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Annomauus. [TpuBegeHbl MEMOGUKA U pe3yAbmambl 06CAegoBaRUA KoOHcmpykyull paguobauinu Ilyxosa (Mocksa),
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OPERATING CONDITIONS OF BEARING STRUCTURES OF THE SHUKHOV RADIO TOWER

Viktor V. GRANEV, Mikhail N. ERSHOV, Aleksandr N. MAMIN, Emil N. KODYSH, Sergey A. KUZNECHENKO

Abstract. The methodology and results of examination of the Shukhov radio tower's structures (Moscow) are presented; assessment of
its operating conditions is made. The principal conclusion: taking into account the progressing character of corrosion processes,

condition of the tower in any moment of time can go from unacceptable to an emergency.
Key words: Shukhov tower, operating conditions of bearing structures, corrosion, examination.

OCKOBCKas paguobaluHs, U3BecT-
MHaﬂ kak «bawHs Llyxosa» (puc.
1), sossegeHa B 1919—1922 rr. lep-
BOHauyasbHO OHa MPOeKTUpoBasach
gbicoton 350 M, ogHaKo M3-3a OTCYT-
CTBMA MeTasfna B Te C/IOXKHble rogpl
6bina noctpoeHa Bbicoton 150 ™.
BalHa cOCTOUT U3 LLECTU CeKUuH Bbl-
cotor 20—25 ™, a Kaxxaaa cekuus —
13 48 npsMbIX CTEPXKHEN, HaKNOHEH-
HbIX B ABYX MPOTHBOMOIOXHbIX Hanpa-
BNEHUAX, ODpasylolMX MNOBEPXHOCTb
runepbononga BpalleHus. B mectax
CONPS>KEHWUS CEKUMM  pPacrosioXeHbl
OCHOBHbIE TFOPWU3OHTasbHbIE KOJIbLa,
BHYTPM CEKUWM — _ AOMOJIHUTE/IbHbIE
konbua [1].

B nepuog akcnnyataumu HawHu Ha-
rPY3KH Ha Hee NOCTOSIHHO BO3pacTasiu.
Tax, ObliM CMOHTMPOBAHbI: MOLbEM-
HbI ST, TPHU NPOMEXKYTOUHbIE NM/IO-
LAAKH, OONOJHUTE IbHbIE KOMbLA YCH-
NeHUs, TPU BepTHUKabHble hepMbl ANs
npoknagaku cuaepa u 6onbluoe Kosu-
YECTBO aHTEHH Pa3/IMYHOIO HasHaye-
HWS, a TaKXXe [LONOJIHWTE/IbHas BOCb-
MWYro/sibHasi aHTEeHHasi CeKLUMS BbICO-
Tou okosio 10 m.

3a Becb nepuof 3Kcnayatauuu OK-
pacKy MeTa/IOKOHCTPYKLMIA NPOU3BO-
avnv B 1940, 1950 w 1964 rr. [2] (3n-
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denesa HawHsa B Mapuxe 3a 120 net
nepekpawuvsanacb 19 pas).
O6cneposaHve GawHW B pasHble
rofibl BbinonHsaM Colo3pafuonpoexT,
MpoekTcranbkoHcTpykums, TCMA Mu-
Hucrepctea ceasv CCCP, UHUUMNCK
locctpos CCCP, TLUPT MunucTepcrea
csasu PO, UHUUCK um. B. A. Kyue-
pexko, OO0 «3kc MMM 3xonoruyeckue
TexHonoruun». B 2010 r. akap. B. M.
Tpasywem (OAO «3HMW») 6binm npo-
aHa/M3MpPOoBaHbl pe3ynbTatbl 3TUX 00-
cneposanui [3]. B utorosom 3akntoye-
HUM OTMeuanocb BoNbLIOe KONMUECTBO
LedeKToB: OTCYTCTBUE COeAHHWTESb-
HbIX 3/IEMEHTOB, TPELUMHbl B CBapHbIX
LUBaX, NOrMBbl OCHOBHbIX HECYLLMUX 3/1e-
MEHTOB W [Ap. YMeHblUeHHe CeueHust
CTEP>KHEN WU KOJel, OT MOBEPXHOCTHOM
kopposmu coctasnsno 10—15 %, a oc-
nabneHue CeueHWi 3N1eMEHTOB OT Lie-
JIeBOM KOPPO3WMW B Y3/I0BbIX COEAMHE-
Huax — 50 %. OueHka Hecyllen cno-
COBHOCTH BalliHK B aHANIM3MPYeMbIX pa-
6oTax BbINOMHANACL HA OCHOBE YNpo-
LLIEHHOM pacyYeTHON mMoaesu ¢ Heoboc-
HOBaHHbIMK NapameTpamH pPacyeTHbIX
L/IMH CTOEK W OKa3aslaCb 3aBblLLEHHOM.
MonHocTbio OTCYTCTBOBaA OLEHKA He-
cyuie# cnocobHocth yanoe. Ocobo ot-
MeYasiocb, YTO 0BCNEeNOBAMCL TONBKO

