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BBEJEHMUWE

[lonsatne «MeTamiuueckue»  KOHCTPYKIIMM»  BKJIIOYAIOT B ceOsl  HX
KOHCTPYKTUBHYIO  (OpMYy, TEXHOJOTMIO M3TOTOBJIEHUS M CIOCOOBI MOHTaXa.
YPOBEHB pa3BUTUSA METAJUIMYECKUX KOHCTPYKLUN ONPENEIAETCs, C OJHOU CTOPOHBI,
HOTPEOHOCTSIMM B HHUX HApOJHOTO XO3siCTBa, C JpPYrod - BO3MOYKHOCTAMHU
TEXHUUYECKON Oa3bl pa3BUTHS METAJUIyprUH, METauI000pabOTKH, CTPOUTEIHHOM
HAayKd U TEXHHUKHU.

Merann npumensiii gaBHo ¢ XI|I Beka B yHHMKanbHBIX IO TOMY BpPEMEHHU
COOPYKEHHUAX (IBOpLAX, LEPKBaX, U T. J.) B BUJE 3aTSDKEK U CKpeNl sl KaMEHHOU
KJIAJKH. 3aTSHDKKU BBIKOBBIBAJIM M3 KPUYHOTO JKEJI€3a U CKPEIUIUIA Yepe3 MPOYLINHBI
Ha WThIpAxX. [lepBoil TakoW KOHCTPYKLHMEW SIBISIOTCS 3aTSKKU Y CIIEHCKOro co0opa
Bo Bragumupe (1158 r.). IlokpoBckuit co6op B MockBe — mepBas KOHCTPYKIIHS,
COCTOSIIIAasE U3 CTEepXkHEH, padoTaloIIMX Ha pacTsHKeHWe, M3rud u cxarue. Tam
3aTSKKU, TOJIEPYKUBAIOLIHUE TI0J U IOTOJIOK, YKPEIUIEHBI 1J1s1 00erdyeHust paboThl Ha
u3ru6 mnoakocamu. KOHCTpYKTOp yke€ B TO BpeMs 3Hal, UYTO JJs 3aTSDKKH,
pabotatonieii Ha u3ru0, HAJO MPUMEHHUTH MOJIOCY, MOCTaBJICHHYIO Ha pedpo, a
MOJIKOCHI, pa0doTalIlue Ha CKaTue, Jydlle JenaTh KBaJIpaTHOro ceueHus (puc.l).
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Puc.1. IlepexpbiTie kopuaopa B Ilokposckom codbope (Mocksa, 1560 r.)

C mnavana XVII Bexka Meramn NpUMEHSIOT B IMPOCTPAHCTBEHHBIX KYMOJbHBIX
KOHCTPYKIUSIX TJaB UepkBed. CTEp)KHU KOHCTPYKIIMU BBIMOJHEHBI U3 KOBAHBIX
OpYCKOB M COEIMHEHBI Ha 3aMOK M CKpEmbl TOPHOUW cBapkoil. Takue KOHCTPYKIIMH
MOXHO BHUAETh B HamM AHU: Tpane3Has Tpowune-CeprueBoil naBpbl B CeprueBom
ITocane 1696-1698 rr., 3manue bonbmoro Kpemnesckoro JIBopua B Mockse (1640
r.), Kapkac Kymnoja KkoJiokojJbHu MBana Bemukoro (1603 r.), kapkac Kymojia
Kazanckoro Cob6opa B IlerepOypre, nponerom 15m (1805r.) u np.



C navama XVIIl craimm ocBauBaTh NPOLECC JUThA UYYTYHHBIX CTEpKHEU H
neranei. CTposiTCsl YYIYHHbIE MOCTBHI.

OCYHICCTBIAIOTCA Ha 3aMKaX H OonTax.

[lepBoil 4yryHHOM KOHCTpyKUHMEH B Poccum cuMTaeTrcs MOKPBITHE KpPbUIbLA
HeBbsinckoit Oamuu Ha VYpane (1725 r1.). B 1784 r. B IlerepOypre moctpoeH
NEepBbIH  UYYT'YHHBIM MOCT. YHHMKaJbHOM 4yryHHOM KoHCTpykimen 40-x r. XI1X Beka

SBISICTCS KymnoJdl McaakreBCKOro coOopa, COOpPaHHOTO W3 OTJEIbHBIX KOCSKOB B
BHUJI€ CIUIONIHON 000sI0ukH (puc.2).

COC,Z[I/IHCHI/I}I YUYI'YHHBIX 3JICMCHTOB

o= 0
JRI1 981

Puc.2. Kynoa UcaakueBckoro codbopa

UyrynHnas apka, mnposietoM 30M mpuMeHEHa

B INEPEKPBITUU
AJNEKCaHIPUHCKOTO  TeaTpa

B [lerepOypre (1827-1832 rr.).
B 50-e roast XIX Beka B IlerepOypre Obun1 moctpoeH HukonaeBckuid MOCT C

BOCEMbBIO ApOYHBIMU IposeTaMu OT 33 10 47 M, 3TO CaMblil KPYIHBIA YyT'yHHBIN
MOCT MHpa.

C 30-x r. XIX Beka 10 20-x r. XX Beka — UJIET OBICTPHIN TEXHUUECKUN MPOTrpecc
B METAJUTYPTUU U METAI000padOTKe, MOSBIISIOTCS 3aKJICTIOYHbIC coeHeHus, B 40-
x T. XIX Beka OCBOEH MpOIeCC MOJyYeHHUsS] MPO(HIBHOTO MeTaljla U MPOKATHOTO
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nucta. CTtajib MOYTH MOJHOCTHIO BBHITECHUIIA U3 CTPOUTEIBHBIX KOHCTPYKIIMNA YYTYH.
Bce cranbHble KOHCTPYKIMM B TEYEHHUE CTa MOCIEAYIOIIUX JIET BBINOJIHSIIUCH
KJIECTIaHHBIMHU.

UyryHHble KOHCTPYKIIMH BO BTOPOi nojioBUHE X|X Beka MpUMEHSUTUCH JIMIIIb B
KOJIOHHAX MHOTOATaXKHBIX 37IaHUM, TIEPEKPHITUSIX BOK3AJIBHBIX AeOapKaaepoB U T. 1.,
TO €CTh, I'JI€ CONMPOTHUBIISIEMOCTh YYTYHA CXKaTHUIO JIy4llle CTaJIH.

Jlo xonma XIX Beka B Poccun TpOMBINIIEHHBIE M TPAKIAHCKUE 3aHUS
CTPOWJIUCh B OCHOBHOM C KUPIIMYHBIMU CTEHAMH W HEOOJBITUMHU TPOJETAMH, IS
MEPEKPBITHS  HCIOIb30BAINCH TPEYrojbHble MeTamudyeckue QepMbl  (puc.3).
Caauana B ¢epmax He OBIJIO PACKOCOB, OHU TIOSIBUJIMCH B KOHIIE PACCMaTPUBAEMOTO
MEepHUO/IA.

Puc.3. CrponmnabHas ¢epma (70-e roas: XIX B.)

Bo Bropoii monoBuHe XIX Beka 3HAUMTENBHOE PA3BUTHE MOJYUYUIIO
METAJTMYECKOE MOCTOCTPOEHHE, T/ CTaIM MNPUMEHATHh pemerdatbie (epMmbl ¢
TPEYTrOJIbHOM IIIPEHI€IbHOW PEMIETKOW, IMOABIAECTCS METAIUIMYECKUNA COPTAMEHT
MPOKATHBIX Mpoduei.

B navame XX Beka NPOMBILUICHHBIE 3JaHUS CTaJd CTPOUTh C METAIUIMYECKUM
KapKacoM, KOTOPBIM MOAAEPKUBAI KaK OTPAXKIAAOIINE KOHCTPYKIUHM, TaK U IyTH
MOCTOBBIX KpaHOB. HecymmMm »31eMeHTOM Kapkaca craja M[omepedyHas pama,
cocTtosmas W3 KOJOHH U purened (ctpomuibHbie ¢epmbl). Bce cranbpHbIC
KOHCTPYKIIMU HU3rOTABJIMBAJIUCH B OCHOBHOM KJjenaHHbIMU. CTajb cTalla BHITECHATH
gyyryH. K koHIly Beka coBepieHCTByeTcs (opma ¢depMm, TOSBISIOTCS PACKOCHI,
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y3JIOBbIE COEJUMHEHUS] BMECTO OOJITOBBIX HA MPOYUIMHAX, CTaldd BBIIOJHSIThH
3aKJIENOYHBIMU C TMOMOIIBIO (PACOHOK.

B xonne XIX crojmeTusi crajiud TPUMEHSTH pelIeTyaTble pPamMHO-apOYHbIC
KOHCTPYKIIMU Il TEPEKPBITUN 3JaHWK 3HAYUTENIBHBIX MPOJIETOB, HAIpPUMED,
Kuesckuii Bok3an B MockBe no mnpoekry B.I.Illyxoa 1913 — 1914 rr. (puc..4).
Pa3BuBaeTcss MeTaNIMYECKOE MOCTOCTPOCHHE (HAmpuUMeEp, MOCT C peleT4aTbIMU
dbepmamu uyepe3 peky Jlyry, 1853 r1.). Ilpodeccop JI.J.IlpockypsiHOB BBen B
MOCTOBBIC (DEpMBI TPEYTOJBHYIO W IIIPEHTEIBHYI0 PEMIETKH (MOCT dYepe3 PeKy
Enuceit).

JlanpHelee pa3BUTUE METAJUTYPTHH, MAIIMHOCTPOEHUS M JPYTHX OTpacien
MPOMBINICHHOCTH NOTpeOOBaio 000pyAOBaHUS 3JaHUA MOCTOBBIMM KpaHAMH.
CHavasia X yCTaHaBJIMBAJIM HA ACTAKAJAX, HO C YBEJIUUYECHHUEM TPY30MO0IbEMHOCTH
CTaJIO LEIECO00Pa3HO CTPOUTH 3AAHUS C METAINIMYECKUM KapKacoMm,
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Puc.4. IlepexpbiTne Kuesckoro Bok3ajia B Mockse

MO/JICP)KUBAIOIIMM ITYTH MOCTOBBIX KpaHOB. OCHOBHBIM HECYIIIUM 3JIEMEHTOM
Kapkaca crajia momnepedHasi pama (puc.5).
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Puc.5. Kapkac npoMblilieHHOro 31anus (Hayaao XX B.)

[Ipodeccop @.C.ScuHCKuii TEpBBI  3aMPOCKTUPOBAT  MHOTOIPOJIETHOE
npombiniuieHHoe 31anue. Akanemuk B.I.IllyxoB mepBwiii B Mupe pazpabotan u
MIOCTPOMJI TIPOCTPAHCTBEHHBIC U PpEIIETUATHIE KOHCTPYKIMM TMOKPHITUA W OallleH
pa3IMYHOTO Ha3HadeHUs (TeneOartHs, puc.6).

B  NOCTpOEHHBIX MM COOPYXKEHHUSIX PEATM30BaHbl WAEU IMPEIBAPUTEIBHOTO
HANPSHKEHUST KOHCTPYKIMA U BO3BEICHUA IMOKPBHITUN B BUJIE€ BUCAYHUX CUCTEM. TeMm
cCaMbIM OH TMpeayrajajl OyIyIiue HampaBJICHUs B Pa3BUTUU METALTUYECKUX
KOHCTPYKIIMH. 3HAUuTEIbHA €ro padoTa Takke B 00JIACTH PE3epBYapOCTPOCHUS, OH
pazpabotan HOBbIe (OPMBI PpE3EpBYapoOB, HUX pacyeT MU METOAbl HAXOXKICHHUS
ONTUMAJIBHBIX TapameTpoB (puc.7).

K xonmy 40-x romoB XX Beka KienaHble KOHCTPYKUIHMHM TMOYTHU TOJHOCTBIO
3aMEHWIN CBApHBIMHU, 00Jie€ IKOHOMHYHBIMU. [IOSBISIOTCS HU3KOJETHUPOBAHHBIE U
BBICOKONIPOUYHBIE cTanu. Kpome cranm, Hayanu ucnoJib30BaTh aJlOMAHUEBBIE CIUJIABBI,
IJIOTHOCTh KOTOPBIX IOYTH BTPOE MEHBIIIE.

Pacmmpunace HOMEHKIATypa METAUIMYECKUX KOHCTPYKUWW. bonpmme u
MHOTr00Opa3Hbie 3a7a4ydl MO Pa3BUTHUI0O METAUIMYECKUX KOHCTPYKIUN peliaauch
YCWIHUSIMA ~ TIPOEKTHBIX, HAy4YHbIX W  NPOU3BOACTBEHHBIX KOJUICKTUBOB  —
[TpoekrcranbkoucTpykuuii, [Ipomctpoitnpoekra u [IHUIIC, nepenMeHOBaHHOTO B
naneHermem B [THHUNCK, a Takke By30BCKUMM KOJUJIEKTUBAMMU.

[TpOeKTUPOBIIMKY B3sUIM 32 OCHOBY CXEMY KOHCTPYUPOBAHUS MOMEPEUYHON PaMbl
C KECTKUM COIpPSDKEHHEM KOJIOHHBI ¢ (pyHmameHtamu u pureiieM. C pa3BUTHEM
METaJUIMYECKNX KOHCTPYKIIMM, OOJbIIUM OO0BEMOM U CBSI3aHHAs C HUM
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Puc.6. bamns B. I'. lllyxoBa B Mockse

MOBTOPSEMOCTh KOHCTPYKIIMHA CO3/1alid TPEANOCHUIKU JUIsl pa3pabOTKA THUITOBBIX
CHCTEM W KOHCTPYKTHBHBIX PELICHHM NPOMBIINUIEHHBIX 3JaHUi. B cBA3M ¢ 3TuM
BIIEPBBIC BBEJIEH TPEXMETPOBBIM MOIYJb IMPOJIETOB, KOTOphI B 50-¢ roapl ObLI
3aMEHEH IIECTUMETPOBBIM. TUNHU3aLMs PACHPOCTPAHSIIACH TAaKXKE HA  IPOJIETHBIC
CTPOGHHS MOCTOB, pE3epByapbl, Ta3rojbACpbl, pPaauOOAIIHA, PATUOMAUTHI.
Tunuzauus, ynupuKauusa U CTAaHAAPTU3ALMSA — OTHO U3 IVIABHbIX HANIPABJICHUH
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Puc.7. JIucroBble KOHCTPYKIUH:
a) KanJjie 6UOHbLIL pe3epayap;
0) cazzonvoep mMoKpulil

Pa3BUTHS METAIMYECKHX KOHCTPYKHHMH. OTO CHWXAJIO TPYAOEMKOCTb
W3rOTOBJIICHHSI M MOHTa)Xa KOHCTPYKLMI, yMeHbIIANo pacxon craiu. U3
OOIIECTBEHHBIX COOPYXEHHM MOXXHO BbIAeIUTh NaBwiboH Kocmoca na BBI
(MockBa), mnepekpeiTue J[Bopua cnopra B Jly)KHHMKax, yHUKaJIbHBIC



OOJBITIENIPOJIETHBIC COOPYXKEHUS C METAJUIMYECKHUMH HECYIIMMH KOHCTPYKITUSMH,
noctpoeHHbIMM B MockBe k Omummnuane-80.

Hapsiny ¢ coBepiiieHCTBOBaHMEM KOHCTPYKIHMM pa3BUBAIUCH (GOPMBI U METO/IbI
pacueta. /o 1950 r. pacuer Besicss MO METOAY AOMYCTUMBIX HamnpsbkeHui. Takoid
pacyeT HeJOCTATOYHO MOJIHO OTpaXkasl ACHCTBUTENBHYIO PadOTy KOHCTPYKIIMH O]
HArpy3Ko, MpUBOJMI K MEpepacxoay MeTajuia, M03TOMY ObLI pa3padOTaH METOJ
npenenbHoro cocrosiHus. llosBisitorcs OBM, 4TO 1O3BONSET MPOEKTUPOBILUKY
HaWTH OBICTPO KOHCTPYKTHBHBIC ONTHUMAJBHBIC PEIICHHUS.

VYcenexamu B pa3BUTHUU METANIMUECKUX KOHCTPYKIMH Mbl 00s13aHbI mipodeccopy
H.C.Crpeneukomy, xoTopblid 50 JeT BO3IVIABISUT IIKOMY MeTamuioctpoeHus. OH
SABUJICS OJHUM U3 HWHUIMATOPOB TMEpexoja OT pacyera IO JIOMYCKaeMbIM
HaIpPSHKEHUSIM K pacueTy M0 MPEeAeTbHBIM COCTOSHHSIM. B 0051acTu 35IeKTpOCBapKH
6ompimoir Bkiman BHec mpodeccop E.O.Ilatomn.

[lapamnensHOo € pa3BUTHEM MeTaLIOCTpoeHuss B Poccum, pacumpsieTcss ero
WCIIOJIb30BAaHUE M B 3alaHbIX cTpaHax. [IepBblii 4yryHHBI MOCT ObUI TIOCTPOEH B
Anrnun yepe3 pexky CeBepH B 1776-1779 rr., mponerom 30,6 M. Moct uepe3
Meneiickuil nposuB B AHrimu noctpoeH B 1818-1826 rr., mponetom 176,5 M. B
1832-1840 rr. moctpoen moct Bo Ppeitdypre B IlIBeitiapuu, nponerom 273 M, a B
1889 r. ctpoutcs Duidenena OGamus B [lapuxke, BeicoToit 300 M 1 MHOTHE JIpyrue
COOPY’KEHHSI.

PA3JIEJ 1. DJIEMEHTBI METAJUIMMECKUX KOHCTPYKILUI

1.1. HomeHkiarypa u 00J1acTh NPUMEHEHUS METANINYECKUX
KOHCTPYKUHUI

Meraminueckue  KOHCTPYKLUMM  NPUMEHSIIOTCI  BO  BCEX  MH)KEHEPHBIX
COOPYKEHHSAX 3HAYUTENBbHBIX MPOJIETOB, BBICOTHI M HAarpy3ok. B 3aBHCHMOCTH OT
KOHCTPYKTUBHOM (OpMBI M Ha3HAUYEHUS METAJUIMYECKUE KOHCTPYKLIHMU MOXKHO
pa3lieauTh Ha BOCEMb BHJIOB:

1. IlpoMbllLIeHHBbIE 31aHUA — IIEJBHOMETAJUIMYECKUE WM CO CMEIIaHHBIM
KapKkacoM (KOJIOHHBI XkeJsie300eToHHbIe). LlenbHoMeTaueckue B 31aHusX C
OOJBIIMM MPOJIETOM, BBICOTOM M TPYy30MOABEMHOCTBIO.

2. BoablienpoJieTHbIE MOKPBITUS 3IaHUN — CIIOPTUBHBIE COOPYKEHUS, PHIHKH,
BBICTABOYHbIE TABUIILOHBI, TEATPbI, aHTApbI U JIp. (1iposieTsl 10 100-150 m).

3. MocTbl, 3cTakaabl — MOCTBI Ha KEJIE3HOJAOPOKHBIX M aBTOMOOMIIBHBIX
MarucTpaisx.
4. JlucTtoBble KOHCTPYKUMHM — PpE3€pBYyaphbl, Ta3rojblepbl, OyHKEpHI,

TPyOOTIPOBOABI OOJBIIOTO AUAMETpa U JP.

5. bamHu U MauThl — Paguo M TEICBUIACHHS B T'€OJIC3UUYECKON CITyKO€, Omopbl
JUHUU DJIEKTponepenaun, HeTIHbIC BBIIIKA W JIP.

6. Kapkacbl MHOrodTa:kHbix 3aaHuii. [IpUMEHSIOTCS B MHOTOATAXHBIX
3IaHUSIX, B YCJOBHSX IJIOTHOW 3aCTPOMKH OOJBIIMX TOPOJIOB.



/. KpaHoBble U JApyrue moJABHM:KHbIe KOHCTPYKIIMH — MOCTOBBIE, OalllEHHbIE,
KO3JIOBBIE KpPaHbl, KOHCTPYKIIMM 3KCKaBATOPOB M Jp.

8. Ilpoune KOHCTPYKUHMH IO HCIOJIH30BAHUIO ATOMHOM SHEPIHMH B MUPHBIX
HEesIX, pa3HooOpa3Hble KOHCTPYKIMH PaIUOTENIECKOIOB ISl KOCMHUYECKOU U
paanoCBs3U, TUIATGOPMBI JIJISl pa3BEIKU U JOOBIYM HEPTH U raza B MOPE U JIp.

MeTtaninueckre KOHCTPYKUMU OOJaAaroT CIEAYIONIMMHU JTOCTOMHCTBAMMU:

1. Hapexnoctsb. Matepuain (cTaib, aIlOMUHUEBBIC CIJIaBbI) 00J1aaeT OOIBIION
OJIHOPOJHOCTBIO CTPYKTYPBL.

2. JlerkocThb. MeTauinueckne KOHCTPYKIIUU CaMbI€ JIETKHE.

3. UuaycrpuaiabHOCTh. 3roToBIEHNE U MOHTAXK METAJUIMYECKUX KOHCTPYKIUH
MIPOU3BOAMUTCS CHEUUATU3UPOBAHHBIMM OPTraHU3aLUUsMU C HCIOJIb30BAaHUEM
BBICOKOIIPOU3BOIUTEIBHON TEXHUKH.

4. Henponmunaemoctb. OO01aal0T BBICOKOW MPOYHOCTBIO M IUIOTHOCTBIO,
HEMPOHUIIAEMOCTBIO ISl Ta30B U KUAKOCTEH.

Meramueckue KOHCTPYKLUHMHA HUMEIOT HEJOCTATKU:

1. Koppo3usi. HeszamumeHHOCTs  OT  BJIQXHOW  cpelbl,  aTMocdepsl,
3arpsiI3HEHHON arpecCUBHBIMU Ta3aMM, CTallb KOPPO3UPYET (OKUCISAETCS) M
pazpymaercs. Ilo3ToMy B cTaiap BKIIOYAKOT CHELUAIBHBIE JIETUPYIOIIHE
AJIEMEHTHI, TOKPHIBAIOT 3aIIUTHBIMU IIJICHKAMH (J1aKd, Kpackd U T.1.).

2. HeGoubmas oruectoiikocTh. Y cranu npu temneparype 200°C ymeHbIaercs
MOJyJIb YIIPYTOCTH, a nipu Temnepatype 600°C ctajib MOJHOCTHIO IEPEXOAUT B
MJIACTUYECKOE COCTOSIHUE. AJIFOMUHUEBBIE CILIABBI MEPEXOAT B IJIACTHYECKOE
cocrosgaue npu 300°C. IToaToMy MeTalsIMyecKue KOHCTPYKUMHU 3alllAIIA0T
OTHECTOMKUMH 00JIMLIOBKaMu (O€TOH, KepaMHKa, CIELHAIbHbIE MOKPBITUS
U T.J.).

[Ipy TPOEKTUPOBAHMM METANIMYECKUX  KOHCTPYKUMU JOJKHBI YUUTHIBATHCS

cienyromue TpeOOBaHUS:

1. YcaoBus 3kcmiyatanum.

2. JxoHOMHUSI MeTajlsia (BBICOKAs CTOMMOCTH).

3. TpancnopTadebHOCTD (IEPEBO3KA 110 YACTSIM WK LIETMKOM C IPUMEHEHUEM
COOTBETCTBYIOIIUX TPAHCIIOPTHBIX CPEICTB).

4. TexHOJOTHYHOCTb — UCIOJb30BAaHUE COBPEMEHHBIX TEXHOJOTHYECKHUX
IPUEMOB, OOECIIEUUBAIOLINX CHI)KEHHUE TPYIOEMKOCTH.

5. CkopoctHoiit MOHTaK. COOpKa B HaWMEHBILIHE CPOKH.

6. JloJroBe4YHOCTh — OMNpEIEsIeTCs CpOKaMu (PU3MUECKOTO U MOPAIBHOTO
M3HOCA.

7. DcreTnuHOCTb. KOHCTpYKIIMS J0MKHA 00J1alaTh TapMOHUYHBIMU (hOpMaMH.

OCHOBHBIM TNPUHIMIOM TNPOECKTHPOBAHUSI SIBJISAETCH JOCTHKEHHE Tpex
IJIABHBIX MOKa3aTeJieii: JKOHOMUM CTAJIW, TOBbINIEHHE MPOU3BOAUTEIHLHOCTH
TPyJa NPH H3TOTOBJECHUHM, CHHMKCHHE TPYAOEMKOCTH H CPOKOB MOHTAXka,
KOTOpbIE ONpedeJsAII0T CTOMMOCTh KOHCTPYKIHH.

JlocTuraercs 3T0 MyTEM HCIOJIb30BAHNS HU3KOJETMPOBAHHBIX M BBICOKOITPOYHBIX
CTaJiel, HSKOHOMUYHBIX TIPOKATHBIX ¥ THYTBIX Tpoduiel, BHEApPEHUS B
CTPOUTEIBCTBO MPOCTPAHCTBEHHBIX, IPEIABAPUTEIBHO HANPSHKEHHBIX, BUCIYMX,
TpyO4aThIX M T. M. KOHCTPYKLHH, COBEPIICHCTBOBAHMEM METOJOB pacuera Hu
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M3BICKAHUEM KOHCTPYKTMBHBIX ONTHUMAJbHBIX PEIICHHA ¢ UCHOJIb30BaHueM DBM.
Kpome TOro, paspaboTaHsl THUIIOBBIE pELIEHMsS 4YacTO  MOBTOPSIOLIUXCS
KOHCTPYKTUBHBIX AJIEMEHTOB - KOJIOHH, (DepM, MOAKPAHOBBIX OalOK, OKOHHBIX U
(oHApHBIX MPOEMOB, paauoOMaur, OalleH, OIop JUHUU  DJIEKTpOIepeadH,
pe3epByapoB T.II.

1.2. CBoiicTBa 1 paboTa CTPOUTEJIbHBIX CTAJICH U
AJIIOMMHHUEBBIX CILJIABOB

JIJI CTPOUTENBLHBIX METAUIMICCKUX KOHCTPYKITUH HCIOJIB3YIOTCS, B OCHOBHOM,
CTald W AJIOMUHHUCBBIC CILIABHI.

HauOosee BakHbIMH 111  pabOTHI  SIBISIOTCS MEXaHWYECKHE CBOWMCTBA!
MPOYHOCTh, YIPYTOCTh, IUIACTHYHOCTH, CKIOHHOCTh K YNPYroMy pa3pylICHHIO,
MOJI3y4eCTh, TBEPJAOCTh, a TakKKe CBapHBACMOCTh, KOPPO3UOHHAs CTOHKOCTD,
CKJIOHHOCTh K CTapEHHUIO U TEXHOJOTUIHOCTb.

IIpouHocTh - XapaKTepU3yeT COMPOTUBISIEMOCTh MaTephaia BHEITHUM
CHJIOBBIM BO3JICHCTBUSAM 03 pa3pyIICHHUS.

Yrpyrocrb — CBOWCTBO MaTepHalia BOCCTAHABIIMBATH CBOIO IIEPBOHAYAILHYIO
dbopMy TIOCIIE CHSTHS BHENIHMX Harpysok.

IInacTHYHOCTH — CBOMCTBO MarepHajia COXPaHATh JAC(POPMATUBHOE COCTOSHUE
MocJie CHATHS HArpy3KH, T.€. [I0JIydaTh OCTATOYHBIC Jeopmanuu 0e3 pa3pymieHHs.

XPYNKOCTh — CKIIOHHOCTh Pa3pylIaThCs MPU MaybIX jAcopMariusx.

IMos3y4ecTh — CBOWMCTBO MaTepraia HEMPEPHIBHO 1e(hOPMHUPOBATHCS BO BpEMEHHU
0e3 yBeluuYeHUs Harpy3Ku.

TBepaocTh — CBOWCTBO ITOBEPXHOCTHOTO CJIOS MeETalla COMPOTHUBIISATHCS
YIPYTrod W IJIACTHYECKOU JeopMarusiM WM pa3pylnIeHUIO MTPH BHEAPESHUU B HETO
WHJCHTOpAa U3 0oJiee TBEPIOTO MaTepHala.

[TpoyHOCTHP MeTa/UTa TPHU CTATHUYECKOM HATrpy>KEHHH, a TAK)KE €ro yIpyrue u
IJTACTUYCCKUE CBOMCTBA OINPEACIAIOTCS MCIBITAHUEM CTaHAAPTHBIX 00pasloB Ha
pacTsHKEHHE C 3alKMChI0 JUarpaMMbl 3aBHCUMOCTH Mexnay Hamnpsokeauem O u
OTHOCHUTEJIbHBIM YIJIMHECHUEM €.

JlnarpaMMbl pacTsSIKEHHUS Pa3IMYHBIX METAJIOB TOKa3aHbl Ha puc.1.1,0.

1.3. Knaccupukanus crajiei

Ilo MpOYHOCTHBIM CBOMCTBAM CTajly YCJIOBHO JENATCS HA TPU TPYIIBL:
oosranoit (O y = 29 xH/cm), noebimrenHoi (O , = 29-40 xH/cm) u BbICOKOH
npounoctu (O > >40 xH/cm).

[ToBbilIEeHNME TPOYHOCTU CTaIM, JOCTUTAETCS JIETMPOBAaHHMEM U TEPMHUECKOMN
00paboTKOM.

I[lo XUMH4YECKOMY COCTaBy CTalH, TOAPA3ICISIIOTCS Ha YIIEPOAUCTHIE U
JIETUPOBAHHEIE.
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YriaepoaucTbie CTAJM COCTOST U3 JKelie3a M yriaepoja ¢ JT00aBKOW KPEeMHUS
(MMM aJIFOMUHMS) U Maprasiia.
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Puc.1.1. K onpeaeneHnio MeXaHU4eCKUX XapaKTePUCTHK MeTaJLja:
a — obpasey 0J1s1 UCNBIMAHUS HA pacmsidiceHue;, O — K OnpeoeieHuo
npeoena nponopYUOHAILHOCMU U npedend ynpy2ocmu

Yriaepox (¥Y) noBbelmasg MNPOYHOCTH CTANIM, CHUXKAET €€ IUIACTUYHOCTh U
YXYAIIA€T CBAPUBAEMOCTb, MO3TOMY IPUMEHSIOTCS TOJBKO HHU3KOYIJIEPOJIUCTHIE
cramu (Y < 0,22%).

JlerupoBaHHbIe CTaJH IOMHMO Je€Ji€3a WM YIJIEpoJa HUMEIOT CHelUaIbHbIE
no0aBKu, yiydliaromue KadectBo crtand. OnHako, J00aBKH  yXYJIIAIOT
CBapUMBAaEMOCTh CTAJM U yIOPOXKAIOT €€, IMO3TOMY B CTPOMUTENIBCTBE HCIOIB3YIOT
HU3KOJIETUPOBAHHBIE CTAJIM C cojepxaHueMm no0aBku He Oosee 5%.

OcHOBHBIMU JIeTUpYIOIUMU To0aBKamMu siBisitorcs kpemuuit (C), mapranern (1),
mens (M), xpom (X), nukens (H), Banaguii (D), monmubaen (M), amomunnii (FO), azor
(A).

Kpemuuii packucnser crajib, T.€. CBS3bIBAET M30BITOYHBIA KHUCIOPOJ U
MOBBIIIAET €€ NPOYHOCThb, CHUXKAET IUIACTUYHOCTb, YXYAIIAeT CBapUBAEMOCTb WU
KOPPO3UOHHYIO CTOMKOCT.

Maprasden MoOBbIIIAET MNPOYHOCTb, CHUXKAET BpEeAHOE BIHMsHHUE cepbl. llpu
coxepkaHuu mapranna > 1,5% cranb CTaHOBUTCS XPYITKOM.

Menb MOBBIIAET MPOYHOCTh, YBEJIMYMBAET CTOWKOCTh HPOTUB KOPPO3UHU.
Conepxxanue mMequ > 0,7% crmocoOCTBYeT CTapeHHMIO M XPYIKOCTH CTajH.

XpoM U HMKeJIb TOBBIIAIOT MPOYHOCTh CTANIN, 0€3 CHUKEHUS TUIACTUYHOCTH
U YJIy4dlIaloT €€ KOPPO3UOHHYKO CTOMKOCTb.

AJIIOMUHUI PACKUCISET CTallb, HEUTpalM3yeT BpeaHoe BiusiHUE Qocdopa,
MOBBIIIAET Y/IAPHYIO BS3KOCTb.

Banaguii u ™Moau0aeH yBEIMYMBAIOT TPOYHOCTh TMMOYTH O€3 CHIDKCHUS
MJIACTUYHOCTH, MPEAOTBpPALIAIOT Pa3ylpPOUYHEHHE TepMOOOpaOOTaHHOM CTald MpHU
CBapKe.

A30T B HECBA3HOM COCTOSIHUM CIIOCOOCTBYET CTAapEHHUIO CTalld, JIENaeT ee
XpYIKOH, MO3TOMY €ro JojixHO ObiThb He Oomnee 0,009%.
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Docdop OTHOCUTCA K BPEAHBIM MPUMECIM TAK KaK, MOBBIIIAET XPYIIKOCTh CTaJIH.

B 3aBucuMocCTH OT BH/1a TOCTABKU CTAJIM MOAPA3ACIAIOTCS HA TOPsIYeKaTaHble U
TepMOOOpadOTaHHbIE (3aKajka B BOJEC U BBICOKOTEMIEPATYPHBIM OTIYCK).

[lo crenenu pacKUCICHUsS CTaTd MOTYT ObITh KHNSIIIUMU, MOJYCIHOKOWHBIMH H
CIIOKOMHBIMHU.

CnokoiiHble CTAJId  WCHOJIB3YIOT TPU  HM3TFOTOBJIEHUM  OTBETCTBEHHBIX
KOHCTPYKIIMH, MOJBEPrarInXcs ITUHAMUYECKUM Bo3aechcTBUsAM. llosaycnokoiinas
CTallb — MPOMEKYTOYHASI MEXKY KHUILAIIEH U CIIOKOMHOM.

1.4. Be10op craJieii 1yl CTPOMTEIbHBIX KOHCTPYKIMA.

BriOop crtanm Bemercss Ha OCHOBE BAapUAHTHOTO MPOCKTUPOBAHMUS M TEXHUKO-
SKOHOMHMYECKOTO aHajgu3a C Y4YEeTOM peKoMeHaanuid HopMm. I[losTomy cuenyet
CTPEMUTHCSI K OOJIbleH YHU(PUKAIIMU KOHCTPYKIIUNA, COKpAIICHUIO YKciia Tpoduiei
U ctajeil. Beibop cTaiiy, 3aBUCUT OT CIIEIYIONINX MapaMeTPOB, BIUSIONUX HA padoTy
Marepuaa:

TEMIIEpaTypbl CPEBI;

XapakTepa HarpyKeHUs;

BHJIa HAIIPSDKEHHOT'O COCTOSIHUS;
croco0a CoeTMHEHUS DJICMCHTOB;
TOJIIIMHBI POKATA.

B 3aBucumoctu OT ycioBuil pabOThl MaTepualia BCE BHJAbl KOHCTPYKIIMI
pa3neneHbl Ha YEThIPE TPYIIIIB:

K mnepBoii rpymnme OTHOCSTCS CBapHble€ KOHCTPYKIIHM, padoTaromue B 0co00
TSDKEJBIX YCJIOBHUAX, MO3TOMY BO3MOXKHO XPYIIKOE U YCTaJOCTHOE paszpyuieHue, K
CBOMCTBaM cCTaliel ISl ATUX KOHCTPYKIMM TPEIBSBISIOTCS HamboJsiee BBICOKHE
TpeboBaHMs.

Ko BTOpoii rpynme OTHOCSTCS CBapHbIEe KOHCTPYKIIMH, paboTaromme Ha
CTaTUYECKYI0 Harpy3Ky IPH BO3AECUCTBUU OJJHOOCHOTO M OJHO3HAYHOI'O JIByXOCHOI'O
MOJIsI PACTATHBAIOIIMX HamNpsbKeHW (Hampumep, (epMmbl, purenu pam, Oaiaku
MEPEKPBITUA U TOKPHITUM U T. [1.), @ TAKKE KOHCTPYKLHMM NEPBOM TPYMNMbl MpH
OTCYTCTBUM CBapHBIX COCIVHEHUM.

OO6muM 111 KOHCTPYKUMM 3TOM TPYNIbI SBJISIETCS TMOBBIIMICHHAS OMACHOCTH
XPYNKOro pa3pyuieHusi. BeposSTHOCTh yCTaOCTHOTO Pa3pyILICHUs MEHBIIIE, YEM JIJIs
IIEPBOM TPYIIIIHL.

K Tperbeil rpynme OTHOCATCS CBapHbIE KOHCTPYKIIMH, paboTaromue Ipu
MPEUMYIIIECTBEHHOM BO3JICHCTBUM CKUMAIOIINX HAMPsHKEHUN (HarmpuMep, KOJIOHHHI,
CTOMKH, OMOPHI MO O0OPYJOBAHUE U JP.), @ TAKXKE KOHCTPYKIIMU BTOPOU TPYMIIBI
IIPA OTCYTCTBUU CBApPHBIX COCAWHECHUM.

B deTrBepTyI0 rpynmy BKJIIOYEHBI BCLIOMOTATENbHbIE KOHCTPYKIIUU U 3JIEMEHTHI
(cBsi3M, dNIEMEHTHI (haxBepKa, JICCTHUIIBI, OTPAXKIICHUS U T. T1.), a TAKKe KOHCTPYKIIUU
TPEThEN TPYNIbl IPU OTCYTCTBUU CBApPHBIX COCIUHEHHM.

Ecnu 11 KOHCTPYKUHM TPETHEW M YETBEPTOU TPYII JOCTATOYHO OTPAHUYUTHCS
TpeOOBaHUSAMU K TPOYHOCTU TMPHU CTATUYECKUX HArpy3KaxX, TO JJISI KOHCTPYKIIHM
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IIEpBOM M BTOPOW TIPYyNI BaKHA OLIEHKA CONPOTUBIICHMS CTadd JUHAMUYECKAM
BO3JICHCTBUSM M XPYIKOMY pa3pyLICHUIO.

B wMarepuanax s CBapHbBIX KOHCTPYKLUHMN 0OS3aTE€NbHO CIEAYET OLEHUTH
cBapMBaeMoCTb. TpeOoBaHUS K 3JIEMEHTaM KOHCTPYKIIMM, HE MMEIOIIMUX CBapHBIX
COEUHEHUM, MOTYT OBITh CHUKEHBI.

B mpenenax KaxaoW Ipynnbsl KOHCTPYKUMH, B 3aBUCHMOCTH OT TEMIIEPaTyphI
AKCIUTyaTallil, K CTAIsIM HPEAbSIBISIIOT TpeOOBaHUS 10 YAAPHOM BA3KOCTH IpHU
Pa3JIMYHBIX TEMIIEpaTypax.

B HOpMax comepKuTCA TIepeyeHb CTAJled B 3aBUCUMOCTH OT TPYIIIbI
KOHCTPYKIIMM M KIMMAaTHYECKOIO panlOHa CTPOUTENIbCTBA.

1.5. Bausinue pasjin4HbIX (paKTOPOB HA CBOMCTBA CTAJIH

Crapenue. [lpu TemmepaTypax HIKe TeMmmeparypbsl oOpaszoBanus deppura
PacTBOPUMOCTb YTJiepoja HUYTOXKHA, HO BCE € B HEOOJBIIOM KOJMYECTBE OH
ocraercs. Ilpu  OmaronmpusTHHIX  OOCTOATENHCTBAX  YIJIEPOJA  BBIAEISACTCA,
pacroJiaraeTcsi MeXIy 3epHamMu (GeppuTa U TPYNIUPYETCS Y Pa3IUUHbIX JTe(EeKTOB
KPUCTAJUIMYECKON PELIETKH.

CrapeHuto  CHOCOOCTBYIOT —  MEXaHMYECKHE  BO3JIEUCTBHS, OCOOCHHO
miacTu4eckue neopmanuu (MEXaHUYECKOE CTapeHHE), TEMIIEPATypHbIE KOJIeOaHus,
MPUBOJIAIINE K U3MEHEHUIO PACTBOPUMOCTH U CKOPOCTH TU(DPy3un KOMIIOHEHTOB
(TemniepatypHoe crtapenue). Ilpu Temmepatype 150-200°C  crapeHue pesko
BO3pPACTaeT.

