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NEPCNEKTUBHOE HATIPABJIEHUE WCCJIEJOBAHUI
METAJUIMYECKUX KOHCTPYKIIAM OHOJ3TAKHBIX
IMPOMBIIIJIEHHBIX 3IAHUU

Cepzeii Anexcanoposuy MameeowiKun

Jlupexmop ynpasnenus npomwiutnentou besonacnocmu OO0 «BEJI/]»,

2.Maznumozopck, Yensbunckas obracme,

doxmopanm xkagheopul «HMcnvimanue coopyoicenuity MI'CY, kanouoam mexnuueckux Hayk

Hawnbonee mmpokoe nmpuMeHeHHe W pa3BHTHE B Poccuu MeTauioKoH-
CTPYKLUH MOJTYYUIN B CEPEIUHE MPOILIOro Beka. Pa3BuTHe MEeTalnoCcTpOUTEIIb-
CTBa CONPOBOKAANOCH COBEPIIEHCTBOBAaHHMEM METOAOB pacdyeTa KOHCTPYKLUI,
OCHOBBI KOTOPBIX 3aJI0’Ke€HBI TOYeTHBIM akageMukoM B.I'. llyxosem (XIX B.), ¢
TIOCJICAYIOIIUM pa3BUTHEM Ha 0asze koinrekTiBoB [IHMnpoekTcTanbKoHCTPyK-
uus uMm. MensaukoBa, MUCU-MI'CY, ITHUUCK um. A.B. Kydyepenko u np.
(XX B.). MeTaiumyeckre KOHCTPYKIUH MHPOKO TPUMEHSIOTCS B IPOMBIIIICH-
HOM CTpPOWTENBCTBE, TaK B padoTte [1] otmedeHo, yTo K 80-M rojaM IMPOILIOTO
BCKa CTaJIbHbIC KOHCTPYKIIMH KapKacoB 3AaHMi COCTaBIISUIM 0oJiee ITOJIOBUHBI
BCEH MAacchl CTaJIbHBIX KOHCTpYKLIMH, Bo3BoauMbIX B CCCP, k Hacrosuemy
BPEMEHH 3TH 3[IaHUs SKCILUTyaTHPYIOTCs yxke Oosee 30 mer.

KoHcTpyKkTHBHBIE ¥ 00BEMHO-TUIAHUPOBOYHBIE PELICHHS] KapKAaCOB 3aBH-
CST B MEPBYIO o4epelb OT cHeU(HUKU pa3MelaeMbIX B 3JIaHHSX MPOU3BOJICTB,
HIDKE PacCCMOTPEHBI MIPUMEPhI KOMIIOHOBKH KapKacOB HEKOTOPBIX 3/IaHHUH.

31aHne KUCIOPOJHO-KOHBepTOpHOTO TIexa (puc. 1, 2) OAO «Maruuro-
ropckuii Meramryprudeckuii kom6unat» (AOA «MMK») oTHOCHTCS K CIIOX-
HBIM IIPOMBIIUIEHHBIM 37aHusAM. Kak npaBmito, Kapkac COCTOHUT M3 OJJHOITaX-
HBIX 3JIMBOYHOTO M PA3IMBOYHOTO IIPOJIETOB, B KOTOPHIX pabOTAIOT TSKENbIE
KpaHBI (TPY30MOABeMHOCTE 125 1 450 T), 1 U3 MHOTOSTaXKHOM dTakepku (KOH-
BepTepHOE OT/eIeHNe). Macca CTallbHBIX KOHCTPYKIMH Kapkaca npesbiiiaet 30
TBIC. T, TIPH 3TOM JIO TIOJIOBUHBI BCEH MacChl CTallM MPUXOANTCS Ha JIONIIO CTalel
TOBBIIICHHON M BBICOKOH MpouHOCTH. KOHCTPYKTHBHOW OCOOEHHOCTBIO TaKHX
KapKacoB SIBIISIETCS HAINYHUE T10JIKPAHOBO-MIO/ICTPONMIBHBIX (hepMm.

