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Ceemaoii namamu
Huxoaan Cmanucaasosuna Cmpeaeurozo
HOCestuaOm aémopsl 3my Knuzy

NPEAUCNOBUE

BocsMmoe mananue yyeOHMKa «MeTajuimueckue KOHCTPYKIMM» SIBSIETCSl nepepaboTaH-
HBIM W JOMOJTHEHHBIM. B HEM oTpakeHbl U3BMEHEHUSI B METANIOCTPOUTEILCTBE U ITPOEKTUPO-
BaHMH, TIPOM3ONIEIILINE 32 MOCAeAHNE ronbl. B 4acTHOCTH, HamucaHa HOBas IJaBa, IOCBSI-
HIeHHAass 0COGEHHOCTSM TEXHOJIOTMM PacyeTOB ¢ MCITOJIL30BAHMEM TIEpCOHANBHBIX DBM, cy-
HIECTBEHHO TiepepaboTaH pa3fiesl JUCTOBBIX KOHCTPYKLIMI B CBA3M C UCKIJIIOYEHUEM M3 y4ed-
HOTO TUIaHA COOTBETCTBYIOMIETO KYPCOBOTO IpPOEKTa, BHECEHbI KOPPEKTUBBI, CBSA3AHHBIE C
M3MEHEHUSIMU B HOPMaTHBHOI JIMTEPAType, a TAKKe YYTeHbl Haubosiee BaXKHbIE MOJOXEHUS
IpOeKTa HOBBIX CTPOMTENbHBIX HOPM M IPABWI NIPOEKTHPOBAHUS CTAbHBIX KOHCTPYKLM.
BMecTe ¢ TeM, clIeaysl TPamulluaM ydeOHUKa, COXpAaHEHbl €r0 OCHOBHbIE METOAMYECKHUE ITO-
JIOXEHUS W CIPYKTypa, pa3paboTaHHbIC MOA HayYHBIM pyKoBoacTBoM 4wi.-Kopp. AH CCCP,
n-pa texH. Hayk npod. H. C. Crpenenikoro.

Copepxanne ydyeOHuKa «MeTautmuecKre KOHCTPYKIIMH» COOTBETCTBYET MPOrpaMMe Kyp-
ca «MeTaymyeckue KOHCTPYKLIMY», YUTAEMOTO B CTPOMTENIBHBLIX By3ax Poccum To crieuu-
albHOCTHU «[IpOMBINIEHHOE M TPAXIaHCKOE CTPOUTENILCTBO». B yueOHMKE NPUBEICHO NOCTA-
TOYHOE KOJIMYECTBO CKBO3HbIX NMPUMEPOB KOMIIOHOBKM M PAacueTOB METaULIMYECKHUX KOHCT-
pPYKLMI, 00eCTieuuBaOLIMX BBITTOJIHEHUE CTYAEHTaMU KYPCOBOM paboThl «banouHasi KieTka»
H KypcoBoro npoekTa «Kapkac ogH03TaxXHOTO TPOU3BOACTBEHHOIO 31aHUs». B npuioxeHue
IIOMENIEHBI HEeOOXOAUMBIE /I NMPOCKTUPOBAHYS HOPMATUBHBIE U CTIPABOYHbBIE JAHHBIC.

VY4yeOHUK COCTOUT U3 BBEACHUS U MATH pa3fesoB. Bo BBefeHUM NMpUBeJeHa KpaTKas UCTO-
pUs pa3BUTUS METAIUTMYECKUX KOHCTPYKIIMM B Halllei cTpaHe U 3a pyoexkxoMm. HasBanbl UMeHa
¥ TBOPEHMS BBLIAIOIIMXCSI YUYEHBIX-CTPOUTENEH, NPEACTaBIeHbl 00JIaCTh IPUMEHEHUST METaNI-
TWYECKUX KOHCTPYKIIUIA ¥ UX CBOMCTBA.

ITepBbiii pasmen NOCBsAIIEH OCHOBaM pabOTH ¥ POEKTUPOBAHUS 3JIEMEHTOB METAJUIMYEC-
KMX KOHCTPYKIIMI U uX coequHeHn. OmucaHbl MaTepuaibi, UCIOJIb3YEMbIE B CTPOUTETBHBIX
METUUTHYECKUX KOHCTPYKIIMSAX, UX CBOMCTBa U 0CODEHHOCTH paboThl Mo Harpyskoil. Mamno-
XEHbl OCHOBHBIE HOJIOXEHUSI METOJUKHU pacyeTa CTPOUTEIbHBIX KOHCTPYKLUHM IO Mpeaeib-
HBIM COCTOSIHMSIM B COIIOCTABJIEHMM C METOMUKOI NOMYCKaeMbIX HAMPSKEHUI U BEPOSTHOC-
THBIM MeTOAOM. PacKpbIThl MPUHLMIILL TIPOBEPKHU 3JIEMEHTOB METAIINYECKUAX KOHCTPYKIHUIA
Ha TIPOYHOCTh, YCTOHUYNBOCTD, BHIHOCIUBOCTD, XJIAAOCTOUKOCTDb, 3AJI0XXEHHBIE B OTEUECTBEH-
HBIX HOpMax NpoeKTUpoBaHUs. [IpencTaBieHbl METONB KOHCTPYMPOBAHUS U pacyeTa 0ajok,
LUEHTPAJIBHO CXAThIX KOJIOHH U dhepM, MPOUJLTIOCTPUPOBAHHBIC YUCIOBBIMU MPUMEPAMU.

Bropoii paznen nocBsLeH BONPOcaM NMPOEKTUPOBAHUS HECYLHUX KaPKACOB OMHO3TaXHBIX
NPOU3BOACTBEHHBIX 31aHMNi. W3j10eHb! Ipo6ieMbl pEKOHCTPYKIIMYA IPOM3BOACTBEHHBIX 3M1a-
Hui. B rmaBe 17 U3/10XeHBI 0COOEHHOCTH PACYETOB METAUIMYECKUX KOHCTPYKIIHIT C TOMOIIIbIO
mepcoHanbHeX OBM. B uncioBoM npuMepe BHINONHEH pacyeT LETMKOM BCEro KapKaca 31a-
HHS ITO MCXOXHBIM [JaHHBIM, TIPMHSATHIM B TIPEABLAYLIMX MTPUMEPAX C PYYHBIM CUETOM, MpPHU-
BEICHBI COITOCTABUTEJIbHBIE PE3YJ/IbTATHI.

B TpeTbeM pasnmene M3IOXKEHb! OCHOBHI MPOEKTUPOBAHUS HECYHIUX KOHCTPYKIIMEM 0OJIb-
LIENPOJIETHBIX TIOKPHITHIA Y KapKacOB MHOTO3TAXHbIX 3AaHuii. [IpuBeieHb CBEAEHUS O HaH-
bonee MHTEPECHBIX OOBEKTaX OTEYECTBEHHOTO M 3apyDeXXHOrO CTPOMTELCTRA.

YersepThlil pas3aest, NOCBSIIEHHBIH TPOSKTUPOBAHUIO TUCTOBBIX KOHCTPYKIMHM, HAIIMCAaH
3aHOBO B CBAI3M C U3MECHEHUEM y4eOHO# TporpaMMbl B 3TON 4acTU. PacCMOTpPEeHBI BOMIPOCHI
MPOEKTUPOBAHMS PE3EPBYapOB, Ta3rojibACPOB U OYHKEpOB.



B nsroM paszesie comepXarcs CBeIeHHs, OTpaxalolllie OCOOCHHOCTU IIPOEKTHPOBaHUS
MayT, OalleH ¥ onop JWHUK 3NEKTPOIEPEaadn.

B 3aximouuTensHOM aBe (29) paccMOTpeHa CTPYKTypa CTOMMOCTH METAUIMYECKUX KOH-
CTPYKLIMIA ¥ JaHa METOIMKA OTpeNeIeH!s] MX TEXHMKO-9KOHOMMUYECKUX ITOKa3aTeslei Ha CTa-
MY TIPOEKTAPOBAHHUS.

BBenenue u riaBa 3 HalmMCaHbI A-pOM TeXH. Hayk, npod. E. U. BejeHs u AoMoMHEHH! KaHA.
TexH. HayK, ipod. I'. C. BexeHukosbiM; 11aBa 9 — E. . besieHs u fornosiHeHa KaHA. TEXH. HayK,
npod. B.¥0.¥YBapossiM; tnasw 1, 13, 14, 15 — b.10.YBapoBeim; rnassl 2, 17, 18 u 19 —
J-pOM TexH. Hayk, npod. F0. . KynummHeiM; r1assel 4, 1. 4.1.7, 4.2—4.7, 5, 8 — B-pOM TexH.
Hayk, nipod. B. C. rHarbeBoii u onoHeHbl KaHA. TeXH. HayK, goi. B. 1. BepluHAHbBIM; TJIa-
Ba4,m 4.1.1—4.1.6,4.8—4.11 — xann. Texd. Hayk, jou. fO.B. CokonoBsiM; I1aBhl 6, 7, 20 —
I'. C. BexenukoBeiM; miaBel 10, 11, 12, 16, — xaHA. TexH. Hayk, no1l. B. H. Banem; niasa 21 —
I-poM TeXH. Hayk, npod. A. b. [TyxoBckum; raBbl 22 — 25 — KaHA. TexH. Hayk, aou. C. M. AcT-
ps6; miassl 26, 27, 28, — xaHA. TexH. Hayk, goil. T.H. MopaueBckum; rnasa 29 — KaHz. TEXH.
Hayk 1. H. Crpenrerikum; npmioxenue cocrapieHo T. H. MopaueBckuM u gononueso B. I1. Bep-
LIMHUAHBIM.




BBEAEHUE

Kpatkas ncropust pa3BuTHs METALIMIECKHX KOHCTPYKIMIl B Hameil crpane. [ToHsaTue «me-
TANIMYECKUE KOHCTPYKIIMH» BKIIOYAET B ce0s1 UX KOHCTPYKTUBHYIO (hOPMY, TEXHOIOTHIO U3-
TOTOBNEHKS ¥ CIIOCOOBI MOHTAXa. YPOBEHb PAa3BUTHS METAJUTMYECKIX KOHCTPYKIIMIA ofpee-
JIAETCSI, C OLHOM CTOPOHbI, MOTPEOHOCTAMU B HUX SKOHOMUKHM, a C IPYTroil — BO3MOXHOCTSA-
MU TEXHHYECKO 0a3bl: pa3BUTUEM METAJLIyPTUU, META/UI000pabOTKH, CTPOUTEILHOM HAYKI
M TexHUKH. Ycxonst U3 5THX TI0JIOXKEHUI HUCTOpUS PAa3BUTUA METAIUTMYECKUX KOHCTPYKLIHMA
MOXET ObITb pa3jieieHa Ha MATh TEPUO/IOB.

Ilepewiii nepuoo (¢ XII go navana XVII B.) xapakrepusyeTcsi npuMeHEHHEM MeETaLIa B
YHUKQJIbHBIX 110 TOMY BPEMEHHU COOPYXEHMSX (ABOpIIaX, LEPKBAxX M T.II.) B BHIE 3aTSIKEK U
CKpen IS KAMEHHOM KJianku. 3aTsKKU BHIKOBBIBATY U3 KPUYHOTO XKejle3a Y CKPEIUISIN ye-
pe3 MPOYLIUHB Ha MTHIPsIX. OMHOM! 13 MEPBbIX KOHCTPYKITAN TAKOTO TUTIA SIBJISIOTCS 3aTSIKKU
YcneHckoro cobopa Bo Biamumupe (1158). ITo 3pesnocT¥ KOHCTPYKTHBHOIO pEIEHUS BhIIE-
JISIeTCA MeTaJuInyeckasi KOHCTPYKLMS, MOANEPXKUBAIONIAsi KAMEHEBIH IIOTOJIOK U IOJ Yepraka
Haj KOpuIopom Mexuy nputsopamu [ToxpoBckoro cobopa — xpama Bacwiust BiaxeHHOro
(puc. Bl). Do nepBas u3BecTHass HaM KOHCTPYKIIMSI, COCTOSIIIAS] M3 CTEPXKHEH, paboTaroimx
Ha pacTsDKEHUE, U3Tub U CKaTue.

3aTsXKu, NOAICPXKUBAIOLIME TONX U MOTOJIOK B 3TOM KOHCTPYKIIMU, YKpEIUIEHb! I 06-
JieryeHus paborel Ha u3rub nopkocamy. Ilopaxaer, 4To yXe B Te BpeMeHa KOHCTPYKTOp
3HAJ, 4TO 14 3aTSDKEK, PabOoTaoIKMX HA U3rKub0, HAIO MPUMEHSATD IT0JIOCY, OCTABJIEHHYIO Ha
pebpo, a MOAKOCH, paGoTaroie Ha CXaTue, Jydllle AejaTh KBaApaTHOIO CEYEHMS.

Bmopoii nepuood (c Hayana XVII no xonua XVIII B.) cBA3aH ¢ NPUMEHEHHUEM HaKITOHHBIX
METAJUIMYECKIX CTPOTIJ U IPOCTPAHCTBEHHBIX KYTIONBHBIX KOHCTPYKLIMIA («KOP3HMHOK») IJIAB
uepkseit (puc. B2). CrepxXHU KOHCTPYKIUI BBIIOJTHEHB U3 KOBAHBIX OPYCKOB ¥ COEIUMHEHHI
Ha 3aMKax U CKperax ropHOBoOii cBapkoil. KOHCTPYKITNM TaKOTO TUIIA COXPAHWINCH A0 HAIKX
nHeil. [lpuMepamMu cayXar mepeKpbITUs IpoJie-
toM 18 M Han Tpamesnoy Tpowuie-Cepruesoii

naBpsl B CeprueBoM nocane (1696 — 1698), ne- 2 89 Z

PEKPBITUS cTaporo 3naHus boibiioro Kpemes- Z — =

ckoro JIBopua B Mockse (1640), kapkac Kyrmosia Z A

konokonbHu WiBana Benukoro (1603), xapxac Z ©

xynoia Kazaxckoro cot6opa B IletepOypre 1po- Z = 2
7 L

aeroM 15 M (1805) u np. 7 4

Tpemuii nepuod (c nwavana XVIII mo cepemu-

Hbl XIX B.) CBSI3aH ¢ OCBOEHHEM IIpOLIECCa JIH- 4 n 2

Ths YYTYHHBIX CTepxHeil u neraneil. Ctpodrcs 7 2

YYTYHHBIE MOCTBbl M KOHCTPYKIIUM NEPEKPBITUIA ’

IPaXAaHCKUX U IPOMBILIUIEHHBIX 30anull. Coenu-
HEHUS YYTYHHBIX 37IEMEHTOB OCYLIECTBIISTIOTCS Ha
3aMKax win 6ontax. IlepBoif yyryHHON KOHCT-
pykuuedl B Poccum cumurtaeTcss mepexpuiTHE
kpbutblia HeBbsiHcko# Gamnm Ha Ypaie (1725).
B 1784 1. B IletepOypre ObUI TOCTPOEH MEPBBIiA Puc. B1. lMepekpbiTie Kopuaopa

YYIyHHBIA MOCT. COBepILIEHCTBA YYTYHHbIE KOH- B Nokposckom cobope (Mockea, 1560 r.)
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a

Puc. B2. Metannuueckve koHCTpykuumn XVII 8.:

a — Hak/IOHHble cTponuna; 6 — Kapkac Kynona; ¢ — y3en Kapkaca

cTpykuuu B Poccun noctumim B cepennne XIX B. YHUKaIbHOM YyTYHHOM KOHCTpyKIueH 40-x
rogoB XIX B. sBisiercst Kymon Mcaakuesckoro co6opa (puc. B3), coGpaHHBIN U3 OTAEIBHBIX
KOCSIKOB B BUJIE CIDIOIIHOM 000109KH. KOHCTPYKIIMS KYMOJia COCTOUT M3 BEPXHEH KOHUYECKON
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Puc. B3. Kynon Wcaaxkuesckoro
cobopa B MNetepbypre

YacTH, KOTOpas NOAIEpXUBacT KaMeHHBIN GapabaH, BeH-
qaioluid cobop, U HUXHEH, 6oee onoroii yacru. Ha-
pyXHasi 060J109Ka KYIoJia C TIOMOIIBIO JIETKOIO JKeJe3-
HOTO Kapkaca ONMpaeTcs Ha YyTyHHYIO KOHCTPYKLHIO.

Yyryunas apka npoyierom 30 M IpUMEHeHa B epe-
KPHTUU AJleKcaHmpuiickoro tearpa B IlerepOypre
(1827 —1832).

B 50-¢ rogst XIX B. B ITeTepOypre 6511 niocrpoer Hu-
KOJIa6BCKUI MOCT C BOCEMBIO apOYHBIMH MPOJIETAMU OT
33 o 47 M, ABASIOUIUICS CaMBIM KPYITHBIM YYTYHHBIM
MOCTOM MEpa. B TOT Xe mepuon HacJIOHHBIE CTPOITUIa
TIOCTENIEHHO TPaHCHOPMUPYIOTCSE B CMEIIaHHHBIE XeJie-
309yTYHHBIE TpeyroabHble (epMbl (puc. B4). CHavana B
dhepmax He GbUTIO PACKOCOB (pHC. 4, a), OHM TIOIBUJINCH B
KOHIIE paccMaTpuBaeMoro nepuosa (puc. B4, 6). Cxa-
ThI€ CTEPXHU ¢epM HacTO BHITTONHMIHA M3 YyTYHA, a pa-
CTSIHYTble — U3 XeJie3a. B y3max 3/ieMeHThl COeIUHSIUCH
qyepe3 NpOyHIMHEL Ha 6ontax. OTCYTCTBHE B TOT IEPUOLL,
MPOKaTHOTO M MpOMWIBHOIO METaIa OrpaHUYHUBAIO
KOHCTPYKTUBHYIO (hOpMY XE€JIE3HBIX CTEPXKHEMN MpAMOY-
TOJIBHBIM MJIW KPYIJIBIM ceueHueM. OmHaKo TpenMylle-
cTBa (hacoHHOTO TpodWis yxe ObUIH OIEHEHBI M CTEP-
JKHM YTOJIKOBOTO WJIM LIBEJUIEPHOIO CEYEHMS M3TOTOB-
JISUTH THYTBEM WJTM KOBKOM HAarpeThIX ITOJIOC.

Yemeepmotii nepuod (¢ 30-x rogos XIX B. 1o 20-x ro-
IoB XX B.) CBSI3aH C GBICTPBIM TEXHWYECKHUM IIPOrPEC-
COM BO BCEX 00aCTSX TEXHUKH TOTO BPEeMEHH, B 4acT-
HOCTU B METAJUTYPrUM U METaJI000paboTKe.

B Hauane XIX B. KpUYHBII MIPOLIECC MOJIYIECHUS XKe-
Jie3a ObLI 3aMeHEeH 0oJiee COBEPIIEHHBIM — ITY/UIMHIO-
BaHMeEM, a B KoHIle 80-x romoB XIX B. — BBIIUIABKOM Xe-
Jie3a U3 YyTyHa B MapT€HOBCKMX M KOHBEPTEPHBIX TeYax.
Hapsiny ¢ ypansckoii 6a3o# 6bi1a co3naHa B Poccuu 1ox-
Hast 6a3a MeTa/UTypridecKoii ripomMsnivieHHocty. B 30-x romax
XIX B. MOSIBWJINCH 3aKJIETIOYHBIE COSMMHEHMS, YEMY CIIO-
CcOOGCTBOBAIO U300pEeTEHHE ABIPONPOGUBHOTO IIpecca; B
40-x ronax XIX B. 66U OCBOEH IIPOIIECC MOIYYEHUS HPO-




(WIBHOrO METajl/Ia ¥ NPOKATHOTO JIKCTA. B Te-
yeHue 100 mocienyloumx JjieT BCE CTallbHBIE J‘
KOHCTPYKLIMY M3rOTOBNSIUCH KJIETIAHBIMU. 7

CtaJib ITOYTH TOJIHOCTHIO BHITECHUNQ U3 CTPO- - ; ‘ A
WUTEIbHBIX KOHCTPYKLIMI 4yTYH, Oyaydd mare- - .
puaioM 60Jiee COBEPUIEHHBIM 110 CBOMM CBOM- I
cTBaM (B 0COGEHHOCTU NMpU paboTe Ha pacTs-
KeHUE) W JIydllie MOANAIoIMMCS KOHTPOIIO U
MexaHUYecKoit o0paboTke.

YyryHHBIE KOHCTPYKLIMM BO BTOPOH ITOJIO-
pyuHe XIX B. NPUMEHSIIMCH JIMLIb B KOJOHHaX
MHOTO9TaXHBIX 3MaHUH, IEPEKPHITUIX BOK3ATb-
HBIX Je6apKaaepoB, rie Moria ObITh MOJIHOC-
THIO UCIIOJIb30BaHa XOPOlliasi CONPOTUBIIEMOCTh
YyIryHa CXaTUIo.

B Poccuu no xonna XIX B. IpoOMbIIUIEHHBIE
¥ TPaXJAaHCKWE 3/1aHHUSI CTPOWIUCh B OCHOB-
HOM C KMPIIMYHBIMU CTEHaMMU U HEOOJbIIUMHU
MIPOJIETAMM, IS TIEPEKPHITHSI KOTOPBHIX UCITOJTb-
30BaJIMCh TPEYTOJIbHbIE METALTUYECKUE (DEPMBI
(puc. B5). KoncrpyxrusHas GopMa 31ux pepm

MOCTENEHHO COBEPIICHCTBOBANACH: PellieTKa . 0 , e o
NMOJy4Yia 3aBepUICHUE C NMOSBICHUEM PacKo- N i == -
COB, Y3JIOBBIE COEAMHEHMS] BMECTO OOJTOBBIX
Ha IIPOYUIMHAX CTaJIA BbIMOJAHATH 3aKACTIOYHBI- i
MU C MOMOIIbI0 HaCOHOK. 6

B xoHiie XIX B. pUMEHSIUCH pellieTYaThie
KapKachl paMHO-apPOYHON KOHCTPYKIWY [T e~ Puc. B4. Mepekpbltna 3umMHero ggopua B
PEKPBITUSA 3MaHUU 3HAYUTETbHBIX MPOJETOB. Metepbypre:
TIpuMepaMu SIBISIOTCA NOKPHITUS CeHHOTO a — nonydepmbl 6e3 packocos; 6 — nony-
peika B IlerepOypre (1884) nponerom 25 M, depmbl ¢ packocamu

BapnraBckoro peiHKa mposieToM 16 M (1891),
T'atunHCcKoro Bok3aia (1890) u np.

HauGonpbiliero coBepIiieHCTBA paMHO-apOYHasi KOHCTPYKIWSA HOCTUTJIA B TIOKPBLITHUH Jie-
6apkanepoB Kuesckoro Bok3ana B Mockse (puc. B6), noctpoerHoro no npoekry B. T Illyxo-
Ba (1913—1914).

B KOHCTPYKITHSIX 3THX COOPYXEHMII XOpOLIO TIpopadoTaHbl KOMITOHOBOYHAS CXEMa, OTIOP-
HbIE 3aKPEIUICHNS W Y3JIOBBIE 3aKJICIIOYHBIC COCTUHEHUS.

