHus, B KOTOPBIX CYIIECTBOBAJa OJIHA MOMEIINYbS ycaib0a,
9TO XapaKTePHO I KPYIMHBIX, CpeAHNX UMEHUN. [10CKOIbKY OONBITMHCTBO IBOPSIH OBUIM MEIKO-
MTOMECTHBIMH, XapaKTEPHBIM SIBJICHHEM JJIsl 3TOT0 BpEMEHH ObLIO pa3MellleHre B OJTHOM CEJICHUU He-
CKOJIBKUX moMermmuubux ycaned (mo 10 u 6omnee): Hanbosee pacnpocTpaHeHsl OT 2-X 10 4-x ycanel -
42% celleHnid, OCTaIbHBIC BIIAJICIBUYCCKUE JCPEBHU U cElla BKIIOYaH 5, 6, 7, 8 u 6osee ycaneo.

OTH METKOIIOMECTHBIE yCab0bl pacIoNarajiuch B CTPYKTYpE CEIbCKUX MOCEICHUH, T.€. ObLIH
BKJIIOUEHBI B OJIMH PsiJl 3aCTPOUKHU B HETIOCPEICTBEHHOM COCEJICTBE C KPECThSIHCKUMHU ycaib0aMu.

MenkormoMecTHbIE YCaabObl 10 CBOEMY OOJNHKY W TUIAHUPOBOYHBIM, (DYHKIIMOHAIBHBIM Xa-
paKTEepUCTUKAM TMOXOAMIU HA XO3SIMCTBA 3aKUTOUHBIX KPECThSIH WJIM OJHOABOPIEB M 4Yallle BCETO
pacroyiarajuch B CTPYKTYPE PSIOBOW 3aCTPOMKH IOCENEHHsI, HEPEAKO OTINYAsCh OT OCIHBIX coce-
Jielt UMb OOJIBIIUM 00BEMOM TIIABHOTO yCaie0HOTO JJoMa.

Ycaapba paccMaTpuBaeMoOro neproja UMENU BU 3aMKHYTOTO JIBOPa-KPEMOCTH, HEPEAKO T0-
BTOPSISL YEPTHI MIEpBOYycaed 10KHBIX OKpanHax MockoBckoro rocyaapersa B XVI- vau. XVIII Bs.

K Teme "mHOroycame6Hoctu" OTHOCHTCS MecTeuko KopeHHas MyCThIHb M3BECTHas CBOUM
MOHACTBIPEM U SIPMAPKOU POCCUMCKOTO M MEXIYHAPOJAHOTO 3HAUYECHUSI, KOTOpPasi BIIEPBBIC MPEICTAB-
nsieTcsl, Kak pernoHanbHbld penomen Kypckoro kpas — ocoOblif TUIT MHOTOYCa1e0HOTO MOCENICHNUS,
CO3JIAaBIIMK 3HAYUTENBHBIA pailoH (He MeHee cra ycaned) ycaneOHOH 3acTpONKM IMOCETIeHHs -
«ycaap0orpaa», UMEIOIIMNA CEe30HHBIN - JauHO XapakTep >KU3HHM Ha mpoTspkeHuu koHma XV —
Hay. XX BB.

dopMupoBaHUE JAYHBIX yCcaleOHBIX KBAPTAIOB BOZHHUKIIO BOKPYT UCTEPUUYECKOTO siipa moce-
JIEHUS! JYXOBHOI'O U TOProBOIrO IIEHTPOB - MOHACThIps 3HameHust Kopennoil ukons! boxueit Matepu
u Kopennoii spmapku B Teuenun koH. XVIII — X1X Bs.

O060co0eHHOE OT MOCENEHUs PACIOJIOKEHUE UMENM, B OCHOBHOM, CPEJHUE M KpYIHBIE
ycanb0bl. CBsI3b ycaZeOHOro KOMILIEKCa C MOCEICHUEM YacTO OCYIIECTBIISIACh MOCPEACTBOM BU3Y-
IbHO-KOMMYHHUKATUBHON OCH M IIPOMEKYTOYHOU apXUTEKTYPHON JOMHHAHTBI — CEIBCKON LIEPKBH.

Ha xapakTtep u pazHooOpasue mpuéMoB MPOCTPAHCTBEHHON OpraHU3alliu yCaJeOHBIX KOM-
MIJIEKCOB BIUSUIUA Tonorpadus u pu3nKo-reorpaduueckue T MECTHOCTU. B 3aBUCHMMOCTH OT pelib-
eda MECTHOCTH BBIIEISIOTCS TaKHe THIBl KOMIIO3UIIMU: PACMONIOKEHHE ycaabObl HA PaBHUHHOM
y4acTKe, Ha XOJIMHUCTON BO3BBIIICHHOCTH (Ha BEPIIMHE WM B IICHTPE X0JIMa), HA MBICY.

Haubonbiiee pacnpocTpaHeHre UMEO PACIOIOKEHHE YCaabObl Ha XOJIME, YTO OBLIO BBIUT-
PBIIMIHBIM TSI €€ MOJYEPKHYTO JOMHHHUPYIOMIETO IMOJO0KEHUsI, HauOOJIbIlIee PACKPHITHE U CBS3b C
OKpPYKaIOIIKUM JaHAMA(TOM U HMIMPOKUE PA3HOIJIAHOBOE BOCHPUATHE MAHOPAM MECTHOCTH, YXOs-
1iee 3a JUHUIO TOPU30HTA.

Jlnst paccMaTpuBaeMoro nepuoja XapakTepHbl BCE OCHOBHBIE MJIAHUPOBOYHBIE KOMIIO3ULINU:
naHopamHasi (ppoHTaIbHAs), KOMIIAKTHAS M CMEIIaHHAs.

Bce KOMMO3UITMOHHBIE AJIEMEHTHI yCcaaeOHbIX KOMIUIEKCOB MOIYMHEHBI TJIABHOMY YCaaeO0HO-
MY JIOMY, BBIJIEJISIIOIIEMYCS TIO CBOEMY O0BEMY.