NPOMBILUNEHHOE U MPAXOAHCKOE CTPOUTEILCTBO

OTHOCHTE/IbHO JIErKOLOCTYNHbIE Y3/bl,
KOJIMUECTBO KOTOPbIX HE MPEBbILLANO
25 % obwero obvema [3].

YuutbiBas obLieMUpoBoe 3HaueHHe
3TOrO YHUKA/IBHOTO COOPYXKEHHS U €ro
thakTHueckoe coctosHue, Bbi1o npu-
HATO pelleHke 0 HeoBXOAUMOCTH BOC-
CTaHOB/IEHUS HECyLLEeH CrnocoBHOCTH
GawwHu. MeHepasnbHbIM NPOEKTUPOBLLM-

Puc. 1. bawns B. I. LLlyxoBa
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Puc. 2. BoinyyuBarue cmexku
wBennepa weneBol Kopposuel

KOM Ha KOHKYPCHOM OCHOBe CTasio
MCN «KauectBo u HageXXHOCTb», 06-
nagatwolee 6OsbLIMM OMbITOM PEKOH-
CTPYKTHBHbIX paboT Ha OTBETCTBEHHbIX
obvektax. [lposenenune obcnenosa-
HWS, PacYeToB M Pa3paboTKy KOHCTPY-
KTMBHOM 4acTW NPOEKTa BOCCTaHOB/E-
Hus BawHn nopyunnu OAO «LHUK-
Mpom3aaHui», BbINOMHABLWIEMY 06-
cnefoBaHMsi TakMx OOBEKTOB, Kak
bonbwon Teatp, MXAT, MockoBcku
nnaHetapuu, TTL, OcTtankuHO W Ap.

B 2011 r. nposenu obcnefosaHus
ONA  ONpPedefieHUst reOMETPHUYECKUX
napameTpos 6allHu, BbISBAEHWA [Oe-
(DEKTOB M NOBPEXKAEHWUH B ee 3/1eMeH-
Tax, a TaKkXKe 4J18 NPOBEPKU MPOUYHOCTH
W 0echOPMATHBHOCTH MeTaNIMUYECKHUX
KOHCTPYKLMH W (pyHOAMEHTOB.

C uenblo nonyyeHus KoopAuHaT
Bcex y3nos BawHu OO0 «3koCkaH»
(Cankt-TMeTepbypr) nposeseHo nasep-
HOe CKaHWpOBaHWEe W MNOJy4YeHO Mo-
psaaka 50 MAH Touek, No KOTOPbIM CO3-
JaHa TpexmepHas CTep)kHeBas Mo-
Oenb, MNOC/NYXXMBLUAA OCHOBOM [ANS
pacyeTHOM CXeMbl DaLlHH.

B pesynbtate aHanusa ycraHoene-
HO, UTO OTK/IOHEHWE LEHTPOB OCHOB-
HbIX KOJieL, OT BEPTUKa/IbHOM OCH CO-
craBnset He Bonee 7 cM, a UCKpHBe-
HMe (pOpPMbl KOMel MeXAy CeKUWSMU
He npesbiwaetr 3 cM (Npu cpepHem
OMaMeTpe KofbLa MeXgy nepsbiMM
aByms cexkumamu 32,55 m).