Puc. 1. 3nanne kucinopoaHO-KoHBepTOpHOTO IIexa OAO « MMK»
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Puc. 2. [1nan u nonepevHsIi pa3pe3 31aHUs KUCIOPOIHO-KOHBEPTOPHOTO
mexa OAO «MMK»
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Ha puc. 3-6 npeacTaBiaeHsl HEKOTOPBIE KOHCTPYKTHUBHBIE PELICHUS Me-
TAJUTMIECKUX KapKacoB 3[JaHNH Pa3IMIHOTO IIPOMBIIUICHHOTO Ha3HaueHus [ 1].
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Puc. 3. Tlonepeunslit pa3pe3 cOopouHoro mexa mpojaerom 120 m
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Puc. 4. [lonepednslit pa3pe3 4acTh Kapkaca 3JaHus AToMMaIia
CO CBEPXMOIIHBIMHA MOCTOBBIMH KpaHAMH
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Puc. 5. [Tonepeunslii pa3pe3 cOOPOUHO-CBAPOYHOTO LIEXa C ABYXBSIPYCHBIM
PacIoNoKEHHEM KPAHOB
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Puc. 6. I[TonepeuHslii pa3pe3 Kapkaca peMOHTHO-JIUTEHHOTO Iiexa
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Ilo meramnoemkocTH KapKaCOB MOKHO BBIACIUTH CJICAYHOLIUC TPYII-

el [2]:

— COOPYXCHHS TSDKEIOr0 THIA ¢ pacxomoM cramd 400-450 kr/m® roiomaam
3MAHHSI, K KOTOPBIM OTHOCSTCS MPEANPHITHS YSPHOW METAIIyPTrUHU, TaKHE
31aHust 000pyIOBaHbI TSHKEIBIMUA MOCTOBBIME KpaHamu (200 T u 6onee);

— COOPYXCHHS CPEIHEH MOIIHOCTH ¢ pacxoxoM craxi 130-170 kr/m mioma-
IIM 3IaHKsI, K KOTOPBIM OTHOCSITCS HPEANPHSITHS TSHKEIOTO M CPEAHEro Ma-
IIMHOCTPOCHHUS, TaKHe 3MaHUs 00OPYAOBaHBI MOCTOBBIMH KpaHaMH TPY30-
noabeMHOCcThIO 0T 20 10 200 T;
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— 3JIAHHS JIETKOTO THIIA C PACXOIOM CTamd 10 70 Kr/M’, K KOTOPBIM MOYXHO OT-
HECTH 3/aHHsl JIIOOOr0 HA3HAYCHHS C MOCTOBBIMH KpPaHAMHU TPYy30IMObEMHO-
cThI0 710 20 T, C JISTKUM ITOJIBECHBIM TPAHCIIOPTOM HJTH OSCKPAHOBBIC 3/1aHHUS.

ITo cBOeMy OTHOCHTEIBHOMY BECYy B OOIIEM KOMIUIEKCE JIEMEHTHI pac-

TpeJIeNICHBI CIeAYIoIUM 00pa3oMm [2], B %:

— HECYIIHE U CBA3EBHIC SJIEMEHTHI ITOKPHITUS 60 — 20;
— TNOJKPaHOBBIE KOHCTPYKLIUU 10 - 40;
— KOJIOHHBI 15 - 35;
— (paxBepK U CBSI3H IO KOJIOHHAM 15 -5,

IPY 3TOM IEPBBIE YHCIIA OTHOCSTCS K JIETKHM, a BTOPBIE — K TSDKEIIBIM IIeXaM.

B pabote [3] paccMOTpeHBI KOHCTPYKTHBHBIE OCOOCHHOCTH 3IaHUH C
METAUTMIECKUM KapKacoM B aBTOMOOMJIBHOW NMPOMBIIUICHHOCTH, IIBETHOH U
YEepHOH METaJUTypriH M B TSHKEJIOM MalIMHOCTpoeHuu. B Tabm. 1 mpeacrasie-
HBI HEKOTOPBIE KOHCTPYKTUBHBIE OCOOCHHOCTH TaKHX KAPKACOB.