Bo BTOpoit nonoBuHe XIX B. 3HAYNTEIHHOE PA3BUTHE TIONYYIUIO METALTNYECKOE MOCTOC-
TPOCHHE B CBSI3U C POCTOM CETH XKEeJIe3HBIX AOpOT. B mpoliecce cTpOUTEIHCTBA MOCTOB Pa3BH-
BajlaCh KOHCTPYKTUBHAs1 hopMa META/TMUECKUX KOHCTPYKIUI, COBEPIIIEHCTBOBAJIACH TEOPHS
KOMIIOHOBKM M pacyeTa, TEXHOJOTMSI M3TOTOBJIECHUS U MOHTaXa. IIpMHLIMIE MPOEKTUPOBa-
HUs, pa3paboTaHHBIE B MOCTOCTPOEHMM, OBUTH TIEPEHECEHBI 3aTeEM Ha NPOMBIILIEHHBIE U
rpaxaaHcKkue o0beKThl. OCHOBATENSAMU PYCCKOM NTKONBI MOCTOCTPOCHUS SIBJISTIOTCS MHXKEHED
C.B.Kep6en3 u npodeccopa H.A. benemoockuit u JI. 1. [IpocKypsKos.

C.B.Kep6en3 (1810 — 1899) noctpow niepBhiii B Poccuu Xene3Hblid MOCT ¢ pelieTdaThi-
MU pepmamu yepe3 p.JIyry (1853). OH Xe sBASETCST aBTOPOM CaMOro KpYIHOIO YyTYHHOTO
mocra B [letepGypre.

IIpod. H.A. benemobckuit (1848 —1922), MocToCcTpOUTENIb U YYCHBIH, BIIEPBBIC IIpUME-
HWI PacKOCHYIO PelIeTKy [Uid MOCTOBHIX (epm (puc. B7), paspaGoran mepswiit B Poccun
METPUYECKHI COPTAaMEHT IIPOKATHBIX Mpoduieii, yCOBEPIIEHCTBOBAI METOMUKY HCITHITAHUI
CTPOUTENBHBIX MaTepHaiOB, HAaMMCal HEPBbIA CHCTEeMATU3UPOBAHHBIN KypC IO CTPOUTE/b-
HOM MeXaHMKe.



Puc. B5. CtponuneHas depma (70-e rogpt XIX B.)

Ipod. JI. 1. IIpockypsikos (1858 — 1926) BBeN B MOCTOBBIC hepMBI TPEYTONBHYIO U IIHIPEH-
TeJIbHYIO PEILETKU W pa3paboTall TEOPHIO O HAMBBITOAHENIIEM OUepTaHUK (PEPMBL. 3a TIPOEKT
mocta 4yepe3 p. EHuceit Ha Tlapuxckoit BeictaBke 1900 r. JI. . TIpocKypsikoB ObL1 yIOCTOEH
30JI0TOM MeIaliul.

Bonpwioit Bkian B JanpHelniee pasBUTHE METAUTMYCCKUX KOHCTPYKIMHA B KoHlie XIX u
Hayane XX B. M pacClIpOCTPaHECHME OIBITa, HAKOIUIEHHOTO B MOCTOCTPOEHIH, Ha MEeTaJUIM4ec-
KH€ KOHCTPYKIINH MPaXIaHCKUX U IpOMbilUteHHbIX 3nanuil BHecin @. C. Acunckwuii, B.I'. Illy-
xoB 1 W.I1.TIpokodbeB. B ToT nepuos pa3BuTHe METAUTYPTHH, MANIHHOCTPOCHHUS M APYTHX
oTpacjieii MPOMBIIUIEHHOCTH BHECHO KAYeCTBEHHOE U3MEHEHHE B TEXHOJIOTHIO TIPOM3BOACTBA 1
noTpeboBaIo 00OPYAOBAHUS 3MaHUII MOCTOBBIMM KpaHaMu. IlepBoe BpeMsi MX yCTaHaBIMBAIU
Ha 3cTakagax (puc. B8), omHako 310 3arpomoxiaino noMelesne. C yBeTMICHHEM IPY30IIOTbeM-
HOCTM MOCTOBBIX KPaHOB M HACBHIIEHHOCTH MMM IIPOM3BOJICTBA, 4 TAKKE C YBEJIMYEHHUEM BbI-
COTHl U LUMPHUHEI MPOJETOB HOMEIEHUI CTAIO LEIeCO00Pa3HBIM CTPOUTh 3HaHUS C METAJUTH-
YECKMM KapKacoM, MONIEPXKUBAIOIIMM KaK OrpaxJaiolliie KOHCTPYKLUM, TaK U IyTH MOCTOBBIX
KpaHoB. OCHOBHBIM HECYIIM 3JIEMEHTOM KapKaca Crajia TionepedHas pama (puc. B9), Bkimoga-
fomiast B ce0s1 KOJIOHHBI Y. pUTeN (CTPOIMIbHbBIE (HEPMBI).

IIpod. @.C. Acuackuit (1858 —1899) mepBHIii 3aPOSKTUPOBAT MHOTOIPOJIETHOE MHpPO-
MBIIUICHHO®E 30aHNe ¢ META/UIMIECKMMH KOJIOHHAMH 1 pa3paboTall GOIbIIeIIPOSIETHEIE CKIIA/I-
YyaThle ¥ KOHCOJbHbIE KOHCTPYKLIMH MOKPHITUil. OH Xe BHEC 3HAYMTEIbHBIN BKJIaJ B PacyeT
CXaThIX CTEepKHE! Ha MPONOJIBHEIN M3rK0, pabOTAIOIINX B YIIPYrOIIaCTUIECKOU 30He nedop-
MHUPOBAHUS CTaJIH.

HCKII0YMTENBHO TUIONOTBOPHOM M pasHOCTOPOHHEH ObLia AesITEABHOCTh IOYETHOTO aKa-
nemuka B. T IlIyxoBa (1853 — 1939). OH niepBbIM B MUPOBOI#i IPAKTHKE pa3paboTan U MOCTpo-
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Puc. B6. MNepekpbiTne Kuesckoro Bok3ana B Mockse

WJ1 TIPOCTPAaHCTBEHHBIE PELIETYaThie KOHCTPYKIIMM TOKpbITUi (puc. B10) u GaleH pasiu-
YHOTO Ha3HAYEHHS, UCIIOJIb30BAaB /I HUX IMHENYaThie MosepxHocTy (puc. B11). B nocrpoesn-
HEBIX UM COOPYXEHHSIX PEUTH30BAHbI HICH IPEABAPUTEIIFHOTO HAIPSLKEHMS KOHCTPYKIMR 1
BO3BEIEHUS TOKPHITUI B BHUIE BUCIIMX CHCTEM C 3((dEKTHBHBIM HCITOAL30BAHMEM PAaGOTHI
MeTau1a Ha pacTsekeHue (puc. B12). Otumu npoexramu B.T. lllyxoB HAMHOTr0 OItepeni1 CBo-
HX COBPEMEHHMKOB ¥ ITpeayTanai OyayLIde HanpasiIeHUs B Pa3BUTHY META/UTMYECKHX KOHCT-
PYKUMii, 3aKpeTyB TEM CaMbIM HPHOPUTET Hallleil cTpaHbl. OCOOEHHO 3HAYUTEIBHA €r0 Teo-
peThdecKkass U TpakTdieckag paboTa B 00acTH Pe3epBYapOCTPOCHHMS M JAPYIMX JIUCTOBBIX
kxoHcTpykuyii. B.T. [IlyxoB pa3paboTan HOBble KOHCTPYKTUBHBIE (POPMBI PE3EPBYapPOB, UX pacyeT
U METOIbl HAXOXIEHUS! ONTUMAIbHEIX IAPaMETPOB.

IIpodeccop U.II.IIpokodres (1877 —1958), UCHOIB3Yys HAKOIUIEHHBIN OIIBIT, OITyOJI-
KOBaJI MEPBYI0 MOHOTPa(pHIO IO M3TOTOBIEHUIO ¥ MOHTAXY META/UIUYECKUX MOCTOB M CIPO-
€KTHPOBAI PNl YHUKATBHBIX 110 TOMY BPEMEHU OOJBIIEHPOIETHRIX HOKPBITHI (MypMaHCKue
u IepoBckue mactepekue MockoBcko-KasaHCKoit xere3Hoit 1oporu, MOCKOBCKMIA [IOYTaMT,
nebakanep KazaHckoro Bok3ana B MocKBe).

IIamyiii nepuod (NMociaepeBONMIOLMOHHEIN) HauuHaeTca ¢ 20-x rogoB XX B., ¢ IepBoOi
MSATWIETKU, KOTJa FOCyJapCTBO MPHUCTYIIIO K OCYIIECTBICHHUIO ITUPOKON MPOrpaMMbl HHIIY-
CTPHAIM3ALMK CTPAHBL.
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Puc. B7. CoiapaHckuii MOCT yepesd p. Boary (1879)

K xonuy 40-x romos XX B. ki1enaHbie KOHCTPYKIUKA OBUTY TOYTH TIOJHOCTBIO BHITECHEHBI
CBapHbBIMHU, 0OJIEE JIETKMMHU, TEXHOJOTMYHBIMU Y SKOHOMUYHBIMH.

Passutue Metauryprud yxe B 30-¢ rogsr XX B. MO3BOJIIO IPUMEHSATh B METAUTUYECKUX
KOHCTPYKIIMAX BMECTO OOBIYHOM MaJOYIJIEPOAUCTON CTaaH 6ojiee MPOYHYIO HU3KOJIETHpPO-
BaHHYIO CTaJIb (CTalb KPEMHMCTYIO IS XeJe3HOAOPOXHOTO MocTa yepe3 p. Llumy B 3akaBka-
3pe U cTathb JIC s JBopiia CoBeTOB 1 MOCKBOpEIKUX MOCTOB). B cepemuHe XX B. HOMEHKIIA-
Typa IPUMEHSEMBIX B CTPOUTEIbCTBE HM3KOJIETUPOBAHHBIX M BBICOKOMPOYHBIX CTJICH 3HAYM -
TEeJBHO PAaCIIUPWIACH, YTO [TO3BOJIUIO CYLIECTBEHHO YMEHBUIMTb MacCcy KOHCTPYKLIMHA U CO-
31aTh COOPYKEeHUSI OOTBLIMX Pa3MepoB. KpoMe cTaiu B METAJUTUYECKMX KOHCTPYKIIMSAX HaYaiu
HCITOJTb30BaTh ATIOMUHMEBBIE CIUIABEH, IVIOTHOCTb KOTOPHIX MTOYTH BTPOE MEHBIIE.

Q=51

9 M

5M

10 m 20Mm 20 M 10 M

Puc. B8. Mepexpbituie Tynbckux mactepckux (80-e rogbt XIX B.)
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Puc. B9. Kapkac npombiwneHHOro 3gaHusa (Hadvano XX B.)

B Mo1iHy0 oTpaciis HHAYCTPHM BBIPOC/IA MPOU3BOACTBEHHAS 0a3a META/UTMYECKUX KOHCT-
pykuuit. 3aBobI ¥ CTICIIHATM3MPOBAHHBIC MOHTAXXHbIE OPTAHU3ALIMH, OCHAIIIEHHbBIE COBPEMEH -
HBIM BBRICOKOITPOM3BOIMTEIBHBIM 000pyI0BaHNEM, ObUIH OOBeIMHEHHI B ofHY cucreMy (I71aB-
CTAJILKOHCTPYKILIMS), BBIMOHSIIONIYI0O OCHOBHOM 00bEM CTPOUTE/THCTBA META/UTUIECKUX KOHCT-
pykumii. O0beM METALINYECKIX KOHCTPYKILMi 33 9T0T nepuox (1930 — 1980) yeenuuwmics 60-
see 4eM B 20 pas. UpesBplyaifHO paclIHpHIach HOMEHKIATYpA METAJUIMYECKIX KOHCTPYKIIMIA U
BO3POCJIO Pa3HOOOpasue uX KOHCTPYKTUBHBIX (hopM. Pe3kuii nombeM KONWYECTBAa M KAYECTBA
METaJUTYECKUX KOHCTPYKIMI ObUT BRI3BAH Pa3BUTHEM BCEX BEAYLIMX OTpacicil HApoaHOro X0-
39ACTBA, TPAHIMO3HBIM pa3MaxoM MPOMBILUIEHHOTO ¥ TPaXNIaHCKOTO CTPOUTEIIbCTBRA.

Bonbive 1 MHOTOOOpa3Hble 3a0ay¥l MO PAa3BUTUIO METAJUIMIECKUX KOHCTPYKIIHMI pela-
JIACH YCHIIMSIMU TIPOEKTHBIX, HAYYHBIX M TIPOU3BONICTBEHHBIX KOJUIEKTHBOB. OcOBeHHO BeKa
POJTb TIPOEKTHBIX TPecTOB — IIpOeKTCTATBKOHCTPYKUUU U [IpoMCTpoillipoekTa, HaydHBIX
MHCTUTYTOB — [leHTpayIsHOrO HAyYHOIO MHCTUTYTA MPOMBIIUTeHHBIX coopyxerutt (ITHUTIC),
B 50-¢ rogst XX B. peopraHM30BaHHOTO B LIeHTpaibHbl HAYYHO-UCCIIEAOBATENICKIN UHCTU-
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Puc. B10. MokpbiTue 3aBoga B r. Buikca
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Puc. B11. bawns B.T. LLyxosa
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TyT ctpouTenbpHbix kKoHcTpykuuit (HHHUHUCK), a takke
BY30BCKMX KOJUIEKTUBOB. IIpHHIIMI Leslecoo0pasHOCTH CO-
BMECTHON pabOThl MPOCKTHBIX M HAYYHBIX KOJUICKTUBOB B
70-e ropst XX B. ObUT 3aKpeIUTEH 1IPeo0pa3oBaHUEM TpecTa
IIpoexrcranskorcpykiys B ITHUHIIpoeKTCTANLKOHCTPYK-
UUs — BEAYIIYIO NMPOCKTHO-UCCIICNOBATENbCKYIO OpPTaHU-
3aLUI0 METAJUTMYECKUX KOHCTpYKLmMit — u [IpoMcTanbkoH~
crpykumu Bo BHUIIUTIpoMCTanBKOHCTPYKUMA — BEAy-
LIYIO OPTaHU3aLMIO 110 IPOSKTHPOBAHMIO U UCCJIETOBAHUIO
MOHTaXHbIX pa6or, a Takxe cozganmeM BHUKTHUCK —
BeIyLIeH OpPraHu3auuy 1O MPOSKTHPOBAHUIO U HUCCIIENO-
BaHUIO TEXHOJOTUH H3TOTOBICHUS METALIMYECKMX KOH-
CTPYKLMIA. ,

B nauane 30-x ronpos XX B. ctana odopMIATHCS COBETC-
Kast IIKOJIa IIPOEKTHPOBAHMS METAIUTNYECKUX KOHCTPYKILIHIA.
B cBa3m ¢ pa3BUTHEM METAJUTYPrMU ¥ MAIIMHOCTPOECHUS
CTPOWJIOCh MHOTO MPOMBIIIUICHHBIX 3MaHUIi ¢ MeTainyec-
KuM KapkacoM. CTabHble KapKachl MPOMBIIDICHHBIX 31a-
HUH 0Ka3aauch BeAYyIEH KOHCTPYKTUBHOMN HopMoil MeTa-
JIMYECKUX KOHCTPYKIIMM, ONpeaessioneil obluee Harpas-
JeHne uxX passuTtug. CoBeTCKasi HKOJA MOCTEIEHHO OTXO-
WA OT eBPOIEHCKHUX CXeM KOMITOHOBKH IOIMEPEYHAIX paM
Kapkaca, Ui KOTOPBIX XapaKTepHBI CTpEMJICHHE MMPUOIHU-
3UTh KOHCTPYKTUBHYIO CXeMy K PacYeTHBIM IIPEANOCHUIKAM
U BBEACHHE OOJBIIONO YHUCIAa LIAPHHUPOB, YTO YCIOXHSUIIO
MOHTAX M H3TOTORJIEHHE KOHCTpyKimi (puc. B13). Takue
CXEMBI He OTBeYaJId TpeOOBAHUSIM SKCIUTyaTalild B OTHOILLIE-
HUU TTONEPEYHON KECTKOCTH 3IAHUI B CBS3H C YBEJIHMUYCHH-
€M pa3MEpOB TIPOJIETOB, BBICOTHI M, ITABHOE, TPY30IIOIBEM-
HOCTH M MHTEHCHBHOCTH BIDKECHHUS MOCTOBBIX KPaHOB.

TpeboBaHUSIM SKCIUTYATAIIMHA W BHICOKWX TEMIIOB CTPO-
WTEIBCTBA B GOJBIICH CTETIEHN OTBEYAU CIOXHUBIHUECS K

Puc. B12. Bucaune cetuatble NokpbiTUs Ha Huxeropoackow BeicTaeke (1896)
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Puc. B13. EBponenickan cuctema KOMMOHOBKW MOMNEPEeYHon pambl NPOU3BOACTBEHHOMO 30aHUS

TOMY BPEMEHM CXeMBI KOHCTPYMPOBAHMUS IIOMEPEYHBIX PAM C KECTKNM COMPSIKEHHUEM KO-
JIOHH ¢ dyHaameHTamu U puressiMu. COBETCKHE NMPOEKTHPOBLIMKM B3sUIN 38 OCHOBY 3TH
CXeMbl M YIYYIIWIN MX MYTEM aHATMTHYECKOIO ONPENE/ICHUS ONTHMAIbHBIX réoMeTphde-
CKMX COOTHOUIEHHI 3J€MEHTOB, CXeMBbI PEIUETOK U T.11. (puc. B14).

AHATUTAYECKME U3BICKAHMS ONITUMAJIbHBIX KOMITOHOBOYHBIX CXEM M FeOMETPUUYECKHX pa3-
MEpOB CEUCHUI SJIEMEHTOB CTATM XapaKTepHOM 4€pTOH pa3BUTUS BCEX BUIOB METAJUTNYECKUX
KoHcTpykimii B CoBerckoM Corose. Takoit MOAXOM ITO3BOJIMII PEIIaTh OMHOBPEMEHHO 3a1aYu
CHVLKEHMS TPYAOEMKOCTH MU3rOTOBJICHISI KOHCTPYKIIU, SKOHOMHUYHOTO MCIIONL30BAaHUS CTa-
JIA ¥ CKOPOCTHOTO MOHTaxa. [TpHHIMIT KOMILIEKCHOTO perieHus 3a1a4 IIPpU M3BICKAHUH OIl-
TAMAJIBHOM KOHCTPYKTHBHOM (hOpMBI METAJUIMYECKUX KOHCTPYKIIUI CTAaJ OCHOBHBIM ISt CO-
BETCKOIi HIKOJBI ITPOCKTUPOBAHUS.

XapaKTepHOH YepTOi PasBUTUS METALTMYSCKHMX KOHCTPYKIMM cTajla THITU3alHsa KOHCT-
DPYKTUBHBIX CXE€M U 3JIeMEHTOB. BoJiblioif 06beM CTPOMTEIBCTBA ¥ CBA3aHHAS ¢ HUM TIOBTOPS-
€MOCTh KOHCTPYKIWA CO3HAIN MIPEIITOCBUIKH T pa3paboTKM TUITOBBIX CXEM W KOHCTPYKTHB-
HBIX PEICHKI KapKacOB MPOMBIIILICHHBIX 30aHuH.

B 1939 r. [TpoMcTpoiipoeKTOM GhIIH pa3pabOTaHbl THUIIOBBIE CEKIIMM OXHOITAXHBIX IIPO-
MBILIJIEHHBIX 30aHUI CO CTAJIBHBIM KapKacoM. THUIIOBBIE CEKIIMY BKIIOYAIK B C0s OOBEMHO-
IUTaHUPOBOYHEIE PEINEHUS ISl PA3TUYHBIX POJIETOB, TATIOBBIE KOHCTPYKTUBHBIE CXEMBI KOM-
TIOHOBKY KapKaca W TUIIOBHIE PEHICHUsI KOHCTPYKTHBHEIX 3JIEMEHTOB (depM, KOJIOHH, MOMI-
KpaHOBEIX 00K ¥ T.1.). BrepBrie Gbul BBENEH TPEXMETPOBHI MOAY/Ib IPOJIETOB, KOTOPBIil
nosgHee (B 50-e rompt XX B.) GbUT 3aMeHEH IIECTHMETPOBHIM, TUIIU3MPOBAHBI 3MAHUS OT-
JEJBbHBIX BUIOB NPOM3BOACTB (MapTeHOBCKHE Li€Xa, MPOKATHBIC U T.I1.), IIPHYEM TUITA3ANUSA
pacpocTpaHWIach Ha MPOJETHBIE CTPOEHUS MOCTOB, PE3EPBYaphl, ra3rojbaephl, paguobali-
HH, pagdoMauTel. Tummsanusi, a 3ateM YHUGHKAIMS M CTAaHAAPTU3ALMsI CTAIM OJHMM U3
IJIaBHBIX HallpaBJCHUI pa3BUTUSA METAUTMYECKIX KOHCTPYKIIMI, DTO CHILKAIO TPYIOEMKOCTh
M3rOTOBNEHUS U MOHTaXa KOHCTPYKLIMIA ¥ 61aroxaps YiropsimoYeHHIO MPOEKTUPOBAHIA YMEHD-
1IAJI0 pacxoj CTAIH.
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Puc. B14. Pama 3aBoaa «Asosctalne» (Ha4ano 30-x rogoe XX B.)

B ronsr Benukoit OteuectBeHHO# BoiHB (1941 — 1945) HecMOTpsI Ha BpEMEHHYIO 10TEPIO
I0XXHOI METaJUTyPTUYECKOi 6a3bl U GOJBLION pacXod MeTajUia Ha HYXIbl BOMHBI B POMBILL-
JIECHHOM CTPOHUTEIBCTBE U MOCTOCTpOeHHH Ha Ypaiie H B CHOMPH IIMPOKO HCIOIb30BATHCH
METAJUTHYEeCKUEe KOHCTPYKIIMH, JIyYlle APYTHX OTBeYyaBLIME OCHOBHOI 3alaye BOSHHOIO Bpe-
MEHH — CKOPOCTHOMY CTPOHTE/ILCTBY.

B 50 —70-e ronpl XX B. CTPOUTEILCTBO METALINIECKMX KOHCTPYKIIMM Pa3sBUBATIOCH C CO-
OJTIOMEHIEM OCHOBHBIX IIPUHIIMIIOB COBETCKOM IKOJIBI IIPOCKTHPOBAHUS, YCTAHOBJISHHBIX €I1Ie
B JIOBOCHHBIM IEPHON. SKOHOMHUS CTAIH, YIPOIUCHHE H3IOTOBJICHMS, YCKOPEHUE MOHTaXa.
i TeX JIET XapaKTepHO MIMPOKOE IIPMMEHEHUE CTATIM B IIPOMBILIUTEHHBIX COOPYXEHUSIX 60JIb-
IIHX pa3MEPOB C TSDKETBIMHI TEXHOJIOTHYECKUMU Harpy3kaMu. [1ocTpOeHB Takue YHUKAJIbHBIE
TIPOMBIIIUIEHHBIE 3IaHMUS,; KaK COOpOYHKIH 1ex mposieToM 120 M ¢ KpaHaM¥ IPy30MONLEMHO-
CTBIO 15 T, MOABENIEHHBIMU K CTPOIIWIBHEIM (epmaM Ha orMmeTke 56 M (puc. B1S), u aByx-
MIPOJIETHOE 3IaHME C KpaHaMM rpysomoxbeMHOCTRI0 1200 1 600 1 (puc. B16).

BoJbiroe pa3sBuUTHE TMOMYYMIM JUCTOBBIE KOHCTPYKIMU B CBSI3H C pasBUTHEM HedTIHOI,
ra30BOii, XUMIYECKOH 1 METAJUTyPriYECKOM IIPOMBILIIEHHOCTH, BEICOTHBIE COOPYKECHHSI CBA3MN
(puc. B17), onopbl AMHUI SJIEKTPONEPENaYH, a TAKXKE KOHCTPYKIUK OOIIECTBEHHBIX 3MaHU.