[ns cospaHus pacyeTHOM CXxeMmbl,
MaKCMManbHO MPUOMMKEHHONW K pe-
aNbHOCTH, HEOBXOAMMO BbINO BbISBMTDL
pedeKTbl U MNOBPEXAEHWS BO BCEX
anemeHTax W yanax 6awu. MNpu paHee

NpoBefeHHbIX 0BC/eA0BaHHAX OCMaT-
PHBA/IMCb TOJMIBKO LOCTYMHble 6e3 uc-
MNO/Ib30BAHWA CNELMAIBHOrO CHapshKe-
HWS 3/1EMEHTbI KapKaca.

Bpuraga uHxeHepoB-anbnUHUCTOB
obcneposana 100 % anemMeHTOB KOH-
CTPYKLMH KapKaca BallHW ¢ 3amepamu
U poTohuKcaumen LedeKToB M Mno-
BpexxaeHui. OAHOBPEMEHHO NPOBOAH-
X HenocpeacTBeHHble obmepbl, Ha
OCHOBaHHWK KOTOPbIX YTOYHEHA CTEPXK-
HeBas MPOCTPAHCTBEHHas  Mofesb
BawHK ¢ oTpaxeHWem B cpefe Auto-
CAD (haKTHUECKUX CEeYEHWH 3NemeH-
TOB W pa3mMepoB Aetasen y3nos. Kpo-
Me Toro, 6biiM oToBpaHbl M UCMbITaHbI
B nabopatopun ob6pasubl MeTanna.
BbisiBneHHble pedhexTbl U noBpexxae-
HWS KJacCUHUMPOBasK Ha ABe rpyn-
Mbl: MEXaHUYECKHE W KOPPO3UOHHDIE.

MpuunHa Hanbonee Maccosoro me-
XaHWYeCcKoro aedeKta — OTK/IOHEHHA
OT NPAMOSIMHEMHOCTH CTOEK BCEX CeK-
UMK (NOMUMO NPeayCMOTPEHHOIO KOH-
CTPYKTUBHOM CXEMOM 3aKpy4uuBaHWsi
BOKPYr MNPOAO/bHOM OCH), KOTOpble
BbI3bIBAIOT MOSIB/IEHHE MPOLOJIbHOMO
uarnba. Kpome Toro, B KOHCTPYKLMAX
otcyTcTBoBasiM 38 3aknenok unu 6on-
TOB, OBHapy>XeHbl NWLIHKE NpPOCBep-
NleHHble OTBEPCTHs, B BONTOBbIX CO-
eAHHEHHUAX UCMOJIb30BasH LWakbbl, KO-
TOpble He obecneunsanu NAOTHOE NPH-
neraHue BONTOB W raek K feTansam.

B ocHoBHOM KoOnbLie MeXAy NepBOH
U BTOPOH CEKLIMSIMU OTCYTCTBYIOT Y€TbI-
pe packoca M LBeiepa, a B pelueTkax
KOMeL MeXAay TPETbeN U NATOM CeKLUs-
MW 4YacTb LUBENNEPOB 3aMeHeHa Ha
yronku. B Heckonbkux cToikax B Mec-
Tax KPENNeHWsi K KOJibly MeXay BTO-
pOH U TPETbEM CEKLMSAMH, MPUCYTCTBY-
IOT TPELLMHbI B CTEHKE LUBeNnepa Aiu-
Hov 8o 150 mm. OBHapy>KeHbl NOrHyTO-
CTM M BMSITUHBI KOHCTPYKLUMH HWKHWX
CeKuuH, obpa3oBaBLUMECS, BEPOATHO, B
pesynbTaTe aBapWu BO BpPEMS CTPOM-
TesnbcTBa BallHW NpW nogbeMe yeTBep-
TOM ceKuuH. Tak)Ke UMEeloTCA ceyeHus
3/1IEMEHTOB, 3aMeTHO OC/1iabeHHble Bbl-
pesamu ans otbopa npob Metanna npu
obcnegosanusx. B 6GonblumHcTee ceap-
HbIX LUBOB Y3/10B COMPSDKEHWS CTOEK
NEPBOM M BTOPOW CEKLWM, BbINOHEH-
HbIX BO BpeMs PEKOHCTPYKLIMH, UMELOT-
CSl TPELLMHbI, HEKOTOpbIE LWBbl Pa3py-
LLIeHbl NONHOCTbBIO.