B KOMIIO3UIIMOHHOM MOCTPOECHUM ONPEIEISIONIEH U TJaBEHCTBYIOIIEH YacTh SIBISETCA yca-
NeOHbII KOMILIEKC, T poJib JOMMHAHTHI O€3YCIIOBHO NMPUHAIJIEKHUT TJIABHOMY JIOMY YycCaabObl, a
BEPTHKATBHOTO aKIIEHTa - [EPKBU WJIM KOMILIEKCY IIepKBEl (XapaKTepHbIN A KPYIMHBIX ycaned —
Bopucorka, IBanoBckoe). Berpewaercst Takke codeTaHne TaHOPAMHOM M KOMITAKTHON KOMIIO3UITUN
C OCEBBIM MOCTPOEHHUEM, TJIe 000CO0IEHO OTCTOAIIAs OT CEJICHUs ycaanhba CBsi3aHa ¢ BEPTUKAIbHBIM
AKIICHTOM XpaMa BU3YaTbHO-TUIAHUPOBOYHON WJIM BU3YAThHO-KOMMYHHKATUBHOU OCBIO.
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ApXHTEKTYpPa M I'PATOCTPOUTEILCTBO

Bce srneMeHTHl KOMIO3UIUHU yCaeOHBIX KOMILJICKCOB MOAYMHEHBI — TJIaBHOMY ycaaeOHOMY
JIOMY, BBIIETISIOIIEMYCS 110 CBOEMY 00bEMyY. Pacnonoxxenue yacteil KOMIIO3UIMA OTHOCUTEIBHO Ma-
PaHO-KHUIION YaCTH UMEET caMble pa3HOOOpa3HbIe BApUAHTHI PEIICHUH.

Komno3unun cpeqHux U KpynHbIX ycazned (oHU e 00pa3loBble XO35HCTBA) CO3AaBATIMCh Ha
(GyHKIMOHATHLHON OCHOBE U UMEITU PAa3BUTYIO CHCTEMY MPOU3BOACTBEHHBIX MIOCTPOEK, HE CBSA3aHHBIX
C JKWJIBIM KOMIUIEKCOM B €IMHBIN aHCaMOJIb.

B crpykrype ycane® XVIII-1-it mon. XIX BB. MOXHO BBICIHUTD MATh OCHOBHBIX TPaIUIIMOH-
HBIX YacTeH — JKWIYIO, CIIy’K€OHO-XO035IIICTBEHHYIO, Cal0BO-IIapKOBYI0, XPaMOBYIO, OOILECTBEHHYIO.
IIpnyém Bce Ha3BaHHBIEC YACTH XAPAKTEPHBI IIPEUMYILECTBEHHO MUl CPEAHEIIOMECTHBIX U KPYIIHBIX
ycaaeOHbIX KOMIUIEKCOB, a Ui MOAABISIONIEr0 OOJIBIIMHCTBA ycajeO, KOTOPbIMU OBbLIN MEJIKOIO-
MECTHBIE€ yCaJbObl, XapaKTEPHBI TP OCHOBHBIC 30HBI — JKUJIasl, CIIY)KEOHO-XO34HCTBEHHAs!, CaI0BO-
[ApKOBYIO (Yallle — Ca/loBYI0), IPUYEM KWlas U CIy»KeOHO-X03siCTBEHHAs Yallle BCEro MpeCTaBIs-
10T c000# eTMHBII KOMIUIEKC, 00beTUHEHHBIN B KOMIAKTHYIO KOMITO3HIIHIO.

Kak BUIHO M3 HcclieloBaHus, BialeNblibl 3arOPOAHBIX UIMEHUH, IpeoOpa3ys npupoay, B co-
OTBETCTBUU CO CBOMMH XO3SIMCTBEHHBIMU HYXIaMH, 3CTETUYECKUMU BO33PEHUSIMHU, a TaK )K€ BESHU-
SIMU COBPEMEHHOM MOJIbl, CO3/1aBajld HOBBIH, HEMOBTOPUMBINA ycafeOHbIH JaHgmadT, ¢ OOIBIIUM
pasHooOpa3ueM TUIAHUPOBOYHBIX KOMITO3UINH, TIOCTPOCHHBIX HAa Pa3BUTON (HYHKIIMOHAIBLHONW OCHO-
BE.

buaaroxapuaoctu

HccenenoBanue BBIIOIHEHO 3a cUeT cpelacTB I'ocyaaperBenHon nporpammsel Poccuiickon ®e-
nepauuu «Pa3Butue Hayku u TexHonorui» Ha 2013-2020 roasr B pamkax I[lnana gpyngameHTambHBIX
Hay4yHBbIX uccienoBanuii Munctpos Poccun u PAACH, tema 1.2.2
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V]IK 624.016:693.98 DOI: 10.33979/2073-7416-2019-81-1-131-136

TEXHOJIOI' MU 3AMEHBI IEPEKPBITUIA _
ITPU KAIIMTAJIBHOM PEMOHTE MHOI'O9TAKHbBIX 3IAHUN

ADPAHACBEBT'.A

HauunonaneHelil neciaenoBaTeslbckuii MOCKOBCKUI TOCYIapCTBEHHBIN CTPOUTEIbHBIA YHUBEPCUTET, I'. MockBa, Poccus

Annomayus. Ilpusedenvl mexHoi02uu 8036€0eHUs JHcele300emMOHHbIX NepeKpblmull ¢ He u3eie-
KaemvlMu nycmooopaszoeamenimu npu GblNOJHEHUU KANUMAIbHO20 PeMOHMA 30aHUll ¢ 3aMeHol Oepe-
BAHHBIX NEPEKPLIMULL.

Hcnonvzoeanue nycmoobpazoeameneti no360sem CHU3UMbL pAcxo0 6emoua, apmamypul, co-
Kpawaem npoooadiCumenbHOCmMb 6036€0€HUsL U IHEP2O3AMPAMb.

Yemanoenenvr mexnonozuueckue ocobennocmu ycmpoucmea nepekpulmuti ¢ YUIUHOPU4eCKuMU
nycmoobpazosamensimu, wapooopasHol u dIAUNMUYECKOl Gopmbl, 8 6ude NIOCKUX NEeHONOIUCUPOIL-
HbIX NAUM.

Aodanmuposana mexHono2us 6036e0enuss NepeKpulmull K YCI08UIM KANUMALLHO20 PEeMOHMA
30anuil. [lpusedena mexunonocuueckas nocied08amenbHOCHb NPOU3B00CHE8A pabom ¢ yuemom CmecHeH-
HOCMU YC08Uil paboyux 30H.

Knrouesste cnosa: nepexpoimus no 0epesHHbiM OAIKAM, MOHOLUMHbIE 0e30a10UHbIe NePeKpbl-
must, YKIaOKa GemoHHOU CMECU, PENCUM YX00d 3a OemMOHOM.