W3 001IeCTBEHHBIX COOPYXKEHHMI MOXHO BBUIEIMTb MaBUIbOHM Coserckoro Colo3a Ha
MeXTyHAapONHBIX BbicTaBKax B Bpioccese (puc. B18) u Monpeane (puc. B19), nasuwiboH «Koc-
moc» Ha BJIHX B Mockse (puc. B20), mepekpoitue dsopua criopta B JIyXKHUKax v ap. YHU-
KaJIbHBIE OOJIBIIEIIPOJICTHRIC CIIOPTUBHBIC COOPYKEHHS C HECYIIMMU METAIUIMYECKUMU KOH-
CTPYKUMSMH Pa3HOOOPA3HOM ¥ OpHUTHATIBHON KOHCTPYKTHBHOIM (HOpMOii mocTpoeHbi B MOcKBe
Kk Omumnuazne-80 (cum. ri1. 20).

Hapsiny ¢ coBepiieHCTBOBaHHEM KOHCTPYKTHUBHO ¢(hOpMBI pa3BUBAIUCH I METOIBL pacye-
Ta KOHCTpYKUmid. JJo 1950 r. crpouTesibHble KOHCTPYKLIMY PACCUMTHIBAIA IT0 METOAY JOIYCKa-
eMBIX HampspkeHmit. Takoil pacder HETOCTaTOYHO IOJHO OTpaXai NeiCTBUTENBbHYIO paboTy
KOHCTPYKIIUH MO Harpy3KOM, MHOrIA B HEIOCTATOYHOU MEpe rapaHTHPOBAI UX HAIEKHOCTD
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Puc. B15. Monepe4Hblil paspes cOH0poUHOro uexa nponetom 120 m:
1 — nopTanbHbIi KpaH

M B psife CIy4aeB IPUBOAMJI K Iepepacxony MaTepUasioB; B3aMeH Hero Obul pazpaboTaH
METOJ pacyeTa KOHCTPYKUMI IO MPeACIbHBIM COCTOSHUSM.

B 1950-x rogax B CoBeTckoM Colo3e BCe BUIbI CTPOUTENbHbBIX KOHCTPYKIMI CTAIM paccyu-
THIBATH 11O METOAY IPEASIBHBIX COCTOAHMIA B cooTBeTcTBUMU ¢ 1aBoit CHulla mo ctpoutens-
HBIM KOHCTPYKIIVSIM.

CylLEecTBEHHO MOBBIIACT KAYSCTBO MPOESKTUPOBAHUS 1 YCKOPSET €T0 MPOLIECC COBPEMEH-
Has BBIYMCIUTEIbHAd TexHuka (DBM) ¢ cucreMaMu aBTOMATHU3UPOBAHHOTO MPOEKTUPOBA-
Hust (CAITP). ITpumeHeHne DBM 1o3BOMSIET MPOEKTUPOBIUUKY B KOPOTKME CPOKM HaWTH
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Puc. B16. Paspes kapkaca 3gaHvns AToMMaLLia CO CBEPXTAXENbIMU KpaHamMu
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ONTUMAIbHOE KOHCTPYKTHBHOE PEILEHUE MPOEKTHU-~
PYEMOTO COOPYXEHUSI M PacCUMTaTh MPaKTHUYECKU
JO0YI0 CNOXHYIO cUCTEMY 0e3 3HAYUTETBHBIX YTIPO-~
ICHUNA,

Ycnexu B pasBUTUM METAUIMYECKMX KOHCTPYK-
Uil 33 COBETCKUil TIEPHOA TOCTUTHYTHI Grarojapst
TBOPYECKUM YCWIHSIM KOJUIEKTUBOB IMPOEKTHBIX U
Hay4YHBIX OpraHM3alyii, BO3MIABISEMbIX BELYIIIUMH
npodeccopaMu U UHXeHepaMu. OcOOEHHO 3HAYM-
TesibHbl 3acnyru npod. H.C.Crpeneuxoro (1885—
1967), BosmnapidBILero B TeyeHue S50 JIET COBETC-
KYI0 KOHCTPYKTOPCKYIO LIKOJIY METa/UIOCTPOCHUS.

ITpod. H. C. Ctpeneiikuii, Ha IiepBbIX Tarax CBO-
€Il NesITeNIbHOCTU SIBUBLIUICS. MIPEEMHUKOM M IIPO-
JTOJDKATENEM PYCCKOM IIKOJIBI MOCTOCTPOUTENEH, B
JaTbHeHIeM MHOTO CHENAai IUISl Pa3sBUTHSI CTPOM-
TEIbHOM HAayK¥ U BBICHIETO CTPOUTEIHHOro 06pa3o-
BaHUs B Hauei ctpaHe. OH BIepBhle MPUMEHWT CTa-
THCTUYECKHE METONBI B pacueTe KOHCTPYKIIHM, HC-
cieaoBall paboTy CTaTHYECKH HEOTIPEIeIMMBIX CHUC-
TEM 3a TIPEAEJIOM YIPYTOCTH, NMPOBENI TeOopeTHYec-
KH€ MCCAeOBaHUS U 0000 X JaHHbIE B o0Jac-
TH Pa3BUTHUS KOHCTPYKTUBHON dopMel. TTox ero He-
TOCPEICTBEHHBIM PYKOBOJCTBOM 3KCIIEPUMMEHTATb-
HOE U3y4YeHUE JeiiCTBUTEIBLHOM pabOTH MEeTaJUINYeC-
KHMX KOHCTPYKIMH CTaJI0 ONHUM M3 INIABHBIX METO-
JIOB COBEPILIEHCTBOBAHMS KOHCTPYKTHBHOH (DOpMbI
¥ pacuyeToB. OH ABWICS ONHUM U3 UHHLIUATOPOB Te-
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Ipod. E.O.Tlaton (1870 —1953), Takke BHe-
CLIIMI CBOM BKJIAJ B Pa3BUTUE METAUIMYECKOTO MO-
CTOCTPOEHHSI, HMEET HUCKIIOYUTEIBHBIE 3aCIyTH B
00acT MeXaHHM3allud M aBTOMATH3alUUH 3JICKTPO-
JOYTOBOM CBapKH, 4TO SBHJIOCH BaXHBIM TEXHHYEC-
KUM JOCTIDKEHHEM COBETCKOM IIKOJIBI CBapKH. '

E.O.IlaroH B 1928 r. opranusosan B Kuese npu AH YCCP Hayuno-ucciiemoBaTeabCKui
UHCTHTYT 3j1eKkTpocBapku (aeiae UBC um. E. O.TTatoua).

3HayuTeAbHbIA BKIA B Pa3sBUTHE METAUTHYECKUX KOHCTPYKUUIH BHec nipod. H. IT1. Men-
HUKOB, MHOTO JieT pykoBopusiuuit IIHWMIIpoeKTCTanIbKOHCTPYKIIUEA.

OcHoOBHBIE ITANBI PA3BHTHA METALIHIECKHX KOHCTPYKUMil B 3aHaxHbIX CTpaHax. Ilapai-
JIETBHO ¢ Pa3BUTUEM NPUMEHEHHS METa/Uia B CTPOUTEIBCTBE B POCCHU PaCHIMPSIOCHh UC-
ITOJIb30BAHHE €r0 W B 3allaJHBIX cTpaHax. Tak, B CPEIHCBEKOBBHE TAM TOXE IPUMEHSIIOCH
KeJie30 IJisi CKpell ¥ pacTsDKeK M3 KOBAHOTO Xeje3a B KAMEHHBIX cOOpYyXeHHssXx. OcBoeHUe
MPOMBILIUTEHHOM BHIIUIABKHA 4YyTyHa BO BTOpoii mojioBuHe XVIII B. mpuBemo K IMHPOKOMY
[PUMEHEHMIO YyTYHa s MocTocTpoeHus B Esporie’. TIepBBId YYTYHHBIA MOCT IPONETOM
30,6 M 6pUT MOcTpoeH B BenmkoOpuranuu yepe3 p. CeepH B 1776 — 1779 rr. IlosBrieHue
NyJUIMHTOBBIX Iedeil B 1784 1. 11 BeIpaboTKM CBApOYHOTro Xeje3a U mpokara B JIoTapuHruu
B 1819 r. mpuBesio K cozmanuio B EBpore 3HAYNTEILHOIO YMCIA HEMHBIX M KabeJIbHBIX BUCS-

Puc. B17. TeneBnanonHaa GaiuHa
B Knese

U lllycee IT. B. MocTH ¥ uX apxuTekTypa. — M.: ['0C. M31-BO 110 CTP-BY M apXUTEKType, 1953.
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Puc. B18. Nasunbon CCCP Ha BcemupHoit BoictaBke B bpiloccene (1958)

YUX MOCTOB, MMEBIIHX CYIIECTBEHHO OOJBIIMI TPOJIET, YeM YyTyHHBbIe. Tak, I[eIHO# MOCT
yepe3 MeHeiickuit iponuB B BenukoGputaHuy, noctpoeHHs B 1818 — 1826 rr., uMen mpo-
ner 176,5 M, a KabebHBIN MOCT Bo Ppeitdypre B IlIseiiniapuu, moctpoeHHsbi B 1832 — 1840 rT., —
yxe 273 M. BypHoe pa3BUTHe XeJe3HBIX AOPOT, HETOCTATOYHAsSI KECTKOCTh BUCSYUX MOCTOB U
pasBHTHE TTPOKATa CTANTK Ha 3aBOXAX MPUBEJIO K HOSBJICHUIO MOCTOB U3 TPOMOUIBHOTO METaJ-
s1a. KpymHeRImM coopykKeHrneM CBOETO BpeMeHH ObLT TpYOUaTHIit KeJE3HOAOPOXHEIN MOCT
«bpuranus», moctpoeHHbIN B 40-e roasl XIX B. urxkenepoM P. CredperHcoHoM yepe3 MeHeii-
CKUif TTposuB B Benuko6Gputanuy ¥ uMeBIuit mposiersl 71,9 + 2 x 140 + 71,9 M (puc. B21).
TTocTerneHHO CTPOMTENBCTBO M3 METAUIA HAYMHAET TPUMEHSITBCA Hapsamy ¢ MOCTOCTPO-
€HHEM M B OOIIECTBEHHBIX, ¥ B IPOU3BOACTBEHHBIX 3MaHusIX. Tak, B JloHmnoHe B 1854 r. mis
BceMMpHO# BBICTABKH CTPOUTCS «XpYCTaIbHBIH ABOpeL», B 50-¢ roasi XIX B. B Mapcesne nepe-
KpBIBaeTCst Bok3an ¢epMoit [TomoHCO mponeToM 52 M, CTPOSITCST CKTAIbl JIOHIOHCKUX JTOKOB.

136,8

Puc. B19. KoncTpykums BeicTagouHoro nasunsoHa CCCP 8 MoHpeane (1967):
1 — NporoHsl
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Puc. B20. Kynon BbICTaBOMHOTO Nasu-
nboHa Ha BHX B Mockse:

1 — pebpa

H
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YcoBeplIeHCTBOBAaHUE TIPOM3BOACTBA Xeje3a U
CTaJIM IyTeM BHeApeHUs B 1856 r. 6ecceMepoBCKOro
(KoHBepTeEPHOIO), a B 1864 r. — MapTEeHOBCKOTO CI10-
coba ronyyeHUs CTAIU TPUBENO K JajdbHeHlIeMy
Pa3BUTHUIO METAJUTMYECKUX KOHCTPYKLIAIN.

B 1882 —1891 rr. B BenukoOpuranmu crpountcs
@opTCcKMil XKeTe3HOIOPOXKHBIM MOCT KOHCOJBHO-
6aJI0YHON CHCTEMBI C ABYMs CpPeIHUMU IIPOJIETa-
Mu 1o 521 M, a B 1889 r. mna BcemupHo#t BricTaB-
xu B Ilapuxe Bo3BoamrTcs DiipesreBa OalIHg BbI-
cotoit 300 M (puc. B22, a).

B XX B. MeTaimioctpoutenscTBo B EBporne nponos-
XaJo YCUJICHHO Pa3BUBaThCsA. BUIO ITOCTPOEHO MHO-
IO YHUKAJIbHBIX COOPYXEeHHI1 — BHICTABOYHBIE TaBU-
neoHbl DKCIIO-58 B bproccene, Mmoct «EBpoma» B
ABCTpHHM, 061IecTBeHHBIH LeHTp UM. K. [lomnuay B
Iapuxe, mnardgopmbl s 1o6san HedhTr B CeBep-
HOM MOp€ U MHOTHE APYTHE COOPYXEHUS.

B CHIA ¢ koxuia XIX B. ¥ o HacTosiiiee BpeMs
[MPEUMMYLIECTBEHHOE pa3sBUTHE TOMYUWIM ABE 00ja-
CTH CTPOMTEJIBCTBA U3 METAJUTa: MHOTO3TaXKHOE CTPO-
HTEJIBCTBO M MOCTOCTPOEHHE BUCSYMX CUCTEM. YXKE B
1931 r. B uentpe Horo-HMopka 3a 15 MecsrieB ObU10

nocTpoeHo 31aHue «Ommnaiip Creiir» BhicoTOM 319 M ¢ GalHeil Ha HeM BBICOTOM 62 M (pHC.
B22, 6). OHo monroe Bpemsi OCTaBaIOCh CaMbIM BHICOKMM 3/IaHUMEM Mupa. B Hactosiiiee BpeMsi
GOJIBIIMHCTBO BBICOTHBIX 3MaHUi cocpenoTodyeHo uMeHHO B CIIIA, a caMbIM BBHICOKMM 371a-
HueM sBisiercst 110-3taxHoe 3nanne «Cuape» (puc. B23) 8 Hukaro Bricoroit 445 M. U3 Moc-
TOB BHCSUEH CUCTEMBI ClieqyeT YHOMSIHYTh 1tocTpoeHHbIi B Can-®pannmcko B 1937 r. Mmoct
«30J10TbIE BOPOTa» CO CpeaHuM IposieToM 1280 M (puc. B24). DToT niposieT ocTaBajicsi AOATOE
BpeMsI caMbIM OOJIBLIHM B MHMPE, M TOJBKO B IIOC/IEIHHE TOABI IOCTPOHKA MocTa «XaMbep» B

R R A P -
i w0, 157

Puc. B21. MocTt «Bputanna» B Benukobputanum (40-e ropb XiX B.)



BenukoOputaHuu co cpeaHuM npojeroM 1410 m
caeqana MocT B CaH-DpaHUMCKO PSAJTOBBIM
MOCTOM.

PazButue NPOMBINUICHHOCTHU WU TI'PaXIaHCKO-
IO CTPOUTEJLCTBA NIPUBEJO K MOSIBJICHUIO OTPOM-~ T
HOTO pa3HOOOpasus MeTaINYeCKUX KOHCTPYK- 1
LM TPAKAAHCKUX 30aHUN pa3InyHOrO Ha3Havye-
HUS, IPOMBILIUIEHHBIX 30aHUIf ¢ MOCTOBBIMH Kpa-
HaMu OOJbIION TI'PY30INOABEMHOCTH, MOPCKUX
11aTopM s J0OBIYN HE(TH, COOPYKEHUI CBSI-
34 ¥ TPAHCIIOPTA U APYTHX COOPYXKEHHIA, LISl He-
CYIIMX KOHCTPYKLWI KOTOPBIX CTANb SIBUJIACH He-
3aMEHUMBIM CTPOUTEIbHBIM MaTepuasioM. B Hacto-
suIee BpeMsl KOHCTPYKTHBHOE pasHooOpasue U
pa3BUTUEC 3MAHUU U COOPYXECHUH C IPUMEHEHHU-
eM MeTasula MpOoAOJKAET YBeJINYMBaThcs. B noc-
JieHee BpeMsl DOJIbIIOE Pa3BUTHE TTOTYYMIIN JieT-
K€ YHMBEPCAJIbHbIE 3IaHHS KOMIUIEKTHOHN ITO-
CTaBKH.

IlIvpokas pa3paboTKa HayYHBIX OCHOB METAJ-
JIOCTPOUTEJIbCTBA, OCOOEHHO C NMPUMEHEHUEM
OBM, no3Boimia 3HAYUTEIBHO YCOBEPLICHCTBO-
BaTh ¥ Pa3HOOOPa3uTh KOHCTPYKTUBHYIO (opmy
TIpX MeHbIIell 3aTpaTe MaTepHaoB U Tpyaa. Tak
Pa3BUBAIOCh METALTOCTPOUTENLCTBO B Poccuu U
3aMafHbIX CTPaHaXx. A

HomeHknaTypa u 00.1aCTh IPHMEHEHHUS METAJI-
JIHYECKHAX KOHCTPYKIMH. MeTajutnueckine KOHCT- a
PYKUMM MPUMEHSIOTCS CErofiHsl BO BCEX BHIAX
34aHNU U MHXCHEPHBIX COOPYXKEHUI, OCOOEHHO Puc. B22. Sitenesa bawns B Mapuxe
€¢I HeoOXOOMMbl 3HaYUTEJIbHBIE TIPOJIETH, Bbi~ (1889) (a) n «Bmnaip CTeHT BUnaMHM B
coTa 1 Harpy3ku. [1oTpeGHOCT B METAIIMYECKMX Heto-Mopke (1931) (6)
KOHCTPYKLMAX YPE3BbIUAHO BEIUKA.

B 3aBucuMOCTH OT KOHCTPYKTUBHOM hOpPMBI 1t
Ha3HAYEHUS METALTMYECKHE KOHCTPYKLIMH MOXHO MOAPA3NeIUTh Ha BOCEMb BUAOB.

1. Ilpomviwaennsie 30anus. KOHCTpYKUMH OTHOITAXHBIX IIPOMBIILICHHBIX 3HAHUI BBITION-
HSIOTCS B BUAE LeJBHOMETAUINYECKUX (prc. B25) wim cMelIaHHbIX KapKacoB, B KOTOPBIX 1O
2XeJ1€300€TOHHBIM KOJIOHHAM YCTAaHARJIMBAIOTCS META/LTMYECKHE KOHCTPYKIIUY MMOKPHITUS 313~
HUA («1IaTep») U NOOKPaHOBbIE MYTH.

[enbHOMeTANIMYECKIE KAPKACHl B OCHOBHOM MPUMEHSIOTCS B 3JaHMSAX C OOTBIIUMU IIPO-
JieTaMM U BBICOTOI, OOOPYJOBaHHBIX MOCTOBBIMU KpaHaMmH OOJIBLION TPY30MOILEMHOCTH, a
TaKXe€ B 3JaHUSIX KOMIUIEKTHOMN MOCTaBKM — «IETKUX METALIMYECKUX KOHCTPYKLUSIX». Kap-~
Kachl MPOMBIIUICHHBIX 3NAHUI SIBISIOTCS HAauboJiee CIOXHbBIMU U METAUIOEMKUMU KOHCT-
PYKTHBHBIMU KOMIUICKCaMH.

2. Bboavuwenponemnste nokpuimus 30anui. 3MaHUST oﬁmecmeﬂnoro Ha3HAYECHUSI — CIIOPTUB~
HbIe coopyXeHHS (puc. B26), polHKU, BbICTABOYHbIC NTABUIbOHBI, TEaTPbl U HEKOTOPHIC 3Ma-
HMS IIPOM3BOJICTBEHHOIO Xapakrepa (aHrapsl, aBUacOOpOYHbIe 1Iexa, JabopaTopum) — nMme-
10T Oonbliue nposiersl (1o 100— 150 M), mepekpbiBaTh KOTOphiE Haubosee LeaecoobpasHo
METAUINYECKUMH KOHCTPYKIMSIMHU. CHCTEMbl M KOHCTPYKTUBHEBIE (YOPMBI OONBILEIPOXECTHBIX
TOKPHITUI OYEHb Pa3HOOOPa3HHBI. 3/1eCh BO3MOXHBI OajIouHble, paMHbIE, APOYHBIE, BUCSYME,
KOMOWHUPOBaHHBIE, IPUYEM KaK IUIOCKHUE, TaK M MPOCTPAHCTBEHHBIE CUCTEMBI. K KOHCTPYK-
HUSM 3JaHMI OOILECTBEHHOTO HAa3HAYCHUS MPEIBbSBIASIOTCS BBICOKME 3CTETUYECKUE TPeOO-
BaHUSA.
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3. Mocmet, acmakadsl. MOCTOBBIE METAJUTHYIECKHE KOHCTPYK-
LMHA Ha XKEJEe3HOZOPOXHBIX U aBTOMOOWJIBHBIX MarucTpaisix
TIDUMEHSIOTCS. NIpU OOJBbIIMX, & B OTAEHABHBIX palOHaxX — M
NPY CPEAHUX MIPOJIETax, a TAKXKe NPU CKAThIX CPOKAX BO3BEAE-
Hus. Kak 1 6opiuenposieTHble MOKPHITHsSE, MOCTBI UMEIOT pa3-
HOOOpa3Hble CUCTEMEBL: OATOYHYIO, apOYHYl0, BUCSUYYIO (pHC.
B27), xoMOGUHUPOBAHHYIO.
( 4. JTucmosvie koncmpykyuu. IIpuMeHsioTcss B BULE pe3ep-
| ByapoOB, Ta3rojibIepoB, OYHKEPOB, TPYyOOMPOBOZOB OOJBIIO-
SEt TO AMaMeTpa M PAa3IUYHBEIX COOPYXKECHHWI JOMEHHOT® KOMII-
S Jekca (puc. B28), xumMuveckoro mpoussoAcTsa u Hedrenepe-
s paboOTKU HCTIONB3YIOTCS BECbMa INHPOKO B METAJUIYPIMM, He-
@TaHOI, ra30BOMl U XUMUYECKOUW NMPOMBIILICHHOCTH.

JINCTOBBIE KOHCTPYKLMM SIBJISIOTCS TOHKOCTEHHBIMHU 000-
Jioukamu pasnuuHoit Gopmel (puc. B29). OHu n1omKHbI OBITH HE
TOJIBKO IPOYHBIMY, HO ¥ IUTOTHBIMY (HETIPOHHUIIaeMbIMK). OHU
4acTO 3KCIUTYaTUPYIOTCS B YCIIOBUSX HU3KUX WUIV BHICOKUX TEM-
1epatyp, CTalb 1 ATOMHUHHEBbIE CIUIABbI XOPOLIO YAOB/ICTBO-
DSIIOT 9THM YCJIOBHUSIM paGOTHI.

5. bawnu u maumut. TIpuMeHSIOTCS OIS pazmo U TeJIeBUIE-
Hua (puc. B30) B reomesudeckolt ciyxbe, B omopax JUHUA
anekrponepexayr. Crona ke MOXHO OTHECTU HafIHAXTHBIE KOTI-
DHI, He(pTSHbBIE BBIIIKKA, THIMOBBIC M BEHTWISIIMOHHBIE OalTHU
¥ TPYOBI ¥ TIPOMBINILICHHBIE STaXepKyl. MCIOMb30BaHMe CTAIN
00ecTIeyBaeT 3TUM KOHCTPYKUHUSAM HEOOXOAMMYIO JIETKOCTB,
yIOOGCTBO TPAHCIIOPTAPOBAHMS HA MECTO CTPOMTEIILCTBA U OBbI-
CTPOTY MOHTaxa.

6. Kaprace: MHO209maxcHbix 30anuti. MHOTO3TaXHbIE 3TAHUS

¢ MeTaJUTH4eCKMM. KapkacoM (puc. B31) nmpuMeHSIOTCs TJIaB-
=5 HBIM 00pa30M B IPaXAaHCKOM CTPOUTEILCTBE, B YCIOBHSIX TUIOT-
' HOIl 3aCTpOWKHM OOJIBILMX TOPOIOB M JJisl HEKOTOPHIX BHAOB
TIPOMBINIUICHHBIX 30aHUH.
N 7. Kpanoevie u opyeue nodsudichvie KoHcmpyKkyuu. BHITIOTHSIOT-
| Cs U3 MaTepHaia, IO3BOJISTIONIEr0O MAaKCUMAIIBHO YMEHBIIIMTD UX
- Mmaccy. Ciozia OTHOCSITCSI BCEBO3MOXHbBIE METALTMYECKIE KOHCT-
PYKIIMM MOCTOBBIX, OAIlleHHBIX, KO3JIOBBIX KPaHOB M KPaHOB-
reperpyxaresieif, KOHCTPYKUUU KPYITHBIX 5KCKaBaToOpoOB U pa3-
HOOOPa3HbIX CTPOUTENIbHBIX MAIlIMH, 3aTBOPHI 1 BOPOTAa THIPO-
TEXHUYECKUX COOPYKEHHUI, KOHCTPYKLIMU OTBAJIbHBIX MOCTOB.