BepostHas npuunHa  pedbexTos
CBapHbIX COEQMHEHWIH — Mjioxas CBa-
pYBaemMoCTb MeTasna W/Wiu HU3Koe
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KayecTBo CBapku. B pesynbrare npu-
BapeHHble HaKkNaAKu He obecrneursaioT
BOCTMPHUATHE Y3/1aMH HU3rMBAIOLWMX MO-
MEHTOB, Ha KOTOpOE pPacCHMTbiBa/IM
NPOEKTUPOBLLHKH, YBEMUUBAS BbICOTY
GaLuHK npu pexoHcTpyKumu. bonee To-
ro, NpUBapeHHble HaKNAAKH NPHUBENH K
co3paHuio  61aronpusaTHbIX  YCI0BHI
ONS Pa3BUTHUS  KOPPO3WH, KOTOpast
yMeHbLLKIA CEeYEHUS MOJOK conpsrae-
MbIX LUBENIEPOB.

B oT/Mume OT MexaHHuecKux gedex-
TOB W MOBPEXAEHWH, KOJIMYECTBO W pas-
Mepbl KOTOPbIX He 3aBWUCAT OT ANWUTENb-
HOCTH 3KCMyaTaumu, Kopposus — npo-
rpeccupyloLLiee BO BPEMEHU ABMIEHUE, H
KOPPO3UOHHbIE MOBPEXAEHUA MOCTO-
SIHHO YBE/IMYMBAIOTCS KaK NO NAOoLaaM,
TaK W no raybuHe nopaskeHus MeTanna.
MockonbKy Ha ceroaHs BCe 3/IEMEHTbI U
y3/bl GawHu B GO/bLUEN UM MeHbLUEH
CTENEHW NOABEPr/IMCb KOPPO3WH, TO
BbI3BAHHOE €10 CHWXXEHWE HecyLLeH
CMocoBHOCTH onacHee, YeM OT MeXaHH-
UECKMX AedEKTOB U NOBPEXKAEHHH.

lMpaKkTHuecKku BO BCeX y3nax Mexay
COelMHAEMbIMH 3/IeMEHTaMH OTMeYe-
Ha TaK Ha3blBaemas LleneBas KOppo-
3us, KOTOpasi BO3HUKAET B He3arepme-
TU3UpOBaHHbIX wWwensax. Cambie UHTEH-
CHBHble TMOBPEXAEHWS OTMEUYEHbl B
NPOMEXYTOUHbIX T-00pa3sHbIX KobLax
UeTBEpPTOM CEKLMM W 3NeMeHTax pe-
LIETKH TOPU3OHTA/IbHBIX KOJIbLEBbIX
epM, roe Mectamu 3/1eMEHTbI NPo-
KOPPOAMPOBaNIM HackBo3b (puc. 2).

LLieneBasi KOPPO3HA UHULIMHMPOBA/A
BO3HWKHOBEHWE rnybokoW (MecTamu
CKBO3HOM) CMJIOLIHONW KOPPO3WKU Ha
rpaHuLe conpsraembix 3jemMeHToB. B
y371ax W CTblKax Lie/IeBOM KOPPO3WeEH
nospexxaeHo 53 % cexumi, 63 % oc-
HOBHbIX Koney, 1 196 cTbikoB W 3ne-
MEHTOB.

MpopykTbl  KOPPO3UKM  3aHWUMAKOT
6onbluMi 06beM, YeM WCXOAHbIN Me-
Tann. Benepcteue atoro B yanax 6aiw-
HW YBE/IMUU/IMCb PaCCTOAHWS MeXXay
coefuHAeMbIMU NAACTUHAMM, YTO MPH-
BE/IO K WX WCKpWBNEHWO (puc. 3), a
TaKXKe K 3HAYUTENbHOMY PACTSKEHHIO
COEIMHAOLMX NNACTUHbI  3aKEnoK.
Ycunve pacTsykeHust CToNb  BEJIMKO,
YTO MecTamM Bbi3Ba/lO Pa3pblB 3aK/ie-
MOK WJIM OTPbIB UX FONIOBOK (puc. 4).