TECHNOLOGIES FOR REPLACEMENT OF BLOCKS
WITH CAPITAL REPAIR OF MULTILEVEL BUILDINGS

AFANASYEV G.A.

Moscow State University of Civil Engineering, Moscow, Russia

Abstracts. The technology of erection of reinforced concrete floors with non-removable core
formers during the overhaul of buildings with the replacement of wooden floors.

The use of net formers allows to reduce the consumption of concrete, reinforcement, reduces the
duration of construction and energy costs.

The technological features of the device of overlappings with cylindrical core formers, spherical
and elliptical in the form of flat polystyrene plates are established.

Adapted technology for the construction of floors to the conditions of capital repairs of build-
ings. The technological sequence of work production, taking into account the constraints of the conditions
of the working areas, is given.

Key words: wooden beams overlappings, monolithic non-beamed overlappings, laying of con-
crete mix, care mode for concrete.

B OonbuminHCTBE Ciy4aeB OCHOBHOM NMPUYMHON 3aMEHBI JI€PEBSHHBIX MEPEKPBITHH JKUIIBIX U
IpaXJaHCKUX 37aHUH SIBJISETCS MOBBIIIEHHBIH U3HOC KOHCTPYKIMM, CHIKEHHE Hecylel crocoOHo-
CTH 0aJIOK 3a CYET MOPaKeHUs ONMOPHBIX YacTel rpUOKOM MJIM THUJIBIO, IOBBIIIEHHE M0KApOOIacHO-
CTH BCJIEZICTBHE UCIIOJIb30BAHUS FOPIOYMX MAaTEPHUAJIOB.

3aMeHa KOHCTPYKTUBHBIX JIEMEHTOB Ha HETOpIOYHe (CTaib, OETOH U Jp.) SIBISIETCS HE TOJIBKO
JOPOTOCTOSIIIUM M TPYAOEMKUM BHJIOM PaOOT, HO U BHOCUT ONpEeNICHHbIE N3MEHEHHs B Harpy3KH
Ha CTEHbl U MPHUHATHE PELICHHs O MaTepuaje W KOHCTPYKIMH 3aMEHSEMBIX MEpPEKPBHITUN Mpeale-
CTBYET IIPOBEpKa HeCyIIel cnocoOHOCTH CTEH U (PyH/IaMEHTOB 3aHUS.
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[ToBbIIeHNE KaIUTATIBHOCTH U OTHECTOMKOCTH PEMOHTUPYEMBIX 3[aHUN JIOCTUTAETCS MyTeM
3aMEeHBI IEPEKPHITHI HA MOHOJIMUTHBIE JKEI€300€TOHHEIE.

B 3aBucMMOCTH OT BEJIMYMHBI MPOJIETA U COCTOSHUS CTEH ONpPEAEsieTcss KOHCTPYKTUBHOE
peIIECHHE U pacueTHas CXeMa ¢ ONUPAaHUEM IUTUTHI IO KOHTYPY WM MEHBIICH CTOpOHE Ha ITPalHI B
KUPIHUYHBIX cTeHaX. OCHOBHBIMU HEIOCTaTKaMU 0€30a0uHBIX NEPEKPHITUH SIBJISIOTCS MOBBIILICHHBIH
pacxo GeToHa U apMaTyphl, a TAK)KE Majas 3BYKOM3OJISAIH, YTO XapaKTEPHO Ui MOHOJHUTHBIX I1e-
PEKPBITUI CIIOIIHOIO CEYEHHUS.

[Tpu uccnenoBaHUM OCHOBHBIX TEXHOJOTHI BO3BEACHUS MOHOJHUTHBIX MEPEKPHITHIA aBTOPOM
pa3paboTaHO NPEJIOKEHHE M0 CHUIKEHUIO Pacxoa OeToHa MyTeM HCIOJIb30BaHUsS MyCTOOoOpa3oBa-
Tesel B BUJIE OJIMMEPHBIX TpyO nuamerpoM 160 MM u TommuHON cTeHkH 2,5-3,00 MM.

TpyObl M3roTaBIMBaIOTCA M3 MOJMMEPHOrO0 Marepuaia BTOPUYHON NepepabOTKU U MMEIOT
CPaBHUTEIHHO HU3KYIO CTOMMOCTb. VX ycTaHOBKA MPOM3BOAUTCS B MIEPHOJ BSI3KM apMaTypbl HHKHEH
U BEepXHEH 30H IUIUTHI.

st obecniedueHust MPOSKTHOTO MOJIOKEHHSI ITyCTO00pa3oBaTeNn (PUKCUPYIOTCS K apMaTypHO-
My Kapkacy. Takoe pelieHre UCKIIIoHaeT AeGopMaluio U nepeMeleHre Tpyo B mpolecce yKIaaKu U
YIUIOTHEHUsI OETOHHOMN CMECH.

OTKpBITBIE TOPLBI TPYO 3aKPBIBAIOTCS TOJTMMEPHBIMHE 3aTTyIIKaMH JUIS HCKITIOYCHUS MoTaza-
HUs OETOHHOHU CMecH.

OnopHbIe 3I€MEHTHI TUTUT BBITIOIHSIOTCS CIUIONTHOTO CEYCHHS U apMUPYIOTCS CTEPKHIMHU.

TexHonorust MpOM3BOJACTBA PabOT BKJIKOYAET IOJTOTOBUTENBHBIA MEPHOJ, COCTOALIMM HU3:
JIEMOHTaXKa DJIEMEHTOB JEPEBSHHOTO MEPEKPBITHS, C TPAHCIIOPTHUPOBKOW B 30HY CKJIATUPOBAHHMS;
MIOJITOTOBKY MECT OIMPAaHMsI NEPEKPBITUI HA CTEHbl — YCTPOMCTBO WITpad; MOHTaX ONaTyOKH mepe-
KPBITHS; TI0J]a4a apMaTyphl M pyYHOH BS3KH KapKacoB C YCTAHOBKOM IycTooOpa3oBaTeneil; mogaya u
yKJ1aJKa O€TOHHOW CMeCH aBTOOETOHOHACOCOM uepe3 OKOHHBIE MPOEMBI; BbIJIEpKMBaHUE OETOHA J10
HOJTy4eHHs PacHaayOO4YHON IPOYHOCTH.

