OCHOBBI MeTAJNJINYECKHUX KOHCprKHI/Iﬁ
Kypc aexumi



BBEAJEHMUWE

[lonstne  «MeTamuMueckue»  KOHCTPYKIIMM» — BKIIOYAIOT B ceOs  UX
KOHCTPYKTUBHYIO  ()OpMYy, TEXHOJOTHIO M3TOTOBJIEHHUS M CHOCOOBI MOHTaXa.
YPpOBEHb Pa3BUTHS METATUIMYECKUX KOHCTPYKIMHN ONPENEIIAETCs, C OJHOM CTOPOHBI,
NOTPEOHOCTIMU B HHMX HApOAHOrO XO3SAHCTBA, C JAPYroil - BO3MOKHOCTSIMHU
TEXHUYECKOW 0a3bl pPa3BUTHUA METALTYPrUU, METauI000padOTKH, CTPOUTEIHHOU
HayKH W TEXHUKU.

Metann mpumensuii naBHO ¢ XI| Beka B yHUKambHBIX IO TOMY BpEMEHHU
COOpPYXEHHsIX (IBOpIAX, MEPKBax, U T. J.) B BUJAC 3aTSKEK U CKper Uil KaMEHHOMU
KJIAJKU. 3aTsDKKU BRIKOBBIBAIA M3 KPUYHOTO KeJle3a W CKPEIUISUTH Yepe3 MPOYIIUHBI
Ha WThIpax. [lepBoil Takol KOHCTPYKLMEH SIBISIOTCS 3aTSHKKU Y CIIEHCKOro cobopa
Bo Brnamumupe (1158 r.). IlokpoBckuii cobop B MockBe — mepBas KOHCTPYKIIMS,
COCTOSIIIAsE U3 CTEepXHEH, padoTarolMX Ha pacTsKeHue, M3rub u cxarue. Tam
3aTSHKKU, TTOJIEPKUBAIOIIIE TI0J U MOTOJIOK, YKPEIUIeHbI AJis 00JeryeHus paboThl Ha
u3ru6 mnoakocamu. KoOHCTpykTOp yke B TO BpeMsl 3Hajl, UYTO MJIs 3aTsDKKH,
paboTaronieid Ha W3rub, HAJAO TPUMEHUTH TMOJOCY, TMOCTABICHHYIO Ha pedpo, a
MOJIKOCHI, pabOoTaroNIMe Ha CXKaTue, JIydlle JeNiaTh KBaJApaTHOTO cedeHwus (puc.l).
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Puc.1. IlepexpsniTie kopuaopa B Ilokposckom codbope (Mocksa, 1560 r.)

C mnauala XVI|I Beka Meramn NpPUMEHSIOT B MPOCTPAHCTBEHHBIX KYIIOJIbHBIX
KOHCTPYKIMSAX IJIaB LepkBed. CTEp)KHU KOHCTPYKLUUH BBIIIOJIHEHBI M3 KOBAHBIX
OpYCKOB U COEIMHEHBI Ha 3aMOK U CKpembl TOpHOHM cBapkol. Takue KOHCTpYyKLUU
MO>XHO BUJETh B HamM AJHU: Tpane3Has Tpoune-CeprueBoii naBpel B CeprueBom
ITocane 1696-1698 rr., 3nanne bonbmoro Kpemnesckoro J[Bopua B Mockse (1640
r.), Kapkac Kymnoja koyiokosbHM MBana Benukoro (1603 r.), kapkac KymoJa
Kazanckoro Cob6opa B IletepOypre, nponerom 15 M (1805r1.) u ap.



C navama XVIIlI cranmu ocBamBaTh MpolECC JUThA YYTYHHBIX CTEpXKHEU U
neranei. Crpositcs 4YyryHHble MOCTBl. COEAMHEHMS UYTYHHBIX 3JEMEHTOB
OCYIIECTBIISIIOTCA Ha 3aMKax M OoJTax.

IlepBoii 4yryHHOM KOHCTpPYKLUHMEW B Poccum cunMTaeTcss IMOKPBITHE KpbUIbLA
HeBbsinckoit Oaman Ha Ypame (1725 1.). B 1784 r. B IletepOypre moctpoeH
NEPBbII  YYT'yHHBIA MOCT. YHHKaJIbHOW 4yryHHoW kKoHcTpykuuen 40-x r. XI1X Beka

aBisieTcsi Kynosl McaakueBckoro cobopa, cCOOpaHHOTO W3 OTHEThHBIX KOCSKOB B
BUJIC CIUIOIIHOW 000s10ukH (puc.2).
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Puc.2. Kynoa UcaakueBckoro codbopa

Uyrynnass apka, mnposietoM 30M mpuMeHeHa B IEPEKPBHITUH
AnekcanapuHckoro — tearpa B [letepOypre (1827-1832 rr.).

B 50-¢ roast XIX Beka B IlerepOypre Obu1 mocTpoeH HukosaeBckuii MocT ¢
BOCEMBIO apOYHBIMM MpojeramMu OT 33 10 47 M, 3TO caMblid KPYIHBIA YYT'YHHBIN
MOCT MHpa.

C 30-x r. XIX Beka no 20-x r. XX Beka — UJeT ObICTPBIN TEXHUUECKHUI Mporpecc
B METAJUTYPTUU U METAII000padOTKe, MOSBIISIOTCS 3aKJICIIOYHbIE coeuHenus, B 40-
x r. XIX Beka ocBOEH IpoIECcC MOIY4YEHHUs NPOPHIBHOIO MeTajljla U MPOKATHOTO
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mucta. CTanb MMOYTH MOJHOCTHIO BBITECHUIIA U3 CTPOUTEIBHBIX KOHCTPYKIIMM YyTYH.
Bce cranbHple KOHCTPYKLUMH B TEUYEHHE CTa IOCIEAYIOIIMX JIET BBIIOJIHSIUCH
KJICTIaHHBIMU.

UyryHHble KOHCTPYKIIMU BO BTOPOH NojioBUHE XX Beka NpUMEHSUIUCH JTUIIb B
KOJIOHHAX MHOTO3TaKHBIX 3[JaHUI, IEPEKPBITUAX BOK3AIbHBIX J1€0apKaepoB U T. II.,
TO €CThb, I/I€ CONPOTHUBIAEMOCTh YYyI'yHA CXKATHUIO JIy4YlIE€ CTaJIH.

Jlo xonma XIX Beka B Poccuu TpPOMBINIJIEHHBIE W TPAXKIAHCKUE 3IaHUS
CTPOUJIUCh B OCHOBHOM C KUPHHUYHBIMU CTEHAMU W HEOOJIBIIMMHU MPOJIETAMH, IJIS
NEPEKPBITUS  HMCHOJIB30BAIUCH TPEYToibHbIE MeTaiudyeckue (epmbl  (puc.3).
CHauana B pepmax He ObLJIO PACKOCOB, OHU MOSIBUJIIMCH B KOHIIE pacCMaTPUBAEMOIO
nepuoa.

Puc.3. CrponuniasHas ¢pepma (70-e roast XI1X B.)

Bo Bropoit momoBuHe XIX Beka 3HAYMTENBHOE PA3BUTHE  IOJYYHIIO
METANIMYECKOE MOCTOCTPOCHHE, IJie CTalud NPUMEHSTh pemerdyarsie (hepMbl C
TPEYTOJIbHOM IIIIPEHI€JIbHOW PEMIETKOM, IOSBISIETCS METAJUIMYECKUA COPTAMEHT
MIPOKATHBIX TPOPUIICH.

B navame XX Beka NPOMBILUICHHBIE 3JaHUS CTaJd CTPOUTH C METAJIIMYECKUM
KapKacoM, KOTOPBIM MOAAECPKUBAI KaK Orpa)xJalolIue KOHCTPYKIMHU, TaK U IYyTH
MOCTOBBIX KpaHOB. HecymmMm »lIeMEHTOM Kapkaca craja I[OoNepedyHas pama,
cocTosAmiass W3 KOJOHH U purened (ctpormuibHblie ¢depmbl). Bce crambHbIe
KOHCTPYKIIMM U3TOTABJIMBAIMCH B OCHOBHOM KJIeTTaHHBIMU. CTallb CTana BBITECHSTh
yyryH. K KoHIly Beka coBepiieHCTByeTcs (opma depMm, TOSBISIOTCS PaCKOCHI,
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y3JI0BbIE€ COEIMHEHUST BMECTO OOJTOBBIX Ha MPOYIIMHAX, CTaJMd BBINOJHATD
3aKJICTIOYHBIMU C TIOMOIIbIO (PACOHOK.

B xonume XIX cronetuss craid OPUMEHATH pEUIETYATHIE PaMHO-apOYHBIE
KOHCTPYKUMHU JUISl TEPEKPBITHUIl 31aHUl 3HAYUTENbHBIX IPOJIETOB, HAIPUMED,
Kuesckuii Bok3an B Mockse no npoekry B.I'.Illyxosa 1913 — 1914 rr. (puc..4).
Pa3BuBaeTcs MeTaNIMYECKOE MOCTOCTPOCHHE (HAlpUMEP, MOCT C pPElIeTYaThIMH
dbepmamu yepe3 peky Jlyry, 1853 r1.). Ilpodeccop JIL.A.IlpockypssiHoB BBen B
MOCTOBBIE (DEpMBI TPEYTOJbHYI0 W IIMPEHTENbHYIO peleTKh (MOCT 4epe3 peKy
Enuceii).

JlanpHenee pa3BUTHE METAUIYPIUM, MAILIMHOCTPOEHUS U JPYyIUX OTpacier
MPOMBIIUIEHHOCTH MOTpe0oBajgo 000pyNOBaHMS 3JaHUH MOCTOBBIMH KpaHAMH.
CHauana ux YyCTaHaBJIMBAJIM Ha ACTaKaJaxX, HO C YBEJIUYEHUEM T'PY30MObEMHOCTH
CTaJIO LEIECO00Pa3HO CTPOUTH 3AaHUS C METAIUTMYECKUM KapKacom,
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Puc.4. IlepexpbiTne Kuesckoro Bok3aja B Mockse

MOAACPKUBAIOIINM IYTH MOCTOBBIX KpaHOB. OCHOBHBIM HECYIIUM 3JIEMEHTOM
Kapkaca craja mnomnepedHas pama (puc.S).
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Puc.5. Kapkac npoMbliieHHOro 31aHus (Ha4yauao XX B.)

[Ipodeccop D.C.ScuHCKMI TEPBBIA  3aMPOCKTUPOBAT  MHOTOIPOJIETHOE
npombiniuieHHOe 3nanue. Akanemuk B.I.IllyxoB mepBwiii B mupe paspaboran u
MOCTPOMJI TMPOCTPAHCTBEHHBIE M PEIIeTYaThle KOHCTPYKIMU MOKPHITUH M OalleH
pPa3IMYHOrO0 Ha3HaueHWs (TesedalnHs, puc.6).

B 1OCTpOEHHBIX MM COOPYKEHMSX pEaM30BaHbl HUJACH MNPEIABAPUTEIBHOTO
HaMpsOKEHUST KOHCTPYKIMM U BO3BEJCHUS MOKPHITUH B BUJE BUCSAUYUX CHUCTEM. TeMm
caMbIM OH TMpeayrajaj OyAyllyde HalpaBJICHUS B Pa3BUTHM METAJUIMUECKUX
KOHCTPYKIIMH. 3HaUuTEIbHA €ro padoTa Takke B 00JIACTH PEe3epBYapOCTPOCHUS, OH
pazpabotanm HOBbIe (OPMBI PE3EPBYapoOB, HMX pacueT W METOAbl HAXOXKICHUS
ONTHMAaJbHBIX TapaMeTpoB (puc.7).

K xoHmy 40-x romoB XX Beka Kie€HaHble KOHCTPYKIMM MOYTH IOJHOCTHIO
3aMEHWIM CBapHBIMHU, 00Jiee IKOHOMHUYHBIMU. [10SBISIOTCS HU3KOJIETUPOBAHHBIE U
BBICOKOIIPOYHBIE cTayi. Kpome cTanu, Haualu UCI0JIb30BATh AJIIOMUHHUEBBIE CILJIABHI,
IJIOTHOCTh KOTOPBIX MOYTH BTPOE MEHBIIIE.

Pacmmmpuiiace HOMEHKIATypa METAUIMYECKUX KOHCTPYKUMW. bosbmme un
MHOT000pa3Hble 3aJayd MO0 Pa3BUTHI0O METAUIMYECKUX KOHCTPYKIMHA perainuch
YCUJIMSIMA  TIPOEKTHBIX, HAyYHbIX UM  IPOU3BOJCTBEHHBIX KOJUIEKTUBOB —
ITpoexrcranbkoHcTpykumii, [Ipomctpoiinpoekra u [ITHUIIC, nepenMeHOBaHHOTO B
naneHermem B [THUUCK, a Takke By30BCKUMM KOJUJIEKTUBAMM.

[IpOeKTUPOBIIMKHY B35JIM 32 OCHOBY CXEMY KOHCTPYUPOBAHUS MONEPEYHON paMbl
C ECTKHUM COIPSDKEHUEM KOJIOHHBI ¢ (pyHmamenTtamu u pureinem. C pa3BUTHEM
METaJUIMYECKUX KOHCTPYKIMH, OOJNBIIUM OOBEMOM M CBS3aHHAs C HUM
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Puc.6. bamns B. I'. lllyxoBa B Mockse

MOBTOPSIEMOCTh KOHCTPYKLIMUA CO3JaId TMPEANOCHUIKM Ui pa3pabOTKU THUIOBBIX
CUCTEM M KOHCTPYKTHBHBIX PELICHUN NPOMBILUJIECHHBIX 374aHUU. B cBsA3u c¢ aTUM
BIIEPBBIC BBEJICH TPEXMETPOBBIA MOAYJb IMPOJETOB, KOTOPBIH B 50-€ rojpl ObLI
3aMEHEH LIECTUMETPOBBIM. THIM3alMs PacHpOCTPAHIACh TAKXKE HA IMPOJIECTHBIE
CTPOEHHMSI MOCTOB, pPE3€pBYyaphl, Ta3rojibAephbl, paguoOalIHH, PaJAUOMAUTHI.
Tunuzauus, yHH(PUKAUKUA U CTAHIAPTU3ALUA — OAHO U3 IVIABHbIX HANPABJICHUH



R=49250

a) 9968
t=§
t=5
=5
=5
AN | ——
1
NI b
§ ‘\ \‘.
{000 = = _\ .
-0,010
R=5860 il
9254 l J28n
a)
8

0 et BN

' 8
Dpy=48480 3

78
Daw=s0usg B

49400

a=2000 ¥POREHE BOA r a-2000

7 gl eSS EIEIEIEEE
| E_ﬂ':- __§__E
4
>
8
=0 2 §
i
5
S
2 I
S RS
% ( &K -
2 €
— | ==
DS‘[;D
v |,\%“®
i "« L)
g" 7

Puc.7. JIucToBbIe KOHCTPYKIHK:
a) KanJjie 6UOHbBLIL pe3epeyap;
0) cazzonvoep mMoKpulil

Pa3BUTUS MeETAIMYECKHX KOHCTPYKIHMH. OTO CHWXAJIO TPYAOEMKOCTb
MU3TOTOBJICHHSIT M MOHTaXa KOHCTPYKLUMH, YMEHbIIAIO pacxox cramm. U3
OOIIECTBEHHBIX COOPYXEHUN MOKHO BbLIEIUTh MNaBWiIboH Kocmoca Ha BBII
(MockBa), mnepekpsiTue  [IBopua cnopra B Jly)KHMKax,  YHHKaJIbHbIC



OOJIBILIETIPOJIETHBIE COOPYKEHUSI C METAUIMYECKUMHU HECYIMMHU KOHCTPYKLMSIMH,
noctpoeHHbIMH B MockBe k Onumnuaze-80.

Hapsiny ¢ coBepiieHCTBOBaHHEM KOHCTPYKLHN Pa3BUBAINCH (POPMBI M METOMbI
pacuera. Jlo 1950 r. pacuer Beics Mo METONY IOMYCTUMBIX HampspkeHuil. Takoi
pacdeT HEeIOCTATOYHO IOJHO OTpaXkad JACHCTBUTENbHYIO paObO0Ty KOHCTPYKLHMHU MO
Harpy3Ko#, IpUBOJWI K MEpPEepacxoqy MeTajia, 03ToOMy ObUT pa3padoTaH METO.
npenaeabHoro coctostHuda. IlosiBisitorcss 9BM, 4TO MO3BOJISIET MPOEKTUPOBIIUKY
HAWTH OBICTPO KOHCTPYKTHUBHBIC ONTHMAIbHBIC PEIICHHS.

Ycnexamu B pa3BUTHH METATMYECKUX KOHCTPYKIMKA MBI 00s3aHbI Mpodeccopy
H.C.Ctpeneukomy, kotopslii 50 J€T BO3IIABISsUT IIKOJIY MeTaiocTpoeHus. OH
SBUJICS OJHUM U3 WHHUIIMATOPOB TIepexoja OT pacuera IO JOMyCKaeMbIM
HAMPSDKEHUSIM K pacdeTy Mo MPEeAeNbHBIM COCTOSHUSIM. B o0macTu sneKTpocBapKu
oosbmioi Bkiaa BHec mpodeccop E.O.Ilatow.

[lapannensHo ¢ pa3BuTHEM MeTamocTpoeHuss B Poccum, pacmmpsieTcss ero
UCIIOJIb30BaHME U B 3amaJHbIX cTpaHax. [lepBblil 4yryHHBI MOCT ObUI MOCTPOEH B
Anrmuu uepe3 pexky CesepH B 1776-1779 rr., mposerom 30,6 M. Moct uyepe3
Memnelickuii nponuB B AHriuu noctpoeH B 1818-1826 rr., nponerom 176,5 m. B
1832-1840 rr. moctpoen moct Bo dpeitdypre B llBeitapuu, nponerom 273 M, a B
1889 r. crpoutrcsa DiieneBa Oamus B [lapwke, Boicotoit 300 M 1 MHOTHE apyrue
COOPYIKEHHS.

PA3JEJI 1. QJIEMEHTBI METAJUIMYECKUX KOHCTPYKIUIA

1.1. HomeHnkiarypa u 00J1acTh IPMMEHEHUSI METAINYECKHUX
KOHCTPYKIUIA

Meramnueckue  KOHCTPYKIIMM — TPUMEHSIOTCS  BO  BCEX  MHKEHEPHBIX
COOPY’KEHHUSIX 3HAYUTEIBHBIX TPOJIETOB, BBHICOTHI M HArpy3ok. B 3aBucumoctu ot
KOHCTPYKTUBHON (OpPMBI M HA3HAYCHUS METAUIMYECKUE KOHCTPYKIIMU MOXKHO
pa3lieIuTh Ha BOCEMb BHJIOB:

1. IlpombllIeHHbIE 3IaHUSI — [ETPHOMETAUIMYECKHE WIH CO CMEHIaHHBIM
KapkacoM (KOJIOHHBI keje300eToHHbIe). [{enpHoMeTammueckue B 3JaHUsX C
OOJIBIIIMM TIPOJIETOM, BBICOTOH WM TPY30IOABEMHOCTHIO.

2. BoablienposieTHbIe MOKPBITHSI 3[IaHUI — CIIOPTUBHBIC COOPYKEHUS, PHIHKH,
BBICTABOYHBIC MTaBUJILOHBI, T€ATPHI, aHTapbl U Ap. (1poseTsl 10 100-150 m).

3. MocTbl, 3CcTakaabl — MOCTBI Ha KEJIE3HOAOPOXKHBIX M aBTOMOOUIIBHBIX
MarucTpasx.
4. JluctoBble KOHCTPYKIHM — pE€3€pByaphl, TIas3rojbAepbl, OYyHKEpHI,

TpyOONIPOBOIBI OOJBIIIOTO JUAMETpa U Jp.

5. bamiHM M MAa4YThl — Paguo U TEJIEBUICHHS B I'€OJIE3UUYECKON CIIyKOe, Onopbl
JUHUM 3JIEKTporepeaaun, HeTSIHbIE BBIIIKUA H Ap.

6. Kapkacbl MHOro3Ta;kKHbIX 31aHMil. [IpUMEHAIOTCS B MHOTO3TaXHBIX
3IaHUSX, B YCJOBUAX IUIOTHOM 3aCTPOMKH OOJBIIUX TOPOJOB.



/. KpaHoBble M apyrue moaBUKHble KOHCTPYKIIMH — MOCTOBbIE, OallleHHBIE,
KO3JIOBBbI€ KpaHbl, KOHCTPYKI[MM HKCKaBaTOPOB U Jp.

8. Ilpoune KOHCTPYKLIHMH TIO HCIOJIH30BAHUIO ATOMHOW SHEPTUH B MUPHBIX
IEJISTX, Pa3HOOOpa3HbIe KOHCTPYKIIUH PATUOTEIICCKONOB IS KOCMUYECKON |
paanocBs3u, TIATGOPMBI IS pa3BEIKU U JO0ObIYM HEPTH U raza B MOPE | JIp.

Mertainnyueckue KOHCTPYKIMHM OO0JafaroT CIAEAYIOIMMH JTOCTOMHCTBAMU:

1. Hagesxknoctb. Matepuain (cTanb, alFOMUHUEBBIE CIUIaBBI) 00JIaaeT OOJIBIION
OJTHOPOAHOCTBIO CTPYKTYPBHI.

2. JlerkocThb. MeTaymuinueckre KOHCTPYKLMU CaMble JIETKHUE.

3. UuaycTpuasbHOCcTh. V3roToBlIeHHE U MOHTAX METAJUNIMYECKUX KOHCTPYKITUN
IIPOU3BOJIUTCS CHEHHAIN3UPOBAHHBIMA OpPraHU3alUsAMH C HCIOJIb30BaHUEM
BBICOKOIIPOU3BOIUTEIIBHON TEXHUKHU.

4. Henpouuunaemoctb. O01a1al0T BBICOKONW MPOYHOCTBIO M IJIOTHOCTHIO,
HETPOHUIIAEMOCTBIO JIJISl Ta30B U KUIKOCTEH.

Mertannuyeckre KOHCTPYKUIHUH HMMEIOT HEIOCTATKH:

1. Koppo3usi. HezamuiieHHOCTh  OT  BJQXHOW  cpembl, arMmocdepsl,
3arps3HEHHOW arpecCMBHBIMM Tra3aMu, CTajlb KOPPO3UPYET (OKUCIAETCS) U
paspymaercs. I[losToMy B cTaib BKIIOYAIOT CIHEHHAIBHBIE JIETUPYIOIIUE
AJIEMEHTHI, TIOKPHIBAIOT 3aAIIUTHBIMH IJIEHKAMH (JaKd, Kpacku U T.1I.).

2. Heboabasi orHecToiikocTb. Y cranu npu temneparype 200°C yMeHbITaeTcs
MOJIyJIb YOPYTOCTH, a ripu TemnepaTtype 600°C ctajib TOJHOCTHIO MEPEXOAUT B
MJIACTUYECKOE COCTOSTHUE. AJTIOMUHUEBBIC CIUIABBI MEPEXOIAT B MJIACTUUYECKOE
cocrosaue npu 300°C. IToaToMy MeTamsIMyeckue KOHCTPYKUMHU 3allUIIAI0T
OTHECTOMKUMH 00JIMIIOBKamMu (O€TOH, KepaMHKa, CHELHAIbHbIE MOKPBITUS
U T.J.).

[Ipy NpOEKTUPOBAHMU METAUIMYECKUX  KOHCTPYKUMM JOJKHBI YUUTHIBATHCS

cienymomnme TpeOoBaHUS:

1. YcaoBusi 3kcIryaTamum.

2. JxoHOMHUSI MeTaslJIa (BBICOKAs CTOMMOCTH).

3. TpancnopradeabHOCTH (MIEPEBO3KA M0 YACTSAM HIIM 1IEJTMKOM C IPUMEHEHUEM
COOTBETCTBYIOIIMX TPAHCIIOPTHBIX CPEICTB).

4. TexHOJOTHYHOCTh — WCIIOJB30BAHWE COBPEMEHHBIX TEXHOJOTHYECKHUX
IPUEMOB, 00ECIEUUBAIOIINX CHUKEHUE TPYIAOEMKOCTH.

5. CkopocTHoif MoHTaxk. COOpKa B HaWUMEHBIINE CPOKH.

6. Jl0JroBeYHOCTh — ONpENENsIeTcs CpOKaMu (PU3HUECKOTO W MOPAIBHOTO
U3HOCA.

7. IcTreruuHocTh. KOHCTpYKIMA A0MKHA 001aaTh TApMOHUYHBIME (hOpMaMHu.

OCHOBHBIM TPUHIUIIOM TPOEKTHPOBAHMS SIBJISIETCH JOCTHUKEHHE Tpex
IJIABHBIX MOKa3aTesieil: JKOHOMHM CTAJIH, NMOBbINIEHHE MPOU3BOAMTEIHLHOCTH
TPyAa NPH H3TOTOBJICHUHM, CHHKCHHE TPYIAOEMKOCTH M CPOKOB MOHTAaKa,
KOTOpPbIE ONpeaeJsil0T CTOUMOCTh KOHCTPYKUMH.