Bce anemeHTbl MMeloT Hekauect-
BEHHOE JIaKOKpPaCO4YHOe MOKPbITHE M
Ha HEeOKpalleHHbIX y4acTKax ChioLL-
HYIO KOPPO3WIO Pa3fIMiHOM TOJILLMHDI.
Ha cTolkax noBepxHOCTHas KOppo3us
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Puc. 3. UckpuBnenue Haknadku
8 cmbiKe NPOMENCYMOYHO20 KoAbYd

Puc. 4. OmpeiB 20n108ku 3aKknenku
npodykmamu Koppo3uu

Puc. 5. Y3esn onupanus cmoiku
nocae ydaneHus 6emoHa

MEHbLLIE, YUEM Ha OTKPbITbIX FOPU3OH-
Ta/IbHbIX 3NEMEHTax Konel,.

B pesynbrate mcnbiTaHui 06pa3uos
cranu no FOCT 1497—84" yctaHosneH
MWHUMaNbHbIA Npefen TeKydecTu ANS
cToek Ryn = 221 MMa, pns 3axknenok
= Ryn =274 Mla. Kpome Toro, BbisiB-
NeHo Boblioe KOMMYECTBO yriepoga
(n0 0,36 %), Npy KOTOPOM HEBO3MOXK-
HO NPWMEHATb CBapKy A/ CoefuHe-
HWS 3NIEMEHTOB.

Mpu obcnenoBaHuu  hyHOaMeHTa
0bHapY>KEHO, UTO OTCYTCTBYET Hafex-
HOe cuemnsieHHe Mexay OTAe/NbHbIMU
BYTOBbIMK KaMHSMMW M, C/lelOBaTeNbHO,
Npy pacyetax (PyHOAMEHTHOM KNamKM
cnepyetr NpWHWAMAaTb HYy/EBYIO Npou-
HocTb pactBopa. [lockonbky dyHAa-
MEHT HaxOOMTCS B FPYyHTOBOM 0Boiime,
a CBepxy Y/NOXEeH [OMNOJHUTENbHbIN
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cnon 6eToHa, OTCYTCTBYET OMacHOCTb
€ro BHE3aMHOro paspyLueHus, CiefoBa-
TeNbHO, B COOTBETCTBUM C KacCUbUKa-
umen CI1 13-102-2003, cocTosiHHe hyH-
JameHTa — orpaHuyeHHo pabotocno-
cobHoe W HeoBXOaKUMbI €ro BOCCTAHOB-
JleHUe W yCUNeHHe.

Mocne ypanenus obeToHWpOBaHUs
OMOPHOrO y3/a BbisIB/ieHA KOPPO3HS
MPUMbIKAIOLLMX 3/IEMEHTOB W AeTasien
camoro y3na (puc. 5), Hanbonee uH-
TEHCUBHAsA KOPPO3Ws — Ha rpaHuue
NPUMbIKaHUSI MeTal/IMYECKUX AeTanen
K BeToHy.

AHKepHble 60/TbI pacnonaraloTcs
MexXay ABYMS yrosikamu, noatomy 6es
NOAHOM pa3bopKW y3na HEAOCTYMHbI
ans obcneposanus. B To ke Bpems
BONTbl BMECTE C OKPY>KAIOLLMMU KOH-
CTPYKUMAMM 0OpasyloT KapMmaHbl A/
BOAbI U HaxoAATcsA Ha NyTW WHTEHCHB-
HOro CcToKa aTMoccepHbIX OCaAKOB.
Takum 06pa3oM, pacrnonoxeHue 6on-
TOB COBNafiaeT C 30HaMM Haubosblueil
KOPPO3HK OMOPHbIX Y3108 BawuHu [3].
YuuTbiBas yBesiMYEHUE CTEeneHu Kop-
pO3WM Ha rpaHuue ¢ BeToHoM dyHAaa-
MEHTa, MOXHO C BbICOKOW BEPOSITHO-
CTblO yTBEPXXAATb O 3HAYMUTENbHbIX
KOPPO3HUOHHDBIX NOBPEXAEHUAX aHKep-
HbIX BONTOB U CHWXXEHWH UX HeCyLLeH
cnocobHocTi. Kpome Toro, HapylieHa
aHKepoBka GO/TOB M3-3a NoBpexae-
HUM ByTOBOrO hyHaaMeHTa.

CToMKM nepBOM CeKuMH B YpOBHE
BEPXHEM rpaHuLpbl AOMNOJHUTENbHOMO
0BETOHUPOBaHUA  Y3/10B  OMNMpaHus
CToeK, BbinonHeHHoro B 1970-x rr.,
nopaskeHbl rnyboOKoN HepasHOMepHOM
KOPPO3HeH.