8. Ilpouue xoncmpykyuu. K HUM, B IEPBYIO OYepelb, MOKHO
OTHECTH KOHCTPYKLMH ITPOMBILUIEHHOCTH I10 UCIIOAh30BaHUIO
ATOMHOM SHEPTMM B MHUPHBIX LIEJISIX, pa3HOOOpA3HbIC KOHCTPYKIIUM PanUOTEIECCKOMNOB IS
KOCMUYECKOU M pagnuocesidu (puc. B32), craimoHapHble I1aTQOPMBI 11 Pa3BEIKHA U ,u061>1'-114
raza u Hedptu B Mope (puc. B33) u muorue opyrue.

OcHoBHbIE 0COOEHHOCTH METAUIMYECKAX KOHCTPYKUMIA M NpeabaBisgeMbie K HEM TpedoBa-
Hng. Beuie Obula paccMOTpeHA HOMEHKIIATYpa METANIMYeCKUX KOHCTPYKIMI, KOTopas Xa-
paxTepusyeTcs OOJBIIMM Pa3sHOOOpa3ueM CHCTEM M KOHCTPYKTUBHBIX opm. OmHAKO BCe 3TH
KOHCTPYKIIMM OOBEIMHEHBI IBYMsI OCHOBHBIMU (HaKTOpaMH, IO3BOJISIIOIIMMHU U3ydaTh UX KaK
COVUHBIN BUL.

Bo-1iepBBIX, UCXOOHBIM MaTepHaOM ISl BCEX KOHCTPYKLIMIL SIBJIA€TCS IMPOKATHBIA Me-
TaJUT, BBIIIYCKAEMBIH 110 €IMHOMY CTaHAApPTY — COPTAMEHTY (CM. IUL. 3): JIUCT, YTOJIOK, LIBEJI-
niep, OByTaBp, Tpyba M T.n. M3 3TOr0 Marepuajia KOMITOHYIOTCA Pa3HOOOpa3HbIE KOHCTPYK-
THBHBIE (POPMBI.

IR

V8312180818

Puc. B23. 3paHune «Cunapc»
- B Yukaro
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Puc. B25. MapTeHoBCKUIA uex 3aBoaa «3anopoxcTalib»

Bo-BTOpBIX, BCE KOHCTPYKLIMHM OOBEAMHEHB! OTHUM TEXHOJOTHYECKUM IIPOLIECCOM MX M3-
TOTOBJICHMSI, B OCHOBE KOTOPOTO JIeXaT XoionHas obpaborka MeTamia (pe3ka, rubka, oOpa-
30BaHUE OTBEPCTHH M T.I.) U COSOUHEHWE NeTajel B KOHCTPYKTMBHBIE 3J€MEHTHI M KOMII-
JieKChl (COOPOYHO-CBApOYHBIE OIEpalliK).

MeTauTndecKre KOHCTPYKIMH OBIafaioT CIEAyIOIAMY JOCTONHCTBAMMY, MO3BOJISIONIH-
MU TIPUMEHSITH UX B pa3HOOOPa3HBIX COOPYKECHUSIX.

Haodexcrnocmes. HagexHoCTh METALTHYECKIX KOHCTPYKIIMI obecnieunBaercs 6IM3KHUM COBIIA-
JICHUEM UX JeHCTBUTENBbHOI PaboThl (pactipefeseHHe HaNpsKeHWA U AepopMalimii) ¢ pacyer-
HbIMH IIpeINOJOXeHAMU. Marepruan MEeTAUTHIECKHX KOHCTPYKIMA (CTaib, allOMUHHEBBIE
CIUIaBBI) 00JIaIaI0T GOJIBIIOH OXHOPOXHOCTHIO CTPYKTYPHI U JOCTATOYHO OJIM3KO COOTBETCTBYET
PACYETHBIM HPENITOCHUIKAM 00 YIIPYToi WM YIIPYTOIUIACTHYHOM paboTe Marepuaia.

Jleckocms. I3 Bcex M3roTOBISIEMBIX B HACTOSAIIEE BPEMS HECYIUX KOHCTPYKITUI (3Kene30-
OeTOHHBIE, KAMEHHEIE, TEPEBSIHHBIE) METAUIMYECKUE KOHCTPYKIIMH SIBJISTIOTCS CAMBIMM JIET-
KHMH.
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Puc. B26. Cxema nokpbitus OnMnminckoro cnopTtkomrnekca B Namaiinose

Jlerkocts KoHCTpyKumi C, M~!, onpenesserca OTHOLIEHHEM IDIOTHOCTU MaTepuana p K
€ro PacyeTHOMY COIPOTHBIICHWIO R:

C=p/R

Yem MeHblie 3HaueHue C, TeM OTHOCHUTENIHHQ JieT4e KOHCTPYKIIUSA. biaronapss BLICOKHUM
3HAYEHMAM PACUETHBIX COMPOTUBICHUI A7 Maoyriepomuctoit cram C245 C=3,2-10"* M7,
IUISE BBICOKOTpPOYHO# cramu C590 C = 1,3- 10~ M7, 1151 amoMHHHEBOrO CIUIaBa Mapku AJl
31T1 C=2,16-10~* M1, nna 6erona kinacca B20 C=21,4-10~* M1, 119 IpeBECUHBI COCHBI
C=3,6-10"*m"L

Huodycmpuanvhocms. MetauinyecKurie KOHCTPYKIIMY B OCHOBHOM M3TOTOBJISIOTCS HA 3aBO-
J1aX, OCHAILEHHBIX COBPEMEHHBIM OOOPYIOBAHUEM, YTO OOECIIEUYMBAET BBICOKYIO CTEICHB
WHIYCTPUATBHOCTH UX U3rOTOBAeHUSI. MOHTaX METAUTMYECKMX KOHCTPYKIIMI TaKXKe MPOM3-
BOAMTCA WHAYCTPUATBHBIMU METONAMH — CHECIHATU3MPOBAHHBEIMU OPTaHU3AIUSIMHU C MC-
MOJIE30BAHMEM BBLICOKOIIPOU3BOIAUTEBHON TEXHUKH.

Henponuyaemocms. MeTajUTbl 061a1a10T HE TOJIBKO 3HAYMTEIBHOI ITPOYHOCTHIO, HO U BHI-
COKOM TUIOTHOCTBIO — HEMPOHHULAEMOCTBIO I Ta30B M XHUAKOCTel. [IIOTHOCTh MeTamIa 1
€ro COeAMHEHM, OCYIIECTBIISIEMBIX C TTOMOIILIO CBAPKU, ABISIETCS HEOOXOAMMBIM YCIIOBUEM
JUISI U3TOTOBJIEHMS Ta3TOJbAEPOB, PE3EPBYapoOB M T.1I.

MeTamnnyeckie KOHCTPYKIIMM UMEIOT ¥ HEIOCTaTKY, OTPaHUYHUBAIONINE UX IIPUMEHEHHE.
JIAs ycTpaHeHHs THX HEIOCTATKOB HEOOXOMUMO IMPUHUMATH CIIEIIMATLHBIE MEPHI.

Kopposus. HesaluuuicHHass OT AefiCTBUSA BIaXHOMW cpelbl, a MHOrAa (YTO ele XyXe) ar-
Mocdephl, 3arpsi3HEHHOI arpecCUBHBIMM ra3aMHu, CTalb KOPpPOAMPYET (OKUCISAETCS), 4TO
MOCTENICHHO HPUBOAMT K €€ ITOJHOMY pa3pyiueHuio. [Ipn He6MaronpHusITHBIX YCIOBHAX 3TO
MOXET ITPOM30ITH Yepe3 ABa-TPu roaa. XOoTsd aTIOMUHHEBBIE CILUIABHI 00J1aJal0T 3HAYUTENILHO
GOoJIblIIel CTOMKOCTBIO TIPOTUB KOPPO3UU, NP HEOIArONPUATHBIX YCJIOBUSX OHU TaKXe KOp-
POIMUPYIOT. XOPOIIO COTIPOTUBIISIETCS KOPPO3UM UYTYH.

22



14500 | 102000 14500
a
~

T,

. N
»
o

P

-

"ﬂm{{m\éﬁi
TN

il

TR

Puc. B28. KOHCTpPyKUUY NOMEHHOro uexa
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Puc. B30. BbiCOTHbIE COOpPYXEHUS:

@ — NMPOEKT MauTkl BICOTON 1000 M; 6 — NPOEKT BEHTUAALMOHHOW GausHn BbicoToi 1000 Mm; 1 —
waxrta nugTa; 2 — rasooTeoAsALME CTBOSbI

IoBsiIIeHNe KOPPOZHOHHOHN CTOUKOCTH METAUTMYECKUX KOHCTPYKIIUM JOCTUTAETCS BKITIO-
YEHHEM B CTaJIb CHEIAATIbHBIX JIETUPYIOIUX JIEMEHTOB, TIEPHUOANIECKIAM TIOKPHITHEM KOHCT-
PYKIMi 3allUTHBIMK TUIEHKaM¥ (J1aK¥, KPacKd Y T.I.), a TAaKKe BHOOPOM paliiOHATHLHON
KOHCTPYKTUBHOM (DOpPMBI 3JieMeHTOB (6e3 1ieJieil 1 MmasyX, L€ MOI'YT CKAaIUIMBaThCs Biara u
NbUIb), YIOOHON M1 OYUCTKH W 3allMThI.

Heboavuwasn oenecmovikocms. Y cranu npu temneparype 200 °C HauMHAET YMEHBLIATD-
¢ MOAYJb YIpyrocrtu, a npu temueparype 600 °C .cTajp MOJTHOCTBIO HEPEXOIUT B IJIa-
CTUYECKOE COCTOSHUE. AMIOMUHUEBLIE CIUIABH IEPEXOMAT B IIACTUYECKOE COCTOSHUE
yxe nipu Temneparype 300 °C. [Mostomy MeTamueckue KOHCTPYKIMY 3TaHUM, OMacHbIX
B IIOXKAPHOM OTHOINCHWHU (CKJIAAbl C TOPIOYMMH WM JETKOBOCIUIAMEHSAIOIIMMUCS MaTe-
pUajiaMy, XUJIble U OOLIECTBEHHBIE 30AHWS), JNOJXKHBI OBITh 3alMUIUEHBI OTHECTONKHUMU
obnnuoBkaMy (6eTOH, KepaMuKa, CIELHMATbHbIE IOKPHITHS W T.II.).

ITpu NpOeKTHPOBAaHUU METAUTMYECKMX KOHCTPYKIMIA HOJDKHBI YYUTHIBATLCA CIEIYIOLLIIC
OCHOBHBIE TpeOOBaHUS.

Yenoeus axcnayamayuu. YioBieTBoOpeHNE 3a0aHHBIM IIPY TPOEKTUPOBAHUHN YCIOBHSIM K-
CIUTyaTalMu SIBJIIETCA OCHOBHBIM TPEOOBaHUEM I MPOEKTUPOBIIMKA. OHO B OCHOBHOM OII-
pelensaeT CUCTEMY, KOHCTPYKTUBHYIO (OPMY COOPYKEHHS ¥ BERIOOD MaTepHalia I HETo.
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Puc. B31. CtanbHOi Kapkac MHOrO3TaXHOro 3AaHUs

HDronomusn memanna. TpeGOBaHNE IKOHOMUN METALIA ONpenelisieTcs GOIBLION ero moTpes-

HOCTBIO BO BCEX OTPAC/IIX MPOMBILULUIEHHOCTH (MAaLIMHOCTPOEHHE, TPAHCIIOPT U T.J.) H OTHO-

CUTEJIbHO BBICOKOI CTOMMOCTBIO.

Tpannopmabeaviocmos. B CBA3M ¢ M3TOTOBIE-
HHEM METALTHYECKUX KOHCTPYKUMH, KaK mnpa-
BUJIO, HA 3aBOJAAX C TOCHELYIOLIEH MEepeBO3KOM
Ha MECTO CTPOUTEILCTBA B IIPOEKTE AOJIKHA OBITH
MpeyCMOTPEHA BO3MOXHOCTH IEPEBO3KH UX 1iE-
JIMKOM HWJIH MO YacTsSM (OTIPaBOYHEIMU 3JIEMEH~
TaMHU) C NIPUMEHEHHEM COOTBETCTBYIONIUX
TPAaHCHOPTHBIX CPEICTB.

Texnonoeuurocmp. KOHCTPYKIIVIM NOJCKHBI TIPO-
€KTUPOBATLCSI C YYETOM TpeGOBaHUI TEXHOJIOTUM
U3TOTOBNCHUSA U MOHTAXA C OPUEHTAIEH Ha Hal-
Gosee COBpeMEHHBIE Y TIPOU3BOJUTEILHBIE TEXHO-
JIOTMYECKUE TIpHEMBI, O0ecTIEYMBaIONIME MaKCH-
MaTbHOE CHIDKEHHE TPYIOEMKOCTH.

Cropocmuoii monmaxc. KOHCTpYKIUA TOJDKHA
COOTBETCTBOBATh BO3MOXHOCTSIM COOpDKU €€ B
HaUMEHbBLIME CPOKH C YYETOM UMEIOHIETOCS MOH-
TaXXHOTO 0DOPYNOBAHMUS.

Puc. B32. PaagnoTteneckon guametrpom 64 m
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Puc. B33. Pa3sutne KOHCTPYKUWiA CTanbHbix niatdbopm ans nodbium HedT Ha MOPCKOM Wiefib-
de HaumHan ¢ 1947 r.

Jlonzoseunocms. JIOATOBEUHOCTH KOHCTPYKIIMY ONPEASHACTCS CPOKaMu ee GU3nIecKoro u
MOpaIbHOrO U3HOCca. PU3MYECKU i U3HOC METAUIMYECKHUX KOHCTPYKIMI CBSI3aH [JIaBHBEIM 00-
Pa3oM ¢ mpoleccaMu KOppo3uu. MopaibHBIN U3HOC CBSI3aH C UBMEHEHUEM YCIOBUM KCILTY-
araiuu.

Jememuunocms. KOHCTPYKIMK HE3aBUCHMO OT UX Ha3HAYEHMA JOJDKHBI 00/1a1aTh TapMo-
Hu9HBIMA opmamu. OcoOeHHO CYIIECTBEHHO 3TO TpeGoBaHKe 1Uis OOIUECTBEHHbIX 3MaHKI U
COOpPYXEHHUIA.

Bce atu TpeboBaHUA YOOBIETBOPSIOTCS KOHCTPYKTOPAMM Ha OCHOBE BhIDAOOTaHHBIX Hay-
KOH U NPaKTUKOH TPUHLMIOB OTEYECTBEHHOM IIKOJbI MPOCKTUPOBAHUS U OCHOBHBIX Ha-
NpaBJICHUI €€ pa3BUTHS.

OCHOBHBIM TIPMHLKIIOM OTEYECTBEHHOM IUKOJBI MPOCKTUPOBAHUS SIBASETCS NOCTKEHUE
TPEX IJIABHBIX T0Ka3aTesieil: SKOHOMUU CTajId, MOBBILLIEHUS POM3BOAUTENILHOCTU TPyIa Mpu
MA3TOTOBJICHNAN, CHUXXEHUSI TPYIOEMKOCTU M CPOKOB MOHTaXa, KOTOPHIE U OMNPENENSIOT CTO-
KMOCTb KOHCTPYKLIMM. HecMOTpsi Ha TO YTO TH ITOKa3aTe Iy 4acTo NPU PeaTU3alyy BCTYNaioT
B IIPOTUBOPEYXE OAUH C APYrUM (Tak, Harpumep, Hauboiee KOHOMHas IO pacxomy CTajv
KOHCTPYKIIHS 4acTO ObIBaeT Hanboee TPYIOeMKOl B U3TOTOBJICHUY M MOHTAXE), OIIBIT Pa3BU-
THS METAJUIMYECKUX KOHCTPYKIIMIA HOATBEPXKIAET BO3MOXHOCTD PEATMA3ALMH STOTO MIPUHIIMIIA.

DKOHOMUSI MeTawia B METAUIMIECKUX KOHCTPYKIIMSIX HOCTUTAeTCS peaiu3anueil cremy-
IOLLIUX OCHOBHBEIX HaNpaBiCHUl: MPUMEHEHUE B CTPOUTENIBHBIX KOHCTPYKIMSAX HU3KOIETHPO-
BaHHBIX M BBICOKOIPOYHBIX CTajieil, UCIOIb30BaHUE Haubojiee SKOHOMUYHBIX MPOKATHBIX U
THYTBIX npodusieil, U3BICKAaHUE U BHEAPEHUE B CTPOUTEIBCTBO COBPEMEHHBIX 3(DEKTUBHBIX
KOHCTPYKTUBHBIX (POpM U cUCTeM (TIPOCTPAHCTBEHHBIX, MPEIBAPUTEILHO HANPIKEHHBIX,
BUCAYMX, TPYOUaThIX M T.T.), COBEPINEHCTBOBAHME METOLOB pacyeTa M M3bICKaHUs ONTH-
MAaJIbHBIX KOHCTPYKTHUBHBIX pelileHUil ¢ ucrnojb3oBaHueM DBM.

Db dheKkTHBHO ¥ KOMIUIEKCHO MPOU3BOACTBEHHBIE TPEGOBAHUS YIOBIETBOPSIOTCA HA OC-
HOBE€ TUIIH3ALUH KOHCTPYKTUBHBIX 3JIEMEHTOB U LEJIBIX COOPYXECHUU.
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Tunuzanys MEeTALTHYECKUX KOHCTPYKIMiA ITOJMy4Ia BeChbMa HIMPOKoe pa3BuTHe. Paspa-
0OTaHbl THUITOBBIE PEIUEHHS YACTO ITOBTOPSIIOIIMXCS KOHCTPYKTUBHBIX 3JIEMEHTOB: KOJIOHH,
depM, TOIKPaHOBHIX GANOK, OKOHHBIX U HOHAPHEIX IEPEIUIETOB. B 3TUX THIOBBIX PELICHMSIX
YHUGUILIHPOBAHBI Pa3Mepsl 3JIEMEHTOB M COIIPSLKEHUH. i1 HEKOTOPHIX 3JIEMEHTOR pa3pabo-
TaHbI CTAHOAPTHL ;

Pa3paGoTaHbl TUIOBBIE PEUICHNST TAKUX COOPYKEHMM, KaK pajluoMayThi, OalulHU, OTIOPHI
JVHUIN 3JIEKTPONEPENayt, pe3epByaphl, ra3roibIephl, ITPOJIETHRIE CTPOSHHS MOCTOB, HEKO-
TOPBIE BUABI MPOMBILLIEHHBIX 30aHUNH U COOPYKEHHI U Jaxe IieIble «<MOMYJIN» — MPOU3BOI-~
CTBEHHBIE 3IaHMS U3 JETKMX METATMYECKUX KOHCTPYKIUN KOMIUIEKCHOM IMOCTaBKM, BKIIIO-
Yaloled B ceOsl HeCylie W Orpaxaaloliye KOHCTPYKUMY | T. 1.

TuroBble pelieHHUs pa3paOboTaHBl HAa OCHOBE IMPUMEHEHHS OIITUMAIBHBIX C TOUKU 3PEHUS
3aTpar MaTepuaia pa3MEepoB MEMEHTOB, TEXHOJOTMW WX HM3TOTOBJEHUS M BO3MOXHOCTEN
TPaHCTIOPTUPOBAHMS.

Tunuzanusa u HpoBofUMas Ha ee OCHOBE YHH(UKAIMA Y CTAHZAPTU3AIMUS 00eCIIeYNBAIOT
GOJIBILIIYIO TIOBTOPSIEMOCTD, CEPUIHOCTS M3TOTOBIIEHUS KOHCTPYKTUBHEIX 3JIEMEHTOB M UX AC-
TaJeil Ha 3aBOJAX U, CIENOBATEJIFHO, CIIOCOOCTBYIOT MOBHIIICHUIO MMPOU3BOIUTEILHOCTU TPY-
Iia, COKpAIeHUIO CPOKOB H3TOTOBJIEHMS Ha OCHOBe 3((EKTHMBHOIO KCIIOIL30BaHMS Oolsee
COBEPILIEHHOTO 00OPYNOBAHMS ¥ CIELUATbHEIX TEXHONOTHUYECKUX TIPHCTIOCOOeHIH (KOHIYK-
TOPOB, KOITUPOB, KAHTOBATENCH U T.11.). TunM3anusg, yHU(PUKAIMSI U CTAHAAPTU3ALUS CO3a-
10T GJIAaTONPHUATHBIE YCIOBUS IS pa3pabOTKH ¥ BHeApeHUs1 0CO0eHHO 3¢ dEKTUBHOrO MOTOY-
HOTO METOAA U3TOTOBJICHMS ¥ MOHTAXa METALIMYECKHX KOHCTPYKIUIA.

TuroBele TMPOEKTH 00ECHIEYHMBAIOT SKOHOMHIO METajUIa, YIOPSIOYMBAIOT MPOEKTUPOBA-
HHE, MOBBILIAIOT €T0 KaYeCTBO M COKPAIIalOT CPOKH CTPOUTEJIBCTBA.

BemyliuM NpUHIIUIOM CKOPOCTHOTO MOHTAXa SIBISIETCSA cOOpKa KOHCTPYKIIWIL B KPYITHBIE
OJIOKM Ha 3eMJIE C TIOCIEAYIONIVM TIOTBEMOM UX B IIPOEKTHOE IMOJOXECHUE ¢ MUHUMAIIbHBIM
00BeMOM MOHTAXHBIX paboT HaBepxy. THNHM3AIMS CO3/AET NMPENTIOCHUIKYN IJIsi COKPALLEHUS
CPOKOB MOHTaXa ¥ CHIDKEHMS €r0 TPYIOEMKOCTH, TaK KaK NMOBTOPSIOIIMECS BUABI KOHCTPYK-
UVt 1 MX CONPSDKEHUI MO3BOJISAIOT JIVYIIIE UCTIONIh30BATh MOHTaXHOE 000pYAOBaHUE U COBEP-~
LIIEHCTBOBATh IIPOLIECC MOHTAXA.



PASAEJT |
SJNIEMEHTblI METAJIUJIMMECKUX
KOHCTPYKLIUA

rMABA 1

MATEPUANDI AN CTPOUTENDBbHbLIX METAJUJTUMECKUX
KOHCTPYKLIUA. OCHOBHbIE CBOMCTBA U PABOTA
MATEPUAJTOB B KOHCTPYKLIUAX

1.1. TpeGyembie CBOACTBA METaANNIOB N METOAbI UX OLLEHKWN

JIns1 CTPOUTENBHBIX METAUIMYECKUX KOHCTPYKIMI MCTIONb3YeTCs] B OCHOBHOM MaJiOyIjie-
pPOIUCTAs CTajib U AJIOMWHUEBBIE CILIABBI.