JlocTuraercst 3To IMyTeM HCHOJIb30BaHUSI HU3KOJIETHPOBAHHBIX U BBICOKOITPOYHBIX
CTaJiel, SKOHOMHUYHBIX TPOKATHBIX M THYTBIX MpoQuiel, BHEIpPEHUs B
CTPOMUTENBCTBO IPOCTPAHCTBEHHBIX, IPEABAPUTEIIBHO HANPSHKEHHBIX, BUCAYUX,
TpyOUyaThlX M T. I. KOHCTPYKIMH, COBEPIICHCTBOBAHMEM METOJOB pacyera U
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U3BbICKAHUEM KOHCTPYKTHUBHBIX ONTHUMAJbHBIX PELICHHUN C HUCMOJb30BaHHeM OBM.
Kpome Ttoro, paspaGoTaHbl THUIIOBBIE PEIICHHWS YacTO  IMOBTOPSIOIIIXCS
KOHCTPYKTUBHBIX 3JIEMEHTOB - KOJIOHH, (pepM, MOAKPAHOBBIX OaJOK, OKOHHBIX H
(GoHApHBIX TMPOEMOB, paauoMadT, OallieH, Orop JIMHUM DJIEKTPOIIepeaauH,
pe3epByapoB T.II.

1.2. CsoiicTBa 1 padoTa CTPOUTEJbHBIX CTAJIEH H
AJIIOMUHHUEBBIX CILIABOB

JIns1 CTpOUTENIBHBIX METAJUIMYECKUX KOHCTPYKIMU HUCHOJIB3YIOTCA, B OCHOBHOM,
CTalld U AIFOMHUHUEBBIE CILJIABBI.

Haubonee BakHbiMH 711  pabOTHI  SIBJISIOTCS MEXaHUYECKHE CBOMCTBA:
MPOYHOCTh, YNPYIOCTh, IUIACTUYHOCTh, CKJIOHHOCTH K YIIPYrOMYy pa3pyLICHUIO,
MOJI3Yy4€ECTh, TBEPAOCTb, a TAKXKE CBAPUBAEMOCTb, KOPPO3MOHHAS CTOWKOCTb,
CKJIOHHOCTh K CTap€HHIO U TEXHOJIOTUYHOCT.

IIpoynocTs - XapaKTEepU3yeT CONPOTUBIIEMOCTh MATEPUAIA BHEIIHUM

CUJIOBBIM BO3JICHUCTBUSIM 0€3 pa3pyllICHHUS.

Yupyrocrts — CBOICTBO MaTepuaja BOCCTAaHABIMBATH CBOI) MEPBOHAYAIBHYIO
dbopMy mociie CHATHS BHEUIHUX HAarpy3oK.

IlnacTHYHOCTH — CBOMCTBO Marepuasa COXpaHATh Ae(POPMATHUBHOE COCTOSHUE
MOCJIE CHATUSA HArpy3KH, T.€. OJIy4aTh OCTATOYHbIE AePopMaluu 0€3 pa3pylICHHUs.

XPpYNKOCTb — CKJIOHHOCTh Pa3pylIaThCsi MPU MabIX Jedhopmariusx.

ITos3y4ecTs — CBOWCTBO MaTepuaia HEMPEPHIBHO 1€(hOPMUPOBATHCSI BO BPEMEHU
0e3 yBeIMUYEHUs HarpysKu.

TBepaocTe — CBONCTBO IIOBEPXHOCTHOIO CJIOSI METaUla CONPOTUBIIATHCS
YOPYroM M TJIaCTUYECKOM aeopMaiusM WIH pa3pyLICHUIO TPU BHEAPEHUH B HETO
MHJIEHTOpa U3 0oJjiee TBEPAOro MaTepuaia.

[IpoyHOCTH MeTaJIIa MPU CTATUUYECKOM HArpy>KEHUHU, a TAKXKe €ro Yymnpyrue u
MJIACTUYECKUE CBOMCTBA ONPEIEISIOTCA UCIBITAHUEM CTAHIAPTHBIX OOpa3LoB Ha
PaCTsDKEHHE C 3alMChi0 JUArpaMMbl 3aBHCHMOCTH MEKay HampsokenueM O
OTHOCUTEJIbHBIM YJUIMHEHUEM €.

JlnarpaMMbl pacTSKEHMS pa3JIMYHBIX METAJUIOB MOKa3aHbl HA puc.1.1,0.

1.3. Knaccupuxkanus cranei

Ilo NMpOYHOCTHBIM CBOMCTBAM CTaly YCJIOBHO JEJIATCS HA TPU TPYyIIBL:
oobrynoit (O y = 29 xH/cm), moeeimiennoit (O y = 29-40 kH/cM) © BBICOKOI
npounoct (O y> >40 kH/cwm).

[ToBbIlIEHME TPOYHOCTH CTajH, JAOCTUTAETCS JIETMPOBAHHUEM U TEPMHUYECKOU
00pabOTKOM.

Ilo XuMHMYecCKOMY COCTaBy CTalld, MOAPA3JCISAIOTCS Ha YIJIEPOJUCTbIE U
JIeTUPOBAHHBIE.
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Yriepoauctbie CTAJM COCTOST U3 JKelie3a M yriepoja ¢ J100aBKOW KpeMHUS
(MM aFOMUHMS) U Maprasiia.
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Puc.1.1. K onpenejieHn0 MeXaHUYeCKUX XapaKTePUCTHK MeTaJjljia:
a — obpaszey 0715 UCNBIMAHUS HA pacmsadicenue; O — K onpeoeyenuio
npeoena nponopYUOHAILHOCU U NPedeid Ynpyeocmu

Yraepox (Y) 1oBbilIasg NPOYHOCTh CTalIM, CHWXKAET €€ IUIACTUYHOCTh U
YXYAIIAeT CBAPUBAEMOCTb, MO3TOMY MPUMEHSIOTCS TOJBKO HHU3KOYTJIEPOJUCThIE
cramu (Y < 0,22%).

JlerupoBaHHbIe CTAaJM TOMHUMO >KeJie3a W YIrjiepoja HMEIOT CIeIHaIbHBIC
no0aBKky, yiydmiaromue KadectBo  craimu. OnpHako, Jg00aBKM — yXYIIIAIOT
CBApUBAEMOCTh CTAM U yJAOPOXKAIOT €€, TOITOMY B CTPOUTEIIBCTBE HCIIOIB3YIOT
HU3KOJICTUPOBAHHBIE CTAIM C COJAEpX)aHUeM J00aBku He Oosee 5%.

OcHoBHBIMU JeTUpYyIOIUMU q00aBKkamu siBisitorcs kpemuuit (C), mapraner (1),
mens (M), xpom (X), aukens (H), Bananuii (D), monubdaen (M), amomunuii (FO), a3oT
(A).

KpemHuii packuciser crajib, T.€. CBS3BIBACT H30BITOYHBIA KHCIOPOJ |
MOBBINIACT €€ TPOYHOCTh, CHIIKACT IUIACTHYHOCTH, YXYJIIIAET CBApPUBAEMOCTh H
KOPPO3UOHHYK) CTOUKOCT.

MapraHen TMOBBIIIIACT TPOYHOCTh, CHIDKACT BpEIHOC BIHMSHUE cepbl. [lpu
cogepxkannu mapranma > 1,5% cranb CTaHOBUTCA XPYIKOM.

Menab MOBBIIAET TPOYHOCTH, YBEIMYMBACT CTOWKOCTh IPOTHB KOPPO3UH.
Conepxxanue mMequ > 0,7% cmocoOCTBYeT CTapeHHIO M XPYNKOCTH CTaju.

XpoM U HHKeJIb TOBBIIIAIOT MPOYHOCTh CTAIH, 0€3 CHUKEHUS TUIACTHYHOCTH
U YJIydIllaloT €€ KOPPO3UOHHYIO CTOMKOCTD.

AJIIOMHUHHUI PACKUCISET CTallb, HEUTpaU3yeT BpeaHoe BiUsHHUE Qocdopa,
MOBBIIIAECT yAAPHYIO BA3KOCTb.

Banaguii u ™MoauOJeH yBEIMYMBAIOT MPOYHOCTh TMOYTH O€3 CHUKCHUS
MJIACTUYHOCTH, MPEIOTBPALIAIOT pa3ynpouyHEeHHE TepMOOOpabOTaHHOW CTalu TMpH
CBapKe.

A30T B HECBS3HOM COCTOSHUM CIIOCOOCTBYET CTapEHHUIO CTalH, JeNaeT ee
XpYIKOW, TO3TOMY €ro JoJkKHO ObiTh He Ooisiee 0,009%.
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Docop OTHOCUTCH K BPEAHBIM IIPUMECSIM TaK KaK, HOBBIIIAET XPYINKOCThb CTaJIU.

B 3aBucuMOCTH OT BHJ1a TIOCTABKU CTAIIM MTOAPA3AECIAIOTCSA HA FOpsiYeKaTaHble U
TepMOOOpadoTaHHbIe (3aKajka B BOJAE U BBICOKOTEMIEPATYPHBIM OTIYCK).

[To crernenn pacKUCICHUS CTAM MOTYT OBITh KUNSIIIUMHU, MOJYCIHOKOWHBIMH U
CIIOKOMHBIMHU.

CnokoifHble  CTaly  WCHOJB3YIOT IPU  MU3FOTOBIEHHH  OTBETCTBEHHBIX
KOHCTPYKIIMM, MOABEPrarolIMXcs ITUHAMHYECKUM Bo3acucTBuAM. IloaycnokoiiHas
CTAJIb — MPOMEKYTOYHAS MEXKIAY KHUISIIIEA U CIIOKOMHOM.

1.4. Bo10op cTaJsiei 1Jis CTPOUTEIbHBIX KOHCTPYKIUIA.

BriOop crtanm Bemercss Ha OCHOBE BAapHUAHTHOTO MPOCKTUPOBAHUSI M TEXHHUKO-
SKOHOMHMYECKOTO aHaju3a C Yy4eToM pekoMmeHaanui HopMm. I[lostomy cremyer
CTPEMHTHCS K OoJbliel YHU(PUKAIMN KOHCTPYKIIMA, COKPAIICHUIO YHCia MPoQuiIeH
U crajeil. Beibop cTanu, 3aBUCUT OT CIIEIYIONIUX MapaMeTPOB, BIUSIONIUX Ha pabOTy
Marepuana:

TEMIEPATYPhI CPEMbL;

XapakTepa Harpy>KeHus;

BH/Ia HAIPSHKEHHOTO COCTOSTHUS;
crmoco0a CoeTMHECHUS DJIEMECHTOB;
TOJIIIIMHBI IPOKATA.

B 3aBucumoctu oOT ycioBuil pabOThl MaTepualia BCE BHUAbl KOHCTPYKIIUH
pa3/ielieHbl Ha YEThIPE TPYIIIIbI:

K mnepBoii rpymnme OTHOCSTCS CBapHbl€ KOHCTPYKIHUH, paboTaromue B 0co00
TSDKEJIBIX YCJIOBUSIX, TOATOMY BO3MOKHO XPYNKO€ U YCTAJIOCTHOE paszpyuieHue, K
CBOMCTBaM cTasiell Il ATUX KOHCTPYKIMM TPEIbSBIAIOTCS HanOoJjiee BBICOKHE
TpeOOBaHMUS.

Ko BTOpoii rpymnme OTHOCSTCS CBapHbleé KOHCTPYKIMH, paboTarolmme Ha
CTaTUYECKYI0 HArpy3Ky MpH BO3JIEHCTBUM OJHOOCHOTO M OJTHO3HAYHOTO JIBYXOCHOIO
MOJIsI PACTATUBAIOIIMX HaNpsDKeHU (Hampumep, (epmbl, purend pam, Oaliku
MEPEKPHITUM M MOKPHITUH U T. JA.), @ TAKKE€ KOHCTPYKIMU TEPBOW TPYIIbI TpPH
OTCYTCTBUM CBApPHBIX COCIMHEHH.

OOuuM 11711 KOHCTPYKLMM A3TOM TPYMNIbl SIBJASETCS MOBBIINIEHHAS OMACHOCTh
XPYIKOTO pa3pylieHus. BeposTHOCTh yCTaTOCTHOTO pa3pylICHUsS MEHbIIE, YeM s
IIEPBOM TPYIIIHIL.

K Ttperbeii rpynme OTHOCSATCS CBapHbIE KOHCTPYKIIMH, paOOTAIONIUE IPHU
MPEMMYIIIECTBEHHOM BO3JICHCTBUM COKUMAIOIINX HANPsHKEHUM (HarpuMep, KOJIOHHBI,
CTOMKH, OTMOPHI MO/ 000PYJOBaHUE U [IP.), @ TaKKE KOHCTPYKIIUA BTOPOU TPYIIIBI
Py OTCYTCTBUU CBApHBIX COEIUHEHUHU.

B 4eTBepTyI0 Ipyniy BKIIOYEHBI BCIIOMOTaTelIbHbIE KOHCTPYKIIMU U 3JIEMEHTHI
(cBsi3M, 2TIEMEHTHI (paxBepKa, JIECTHULIBI, OTPAXKIICHUS U T. I1.), a TAK)KEe KOHCTPYKILUU
TpeTheH TPYyNNbl IPU OTCYTCTBUM CBApHBIX COCAUHEHUHU.

Ecimu nid KOHCTpYKIMN TPEThEW U YETBEPTOU TPYMIT JOCTATOYHO OTPAHUYUTHCA
TpeOOBaHUSIMU K TPOYHOCTH MPHU CTATUYECKUX HArpys3kax, TO JUIi KOHCTPYKIIUH
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IIEPBOM U BTOPOM TIPYNI BaXXHA OLICHKA COIPOTUBIIEHMS CTald JUHAMUYECKUM
BO3JCUCTBHUSM U XPYIIKOMY pa3pyLICHHUIO.

B wMarepmanax s CBapHBIX KOHCTPYKLMH 0Os3aT€NIbHO CIIEAYET OLICHUTh
CBapUBaeMOCTb. TpeOoBaHUs K 3JE€MEHTaM KOHCTPYKLUH, HE MMEIOUIMX CBAPHBIX
COEIMHEHHM, MOTYT OBITh CHUKEHHBI.

B npenenax kaxxaod Tpyniibl KOHCTPYKLHM, B 3aBUCUMOCTH OT TEMIIEPATyphl
AKCIUTyaTallil, K CTasIM MPEIbSIBISIIOT TPeOOBaHUS IO YAApHOM BA3KOCTH MpU
Pa3IMYHBIX TEMIIEpaTypax.

B HOpmax coOmepkKuTCA TMepeyeHb CTajled B 3aBUCMMOCTA OT TPYIIIbI
KOHCTPYKIMN M KJIMMAaTU4YECKOIrO paroHa CTPOUTENLCTBA.

1.5. Bausinue pa3ju4HbIX (GaKTOPOB HA CBOMCTBA CTAJIH

Crapenne. Ilpu TemmepaTypax HWXKE TemIiepaTypbl oOpa3oBaHUs (epputa
pacTBOPUMOCTh YIJIEpOJla HUYTOXKHA, HO BCE K€ B HEOOJIBIIOM KOJHUYECTBE OH
ocraercsi. Ilpu  OnaronmpusaTHBIX  OOCTOSITENBCTBAX  YIJIEPOA  BBIJCISIETCH,
pacrojaraercsi MeXIy 3epHamu (epputa M rpynmnupyeTcs y pa3iuydHbIX Ae(PEeKTOB
KPUCTAJUIMYECKON PELIETKHU.

CrapeHuro  CHOCOOCTBYIOT —  MEXaHMYECKHE  BO3JICUCTBHS, OCOOEHHO
rnacTuueckue aegopmanuu (MEXaHMYECKOE CTapeHHE), TEMIIEpPATypHbIE KOJeOaHus,
MPUBOSIINE K U3MEHEHUIO PACTBOPUMOCTH M CKOPOCTH AUP(PY3UH KOMIOHEHTOB
(temmniepatypHoe crtapenue). Ilpu Temmeparype 150-200°C  crapeHue pesko
BO3pACTAET.

Hakuaen. IloBropHble 3arpyXeHuss B Mpefenax yhnpyrux jaedopmanuid (110
mpenesa ynpyroctd) He U3MEHSIOT BUJa AUarpaMMbl pabOThl CTallu, HATPYKEHUE U
pasrpy3ka OyIyT IPOUCXOAUTH 10 OHOW TuHHH (puc.l.2.qa).

) 8) 4
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Puc.1.2. luarpammbl 1eOpMHUPOBAHUSA CTAJIU NPHU MOBTOPHOM HATPY’KEHUH:
a — ¢ npedenax ynpyzux oeghopmauuii; 6 — c nepepwvieom (nocie «omowvixa»);
6 — 0e3 nepepuiea

Ecnu obOpaszenr 3arpy3uTh 10 IJIACTUYECKOTO COCTOSIHUSI M 3aT€M CHSITh

HaArpy3Ky, TO MOSIBSITCS OCTaTOYHbIE NePOpPMALIUU Eocr. [IpU MOBTOPHOM Harpy>KeHHUH
o0Opaslia moclie HEKOTOPOTO «OTIbIXa» MaTepual paboTaeT YNpyro 10 YpPOBHS

14



npeasiaymiero 3arpyxeHus. I[loBbllieHue ympyroi padoTsl MaTepuaia B
pe3yJibTare MpeAliecTBYOLIEd IUIACTUYECKOH JaedopMaunuM Ha3bIBaeTCH
HAKJIeNOM. IIpn Haknene MCKaXaeTCs aTOMHAsl PELIETKAa M YBEIMYMBAETCS
IJIOTHOCTB AuciIoKaui. [L1acTMYHOCTh CTalmy CHUKAETCsl, NMOBBIIAETCS ONMACHOCTh
XPYHKOTO pa3pylIeHUs, YTO HEOIAronpusiTHO CKa3bIBaeTCs Ha paboTe CTPOUTEIBHBIX
KOHCTPYKLIUH.

Haksienn Bo3HUKAET B MPOIIECCe U3TOTOBICHHS KOHCTPYKITUI TP XOJIOTHOW THOKH
AJIEMEHTOB, MPOOMBKE OTBEPCTUM, PE3KE HOXKHHUIIAMMU.

Binsinue Temneparypsbl. MexaHndeckue CBOMCTBA CTajlu IIPU HArPEBAHUU €€ J10
temrnepatypbl t =200-250°C mnpakTHUuecKHM HE MEHSIOTCS.

[Ipu temneparype 250-300°C mOpoOYHOCTH CTalM MOBBIIIAETCS, HO CHHMXKAETCS
macTUYHOCTh. CTanb CTAaHOBUTCS Oojiee XPYIKOM.

HarpeB cBpiie 400°C  mpHBOIUT K pe3KOMY MAJEHUIO Mpejesia TeKy4eCcTH U
BPEMEHHOTO comnpoTuBiieHus, npu t = 600-650°C  HacTymaer TemriieparypHas
IUIACTUYHOCTh M CTallb TEPSET CBOK HECYIIYIO CIOCOOHOCTD.

IIpyr oTrpHLaTEeNBHBIX TeMIIEpaTypax MPOYHOCTH CTAJIM BO3PACTAET, BPEMEHHOE
COTIPOTUBJIEHUE U TMpeles TEKy4ecTH CONMKAIOTCSA, yAapHas BA3KOCTh MaJaeT U
CTAJIb CTAHOBUTCS XPYIKOM.

CKJIOHHOCTh CTanu K XPYIOKOMY pa3pyLICHHIO IpPU HU3KUX TeMIepaTrypax
3aBUCUT OT BEJIMYMHBI 3€pHA (MEJIKO3EPHHUCTHIE CTAJIU JIy4Ylle CONPOTUBISAIOTCA
XPYINKOMY pa3pyLIEHUIO U UMEIOT 00Jee HU3KHUI MOPOr XJIaJHOJIOMKOCTH), HATUUHS
BpelnHbIX TmpuMecet (docdhop, cepa, azor, BOJIOPOI), TOJIIMHBI MpOKaTa
(MacmTabHbIN (akTop).

Haunboiiee CKIIOHHBI K XPYyIKOMY Pa3pyIICHUIO KUTISIINAE CTaIH.

1.6. Buawbl paspymenni

Pazpymienne metaina B 3aBUCMMOCTH OT CTENEHM Pa3BUTHS IUIACTUYECKUX
nedopManuii MOKeT ObITh XPYNKUM WJIH IJIACTUYHBIM (BSI3KUM).

Xpynkoe paspylieHHe MPOUCXOTUT ImyTeM OTpbiBa (puc.l.3,a), 6e3 3aMeTHBIX
nedopmariiuii, BHe3anHo. [InacTudeckoe pa3pyliieHue sBIsSETCs pe3yJbTaTOM CIIBUTA,
COMPOBOXKIAETCS  3HAYUTENIbHBIMU  JedhopMalusiMi, KOTOpble MOTYT  OBITb
CBOCBPEMEHHO OOHApY)KEHBI, M IMO3TOMY MeHee omacHo (puc.l.3, 6).

OauH U TOT K€ Marepuajg MOXET pa3pyllaTbcsl XPYINKO U IJIACTUYHO (BS3KO) B
3aBHCHUMOCTH OT YCJIOBHM paboOThl (BUJ HANPSHKEHHOTO COCTOSHUS, HATUYHS
KOHIIEHTPATOPOB HAIPSHKEHU, TeMIepaTypa SKCIUTyaTalluu).

[Tpu oTpbIBe paspyIlIaeTcs MexXaToOMHasi pPelieTKa. 3Has CHIIbI CIETUICHUS MEXITY
aTOMaMH{, MOKHO OIpeNeJIUTh MPOYHOCTh KPUCTala MpH OTPhIBE, KOTOpas paBHA
npuomm3utenbo 3300 kH/cm?.

CIBUHYTH OJHY YaCThb KpUCTAJLJIa OTHOCUTEIBHO APYTrOd 3HAUUTENIbHO JIerdye, TakK
KaK KacaTeJIbHbIe HAaIpSKEHUs, KOTOPble HEOOXOAUMO MPUIIOKHUTH JJISI CMEIICHHUS
coctaBisaroT okosnio 1300 xH/cm? (puc.1.3,6), uTo HamMHOro OoJbIlIe Mpesaena
TEKy4eCTH peajbHBIX MaTepHaJOB.
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Puc.1.3. Buabl pa3pyumeHus:
a - ompulg;, O - cpe3; 6 - cxema CMewjeHUus AMOMHBIX Cloe8 npu cosuee; 2 - ouazpamma pabomsl
mamepuana, 1 —niockoe ckonvoiceHue, 2 — @a3Koe paspyuieHue, 3 — Xxpynkoe paspyuieHue

1.7. PaboTa MeTasiia moj HAarpy3Koi

PaboTy cTanu npu 0JHOOCHOM HANPSLKEHUH MOXHO MPOCIEAUTH MO UCIBITAHUIO
obOpasnia Ha pacTsikeHus (puc.l.4.).

B craguu 1 no npexnena nponopunoHaIbHOCTH O, CBA3b MEXAY HANPSIKECHUEM U
nepopmanusamMu noauuHsercs 3akoHy ['yka (O=Eg) — 310 cTaaus ynpyroi paboTsl.
Jlepopmaru  TPOUCXOAAT 32  CYET  YHOPYro  BO3BPATHBIX  MCKaXEHHI
KPUCTAJUIMYECKOW PEIIETKH M HCYE3AI0T IOCJE CHSATHS HArpy3KH.

o
1 L L
CTALIHR CAMGYRPOVHEHMA
/ NS
\
NNOWAAKA / "] 1 -
Texvugcrw | 2 . _ B \\
3 r= CTAAWA OGPAJOBAHKA |
6% | WEAKW U PA3PHIB Q’
N
'Q 4

CTAAKA N ]
YNPyro# NN
PABOTHI NN

N J

N

] ¢
. BOZBPATHBIE [IECOPMALLKI
“LOCTATOUHBIE AESOPMALLUK
L NONMLIE AESOPMALIUH

Puc.1.4. luarpamma pacTsizKeHUs CTAJTH M 00pa3oBaHue MIEHKH
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[Ipu panbHeiilieM yBEIMYEHHM HArpy3Kd (CTaausi 2) MOSIBISIOTCS OTAEJbHbIE
CABUTU B 3epHax (eppura, AUCIOKAIMHM HAYMHAIOT CKAIUIMBAThCA OKOJIO TPAHMIIL
3epeH; mpsiMas MPONOPLIUOHATBHOCTh MEXIY HANpsHKeHUsIMH U AeopmanusiMu
Hapymaercss (y4acTOK yHOpYyro IulacThudeckoil paboter mexay O, u  Oy).
[Tocnemyromniee yBenudeHHE HAMPsHDKEHUNA MPUBOJUT K MHTEHCHUBHOMY JIBHKEHHUIO
JAUCIIOKAM W YBEJIMYEHUIO MX IUIOTHOCTH, Pa3BUTHIO JMHUI CIABUTAa B 3€pHaX
depputa; gepopmManuM pacTyT MNpU MOCTOSHHOM Harpy3ke. Ha namarpamme
MOSIBJISIETCSL TUIOMIAJIKa TeKydecTu (ctamus 3).

[IpoTsHKEHHOCTh TUIOIIAAKA TEKYYECTH HHU3KOYTJIEPOJUCTBIX M HEKOTOPBIX
HU3KOJIETUPOBAHHBIX cTajie cocrapmser 1,5 —2,5%.