B menom, kapkac 3maHuS HMpPEACTaBIseT co00il cucTeMy HeECyUIUX U
CBSI3EBBIX 3JIEMEHTOB, 00pa3yIOMIUX HEH3MEHSIEMYIO IPOCTPAHCTBEHHYIO CH-
cteMy. B paccMmarpuBaemoif cucteMe BBIIEISAIOT MONEPEYHbIe U MPOAOJIbHBIC
nojcuctemMsl. Kak mpaBuio, OCHOBHOW IMONEpPEeYHON MOJCHUCTEMON SBISETCS
nornepeyHasl paMa Kapkaca, 00pa3oBaHHasi KOJIOHHAMH U CTPOIMIBHBIMU (ep-
MaMH; MPOAOJIbHAS MOJICHCTEMAa MOXKET BKJIIOYATh: CBS3EBbIE AJICMEHTHI, MOJ-
KpPaHOBBIE U NMOACTPONHIbHBIE KOHCTPYKIIHH.

Tab6muma 1
ITapameTpbl NPOMBILIEHHBIX 3AaHUH
[Iponer, m BricoTa, M Illar xonoHH, M rpy3§EZ§E§MTHOCTL
ABTOMOOUITbHAS IPOMBIIIICHHOCTh
) 10-12 4 — 6 (no 50-x romoB) )
9-30 Makec. 1o 30 6-18 5-50
Tspxenoe MalImHOCTpOEHHE
20-30 o 36 - 50 - 150
L{BeTHAs MeTaLTypTUs
15-20
6-43 Maxe. 110 30 M 4-18 Ho 75
YepHas MeTasuryprus
) ) 6 — 12 (xpaiiHue psizibI)
30 - 42 12-40 Jlo 48 (cpennie pab) Jlo 800
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Ha nmpumepe MarHUTOropcKoro MeTauTypriieckoro KoMmOnHaTa Takxke
MOXXHO OTMETHTB, YTO C Hadajla CTPOHUTENbCTBA, KOTOpoe HadaTo B 30-e TOMBI
MPOLLIOTO BEKa, U JI0 HACTOALIETrO BpeMeHu 10 90% MpOMBINIIEHHBIX 3JaHUi
OCHOBHBIX TMPOU3BOJICTBEHHBIX IIEXOB BO3BEJECHO W BO3BomuTCs (puc. 7-9)
C IPUMEHEHUEM METAJUTMUECKUX KOHCTPYKIIHA.

Puc. 7. Tlnonraaka CTpOUTENBCTBA 3AHUSI MALTMHBI HETPEPHIBHOTO JIMTHSI
3arotoBok OAO «MMK»

%)
Puc. 8. [Tnomanka crpourenscra JIIII-11 OAO «MMK»
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Puc. 9. ITnomanka crpoutenscrsa 3nanust «Ctan 2000» OAO «MMK»

B Toxe BpeMs Cc yBeTHMUEHHEM 4HCIIa 3[aHUI U COOpYKEHHUl, BO3Be-
JICHHBIX C IPUMEHEHHUEM METaJUIOKOHCTPYKIMH, BO3HUKIIA IIpobeMa aBapHuid-
HOCTH JaHHBIX coopykeHuil. Ha mpumepe HexoTopbIx paboT [4-7], kKoTOpbIE
ObLTH OITyOJIMKOBAHBI B pa3HbIi IIEPUO] BPEMEHHU, BUIHO, YTO BOIPOCH! 00ec-
NeueHNs1 OE30TacHOM 3KCIUTyaTallui CTPOUTENBHBIX KOHCTPYKINH, B TOM YHC-
JIe CTaBHBIX, OBIIM M OCTAIOTCS AKTYaIbHBIMH 110 HACTOSINEE BPEMSI.