Ha puc. 1 npuBeneHa KOHCTPYKTHBHO-TEXHOJIOTMYECKAs CXEMa YCTPOWCTBa MOHOJIUTHOTO
HEPEKPBITUS C IIINHIPUIECKIMHU IIycTooOpa3oBatensiMu. Oco0oe BHUMaHKE yIEeIeHO 00pa30BaHUIO
mTpal U pa3MENIEHUIO OMOPHBIX 3JIEMEHTOB Ha TiyOouHy a0 150 mm. (puc. 1, 6). [Ipu Hamuuum kup-
MTUYHOM KIIAJIKA ¢ HEKOTOPBIMU JIe()eKTaMH OTIOpPHASI 9YaCTh OMOHOJIMYMBACTCS HA TOJIIUHY 5-6 CM.
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Pucynok 1 - Texnonozuueckan cxema 6036e0enus REPeKPulMUs ¢ HEU381eKAEMbIMU RYCHOO0OPA3068amenamu:
a) nonepeunslit; 6) npoooavuwlil paspes. 1- kupnuunas cmena; 2 — wmpaoa;
3- yukauuenckue nycmooopazosamenu; 4 — apmamypa HudicHell 30HblL; 5 — modice eepxneil;
6 — panepnas onanyora; 7 — oanku; 8 — onopuutii nemenm;9 — meieckonuvecKue CMoiuKu;

Pe3ynbrathl uccienoBaHuil moka3aiau, 4TO MPHU HCIOIb30BAaHUM LMJIMHIPUYECKUX MyCTO00-
paszoBareneil jocturaercss 00beM mycToT okoso 40% u 10 15% cHukaeTcst pacxo1 apMaTyphl.
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B 3apy0exHOIl M OTEUYECTBEHHOM NpAKTHKE CTPOUTENIHCTBA HCIOJIB3YIOTCS TEXHOJIOTHU
YCTPONCTBA MOHOJINTHBIX NEPEKPBITHH C HE U3BJIEKAEMBIMHU I1yCTOOOPA30BATEISIMH PA3IUYHBIX I'€0-
meTpudeckux Gopm. X akTyaabHOCTB M IPaKTHUECKask IICHHOCTh oTpaxkensl B [1-7, 10,11].

[IprMepoM TakHX CHCTEM SIBISIIOTCS IycTooOpasyrome miapbl, asmancouasl (Cobiax-
IBeiinapus), npuzmMarudeckre nycroodpasyromuiue snementsl (Noautilus — Mcnanus) u np.

[TycTtooOpa3oBaren BTOPHUYHONW NEepepabdOTKM IUIACTHKA 3aMEHSIOT 4acTb OETOHAa BHYTPHU
KeNe300€TOHHOTO MEPEKPBITHS U MO3BOJISIIOT CHU3UTH pacxo] 6erona 10 35% u 20% apmarypHoii
cranu [3, 6, 7].

[Ipunuun ycrpoiictBa mycTooOpa3oBaTeneil COCTOUT B MaKCMMaJIbHOM BBITECHEHHH 00BeMa
0eTOHa U3 PacTAHYTOW 30HBI IUIUTHI C COXPAaHEHUEM BEPTHKAJIBHBIX pedep, 0OecreunBaroLIX Hecy-
IIYIO CIIOCOOHOCTH NMEPEPKBITHUS.

OJeMeHThl EPEKPHITUNA CIIeAYeT PACCUUTHIBATH HA IPOYHOCTh, HA JEHCTBHE M3rHOAIONINX U
KpPYTAILIUX MOMEHTOB, IPOJOJIbHBIX U MIONEPEYHBIX CUJI.

[To BTOpOI rpymnme MpenesbHOrO COCTOSHMS IpelycMaTpuBaeT pacdyeT HO 0Opa30BaHUIO
TpermuH [4].

[TycToTenble 351eMeHThl OOBEAUHSIOTCS B OTAENbHbIE OJIOKU U MoAynu (puc. 2). [ns smaumn-
TUYECKOH M 1mapooO0pa3Hoil GopM UCTIONB3YIOT JIETKUE apMaTypHble Kapkachkl u3 ctanu A-l11 @5 mm,
KOTOpPBIE (PUKCHPYIOT BKJIAIBIIIHU B IPOSKTHOM MoJI0KeHHH. OHM 00BETUHSIOTCS B OTJCIBHBIC OJIOKH
wiomanasio ot 0,5 1o 3 M2,

Pucynox 2 - Modyau nycmomenvix 3,1eMeHmM086: Pucynok 3 — Cpepuueckasn (a) u snnunmuueckas (6)
a) — anenmuueckue; 6) — wapooodpasznvie; 1 — nuneiinvle  Qopmul 6K1aOBIULEIL, PACCIOAHUE MENCOY BKIAOLIUAMU
OnOpHbIE KAPKACHL u napamemput nepekpoimus no cucmeme Bubble Deck

Pasmepsl myctooOpa3oBaTeneil BHIOMPAIOTCS C YU4E€TOM TOJIIMHBI (BBICOTHI) ITUTHI MO KOH-
CTPYKTHBHBIM COOOPa)KEHUSIM B C YIE€TOM COOTHOIIEHUS pa3MepOB, MPUBEACHHBIX Ha puC. 3.

Tax, [Anst TWIMT NEPeKPHITHI TONIMHON 220 MM MPUMEHSIOT MMyCTOO0pa30BaTeIN ¢ BHICOTOM
120 MM, TOPU3OHTAIBHBIM AHAMETPOM 315 MM, ¢ pacCTOSTHUEM MEXIy TpaHsSMHU ITyCTOOOpa3oBaTe-
et — 25 MM 1 ocsiMu — 350 MM. Pacxox 6etona cocrasmnsier 0,066 M3/Mm2.

C yBenu4eHHeM uaMeTpa MycTooOpa3oBareieil 1 COOTBETCTBEHHO TOJIIMHBI OETOHA MEXKIY
BKJIQJIBIIIIAMH BO3PACTAET HECYIasi CIIOCOOHOCTh TUIUT MEPEKPhITU. Tak, JUIsl IEPEeKPBITUNA TOJIIIN-
HOM 280 MM Tipu TraMeTpe BKJIaAbIIel 225 MM ToNmuHa O€TOHA MEXIy MycToo0pa3oBaTelsIiMU CO-
cTaBisieT 35 MM, TepeKphIBaeMbIi TpoJieT HaxoauTcs B mpenenax 7,0-9,0 M, pacxon 6erona 0,084
m3/M?; npu TonmumHe nepekprITuii 380 MM U AuameTpe BKIaabimeil 315 MM nepexpbIBaeMblii IpojieT
cocrasisier 11,0 M, pacxon 6erona 0,124 m3/m? [10, 11].
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st GompIieit BRICOTHI M HECYIIEH CIOCOOHOCTH MycTooOpazoBaTenn nuameTpom 480 MM u
BbICOTOM 210 MM cocrosilue U3 HIDKHEH W BepxHer dacteit (puc. 4). Ux cOopka nmpow3BOAUTCS Ha
CTPOMUTENLHOM IJIOMIAAKE C UCIIOJIb30BAaHUEM Ta0JIOHOB U 3aIIEIIOK.