Pa3Butue nedopmanuii IpOUCXOJUT B pe3yJibTaTe YIPYyroro Ae@opMupoBaHus U
HEOOpaTUMBIX TUIACTUYECKUX CIBUTOB. [IpW CHATMM Harpy3Ku ympyras 4YacTb
nedopManmii Mcue3aeT, a HeoOpaTUMas OCTaeTCs, NPHUBOAS K OCTaTOYHBIM
nedopmanusaM  (TUHUS pasTpy3Kd HIAET MapajuleIbHO YIOPYrod YacTH JIMHUH
Harpy3KH).

JlanbHeiiee pasButue aepopMaliud CAEPKUBACTCA y TpaHuUll 3epeH. JluHum
C/IBUTa UCKPUBISIOTCS, JBUKEHHE NUCIOKALMK 3aTPYAHSIETCS, U pocT nedopmanuii
BO3MOXXEH TOJBKO NPU YBEIMYECHHH HArpy3ku (craaus 4 — camMOyNpOYHEHUE),
MaTepuan paboTaeT Kak yNpyroIulacCTUYECKHil.

[Tpu HanpskeHUsX, OJIU3KUX K BPEMEHHOMY CONpOoTUBIeHHIO (Oy) MPOIOJIbHbIE U
nonepeyHslie aedopmaliui JIOKaau3yroTcs B Haubosee ciaboM mecte, U B oOpasiie
oOpasyercss miedika. [lnomans cedeHus IIEWMKM MHTEHCHMBHO yMEHBIIAeTCs,
HaIpSOKEHUSI B MECTE CY>KEHHs pacTyT, IOATOMY, HECMOTpPSI Ha TO, YTO Harpy3ka Ha
oOpa3ell CHUXKaeTcs, B MecTe 00pa3oBaHUs MIEUKU HApyIAIOTCA CUITbI MEKaTOMHOTO
CuerieHuss U TPOUCXOJIUT Pa3pbIB.

[Inomanka TEKy4yecTH CBOMCTBEHHA CTaJIsIM ¢ cojaepxanueM yraeposa 0,1-0,3%.

[Tpu paGoTe KOHCTPYKLUMHU B YHOPYTOIUIACTUYECKOM 00JacTH AMAarpamMmy padOThI
ctrami O - € MOXHO YIOPOCTUTh B CTOPOHY HEKOTOPOrO 3amaca W 3aMEHHTH
UJCeaM3UPOBAHHON  AMAarpaMMoON  yNpyTOIUIACTUYECKOTO  Tejla, COBEPILEHHO
YOpPYroro J0 Npeaejsa TEKYy4eCTH M COBEPLIEHHO IIJIACTUYHOIO IIOCHIE HEro
(mmarpamma IIpanatns, puc.l.5.).

6
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Puc.1.5. UneanusupoBanHasi AuarpaMmmMa padoThbl CTaIN
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[Ipu cxaTuM KOPOTKHUX OOpa3loB, KOTOPbIE HE MOTYT MOTEPSTh YCTONYUBOCTbD,
CTaJIb BeJIET ce0s TakKe KaK U MPU PACTSHKEHUH, T.€. MPEAes MPONOPIHOHAIBHOCTH,
npenea TeKy4ecTd M MOAYJIb YHPYTOCTH COBIAAAIOT.

OpHako pa3pymuTh MpPH CKATUM KOPOTKHE OO0pasilbl, H3TOTOBJCHHBIE U3
MJIACTUYECKON CTalH, U OMPECNIUTh BPEMEHHOE COMPOTHUBIICHNE HE MPEICTaBISeTCS
BO3MOXXHBIM, IIOCKOJIbKY 0Opa3el] CXHUMaeTcsi M B KOHEYHOM pe3yJibTaTe
pacmutronuBaercsi. BoICOKONpOUHbIe CTallM, ¢ MOHUKEHHON MJIACTHYHOCTHIO, MOTYT
pa3pyliaTbcsi MO HAKJIOHHOMY CEUEHHIO OT cpesa.

Tak kak B ynpyrom u yrnpyroriacTU4ecKOW CTaausix padOThl cTaib BEAET cels
OpU PacTSDKEHWHM M CXKATHU OJMHAKOBO, TO COOTBETCTBYIOIIME XapaKTEPUCTUKU
NPUHUMAIOTCS TaKXKEe OIMHAKOBBIMHU.

[ToBbIIeHHasT HecyIlIas CIOCOOHOCTh MPH CXKATHM HEKOTOPHIX 00pasloB B
o0JjacTi camo yIpPOYHEHHUs HCIONB3yeTCsd Mpu padoTe CTaad Ha CMSTHE.

[Ipu pabGote MaTepuana B YNPYrol CTaaud TOBTOPHOE 3arpykKeHUe He
OoTpaxkaeTcsi Ha paboTe, MOCKOJIbKY ympyrue nedopmainuu oOpaTUMBI.

[Ipy NOBTOPHOM HarpyK€HWHM MeTayla B YHOPYTOIUIACTUYECKOM o00sacTu
BO3HUKAET HakJeN. YBeIuuMuBaeTcs OO0JacTh ympyrod paOoThl, a MIACTHYHOCTb
najgaer. Ctanbh CTAaHOBUTCA Oojiee XPYIKOM.

MHorokpatHoe MOBTOPHOE HAarpykK€HHE MOXET MPUBECTU K Pa3pyLICHUIO MpHU
MEHBIINX HANPSDKEHUSAX, YEM BPEMEHHOE COMPOTUBIIEHUE U AaXKe MPEIE TEKYyUECTH.
OT0 SIBJIEHUE HA3bIBAECTCA YCTAJOCTHIO METAJJIA, & PA3PYLIEHUE — YCTaTOCTHBIM.

CriocoOHOCTh MeTaia COMPOTHUBIIATHCSA YCTAIOCTHOMY pa3pyIICHUIO HAa3bIBACTCS
BBIHOCJIMBOCTbI), a HAMpsDKCHUS, NPU KOTOPBIX MPOUCXOAUT pa3pylIeHHE -—
BUOpPALMOHHOI NPOYHOCTBIO Ojp.

VYcranoctHoe  paspyllieHMe TPOMCXOAMT  BCIEJICTBHE HAKOIUIEHHUS 4uCia
JTUCIIOKAIMI TPU KaXKJOM 3arpy>K€HUU M KOHUEHTPAIIMU UX OKOJIO CTHIKOB 3€PEH C
MOCIIEAYIOIUM CKOIUICHHEM B OOJIbIIME TPYMMbl, YTO NPUBOAUT K PHIXJICHUIO
MeTajljla B 3TOM MeCTe U 00pa30BaHUIO TPEIIMH, KOTOpPbIE pPa3BUBAsCh, IPUBOIAT K
pa3pbiBy. Ilpum KaxaomM HarpyxeHuH JAepopManid B MOBPEKICHHOM MECTe
HapacTaoT. JIMHUKM pa3rpy3Ku HE COBMAJAIOT C JIMHUSIMH Harpy3Ku, 00pa3ys MeTiu
rucrepesuca (cm. puc.1.2,6). Ilnomaas mnemM  XapakTepu3yeT JHEPTHIO,
3aTpavyeHHYIO0 MPU KaKJIOM IMKJIe HAarpy3Kd Ha oOpa3oBaHHE HOBBIX HECOBEPIICHCTB
B @TOMHOM CTPYKTYype U AUCIOKAIMM TaM, TJie 00pa3yroTCs TPEIIUHBI, METaJlT KaK Obl
nepeTupaeTcs, o0pasys TJIaJIKHe HCTePThIe MOBEPXHOCTH, 3aT€M TPEIIMHA OBICTPO
pa3BUBAETCA U TMPOUCXOIUT Pa3phIB.

BuOpanmonHasi mpoYyHOCTh 3aBUCUT OT YHMCJa IUKIOB 3arpykenus (puc.l.6.) u
BUJIa 3arpy>KEHUS.

[Ipu GosibIIOM YHCIIE ITUKIOB KpuBas BHOpallMOHHOW MpodHOCTH (kpuBas Ben
Jlepa) acuMMeTpHYecKH MTPHOIIKACTCS K HEKOTOPOMY IMIpeneny, Ha3blBAeMOMY
npeaeioM BBIHOCIMBOCTH (ycTtanoctn). OObMHO nposomsar 2x10°  nukios
HArpy’>KeHusl, 4YTOObI OMPEENIUTh BBIHOCIMBOCTb, TaK KaK MEHBIIEEC KOJIUYECTBO
[UKJIOB MajiO0 OTJIMYAeTCs OT Mpefesia YCTalIOCTH.

AJNIOMUHUEBbIE CIUIaBbl HE HMEIOT MpejaeNia yCTaJIOCTH, M UX BHUOpalMOHHAas
MIPOYHOCTh NPU YBEIMYEHHH YHUCJIA LUKIOB MOCTOSIHHO CHWXaeTrcs (cM. puc.l.6).
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bonpiioe BiIMSHUME HAa YCTAJIOCTHYHO ITPOYHOCTh OKAa3bIlBA€T KOHLEHTPALUS
HanpspkeHui. Tak npu Kpyriiom oTBepcTuu (KpuBas 3, puc. 1.7) mpenen ynpyrocTtu
cHwkaercss B 1,4 pasa, a mpu ocTpoM KOHIIEHTparope (KpuBas 7) OKOJO Hayaia
¢nanrosoro mBa - B 3,5 paza.

[IpuMeHeHrEe BBICOKONPOYHBIX CTaJI€d B KOHCTPYKUHUAX, MOJABEPrarolInuXcs
MHOT'OKPAaTHOMY BO3JEHCTBHIO NTOBTOPHBIX HArpy30K, HE BCErJa ONpaBAbIBAETCS IO
AKOHOMHUYECKAM COOOPaKCHHSIM.

3HAUUTENbHOE CHIKEHHE YCTAJIOCTHOM MMPOYHOCTH HAOIIOJAETCA JaKe NpH
HEOOpaOOTAHHBIX TIOCJIE€ OTHEBOW PE3KUM WM TUILOTUHHBIX HOXKHHI KPOMOK
neraneit. IloaTomy kKpoMku ciemayer oOpabaTrhiBaTh MEXaHUYECKHUM CIIOCOOOM.

Oc00EeHHO 4yBCTBUTENbHBI K KOHUEHTPAIIMN HANPSIKEHUH CTaIM MOBBIIICHHON U
BBICOKON IIPOYHOCTH.

[TOBBICUTH YCTAJIOCTHYIO MPOYHOCTh KOHCTPYKIIMM MOKHO IyTEM CHUXEHHS
KOHIEHTpAllMU HamnpspKeHUil (MexaHudeckas oOpa0oTKa KpOMOK, 3a4MCTKa LIBOB,
o0OecrieyeHre IUIAaBHOTO HW3MEHEHUsI CEYeHUs W T. [.), CO3JaHusi B MecTax
KOHLICHTpallMM HAINPSDKEHUM C)KaTusd, HalpuMep, € IOMOIIbK0 HAarpeBa MeCT
KOHIICHTpAIUH, IPE/IBAPUTEITHLHON BBITSXKKOW KOHCTPYKIIMNA, 00KATKOM MOJIKPaHOBBIX
0aloK KpaHaMH C JOMYyCTUMOH NEpPEerpy3Kod | T. II.

S5} &, xHfom?
30 29
W !
20 7‘% P 4 2
‘,-". ' d g ’!
S al? - 4l A
Jawe T | |87
65«:7' 10 h:‘J)
5 F.T,af"ﬂ
-1 QX5-05-025 0 025 85 875 7
Puc.1.6. 3aBucHUMOCTH BuOpaunonHoii  Puc.1.7. 3aBucuMocTb npeaesa ycrajocTu
NPOYHOCTH O, OT YHCJIAa IHKJIOB N Mds 0T Ko3(ppuuuenra
crain (1) ¥ ATIOMHHHEBLIX CILIABOB (2) 1 — cmanv C255 ¢ neoopabomannoii nosepx-

Hocmblo, npeobdnadaem pacmsaiicenue; 2 — mo
Jce, npeoodnaoaem cxcamue; 3 — cmanwv C255,
noaka c omeepcmuem (npeobnadaem pacmsi-
acenue); 4 — cmanv C235 ¢ neobpadomannoii
nogepxHocmuio, npeodadaem pacmsayicenue;
5 — cmans C255, ocnoenoii memann o0Ko010
C8aApHO20 HEoOpadomMannoz0 coeOuHeHus
ecmbik; 6 —mo dce, ona cmanu C345;
7 — cmans C 255, ocnoenoit memann y nauana
¢ranzosozo wea; 8 — mo sxnce, cmanv C345
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1. Pa3BuTHE MeTayUIMUECKMX KOHCTPYKIHMH, OOIas XapaKTepucTHUKa, 001acTb
MPUMEHEHHUS, JOCTOMHCTBA M HemoctaTku (cTp.1-9).

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

3. TpeOyeMblie cBoiicTBa MeTauIoB M WX oreHka (ctp.10-11).

4. Knaccudukarms crameir (ctp.11-12).

5. Kakue dakTopsl BIMSOT Ha cBoiictBa crtamu? (crp.13-15).

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

7. Kak  paboraer  meramn MOJL  HArpy3Kou npu OIHOKPATHOM
Harpyxeuun?(ctp.16-17)

8. Uro Takoe ycranocte Mmetamia? Kakue mMepbl NMPUHUMAIOT IS MOBBITIICHUS
ycranocTHoi mpovynoctu? (ctp.18-19).

9. Uto BimseT Ha CHIKCHHE YCTAJIOCTHOHM mpouHoctu? (ctp.l19).

PA3AEJ 2. OCHOBbI PACYETA META/UVIMYECKHUX
KOHCTPYKIIMHN

2.1. OcHOBHBbIE MOHATHUSA U ONpeaeTeHUsI

[IpoekTupoBaHUE METAUIMYECKUMX KOHCTPYKIMM — MHOTOATAalHBbIM MpoLecc,
BKJIFOUAIOUIMIT B ce0si BBIOOp KOHCTPYKTUBHOM (OpMBI, pacyeT U pa3paboTKy
YEPTEKEN UL U3TOTOBJICHMS M MOHTaXa KOHCTPYKIIHM.

[lenpro pacyeTa fABISETCA CTPOTO€ OOOCHOBAHUE TabapuUTOB KOHCTPYKIIHH, €€
pa3MepoB MOINEPEYHBIX CEYEHUH M MX COEIMHEHHH OOECIEeYMBAIOIIMX YCIOBUS
JKCIUTyaTallud B TEUYEHHE BCEro CpoKa C HEOOXOAMMON HAJEKHOCTBIO MU
JOJITCOBEYHOCTHIO TP MUHUMAJIBHBIX 3aTpaTax MaTEpHAIOB M TPyJa HAa UX CO3/IaHHE
Y 3KCIUTyaTaluoo. JTU TPEOOBAHUS YacTO MPOTUBOPEYAT APYT ApYyry (MUHUMAJIbHBIN
pacxoa MeTalyla U HaJeKHOCTb), MO3TOMY pPEAJbHOE INPOEKTHPOBAHUE SIBISETCS
IIPOLIECCOM TIOMCKAa KOHCTPYKTHMBHOI'O OINTHMAJIBHOIO PEILICHHUS.
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Pacyer cOCTOMT M3 C/IEAYIOIIMX ITANOB: YCTAHOBJICHHS PacCYeTHOH CXeMbl,
c0Op HArpy3oK, omnpelejieHMsl YCWIHH B 3JeMEHTaX KOHCTPYKUIHUH, 1oadop
CeYCHHH M TMPOBepKa [JOMYCTHUMOCTH HaNpPs’KeHHO-1e()OPMHPOBAHHOIO
COCTOSIHUSI KOHCTPYKULHMH, €€ 3JIeMEHTOB M COeIUHCHMH.

KirroueBbIMH CITOBAaMU B pacyeTax METaUIMYECKUX KOHCTPYKUUN SIBIIFOTCS
“mpenenpHbIE COCTOSIHUA , “‘pacdyeTHas Harpyska’, “pacueTHOE COIPOTHBIIEHHUE,
“HaJIe’KHOCTh”,  “yCTaloCcTh’, “ONTUMAJIBHBIA mapameTp”’, “KOHCTPYKTHBHOE
ONTHUMAaJIbHOE pElICHUEe” U T.1.

VYxke orMmedanoch, 4yto A0 1951r. pacuer MeTaUIMYECKUX KOHCTPYKIIMI
MPOU3BOAWIICS IO JIOMYCKA€MbIM HAMNpPSHKEHUSIM € MCIOJIb30BAHUEM E€IUHOTrO
ko3 duimenTa 3anaca. B 1951r. BEIXOAT HOBbIE CTPOUTENIbHBIE HOPMBI U TTpaBuUJIa,
OCHOBAaHHbIE HA METOE MPEACIbHBIX COCTOSIHUI, I/I€ BMECTO OJJHOTO UCIIOIb3YIOTCS
Tpu Ko3(pdunrenTa, 000CHOBaHHbIE METOAAMH MAaTEeMaTHYE€CKOW CTAaTUCTUKH.

JIOCTOMHCTBOM METOJIMKH JOMYCTUMBIX HAIPSKEHUH SIBISETCS MPOCTOTA, HO 3Ta
METOJIMKA HEJAOCTATOYHO TOYHO YYMUTHIBAeT (DAKTOpHI, BIMSAIOIMIME HA padboTy
KOHCTPYKUMHU. BeposTHOCTHBIE METOABI CIMIIKOM CJOHBI JUISI TOBCEJIHEBHOU
WHXEHEPHOW TNpakTUKU. [IpuMeHeHne uX ONpaBAaHO INPHU IPOECKTUPOBAHHUH
YHUKAJIBHBIX, OTBETCTBEHHBIX COOPY>KEHHM.

[loaTOMYy ONTHUMAIBbHOM CUMTAETCS METOAUKA MPEACIIbHBIX COCTOSHUM, KOTOpas
pocTa M HaydyHO OOOCHOBaHa.

2.2. OcHOBHbIC IOJIOKEHHUSI pacyeTra METANIMYECKHX KOHCTPYKUMH

IIpeneabHbIM Ha3bIBaeTCAd COCTOSIHHE KOHCTPYKIUHHM, NMPH KOTOPOM OHA
nepecTtaer yAOBJETBOPATH IKCIIYaTAIMOHHBIM TPeOOBAHUSIIM.

B cooTBeTcTBUM C XapakTepoM TpeOOBaHUM, NPEAbSIBISEMBIX K KOHCTPYKIIMH,
pPa3jinyaoT NnepBoe U BTOpPoe MpeaeabHoOe cOCTOSTHUS. CyllecTByeT MHOKECTBO
NPUYHMH TPUBOJAIINX KOHCTPYKLUIO B MpeaenbHoe cocrostHue. [loaTtoMy B HOopmax
MPOCKTUPOBAHUS OHU (DUTYPHPYIOT Kak TPYIIBI MPEAETbHBIX COCTOSHUH.

IlepBasi rpynna BKIIOYaeT B ceOs MOTEpH HeCylled CHOCOOHOCTH M TOJHYIO
HETPUTOTHOCTh KOHCTPYKLMHU K JKCIUTyaTallud BCJIEJCTBHE MOTEPU YCTOWYHBOCTH,
paspylIeHus] MeTajula, KadyeCTBEHHOTO0 M3MEHEHHUS KOH(HTrypaluu, Ype3MEepHOTro
pa3BUTHUS TUIACTUYECKUX JAePOpMaIluii.

Bropasi rpynma mnpeaenbHBIX COCTOSIHMM XapaKTEpU3yeTcsl 3aTpyIHEHUEM
HOPMAaJbHOM OKCIUTyaTallMd COOPYXEHHM WM CHIDKCHHEM JIOJITOBEYHOCTH
BCJIC/ICTBHE TIOSIBJIICHUSI HEIOIMYCTUMBIX IEpEMEIIeHUN (MporudoB, OCaIOK OTMop,
VIJIOB MOBOPOTa, KOJIE€OAHUM, TPEIUH U T.IL.).

Pacuetnbie Gpopmyssl A1 mogdopa CeYeHU U MPOBEPKU HECYIEH CITOCOOHOCTH
KOHCTPYKLIMM 110 TEPBOMY MPEICIbHOMY COCTOSHHIO HCXOAAT M3 OCHOBHOTO
HEepaBEHCTBA

N<S, (2.1)
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rie N - nmnpepenbHoe HamOosblllee YCHINME B KOHCTPYKIMH, BBI3BIBAEMOE BHEUIHUMU
BO3JCUCTBUSMH; S — Mpe/esibHas HeCyIasi ClIOCOOHOCTh KOHCTPYKIMH, 3aBUCSIIAs OT MPOYHOCTH
MaTepHaa, pa3MepoB IONEPEUHOr0 CEUEHUS U yCIOBUN PabOThl KOHCTPYKLIUU.

B TeuyeHue Bcero cpoka 3KCIUTyaTallud KOHCTPYKI[MM BHEIIHHE BO3JIEHCTBHUS
MOTYT MeHATbcs. Haunbonblire uX BEJIMYMHBI BCTPEUAIOTCS JOCTATOYHO PEAKO,
MOATOMY HauOOJIbIIINE HArPYy3KU MPEAYyCMOTPEHbl HOPMATUBHBIMU JOKyMeHTamu. B
COOTBETCTBUHM C 3TUM B HOPMAaxX MPOEKTUPOBAHUS PA3INUYAIOT PACUETHHIE BEIIMYUHBI
BO3/eWcTBUSL F M HOpMaTuBHbIE F,, KOTOpbIe CBSI3aHBI MEXAY COOOM

n?’

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

Hopmatusnbie Harpysku ompexaesnsitorcss no CHull 2.01.07-85 “Harpys3ku u
BO3JICUCTBHS .

Jlis  ompeneneHuss  pacyeTHOM  HAarpy3kd  3aJaloTcsi  00ECHeuYeHHOCTHIO
W (F,)=0,999, T.e. nomyckaercs Bcero 0,1% cily4yaes NpeBBINIEHHs YTONH HArPy3KH 3a

BECb IMEpUOA OKCILIyaTalkunh  COOPYKCHH. 3az:aBa51 AOCTATOYHO  BBICOKYIO
00CeCIICYCHHOCTh pvaCTHOfI HarpyskKu, OonpcaciIAi0T €€ 3HAYCHUC, a CICA0OBATCIIbHO,

KO(PPUIIMEHT HAJACKHOCTH MO HArpys3Ke y, :% :

OOBIYHO Ha KOHCTPYKIMH JACHCTBYET OTHOBPEMEHHO HECKOJIBKO BUOB HArpy3o0K.
[ToaToMy M CyMMapHO€ BO3ACHCTBHME BCEX PACUETHBIX HArpy30K JOJDKHO HMETh
CTAaTUCTUYECKYI0 HW3MEHYMBOCThb. Yem Ooubllie OJHOBPEMEHHO JACHCTBYIOLIUX
Harpy30K YYMUTBIBAa€TCS B pacyeTe, TEM MEHBUIE BEPOATHOCTH IIPEBBILICHUS UX
MaKCUMaJIbHOTO CYMMAapHOTO BO3ECHCTBUS.

B Meroauke mpeAenbHBIX COCTOSHUM ATO YUMTHIBAETCS KO3(PPUIIMEHTOM
COYETaHUM <1, Ha KOTOPBIM CIEIYyeT YMHOXKAThb KaXIAYI U3 CYMMHPYEMBIX

Harpy3ok. Cormacno CHull 2.01.07-85 3Hauenuss ko3(h(UIMEHTOB COYETaHHI
koneomoress oT 1 mo 0,6 u mMeHee uIsi OCOOBIX CIy4aes.

Jl7is TaKuX COOpPYKEHMI KaK aTOMHBIE 3JIEKTPOCTAHIIMH, TEICBU3UOHHbIE OalllHHU,
KPBITBIE CHOPTUBHBIE M JPYTHE COOPYKEHUs, MMEIOIIHe 0co00 Ba)KHOE 3HAUYCHHE
(xmacc 1) BBoguTCs KO3(PGIUIMEHT HAACKHOCTA MO OTBETCTBEHHOCTH y,, KOTOPBIHA

3agaercs B npenaenax 0,95 ngo 1,2 nis coopyXeHUl mepBOro kjacca, Ajisi BTOPOTo
kimacca 0,95, misa npouunx 0,8 - 0,95.
Torna neByro 4acTh HepaBeHCTBA (2.1) MOXKHO 3anmucaTh

N :7/nani7ﬁ‘//iai <AR, Vcl?’m:S (2-2)

i-1

rac ¢; - 4ucCiio BIMAHMA, T.C. YCHIIMC B KOHCTPYKTHUBHOM 3JICMCHTC OT GI[HHHHHOﬁ BHEIITHEH

Harpy3Kku; M - 9UCIIO HArPy30K, YIYUTHIBAEMBIX OJTHOBPEMEHHO B Pab0OTE KOHCTPYKIIHH.
[IpaBas yacTh HepaBeHCTBA (2.1) BhIpakaeT MpeAeIbHYI0 HECYIIYIO CIIOCOOHOCTh

KOHCTPYKI[MH, 3aBUCSUIYI0 OT  CONPOTHUBISIEMOCTH  MaTEpHAIOB  BHEIIHUM
BO3JICHCTBUAM (HArpy3Kam).
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Kpome ToOro, B pacuer BBOJATCS MOHSATHS HOPMATHUBHOIO COIPOTHUBIICHUS
MaTepuanga R, M pPacyeTHOrO COMPOTUBICHHUS R, KOTOpbIE CBA3aHBI MEXKIY COOOI

KO3(Q(QUIMEHTOM HAAEKHOCTH IO MaTepuainy y, COOTHOLIEHHEeM R=R /7, .