B OIOPHBIX YaCTIX TAXKEIbIX KOHCTPYKIIMI IIPH 1€ACTBUU OOBIIUX CXUMAIOIINX YCHITHI
MIPUMEHSIIOTCS OTJIMBKY U3 JUTON YIJIEPOAMCTON CTay W ceporo 4yryHa. [Ins BUCAYUX U
TIPEXBAPUTENLHO HATIPSKEHHBIX KOHCTPYKIIUM MCTIONb3YIOTCS TaKXKE TPOCHI U TTYYKYM U3 BbI-
COKOINPOYHOH TIPOBOJIOKM M CTEPXKHM M3 apMaTypHOIl CTaiH.

Cranb 061a1aeT MOYTH UACATBHBIM KOMILUIEKCOM CBOMCTB [UIsSl UCTIONIB30BaHMSI B CTPOUTETb-
HBIX KOHCTPYKLUSIX: COYETAHNWE NMPOYHOCTH U IIACTUYHOCTH, XOPOIIasi CBApMBAEMOCTb, OIHO-
POIHOCTh MEXaHMYECKUX CBOMCTB. OCHOBHBIC HETOCTATKU CTAIH: OTHOCHUTEIBHO HU3KAS KOpPO-
3MOHHAs1 CTOMKOCTh I HEOOXOAMMOCTDb CIENMANIBHOM 3al[UThl CTAIBHBIX KOHCTPYKIHI OT KOPpO-
3UM, CHUXKEHHE TUTACTUYECKUX CBOMCTB INPYU HU3KUX TeMIIEpaTypax, Majiasi OTHECTOMKOCTb.

K mocToMHCTBaM aJIOMMHMEBBIX CILIABOB OTHOCSATCS Majiasd ILTOTHOCThH (IIOYTH B 3 pasa
MEHbIIIE, YEM Y CTaJjid) TIPH OTHOCUTENHHO BBICOKOM TPOYHOCTH, TOBBILUEHHAS CTOHMKOCTH
TIPOTUB KOPPO3UM U COXPaHEHUE BEICOKUX YIIPYTOIUIACTUYECKUX CBOMCTB MpPH HU3KUX TEMIIE-
parypax. OnHaKO HU3KUH MOJIYJb YIIPYTrOCTY MPUBOAMT K TOBBIHEHHON KeOpMaTHBHOCTHU
ATIOMUHMEBBIX KOHCTPYKLIMM Y YXYIILIAET MX yCTOMYHUBOCTD, a MaleHre TIPOYHOCTHBIX CBOMCTB
aJIOMMHMEBBIX CIUIaBOB Ipu Temneparype 300 °C cHIDKaeT OTHECTOMKOCTD.

YyryH Xopouio paboTaeT Ha CXaTue U 001aqaeT BHICOKOW KOPPO3UOHHON CTOHKOCTBIO,
OIHAKO MaJiasi IPOYHOCTh TTPU PACTSIKEHWM, XPYIIKOCTh MaTepuaia U TJIoxasi CBapuBaeMOCThb
TIPUBENIA K TOMY, YTO B HACTOSIIICE BpEMs YYTYH MPAKTUYECKU He IIPUMEHSIETCS IS CTPOU-
TEJIBHBIX KOHCTPYKIUIA. YyTYHHBIE KOHCTPYKIIUU MOXHO BCTPETUTH B 3MAHUSIX U COOPYXKEHH-
six, moctpoeHHBIX B XIX 1 XX BB. B HacTosmiee BpeMs M3 YyTyHa JealoTcs TIOOMHIYA METpo.
ITpumeHsieTcs OH MHOTIA B JIUTHIX JETAJAX OTOP TSIKENbIX KOHCTPYKUMA.

HanexHocTs ¥ JONTOBEYHOCTS METALUTHYECKMX KOHCTPYKIIMIA BO MHOTOM 33BUCST OT CBOJICTB
matepuasia. Hanbosee BaxXHbIMH 11 paOOTHI KOHCTPYKIIHI SIBJISIIOTCS MEXaHWYEeCKIE CBOM-
CTBa: MPOYHOCTb, YIIPYTOCTh, IUIACTHYHOCTD, CKIIOHHOCTh K XPYTIKOMY Pa3pyllieHWIO, MOI3Y-
YecTb, TBEPAOCTH, a TAKKE CBAPUBAEMOCTH, KOPPO3UOHHAS CTOUKOCTh, CKIIOHHOCTD K CTape-
HHUIO U TEXHOJIOTUYHOCTb.

Ipourocms XapakTepu3yeT COMPOTHBISIEMOCTh MaTepuaia BHEUNIHUM CUJIOBBIM BO3ZIEH-
CTBUSIM 0Oe3 pa3pylieHuUs.

Ynpyeocms — cBOICTBO MaTepuaia BOCCTAHABIMBATH CBOK IIEPBOHAYATBHYIO (POpMY ITO-
cJie CHATHS BHEIITHUX HATrpy30K.

IIhacmuunocms — CBOWCTBO MaTepuaia COXPaHATh AeHOPMUPOBAHHOE COCTOSTHUE TTOCIE
CHSITHSA HarpysKH, T.€. ITI0Jy4aTh OCTaTOYHBIEC AedopMaluun Oe3 pa3pylleHUs.
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Xpynkocms — CIIOCOGHOCTD Pa3pyLIATLCH MPU MajbIX AeOpMaLnsX.

Hoasyuecmp — CBOWCTBO MaTepuasa HEIPEPHIBHO AehOPMUPOBATLCA BO BpeMEHM Oe3 yBe-
JIMYEHUs HATPY3KHU.

Teepdocms — CBOWCTBO MOBEPXHOCTHOIO CJI0S METa/UIa CONPOTUBIIATECA YIPYIOi U IUia-
cTU4ecKoi AedopMalMsaM WK pa3pyleHUIO IpH BHEAPEHMM B HEro MHIAEHTOpA U3 Gojee
TBEPIOro Marepuana.

TIpoyHOCTE META/UIA NIPU CTATUYECKOM HArPYXKEHWM, a TAKKE €ro yrpyrue M IriacTuye-
CKUE CBOJICTBA ONPEAENSIOTCS UCHBITAHUEM CTAHAAPTHBIX OOPA3LOB (IIPSIMOYTONBHOIO UIIM
KpPYIJIOTO CEYEHMsI) Ha PACTSKEHME C 3aIlMChi0 UArPaMMbl 3aBUCMMOCTH MEXIY Harpsike-
HUEM G U OTHOCUTEJIHBIM YIJIMHEHUEM €, The 6 = F/A; ¢ = (Al/1;)100 %; F — Harpy3ka; A —
MEpBOHAYaIbHasH IVIOLIAAh MONEPEYHOTO CeYeHN 00paslia; j,— nepBoHaYyaibHas [UIMHA pa-
6ouei yacTu obpasua; Al — yummHeHue paboudeil yactu o6pasua.

JyarpaMMBl pacTsKeHUs] pa3iMYHbIX METALIOB NI0Ka3aHbl Ha puc. 1.1, a.

OCHOBHBIMM TIDOYHOCTHBIMHM XapakKTEpUCTUKAMM MeTajjia SBJISIOTCS BPEMEHHOE COMpO-
TUBJIEHUE G, U TIPEIEN TEKYYECTH O,

BpeMeHHOE CONPOTUBIIEHUE G, — 3TO HaUGOJIBIIEe YCIOBHOE HATIPSIXEHHE B IPOLECCE
paspylueHusi o6pasua (mpeneibHas paspyllaionias Harpy3ka, OTHECEHHas K I€pBOHAYasb-
HO¥ TUIOIIAIM MONEPEYHOTO CeUYEHMs).

Tlpenen TeKy4ecTH O, — HalpsiKeHHe, TIpu KoTopoM Jedopmanuu obpasua pactyT Ges
M3MEHEHHS Harpy3Ki M o0pa3yeTcs IUIOIANKa TEKYJECTH — METaJUl «tedeT». st merauios,
He UMEIOIHUX TUTOLIANKM TEeKY4YEeCTH, OIIpeJesieTCs] YCIOBHBIN Ipenea TEKy4ecTH Gy, T.€.
TAKOE HAINpPSDXEHHE, IIPU KOTOPOM OCTATOYHOE OTHOCHTENIbHOE ytuHenue nocruraet 0,2 %.
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Puc. 1.1. Onpeaenenune MexaHU4YECKUX XapakTepUCTUK MeTanna:

a — QuarpaMmbl pacTskeHus metannos; 6 — obpasel, N5 UCMbITaHuS Ha pacTaxXeHue; 6 — onpeae-
neHme npepena nponopLMoHansHOCTU U npeaena ynpyroctn; 1 — anoMuHuesslit crinas AMI6; 2 —
HU3KOYrnepoaucTas cranb; 3 -— 4yryH; 4 — BbicokonpoyHasa crans 12FH2M®AIO
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Ecny MeTain noasepraercst JEHCTBUIO LMKJINYECKY MEHSIOIMXCA HANPSKEHUI (Hanpy-
Mep, YEPeNyIOIUXCH PACTSKEHUSI U CKATHS), TO TP JOCTATOYHO GONBLIOM YUC/IE LIMKJIOB
pa3pylIeHHe MOXeT IPOM3OHTH IPH HAMPSXEHUHM MEHbIUE BPEMEHHOTO CONPOTUBICHUS H
Jaxe Npeesa TEKyJecTH. DTO ABIeHHUE HA3BIBAETCH YCTATOCTbIO MeTamia. CKIOHHOCTh METal-
JIa K YCTAJTOCTHOMY Pa3pylUEHUIO YCTaHABIMBAETCS Ha OCHOBAHUU PE3YJILTATOB BUOPALIMOH-
HBIX MCTIbITaHMit!.

Mepoii mIacTUYHOCTY MaTepuaia CIYyXUT OTHOCUTENbHOE OCTATOYHOE YIUIMHEHME MpU
pa3psiBe 3. Ilepen paspylieHreM B 06paslie B MeCTE pa3phiBa 00pa3yerTcs «leiKas, [omnepe-
YHOe CeyeHHe 0Opaslia YMEHbIIAeTCS U B 30HE IIEHKN Pa3BUBAIOTCS GOJIbIINE MECTHBIE IL1a-
criveckue aedopMauuy. OTHOCUTENBHOE YIJIMHEHVE TIPU Pa3phiBe CKIANBIBAECTCA U3 PABHO-
MEPHOTO YUIMHEHUSI Ha BCeW LTMHE 06pasia §,,,, U JOKATbHOIO YIUIMHEHUS B 30HE LUEiKK
8,0 TIOCITEMHEE 3aBUCUT OT Pa3MepoB U (HOPMBI 00pas3Lia, HATUYUS MECTHBIX Ae(PEKTOB U
APYTUX Cy4aitHBIX (PaKTOPOB, MO3TOMY 60jee MTOKa3aTeIbHOM XapaKTepUCTUKOM TIACTUYHO-
CTY SIBJISIETCSI PAaBHOMEPHOE OTHOCUTEJILHOE YIUIMHEHHE 8papy. MEPOIl IUIACTHYHOCTH MOXET
CIyXXAThb TAKXE OTHOCUTENLHOE CYXKEHHUE IIpU pasprise, %:

v= A—Aﬂloo, |

Tae A u AO — HepBOHa‘{aJIbHaﬂ U KOHE€YHaa IMOoClhe pa3pb1Ba IJIoUIaIN CEYCHUs 06p33ua.

Yrpyrue cBOMCTBa MaTepuaa olpefessiioTcsl MOAYyIeM yipyroctu £ = tgol, rae o — yroi
HaKJIOHA JTUHUU AeDOPMHUPOBAHUS METALIA K OCU abCUMCC, U MPEEIOM YIIPYIOCTH G, T.€.
TaKUM MaKCHUMAJbHBIM HAIrpsAXECHUCM, IIPH KOTOPOM ﬂe(bOpMaL[HH II0CJAE€ CHATUA Harpy3ku
NCYEc3amoT.

Heckonbko HuXe G, HAXOAUTCA Mpeacya MnmponopunoOHalbHOCTH Up — HanpseKCeHHUeE, ao
KOTOPOTO MaTepHas paboTaeT NMHeHHO 1o 3aKoHy 'yka

o = Fe. (1.1

B M3BECTHOI CTENEHHU G, U G, ABJIAIOTCA YCIOBHBIMM HANIPSIKEHUAMH, 3HAYEHUS KOTOPbIX
3aBUCAT OT TOYHOCTH onpenaeaeHus. OObIYHO NPUHUMAIOT, YTO Ipeles MPOIOPLIMOHAIBHO-
CTH COOTBETCTBYET HaNpPSXXEHUsIM, IPpU KOTOpbIX £ = tgo yMeHbinaeTcs B 1,5 pasa, a mpenen
YIIPYTOCTH — HAIPSXKEHWAM, IIPH KOTOPhIX OTHOCUTEIbHAs aedopmaivs cocrasmsier 0,05 %
(puc. 1.1, 6).

CKJIOHHOCTh ME€Ta/lIa K XPYIIKOMY Pa3pylICHHIO OIEHMBAETCS TIO Pe3yabTaraM MCIIbITa-
HMS Ha YIApHYIO BA3KOCTDb Ha CIIeIUAIbHBIX MASTHUKOBEIX Kompax (puc. 1.2). Ilon neiictBuem
yIapa MoJIOTa Kormpa obpazell pa3pyuiaercs. YnapHas Bs3kocTs KC omnpesensiercsi 3aTpayeH-
HOIl Ha paspyleHHe obpaslia paboTOM, OTHECEHHOU K IUIOMIaNy TIONEpEeYHOIo CeYeHus, U
usMepserca B JIx/cm2.

st conocTaBMMOCTU pe3yJIbTaTOB UCHBITAHUSI MPOBOAATCS HA CTAHAAPTHBIX oOpasLax
TIPU ONIPEIEJIEHHBIX TemIleparypax. {15 TOHKOro MeTajla UCTIOJIb3YIOT 00pa3tbl TOMIUHOM
5 MM. On¥H ¥ TOT Xe MaTepral MOXET pa3pymiaThesl KaK BA3KO, T. €. C pa3BUTHEM 3HAYUTE b~
HBIX IIaCTHYeCKUX AedopMaliyii, Tak ¥ XpYIIKO, B 3aBUCUMOCTH OT I1e71010 psaaa ¢akTtopos
(cM. moapasn. 1.2.1). [1ng yXecTOYeHHS YCIOBUI UCITBITAHUM W TOBBILICHUS KOHLEHTPAINH
HanpstxkeHuil B oOpasuax genaioT Haapes (U- wm V-o0pasHbiii) win TpemuHy. B Mecrax
HAIpe3a HANPSKEHWs] PE3KO MOBLILIAIOTCS (BO3HMKAET KOHUEHTpAlUst HAMpsiXEeHWi), 4TO
CIOCOOCTBYET MEPEXOLY MeTajlia B XPYNIKOE COCTOSTHUE.

Taxum obpa3oM, yaapHas BA3KOCTb SIBIIETCS KOMITICKCHBIM TTOKa3areieM, XapaKTepu3y-
IOLIMM COCTOSIHUE MeTaula (XPYIKOe WIHM BS3KOE€), CONMPOTUBICHUE OTUHAMUYECKUM (yaap-
HBIM) BO3IEHCTBUSIM M YYBCTBUTENBHOCTb K KOHIIEHTPAIIUM HATIPSIKEHWHA, M CIYXUT LIS
CPaBHUTEIbHOM OLEHKHM KauecTBa MaTepuasa.

B cedyeHun pa3pyuLieHHOro o6pasiia MOXHO BBELIEJIUTb JBE 30HbI: TIEPBasi 30HA C BOJIOKHU-
CTOIl CTPYKTYPOI1 XapaKTepu3yeT IUIaCTUUYECKYIO COCTABISIIOLIYIO, BTOPAsi 30HA ¢ KPUCTALIU-

! 3onomopesciuii B. C. Mexanuyeckue UCMBITAHKSA W CBOMCTBA MeTalnoB. — M.: Meranyprus, 1974.
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Puc. 1.2. Tunbl 06pasuoB oNsS UCRbITAHUI HA YOAPHYIO BA3KOCTbL:

a — ™n 1 ¢ U-06pa3Hbim Hanpe3oM (obpasewu Menaxe); 6 — Tun 2 ¢ V-06pasHbiM Haape3om (06-
paseu LWapnun); ¢ — o6paseu, C TPEWMHON; ¢ — Cxema uUcnbiTanuii; 1 — TpewmHa; 2 — obpasey,

YeCKHM U3JIOMOM — Xpyrkylo. YeM Gojiee IUIACTHYEH MaTEpUAT, TeM OOoJbllie IIacTUYeCKas
cocrapistionias. KauecTBEHHON XapaKTEPMCTHKOM COCTOSIHMSI Marepuayia CIYXUT MPOLEHT
BOJIOKHHUCTOCTH B M3iIome B, %.

TToMyMO MCIIBITAHMIA HA YIAPHYIO BA3KOCTD ISl OLIEHKM CKJIOHHOCTH METajlla K XpYyIIKO-
My PaspyLICHHIO MCIOIb3YIOTCA W JPyTHe METOIbL . .

IMon3ydecTs B MeTajiax, IPUMEHSEMBIX B CTPOUTEILHEIX KOHCTPYKIIVSAX, TIPOSBISAETCH B
OCHOBHOM TIPU BBICOKUX TeMIIEPATypax, a TaKxke Ui TepMOOGPAOOTAaHHBIX BHICOKOIIPOUHBIX
crayeit. OLEeHKa CTETIEHHU II0JI3YyYECTH IIPOM3BOTUTCS IO Pe3YJIbTaTaM UTUTEbHBIX UCTIbITa-
HUI 00pas1oB HA pacTsSKEHUE.

OCHOBHO# cnocO® COeTUHEHNS DIEMEHTOB METATUYECKUX KOHCTPYKLMi — cBapKa, I10-
5TOMY BaXHEUIIMM TpeGOBAHMEM, IPEXBABISEMBIM K METAUIAM CTPOUTEIBHBIX KOHCTPYK-
11, SABNISAETCS CBapUBacMOCTh. OLleHKa CBApUBAeMOCTH IIPOU3BONMUTCA IO XUMUIECKOMY CO-
.CTaBy (YIJICpPOIHOMY SKBUBAIEHTY), a TAKXKeE IIYyTEM NPUMEHEHUS CITCUUATIbHBIX TeXHOJIOTH-
YecKHMX Npo62.

! Toinkun M. A., Boavwaxoe B. H., Odeccxuii I1.J]. CTpyKTypa 1 CBOMCTBa CTPOMTENBHOI CTald. —
M.: Meramnyprus, 1983.
2 TexHonOTUA MeTAUIOB ¥ cBapka / ITon pen. IT. U. Monyxuna. — M.: Beicm. mik., 1977.
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JoMroBeYHOCTh METALTHYECKHUX KOHCTPYK- !
LMl OTpenesnseTcsl B IepBYyI0 OYepenb KOPpo-
3UOHHOM CTOMKOCTHIO MeTajuia. CoNpoTHBISA-
€MOCTb METAJIJIa KOPPO3MOHHBLIM ITOBPEXIEHU -
SIM 3aBUCUT OT XMMUYECKOTO COCTaBa W Mpo- 2
BepsieTCsl IyTeM JUIMTEIbHON BBIIEPXKU 00- £=3t+ 150 My
pasioB B arpeccMBHOM cpene. Mepoit koppo-
3MOHHOI CTOMKOCTH CIYXKUT CKOPOCThH KOPPO-
31U TI0 TOJIIMHE METaLia, MM/TOJ.

C TeyeHHEeM BPEMEHU CBOWMCTBA CTAIM He-
CKOJIBKO MEHSIOTCS: YBEIMYMBAIOTCS MNpeaei
TEKy4eCTH U BPEMEHHOE CONPOTHBICHUE, CHUXKACTCA IUIACTUYHOCTD, CTAIb CTAHOBUTCS 60-
Jiee XpyNKOU. DTO SIBJIEHUEe Ha3hIBAaeTCs CTapeHUeM cTaid (cM. nozxpasn. 1.3). CKIOHHOCTD CTa-
JIM K CTAPEHMIO OLIEHMBAETCS 110 PE3yabTaTaM UCIBITAHMA Ha YAAPHYIO BA3KOCTb UCKYCCTBEH-
HO COCTape€HHbIX 00pa3uoB (110cjie MEXaHNYECKOTO CTapeHMUs).

IIp¥ M3TOTOBIIEHMM U MOHTaXKE METAJUIMYECKMX KOHCTPYKUIMH LHUPOKO HCIOJIb3YIOTCH
TakMe ollepalivy, Kak rubka, pe3ka, cTpoxkKa, CBEpJIEHHe OTBEPCTHI, CBSI3aHHBIE C IPOLEC-
CaM¥ YIIpYTOIUIACTUYECKOTO M3ruba, CKaJbIBaHUsl, 00pabOTKY pe3aHueM, TEPMHUYECKUM BO3-
nIeidcTBUEM. s KaUeCTBEHHOTO BBITOJIHEHHUS 3TUX OIepanii MeTaul JOJDKEH UMETh COOT-
BETCTBYIOIIUE TEXHOJIOTUYECKHE CBOMCTBA. Tak, MOBBIIEHHAS TBEPAOCTD 3aTPYAHSAET CBEpPIIE-
HME U MEXaHUYECKYIO Pe3Ky, HelOCTaTOYHas BA3KOCTh IIPHUBOAUT K BOZHUKHOBCHMIO B THY-
THIX HETAJISIX TPEIIMH, TEPMHUYECKOE BO3ICHCTBHE YCKOPSET MPOHECC CTapeHUsS MeTauia U
CITOCOOCTBYET €r0 TEPEXOAY B XPYIIKOE COCTOSTHHE.

O11eHKA TEXHOJIOTMYECKIX CBOUCTE MeTajUla IPOM3BOAMTCS TI0 XUMHUIECKOMY cOCTaBy. B 3a-
BHCHMOCTHU OT COAEPKAHUS OTHETbHBIX 3JIEMEHTOB YCTAHABIIMBACTCA PEXUM OTHEBOH pe3ku
¥ CBAPKH.

BiusitHue mnactuyeckux nedopMaiiyit i TEpPMUYECKOTO BO3AEHCTBUS Ha OXPpYIMYMBAHUE
MeTaJlia ONPEAEssAETCS. MO Pe3yJibTaTaM MCIBITAHWM Ha YOapHYIO BSI3KOCTh MOC/E UCKYCCT-
BEHHOTO ctapeHud. st 3Toro oGpasel] IoABEPracTcsl PaCTSXEHHUIO O OCTATOYHOTO YIIMHE-
Hus 10 % v nocnenyoleMy OTIYCKY B Ieud mpu TeMmeparype 250 °C.

J7is nmpegoTBpalieHUs BOSHUKHOBEHMS TPELIUH IIPY U3TOTOBJIEHUM THYTBIX JeTalel Mpo-
BONATCS MCIIBITAHUSL HAa XOJMoaHbIH u3rub. Ilnockuii obpaseu (puc. 1.3) 3arubaercss BOKpYT
OIIPaBKU ONpelesIeHHOTO auaMeTpa Ha 180°, mpu 3TOM Ha BHEIIHEN CTOpOHE o0pas3ua He
JIOJDKHBI NOSABJISITECS TpelWHBL. VIcnibiTaHWe JaeT Ka4eCTBEHHYIO OlLIEHKY BSI3KOCTH MeTauia.