Heo6xoaumMo OTMETHTB, YTO paccieloBaHHe NMPUYMH aBapUHHOTO pas-
pYILIEHUs KOHCTPYKIMH, KaK MPaBWIIO, HANPABJICHO Ha TO, YTOOBI OTBETH HA
Bonpoc: «Kak He IOIMycTUTh aBapHHOE paspylleHHe KOHCTpykuui?» U 3to,
HECOMHEHHO, TpaBHiIbHas MOCTaHOBKA Bompoca. Hampumep, ypokw, n3Bie-
YEeHHbIE M3 aBapHil METAIJIOKOHCTPYKLHUiA, BBIIIOJHEHHBIX C TPUMEHEHHEM KH-
ISIIUX CTallei, IPUBEIH K TOMY, YTO B HOPMax MPOCKTUPOBAHUSI MOSBUIINCH
OrpaHHYEHUs Ha MPUMEHEHHE JaHHBIX MAapoOK CTajed B METaJUIMYECKHX KOH-
CTPYKLMSIX. ABTOp IaHHOM paOOThI CUUTAET, YTO 0003HAYEHHBIH BBIIIIE BOIIPOC
HE0OX0MMO pellaTh NapajuielibHO C JPYruM BorpocoM: «Kak MUHMMHU3HPO-
BaTh HETaTHBHBIC ITOCIEJCTBUS, CBSI3aHHBIE C BO3MOXKHBIM aBapHHHBIM pas-
pYLIEHHEM KOHCTPYKIMH?»

B cBs3u ¢ 3TUM HEOOXOAMMO OTMETHUTB, YTO Pa3BUTHE TEXHOCHEPHI,
CBSI3aHHOE B TOM YHCJIE C POCTOM 3aCTPOMKH I'PayKIaHCKOTO U IPOMBIIIJIEHHO-
ro Ha3Ha4YeHUs, ¢ NPUMEHEHHEM TEXHHYECKH CIIOKHBIX PELIEHHH B CTPOU-
TENBHBIX 00BEKTaX, C CO3JJaHNEM YHHKAJIBHBIX OOBEKTOB U T.II., COIPOBOXKIa-
eTcsl BO3pacTaHUeM YOBITKOB B Cllydae BO3MOXHBIX katactpod. Ha puc. 10
MpPE/CTAaBICHA CXeMa C JAaHHBIMU O MAaTEpPHAIbHBIX MOTEPSAX OT MPHUPOIHBIX
karactpo(d 3a mepwox ¢ 1950 mo 2003 rombl, HOATOTOBIICHHAS CTPaXOBOU
kommanueit Munich Reinsurance Co [8].
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Puc. 10. Bo3pacTanue yOBITKOB OT IPUPOJHBIX KaTacTpod

Haubonee crnoXHBIMH 3a7adaMi B 4acTH oOecredeHust Oe3omacHOu
OKCILTyaTalluu KOHCprKIlI/Iﬁ SABJAAIOTCA TPOTHO3UPOBAHUE HUX COCTOAHUA U
OIIpEJCJICHUE MOMEHTA IpeKpalieHus JKcIulyaTanuuu. IIpu stom aBapuiiHOE
paspylieHre BO3MOXHO HE 3aBUCHMO OT TEXHHYECKOI'O COCTOSHHUS KOHCTPYK-
. Ocoboe BO3IEHCTBUE, TPH KOTOPOM IMPOU3O0IIIA aBapHsl, SIBISIETCS pell-
KUM CO6BITI/IeM, KaK 1 caMa aBapus, U KOHCTPYKIHHU IPOCTO HE paCCYUTAHbI Ha
JAHHOC BO3HeﬁCTBHe. YyuteiBas BBIIICU3JIOKCHHOEC, @ TAKXE TO, YTO CTpPOU-
TEJIbHbIE KOHCTPYKIIUH SIBJISIOTCS BBICOKOHAIEKHBIMU CUCTEMaMH, IPaKTHIe-
CKHI MHTEpeC MOXKET NMPEACTaBIATh PEIICHHE BOIPOCA, CBI3aHHOTO C MUHH-
MH3alUel HeraTUBHBIX ITOCIEICTBUI NMPU BO3ZHHUKHOBEHHH aBapHHHOTO 00py-
IIEHUsI KOHCTPYKLUH NPOMBIIICHHOTO 3/1aHHS.