Pucynok 4 — Coopka exnaoviuieii Ha CmpoumeaIbHol Pucynok 5 - Omononuuueanue nepekpovlmus.
naowadke 1 — nycmomenvie sxnadviuiu; 2 — 8epxHssL ApMAmMypHas
cemra; 3 — Ynoducennasn u ynjiomnennas 6emoHHas cmechb

TexHONOTHsI MPOU3BOICTBA PAOOT COCTOUT B YCTPOMCTBE NIMTOBOW OMATYOKH, BSI3KE HUKHETO
psda apMaTyphbl ¢ YCTaHOBKOM (PMKCATOPOB, MOHTa)X€ MOAYJEH MOBEPX CTEp)KHEW HIDKHErO psija,
YCTaHOBKE BEpXHEH pabodeil apMaTypsl TOBEPX MOTYJICH.

[TepexpbITHe M3rOTaBIMBACTCS MyTEM IBYXCTaauiiHOrO OeTOHHpoBaHHs. Takoil mpuem mos-
BOJISICT HCKJIFOUUTH BCIUTBITHE BKJIaabImei. [Tocie Habopa mpounoctu 1,0 — 1,5 MIla HmkHETO Cllost
(bUKCUPYIOT IPOEKTHOE MOJIOKEHUE MOYJIeH. 3aTeM MPOU3BOAAT YKIAIKy BTOPOTO cjos (puc.S).

ConocTaBUTENbHBIA aHAIN3 JAHHBIX MOHOJMTHBIX MEPEKPBHITUN CILJIOIIHOIO CEYEHHUS U MPHU
MCIOJIb30BaHUHU MIApOOOPa3HBIX M OBaJbHBIX MMYCTOOOpa3oBaTeNel Mmokasan CHUKEHHE pacxojaa Oe-
ToHa Ha 25-28% u ctanu Ha 17,0-23,0% cootBercTBeHHO [3,5,6].

[TepexpbiTust 00Mana0T OOJbIIEH 3BYKOU3OISAIUEH, 4TO obecrieunBaeT KOM(POPTHBIE YCIOBHS
MIPOYKUBAHUS U SKCIUTyaTallUH.

200 5, | MOHOMUTHBIE IUIUTHI ¢ IyCTOOOpa-

e e —— 30BareIs MU 3QQPEKTUBHO BOCIPUHUMAIOT

; & U NEpeNalT TOPU3OHTAIbHBIE Harpy3Kw,

; 1 o0ecnieunBalOT COOCTBEHHYIO HPOCTpaH-

CTBEHHYIO pa0OTy BEpTHUKaJIbHBIX U TOpH-
30HTAJIBHBIX KOHCTPYKIIHAM.

B Toxe Bpems oTMedaeTcs JocCTa-
TOYHO BBICOKas TPYJOEMKOCTb U MOHO-
TOHHOCTb PYYHOTO TpyJa IO YCTaHOBKE
MycToO0Opa3oBaTesieii, 4YTo NPHUBOAUT K
YBEJIUYEHUIO MPOJODKUTENILHOCTH paldoT

R SO WO, vt O o mreed e p
e 8 _.f_.;._- h b 3 = WA KOJIMYECTBA pa ouux.
'__] — — T1 3 [loBrlmenue TEXHOJIOTUYHOCTHU
ftﬁ_ LE% I SR | ] NPOU3BOJCTBA PAOOT MOXKET OBITH JJOCTHUT-
£ R HYTO IYTEM HCIIOJB30BaHUA B Ka4YCCTBC
Pucynok 6 Texnonozuueckas cxema nepekpvimuii ¢ HEU3BJICKACMbIX HyCT006pa30BaTeneﬁ us3
REHONONUCMUDPOTIbHHBIMU NIITUIMAMU — GKIAOBLULAMU: IEHONOJIMCTUPOJBHBIX IUIAT IUIOTHOCTHIO
1- nanyéa; 2 — nuncnuii cnoii apmobemona; 30...50xr/m3. VX HU3Kas IIOTHOCTH Ma-
3 — nenononucmuponvHsle RIUMbL; 5 — 8ePXHUTL C0U
JIO BJIUACT HA UBMCHCHHNE MACCHI IICPEKPBI-
apmooemona; 6 — MOHOJIUMHAA ONOPHAA YACHMb NIUMbL; N
7 — cmena co wmpaﬁoﬁ THHU, HO O6CCHC‘-II/IBaeT CHMIKCHHUC pacxona

OeToHa, paBHOE 00beMy BKIIabIIICH [5].
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OTUM JIOCTUTACTCS] CHU)KEHUE MACChl TIEPEKPHITHIA MPU COXPAaHEHUH HeCyIleill CroCOOHOCTH.
OOmiasi KOHCTPYKTHBHO-TEXHOJOTHUYECKass CXeMa OOJET4YeHHOrO TMepeKphITUs TMpeJCTaBleHa Ha
puc. 6.

OHa BKJIIOYAeT HIKHIOIO MOHOJIMTHYIO apMUPOBAHHYIO IUTUTY, HA KOTOPOW pa3MEIlaroT Ie-
HOTIOJIUCTHPOJIbHBIE TUIUTHI, (POPMHUPYIOIIUE MPOoaoNibHBIe Oanku. OHM 00pa3yroTcs B pe3ylbTaTe
YCTaHOBKH ILTUT C MPOMEXKYTKOM, BKJIFOUYasi BEPXHUHM CIIOM Kene300eToHa. Y CTaHOBKA IJIUT MPOU3-
BOJIUTCS C UCTIOJIb30BAHUEM HIA0JIOHOB, ONPEICIISIONIUX TOJIIIUHY OalIOK U €€ BBICOTY.
[lepBoHayabHO MPOU3BOAUTCS apPMHUPOBAHUE M OETOHMPOBAHHE HUXKHEH 30HBI MEPEKPBITHS. 3aTeM
YCTaHABJIMBAIOTCS IUIUTHL. [ HCKITIOYSHHS BCILIBITUSL OHU HArPY>KalOTCs, YTO 00eCIeunBaeT Xopo-
IIyI0 aAre3uto ¢ 0eTOHHOM cMeckio. [Ipurpy3sl yaansiorces nocie JOCTHXKEHHSI TPOYHOCTH OETOHOM
1,0...1,25 MlIla. 3areM mpoOU3BOIAT apMHUPOBAHKE OAJIOK, OTIOPHBIX 30H MPOCKTHBIMUA apMOKapKaca-
MU ¥ TIOBEPXHOCTH ILIUT.