Puc. 1.8. O6pasen AN UCNbITAHWUIA HA XO-
NOAHbIA U3rnob:

1 — onpaska; 2 — obpaszey, -

Tab6bnannua 1.1

¢u3w_-|ec|(v|e XapakTepuctukm marepuanos, ﬁpMMeHﬂthlX AN MeTanninyecknx

KOHCTPYKUMUA
YcioBHbie ATIOMAHUEBBIE
XapaKTepuCTUKHI OGOSHAYEHIST TIpokaTtHas ctaib CILTABAL YyryH
O6BeMHBLA BeC v, KkH/cm3 7,7+ 107 2,65-10°5 7,06 1073
(IUTOTHOCTB) (p, xT/M%) (7,85 - 10%) 2,7-10% (7,2-10%
Koaddurment nuHeitHorO o, cm! 0,12-10+ 0,23-10* —
pacLpeHust
Monyas yHpyrocTi E, xH/cM? 2,06 - 10* 0,71-10* 0,83-10*—1-10*
Monyns casura G, xH/cm? 0,78- 104 0,27-10* —
KoadduuueHt nonepeyHoi Y 0,3 0,3 —
Aedopmanuu (TIpU yIpyroi
pabore Matepuaa)
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PacyeT KOHCTPYKLMI Ha MPOYHOCTh 1St ODecriedeHUsE X HaJAeXHOCTH OCHOBBIBAETCS HA
MUHUMAJIBHBIX 3HAYEHHSIX IPOYHOCTHBIX XapaKTepHCTHK. OBOpyoBaHMe Xe JUIST MeXaHnde-
CKOii 00paboTK¥ MeTa/ula (CBEepJeHME, CTPOXKA, MEXaHMYECKass pe3Ka M T.1.) € y4eTOM
BO3MOXHOTO pa3dpoca CBOWCTB JOJKHO OBITh PACCUYUTAHO HAa MaKCUMAJIbHbIE 3HAYeHUS Xa-
pakTepucTuK. 151 COKpauleHusI 3aTpar Ha yBeJIMYEHHE MOITHOCTH 000pYIOBaHMS M HOBBILIE-
HHSI CKOPOCTH 0OpabOTKM 11e71ecO00pa3HO OrpaHUYNTh BEPXHUE TPAHMIIEI IPOYHOCTHBIX Xa-
PaKTEPUCTHUK W MIpeXie BCETO BPEMEHHOIO CONMPOTUBIEHUS.

3HauyeHUs TToKa3aTejeil OCHOBHBIX CBOWMCTB METAJIOB YCTAHABIMBAIOTCS B TOCYNapCTBEH-
Hbix craHnaprax (FOCTax) u texHuueckux ycaousax (TY). B HeoOXOnMMBIX cydasix Npu 3a-
Kaze MeTauia OTOBaApUBAIOTCS NOMOJHUTEIbHBIE TPeOOBaHNA O TEM W MHBIM CBOMCTBaM.

M3 Hu3HuecKnx XapakTepUCTUK METAJUIOB C TOUKHU 3pEHMS PabOTHl CTPOUTENBHBIX KOHCT-
pPYKLHMii Hambolnee BaXXHBIMM SBISIIOTCS TUIOTHOCTh, MOAY/Ib VIIPYTOCTH IIPU PAaCTSIKEHUHU,
MOJYJTb YIIPYTOCTH MpPU cABUre, KO3(MGhUIIMEHT NonepeyHoi neopMaiui 1 KoagdUureHT
JIUHEWHOTO pacliupeHusl. 3HaYeHUs STUX XapaKTepUCTUK NpUBEAeHHI B Tadm. 1.1.

1.2. Ctanu v anioMvHUEBbIE CNaBbl

1.2.1. O6mas xapakrepucTuka crajgeii. Ctajib — 3TO CIUIaB XeJe3a C yIJIepOIOM, COLEp-
KallWi Jerupyomue J00aBKy, YIyYIIAOUINe Ka4eCTBO MeTalia, Y BpeAHBIE IPUMECH, KO-
TOpBIE MOMANAIOT B METAUT M3 PyAbl WIK 00pa3yloTca B MPOLECCE BLIUIABKU.

Cmpykmypa cmaau. B TBEpPIOM COCTOSIHHM CTajlb SIB/ISETCS NOMUKPUCTALTMYECKUM TEIOM,
COCTOSILIMM U3 MHOXECTBA Pa3IMYHO OPHEHTUPOBAHHBIX KPUCTALIOB (3epeH). B kaXa0M kpu-
CTajUle aTOMBI (TOYHEe, MMOJOXUATENFHO 3apSKEHHbIE MOHBI) PACIIONIOXEHBI YIIOPSANOYEHO B
y371aX TIPOCTPAaHCTBeHHOM peilieTky. [ cranu xapakrepHbl 00beMHO-LIeHTpUpoBaHHas (OLIK)
u rpadenenrpuposantas (I'LIK) xkyGudeckas kpucraummueckas penierka (puc. 1.4). Kaxmoe
3epHO KaK KpHUCTa/UTMYeckoe oOpa3oBaHME Pe3KO aHU3O0TPOITHO U MMEET PasuyHbIE CBOM-
CTBa 10 pa3HbIM HampapiaeHWsIM. [Ipy OonbIIOM Yuiciie TOPAa3HOMY OPHUEHTUPOBAHHBIX 3€PEH
STH pa3iuyusl CIIAXWBAIOTCS, CTATUCTUYECKY B CPENHEM IO BCEM HAIPABICHMSIM CBOICTBA
CTAHOBATCSI OIMHAKOBbIMU M CTAJIb BeNeT ce0sl KaK KBa3sUU3OTPOITHOE TEJIO.

CrpyKTypa CTajay 3aBUCHUT OT YCIOBMU KPUCTALIM3ALMK, XMMUYECKOTO COCTaBa, pexuMa
TepMOOOPabOTKM M TIPOKATKU.

Temreparypa IUIaBieHUS YUCTOTO Xeleda paBHa 1535 °C, mpu TBepaeHMHM 00pa3yioTcs
KDHCTA/UTBl YMCTOTO Xejle3a — (deppuTa, TaKk Ha3hIBAEMOTO §-XKejie3a ¢ 06 beMHO-LIEHTPUPO-
BaHHOM pelieTkoil (puc. 1.4, a); npu Temneparype 1490 °C npoucxoaur nepekpucTaninia-
Lsi, U §-XKere30 MepexoluT B y-KeJie30 ¢ TpaHelleHTPUPOBaHHON perreTkoii (puc. 1.4, 6).
ITpn temmneparype 910 °C M HuxXe KPUCTAUIBI y-Xeje3a BHOBb MPEBPALIAOTCs B OOBEMHO-
IIEHTPUPOBAHHBIE M 3TO COCTOSIHME COXpaHSEeTCs 4O HOpMaibHOU TeMreparyphbl. [locienHsist
MonubUKaIMs Ha3bIBACTCSA OL-XKENE30M.

Ipu BBeACHUH YIJIEPOAa TEMIIEPATYPA IUIABJICHUS CHIUXACTCSA U [UIA CTaId C COREpXKaHU-
eM yrnepoaa 0,2 % coctapiger npuMepro 1520 °C. Tlpu ocTeiBaHIH 06pa3yeTcst TBEPIBIHA pa-
CTBOP VIJIepo/a B y-XeJle3e, Ha3bIBAaGMbIil ayCTEHITOM, B KOTOPOM aTOMBI YIIEpOAa pacnona-
ratorcs B nenrpe I'IK penterku. Ilpu temireparype Hixe 910 °C HaunHaeTca pachiaj aycre-
auta. Obpasylomeecs a-xenezo ¢ OLIK pe-
1meTKo# (¢eppuT) IUIOXO pacTBOPSET yIjie-
pox. Tlo Mepe BeiIeneHUs dheppuTa ayCTeHUT
oborairaercs yrjaepoaoM 1 IpH TeMIeparype

Puc. 1.4. Kybuyeckas kpuctannmyeckas pe-
weTka:
a — 06bEMHO-LEHTPUPOBaHHas; 6 — rpaHeLieH-
TpUpoBaHHas
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723 °C npeBpauiaeTcsi B nNepiuT — cMechb ¢eppura n
xapouna xenesa Fe;C, Ha3biBaeMoro nemeHTuTOM. Ta-
KM 00pa3oM, MpH HOPMAJBHON TeMIlepaType CTailb
COCTOWT M3 JIBYX OCHOBHBIX (a3: pepputa 1 HeMEHTU-
Ta, KOTOpBIe 06pa3yloT CaMOCTOSITENIbHbIE 3€pHA, 4 TaK-
Xe BXOSIT B BHIE TUTACTMHOK B COCTaB TepiuTa (puc.
1.5). Cpetbie 3epHa — (peppuT, TEMHBIE — TIEPJIWT).

@epput BecbMa TUTACTHYCH U MATOTIPOYEH, LIEMEH~
TAT TBepa U Xpymnok. I[lepnur oGnagaer cBoicTBamu,
MPOMEXYTOUHBIMU MEXAY CBONCTBaAMU (eppuTa U 1e-
MEHTHTA. B 3aBUCHMOCTH OT coiepXaHus ymiepoaa fnpe-
obnamaeT Ta WIM WHasl CTPYKTYpHasi COCTaBsIIOLIast.
BenvuuHa 3epeH ¢eppUTa U NepiauTa 3aBUCUT OT YUC-
Jia 04aroB KPUCTAJUIM3ALUM U YCIOBUM OXJIAXKAEHUS U
CYILLIECTBEHHO BAMSIET Ha MEXaHUYeCKWe CBOICTBA CTa-
71 (4eM MeJIbue 3€pHO, TEM BBIIIE KAYECTBO METAJLIA).

Jlerupytonie n106aBKM, BXOAsl B TBEPIbIN pacTBOpP
¢ ¢epputoM, ynpouHa1oT ero. Kpome TOro, HeKOTo-
pble U3 HUX, 00pa3yss KapOUIbl ¥ HUTPHUIBI, YBEJIUYMBAIOT YUCIO OYAroB KpUCTAJLTU3AUN U
CIIOCOBCTBYIOT 00pa30BaHUIO MENKO3EPHUCTON CTPYKTYDHI.

Tlon BnusHUEM TEPMUUYECKOM OOPaGOTKM U3MEHSIOTCS CTPYKTypa, BEIWYWHA 3€pHA U
PaCTBOPHMOCTD JICTUPYIOLIUX 3JIEMEHTOB, YTO IMPUBOJAUT K U3MEHEHUIO CBOMCTB CTaNIM.

IIpocreiiimM BUIOM TepMHUECKON 00paboTKH siBIsieTcs HopManu3anusi. OHa 3aKiroyaeT-
¢S B TIOBTOPHOM HarpeBaHMM IPOKaTa A0 TeMIIepaTypbl 00pa30BaHUs ayCTEHWTA M TIOCTENy-
IOLIEM OXJIaXACHUM Ha Bosnyxe. Ilociae HOpMalM3aLMK CTPYKTYpa CTald Ioiydaercs Gonee
VIOPSIAOYEHHOM, YTO IIPUBOAMT K YAYYIIEHHUIO TIPOYHOCTHBIX M IUIACTUYECKUX CBOMCTB CTalb-
HOTO NMPOKAaTa M €T0 YAAPHOW BA3KOCTU, & TAKKE MOBBIIEHWIO OJHOPOIHOCTHU.

TIpu 6GBICTPOM OCTHIBAHWM CTIM, HATPETON MO TEMIEPATYPHl, MIPEBOCXOASALIEH TeMIepa-
Typy ¢$a30BOro IpeBpalleHUs], CTallb 3aKAJIUBAETCA.

CTpyKTyphbl, 06pa3yloliuecs Mocie 3aKajlku, MPUAAIOT CTATU BbICOKYIO TIPOYHOCTh. OnHa-
KO TUTaCTMYHOCTh €€ CHIXAETCsl, & CKIIOHHOCTh K XPYIIKOMY pa3pylleHUIo oBbIlaeTcst. s
PeTyIMpOBaHUS MEXaHUYECKUX CBOMCTB 38KAJIEHHOM CTAIM U 06pa30BaHUA XeENaeMOoi CTPYK-
TYPBI IPOU3BOAMTCS €€ OTIIYCK, T.€. HarpeBaHWe 10 TEMIIEPaTyphl, TP KOTOPOU MTPOUCXOIUT
XeJarebHOe CTPYKTYPHOE TIpEBpallieHue, BhIAEPkKKA IIPU 3TOM TEMIlepaType B TeUeHUE He-
06XONMMOTO BPEMEHM M 3aTEM MEIEHHOE OCThIBaHHKe! .

Ipu mpoxaTtke B pe3yabraTe 06KaTHs CTPYKTYpa cTayim MeHsgercs. TIpoucxoouT pa3meb-
YeHME 3€PEH U Pa3IMYHOE UX OPHMEHTHPOBAHWE BAOJNb M MOTEPEK ITpOKara, YTO MPUBOAUT K
OnpenesicHHOW aHU30TPOITMH CBOICTB. CylecTBEHHOE BIMSHIE OKA3bIBAIOT TAKKE TEMIIepa-
Typa NPOKATKU W CKOPOCTb OXiaxaeHusi. [Ipy BBICOKOH CKOPOCTH OXJIAXACHHS BO3MOXHO
00pa3oBaHKe 3aKaJTOYHBIX CTPYKTYD, YTO IIPUBOOUT K IOBBIILIEHUIO MPOYHOCTHBIX CBOMCTB
ctaau. YeM Tosiie mpoKar, TeM MEHBLIE CTeIIEHb 00XaTUsI U CKOPOCTh oxyaxaeHus. [Toatomy
C YBEJIMYEHNEM TOJIUMHBI MPOKaTa MPOYHOCTHBIE XapaKTEPUCTUKU CHUXKAIOTCS.

Taxum 06pa3oM, BapbUpys XUMUYECKUI COCTaB, PEXXMMBbI IIPOKATKM U TepMOOOpaboTKH,
MOXHO HM3MEHHUTbL CTPYKTYPY M TIONY4MTb CTaib C 3aaHHbIMM TIPOYHOCTHBIMU U JPYrUMH
CBOCTBAMU.

Khaccuguxayus. cmanei. Tlo IPOYHOCTHBIM CBOKCTBAM CTAJTH YCIOBHO MOAPA3AEHTIOTCS
Ha TpH Ipynmnsl: 0Ob4HOM (6,< 29 kH/cM?), MOBBIIIEHHON (6, =29...40 xH/cM?) 1 BbicOKOI
npodsocty (0,240 xH/cm?).

IMoBbillIeHNE IPOYHOCTH CTATH JOCTUTACTCS JISTHPOBAHUEM U TEPMUYECKONH 00paboTKOIM.

Tlo xUMUYECKOMY COCTaBY CTaJM TOOPA3NENSIIOTCS Ha YIJIEpOAMCTbIE M JIETMPOBAHHEIE.
Yrnepoaucteie cTany OOBIKHOBEHHOTO KayecTBa COCTOST U3 JKeJle3a U yriepoaa ¢ HeKOTOpoit

Puc. 1.5. MukpocTpykTypa HU3KOyr-
nepoancTon crtanm

! TexHogorns MeTannos u ceapka. — M.: Beic. wik., 1977.
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no6GaBKOi KpeMHUS (WM allOMUHUS) U MapraHia. Ilpoune no6aBku crieriajibHO HE BBOISIT-
Csl ¥ MOTYT NONAcThb B CTAJb U3 PYABl (MEIb, XPOM U T.[I.).

Vraepon (Y)!, moBbIIAsA TPOYHOCTh CTATH, CHUXAET €e ITUTACTHYHOCTh M yXYALIAeT
CBapHBaeMOCThb, ITO3TOMY U CTPOMTEIBHBIX META/UIMYECKUX KOHCTPYKUMM IPUMEHSIOTCS
TOJIBKO HU3KOYIJIEPONUCThIE CTAMH C COolepXaHUeM yriepoaa He Gonee 0,22 %.

B coctaB nerupoBaHHBIX cTalell MOMUMO XeJie3a 1 YIiepona BXOIAT CIeIUaIbHbIe J00aB-
KU, YIy4llIalonye ux xauecTBo. I1ocKombKy 60JIbIIMHCTBO 10GaBOK B TOH WK MHOH CTENeHU
YXYIUIAI0T CBAPMBAEMOCTh CTalM, a TaKKe YIOpOXaloT ee, B CTPOMTENILCTBE B OCHOBHOM
TMPUMEHSIOTCI HU3KONETHPOBAHHBIC CTAI C CYMMApPHBIM COodepXaHUeM JISTUPYIOLUX noba-
BOK ‘He 6oiee 5 %.

OCHOBHBIMU JIeTHpYIOIIMMU JtoOaBKaMu siBistiotess KpemHuit (C), mapradeu (I'), menp
(I, xpom (X), nuxens (H), Banagmit (@), moaudnen (M), amomunuit (10), azor (A).

~KpeMHBwil pacKUCIsieT CTajb, T.€. CBSI3bIBaeT M30OBITOYHEI KUCAOPOXL ¥ NOBHIIAET ee
MIPOYHOCTh, HO CHMXAET TUIACTHYHOCTD, YXYALIAET IPY MOBHIIIEHHOM CONEPXaHUHU CBapuBa-
€MOCTb Y KOPPO3MOHHYIO CTOMKOCTD. BpeaHoe BIUsSHUE KPEMHHUS MOXET KOMIIEHCUPOBAThCS
MOBBIIIEHHBIM COIEpPKaHUEM MapraHiia.

MapraHe Il MOBHILUACT IPOIHOCTD, SIBIAETCA XOPOUIMM PACKUCTHUTEIEM U, COSAUHAICH
C CEpoli, CHIXaeT e¢ BpeaHoe Biausinue. [lpu comepxaHum MapraHua 6oxee 1,5 % cranb cra-
HOBHUTCS XPYIIKOM.

Menp HECKOJNBKO ITOBBIIIAET MPOYHOCTh CTAIM M YBEIMYUBACT €€ CTOMKOCTH IPOTHUB
Koppoaun. M30bITouHOE comepxanmne Meau (Gosnee 0,7 %) CIIOCOOCTBYET CTApEHUIO CTATM U
TIOBBILIACT €€ XPYIKOCTb.

XpoOM M HUKEJb IOBHIIAIT MPOYHOCTh CTAIM 0€3 CHHXCHUS IJIACTHYHOCTH U yIy-
YIIAI0T €€ KOPPO3UOHHYIO CTOMKOCTD.

ANTIOMHUHHU I XOPOUIO PACKUCISIET CTajlb, HEHTpaNU3yeT BpemHoe BIusHUE doctopa,
MOBBILIAET YIAPHYIO BSI3KOCTb. -

Banajiuit u MOJIKOAEH YBEINYMBAIOT IIPOYHOCTD IMOUTH 0€3 CHIDKEHUS TUIACTUIHO-
CTH ¥ IPEAOTBPAIAIOT PA3YIIPOYHEHHE TepMOOGPabOTaHHONI CTaNM MpPU CBapKe.

A30T B HECBA3AaHHOM COCTOSIHHUM CITOCOOCTBYET CTAPCHMIO CTAJIM M AEJIaeT €€ XPYIIKOi,
TIO3TOMY €ro JIOJDKHO OBITh He Goitee 0,009 %. B xuMudecku CBSI3aHHOM COCTOSIHUH C aJIIOMU-
HMEM, BaHaJaueM, TUTAHOM M JPYTUMM 3JiEMEHTaMU OH 00pa3yeT HUTPUABI U CTAaHOBUTCS
JIETUPYIOIIUM 3JIEMEHTOM, CIIOCOOCTBYS IOJYYEHHIO MEJIKO3EPHHUCTOM CTPYKTYPHI M yIIydliie-
HMIO MEXaHUYECKHX CBOICTB.

®ochop OTHOCUTCS K BPEIHBIM IPUMECSIM, TaK Kak, oOpasys TBepAblil pacTBop c
(deppuTOM, HOBBIIIAET XPYIIKOCTh CTaIK, OCOOEHHO MPU MOHIDKEHHBIX TeMIlepaTypax (Xiamx-
HOJIOMKOCTb).- OTHAKO MPU HATUYUH aTIOMUHUA GochOp MOXKET CTYKUTh JIETUPYIOIINM BJIe-
MEHTOM, ITOBBIIIAIOIINM KOPPO3MOHHYIO CTOMKOCTh CTayid. Ha 5TOM OCHOBaHO ITOJy4eHUE
aTMOC(hepOCTOUKHX CTAJEH.

Cepa BcrencTBue oOpa3oBaHMS JIETKOIDIABKOTO CEPHUCTOTO Xejle3a AENaeT CTalb Kpa-
CHOJIOMKO# (CKJIOHHOM K 00pa3oBaHuio TpellmH npu temmneparype 800— 1000 °C). Bro oco-
GEHHO BaXHO IUIS CBapHBIX KOHCTPYKIMil. BpeiHoe BAMgHUE Cephl CHIKAETCSA TIPU ITOBHI-
LIEHHOM coaepXaHuM Mapranna. ComepxaHue cepsl M ocdopa B cTasm OrpaHUIUBAETCS U
JOJIKHO cocTabisaTh He 6onee 0,03—0,05 % B 3aBUCHMMOCTY OT THIIA (MapKH) CTaIH.

BpenHoe BIUsiHME HA MEXaHMYECKUE CBOMCTBA CTAIM OKA3hIBAET HACHIIICHHE €€ Ta3aMH,
KOTOpBIE MOTYT IIONAcTh U3 arMocdepsl B MeTall, HaXOIIUIMIiCS B PACIUIaBJICHHOM COCTO-
sHud. Kuciopon HeiicTByeT ogo6HO cepe, HO B 00jiee CWJIBHOM CTETIEHM, M TIOBBIIIAET
XPYIKOCTH cTanmu. HeCBSI3aHHBIA a30T TaKKe CHIDKAET KayecTBO CTaid. Bomzopon xora u
yAEpXUBaeTCsa B He3HauuTenpHOM Koaudectse (0,0007 %), HO, KOHUEHTPUPYSCh OKOJIO BKITIO-
YeHHH B MEXKPUCTAUIMYECKUX 00JIACTAX M paclojarasich NpeuMyleCTBEHHO I10 IpaHuLIaM
3epeH, BBI3BIBAET B MUKPOOOBEMAaxX BEICOKUE HAINPSDKEHUSI, YTO NMPUBOIUT K CHUXEHUIO CO-
MPOTUBJIEHNS CTAIM XPYITKOMY Pas3pyIIeHI10, CHICKEHUIO BpEMEHHOTO CONPOTUBIICHUS U YXyO-

I B ckobkax YKa3aHO yCJIOBHOC 0003HAYCHUE DIIEMEHTA.
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IIEHMIO TUiacT4ecKuXx CBOHCTB. [1o3TOMY paciuiaBieHHYIO CTajlb (HanpuMmep, IIpU CBapKe)
HEOOXOIMMO 3allUIIATL OT BO3JACHCTBUS aTMOCDEDHI.

B 3aBUCHMMOCTH OT BUa TIOCTaBKY CTAJIU MOAPA3AEIAIOTCS Ha TOPSTYEKATaHbIE U TEPMOOD-
pa6GoTaHHBIe (HOPMAIM30BAHHBIE WIM TEPMUYECKU YIydlleHHbIe). B ropsdexaraHoM cocro-
SIHWH CTallb JAJIEKO He Bceraa o0jagaer ONMTUMaIbHbIM KOMITIEKCOM CBOMCTB. TIpu HopManu-
3aLiMM U3MEIBYAETCS CTPYKTYPA CTallM, ITOBBIIIACTCS €€ OMHOPOMHOCTD, YBSIHIMBAETCH BSI3-
KOCTb, OIHAKO CKOJIbKO-HMOYIb CYIIECTBEHHOTO TOBBIILCHUSI TIPOYHOCTH HE IIPOMCXOIUT.
Tepmuueckass 06paboTka (3aKaika B BOAE U BbICOKOTEMIIEPATYPHBIM OTIYCK) TIO3BOJISIET T10-
JIYIUTh CTATH BBICOKOM MPOYHOCTH, XOPOLIO CONPOTHBISIOUIMECS XPYTIKOMY DPa3pylIeHHIO.
3aTpaThl MO TEPMUYECKO 00pabOTKe CTAIU MOXHO CYIIECTBEHHO CHM3UTh, €CJIU IIPOBOIUTD
3aKaIKy HETOCPENCTBEHHO C NMPOKATHOIO Harpena.