Haxuen. IloBTopHbIe 3arpyxeHus B mpenaenax ynpyrux naedopmaruii (10
npejesia yupyrocTd) He U3MEHSIOT BUAA IMarpaMMbl padOThI CTalM, Harpy>KeHue u
pasrpyska OyayT MPOUCXOIUTH 0 OJHOM JuHuH (puc.l.2.qa).
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Puc.1.2. luarpammsl AepopMUpOBaHMA CTAIH IIPH MOBTOPHOM HAIrpPy’KeHUM:
a — ¢ npedenax ynpyzux oegpopmayuii; 6 — c nepepwvieom (nocie «Omovixa»);
6 — 0e3 nepepuiea

Ecnu obpazeny 3arpy3uth OO IJIACTHYECKOIO COCTOSHUSI M 3aTEM CHSTH
Harpy3Ky, TO MOSIBSITCSI OCTaTOYHBIE Ne(OopMallUU €, [IpU MOBTOPHOM HarpyKeHUH
oOpa3ua mociie HEKOTOPOro «OTAbIXa» MaTepuall paboTaeT yNpyro A0 YpPOBHs
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npeabiaymero 3arpykenvs. IloBpllienue ympyroit padorsl MaTepuaja B
pe3yJabTare npeallecTBYIOUIed IUIACTHYECKOM JAedopMalud HAa3bIBACTCH
HAKJICTIOM. [Ipn Hakiene HCKa)KaeTcsi aTOMHAas PEUIETKA U YBEIWYMBAECTCS
IJIOTHOCTh JUCIOKauuil. [I1acTUYHOCTh CTaau CHUKAETCS, MOBBIIIAECTCS OMACHOCTD
XPYIKOTO pa3pylIeHHs], YTO HEOIaronpusITHO CKa3bIBaeTCs Ha pabOTe CTPOUTETBHBIX
KOHCTPYKIHH.

Haksienn BO3HUKAET B MpOIIECCe U3TOTOBICHUS] KOHCTPYKIMKM MpU XOJIOAHOU THOKU
AJIEMEHTOB, MPOOMBKE OTBEPCTUM, PE3KE HOKHHUIAMMU.

Bausinue Temnepatypbl. MexaHnyeckre CBOWCTBA CTAJIM ITPU HAIPEBAHUHU €€ JI0
temmeparypsl t =200-250°C mpakTHUeCKH HE MEHSIOTCS.

[Tpu Ttemneparype 250-300°C  mpOYHOCTH CTalU TMOBBIMIAETCS, HO CHUXKACTCS
miacTuyHOCTh. CTallb CTaHOBUTCS Oo0Jiee XPYTKOM.

Harpes cBpimie 400°C  mpuBOAMT K pe3KOMY MAaJCHUIO Mpejaesia TeKy4eCTH U
BPEMEHHOr0 comnpoTtuBieHus, npu t = 600-650°C  HacTymaeTr TeMmmepaTypHas
IUIACTUYHOCTh M CTallb TEPSIET CBOK HECYILYIO CIOCOOHOCTD.

IIpyn oTpHLATENBHBIX TEMIEpATypax MPOYHOCTh CTAJIM BO3PACTACT, BPEMEHHOE
COMPOTUBIIEHUE U TMpeled TEKyuyecTH CONMKAIOTCS, yJIapHas BSA3KOCTb MaJlaeT U
CTaJb CTAaHOBUTCA XPYNKOM.

CKJIOHHOCTh CTany K XPYNKOMY pa3pyLIEHUIO IpPH HU3KUX TeMIeparypax
3aBHCUT OT BEJIMYMHBI 3€pHA (MEJIKO3EPHHUCTBIE CTajd JIydllle CONPOTUBIISAIOTCA
XPYIKOMY pa3pylLICHUIO U UMEIOT 00jiee HU3KUM MOPOT XJIaJHOJIOMKOCTH), HATMYUS
BpelHbIX TmpuMecet (docdhop, cepa, azor, BOJIOPOI), TOJIIMHBI MpoKaTa
(MaciTaOHbIN akTop).

Haunboiiee CKIIOHHBI K XPYNIKOMY Pa3pyLICHUIO KUTAIIME CTaJH.

1.6. Buasbl pa3pyumeHui

Pa3pymenue meramna B 3aBUCMMOCTH OT CTEIEHHM PAa3BUTHUS TJIACTUUYECKUX
nedopMaIfii MOXKET OBITh XPYIKUM HIIN TUIACTUYHBIM (BS3KUM).

Xpynkoe paspylieHHe MPOUCXOAUT IyTeM OTphiBa (puc.l.3,a), 6e3 3aMeTHBIX
nedopmanuii, BHe3anHo. [nactruueckoe paspylieHue siBAsSETCs pe3yabTaTOM CIIBUTA,
COTMPOBOXKIAETCS  3HAYUTENIBbHBIMUA  JedhopMaIusiMi, KOTOpbIE MOTYT  OBITh
CBOCBPEMEHHO OOHApY)KEHBI, M IMMO3TOMY MeHee omacHo (puc.l.3, 6).

OnuH ¥ TOT XK€ MaTepua; MOXKET pa3pylmaThCs XPYNKO M IJIACTHYHO (BSI3KO) B
3aBUCUMOCTH OT YCJIOBHA pabOThl (BUI HANPSHKEHHOTO COCTOSHUS, HATHMIUS
KOHIICHTPATOPOB HANPSDKCHHUM, TeMIlepaTypa 3KCIUTyaTalluH).

[Tpu oTpeIBe pa3pymiacTcs Me)aTOMHAs pelIeTka. 3Has CHUJIbI CHETIICHUS MEXIY
aTOMaMH, MOYKHO OTPEIEIUTh NMPOYHOCTh KPHUCTaJIa MPH OTPBIBE, KOTOpas paBHA
npubmmsutenbHo 3300 kH/cm?.

CaBUHYTH OJHY YaCTh KpPHCTAJIJIa OTHOCUTEIBHO JAPYroi 3HAYUTEIBHO JIeTYe, TaK
KaK KacaTeJIbHbIE HAIPSHKEHUS, KOTOPbIe HEOOXOAUMO MPUIIOKHUTH JJISI CMEIICHUS
cocraBisitor okoso 1300 kH/cm? (puc.1.3,6), uTo HamHOTO OOJBIIE Mpesena
TEKY4YECTH PeabHbIX MaTepHaJIOB.
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Puc.1.3. Buabl pa3pyumeHus:
a - ompulg;, 6 - cpes; 6 - cxema CMeujeHuss amoMHbIX ClI0e8 Npu coguze; 2 - ouazpamma pabomol
mamepuana, 1 —niockoe ckonvoiceHue, 2 — @a3koe paspyuieHue, 3 — Xpynkoe paspyuieHue

1.7. Padora MeTaJi1a 1104 HATPY3KOM

PaboTy cTanm mpu 0JHOOCHOM HAMPSHKEHUH MOYKHO TPOCIICAUTH MO UCIIBITAHUIO
oOpasznia Ha pactsikeHus (puc.l.4.).

B craguu 1 no npenena nponopuuoHanbHOCTH O, CBSA3b MEXKIY HAIPSIKEHUEM U
nedopmanusaMu noguuHsieTcss 3akoHy ['yka (O=FEg) — 3T0 cTanus ynpyroi paboThl.
Hedbopmanyi  NPOUCXOAST 3a  CUET  yOPYro  BO3BPATHBIX  HMCKAKCHHIM
KPUCTAJUTMUECKOM PEIIeTKH M WCYE3al0T TMOCJE CHSITHS HArpy3KH.

o
1 L L
CTALIHR CAMGYRPOVHEHMA
/ NS
\
NNOWAAKA / "] 1 -
TexvuecTw | 2 : — """--l }\‘
3 r= CTAAWA OEPA3OBAHHA
6% | WEAKW U PA3PHIB Q’
N
‘Q 4

CTAAKA N ]

YNPyro# NN

PAEOTH NN

N J
N
] ¢
L. BOIBPATHBE JECOPMALNK
“LOCTATOUHBIE AESOPMALLUK
L NONMLIE AESOPMALIUH

Puc.1.4. luarpamma pacTszkeHusi CTAJIH M 00pa3oBaHMe MIeiiKH
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[Ipyn nanpHeWIIeM yBEIMYEHHHM HArpy3ku (CTaausi 2) MOSABISIOTCS OTHAEIbHBIE
CABUTH B 3epHax (Qeppura, AUCIOKALUM HAYMHAIOT CKAIUIMBATHCA OKOJIO TPaHUIL
3epeH; MpsAMas MPOMOPIMOHAIBHOCTE MEXKIY HANpsDKeHUsIMU U JedopmanusMu
Hapymaercss (y4acTOK YIPYro IUtacTHdeckoil pabotsl Mexay O, u  O)).
[Tocnenytomee yBelMYEHHE HANPSHKEHUNW MPUBOAUT K WHTEHCUBHOMY JBUKEHUIO
JTUCIIOKAIIM M YBEJIMYEHUIO WX IUIOTHOCTH, Pa3BUTHIO JIMHUW CHBUTa B 3€pHax
depputa; aepopManMM pacTyT IMpU TOCTOSIHHOW Harpy3ke. Ha aumarpamme
MOSIBJISIETCSL TUIOIIAJIKa TeKydecTu (ctaaus 3).

[IpoTsKEHHOCTh IUIOMIAJKA TEKYYECTH HU3KOYTICPOAUCTBIX M HEKOTOPBIX
HU3KOJICTUPOBAHHBIX CTaliel coctamiseT 1,5 — 2,5%.

Pa3Butne gedopmaruii mpoucXoauT B pe3yibTaTe yIpyroro 1epopMUPOBAHUS U
HEOOpaTUMBIX TUIACTUYECKUX CABUTOB. [IpuM CHATMM Harpy3ku yrpyras 4YacTb
aedopmarii mcuesaer, a HeoOpaTHMas OCTaeTcs, NPHUBOAS K OCTATOYHBIM
nedopmanusaM  (IMHUS pas3rpy3Kd HJIET MapajuiellbHO YOPYrod YacTu JIMHUU
Harpy3Ku).

JanpHeliee pa3BuTHe AepopMali CAEPKUBAETCA Yy TpaHMIl 3epeH. JIuHuu
C/IBUTa UCKPUBIISIOTCS, JBMKEHHUE JUCIOKAIMM 3aTPYAHSIETCS, U pocT aedopmannii
BO3MOXXEH TOJBKO TPU YBEIMYEHUU HArpy3ku (cragus 4 — camMOylpOYHEHHE),
MaTepuan paboTaeT Kak yNpyromiacTUYeCKHil.

[Tpu HanpskeHUsX, OIM3KUX K BPEMEHHOMY cONpOTUBIEHUIO (O,) MPOI0JIbHBIE U
nornepeyHble edopmanuu JIOKaIU3yloTcsl B HanOosee ciaboM Mmecte, U B 00pasiie
oOpazyercsi mieiika. Ilnomanbs cedeHus MIEHKM MHTEHCUBHO yMEHBIIAETCH,
HAIPSDKEHUSI B MECTE CY)KEHHS PacTyT, IOATOMY, HECMOTpsI Ha TO, YTO Harpy3Ka Ha
oOpaszel] CHIKAeTCsl, B MecTe 00pa30BaHMsI MIEHKN HAPYIIAIOTCS CUJIBI MEKATOMHOTO
CuernyieHuss W TPOUMCXOIUT Pa3phIB.

[Tnomanka Teky4ecTd CBOMCTBEHHA CTalsiM C cojeprkanuem yraepoza 0,1-0,3%.

[Ipu paboTe KOHCTPYKIIMU B YINPYrOIJIACTUYECKOW OOJACTH Juarpammy paOoThl
cramu O - & MOXHO YHPOCTHTh B CTOPOHY HEKOTOPOIO 3amaca U 3aMEHUTH
UJeaM3UPOBAaHHON  JAMAarpaMMoOM  yNpyrormlaCTU4ecKoro Tejia, COBEPILIEHHO
yOpyroro 10 TMpefeia TEeKy4eCcTH M COBEPIIEHHO IUIACTUYHOIO II0CJIE€ HEro
(muarpamma Ilpanarns, pwuc.l.5.).

6

™Y

Puc.1.5. UneaausupoBanHasi AmarpaMma padorhbl CTaau
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[Tpu cxxaTum KOPOTKUX 0Opa3LoB, KOTOPbIE HE MOTYT MOTEPSTh YCTOMYUBOCTbD,
CTaJlb BeJleT ceOsl TakKe KaK U MPU PACTSHKEHUH, T.€. peiel MPpOnopLUUOHATbHOCTH,
npenen TeKy4eCcTH W MOJYJib YIPYrOoCTH COBIAJAIOT.

Opnako pa3pymidTh NOpH CXKATHM KOPOTKHE 0Opasiibl, H3TOTOBJICHHBIC W3
IUTACTUYECKOW CTalM, U ONPEACIUTh BPEMEHHOE COMPOTUBIIEHUE HE MPECTABISETCS
BO3MOXHBIM, TIOCKOJIbKY 00paszel] CXKHUMaeTcs W B KOHEYHOM pe3yJibTare
pacCIUTIONIMBAETCs. BhICOKONpPOUHbIE CTalld, ¢ MOHM)KEHHOW TUIACTUYHOCTBIO, MOTYT
pa3pyuiaTtbcsl M0 HAKJIOHHOMY CEYEHHIO OT Cpe3a.

Tak xak B ympyroul m ympyromaacTHUECKON cTaausix paOoThl cTajab BeAeT cels
IpU PAaCTSHKEHUHM W CKaTUM OJUHAKOBO, TO COOTBETCTBYIOIIHME XapaKTEPUCTHKU
NPUHUMAIOTCS TaKXe OIMHAKOBBIMHU.

[loBpilIeHHAasT Hecyllas CIOCOOHOCTh MpPH CXATHH HEKOTOPHIX OOpas3IloB B
00JIacTH CcaMoO YIPOUYHEHUSI MCIOJIb3YeTCS IMpU padoTe CTadu Ha CMSTHE.

[Ipu pabore Marepuana B yHOPYrol CTaguM TIOBTOPHOE 3arpyKEHUE He
oTpaxkaercs Ha paboTe, MOCKOJbKY yHpyrue aepopManuu OOpaTHUMBI.

[Ipy mMOBTOPHOM HArpy>KEHHH MeTallyla B YIPYrolulacCTUUYEeCKON o0jacTu
BO3HUKAET HaKJeN. YBEIU4MBaeTcsa OO0JacTh yHpyrod paloThl, a MIACTUYHOCTb
nagaer. Crtanb CTaHOBUTCA OOJee XPYHKOM.

MHOTOKpaTHOE MOBTOPHOE HATPYKEHUE MOXET MPUBECTU K Pa3pyLICHUIO IIPH
MEHBIINX HANPSDKEHUSAX, YEM BPEMEHHOE CONPOTUBIICHUE U 1aXKe MPeNes TEKYyUeCTH.
DTO0 sIBJIEHUE HA3bIBAECTCA YCTAJOCTHIO METAJLIA, & PA3PYLIEHUE — YCTATOCTHBIM.

CnocoOHOCTh MeTalia COMPOTUBIATHCS YCTAIOCTHOMY Pa3pyIICHHUIO HA3bIBAECTCA
BbIHOCJIMBOCTbI), a HANpsDKEHHs, MPU KOTOPBIX MPOUCXOIUT pPa3pyLIEHUE —
BHOpPAMOHHOI NPOYHOCTBIO O

VYcranoctHoe  paspylieHUE OPOUCXOJUT  BCIEJACTBUE HAKOIUJIEHUS  YHUCIIA
JUCIOKAIMI TPU KaXKJOM 3arpyK€HUU U KOHIEHTPALMH MX OKOJIO CTBIKOB 3€pPEH C
MOCJEAYIOIUM CKOIUIEHMEM B OOJIbLIME TPYMIbl, YTO MNPUBOAUT K PBHIXJICHUIO
MeTajjia B 3TOM MeCTe€ U 00pa30BaHHIO TPEIIUH, KOTOPhIE Pa3BUBAsCH, MPUBOIAT K
pa3pbiBy. [lpum Kkaxaom HarpykeHMH JAeQopMmalii B MOBPEKICHHOM MECTe
HapacTatoT. JIMHUM pa3rpy3Ku HE COBMNAJAIOT C JIMHUAMU Harpy3ku, oOpasys neTiu
ructepesuca (cMm. puc.1.2,6). Ilmomans mneTiMm XapakTepu3yeT HHEPTHUIO,
3aTpavyeHHYI0 MPHU KAXKIOM IMKJIE HAarpy3Ku Ha 0Opa30oBaHHE HOBBIX HECOBEPIIECHCTB
B ATOMHOM CTPYKTYpE U IUCIOKALMKA TaM, IJe 00pa3yroTcs TPELMHbI, METaJ KaK Obl
nepeTupaercs, oopasys TJIaJIKUe UCTEPTbIE MOBEPXHOCTH, 3aTEM TPEIIMHA OBICTPO
pa3BUBAETCA U MPOUCXOJIUT Pa3phIB.

BubpanonHasi mpoYHOCTh 3aBUCHUT OT YHMCJIA LUKIOB 3arpyxeHus (puc.l.6.) u
BUJIa 3arpyXEHUS.

[Ipu OonbIIOM 4Mclie IUKIOB KpUBas BUOpaIMOHHOW TpoyHocTH (KpuBas Ben
Jlepa) acumMmeTrpudecku NpUOIMKAETCS K HEKOTOPOMY IMpejelly, Ha3bIBAEMOMY
npeaesioM BbIHOCAMBOCTH (ycTanoctd). OOBIYHO TMPOBOIST 2x10°  upkiOB
Harpy>keHusi, 4ToObl ONPEIENIUTh BBIHOCIMBOCTh, TaK KaK MEHBIIEEC KOJIUYECTBO
IUKJIOB Majo OTJIMYAeTCs OT Mpeiesia YCTaJIOCTH.

AJIOMUHUEBBIE CIUIaBbl HE HMMEIOT Ipelesia yCTaJoCTH, U UX BUOpAlMOHHAS
MPOYHOCTh MPU YBEIWYEHUHM YHUCIA IUKIOB IMOCTOSIHHO CHIKaeTcsi (cM. puc.l.6).
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bonpmioe BiMsHHME Ha YCTAJOCTHYIHO HPOYHOCTh OKa3bIBa€T KOHILIEHTpaLus
HanpspbkeHuil. Tak npu KpyrioMm oTBepcTud (kpusas 3, puc. 1.7) npenen ynpyroctu
cHkaercs B 1,4 pas3a, a mpu OCTPOM KOHLIEHTparope (KpuBas 7) OKOJIO Hayaja
¢nanrosoro mmBa - B 3,5 pasa.

[IppuMeHeHne BBICOKONPOYHBIX CTAJIEd B KOHCTPYKLUAX, ITOABEPTarOIIMXCs
MHOTOKPAaTHOMY BO3ZIEHCTBHIO IIOBTOPHBIX HArpy30K, HE BCErJa ONPAaBIbIBACTCA I10
HKOHOMUYECKUM COOOPaKEHUSIM.

3HAUYUTEIBHOE CHIKEHHE YCTAJIIOCTHOW MPOYHOCTH HAONIOJAETCA AAKE IpH
HEOOpaOOTAHHBIX TOCIE OTHEBOW PE3KM WIM TUIbOTHHHBIX HOMKHHUIL KPOMOK
neranei. Iloaromy Kpomku ciexyer oOpabaThiBaTh MEXaHMUYECKUM CIOCOOOM.

Oc00EHHO 4yBCTBUTENIbHBI K KOHUEHTPALMK HANPSKEHUN CTAIM TMOBBIIIEHHON U
BBICOKOW IPOYHOCTH.

[1IOBBICUTh YCTAIOCTHYI0 NPOYHOCTh KOHCTPYKLIIMH MOKHO HYTEM CHH)KEHHUSA
KOHIIEHTpAllUN HAaNpspKeHU (MexaHuuyeckas oOpaboTKa KpPOMOK, 3aYMCTKa IIIBOB,
o0ecrieyeHrUe IUJIaBHOTO HM3MEHEHUs CEYeHUs U T. [.), CO3JaHusi B MecTax
KOHLICHTpAlMM HAIPSDKEHUM CXKaTus, HalpuMep, C IIOMOINBKD HarpeBa MECT
KOHLEHTpALUH, IPEABAPUTEIBHON BBITSKKON KOHCTPYKIUI, 0OKAaTKOM MOAKPAHOBBIX
OaJloK KpaHaMy C JOIYCTUMOW NEperpy3kod M T. 1.

S5} &, xHfem?
30 29
W !
25 il E ’
20 7‘% P 4 2
‘,-". ' d g ’!
15 /fg/"s ,I
Jawe T | |87
65«:7' 10 ZJ)
5 F.T,af"ﬂ
-1 QX5-05-025 0 025 85 875 7
Puc.1.6. 3aBucUMOCTH BuOpaunonnoii  Puc.1.7. 3aBucumocThb npeaesia ycrajaocTa
NPOYHOCTH O,, OT YHCJIAa HUKJIOB N i OT KO3(ppuuuenta
cramu (1) M ATIOMHHNEBBIX CILIABOB (2) 1 — cmany C255 ¢ neobpabomannoii nosepx-

HOCmblO, npeodradaem pacmsadicenue; 2 — mo
Jce, npeoodnaoaem cocamue; 3 — cmanp C255,
nonka c omeepcmuem (npeoonadaem pacms-
acenue); 4 — cmanv C235 ¢ neobpadomannoii
noeepxHoCmuv0, npeodaadaem pacmsaicenue;
5 — cmanv C255, ocnoenoit memann o0Kono
C6apHO20 HeoOpadomannoz0  coeOuHeHus
ecmbuik; 6 —mo odce, ona cmaau  C345;
7 — cmans C 255, ocnoenoli memann y Hauana
dnanzosozo wmea; 8 — mo »nce, cmanv C345
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1. Pa3BuTHe MeTayNIMYECKUX KOHCTPYKIMH, OOmIasi XapaKTepuCTUKa, 00JacTh
NPUMEHEHHS, TOCTOMHCTBA M HemoctaTku (ctp.l1-9).

2 . Kak BeiOuparor cramu npu npoektupoBanuu? (9-10; 12-13).

3. TpeOyembie CBoOiiCTBa METALIOB W WX oreHka (crp.10-11).

4. Knaccudukamus cranedn (ctp.11-12).

5. Kakue ¢dakropbl BAuMsIOT Ha cBo¥icTBa cranmu? (ctp.13-15).

6. Kakue Bumwl paspymienus meramia? (ctp.l5).

7. Kak  paboraer  wmeTa/sl  MOJ  HAarpy3kod  NpU  OJHOKPATHOM
HarpyxeHuu?(ctp.16-17)

8. Uro Takoe ycrtanocte Mmeramia? Kakue Mepbl NMPUHUMAIOT IS MOBBIIICHUS
ycTalocTHON mpounoctu? (ctp.18-19).

9. Uro BimMseT HA CHIKEHUE YCTATIOCTHOW mpouHOCTH? (cTp.19).

PA3JEJ 2. OCHOBbI PACHETA METAJUVIMYECKHX
KOHCTPYKIIMHN

2.1. OcHOBHBIE TOHATHUSA U ONpeaeTeHUs

[IpoekTHpoBaHMEe METAUIMYECKUX KOHCTPYKIIMM — MHOTO3TAHBIA IIPOLECC,
BKJIFOYAIONIUN B ceOsi BbIOOP KOHCTPYKTUBHOW (DOpMBI, pacduer U pa3pabOoTKy
yepTeKel i1 M3rOTOBJICHUS U MOHTaKa KOHCTPYKIUH.

Lenpto pacyeTa SIBIASETCS CTpPOroe OOOCHOBAHME rabapuUTOB KOHCTPYKLHUHU, €€
pa3MepoB TMOMEPEUYHbIX CEYEHUH U HMX COCIUMHEHUH OO0ECreYMBAIOIIMX YCIOBHS
JKCIUTyaTalliM B TEYEHHE BCEro CpokKa C HEOOXOAMMON HAAECKHOCTBIO H
JIOJITOBEYHOCTHIO TPY MUHUMAJIbHBIX 3aTpaTax MaTepHUalioB U TPyAa Ha UX CO3/IaHUE
Y AKCIUTyaTaluio. T TpeOOBaHMS YacTO MPOTUBOPEYAT APYT APYry (MUHUMAIBHBIN
pacxol MeTajlla M HaJeXKHOCThb), MO3TOMY pPEAIbHOE INMPOECKTUPOBAHME SIBIISAECTCS
IIPOLIECCOM TOMCKAa KOHCTPYKTHUBHOT'O ONTHMAJIBHOIO PEILICHHUS.
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Pacyer cOCTOMT M3 CJeAYIOINMX ITANOB: YCTAHOBJICHUSI PACYETHOM CXEMBI,
cOOp HArpy3oK, omnpeJeJieHHsi YCWIHN B 3JIEMEHTAX KOHCTPYKUMH, MOAOOp
CeYeHMH M TMpoBepKa JONMYCTUMOCTH  HANPSKEHHO-1e()OPMHPOBAHHOIO
COCTOSIHMSI KOHCTPYKUMH, €€ JIeMEHTOB U COeJIUHEHUI.

KiroueBbiMH clIOBaMM B pacyeTax METAUIMYECKHX KOHCTPYKUUN SBISIOTCS
“mpenenbHbIE COCTOSAHUS , ‘“‘pacyeTHasl Harpyska’, “pacuye€THOE COIPOTHUBIICHUE ,
“HallIe)KHOCTH,  “yCTajmoCcTh’, “ONTUMaJBbHBIA mapaMeTrp’, “KOHCTPYKTHBHOE
ONTHUMAJIbHOE pelIeHue” U T.[.

Yxe ormedanmoch, 4Tto A0 1951r. pacduer MeETAIUIMYECKUX KOHCTPYKLIMMA
MIPOU3BOAWIICS IO JIOMYCKA€MbIM HANpSKEHUSM C HCHOJIb30BAHUEM E€IUHOIO
koad¢uimenTa 3amaca. B 1951r. BBIXOAST HOBBIE CTPOUTENbHBIE HOPMBI U MIPaBUIIA,
OCHOBAaHHbBIE HA METOJE MPEACIbHBIX COCTOSIHHI, I'/I€ BMECTO OAHOTO MCIIOJIb3YOTCS
Tpu Kod(¢uimenTa, 000OCHOBAHHbIE METOJaMU MaTeMAaTUYECKOW CTaTHUCTUKH.

JIOCTOMHCTBOM METOAMKH JOMYCTUMBIX HANPSKEHUH SIBISETCS MPOCTOTA, HO 3Ta
METOJIMKAa HEJAOCTATOYHO TOYHO YUYUTHIBAeT (HaKTOpbI, BIMAOIIME HAa padoTy
KOHCTPYKIMHU. BeposATHOCTHBIE METOABI CIMIIKOM CJOHBI JUIsI TOBCEIHEBHOU
WHXCHEPHOW NpakTUKHU. I[IpumMeHeHWe WHX ONpaBlaHO IpU NPOEKTHPOBAHUU
YHUKAJIBHBIX, OTBETCTBEHHBIX COOPYKEHHUM.

[To3TOMYy ONTHUMaJIBHOW CUMTAETCS METOAMKA IPENENIBbHBIX COCTOSHUM, KOTOpas
npocTa U HayyHO OOOCHOBaHA.

2.2. OcHOBHbIC I0JIOKEHHMSI PacyeTa METAIMYECKHX KOHCTPYKUMM

IIpeneabHbIM Ha3bIBAETCA COCTOSIHHE KOHCTPYKUHH, NPH KOTOPOM OHA
nepecTaer yJIOBJETBOPATH IKCIIYATAIMOHHBLIM TPeOOBaAHUSAM.

B cooTBeTcTBHM C XapakTepoM TpeOOBaHH, MPEAbABISAEMbIX K KOHCTPYKIUH,
Pa3jIMyal0T NepBoe U BTOpoe mpeaeabHoe cocTosiHusl. CyliecTByeT MHOKECTBO
NPUYUH MPUBOJALIMX KOHCTPYKIMIO B MpefesbHoe cocTosiHue. [loaTtomy B HOopmax
MPOEKTUPOBAHUS OHM (UTYPUPYIOT KaK TPYMIbI MPEAETbHBIX COCTOSHUM.

IlepBasi rpynna BkJtoyaeT B ce0s MOTEPU HECYLIEH CHOCOOHOCTH M MOJHYIO
HENPUTOJTHOCTh KOHCTPYKLUHU K IKCIUTyaTallMd BCJEACTBHE MOTEPU YCTOWYUBOCTH,
paspylleHusl MeTajlja, KauyeCTBEHHOI'O H3MEHEHUS KOH(PUrypaluu, 4pe3MEepHOTro
pa3BUTHS TUIACTUYECKHX JAe(opmarinii.

Bropasi rpynma npenenbHBIX COCTOSIHMM XapaKTepU3yeTcCsl 3aTpyIHEHHUEM
HOPMaJbHOM OKCIUTyaTallud COOPY)KCHHW WM CHIDKEHHEM  JOJITOBEYHOCTHU
BCJICICTBHE TIOSBJIICHUSI HEIOMYCTUMBIX TMEpeMeIIeHni (MporudoB, OCaJ0K OIop,
VIJI0B MOBOPOTa, KOJEOaHWH, TPEHIMH U T.II.).

Pacuetnpie Gpopmyssl as moadopa cedeHnid U MPOBEPKU HECYIIEH CIIOCOOHOCTH
KOHCTPYKLUMU TIO TIEPBOMY IMPEAETBHOMY COCTOSIHUIO HCXOISAT M3 OCHOBHOIO
HEpaBEHCTBA

N<S, (2.1)
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rnie N — mnpenenbHOe Haubonbliee YyCUIME B KOHCTPYKIIMH, BBI3BIBAEMOE BHEITHUMU
BO3JICUCTBUSIMU; S — TpeNebHas HeCcyIas CoCOOHOCTh KOHCTPYKIIUU, 3aBUCSIIAS OT MPOYHOCTH
MaTepuaia, pa3MepoB MOMEPEYHOT0 CEYCHUS U YCIOBUI paOOThI KOHCTPYKIIUH.

B TeueHue Bcero cpoka JKCIUTyaTallMd KOHCTPYKIMM BHEIIHHUE BO3JCUCTBHS
MOTYT MeHATbCS. HauOompmive uX BEJIWYMHBI BCTPEYAIOTCS JOCTATOYHO PEAKO,
MIO3TOMY HauOOJIbIIME HArpy3Kd MPEAYyCMOTPEHbI HOPMATUBHBIMU JOKyMEHTamu. B
COOTBETCTBUM C 3TUM B HOpMax IPOECKTUPOBAHUS PA3JIMYAIOT PACUETHHIC BEJIUYUHBI
BO3JEWCTBUSI F W HOpPMatuBHbIE F,, KOTOpbIE CBSI3aHBI MEXIY COOOIl

no

KO3 (UIIMEHTOM HAJECKHOCTU O Harpyske y,, T.e. F=F -y,.

HopmartuBubie Harpysku ompenenstorcs no CHull 2.01.07-85 “Harpysku u
BO3JICUCTBUA .

Jlns  ompeneneHus  pacyeTHOM  HArpy3Kd  3aJar0TCs  00ECIeUEeHHOCTHIO
W(Fo)z 0,999, T.e. momyckaercst Bcero 0,1% ciryyaeB MmpeBbILIEHUS 3TOM HAarpy3Ku 3a

BECh IMEPHOJ] OJKCIUTyaTallil COOPYKEHHA. 3ajaBas JIOCTaTOYHO BBICOKYIO
00eCIeYeHHOCTh PACUE€THON HAarpy3KH, OMPECNISIOT €€ 3HaUeHHEe, a CIeOBATEeIbHO,

KOO PUITMEHT HANIEKHOCTH IO HArpy3Ke y, :% :

OOBIYHO HA KOHCTPYKIIUU JCUCTBYET OJTHOBPEMEHHO HECKOJIbKO BUIOB Harpy3oK.
[ToaToMy M cymMmapHOE BO3JCHCTBHE BCEX PACUETHBIX HArpy30K JIOJDKHO HMETh
CTATUCTHUYECKYI0 H3MEHYMBOCTh. YeM OoJbllle OJHOBPEMEHHO JICHCTBYIOIIMX
Harpy30K YYUTBIBACTCS B pacdyeTe, TEM MEHBIIE BEPOSATHOCTH IPEBBIIMICHUS WX
MaKCUMaJIbHOTO CYMMAapHOTO BO3JCHCTBUAI.

B Meromuke TmpeAcnbHBIX COCTOSHUH 3TO y4YWTHIBaeTcs KoddduimeHTom
COUeTaHMH w <1, Ha KOTOPHIA CIEIyeT YMHOXATh KaXKIYI0 U3 CyMMHPYEMBIX
Harpy3ok. Cormacao CHull 2.01.07-85 3Hauenuss Kod(pPUIIMEHTOB COYETAHUIA
koneomotcss ot 1 mo 0,6 u MeHee st OCOOBIX CIIy4aes.

JIJist TAKMX COOPYKEHUM KaK aTOMHBIC DJIEKTPOCTAHIINH, TEJICBU3MOHHBIE OaIHu,
KPBIThIC CIOPTUBHBIE U JAPYTHE COOPYKEHHs, UMEIOIINE 0CO00 Ba)KHOE 3HAUCHHE
(xmacc 1) BBoauTCS KOY(PHUIIMEHT HAACKHOCTU O OTBETCTBEHHOCTH ,, KOTOPBIH

3agaercs B npenpenax 0,95 no 1,2 gnst coopykeHUWd MEPBOro Kjacca, JJIsi BTOPOTO
kmacca 0,95, mms mpounx 0,8 - 0,95.
Torna neByro yacTh HepaBeHCTBA (2.1) MOXKHO 3amucaTh

N:?’nani?/ﬁ‘//iai <ARnyclym=3S (2.2)
i1

rae ¢«; - 4uciio BJIMAHMA, T.C. YCHUINE B KOHCTPYKTHBHOM DJJIEMEHTC OT GJII/IHI/I‘IHOP'I BHEIITHEH

Harpy3ku; M - 4ucio Harpy3oK, y4UThIBAEMBIX OJJHOBPEMEHHO B Pa0OTE KOHCTPYKIIHMH.
[IpaBas yactb HepaBeHCTBA (2.1) BbhIpakaeT MpeaeabHyI0 HECYIYI0 CLIOCOOHOCTD

KOHCTPYKIIMH, 3aBUCSIIYID OT CONPOTUBISAEMOCTH MAaT€pUAJIOB  BHEIIHUM
BO3JCHCTBUSIM (HArpy3Kam).
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Kpome Toro, B pacuer BBOASTCA NOHSATHUS HOPMATHUBHOTO COMPOTHUBIICHHS
MaTepuasia R, M pPacuyeTHOIO COMPOTHUBJICHHS R, KOTOPBHIE CBSI3aHBI MEXIY COOOM

KOA(h(UIIMEHTOM HAJAEKHOCTH MO0 MaTrepuaiy y, COOTHOIIEHHeM R=R [y, .

HopmatuBnoe compotuBnenue pernamentupyercs CHullom  11-23-81*% nu
cooTBeTrcTBYOmuMHU ['OCTamu.

2.3.Kinaccupurkanusi HATPy30K U MX COUYETAHUM

[Ipu MeToaumKe MpeneNbHBIX COCTOSHUM BCE HArpy3Kd KiacCU(PUIIMPOBAHBI B
3aBHCUMOCTH OT BEPOSITHOCTH WX BO3JICMCTBUS HA HOPMATHBHBIC U PacCyeTHbIE.

[Io npu3Haky BO3AECHUCTBUSA HATPY3KH Pa3ACISAOTCA HAa IMOCTOSIHHbIE U
BpemeHHble. [lociennue MOTyT OBITh JJIMTENBHOTO U KPAaTKOBPEMEHHOTO
BO3JICHCTBUSL.

Kpome Toro, ecte Harpy3ku, KOTOPbIE€ BBIAEISIOTCA B pa3psl 0COObIX HATPY30K
A BO3JICUCTBHM.

IlocTosiHHBIE HArpPy3KM — COOCTBEHHBIH BEC HECYIIMX M OrpaKIarolInux
KOHCTPYKIIMHK, JABJICHUE TPYHTA, MPEABAPUTEIIBHOE HAIPSKECHUE.

BpeMeHHble JJUTEIbHbIE HATPY3KH — BEC CTAIMOHAPHOTO TEXHOJIOTHYECKOTO
000opyIoBaHUs, BEC CKIIAJIUPYEMBIX MaTEPHAIOB B XpaHWIHUINAX, JABJICHHE Ta3oB,
KHUIKOCTEW M CHIIYYHX MaTEpHAJIOB B E€MKOCTSAX U T...

KparkoBpemeHHbIe HArpPy3KM — HOPMAaTHBHBIE HAarpy3kd OT CHEra, BETpa,
MTOJABMYKHOTO TTOABEMHO-TPAHCIIOPTHOTO 00OpYI0BaHMSI, MAaCChl JIIOACH, )KUBOTHBIX
A T.I.

Oco0ble HArPY3KHM — CEICMUYECKHUE BO3/ICUCTBHS, B3PBIBHBIE BO3/ICHCTBUS.
Harpy3ku, BO3HMKaromue B TMPOLECCE MOHTaXa KOHCTPYKIIHMN. Harpysku,
CBA3aHHBIE C TMOJOMKOM TEXHOJOTHMYECKOro 000pyJoBaHUs, BO3JICVCTBUA,

CBA3aHHBIE C AedOpMALMSIMU OCHOBAHUS B CBS3U C U3MEHEHUSIMH CTPYKTYpPbI TPYHTa
(mpocagouHble TPYHTHI, OCaJKa TPYHTOB B KapCTOBBIX pailOHaX M HaJ MOJ3EMHBIMU
BBIPaOOTKaMM).

CymectByer uHOrAa TepMUH ‘“‘nosie3Has Harpys3ka”. Ilosie3HoM Ha3bIBarOT
Harpy3Ku, BOCHPHITHE KOTOPBIX COCTABIISIET LIEJIBHOE HA3HAYEHHE COOPYKEHUH,
HaIpuMep, BeC JItoJeH A nemexo Horo Mocta. OHu ObIBatOT Kak BPEMEHHBIMHU, TaK
U TIOCTOSIHHBIM, HAlpUMEp, BEC MOHYMEHTAJbHOIO BBICTABOYHOI'O COOPYXEHUS
SBJISIETCSI TIOCTOSIHHOM Harpy3kod Juisi moctamenta. Jlns ¢yHIaMeHTa Bec Bcex
BBILIEJICKANMX KOHCTPYKLUN TaKK€ NPEICTaBIIAET IMOJIE3HYIO HArpysky.

[Ipn nelicTBUM Ha KOHCTPYKLHIO HECKOJBKUX BHUIOB HArpy30K YCHUJIMSA B HEW
OMPENENSAIOTCA KaK MPU CaMbIX HEOJIaronpHUsATHBIX COUYETAHUSX C HCIOJIb30BAaHHUEM
KO3 UIIMEHTOB COYETaHUN y .

B CHulle 2.01.07-85 “ Harpy3ku u BO3A€UCTBUS” pPa3INyaloT:

OCHOBHBbIC COYETAHMS, COCTOSAIIME U3 MOCTOSIHHBIX U BPEMEHHBIX HArpy30K;
0co0ble COYETAHMS, COCTOAIINE U3 MOCTOSHHBIX, BPDEMEHHBIX U OJHOW M3 OCOOBIX
Harpys3ox.
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[Ipy OCHOBHOM COYETAHHMH, BKJIIOYAIOIIEM OJHY BPEMEHHYIO Harpysky,
koadduirienT coueranuit w =1. Ilpu OonbplieM uYKcae BPEMEHHBIX HAarpys3ok,

MOCJIETHUE YMHOXAIOTCAd Ha KOX(P(OUIMEHT coueTaHuil y <1.

B 0co0pIx codeTaHusX BpEeMEHHBIE HArpy3Kd YUUTBIBAIOTCA C KO3(DPHUIMEHTOM
coueTaHuii y <1, a ocobast Harpy3ka - ¢ kodpduuuentom y =1. Bo Bcex BHaax

COUETAaHUU TIOCTOSIHHASI Harpy3ka umeeT Kod(pQuuUeHT y =1.

2.4. HanpsixeHHoe u 1e()OpMHUPOBAHHOE COCTOSIHME HEHTPAJIBHO
HATPY:KEHHBIX 3JIEMEHTOB

VY4eT CIO0XKHOrO HaNpsHKEHHOTO COCTOSIHHUS MPH  pacyeTe MeEeTaUIMYeCKHX
KOHCTPYKIMH NPOU3BOJIUTCA YEPE3 paCUETHOE CONPOTUBIIEHHE R =R,/y, , KOTOpOe

YCTaHABJIMBAETCS HA OCHOBE MCIBITAHUN METANIMYECKUX 00pasIlloB MPHU OJIHOOCHOM
HarpykeHuu. OOHAKO B pEAIbHBIX KOHCTPYKIUSAX MaTepual, Kak IMPaBHIIO,
HaXOJUTCS B CII0OKHOM MHOTOKOMIIOHEHTHOM HAIPSKEHHOM COCTOSIHUU. B CBA3U C
ATUM HEOOXOJMMO YCTAaHOBUTH MPABUIIO SKBUBAJICHTHOCTH CJIOKHOTO HAMPSXKEHHOTO
COCTOSIHUSL OJTHOOCHOMY.

B kadecTBe KpuUTepus SKBUBAJICHTHOCTH MPUHATO UCTOJIB30BaTh MOTECHIIUAIBHYIO
SHEPrulo, HAKAIJIMBAEMYI0 B MaTepuaje Ipu ero aeGopMUpOBAHMU  BHEIIHUM
BO3/CHCTBUSIM.