HopmatuBnoe conportusienue permameHntupyercs CHullom  11-23-81* wu
coorBercTByrommmMu  ['OCTamu.

2.3.Kinaccupukanusi HArpy30K U UX COYETAHUM

[Ipu MeToamke MpeaenbHBIX COCTOSSHHM BCE HArpy3Kd KIAcCH(PUIIMPOBAHBI B
3aBUCUMOCTH OT BEPOSITHOCTH WX BO3JICHCTBUS HA HOPMATHBHBbIE W PaCyYeTHBIE.

[To npusHaky BO3ACHUCTBUA HArpy3KH pa3feisioTCs Ha IMOCTOSIHHbIE U
BpeMeHHble. [lociennue MOTyT OBITh JJIMTEIBHOTO U KPAaTKOBPEMEHHOIO
BO3/ICHCTBUS.

Kpome Toro, ecte Harpy3ku, KOTOPbI€ BBIACISIOTCA B pa3psll 0COObIX HATPY30K
A BO3JICUCTBUI.

IlocTosiHHbIE HArPY3KH — COOCTBEHHBI BEC HECYIIUX M OrPAKIAIOIINAX
KOHCTPYKIIMM, JABJIICHUE T'PYHTA, NPEABAPUTEIBLHOE HAMNPSIKECHUE.

BpemeHHbIe AJIMTEIbHBIE HATPY3KH — BEC CTALIMOHAPHOI'O TEXHOJOTMYECKOTO
000pyI0BaHUsI, BEC CKJIAJUPYEMBIX MaTEpUAJIOB B XPaHWIMINAX, JTABJIEHUE Ta30B,
XKUAJIKOCTEHW U CBINYYMX MATEPUAIOB B €MKOCTAX U T.[.

KpaTrkoBpemMeHHbIe HArpy3KH — HOPMATUBHBIE Harpy3Kd OT CHeEra, BETpa,
MOJABUKHOTO TIOIbEMHO-TPAHCIIOPTHOTO 000PYIOBaHMSI, MACCHI JIFOJICH, YKUBOTHBIX
U T.II

Oco0ble HATPY3KHM — CECMUYECKHUE BO3JICUCTBHUS, B3PBIBHBIE BO3/CUCTBHS.
Harpy3ku, BO3HMKaroImue B TIPOLECCE MOHTaXa KOHCTPYKIIHM. Harpy3kn,
CBA3aHHBIE C TMOJOMKOM TEXHOJOTHYECKOro 000pya0BaHUs, BO3JICHCTBHS,

CBA3aHHbIE C Ae(OpPMALMSIMU OCHOBAHUS B CBA3U C U3MEHEHUSAMH CTPYKTYpPbI TPYHTA
(IpocagouyHble TPYHTHI, OCaJKa IPYHTOB B KapCTOBBIX pailOHaX M HaJ MOJ3EMHBIMU
BbIPAOOTKAMH).

CymecTtByeT uWHOrJa TEepMUH ‘“‘niosnie3Hast Harpy3ka’ . Ilosie3HoM Ha3bIBarOT
Harpy3Ku, BOCHPHATHE KOTOPBIX COCTABIISIET LIEJIBHOE HA3HAYECHHE COOPYKEHUH,
HanpuMep, BeC JII0JeH A nemexo Horo mocra. OHu ObIBalOT KaK BPEMEHHBIMU, TaK
U TOCTOSHHBIM, HAllpUMEpP, BEC MOHYMEHTAJIBHOIO BBICTABOYHOI'O COOPYKECHHUS
ABJIIETCS TIOCTOSTHHOW Harpy3kod nans mocrameHTa. /Insg QynHaameHTa Bec Bcex
BBIIIEJICKAIMX KOHCTPYKLMH TakXe MPEICTABISACT IOJIE3HYIO HArpysky.

IIpn nelicTBUM Ha KOHCTPYKLIMIO HECKOJBKMX BUIOB HArpy30K YCWIHS B HEHN
OTIPEICTISAIOTCA KaK MPU CaMbIX HEOJArOMpHUSTHBIX COYETAHUSX C HCIIOJIb30BAHHEM
KO3 (UIIMEHTOB COUYCTAaHUN 1 .

B CHulle 2.01.07-85 “ Harpy3ku 1 BO3ACHCTBUS pPA3IUYAIOT:

OCHOBHBbIE COYETAHMS, COCTOSAILIME U3 MOCTOSIHHBIX U BPEMEHHBIX HAIPY30K;
0co0ble COYeTaHHs, COCTOAIINE W3 MOCTOSHHBIX, BPDEMEHHBIX U OJHOW M3 OCOOBIX
Harpys3oK.
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[Ipy OCHOBHOM COYETaHWM, BKJIOYAIOIIEM OJHY BpPEMEHHYIO Harpysky,
koadduirieHT coderanuit w =1. Ilpu OonplIeM 4YKCIE BPEMEHHBIX HArpys3oK,

MOCIICAHUE YMHOXAIOTCS Ha KOA(PQGUIMEHT coueTaHuil y <1.

B 0coObIx codeTaHusix BpEMEHHbIE HArpy3KH YUYHUTHIBAIOTCS C KO3 puimeHTom
couetaHuid y <1, a ocobas Harpy3ka - ¢ kodpduuuentom y =1. Bo Bcex Buaax

COUETAaHUU TOCTOSIHHAsI Harpy3ka umeer Ko3(pdUIHUEeHT y =1.

2.4. Hanps:xenHoe u 1e()OpMHUPOBAHHOE COCTOSIHHE HEHTPAJILHO
HATPY’KEHHBIX 3JIEMEHTOB

VY4YeT CHOXKHOrO HANPSHKEHHOTO COCTOSIHUSL TMPU  pacyere METaUTMYECKUX
KOHCTPYKLUUI IPOU3BOAUTCS YEPE3 PACUETHOE CONMPOTHUBIEHUE R =R,/y, , KOTOpOe

YCTaHABIIMBAETCS HA OCHOBE MCIBITAHUM METATHYECKUX 00pa3loB MNPy OJTHOOCHOM
HarpykeHnu. OJIHAaKO B pealbHbIX KOHCTPYKLUHMAX MaTepHall, Kak MpaBHIIO,
HAXOAUTCSI B CJIOKHOM MHOTOKOMIIOHEHTHOM HAIIpsSHKEHHOM COCTOSIHUU. B cBsizu ¢
ATUM HEOOXOAMMO YCTaHOBUTH MPABUIIO SKBUBAJIEHTHOCTH CIIOKHOTO HAMPSKEHHOTO
COCTOSIHUSI OJHOOCHOMY.

B kauectBe KpuTepHsi 3KBUBAJIEHTHOCTH MPHUHATO UCIOIb30BATh MOTEHIIMAIBHYIO
SHEPryi0, HAKAIUIMBAEMYIO B Marepuajie Mnpu ero aehOpMUPOBAHMM  BHEIIHUM
BO3JICUCTBUSAM.

Jlnst ynobcTBa aHanmm3a SHepruto Jedopmaiud MOXXHO MPEJICTaBUTh B BUJE
CYMMBbI pabOT 110 U3MEHEHUIO 00beMa A, U u3MeHeHus popmsl Tena Ay. [lepBas He
npesbimaer 13% monHOM paboThl MpU ynpyrom AepOPMUPOBAHUU M 3aBHCHUT OT
CPEIHET0 HOPMAJIBHOI'O HaIPSKEHUS.

1-20
Ao= ---------- (Ox+ Oy+ OZ )2 (23)
6F
Btopast paboTta cBs3aHa co CABUTaMU B Marepualie:
1+o
Ay = ------- [(O#+0y+ O2-(0,0y+0,0,+0,0%) + 3 (ty? 12+ 128)] (2.4)
3E

N3BecTHO, UTO pa3pyllIeHUE KPUCTALINYECKON CTPYKTYPBbI CTPOUTEIBHBIX CTaIEH
U QIIOMHHHEBBIX CIUIABOB CBA3aHO CO CJIBUTOBBIMU SIBICHUSIMH B MaTepuae
(IBMXKEHUE IUCIOKAIMK W Tp.).

Pabora Qopmousmenenuss (2.4.)  dABISETCS WMHBAapPUAHTOM, TO3TOMY IMpHU
071HOOCHOM HanpskeHHOM coctosuun O =0 umeem A; =[(1+ v)/3E]0?
IIpupaBHUBasi 3TO 3HauY€HUE BBIpAXKEHHUIO (2.4) M H3BJIEKass KBAaJAPATHBIM KOPEHD,
HOJTyYUM:

Onp= \/GXZ + 05 +o7— (0.0, +0,0,+0,0,)+ 3(TX2y + 2'52 +72) =0 (2.5)
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DTO COOTHOIICHNE YCTAaHABIUBACT SHEPTETUICCKYIO SKBUBAIICHTHOCTH CJIOKHOTO
HAIPSDKEHHOTO COCTOSIHHST OJIHOOCHOMY. BBIpakeHWE B TpaBOH dYacTH HWHOTJIA
HA3bIBAIOT MPHUBEAEHHBIM HampsikeHuemM O, UMes B BUAY IPHBEICHUE K
HEKOTOPOMY COCTOSIHMIO C OJTHOOCHBIM HampspkeHueM O,

Ecim  mpemenbHO  TOMyCTUMOE — HANpsDKCHHE B MeTauie  (pacueTHoe
COTIPOTUBIICHUE) yCTAaHABIUBACTCS IO MpeAeNy TEKy4eCTH CTaHJapTHOTO oOpasia
Or, 1O BBIpaxkeHue (2.5) npunumaetr Bug O, = Ot U mpeAcTaBiIsieT coOOU
YCIOBUE TUIACTUYHOCTH MPH CIIOKHOM HAINpPSHKCHHOM COCTOSIHUH, T.€. YCJIOBHE
nepexo/ia MaTepuana M3 YIPYroro COCTOSHHUS B IUIACTHYHOE.

B cTteHkax ABYTaBpOBBIX OajoK BOJHM3W MPHUIIOKCHHS IMOTMEPEYHON HArpy3Kh
Ox 0. Oy # 0. 17y # 0. ocraJlbHBIMU KOMIIOHEHTAMU HaIPSKEHU

MOXHO TpeHeOpeub. Torma ycinoBHe MIACTUYHOCTH MPUHUMAET BUJ

Onp = \/GXZ + 05 —-0,0,+ STXZy = Ot (26)

B Toukax, ymameHHBIX OT MecCTa NPWIOKEHUsS Harpy3Kd, MOKHO
npeHeOpeub TakkKe JIOKaNIbHBIM Hampsbkenuem O y = 0, Toraa yciaoBue
MIacCTUYHOCTH emie Oosiee ympoctutcsi: Oy = o’ +3:%, = Ot .

[Ipu mpOCTOM CABHIC W3 BCEX KOMIIOHEHTOB HAIPSHKCHUN TOJBKO
Ty 0. Torma Oy = V32, = Or. Otciona

Txy: OT /\/§ = 0,58 OT (27)

B cootBercTtBuM ¢ 3TUM BbipakeHneM B CHulle mpuHATO COOTHOLIEHHE MEXITY
PacYCTHBIMU CONPOTUBJICHUSMHU Ha CABUI U pacTsDKeHHE Rs =058R,

rae Rg - pacyeTHOE CONpPOTHBICHHE CABUTY; R, - mpelen TeKkydecTH.

[ToBeaeHme MO HArpy3KOH IICHTPAIBHO PACTIHYTOTO JJIEMEHTA M IICHTPAIBHO
C)KaTOTO IMPH YCIIOBUU OOECIICUCHHS €r0 YCTOMYUBOCTH TOJHOCTHIO COOTBETCTBYET
paboTe Marepwalia MpU MPOCTOM pacTsDKeHUU-Cxatuu (puc.l.l, 6).

[TpenronaraeTcsi, 9T0 HANPSDKEHUS B IONMEPEYHOM CEUCHHHM 3THX JJIEMECHTOB
pacrpeneNsaoTes paBHOMEepHO. [l oOecnedeHuss Hecylleld CIOCOOHOCTH TaKhX
AJIEMEHTOB HEOOXOJMMO, YTOOBI HAINPSHKCHHUS OT PACUETHBIX HArpy30K B CEUCHHH C
HAUMEHBIIICH IUIOIIAbI0 HE MPEBBIIMIAIN PACUETHOTO COMPOTHBIICHU.

Torma HepaBEeHCTBO MEPBOIO MpeAEIbLHOro cocTosiHus (2.2) Oyner

rie N =N,y, - nporoiapHas cuja B 3J€MEHTax; A - IJIOLIaJb HETTO IMONEPEYHOr0 CEYEHUs

sleMeHTa; R - pacyeTHOe CONMPOTHBICHHE, NMPUHMMAEMOE PaBHBIM R, eciu B djeMeHTe He
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JOMyCKAeTCsl pa3BUTHE TUIACTHYECKHX JAedopmMaruii; ecnu ke IUlacTHYecKhe edopMmanuu
JIOIYCTUMBI, TO R paBHAETCS HauboNbIIEMy U3 JBYX 3HaueHui R, u R, /7y (3mech R, u R, -

pacyeTHbIe COMPOTHBIICHUSI MaTepHalia Mo Mpeelly TeKy4eCTH U TI0 BPEMEHHOMY COTPOTHBIICHHIO
COOTBETCTBEHHO); 7, =13 - K03(p(HULMEHT HAaZeKHOCTHU IO MaTepUaly pU pacyeTe KOHCTPYKIUU

110 BpEMEHHOMY CONPOTUBIICHUIO; ¥, - KOO(PPUIHUEHT yCIOBUM pabOTHI.

IIpoBepka 10 BTOPOMY NPEAECIBHOMY COCTOSIHUIO CBOIUTCA K OrPAaHUYECHUIO
YUIMHEHHS (YKOPOYEHUS) CTEPXKHS OT HOPMATHBHBIX HAarpy3o0kK

Nol/(EA) <A (2.9)

rae N, - mpoxosibHas cuila B CTEp)KHE OT HOPMAaTHBHBIX HAarpy3ok; |- pacyeTHas JUIMHA CTEPXKHS,

paBHasi PACCTOSIHUIO MeIly TOYKaMH MPHIIOKEHHsI HArpy3KH K CTepkHI0; E - Momynb ynpyrocTw;
A - miomangs OpyTTO IMOMEPEYHOrO CEUYEHUs CTepKHA; A - IpeaesbHas BEJIWYMHA yIITMHEHUS
(YykopoueHwus).

2.5. OcHoBBI pacueTa N3rudéaeMbIxX 3J1€MEHTOB

Jlist m3rubaemMpix 37eMeHTOB (0alioK), y KOTOPBIX MPOJIET MPEBHIMIAET BHICOTY
nmomnepevHoro ceuenuss (B 5 u Oojee pa3) u3MeHeHHe nedopmaruii 1Mo BBICOTE
CEYCHHS TPOUCXOUT MO JTMHEHHOMY 3aKOHY, HANPSHKEHUS PACTIPEICISIIOTCS TOJIBKO
no npenena tekyudectu Ot (puc.2.1).

HanpspokeHust B Toukax, HaXOJSIIMXCS Ha PACCTOSIHUU Y’ OT HEHUTpaJbHOM oCH,
omnpeaenstores mo ¢opmyne O = My [ Iy , rae M - usrubaroomuyii MOMEHT B
paccMaTpUBaEMOM CEUYEeHHMM Oanku; ly- MOMEHT MHEPIHUH CEeYEHUS.

MakcumalibHOE HamnpsHKEHHE BO3HUKaeT kKorma y=h/2: Oma. = M(h/2)/1x
OTHOIlIEHHE MOMEHTa UHEPLUHU |y K PacCTOSIHUIO OT HEUTPaIbHOW OCU A0 KpalHen
Touku ceuenus vy, =h/2 HazpiBaeTcss MoMeHTOM compoTuBaeHuss Wy = I4(2/h) ,

torga Omax = M/W,..

Jlis poBepKH MPOYHOCTH M3rHMOaeMbIX DJIEMEHTOB, PabOTalONIMX B Tpeaenax
yrpyrux jaedopmaruid, HEOOXOJAMMO, YTOOBI MaKCUMaJlbHbIE HOPMaJbHbIE U
KacaTeJbHbIC HANpsDKEHHs B Oalke OT pacyeTHOM HArpy3kd HE MPEBOCXOIWIIH
COOTBETCTBYIOIIMX PACUETHBIX COMPOTUBICHUH.

a)
) 2
éhsf L A 67’ ' L 6? I'
ﬁ = ”,’,ﬂ’
> -
o — 5 _— —— (. ot i
SO= Nl =C= §
-
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Puc.2.1. U3MeHeHHe 3MI0OPbI HANIPSI)KEHU B N3rudaeMoM 3j1eMeHTe NPU Pa3BUTUH
IVIACTHYeCKHUX AedopMaluii B MaTepHaJie

O-max = M/an S Ryyc 1 (210)
T = QS/]tSRs Y c-

rie M u Q - MakcUMalbHBIN MOMEHT U IONIEPEYHas CUila B Oajke oT pacdeTHOM Harpysku; W, -

MOMEHT CONPOTHUBJICHHS HETTO MOMEPEYHOI0 CeUeHUs OalKu, B CIydyae HECUMMETPHUYHOTO CEUECHHUS
Oanku BeioupaeTcss Whimin = Ix / Y max; S - cTaTMYECKHII MOMEHT CIBUTAIOLICHCS YaCTH CEUCHUS
OTHOCHUTEIILHO HEUTPAIIbHOM OCH; | - MOMEHT HHEpIUU ceueHus: 0anku; { - TONIIMHA CTEHKH.

[To BTOpOMY MIpenenbHOMY COCTOSTHHIO HAMOOBIITNI MPOrub OanKu OT Harpy3Ku
MpU SKCIUTyaTallid CPaBHUBAETCA C NPENEIbHOM BEIMUYUHON YKAa3aHHOW B HOpMaXx,
aub0 B 3aJlaHUM HA MPOEKTHPOBAHUE.

BenuunnHa nporu6a 3aBUCUT OT pacyETHOM CXEMbI OQJIKH, a IPeACTbHBIN MTPOTrud —
OT Ha3HaueHus. Hampumep, s riaBHOM Oanku paOodell IJIOMIAJKU MPOM3JIaHMS,
UMCIOIICH OJMH TPOJIET W IIAPHUPHBIC OIOPBI, 3arpy>KCHHOW pPaBHOMEPHO
pacnpeesieHHON Harpy3koi, MpoBepka Mporuda MPOU3BOIUTCS 1O (opmyiie:

5
fmax = - (qn |4 /EI) S 1/400 (2.11)
384
rae f... - MakcUManbHBINA porud Oanku; (, - HOpMaTHBHAsA Harpyska Ha Oanky; | - mporu6 6anku;

E I- m3rubnas xectrocTh 6anku; 400 — Hopma nporubda Ganku.

dopMyna aJis TPOBEPKH NPOYHOCTH HM3THOAEMBIX DJEMEHTOB MPU HAJTUYHH
mIacTUIeckux nedopmaruii (TUIACTUYECKU MIAPHUP) TOIYYaeTCs M3 BBIPAKCHUS
(2.10) nmyrem 3amensl W, HA W, =cW, , T.e.

M/ (cW,) <Ryy. mmm M/W,<cRyy. (2.12).

CpaBuuBas 310 Beipakenue ¢ (2.10) BuguM, yTo HOpMaIBHO YUET MIACTHIECKUX
aepopMaIiii CBOAUTCS K MOBBIIIEHUIO PACUETHOTO COMPOTHUBIICHUS YMHOKEHUEM Ha
BEJIMYUHY “‘C”°, KOA(P(UIMEHT, XapaKTepU3yIOIINid pe3epB Hecylleld CrocoOHOCTH
U3rubaeMoro »3JjeMeHTa, OOYCIIOBJICHHBIM IJIACTUYECKOM paboToil Mertamna, |
onpeneneHHbld no ¢opmyse st 0amok JBYTaBPOBOIO CEUEHHMs, Kak Haubosee
pacipoCTpaHEHHOTO B HM3rHOaeMbIX 3JIEMEHTaxX

o= A/AHYE (2.13)
A /A, +1/6
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rae A / A, - OTHOLIECHHUE IUIOLA/Iel MONEPEYHOro CEYEHUs 10sca U CTEHKH OalKu.

JImg  TpOKaTHBIX  JABYTaBPOB  PA3JIMUYHBIX THUIIOB A / A, =0.67, uyemy

COOTBETCTBYeT 3HaueHue ¢ =1,1.
Jlis cocTaBHBIX JBYTaBpoB (puc.2.2,6). K03 UUUEHT ‘C”’ BBIYUCISAETCS IO

dbopmyne (2.13).
Jlis TpSAMOYTOJILHOTO CEYEeHMsI, KOTJa IUIom@aab A, TIOSCOB OaaKd MOXKHO

OpUpaBHATh K Hymo — ¢ = 1,5 (puc.2.2,6).

Yerpemnsis miomanes CTEHKM K Hymo (puc.2.2,e) U3 JByTaBpa IOJIy4aeMm
pacueTHble ceueHus ¢Gepmbl WM Oajaku ¢ TMOKOW CTeHKoW, Ttoraa c = 1.

HaubGonpmmmM miuacTuueckuMm pe3epBoM OyaeT obnafarth Oajka ¢ MOMEPEeYHbIM
ceyeHueMm (cM. puc.2.2,a), s Hee ¢ = 2.

[IpakTruecku BbIOOP (HOPMBI MOMEPEYHOTO CEUEHUS H3THOAEMBbIX 3JIEMEHTOB
3aBUCUT OT MHOTHUX (PaKTOPOB, CPEAN KOTOPBIX TJIABHBIM SIBIISIETCS Pacxoj MeTallia,
TaK Kak €ro cTouMmocTh coctaBisieT 80% oO0mieil cTOMMOCTH KOHCTPYKIIMH.

Kpome HOpmanbHbIX HampsbkeHuid (0 B OalikaX BO3HUKAIOT M KacaTelbHbIE
HAIPSDKEHUS Tyy, 3aBUCSILINE OT NONEPEYHOM CHIIBI Q U JIOKaJIbHBIX HanpspkeHuit Oy B

MecTax Mepenayd Ha OalKy COCpPEeNOTOYEHHBIX Harpy3ok. Hampumep, mist Oanok,
3arpyKEHHBIX COCPEJOTOUYCHHBIMU CHJIaMHU 10 mpoJeTy (puc.2.3,a) onpeaenstomen
oynetr kommoneHTa Ok. [Ipu Oonbiiel cocpe1oTOUeHHON Harpy3ke Ha 0ajike ¢ MajbiM
nposietoM (puc.2.3,0) onpeaensonMM OyAeT HalpsDKEHUE Tyy.. Pacnpenenenue O,

a) &) a) gf
i /
Ar As
-  — ﬁlﬁb
‘° T z l
i —— !
i i I
=2 C:{J c=f2-~104 o=l

Puc.2.2. 3aBucumocthb k03(ppuumenta “c”’ ot (popMbl NONEPEYHOT0 CeHYEHUS
U3rudaeMoro 3jJeMeHTa

MO0 BBICOTE OalKu B yOPYro cTaauu OyIeT CYIIECTBEHHO OTJIMYaThCS OT
MPEABIAYIIEr0 Chaydas, a NpH JajJbHEHIIeM YBEIWYEHUW HArpy3Kd BIUIOTH [0
NosiBJIeHUs Iutactudeckoro mapuupa (O, = O7) o0ycnoBuT 0oiiee pa3BUTYIO
TUTACTUYECKYI0 00JIacTh BOJMM3M HEUTpPATBbHON OCH.

[Ipy paccMOTPEHHOM MHOTOKPATHOM HAINPSKEHHOM COCTOSIHUHM IPOBEPKY
MPOYHOCTH OajaKd MOXHO TPOU3BOANTH O (hopmyie:
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G, =0l +0l ~0, 0, +3r7 <1I5R 7, (2.14)

rre 1,15 — xoodduumeHT, yUHUTHIBAIOUIMHA pa3BUTHE IUIACTHYECKHX Jeopmanuii B Oanke

[anamornuno K03 dunmenty “c” B hopmyne (2.12)].

[Ipn n3rube OTHOCUTENHHO ABYX IJIaBHBIX OCEH MHEPIUHU MOMEPEUHOTO CEUCHUS
0anku (X, y) — KOCOM H3THOE - JOITyCKAeTCs MPOBEPKY IMPOYHOCTH. IIPOU3BOIUTH T10

YIpOIIeHHON (popmyie

Mx/(CxﬂWx_n_min)'FMy/(Cy Wy_n_min) < Ry Ye npu < 05Rs (215)

e C, U C, JAIOTCS B 3aBUCMMOCTH OT (OPMbI ceueHust (CM.IPUIL. 1); /3 - 3aBUCUT OT BEIUYUHBI T, .
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Puc. 2.3. Pacnpenesienue miacTuuyeckux aedopmanuii B IByTaBPOBOi 0ajike mpu
CJI0KHOM HANPSKEHHOM COCTOSTHMH.
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2.6. OcHOBBI pacueTa HEHTPAJBHO C/KATHIX CTEPKHEH

Hcyepnianue Hecymiel CriOCOOHOCTH JIMHHBIX THOKHUX CTEpKHEH, padoTarommx
Ha OCEBOE CXKaTHe, MPOUCXOAUT OT MOTEepH ycrouuBoctu (puc.2.4,a).