Crajb, IpUMeEHseMasn B CTPOUTEIbHBIX METAIMIECKUX KOHCTPYKIIUSIX, TPOM3BOAUTCS B
OCHOBHOM JIByMSI CIIOCOGaMHU: B MAapTEHOBCKUX TeYax ¥ KOHBEPTEPax ¢ MPOXYBKOI KUCIOPO-
oM. CBOICTBAa MApTEHOBCKUX U KUCJIOPOAHO-KOHBEPTEPHBIX CTAJIEH TTPAKTUYECKM ONMHAKO-
BBI, OOHAKO KWCJIOPOTHO-KOHBEPTEPHBI CIOCO6 MPOM3BOJICTBA 3HAYUTENIBHO NEIEBIE U
TIOCTENIEHHO BHITECHSIET MapTeHOBCKUIA. [11g HauboJsiee OTBETCTBEHHBIX ieTaIel, re TpedyeT-
¢ 0co060 BhICOKOE KaueCTBO METaJlJia, UCTIONb3YIOTCS TaKKe CTalu, MOJydaeMbie IIyTeM 37IeK-
TpolwiakoBoro neperuiapa (DUIIT). C pa3BUTHEM 3NIEKTPOMETAILTYPTMH BO3MOXHO OoJiee 1u-
POKO€ HCITOJIb30BaHHE B CTPOUTEBCTBE CTaNCH, ITOy4aeMbIX B 3JIEKTpoIIedax. DIeKTPOCTAlb
OTJIMYACTCS] HU3KUM COAEPXAaHUEM BPEIHBIX IIPUMECE W BBICOKAM KayeCTBOM.

Io creneHu pacKHUCACHUS CTAIM MOTYT ObITh KMITSIIMMU, ITOYCHIOKOMHBIMYU M CIIOKOM -
HBIMU.

HepackuciieHHbIe CTaiy KUITAT NPU Pa3IMBKE B U3JIOXHUIIBI BCICACTBUE BHIICIICHUS Ta-
30B. Takasl CTaJlb HOCUT Ha3BaHMe KU IS Il e U OKa3blBaeTcs GoJiee 3arpsI3sHEHHOM Ta3aMu
M MEHEe OTHOPOTHOM.

MexaHHUYeCKHEe CBOHCTBA HECKOJIBKO M3MEHAIOTCS IO JUTMHE CIHTKA BBUIY HEpaBHOMED-
HOTO pacrpeneeHus XMMUYeCKUX 2JieMeHTOB. OCOOEHHO 3TO OTHOCHUTCS K TOJIOBHOM YacTH,
KOTopas TojiydaeTcss Haubojee pHIXJION (BCIEACTBME YCAAKM M HAaMOOJBIIEro HACHILEHHS
razaMu), B Heif IIPOMCXOMUT HAMOOIbIIast IMKBAlMsS BpeAHBIX IIpUMeceli i yorepoaa. [Toato-
My OT CJIUTKa OTPE3aloT Ne(DEKTHYI0 YacTh, COCTABISIIONIYIO MPUMEPHO 5 % MacChl CIIMTKA.
Kunsamme cTany, uMes TOCTaTOYHO XOPOIIME ITOKA3aTeu IO MpPeaeiIy TeKy4eCTH M BpeMeH-
HOMY CONPOTHMBICHUIO, XyX¢ CONMPOTUBIISIOTCS XPYIIKOMY Pa3pyIICHUIO ¥ CTAPEHMIO.

YT06HI MTOBRICUTS KAYECTBO HU3KOYIIIEPOIUCTOM CTATH, €€ PACKHUCIIAIOT J00aBKAMU KPEMHHMS
ot 0,12 mo 0,3 % win amomuHan 10 0,1 %. Kpemauii (1M alioOMAHMIA), COSNUHSAICH C pa-
CTBOPEHHEIM KMCJIOPOIOM, YMEHBIIAET €T0 BpemHoe BIMsHHE. IIpy coenrHEeHNH C KUCIOPO-
JIOM PACKMCIUTEIN 00pa3yloT B MEJIKOAMCIICPCHOM (ha3e CHIMKATHI M AIIOMUHATHI, KOTOPHIE
YBEIMUYMBAIOT YUCJIO 0YaroB KPHCTAUIM3ALMA 1 CITOCOOCTBYIOT 00pa30BAHMIO MEJIKO3EPHH-
CTOM CTPYKTYPHI CTaJld, YTO BEIET K IOBBLIIECHHUIO ¢ KauyeCcTBA M MEXaHHMUYECKHMX CBOMCTB.
PackucieHHbIe CTa/IM HE KUIIAT IPU pa3inuBKe B U3JIOXHHMIILI, [IO3TOMY MX HA3BIBAIOT C II0-
KO ¥ HBIMHU. OT roJIOBHOI YaCTH CIUTKA CTIOKOIHON CTaJI OTPE3al0T YaCTh, COCTABIAIONIYIO
npuMepHO 15 %. CriokoifHasi cTans Gojiee OXHOPOIHA, JIydilie CBApUBAETCs, JIy4llle COIPO-
THBJISAETCSI IMHAMUYECKUM BO3IECHCTBUSAM M XPYIIKOMY pa3pylneHuio. CIIOKOWHBIE CTaTH IIPU-
MEHSIIOTCS IIPU U3TOTOBJIEHUU OTBETCTBEHHBIX KOHCTPYKLIMH, MIOABEPralOMINXCS TUHAMMIIEC-
KUM BO3IEICTBHAM. -

OnHako CITOKOWHBIE CTaly TMpUMEPHO Ha 12 % mopoxke KMIISAIIUX, YTO 3aCTaBiseT Orpa-
HUYMBATh MX NIPUMEHEHHE 1 TIEPEXOAUTh, KOTA 3TO BHITOTHO IO TeXHUKO-3KOHOMHYECKUM
Co00paxeHusM, Ha M3TOTOBICHUE KOHCTPYKUMI U3 ITOJYCIIOKOMHON CTAJH.

ITonycnokoiiHasa CTadb [0 KAYECTBY SABISIETCS MIPOMEXYTOUHOM MEXTY KUITAILEH W
criokoitHoi. OHa pacKUCIseTCsT MEHBIIUM KojmyecTBoM KpeMuus — 0,05—0,15 % (peaxko
amoMuHreM). OT TOJIOBHOM YaCTH CJIUTKA OTPE3aeTCsl MEHbIIIAas YacTh, paBHAs IpUMepPHO 8 %
Macchl cutka. 1o cTonMOoCTH TIOJTYCTIOKOMHBIE CTaTN TAKXKE 3aHMMAIOT IPOMEXYTOYHOE TI0-
JoxeHue. HuskonerupoBaHHbIE CTalu MOCTABASIOTCS B OCHOBHOM CIIOKOMHOM (penko noiy-
CITIOKOIHOM) MOomuduKauu.
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Tabnunuya 1.2

Xumunyeckuili coctas ctanen

Conepxanue 31eMCHTOB, %
Cranb cepsl, Xpoma, :
y;g%%(;it MapraHia KPEMHUS He 2203231 I; Z’ He BaHaAUS 3;]6% F:Txoa
Bosee bosee
C235 0,22 <0,6 <0,05 0,05 0,04 0,3 — —
C245, 0,22 <0,65 0,05—0,151 0,05 0,04 0,3 — —
C275
C255, 0,22 <0,65 0,15—0,3 0,05 0,04 0,3 — —
C285 022 | 08—1,1]005—0,15
0,2 0,8—1,1 ] 0,15—-0,3
C345, 0,15 1,3—1,7 <0,8 0,04 0,035 0,3 — —
C375
C390 0,18 1,20—1,6 <0,6 0,04 0,035 0,4 | 0,07—0,12 | Asor
0,015—0,025
C440 0,2 1,3—1,7 <0,6 0,04 0,035 0,4 | 0,08—0,14 j Asor
0,015—0,025
C590 0,15 1,3—1,7 0,4—0,7 0,035 0,035 0,3 0,07—0,15 | Monubnen
0,15—0,25

1.2.2. Hopmuposauue craneii. OCHOBHEIM CTaHAAPTOM, PETJIAMEHTUDPYIOIIMM XapaKTepu-
CTHKM CcTajieil U1 CTPOUTEIbHbIX METAJUINYECKIX KOHCTpYKIMid, seisiercsa I'OCT 27772 — 88.
ComtacHo TOCTy (acoHHbIH npoKaT marorosisitor u3 craiein! C235, C245, C255, C275,
C285, C345, C345K, C375, nis AUCTOBOroO M YHUBEPCAILHOTO MPOKAaTa W THYTHIX Ipodiureit
ucHojb3yorces Takxke ctanm C390, C390K, C440, C590, C590K. Cranu C345, C375, C390 u
C440 MOryT IOCTABIATBCS C TIOBBIIIEHHBIM COAepXaHUeM MeIu (1Sl TIOBBIHEHUST KOPPO3Ki-
OHHOM CTOMKOCTH), TIPY 3TOM K O0O3HAYEeHMIO CTAIH J0baBisieTcs: Oyksa «II».

XUMHYECKHUHA COCTaB CTaleil 1 MeEXaHMYECKIE CBOMCTBA IpeACcTaBiIeHbl B Ta6m. 1.2 u 1.3.

TIpokaT MOXEeT HOCTARIATLCH KaK B ropgyekaTaHOM, Tak ¥ B TEPMOOOPabOTAHHOM COCTO-
stHUU. BrI0op BapuaHTa XMUMUAYECKOTO COCTaBa M BUAA TEPMOOOPAOOTKM OIIpeIeisieTCs: 3aBOAOM.
I';maBHOE — oOecmeueHue TpeOyeMbIx CBOMCTB. Tak, JucTOBOM MpokaT ctanu C345 MoxXeT HM3ro-
TaBJIMBATHCA U3 CTAIM C XMMUYECKUM cocTaBoM C245 ¢ TepMUYECKUM YIydileHueM. B aToM
ciiydae K 0003HAaYeHUIO cTaiu nobasisiercsa 6yksa T, Harpumep C345T.

B 3aBHCHMOCTH OT TEMIIEPATYPhl IKCILTyaTALIMM KOHCTPYKIIMI U CTEEHHU OIMAaCHOCTH XPYII-
KOTO pa3pyllIeHus MCIbITaHUSE Ha YIapHYK BA3KOCTb Wis craneit C345 u C375 mpoBoaarcs
TIpY Pa3HbIX TeMIIepaTypax, NO3TOMY OHHU IOCTABISIOTCS YETHIPEX KATEropuii, a K 0003Haue-
HHIO CTATU J06aBs0T HOMEp KaTteropuu, Hanpumep C345-1; C345-2.

Hopmupyembie xapakKTepHCTUKY ISl KaXI0M KaTErOpuy NPUBEIEHH! B Tab. 1.4.

IIpoxar moctasnsercst naptusgmMu. IlapTust cocTOUT M3 IpokaTa OAHOIO pa3Mepa, OJHOI
IUIaBKM-KOBHIa U OTHOTO pexuMma TepMmoobpaborku. Ilpy mpopepke KavecTBa MeTauia OT
MapTUM OTOUPAIOTCS CAy4alHBIM O00pa3oM 110 JBE MPOOLI.

M3 xaxmoii mpoObl U3roTaBAMBAIOT 110 OJHOMY 00PA3ILy /ULl MCIIBITAHUI HA pacTsLKEHUE U
u3rub u no nBa obpasla Ui ONpelesieHUs] YIAPHOM BSI3KOCTH NPU KaXIOW TeMIlepaType.
Ecmu pesynabTaTel MCHBITAHUN He cOOTBeTCTBYIOT TpeboBanusiM ['OCTa, 1o mpoBoaar mo-

! BykBa «C» 0603HayaeT «CTaIb CTPOMTENbHAA»; Kbpa MOKa3bIBaeT 3HAYEHHWE Mpeaena Teque—
ctu, MIla; oyksa «K» — BapuaHT XUMHYECKOIO COCTaBa.
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Tabnuua 1.3

MexaHuyeckne xapakrepuctukm ctanen no FOCT 27772 —88 ana nucToBOro npokara

MexaHu4ecKUe XapaKTepUCTUKU Vnapuas ssizkocts KCU, Ax/cm?
nocne Mapxka-aHanor
Cranp KH/or? Cus 5. % t= t= t= MexaHH- 110 ApYTUM
O KH/OW o 577 1= -20°C|=-40°C|= -70°C| ueckoro CTAHIEPTaM
CTapeHust
C235 22,5—-23,5 36 25—26 — — — — BCT3}GI2
C245 23,5245 37 24--25 — — — 28 Ber3nic6
C255 23,5—25,51 37—38 | 24—26 29 — — 29 Ber3crs,
Ber3Imcs
C275 26,5—27,5| 37—39 | 23—24 e — — 29 Ber3nc6-2
C285 26,5—28,5] 38—39 | 23—-24 29 — — 29 Ber3cerns-2,
Ber3Imic5-2
C345(T) | 30,5—34,5}| 46—49 21 —_ 34 29 29 0912C, 1412,
12I12C,
BerTric
C345 26,5—34,5| 43—49 | 20—21 — 34 29 29 09172,
15XCHA,
1412
C390 39 54 20 — — 29 — 14I2A0,
10I2C1 t.o0.,
10XCH
C440 41 —44 57—59 20 — — 29 — 16I2AD
C590 59 68,5 14 — 34 — = 12I2CMP

BTOPHBIE HCIBITAHUS HA YABOSHHOM YMCJIe 00pasLioB. Eciid ¥ MOBTOpPHEIE HCITHITAHUS ITOKa-
32JIM HEYIOBJICTBOPHUTEILHEIC Pe3yNIBTAThl, TO MapTHs OpaKyeTcs.
OLeHKY CBapyBaeMOCTU CTaJIH IPOBOAAT IO YIJICPOTHOMY SKBUBAJICHTY, %:

C =C:_NEI_+§+9+N£+C_H+X+£
> 6 24 5 40 13 14 2’ (1.2)

e C, Mn, Si, Cr, Ni, Cu, V, P — maccoBag nons yriepona, Mapralia, KpeMHHUsI, XpoMa,
HUKeNSA, Memu, BaHamua u docdopa, %.

Tabnuua 1.4

HopmMmupyeMbie xapakTepucTukm cranei no-kaTeropva

Kareropus
HopmupyeMast xapakrepucTika
1 2 3 4
VnapHas BA3KOCTb:
npu t = -40°C + - + _
npu f = -70°C - + - +
110ce MeEXaHWYEeCKOTO CTApEHMsE - - + +
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Ecmu C,<0,4 %, TO cBapKa CTajiM He BbI3biBaeT 3arpyaHenmii, npu 0,4 % <C,<0,55 %
CBapKa BO3MOXHA, HO TpeOyeT NMPUHATHSA CICHUAIbHBIX MED 110 MPeJOTBPALICHUIO BO3ZHUK-
HoBeHust TpemwHbL. [Ipu C,> 0,55 % onacHOCTh HOSIBICHMS TPELIMH PE3KO BO3PACTAET.

JJ1st IPOBEPKH CIUIOIIHOCTY METAJUIA M MPEOYNPEXKAEHNS Paccaosi B HEOOXOAMMBIX CITyda-
SIX ITO TPeOOBAHUIO 3aKa3YMKa MPOBOIUTCA YJIBTPA3BYKOBOH KOHTPOJIb.

OtnnuutensHoit ocobeHHOCTEI0 TOCT 27772 — 88 sBnsteTCs UCIIONB30BAHUE TSI HEKOTO-
poix craneit (C275, C285, C375) craTUCTUYECKUX METOOB KOHTPOJISI, YTO TapaHTUPYET 00ec-
TeYeHUEe HOPMATUBHBIX 3HAUEHUIA TIpeesa TEKYIeCTH X BPEMEHHOTO COIPOTUBICHUSI.

CrpontenbHble METALIMICCKUE KOHCTPYKIIMK H3TOTAaBIMBAIOTCS TaKXKe M3 CTAICi, ITOCTAB-
nsembix 1o TOCT 380 — 88 «Cranp yrepomictas oOLIKHOBEHHOTO Kavectsa», ITOCT 19281 —73
«Cranp HU3KOJIETUpOBaHHas copTtoBasi U dacoHHasi», TOCT 19282 —73 «Cranb HU3KOJNETU~
pPOBaHHasI TOJICTOJIUCTOBAsI M LIMPOKOIIONIOCHAS YHHUBEPCaIbHas» U IPYTUM CTaHIApTaM.

IIpyHIUNMANBHBIX Pa3IHYUil MEXIY CBOMCTBAMU CTajleil, UMEKOIMX ONMHAKOBEINA XUMH~
YeCKHW COCTaB, HO MOCTaBJISIEMbIX ITO Pa3HBIM CTaHAapTaM, HeT. PasHuiia B cmoco6ax KOHT-
pons u obosnaueHusx. Tak, o T'OCT 380 —88 ¢ n3MeHeHUSAMM B 0003HAYCHAN MapKu CTa-
JIA YKa3bIBaeTCsl TPyNIIa MOCTaBKH, CIIOCO0 PACKMCICHHS W KATeTOPHS.

IIpu mocraBKe 10 IpyIme A 3aBoJ TapaHTUPYeT MEXaHWJYECKHe CBOMCTBA, o rpymmne b —
XAMUYECKUH COCTaB, TIO Ipymie B — MexaHWdyecKue CBOMCTBA M XUMUYECKHIL COCTaB.

CreneHb packuciaeHus obo3navaercs oyksamu KII (xmmsmias), CIT (crokoitHas) u TIC
(TIOJTYCTIOKOMHAS).

Kareropus craiy yKa3pIBaeT BUI MCIBITAHUNA Ha YIAPHYIO BA3KOCTh: KATETOPUS 2 — HUC-
NIBITAHKS HA YIApHYIO BA3KOCTH He MPOBOIATCHA, 3 — IPOBOIATCSA IpH Temmeparype +20 °C,
4 — mipu Temmeparype —20 °C, 5 — mnpu temneparype ~20 °C 1 nocie MeXaHUYeCcKoro crape-
HMSI, 6 — ITOCJIe MEXaHUIECKOIO CTapeHMs.

B CTpOUTENLCTBE B OCHOBHOM UCIIONB3YIOTCSA cTany Mapok Ber3kn2, Ber3me6 u Ber3cns,
a TakXe CTalb ¢ TOBHIIIEHHBIM colepXanueM Maprasia Ber3Imc).

ITo TOCT 19281—73 m TOCT 19282—73 B 0603HaY€HNM MAPKM CTAIM YKA3bIBACTCS
comepXaHie OCHOBHBIX 3/1eMeHTOB. Hanpumep, xumugeckuii cocras cranu 0912C pacumd-
poBbIBaeTcsa TaK: 09 — comepxkaHue yriaepona B COTBIX JOJISIX MpoleHTa, 12 — MapraHell B
xosmuectse or 1 10 2 %, C — xpemumii go 1 %.

B KoHIIe MapK# CTaJIM YKA3BIBACTCS KATETOPHS, T. €. BUI UCIIBITAHUS Ha YIAPHYIO BA3KOCTb.
Il HU3KOJNEeTMPOBAHHBIX CTAJICH YCTAHOBIEHO 15 Kareropwif, MCIBITAHUS TIPOBOMSATCS IPU
temmepatypax 1o —70 °C. Crayiu, mocTasjisieMble 110 Pa3sHBIM CTaHJapTaM, B3aMMO3aMEHSEMBI
(cMm. Tabm. 1.3).

CBOICTBa CTaJIN 3aBUCAT OT XMMWYECKOTO COCTaBA MCXOMHOTO CHIPhS, CIIOCO0a BRITLTABKU
¥ 00BbeMa IUTaBIIBHBIX arperaToB, YCWIHSA 00XKaTHs M TeMIIepaTyphl IIpU IPOKATKe, YCIOBHUM
OXJIAXICHUS TOTOBOTO IIPOKATa | T. .

IIpu cTonp MHOTOOOPa3HEBIX (PaKTOpaX, BAMSAIONIMX Ha KA4eCTBO CTaJIM, BIIOJIHE €CTECTBEH-
HO, YTO IOKa3aTeN IIPOYHOCTH ¥ IPYTHX CBOMCTB HMMEIOT ONpeNeNIeHHBIM pa3dpoc M mx
MOXHO pacCMaTpHBaTh KaK CIydaifHble BennuuHbl. [1peacrapinenne 06 MU3MEHUUBOCTH XapaK-
TePHUCTHK JAI0T CTATUCTHYECKIE THCTOrPAMMBI pacipee/ieHUs, [TOKa3bIBAIOIIAE OTHOCHTE/Ib-
HYIO J0JI0 (YaCTOTY) TOTO WJIM MHOrO 3HadyeHus xapakrepucTuku. Ha puc. 1.6 mpuseneHa
THCTOrpaMMa pachpelesieHusT Mpeaea TeKyJeCTH Hu3Koyrieponucroit cramu Ber3mie, nomy-
YeHHas MO pe3yIbTaTaM MCHBITaHui 6onbinoro (cebime 1000) yncia obpasnos. ['mcrorpam-
MBI MOTYT OBITh aITPOKCMMHUPOBAHEI OMHOM M3 TEOPETHYECKMX KPUBBIX PacIIpedeaeHuii’.

Jlna pacrpemeneHus npenena TEKydeCTH CTAIH Hanbojee TTOIXOASINEH SBISeTCS KpUBas
T'aycca (HOpMaJIBHBIN 3aKOH pacIpeaeIcHMs)

Jx=n?

1 =
I S (1.3)
TO=pe 7

1 Benmuenw E. C. Teopus BepoatHocTeil. — M.: @usmarus, 1964.
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roe x — paccMaTpMBacMasi XapaKTePUCTHKA (HalpUMep, MPEeN TEKYIeCTH); X — MaTeMa-
TMYECKOE OXHIaHHe (CpelHee 3HAUeHWE); x — CTaHOApT pacupenencHus (CpeaHee KBaipa-
THYHOE OTKJIOHEHUE).

[Ipu anmpoxcuMaly B KAYeCTBE MaTEMAaTHYECKOTO OXUIAHUS U CTaHIapTa pacupenese-
HUS IPUHAMAIOTCA WX 3HAYeHUs, TTOMYIEHHBIE IO pe3y/abTaraM CTaTUCTHYECKON 00paboTKH
WUCIIBITAHUM, T.€.

(xi—;)2
n n-1"

[€ X; — pe3yNbTaT UCMbLITAHMI OTIEJbHOrO 00paslia; # — KOJMYECTBO 0Opa3IoB.
W3 ycnoBus

P=1- | feods = [ f(x)dx (1.4)

9y

MOXEM ONPEENUTh 3HAYCHMUE NpefeNia TEKYIECTH G, HMetoniee obecnieueHHocTh P. Tlox obec-
NEYEHHOCTHIO TIOHUMAETCH BEPOSTHOCTD TOTO, YTO MPEIEN TEKYYECTH OyAET HE MEHBLIE G,

YKa3zaHHBIE B CTaHIApTaXx Ha IIOCTaBKY MeTa/Ula 3HAYEHMS Ipelesia TeKy4yeCTH HUMEIOT
obecmeyeHHOCTh He Hike 0,95. T1o 3TuM 3HaYeHWAM MMPOM3BOAUTCS OTOPAKOBKA METAJUIA Ha
MeTautyprudeckux 3asopax. Ilpu 3ToM 3HaumMTeNnbHasi 9acTh Metayuia (cBoiue 95 %) umeer
TIPOYHOCTHBIE XapaKTEePYCTUKY BRI YCTAHOBJIEHHBIX B CTAHIApTaX. B 1eax 6onee moaHOro
HCIIONB30BaHUA MMPOYHOCTHBIX CBOMCTB CTAM M SKOHOMHU METa/Ia MOXHO IO pe3yJibTa-
TaM UCIBITAaHUH AuddepeHINPOBATh IIPOKAT U3 OJHOM CTaI{ HA HECKOJILKO IPYII IPOYHO-
ctu. B TOCT 27772 — 88 Takoii HOIXOM MCIIONb3yeTCs IS IPOKATa TOMIIMHON 10 20 MM u3
craneit C245 u C275, a taxxe C255 u C285, C345 u C375.