Hns ynoOctBa aHanm3a SHepruto AedopMalud MOXKHO TPEACTaBUTh B BUJE
CYMMBI Pa0OT 110 U3MEHEHUIO 00beMa A, ¥ u3MeHeHHs (popmel Tena Ag. IlepBas ne
npeBbimaer 13% mnomaHOM paboThl Mpu ynpyrom ae@OpMUPOBAHUU U 3aBUCUT OT
CPEAHEr0 HOPMAJIBHOTO HAIpPSKECHHUS.

1-2v
Ay = -m--mmmme- (Ox+ Oy + 0, ) (2.3)
6E
Bropass pabora cBsi3aHa CO CABHTaMH B Marepuale:
1+
Aqb = [(0X2+Oy2+ 022-(Oxoy+0y02+020x) + 3 (Txy2+fy22+ szz)] (24)
3E

N3BecTHO, 4TO pa3pylI€HHE KPUCTAIUIMYECKON CTPYKTYPbI CTPOUTEIIBHBIX CTaJIEH
¥ aJIOMUHHMEBBIX CIJIAaBOB CBSI3aHO CO CJIBUTOBBIMHU SIBIICHUSIMH B MarepHuaie
(IBMXKEHUE IUCIOKALMK W TIp.).

Pabora Qopmousmenenust (2.4.)  sABIAETCS HWHBAPUAHTOM, IO3TOMY IIpH
OIHOOCHOM HampsikeHHOM cocrosiann O =0 umeem A; =[(1 + v)/3E ] 0?
[IpupaBHUBasE 3TO 3HAUEHUE BBIpAXKEHHUIO (2.4) W W3BIIEKas KBaApPAaTHBIA KOPEHb,
MOJTyYUM:

O,p= \/O'X2 +o,+0: —(0,0,+0,0,+0,0,)+3(t}, + 75, +75) =O (2.5)
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BTO COOTHOHICHHUC YCTAHABJINBACT QHCPICTUYCCKYIO 9KBUBAJICHTHOCTDL CJIOZKHOI'O
HAIIPSKCHHOI'O  COCTOAHUA OAHOOCHOMY. BI)Ipa)KCHI/Ie B HpaBOﬁ qyaCTu HWHOTI'Jda
Ha3bIBAIOT IPHUBECACHHLIM HAIIPHKCHUEM Onp; HMCA B BHAY IPUBCIACHHUC K
HCKOTOPOMY COCTOSAHHIO C OJHOOCHBIM HAIIPAKCHHUCM O

Ecim IMpcacJibHO AOIIYCTHUMOC HAIIPAKCHUC B MECTAJIJIC (pacquﬂoe
CONPOTHUBJICHUE) YCTAHABIMBACTCS MO MpeNeNy TEKy4eCTH CTaHJapTHOro oOpasia
O7, 10 BRIpaxkeHue (2.5) mpunumaer Bug O,, = Or U HpeACTaBIAET cOOOH
YCJ'IOBI/IC IIJITACTUYHOCTHU HpI/I CJIIOJKHOM HaHpﬂ)KeHHOM COCTOAHUHU, T.C. YCHOBI/IC
mepexoga MaTepuana M3 YIPYroro COCTOSHMS B IUIACTUYHOE.

B crtenkax IByTaBpOBBIX OajoK BOJM3U MPUIOKEHUS MOMEPEUYHON HArpy3KH
Ox = 0. Oy = 0. 15y = 0. 0CTanbHBIMM KOMIIOHCHTAMH HAIIPSKCHUIN

MOZKHO HpeHe6peqL. Torz[a YCIOBUC IUIACTUYHOCTU IPHUHHUMACT BHU]

Onp :\/O'XZ +O'§ -0,0, +32'X2y = Ot (26)

B Toukax, yHmaJeHHBIX OT MecCTa IPUIIOKECHUS HArpy3Kd, MOKHO
npeHedpeyb TakkKe JIOKaIbHbIM Hampsokenuem O y = 0, Torna ycnosue

IIACTUYHOCTH emie Oonee ympocturcs: O, = \o?+32, = Of .

[Ipr pOCTOM CABHI€ M3 BCEX KOMIIOHEHTOB HAIPSKEHHH TOJIBKO
Ty #0. Torna O, = V3, = O7. Orcrona

B cootBerctBumM ¢ 3TuM BbipaxkeHueM B CHulle mpuHSATO COOTHOIIEHUE MEKIY
pPacUCTHBIMU CONPOTHUBJICHUSIMUA Ha CABUI W pacTsbkeHHE Ry =0,98R ,

rae Rg - pacyeTHOE CONPOTUBIEHME CABHUTY; R, - TIpemen TEKy4ecTH.

[ToBeneHne moj Harpy3kod LEHTPAJIbHO PACTSIHYTOTO 3JIEMEHTA U LIEHTPAJIBHO
C)KaTOTO IMPH YCIOBUU OOECIEYEHMsI €r0 YCTOMYMBOCTH MOJHOCTHIO COOTBETCTBYET
paboTe Marepuajga IpU MPOCTOM pacTsbKeHHH-Cxatuu (puc.l.l, 6).

[Ipennonaraercsi, 4TO HANpPSOKEHUS B TOMEPEYHOM CEUYEHHU 3TUX 3JIEMEHTOB
pacnpenensioTcs paBHOMepHO. [l obecrniedueHuss Hecyled CHOCOOHOCTH TaKHX
AJIEMEHTOB HEOOXOIMMO, YTOOBI HAIPSHKEHUS OT PacueTHBIX Harpy3o0K B CEYEHHHU C
HAUMEHBIICH TUIOMIABI0 HE TMPEBBIMIATH PACUETHOTO COMPOTHUBIICHUSI.

Torna HepaBeHCTBO MEPBOIrO MPENEIbHOTO cocTosiHus (2.2) Oyner

o=N/A <Ry,, (2.8)

rac N = Nn}/f - OpoJoJibHad CuJia B 3JICMCHTAX; An - Iomaab HCETTO IMOICPCUHOIO CCUYCHUA

OJICMCHTA, R - PAaCUCTHOC COHNPOTUBJIICHUC, IMPUHHUMACMOC pPABHBIM Ry, €CJIM B DJOJICMCHTEC HC
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JIOMTYCKAeTCsl Pa3BUTUE IUIACTUYECKUX JedopMaluii; eclnm JKe IJIacTHYecKue aedopMariuu
JOMyCTUMBI, To R paBHsAeTcs HambonplieMy U3 IBYX 3Hauenmii R, u R,/y, (3mece R, u R,

pacyeTHbIe CONMPOTUBIICHUS MaTepHalia Mo Mpeaelly TeKy4eCTH U 10 BPEMEHHOMY COIPOTUBIICHUIO
COOTBETCTBEHHO); 7, =13 - K03(p(HULUEHT HAZEKHOCTH 110 MaTepHally MpH pacyeTe KOHCTPYKLIUU

110 BpEMEHHOMY CONPOTHUBJICHHUIO; ¥, - KOO(QPUIHUEHT yCI0BUNA PaOOTHI.

[IpoBepka MO BTOPOMY NPENETLHOMY COCTOSHUIO CBOJUTCS K OTPAHUYEHUIO
yaauHeHus (YKOpOYEHHMs) CTEp)KHS OT HOPMATHUBHBIX Harpy3o0kK

Na I/ (EA) < A (2.9)

rae N, - mpoxoibHAs CHila B CTEP)KHE OT HOPMATHBHBIX HArpy3ok; |- pacderHas JiMHa CTEpKHS,

paBHas PACCTOSHUIO MeIly TOYKAMH MPUIIOKEHHUS Harpy3kd K CTepkHIo; E - Momynp ympyrocTu;
A - momans OpyTTO MONEPEYHOro CEUEHHs CTEPXKHS; A - MpeleibHas BEIUYMHA YIUTMHEHHS
(YykopoueHus).

2.5. OcHOBBI pacyeTa U3rudaeMbIxX 3JIEMEHTOB

Jlig n3rubaeMbIX 3JIEMEHTOB (0aJloK), Yy KOTOPBIX MHPOJIET MPEBBIIIAET BBICOTY
nornepevyHoro ceueHust (B 5 u Ooisiee pa3) H3MEHEHHE AepopMaiuii Mo BbICOTE
CEYECHMS MPOUCXOIUT MO JIUHEHHOMY 3aKOHY, HAIPSDKEHUS PaCHpEACIISIFOTCS TOJIBKO
no npenena texkydectu Ot (puc.2.1).

Hanpsbkenuss B TOUKax, HAXOJAAIIMXCSA HA PACCTOSHUM Y~ OT HEMTPAJIBHOU OCH,
ompenaenstores mo gopmyne O = My [ Iy, tae M- u3ruOammuii MOMEHT B
paccMaTpUBa€MOM CE€UEHUM Oanku; |y - MOMEHT WMHEpUUU CeUYEHUs.

MaxkcrMaabHOE HaNpsDKCHHE BO3HHMKAeT Korma y=h/2: Opa. = M(h/2)/1,
OTHoIlIeHrEe MOMEHTA UHEPIUHU |, K PacCTOSIHUIO OT HEUTPaJIbHOU OCH /10 KpaitHen
Touku ceuenus VY, =h/2 Ha3piBacTCs MOMeHTOM compotusienus W, = I,(2/h) ,
torga Omna = M/W..

JInst mpoBepKH MPOYHOCTH M3rMOAeMbIX 3JIEMEHTOB, PaOOTaOLIUX B Mpenenax
yOopyrux aepopMauuid, HEOOXOAMMO, YTOOBl MAaKCUMAaJjbHble HOpPMAJbHBIE W
KacaTellbHblE HaIpsDKEHUsT B Oallke OT pacyeTHOM Harpy3ku HE NPEeBOCXOANIN
COOTBETCTBYIOIIUX PACUYETHBIX CONMPOTHUBICHUM.

2)
) 2
ér.!sf L A 67' ' L 67 I.
ﬁ = ’,’,ﬂ’
= g o
o — . _— = J o
SO= Nl =C= §
-
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Puc.2.1. U3MeHeHne 3MI0PHI HANPSZKEHUI B M3ru0aeMoM dJieMeHTe P Pa3BUTHH
IUIACTUYECKHX AedopManuii B MaTepuase

Omax = M/\Nn < Ryyc ) (210)
t=0S/[t<R; y..

rre M u Q - MakcHUMaJbHBINE MOMEHT U IIONIEPEYHas Cuiia B Oajke oT pacueTHoil Harpysku; W, -

MOMEHT COIPOTHBIICHHS HETTO MOIEPEYHOTr0 CeUYeHUs OalIKH, B CIydyae HECUMMETPHUYHOTO CEUCHUS
Oanku BeIOMpaeTcst Wymin = Ix / Y max; S - craTM4YecKuii MOMEHT CIIBUTAIOIICHCS 4aCTH CEYCHUS
OTHOCHUTENIFHO HEHTpallbHOU OocH; | - MOMEHT MHEpIMH ceueHus OayKu; { - TONIUHA CTCHKH.

[To BTOpOMY NpeAenbHOMY COCTOSTHUIO HAaMOOJIbIINI NPOTrud Oaiaku OT Harpy3Ku
IIPY DKCIUTyaTallUM CPAaBHUBAETCS C MPENEIbHOW BEJIMYMHOW YKA3aHHOW B HOpMaX,
au00 B 3aJlaHUM HAa IPOEKTUPOBAHUE.

BennuuHa nporu6a 3aBUCHUT OT pacy€THOM CXeMBbI OAJIKH, a PEAEIIbHBIA TPOTUO —
oT Ha3zHaueHus. Hanpumep, s rinaBHOM Oanku pabouel IMIIOIIAAKU MPOM3JIAHUS,
MMEIOLIEH OJIWH TPOJIET W IIAPHUPHBIE ONOPBI, 3arpyKEHHOW PABHOMEPHO
pacnpeieIeHHOM Harpys3koi, IpoBepka Iporuda NpOU3BOAUTCS MO (GopMyJe:

S)
frax = === (O 1*/E 1) <1/400 (2.11)
384
rae f.. - MakcuManbHBINA IPorud Oanky; (, - HOpMaTHBHAs Harpyska Ha Oanky; | - mporu6 Oanku;

E |- usru6nas xectrocts 6anku; 400 — Hopma nporuda Ganku.

dopmyna aisi MPOBEPKH TMPOYHOCTH HM3THOAEMBIX JJICMEHTOB TPH HATUYHU
ITACTUYECKUX JedopMaluii (MIaCTHYSCKUN IIAPHUP) TOTy4YaeTCs] W3 BBIPAKCHUS
(2.10) myrem 3amenbl W, Ha W, =cW_, T.e.

M/ (cWy) <Ryy. mmm M/W,<cR,y. (2.12).

CpaBnuBas 510 Beipaxkenue ¢ (2.10) BuguM, yto HOpMaIbHO YUET TUIACTHUYECKUX
aepopMaiil CBOAUTCS K MOBBIILIEHUIO PACUETHOTO COMPOTUBIICHUS! YMHOKEHUEM Ha
BeNMYUHY “‘C”, KOd(pPUIMEHT, XapaKTepU3yIOUMi pe3epB HECYIIeH CIoCOOHOCTU
U3rubaeMoro 3jeMeHTta, OOYCIIOBJICHHBIN IUTACTUYECKOW paboToil MmeTaiia, u
onpeneneHHbld 1no ¢opmysae ayg O0ajJoK ABYTaBPOBOIO CEUEHHUs, Kak HauOoliee
pacIpoCTpaHEHHOTO B HM3rHOaeMbIX 3JIEMEHTaxX

B Af/AN +1/4
c_m, (2.13)
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rae A, / A,, - OTHOIIEHHE TUIOLIA/IeH TIOTIEPEUYHOT0 CEUEHUS M0sAca U CTEHKH OaJKH.

JUIsi TpOKaTHBIX JABYTaBPOB  Pa3jIMYHBIX THUIIOB A /A, =067, demy

COOTBETCTBYeT 3HaueHue c¢=1,1.

Jlns cocraBHBIX JBYTaBpoB (puc.2.2,8). ko3dPuimeHt “C” BBIYHCISICTCS 10
dbopmyne (2.13).

JlJisi IpSIMOYTOJIBHOTO CEYEHHMs, KOrja IUIomanb A, TOSICOB Oalkd MOXKHO
OpUpaBHAT, K Hymo — ¢ = 1,5 (puc.2.2,6).

Yerpemsisi miomans CTEHKH K Hymo (puc.2.2,e) U3 JByTaBpa IMOJIy4aeMm
pacueTHble cedeHus (epmbl WU OalKku ¢ TMOKOM cTeHkou, Torma c = 1.

HauGonpiiuM miacTuyeckuM pe3epBoM OyAeT o0janarh Oajka C IMONepeyHbIM
ceyeHreM (cM. puc.2.2,a), s Hee c¢ = 2.

[IpakTruecku BbIOOP (OPMBI MOMEPEYHOTO CEUYEHUS W3THOAEMBIX 3JIEMEHTOB
3aBHCHT OT MHOTUX (DaKTOPOB, CPEIU KOTOPHIX TJIABHBIM SIBIISIETCSA PACcXOJl METallia,
TaK Kak ero cTouMmoctb cocTaBisieT 80% oOumeil cTOMMOCTH KOHCTPYKIIHH.

Kpome HopmanbHbix HampspkeHHE (O B 0ankax BO3HHUKAIOT M KacaTelbHbBIC
HAIIPSKEHUS Tyy, 3ABUCSIIME OT IIONEPEYHON CUIIBI Q U JIOKAJIBHBIX HanpsbkeHUi O B

MecTax Tepenayd Ha OalKy COCpPeIOTOYECHHBIX Harpy3ok. Hampumep, mns 6anok,
3arpy>K€HHBIX COCPEIOTOUYECHHBIMU CHJIAMH 0 TpoJeTy (puc.2.3,a) onpenenstoniei
oynet kommnoHeHTa Oy. [Ipu Gosbiiiel cocpeIoTOUeHHON Harpy3ke Ha 0ajke ¢ MajbiM
nposieToM (puc.2.3,6) onpeAensromuM OyneT HaupshDKEHUE Tyy.. Pactnpenenenue O,

a) 4) a) gf
i /
Ar As
-  — ﬁlﬁb
‘° T z l
i —— !
i i I
=2 LESE) c=f2-~104 o=l

Puc.2.2. 3aBucumocts ko3 unuenta “c” or popmMbl nNonepevyHOro ceyeHust
U3ru0aemMoro 3JeMeHTa

M0 BBICOTE OaJIKM B yHOPYrol CTaauu OYIET CYIIECTBEHHO OTJIMYaThCS OT
MPEABIAYIIEro Cciaydas, a TNpH JajJbHEHIIeM YBEJIWYECHUW HArpy3KH BIUIOTH O
nosiBJaeHUs Iuactudeckoro mapuHupa (O, = Or) 00ycnoBUT Ooiee pa3BHUTYIO
MJIACTUYECKY0 00JlacTh BOJIM3W HEUTpaIbHOM OCH.

[Ipy paccMOTPEHHOM MHOTOKPAaTHOM HAIPSHKEHHOM COCTOSHUM ITPOBEPKY
MIPOYHOCTH OaJKM MOXXKHO TPOU3BOJWTH IO (opMyIie:
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o, = \/af +0,—0,-0,+3c° <115R y, (2.14)

raie 1,15 — kodddunueHT, yIUTHIBAIONIUMN pa3BUTHE IUIaCTUYECKUX naedopmanuii B Oanke

[aHasmoru4Ho K03 duIHeHty “c” B hpopmyne (2.12)].

[Ipu u3rube OTHOCUTENBHO ABYX TJIABHBIX OCEH MHEPIUU MOTEPEYHOT0 CEUECHUS
0anku (X, y) — KOCOM M3TH0€ - JIOMyCKAaeTCs MPOBEPKY MPOYHOCTH. TIPOU3BOIUTH I10

yhIpouieHHo Gopmyie

Mx/(Cx,BWx.n.min)+My/(Cy Wy.n.min) < Ry Yo  NpuT< 0.5Rs (2-15)

rae C, W C, JIAIOTCS B 3aBUCHMOCTH OT (OPMBI CeYeHHUS (CM.IPHIL.1); fF - 3aBUCHUT OT BEIMYUHBI T, .
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Puc. 2.3. Pacnpene/ieHue miacTuueckux aedopmanuii B AByTaBpOBOii 0aJiKe pu
CJI0KHOM HANPSI’KEHHOM COCTOSITHMH.
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2.6. OCHOBBI pacyeTa HEHTPAJBHO CKATBHIX CTePaKHel

Hcuepnanue Hecylie cioCOOHOCTH JUIMHHBIX THOKUX CTEp)KHEH, padoTaromux
Ha OCEBOC C)KATHE, MPOUCXOIUT OT MOTepHU YyCTOWYMBOCTH (puc.2.4,a).

[ToBenenue cTep:kHs MOJ Harpy3Koi xapakrepusyercs rpadukom (puc.2.4,0), riae
BHayaje C POCTOM HArpy3Kd CTEpP)KEHb COXpPaHSET NPSIMOJMHENHHYI0 (QopMy, C
JTABHCHIIAM ~ POCTOM  Harpy3kw, Korma N =N CTepKEeHb TepseT CBOIO

YCTOWYMBOCTh M HAYMHAET BbIMyuHuBaThes. llocnmemyromuii (HeOOMBIION) pocT
BHEIITHEH HAarpy3KH COMPOBOXKIAETCS OBICTPHIM YBEIMUYECHUEM MOTIEPEYHOr0 Mporuda
f. Tlociae mOCTMIXKCHHMS MAaKCHMMaJbHOM HArpy3KH — BTOPOM KPHUTHYECKOW CHIIBI
N =N, - CTEp)KCHb TEpPSACT HECYIIYIO CIIOCOOHOCTh (HEYCTOWYHMBOE COCTOSHHE).

YcroiiunBoe cocTosinue MoxkeT ObITh ipu f =0 u f >0 (Touku 1 u 2). OgHAKO
npu f >0 cTEepKEeHb MOXKET HAXOAHUTHCS B YCTOMYHMBOM COCTOSIHUM (TOYKa 2) U

HEYCTOWYMBOM (TOYKa 3) TpU OJMHAKOBOW CXKMMAIOIICH CHIIC.
Kputnueckoe cocrosiHue MokeT ObITh ipu f =0 mwmpu f >0 (Touku N u NJ).

CooTBeTcTByIOLIEE KPUTHYECKOE HANpsHKEHHE OyaeT

Ol Semmerom = mmme e = e = e (2.16)

rie N! - kpuThyeckas cuna papHas 7°El Iy (popmyna Diinepa); A - miuomanb MONEPEYHOrO
ceueHust crepkus; 3amensst | / A momyuaem i =+/1/ A - paguyc unepuun; A =1,/i - rubGkocTh
crepxHs; |, = -1 - pacyeTHas aamMHA CTEpPXKHS; 4 - KOIGOHUIUCHT NPUBEACHUS, 3aBUCAIINI OT

croco0a 3aKpernIeHUs] KOHIIOB CTEPKHS.

-

ger Tor Yoger

Puc.2.4. PaGoTa HeHTPaIbHO-C/KATOI0 CTEPHKHA:
a — pacuemnas cxema, 6 — 3a8UCUMOCTIL MENHCOY
HA2PY3KOU U NPO2UOOM CIEPICHS
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®opmyna cnpaBeIMBa IpH IOCTOAHHOM E, T.€. IIPU HANPSKEHUAX o, <0, ,

npu 3ToM A > z./E/o,, . Hanpsokenust o, - Ipeaes NpornopIHOHAIbHOCTH.

Ha npaxktuke THOKOCTh IEHTPAJbHO CXKAThIX CTEp>KHEW (KOJIOHH, 3JEMEHTOB
depM, paM U T.JI.) COCTaBIII€T MPUMEPHO TOJOBUHY YKAa3aHHBIX MpPENeNbHbIX.

Ha puc.2.5 noka3aHo BIHMSIHUE CEYEHHUS CTEP>KHS Ha KPUTUUYECKUE HATPSKCHUS.
W3 npuBeNEHHBIX JaHHBIX BUIHO, YTO KPUBBIE o, —A U1 Pa3IMYHBIX CEYECHUUN U

Pasnoit opuentauuu oceit OynyT pasubiMu. KpuBas ans nByTaBpa mo puc.2.5,a
pacrnojaraercsi JeBee, a o puc.2.5,06 — mpaBee KPHUBOW, COOTBETCTBYIOLIEH
IPSIMOYTOJBHOMY cedeHUro (puc.2.5,8).

B npuBeneHHON KIIACCUYECKON CXeME, B KOTOPOM IPEAIIONIaraeTcs, YT0 B MOMEHT
[OTEPU YCTOMYHMBOCTU HArPy3Ka OCTAETCS IIOCTOSIHHOM, TOT/Ia HA BBIIYKJIONH CTOPOHE
CTEpXHS MPOUCXOOUT pasrpy3ka M Marepuall HauWHaeT paboTaTh MO YIPYroMy
3akoHy. OHako, eciu fedopmanus cxaTHs B Ipoliecce MPOJOIbHOTO U3rnda pacTer
WM OCTaeTCsl MOCTOSTHHOM B KaXXIOW TOYKE CEUCHHsI CTEPXKHSA, T.. PasTPy3Kd HE
IPOMCXOJUT, TO BCE CEYECHUE HAXOAUTCA B IUIACTUYECKOM COCTOSIHUH,
XapaKTEepU3yeMOM KacaTellbHbIM MoaysieMm nedopmanuu E,.

a) , 5 e A
4 7 ]
A; _Tul "Af n_.t_’?_
Aw LA
oy | Ay Ay
T il {8
+- b A

Puc.2.5. Bansgaue q)OpMI)I MOMEPEYHOr0 CCUCHUA CTECPKHA HA KPUTHIECCKHUE HANIPAKCHUS
a—nomeps ycmodqueocmu deymaepogoeo CMEPOIHCHA 6 NIIOCKOCMU CMEHKU, 6 — mo ace, 6
niockocmu noJjokK, 6 — 3ad6UCUMOCMb Kpumu4eCcKux Hanpﬂofceﬁud om cubkocmu

B sToM cnydae kpuTHyeckoe HAmNpsOKEHHE B IJIACTHYECKOW obiactu OyneT
Oy =B )X (2.17)

B cTpouTeNnbHBIX KOHCTPYKIIUSX BCTPEUAIOTCS 00€ CXeMbl PabOThI CXKATHIX
crepkHel. Hampumep, ckaTble 2JIEMEHTHl CTAaTHYECKHM HEOMPEASTUMBIX CHCTEM
(bepm, paMm) TepstOT YCTOMYMBOCTH MO KIACCHYECKOM CXeMme - C pa3rpys3koil. B
MOMEHT MOTEPU YCTOWYMBOCTH MPOUCXOJHUT MEPEPaACIPENCICHUE YCHINN MEXIy
aneMeHTamMu. B konoHHax, paboTaromux Mo CTATUYECKU ONPEAeTIMMON cxeme, OyIeT
pEaNn30BBIBATECS BTOpas cxema — 0e3 pa3rpy3KH.
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Jlo cux mop paccMaTpuBaICAd HACATBHO MPSMOM CTEPKEHb C Harpy3Koi,
OPWIOKEHHOW CTporo mo ocu. OJHAaKo B MPAaKTHUKE TAaKOTO HE CYIIECTBYET.
KoHcTpykTuBHOE OQoOpMIIeHHE KOHIIOB CKaThIX CTepKHEH He obecreurBaer
UJCATbHYIO IIEHTPOBKY, MO3TOMY 3TH (DAKTOPHI YUUTHIBAIOTCS BBEACHUEM B pacuer

SKBUBAJICHTHOTO JKCIEHTPUCHUTETA CxUMarmel cuibl “e,”. OH 3aBUCHUT OT

ef

rHOKOCTH M C POCTOM €€ BO3pacTaeT. B ImpakTHueckux pacuerax MOJB3YIOTCS oy,
T.e. CO CIly4allHbIM 3KclieHTpucuTeToM. Toraa

Toe/R, =00, (2.18)

rie @, - Ko3(pGUuUMeHT yCTOHYMBOCTH WIN €ro elle Ha3blBaloT KO3((UIUEHTOM HpPEeIbHOro

n3ruda IIpHU HCHTPAJIBHOM CXKATHUMU.

B HOPpMax Ha IIPOCKTHUPOBAHUC OAIOTCA (bOpMYJIBI U COOTBCTCTBYIOIIHC Ta6JII/II_II>I
JJISL OIIPCACIICHUSA ¢ .

2.7. OcHOBBI pacyeTa HA MPOYHOCTH CTePKHEH, padOTAIIINX HA CKATHE WJIH
pacTsKeHHe ¢ u3ruoom

[Ipy 0HOBpEMEHHOM JEWCTBUU HA CTEP’KEHb OCEBOM CHUJbl N M M3rHOaI0IEero
MOMEHTa M (BBI3BAaHHOTO BHELCHTPCHHBIM MPHUJIOKECHUEM Harpy3ku M =N-.e)
HEeCyIlasi CIIOCOOHOCTb €ro ONpEeNseTcs pa3MepaMu IONEPEYHOro CEUeHUs U
npelebHON MPOYHOCTHIO MarepHaa.

B ympyroii cragum pa®oThl Marepuaia HampsDKeHHS B TOTIEPEYHOM CEYCHHUH
CTEpXHSI MOTYT OBITh MPEICTaBJICHBI B BUJE CYMMBI HAMPSHKEHUH OT IIEHTPATHHOTO
cokatus oy =N/A u or usruba o, =M, /W,.

2.8. OcHOBBI pacyeTa HA YCTOMYHUBOCTH BHELIEHTPEHHO CKATHIX U
CKATO - H30THYTHIX CTEPKHEH

[lotepst Hecymed  CHOCOOHOCTH  JUIMHHBIX  TMOKUX  CTEpXKHEH  IpH
OJIHOBPEMEHHOM  JEHCTBUM CKHUMAIOIIEW CHJIbl M M3rMOarouiero MOMEHTa
MPOUCXOJUT OT MOTEPU YCTOWYMBOCTU. [IpM 3TOM COOTBETCTBYIOIIEE COCTOSIHUE
PaBHOBECHS MOYKHO OTPEAENHUTh TaK ke, KaK JJI LEHTPAIbHOTO CHKATHUSl, 3 UMEHHO
OA > 6A, - YCTOMYMBOE COCTOSIHUE; OA < OA, - HEYCTOMYMBOE COCTOSIHHE; SA = OA, -

KpUTUYECKOE  COCTOsiHME (Te JA, W OJA - TpupainieHue padoT BHEIIHUX W

BHYTPEHHUX CHJI).
BHeLIEHTpeHHO CKaThle CTEP)KHU pEaJbHBIX METAJUIMYECKUX KOHCTPYKIIHMA
TEPSIIOT YCTOWYMBOCTD IPU PA3BUTHH IJIACTHUYECKUX JehopMaluid.
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Kputnueckast cuna 3aBUCHUT OT dSKcueHTpucutera “‘€”. Ha mpaktuke ymoOHee
MOJIb30BaThCSl  O€3pa3MEPHBIM OTHOCUTEIBHBIM JKCIICHTPUCUTETOM M=€/p, Tae
p=W/A - s1poBOo€ pacCTOSHHE CO CTOPOHBI Hamboyiee CKaTOW (HUOPHI CTEPIKHI.

dopmysa MPOBEPKH yCTONYMBOCTH BHEIICHTPEHHO C)KATOTO CTEPKHS OyaeT

N/ (Ape) < Ry e (2.19)

Jns obecrieueHus yCTOMYMBOCTU BHEIICHTPEHHO CXAThIX (CKATO-U30THYTHIX)
CTEp)KHEW LEJIeCO00pa3HO C LEIbI0 SKOHOMUM METala pPa3BUBaTh CEUYECHHUE B
HaIlpaBJIEHUMU 3KcleHTpucurera. Hanpumep, kak mokazaHo Ha puc.2.6. Ilpu sTtom
BO3PACTAET OMNACHOCTb IIOTEPU YCTOWYMBOCTH CTEPKHS B MEPIECHIUKYISIPHOM
HAIPaBIEHUU — OTHOCUTENBHO ocu ‘Y’ . B cBs3u ¢ 3TUM B QOopMyJy MPOBEPKU
YCTOWYMBOCTH OTHOCHUTEIBHO OCH ‘Y’ BBOJUTCS MOHMXEHHBIN KO3 UIMEHT c.

N/cpA < yRy (2.20)

rae ¢ =Ner.M/Ner =py.M/py,; ¢y.Ner —cOOTBETCTBEHHO KOI(D(UIMEHT YCTOWYMBOCTH M KPUTHYECKAs
cuina mpH HeHtpanbHOM CkaThH; Ner.M. ¢y.M — KpuTHyeckas cuaa M COOTBETCTBYIOUIMMH
KO3(QQHUIHUEHT YCTOHYMBOCTU ILIEHTPAJIBHOIO CKAaTHs OTHOCUTEIBHO ocu ‘Y~  HpHU HaJIW4YUU
MOMEHTa B MEPIECHAMKYISIpHOW IiockocTH. Koaddumuent “C” 3aBHCHT OT OTHOCHUTEIBHOTO

:

e

HKCLEHTPUCUTETA My=€/py.()OPMBI ONIEPEUHOTO CEUEHUS CTEPKHS U THOKOCTH AY.

Puc.2.6. Han6oJiee panoHaJbHOE MOJI0KeHHE ABYTABPOBOI0 CeYeHH NIPH BHELCHTPEHHOM
CKATHUM CTep KHeMl

2.9. Pacuer 3j1eMEeHTOB MeTANINYECKNX KOHCTPYKIUI NPU BO31elCTBUHA
NepeMeHHbIX HATPY30K (MIPOBEePKa HA YCTAJIOCTh)
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[Ipu nelicTBUM TIEPEMEHHBIX MHOTOKPATHO TOBTOPSIONIUXCS  Harpy30K
paspylieHre KOHCTPYKIIMM MOXKET TPOM30OMTH OT YCTAJOCTH MeTala TpU
HaNPSOKEHUSX HUKE Tpeleia TEeKy4eCTH.

Paspymienne mpoumcxomnut 0e3 3aMETHBIX IUTACTHYCCKUX AeGopMaIlfii, UMeeT
XpYNKH Xapaktep (CM. BbIlIe). DTO HAOMIOJAETCS B MOJKPAHOBBIX Oanikax, Oankax
pabounx IUIOMIAJIOK TMPHU 3arpy)KCHHWH WX IOABMKHBIM COCTaBOM, DJIEMEHTBI
OYHKEpHBIX dCTaKajd, OalTHU ¥ Ma4Thl, UCTIBITHIBAIOIINE MHOTOKPATHBIC BO3/ICHCTBHE
MOPHIBOB BETpa W T.IL

[ToaTomMy pacueT Ha yCTajJoOCTh CIEAYeT BECTH IO TMEPBOMY MpeleIbHOMY
COCTOSIHHIO, T.€.

O e SR, (2.21)

ITpHU OrpaHUYCHUU

aRvvaRu/yu’ IIpu 7u:1’3l (222)
rac RV - YCJIOBHOC paCUYCTHOC COHNPOTUBJIICHUEC YCTAJIOCTH, 3aBUCAIICC OT THUIIA CTAaJIM U CTCIICHU
KOHIIEHTPAIMK HANPSIKEHUI B MPOBEPAEMON TOYKE KOHCTPYKIHUH; ), - YCIOBHBIN KOd(DPUIHEHT

ycranocty; 7, = 1,3 - k03¢ dunueHT Hage)KHOCTH 110 BpEMEHHOMY COIPOTUBIICHHIO.

MakcuManpbHOE HAarpyXXeHHe 3/1eChb CpPaBHHUBACTCS C YCIOBHBIM IIPEIEIOM
YCTaJIOCTH.

B dem 3aknrouaercs mpoeKTUPOBAHUE METATUYECKUX KOHCTPYKIUi? (c1p.20).

KakoBa 1enp pacuera MeTaNIMYeCKUX KOHCTpYyKiwmii? (ctp.20-22).

Oranel npoektupoBanus. (ctp.20-21).

Yro Takoe MpeAeabHOE COCTOSHHE KOHCTpyKuuu? (ctp.21-22).

IlepBoe u BTOpOE mpenenbHOE cocrosiHue. (cTp.22).

Pacuernas dopmyna nns mombopa cedenus. (ctp.21).

dusznveckuii cMbIC 1-0oro mpenenbHOro cocrosHus. (ctp.21).

Kak xnaccudunupyror Harpysku? (ctp.22).

. Kak paszmuuaror Harpysku? (ctp.22).

10 Kak y4YuTBhIBalOT HaAmNpsHKEHHOE COCTOSHUE TIpH pPaboTe METATMYECKUX
KOHCTpYKIUK? (cTp.22).

11. HanpsokenHoe U 1eOpMHUPOBAHHOE COCTOSIHUE LIEHTPAJIbHO HArpy>KEHHBIX
ayieMeHTOB. (cTp.23-25).

12. OcHOBBI pacueTa HM3rHOacMBIX 3JEMEHTOB. (cTp.25-29).

13. OcHOBBI pacuera IEHTPAJIbHO CXKATBIX CcTepikHeh. (cTp.29-31).

14. B dyem 3akiroyaeTcs pacueT CTep)KHEH, paloTaronux Ha CKAaTHE WM
pacTsbkeHue ¢ m3ruoom? (crp.32).

15. PaboTa BHEIICHTPEHHO CXKATBIX CTepykHEH. (cTp.32).

16. Kak oGecrnieunBaeTcsi yCTOWYUBOCTh METAUTMYECKUX KOHCTPYKIHi? (cTp.32).

©CoNoOkWNE
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17. Kak paboTaroT MeTaUIMueCKre KOHCTPYKIIMH MPU BO3JICHCTBUH TTEPEMEHHBIX
Harpy3ok, pacuetr? (ctp.33-34).

PA3JIEJ 3. COPTAMEHT
3.1. XapakTepucTHKa OCHOBHBIX Npoduieil copraMeHTa
[IepBUYHBIM 3JIEMEHTOM CTAJIBHBIX KOHCTPYKUMU SIBJISETCA IMpPOKATHAasl CTalb,

KOTOpas BBIJIABIKICTCA Ha MCTAJUIYPIrUYCCKHUX  3aBOJax. HpOKaTHaH CcTallb,
InpuMeHsaeMasa B CTaJIbHbIX KOHCTPYKIMAX, ACIUTCA Ha JABC TIPYHILI: CTAJlb

npokatHas  JjucroBasi (puc.3.l,a) -  TOHKOJHMCTOBas, TOJCTOJHMCTOBAs,
IIUPOKOIIOJIOCHAs, YHHUBEpPCalbHAs M IPOCEYHO-BHITSKHAS; CTajdb NPOQUIbHAA
(puc.3.1,6) — yroiku, IBEUICPHI, IBYTaBPbl, TaBpbl, TpyObl W T.m. Hamnume

COPTaMEHTOB TOTOBBIX IMPOKAaTHBIX TMpoduieil Ha 3aBojax 0OECIeYrnBaeT
MHIyCTPUAIbHOE M3TOTOBJIEHUE KOHCTPYKIIMI.
[lepeyenr mnpokaTHbIX MpodpuiIe ¢ ykazaHueM  (QOpMbI, TEOMETPUUECKHUX

L 4 ¥ ¢
’ NIRRT s e i
L_____:x"_ X g ’}’x - A-p=X gy n
/LI_. ?_ ¢ £ 70% v"ﬂ’v xix
7 Xy U b 1 by | |
e) ) a ﬂ ’ J?L ly yb d
4
=== y y #
Xﬂ»x o o X
= = ”

XapaKTCPHUCTHK, BCCa CAMHUIIBI JJIMHBI, OOITYCKOB H YCJ'IOBI/II\/JI IIOCTaBKH
Ha3bIBACTCA COPTAMEHTOM.

Puc.3.1.0cHoBHBIC BHABI npoduiiei

[TocTaBnsiercs mpokat (IMCTOBOM, (acoHHbIN) maptusamu. [lapTus coctouT u3
MpoKaTa OJIHOTO pa3Mepa, OJJHOM MIIaBKU-KOBILIA U OJTHOTO PEXUMa TEPMOOOPaOOTKHU.
[Ipu mpoBepke kadecTBa MeTaljla OT MAPTUH OTOMPAIOT JtoOkIe Be mpoObl. [Ipokar
MOCTaBIISICTCS KaK B TOPsilUEKaTaHOM, TaK U B T€PMOOOPaOOTaHHOM COCTOSHUU.

PaznooOpasue BuIOB mnpoduiiel, BXOASAIIMX B COPTAMEHT, 4YacTas TIpajalius
pa3MepoB OJHOTO BuAa Mpoduis obecrneynBaeT SKOHOMHYECKOE MPOEKTUPOBAHME
KOHCTPYKLUH pU BO3MOXKHOCTH CO3JIaHUS pa3HOOOPa3HBIX KOHCTPYKTUBHBIX (OpM.
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CroumocTh pasHbix mpoduneit pasnmuuyHa. Haubosee nemeBbIMU SBISAIOTCA
JMCTOBAsA CTaJlb, IPOKATHBIE IBYTABPHI U LIBEJUIEPHI, UTO CTUMYJIUPYET UX LIMPOKOE
npuMeHeHue. llpuMeHeHMe TMpuU  NPOEKTUPOBAHUU  OONBLIOTO  pa3HooOpa3us
npo¢uieil yBeauuuBaeT 00beM pabOTHl Ha 3aBOJaxX METAJUIOKOHCTPYKLUN IO
COPTHPOBKE, CKJIaIMPOBAHUIO, TPAHCIOPTUPOBKE, MpaBke mpoduineit u 1.1. C Heabto
YMEHbIIEHUs o00beMa paboT TMpuU  M3TOTOBJIEHUM KOHCTPYKLUMH  BBEICHBI
COKpAIIIEHHbIE COPTAaMEHTBI, COCTABJIEHHBIE U1 IMPOECKTUPOBAHUS CTPOUTENIBHBIX
KOHCTPYKUMH H3 Hanboliee ymnoTpeOisieMbIX M SKOHOMHYHBIX MPOQUIIEH.

N3roToBieHHbIE Ha 3aBOJIaX METAJUIMYECKHUE 3JIEMEHThl KOHCTPYKUUK (OaJKw,
KOJOHHBI, (epMbl W T.0.) COOMPAIOTCS Ha CTPOUTENBbHBIX IUIOMIAJIKAX B
KOHCTPYKTUBHBIE KOMILIEKCHI — COOPYKEHUS.