Crneyronmm 3TaroM Mpou3BOACTBA pabOT ABISETCS YKIAAKa M YIUIOTHEHUE OCTOHHON CMeCH
1 3aTeM TMOBEpPX apMUPOBAHHOM MMOBEPXHOCTH IUIUT.

B pesynbrare nocturaercst 1ONOJHUTENBHOE CLEMJICHUE CJIOEB CMECH U MOBBIIIEHUE €€ OJI-
HOPOJHOCTH.

Jl1s1 OMOHOJIMYMBAHUS KOHCTPYKLIIMHA TPUMEHSIOT MoAu(uLnpoBaHHbIe OE€TOHBI Kilacca B25-
B30. Mcnonb3yroT cmecu ¢ KpynmHOCThiO 5-10MM 1 noaBukHOCThIO [13-114.

Jist moBBIIeHUsT (PU3UKO-MEXaHUYECKUX XaPaKTEPUCTUK U CKOPOCTH HabOpa MPOYHOCTH UC-
MOJIB3YIOT XUMHUUeckue 106aBku B oobeme 0,3...0,5% ot Maccel nemenTa. [l yckopeHHOro Habopa
IIPOYHOCTU MPOU3BOJAST IPOrPEB IPEIOLIMMHU IMPOBOJAMH, TEPMOAKTUBHBIMH MaTaMu M JIPYTHMMH
cpenctBamMu ¢ GpopMupoBaHueM TeruioBbIX mosiei He Bhime S0 °C. Takas Temmeparypa UCKIIOYaeT
maBjaeHue u aepopmanuro 6aokos ITIC.

BeiBOABI

-Pa3paboTana TexXHOJIOTHS 3aMEHBI MEPEKPHITUH B CTECHEHHBIX YCIOBHUSX KalUTAJIBHOTO pe-
MOHTA XHJIBIX U aJIMAHUCTPATHBHBIX 3/IaHUI C UCIIOJIb30BaHUEM HEU3BIIEKAEMBIX ITyCTOOOpa3oBaTe-
JIel ¥ TEHOMOJICTUPOJIBHBIX UIUT, MMO3BOJISIONIMX MMOBBICUTh HA/IEKHOCTh U KaMMTAIbHOCTb 3JaHUH,
COKpAaTUTh pacxoj OETOHA U apMaTyphl, CHU3UTh MPOJOJIKUTENbHOCT padoT Ha 18-20%. Coxkparte-
HHUE pacxoja OeTOHa M apMaTypbl CHIDKAeT ce0eCTOMMOCTh NMPOU3BOJACTBA padOT M OOIIYI Maccy
KOHCTPYKLUH NEPEKPBITHSI CYILIECTBEHHO MOBBIIIAET TEXHUKO-IKOHOMUYECKHUE ITOKA3aTEeIH.

- [IpuMeHeHHe BBICOKOKAUECTBEHHBIX MOJU(UIIMPOBAHHBIX OETOHHBIX CMeceil MO3BOJIET
M0JIy4aTh pacnaiyOouyHyr0 IPOYHOCTh KOHCTPYKIMM B Bo3pacTe 24-36 u.

- [logaua u ykiaaka cMecl O€TOHOHACOCOM OOECTeUnBaeT CHUKEHHE TPYIOEMKOCTH U Mpo-
JOJDKUTEITLHOCTH 0€TOHHBIX padoT 10 30%.

- AnanTanus TEXHOJOTWH K YCJIOBUSM KalUTAJIbHOTO PEMOHTA pelaeT psJ BaXKHBIX 3a7ay
HAapOJIHOIO XO35MCTBA.
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PELHEH3US HA YYEBHUK

GKEJIESOBETOHHBIE KOHCTPYKIUN»

Koabim 9.H., Tpexkun H.H., ®exopos B.C., Tepexos U.A.
Keae3oderonnnie koHcTpykuuu. M.: OOO "Bymaxuuk', 2018. 4.1 396 c. 4.2 348 c.

XKene3o00eToHHBIE KOHCTPYKIIMU COCTABIISIOT OCHO-
BY IPAKTUYECKHU BCEX 3JaHUHN U COOpyKeHMM. HX riasen-
CTBYIOIIAs POJIb B CJIOXHBIX CHCTEMaX 3JaHUN U COOPYXKE-
HUH COCTOUT B TOM, YTO HApPSAIy C CO3/IaHUEM HOPMAJIbHBIX
YCIIOBHI MPOU3BOJICTBEHHOMN JEATEIBHOCTH, JKUJIbSI M OT-
IBIXa OHHM O0ecIeYnBarOT Oe30IIaCHOCTh JIFONEH, HaXOms-

3H.Hoauim HH.Tpexww B.C.depopos
WA Tepexes

HENE30BETOHHBIE KOHCTPYRLMHH
Yactb 1
PACYET KOHCTPYKUMH

HIUXCA B 9TUX 3JaHUSIX, B TEUYEHHUE JIMTEIHLHOTO CpOKa
citykObl 371aHMsI U coopyxeHus. B Hacrosiiee Bpems npu-
HAT K ucnoysHeHuto coj npasui CII 63.13330.2012 "be-
TOHHBIE M KeJIe300€TOHHBIE KOHCTPYKIMUA. OCHOBHBIE TTO-
noxeHusi. AxrtyanusupoBaHHas penakuus CHull 52-01-
2003". Crnenmyer Takke OTMETHUTb, YTO HPUHAT HOBBIN
cTaHAapT 3++ MOArOTOBKM CHEIHAIKMCTOB MO HaIpaBiie-
HUIO «CTPOUTENBCTBOY, COTTIACHO KOTOPOMY (hOPMHPYETCS
KOMIIETEHTHOCTHAsI MOJIeIb BBIyCKHUKA. B CBsA3M ¢ 3TUM
TpeOYIOTCSI COBPEMEHHBIE YU4eOHO-METOANYECKUE MaTepua-
nel. [losTOMy M31aHME NaHHOTO y4eOHUKAa BeChMa aKTy-
aTbHO U OYyJeT CIOoCOOCTBOBATH YIYUIIEHHUIO KadyecTBa
MOATOTOBKHU CIIELUATIUCTOB.