[ToBenenue crepkHs MO HArpy3KoM xapakrepusyercs rpaduxom (puc.2.4,0), rae
BHayajle C pPOCTOM HAarpy3ku CTEp)KEHb COXpaHSET MPsIMOJUHEHHYI0 (opMmy, ¢
JAIBHEUIIIMM ~ POCTOM  Harpy3kd, korma N =N! CTepXeHb TEpsSIeT CBOIO

YCTOMYMBOCTh W Ha4yWHAeT BbllTyuuBaThcs. llocnemyrommii (HEOOBIIONH) poCT
BHEITHEH Harpy3KH COMPOBOXKIAETCS OBICTPBHIM yBEIMYEHHEM MONEPEYHOTO MPOruoda
f. Tlocne mocTmKeHHS MaKCHMAajJbHOH HArpy3KH — BTOPOH KPHUTUYECKOW CHIIBI
N = N/ - CTEp)KEHb TepseT HECYIIYI0 CIIOCOOHOCTh (HEYCTOWYMBOE COCTOSHHE).

YcroiiunBoe cocTosinue MoxkeT ObITh ipu f =0 u f >0 (Touku 1 u 2). OgHAaKo
npu f >0 CTEepKEHb MOXXET HaXOJIUTHCS B YCTOMUMBOM COCTOSIHMHM (TOuka2) U

HEYCTOMYMBOM (TOYKa 3) IpU OAMHAKOBON CKUMAIOIIEH CHIIE.
Kputnueckoe cocrossHue MoxxeT ObiTh ipu f =0 mnpu f >0 (Touku N) u N.}).

CooTBeTCTBYyIOIIIEE KPUTHUECKOE HamNpsbKeHHe Oyner

Ol Somemmen = e e = e = e (2.16)

rae N - xputnueckas cuna panas 7°El /lo> (popmyna Diinepa); A - Iiomagb MONEPEIHOro
ceueHus: crepxHst; 3ameHsis | / A momydaem i =+/1 /A - paguyc mnepuuu; A =1,/i - ruGkocts
crepxkust; |, = g+l - pacuernas jvHa crepxkHs; 4 - KOO)QGUIMEHT MPUBEICHHUS, 3aBUCSIIMN OT

croco0a 3aKperuIeHUs] KOHIIOB CTEPIKHS.

-

ger Tor Yoger

Puc.2.4. PaboTa 1eHTPAJIbHO-CKATOT0 CTEPKHSA:
a — pacuemuas cxema, O — 3a8UCUMOCTL MeHCOY
HAa2py3KOoU U NPOSUOOM CIEpPIHCHSL
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®opmyna cnpaBenauBa IPU IOCTOSHHOM E, T.e. NP HANpsKEHHAX o, <o, ,
pu 3TOM A > z,/E/o,, . Hanpsokenus o,, - Ipeaes NponopuoHaibHOCTH.

Ha npaktuke THOKOCTh LEHTPAIBHO CHKATBIX CTEP)KHEHW (KOJIOHH, 3JEMEHTOB
depMm, paM U T.1.) COCTaBIs€T NMPUMEPHO IMOJOBHHY YKa3aHHBIX MpPEIEIbHBIX.

Ha puc.2.5 noka3aHo BIHMSHUE CEUEHHS CTEP)KHS HAa KPUTUUECKUE HAIPSIKEHUS.
W3 npuBeneHHBIX NAHHBIX BHJIHO, YTO KPUBBIE o, —A I Pa3JIMYHBIX CEYEHUH U

Pa3noit opuentanuu ocedt OymyT pasHbiMu. KpuBas s nBytaBpa mo puc.2.5.a
pacrmoyiaraeTcsi JieBee, a 1Mo puc.2.5,0 — mpaBee KPUBOH, COOTBETCTBYIOIIECH
IpSIMOYTOJIBbHOMY ceueHHio (puc.2.5,8).

B npuBeieHHON KIaCCUYECKOU CXeMeE, B KOTOPOM IPEATIOIAraeTcs, YTO B MOMEHT
IIOTEPU YCTOMYMBOCTU HATPy3Ka OCTAETCs TOCTOSIHHOM, TOT/1a Ha BBIITYKJIOW CTOPOHE
CTEP)KHSI IPOUCXOJMUT pa3rpy3ka M Marepuai HadynHaeT padoTaTh MO YHPYroMy
3akoHy. OniHaKo, ecnu nedopmanus cxaTHs B Ipoliecce MpOoA0IbLHOTO U3rnda pacTer
WM OCTAETCsl MOCTOSSHHOW B Ka)XJOW TOUKE CEUYEHMSI CTEP)KHSA, T.€. Pasrpy3Ku He
MPOMCXOJIUT, TO BCE CEYECHUE HAXOOUTCSI B IUIACTUYECKOM  COCTOSIHUH,
XapaKTEepU3yeMOM KacaTellbHbIM MoayieMm nedopmanuu E,.

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

Puc.2.5. Baiusinue ¢gpopmMbl ONEPEYHOro ceYeHHUsI CTEPKHS HA KPUTHUYECKHE HANIPSIIKEH U s
a — nomeps yCmouyu8ocmu 08ymagpo8020 CMEPIHCHSL 8 NIOCKOCMU CMEHKU, O — Mo Jce, 8
NIIOCKOCMU NOJIOK, 8 — 3A8UCUMOCTNb KPUMUYECKUX HANPAXCEHUL Om 2UOKoCmu

B 5TOM cllydae KPUTMYECKOE HAIpsHKEHUE B IUIACTUYECKOHW o0macTu Oymer
o, =1°E )7 (2.17)

B cTpouTenbHBIX KOHCTPYKIMSX BCTpEUYalOTCsl 00€ CXeMbl paboThl CHKATHIX
crepkHed. Hampumep, ckaTble 3J€MEHTHl CTaTUYECKH HEOINPEAEIUMBIX CHCTEM
(bepm, paMm) TepstOT YCTOMYMBOCTH MO KIACCUYECKOW CXeMe - C pa3rpys3koil. B
MOMEHT MOTEPU YCTOWYHUBOCTH MPOUCXOAUT IMEpepaclpe/ieiEeHue YCHIUN MEXITy
aeMeHTamMu. B konoHHax, paboTalmux Mo CTaTUYECKU ONPEACIMMON cxeMe, OyaeT
pean30BBIBATLCA BTOpast cxema — 0€3 pa3rpy3KH.

31



JIo cux mop paccMaTpUBAJICS HICAIBHO IMPSMOW CTEPKEHb C HArpy3KoH,
MPWIOKEHHOM cTporo mo ocH. OpHaKo B TNPAKTUKE TAaKOIO HE CYIECTBYET.
KouctpyktuBHOoe odopMieHHE KOHIIOB C)KaThIX CTepXKHEl He olecreynBaer
UealbHYI0 LIEHTPOBKY, IMO3TOMY 3TH (PaKTOPbl YUUTHIBAIOTCS BBEJICHUEM B pacyeT

SKBUBAJICHTHOTO JKCIIEHTPUCUTETA CXUMawmed cuibl “‘e,,”. OH 3aBUCHUT OT

T'HOKOCTH U C pPOCTOM €€ BO3paCTacT. B MMPAaKTHYCCKUX pacucTax IOJb3YIOTCA o,

cre!

T.€. CO CﬂyqaﬁHBIM OKCHCHTPUCHUTCTOM. Toma
Core/Ry = e s (2.18)

rae ¢, - KoO3Q(GUUUEHT YyCTOHYMBOCTH MM €r0 €lle Ha3bIBalOT KO3()(UIUEHTOM IpeeabHOro

n3ru0a npu LHEeHTPATBHOM CXKATUH.

B HopMmax Ha mpoekTupoBaHue JatoTcs GOPMYJIbl U COOTBETCTBYIOLINE TaOIUIIBI
JUISL OIPENIECIICHUS ¢ .

2.7. OcHOBBI pacyeTa HA MPOYHOCTH CTePKHEel, padoTAIIIMX HA CKATHE WU
pacTsKeHHne ¢ U3rudom

[Ipn oHOBpEMEHHOM JAECUCTBUU Ha CTEP>KEHb OCEBOM CHJIbI N ¥ M3rHOaroIIero
MOMEHTa M (BBI3BAaHHOTO BHEIICHTPECHHBIM IPHIIOKCHUEM Harpy3ku M =N-e)
HECyI[asi CIIOCOOHOCTh €ro OMPEIENAETCs pa3MepaMu MONEPEYHOro CEUeHUs U
IIPEAEIBbHON IPOYHOCTHIO MaTepHuaa.

B ynpyro#i cragum paboThl mMaTepuala HANpSHKEHUS B IOMNEPEYHOM CEUYCHHH
CTEPKHSI MOTYT OBITh IIPEJICTABIICHBI B BUJIE€ CYMMBbI HANPsHKEHUM OT LEHTPaJIbHOIO
okatust oy =N/A u or usruba o, =M /W,.

2.8. OcHOBBI pacyeTa Ha YCTOMYMBOCTh BHEIIEHTPEHHO C:KATBIX U
C/KATO - H30THYThIX CTEePKHEH

[ToTepst Hecymied  CIOCOOHOCTM  NJMHHBIX  THOKMX  CTEpKHEW  MpHU
OJIHOBPEMEHHOM  J€HCTBUM CXKHUMAIOIIEH CHJIbl M  M3rMOaromero MOMEHTa
IIPOUCXOAUT OT IOTEPU YCTOMYMBOCTU. IIpyM 3TOM COOTBETCTBYIOLIEE COCTOSIHUE
paBHOBECHS MOXXHO OIIPEACIIMThL TaK K€, KaK IjId LECHTPaJIbHOI'O C)KaTUsA, a UMEHHO
OA > OA, - YCTOMYMBOE COCTOSIHME; OA < OA, - HEYCTOMYMBOE COCTOSIHUE; SA = OA, -

KpUTHYECKOE  cocTosiHue (rae o¢A, U OJA - TpHpanieHue padoT BHEUIHHX H

BHYTPEHHUX CHUJI).
BHeneHTpeHHO CXKaThle CTEPKHU PEATbHBIX METALTHYECKUX KOHCTPYKITUH
TEPSIOT YCTOWYMBOCTh TPH PA3BUTHH IIACTUYCCKUX e(opmarui.
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Kputudeckast cuna 3aBUCHUT OT JSKcleHTpucutera “‘€”. Ha mpaktuke ymaoOHee
MOJIb30BaThCA O€3pa3sMEpPHBIM OTHOCUTENBHBIM JKCIIEHTPUCUTETOM M=€/p, Tae
p=W/A - sapoBoe paccTosSHHE CO CTOPOHBI Hawboyiee CHKaTol (HUOPHI CTEPIKHSL.

dopMyna MPOBEPKH YCTONYMBOCTH BHEIICHTPEHHO CXKATOTO CTEPXKHsI OyjaeT

N/ (Ape) < Ryye (2.19)

Jlia obecrnieyeHuss yCTOWYMBOCTH BHELIEHTPEHHO CXKAThIX (CHKAaTO-M30THYTHIX)
CTEpXKHEHN Lieaecoo0pa3HO € IENbI0 SKOHOMHMM MeETaljla pa3BUBaThb CEUEHHE B
HaIlpaBJICHUMU JKCleHTpucurera. Hanpumep, kak mokazaHo Ha puc.2.6. IIpu stom
BO3pacTaeT ONACHOCTh IIOTEPU YCTOMYMBOCTH CTEPKHS B IMEPIECHIUKYJSIPHOM
HaIpaBJIECHUU — OTHOCHUTENIbHO ocu ‘Y’ . B cBs3u ¢ 3TUM B (Hopmylly MpPOBEPKU
YCTOMYMBOCTA OTHOCUTEIBHO OCU ‘Y BBOJAMTCS MOHMKEHHBIM KO3()PUIUEHT c.

N/ cpyA < Ry (2.20)

rae ¢ =Ner.M/Ner =¢y.M/py; ¢y.Ncr —COOTBETCTBEHHO KOA(PPHUIUCHT YCTOMYMBOCTA M KPUTHUYCCKAS
cuna mpu neHtpanbHoM cxaTuu; Ncr.M. @y.M — kpuThueckas cujga W COOTBETCTBYIOIIHMA

KOA((QUIIMEHT YCTONYMBOCTH LEHTPAIBLHOTO CXKATHUS OTHOCHUTEIBHO oOcHu ‘Y [IpY HaJIAYUU
MOMEHTa B TEPIECHAUKYJIAPHON IIocKocTH. KonddumueHnt “C” 3aBUCUT OT OTHOCHUTEIHHOTO

:

e

AKCLEHTPHUCUTETA Mx=€/px.(DOPMBI MONIEPEYHOTO CEYCHUSI CTEPIKHS U THOKOCTH Ay.

Puc.2.6. Han6oJiee panuoHajJbHOE N0JI0KeHHe IBYTABPOBOI0 CeYeHHs IPH BHELICHTPEHHOM
C/KATUM CTEPsKHel

2.9. Pacuer 3/1eMEHTOB MeTAJNIMYECKNX KOHCTPYKIMH NIPH BO3/1eiiCTBUM
IepeMEHHbIX HAIPY30K (MPOBEPKA HA YCTAJIOCTh)
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[Ipn pelicTBUM TNEPEMEHHBIX MHOIOKPAaTHO TMOBTOPSIOIIMXCS  HArpy30kK
pa3pylIeHHEe KOHCTPYKLUMU MOXET MPOU30MTH OT YCTAJOCTH MeETaula IpH
HaIPSDKEHUSAX HIDKE Ipesesia TEKy4YECTH.

Pa3spymienne mpoucxoaut 0€3 3aMEeTHBIX IIaCTUYECKUX JedopMaiuii, HMeeT
XpYHKUR XapakTep (CM. BbIlIe). IT0 HaOII0aeTCsl B MOJKPAHOBBIX Oankax, Oajkax
pabounx IUIOMIAJ0K TMPHU 3arpyKEHUH HX TMOABUKHBIM COCTaBOM, JJIEMEHTHI
OYHKEpHBIX 3CTaKald, OalTHU U MAYThl, UCIIBITHIBAIOIINE MHOTOKPAaTHBIE BO3/ICHCTBHE
MOPHIBOB BeTpa U T.I.

[ToaToMy pacueT Ha yCTaJOCTh CJEIyeT BECTU IO IEPBOMY IPEAEIBHOMY
COCTOSIHUIO, T.€.

O < OR Y, (2.21)

max —

IIpU OTPAHUYECHUHN

aRvyngu/yua HPH 7u:1131 (222)
rae R, - ycaoBHOE pacyeTHOE CONPOTUBICHUE YCTAIOCTH, 3aBUCSAIIECE OT TUIA CTAIM U CTEICHU
KOHLIEHTPALlUU HAIPSHKEHUN B MPOBEPSIEMON TOUKE KOHCTPYKLHUU; J, - YCIOBHBINA KO3((UIMEHT

ycranocty; 7, = 1,3 - ko3 GULUUEHT HaJe)KHOCTH 110 BpEMEHHOMY COIPOTUBIICHUIO.

MaxkcumanbHOe Harpy’>x€cHuc 3JIcCb CpaBHUBACTCA C YCJIOBHBIM IIPCACIOM
YCTAJIOCTHU.

B dem 3akirouaercs NpoeKTUPOBaHUE METAITHYECKUX KOHCTPYKIUiA? (c1p.20).

KakoBa 1enp pacyera METaNTMYECKUX KOHCTpYKimid? (ctp.20-22).

Oranbl npoektupoBanus. (ctp.20-21).

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

IlepBoe u BTOpOE mpenesbHOE cocTosiHue. (CTp.22).

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

®uU3NYECKUM CMBICT 1-0ro mpeaenabHoro coctosiHus. (ctp.2l).

Kak xnaccubunupyror Harpysku? (ctp.22).

. Kak paszmuuaror Harpysku? (ctp.22).

10 Kak y4YuTBhIBaIOT HaNpsDKEHHOE COCTOSHHE TIpH paboTe METaNTHYSCKHUX
KOHCTpYKIMi? (cTp.22).

11. HanpskenHoe U 1e()OpMUPOBAHHOE COCTOSIHME LIEHTPAJIbHO HArpy>KEHHBIX
aeMeHTOB. (cTp.23-25).

12. OcHOBBI pacuera HM3rHOaeMBIX 3JEMEHTOB. (cTp.25-29).

13. OcHOBBI pacuera IEHTPAIbHO CXKAThIX CcTepkHer. (cTp.29-31).

14. B dyem 3akiioyaeTcs pacueT CTEep)KHEH, paloTaronMx Ha CKAaTHE WM
pactspkeHue ¢ u3ruoom? (crp.32).

15. PaboTa BHEIIEHTPEHHO CXKAThIX CTepkHEeH. (cTp.32).

16. Kak o0GecreuynBaeTcsl yCTOMYMBOCTh METAIIMYECKUX KOHCTPYKIUKA? (cTp.32).

©CoNok~LNE
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17. Kak paboTal0T MEeTAIMYECKHe KOHCTPYKIMU TPU BO3ACUCTBHU MEPEMEHHBIX
Harpy3ok, pacuer? (crp.33-34).

PA3JIEJ 3. COPTAMEHT
3.1. XapakTepucTika 0OCHOBHBIX Mpoguieii copraMmenTa
[IepBUYHBIM 3JIEMEHTOM CTaJbHBIX KOHCTPYKLUU SBISAETCSA IPOKATHAasl CTajb,

KOTOpas BbBIJIABIKCTCA Ha MCTAUIYPrU4CeCKHMX 3aBOJax. HpOKaTHaSI CTalb,
INpuMcCHsiACMad B CTAJbHBIX KOHCTPYKIHAX, JACIUTCA Ha MAOBC TIPYIIIbL: CTaJdb

npokatHasi JjucroBass  (puc.3.1,a) -  TOHKOJHCTOBas,  TOJCTOJHMCTOBAs,
IIMPOKONOJIOCHAS,, YHUBEpPCAIbHAs W MPOCEYHO-BBITSAKHASA, CTAJAb NPOPUIbHAS
(puc.3.1,6) — yrojku, IIBEUICPHI, IBYTaBPbl, TaBpbl, TpyObl H T.M. Hamuuue

COPTaMEHTOB TOTOBBIX TMPOKATHBIX TMpoduier Ha 3aBojax obOecrneurnBaeT
WHyCTPUAIbHOE M3TOTOBJIEHUE KOHCTPYKIIMIL.
[lepeyens mnpokatHbIXx mnpoduieii ¢ ykazaHueM  (HOPMbI, TEOMETPUUYECKUX

& 4 4 ¢
a Ip\ l [Vﬂ’ ,(’ ”) ' 2 4 ¥ :ﬁﬁé:
L_____:x"_ X g .‘}’x - A-p=X gy n
= === 7 leor Xix
7 Xy U b 1 3
9 y o o x J?nt +H4 .lTﬁ,L 7
4
=== y 4 &
Xﬂ»x o o X
= = -

XapaKTCPUCTHK, BCCa CANHHUIIbI JJIMHBI, JOIIYCKOB H YCJ'IOBI/Iﬁ ITOCTAaBKM
Ha3bIBACTCA COPTAMEHTOM.

Puc.3.1.0cHOBHBIC BHABI Npoduiei

[TocraBnsiercs mpokatr (JIMCTOBOM, (pacoHHBIN) maptusmu. [lapTusi coctouT u3
poKaTa OJTHOTO pa3Mepa, OJJHOM TMIaBKU-KOBIIIA U OJHOTO PEeKUMa TEPMOOOPAOOTKH.
[Ipu mpoBepke KauecTBa MeTaula OT MAapTUU OTOMPAIOT J0ObIe ABe mpoOkl. [Ipokar
MOCTaBJISIETCS. KaK B TOPsIUEKaTaHOM, TaK U B T€PMOOOPAOOTaHHOM COCTOSHUU.

PaznooOpasue BuUIOB mnpoduiield, BXOISAIMIMX B COPTAMEHT, YacTas TpaJaius
pa3MepoB OJHOTO BUJa Mpoduiisi obecreynBaeT SKOHOMHUYECKOE MPOEKTHPOBAHHE
KOHCTPYKUHUN IPU BO3MOKHOCTH CO3/IaHUS pa3HOOOPA3HBIX KOHCTPYKTUBHBIX (DOPM.
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CroumocTh pasHbIX mnpoduied paznuuHa. Haubonee nemeBbIMH SIBISIFOTCS
JIMCTOBAs CTAJIb, IPOKATHBIE IBYTAaBPbI U IIBEJUIEPHI, YTO CTUMYIUPYET UX IIUPOKOE
npuMeHenue. llpuMeHeHue mpU TPOEKTUPOBAHMM OOJBIIOTO  PazHOOOpa3Us
npoduneil yBenuuuBaer 00beM pabOThl Ha 3aBOJAX METAUIOKOHCTPYKUUH IO
COPTHUPOBKE, CKJIaIMPOBAHUIO, TPAHCIIOPTUPOBKE, IpaBke npoduiied u T.1. C 1enbio
yMEHbIIIEHHs o0bemMa pabOT TpU  M3rOTOBICHUM KOHCTPYKIHMI  BBEIEHBI
COKpAILlCHHbIE COPTAMEHTBI, COCTABJIEHHBIE JII MPOEKTUPOBAHUS CTPOUTEIBHBIX
KOHCTPYKIMH U3 HamOoJiee YNnoTpeOsseMblX U SKOHOMHUYHBIX Mpoduiei.

N3rotoBieHHbIe Ha 3aBOJIaX METANIMYECKHUE BJIEMEHThl KOHCTPYKUUN (Oankw,
KOJIOHHbI, (epMbl M T.I.) COOUpAIOTCA HA CTPOUTENIbHBIX IUJIOIIAJKAX B
KOHCTPYKTUBHBIE KOMILIEKCBI — COOPY>KEHUS.

Paccmotpenue pa3nuuHbix KpuTepueB 3PGEeKTUBHOCTH Npoduis npu padoTe Ha
M3rud W CXKaTue MOoKa3zajlo, YTO PEIIAIIIYI0 POJb HMEET  “TOHKOCTEHHOCTH

HpO(I)I/I.]'Iﬂ — OTHOIICHHEC €TI0 BBICOTBHI K €TI0 TOJIIIHMHC 4€M OHO 6OJ'ILI]_I6, TEM

ht ,
npodunb dSKoHOMHYHEe. [l mMpOKaTHBIX MNpoQuiIed TEXHOJOTUS MPOKATKH
OTPAaHUYUBAET TOJIIMHY CTEHKH 4-6 MM, MO3TOMY MNPUMEHEHHE TOHKOCTEHHBIX
CBapHBIX 0aJOK JJIs U3TH0AEMBIX AJIEMEHTOB, a TAKKE THYTOCBAPOUYHBIX KOPOOUATHIX
npoduneil Ay CKaThIX dJEMEHTOB Oosiee 3(D(PEKTHUBHBL, YeM MPUMEHEHHE
OPOKATHBIX Mpoduiell, Tak KaK TOJIIMHA CTEHKd B HUX HE OrpaHUYCHA
MIPOKATOM.

3.2. JIucroBasi cTaJIb

JlucToBass CTaylb MIMPOKO TIPUMEHSETCS B CTPOUTEILCTBE, IIOCTABISICTCS B
MaKeTax, pyJoHaX W KJIacCUPUIMPYETCS CIAEAYIOIUM 00pa3oM.
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Craab ToacroaucroBas (I'OCT 19903- 74). CopTaMeHT 3TOM CTalld BKJIIOYAET
JUCTHI TONMUHON OT 4 MM 10 160 MM, mmpuHoit oT 600 MM 10 3800 MmM. Hambomnee
xomoBou sBisiercss mmpuHa g0 2400 MM, JluctoBas ropsiuekaraHas CTalb
MOCTABJISIETCS B JUCTaX IJIMHOW OT 6-12 M u tommmHoN 10 160 MM win B pyJioHax
tommuHou oT 1,2 1o 12 mm, mupunoit ot 500...2200 mm. JIMCTHI TONIKUHONK OT 6 A0
12 MM MMEIOT rpajanyio Ho ToduHE 4yepe3 1 MM, ganee yepe3 2; 3 U 5 MM.
ToscronucroBas cTanb HIMPOKO MCHOJB3YETCS B JINCTOBBIX KOHCTPYKLUSX, B
AJIEMEHTaX CIUIONIHBIX cUCTeM (0ajoK, KOJOHH, paMax W T.I.).

Crajb TOHKOJMCTOBasE J10 4 MM MpPOKATHIBAETCA XOJOJHBIM M TOPIYUM
cnocobamu. XonoaHokataHas ctanb ([OCT 19904-90) 3HauuTeNnbHO IOpPOXKE
ropsiuekarano (I'OCT 19903-74).Tonkast nucroBas cTajb HPUMEHSTCS MpU
M3rOTOBJIEHUMM THYTBIX U  IUTAMIIOBAaHHBIX TOHKOCTEHHBIX mpoduieH, s
KPOBEJBHBIX  MOKPBHITUM ©  T.aI. M3  XOJOJHOKAaTaHOW, OLMHKOBAaHHOW,
PYJIOHUPOBAaHHOM CTalM W3rOTABIMBAIOT MPOGUIMPOBAHHBIE HACTUIIBI.