PaccMoTpenue pa3nuyHbx KputepueB 3PQPEKTUBHOCTH Mpouiis Mpu padboTe Ha
M3ru0 M CXaTue MO0Ka3ajo, YTO PELIAINIYI0 pPOJb HMEET  “TOHKOCTEHHOCTDH

npoduis — OTHOIIEHHE €ro BHICOTHI K ero TojmuHe !, 4eM OHO GOIbIIe, TeM

t b
HpO(i)I/IJIL OKOHOMHMYHCC. I[JBI IIPOKATHBIX HpO(l)I/IJICI\/'I TCXHOJIOTHUA IIPOKATKHU
OIpaHUYIHBACT TOJIIHNHY CTCHKH 4-6 MM, IIO3TOMY IIPUMCHCHHC TOHKOCTCHHBIX
CBApHBIX 0ajok JJIsA M3ru0aeMBIX 9JICMCHTOB, a TAKIKC I'HyTOCBAPOYHBIX Kop06an1>1x
HpO(I)I/IJIef/'I s CXKATbIX 3JICMCHTOB Ooiee 3(1)(1)€KTI/IBHBI, 9CM IIPHUMCHCHHC
IIPOKAaTHBIX HpO(i)I/IJICfI, TaK KdK TOJIIWHA CTCHKHM B HHX HC OI'PAHHYCHA
IIPOKAaTOM.

3.2. JIucroBas cTtajb

JlucToBass CTaJib IUPOKO TPUMEHSETCS B CTPOUTEIBCTBE, IOCTABISACTCS B
MaKeTax, pyJoHaX W KIACCU(PUUUPYETCS CIEAYIOIIUM 00pa3oMm.
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Craab ToacroqaucroBas (I'OCT 19903- 74). CopTraMeHT 3TOW CTajlyd BKIIOYAET
JUCTHI TOJMHON OT 4 MM a0 160 MM, mmupunoi ot 600 mm 1o 3800 mm. Hanbonee
X0A0BOM sBigeTcs mmpuHa g0 2400 wmm. JluctoBas TropsuYekaraHas —CTajb
MOCTABJISICTCS B JINCTaX JJIMHOM OT 6-12 M U TommuHou A0 160 MM uau B pyjoHax
tonuHou oT 1,2 1o 12 mm, mupunoit ot 500...2200 MM. JIMCTBI TOAIIMHOK OT 6 10
12 MM UMEIOT Tpajalyio MO TOdIMHE uvepe3 | Mm, manee depes 2; 3 u 5 mMm.
ToscronucroBast cTajlb IIUPOKO HMCIOJB3YETCS B JIMCTOBBIX KOHCTPYKIIUSX, B
AJIEMEHTaX CIUIONIHBIX CUCTeM (0aloK, KOJOHH, paMax M T.1.).

Cranb TOHKOJHMCTOBass 710 4 MM MNPOKATHIBAETCA XOJIOJHBIM U TOPSYUM
cnocobamu. XosoaHokataHass ctainb (I'OCT 19904-90) 3HauuTenbHO IOpPOXKE
ropsiuekaranod  (I'OCT 19903-74).Tonkass nMcTOBas cCTajlb NOPUMEHATCA MPH
W3TOTOBJICHMM THYTBIX ¥ INTAMIIOBAaHHBIX TOHKOCTCHHBIX MpoduiaeH, s
KPOBEJBHBIX  MOKPBITUM ©  T.aI. M3  XONOJHOKAaTaHOW, OLMHKOBAaHHOW,
PYJIOHUPOBAHHOM CTalld HW3TOTaBIMBAIOT MPOGUINPOBAHHBIC HACTHUJIBI.

Craap mupoxonosocHasa yHusepcanbHas ('OCT 82-70) Gmaromapsi mpokarty
MEXYy YeThIPbMSI BaJKaMHd HMMEET POBHbIC Kpasd. TojiiuHa ctaiud oT 6 a0 60 M,
mupuHa ot 200 qo 1050 MM u nmuHa ot 5 g0 12 M. [IpuMeHeHne yHUBEpPCAIBHOM
CTaJIM YMEHBIIIACT TPYAOEMKOCTh U3TOTOBJICHUS KOHCTPYKIIMH, TaK KaK HEe TpeOyercs
pe3Kka M BBIPABHUBAHUE KPOMOK CTPOXKKOM.

Cranbs puduenas (IOCT 8568-77) u mpoceuno-BbITskHast (TOCT 8706-58)
MPUMEHSIETCA JUISl XOJOBBIX IUIONIA0K.

3.3. Yroakossbie npoguiau

YroJkosbie npoguin npokateiBatoT B Buae paBHonojouHbix (I'OCT 8509-86) n
HepaBHonoouHbix (TOCT 8510-86) yromkos (cM. puc. 3.1, 6). CopTaMeHT YTroJKoB
BEeChbMa pa3HOOOpa3eH: OT OYEHb MaJbIX Ipoduiiel ¢ miomaapo ceuenus 1-1,5 cm?
70 MOITHBIX Tpoduiel ¢ miomanasio ceueHus 140 cm?.  TIonkud yroiakoB UMEIOT
napajieJbHble TpPaHU, YTO O0O0JIer4yaeT KOHCTPYHpPOBaHUE. YTOJKH IITHUPOKO
UCIIOJIB3YIOTCSL B JIETKUX CKBO3HBIX KOHCTPYKIUSX. Pabodne CTepHU U3 YTrOJKOB
OOBIYHO KOMIIOHYIOTCSI B CHMMETPHYHBIC CEUEHHUsS M3 JIBYX WJIM YETHIPEX YTOJKOB
(puc.3.2.). bonee PKOHOMHUYHBI YTOJKH C MEHBIIMMH TOJIIMHAMHU IOJOK. C)KaThie
CTEP>KHU CEUYCHHS 00JIajatoT OOJBIIEH YCTOMYNBOCTHIO, 0COOEHHO COCTaBJICHHBIC U3
TOHKUX YTOJIKOB. B CTEpKHSX C OTBEpPCTUSMH MJig OOJTOB OCJIa0JIEHUE CEUYEHUs
OTBEPCTUSIMH TE€M MEHBINIC, YeM TOHBIIE ITOJIKH.

3.4. llIBestepnbl

['eomeTpruecKkrie XapaKTEPUCTHKU CEYEHMs IIBeIepoB (cMm. puc. 3.1,8,01)
OTIPEIENSAIOTCS €r0 HOMEPOM, KOTOPBIM COOTBETCTBYET BBICOTE CTCHKH IIIBEIIICpA
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T B

I'T 3+

Puc.3.2.KomnanoBka ceyeHWil cTep:KHell W3 NPOKATHBIX npoduJieit

(B cM). Coprament (I'OCT 8240-89) BxitoyaeT mBesuiepbl oT Ne 5 g0 Ne 40 ¢
YKJIOHOM BHYTPEHHHX I'paHel moyiok (cM. npuil. 16, 1admn. 5). OnHako, yKIOH
BHYTPEHHHX I'paHel MOJIOK 3arpyaHseT KoHcTpyupoBanue. B I'OCT Bxonar u
HIBEJUIEPHI C MapajuIeIbHBIMH TPAHAMH IOJIOK, CEYEHUsI KOTOPBIX MMEIOT JIyYIlHe
pacyeTHbIE XapaKTEPUCTUKU OTHOCUTEIBHO OCEH X U Y, TaK KaK yIpouarT OOJITOBbIE
KperyieHuss K 1nosikaMm. [lIBemiepbl NpPUMEHSIOTCA B MOIIHBIX —CTEPKHEBBIX
KOHCTPYKLHUAX (MOcTax, OOJIbLIEHPOJIETHRIX (pepMax U T.I.), a TAKXKE B KOJOHHAX,
CBA3SX U KPOBEJIBHBIX IIPOrOHAX.

Crep)XxHH U3 IIBEJUIEPOB, pPadOTAlOIIME€ HA OCEBYIO CHIY, KOMIIOHYIOTCS B
’KECTKUE OTHOCHUTEIBHO OCeHl X MY CHMMETpU4YHbIe cedyeHus (puc. 3.2,60).

3.5. IByTaBpbl

JIByTaBpbl — OCHOBHOH 0Oajno4yHblii npodmwiab — uUMET HauboJblIee
pasHooOpazue 10 Tumam (cMm. puc. 3.1,e-o/c), KOTOpbIE COOTBETCTBYIOT
OMpeaeeHHbIM 00JIACTAM MPUMEHEHUS.

Baankun aByraBpoBble 00bikHOBeHHbIe (['OCT 8239-89) kak u MIBeJUIEpHI,
MMEIOT YKJIOH BHYTPEHHHMX TIpaHedl TMOJOK W 0003HA4YaroTCs HOMEpOM,
COOTBETCTBYIOIIUM HMX BBICOTE B cM (puc.3.1, 2). B copramenT Bxoaar npoduiau ot
No 10 mo Ne 60 (cm. mpun.l, Ta6mn.3). CTeHKH Yy KPYMHHBIX JBYTaBPOB HMEIOT
MUHUMAJIBHYIO TOJIIMHY W TI0 YCJIOBHUSIM YCTOMYMBOCTH JOCTUTAIOT 1/55 BBICOTHI
nByTaBpa. UeM TOHBINE CTEHKA, TEM BBITOJHEE CEYCHHE OalKu MpH paboTe ee Ha
u3ru6. OfHAKO TO YCJOBHUSIM TEXHOJIOTHMHM TPOKATKH y OOJBIIMHCTBA JBYTAaBPOB
CTEHKHU TMOJYy4aroTCsl 3HAUYMUTEIBHO TOJIIE, YeM 3TO TpeldyeTcs MO YCIOBHIO HX
YCTOMUYMBOCTU. brarogapsi cocpeioTOUeHHI0 MaTepuala B MOJIKaxX ABYTaBPbl UMEIOT
OOJIBIIYIO KECTKOCTh OTHOCUTEILHO OCH X, HO HEOOJIbIIas IIMPUHA TOJIOK JelaeT uX
MaJIOyCTOMYUBBIMU OTHOCUTEIHLHO OCH Y. JIByTaBphl MPUMEHSIOTCS B M3THOAEMbIX
aneMeHTax (0ankax), a TAaKKe B BETBAX PEIIETYATHIX KOJIOHH U Pa3IMYHbIX OMOp, T/
JUISl UX YCTOMYMBOCTH MPUMEHSIOTCS COCTaBHblE cedeHus (puc.3.2, B).
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baaku aByraBpoBbie mmupokomosounsie ('OCT  26020-81) wumeroT
napajuiebHble TpaHu Mook (cMm. puc.3.1, 0). lllupoxomnonodneie ABYTaBPHI
NPOKATHIBAIOTCS TPEX THUIIOB: HOpMaibHBIe nBYTaBpbl (b), mmMpoxomonodHbIe
neytaBpbl (III), xomonubie nBytaBpel (K). Bpicota Oanounwsix mnpodumneirn (b)
nocturaet 1000 mm, (1) — 700 u (K) — 400 MM mpu OTHOIIEHHWH IIMPHUHBI TOJIOK K
BbICOTe OT b/h=1:165 (mpu MaiblXx BbICOTax) A0 b/h=1:125 (npu OOJIBLINX

BbicOoTax). Komonusie mpodmm (K) uMeroT oTHOIIEHUE MUPUHBI MOJIOK K BBICOTE,
omskoe 1:1, 9To mpumaeT WM YCTOWYHMBOCTH OTHOCHUTEIHHO OCH Y.

KoHCTpyKTHBHBIE NpEeUMyIIeCTBa (ITapaJuIEIbHOCTh IPAHEH MOJIOK U MOUIHOCTb
CEUEHU) TO3BOJSAIOT MPUMEHSATh I[IMPOKOMOJIOYHBIE JIBYyTaBPhl B  BUJE
CaMOCTOSITENILHOTO dJeMeHTa (0ajaKu, KOJOHHBI, CTEPXKHU TSDKEIBIX ¢epm), He
TpeOYIOIIEero NOYTH HUKAKOH 00pabO0TKH, YTO CHUXKAET TPYJOEMKOCTh U3TOTOBJICHHUS
KOHCTPYKLIMI B 2-3 pasa.

W3 mupoKONOJIOYHBIX JIBYTaBPOB IyTEM pa3pe3kd CTEHKH B MPOJIOJIHHOM
HanpasjieHuu nosydaroT taBpoBbie npoduau (BT), (ILUT) u (KT) (cm. puc.3.1,0)
yIOOHBIC JUIsI IPUMEHEHUs B peleTdaThlXx KOHCTpyKuuax. [lo mepe pacmmpeHus
MPOU3BOJICTBA  IIMPOKOIOJIOYHBIX  JBYTaBPOB TMPHUMEHEHHE  OOBIKHOBEHHBIX
JIBYTaBPOB COKPAIIAETCSl.

Pa3BuTre aBTOMATHYECKOW CBAapKd CO3JA€T OJAronpusTHbIE YCIOBHS I
MPOU3BOJICTBA CBApHBIX JIBYTABPOB M3 YHUBEPCAIBHOW CTAJIM MO ONpPEACIIEHHOMY
COPTaMEHTy, 4YTO JAaeT BO3MOXKHOCTh IIOJIb30BaThCA HMH TaK K€, Kak u
npokaTHeIMU (puc. 3.1,e).

3.6. ToukocTreHHbIe MpoduIn

Tonkoctennsie nByTaBpsl (TY 14-2-205-76) u mBemnepst (TH 14-2-204-76) (cm.
puc.3.1,0$/c) TPOKATHIBAIOTCA Ha HEMPEPHIBHOM CTaHE C 0CO00 TOHKMMHU CTCHKaMH U
MOJIKAMU, YTO JIeJIaeT UX SKOHOMUYHEE OOBIYHBIX MPOKATHBIX Tpoduiiei Ha 14-20%.
Tonkoctennble mnpoduian umeroT BeicoTy oT 120 mgo 300 MM U TONKU C
napajyieIbHBIMA  TpaHIMH. [IpuUMEHSIOTCS TOHKOCTEHHBIC Npoduiau B Oayikax
IJIOMIANOK, (axBepKaxX, JETKUX TMEPEKPBITUSIX M TOKPBITHSX.

3.7. Tpyosl

CrajabHble TpPYObl, TPUMEHSIEMBIE B CTPOUTEIHCTBE, OBIBAIOT KPYTJblE —
ropsiuekatanbie (I'OCT 8732-78 ¢ u3M.) u anekrpocBapubie (I'OCT 10704-76) (cm.
puc.3.1,3). Tpybuatsie npoduim 0cOOEHHO IKOHOMHUYHBI TIPU MPUMEHEHHUH B CHKATHIX
aieMeHTax Osarojaps HauOOJbIIEeMY 3HAYCHHUIO paguyca WHEPIMU TPU 3aJTaHHOU
IJIOIIAN CEUCHHUS.

I'opsiuekaranpie OecHmIOBHBIE TPYObI UMEIOT auameTp OT 25 nmo 550 mm ¢
TOJIIIMHON CTEHOK OT 2,5 110 75 MM. DT TpyObl MPUMEHSIOTCS TJIABHBIM 00Pa3oM B
KOHCTPYKIIUSIX Paad0 U TEJICBU3UOHHBIX OTIOP.
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Kpyriasbie 3iekrpocBapHbie TPyObl uMmeroT auamerp or 8 po 1420 mMm ¢
TOJIIMHON CTEHOK OT 1 1o 16 Mm. DTu TpyObl NPUMEHSIOTCS B TPyOOIPOBOJIAX,
AJIEMEHTaxX pajuo U TEJIECBU3MOHHBIX OMOP M KOHCTPYKLMSIX MOKPBITHI, OCOOECHHO B
3JAHUSIX C arpECCUBHOM CPEIOU.

3.8. XosogHornyrsie npoguian

I'HyTble NPO(UIM U3TOTOBJISAIOTCS W3 JIUCTA, JICHTHI WJIM MOJIOCH TOJIIUHOM
or 1 10 8 MM B MOTYT UMETh caMyi0 pazHooOpasnyo ¢opmy (puc. 3.3). Haubonee
ynotpeoutenbHbl yrouku pasHomnosnoyHslie (I'OCT 19771-74), HepaBHOMOJOYHBIE
('OCT 19772-74), mmemrepst (I'OCT 8278-83), rHyTO-cBapHble MNPOGUIH
3amMKkHyTBIe KBaapatHoro (TY 36-2287-80) u mnpsmoyronsHoro (TY 36-2286-80
C M3M.) CEUYCHUH M OIMHKOBaHHBIC MpodumupoBanHbie HacTHIBl (TOCT 24045-86).
OcHoBHast 00J1aCTh MPUMEHEHHUS dTUX Npoduiiel — JIeTKUEe KOHCTPYKIUU MOKPBITHIA

3MaHUH, TJI€ OHM, 3aMEHsSsS MPOKATHBIC MPOGUIN, MOTYT JaTh SKOHOMHIO MeTalljia
1o 10%.
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Puc. 3 3. Tunbl rayThIX npoduiiei

3.9. PazanyHbie npopuiiu U u3esMs U3 MeTaJljia, IpUMeHsieMble B
CTPOUTEJIbCTBE

B cpaBHuTenbHO MeEHbLIEM O0BEME MPUMEHSIOTCS B METAUIMUECKHUX
KOHCTPYKUHUSAX NPO(UIN APYTruX KOHPUTYypaluuid U CTajJbHble MaTepHalibl pa3HOro
Ha3HayeHHs (CTalbHbIE KaHAThl M BBICOKONPOYHAs IPOBOJIOKA): JBYTaBPOBBIE
npodmwmm ansa noasecHoro Ttpancropta (I'OCT 19425-74), kpaHOBBIE — PENbCHI
(I'OCT 4121-76 c u3m.), kanatel cranbhble cnupaibhabie (TOCT 3062-80; 3063-80;
3064-80), kanatel aBoitHoi cBuBKH (['OCT 3066-80; 3067-74 ¢ u3m.; 3068-74 c
mMm.; 3081-80; 7669-80 c umsm.; 14254-80), mnydyku W TpAIA U3 KaHATHOM
npoosioku (I'OCT 7372-79 ¢ wusMm.), npodunu ajisg OKOHHBIX U (OHAPHBIX
neperuieroB (I'OCT 7511-73), crane nucroBas BoiaHucTas (I'OCT 3685-71), cranb
kBajapaTHast a = 5-100 mm (IT'OCT 2591-88), crans kpyrias d = 6-200 mm (IT'OCT
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2590-88), cranp mojocoBas b = 12-200 mm, t = 4-60 mm (I'OCT 103-76), craib
pudnenas (I'OCT 8568-77), cranp mpoceuro-BoeiTsokHas ("OCT 8706-58).

KpomMe TOro, M3roTaBiIuMBarOTCS TaKKe TPYObl CICHHAIBHOIO HA3HAYCHHS U3
cramu kiaacca K52 17T'1C-VY:

JUTSE MarucTpaibHbIX razoHedTenpoBoaoB mo I'OCT 20295-85, d = 720 u 820 mwm;

Ui TPyOOIPOBOJOB BhICOKOro naBicHus mo TY 14-3-620-77, d=1000mMm u
1220 mm;

i razonedrenpoBogoB mo TY 14-3-1138-82, d = 1020 u 1120 MM u apyrue
BUJIbI CIICTIMAIBHBIX MPOQHUITICH.

3.10. IIpoduiu u3 aIIOMUHHEBBIX CIJIABOB

CrpoutenbHble TpoQuiid W3 aMOMHHHUEBBIX CIUIaBOB (puc.3.4), Moayyaror
MIPOKATKOM, PECCOBAHUEM WIIA JTUThEM. JIMCTBI, JICHTHI U TUTMTHI TPOKATHIBAIOTCS B
ropsiYeM WJIH XOJOJHOM COCTOSHMSX. JIMCTBI MPOKATHIBAIOT TOMMMHON A0 10,5 MM,
mupuHoi 10 2000 MM u jutrHOM 10 7 M. DacoHHbIe TPO(GUITH, B TOM YUCIIE U TOJIbIE
(TpyOuatbie), U3TOTOBIIAIOT TOPSIYUM IPECCOBAHUEM Ha THUIAPABIMYECKHUX MPECcax.

[IponaBnuBasi CIUTKU 4YEpe3 MATPHUIIBl PA3IUYHBIX THUIIOB, MOXKHO TMOJIYYHUTh
npoduan pa3sHOOOPa3HBIX MOMEPEUHBIX CEYEHUI. DTO CYIIECTBEHHOE IPEUMYIIECTBO
MO3BOJISIET KOHCTPYKTOPY HMCIOJB30BaTh Hanbosiee 3PpQeKTUBHbIE (HOPMBI CEUEHHIA.
B03MOXHOCTh NOTy4nTh TpO(HiiK 00Jee BHITOJAHBIX CEYEHUN B HEKOTOPOU CTENEHU
KOMIIEHCHPYET MEHBIIYI0 YCTOMYMBOCTh CTEPKHEN M3 aTIOMUHHUEBBIX CIJIABOB M3-3a
MX HU3KOr0 MOZYJIsl yIpyroctu Marepuaia. OJlHako rabapuThl HONEPEYHOTO CEUECHHUS
npoduiss OrpaHUYMBAIOTCS TMONEPEYHBIMUA pa3MepaMyd MaTpUIlbl U YCHIHEM,
Pa3BUBAEMbIM IPECCOM.

Haunbonee pacnpocTpaHeHHOe Ha 3aBojiax oOO0OpyJIOBaHHE TpeOyeT, YTOOBI
po( M BIKCHIBATUCH B KpyT AuameTrpoM 320 MM (B OTACNBHBIX ciaydasx 530 mm).
Ha coBpeMeHHOM TIpecCOBOM OOOpYAOBaHMM MOXXHO H3TOTOBJIATH Mpoduin
omazasio ceuenus ot 0,5 1o 300 cm?. I'nyThie TpodHIIM U3TOTOBIISIIOT U3 JTUCTOB U
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JIEHT TOJIIIMHOM A0 4 MM THYTBEM HX B XOJOJHOM COCTOSHHMH. I3-3a HU3KOro
MOJyJIsl YIIPYTOCTH aJIFOMUHHUEBBIX CIUIABOB MU COOTBETCTBEHHO YXYIIEHHUS MECTHOMN
YCTOMYMBOCTH IIMpUHA CBOOOJHOIO CBEca IOJIOC M BBICOTA CTEHOK Ipoduieil mo
OTHOILIEHHUIO K UX TOJIMHAM IPUHUMAIOTCS 00JIe€ OrpaHUYEHHBIMH, YEM B CTAJIbHBIX
npo¢uisax. s Oonpliero pa3BUTHs CEYEHUS U MOBBILIEHUS YCTOMYUBOCTH CTEPIKHS
npouIn M3rOTOBIIIOTCS ¢ OyibO0aMu Ha KOHIAX IMoJoK (puc. 3.4,0), KOTOpbIE
MO3BOJISIIOT JIOBOJUTh OTHOLIEHWE IIMPHUHBI MOJKU K €€ ToimuHe oT 9,5 1o 21
(cM. 111. 2).

Kpyribie TsHyTBIE TpyOBI MOCTABISAIOTCS C HAPYKHBIM JuameTrpoMm 10 150 mm
npu TonmuHe cTeHKu 1,5-6 mMm. Kpome kpyribix TpyO MOCTaBISIOTCS KBaJpaTHEIE,
NpsSIMOYTOJIbHBIE W KaruieBuaHble (puc.3.4,6).

Bbonbmioe uncino pasHooOpaszHbIX MpoduiIei MpUMEHSETCS IS OrpakKAAroIINX
KOHCTPYKIIUH.

3.11. IlpaBuiia HCHOJIB30BaHUSA NPO(HJIeil B CTPOUTEIbHBIX
KOHCTPYKIIUAX

1. Ilpm DpOEKTUPOBAHUMU CTPOUTEIBHBIX CTAJNBHBIX KOHCTPYKLUUN CJEIyeT
KOMIIOHOBaTh Ka)/bIi 3JIEMEHT U BECb OOBEKT B LIEJIOM M3 MUHUMAJIbHO
HEOOXOUMOT0 YHCa PAa3TUYHBIX MPOQUIIEH.

2. llpuMmeHsieMble B OJHOM OTIPABOYHOM D3JEMEHTE YTOJKH, TaBPbI, MOJOCHI
OJTHOTO HOMHHAJIBHOTO pa3Mepa, HO pPa3HOW TONIIUHBI JOJHKHBI HMETh
Pa3HOCTh TOJIIMH OJHOMMEHHBIX Mpouie He MeHee 2 MM.

3. He momyckaercss mpuUMEHSATh B OJHOM OTIPABOYHOM D3JIEMEHTE OJUHAKOBBIC
npodunepasMepbl U3 pasHBIX MapoK CTajeil.

4. IlpuMeHeHue B OJHOM OOBEKT€ MNPOPUWIMPOBAHHBIX JIUCTOB OJIHOM
HOMMHAJIbHOW BBICOTBI, HO Pa3HOM TOJIIMHBI HE JIOMYyCKaeTcs.

PA3JIEJI 4. CBAPHBIE COEIUHEHUA

CBapHbIE COSUHEHUS SBJISIOTCS OCHOBHBIM BHUIIOM COCAMHEHUI B CTPOUTEITHHBIX
KOHCTpYKIusxX. [Ipu mpoeKkTHupoBaHWM KOHCTPYKIMA CO CBapHBIMU COEIUHEHUSMU
CJIeyeT MPeITyCMOTPETh MPUMEHEHUE BBICOKOMPOU3BOIUTENBHBIX I(P(HEKTUBHBIX
BUJIOB CBapKU, 00€CIIEUNBAIOIINX MOBBIIMICHUE HAJCKHOCTA CBAPHBIX COCIMHEHHUM U
MIPOU3BOAUTEIILHOCTH TPY/a.

CBapkoil MeTaJIOB HA3bIBAIOT TEXHOJIOTMUECKOW TMpoIecc o0pa3oBaHUs
HEPa3bEMHOTO COCAMHEHUS JeTaNe KOHCTPYKIIMH MyTeM MECTHOTO CTUIABJICHUS WA
COBMECTHOTO IUIACTHYCCKOTO JepopMUpOBaHUS B 0OJIACTH COCOUHEHUS JTHX
nerane, compoBoxkaatomerocss auddysueit aromoB. B pe3ynbraTe CcBapku
BO3HHMKAET MPOYHOE CIICIUICHWE, OCHOBAaHHOE HAa MEKAaTOMHOM B3aWMOJICHCTBUHU B
MIPUMBIKAIOIINX YYacTKax JeTajieh.
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CBapka MO3BOJISIET MOJYYUTH MPOCTYI0 KOHCTPYKTHUBHYIO (OPMY COEAMHEHHS,
IaeT DSKOHOMHIO MeTayla [0 CPaBHEHUIO C JPYIMMHU BUJAMU COCIMHEHHUMU
(Hampumep, OONTOBBIMM), TIO3BOJISIET IMPUMEHSATh  BBICOKONPOU3BOAUTEIbHBIC
MEXaHU3UPOBaHHbIE CIOCOOBI M3roToBiIeHUsA. (CBapHbIE COEIUHEHUS O0IagaoT
CBOMCTBOM ra30- U BOJOHENPOHULIAEMOCTH, YTO Ba)KHO JJIS JINCTOBBIX KOHCTPYKIIHM,
peJHa3HAYEHHBIX JJI1 XpaHEHUs T'a30B WM KUJKOCTEH (pe3epByapsl, ra3rojbAephl,
TPyOOIIPOBO/IBI).

OpHako NpU NPOEKTUPOBAHWM CBAPHBIX KOHCTPYKLMH CJIEIyeT NOMHHUTh, YTO
IIPOLIECC CBAPKU, ABJISISICH MOIIHBIM HEPIETUYECKUM IPOLIECCOM, BHOCUT U3MEHEHHUS
B CBOMCTBa HCXOJHOIO MeTauia. B cBapHOM COEIMHEHHH OOpa3yrOTCS 30HBI C
Pa3JIMYHBIM XMMHYECKUM COCTAaBOM METAJUIA, PA3JIMYHOM CTPYKTYPBI, Pa3IUYHBIMHU
MEXaHUYECKUMHU CBOMCTBaMU. B0o3MOKHbBIE Ne(hEeKThl CBAapHBIX COCTUHEHHH (MOPHI,
MOJAPE3bI U Ap.) TAKXKE CO3AI0T HEOAHOPOJHOCTH COEIUHEHHS.

Bce 3Tu 00OCTOSITENHCTBA YUMTBHIBAIOTCS NPU MNPOEKTUPOBAHUU KOHCTPYKIIHUIM
IIyTeM IIPUMEHEHMS CBAapOYHBIX MaTEpPUaAIOB B COOTBETCTBUU CO CBOMCTBAMHU
OCHOBHOT'0 MaTepHalia ¥ yCIOBUSIMHU pabOThI (TEMIEpaTypa OKPYKaroIIeH Cpesibl Ipu
U3TOTOBIICHUM W JKCIULyaTallud, BHUJ HANPsOKEHUS — CTAaTUYECKUE HArpy3Kd HIU
LIUKIMYECKHE U T.I.), BBIOOp pexuMa CBapKH, a TaKKe Ha3HAUCHUs CIIELUATbHbBIX
KO3((UIUEHTOB CBAPHOIO COEIUHEHMS.

BPIIILI CBapKu, IPUMECHACMBIC B CTPOUTECIBCTBE

B Hacrosmee Bpems BHEAPSIIOTCS TAaKWE IPOLIECCHI, KAK AIEKTPOHHO-IY4YEBAs,
IJJa3MEHHAsA, JIa3epHas W ApYrue BUAbBI CBAPKHU. [IITacCTMYHOCTH MCHOIB3yEMBIX B
CTPOUTENILCTBE MAaTEPUATIOB, pPa3MEPBl DIIEMEHTOB KOHCTPYKLIHUW M XapakTep
BHEIIIHUX BO3JECUCTBUNA HAa KOHCTPYKLHH IO3BOJIAIOT UCIOJb30BaTh B OCHOBHOM B
CTPOUTENILCTBE AJIEKTPOAYTOBYIO CBAPKY, PEKE ra30BYI0 M KOHTAKTHYIO.

JITMHHOMEepHBbIe BbI B KOHCTPYKIUAX (MOSICHBIE IIBHI OAJIOK, KOJIOHH U Jp.)
BBITIOJHSIOTCS. B 3aBOJCKUX YCJIOBHUSX aBTOMAaTHYECKOW CBapKoW moj (ItocoM.
@nroCc 3alMIIACT U3JAEJIME OT BPEAHOTO BO3ICKUCTBUS OKPYXKAIOIIEH Cpelabl Ha
MeTall1 coeAnHeHus. [Ipu 3ToM MexaHU3upOBaHbl 1Ba pabOUMX JIBUKEHUS: TI0Ja4a
AIIEKTPOAHON NPOBOJOKM U OTHOCHUTENIBHOE IepeMelieHue Ayru U usgenusa. K
HEJIOCTaTKaM aBTOMATHYECKOM CBAPKM  MOXKHO OTHECTH 3aTPYIHUTEIBHOCTb
BBITIOJTHEHNS IIBOB B BEPTUKAIBHOM U ITOTOJIOYHOM IOJIOKEHUH, YTO OTPAHUYUBAET
€€ NPUMEHEHHE HAa MOHTAXE.

Koporkne mBBI (mpuBapka pebep, CBapka Vy3J0B B  pelIeTYaThIX
KOHCTPYKIUSIX)  BBIMIOJHSIOT — TOJlyaBTOMaTHuecko  capkoil. Ilpm  3TOM
aBTOMATHYECKN IOJAETCA CBApOYHAas DJIEKTPOAHAs IPOBOJIOKA, a NEPEABUKCHHE
OyTU TIO0 M3JIEIUI0 NIPOU3BOAUTCS BpydHYHO. llomyaBTOMaTMyeckyro CBapKy
CTaJbHBIX KOHCTPYKLMM 4Yalle BBIIOJHAIT B Cpeae 3ammrTHoro rasa Co,

(yrnekucnbiii ra3). Pexe NpUMEHSIOT CBapKy MOPOILIKOBOM IPOBOJIOKOM.
B psane ciiyyaeB MCHOJIB3YIOT PYYHYHO CBAapKy Kaue€CTBEHHBIMU JJIEKTPOLAMH,
T.€. C KaUeCTBEHHBIM MOKPBITUEM (TOJICTBIM MOKpBITHEM). IIpu pyuHO#l ayroBoii
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cBapke 00a TIaBHBIX pa0OYMX ABUKEHHUS — IMOJaYa SJICKTPOTHON MPOBOJIOKH U
MEPEABIKEHUS AYTUM 1O HU3JEIUIO — BBINOJHAIOTCA BPYYHYIO.

PyuHnas snekTpoayrosas cBapka yHHBEpCalbHA U IIMPOKO PACIPOCTPAHEHA, TaK
KaK MOXXET BBIMOJHATHCSA B JII0OOM mosioxkeHUU. K HemocTaTkaM pydyHOM CBapku
OTHOCATCS MEHbINass TJIyOMHA TMPOIUIABIICHHUS OCHOBHOTO METalla, MEHbIIas
MIPOU3BOJIUTEIIBHOCTh MpOLEcCa M3-32 OTHOCHUTEIBHO HU3KOW  BEJIMYMHBI
MPUMEHSEMOT0 CBAPHOTO TOKA, & TAK)KE MEHbIIasi CTAOMIIBHOCTh PYYHOTO Tpoliecca
10 CPAaBHCHHUIO C aBTOMATHYECKOW CBapKOW mOj (IIFOCOM.

DJIEeKTPONLJIAKOBAS CBAPKA - PAa3HOBUIHOCTh CBAPKU IUIABJICHUEM; ITOT THUI
CBApKHU YJI00€H /JIsI BEPTUKAJIBHBIX CTHIKOBBIX IIBOB METaIa TOMMMUHON OT 20 MM
u Oonee. Ilporecc cBapku BeAETCA TOJOM ANEKTPOAHOM MPOBOJIOKOW MO CJIOEM
paCIUIaBJICHHOIO IIJJaKa, CBapOYyHas BaHHA 3aluIleHa C OOKOB MEJIHBIMH
GbOpMHPYIONTUMHU TIIOB MOJA3YHAMH, OXJIaXKIaeMbIMU MPOTOYHON Boaoiu. KauecTBo
[IBa IOJY4YaeTCsl OYEHb BBICOKOE.

Bannas cBapka — pPa3HOBUIHOCTh OJJIEKTPOIUIAKOBOM, IPUMEHSIETCS B
HEKOTOPBIX cly4yasix TpHU CBapke apMmaTypbl OOJBIIOW  TOJIIMHBI B
KEJIe300€TOHHBIX KOHCTPYKITUSX.

Buabl CBaApHBIX IIBOB U COCAMHECHU A

CBapHbiM MIBOM (B JYyrOBOW CBapKe) HA3bIBACTCS KOHCTPYKTUBHBINA SJIEMEHT
CBApHOr0 COEIMHEHMs Ha JIMHUU MEPEMEIEHUs MUCTOYHUKA CBApOYHOI'O HArpeBa
(myru), oOpa30BaHHBIN 3aTBEPAECBUIMM MOCIE PACIIABICHUS METAJIOM.

CBapuble MIBBI  KJIACCUPUIUPYIOTCS MO  KOHCTPYKTUBHOMY  IPHU3HAKY,
HA3HAYEHHUIO, TOJIOKEHHUIO, MPOTSXKEHHOCTH M BHEIIHEW (opme.

[To KOHCTPYKTHBHOMY MPHU3HAKY IIBBI PA3JCISAIOT HA CTHIKOBbIE M YIJIOBBIE
(BanukoBbie). CTBHIKOBBIC IIBBHI HamOoJee palMOHANBHBI, TaK KaK HUMEIOT
HAaWMEHBIIIYI0 KOHIICHTPALUIO HAMpsHKeHW, HO TpeOyrT JOMOJHUTEIHHON
pasenku KpoMok mBbl ObiBatoT V-, U-, X- u K-o6pazubie. st V- u U-o0pa3HbIx
IIBOB, CBapHBAaEMbIX C OJIHOM CTOPOHBI, OOs3aTEbHA MOJBapKa KOpHS IBa C
JPYrol  CTOPOHBI JJIE yCTPAHEHHMs] BO3MOXHBIX He mpoBapoB (puc.4.l),
SABJISIFOIINXCS. UCTOYHUKOM KOHLEHTPALMK HANpsKEHUU.

[Ipu aBTOMATHYECKOW CBapKe MPUHUMAIOTCS MEHBIINUE Pa3Mephbl pPa3JIeiIKu
KPOMOK IIIBOB BCJIEJACTBUE OOJIBLLIETO MPOIUIABICHUS COEAUHAEMBIX JIIEMEHTOB (CM.
Ttabn.4.1). YrtoObl obecneynTh TMONHBIA TpOBap  IIBa, OJHOCTOPOHHSS
aBTOMAaTUYeCKas CBApKa YacTO BBIMOJHSIETCS Ha (PIIOCOBOM MOAYIIKE, MEIHOU
MOJKJIAJKe HJIM CTaJbHOM OCTaroliercs MOJKIaJKe.

[Ipu saexTpolIakoBOM CBapKe pas3felika KpOMOK JIMCTOB HE Tpedyercs, HO
3a30p B CTBHIKE NPUHUMAIOT HE MeHee 14 mm.

VYTrI0BbIMU IIBaMH, BECbMA YACTO MPUMEHSIEMBIMU B KOHCTPYKIUAX, SIBJISIOTCS
MOSICHBIC TIBBI B OajikaX M KOJOHHAX. TaKuMU MIBaMH MPUBAPUBAIOTCS DJIEMEHTHI
KOHCTPYKTHUBHOTO odopmieHust (pedpa, HAKIAIKH), a TaKKe DJIEMEHTHl B yIjiax
peleTyaThiX KOHCTPYKIUHN U T.I1. YTJIOBbIE (BAJIMKOBBIE) IIBbI HABAPUBAIOT B YTOJI,
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OOpa3oBaHHBI  3JEMEHTAMHU, pACHOJOXKEHHBIMH B  Pa3HbIX  IUIOCKOCTSX.
[Ipumensitomascst Mmpu 3TOM paszzelika KpOMOK HM3JeNui moka3zaHa B Taoi. 4.1.

VYrioBble MIBBI, PACIOJOKEHHbIE MapaJlJIeIbHO JIEUCTBYIOIIEMY OCEBOMY
YCWINIO, HAa3bIBAIOTCA (PIAHIOBBIMHM, a PACIOJIOKEHHbIC MEPIECHIUKYISIPHO —
JIOOOBBIMH.

[[IBe1 MoryT OBITH pabOYMMH WM CBSBYIOIIUMU (KOHCTPYKTHBHBIMH),
CIUTOUTHBIMH WJIM MPEPHIBUCTHIMU (IIMOHOYHBIMHU). [10 MOJI05KEHNI0 B IPOCTPaHCTBE
BO BpeMs HX BBIIOJHEHHs OHU OBIBAIOT HIKHUMH, BEPTUKAJIbHBIMH,
TOPU30HTAJIBHBIMU U MOTOJOYHBIMU (puc. 4.2.). CBapka HW)KHMX IIBOB HauoOoJjee
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Puc. 4.1. Buansl miBoB.

a— CmbIkogoli o8 8 00HONPOXOOHOM CMbIKOBOM COEOUHEHUU; 6 —CmbIKogol Wo8 ¢ No08apKoU
KOPHS1 8 0OHONPOIEMHOM CMbIKOBOM COEAUHEHUU; 8 — (hriaH208bIli U 11060800 LWBbI 8 HAXIECMOYHOM
COe0UHEHUU; 2 — Y2r108ble Wbl 8 Magpo8oM COeOUHEHUU; O — NpepbIBUCMbIE (LUNOHOYHbIE) Web! 8
Haxnecmoy4HoMm coeduHeHuu; 1 — nodsapka KOpHS wea; 2 — n1obogol woe; 3 — ¢hnaH208b Il Wos; 4-
yenoeble Webl; 5 - npepbigucmble Unu WNOHOYHbIE Webl

yz[06Ha, JICTKO MMOAJacTCA MCXaHU3allUuH, JaCT JTydIICC Ka4CCTBO B4, ITIOOTOMY IIpHU
IIPOCKTUPOBAHUHN ciaenyer pacCMaTpuBaThb BO3MOXXHOCTb BBIITOJIHCHU A
OOJILIIMHCTBA IIIBOB B HH)KHEM IIOJIOJKEHUH. BepTI/IKaJ'IBHBIe, ITOPHU30HTAJIbHBIC U
ITOTOJIOYHBIE IIBBI B OOJBIIMHCTBE CBOEM BBIIIOIHSIOTCS IIpY MOHTAXKC. Onu mioxo
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MO/I/TAI0TCSI MEXaHU3AIMH, BBIMOJHUTh WX BPYYHYIO TPYIHO, KA4ECTBO IIBA XYK€,
MO3TOMY TPUMEHEHUE WX B KOHCTPYKIHAX OTPaHUYCHO.

PasznuyaroT crieayromme cBapHbIe COSTUHEHMSI: CTHIKOBBIC, BHAXJIECTKY, YTJIOBBIC
u TaBpoBbie (puc.4.3).

CTBIKOBBIMHM HAa3bIBAIOTCS COCAMHEHUS, B KOTOPBIX 3JEMEHTBI COEIUHSIOTCS
TOpIIAMU M OJMH 3JIEMEHT SIBIISICTCS MPOJOJIKCHHEM APYroro. Takue coeanHEeHUs
Hamboiee paluoHANbHBI, TaK Kak HWMEeT HAMMCHBINYI0 KOHIICHTPAIUIO
HaIMpsHKCHUN TpU Tiepenade YCUIUH, SKOHOMUYHBI W YIOOHBI JJIT KOHTPOJIS.