1.2.3. Crann o6brunoii npounocTH (o,< 29 kH/cm?). K 310ii rpyrime oTHOCATCS HU3KOYTITE-
POIOHUCTHIE CTAIA PA3IMYHOM CTEIEHH PACKHCIICHHUSA, IIOCTaB/IIeMbIE B TOPSTYEKATAHOM COCTO-
guau (C235—C285).

O6anas OTHOCUTEIBHO HeOONBIIOM MPOYHOCTRIO (CM. Tabs. 1.3), 3TH cTaiu OYeHb Iiac-
TUYHEL: TIPOTSKEHHOCTD IUTOINANKM TEKYUECTH COCTaBIsAeT 2,5 % M OOJbliie, M COOTHOILEHUS
6,/06,~0,6...0,7. Xopolas cBapuBaeMOCTb 06€CTIEUMBAETCS HU3KUM CONEPXaHNEM YIieposa
("e Gonee 0,22 %) u xpeMHus. CTanu HMEIOT CPEIHIO KOPPO3HOHHYIO CTOMKOCTD, TIO3TOMY
KOHCTPYKLMH, BBIMOJHCHHBIE U3 CTaIe OOBIYHOM IMPOYHOCTH, CACAYET 3allUIIaTh C TIOMO-
HIBIO JIAKOKPACOYHBIX M IPYIuX NOKPHTHH. HemoctaTkoM HU3KOYITIEPOMUCTHIX CTallel SBIs-
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€TCsl CKJIOHHOCTD K XPYIIKOMY PaspyLICHUIO TIPH HU3KUX TeMIlepaTypax (OCOOEHHO JUTS KHUIIsi-
weit cranu C235), moaToMy UX NMPUMEHEHHE B KOHCTPYKLMAX, IKCIUTYaTHPYIOIUUXCS ITPU
OTpUIIATEABbHON TeMIiepaType, orpaHnueHo. OgHako 61arogapst HEBHICOKOM CTOMMOCTH U XO-
POILMM TEXHOJOTUYECKUM CBOMCTBAM CTAJIX OOLIYHON MPOYHOCTHA OYEHB LUMPOKO NMPUMEHS -
JOTCS VIS CTPOUTENIbHBIX METAJLUTMYECKUX KOHCTPYKLIUMA. IToTpeGieHue 3Tux cTaieii CocTaBs-
eT cabiie 50 % ob1iero oobema.

1.2.4. Cramm nospimennoii npounoctu (29 kH/cmM?<o,<40 KH/cm?). CTamy noBbILERHOM
npounocty (C345—C390) nmony4aior 1160 BBeIEHHEM INPU BLITUIABKE CTAIM JIETUPYIOIIMX
00aBOK, B OCHOBHOM MapraHila 4 KpPeMHHUs, PexXe HHUKeJS H XpOMa, JTMOO TepMOYIIPOYHE-
HUeM Hu3koyraepoauctoii cranu (C345T).

I11acTHYHOCTH CTaNy MPU 3TOM HECKOJNBKO CHIDKAETCS, M MPOTSKEHHOCTD TUTOIUANKY Te-
Ky4ecTd yMeHbluaercs a0 1—1,5 %. '

Crany NMOBBILIEHHOW NMPOYHOCTH HECKOJbKO XyXe CBApHUBAIOTCS (OCOOEHHO CTaJU C BHI-
COKWUM COAEpXaHUEM KPEMHHsI) H TpeOYIOT HHOTHA HCIHOJIb30BAHUS CIIEIMAIBHBIX TEXHOJIO-
THYECKUX MEPOIIPUATHI 1S NIpeNOTBPAlleHUsT 0OPa30BaHUS TOPSIUX TPEIIHH.

ITo KOppO3MOHHO! CTONKOCTU GONBIIMHCTBO CTANIEH 3TOM IPYIIIEI GIM3KU K HU3KOYIJIe-
POIMCTHIM CTAIAM.

Bonee BEICOKOI KOPPO3HOHHOI CTOMKOCTBIO O0JIANAIOT CTATH C IOBAIIIEHHBIM COZEpXa-
uuem Memu (C345M, C375H, C39010).

Meko3epHUCTAs CTPYKTYpa HU3KOJIETHPOBAHHBIX CTaJIeH 00eCIIeYrBaeT 3HAYUTENBHO Oolee
BBICOKOE COIIPOTHBJICHHE XPYIIKOMY Pa3pyIICHUIO.

Bricokoe 3HaueHHE yHapHOM BSI3KOCTH CoXpaHsercsi npu temiepartype —40°C u Huxe,
YTO ITO3BOJISAET MCIOJIB30BATh 3TH CTAIM IUIST KOHCTPYKIMIA, SKCIDIYaTHPYEMBIX B CEBEPHBIX
paiionax. 3a cueT O0yiee BHICOKHX IPOYHOCTHBIX CBOMCTB IIPUMEHEHHE CTICH ITOBBIIIEHHOMN
TIPOYHOCTH TIPUBOIUT K SKOHOMHUHU MeTajuta 1o 20—25 %.

1.2.5. Craau BBICOKO# mpounocTH (G,> 40 kH/cM?). TIpokar cTanu BBICOKOH HMPOYHOCTH
(C440— C590) mony4aioT, Kak IMpaBwio, MyTeM JIETUPOBAHUS M TePMUYECKON 0OpabOTKHM.

Hns JerupoBaHMST MCIOJNB3YIOTCS HUTPUIOOOPA3YIOIINE SJIEMEHTH, CIIOCOOCTBYIONIE
00pa30BaHMIO METKO3CPHHCTOM CTPYKTYPHL.

Crau BbICOKO}T TIPOYHOCTH MOTYT He MMeTh IUIOMAIKU TeKy4ecTH (TpH o,> 50 kH/cm?),
M MX IUTACTHYHOCTDH (OTHOCHTEIBHOE VIJIMHEHHUE) CHIDKaetcst 1o 14 % u Huxe.

Orsouienue o,/c, yenuuupaercs 10 0,8 —0,9, yTo He MO3BOJIAET YYUTHIBATE IIPU pacye-
T€ KOHCTPYKIIMI M3 3TUX CTajlel IuacTuyeckue aecopManui.

Tlonbop xuMU4YECKOTro cocTaBa M peXXuMa TepMOOOpabOTKM TIO3BOJSIET 3HAYUTEIBHO TI0-
BBICUTb COIIPOTHBJICHUE XPYIIKOMY Pa3pYICHUIO M 00ECIICYUTh BHICOKYIO YIAPHYIO BSI3KOCTH
pu Temreparype 10 —70 °C. OnpeneneHHbIe TPYTHOCTH BO3HUKAIOT TIPY U3TOTOBJIEHUM KOH-
cTpyKIuit. BeicoKas MpOYHOCTh M HU3KAs IIACTUYHOCTD TPeOYIOT 60jiee MOIITHOTO 000pYAO-
BaHMS Ui Pe3KH, NMPaBKU, CBEPJACHUS U IPYTUX ONepaluid.

[Tpu cBapke TepMOOOPAOOTAHHBIX CTaNIel BCIEICTBUE HEPABHOMEPHOIO HAarpeBa U GBICTPOTro
OXJIZKIIEHNS B pa3HbIX 30HAX CBAPHOTO COSMMHEHMS MIPOUCXOAAT PATUYHBIE CTPYKTYPHBIC TIpe-
BpaieHus. Ha omHMX yyacTKax 06pasyIoTcst 3aKIOUHbIE CTPYKTYPhI, 00JIafatolye MOBBIIIEHHON
MPOYHOCTHIO M XPYIIKOCTBIO (3KECTKYE TIPOCIONKH), Ha APYTHX METAUT TIOABEPTAETCS] BHICOKOMY
OTHYCKY ¥ MMEET MOHIDKEHHYIO IPOYHOCTL ¥ BBICOKYIO IUIACTHYHOCTD (MSTKHUE TIPOCIIONKH).

PasynpoyHeHue CTajld B OKOJOLIOBHOM 30HE MOXeT gocTurath 5— 30 %, uro HeoGxonu-
MO YYHTHIBATH IIPU TIPOSKTUPOBAHNU CBAPHBIX KOHCTPYKIINIT 13 TEPMOOOPAOOTAHHEIX CTAIEH.

BBenenme B COCTaB CTAIM HEKOTOPBIX KapOMIO0DOPasyolUX 3JIeMEHTOB (MOJIUOIEH, Ba-
Hammii) cHuxaer 3¢hdeKT pasyrnpouHeHuUs.

IMpyMeHeHME CTaeil BEICOKOM IIPOYHOCTH IPMBOAUT K 3KOHOMUHM MeTayuia 1o 25— 30 %
M0 CPaBHEHUIO C KOHCTPYKUMSIMH U3 HU3KOYTJIEPOAMCTHIX CTAJIEHl U OCOOCHHO Lienecoobpas-
HO B OOJIBUIEITPOJICTHBIX M TSEKEI0 HArPYKeHHBIX KOHCTPYKITHSX.

1.2.6. ArmocdepocToiikue cTamm. 111 MOBBILLEHUSI KOPPO3UOHHON CTOMKOCTA METAJUTH-
9eCKMX KOHCTPYKIMI PUMEHSIOT HM3KOJETHPOBAHHBIE CTAIM, COAEpXalle B HEOOIBIIOM
KOJMYeCTBe (IOJIM ITPOLCHTA) TaKKWe DJIEMEHTHI, KaK XpOM, HUKENTbh U MeEJb.
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B KOHCTPYKIMSAX, MOABEPraloiuxcsa arMoChEepHbIM BO3ACHACTBHSIM, BecbMa 3((EKTUBHBI
cranu ¢ JobaBkoii ¢pocdopa (Hanpumep, cranb C345K). Ha nosepxHoCTH Takux cTajneil oopasy-
eTcsd TOHKast OKCHIHAs TUIeHKA, o0afaoast JOCTaTOYHOM MPOYHOCTHIO U 3allMILAIONIas Me-
Ta/u1 OT PasBUTUS KOppo3un. OIHAKO CBAPMBAEMOCTD CTalTU NPy Hamuuy ocdopa yxymimaer-
cs. Kpome Toro, B npokare GOJBIIMX TOJLMH METALT 00NajaeT NOHMXKEHHON XJIaAHOCTOMKO~
CThIO, 1I09TOMY IpuMeHeHue craau C345K pekoMeHayeTcs Impu TONLIMHAX He Gojee 10 MM.

B KOHCTPYKUUSIX, COBMEILAIOLIMX HECYLIME M orpaxaaoinve hyHKIMN (HAIIpUMED, MEM-
GpaHHbIe TOKPBITHSA), WMPOKO NPUMEHSETCS TOHKOIUCTOBOH MPOKaT. [l NOBBILEHMST A0~
FOBEYHOCTH TAKMX KOHCTPYKUHH 11e/ieco00pa3HO IPUMEHEHIE HEPXABEIONICH XPOMHUCTOM CTAIU
mapku OX18T1MD2, He comepxkaliei HUKeIsd. MexaHnumueckue cpoiictsa ctam OX18T1D2:
o, = 50 kH/cM?, o, = 36 kH/cM?, 85233 %. Tlpy GOMBLIMX TOMIMHAX NPOKAT U3 XPOMHUCTHIX
cTanieft o0nafaeT MOBBIIIEHHON XPYNKOCThIO, OJHAKO CBOHCTBA TOHKOJUCTOBOI'O MpoOKaTa
(0cOOEHHO TOJILMHOMN A0 2 MM) MO3BOJISAIOT IPUMEHSTh €T0 B KOHCTPYKLUSX MPU PACUETHBIX
temneparypax no —-40°C.

1.2.7. BoiOop cTaieii 1) CTPOHTENBHBIX METAUIHYECKHX KOHCTPYKIMii. BHIGOD cTayiu npous-
BOIUTCS. HA OCHOBE BapMaHTHOIO MPOEKTUPOBAHUSI U TEXHHMKO-3KOHOMUYECKOTO aHajau3a C
yUeTOM peKOMeHaIii HopM. B Liesisix ynpollieHHs 3aKa3a MeTajlia Ipy BEIOOpe CTallu CJeAyeT
CTPEMUTBCS K OOJbIIeH YHUDUKAIMUA KOHCTPYKIINH, COKPALIEHUIO YKCIa cTaieil 1 mpoduiei.
BrIOOp cTany 3aBUCUT OT C/IEAYIOIIMX MapaMeTPOB, BIUSIOUIMX HA paboTy MaTepuaa:

TeMITEPaTyPHI CPEIBI, B KOTOPO MOHTUPYETCS U 3KCIUTYaTHPYETCS] KOHCTPYKIMSA. DTOT (haKTop
YUHATBIBACT MOBHILICHHYIO OHACHOCTh XPYIKOTO Pa3pyIUCHHS MPH OHIDKCHHBIX TeMIIepaTypax;

Xapakrepa HarpyxXeHusi, ONpeessiiouiero 0COOeHHOCTh paboThl MaTepuaia U KOHCTPYK-
LMl TTpY IUHAMHYECKOM, BUOPAIIMOHHOM M NMEPEMEHHOM Harpyskax;

BUJA HAMPSDKEHHOTO COCTOSIHMSA (OHOOCHOE CXXATHE WM PACTSDKEHME, TUIOCKOE WK 00beM-
HOE HANpPSDKEHHOE COCTOSIHME) M YPOBHSI BO3HUKAIOWIMX HANpsLKeHUi (CHIbHO wiM ci1abo
HarpyXeHHbIE 3JEMEHTHI); '

cnocoba COeTMHEHHS 3IIEMEHTOB, OMPEACISIONIETO YPOBEHb COOCTBEHHBIX HAIPSXKCHUH,
CTEeNeHb KOHLEHTPALUK HallpsSDKeHUM M CBOMCTBA MaTepualia B 30HE COeTUHEHMS;

TOJNIIUMHE TIpOKaTa, MPUMEHSEMOr0 B 3JIEMEHTaX. DTOT (DaKTOp YUYUTHIBAET M3MEHEHUE
CBOUCTB CTIM C YBEJIMYEHHEM TOJNIIUHDIL.

B 3aBucHMOCTH OT YCJIOBHUIA pabOTH MaTepuaia BCe BUIbI KOHCTPYKIUI MOAPA3aAEHSIOTCS
Ha YETBIPE TPYTITILL.

K nepeoii epynne oTHOCSITCSI CBapHBIE KOHCTPYKIIMK, paboTaioilre B 0CO00 TSKEJIBIX YCII0-
BUSIX WJTM TIOABEPTAIOIMECS HETIOCPEACTBEHHOMY BO3IEHCTBUIO TMHAMUYECKUX, BUOPALIMOH-
HBIX WM MOABWKHBIX HATPY30K (HarpuMep, MOAKPaHOBBIE 0aJiKul, 6aJIKM paboumX TJIOILAT0K
WY 3JIEMEHTHI 3CTaKal, HETOCPEACTBEHHO BOCIIPMHUMAIOIIHMX HAIPY3Ky OT IOJBMXHBIX CO-
cTaBoB, (hacoHku PepM u T.1.). HanpsokeHHOe COCTOSTHUE TaKMX KOHCTPYKIMH XapaKTepu3y-
€TCS BBICOKMM YPOBHEM M OOJIBILION YaCTOTOI 3arpyXeHus.

Konctpykiinm nmepBoii rpyIimbl paboTaloT B HaMboJ1ee CII0XKHBIX YCIOBHSIX, CIIOCOOCTBYIO-

IIMX BO3MOXHOCTH MX XPYITKOIO MJIM YCTaJOCTHOIO pa3pylleHus, IIO3TOMY K CBOMCTBaM CTa-
Jie# 11 5TUX KOHCTPYKIUWKN TPEabsBISIIOTCS Haubosee BhICOKUE TpeOOBaHUS.

Ko emopoii epynne oTHOCSATCSI CBapHble KOHCTPYKLIMM, PabOTalOIIe Ha CTATHYECKYIO Ha-
TPY3Ky NpH BO3NEHCTBUU OJHOOCHOTO U OTHO3HAYHOIO JBYXOCHOTO ITOJISI PacTSITMBAarOIIMX
HANpsDKEeHU (HanpuMep, (pepMbl, purean paM, Gajki NEepeKpbITUM W TIOKPHITUM U Opyrue
PacTSHYThIE, PACTSIHYTO-U3rnbaeMble U U3rMOaeMble SJIEMEHTHI), a TAKKE KOHCTPYKIUU TIEPBOM
TPYIITBI TIPU OTCYTCTBUHU CBApHBIX COCTUHEHUIA.

OOwWKM JUIST KOHCTPYKIMM 3TOM TPYNIIBl SIBASETCS ITOBBIIIEHHAS OMACHOCTH XPYIIKOTO
paspylieHusi, CBsi3aHHas ¢ HAJMYKEM TIOJS PACTITUBAIOIIMX HATIpSLKeHUH. BeposATHOCTE ye-
TAJIOCTHOIO Pa3pyIICHHs 3[eCh MEHbIIE, YeM Ui KOHCTPYKLMI TIepBOU TPYIIIIbL.

K mpempveii epynne oTHOCATCSI CBapHBIe KOHCTPYKLIMM, pabOTalOII1e MPU MPeMMyHIECTBEH~
HOM BO3[CHCTBUU CXHUMAIOIWUX HANpPSDKEHUU (HANPUMEDP, KOAOHHBI, CTOMKH, OMOPHI IO
00OpymoBaHHE W JPYTHe CXaThle U CKAaTO-U3TMOACMBIC JIEMEHTHI), a TaKKe KOHCTPYKLIMH
BTOPO#1 TPYIIIBLI TTPH OTCYTCTBHM CBApHBIX COETUHEHUIA.
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K uemeepmoii epynne OTHOCATCSI BCIIOMOTaTeNbHBIE KOHCTPYKLIMM M 3JIEMEHTHI (CBS3H,
SJeMEHTH (haxBepKa, JECTHUIIBI, OTPaXKACHUS U T.11.), a TAKXKE KOHCTPYKIIMH TPETbEH rpyI-
bl [IP¥ OTCYTCTBHHM CBAPHBIX COCTUHEHUIM.

Ecmu Ut KOHCTPYKIIMIA TPEThel ¥ YeTBEPTOi TPYIIT JOCTATOYHO OrpaHHUYMTECS TPeOOBaHU-
SIMH K TIPOYHOCTH TIDM CTAaTUYECKUX HArpys3Kax, TO IUISi KOHCTPYKIIMIA TIepBOil U BTOPOW TPYTII
BAXHA OLIEHKA COMPOTURICHHUS CTATU TUHAMUYECKUM BO3IEHCTBUAM U XPYIIKOMY Pa3pylIeHHIO.

B Marepuraiax Ui CBapHBIX KOHCTPYKIIMIA 00SI3aTEIEHO CeYeT OlleHUBATh CBAPUBAEMOCTb.
TpeGoBaHrs K 3JeMEeHTaM KOHCTPYKIIMiA, HE MMEIOLIMX CBAPHBIX COeJUHEHHUI, MOTYT OBITh
CHIDKEHBI, TaK KaK OTCYTCTBHE IIOJIEM CBAPOYHBIX HAIpSXeHWM, Oonee HU3Kas KOHLEHTpA-
1Sl HaIIPSDKeHUN U npyrue GakTophl YIYYHIAIOT UX paboTy.

B mpenenax Kaxaoit Tpyribl KOHCTPYKUHUI B 3aBUCHMOCTH OT TEMIIEPATYPHI SKCIUTyaTallil
K CTaJISIM TIPEIbSBIISIOTCS TPeOGOBaHMS 1O YIAPHOM BA3KOCTU MPU PasIMYHBIX TeMIIEpaTypax.

B HopMax comepXuTcs IiepedyeHb CTalel B 3aBUCUMOCTH OT TPYTIIBl KOHCTPYKIMI ¥ K-
MaTHYEeCKOTO paiioHa CTPOUTEJILCTBA.

OKOHYATENBbHBIN BBIOOP CTAIM B Mpeenax KaXAoH rpyNIibl JOJDKEH BHITIOJTHATHCS Ha OC-
HOBAaHUU CPABHCHUS TEXHUKO-PKOHOMHUYECKMX ITOKa3atesiell (pacxojma CTajii M CTOMMOCTH
KOHCTPYKIIMIT), a TAKKE C YUETOM 3aKa3a METa/UIa M TeXHOJIOTMYECKUX BO3MOXHOCTeH 3aBO-
Ja-U3TOTOBUTENA. B COCTABHRIX KOHCTPYKIIUSX (HATIPMMEP, COCTABHBIX Oaikax, pepMax u T.11.)
SKOHOMHYECKH 1IeJIeCO00pa3sHo NpUMEHEHUE MBYX CTaleil: 6ojee BHICOKOH MPOYHOCTU IJIS
CWJIBHO HATPYXEHHEIX 3jIeMEHTOB (TI0sica (bepM, 6aIOK) ¥ MEHBILIEH IPOYHOCTU LIS CHabo
HarpyXeHHBIX 3JIEeMEHTOB (peleTka pepM, CTEHKH OaloK).

1.2.8. Amomunpesbie CILIaBbl. ATIOMHHMIT 110 CBOVIM CBOKCTBAM CYLIECTBCHHO OTIMYAETCst
ot cranu. Ero mioTHOCTs p = 2,7 T/M3, T.€. OYTH B 3 pa3a MEHBIIE TNIOTHOCTH CTATH. MomyIib
MPOIOJIbHOI yrpyrocty amoMutus E = 71000 MIla, monyns casura G = 27 000 MIla, yro
TIPUMEPHO B 3 pa3a MEHBIIE, YeM MOAYJb IIPONOJBHOM YIPYTOCTH ¥ MOLYNb CABHMTIa CTaJH.

AJIIOMUHWI He MMeeT Iiouagku TeKyyect. [IpsiMas ympyrux aedopManuii Helmocpen-
CTBEHHO ITEPEXOIUT B KPHBYIO YIIPYrOIUIACTHYECKUX aechopMannit (puc. 1.7). AMOMIHIIT OYeHb
IIACTUYEH: YIUIMHEHMe npu paspeise gocturaer 40— 50 %, HO IPOYHOCTH €ro BechbMa HU3-
Kas: 6, = 6...7- KH/cM?, a yCIOBHBIH TPENeN TeKY4ECTH Gy, = 2...3 KH/cm2, YncThiit amoMu-
HUif OBICTPO IMOKPBIBAECTCS HPOYHON OKCHIHOMN TUICHKOM, TpEeNSTCTBYIOLIEH magpHEelIeMy
pa3sBUTHIO KOPPO3HUHU.

Bcaencreue BecbMa HM3KO#M MPOYHOCTH TEXHUYECKH YUCTHIA AJIIOMUHUIN B CTPOUTENBHBIX
KOHCTPYKIIMAX MPUMEHSAETCS JOBOJIIBHO PeIKO. 3HAYMTEIbHOE YBENUYCHHE IIPOYHOCTH aJlio-
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Puc. 1.7. Xapakrepnctmku antoMUHNEBLIX CMNIaBoB:

a — puarpammel pactaxenus; I — qucTtoiit anlomunnin; 2 — cnnas 1915; 3 — cnnas 1915T1; 4 —
ctanb C245; 6 — 3aBUCUMOCTM BPEMEHHOIO CONPOTUBAEHMS (1) 1 yCrnoBHOro npeaena Tekydecty (2)
OT TeMNeparypbl
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