Cranb mmpoxomnoJiocHas ynusepcanpHas (I'OCT 82-70) Gmaromapsi mpokaTy
MEXy YEThIpbMs BaJIKaMU MMeEET poBHbIE Kpas. TommmuHa cramu ot 6 10 60 mwm,
mupuHa ot 200 1o 1050 mm 1 anuna ot 5 10 12 M. [IpumeHeHue yHUBepcaabHOU
CTaJI YMEHbIIAET TPYAOEMKOCTh U3TrOTOBICHUS KOHCTPYKIIUM, TaK KaK HE Tpebyercs
pe3Ka M BBIPAaBHUBAHHE KPOMOK CTPOKKOM.

Crans puduenas (IOCT 8568-77) u mpoceuno-BoiTszkHast ([OCT 8706-58)
MPUMEHSIETCA JJI1 XOJIOBBIX IJIOLIAOK.

3.3. Yrouakosbie npoduian

Yroaxosbie npo¢uin npokarsiBatoT B Bujie papHonosiouHbIX (I'OCT 8509-86) u
nHepaHonoyiounbix (I'OCT 8510-86) yronkos (cm. puc. 3.1, 6). CopTaMeHT yroJIKOB
BEeCbMa pa3HOOOpa3eH: OT OYeHb MaJbIX Mpoduielt ¢ miomaabpo ceuenus 1-1,5 cm?
70 MOIIHBIX Tpodwieit ¢ miomanbio ceueHus 140 cm?  [loiaku yroikoB MMEIOT
napajulefibHble TpaHH, YTO oOOJeryaer KOHCTPYMpPOBaHHE. YTOJKH IIHPOKO
HCIIOJIb3YIOTCSL B JIETKMX CKBO3HBIX KOHCTPYKIMSX. Paboume CTepKHM M3 yroJIKOB
OOBIYHO KOMIIOHYIOTCSI B CHMMETPUYHBIC CEUEHUS M3 JIBYX WJIM UYETHIPEX YTOJKOB
(puc.3.2.). bonee PKOHOMHUYHBI YTOJKH C MEHBIIMMHU TOJIIMHAMU MOJOK. CxKaThie
CTEP>KHU CEYCHHS 00JIaJJatoT OOJBIIEH YCTOMUYNBOCTHIO, 0COOEHHO COCTaBJICHHBIC U3
TOHKHUX YTOJKOB. B CTEepXHSIX ¢ OTBEpPCTHSIMHU sl OONTOB OcCiabjeHUuE CEYEHUS
OTBEPCTUSIMU TE€M MEHBINE, YeM TOHBIIE MOJIKH.

3.4. lIBennepsl

['eomeTpuueckne XapakTEpUCTHKH CeueHHs IBewiepoB (cm. puc. 3.1,8,1c)
OIIPENEISIOTCA €r0 HOMEPOM, KOTOPBI COOTBETCTBYET BBICOTE CTEHKHM LIBEILIEPA
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Puc.3.2. KomnaHoBka ce4yeHWil CTepKHeH W3 MPOKATHBLIX Npoduiei

(B cM). CopramenT (I'OCT 8240-89) Bximroyaer mBesuiepbl oT Ne 5 10 Ne 40 ¢
YKJIOHOM BHYTPEHHUX rpaHeil noJiok (cM. npui. 16, Tadmn. 5). OnHako, yKIOH
BHYTPEHHUX I'paHel MOJIOK 3aTpyaHseT koHcTpyupoBanue. B I'OCT BxoasaT u
IIBEJUIEPHI C MAapajuIeIbHbIMU TPAHSAMHU TOJIOK, CEYEHUS KOTOPBIX UMEIOT JIyUIINE
pacyeTHbIC XapaKTEPUCTUKU OTHOCUTEIBLHO OCEH X U Y, TaK KaK yIpouiarT 00JITOBbIE
KpeIuieHusT K mnoJkaMm. [lIBemiepel NPUMEHSIOTCS B MOUIIHBIX CTEPKHEBBIX
KOHCTPYKITUAX (MOCTax, OOJIBIICTIPOJIETHRIX (pepMax | T.N.), a TAKKE B KOJIOHHAX,
CBSI3IX U KPOBEJBHBIX MPOTOHAX.

CrepXHU U3 MIBEIJIEPOB, PabOTAIOIIME HA OCEBYIO CHIIy, KOMIIOHYIOTCS B
KECTKHE OTHOCHUTEIILHO OCeH X MY CHMMETpH4HbIe cedeHus (puc.3.2,0).

3.5. IByTaBpsbI

JIByTaBpbl — OCHOBHOH 0ajo4yHblii npodmiab — uUMET HauOoJIblIee
pazHooOpazue mo Ttunam (cM. puc. 3.1,e-o¢), KOTOpbIE COOTBETCTBYIOT
ONpeaeIeHHbIM 00JIACTAM MPUMEHEHUS.

baaku nByraBpoBbie 00bikHOBeHHbIe (['OCT 8239-89) kak u wmIBesuiepsl,
MMEIOT YKJIOH BHYTPEHHHMX TIpaHed TMOJOK U  0003HA4YaroTCs HOMEpOM,
COOTBETCTBYIOIIMM HX BbICOTE B cM (puc.3.1, 2). B copramenT Bxomar npoduiau ot
Ne 10 mo Ne 60 (cm. mpun.l, Ta6mn.3). CTeHKH y KpPYIHBIX JBYTaBPOB HMEIOT
MUHUMAJbHYIO TOJIIUHY U MO YCJIOBUSM YCTOWYMBOCTU JOCTUTAIOT 1/55 BBICOTHI
AByTaBpa. YeM TOHbLIE CTEHKa, TEM BBITOJHEE ceueHHe Oanku mpu paboTe ee Ha
u3ru6. OJHAKO MO YCJIOBUSIM TEXHOJIOTMM TPOKATKH Yy OOJIBLIIMHCTBA JIBYTaBPOB
CTEHKHU MOJy4aroTCsl 3HAUYUTEIBHO TOJIIE, YeM ATO TpeOdyercs MO YCIOBHIO HX
ycToMuMBOCTU. brarogapsi cocpeoToOUeHHI0 MaTepHralia B MOJIKaX JBYTaBPbl UMEIOT
OOJIBIIYIO KECTKOCTh OTHOCUTEIBHO OCH X, HO HEOOJIbIIasi IIMPHUHA TOJIOK JeTaeT UX
MaJIOyCTOMYHMBBIMA OTHOCUTENBHO OCH Y. JIByTaBpbl MPUMEHSIOTCS B HM3rHOaEeMbIX
aneMeHTax (0ankax), a TaKKe B BETBAX PEIIETYAThIX KOJIOHH U Pa3IMYHBIX ONOp, IAe
JUISL UX YCTOMYMBOCTH IMPUMEHSIOTCS COCTaBHblE cedyeHus (puc.3.2, B).
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bBankun aByraBpoBble mmpokonosounble (I'OCT 26020-81) wumeroT
napasuiesibHble TpaHu mojok (cMm. puc.3.1, 0). IllupokononoyHbie JBYTaBpPbI
MPOKATHIBAIOTCA TPEX TUIIOB: HOpMasibHble AByTaBpbl (b), mmpokomnosouHbie
nBytaBpel (1), xomonnsie nBytaBpbl (K). Beicota 6amounbix mnpodunein (b)
nocturaer 1000 mm, (II) — 700 u (K) — 400 MM npH OTHOILIEHHH IIUPHUHBI MOJIOK K
BbICOTE OT b/h=1:165 (mpu ManbIXx BbICOTaXx) A0 b/h=1:125 (npu OOJBIINX
BbicoTax). Komonusie mpoduiu (K) uMEI0T OTHOLIEHHE MIMPUHBI MOJIOK K BBICOTE,
onuszkoe 1:1, 4To mMpugaeT UM YCTOMYMBOCTH OTHOCHUTEIBHO OCH Y.

KoHcTpyKkTHBHBIE MperMylIecTBa (MapauieIbHOCTh IPaHeil MOJOK U MOIIHOCTh
CEUYCHMI) TO3BOJISIOT MPUMEHSTh UIMPOKOIOJOYHBIE JABYTaBpPbl B BHJE
CaMOCTOSITEJILHOTO dJieMeHTa (OaJiku, KOJOHHBI, CTEPXKHU TSDKEIbIX (epM), He
TpeOyIOoIero MoYTH HUKAKOH 00pabOTKH, UTO CHIKAET TPYAOEMKOCTh U3TOTOBJICHHUS
KOHCTpYKUMU B 2-3 pasa.

W3 mupOKONONOYHBIX JABYTaBPOB IYTEM pa3pe3Ku CTEHKH B MPOJIOJIBHOM
HanpasjieHuu nonydaroT taBpoBbie npodwmin (BT), (IUT) u (KT) (cm. puc.3.1,0)
yA0OHBIE NIl MIPUMEHEHMsI B peuieTyaThix KOHCTpykumsx. [lo mepe pacmmpeHus
MPOU3BOJCTBA  IIMPOKOIOJIOYHBIX  JBYTaBPOB NPHUMEHEHHE OOBIKHOBEHHBIX
JIByTaBpPOB COKpalaeTcs.

Pa3BuTHe aBTOMaTHYEeCKOW CBApKH CO3JaeT OJaronmpusTHBIE YCIOBHS IS
MPOM3BOJICTBA CBAPHBIX JIBYTABPOB W3 YHHBEPCATBHON CTadM MO OMNPEICICHHOMY
COPTaMEHTy, 4YTO JaeT BO3MOXHOCTh TIOJb30BAaThCA HMMH TaK K€, KaK WU
npokaTHeIMU (puc. 3.1,¢).

3.6. ToukocTeHHbIe NpoduIn

Tonkoctennsie nByTaBpshl (TY 14-2-205-76) u mBemnepst (TH 14-2-204-76) (cm.
puc.3.1,0/c) IPOKATHIBAIOTCS HA HEMPEPHIBHOM CTaHE ¢ 0CO00 TOHKMMH CTEHKAMHU U
MOJIKAMH, YTO JIeJIaeT UX SKOHOMUYHEE OOBIYHBIX MPOKATHBIX Mpoduuiei Ha 14-20%.
Tonkoctennsie mnpoduau uMerT Bbicory oT 120 go 300 MM U mHOJIKH C
napauyieIbHBIMA  TPaHIMH. [IpUMEHSIOTCST TOHKOCTEHHBICE Tpoduian B Oankax
IJIOMIATOK, (axBepKaxX, JETKUX MEPEKPBITUSAX U TOKPBITHSX.

3.7. Tpyosl

CraabHble TpPYObl, NpPUMEHSIEMBbIE B CTPOUTEILCTBE, OBIBAIOT KpYyTJble —
ropstuekatanbie (TOCT 8732-78 ¢ u3m.) u anektpocBapubie ('OCT 10704-76) (cm.
puc.3.1,3). Tpybuatsie npodusin 0COOEHHO IKOHOMHUYHBI TTPU MPUMEHEHHUH B CKATHIX
arieMeHTax OJiarojapsi HauOOJbIIEMY 3HAYEHHUIO pajidyca WHEPUUU MPU 3aJaHHOU
IUIOLIAAN CEUYEHUSI.

I'opsiuekaranble OecliOBHBIE TPYObI HMMEIOT auamerp oT 25 go 550 mm c
TOJIIMHON CTEHOK OT 2,5 10 75 MM. OTU TpyObl IPUMEHSIOTCS TJIABHBIM 00pa3oM B
KOHCTPYKITUSAX Pauo Y TEICBU3UOHHBIX OTIOP.
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Kpyrasbie 3jexkTpocBapHbie TPyObl uMeroT auamerp ot 8 no 1420 mMm ¢
TOJIIIIUHON CTEHOK OT 1 1m0 16 MM. OTu TpyObl MPUMEHSIOTCS B TPyOONMpPOBOIAX,
AJMIEMEHTaX Pajro W TEIEBU3UOHHBIX OMOP M KOHCTPYKIIUSX MOKPHITHH, OCOOCHHO B
3IaHUAX C arpeCcCUBHOM CpEIOM.

3.8. XosoaHornyroie npoguian

I'HyTbIe NPO(UIAM W3TOTOBJSIOTCS W3 JIMCTA, JICHTHl WM MOJIOCH TOJIIUHOM
oT 1 10 8§ MM M MOTYT UMETh camylo pasHooOpaszHyw dopmy (puc. 3.3). Haubonee
ynotpebutenbHbl yronku pasHomnonoynsie (I'OCT 19771-74), HepaBHOMOJIOYHBIE
('OCT 19772-74), mBemnepst (I'OCT 8278-83), rHyTO-CBapHble NPOPUIU
3aMKHyThIe KBaapatHoro (TY 36-2287-80) u mnpsmoyronsHoro (TY 36-2286-80
C M3M.) CE€UYCHUH U OoIMHKOBaHHbIC MpoduiarpoBanubie HacTHIbl (TOCT 24045-86).
OcHoBHas 00J1aCTh MPUMEHEHHUS dTUX Mpoduiiel — JIeTKUue KOHCTPYKIUU TTOKPBITHIMA

3IaHUM, TJ€ OHHU, 3aMEHSs MPOKATHBIC MPOQPMIH, MOTYT JaTh SKOHOMHUIO MeTalljia
10 10%.
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Puc. 3 3. Tunsl rayThIX Npoduiei

3.9. Pazanunble Npopun U U31eus U3 MeTaJL1a, IPUMEeHsieMble B
CTPOUTEJILCTBE

B cpaBHuTenbHO MeHbIIEM OOBEME TMPUMEHSIOTCS B METAIMYECKHX
KOHCTPYKITUSAX TPOQWIH APYrHX KOHPUTYpAIMid U CTAIbHBIE MaTepuajbl pa3HOTO
Ha3HauyeHUs (CTalbHBIE KaHAThI M BBICOKOMPOYHAS TPOBOJIOKA): JIBYTaBPOBBIC
npopmwm ana noasecHoro Tpancmnopta (I'OCT 19425-74), kpaHOBbIE  PEIBLCHI
('OCT 4121-76 ¢ usm.), xanatel ctanbhble crmpanbHbie (['OCT 3062-80; 3063-80;
3064-80), kanatel nBorHO# cBuUBKM (I'OCT 3066-80; 3067-74 ¢ m3m.; 3068-74 ¢
m3m.; 3081-80; 7669-80 ¢ wm3m.; 14254-80), myuykum U TpsAIU U3 KaHATHOU
npoBojioku (I'OCT 7372-79 ¢ wu3M.), npodunau s OKOHHBIX M (POHAPHBIX
neperietoB (I'OCT 7511-73), crans nuctroBas BonHuUcTas (TOCT 3685-71), cranb
kBajgpatHas a = 5-100 mm (TOCT 2591-88), ctanp kpyrmas d = 6-200 mm (IOCT
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2590-88), cranp mojocoBas b = 12-200 mm, t = 4-60 mm ('OCT 103-76), craib
pudnenas (I'OCT 8568-77), cranp mpoceuno-BeiTskHas (I'OCT 8706-58).

Kpome TOro, M3roTaBImMBarOTCS TaKkKe TPYObl CHEIMAIBHOTO HA3HAYCHUS W3
craimu kiacca K52 17T'1C-V:

I MAaruCTpaibHbIX TazoHedTenpoBoaoB o 'OCT 20295-85, d = 720 u 820 mm;

s TpyOOmpOBOAOB BhICOKOTo maBieHus mo TY 14-3-620-77, d =1000mm u
1220 mm;

s razoHedrenpoBono mo TY 14-3-1138-82, d = 1020 u 1120 mm u apyrue
BUJIBI CITEIIHATILHBIX TTPOQHIICH.

3.10. Ipoduiin U3 aTIOMHUHUEBBIX CIJIABOB

CrpoutenbHple TpoPuiin W3 aTOMHUHHEBBIX CIUIaBOB (puc.3.4), ModydaroT
MPOKATKOM, IPECCOBAHUEM WM JINThEM. JIUCTHI, JICHTBI U IUIUTHI MIPOKATHIBAIOTCS B
ropsiYeM WJIM XOJIOJJHOM COCTOSIHMSX. JIMCTBI MPOKATHIBAIOT TOJMIIMHON A0 10,5 MM,
mupuHoi 10 2000 MM u quiuHOM 10 7 M. DacoHHbIe TPOGUIH, B TOM YHCIIE U TIOJIbIE
(TpyO4athbie), U3TOTOBJISIIOT TOPSYMM IMPECCOBAHWEM Ha TUPABIMYECKUX MPECcCcax.

[IpogaBnuBasi CAUTKH 4Yepe3 MaATPULbl PA3IUYHBIX THUIOB, MOXHO TOJYYHUTh
npoQ I pa3HOOOPA3HBIX MOMEPEUHBIX CEUCHUN. DTO CYIIECTBEHHOE MPEUMYIIECTBO
MO3BOJISIET KOHCTPYKTOPY HMCIOJIb30BaTh Haubosee 3p(eKTuBHbIE (POPMBI CEUEHUH.
Bo03MOXHOCTh NOy4nuTh po@uuin 00Jiee BBITOJAHBIX CEUEHUN B HEKOTOPOM CTEIEHU
KOMIIEHCUPYET MEHBIIYI0 YCTOMUUBOCTh CTEPKHEN M3 allFOMUHUEBBIX CIIJIaBOB M3-3a
MX HU3KOT'O MOJYJIsl yIpyrocTu Marepuaina. OqHako rabapuThl HOMEPEUHOTO CEUCHUS
npodusiss OrpaHUYMBAIOTCS TONEPEYHBIMU pa3MepaMud MaTpUIlbl U YCUIIHEM,
pa3BUBAEMbIM IIPECCOM.

Haubonee pacnpocTpaneHHOEe Ha 3aBojilax 00O0pynoBaHHE TpeOyeT, YTOOBI
po UM BIUCHIBAIMCH B KpyT auameTpoM 320 MM (B OTAEIbHBIX ciaydasx 530 mm).
Ha coBpeMeHHOM TmpeccoBOM OOOPYJOBaHUM MOKHO H3rOTOBISATh MPOQUIH
momaabio ceuenus ot 0,5 1o 300 cm?. ['HyThie npoduIM U3rOTOBIISIIOT U3 JIMCTOB U
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Puc.3.4. Tunsl npoduieii U3 aIIOMUHHEBBIX CILIABOB 0e3 0yJib0 (o) u ¢ Gyandamu (5 )
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JIEHT TOJIIMHOM 110 4 MM THYTBEM HMX B XOJOJHOM COCTOSHMHU. M3-3a HU3KOrO
MOAYJISL YIIPYTOCTH aJIOMHUHHEBBIX CIUIABOB U COOTBETCTBEHHO YXYJIIEHUS MECTHOU
YCTOWYMBOCTH HIMPHUHA CBOOOIHOIO CBECa IMOJIOC M BHICOTA CTEHOK MPOQHIEH MO0
OTHOIIICHHUIO K UX TOJIIKMHAM IPUHUMAIOTCS 00Jiee OrpaHUYCHHBIMU, YEM B CTAJIbHBIX
npodumnsax. s 60bIIero pa3BUTHs CEUEHUS U MOBBIIICHNS YCTOMYUBOCTH CTEPIKHS
npoUan M3roTOBISIOTCA ¢ OynbOaMu Ha KOHIAX mojok (puc. 3.4,0), KOTOpbIe
MO3BOJISIFOT JIOBOAUTH OTHOILIEHWE IIMPUHBI TOJIKK K €€ ToamuHe ot 9,5 no 21
(cm. 1. 2).

Kpyribie TsHyTBIE TpyOBl MOCTaBISAIOTCS C HAPYKHBIM JuaMeTpoMm j10 150 mm
Ipu ToJIUHE cTeHKH 1,5-6 Mm. Kpome KpyribiX TpyO MOCTaBISAIOTCS KBaJpaTHBHIE,
OpSIMOYTOJIbHBIE W KaruleBHaHble (puc.3.4,8).

Bosbiioe yuciao pazHooOpa3HbIX Npoduiied MPUMEHSETCS IS OrpakIarolIux
KOHCTPYKIIUH.

3.11. IlpaBuia HCNOJIB30BAHMS NPO(PUJIeii B CTPOUTEIbHBIX
KOHCTPYKIIUAX

1. Ilpm DpOEKTUPOBAHMM CTPOUTEIBHBIX CTAJIBHBIX KOHCTPYKLHH CIEeayeT
KOMIIOHOBaTh KaX/bli 3JIEMEHT M BECb OOBEKT B LIEJIOM W3 MHUHHUMAaJIbHO
HEOOXOAMMOr0 4YHUCHIA Pa3IudHbIX MPOPUIEH.

2. llpuMeHsieMble B OJTHOM OTIIPABOYHOM DJIEMEHTE YTOJKH, TaBPbI, MOJOCHI
OJIHOTO HOMHHQJIBHOTO pa3Mepa, HO Pa3HOW TOJILIHHBI JIOJKHBI HMETH
Pa3HOCTh TOJIIMH OJHOMMEHHBIX Mpouieid He MeHee 2 MM.

3. He nmomyckaercs mpUMEHATH B OJHOM OTIPABOYHOM DJIEMEHTE OIMHAKOBBIC
npoduiiepasmMepbl M3 Pa3HbIX MapoK CTajei.

4. IlpumeHeHHe B OJHOM OOBEKTe MNPOPUIMPOBAHHBIX JIMUCTOB OJHOU
HOMUHAJIBHOW BBICOTBHI, HO Pa3HOW TOJIIMHBI HE OIyCKAETCS.

PA3JIEJI 4. CBAPHBIE COEAUHEHUA

CBapHbIe COCTMHEHMSI SBISIOTCS OCHOBHBIM BHIOM COSAMHEHUN B CTPOUTEIBHBIX
KOHCTPYKIUAX. [Ipy mpoeKTUpoBaHUM KOHCTPYKIIMM CO CBApPHBIMHU COCTUHEHUSIMHU
CIeyeT TPEeIyCMOTPETh MPUMEHEHNE BBICOKOTPOU3BOIUTEIBHBIX A((HEKTUBHBIX
BUJIOB CBAapKH, 00ECTICUNBAIOIINX MOBBIIICHUE HAEKHOCTH CBAPHBIX COCAMHEHUHN H
MPOU3BOAUTEIILHOCTH TPY/a.

CBapkoil MeTaJLI0B HA3bIBAIOT TEXHOJIOTMUECKOW TpoIecc 00pa3oBaHUs
HEPa3bEMHOTO COSAMHEHUS JeTaNe KOHCTPYKIIMH ITyTeM MECTHOTO CIUTABJICHHS UK
COBMECTHOTO IUIACTUYECKOTO JePOpPMUPOBAHUS B O00JACTH COCIUHCHHS JTHUX
nerane, compoBoxaaromerocss auddysueit atomMmoB. B pe3ynbTaTe CcBapku
BO3HHMKAET MPOYHOE CIICIUICHWE, OCHOBAaHHOE Ha MEKaTOMHOM B3aWMOJCHCTBUU B
MIPUMBIKAIOIINX YYacTKax JeTajci.
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CBapka MO3BOJISIET IMOJIYYHUTh IMPOCTYH0 KOHCTPYKTHUBHYIO (OPMY COEAMHEHMS,
AT HDKOHOMMIO MeETaJla II0 CPaBHEHUIO C JPYTMMH BHJIAMHM COECIMHEHUU
(Hampumep, OONTOBBIMH), TIO3BOJISIET TMPUMEHSATH BBICOKOMPOU3BOAUTEIbHBIC
MEXaHU3UPOBAaHHBIE CHOCOOBI W3roTOBIEeHUsS. CBapHble COEIMHEHHUs O00JanaloT
CBOWCTBOM I'a30- U BOJOHENPOHUILIAEMOCTH, YTO BAXXHO ISl JJUCTOBBIX KOHCTPYKIIUH,
IIPEAHA3HAYEHHBIX /Il XPAHEHUS Ta30B WM JKUJKOCTEN (pe3epByaphl, Ia3roabAepsl,
TpyOOTIPOBO/IB).

OnHako mpU MPOEKTUPOBAHMM CBAPHBIX KOHCTPYKIMH CIEAYET MOMHHTH, YTO
IIPOLIECC CBAPKH, SIBJIASICH MOLIHBIM SHEPTETUYECKUM IIPOLECCOM, BHOCUT U3MEHEHUS
B CBOMCTBa MCXOJHOrO0 MeTajuia. B cBapHOM coeauMHEHUM OOpa3yloTcs 30HBI C
Pa3IMYHbIM XMMHUYECKUM COCTABOM METajula, Pa3jIMYHOU CTPYKTYPBI, pPa3IuYHbIMU
MEXaHUYECKUMU CBOMCTBaMHU. Bo3MoxkHble Ae(EKTbl CBApHBIX COEIUHEHHUU (ITOPBI,
MO/PE3bl U AP.) TAKKE CO3/1AI0T HEOAHOPOJHOCTH COEIUHEHHS.

Bce 3Tu 0OCTOSITENHCTBA YUMTHIBAIOTCA NPU MPOCKTUPOBAHUU KOHCTPYKIIHIM
IIyTeM IIPUMEHEHUS CBAapOYHBIX MAaTEPUAJIOB B COOTBETCTBHUM CO CBOMCTBAMH
OCHOBHOT'O MaTepHaJia U yCIOBUSAMH paboOThl (TeMIepaTypa OKpy X aroule cpeabl npu
M3TOTOBJICHUM W DKCIULYyaTallud, BUJ HAIPSOKEHHUs — CTATUYECKUE HArpy3Ku HWIIU
LUKIMYECKHE U T.I.), BBIOOp pexHuMa CBapKH, a TakKe Ha3HAUCHMs CIeLUaTbHbBIX
KO3 (UIIMEHTOB CBAPHOIO COCIUHCHHS.