CTBIKOBBIE COCIMHEHHMS JINCTOBOTO METajUIa BBIMOIHSIOT MPSMBIM HJIH KOCHIM
IITBOM.

Puc. 4.2.11o/107xeHHe IBOB B NPOCTPAHCTBE
1 — nuocnee; 11 — eepmuxanvroe; 111 — nomonounoe; 1Y — copuzonmanvHoe Ha 6epMUKATLHOU
nOBEPXHOCIU

CoenuHeHusi BHAXJIECTKY HAa3bIBAIOT TakKWe, B KOTOPBHIX CBapUBaeMble
AJIIEMEHTBI, YACTUYHO HAXOJAT APYT Ha Jpyra (puc.4.3,0). DT COeqUHEHUs IIUPOKO
MPUMEHSIIOT JIJI1 CBAPKU JIMCTOBBIX KOHCTPYKIMIA HEOOJBIION TONIIMUHBI (2-5 MM), B
pelIeTyaTelX M JAPYTMX BHAAX KOHCTPYKIUW. Pa3HOBUIHOCTBIO COEAMHEHUU
BHAXJIECTKY SIBJISIFOTCSI COEAMHEHUSI C HAKJIAJKaAMU C LEIbI0 YCUIICHHS CTHIKOB.

CoenvHeHus: BHAXJIECTKY C HaKJIaJKaMH IMPOCTbl, HO MEHEE SKOHOMHUYHBI IO
pacxoay MeTajla U BBI3BIBAIOT PE3KYI0 KOHLIEHTPALMIO HANPSHKEHUMN, TIO3TOMY UX
PEAKO WCIONB3YIOT MPU MEPEMEHHBIX U JUHAMHYECKUX HArpy3Kax, a TaK K€ IpH
HHU3KOW TEMIIEpaType.

YriaoBbIMH Ha3bIBAIOTCS COCIUHEHUS, B KOTOPBIX CBApUBAaEMbIE€ DJIEMEHTHI
pacrojioxeHsl moj yriaom (puc.4.3,2).

TaBpoBbIe COCIMHEHUS OTIUYAIOTCS OT YIJIOBBIX TEM, UTO B HUX TOPEI] OJHOTO
JJIEMEHTA TPUBAPUBACTCS K MOBEPXHOCTU npyroro (puc.4.3,0).

Bo Bcex Buaax CBapHbIX COCIMHEHUW TMPUMEHSIOTCS  YIJIOBBIC IIIBBI
(BamukoBbI€). TOIBKO CTHIKOBBIE COCIMHEHUS BBIMOTHSIIOTCS C IOMOIIBIO CTBIKOBBIX
IIIBOB.

PaborocrocoOHOCTh CBApHOTO COCAMHEHHUS 3aBHCHT OT €ro KadecTBa, T.c.
MUHUMAaJILHOTO umciia jaedektoB. Hambonee dacto BcTpedarommmucs aedexramu
CBAPHOTO COEUHEHHUS SIBIISIOTCSA:

a) moape3bl, MPEACTABISIONINE CO00W yriayOneHus (KaHaBKH) B METalIe,
UYIIUMA BIOJIb TPAHMUIIBI IIIBA;
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0) HempoBapbl - OTCYTCTBUE OIUIABJICHUS MEXAY METAJUIOM IIBA U OCHOBHBIM
MetauioM. [Ipu 3ToM B MecTax HEmpoBapoOB OOHAPYKUBAIOTCS TOHKUE IJICHKU
OKCHJOB Y ULUIAHTOBBIC BKIIFOUECHUS;

B) ILIAKOBble (HEMETAUIMYECKHE) BKJIKYEHHS — YaCTUIIbI

njiaKa, HC

YCIICBINUC BCIUIBITH HA IIOBCPXHOCTH IMBA OO 3aTBCPACHHUSA MCTAJlJIa IIBA,
F) IOpbI — 06J'IaCTI/I, 3AaIlIOJIHCHHBIC TI'a30M, BBIIACIIAIOIMIMMCA B IIPOLICCCC CBAPKH,

Taoauna 4.1. Buabl cBapky B 3aBMCHMOCTH OT TOJIIMHBI HIBA (JIBYCTOPOHHSASA

WJIH C TIOIBAPKOI KOPHA)

CoennHen IloB OcKu3 3nayenue |, MM, ISt CBapKu
ne aBTOMATH- ANEKTPONY | py4HOU
YECKOU U -TOBOH B JIEKTPOLY-
MOJTyaBTO- 3a- rOBOM
MaTHYSCKOM | IIMTHBIX
(il raszax
¢dmrocom
CreixoBoe | bes paznenku 2-20 3-12 2-8
xponor %
V-00pa3Hbrii 14 - 34 8 -60 10 - 50
X-00pa3HbIii 20-60 12 -120 12 - 60
TaBpoBoe | be3 pazmenku % = EI 3-40 2-40 2-30
CO CILIOIIHBIM 16 - 40 12 -80 12 - 60
MIPOTLJIaBIICHU
- —

1) ropsiuMe TPeUUHbI — pa3pyllieHrne MeTajula IBa Mpu TeMIeparypax OJIM3Kux
K TeMmmeparypaMm coiuayca. lopsuve TpeuuHbl MPE/ICTaBIISIOT coOoit
MEXKPUCTAJUIUTHOE WM MEX3epeHHOe paspyiieHue. [Ipu nonagaHuu B TpEHIUMHY
BO3/lyXa, TIIOBEPXHOCTh €€ TIOKPHIBACTCSI TEMHBIMH OKCHUJAMU KOPHUYHEBO-
CHUHEBATOTO IBeTa. ['opsune TpeuuHbl MOSBISIOTCS TOT/A, KOT/Ia METall IIBa HE
HaOpaJsl emie CIOCOOHOCTH COIMPOTUBIIATHCS PA3BUTHIO AehOpMAIIHIA.

€) XOJIOJHble TPEeIMHbI HAOIIOMAOTCS TMOCIAE OXJAXKIACHUS CBapHOTO
coeiMHEHUs. XapaKTepHOH OCOOCHHOCTBIO ATUX TPELIUH SIBISETCS OJICCTSIINMA
KPUCTAJUIMUECKU M3710M 0€3 CJel0B BBICOKOTEMIEPATYPHOTO OKHUCIICHHS.
OOpa30BaHUIO XOJOJHBIX TPELIUH CIIOCOOCTBYET U3MEHEHHE CTPYKTYPhl METalia B
pe3ynbTaTe CBapKW, HACBIIIEHUS MeETaljla IlBa BOJOPOJOM U3 aTMochepbl
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CBApOYHOM Jyr¥M, a B HEKOTOPBIX CiIy4yasX, OCHOBHOIO MeETallJla B pPE3yJbTare
npoiiecca TepMoaudPys3uu, a TakkKe HaTu4yue HANPSHKEHUN, BKIIIOYas CBapOYHbIE
HarpspkeHusi. CBapouHbIE HANPSHKEHUS MPUBOAAT K 0Opa30BaHUIO  XOJIOAHBIX
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Puc. 4.3. Buabl cBapHbIX coeJUHEHMI
a — cmviKosbvie; O — 6HAXIECMKY,; 8 — KOMOUHUPOBAHHbLE, 2 —Yy2l08ble, 0 — magposvle, I —
Jn0608vie; 2 — ghnanyesvie wevl, 3 — KOCOU W08

TPEUIMH TIOCJE€ CBapKU [0 HArpyXeHUs KOHCTPYKIMU HKCILUTyaTallHOHHBIMU
Harpy3kamu M JaXe 10 MOHTaXka.

Bce pnedexkThl CHHKAWT PadOTOCNOCOOHOCTH KOHCTPYKHIHMH, TaK Kak
SBJISIFOTCSI KOHIICHTpAaTOpaMM HaIpsDKEHUS, OJTHAKO, IIPH OIpEIeICHHBIX pa3Mepax,
dbopme, dnciie U PacioIOKEHHH CBAPHBIX ITBOB B COCIMHEHUN pab0OTOCTIOCOOHOCTh
KOHCTPYKIIMU MOET ObITh o0ecrieueHa B COOTBETCTBUM C 3aJaHHBIMHU YCIOBHUSIMHU
AKCIUTyaTalMu (BUJ HarpyXeHUsl — CTaTUYECKOE WJIU IUKJIMYECKOe, TeMIlepaTypa
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JKCITyaTalu ¥ T.1.). Oco00 BaXKHYH PoOJb HUIPAOT BHIOPAaHHbIE MeETOAbI
KOHTPOJISI Ka4eCTBAa CBAPHBIX COeIMHEHHI U TIIATEIbHOCTh UX BBINOJIHEHUSI.

[Ipu cBapke KOHCTPYKIMNA HAOMIOJAIOTCA KaK MpoJiojibHas (BAOJb JUHUU I1IBA),
Tak W mornepeyHas (MEepHeHANKYJISIPHO IIBY) YCaJKd, B pe3yibTaTe 4ero gopma
KOHCTPYKIIUM MCKAXaeTCsi IO OTHONICHUI0 K MCXOAHOMY COCTOSIHUIO (WU
MPOEKTHOMY). DTO SIBIICHUE HA3bIBACTCS KOPOOJIEHHEM.

Uto6bl n30exaTh KOpOOJEHUsT KOHCTPYKIIMHU, MPU U3TOTOBICHUU MPUMEHSIOT
psin  MmeponpuAtuid.  Mepormpustiss  MOryT  ObITh  TpeIBapUTEIbHBIMH,
COIYTCTBYIOLIMMHU U MOCIHEAYIOIHUMH, T.€. MPOBOIATCS IOCIE CBAPKH.

K OCHOBHBIM MEPONPUATUAM OTHOCSTCS CIIETYIOIIHE:

YBEIMYECHHE IKECTKOCTU IMyTEM CHEUUAIbHBIX 3aKpEIJIEHUH CBapHBAEMBIX
AJEMEHTOB (KOHIIYKTOPBI, KAaCCEThl U T.IL);

co3nanue nedopmaruii oOpaTHOTO 3HAKA IO CBapKH (OOpaTHBIN BBHITHO U T.11.);

iacTudeckoe AeopMHUpOBaHrEe OOPaTHOTO 3HaKa (PaCTSKEHUE METalljia IIBa U
OKOJIO IIOBHOM 30HBI — IPOKATKA, IPOKOJIAYMBAHUE U T.II.);

MECTHBI  TMOAOIPEB, TMPUMEHSEMBII OOBIYHO C LENbI0  YMEHbBILIECHUS
HEPaBHOMEPHOCTU PACIPEIEIICHNUS] TEMIIEpaTyphl IPU CBApKE;

OPUMEHEHUE MPABUJIBHOTO IOPSAKA CBApKW; IPU BBINOJIHEHUM psia IIBOB
NEPBBIMU CIIEAYET JeNaTh ILIBbI, PACHOJOKEHHBbIE OJIMKE K LEHTPY TSKECTU
CEUYECHMS] CBapMBAacMOI0 3JIEMEHTA, HAIpUMEpP, B HECHUMMETPUYHOM JIBYTaBpe
NEPBOM JTOJDKHA NPHUBAPHUBATHCA K CTEHKE MOJIKA OOJBIIOIO CEYECHHS;

MEXaHuYecKas IpaBKa 1e()OPMUPOBAHHBIX H3ACIIHM.

4.3. KoHcTpyupoBaHue U padoTa CBapHbIX COeTUHEHU

[Ipy mnpoeKTUpOBaHUM CBAPHBIX COCAMHEHWM HEOOXOJMMO YYWUTHIBATh HX
HEOTHOPOJHOCTh, ONpPEACIIIEMYI0 KOHIICHTpaIlMeld HaNpsoKeHUH, HW3MEHEHHEM
MEXaHMUECKHX XapaKTEPUCTHUK MeTajla ¥ HATMYHEM OCTATOYHOTO M HANPSHKEHHO-
ne(OpMHUPOBAHHOTO COCTOSIHHUS.

XOpoIIO CBapEeHHBIC BCTBHIK COCIMHEHHUS HWMCEIOT HEOOJIBIIYIO KOHIICHTPAIHIO
HaMpsOKCHUH OT BHEIIHUX CHJI, IOATOMY IPOYHOCTh TAKHUX COCIMHCHUN TIpH
PACTSDKCHHHM WJIM CXKATUM 3aBUCHUT OT IPOYHOCTHBIX XapaKTEPUCTHK OCHOBHOTO
MeTalljla U MeTajuia mBa. Pa3zzienka KpOMOK COEAMHSAEMBIX 2JIEMEHTOB HE BJIMSET HA
CTaTHYECKYI0 MPOYHOCTH COCIMHCHHS W MOXXET HE YUYHUTHIBATHCA.

CBapHOil 1IOB B Hauaje M KOHIIe, HachIleH naepekramu (B CHILY
HEYCTAHOBMBIIIETOCSI TEIUIOBOTO PEKMMa CBApPKH), MOATOMY HA4aJl0 W KOHEII IBa
clieyeT BBIBOJWTH Ha TEXHOJIOrMYeckue ruiaHku (puc.4.4,a,6), mocie OKOHYAHUS
CBAapKM M OCTBIBaHMS IIBA ATH IUIAHKH yAAISIOTCS. B ciydae HEBO3MOXKHOCTH
BBIBECTU KOHIIEBBIE YYACTKH I1BA HA TEXHOJOTHYECKHE TUTAHKW pacueTHas JIMHA
mBa OyJeT MEHbIIEe ero (HaKTUYECKOUN [JIMHBI.

["apanTupoBaTh MOMYCTHMBIC BEIUYMHY W YUCIO JAePEKTOB B CBapHOM
COCIMHEHUH HA €ro y4acTKe 3aTPYJHUTEIHHO, MOITOMY HEOOXOIUM KOHTPOJh
KadecTBa coeauHeHus. Hale)XHbIMH METOJaMH KOHTPOJIS SBIISIIOTCS (PU3HYCCKHE

49



MeTO/bl (YyJIbTPa3ByK, PEHTIC€HOBCKOE IPOCBEYMBAHUE, IPOCBEYMBAHHUE TIaMMa
ayyamu). Ilpu HeBO3MOXHOCTH (WAM 3aTPYAHUTENBHOCTH) MCIOJIb30BAHUS
(bU3MYECKUX METOI0B KOHTPOJISI CTHIK MPOEKTUPYIOT KOCHIM (OCh IIBA HAKJIOHEHA K
ocu snementa mox yriaoM 60°, 9To obecreumMBaeT MOCTATOYHYIO POYHOCTH
coequHeHus, puc.4.4,0).

C nmoMOLIbI0 YIIOBBIX IIBOB BBINOJHSIOTCS PA3JIUYHbIE BUABI COCIWHEHUI B
METAJUIMYECKUX KOHCTPYKIUAX: TaBPOBBIE, B YTOJI, BHAXJECT.

CoenuHenus: BHAXJIECTKY BBINOJIHSAIOTCS YIJIOBBIMU IBAMU; OHU MOTYT OBITh KaK
(bIaHTOBBIMU, TaK M JTOOOBBIMHU.

B cooTBeTcTBHM € XapakTepoM Iepefady yCuiaui (uiaHroBble MBbI PadOTAIOT
OJTHOBPEMEHHO Ha cpe3 W u3rub. PaspymieHue mBa HauMHAeTCs C KOHIA U
INPOUCXOJUT KAK MO METajuly IIBa, TaK W MO METAJUIy TPAaHULBI CIUIABJICHUS,
OCOOCHHO €CIM HaIUIaBJIICHHBIM METa/sl MpOYHEe OCHOBHOTO.

Jlo0oBbIe MIBBI MEPENAOT YCUIIUA JOCTATOYHO PABHOMEPHO IO IIHPHUHE
JJIEMEHTA, HO KpaiiHE HEPAaBHOMEPHO IO TOJIIIMHE IIBA, BCIEICTBHE  PE3KOTO
VCKPUBIICHHS CWJIOBOTIO IOTOKAa NPU MEPEXONE YCHUIUSA C OJHOTO 3JIEMEHTa Ha
IpyroM, OCOOCHHO, HAaNpsHKEHUS BEIMKM B KOpHE IIBa. YMEHbILICHUE
KOHLIEHTPallMy  HAalpsSDKEHUS  MOXHO  JIOCTUYb  IUIABHBIM  IPUMBIKAHUEM
npuUBapuBaeMoON  JeTalnd,  MEXaHW4YecKor  00paboTkoil  (CriiaKUBaHHUEM)
NOBEPXHOCTU 1IBAa W KOHIIA, YBEJIMYEHUEM IIOJIOCTH IBa (HAampuUMep, ILIOB C
COOTHOIICHHUSIMU KaTeToB 1:1,5), mpuMeHeHHeM BOTHYTOTO IIBA M YBEJIMYECHHUEM
[JIyOMHBI MPOIUIABICHUS. DTH MPUEMBI KEJIATEIbHO MPUMEHATh B KOHCTPYKIUSX,
paboTaIKUX Ha MEPEMEHHbIE HArpy3KH W IpPHU HU3KOM TemIeparype.

Pa3pymienue 1000BbIX IMIBOB MPOUCXOAMT TaK K€ Kak (DJIAHTOBBIX MO OJTHOMY U3
JByX CE€UYEHUHM (METaUly IIBa WJIH MO METAJLTy CILJIABJICHUSA).

4.4, PacdeT CBapHBIX COeTUHEHUI

[Tpu pacuere cBapHBIX COECAMHEHH HEOOXOJWMO YUUTHIBATH BHUJI COCTUHEHMUS,
cnoco0 cBapku (aBTOMaTH4yecKas, IMOJTyaBTOMAaTU4yecKas, pydHas) U CBapOYHbIE
MaTepHualibl, COOTBETCTBYIOIIME OCHOBHOMY MaTrepuaiy KOHCTpYKuuH (Tadi. 4.2).

Pacder CTBIKOBBIX CBAapHBIX COEAWHEHHM NIpPU JEHCTBUM OCEBOM CHIIBI N,
MPOXOSILEH Yepe3 LEHTP TSKECTHU COCIMHEHHUS], BHIIOIHSIIOT 10 popMylie

N/tl, <R, 7. . Orcrona l, =N/t-R,7. (4.1)

rac t - HaumeHbIIAs U3 TOIIIMH COCOUHSACMBIX DJICMCHTOB, IW - pacuc€THad AJIMHA 1IBa, paBHaAA

MIOJTHOM €ro JUIMHE, YMEHBIIEHHOW Ha 21, MM MOJIHOW €ro JUIMHE, €CJIM KOHLBI I11Ba BHIBEJCHBI 32
Ipelenbl CThIKA (HanmpuMep, Ha TEXHOJNOTMYECKME IUIaHKM, cM. puc.4.4,0); R, - pacueTHoe

COIIPOTHBIIEHUE CTHIKOBBIX CBApHBIX COETUHEHMH Mo mpeaeny Tekydectu (cm.CHull 11-23-81%*,
npun.5); y, - Ko3Q(UIUEHT YyCIOBHUA pabOTHI.
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Puc. 4.4. Buabl cBapHBIX CTHIKOBBIX CO€IMHEHUI
a — NPAMOU CMbIK, O — KOCOU CMbIK, 8, 2 — NPU PA3HOU WUPUHE COCOUHAECMBIX IIEMEHMO8;
0, e — Npu pasHol MOAUUHE COCOUHIEMBIX DTIEMEHMO8, IHC — OOHOCIOUHBII C NOOBAPKOL
KkopHs, 1 — mexnonoeuueckue nianku, 2 — n00BAPOUHbII ULO8

[Ipu orcyTrcTBUM (DU3UYECKUX METOJOB KOHTPOJS PACUETHOE COIMPOTHBIICHHE
MeTajlla CBAPHOTO COCAMHEHHUS II0 HOPMaM COCTaBIISICT Rwy=0,85Ry.

UtoObI coevHEHHE OBLIO PABHOMPOYHBIM OCHOBHOMY JJIEMEHTY, JUIMHA IIIBa
J0JDKHA OBITH OoJibliiie pazmepa “D” (puc.4.5), MO3TOMY B COCAMHEHUHU MPUMEHSIIOT
KOCOM ILIOB, KOTOPBIM BBINOJHSAOT C HAKIIOHOM pe3a a Ipu tga =2:1. Takou wmoB
PABHOINPOYEH C OCHOBHBIM METAJJIOM W HE TpeOyeT mpoBepku MpouHocTu. [lpu
JIEUCTBUA capuraromert cuiabl Q Ha CTBIKOBOM IIOB, B IIIBE€ BO3HUKAIOT
CpE3BIBAIOIIME HAMNPSIAKECHUS 7, .

PacueTHOE conpoTruBieHne npu cABUre COEAMHEHUs R, = R,, 1€ R - pacyeTHOe
COIPOTUBJICHUE OCHOBHOI'O METajjia Ha CJIBUT.

Ecnu pacdyeTHOE CONPOTUBIIEHUE METAILJIA 1IBA B CTHIKOBOMCOEIUHEHUH R,  MEHBIIIE
PacUyeTHOTO CONPOTUBIICHUS OCHOBHOIO METajlla, IMPOBEPKY BBIMOJHSIOT o
CEUCHMUIO METajla IIBa.
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T aoanunad.2. MaTepuanasl Aj151 CBAPHBIX COCJUHEHHI CTATbHBIX KOHCTPYKIM

Martepuan HopmaTusHOE Pacyern
COIIPOTUBIIE- oe
Cranp Mapxka cBapo4YHOM MTPOBOJIOKH Mapxka Tun HUE MeTaJlIa COTpoT
IIPU CBApKE B YIJIEKUCIIOM Ta3e ¢uroca 3NEKTpona mBa R, UBJICHU
WY B €70 CMECH C aprOHOM IIpU CcBap- IIpU CBap- «H/em? e
K€ 0] Ke IIo- MeTaa
¢drocom KPBITBIMU yIJ0-
3NEKTPOaMU BBIX
LIBOB
wa !
kH/cm?
C235, C245, CB-08A AH-348A 042%, D42A 41 18
C255, C275, CB-08T'A AH-60
C285, Cr3km,
Cr3mc,
Cr3cm, 20 D46*, D46A 45 20
C345, C345T, CB-08T'A* AH-17-M -- 45 20
C375, C390, Ce-10T’'A* AH-43 350%, D50A 49 21,5
C390T, CB-08I2C* Cs-10I2 AH-47 --
C390K, Cs-10HMA AH-348-A* -- 59 24
C440, 09I2C,
161 2AD
C345K CB-08XT2CAIO0 CB-08X1A10 | AH-348-A -- 49 21,5

[ITpumeuanmue: 1. Jng nposomok CB-0812C cnenyer npunumats R, =49 kH/em®

2
R =215 kH/cM®, kpome yrioBbIX HIBOB C KaTETOM

Hcnonp3oBanne naHHoro marepuana yrouHuts no CHull.

ki =8 Mmm. 2. [Ipu coOTBETCTBYIOIIEM

TEXHUKO-9KOHOMHUYECKOM OOOCHOBAaHUM JJII CBAPKM KOHCTPYKIIMWA JOIYCKAETCSI HCIOJIb30BATh
MaTepuaibl, He yKa3aHHbIe B Hacrosied Tabmuie. [Ipum 3TOM cBoiicTBa MeTanna IIiBa JOJKHBI
YIOBJIETBOPSITH TPEOOBAHMSAM TEXHUUYECKHX YCIIOBUM.

B oTaenbHBIX ciayyasix, HalpuMep, Py BUOPALIMOHHON Harpy3ke, pacCUUTHIBAIOT

JICHCTBYIOIICE BIOJH IBa, HaxoauMm (puc.4.5,6)

o, = Nsina/tl, - neprneHauKyIsApHO LIBY,

z,, = Ncosa(tl,) - BxOIb 1B,

rae |, =b/sina -2t - pacyernas mmHa Kocoro miBa.

M KOCBIC IIBLI, pa3JIOKNUB I[CI\/'ICTBYIOH_ICC YCHIIMEC Ha MNCPHCHAUKYIIAPHOC OCH IIBA U

CBaprIe CTBIKOBBIC COCAMHCHM S, BBIITIOJIHCHHBIC oe3 IMPUMCHCHHUA (I)I/IBI/I‘-IGCI(I/IX
MCTOA0B KOHTPOJIA Ka4CCTBA, IIpyU OAHOBPCMCHHOM I[GﬁCTBHPI B OAHOM H TOM XK€

CEYEHNH IIBA HOPMAJbHBIX HANPSHKEHUH o, U O

wy o

JNIEUCTBYIOIIUX IO B3aWMHO
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Puc. 4.5. K pacuery CTHIKOBBIX IIIBOB

ad — Ha l’lpOdOJley}O cuny, 6 —Hna npodozszy}o CUJIYy CMblKA C KOCbIM UIBOM, 6 — HA uzeub

NEPHEHANKYJISPHBIM HaMpaBICHUSIM «X» U «Y» M KacaTelIbHbIX HANpsKEHUN
CJIelyeT MPOBEpATh Mo (GopmyIie:

\/ ol + O'\iy — Oy Oy + 3r\f,xy <115R,, -7, (4.2)

Pa3pyiienne cBapHBIX COEIUHEHMH C YIJIOBBIMU JIOOOBBIMH M (DJIAHTOBBIMU
[IBaMHU MPOMCXOJUT KaK M0 METAJUTy IIBa, TaK U 10 METAJULy I'PaHUIbl CIUIaBJICHUS
(puc.4.6). B cOOTBETCTBUU C ATUM pacueT BBIMOJHSIOT 110 OJJHOMY W3 JIBYX CEUCHMUII:
cedeHno | mo MeTaluly IIBa M CEYEHHWIO 2 — MO0 METaJUly TPaHMIbI CIUIaBJICHUS
(puc.4.7), B 3aBUCUMOCTH OT TOTO Kakoe€ cedeHue 0oJjiee OmacHO. YTJOBBIE IIBBI
BCerja padoTaloT B YCIOBUSAX CIOKHOTO HAIMPSKEHHOTO COCTOSHUSL M CPE3bIBAIOILIEE
HanpspbkeHaue gomunupyert. [loatomy CHull nomyckaer mpon3BoInuTh pacueT Ha Cpes,
Ha3BaHHBIA “yCIIOBHBIM~ CpPE30M.

PacyeTrHass miomaab ceyeHus IIBa MpU pa3pylIeHUH [0 METaJUTy IIBa paBHA
A = B -k, -1, IpU pa3pyIICHUH TI0 METAJUTy TPaHUIbI CIUTaBieHuss Ay, = £, Ks ly

PacueTHbIM ABISETCS CEYEHUE MO METAJUTY I'PAHULBI CIUIABICHUS. B 3TOM ciiydae
pacuetHas qumHa 1mBa Ilw=N/pgkR,,.

Ecmu B, k; /0,458,R,, <1, TO pacYETHBIM CEUCHUEM SIBIISICTCS CEUCHUE 110 METAILITY
IIBa ¥ HaNpsHKEHHE o = N/ Bk, <R7. - 4.3)
Ecim g, R, / 0,458,R,, >1, TO IpoOBEpKA IPOYHOCTU COCAUHEHUS BBIIIOJIHIETCS 110

MCTAJUIy TpaHHUIbl CIUIABJIICHUA, TOI'JA:
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N/ﬁf f w - wz7/c (44)
wz = 0’45Run

rae N - ycunme mpoxojsmiee yepes HEHTP TSDKECTH COeluHeHHs; |, - pacdyeTHas JUIMHaA IIBa B

CBapHOM COEJJMHEHUH, PaBHAs CYMMapHOH JUIMHE BCEX €r0 y4acTKOB 3a BeldeToM 1 cM; B, u [, -
KO3 PHUIHUEHTHI, IPUHUMAaeMBbIe 110 Ta01.4.3 U yYUTHIBAIOIIME MTPOIUIABIICHHE METaJlIa IPH CBapKe.
®usznueckuii cMbicn kK03GuLeHTOB B U [, - OTHOLUIEHHE MHHUMAIbHBIX Pa3MEpPOB B CEUCHUU

1Ba K kartery mBa (cMm. puc.4.7). Ilpu pydHoil cBapke, Korja riayOuHa MpoIUIaBICHUS] HEBEIUKA U
3alITPUXOBAHHYIO IUIOIIAb HA pUC.4.7,0 MOXKHO CUUTATh PABHOCTOPOHHUM IPSIMOYIOJIBHUKOM, a
B =07.

U3 hopmynsl (4.3) u (4.4) MOXKHO OMPEIEIUTh KaTeT 1mIBa “K, ”, KOTOPBIN TOJKEH

OBITh HE MEHBIIE BEIWYWH, yKkazaHHbIX B Ta0m.4.4. CHull. OnHako, yeM MeHbIIIEe
OTHOIIICHWE KaTeTa IBa (WM TOJIIMHA IIBA) K TOJIIMHE CBApMBAEMOTO MeTasuia
ki /t, TeM 0Oolice XPYIKHM CTaHOBUTCS METalJ IIBA, YTO BEAET K 0Opa30BaHHIO

= o

W@

Puc 4.6. K pacyery yriioBbIx IIBOB
a - Ha paspyuieHue coeOuneHuli ¢ graneosvimu weamu,; 6 — ¢ 10008bIMU WEAMU, 8 — PAOOMAIOWUX
Ha uzeudb

tpemwuH. [loaromy CHull nukryer, 4To KateTsl yrioBbIX MBOB K, JIOJKHBI OBITH HE

Oosee 1,2t, rae t - HAaMMEHBIAST TOJIIMUHA COECOUHSIEMBIX JJIEMEHTOB.

CBapHble COEIMHEHUS C YIJIOBBIMHM IIBaMU MpPU AEHUCTBUM “M ” B IUIOCKOCTH,
MEPIICHIUKYJIIPHOW TIJIOCKOCTH PACIIOJIOKEHUS IIBOB, PACCUUTBHIBAIOT HA CpE3:
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Puc. 4.7 PacuerHbIe CeYeHHH IIBA
1 — no memanny wea,;2 — no memanny epaHuyvl CniagieHus

10 MCTAJIIIy IIIBa

M/Wf S RtV e (4-5)

M0 MCTAJUIy T'paHHUIbI CIIIABJICHHA

M/W, < R,7\.7. (4.6)

rne W, u W, - MOMEHTBI CONpPOTHBIICHHS PpACYETHBIX CEYEHHH CBAapHOIO  COEJAMHEHHS
COOTBETCTBEHHO 10 METAJUTy IIBa U METAJULy TPAaHUIbI CIUIABICHUS; J,; U 7,, - KOOQQHINUEHTHI
ycaoBust paborsl mBa, ¥, =1 u y,, =1 BO Bcex ciaydasx, KpoMe KOHCTPYKIHH, BO3BOJUMBIX B
KIMMaTU4YeCKUX paioHax, ykazaHHeix B CHull 2.01.07-85; R u R, - pacuerHble

CONMPOTUBJICHHA MCTAJlJIa IBa W MCTAJJIa I'PaHUIBI CILJIABJICHUA (CM. Ta61.4.2 anHn.2).

[Tpu neicTBUM MOMEHTA B TIJIOCKOCTH PACIIOJIOKEHUS IITBOB UX PACCUNUTHIBAIOT HA
cpe3 no dopmyiam:

M /X% +y?
o MeTaJuTy IIIBa J—Jy <RV w?e 4.7)
+
P24 zy

M /X* +Yy°
M0 METAJTy TPAHUIIBl CIUIABICHUS —Jys RtV wi e (4.8)
+

X zy

rne Xxuy - KOE)(I)(I)I/II_[I/ICHTLI Touku A CBapHOro COCAUHCHMUI, HanOoee YAQAJICHHBIC OT LCHTpPaA
TAXKECTHU, J ix U J fy MOMCHTBI HHCPIOHUU PACYCTHOI'O CEYCHHA CBAPHOTO COCAMHCHUA IO METAJIITy
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IIBa OTHOCHUTEJIBHO €ro riaBHBIX oced ‘X~ m “y”7; J wm Jzy- TO €, M0 METAJLIy T'PAHULbI

X

CIIJIaBJICHHA.

IIpu pacuere CcBapHOrO COEAUHEHHWS C YTJIOBBIMU IIIBAMU Ha OJHOBPEMEHHOE
JNEUCTBUE TMPOAOJBHOM CHIIBI, MONEPEYHOM CUIBI Q H MOMEHTa M JOJLKHBI

BBIIIOJIHATHCA YCJIOBUA

Tf <wa7/Wf7c u Ty < szywzyc;

rne 7; U 7, - HAOPsDKCHUA B TOYKC paCdCTHOIO CCYCHHSA CBAPHOI'O COCAMHCHHA COOTBCTCTBCHHO

o MCTaJUly IBa W MCETANIy I'paHHIbI CIUIABJICHHUA, OHNPEACIACMBIC I1I0 q)OpMYJ'IeZ

T = \/(TN "'TMx)2 +(TN +TMy)2

(4.9)

Tadoaunma 4.3. KoapdunuenTsl nponsiaBjieHusi B 3aBUCHMOCTH OT BHAa CBAPKHU

Bun cBapku u 1u- [Tosoxxenune Koadduruenr 3HaueHUs KOX(PGUIIMEHTOB W  TPH HOPMAIBHBIX
aMeTp CBapOYHOM iBa MPOTLIABIICHUS PEXKUMAax CBapKH U KATETOB IIIBOB, MM
HPOBOIOKH, MM 3-8 9-12 | 14-16 >16
ABTOMaTHYECKA, B nomouky B 11 0.7
d=3-5 ' ’
B, 1,15 1,0
Huxnee B 1,1 0,9 0,7
B, 1,15 1,05 1,0
ABTOMaTHYECKas I B n1omouky
I10JIlyaBTOMaTH4eCKas, B 0.9 08 0.7
d=14-2
B, 1,05 1,0
Hwxuee ﬂf 0,9 0,8 0,7
I'opuson-
TaJLHOE
Beptukans- ,32 1,05 10
HOE ’
Pydynas nonyaBToma- | B momouky
THYECKas MPOBOJIO- Hwmxnee B 0,7
KOM CIUIOUTHOTO Cce- T'opuzon-
yenus, d < 1,4, TaabHOC
WJIH TTOPOIIKOBON Bepruians- B 10
IIPOBOJIOKOH Hoe ’
IToTonounoe
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MeTanJduyecKkue KOHCTPYKIHUH

VY4uebHoe rmocooue
JUISL CTYJICHTOB CIICIIUATBHOCTH

(dactsp 1)

PA3JAEJI 9. ®PEPMbI
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9.1 Knaccupuxkanus pepM 1 00J1acTh HX NIPUMEHEHHUS

depMoii Ha3bIBAECTCS CHCTEMA CTEPKHEN COeIMHEHHBIX MeKAy co00ii B y3Jax u
0o0pa3yrommx reoMeTpu4ecKH Heu3MeHsieMy0 KOHCTpykuuio. Ilpu y3noBoii
HArpYy3Ke KeCTKOCTh Y3JI0B HeCYylIeCTBEHHO BJIMsieT HA pa00oTy KOHCTPYKIUH,
B 0OJILIIMHCTBE CJIy4aeB X MOKHO PACCMATPUBATH KaK IIApHUPHBbIe. B 3TOM
cjIy4yae Bce CTep:KHH ()epM HCHBITHIBAT TOJBKO PACTATHBAIOIIME WJIH
CKMMAKOIIUe OCeBbIe YCHJINS.

®depmbl PKOHOMUYHEE 0aJIOK M0 PacXoay CTaJId, HO 0oJiee TPY10eMKH B
H3roTOBJCHUM. DPPEKTUBHOCTH (pepM MO0 CPABHEHHUIO CO CILNIONIHOCTCHYATHIMH
OasikamMm TeM OoJiblle, YeM OoJibllE MPOJIET M MEHbIlEe HArpy3Ka.

®depmbl OBIBAIOT TUIOCKUMU (BCE CTEPIKHU JIesKAT B OJJHOM IJIOCKOCTH) U
MIPOCTPAHCTBEHHBIMH.

[1nockue hepMbl BOCIPUHUMAIOT HArpy3Ky, IPHIOKEHHYIO TOJIBKO B UX
IJIOCKOCTH, U HYKJAIOTCS B 3aKpEIICHNU uX cBs3siMu. IIpocTpancTBeHHbIE (hepMbl
00pa3yIoT KeCTKMii MPOCTPAHCTBEHHBbIH Opyc, BOCIPUHUMAKIIMI HATPY3KY B
JOomM HanpasJjenuu (puc.9.1).

a) &)
| | —oRTT
l | 4 v
V) N
L Ly \_\L
i

Puc. 9.1. Ilnockas (a) u npocrpancTBeHHast (0) pepmbl

OCHOBHBIMH d7IeMEHTaMH (hepM SIBIISIIOTCS 1MOsCa, 00pa3yroIIre KOHTYp (pepMbl, U
peleTrka, coctosimas U3 packocoB u croek (puc. 9.2). CoenniHeHUE 3JIEMEHTOB B
y371aX OCYIIECTBIISIETCS ITyTEM HETIOCPEICTBEHHOTO MPUMBIKAHUS OJTHUX DJIEMEHTOB K
apyrum (puc  9.3,a) unm ¢ moMoIIbl0 y30BbIX (hacoHOK (puc. 9.3,0). DneMeHTHI
(dbepM HEHTPHUPYIOTCS MO OCSIM IIEHTPA TSHKECTH VISl CHUKEHHS  Y3JIOBBIX MOMEHTOB U
obecrnieueHus: pabOTHI CTEPKHEH Ha OCEBbIC YCHUIIHSL.
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Hon
ha

dﬂ A

1 — sepxnuii nosic; 2 — nudicnuii nosic; 3 — packocwl, 4 - cmouxu

Puc. 9.2. dnements! pepm

<>

a—=c¢ H€I’ZOCp€()Cl’I’l6’€HHblM NPUMBIKAHUEM DTIEMEHM OB, 0 —Ha d)aCOHKaX

Puc. 9.3. Y3ab1 pepm
Paccrostane MCXKIAY COCCOAHHMMH Y3JlaMHU II0sICOB

Ha3bIBACTCSI  MAHENbIO
(d; — manens BepxHero nosica, d; — HUKHET0), a PACCTOSIHUE MEXAYy OIOpaMH
—nposierom (1).

[Tosica pepm paboTarOT HA IPOIOILHBIE YCHIIMS M MOMEHT (aHAJIOTUYHO TOsicaM
CIUIOLIHBIX 0aJIOK); pemieTka (epM BOCHPUHUMAET B OCHOBHOM MOINEPEYHYIO CHITY,
BBITIOJHSAS (DYHKIIMM CTEHKH OankH.

3HaK ycunua (MHUHYC — CXaTue, IJII0C — PACTSIKEHHUE) B DJIEMEHTaX PEIICTKU
depM ¢ mapaieNbHBIMU TOSCAMU MOXHO OIPEAENUTh, €CIIM BOCIOJb30BATHCS
“OayoyHOM aHaNoOruen”.

CranbHble (epMbl IUPOKO MPUMEHSIFOTCSI BO MHOTHX O0JIACTSAX CTPOUTENHCTBA; B
MOKPBITUSIX U TEPEKPBITUSAX MPOMBIIIJICHHBIX W TPaXKJAHCKUX 3/1aHUM, MOCTaXx,
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omopax JIMHUH AJIEKTporiepeaadn, 00beKTaxX CBSI3U, TEICBUACHUS U PAIUOBEIIAHIS
(OamrHM, MadYTHI), TPAHCHOPTHBIX JCTAaKaAaX, THAPOTEXHUYECKHUX 3aTBOpaXx,
Ipy30MOJBEMHBIX KpaHaxX M T. JI.

depMbl UIMEIOT Pa3HYI0 KOHCTPYKITUIO B 3aBUCUMOCTH OT Ha3HAUYCHUs, HArPy30K U
KJIACCU(PHUITUPYIOTCS TI0 PA3TMYHBIM MTPU3HAKAM:

M0 CTATHYECKOIi cxeMe — O6anmouHbIe (pa3pe3Hble, Hepa3pe3Hbie, KOHCOJIBHBIC);
apouHbIe, paMHbIE, KOMOMHUPOBaHHBIE (pucC. 9 4);

i )

AN

d

8

wh

a — banoynas paspesnas, 0 — HepaspesHas, B,e — KOHCONbHAA, T — apoyHas, I — PaAMHAs,
Puc.9.4. Cucrems! pepm K - KOMOUHUPOBAHHAS

IO OYEPTAHHUIO IMTOACOB — C ITapaJICIbHBIMH ITOJACaAMHU, TPAIICLHIUCBU/IHBIC,
TPEYTroJibHbIE, TIOJIMTOHAJIbHBIE, CETMEHTHBIE (puc. 9.5);

10 cHCTeMe pellleTKH — TPEYrojbHasl, pacKoCHas, KpPecToBas, poMOMYecKas
u 11p. (puc.9.6);

10 croco0y coeIMHEHMsI IJIEMEHTOB B y3JIaX — CBapHbIC, KJICNIaHHbBIC, OOJITOBHIC;
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) g

u}

i S =

a — CecMerHmHoe, 0— noJucOHAIbHOE, B — mpaneueudaﬂbHoe; I — ¢ napainielbHbiMu noACamu,

Puc. 9.5. Ouepranusi nosico pepm A-M = mpeyeoivbHoe

10 BeJIMYMHE MAKCUMAJIbHOI0 YCHJIMSA — JIETKUE — OJHOCTEHYATHIE C
CEYEHUSIMU U3 NpokaTHeIX npoduiien (ycunue N <300kH) u Tskensie —
AByXCTyneH4YaTble ¢ 3jieMeHTamMu coctaBHoro cedenus (N > 300xH).