Oco0b1e BO3/IEHCTBHS, KOTOPBIE MOTYT BO3HHKATH B IIPOIIECCE SKCILTYa-
TallMH, HAXOJAT CBOE OTPaKEHHE B HOPMAaX MPOSKTHPOBAHMS, HAIPUMED, Tpe-
0OBaHUS 1O NPOESKTHPOBAHUIO KOHCTPYKIMI B KapCTOOMACHBIX 30Hax [9].
IIpowsBoACTBEHHBIE OCOOBIE BO3ACWCTBUS TaKKe HAXOIAT OTPAXKECHUS B pe-
TJIAaMEHTHPYIOMHX JOKyMEHTaX, HallpuMep, TPeOOBaHUS MO0 PYTEPOBKE CTAIb-
HBbIX KOHCTPYKLUUN METAJIIyprMYECKUX NPEANpPUATUN B 30HAX BO3MOYKHOIO
nomaganus pacruiaBa metaysoB [10]. Otu TpebGoBaHUs HAmMpaBICHBI HA TO,
YTOOBI HE JIOMYCTUTH PA3pyIICHUS] HECYIIMX KOHCTPYKIHMH B IpOIEcCe KC-
IUTyaTaluy, HO OHM HE OTBEYAIOT Ha BOIPOC, YTO NMPOHM30MIET, €CIH MO KaKOH-
100 IPUYMHE 3TH MEPOTIPUSATHS OKaXKyTCsl Hed(p(hEeKTHBHBIMHU.
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B HOpMax npoeKkTUpOBaHUs KOHCTPYKLMHA aBapusl OTACIBHBIX 3JIEMEH-
TOB HE paccMaTpPUBAETCS KaK OMWH M3 BHIOB OCOOBIX Bo3meWcTBmil. Ciemyer
OTMETHUTH, YTO B MPAKTUKE MPOSKTHPOBAHUS TOSBHINCH TPEOOBAHUS 110 OLICH-
Ke mporpeccupymomero odopymenus [11-13], Ho 3T TpeOOBaHUS OTHOCITCS K
00bEKTaM TPaXIAHCKOTO Ha3HAYEHHs, COJEpP)KaT BIIOJHE KOHKPETHBIE YCIIO-
BUSI, OTIMCHIBAIOLINE BUJI M XapakTep aBapuitHoW cutyaruu. 1 stu TpeboBanus
HENPUMEHUMBI K 00BEKTaM MPOMBIIUICHHOTO Ha3HAYEHHsI B BUJE OJHOITAX-
HBIX IPOMBIIUICHHBIX 3JJaHUH.

Hcxons u3 onpeneneHus HAISKHOCTH — «CIIOCOOHOCTH COXPAHATH 3a-
JTAaHHBIC CBOMCTBA B IPOIECCE CPOKA IKCILTyaTaIlli», U 0€30IMacCHOCTH — «CO-
CTOSIHUC 3aIIUIICHHOCTH OT aBapHW», MOKHO COPMYIHUPOBATH IEPCIICKTHB-
HOC HAIPaBJICHWE HCCICIOBAaHUI CIIEAYIOIINM o0pa3oM: pa3paboTka KOM-
IUIEKCa KOHCTPYKTUBHBIX M OPTaHU3aLMOHHBIX MEPONPUATUH, HANPABIECHHBIX
Ha TIOBBIIICHUE HAJCKHOCTH U OE30MACHOCTH OJHOSTAKHBIX MIPOMBIIIICHHBIX
3aHUN C METAJUIMYECKUM KapKacoM.