4.1. BI/II[I)I CBapKu, NIPUMEHACMBIC B CTPOUTEIbLCTBE

B Hacrosmee Bpemsi BHEAPSIOTCS TAaKUE ITPOLIECCHI, KAK AJIEKTPOHHO-Iy4YeBas,
IJIa3MEHHAsA, JIa3epHas U Apyrue BUAbI CBApKU. [IacTMYHOCTH MCIONB3YEMBIX B
CTPOUTENBCTBE MATEPUATIOB, pPa3MEpPbl JJIEMEHTOB KOHCTPYKIMM W XapakTep
BHEIIIHUX BO3JECUCTBUNA HAa KOHCTPYKLHH IO3BOJIAIOT HCIOJB30BATh B OCHOBHOM B
CTPOUTENILCTBE JJIEKTPOAYTOBYIO CBApKy, PEKE Ia30BYH0 U KOHTAKTHYIO.

JITMHHOMEepPHBbIe BbI B KOHCTPYKIUAX (ITOSICHBIE IIBBI 0aJOK, KOJIOHH U Jp.)
BBITMIOJIHAIOTCS B 3aBOJCKUX YCJOBHSX aBTOMAaTHYECKOW CBapkod moj (irocom.
@QuroCc  3alIMIAET M3JENME OT BPEIHOTO BO3ACHCTBUS OKPYIKAIOIIEH Cpelnbl Ha
MeTaJl1 coeAnHeHus. [Ipu 3ToM MexaHU3UPOBaHBbI /1Ba paOdOUMX JBHKEHUS: IIo1ada
AJIEKTPOJHOM TPOBOJIOKM M OTHOCUTENBHOE IepeMenieHue ayru u umsgenus. K
HEJOCTAaTKaM aBTOMATHYECKOM CBAPKM  MOKHO OTHECTH 3aTPYIHUTENBHOCTh
BBIITOJTHEHNS IIBOB B BEPTUKAIBHOM U ITOTOJIOYHOM I10JI0KEHUH, YTO OTPAHUYNBACT
€€ NPUMEHEHHME Ha MOHTAaXE.

Koporkue mBbI (mpuBapka pebep, cBapka y3J0B B  peHIETYATHIX
KOHCTPYKIMSAX)  BBIIOJHSIOT  IOJIyaBTOMaTU4eckoil  cBapkoil. Ilpm  3ToMm
aBTOMAaTHYECKN ITOJACTCA CBApOYHas DJJIEKTPOAHAs IPOBOJIOKA, a NEPEABUIKCHHE
OYyTH TI0 U3JEIUI0 IPOU3BOAUTCSA BpydHyr0. [lodyaBTOMarnueckyro CBapKy
CTaJbHBIX KOHCTPYKLMH Yalle BBIIOJHAT B CpeAc 3aluTHOro rasa CO,

(yraekucinblii ra3). Pexxe npuMeHSIOT CBapKy IOPOIIKOBOM MPOBOJIOKOM.
B psae ciydaeB MCHONB3YIOT PYYHYIO CBapKy KayeCTBEHHBIMH JJIEKTPOJAMM,
T.€. C Ka4eCTBEHHBIM NOKPBITUEM (TOJCTHIM MOKpbITHEM). [Ipu pyuHOIl AyroBoii
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CBapke 00a IiIaBHBIX pabO4YMX JBMIKEHHUS — TOJada 3JIEKTPOJHOM MPOBOJOKH H
MEPEIBUKECHUS QYT MO M3JIEJIMIO — BBINOJHSIIOTCA BPYYHYIO.

Pyunas snekTpomyrosas cBapka yHHBEpPCaJbHA U IIMPOKO PACIPOCTPAHEHA, TAK
KaK MOXXET BBIMOJHATLCSA B JII0OOOM ToyioxkeHuU. K HemocTtaTkaM pydHON CBapKH
OTHOCATCS MEHbINAsE TJIyOWHA TMPOIUIABICHUS OCHOBHOTO MeETajia, MEHbIIas
MMPOU3BOJAUTEIIBHOCTh MPOLIECCA M3-32 OTHOCUTEJIBHO HHU3KOM  BEJIMYUHBI
MPUMEHSEMOTO CBAPHOTO TOKA, & TAK)KE€ MEHbIIAsi CTAOMIBHOCTh PYYHOTO TpoIiiecca
M0 CPAaBHEHHUIO C aBTOMATUYECKOW CBapKOM Moj (hIIOCOM.

JJIEKTPONULJIAKOBAsI CBAPKA - PAa3HOBUIHOCTH CBAapKH ILIABJICHUEM; 3TOT THII
CBApKHU yJI0OEH sl BEPTUKAIBHBIX CTHIKOBBIX IIIBOB MeTajljla TOJIIUMHON oT 20 MM
u Oonee. I[lpomecc cBapku BeIeTCsS TOJOM AJIEKTPOIHON MPOBOJIOKOM MO CI0EM
pacIuiaBiI€HHOrO IIaka, CBapoyHas BaHHA 3allMIIeHAa C OOKOB MEIHBIMU
GbOopMUPYIONIMMHU II0B MOJ3YHAMH, OXJaXAaeMbIMU MPOTOYHOU BojoM. KauecTBo
1IBA MOJIy4aeTCs OYE€Hb BBICOKOE.

Bannass cBapka — pPa3sHOBHUAHOCTH JJEKTPOIUIAKOBOM, IIPUMEHSETCA B
HEKOTOPBIX cly4yasix TIpU CBapke apMaTypbl OOJNBIIOW  TOJIIMHBI B
KEIe300€TOHHBIX KOHCTPYKITUSX.

4.2. Buabl CBapHbIX IIBOB U COeIWHEHUI

CrapHbIM mIBOM (B JYrOBOM CBapKe) HA3bIBA€TCSI KOHCTPYKTUBHBIN 3JIEMEHT
CBAapHOTO COEAMHEHUS HA JIMHWUW TEPEMEIIEeHUs MCTOYHHMKA CBAapOYHOTO HAarpeBa
(zyru), oOpa30BaHHBIN 3aTBEPAECBUIMM IOCIE PACIIABICHUS METAJLIOM.

CBapuble MIBBl  KJIACCHPHUIMPYIOTCS 1O KOHCTPYKTHBHOMY  MpPH3HAKY,
HA3HAYCHHIO, TOJIOKEHUIO, TMPOTSHKEHHOCTH W BHEIIHEW ¢opMme.

[Io KOHCTPYKTMBHOMY MpPHU3HAKY IIBBI Pa3ACNAIOT HA CTHIKOBbI€ M YIJIOBbIE
(BanukoBbie). CTBHIKOBBIE INBBI HamOoOJee palMOHANbHBI, TaK KaK HWMEIOT
HAUMEHBIIYI0 KOHIICHTPALIUIO HAMpsHKeHUH, HO TpeOyloT JOMOJHUTEIHHOM
pazaesku KpoMok 1Bkl ObIBalOT V-, U-, X- u K-o6pasusie. i V- u U-o0pa3Hbix
IIBOB, CBapHBAEMbIX C OJIHOM CTOPOHBI, OOs3aTeNbHA MOABAapKa KOPHS IIBa C
JIPYrol CTOPOHBI JJii yCTpaHEHHs] BO3MOXHBIX He mpoBapoB (puc.4.l),
SBJISIFOIIUXCSI UICTOYHUKOM KOHIEHTPALIMKM HAMPSKEHUH.

[Ipn aBTOMaTH4eCKOW CBapKe NPUHHUMAIOTCS MEHBIINE pa3Mephl Pa3eiIKH
KPOMOK IIIBOB BCJIEJICTBUE OOJIBIIIETO MPOIUIABICHUS COSAMHIEMBIX AJIIEMEHTOB (CM.
tabm.4.1). YtoOGsl oOecneunTh TMONHBI MpoOBap IIBA, OJAHOCTOPOHHSS
aBTOMAaTUYEeCKas CBapKa YacTO BBIMOJHIETCS Ha (IIOCOBOM MOAYIIKE, MEIHOM
NOJKJIAJIKE WM CTAJIBHOW OCTAIOIICHCS MOIKIAIKE.

[Ipn snekTpolTakoBOM CBapKe pasienka KPOMOK JIMCTOB HE Tpelyercs, HO
3a30p B CThIKE€ MPUHUMAIOT HE MeHee 14 mMM.

VYTII0OBBIMU IIBaMH, BECbMa YacTO MPUMEHSEMbIMU B KOHCTPYKIUSX, SIBISIOTCA
NOSICHBIE BBl B OajikaX M KOJOHHAaX. TakuMu 1IBaMH MPUBAPUBAIOTCS SJIEMEHTHI
KOHCTPYKTHUBHOTO odopMmieHus (pebpa, HAKIaAKU), a TaKXKe AJIEMEHTHl B yTJax
pemeT4aThIX KOHCTPYKIIMA 1 T.1. YTJIOBBIC (BAJIMKOBBIC) MBI HABAPUBAIOT B YTO,
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o0pa3oBaHHBI  3JEMEHTaMM, PpACIOJIOKEHHBIMH B Pa3HbIX  IIOCKOCTSIX.
[Ipumensromascss npu 3TOM pa3fesika KPOMOK H3JeNMid Noka3aHa B TaoOun. 4.1.

VYrioBble IIBBI, PACIOJOKEHHBIE NapaJUIEIbHO JEUCTBYIOIIEMY OCEBOMY
YCUIIMIO, HAa3bIBAIOTCS (PJIAHTOBBIMHU, a PACIIOJIOKEHHBIE MEPHEHIUKYISIPHO —
JIOOOBBIMH.

el Moryt ObITh pabOYMMU WM CBS3YIOIMIMMU (KOHCTPYKTUBHBIMH),
CIUIOIIHBIMH WJIM PEPBIBUCTHIMU (IUITOHOYHBIMU). [10 monoxkeHno B mpocTpaHcTBe
BO BpeMs WX BBHINIOJHEHHWs] OHW OBIBAIOT HIDKHUMH, BEPTUKAIGHBIMH,
TOPU3OHTAJIBHBIMU U TOTOJOYHBIMU (puc. 4.2.). CBapKka HWXHHUX IIBOB HamOoJiee

a

<@
z ? ]

Puc. 4.1. Buanbl IIBoOB.

a — CmbIKosol Wos 8 0OHONPOXOOHOM CMbIKOBOM COeAUHEeHUU; 6 —CmbIKO8OU Wo8 ¢ nodsapkoll
KOPHs1 8 0OHONPOIEMHOM CMbIKOBOM COEOUHEHUU; 8 — (hriaH208bIl U 1060800 WebI 8 HaXi1eCMOYHOM
COoe0UHEeHUU; 2 — yarl08ble Webl 8 Magpo8oM COe0UHeHUU; O — npepbiBUCMbIE (LWNOHOYHbIE) Web! 8
Haxnecmoy4HoM coeduHeHuu; 1— nodsapka KOpHS wea; 2 — nobogol wos; 3 — hnaH208bIl Wos; 4-
yenoeble Webl; 5 - npepbigucMble Unu WNOHOYHbIE Web!

ya06Ha, JICTKO IIOAAACTCA MCXaHU3allMK, AACT JIYUIICC Ka4CCTBO IIBA, IIO3TOMY IIPpH
IMPOCKTUPOBAHUN CJIenycT paccMaTpruBaTH BO3MOXHOCTD BBIITOJIHCHUA
OOJBIIMHCTBA IIBOB B HW)KHEM IIOJIOKECHHHM. BepTI/IKaJ'H)HBIe, TOPU30OHTAJIBHBIC U
ITIOTOJIOYHBIE IIBBI B OOJBIIMHCTBE CBOEM BBIITOTHIIOTCS P MOHTAXKC. Onu mioxo
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MO/IJIAI0TCS. MEXaHU3AIIMH, BBIMIOJHUTh UX BPYYHYIO TPYJIHO, KauyecTBO IIBa XYXKe,
MO3TOMY MPUMEHEHHE WX B KOHCTPYKIMSX OTPAHUYEHO.

PaznuuaroT crieayrorue cCBapHbIe COSAMHEHUS: CTHIKOBBIE, BHAXJIECTKY, YTIIOBBIC
u TaBpoBble (puc.4.3).

CTBHIKOBBIMM HA3bIBAIOTCS COCAMHEHUS, B KOTOPBIX AJIEMEHTHI COCIUHSIOTCS
TOPIIAMH U OJIMH JJIEMEHT SIBIIACTCS MPOJOJDKEHHEM Apyroro. Takue coenuHEeHUS
HanOoJiee paIlMOHAIBHBI, TaK KaK MMEET HAWMEHBIIYI0 KOHIICHTPAIUIO
HaIPsHKCHUH MpU Tiepenade YCHINH, SKOHOMHYHBI U yJOOHBI TSI KOHTPOJIS.

CTBIKOBBIE COCJIMHCHHMS JINCTOBOTO METAJUIa BBITTOIHSIOT MPSMBIM HIIH KOCBHIM
IIIBOM.

Puc. 4.2.11o/105keHne IIBOB B IPOCTPAHCTBE
1 — nuocnee; 11 — sepmuxanvroe; 111 — nomonounoe; 1Y — copuzonmanvHoe Ha 6epmMuKaIbHOU
Nno8epxXHOCMu

CoennHeHus1 BHAXJIECTKY Ha3bIBAIOT TaKWe, B KOTOPHIX CBapUBaeMble
AIIEMEHTBI, YACTUYHO HAXOJAT APYT Ha Jipyra (puc.4.3,0). DTU COeUHEHUS IUPOKO
IPUMEHSIOT JJIs1 CBAPKH JMCTOBBIX KOHCTPYKIIMI HEOOJIBIION TOMMIMHBI (2-5 MM), B
pelIeTyaTblX M JAPYTUX BHAAX KOHCTPYKUMW. Pa3HOBUIHOCTBIO COEIUHEHUN
BHAXJICCTKY SIBJISIOTCSA COSAMHEHUS C HAKIAAKaMU C TEIbI0 YCUICHHS CTHIKOB.

CoenuHenuss BHAXJIECTKYy C HaKJIQJKaMH TMPOCTHI, HO MEHEE IKOHOMHYHBI IO
pacxojy MeTayjia U BBI3BIBAIOT PE3KYIO KOHIIEHTPAIMIO HAMPSHKEHUN, MTOATOMY UX
PEAKO WCIONB3YIOT MPU NMEPEMEHHBIX W JUHAMUYECKUX HArpy3Kax, a TaK K€ MpH
HU3KOU TeMIIEpaType.

Yri0BbIMH Ha3bIBAIOTCS COCAWHEHHUS, B KOTOPBIX CBapUBaCMbIE DJIECMEHTBI
pacroyiokeHsl 1o yriaoM (puc.4.3,2).

TaBpoBble cCOeTUHEHNS OTIUYAIOTCS OT YIJIOBBIX TEM, YTO B HUX TOPEIl OJHOTO
JJIEMEHTa TPUBAPHUBACTCS K MOBEPXHOCTH Jpyroro (puc.4.3,0).

Bo Bcex Bumax CBapHBIX COCAMHCHUN TIPUMEHSIOTCS  YIJIOBBIE  IIIBBI
(BanmmkoBBIC). TOIBKO CTHIKOBBIC COCTMHECHHMSI BHITIOTHSIIOTCS C TIOMOIIBIO CTHIKOBBIX
ITBOB.

PaGoTocrnocoOHOCTh CBAPHOTO COEAWHEHHUS 3aBUCHUT OT €ro KadecTBa, T.e.
MUHHMaJIbHOTO Yucia nedekToB. Hambomee yacTo BeTpeuarommumucs aedexramu
CBApHOTO COEJIMHEHUS SIBJISFOTCS:

a) moape3bl, MPEACTABISIONIME CO000M yriayOneHus (KaHAaBKHM) B MeTajuie,
UIYIIMMUA BIOJIb TPAHMIIBI II1BA;
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0) HenmpoBapbl - OTCYTCTBUE OIJIABJICHUS MEX]y METAUIOM IIBa U OCHOBHBIM
metauioM. [Ipu 3ToM B MecTax HEMpOBapOB OOHAPYKUBAIOTCS TOHKWE TUICHKH
OKCHJIOB U IIJAHTOBBIE BKIIIOUCHUS;

B) MNLJIAKOBBbIE (HEMETAUIMYECKHE) BKJIYEHHMS — YacTHUI[bl I[IJaKa, HE
YCIIEBIIIME BCIUIBITH Ha MOBEPXHOCTH IIBA JI0 3aTBEPJACHUS MeTajula IIBa;

') HOpbI — 00JIACTH, 3AMOJIHCHHBIE Ta30M, BBIJCISIIONIMMCS B IIPOIIECCE CBAPKHU;

Taoauunma 4.1. Buabl cBapku B 3aBUCMMOCTH OT TOJIIUHBI IBA (IBYCTOPOHHSAS

WJIN C IOABAPKOii KOPHSI)

CocauHeH o Ocku3 3nayeHue |, MM, st CBapKu
ue aBTOMaTu- JJIEKTPOLY | py4HOU
YECKOM 1 -TOBOM B BJIEKTPOY-
[10JIyaBTO- 3a- rOBOU
MAaTHYECKOU | IIUTHEIX
noj raszax
barocom
CreikoBoe | bes pa3znenku 2-20 3-12 2-8
spono ¥
V-o0pa3Hblii 14 - 34 8 -60 10-50
X-00pa3Hblii 20 -60 12 -120 12 - 60
TaBpoBoe | be3 pa3znenku % = EI 3-40 2-40 2-30
CO CIUIOLITHBIM 16 - 40 12 - 80 12 - 60
MPOIUIaBIICHU
i —

1) rOpsiYMe TPeUHbI — pa3pylIeHNe MeTaJula Ba [IPU TeEMIEpaTypax OJU3KUX

K TeMIlepaTypaMm CoJIAIyca.

['opsAune TpemuHbI

MPEJICTABIISIOT

coboit

MEXKPUCTAUIUTHOE WM MEX3epeHHOE paspyiieHue. [Ipu monmagaHuu B TpeHIuHy
BO3MlyXa, TIIOBEPXHOCTh €€ TIOKPHIBACTCSI TEMHBIMH OKCHUJAMHU KOPHUYHEBO-
CHHEBATOTO I[BeTa. ['Opsiure TPEIIMHBI MOSBISIOTCS TOT/A, KOT/Ia METajul IBa He
HaOpaJl emie CIOCOOHOCTH COIMPOTHUBIISATHCS PA3BUTHIO AehOpMAIIHIA.

€) XOJIOJHble TPeIMHbI HAOIIOMAOTCS TMOCIAE OXJIAXKIACHUS CBapHOTO
coeuHeHUs. XapaKTepHOM OCOOCHHOCTHIO ATHX TPEIIUH SBISETCS OJICCTIIIUI
KPUCTAJUIMYECKU M37I0M 0€3 CJelI0B BBICOKOTEMIEPATYPHOTO OKHUCIICHHS.
O6pa30BaHUIO XOJOAHBIX TPEIIMH CIIOCOOCTBYET U3MEHEHUE CTPYKTYPhl MeTajljia B
pe3yabpTaTe CBapKd, HACBIIIEHUS MeTajyla IIBa BOJOPOJOM M3 aTMoc@epbl
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CBapOYHOM JOYyIW, a B HEKOTOPBIX CIly4yasX, OCHOBHOTO Me€Tajula B pe3yJibTaTe
nporecca Tepmoauddys3un, a TakKe HATMYUE HAMPSOKCHWM, BKIIIOYAs CBAPOYHBIC
HampspkeHusl. CBapOYHbIE HAMPSDKCHHUS TMPUBOAST K OOpa30BaHUIO  XOJIOAHBIX

2
9 N e

L .. — ﬂ)

]
T e 1 L7

LZAN *

o1 I =
-
-

|

r

LIIOIIOIITIINT

Puc. 4.3. Buabl cBapHbIX COeIMHEHU I
a — cmwviKosbvie; O — 6HAXIECMKY, 8 — KOMOUHUPOBAHHbLE, 2 —)y2llogble;, 0 — maeposvie, | —
Jn06086vie; 2 — ghnanyesvie wevl, 3 — KOCOU W08

TPEIIMH IIOCJIE€ CBAPKH [0 HArpyXeHusi KOHCTPYKIMH 3SKCIUTyaTalMOHHBIMH
Harpy3kaMu M JIaXe 10 MOHTaxa.

Bce pedextnl cHMKAKT PpPadoTOCNOCOOHOCTHL KOHCTPYKHHMH, TaK Kak
SIBJISIFOTCS KOHLIEHTPATOPaMH HAIpSKEHUs, OJTHAKO, IIPU OINPEIEIICHHBIX pa3Mepax,
dbopmMe, yncie U pacCHOOKEHUU CBApHBIX IIBOB B COCAMHEHUN PabOTOCIIOCOOHOCTD
KOHCTPYKLMU MOXXET OBITh OOecreueHa B COOTBETCTBUU C 3a/1aHHBIMH yCIOBUSIMHU
AKCIUTyaTall (BUJ Harpy»eHUs — CTATHYECKOE WJIM IUKIUYECKOE, TeMIepaTypa
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KCIuTyaTanuu U T.1.). Oco00 Ba’KHYI0 POJIb HUIPAOT BHIOPAHHBIE METOAbI
KOHTPOJISI Ka4ecTBA CBAPHbLIX COeJUHEHMI U TIIATEJIHLHOCTh UX BHINOJIHEHUS.

[Ipu cBapke KOHCTPYKIMI HAOJIIOAAIOTCS KaK MPOAOJbHAs (BAOJIb JIMHUM IIBA),
TaKk M monepeyHas (MepreHANKYJISIpHO IIBY) yCalKH, B pe3yibTare 4yero Qopma
KOHCTPYKIMM HMCKaXAaeTCsd IO OTHOUIEHUI0 K MCXOAHOMY COCTOSHUIO (WM
IPOEKTHOMY). OTO SIBJICHHE HA3bIBAECTCS KOPOOJICHHUEM.

UtoOsl n30exath KOPOOJEHUS KOHCTPYKIIMH, TPU W3TOTOBJICHUH MPUMEHSIOT
pan  meponpusaTHH.  MeponpusTHS ~— MOTYT  OBITb  IIPEABApHUTEIBLHBIMH,
COMYTCTBYIOIIMMHU U TOCJIEAYIOUIUMH, T.€. MPOBOASATCS TOCIE CBAPKHU.

K OCHOBHBIM MEPOIPUSATUAM OTHOCSTCS CIIETYIOUIUE:

YBEIUYEHUE JKECTKOCTU NYTEM CIEHHMAbHBIX 3aKPEIUICHUN CBapuUBaeMbIX
3JIEMEHTOB (KOHJYKTOPbI, KAaCCEThl U T.II.);

co3ganue naedopmanuii oOpaTHOTO 3HAKa 10 CBapku (0OpaTHBINA BHITHO U T.I1.);

rmIacTu4eckoe aehopMupoBaHre 0OpaTHOTO 3HAKa (pacTHXKEHHE METallia IBa U
OKOJIO IIOBHOM 30HBI — IPOKATKa, MPOKOJIAYUBAHUE U T.IL.);

MECTHBI  MOJOTPEB, NPUMEHSAEMbII OOBIYHO C LEIbI0  YMEHBUICHHUS
HEPaBHOMEPHOCTH paCHpEe/eNIeHNs TeMIlepaTypbl MpU CBapKe;

MPUMEHEHNE TPABWIBHOTO TOPSIKA CBApPKW; MPU BBHIMIOJHEHUU pslia IIBOB
NEPBBIMU CJIEAYET JeNlaTh IIBbI, PACHOJIOKEHHBbIE OJNMKE K LEHTPY TIKECTH
CEUEHHUs CBapUBAaEMOro »JJIEMEHTA, HAlNpUMEpP, B HECUMMETPUYHOM JIBYyTaBpe
NEPBOM JTOJKHA NPUBAPUBATHCA K CTEHKE IMOJIKA OOJBIIOrO CEYEHUS;

MEeXaHuYecKas IpaBka J1e()OpPMUPOBAHHBIX W3/EIIUN.

4.3. KoHcTpyupoBaHue U padoTa CBapHbIX COeTUHEHHU

[Ipu npoeKTHPOBaHUM CBAPHBIX COCAMHEHUN HEOOXOJMMO YUYUTHIBATH UX
HEOJHOPOJIHOCTh, OIpPEACNIIEMYI0 KOHIICHTpAllUe HaIpsKEHUH, H3MEHEHHEM
MEXaHUYECKUX XapaKTePUCTUK METallla U HAJIMYMEM OCTATOYHOT'O U HAIPSKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHHMSI.

XOpoII0 CBapEHHbIE BCTHIK COCAUHEHUS MMEIOT HEOOJBIIYI0 KOHIICHTPAIIUIO
HaMpsHKEHUH OT BHEIIHMX CHJI, TMO3TOMY MPOYHOCTh TaKUX COCIUHEHUU TpH
PACTSKEHUU WM CKaTHUH 3aBUCUT OT IMPOYHOCTHBIX XapAKTEPUCTHK OCHOBHOTO
MeTajula 1 MeTajia mBa. Paznenka KpOMOK COEIMHSAEMBIX JIIEMEHTOB HE BIUSET HA
CTaTUYECKYI0 MPOYHOCTh COCIUHEHHUS M MOXKET HE YUYUTHIBATHCS.