[IpomexxyTouHbIMU MeXAy (epMoill U OalKoW SBISAIOTCS KOMOMHHPOBAHHBIE
CUCTEMBI, COCTOAIIME U3 OATKU, TOJKPEIUIEHHON CHU3Y IIIMPEHTEIeM WK pacKocaMu
6o apkout (cBepxy). Ilomkperuisiomuye 37IE€MEHTHl YMEHBIIAIOT — W3THOArONIUi
MOMEHT B OaJIKE€ M MOBBIIIAIOT KECTKOCTh CUCTEMBI (pHc.9.4,01c). KomOuHMpOBaHHbBIE
CUCTEMbI NMPOCTHl B U3TOTOBJICHMM (MMEIOT MEHBIIEE YHCIO SJIEMEHTOB) 17}
paloHaIbHbI B TSHKEIIBIX KOHCTPYKIUSX, @ TAKXKE B KOHCTPYKIMSIX C MOABUKHBIMU
Harpy3Kamu.

DddhexTuBHOCTL epM M KOMOMHUPOBAHHBIX CUCTEM MOYKHO TTOBBICUTD, CO3/1aB B
HUX TPEIBAPUTENIBHOE HANpPsHKEHHE.

B pepmax moaABMKHBIX KPAHOBBIX KOHCTPYKIMI U MOKPBITUI OOJIBIIMX MTPOJIETOB,
r7Ie yMEHBIICHUE Beca KOHCTPYKLUHUU AAaeT OOJIbIION SKOHOMUYECKUU 3PdekT,
MPUMEHSIOT ATIOMUHUEBBIE CIUIABBI.

a—mpe) g A

g

Puc. 9.6. C

5
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C B0CXO0AUWUMU PACKOCAMU;, T — PACKOCHAA C  HUCXOOAWUMU packocamu;
Il — WnpeHzenvhas; € — Kpecmosas, K — nepexpecmmas, U — pombuyeckas;
K - NOJLY paACKOCHAs

9.2. KoMnoHoBka KOHCTPYKUUH depm

Bepi0op crarMyeckod cxeMbl H O4YepTaHUA (pepMbI — NEPBBI JTaN
NPOEKTHPOBAHUA KOHCTPYKIMH, 3aBUCAILINNA OT HA3HAYEHUS U apXUTEKTYPHO —
KOHCTPYKTUBHOI'O PELICHHS COOPYKEHUS U IPOU3BOJIUTCS HA OCHOBAHUU CPABHEHHUS
BO3MOXHBIX BapHaHTOB.

B nokpeITHAX 34aHUI, MOCTaX, TPAHCIIOPTHBIX rajepesx U APYTUX COOPYKEHUSIX
HAIllJIM IpUMEHEHUe 0ano4yHble pa3pe3Hble cucTeMbl. OHU IPOCTHI B U3TOTOBJICHUH U
MOHTaXe, He TpeOyIOT YCTpOWCTBa CIOXHBIX Y3JI0B, HO BECbMa MeTayuioeMKu. [Ipu
npoierax Oanok 40M paspe3Hble GepMbl MNOMY4YAIOTCS HETrabApUTHBIMU, U HUX
COOMPAIOT MPU MOHTAXKE.

Jliis nByX U Ooiee nepeKpbIBaeMbIX IPOJIETOB IPUMEHSIOT HEpa3pe3Hble (EepMBbI.
OHM 3KOHOMHMYHEE MO pacxoqy Merauia U o0JaAaroT OOJBIIEH KECTKOCThIO, UTO
MO3BOJISIET YMEHBIIUTh WX BBICOTY. lIIpumeHeHue Hepaspe3HbIX (hepM IMpH clladbIxX
IpyHTaxX HE PEKOMEHYETCsl, TaK KaK MpU OCAJKE OMOP BO3HUKAIOT JOMOJIHHUTEIbHbBIE
ycunus. KpoMe TOro, Hepa3pe3HOCTh YCJIOKHSET MOHTAaX.

PamHuble (hepMbl 3KOHOMUYHEE IO PACXOy CTAU, UMEIOT MEHbIIINE radapuThl, HO
OoJiee CIIOKHBI B MOHTaxke. VX panuoHaJIbHO NPUMEHSTH AJI1 OOJIBIIETPOJIETHBIX
31aHUA. ApPOYHBIE CHUCTEMBI, JAIOT YKOHOMMIO CTaJH, HO IPUBOJAT K YBEIUUCHUIO
o0beMa MOMEIIEHUSI M MOBEPXHOCTH OTpakJaloluX KOHCTpyKUuid. [IpumMenenue nx
JTUKTYETCS apXUTEKTypHbIMH TpeOoBaHusIMU. KoHconbHbIE (DepMBbl HCIIONIB3YIOT AJIS
HaBecoB, Oarren, omop JIOIL.

OuepTanust pepM OJKHBI COOTBETCTBOBATh MX CTATHUECKOM CXeMe U BHUAY
Harpy3oK, ONPENeNSIOIMUX dIIpy H3rndaeMbix MOMEHTOB. [[nst depm mokphITHit
HEO0OXOJMMO YUYWUTHIBATh MaTepHal KpPOBIM M TPeOyeMbId YKIIOH Ui 0OeCrieUeHHUs
BOJIOOTBOZA, THUI y3J1a CONPSDKEHHUS C KOJOHHAMHU (PKECTKMM WM IIApHUPHBINA) U
OpYrue TEXHOJIOTHYECKHE TpeOOBaHUS.

Ouepranust mosicOB (epM ompenensieT UX HSKOHOMUYHOCTb. HauGounee
SKOHOMHUYHOM IO pacXxojly CTalIU ABJIAETCS Pepma, OuepyeHHas 1o 3MI0PEe MOMEHTOB.
JIJ1st oqHONPOJIETHOM OAJIOYHON CHCTEMBI C PABHOMEPHO pacIpeielIeHHON Harpy3Kou
Oyner cermeHTHasi ¢epma c mapabonuyeckum mosicom (cm.puc.9.5,a). OmgHako
KPUBOJIMHEHHBIE TOsSICA OYEHb TPYIOEMKH B M3TOTOBJIEHUH, [IOITOMY TaKUe (EepMbI
IIPUMEHSIOT KpaiiHe penko. bornee NpUMEHSEMBIMU SBISIOTCS — MOJUTOHAJIBHBIE
dbepmbl (cMm.puc.9.5,0). B TsokensIx OOJBIISTIPONICTHBIX (hepMax JOMOJHUTEIIBHBIC
KOHCTPYKTUBHBIE 3aTPYJHEHUs M3 — 3a [IEpPEIOMa MOSICOB B y3JIaX HE TaK OLIYTHUMBI,
TaKk KaK W3 yCJIOBUS TPAHCIOPTUPOBKM TMOsica B TakuxX ¢epMax MIPUXOIUTCS
CTBIKOBaTh B Ka)JOM Y3Je€.

Jlnst nerkux ¢epMm MONUTOHAIbHOE OYepTAaHUE HEpPALMOHANIBHO,  MOCKOJIBKY
YCIIOKHEHUE Y3JIOB HE OKYMaeTcsl SKOHOMHUEW CTajH.
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®epmbl TpaneunenaajbHble (cM.puc.9.5,8), XOTS HE COBCEM COOTBETCTBYIOT
AIIOPE MOMEHTOB, UMEIOT KOHCTPYKTHMBHbBIE NMPEUMYIIECTBA, 3a CUET YIPOUICHUS
y310B. Kpome Toro, mpumeHeHue Takux (pepM B MOKPBITHH IMO3BOJISET YCTPOUTH
KECTKUM PaMHBIA y3€J, YTO MOBBIIIAET KECTKOCTh 3/aHUS.

®depmbl ¢ napalieIbHBIMU TT0sicaMu (puc.9 5,2) 0 CBOEMY OYEPTAHUIO TATICKH
OT SIIOPHl MOMEHTOB U HEAKOHOMHYHBI IO pacxoy craiu. OIHAKO paBHbIE JUIUHbI
AJIEMEHTOB PEIIETKH, OJWHAKOBAas CXeMa Y3JIOB, MOBTOPSAEMOCTh DJJIEMEHTOB W
AeTaneil, BO3MOXKHOCTh MX YHU(UKAIMU CHOCOOCTBYIOT HWHIYCTPHAIM3AIUUA HX
usroroieHus. [loatomy dhepmbl ¢ mapamieaIbHBIMU MOSICAMU CTAIM OCHOBHBIMH TSI
MOKPBITHST TIPOU3BOJACTBEHHBIX 37aHUM.

®epMbl TPEYroJibHOrO ouepranusi (cm.puc.9.5,0-orc,u) paunvoHaNbHBI UL
KOHCOJIBHBIX CUCTEM H JUIsI OAJOYHBIX MPH COCPEIOTOYCHHON HArpy3Ke B CepeiHe
npoJieta (moacTponuibHbie (epmbr). Hemocrtatkom »3THX depm SABJISIETCS
MOBBIIICHHBIN pacxoJl MeTala MpU pachpeeICHHON Harpy3Ke; OCTPbIA OMOPHBIi
y3€Jl CJIOXKEH W JOIMYCKAaeT TOJIBKO HIAPHUPHOE CONpPSKEHUE ¢ KooHHamu, CpeHue
PAcCKOChl OYEHb JJIMHHBIE W UX MPUXOTUTCS MOAOUpPATh MO MPEACIbHON THOKOCTH,
4TO BeAET K mepepacxony Meramia. OpHako WHOTAA MX HCHOJIB3YIOT  AJiA
CTPONMJIBHBIX KOHCTPYKIMI, KOrja HeoO0XOAMMO O0ecneuuTh OOJBIION  YKIIOH
kpoBiu (cBbitie 20%) win s CO3JaHUS OJHOCTOPOHHEIO  PaBHOMEPHOIO
OCBEILIEHUS (LLIETOBbIE MOKPBITHUS).

[Iponer unu gnuHa depM OmpeAessieTcs HKCIUTyaTallMOHHBIMU TPeOOBaHUSIMHU
¥ 00111e KOMITOHOBOYHBIM PEIIEHHEM COPYKCHHSI U PEKOMEHIYEeTCS KOHCTPYKTOPOM.
Tam e mponer HE MAUKTYETCS TEXHOJOTHUYECKHMMH TpeOOBaHMAMH (HAmpuMep,
ACTAKaAbl TMOJJIECPKUBAIOIINE TPYOONPOBOABI U T.IN.), €r0 HA3HAYAIOT HA OCHOBE
SKOHOMHUYECKUX COOOpaK€HUH, MO HAaUMEHbLIEH CYMMAapHOM CTOMMOCTH (epM
U Omop.

Bricota TpeyronbHbix (epm (cm.puc.9.5,0) aBnsercs QyHKIMeH mposiera u
ykinona depmbl (25-45°%), uto maer BeicOTY (epMm h ~ (L4-1/2)l . BeicoTa 06bI4HO
ObIBaeT BBIIIE TPEOYEeMOM, TOITOMY TPEYTOIbHbIE (PepMbl HE IKOHOMUYHBI. BricoTy
dbepMbl MOXHO YMEHBIIHUTH, IPUJAB HIDKHEMY TOSICY MPUIONHATOE OYepTaHUE
(cM.puc.9.5,2), HO OMOPHBIN y3€J HE JOJKEH ObITh OYE€Hb OCTPBIM.

Jlyis BBICOTHI TpameueugalbHbIX GepM U GepM C MapauIeTbHBIMH — TOsSCaMHU
HET KOHCTPYKTHBHBIX OTPAHUYCHHUM, BHICOTY (€pPMBbI TPHHUMAIOT W3  YCJIOBHS
HauMeHbIIero Beca ¢gepmbl. Bec (depmbl CKIaabIBaeTCs U3 BEca MOSCOB M PEIICTKH.
Bec mosicoB ymeHbIIaeTcsi ¢ yBeTMYCHUEM BBICOTHI (PEPMBI, TaK KaK YCHIIHS B TOsICaX
oOpaTHO MPOMOPIHMOHAIBHBI BbIcOTe h

Bec pemerkn Ha000pOT, ¢ yBEIWYEHHEM BBICOTHI (DepMbl BO3pACTaET, TAK KaK
YBEJIMYHMBAETCS JJIMHA PACKOCOB U CTOEK, MOATOMY ONTHMAalbHAs BBICOTA (epm
coctaBisier 1/4 - 1/5 mposera. 3To MPUBOIUT K TOMY, YTO Mpu mpojeTe 20M BbIcOTa
dbepmbl Oonbiie mpeneabHo (3,85M) MOMYCTUMON TIO YCIIOBUIO TPAHCIIOPTHPOBKH.
[ToaTOMy C yueTom TpeOOBaHUM TPAHCTIOPTUPOBKHU, MOHTAXKa, YHU(DHUKAIIUNA BHICOTY
dbepM mpunumaroT B mpenenax 1/7 — 1/12 mponeta (nist nerkux pepm ere MeHbIIE).

HauMenbimasi Bo3MOkHast BbICOTa (hepPMBbI ONIPEIETSAETCS JOIMYCTUMBIM TIPOTHOOM.
B 0OBIYHBIX KPOBENBHBIX MOKPBITUAX JKECTKOCTh (hepM MPEBOCXOIUT TpeOyeMyIo.
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B koHCTpyKIusAX paboTaromux Ha MOABHKHYIO HArpy3ky ((hepMbl MOJKPaHOBBIX
9CTaKajd, MOCTOBBIX KPaHOB W T.II.) TPeOOBaHHs >KECTKOCTH HACTOJIBKO BBICOKH
(f/ =1/750 - 1/1000), 4TO OHH TUKTYIOT BBICOTY (PEpPMBI.

[Tporu6 Qepmbl ONPeaeNIAOT aHATUTHYeCKH 1Mo (dopmysie Mopa

_ < NiNi .
F—E—EAi li (9.1)

rae Ni — ycunue B crepxne (epMbl OT 3amaHHOM Harpy3kd; Ni - ycuine B TOM )K€ CTEPKHE OT
CHJIBI, PAaBHOW €MHUIIE, TPUII0KESHHOM B TOUKE ONpeAeNICHHUs MPporuda 1o HanpaBIeHUIO Mporuoda.

Pa3mepsl maHesu TOJ>KHBI COOTBETCTBOBATH PACCTOSIHUSIM MEXKY 3JIEMEHTAMU,
nepelallMMi  Harpy3ky Ha ¢epMmy, U OTBeYaTh ONTHUMAJIbHOMY YIUIy HakJIOHa
PAacKOCOB, KOTOPBIl B TPEyroibHOI pEIlIeTKe cocTapisier mpuMepHo 45°,  a
B PaCKOCHO# pererke - 35°. M3 KOHCTPYKTHBHBIX COOOPAKEHHH — PAIHOHATBHOTO
ouepTaHusi (PaCOHKH B y3JI€ U yA00CTBA MPUKPEIUIEHUS PACKOCOB — JKEJIATEJIEH Yo
o3kt K 45°.

B crponmnbHbIX ¢depmax pa3Mmepbl NaHeNed MPUHUMAIOTCA B 3aBUCUMOCTHU OT
CUCTEMBI KPOBEIBHOTO MOKPBITHS.

KenaTenbHO UIsl UCKIIOYEHHS] pabOTHI MOsca HAa U3rMO 00ECHEeYUTh nepeaavy
Harpy3Ku OT KpOBJIM Ha y3Jibl epMbl. [103TOMYy B OKPBITUAX U3 KPYITHOPA3MEPHBIX
KEJNe300€TOHHBIX WJIM  METAUIMYECKUX IUIMT PACCTOSHHE  MEXKIY y3Jl1aMu
MPUHUMAETCS PABHBIM MIMPHUHE MINTHI (1,5M wim 3m), a B MOKPBITUSIX 110 IPOTOHAM
—mary nporoHoB (ot 1,5M g0 4M). WHorma 1yt yMEHbIIECHUSI pa3MEpOB MaHEIU
nosica MPUHUMAETCS IINMPEHrelbHas pemerka ( cM. puc. 9.6,0).

VYHu¢ukauus u MOIYJIUPOBAHUE T'E€OMETPUUECKUX pa3MepoB (epM MO3BOJSET
CTaHJAPTU3UPOBATh KaK caMu (pepMbl, TAK M MPUMBIKAIONIME K HUM DJIEMEHTHI
(MporoHsbl, CBSI3U U T..). OTO NPUBOAUT K COKPAILEHUIO YHCIA TUIIOPA3MEPOB
JEeTaJed W JaeT BO3MOXHOCTh IPU MAacCOBOM H3IOTOBJIEHUU KOHCTPYKLMI
NPUMEHSATh CHELHMATU3UPOBAHHOE O00OpYyJOBaHHWE M MEPEUTH Ha IIOTOYHOE
IIPOU3BOJCTBO.

B Hacrosiniee Bpemsi yHU(UUHUPOBAHBI T'€OMETPUUYECKHUE CXEMbI CTPOMUIIBHBIX
(dbepM NpPOU3BOJCTBEHHBIX 3JaHHUI, MOCTOB, paJAMOMayT, paauo OalieH,  Omop
JUHHAW DJIEKTPONEpEaauH.

CrpouresbHblil nogbeM. B dhepmax Gosnbiiux mposietoB (0osiee 36M), a TakKe B
(depMax W3 aMOMHHHUEBBIX CIUJIABOB WJIM BBICOKONPOYHBIX CTajJ€dl  BO3HUKAIOT
OoJplIMEe MPOTUOBI, KOTOpPbIE YXYAIIAOT BHEIIHUA BH] KOHCTPYKIIMU U
HEJOIYCTUMBI [0 YCJIOBUSM JKCILTyaTalMH.

[TpoBucanue Qepm MperoTBpaIaeTCsl yCTPONCTBOM CTPONMMIBHOTO OIBEMA, T. €.
U3rOTOBJICHHE (DepM C OOpaTHBIM BHITHOOM, KOTOPBIM TIOJ JACHCTBHEM HArpy3KH
noramiaerca, U (epma MPUHUMAET MPOEKTHOE MOojoxkeHHe. CTPOUTETbHBINA MOIBEM
HA3Ha4yaroT PaBHBIM MPOTUOY OT MOCTOSIHHOM IIJTIOC TIOJIOBUHY BPEMEHHBIX HAarpy30K.
[Ipy mOCKMX KpOBISIX M mpojieTax Oousbiie 36M CTPOUTEIHHBIN OJBbEM
clelyeT MPUHUMATh HE3aBUCUMO OT BEJIMYMHBI MPOJIETA PaBHBIM NpPOrudy  oOT
CyMMapHOW HOpMAaTMBHOW Harpy3ku mmoc 1/200 mnposera.
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CtpouTenbHbIA TOIBEM OOECIEYMBACTCS TYyTEM YCTPOMCTBAa meperndba B
MOHTaXHBIX y37ax (puc.9.7).

Cucrembl pelieTok pepM u ux xapakrepucrtuka. Pemerka ¢epm pabotaet
Ha TMOIMEPEYHYIO CUJTy, BBITIOJNHSS (DYHKIIMM CTEHKH CIUIOIIHOW OaliK.

OT cuctemMbl pEHIETKH 3aBUCUT BeC (PEPMbI, TPYAOEMKOCTbh €€ M3TOTOBJICHHUS,
BHemHUM BuJ. [lockonbky Harpys3ka Ha depmy mepeaaercs B y3Jax, TO pelieTka
JIOJIKHA COOTBETCTBOBATH CXEME MPUJIOKEHUSI Harpy3Ku.

TpeyroabHas cucrema pemerku. B ¢pepmax TpaneneniaibHOr0 OYepTaHUS WK
C MapajvieIbHBIMU MOSCAMHU PALIMOHAIIBHOM SIBISIETCS TPEYTOIbHASI CUCTEMA PELICTKU
(cMm. puc.9.6,a), naroinasi HAMMEHBIIIYIO CYMMapHYIO JUIMHY PEIIETKU U HaUMEHbBIIIee
YHUCIIO Y3JI0B NpHU KpaTyallleM MyTH YCUIUS OT MeCTa MPUIIOKEHUS Harpy3Ku J0
omnopel. B ¢depmax, moaaepKUBaIOUIMX MPOTOHBI KPOBIM WM OalKd HAcTWiIa, K
TPEYTOJIbHOM PEIIETKE YacTo J00aBIIAIOT JTONOJHUTEIbHBIE CTOMKU (puc.9.6,0), a
MHOTJA M TOJBECKH, IO3BOJISIONIME YMEHBIIUTh PACCTOSIHUE MEXIY y3jJaMu
¢bepmbl. [lononHUTENbHBIE CTOMKM YMEHBUIAIOT TAK)K€ PACUETHYIO JUIMHY CKAaTOTO
nosica. PaboTaroT [1OMOJHUTENbHBIE CTOMKH TOJBKO Ha MECTHYIO HAarpy3ky U He
Yy4acTBYIOT B I€pe/iade Ha OIOpy IMONEPEYHON CHJIBL.

a

Puc. 9.7. Cxembl CTPOUTEIBHOIO MOABEMA NPH OJHOM (@) H HECKOJIbKHX
(0) yKpYNMHHUTEIbHBIX CTHIKAX

HenoctaTkoM TpeyroiapbHOW CHUCTEMBI — HAJIMUWE [UIMHHBIX C)KaThIX PacKOCOB
(Bocxomsaumx B epMax C mapajuieIbHBIMU MOSACAMU U HUCXOIAIIUX B TPEYTOIbHBIX
dbepmax).

PackocHasi cucTemMa pelieTok, MPUMEHSETCS TIPU Majoi BBICOTE epM, a TaKKe
TOr/a, KOTJa MO CTOMKaM MepenaroTcss OoJibliue ycuiaus (mpu OOJBIION y370BOM
Harpyske).

PackocHas pemetka Oojiee TpyJoOeMKa, YEM TpeyrojibHas, TpeOyeT OO0JbIIOro
pacxoja MeTallla, TaKk Kak IpU pPaBHOM uHUCle TMaHened B ¢epme oOlmias JrHa
pPacKOCHOM pemieTku OoJipie, W B Heil Oosbiie y3moB. IlyTe ycunus ot y3na o
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OTOpPHI B PACKOCHOM peIIeTKE JJIMHHEE; OH HJAET 4Yepe3 BCE CTEP)KHU PELIETKU U
y3JIBI.

CneuuajbHble CHCTEMbI PellIeTOK, MPUMEHSIOT TpU OOJBINON BbIcOTEe (hepm
(mpumepHO 4 — 5M). UTOOBI yMEHBIIMTH pa3Mep MaHENIH, COXPAaHUB HOPMAJbHBIH
YroJ HaKJIOHa PacKoCOB, MPHUMEHSIOT IIIPEHreNbHYI0 pemietky (cm.puc.9.6,0).
YCTpOWUCTBO INMPEHTeNbHONW peIIeTKH 0ojee  TPYIOEMKO U TpeOyer
JOMOJHUTEIBHOTO pacxXo/ia MeTajla; OJJHAKO TaKas pelieTka MO3BOJIET IMOIyYUTh
paloHaIbHOE PACCTOSHUE MEX]y JJIEMEHTaMHU TMOIMEPEYHON KOHCTPYKIUHU TPU
paloHaIbHOM YTJIe HAKJIOHA PAaCKOCOB M YMEHBIIUTH PACUETHYIO JJIMHY CKATBIX
CTEpIKHEM.

npenrenpHas pemieTka MPUMEHSETCS NPU KPYTHIX KPOBISX U CPABHUTEIHHO

oompmmx mponerax (I = 20 — 24m) mnst TpeyromwHOU (epMmbl (cM.puc.9.5,e).
B ¢epmax, pabortarommx Ha JBYCTOPOHHIOIO HAarpy3Ky YCTpaumBalOT KPeCTOBYIO
pemeTky (cM.puc.9.6,e). K Takum ¢depmMaM OTHOCATCS TOPU3OHTAIBHBIC CBSI3EBbIC
(bepMbl MOKPBITUN TPOM3BOACTBEHHBIX 3[JaHUI, MOCTOB M APYTUX KOHCTPYKLIHMH,
BepTUKaIbHBIE (pepMbl OarieH, MauT U BBICOKUX 3IaHUH.

PomOuyeckasi u moJiy packocHasi pemetku (cM.puc.9.6,u,x) Omaromapsi IByM
CHUCTEMaM PAaCcKOCOB 00JIaJal0T OOJIBIION XKECTKOCThIO; 3TH CUCTEMbI IIPUMEHSIOTCS
B MOCTaXx, OaIlIHsX, MauTaX, CBA3AX JUUIsl YMEHBIICHHUS PACUETHOM JUIMHBI CTEPIKHEN U
OCOOCHHO palMOHAJIbHBI NPU pabOTEe KOHCTPYKLMN Ha OOJIbIINE NONEPEUYHbBIE CHUJIBL.

OOecneuenne ycroituuBoctu ¢epm. Ilnockas ¢depma HeycToluMBa M3 CBOEU
IJIOCKOCTH, TIO3TOMY €€ He0OXO0IMMO TPUCOEIUHUTH K 00JIee )KeCTKONH KOHCTPYKIIUU
WU COCIUHUTHL CBS3SIMU C Jpyrod ¢epMoi, B pe3yipTare 4Yero oolpasyercs
YCTOMYMBBIA MPOCTpaHCTBEHHBIM Opyc (puc.9.8,a).  Ilockonbky 3TOT
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Puc. 9.8. 3aBsizka pepM B NPOCTPAHCTBEHHBIE CHCTEMBbI

MPOCTPAHCTBEHHBIH OpyC B MONEPEUYHOM CEUYEHHH 3aMKHYT, OH 00JsiaiaeT O0JIbIION
KECTKOCTBIO TIPU KPYUEHUU U U3TMOE B TIONEPEYHOM HAIpaBJICHUU, TO3ITOMY MOTEPS
ero o01el ycTOWYuBOCTH HEBO3MOKHA. KOHCTpyKIIMKM MOCTOB, KpaHOB, OallleH, MauT

66



U T.I. IPEACTABISAIOT COOON TaKXe MPOCTPAHCTBEHHBIE OPYChsl, COCTOSIINE U3 PepM
(puc.9.8,0).

B mokpbITHSX 30aHUI U3-32 00J1bIIOT0 YHCJIA MOCTABJICHHBIX PSAIOM ILIOCKHX
CTPONMJIBLHBIX (pepM pelIeHre YCJI0KHACTCS, 03TOMY (epMbl, CBSI3AHHbIE
MeK1y C000i TOJBKO NMPOrOHAMH MOIYT IMOTEPSATHh YCTOMYMBOCTD.

Wx ycToM4nBOCTH 0OECIIEYMBACTCS TEM, UYTO JABE COCeHUE (DEPMBbI CKPEIUISIOTCS
CBSI3IMH B INIOCKOCTH BEPXHETO U HUYKHETO MOsICAa U BEPTUKAJIbHBIMU NOTIEPEUYHBIMU
cesamu (puc.9.9, 6). Koatum xectkum OsokaMm Apyrue (GepMbl MPUKPETUITIOTCS
TOPU30HTaJIbHBIMU AIIEMEHTaMH, MPENSATCTBYIOUUMU TOPU30HTAJIBHOMY
MIEPEMEIICHHIO TOSCOB (epM U 00ECIEUNBAIOIINMH UX YCTOWIUBOCTH (ITPOTOHAMH U
pacrmopKaMu, pacloiIokKeHHBIMU B y311ax (epm). UToOBI MPOTOH MOT 3aKPENUTh y3ell
(dbepMbl B TOPU30HTAJIHLHOM HANPABICHUH, OH CaM JIOJKEH ObITh MPUKPETICH K
HETIOJBM>KHOU TOYKE — y3J1y TOPU3OHTAIBHBIX CBS3EH.
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1 — npoconvl; 2 — pepmoi; 3 — copuzonmanvhule cesa3u; 4 — eepmukaivhvle Ces3u,

Puc. 9.9. Csi3u obecneunBawuye yCTOMYMBOCTh CTPONWIBHBIX (pepm 5-
NPOCMPAHCMBEHH
bill 610K

9.3. Tunbl ceueHuii crep:kHei pepm
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Haubonee pacnpocTpaHeHHblE  THUIBI CEYEHUH JJIEMEHTOB JIETKUX (epwm,
noka3zansl Ha puc.9.10.

[lo pacxomy cranmu HauOosiee 3((PEKTUBHBIM SIBISETCA TpyOUaTOe CEUYEHHE
(puc.9.10,a). TpybGa obOmamaer xopomield OOTEKaeMOCTBbIO, II03TOMY BETPOBOE
JIABJICHUE MEHBIIIE, YTO BaXXKHO /I BBICOKHX COOpYKeHMU (OallleH, MadT, KpaHOB).
Ha tpy0ax mano 3aiepkuBaeTcs UHEW U Bllara, I0O3TOMY OHU CTOMKH K KOPPO3UH; UX
JIETKO OYMINATh W OKpallMBaTh. OTO TOBBIIIAET JOJTOBEYHOCTh TPYOUaTHIX
KOHCTPYKIIUH.

Jlist mpeoTBpaIieHusl KOPPO3UHd BHYTPEHHUX TUIOCKOCTEH TPyOdaThie JIEMEHTHI
clieqyeT repMeTu3npoBarh. OIHAKO OMpEeNIeHHbIE KOHCTPYKTHUBHBIE —TPYIHOCTH
COTIPSDKEHUS TPYOUaThIX 3JIEMEHTOB M BBICOKAS CTOMMOCTH TPYO OTpaHUYHMBAIOT UX
MIpUMEHEHNE.
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Puc. 9.10. Tunsl ceyeHnii crepxHei Jerkux gpepm [IpssimoyrosibHBIE THYTO
3aMKHYyTbIe ceueHus (puc.9.10,6) 061anaroT MOYTH TEMH K€ MMPEUMYIIIECTBAMH, UYTO U
TpyOUaThi€, MO3BOJISIOT YIIPOCTUTH y3JIbl COMPSIKEHUS SJIEMEHTOB U HAIIUTA IIUPOKOE
npumeHeHue. OaHako, GepMbl U3 THYTO 3aMKHYTHIX npoduieit ¢ 0echacoHOUHBIMU
y371aMu TPeOYIOT BBICOKON TOYHOCTH M3TOTOBJICHUSI.

TexHosornyeckue TPYJHOCTH HE TO3BOJISIIOT M3TOTaBJIMBATh THYTHIC MNPOGUIN
tonmuHou Oosnee 10-12 MmM. DTO OrpaHMYMBAET BO3MOXHOCTH UX UCIIOJIb30BaHUS.
Kpome toro, 6onbpuine miactTuueckue AeopMaivu B yriax ruda CHUKAIT XPYIKYIO
MPOYHOCTh CTAJIH.

YacTto cedyeHus: 3MeMeHTOB (epM MPUHHUMAIOTCS M3 PA3HOTo BUAAa Mpoduieil:
mosica U3 JBYTaBPOB, PEIIeTKAa U3 THYTO3aMKHYTHIX MPOQUICH WK T0sica U3 TaBPOB,
peIIeTKa U3 MapHbIX WIM OJWHOYHBIX YTOJKOB. Takoe pelieHne oka3biBaeTcs Oosee
paIMOHAIBHBIM.

B mpoctpancTBenHbix (pepmax (OamHAx, MadyTax, CTpesiax KpaHOB W T.II.), T
TMOSIC SIBJIIETCSI OOITUM JUTSI IBYX (DepM, ero CeueHHe NOKHO 00ecnednBaTh ya00H0e
COTIPSDKEHUE BJIEMEHTOB B PAa3HBIX IUIOCKOCTSAX. DTOMY TpPEOOBAHHIO JyYIlle BCETO
OTBEUYaeT TpPyOUaToe CeyeHHUE.
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B dertpipexrpannbix (epmax mnpu HEOONBIIMX YCHIHAX, MPOCTEHIINM THUIIOM
CEUEHHUsl MOosAca SIBISIETCA OJMHOYHBIM YrOJIOK MM KpPECTOBOE CEUEHHE M3 JBYX
yroyikoB. Ilpu OonbluX ycHIUSX NPUMEHSIOTCS TaKXe IBYTaBpBHI.

CxaTble 27IeMEHTHl (pepM ciieyeT MPOEKTHPOBAaTh PaBHOYCTOWYMBBIMU B JIBYX
B3aUMHO TEPIEHAUKYJISIPHBIX HalpaBlICHUSIX.

B KkaxIoM KOHKpPETHOM cCiy4yae BBIOOp THIIA CEUYEHHUS JJIEMEHTOB (epM
OTIpE/EIAETCSl YCIOBUAMU PAOOTHl KOHCTPYKIMM (CTENEHb arpeCCUBHOCTU CPE.BL,
XapaKkTep U MECTO MPUJIOKEHUS HArpy30K M T.A.), BO3MOKHOCTBIO M3TOTOBJICHHS,
HAJIMYUEM COPTaMEHTa U 3KOHOMUYECKHUMH COOOpaXKECHUSIMHU.

Crep:xHM TsKeJBIX (epM OTIMYAIOTCA OT JIErKUX 0oJiee MOIIHBIMU U
Pa3BUTBIMU CEUYEHUSIMH, COCTABIICHHBIMU U3 HECKOJIBKHX 3J€MEHTOB. CeueHusl TaKuX
CTepHE OOBIYHO MPOEKTUPYIOT ABYXCTeHuaThiMu (puc.9.11), a y3moBbIe
COTIPSKCHMSI BBITMOJHSIOTCS C TOMOINBIO (DaCOHOK, PAaCIONIOKEHHBIX B JBYX
IIOCKOCTSIX. CTEpXKHU TAKENIbIX (epM (pacKochl, CTOMKH M Iosica) UMEIOT pa3HbIe
CEUEHHUs, HO Ul yA00CTBa CONPSDKEHHUS B y3/ax IIMpPUHA 3JIEMEHTOB “6” JOJDKHA
OBITH OJMHAKOBOM.

Jis mosicoB ¢depM IKenaTellbHO NPUMEHSATh CEYEHMsS MMEIOIIUE [BE OCH
CUMMETPUH, YTO 00JIEr4yaeT CThIK B y3JI€ JABYX CEUEHHH COCEIHMX IMaHesel pa3Hou
IUIOIIAM W HE CO3JAeT JAOIOJHMUTEIBHOIO MOMEHTa BCIIEACTBHE HECOBIIAJICHUS
LIEHTPOB TSKECTU ITHX CEUYCHMI.

Tsoxensle pepmbl, paboTarone Ha AUMHAMUYECKUE HArpy3Kku (GKeJIe3HOOPOKHbBIC
MOCTBI, KpaHbl H T.I1.), UHOT/IA €lll€ MPOEKTUPYIOT KIECMAHHBIMHA, HO B OCHOBHOM, KakK
MpPaBUJIO, MPOEKTUPYIOT U3 CBApHBIX CTPEKHEW C MOHTAKHBIMU y3JaMU Ha
BBICOKOIIPOYHBIX Oo0JTaX.

[IpuMeHsIOTCS ClIeyIOIINE TUIIBI CEYEHUI CTEPKHEN TAKENBIX CTAIBHBIX QepM:

H-o6pa3noe (puc.9.11,6) — 1Ba BEpTUKAIBHBIX JUCTA, CBA3aHBI TOPU30OHTAILHBIM
JIMCTOM, a TaK)K€ KJENaHHbIE U3 YETHIPEX HE PABHOIIOJIOYHBIX YTOJKOB, CBSI3aHHBIX
ropu3oHTaNbHbIM JIUCTOM (puc.9.11,6). Pa3BuTHEe Takux CEUEHHI B CMEXHBIX
MAHEIAX MPOU3BOAAT KPEIUICHUEM JIONOJIHUTEIBHBIX BEPTUKAJIBHBIX JIMCTOB
(puc.9.11,2). Takue ceuenus: manoTpyaoemMkue. Eciu KOHCTpyKIUS HE 3allUIIeHa OT
MOMAaJaHUsl aTMOC(EPHBIX OCAJAKOB, TO B TOPU3OHTAIBHBIX AJIEMEHTaX HEOOXOAMMO
OCTaBJISITh OTBEPCTHs Ul cTOoKa BOAbl auamerpoMm 50 mm. H-oOpasHbie ceueHus
IIPUMEHSIOT JIJIS TIOSICOB U PACKOCOB.

IIIBe/siepHOE ceYeHMe COCTOUT M3 JIBYX IIBEIEPOB, MOCTABICHHBIX MOJKAMU
BHYTpb (puc.9.11,0); UCHONB3YyIOTCS KaK MPOKATHBIE, TAK U COCTABHBIE LIBEJUIEPHI.
Takoe ceuenue 1eecoo0pa3Ho ISl CKATHIX 3JIEMEHTOB, OCOOCHHO MpU OOIBIION HX
mnuHe. HemocTaTkoM NIBEJUIEPHOTO CEYEHMS SIBJISETCA HalM4yue JBYX BETBEH,
KOTOpbIE MPUXOJUTCS COCAUHATH IUIAHKAMU WM pelieTkaMu  (aHaJOTru4yHO
LHEHTPAJIBHO CHKaTbIM KOJOHHAM).

KopoOuyaroe ceyeHme COCTOMT U3 JBYX BEpPTUKAJIBHBIX 3JIEMEHTOB,
COEIMHEHHBIX TOPU30HTAIBHBIM JUCTOM cBepxy (puc.9.11,e1c). Ilpumensierca B
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Puc.9.11. Tunbl ceyeHuii crepskHeil TsxkeabIX GpepMm

OCHOBHOM /ISl BEPXHHX IOSICOB TSDKENBIX MOCTOBBIX (pepM. XKecTkocTh ceueHus
TIOBBIIIACTCS, €CJIM CHU3Y BEPTUKAIBHBIC JIUCTHI COCIMHUTH perreTkoit (puc.9.11,01c)
WM 1ep(OPUPOBAHHBIM JIUCTOM.

OaHocTreH4YaToe JABYTAaBPOBOE Ce€YeHHEe COCTOMT M3 CBapHOIO  WJIH
IIMPOKOIIOJIOYHOTO  IIPOKATHOIO  JBYTaBpa,  I[OCTABICHHOIO  BEPTUKAIBHO
(puc.9.11,u).

TpyoOuaTble cTepaKHM IPUMEHSAIOTCS B TSDKEJIBIX CBApHBIX (pepMax, UMEIOT T€ XKe
PEUMYIIECTBA, YTO U B JIETKUX (epmax.

3amkHyTOe KOpoOuaTtoe cedeHue (puc.9.11,x,.,m) oOMamaeT MOBBIIIEHHOM
U3TMOHOM M KPYTMJIBHOM JKECTKOCTBIO, MO3TOMY HPUMEHSIOT €ro JUisl JUIMHHBIX
CKaTbhIX 3JIEMEHTOB TsDKeNbIX (epM. CedeHue MOXKET OBITh BBINOJHEHO KakK W3
THYTBIX DJIEMEHTOB, TaK M CBApHBIX, COCTABJIEHHBIX M3 YETBIPEX JIMCTOB.

9.4. Pacuer ¢pepm

Omnpenenenue pacyerHoli Harpy3kum. Bces Harpyska, — aeicTByromas
Ha (epMmy TpuUKIaABIBacTCS  OOBIMHO B y3i1ax ¢epMbl, K  KOTOPHIM
MPUKPEIUISIIOTCS 3JIEMEHTBI MONEPEYHON KOHCTPYKUMU (IIPOTOHBI KPOBIH  WJIU
MO/IBECHBIC MTOTOJIKH ), TIEpEAArOIIHe Harpy3Kky Ha dhepmy. Eciau Harpys3ka npuoxxeHa
HEIIOCPEACTBEHHO B IIaHEJIHW, TO B OCHOBHOM pPAaCyeTHOM CXEME OHa TaKKe
pacnpenensercs MexAy OMMKaWlIuMU y3JIaMH, HO JTOTIOJHUTEIHHO YUUTHIBACTCS
MECTHBIN M3rub Mosica OT PacIoIOKEHHOW Ha HeM Harpy3ku. [losic hepmbl mpu sTOM
paccMaTpuBaeTCs Kak Hepaspe3Has Oajka ¢ omopamMu B y3Jax.

Pexomenayercs onpenensaTh YCHUIHS B CTEPXKHIX (epM OTAECNbHO AJIs KaXKI0ro
BHJA HAarpy3ku, T.€. Ui IIOCTOSIHHOM U BPEMEHHOU;
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NMOCTOSIHHOM, B KOTOPYIO BXOJIUT COOCTBEHHBIM Bec (epMbl U BCei
HOJJEPKUBAEMON KOHCTPYKUMU (KPOBJIM C yTeIieHueM, (poHaped u T.II.).