AKTyaJIbHOCTh 0003HAYEHHOTO HANpaBlieHUs] OOYCJIOBJIEHA CIIEIyIO-
UMHU IIpUIUHAMU:

— METaJUIOKOHCTPYKIUH Hanboee MUPOKO MPUMEHSIOTCS IIPU CTPOUTEIHCTBE
O6L€KTOB IMPOMBINUICHHOT'O0 Ha3HA4Y€HUA, B TOM YHUCJIC IIPHU CTPOUTECIILCTBE
TEXHUYECKH CIIOKHBIX U YHUKAJIbHBIX COOPYKEHUN;

— aBapuUiHOE pa3pyLIeHHUE KOHCTPYKLUHH SIBISETCS HEOTHEMIIEMOM YacCThIO
JKCIUTyaTalluy 3JaHUi U COOPYKEHMI, HE CMOTPS Ha TO, YTO SIBJISIETCS Pel-
KUM COOBITHEM, a CTPOHTENbHbIC KOHCTPYKIHUH — BBICOKOHAJICKHBIMH CH-
cTeMaMy;

— aBapuiiHOE pa3pylIeHHE KOHCTPYKLMI, KaK MpaBWJIO, HE pacCMaTpUBAETCS
Kak ocoboe BO3JEHCTBHE B MPOIECCE DKCIUTyaTallud HAa COOPY)KEHHE IpH
MPOEKTUPOBAHUH;

— NIpHU NPOEKTUPOBAHUU U IKCIUTyaTaIlMd KOHCTPYKIHMH HEOOXOAMMO peIaTh
nBa Bompoca: «Kak He ZOImyCTHTh aBapuilHOE pa3pyIIeHHEe KOHCTPYKIHHA?
n «Kak MHUHUMH3UPOBATH HETATUBHBIC MOCJICACTBHA, CBA3aAHHBIE C BO3MOXK-
HBIM aBapUiTHBIM pa3pyleHHeM KOHCTPYKLUI?».

B pamkax maHHOTO HampaBIICHUS HCCIEIOBAHUH C(HOPMYIHPOBAHBI
CleAyIoUIMe 3a1aun:

1) HccaenoBaTh 3aKOHOMEPHOCTH (PH3UYECKOTO M3HOCA KOHCTPYKIMH KapKa-

COB 3JIaHMH 3a CUET MOBPEKAAEMOCTH OCHOBHBIX DJIEMEHTOB.
2) BBINONHUTE aHAIN3 HAJEKHOCTH CHCTEMBI «METAJUTHYECKUI KapKac OJHO-
STa’KHOTO 3[JaHUAY;

3) TIpoBecTH S3KCHEPUMEHTAIBLHO-TCOPETHUCCKHE HCCIIEIOBAHMS TIpoIecca

pa3pyLIeHUs] KOHCTPYKIU.

4) Pa3paGoraTh METOIMKY pacdyera KOHCTPYKIIMI 31aHHs Ha 0c000€e BO3IEH-

9
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5)

6)

9.

CTBHE, CBSI3aHHOE C aBapHUHHBIM Ppa3pyLICHHEM OTAEIBHBIX 3JEMCHTOB
Kapkaca.

Pa3paboTaTh KOHCTPYKTUBHBIE MEPONPUSTHUS, HAIllpaBJICHHBIC Ha TOBBIIIE-
HHe 0e30MacHOCTH KOHCTPYKIIMH KapKaca.

Pa3paboTaTh METOMUKY MCIBITAHUH AJIS1 OLIEHKH W ITPOTHO3UPOBAHUS TEX-
HUYECKOT'0 COCTOSIHUS METAIIMYECKHX KOHCTPYKIMH IpU BO3BEAECHUU U B
IpoIiecce IKCILTyaTalluu.
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Crpoiinzaar, 1987 — 220 c.
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