Y4eOHUK COCTOUT U3 ABYX KHUI:  1-as KHura mo-
CBAIIIEHA METO/JaM pacyueTa Kelle300€TOHHBIX AIIEMEHTOB
MIPU Pa3IMYHBIX HANPSHKEHHBIX COCTOSHMIX. BHavane man
UCTOPUYECKHH SKCKYpPC pPa3BUTHS >KelIe300€TOHHBIX KOH-
CTPYKIIMI U METOJOB UX pacueTa. [[puBeneHsl ¢ MosicCHEHU-
MU (DPU3UKO-MEXaHUYECKHUE XapaKTePUCTUKH OeToHa, ap-
MaTyphl U KeJIe300eToHa, U Kak (OPMUPYIOTCS HOPMATUB-
HbIE U pacueTHbIE CONPOTUBJIEHMS 3TUX MaTepuanoB. Pac-
CMOTpPEHBI METOJBI pacueTa HM3rudaeMbIX, BHELEHTPEHHO
CKaTBIX M BHEIICHTPEHHO PACTIHYTHIX OOBIYHBIX U MPEBa-
PUTENBHO HAMPSIKEHHBIX KEJIE300€TOHHBIX AJIEMEHTOB IO
IIpPEeAEIbHBIM COCTOSIHUSIM TIEPBOM M BTOpPOM TIpyIIaM, B
TOM YHCJIE C UCIIOJIb30BAHUEM HETMMHEHHON nedopMalimoHHON Moaenu. Bee MeTonbl pacueTa
MPOUJUTIOCTPUPOBAHBI TPUMEPAMHU.

2-asl KHUTA TOCBSIICHA MPOSKTHPOBAHUIO KOHCTPYKTHBHBIX CHUCTEM 3JIaHUH U COOPY-
xeHuil. Coep KUT UCXOHbIE JaHHbIE U OOIIHE MOJI0XKEHHS IO pacueTy U KOHCTPYUPOBAHUIO
HECYIINX KeJIe300€TOHHBIX KOHCTPYKIIMH 3/1aHUi, B TOM YHUCIIe C YY€TOM MPEAETHHOTO paB-
HoBecusi. [IpuBeneHBI OCHOBHBIE OCOOEHHOCTH MPOEKTUPOBAHUSI COOPHBIX OJIHOATAXKHBIX
MPOMBINIICHHBIX, & TAKXKE YHUBEPCATHHBIX MHOTOITAXHBIX 3/IaHUN U3 COOPHOTO U MOHOJIUT-

3H.Hoasim HAH.Tpexwn B.C.deaopos
WA Tepexos

HENE3OGETOHHBIE ROHCTPYRUMHH
YacTb 2

NPOEKTHPOBAHME 3JAAHKA
H COOPYHEHWH

‘
| -
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HOTO JKeJle300€TOHa, WHKEHEPHBIX COOPYKEHHM, TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX MOKPHI-
THH 1 3aIUTHI 3JJaHUH OT MPOTPECCUPYIOIIETO OOPYIICHHUS.
Marepuan U310KEeH JOTMYECKU MOCIEA0BATEIbHO, TO-HAYYHOMY CTPOTO U TPAMOTHO.

KoppekTHo ucnonbp30BaHbl HaydHble TEepMHUHBL MimocTpaTuBHBIA MaTepuan IOMOJIHSET
TEKCT M CIIOCOOCTBYIOT JyYIIEMy MMOHUMAHHIO CYIIHOCTH PabOThI jKeNe300€TOHHBIX KOH-
CTPYKIIHA, YTO CIIOCOOCTBYET JIy4IlIEMy YCBOCHHUIO YUeOHOTro Marepuaia. MeToqn4ecku mnpa-
BWJIbHO, YTO aBTOPHI B KOHIIE KaXK/10M IIaBbl MPUBOJSAT KOHTPOJIbHBIE BOIIPOCHI ISl CAMOIIPO-
Bepku. CBOJIOB TIPABHII 11O MPOSKTUPOBAHUIO CTPOUTEILHBIX KOHCTPYKIMI. Marepuan y4e0-
HUKa OTPa)KaeT COBPEMEHHbIC JOCTHKEHUS HAyKW U MPAKTUKHU MPOEKTUPOBAHUS Keye300e-
TOHHBIX KOHCTpYKIUi, mpuHAThIe B CIT 63.13330.2012, 1 u3naraet ux B JOCTYITHOH dopme.

[IpencraBnennbiit yueOHUK «OKene300eTOHHbIE KOHCTPYKIIMHY YK€ BOCTPEOOBaH CTyI€HTaMU
U CIIOCOOCTBYET IMOBBIMICHUIO KA4€CTBA MOJATOTOBKH CTYACHTOB, OOYYaIOIIUXCS MO HampaB-
nenuto 08.03.01 «CrpourensctBo», npoduib «[IpoMbIIITIEHHOE U TPaXAaHCKOE CTPOUTEIb-
CTBO».

3aBenyromuii kadeapoil yHUKaIbHBIX 3JaHUN U COOPYKEHUN

OI'BOY BO «tOro-3anaanslii rocyaapCTBEHHbIN YHUBEPCUTET)

Axkanemuk Poccuiickoil akaieMuu apXUTEKTYpbl U

CTPOUTEIIbHBIX HAYK, JOKTOP TEXHUYECKUX HAYK,

npodeccop B.1. KomuyHos
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YBaxaeMmble aBTOpbI!
IIpocum Bac 03HaKOMUTBCSH C OCHOBHBIMHM TPeOOBAHUSIMHU
K 0)opMIICHHMIO HAYYHBIX CTATEH

e JlpencraBnsemblil MaTepua JOKEH ObITh OPUTHHAJIBLHBIM, He Oy0JIMKOBAHHBIM paHee B JIpy-
TUX I€YaTHBIX U3AHUSX.