BPpeMEHHOW —  Harpy3ku OT [OJIBECHOTO  IOA3EMHO-TPAHCIIOPTHOTO
o0Opy/ioBaHus, MOJIE3HON HArpys3Kkd, JCHCTBYIOIIEH Ha IOJABEIICHHOE K (epme
yepJauHoOe MEPEeKpbhITHE, U T.II.

KPaTKOBPEMEHHOM, HanmpuMmep, arMoc(epHoil — CHEr, BETEp.

Pacuetnast moctosiHHas Harpy3ka, JeHCTByIOIIas Ha Jr000H y3eln
CTPONMIIBHOU 3aBUCUT OT T'Py30BOM IUIOLIAAH, C KOTOPOMl OHa coOupaercs
(puc.9.12) u omnpenensiercs mo dopmyie

ng = (g(p + gl(p/cosa})[((di—l +d; )/2)7/9J (9-2)
rae g, - COOCTBEHHBIN Bec (pepMsl U CBsi3ell, KH/M? rOpH30OHTANIbHOM IPOCKLUA KPOBIH; (,, - BEC

KpoBid, KH/M?, @ - yros HakJioHa BEPXHETO mosica K TOpU30HTY; D - paccrostaue mexny hepmamu;
di, ¥ d; - npuMbIKalOmKeE K Y31y NaHeNu; y, - KOO(QQUIMEHT HajeKHOCTH IS MOCTOSHHOH

Harpys3kKu.

B oTnenpHBIX y37ax K Harpyske, noiydaemMou no ¢gopmyne (9.2), npubansercs
Harpy3ka ot Beca (oHaps.

CHer — Harpy3ka BpeMEHHas M MOXET 3arpyxarb (epmy IUIIb YaCTUYHO;
3arpy’kKeHHe CHETOM OJHOW TOJIOBUHBI (PE€PMBI, MOXKET OKa3aThCSl HEBBITOJHBIM JIs
CPEIHHUX PaCKOCOB.

PacyeTHyl0 y3510ByI0 Harpy3Ky OT CHEra ONpENENsIoT Mo (opmye:

Fy = S-b[(d;, +d)/2)s, (9:3)

rae S - BEC CHEroBOTO MOKpPOBa Ha | M? TOPU3OHTAIBHOM MPOEKIMH KPOBIH; ), - KO3((UIMEHT
HAJEKHOCTH U CHETOBOM HAarpy3KH.

3Hadenne ‘S’ JOMKHO OMPENETSATHCA C YYETOM BO3MOXKHOTO HEPaBHOMEPHOIO
pacrpeziesieHus CHErOBOro IOKpOBa OKOJIO (OHAps WM MEpPEenagoB BBICOT.

JlaBneHue BeTpa YUUTHIBAETCS TOJBKO HAa BEPTHKAJIbHBIE TTOBEPXHOCTH, a TAKKE
Ha MOBEPXHOCTH C YIIOM HAKIOHA K Topu3oHTy Gomee 30°, uro GpiBaeT B GalrHsx,
MayTax, 3CTaKalax, a TAaKXKEe B KPYTbIX TPEYrOJbHBIX CTPONMIBHBIX (epmax u
¢donapsx. BerpoBas Harpy3ka NpuBOJUTCS K y3710BOM. ['Opu30HTaIbHAs HArpy3Ka ot
BeTpa Ha (OHApPH MPHU pacyeTe CTPONUIBHOU (PepMbl HE YUUTHIBAECTCS, TaK KaK €€
BIIMSIHUE HA paboTy Qepmbl HE 3HAYUTENBHO.
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Puc. 9.12. PacueTrHas cxema ¢pepmbl

9.5. OnpenesieHue yCWJIni B CTePKHAX pepMm

[Ipu pacuere gepm CO CTEPKHSIMHU U3 YIOJKOB MM TaBPOB MPEIIOIAraeTCs, YTo
B y3JlaX CHCTEMbl — HJEalbHbIC IIAPHUPBI, OCH BCEX CTEPKHEH MNPSIMOJUHEHHBI,
PacnoJioKeHbl B OHOW MIIOCKOCTH U MEPECeKaroTcsa B LIEHTpax y3ioB (cM. puc.9.12).
CrepxHU TakoW cHCTEMBbl pPa0OTAIOT TOJIBKO HE OCEBbIE YCHUJIWSA: HaNpPsLKEHHS,
HaWJIEHHBbIE [0 3TUM YCWIHSM, SIBISIIOTCS OCHOBHBIMHU.

B ¢depmax co crepkHSIMH, MMEIOUIMMHU TOBBIIIEHHYIO ECTKOCTh, BIIUSHHE
KECTKOCTU COEIMHEHUI B y3iax Oojiee 3HAUMTENbHO. MOMEHTHI, BO3HUKAIOIINE B
y371ax, NPUBOJAT K 0ojiee paHHEMY BO3HMKHOBEHMIO IUIACTUYECKUX JAedopmanuii u
CHIDKAIOT XPYIKYH HPOYHOCTH cTaju. [loaToMy 11st IByTaBpOBBIX, TPyOUaThIX U
H-o0pa3npix ceueHuii pacuer (epMm MO MIAPHUPHOM CHUCTEME JOMyCKaeTcs Mpu

OTHOIICHHHMW BBICOTBI CCYCHHA K MTJIHHEC HC Ooiee %0 pIRIb: | KOHCTPYKHHﬁ,

JKCILTyaTHPYEMBIX [IPH pacdeTHOH Temmepatype e Hike — 40°C. TIpu moBbIueHnH
ATUX OTHOIICHUH CJEeNyeT YYHUTHIBATh JOIMOJHUTEIbHBIE M3THOAIoNie MOMEHTHI B
CTEPKHSAX OT YKECTKOCTH Y3JIOB.

B BepxHux mnosicax ¢epM TpU HENPEPHIBHOM OINHMPAHUM HA HUX HACTHIIOB
(paBHOMEpHOE pacrnpeiesieHne Harpy3Kku Ha rosca (pepmbl) JOMYCKAETCS BBIUUCIATD
MOMEHTHI M0 CIEAYIOMHUM (QOopMyiam:
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IIPOJIETHBIM MOMEHT B KpaWHEHU ITaHENIH
M, = qd?/10;
IIPOJIETHBIM MOMEHT IPOMEKYTOUYHBIX ITaHEJIEU
M; = qdi2 / 12;
MOMEHT B y3Ji¢ (OIOpHBIN)
M,, =qd?/18,
r1e ( - pacmpeieiicHHas Harpy3ka mo ¢epme; d - [iMHA TaHENH.

KpoMme Toro, B cTepk’HSX BO3HUKAIOT HAMNPSIKEHHUS OT MOMEHTOB B PE3YJbTaTe
HETOJIHOTO LIEHTPUPOBAHMS CTEPKHEH B y3/1aX. DTU HAIPSKEHUS HE SBJISIOLINECS
OCHOBHBIMU PAacuye€TOM HE YYHUTBIBAIOTCS, TaK KAK JIOMYCKAEMbIE IKCLIEHTPUCUTETHI B
(dbepmax Malbl.

CMmenieHre ocH MosicoB (hepM NMpu U3MEHEHUM CEYEHUH HE YUWUTBHIBACTCS, €CIIU
OHO He npesbinaer 1,5% BBICOTHI mosca.

Pacuer gepm cnenyeT BeIMonHATh HA DBM, 4TO MO3BOJSET paccUUTATh JHOOYIO
cxeMy (epMbl Ha CTaTUYECKHME U JIMHAMUYECKHE Harpy3KH.

Hcnons3zoBanne OBM 1mo3BossSEeT MoNy4yaThb PACUETHBIC YCHUJIUS B CTEPXKHSIX C
ydyeToM TpeOyeMbIX COYETaHUN HAarpy30K, OINTUMHU3UPOBATh KOHCTPYKLHUIO, T.€.
HaWTH ONTUMAJBHYIO CcXeMy (epMbl, MaTepuan CTep>KHEW, TUI CEYCHHH U T.II.,
MOJIYYUTh HanOojiee SKOHOMUYHOE MPOEKTHOE pEIICHUE.

[Ipu orcyrctBun DBM ycunusa B CcTepKHSAX (pepM omnpenenstor rpadpuyeckum
METO/IOM, T.€. MOCTPOCHHEM AuarpaMM Makceia-KpeMoHbl, WM aHAIUTUYECKUM
(MeTonoM BeIpe3anusi y3ioB). [Ipuuem mjig KaxJa0ro BHUJIa HArpy3o0K (Harpy3kud OT
MOKPBITHSI, TOJIBECHOTO TPAHCHOPTA U T.I.) CTPOAT CBOKO nuarpammy. s depm c
HECJIO)KHBIMU CXeMaMH (HalpuMmep, ¢ NapaUiedbHbIMH MOSICAMU) M HEOOJBIIUM
YHCIIOM CTEp)KHEH OoJiee MPOCTHIM SIBISETCS AaHATMTHUECKOE OIpeIeTICHUE YCUIIUH.
Eciu ¢depma paGotaeT Ha TOABMWKHYIO HArpy3Ky, TO MaKCHMalbHOE YCHUJIHE B
CTEPKHSX (DEPMBbI OMPENEISIOT MO JIMHUU BIUSHUA.

B cooTrBeTcTBUM ¢ KiTaccudUKaIe coueTaHU Harpy30K (OCHOBHBIE M OCOOBIC)
YCWIMSL ONPENEISAIOT OTAEIBHO JUISl KAaXKIOT0 BHJAA COYETAHWA M HECYIIYHO
CIIOCOOHOCTh ~ CTE€pP)KHEW  ONpeAeNsioT MO0  OKOHYATEIbHOMY  pacueTHOMY
HauOOJbIIEMY YCHIIHIO.

Pexomenayercss pe3ysibTaThl CTATMYECKOrO pacyeTa 3alMchiBaTh B TaOJMIly, B
KOTOpPOM JOJKHBI OBITH MPUBEIEHBI 3HAUEHUS! YCUIIMH OT MOCTOSIHHOM Harpy3ku, OT
BO3MOKHBIX KOMOMHAIIMII BPEMEHHBIX HArpy30K (Hampumep, OT OJHOCTOPOHHETrO
Harpy>keHusi CHEroM), a TaK)Ke pacueTHbIe YCHJIMA KaK Pe3yJibTaT CyMMHPOBAHHUS
YCWIMKA TIpU HE BBITOJHEUIIEM HArpy>KEHUU Ui BCEX BO3MOXKHBIX COYETAHUH
Harpy3oK.

73



9.6. OnpenesieHne pacuyeTHOM AJIMHBI CTEPKHEH

B MoMeHT moTepm YCTOWYMBOCTA CXKATBI CTEPKEHb  BBITYYHBACTCH,
MIOBOPAYMBAETCSI BOKPYT IIEHTPOB COOTBETCTBYIOIINX y3JIOB U BCJIEICTBUE KECTKOCTH
(hacoHOK 3acTaBIISIET TOBOPAYMBATHCS M H3TUOATHCS B TUIOCKOCTH (hePMBI OCTATLHBIC
CTEp>KHHU.

[lpuMBbIKarOIe CTEPKHH CONPOTHBISIOTCS M3rHOYy M IOBOPOTY y3la |
[TpensaTcTBYIOT CBOOOJHOMY H3THOY CTEP)KHS, TEPSIOIIEro YCTOHYHUBOCTb.

Hauboubiiee conpoTuBiICHUE TOBOPOTY y3Jia OKAa3bIBAIOT PACTSHYTHIC CTEPIKHH.
CkaTble CTEpKHHU CJIa00 COMPOTHUBIAIOTCS H3THOY.

Takum 0o0pa3oM, yeM OOJIbIIIE PACTSHYTBIX CTEpP)KHEH MPUMBIKAET K CKATOMY
CTEp>KHIO U YeM OHH MolIHee (O0Jble UX MOTOHHAs )KeCTKOCTD), TEM BBIIIIE CTETIEHb
3allIEMJICHHAST CTEP)KHS M MEHBIIE €ro pacueTHas JJINHA; BIMSHUEM CXKaThIX
CTep)KHEH Ha 3allleMJICHHE MOXKHO TIpeHeOpedb.

CoxaTelii  TOSIC OKa3bIBAaeTCs CJIa00 3allleMJICHHBIM B y3JlaX, TaK KaK C KaXJIOH
CTOPOHBI K HEMY TPUMBIKAET TOJIBKO 1O OJHOMY PACTSHYTOMY PacKoCy, ITOTOHHAas
’KECTKOCTh KOTOPBIX 3HAYUTEIHHO MEHbIIE MOTOHHON KeCcTKOCcTH mosica. [loatomy
3alleMJICHHEM CXKaToro Tosca B 3alac YCTOWYMBOCTH MOXHO MpeHeOpedbh W
NPUHUMATh €r0 PACUYCTHYIO JUIMHY PABHOW PACCTOSHUIO MEKIY CMEKHBIMU Y3JIaMH.

Takum oOpa3om, mpu OOJBIICH CTENECHH 3allleMJICHHUS MEHbIIE pacueTHasl JIMHA
CTEpKHS (pepMbI

ly = wl, (94)

rne g - ko3pduuueHT mNpuBENEHHS JUIMHBI, 3aBUCAIIMA  OT CTENEHHM 3aleMIICHHS;
| - paccrosHEe MeKIy HEHTpaMH Y3IIOB.

ITo HopMaM kOA(DPUIIMEHT NPUBEACHUS JUIUHBI < 12’ JIEMEHTOB PEIICTKU U3
YrOJKOB B TuiockocTH ¢epmbl paBeH 0,8. Torma pacuerHas gnuHa | =081 B

x
IJIOCKOCTH (DepMbl ONpENENsAeTCs C HEKOTOPBbIM 3alacoM, B OCOOEHHOCTH st
CPEIHUX PACKOCOB, KECTKOCTh KOTOPBIX IO CPAaBHEHUIO C MPUMBIKAIOIIMMU
CTEPKHSIMUA HEBEJIMKA.

HckiroueHne CcOCTaBIISIET OMOPHBIM BOCXOJSIIUN PACKOC, YCJIOBHSI PabOTHI
KOTOPOTO B IUIOCKOCTH (epMbl TakHe >Ke, KaK M Yy BEpPXHEro Imosica, MOITOMY
pacyeTHas JJIMHA OTMOPHOTO packoca B IUIOCKOCTA (PepMbl MPUHUMAETCS PaBHOM
PACCTOSTHUIO MEXKIY LEHTPaMH Y3JIOB.

Pacuernas nnwHa mosica B TUIOCKOCTH, MEPHEHAMKYJISIPHON TUIOCKOCTH (DEpMBI,
MIPUHUMAETCS PABHOW PACCTOSHUIO MEXAY Yy3JIaMH, 3aKPEIUJICHHBIMU CBA3AMHU OT
CMEILEHUS] U3 TIJIOCKOCTU (hEepMBI.

B OecnporoHHbIX MOKPBITUSX BEPXHUHN MMOSC CTPONUIBLHBIX (epM 3aKperieH B
TJIOCKOCTH KPOBJIM TUIMTAMM WJIM MAHEJISIMUA HACTUJIA, TPUKPEIUIEHHBIMU K IOsSCaM
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depM B KaxJI0oM y3ie. B 3ToM ciydae 3a pacyeTHyr0 JUIMHY IOsica U3 IUIOCKOCTH
(GepMbl NPUHUMAIOT LIUPUHY OJHOM IUIUTHI.

PacueTtHass 1MHA cTep)KHEW PEIIETKH NMPU BBITMOE MX U3 IIOCKOCTU (hEpMBI
IPUHUMAETCSl PAaBHOW PACCTOSHUIO MEXKIY M€OMETPUUYECKHMH LIEHTPaMH Y3JIOB, TaK
KaKk (pacoHKM OYEHb I'MOKM U pPacCMaTpPHUBAIOTCS KaK JINCTOBBIC IIAPHUPHI.

B tpyOuatsix ¢pepmax ¢ OechacOHHBIMU y31aMH pacyeTHAsl AJIUHA PACKOCa, KaK B
IUIOCKOCTH ()epMBbl, TaK U U3 HEE, C yUYETOM IOBBIIIEHHON KPYTHJIBHOHN ECTKOCTU
3aMKHYTBIX CE4eHUM npumenarcs pasHou 0,9.

B npyrux ciydasx pacyeTHas JJIMHA 3JIEMEHTOB (pepM MPUHUMAETCS IO HOPMAJIH.

9.7. IlpeneabHble THOKOCTH CTePAKHEeN

DJIeMEHThl KOHCTPYKIMH JOJDKHBI MPOEKTUPOBATHCA M3 JKECTKUX CTEPKHEM.
OC0OEHHO CYIIECTBEHHOE 3HAUYEHHE MMEET TMOKOCTh “A” IS CHKAThIX CTEp KHEH
TEPSIOIIUX YCTOMYMBOCTh MPHU MPOJOIBLHOM H3THOE.

Jlaxke mpu HE3HAUUTENTBHBIX CKUMAIOIIUX YCUIIMAX THOKOCTh CXKAThIX CTEp KHEH
HE JIOJDKHA OBITH CIUIIKOM OOJIBIION, TaK KaK THOKUE CTEP>KHU JIETKO UCKPUBIISIOTCS
OT CJIy4YallHBIX BO3JCHCTBUM, MPOBUCAIOT, BUOPUPYIOT TMpPU JTUHAMHUYECKHX
Harpy3kax. [losToMy mig CKaThIX CTEpXKHEW YCTAHABJIMBACTCS MpeEaeiibHAs
TUOKOCTb, 3aBUCSINAs OT HAa3HAYEHUS CTEPXKHA U CTENCHU €ro HarpyXeHus
a= N((p-A-Ry -yc), rae N - pacueTHOe yCuiue, ¢-A-R y, - HeCymias CrocoOHOCTh

CTEPKHS:

]

CIKaTbIC I1051Ca, a TAKXKC OIIOPHBIC CTOMKH M PAaCKOCHI,

MEPEAAIOIINE OMOPHBIE PEAKIIMM . .. uueeuteenteennaeenteenteenaeeaneeeneenneennaenn 180-60
MIPOYHE CHKATHIC CTEPIKHHI (DEPMBL. ...t netenttttentente et eteae et ee et eeeaaeanennnn 210-60x
CHKATBIE CTEPIKHM CBIBEH . ..o uuttntt ittt ettt ettt et e e e et e e et e aeeeeeans 200

IIpn sTtom o npunumaercs He menee O0,5.

PactsinyThie CTEP)KHU KOHCTPYKIIUHN TaK e HE JIOJKHBI ObITh CIUIIKOM TMOKUMH,
TaK KaK MOTYT IPOTHYTbCS INPU TPAHCIIOPTUPOBAHWH W MOHTAXKE.

CrepKHU JOJKHBI UMETh JOCTATOYHYIO >KECTKOCTh OCOOEHHO B KOHCTPYKLHSAX
ITOJBEPKEHHBIX THHAMUYECKUM BO3JICHCTBUSAM.

JIst pacTAHYTBIX CTEpKHEH (epM, MOJABEPraronIuXcs IEHCTBUIO JUHAMHYECKOM
Harpy3Kky, YCTaHOBJICHBI CJIEIYIOIINE 3HAYEHHs MpeneabHOW THMOKOCTH:

1]

PACTSIHYTBIE MOSICA U OTIOPHBIE PACKOCBL. ... eeeutenteneenteneeneennenneeneennens 250
MPOYUE PACTSIHYTHIE CTEPIKHU (DEPM. . uuetnrtenneenteenteeaneeenteenneennneannenns 350
PACTSHYTBIE CTEPIKHM CBIBEH . .. uutennttinttette et ete et et eeeeieeneeanaas 400

B KOHCTPYKIMSX, HE TOABEPTAIOMINXCSA JUHAMUYECKAM BO3IEHCTBUAM, THOKOCTh
PACTSHYTHIX CTEPIKHEH OTPAHMYMBAIOT TOJNBKO B BEPTHKAJIBLHOM MIIOCKOCTH (UTOOBI
NPENOTBPATHT YPE3MEPHOE MPOBUCAHME), YCTAHOBUB [UIS BCEX PACTAHYTHIX
CTEPKHEN TpeebHy0 TuOKOCTh [1]=400.
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9.8. ITox0op ceuenuii 31eMeHTOB (hpepm

B ¢depMax W3 mpokaTHBIX M THYTHIX Hpoduiiei nias yao0cTBa KOMILJIEKTOBAHUS
MeTajlla IPUHUMAIOT He Oosee 5-6 kanmuOpoB mpoduiiei.

N3 ycnoBus obecniedeHHs KauyecTBa CBapKH W TOBBIIMICHHUS KOPPO3UOHHOM
CTOMKOCTH TOJIIIMHY mpoduield (TpyO, THYTBIX CEUEHHiI) HE CleayeT MPUHHUMATh
MeHee 3 MM, a JJI1 YroJakoB — MeHee 4 mMm. (11 mpeaoTBpamieHusi MOBPEXICHUS
CTEpXKHEH MPU TPAaHCHOPTUPOBKE U MOHTAXKE HE CIEAYyET MPUMEHATh Mpoduiu MmeHee
50 MM.

[IpodunpHBIA MpPOKAT TOCTABISIETCS JUIMHOW a0 12 M, MO3TOMY TIpH
M3TOTOBJICHUH (PepM mposeToM 24 M (BKIIOUUTEIBHO) 3JEMEHTHI N0siIca TPUHUMAIOT
MOCTOSIHHOTO CEYEHUS.

JUis CHWXKEHHs pacxoja CTajM, ILelecoo0pa3HO, OCOOEHHO MpH OOJBIINX
YCUIIUSIX M Harpyskax, 3JI€MEHThI ¢epM (Iosica, ONOPHBIE PACKOChI) IPOEKTUPOBATH
U3 CTaJI TOBBIIIEHHON MPOYHOCTH, a OCTajJbHBIE DJIEMEHTHI — U3 OOBIYHOW CTAJIH.

Bei6op cranu st ¢pepM NpoM3BOAUTCS B COOTBETCTBUM C HOpMaMu. Tak Kak
CTEpXKHHU (pepM padoTarOT B OTHOCUTENIBHO OJaronpusATHBIX YCIOBHSIX (OJHOOCHOE
HANpPsDKEHHOE COCTOSHUE, HE3HAYUTENIbHAs KOHIEHTpAIUs HalpsDKEHUH U T.I1.), TO
JUIS HUX TIPUMEHSIIOT CTaIu MOJyCIOKOMHOM BhITIaBkU. DacoHku ¢epM padoTaloT B
CIIOXKHBIX VYCIOBHSX (IJIOCKOE TMOJ€ PACTATMBAIONIMX HANPSIKEHUN, HaJIU4ue
CBapOYHBIX HANPSKEHUN, KOHUEHTpALs HAIPSLKEHU BOJM3H IIBOB), YTO MOBBIIIAET
OMACHOCTh XPYIKOT0 pa3pylIeHUs], T03TOMY TpeOyeTcs: 0oJjiee KaYeCTBEHHAs CTAllb —
-CIIOKOMHAs.

[TonGop ceyenuit snemeHToB (epM yaoOHO odopMIIATH B TAOIUYHOU (opme
(Tabm. 9.1).

9.9. ITox0op ceveHU# CKATHIX IJIEMEHTOB

[IpenenbHOE COCTOSTHUE  CXKATBIX DJEMEHTOB  (epM  ompenensieTcss ux
YCTOMYMBOCTBIO, TOITOMY  TMPOBEPKAa HECYIIEH  CIMOCOOHOCTH  AJIEMEHTOB
BBITIOJTHSICTCST MO (hopMmyIie

N/pA<R,y, (9.5)

rae y, - kodp¢uuueHT ycioBUi paboTel (1o mpui.l4).

Taoamuna9.l. Ilondop ceyenuii crepaHeit Jerkux ¢pepm
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Ane- {Pac-  [Cewenne |[Timo- |Pacuer- (Paguycw [Mukocrn (Mpe- 7 [|Tiposepxa ne-
MEHT {ver- WaAk | Hue RHEp- Resfy |menw cywmelt cno-
Hoe ceve- |xnmHEM  [OHH, Hag ¥ cobHocTH
ycH- Hax L/l oMk /by, oM -
aue, A, oM K0CTH
rH g1
Bepx- | —535 [160x100x9} 45,8 [258/516)2,85/7,7890,5/66.8 124 | 0,546 | 0,95 |21, 4<R, Y. =
Hutt —_—r— «22,8 kH/cM®
nosc
Pac- | +535 [ JL 90x7| 24,5 — — — 400 - 0,95 |21,7<Ry ?’c
KoC | =22,8 kH/cu?

NMpuMewanne. s cxatoronogca [ £ ] =180 — 600l = 180 — 60-0,94=124; 0l =N/ (P ARy Y} =
= 535/(0,546-45,8-22,8) = 0,94.

Kosdpdunmenr “¢”, apnserca Gpynkuueii rubkoctu A =, /i ¥ Tuna ceyenus (cM.
npui.8).

Jlns mogbopa ceueHusi HEOOXOUMO HAMETHUTh TUIT CEUCHMUSI, 33]1aThCsl THOKOCTHIO

CTEPKHS, ONpeneauTh KOAPOUIHEHT “ ¢’ MO NPWI.8 U HANTH TpeOyeMyro ILIOIIA b
CEUYCHUS

» =N/oR 7, (9.6)

[Ipu npeaBapuTENbHOM MOAO00OPE MOKHO MPUHSTH JJIS TOSICOB JIETKHX (epMm
A =60-80, a qisa pemetku A =100-120. bosnbiue 3HaueHrs THOKOCTH MPUMEHSIIOTCS
IIpU MEHBIINX YCHUIHAX.

[To TpebGyemoii miomamu MOA0MPAETCS MO COPTAMEHTY MOAXOASIINN Mpopuib,
ONpENENIIOTCS ero (aKTUUeCKue TEOMETPUUECKHE XapakTepUCTUKU A, i, i

X yl

Haxomares A, =1/i,; A, =1 /i, . IIpn Gonblieli TMOKOCTH yTOYHAETCA KOdDPUIMEHT

b

“@” W TPOBOJAUTCS MpOBEpKa yCTOMYMBOCTH 1o Qopmyne (9.5). Ecnu rubkocts
CTepXXHS TIpeBapUTEIbHO Obla 3aJaHa HEMpaBWIBHO M MPOBEpKa IMOKaszaia
nepeHanpspkeHre Win  3HauutenbHoe (Oonbiie 5-10%) HemoHampsbkeHHe, TO
MIPOBOJIAT KOPPEKTUPOBKY CEUCHMsI, MPUHUMAS MPOMEKYTOUHOE 3HAUCHUE MEKIY
MpEABAPUTENILHO 33JaHHBIM W (AaKTHUYECKUM 3HadeHusiMH TuOkoctu. Brtopoe
MpUOIMKEHNE, OOBIYHO, JOCTHUTACT IICIIH.

MecTHYI0 YCTOWUYHMBOCTBH CXKATBIX JJIEMEHTOB MOXHO CUHMTATh OOCCIICUCHHOM,
€CJIM TOJIIHWHA TIOJIOK U CTEHOK mpoduieit Oosbiie, 4yem Tpedyercss U3 YCIOBUS
YCTOMYMBOCTH.

JlJis cOCTaBHBIX CEUEHUH TpeIebHbIE THOKOCTH TIOJIOK M CTEHOK OMPEICIISIOTCS B
COOTBETCTBUM C HOpPMaMH (CM.IJL.2).

Ipumep 9.1. Tpebyercs mogoOpaTh ceYeHNE BEPXHETO Mosica PepMbl IO PAaCUCTHOMY YCHUITHIO
N = 535kH.

Pacuernsle mumHbI crepxust |y = 2.58; |, = 5.16M. Marepuan — cranms C245; Ry = 24xH/cm2.
Kosddumment ycnouit paboter y. = 0,95; tonmmua daconku 12mm. Ilockomeky Iy = 2ly,
MPUHUMAEM TaBPOBOE CEYCHHE W3 JBYX HE PABHOIIOJOYHBIX YTOJIKOB, PACHOJIOKEHHBIX Y3KHMHU
MOJIKaMH BMecTe. 3ajaeMcs THOKOCTBIO B THpeAenax, pekoMeHayembix s mosicoB: A= 80.
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[IppHEMaeMOMy CE€YEHHUIO COOTBETCTBYET THUIl KPUBOM YCTOMYMBOCTH C U, CIJIEIOBATEIbHO, IIPU
A=2|R,1E =80,/24/(2.06-10") =2,73, ¢=0,611.
Tpebyemas mnomans ceueHust A, = N/(pRyyc) = 535/(0.611-24-0,95) = 38.4cm2.

[Ipunumaem ceueHue wu3 JBYyX YroiakoB 125x80x10, mocraBieHHBIX BMECTE€ MEHbBIIUMU
noskamu; A =19,7x2 = 39,4; iy =2.26¢cMm; iy = 6,19cM (ciexyer 0OpaTHTh BHUMAaHUE, YTO UHICKCHI
pacUeTHBIX OCEH M OCei MO COPTAMEHTY IS HE PAaBHOMOJIOYHBIX YTOJIKOB MOTYT HE COBIIAJIATh);

Ax=258/2.26 = 114; 1, = 516/6,19 = 83; Amax =+/24/2.06-104 = 3,89; o = 0,417,
N/(¢A) = 535/(39.4-0,417) = 32.6xH/cM2 >Ryp. = 22.8xH/cm’

CeyeHue Moa00paHO HEYJAYHO W MMEET OOJibIlIoe MepeHanpskeHue. [IpuHrMaeM rHOKOCTD
(MeXIy TpeaBapuTeIbHO 3aJaHHOM W (aktudeckor) A= 100; g =100,24/ 2,06-104 =341
0=0,49;

App = 535/(0,49-24-0,95) = 47,9cm*

IpunrnMaem 1Ba yromka: 160x100x9; 4 = 22,9-2= 45,8cM?; ix = 2.85cM (ly He mMUMHUTHPYET
ceuenue); Ay = 258/2.85 = 90.5;

Ay = (258/ 2,85),/24/2,06-104 =3,09; ¢=0,546;
N/(pA) = 535/(0.546 - 45,8) = 21.4xH/cm® < Ryye = 22.8xH/cm®
OcraBisieM TOPUHATOE CEYCHHE U3 ABYX YroJjkoB pazmepom 160x100x9.

9.10. IToxOop ceuyeHHUs PACTAHYTHIX 3JIEMEHTOB

[IpenenbHOE COCTOSIHME PACTSAHYTBIX JJIEMEHTOB OIPEACIIETCA MX Pa3pblIBOM
o >o0,, TI€ 0, - BPEMEHHOE COINPOTUBJIEHUE CTAJIA, WU PA3BUTHUEM YPE3MEPHBIX

IIACTHYECKUX JepopManyii o >o,, TA€ o, - NpeAeN TEeKy4ecTH CTallu.
Cranu ¢ HOPMATHBHBIM IIPEAETIOM TEKydecTH R, <44 kH/cM®> MMEIOT pa3BUTYIO

IJIOMIAAKY TeKy4decTH (cM. Ti.l), mo3TOMy Hecyias CIOCOOHOCTh DJIEMEHTOB W3
TaKUX CTajeil mpoBepsieTcs mo Gpopmyie

o=N/A <Ry, (9.7)

rac An - Ijiom@aab CCUCHUA HETTO.

JI71s1 5JIEMEHTOB, BBIMOJHEHHBIX M3 CTajieil, HE UMEIOIIUX IUIOMIAAKY TEKYy4eCTH
(ycnoBuenii mpenen tekyuectn Oy > 44xH/cM?), a TakxKe, €CIIM SKCILIyaTalus
KOHCTPYKIIMM BO3MOXXHA W TOCJE Pa3BUTHUsS IUIACTHUECKUX AedopMaiuii, Hecyias
CIIOCOOHOCTh MPOBEpSIETCS MO (opmyJie:

o=N/A, <(R,/r.). (9.8)

rae R, - pacdeTtHoe cONpOTHBIEHHE, ONPEACICHHOE IO  BPEMEHHOMY COTIPOTHBIICHHUIO;

7, =13 - xoaddumenT HaneKHOCTH TPH pacdyeTe IO BPEMEHHOMY COIPOTHBIICHUIO.
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B mpakTtHke MpOEKTUPOBAHUS PACUET PACTSIHYTHIX DJIEMEHTOB IMPOBOIUTCS TIO
dbopmyne (9.7).

[Ipu TmpoBepke pacTSAHYTOrO DdJEMEHTa, KOTJa Hecymas CIOCOOHOCTb
OTIPEIEIISICTCS HANPSDKEHUSIMHU, BO3HUKAIOIIMMU B HanOoJiee OCIA0JICHHOM CEYCHHUU
(Hampumep, OTBEPCTUSAMHU JUIi OOJITOB), HEOOXOIWMO YYUTHIBATH BO3MOKHBIC
ocnabyieHus] ¥ MPUHUMATH IUIOMIAAh HETTO.

TpeOyemas miomaap HETTO PACTSIHYTOTO JIEMEHTa ONpeesieTcs o hopmyre

A, =N/R,7.) (9.9)

3aTeM 1O COPTaMEHTY BBIOMPAIOT MPOQUIb, UMEIOMUN Onrkaiiiiee Oosbliiee
3HAYEHUE TUTOMIAH.

Ipumep 9.2. TpeOyercs mnomoOpaTh CEYCHHE PACTIHYTOTO packoca (epMbl MO PacueTHOMY
yemnuto N =535kH. Marepuan crans — crans C245; Ry = 24KH/CM2; y. = 0,95

TpeOyemass miomans ceueHus A, = 535/(24'0,95)=23,5CM2. Ceuenue He ociabIEHO

OTBEPCTUSAMH.
IIpyHuMaeM ABa paBHOINOJIOYHBIX yroaka 90X7; 4 =12,3-2 =24,6cM2 > A,

9.11. IToxbop cedyeHus 3aeMeHTOB depM, pabOTAIOITUX HA JCHCTBUE MPOIOJIBHOM
CHJIBI U U3THO (BHEIIEHTPEHHOE PACTSIKEHHUE B CHKATHE)

IIpenenbHoe cOCTOSIHME BHEEHTPEHHO PACTAHYTBIX 3JIEMEHTOB
onpejaessieTcsl YpesMepPHbIM Pa3BUTHEM IJIACTHYECKHUX JepopManuii B
Haun0oJIee HATPY:KEHHOM cocTosiHuM. X Hecyumiasi CcrocoOHOCTH onpeaessieTcs
no ¢gopmyae (cMm. ri.2).

IN/(AR 7. )|+ M, /eW,R . <1 (9.10)

IIpumep 9.3. IlonoOpaTh cedyeHHe pacTIHYTOTO HUIKHEro Iosica MpH JEHCTBUM Ha HEro
BHEY3JIOBOW HArpy3ku B cepeauHe MuHbI manenu (puc.9.13,a) F=10xH. OceBoe ycuiue B mosce
N=800xH. Paccrosuue wmexay IueHTpamu y310B O=3M. Marepuas KOHCTPYKIIMH — CTallb
C245;Ry:24KH/CM2. Koadduuuent ycnosuii pabotst y.=0,95.
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Puc. 9.13. K npumepy 9.3 u 9.4

[TonGupaeM cedeHHe HIEMEHTa U3 YCIOBHS €ro paboThl Ha pacTsbkeHue no dopmyne (9.9);
A,,=800/(24-0,95 ) = 35,1cm,
[IpuHrMmaeM cedyeHue U3 JBYX yroiakoB 125x9; A=22.2 =44¢M?; MOMEHTSI CONPOTHUBIICHHUS IS
oOy1ika W°6X u niepa W'y paBHbI:

W, =327-2/3,4=192,4 cm2; W', =327-2/(12,5 - 3,4) =72 cm2
MowmeHT ¢ yueTom Hepaspesnoctu mosica M = ( Fd/4)0.9 =(10-300 /4 )0.9 = 675 xH cm.
[IpoBepka HecyIiel CIIOCOOHOCTH TOsica: MO TalI.5S MPHUIIOKEHUS TS CEYEHHS U3 IBYX YTOJIKOB
! _1'][-(1)5 &)jﬁf/{lyne (9.10) nnst pacTSIHYTOrO BOJIOKHA (110 OOYIIKY)
800/ (44-24-0,95)+675/(1,6-192,4-24-0,95)= 0,893 < 1;
JUIsL C)KaTOro BOJIOKHA (TI0 Tepy)

800 / (44-24-0,95) — 675/(72-24-0,95-1,6) = 0,54 < 1

HpI/IHHTOG CCUCHUC YOOBJICTBOPACT YCIOBHUIO IIPOYHOCTH.

9.12. IToxOop ceveHUs CTEpP:KHEH MO NpeaeabHON TrM0OKOCTH
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Psaj crepskHei gerkux ¢gpepmM MMeeT He3HAYUTEIbHbIE YCHIIUA U,
cJIeIoBaTeIbHO, He0oJIbIIne HANpsiKeHUus1. CeveHUs ITUX CTePKHEHd MOA0UPAIOT
1o npeaejbHoM ruokocTH (cM. 11.9.4.4). K Takum crepKHSAM 00bIYHO OTHOCATCS
JAOIOJIHUTEJIbHbIE CTOMKH B TPEYTroJIbHOM penieTKe, pAaCKOChI B CPEeAHUX
naHejasx pepm, 3j1eMEHTHI CBSI3e U T.II.
3Has pacyeTHYIO JJIMHY CTEPXHs |, M 3HaueHWe TpenenbHOM rudkoctu [A],

€

OIpefesioT TpeOyeMblil paxuyc uHepuuu i, =l, /[1], a 3aTeM mo copramenTy

mp

BBIOMPAIOT CEUEHHUE U IPOBEPSAIOT HECYIILYIO CIIOCOOHOCTh MO1I00PaHHOIO CEYECHHUS.

9.13. OcoGenHoCTH pacyeTa M MOAOOPA CeYeHM I IJIEMEHTOB
THKeJIbIX hepm

CrepxHU TsKeJBIX (pePpM NMPOEKTHPYIOTCS, KaK MPABUJIO0, COCTABHOIO
CeYeHHUs — CIVIOIIHOT0 MJIM CKBO3HOro (cM. puc.9.11).

Ecau BpICOTa ceueHUs IIPCBBICUT %0_%5 JJIMHBI DJJICMCHTA, HGO6XOI[I/IMO

YUUTBHIBATh MOMEHTBI, BO3HHMKAIOUINE OT ECTKOCTU Y3JIOB, U MOJOMpATh CEUYEHHUS
BHELICHTPEHHO C)KaTbl€ WJIM PACTSIHYTHIE.

V3npl TsOKEABIX (GepM MpU OOJBIIMX YCHUIIUSAX JIE€JAl0T JBYXCTEHUYAThIMHU, T.C.
pasmenaroT (acoHKH MO JABYM HapYKHBIM IpaHsiM nosicoB (puc.9.14). Jlna ynoocTra
KPETUICHHSI 3JICMEHTOB IIUPUHY BCEX CTEPKHEH “D” clieayeT coXpaHsTh MOCTOSHHOM.
OO0b19HO b =400-500 MM.

B HeoOXxoauMbIX citydasx MexAy (acOHKON M IPAHbIO 3JIEMEHTA YCTAHABIUBAIOT
MPOKJIAJIKH.

%

Puc.9.14. Pazmeumenne pacoHoOK B TsizKeabIX gepmax

[Tosica TsoKenbIXx epM UMEIOT B Pa3HBIX MAHENSX pPa3HbIC CEUCHUS, CBSI3aHHBIC
OOITHOCTRIO THMAa M YCIOBUSMHU COIPSDKCHHS CTep)KHEH B y3iax. [Ipen mauamom
noabopa ycranaBnuBatoT Tun cedeHus: (H-oOpasHoe, mBemiepHoe, kopodbuaroe) u
HaMEYalT MecTa M3MeHeHMs cedeHus. B cBapHbix H-00pa3HbIX ceueHHAX OOBIYHO
M3MEHSETCS BHICOTA BEPTUKAJIOB; B KpallHEM Cllydae, MOKET MEHSTHCS U X TOJIIIMHA
IpU COXPaHEHHH MOCTOSHCTBA PACCTOSIHUS MEXAY HAPY>KHBIMH T'PAHSIMH CEUYCHHUS.
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FOpI/IBOHTaJ'IB H3 YCJIOBHUA YCTOP'I‘II/IBOCTH n XCCTKOCTH CCUYCHHA OOIKCHAa HMMCTDb
TOJIIIMHY HC MCHCC %0 pacCToOsAHUA MCKAY BCPTHKALIMU M HEC MCHCC 12 MMm.

OCHOBOI IIBEJUIEPHBIX CEUEHUH SBISIOTCA JBa IIBEJUIEpa, KOTOPbIE MPOXOJISAT
yepe3 Bce cedeHus (cM. puc. 9.11,0).

[[IBennepHOE ceyeHUE pa3BUBAIOT MyTeM J00ABICHUS BEPTUKAIBHBIX JHCTOB.