MpoBepouHble pacyeTbl BbIMONHEHDI
MeTO[OM KOHEYHbIX 3/IEMEHTOB C MC-
NoMb30BaHWEM NPOrPaMMHOrO KOMI-
nekca «Jlupa». PacyetHas cxema pas-
paboTaHa C NOMOLLbIO NPOCTPAHCTBEH-
HoW Mogenu us cpepbl AutoCAD u ot-
pakaeT (pakTUYeCKoe pacrnosioxeHue
Bcex y3108 HalHu. XecTkocTHble na-
pameTpbl 3/IEMEHTOB Ha3HaYeHbI C yue-
TOM BbISIB/IEHHbIX Ae(EeKTOB WU nospe-
»aeHui [2]. Kpome Toro, BbinosHeHbI
pacuyeTbl Mo onpefAeNieHUo NPOCTPaHC-
t8eHHoro HAC ysnos 6awHu c wc-
NONMb30BaHWEM MJIOCKOCTHBIX KOHEY-
HbIX 3/1EMEHTOB.

BboiBoOjbI
1. AHanus pesynbratoB pacuyeTa

NnoKa3aJl, YTO BblABJ/IEHHbIE ,D,ed:)eKTbl 2]
noBpeXxXaeHusa Masio BIUAIOT Ha o6u.|.ee
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HAC coopy»eHus B Lenom, Ho 3amer-
HO (MHOrga B HECKO/IbKO pas) ysesu-
UMBAIOT YCU/IUS, BO3HUKAIOLLWE B OT-
ZenbHbIX 3nemMeHTax. Hanpsbkenus s
OTAE/IbHbIX 3/eMeHTax faxe 6es yue-
Ta KOPPO3WOHHBIX MOBPEXAEHUH He-
CKOJ/IbKO  MpPEBbIAIT  AOMYCTHUMble
3Ha4eHHsl, a 3anac YCTOMUYMBOCTH He-
nocrartoueH. [Npu atom:

® MaKCMMaJibHble HaMps>KeHUs B Ha-
KJIOHHbIX 3/ieMeHTax BalHu, onpege-
NeHHble No AedOPMHUPOBAHHON CXeMe
C YYETOM My/IbCaLMOHHOM COCTaB/ISIO-
el BETPOBOW Harpyskd, LOCTHraior
1,05 % pacyeTHOro conpoTUBneHus
CTanu 3/1emMeHTa;

® MaKCMMaslbHble  OTK/NIOHEHWS  OT
BEpPTHKa/M OCH HallHK B YPOBHE Bepx-
Hero Kofbua CeAbMOW CEKLMW MpH
pacuete no HeaehoPMUPOBAHHOM CXe-
Me o HanpaeneHuto BeTpa — 442 mm;
3TH OTK/IOHEHMS, MOJTyYeHHbIE B pacye-
Tax no AedopMUpOBaHHOW Cxeme, Co-
ctasunu 514 mm;

¢ KO3(p(PUUMEHT 3anaca YCTOWUMBO-
CTM BalHW B /NIMHEWHOM NOCTaHOBKe
K=1,09.

3. M3-3a Ha/Muus 3HAUYMTESbHbIX
NOBPEXAEHHWH OT LLENEBOM KOPPO3HH,
TOUHYIO BE/IMYUHY KOTOPOM HEBO3MO-
YKHO 3amepuTb Ge3 pasbopku yanos,
haKTHYECKHE HaMNpSXKEHUS B 3/1EMEH-
Tax 3aMeTHO Bbllle AOMYCKaeMbIX U
cocTosHue BallHKu Knaccudmrumpyetcs
KaK HeJomnycTMMoe, NpyU KOTOPOM Cy-
LEeCTBYET ONacHOCTb Ans npebbiBaHKs
NOAEH, COXPaHHOCTH 0BOPYLOBaHHS U
OKPY»aIoLLMX NOCTPOEK.

4. YuutbiBas NpOrpeccypyioLimi
XapaKTep KOPPO3HOHHbIX MPOLECCOB,
cocTtosHue BalHW B 10OOH MOMEHT
MOXeT NepenTH U3 HeJOMYyCTUMOro B
aBapuiHoe.
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