e OObeM MaTepuaia, NpeAjaraeMoro K myOnHMKaluu, u3MepseTcs CTpaHHIAaMH TEKCTa Ha JIUCTax
¢opmara A4 u cogepxuT oT 4 10 9 cTPaHUL; BCE CTPAHUIIBI PYKOIHMCH JOJKHBI MMETh CIUTOLIHYIO
HyMepauuio.

o Crarbs momkHa ObITh HabOpaHa mpudrom Times New Roman, pasmep 12 pt ¢ oguHApHBEIM MHTED-
BaJIOM, TEKCT BBIPaBHMBAETCS II0 IIMPHHE; a03aIHbIil oTcTyn — 1,25 cM, mpaBoe mone — 2 cM, JIeBoe
moJie — 2 ¢M, MOJIs BHU3Y U BBEPXY — 2 CM.

e Crartbs mpenoctasisiercss B 1 ak3emmisipe Ha OyMa)KHOM HOCHTENE U B 3JEKTPOHHOM Bupe (IO
9NEKTPOHHOH MOYTE WK Ha JTI0OOOM 3JIEKTPOHHOM HOCHTEINE).

e B ogHOM cOOpHHUKE MOKET OBITh OITyOJIMKOBAHA TOJIBKO OJHA CTaThs OJHOI0 aBTOPA, BKJIIOYAsl CO-
aBTOPCTBO.

e [Iliaarta ¢ acnupaHTOB 32 MyOJMKALMIO PYKONUCeH He B3MMAETCsl.

e Ecnm craThs BO3BpallaeTcs aBTOpY Ha NOpPaOOTKYy, UCHPABICHHBIA BapuUaHT cJeAyeT NMpHUCTaTh B
pEelaKIMio MOBTOPHO, MPHUJIOKUB MHUCBMO C OTBETAMH Ha 3aMevaHus peleH3eHTa. JlopaboTaHHbIN Ba-
PHAHT CTaTbU PELICH3UPYETCSA U pacCMaTPUBACTCS PEJAKIIMOHHON KOJIIETHEeW BHOBb. JlaToi npeacras-
JICHHSI MaTepualla CYMTACTCS JaTa MOCTYIUICHUS B PEAAKIMIO OKOHYATEJIbHOTO BapUaHTa UCIIPABIICH-
HOW CTaThU.

e AHHOTaIMH BceX MyOIMKYyeMBIX MaTepHaloB, KIIOUEBbIC CII0Ba, HH(POpMaIUs 00 aBTOpax, CIHUCKH
JUTEPaTypbl OYAYyT HaXOAUTHCS B CBOOOAHOM JIOCTYIE Ha CalTe COOTBETCTBYIOLIECTO KYpHala M Ha
caifre Poccuiickoit Hay4yHO#1 anekTponHoN 6ubnuotekn — PYHOB (Poccuiickuii mHAEKC HAYYHOTO 1H-
TUPOBAHUS).

B Tekcre cTaTbu HE PEKOMEHIYETCS IPUMEHSTH!

- 000pOTHI pa3roBOPHOM peuH, TEXHUIIU3MBI, TPO(ECCHOHATIN3MBI;

- 715l OJJHOTO ¥ TOTO K€ TIOHATHUS Pa3IUuHbIe HAYYHbIE TEPMUHBI, OJM3KHE IO CMBICTY (CHHOHUMBI),
a TaK)Ke WHOCTPAHHbIEC CJIOBA M TEPMHUHBI NPH HAJMYMHU PAaBHO3ZHAUHBIX CJIOB U TEPMHUHOB B PyCCKOM
SI3BIKE;

- NIPOM3BOJIBHBIE CIIOBOOOPA30BAHUS;

- COKpallIeHHs CJIOB, KpOME YCTAHOBJICHHBIX NIPABUJIAMHU PYCCKOM opdorpaduu, COOTBETCTBYIOIIUMHU
CTaH/apTaMu.

e Cokpamenuss 1 ab0peBUATYphl JIOKHBI PAacHIM(POBBIBATHCS 1O MECTY MEPBOTO YIOMHHAHUS
(BXOXI€HUS) B TEKCTE CTAThHH.

Oo0s3aTeIbHbIE 3JIEMEHThI:
- 3aryiaBue (Ha PycCKOM M aHIJIMIICKOM sI3bIKe) MyOJIMKYeMOro MaTepuana J0JKHO ObITh TOYHBIM
M €EMKHM, CJIOBa, BXOMIAIINE B 3arilaBUe, JOJDKHEL OBITH ICHBIMU CaMHU 110 ce0Oe, a He TOIBKO B KOHTEK-
CTe; caeayeT u30eraTh CIIOKHBIX CHHTAKCHYECKHUX KOHCTPYKITHA, HOBBIX CIIOBOOOPa30BaHMil U TEPMU-
HOB, & TAKXKE CIIOB Y3KOMPO(HECCHOHATIBHOTO U MECTHOTO 3HAYCHUS;
- aHHOTAIHUSA (HA PYCCKOM M AHTJIMHCKOM fI3bIKE) OIMUCHIBACT ICJTH M 337a4YH MPOBEICHHOIO HC-
CJICAOBAHMs, 4 TAKXKEC BO3MOXKHOCTH €TI0 HpaKTI/I‘IeCKOI‘O HpI/IMeHeHI/IS{, yKa3BIBaeT, YTO HOBOT'O HECECT B
cebe MaTepuai;, pekoMeHyeMblii 00beM — He MeHee 100 cios,;
- KJIYeBbIe CJOBA (HA PYCCKOM M AHTJIMHCKOM SI3bIKE€) — 3TO TEKCTOBBIC METKH, MO KOTOPHIM
MOJKHO HATH CTAaThIO NIPU MOUCKE M OIPEEIUTh MPEAMETHYIO 00J1aCTh TEKCTa; OOBIYHO MX BBHIOMpa-
0T U3 TEKCTA MMyOJIMKyeMOTr0 MaTepuaa, 10CTaToaHo 5-10 KIIFOUEeBBIX CIIOB.
- CNHUCOK JIUTEPATYPhI, HA KOTOPYIO aBTOP CCHUTAETCS B TEKCTE CTATHH.

[IpaBo McCMOIB30BaHMS MPOU3BEACHUM MPEIOCTABIEHO aBTOPaMU Ha OCHOBAaHUU . 2 CT.
1286 Yetpeproit wactu ['paxknanckoro Konekca Poccuniickoii denepanum.

C nosaHoii Bepcueii TpedoBaHUil K 0pOpMIEHHIO HAYYHBIX CTaTel
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