[Tocne mogbopa cedeHuit MPOU3BOAAT UX MPOBEPKY. [IpoBepka ceueHuit CxKaThIX
CTEp>KHEW (pepM BBIMOIHIETCS TaK K€, KaK IEHTPAIbHO-CXKATHIX KOJOHH (CM. TILS).
H-00pa3HbIx — KaKk CIUIONIHBIX, IIBEJJIEPHBIX — KaK CKBO3HBIX, C TOM pa3HUIIEH, UTO
muprHa “D” cedeHui 31ech SABIAETCS 3aJIaHHOM, a HE ONpeNeIsIeMOl M3 YCIOBHS
PaBHO YCTOMYMBOCTH.

[Ipu ydeTe >KECTKOCTH Y3/I0B TMOAOOp CEYEHUM ¢epM BBIMOJHAIOT Kak
BHELIEHTPEHHO CXKaTBhIX WM BHELEHTPEHHO PACTSHYTHIX 3JIEMEHTOB.

Packocel ¢epm 00bIYHO TpHHWMAIOT MmBeIDiepHOro (cM. puc.9.11,0) wumm
H-o0pa3noro ceuenus (cM. puc.9.11,a wmm 9.11,6). 1lIBennepHbie ceuenus: Oosee
BBITOJHBI NPU pabOTEe Ha MPOJOJBHBIA M3THO U MO3TOMY YacTO HMPUMEHSIOTCS IJis
JUIMHHBIX THMOKMX packocoB, HO OHM 0Oojee TpYyIOEMKH, IO CpPaBHEHHIO C
H-o6pa3nbimMu.

upuHy packocoB JIsl HPOCTOTHI CONMPSDKEHUN Ha MOHTA)KE MIPUHUMAIOT Ha 2 MM
MEHBIIIE PACCTOSTHUE MEXAY TpaHsMU (DacoHOK.

9.14. KoncTpykuus jerkux ¢gepm

OO0mue TpeOOBaHUSI K  KOHCTPYMPOBaHHIO.  YTOOBI n30exKaTh
JOTIOJIHUTENIbHBIX HAIPSIKEHUM OT PACIEHTPOBKH OCEW CTEpPKHEW B y37aX, UX
HEO0OXO0MMO LIEHTPUPOBATh B y3J1aX MO OCSIM, MPOXOJASAIIUM Yepe3 LEHTP TAKECTH
(C OKpyrJeHHuEeM 110 5 MM).

VYTII0BbIE MOMEHTBI, OMPEACIAIOTCS KaK MPOU3BEICHUE HOPMAIbHBIX YCHIIAN
CTEp>)KHEW M BHEIIHMUX Y3JOBBIX CHJI HAa UX IUIEYd O TOYKU MEPECEUYEHHs ABYX
packocoB (puc.9.15).

Moment M =(N,—N,)-e,—F-e;, pacnpenensercss MexIy dSJeMeHTaMu (epMsl,
CXOIAIIMMHUCA B Y3JI€ MPOMNOPIUOHAIBHO WX TOTOHHBIM JKECTKOCTsIM. Ecim
KECTKOCTB JIEMEHTOB PEUIETKU IO CPABHEHMIO C TIOSICOM Majla, TO MOMEHT
BOCIPUHUMAETCSI B OCHOBHOM T0sicoM (pepMbl. IIpu MOCTOSHHOM cedeHHuH mosica U
OJMHAKOBBIX IAHEJISIX MOMEHT B mosice M, =M/2.

Pe3ky creprkHel peleTku NTPOU3BOIAT, HOPMAJIbHO K OCH CTEPKHS, 11 KPYITHBIX
CTEpXHEH JOMyCKalOT KOCYIO0 pe3Ky C IeJIbl0 YMEHbBIIECHUS pa3MepoB (HaCOHKHU.
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Puc. 9.15. K onpeaesieHuI0 10NMOJHUTEIbHBIX MOMEHTOB OT PACHEHTPOBKH Yy3JI0B
UYToOBl yMEHBUINTh CBAapOYHBIE HAIpPSOKEHUS B (PACOHKAX, CTEPKHU PELIETKH HE
JIOBOJISITCA /10 TOSICOB HA paccTosiHuE a=6t—20MM, HO He Oosiee 80 MM (3aech t -
ToNIKHA (ACOHKA B MM). Mexay TOpUaMU CTBIKYEMBIX 3JIEMEHTOB MOSACOB (epM,
IIEPEKPBIBAEMBIX HAKJIAJKaMH, OCTaBIIOT 3a30p He MeHee 50 MM.

TommuHy (acoHOK BBIOMpAIOT B 3aBUCUMOCTH OT JIEUCTBYIOIIMX YCHIJIMNA
(Ta61.9.2) ¥ OpPUHATON TOJIIMHBI CBAapHBIX IIBOB. llpu 3HauMTENBHON pa3zHULE
YCWINA B CTEPXKHSIX PEIIETKM MOXHO IPUHUMATh JBE TOJIIMHBI B Ipeleax
OTIIPAaBOYHOTO 3JIeMeHTa. PazHuna ToamuH (acoHOK B CMEXKHBIX y3j1aX HE JOJKHA
MPEBBIIATH 2 MM.

Pa3mepbl (acoHOK ompeaensoTcs HEOOXOIMMOM NIIMHONW UIBOB KpPEIICHUS
a5eMeHTOB. PACOHKHM JTOJKHBI OBITH MPOCTOIO OUYEPTAHHUSA, YTOOBI YIMPOCTUTH HX
W3TOTOBJICHUE W YMEHBIIUTh  KOJWYecTBO  oOpes3koB.  Ilemecoobpaszno
yHU(ULIHUPOBATh pa3Mepbl (PAacOHOK U MMETh Ha (hepMy OJUH — JBa THUIOpa3Mepa.
CrponuiibHble hepMbl iposieToM 18-24 M pa30MBaOT Ha J1Ba OTIIPABOYHBIX JJIEMEHTA
C YKPYNHHTEJIbHBIMU CTBIKAaMH B CpeAHHMX Yy3Jax. CTBIKH ClieqyeT NpOEKTHPOBATH
TaK, 4TOObI IIpaBas  JieBasi NoJyPepMbl ObLIA B3aUMO3aMEHSIEMbIMH.

[Ipu npoexTupoBaHuM (HEepM CO CTEPKHSAMU M3 LIMPOKOIMOJIOYHBIX JIBYTaBPOB H
TaBpOB, M3 3aMKHYTHIX THYTO CBAapHBIX MNpoQuied WM U3 KPYIJbIX TpyO Hamo
II0JI30BAThHCS CIIELUATIBHBIMU PYKOBOCTBAMHU.

Tabanna 9.2. PekoMenayemble TOJTMHBI (PACOHOK

MaxkcuMaiabHOe o 150 | 160-250 | 260-400 | 410-600 | 610- 1010- | 1410- | boiee
YCUJIUE, B CTEPIKHAX 1000 1400 | 1800 1800
pemerku, kH

Tonmuna dacoHkw, 6 8 10 12 14 16 18 20
MM
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9.15. ®epMbl U3 OAUHOYHBIX YTOJKOB

B snerkux cBapHbIX pepMax M3 OAMHOYHBIX YTOJKOB y3Jbl MOKHO
NPOEKTUPOBATH 0€3 (PACOHOK, MIPUBAPUBAS CTEPKHH HENOCPEACTBEHHO K MOJIKe
MOSICHOT0 YIOJIKA YIJIOBbIMM IIBaAMHU (puc.9.16). YroJuiku cjaeayeT NPUKPENJIAThH

00BapKoii M0 KOHTYPY. Jonyckaercss mpuBapKa yrojka oaxHuM QJaHroBbIM
mBOM (y 00ylmIKa) v JI000BbIMHU IIBAMHU, A TAKKe IHEeHTPauus ocei
CTPe’KHeH peleTKd Ha 00ylHIoK nosica

Puc. 9 16. V315l dhepm U3 OAMHOYHBIX YTOJIKOB

(puc.9.16,a). Eciim 1J1s1 KpemieHus1 cTep:KHel peleTKH K MoJIKe MosicOB He
XBaraer
MeCTa, TO K IO0JIKe MOsiCa MPUBAPUBAKOT ILVIAHKY (puc.9.16,6), co3nawuyo B
y3Jie He00X0AMMoe yIIMpeHHe.

9.16. @epMbI U3 NAPHBIX YTOJIKOB

B ¢epmax u3 mapHbBIX YrojKOB, COCTABJIEHHBIX TaBPOM, Y3Jbl MPOCKTUPYIOT Ha
(acoHkax, KOTOpbIE 3aBOJAT MEXIY yroikamMu. CTEp>KHU PELIeTKH MPUKPEIUIIOT K
(daconke (yanroeiMu mBam (puc.9.17). Ycunue B 25ieMEHTE pacipeaesieTCs MEX Ty
IIBaMHU 10 OOYIIKY U MEpy Yrojika 0OpaTHO MPOMOPIUOHAIBHO UX PACCTOSHUSAM 10
OCH CTepHs. Pa3HOCTH IIomaaei mBOB PETYIUPYETCS TONIMHON U JIIMHOM IIBOB.
KoH1b! (hs1aHrOBBIX IIBOB BBIBOJSAT Ha TOPIBI CTEpkHSA Ha 20 MM Il CHUKEHUS
KOHLIEHTpauuu HanpsbkeHus. GacoHKH NMPUKPEIUISIOT K MOACY CIUIOUIHBIMU IIBAMH U
BBIITYCKAIOT UX 332 00YIIOK MOSICHBIX YroyikoB Ha 10-15 mwm.

[IBbI, mpukpenstone (HacoHKy K MOsACY, IPU OTCYTCTBUU Y3JIOBBIX Harpy3ok
PacCYMTHIBAIOT HA Pa3HOCTh YCHUJIMI B CMEKHBIX MaHENsIX mosica (puc.9.16,6)

N=N,-N, (9.11)

B Mecre omnmpaHus Ha BEpPXHHH TMOSC MPOTOHOB MIJIM KPOBEIBHBIX ILIAT
(puc.9.17,8,2) hacoHku HE 1 OBOJAT 10 OOYIIKOB MOSCHBIX YroikoB Ha 10-15mm.
YToOBI MPUKPETTHTH TPOTOHBI, K BEPXHEMY TOSICY (PEpMBI TPUBAPUBAIOT YTOJIOK

c oTBepcTHsMH Toj Oonthl (puc.9.17,6). B Mecrtax omupaHus KpyMHONAHEIBHBIX
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IUTUT BEPXHUM TIOSIC CTPOMIJIBHOW (pepMbl YCHUIIMBAIOT HaAKIAIKaMH t =12MwM,
€CJIM TOJIIIMHA TOSICHBIX YTOJKOB MeHee 10 MM mpu miare ¢depMm 6 M 1 MeHee 14 MM
npu mare gepm 12 m.

B u3bexxanuu ocnablieHUs] CEYEHUsI BEPXHEro Iosica HE CleyeT MpUBapUBAThH
HAKJIQJKA TONEPEYHBIMHU IIBAMH.

[Ipu pacyere y370B OOBIYHO 3aJalOTCS 3HAYEHHEM “‘k,” W ONPEAENIAIOT

TpeOyeMylo JUIMHY LIBA.

®dacoHkn (epM C TpPEyrojbHON pEHIETKOW KOHCTPYUPYIOT HPSIMOYTOJIBHOTO
CEUEHHUS, C PACKOCHON pEIIETKON — B BUAE NPSAMOYTOJIBHOM Tpaneuuu.

Jlia obecrnieyeHus: IUIABHOM Nepelaud YCWIMS M CHUKEHHUS KOHIEHTpalUH
HaNpsHKEHUN Yrojl MEeXIy KpaeM (DacoOHKU U 3JIEMEHTOM PEIIETKU JOJKEH OBITh HE
menee 15° (puc.9.17,6).

CThIKM TIOCOB HEOOXOAMMO NEPEKPHIBATh HAKIJIAJKaMHU, BBIITOJIHEHHBIMU U3

mucToB (puc.9.18) nmm yrosika. /[ TOro 4ToObl IPUKPENUTH YTOJIKOBYIO HAKIAAKY
HEOOXOAMMO cpe3aTh OOYyHIOK M TMOJKY YroJika. YMEHBIICHHE €ro IUIOMIan
CEUYEHHS] KOMIIEHCUpYeTCs (PaCOHKOM.
[Ipu ycTaHOBKE JIMCTOBBIX HAKJIaJ0K B paO0Ty BKiItoyaeTcs (aconka. LleHTp TsoxecTu
CEYEHHS] B MECTE CThIKa HE COBMAJAET C LIEHTPOM TSHKECTH CEUEHHUs MOosica, U OHO
paboTaeT Ha BHELEHTPEHHOE PACTSKEHHE (WM CXKATUE), TMOITOMY CTHIK  Tosica
BBIHOCAT 32 TPEJEIbl y3J1a, YTOObI 00JIErYuTh paboTy (pacoHOK.

g obecrieyeHus] COBMECTHOM pabOThl YTOJKOB MX COEIUHSIOT MPOKJIAIKaAMU.
PaccrosiHue Mexy MpoKIaIkaMu JTOJDKHO OBbITh He Oosee 401 st cxaThix U 801 s
PACTSHYTBIX JIEMEHTOB, T | - paJnyC UHEPIIUH OJHOTO YTOJIKA OTHOCHUTEILHO OCH,
napajuiebHON npokianke. Ilpyu 3ToM B CKaThIX 3J€MEHTaX CTAaBUTCS HE MEHEE JIBYyX
IIPOKJIAJIOK.

Pemenust yKpymHUTENBHOTO Yy37a (epMbl NMPU HMX I[OCTAaBKE U3 OTIENbHBIX
OTIPABOYHBIX JJIEMEHTOB IOKa3aHbl Ha puc.9.19.

KoHCTpyKIIMM OMOPHBIX Y3J0B 3aBUCUT OT BHAA ONop (METauIMYecKHe WU
&KeJIe300€TOHHbIE KOJOHHBI, KUPIHYHBIE CTEHbl U T.1.) U CIOCO0 COMNPSIKEHUS
(>KeCTKOe WU IIapHUPHOE ).

[Ipn cBoOoAHOM onmupaHuu (epM Ha HUKEIEKAILYI0 KOHCTPYKIIHIO BO3MOXKHOE
pelIeHre OMOpHOro y3ja nokazano Ha puc.9.20. JlaBnenue pepmbl F, yepes miurty
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a — yenmpuposanue cmepoicHell; 0 — y3el npu packocHoll peuiemke; 6 — NPUKpenienue npo2oHo8;

Puc. 9.17. ¥Y3abl ¢pepm U3 AaPHBIX YTOJKOB
2 — NpUKpenienue KpynHonaHeaibHulx naum

nepeaaercss Ha omnopy. I[lnomans MmiIMTHl onpeAensercs Mo Hecylel CnocoOHOCTH
Marepuana OMNOpHI.

A, 2 Fe/R, (9.12)

rac Ron - paC4€THOC COMMPOTHUBJICHUC MaTCpHaia OIIOPhI HA CKATUC.

[TnuTa paboTtaeT Ha U3rKO OT OTIIOpA MaTEpHalia ONOPHI AHATOTUYHO ITUTE Oa3bl
KOJIOHHBI (CM. J1.8).

JlaBnenue (epMbl Ha OMOPHYIO TUIUTY MepenaeTcss yepe3 (acoHKY U OMOPHYIO
CTOMKY, 00pa3yolIye KeCTKYI0 OIopy KpectoBoro ceueHus. Ocu nosca U OopHOTo
packoca LEHTPUPYIOTCS Ha OCb OINOPHOM CTOMKH.

[IBB1, mpuBapuBaromye (HacoHKY U OMIOPHYIO CTOWKY K TUIUTE, PACCUUTHIBAIOT HA
OTIOPHYIO PEAKIIHIO.

Fo/(k, S1,)< (R,B)miny, (9.13)
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Puc. 9.18. 3aBoackoii cTHIK MOsica ¢ K3MEHEHHEM CeYeHHUs

B onopHO# mimTe yCTpauBarOT OTBEPCTHUS Il aHKEpOB. JluameTp OTBEpCTHIA
nenaloT B 2-2,5 pa3a OoJibllie JUamMeTpa aHKEPOB, a IIaiObl aHKEPHBIX OOJITOB
MPUBAPUBAIOT K ILUIUTE.

Jlns yaoOcTBa CBapKM M MOHTaXa y3ja pPacCTOSHUE MEXAY HUKHUM MOSICOM U
OMOPHOW TIMTOW MpUHUMAaT OoJbuie 150MM.

AHaNOrMYHO KOHCTPYUPYEM ONIOPHBII y3eJl IpU ONUpaHuu (epMbl B YPOBHE
BepxHero mnosica (puc.9.19.0).

9.17. @epma ¢ mosicaMu U3 MIHPOKOIOJOYHBIX TABPOB
C mapajajeJbHbIMU 'PAHAMH IMOJIOK

TaBpbl ¢ mapaUleIbHBIMU TPAHSMU TOJOK MOJYYaloT MyTEeM MPOJ0JILHOIO
pOCIyCKa IIMPOKOIMOJIOYHBIX JIBYTaBPOB. TaBphl MPUMEHSIOT B TMosicax (epwm;
pelieTka BBIMOJHICTCS U3 CIAPEHHBIX WM OJIMHOYHBIX MPOKATHBIX WU THYTHIX
yroikoB. depMbl C MosicaMd W3 TAaBPOB 3KOHOMHMYHEE MO Pacxojy MeTajula Ha
10-12%, o Tpynoemkoctu Ha 15-20% u o ctoumoctu Ha 10-15% o cpaBHEHUIO €
dbepMaMy U3 MAPHBIX YTOJIKOB. DKOHOMHUS JTOCTUTAETCS 3a CUET YMEHBIICHUS YUCIIa
JeTanei, pa3MepoB (PACOHOK U JIJIMHBI CBApPHBIX ITBOB.

[Tpu HEOONBIINX YCHIIUSAX B PACKOCAX IIBBI MX KPEIUICHUS K TIOSICY pa3MEIIaroTCs
Ha cTeHke TaBpa (puc.9.21,a). [Ipu Gonpmux ycuausx (OMOPHBIN U COCETHUN C HUM
PacKochkl) 1y1st obecreueHrnss He00X0IMMO JJIMHBI ITBA MTPUBAPUBAIOT K CTEHKE TaBpa
y3J70BYI0 (haCOHKY TOHM ke TonmuHbl (puc.9.21,0). CTBHIKOBOH IIIOB COCIUHCHHS
(acoHKH CO CTEHKOM TaBpa pacCUMTHIBAETCS HA CPE3 OT YCHJIMS, paBHOTO Pa3HOCTU
YCUJIUW B TPUMBIKAIONIUX TaHEIAX Mosica.
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a — Ha ceapxe; 0 —Ha 6onmax; 1 — qunus ceuba cmelko8oU HAKIAOKU

9.19. YKpYNHHUTEJIbHbIN CTHIK CTPONUIbHON (pepMBblI U3 MAPHBIX YTOJIKOB

o

a — onuparnue Ha ypO6He HUJNCHESO nosica, 0 — mooice, 6epxXHeco nosica

.9.20. OnopHbIe y3J1b1 (pepM U3 NAPHBIX YTOJKOB

H3meHeHune ceueHus mosica MOXeT OBITh OCYIIECTBICHO BCTHIK (puc.9.21,6) wm ¢
MOMOIIIBIO JINCTOBOM BCTaBKM M Hakmagku (puc.9.21,s).

VYKpyNHEHHbIE CTBIKA OTHPABOYHBIX MAapOK BBIMNOJHSIOTCS Ha CBapKe WIH
BBICOKOMPOYHBIX OOJITax.

Bbicokre >KOHOMHMYECKHE MOKa3aTelld UMEIT (epMbl C MOsiCaMU U3 TaBPOB U
MEPEKPECTHON PEIIeTKOW U3 OJMHOYHBIX YrOJKOB (cM. puc.9.6,01c). Packockl TaBpa
6e3 (paconok (puc.9.21,2). B Mecte nepeceueHusi paCKOChl COCIUHSIOTCS Ha CBapKe
uin Oonrax. PacTsSHyThI packoc MPEnsTCTBYET IMOTEPE YCTOMUMBOCTU CHKATOTO
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packoca ¥ YMEHBIIIAET €T0 PACUETHYIO JJIMHY. KaK B TUIOCKOCTH, TaK U U3 TJIOCKOCTH
dbepmbl B 2 paza.

a — yzen 6e3 ¢hacouxu; O — y3en ¢ OONOIHUMENbHOU (PACOHKOU U USMEHEHUEM CedeHUsl Nosica

Puc.9.21. Viiabl (bepM C MOSICAMM M3 TaBPOB 6CNMbIK, 6 — y3€]l C USMEHEHUeM Ce4YeHUsl nosiaca
C NOMOULbIO HAKIAOKU U ecmaeKu, c— y3sei

Gepmbi ¢ nepekpecmuoll peuemKoll U3 y201K08

9.18. ®epmbI U3 TPYO

B Tpy0uaTtbix pepmax panuoHaabHbI 0e3hacoHOUHBIE Y3JIbI C
HeNoCPeACTBEeHHBIM NMPUMbIKAHHEM CTePKHel peleTkn K mosicam (puc.9.22,a).
Y3/10BblIe CONPSIZKEHNS J0JKHbI 00eCeYnBATh TePMETH3ANNI0 BHYTPEHHeH
M0JIOCTH (pepMbI, YTOOBI MPEAOTBPATHTHL TAM KOPPO3HIO.

CrepKHHU TaKkKe LEHTPUPYIOTCSA MO0 N€OMETPUUYECKUM OCSIM, HO JOIYCKaeTcs U
HKCLEHTPUCUTET He OoJiee OJHOM YETBEPTU IUaMeTpa MOSCHOM TpyObl, €ciu OHa
UCIIOJIB3YETCSl MPU HEMOJHON Hecyllell CrocoOHOCTH.

Pacuer TakoBOro y3jJ0BOrO COIPSKEHUS [IOBOJIBHO CIIOXEH M OTHOCHUTCA K
o0JlacTh pacuera TMepeceKaroluxcs TUIUHIPUIECKUX 000JIOUEK.

[IpoyHOCTh 1IBa, MPHUKPEIUISIONIEIO TPyOUaThli CTEPKEHb PEIIETKH, MOKHO
MPOBEpUTHh B 3amac NPOYHOCTH MO (opmylie

N/(0,85k1,) < (R,8)miny, (9.14)

rae 0,85 - koapumeHT ycnoBuil paboThI 11Ba, yYUTHIBAIOIINN HEPAaBHOMEPHOCTD paclipeleleHus
HalnpspKEHHs 10 JUTHHE miBa; |, - mirHa mBa, onpeaensieMas o Gopmyie
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l,=057d&[1.5(1+coseca)-, coseca] (9.15)

3nauenue kod(pdunmenta &, 3aBUCALIETO OT COOTHOIIEHHUS AMAMETpa TPYO
npuBeJIeHHl B Ta0:1.9.3.

[lpn HemocTAaTOYHOW TONIIMHE TOsica €ro MOXKHO ycwiuTh (puc.9.22.a).
Haxmanku BeIpe3atoT u3 TpyO TOTo ke AUaMeTpa, UTO U TMOSC WM U3TH0aroT U3 JHucTa
TOJIIIMHOW HEe MeHee OJHONW M He Oosiee NBYX TOJIIMH CTEHKH MOSCHOW TPYyOBI

[Tpu mepenaue Ha mosic pepMbl COCPETOTOUEHHBIX HArpy3ok (OT Beca KpOBIIH,
MOJBECHOTO TPAHCIOPTa U T.I.) HEOOXOAMMO TPEAYCMOTPETh JeTaju IS

Taoauna9.3. 3nayenus kodppuunenrta §

db | 0,2 | 0,5 0,6 o/ [ 0/5 |08 |08 | 09 |09 | 10

& 10101 102 | 103 | 104 | 105 |106 | 1,08 | 1,12 | 1,22

MPWIOKEHUS 3THUX HArPy30K CUMMETPHYHO OTHOCHUTENIBHO OCEU TUIOCKOCTU (PepMbl
BJIOJIb OOKOBBIX YYAacCTKOB CTE€HKH IOSICHOM TpyOBI.

YKpyOHUTENBHOE COEIMHEHHE CTPONMWIbHBIX (epM B KOHBKOBOM  y3JI€
BBINIOJIHATH C LEHTPUPYIOLIEH MPOKIAJKOW MexAy (IaHUEBBIMU 3arTylIKaMH.

Ecnu Her cTaHKOB 11 (UTYpHOM 0OpabOTKM TOpPLOB TpyO, y3Jbl TPyOUaThIX
dbepM MOXKHO cruTronBath (puc.9.22,6), a B UCKIIIOUUTENBHBIX CIIy4asiX BBITOJIHATD
Ha (aconkax (puc.9.22,6). CrumonuBanue KOHIIOB JIOMYCTUMO JIHUIIb JIJisi TPYO u3
HU3KOYTJIEPOAUCTON WM JIPYTrOoM IJIACTUYHOW CTasH.

TpyObl OJMHAKOBOTO JUAMETpa COCIUHSIOT BCTHIK Ha OCTAIOMIEMCS MOAKIATHOM
kombiie (puc.9.23,a). Ilpy HU3KOM pacyeTHOM COMNPOTHUBICHUH  HAILJIABJIICHHOTO
MeTajula CTHIKOBOE COCIMHEHHE Ha TMOIKIATHOM KOJBIIE BBITTOJHSIOT KOCHIM IIIBOM
(pnc.9.236).

CTBIKOBOE COEAMHEHHME MOXXHO TaKKe BBINOJHUTH C TOMOIIBIO MMapHBIX
KOJIBLIEBBIX HAKIAJOK, THYThIX M3 JINCTa WM BBIPE3aEMbIX U3 TPYO TOrO K€ WU
HECKOJIbKO OoJibiiiero auamerpa (puc.9.23,8). TonmuHy HaKIaJ0K U CBApHOTO IIIBa
pexkoMeHayercsi npuHuMath Ha 20% OOJbIIe TONIIHUHBI CTBIKYEMBIX TpPYO.

CrbikyeMble cOeUHEHUs TpyO pa3HbIX JUAaMETPOB, pabOTAOIIMX Ha CXKATHE,
MOTYT BBITIOJIHITHCSA C MOMOIIBIO TOPLEBBIX MPOKIanoK (puc.9.23,2). Ha moHTaxe
4acTO MPUMEHSIOTCSA (hIIaHIEBBIC COCAMHEHMs Ha Oonrtax (puc.9.23,0).

Peliennsi onopHBIX Y3JI0B MPUBEACHBI Ha puc.9.24.

9.19. ®epmbl U3 THYTHIX Npoduiei

®epMbl U3 THYTBIX CBapHbIX 3aMKHYThIX npoduieii (I'CII) npoekTupyror ¢
0ecaconounbIMH y3jaamu (puc.9.25). /s ynpoumeHuss KOHCTPYKIUH y3JI0B
cjeyeT NPUMHUMATH TPEYIroJIbHYIO pelieTKy 0e3 JONOJHUTEIbHBIX CTOeK, MPH
KOTOPO#i K mMosicaM NpUMbIKaeT He 0oJiee IBYX 3JIEMEHTOB.
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Puc. 9.23. CTbikoBBIE COeIMHEHHUS TPYOD
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Puc. 9. 24. OnopHsbie y3JbI TPYOUaTHIX epm

ToJMHY CTEHOK cTepKHeld NPUHUMATH He MeHee 3 MM. IIpumeHenue
npoduien
OIMHAKOBBIX pa3MepoOB Ce4eHHS, OTJMYAIMIUXCH TOJIIIUHON CTEHOK MEHee
yem
Ha 2 MM HE JOIYCTUMO B OAHOW (epme.
[lvpyuHy cTepxkHeld pemeTkd “b,” (M3 IUIOCKOCTH KOHCTPYKLHH) CIIENyET

IPUHAMATE, BO3MOXKHO, Gonbmeii. Ho He Gonee B-3(t, +t,) U3 yCcoBus HANOKEHHS

MPOJOJIBHBIX CBAapHBIX IBOB M He MeHee 0,6 momepedyHoro pasmepa mosica
B (t,,t, - TONIIMHA 1OSCa M PEIIETKH).

VYIIbl NPUMBIKAHHSA PACKOCOB K MOACY JOMKHBI ObITh He MeHee 30° s
oOecrieyeHus: TJIOTHOCTH Yy4acTKa CBApHOrO IIBAa CO CTOPOHBI OCTPOroO yria.

3aBOJACKUE CTBIKM CTEpPKHEU PEKOMEHIYETCS BBINOJHATh CBAPKOM BCTBIK Ha
OCTAIOIICHUCS MOJKIAAKe, a MOHTaXHBIE CTHIKM — (DJIAHIIEBBIMU Ha OOJTax.

CBapHbple WIBBI, MNPUKPEIUSIIOIIAE CTEPHKHU PEUNIETKH K TOJIKAM ITOSICOB
PACCUMTHIBAIOT KaK CTHIKOBbIE (CM. II1.4).

Y3abl ¢pepM M3 OTKPBITBIX THYThIX NPO(duiIeid MOKHO BBINIOJHATH 0e3
(pacoHoK.

[Ipu mosice dempl KOpoOYATOrOo CeYEHUST M pacKkocax W3 JBYX BETBEH,

COEIMHEHHBIX IJITAHKAMH, PACKOCHI IPUMBIKAIOT C JIByX CTOPOH BHAXJIECTKY K IOSICY
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U npuBapuBaroTcsi (rmaHroBeiMu 1mBamu  (puc.9.25,a). Ecnu BbicoTa TmoOsica
HEJO0CTAaTO4YHA, TO K HEMY MPUBAPUBAIOT (DACOHKHU B JBYX MJIOCKOCTSAX CTBHIKOBBIMU
mBamMu (puc.9.25,6). OnopHblid y3en nmokasaH Ha puc.9.25.6.

9.20. Ogopmienue padouero yeprexa jgerkux ¢pepm (KM/I)

Ha neranupoBoyHoMm (padouyem) yepreske MOKa3bIBAIOT (pacag OTIPABOYHOIO
3JIEMEHTA, IVIAHbI BEPXHEro U HUKHEro MOsiCOB, BUJ COOKY M pa3pe3bl. Y3JIbl H
ceyeHus: crepxkHeil dYeprar B Macmrade 1:10-1:15 nHa cxeme ¢depmbl,
Bbluep4eHHOil B macmrade 1:20-1:30 (cm. puc.13).

OCHOBHBIMHM pa3MepaMH y3ja SIBJISIOTCS pa3sMepbl OT LEHTpa y3ja 10 TOPLOB
MPUKPEIIIIEMBIX CTEP)KHEW pemeTkd U 10 kpas ¢acoHku (cMm. puc.9.17). [dnuna
CTEpXHEH pemerku U (acoHOK HazHavaerca KpaTHeiMH 10 mm. Ha ueprexe
yKa3bIBAIOTCS pa3Mepbl CBApHBIX LIBOB U PACIOIOKEHHE OTBEPCTUN MOJ OONTHI.

Ha neranupoBouyHOM depTrexe paszMeliaercd cnenupukanus Aetaneil s
Ka)XJ0ro OTIPaBOYHOTO 3JEMEHTAa M TalJiMla 3aBOJACKUX IIIBOB WM OOJITOB.

B npumeuaHusx ykasbIBalOTCI OCOOEHHOCTH W3TOTOBJIEHUS KOHCTPYKIUH,
HESACHBIE U3 4YepTexa

9.21. Y3abl TaAKEJIBIX epm

B Tsaxeabix (¢epmax Hago 0ojiee CTPOro BbIIEP:KHUBATH IEHTPUPOBAHUE
CTep;KHeH B y3J/1aX MO OCSM, POXOSIIIIMM 4Yepe3 HEeHTP TIKECTH, TAK KaK J1ajKe
HeO0OoJIbIIINe IKCHEHTPUCUTETHI NPH OO0JBIIMX YCHJIUSAX B CTEP:KHAX BbI3HIBAIOT
3HAYNTEJIbHbIe MOMEHTBHI, KOTOpPble HE00XOAUMO YYHUTHIBATH NPHU pacyere
depm.

[Ipy n3MEHEHUN CEeUYEeHUS MOSCOB LIEHTPUPOBAHUE AJIIEMEHTOB CIIEIYET MPOBOIUTH
[0 OCPEIHEHHON JMHUU LEHTPOB TSHKECTH, MPU ATOM B PACUETE€ YUYUTHIBAETCS
MOMEHT OT PACIEHTPOBKH (€ciu 3KcieHTpucHuTeT Ooibine 1,5% BBICOTHI ceueHus
rnosca).

Tsoxenvle GepmMbl UMEIOT, KaK MpaBUiIO, BBICOTY Oouibiie 3,85 M, MOATOMY HX
COOMPAIOT HA MOHTAXKE U3 OT/ACJIBHBIX 2JIEMEHTOB. MOHTa)KHbBIE CTBIKM PACIIOJaraoT
B y3JaX WM BOJM3HU Y3JIO0B.

IIpu pacrnosio’keHUHM CThIKA B y37€, YCIOXHSETCS KOHCTPYKIUS y37a.

[Ipu MoHTaxke HE Bcerja yjaercs 00ecleunTh KauyeCTBO CBAPHOIO COEAUHEHUS.
ITosToMy MOHTaXHBIE COEOUHEHUs] dSJIEMEHTOB (Qepm, paboTarommx Ha
TUHAMHYECKUE Harpy3ku (MOCTOBbIC, TOJKpaHOBbIE ¢epMbl M T.1.), YacTo
BBITIOJIHSIFOT Ha BBICOKOMPOUYHBIX Oontax (puc.9.26). Ilpm H-oOpazHoM wnm
IIBEJJIEPHOM CEYEHUU CTEpPKHEW MPOCTHIMU W HAJICKHBIMU SIBJISIFOTCSL y37bI Ha
(hacoHKax, COCTUHSIONMIUX C HAPYKHOW CTOPOHBI BCE MOIXOISAIINE K Y3Ty CTEPIKHH.

K ¢daconkam KpemsT TONHKO BEPTUKAIHHBIC AJIEMEHTHI CTEP>KHEH.
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@dacoHKU TIPH YCTPOWCTBE CTHIKOB IOSICA B IIEHTPE y3JIa CIY>KaT CTHIKOBHIMU
anemMeHTamMu. YTtoObl obecnieuuTh padoTy (HAaCOHOK I11eJ1IecO00pa3HO YCHUIUMBATh UX B
MECTaX CTBIKOB HAPYXHBIMU HakKJIaaKamMu. Ynucao OONITOB, MPUKPETUISIONTIX
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Puc.9.25. Y3ab1 ¢epM U3 OTKPBITHIX THYTBIX Npoduiei

Haknaaky, yeennuuBaercs Ha 10%. PacoHKM creayeT NPUHUMAaTh JOCTATOYHO
TOJICTBIMHU, HE MEHBIIIE TOJIIMHBI CKPEIUIIEMBIX 3JIEMEHTOB.

bonaTtel B y3max TskenblX (epM cienyeT pasMmeniaTth Mo yHU(PUUUPOBAHHBIM
pUCKaM Ha PAcCTOAHMSX, TPeOyeMbIX KOHAYKTOPOM W MHOTOLINUHIEIbHBIM
cBepiieHreM (00buHO TIpu OonTax d =24MM mar OOJATOB MPUHUMAKOT 80MM).

B OonbmenponetHslx (epmMax TOPU3OHTAIbHOE CMEIIEHHUE OIOp BechbMa
3HAYUTENbHO. YTOOBI HCKIIOYUTH JIOTIOJHUTEIbHbIE TOPU3OHTAJbHBIC YCHIIHS,
KOHCTPYKTUBHOE PEIICHUE OMNOPHBIX Y3JIOB JIOJDKHO COOTBETCTBOBATh PACUETHOU
cxeme (oAHa oropa IAapHUPHO HENMOABKHAS, Ipyras — NOJBHKHasA ). HemoaBmxHyro
OTIOpPY BBIMOJIHSAIOT B BHJI€ IUIMTOYHOTO IIAPHUPA WM HEMOABUKHOIO OasiaHcupa,
MOJIBIKHYIO Ha KaTKax MO THUILy MOCTOBBIX (epM (cMm. i.18).
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ter

] . L ) MMEET 3HAYUTEIbHBIN
yae B e s i e i e TEJIbHOE HANPSHKEHUE
OJTH ~™

] ) ' ' ' ' T THIIA  apKd ¢
3aT; s e R e T M R S £ s G BB

] ' arollee BO3ZCHCTBUE
KOTOPBIX Ha CTEPKHU (PEPMBI MOXKET OBITH OCOOECHHO 3HAYMUTEIbHBIM. OIHAKO MO
YCJIOBHSIM KOMIIOHOBKM COOPY’KE€HHSI U TPAaHCIOPTUPOBAHUS — BBIHOCHYIO 3aTSIKKY
HE BCEr/la MOXXHO IPUMEHUTH.

[Ipy pasmemieHnn 3aTSKKU BIOJb HWKHETO M0SCA MO JJIMHE OHA COEIMHSETCS
nuadparMamM C MOSICOM M 00ECleurBaeT €ro OT MOTepU YCTOMYMBOCTU BO BpeMs
MpEeABApPUTENLHOTO HanpspkeHust (puc.9.28), korma HWKHUE MOAC TOJIy4aeT
CKUMAIOIIUE YCHUIIHS.

[Ipy BBIHOCHBIX 3aTSDKKaX M B CXE€ME ‘‘apKa C 3aTSKKOW~ HEo0XOoauMa MPUHSATH
Mepel Uil o0ecriedeHusl YCTOMYMBOCTH  HIDKHErO Mosica B Mpolecce
MIPEABAPUTEIILHOTO HANPSKEHUA. B 3TOM ciydae ciaeyer OCyIIEeCTBIATh HATS/KEHUE
3aTSHKKU B TIPOEKTHOM IOJIOKEHUH, KOrJa epMa pacKperieHa CBSI3SIMHM WUJIU )K€ Ha
3eMJIe BO BpEMs MOHTa)a, IOCJIE YETO BBINOJHATH HATSHKEHHE U MoAbeM (puc.9.29,
a). B nmpocTpaHCcTBEHHBIX cucTemMax (pepM, HapUMep, TPEYTrOJIbHOTO CEUEHHUS, TAKKe
MO>KHO IPOU3BOJUTH HATSHKEHUE BHU3Y, TaK KaK HHYKHUU I0SIC 3aKPEIUIEH OT IOTEPH
ycroitunBoctu (puc.9.29,6).

Ceyenust cTepKHEH B MpPEIBAPUTENILHO HANMPSDKEHHBIX (epMax MOTYT ObITh
TaKUMHU K€ Kak U B OObIUHBIX. [Ipu mpenBapuTeIbHOM HANPSKEHUU OTAENIbHBIX
CTEpKHEH  3aTSHKKU  JOJDKHBI  Pa3MEIIAaTbCi  CUMMETPUYHO  OTHOCHTEIBHO
BEPTUKAIBHON oOcu cTepkHs. [l0 KOHCTPYKTHUBHBIM COOOpPa)KEHHUSM OHHU YacTO
MPOEKTUPYIOTCS U3 ABYX BeTBeH (cM. puc.9.28).
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OcHOBBI pacueTa W KOHCTPYMPOBAHUS TPEIBAPUTEIHHO HAMPSHKEHHBIX (QepM
U3JI0KeEHHI B crienikypee (“Metamueckue KOHCTpyKiuu” [3]).

N

Nogakow

8.

9.

Knaccudukanus u odbnacte npumenenus pepm (ctp.2-4).

Bribop cratuueckoil cxeMbl M odepTaHUs (GEepMbl U ONpEACNICHUs ee
pa3mepoB(ctp.4-9).

Kakwue Op1BatoT penrerku B pepmax? (ctp.5-10).

YTo Takoe CTPOUTEIBHBIN IMOABEM U I 4ero oH HyxeH? (CTp.9-10).

Kak obOecrneunBaercs yctonuuBocth (epm? (ctp.11-12).

Kakwue ObiBaroT ceuenust ¢pepm u ux moadbop? (crp.12-15; 21-27).

Kaxk omnpezaenstoTcst pacyeTHble HArpy3ku Ha pepMy U YCHIHS B €€ CTEPKHIX?
(ctpl16-19).

Kak onpenensiercs pacyeTHas aiuHa ctepxxuaen? (ctp.19-21).

Yro Takoe npenenbHas THOKoCTh cTepskHs? (cTp.20-21).

10.KonctpynpoBanue ¢depm. Kakas pasuuna mexay dhepMaMu U3 OJUHOYHBIX

YTOJIKOB ¥ U3 MapHbIX? (cTp.27-33).

11.Korga HCIONb3yeTcss CeueHue IMoscoB M3 TaBpoB? (ctp.34-35).
12.113 4ero eme KOHCTPyHPYIOT (epmbl? (cTp.35-40).

13. Yro Takoe npenBapuTeIbHO HANpshKeHHBIE pepMbl? (cTp.40-42)
14. Kak odopmisitor ueprexu jgerkux ¢epm? (ctp.39).
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