CpapHOoil 1IOB B Hayajle W KOHIE, HachlmleH JaedekramMu (B CHILY
HEYCTAHOBMBIIErOCsSI TEIJIOBOTO PEKMMa CBApKH), MOSTOMY HAdyalo M KOHEI| IlBa
CleAyeT BBIBOAUTH HA TE€XHOJOTrMYeckue miaHku (puc.4.4,a,6), mociie OKOHYAHUS
CBApKU M OCTBIBaHUS IIBAa ATU IUIAHKU YJIAJsIOTCA. B ciiydae HEBO3MOXKHOCTU
BBIBECTH KOHIIEBBIE YYACTKH IIBa HA TEXHOJOTMYECKUE TUIAHKU pacueTHas JIMHA
mBa OyJeT MEHbIIe ero (HaKTUYECKOM JJTUHBI.

["apanTupoBaTh [ONYCTHUMbIE BEIUYMHY U 4YHUCIO JAe(EKTOB B CBApHOM
COCIMHEHUH Ha €ro y4acTKe 3aTpyIHUTEIbHO, MOATOMY HEOOXOJMM KOHTPOJIb
KadyecTBa coeiauHeHus. HaleXHbIMH METOJaMU KOHTPOJIS SIBISIOTCS (PU3NUYECKUE
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MeToAbl (YyJIbTPa3BYK, PEHTICHOBCKOE MPOCBEYMBAHUE, IMPOCBEYMBAHHWE TaMMa
nydyamu). Ilpu HEBO3MOXHOCTH (WM 3aTPYAHUTEIBHOCTH) HCIOJI30BAHUS
(bu3nYECKUX METOJIOB KOHTPOJISI CTHIK MPOEKTUPYIOT KOCHIM (OCh IIBAa HAKJIIOHEHA K
ocu snementa mox yrimom 60°, uro oOecmedmBaeT OCTATOYHYIO IPOYHOCTH
coequHeHwus, puc.4.4,0).

C moMOIIbIO YIJIOBBIX IIBOB BBIMOJHSIOTCS Pa3JIMYHBIE BHUJBI COCIWHEHHNA B
METaJUIMYECKUX KOHCTPYKLUSAX: TaBPOBBIE, B YrOJI, BHAXJIECT.

CoenuHeHus: BHaXJIECTKY BBINOJHSAIOTCS YIJIOBBIMU IIBAMH; OHU MOTYT OBITh KaK
(bIaHrOBBIMHU, TaK U JIOOOBBIMH.

B cooTBercTBHM € XapakTepoM mnepenadd ycuiui (iaHroBbie MBI padOTAIOT
OJIHOBPEMEHHO Ha cpe3 W u3rub. PaspylieHue mBa HauMHaeTcd € KOHUA H
IPOUCXOJUT KAaK MO METajuly IBa, TaK U IO METAJUTy TPaHMIIbl CIUIABJICHHS,
OCOOEHHO €CJIM HAIUIABJICHHBIA METall MPOYHEE OCHOBHOTO.

Jlo0oBbIe MIBBI NEPENAIOT YCWIHMS JOCTATOYHO PABHOMEPHO I10 I[IMPUHE
JJIEMEHTA, HO KpailHE HEPAaBHOMEPHO IO TOJILMHE LIBA, BCIEICTBUE  PE3KOIO
VCKPUBIICHHS CWJIOBOI'O MOTOKAa NPU MEPEXOJE YCHIUSA C OJHOIO 3JEMEHTa Ha
JIPYroi, OCOOCHHO, HamNpsDKCHUS BEJIUKH B KOpHE IIBa. Y MEHBIICHHUE
KOHIICHTpAIlMM  HAOpsDKEHUS  MOXHO  JOCTUYb  IUIABHBIM  MNPUMBIKAHUEM
npuBapuBaeMoON  JeTaiv,  MEXaHW4YeCKOM  00paboTKoil  (CriiaKuBaHHEM)
NOBEPXHOCTU IIBAa M KOHIIA, YBEJIMYEHHWEM IIOJOCTH WIBa (Hampumep, IIOB C
COOTHOIICHHUSIMU KaTeToB 1:1,5), mpuMeHEeHHeM BOTHYTOTO IIBa U YBEJIUYEHUEM
[JIyOMHBI MPOIUIABIICHUS. DTH MPUEMBI JKEJIATENIbHO MPUMEHATh B KOHCTPYKIUSX,
paboTaomMX Ha MEPEeMEHHbIE HArpy3Kd U MpPU HU3KOW TeMmmeparype.

Pa3pymenue 1000BbIX HIBOB MPOUCXOAMT TaK K€ Kak (DJIAHTOBBIX IO OJHOMY W3
JBYX CEUEHUHM (METaJUly IIBa WIHM [0 METAJLTy CIUIABICHUS).

4.4. Pacder CBapPHBIX COeTUHEHUIT

[Ipu pacuere cBapHBIX COCTUHEHUN HEOOXOIUMO YUUTHIBATH BUJI COCAMHEHUS,
croco0 cBapku (aBTOMaTHYECKas, MOJyaBTOMATHUYECKas, PydHas) U CBapOUYHBIC
MaTepHaybl, COOTBETCTBYIOIIME OCHOBHOMY MaTepuainy KOHCTpyKuuu (Tadi. 4.2).

Pacuer CTBIKOBBIX CBapHBIX COCIUHEHUW IIPU JECUCTBUUA OCEBOM CHIIBI N,
MIPOXOIAIIEH Yepe3 LEHTP THKECTH COCIMHEHUS, BBIMOIHSIOT 10 (hopmyJie

N/tl, <R, 7. . Orciona L, = N/t-Ry7. (4.1)

wy/ ¢
rac t - HamMmeHbllIasg U3 TOJIIIUH COCIUHACMBIX JJICMCHTOB, Iw - paCy€THad JIMHA 1IBa4, paBHAs

MIOJTHOM €ro JUIMHE, YMEHBIICHHOHW Ha 2t , MM TOJIHOW €ro JJTMHE, €CITM KOHIIBI IIIBa BHIBEICHBI 32
TpesieNbl CThIKA (HAampuMep, Ha TEXHOJIOTUYECKUE IUIaHKH, cMm. puc.4.4,0); R, - pacueTHoe

COIIPOTHBIIEHUE CTHIKOBBIX CBAPHBIX COeOUHEHMH To mpeaeny Tekydectu (cm.CHull 11-23-81%*,
npui.S); ¥, - KOOQPUIUEHT yCIoBHs palOOTHL
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Puc. 4.4. Buabl CBapHbIX CTHIKOBBIX COeIUHEHM I
a — NpAMOU CmblK,; 6 — KOCOU CIMbIK, 8, 2 — NPU PASHOU WUPUHE COCOUHEMBIX IeMEHMO8;
0, € — npu Pas3HOU MOAUJUHE COCOUHEMBIX ITIEMEHMO8,; JHC — OOHOCIOUHBII C NOOBAPKOLL
KOpHs, 1 — mexnonocuyeckue niaunku, 2 — H008APOYHDBLIL U0

[Ipu oTcyTcTBUM (HU3UYECKUX METOAOB KOHTPOJS PACUETHOE COMPOTHBIICHHE
METajula CBAPHOTO COCIMHEHHS IO HOpMaM COCTaBIAECT R, :0,85Ry.

YroOsl coenmnHEHHE OBLJIO PABHOMPOYHBIM OCHOBHOMY JJIEMEHTY, JJIMHA IIIBa
J0JDKHA OBITH OoJibIe pa3mepa ‘D™ (puc.4.5), MOATOMY B COCIMHEHUN TPUMCHSIOT
KOCOW IIOB, KOTOPBIM BBIOJIHAIOT ¢ HAKJIIOHOM pe3a a npu tge =2:1. Takou moOB
PAaBHOIIPOYEH C OCHOBHBIM METANIOM W He TpeOyeT MpoBepKu MpouHocTu. [lpu
NEUCTBUM  caBUTamlomed cuibl Q Ha CTHIKOBOM IIOB, B IIBE BO3HUKAIOT
CPE3BIBAIOIINE HAIPSIKEHUS 7.

PacueTHO€E compoTuBieHne Npu CABUre COCIUHEHUS R, =R, TI€ R - pacyeTHOe

COIIPOTHUBJICHUEC OCHOBHOI'O MCTajllla Ha CIABHI.
Ecau PAaCYCTHOC COIIPOTUBJICHHUC MCTaJlJIa IBa B CTBIKOBOMCOC/JIMHCHUHU RWS MCHBIIC

pacdCTHOro COIIPOTUBJICHHUA OCHOBHOI'O MCTaJllIda, HPOBCPKY BBIIOJHAIOT I10
CCUCHHIO MCTalJla IIBa.
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T aoauuna4.2. MaTtepuaJbl 1J1s1 CBAPHBIX COeUHEHUN CTATBHBIX KOHCTPYKIIH

Martepuan HopmartusHoe Pacuetn
COIPOTHUBJIE- oe
Cranp Mapka cBapOYHOU MPOBOJIOKH Mapxka Tun HHE MeTallla COIIPOT
IIPYU CBAapKe B YIIEKUCIIOM ras3e ¢uroca JNEKTpoJa msa R, VBJICHU
WM B €r0 CMECHU C aprOHOM IIpU CBap- IIpu cBap- KH/eM? e
K€ 0] Ke IO- MeTauia
¢urocom KPBITBIMH yII0-
3JIEKTPOJaMU BBIX
LIIBOB
Ry
kH/cm?
C235, C245, CB-08A AH-348A D42%, 342A 41 18
C255, C275, CB-08T'A AH-60
C285, Ct3xm,
Ct3mc,
Cr3cm, 20 D46%*, 346A 45 20
C345, C345T, CB-08T'A* AH-17-M -- 45 20
C375, C390, Ce-10I'A* AH-43 250%, 350A 49 215
C390T, CB-0812C* Cs-1012 AH-47 --
C390K, Cs-10HMA AH-348-A* -- 59 24
C440, 09I2C,
161 2AD
C345K C-08XI2CAIO CB-08X1/IHO | AH-348-A -- 49 215

Opumeuanue: l. Jlna nposonok C-08I'2C cnexyer npunumats R . =49 xH/cm® u

R, =215 xH/cM?, kpoMe YIIOBBIX WIBOB ¢ KATETOM

Hcnonp3oBanue naHHOro marepuana yrtouHuTs no CHull.

ki =8 mm. 2. IIpu cOOTBETCTBYIOLIEM

TEXHUKO-KOHOMHYECKOM OOOCHOBaHHMM [UIsl CBApKHM KOHCTPYKIMI JOMYCKaeTcsl HCIOJIb30BaTh
MaTepuasbl, He yKa3aHHbIE B HacTosmiel tabnwie. [Ipu 3ToM CBoiicTBa MeTayuia MIBa JOJDKHBI
YAOBJIETBOPATh TPEOOBAHUSM TEXHUYECKUX YCIIOBUH.

B oTaenbHBIX cinyyasx, HapuMep, MpyU BUOPAILIMOHHON Harpy3Ke, pacCUMTHIBAIOT
U KOCBhI€ IIBBI, PA3JIOKUB JCHCTBYIOLIEE YCWINE HAa MEPHEHANKYJSIPHOE OCH IIBA U
JCHCTBYIOIIEE BJIOJb IIBa, HaxomuMm (pwuc.4.5,0)

o, =Nsina/tl, - nepHneHIUuKyISIpHO LIBY,

z,, = Ncosa(tl,) - Bm1OJb 1B,

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

CBapHbI€ CTHIKOBBIE COCTUHEHHS, BHITIOJHEHHBIE 0€3 MpUMEHEHUST PU3NIECKUX
METOJ0B KOHTPOJIS KA4e€CTBa, TP OJJTHOBPEMEHHOM JEHCTBUU B OJHOM U TOM K€
CEYCHUM IIBA HOPMAIbHBIX HANpsOKCHUH o, U O, , JECHCTBYIOMIUX IO B3aMMHO
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Puc. 4.5. K pacuery cThIKOBBIX IIIBOB

a — Ha NPOOOILHYIO CUTLY, O — HA NPOOONLHYIO CUTLY CIBIKA C KOCLIM WBOM, 6 — Ha U32UO

IIEPIICHIUKYJSIPHBIM HANPABICHUAM «X» M «Y» M KacaTelIbHbIX HaIPsSKCHUU
clieyeT MpoBepsATh Mo (opmye:

\/0' + 0o, -0,y +314,, <115R,, (4.2)

wxy —

Pa3pyiienue cBapHBIX COEIUHEHHH C YIJIOBBIMH JIOOOBBIMH M (PJIAaHTOBBIMHU
IIBAMHU MPOUCXOIUT KAK 10 METAJIy 1IBA, TAK U II0 METAJULy I'PAHUIbI CILIABJICHUS
(puc.4.6). B cOOTBETCTBUU € 3TUM pacyeT BBIIOJIHAIOT 110 OJHOMY U3 JIByX CEUECHHI:
CEYCHMIO | IO MeTayuly IIBa M CEYECHUIO 2 — II0 METAJULy T'PAaHULBI CIUIABICHUS
(puc.4.7), B 3aBUCUMOCTH OT TOT'O Kakoe cedeHue 00Jiee OIMacHO. YTJIOBBIC IIBbI
BCerja padoTaloT B YCIOBUSIX CIIOXKHOTO HAMPSKEHHOTO COCTOSIHUS U CpPE3bIBAlOIIee
HanpspbkeHue gomuHupyet. [loatomy CHull nomyckaet npon3BoInTh pacueT Ha Cpes,
Ha3BaHHBIM “‘yCIOBHBIM~ CPE30OM.

Pacuernas miomanbs ceyeHus IIBa NPU paspylICHUM IO METAULy IIBa paBHA
A, = B; -k, -1, IpU pa3pylICHUN IO METAJLTy TPAHUIIBI CIUIaBICHUST Ay, = £ K ly

PacquHLIM SBJISIETCSL CEYEHUE 110 METAJUTy TPAHULBI CIUIaBlIeHus. B aToM ciyyae
pacuetHas JuiMHa 1mBa Iw=N/pfkR,, .

Ecmu g, k / 0,454,R,, <1, TO pacquHLIM CCUCHUEM SBIISICTCS CEUCHUE 110 METAJLILy
IBa U HampsOKEHUE =N/Bkl, <Ry, . 4.3)
Ecim g, R, / 0,458,R,, > 1, TO IPOBEPKA IPOYHOCTU COCTUHEHUS BBIIIOJIHIECTCS 110

MCTAJIJIy TpaHHIblI CIUIABJICHHWA, TOI'JA:
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_N/ﬂf fw— wzj/c (44)
R.. =0,45R,,

rae N - ycunme mpoxojsiiee yepes3 HEeHTpP TSHKECTH COeAMHeHHs; |, - pacdyeTHas UIMHA IIBa B

CBAPHOM COEJMHEHUH, PaBHAsi CyMMapHOU JJIMHE BCEX €ro y4acTKOB 3a BblueToM 1 cm; S, u f,

KOd(QPUIHEHTHI, IPUHUMAEMBbIC 110 Ta01.4.3 W yYUTHIBAIONIHE MPOILIABICHIE METalljIa TIPU CBapKe.
®dusnueckuil cMbIci KO3GQ(UIMEHTOB [, U [, - OTHOLIEHHE MUHUMAJIbHBIX Pa3MEPOB B CEUYCHUU

mBa K karety mBa (cMm. puc.4.7). Ilpu pydHoit cBapke, Koraa riryOMHa MPOIUIABIICHUS] HEBEJIMKA U
3alITPUXOBAHHYIO IJIOUIAb HA pUC.4.7,0 MOXKHO CUUTATh PABHOCTOPOHHUM INPSIMOYTOJIBHUKOM, a

B, =07.

N3 popmynet (4.3) u (4.4) MOKHO ONIPEAEUTH KATET miBa “k, ~, KOTOPBIN JOJIKEH

OBITh HE MEHBIIIE BEIWYWH, yKa3aHHbIX B Tabm.4.4. CHull. OnHako, uem MeHbIIEe
OTHOIIICHWE KaTeTa IBa (WJIM TOJIIIMHA IIBAa) K TOJIIIMHE CBApUBAEMOI0 MeTalljia
ki /t, TeM Ooylee XpyNKMM CTaHOBHUTCS METALI LIBA, YTO BEAET K 0Opa30BaHMUIO

= o

W@

Puc 4.6. K pacuerty yriioBbix H1iBoB
a - Ha paspyuerue coeOuHeHUll ¢ Praneosvimu weamu;, 6 — ¢ 10008bIMU WBAMU, 8 — PADOMAIOUWUX
Ha uzeud

tperuH. [Toatomy CHull nukTyer, 4To KaTeThl YIIOBBIX IBOB K, JOJIKHBI OBITH HE

Oosee 1,2t, rae t - HaUMEHBIAsT TOJIIUHA COEOUHSIEMBIX JJIEMEHTOB.

CBapHbI€ COCAMHEHMSI C YIJIOBBIMU IIBAMHM TpPU JACUCTBUM “M ” B IIJIOCKOCTH,
NEPHEHAUKYJIAPHON IUIOCKOCTH PACIIONIOXKEHHUSI IIBOB, PACCUMTHIBAIOT Ha CpeE3:
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Puc. 4.7 PacueTHble ceUeHUS IIBA
1 — no memanny wea;2 — no memanny epanuybl CNAAGIEHUS

I10 MeTaJIJIy ImBa
M/Wf S RuZw?e (4-5)

0 MCTaJIy IpaHUObI CIIJIaBJICHUS

M/\Nz < szywzyc (46)

rie Wy u W, - MOMEHTbl CONpPOTHBICHMS pAacCUETHBIX CEYEHHH CBapHOIO  COCAMHEHUS
COOTBETCTBEHHO 10 METAJLTy LIBA U METAJULy TPAHULIBI CIUIABICHUS; J,; U 7,, - KOOPPUIUCHTHI
ycioBust paboTs! mBa, ¥, =1 u y,, =1 BO Bcex ciyuasx, KpoMe KOHCTPYKIUHA, BO3BOJUMBIX B
KIIMMaTU4eCKUX paioHax, ykazanHelx B CHull 2.01.07-85; Rs u R, - pacuerHsle

COMPOTHBIICHUSI METaJUla IIBa W METajula TPaHUIBl CIUIaBleHus (cM. Tabn.4.2 u npui.2).

[Tpu neficTBUM MOMEHTA B IJIOCKOCTH PACIIOJIOKECHHSI IIBOB UX PACCUUTHIBAIOT Ha
cpe3 no dopmynam:

M [XZ 2
0 METaJTy IIBa Myx Ty o RV e 4.7)
Jptdy
M IXZ 2
M0 METAJTy TPAHMIIBl CIUIABJICHHS —jys RuVwle (4.8)
_+_

X zy

rae X u Y - KoopUIMEHTbl TOYKH A  CBApHOTO COCAMHEHUs, Hanbolee yJaJeHHBIE OT LIEHTpa
TsOKECTH; J U Jy - MOMEHTBI HHEPUMU PACYETHOTO CEUCHHUsI CBAPHOIO COEIMHEHHUS 110 METAILTY
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IIBa OTHOCHUTEIBHO €ro riaBHBIX oced “X” um “y7; J wu Jzy- TO €, M0 METAJUIy T'PAHULbI

ZX

CIIJIaBJICHUS.

[Ipu pacuere cBapHOrOo COEAWMHEHHUs] C YIJIOBBIMHU IIIBAMH Ha OJHOBPEMEHHOE
NEeUCTBUE TIPOJOJBHONM CHJIBI, IIONEPEYHOM CHIbI Q W MOMEHTa M JOJDKHBI

BBIIIOJIHATBCA YCJIIOBUSA
z-f<vaf7/wf7/c u TfSszywzyc;

rac 7y U 7, - HAIIPSKCHUA B TOUKEC PACUCTHOI'O CCYCHHUSI CBAPHOT'O COCAMHCHHSI COOTBETCTBCHHO

no MCTAJUIy HIBa WU MCTAJNIy T'paHHUIIbl CIUIABJICHUSA, OMPCACIACMBIC I10 (I)OpMyJIGZ

b= \/(TN +Te) + (TN + TMy)Z (4.9)

Taodoaununa 4.3. KoadpuuueHTsl nponiasjieHust B 3aBUCHMOCTH OT BUJa CBAPKH

Bup cBapku u - [Monoxenue Koaddurmment 3nadyeHuss KO3(QOUIMEHTOB W TPH HOPMAIIBHBIX
ameTp CBapOYHOH mBa MPOILIABIICHUS PEKUMAX CBapKH U KATETOB [IBOB, MM
HIPOBOIOKH, MM 3-8 9-12 | 14-16 >16
ABTOMaTHYECKAS, B nomouky B 11 0.7
d = 3 = 5 ! ’
B, 1,15 1,0
Hwxkuee B 1,1 0,9 0,7
B, 1,15 1,05 1,0
ABTOMaTHYECKas U B nomouky
MOJTyaBTOMAaTHIECKas, Bi 09 0.8 0.7
d=14-2
B, 1,05 1,0
Huxnee ﬂf 0,9 0,8 0,7
lNopuzon-
TaNbHOE
Beprtukans- B, 1,05 10
HOe '
Pyunas nonyasToma- | B mogouky
TUYECKAast TPOBOJIO- Huxnee B 0,7
KOH CILJIOIIHOTO ce- I'opuzon-
venus, d < 1,4, TaJbHOC
AT TIOPOIIKOBOM Beprukai- B 10
MIPOBOJIOKOM HOe '
IToTonounoe
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MeTaJdJJaHuUYecCKHe KOHCTPYKIHNH

Yy4eOHOE 1ocodue
JUTSL CTYJICHTOB CIICIIUATBHOCTH

(vactsp 1)

PA3JIEJ 9. PEPMbI
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9.1 Knaccupurkauust ¢gepm 1 00J1aCTh X MPUMEHEHUS

depMoii Ha3bIBAETCS CUCTEMA CTEPKHEN COeIMHEHHBIX MeKIy co00H B y3J1aX U
00pa3yIIMX reoMeTpu4ecKr Heu3MeHsieMyl0 KOHCTpykuuro. Ilpu y3oBoii
HAIpy3Ke KeCTKOCTh y3JI0B HECYLIECTBEHHO BJIHMSAET HA PA00Ty KOHCTPYKIUH, U
B 00JIBIIMHCTBE CJIYy4YaeB X MOKHO PACCMATPUBATH KAK IIAPHUPHBIE. B 3TOM
cJiydae BCe CTePKHHM (pepM HCHBITHIBAIOT TOJbKO PACTATMBAIOIINAE WIH
CKMMAIOIIUeE OCeBbIe YCHIIHS.

depmbl PKOHOMUYHEE 0aJIOK M0 PACXOAy CTAaJIU, HO 0oJiee TPY10eMKH B
H3roToBJIeHUH. DPPEKTUBHOCTDH (pepM M0 CPABHEHHUIO €O CILIOIIHOCTEHYATHIMU
O0aJkaMu TeM OoJiblie, YeM 0oJiblle NMPOJIET U MEHbIIe HArpy3ka.

®depmbl OBIBAIOT INIOCKUMHU (BC€ CTEPIKHHU JIEKAT B OJAHOM MJIOCKOCTH) U
MPOCTPAHCTBEHHBIMH.

[Tnockue dhepMbl BOCIIPUHUMAIOT HArpy3Ky, MPUI0KEHHYIO TOJIBKO B UX
MJIOCKOCTH, U HYKAAIOTCS B 3aKperyieHuu ux cBsi3samu. [lpocTpancTBenHble gepMbl
00pa3yIoT KeCTKHUI MPOCTPAHCTBEHHBbIN OpPYyC, BOCIPUHUMAKIINHI HATPY3KY B
JOoM HanpasJjenuu (puc.9.1).

a) &)
| : —oRTTT
l | / v
V) N
L Ly \_\L
e

Puc. 9.1. Ilnockas (a) u npocTpancTBeHHas1 (0) pepmbl

OCHOBHBIMU 3JIEMEHTaMU (pepM SBISAIOTCA MOsica, 00pa3yrolue KOHTYp (epMbl, U
pelerka, cocrosimas u3 packocoB U croek (puc. 9.2). CoenuHeHHE 3JIEMEHTOB B
y3J7aX OCYUIECTBJIACTCS TyTEM HEMOCPEACTBEHHOT'O IPUMBIKAHHUS OJTHUX 3JIEMEHTOB K
apyrum (puc  9.3,a) unm ¢ mOMOIIBIO Y310BBIX (hacoHOK (puc. 9.3,0). DneMeHTHI
dbepM LEHTPUPYIOTCS MO OCSIM LIEHTpa TSHKECTH JJISi CHUPKEHUS  y3J0BBIX MOMEHTOB U
obecrieueHuss pabOTHI CTEpP)KHEH Ha OCEBBIC YCHUJIIUA.
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ha

dﬂ A

1 — gepxnuii nosic; 2 — nudicnuti nosic; 3 — packocsi; 4 - cmotiku

Puc. 9.2. DnemenTsl dpepm

<>

a—=¢ Hel’IOCpedcm@eHHblM NPUMBIKAHUEM DTIEMEHN 08, 0 —na (j?dCOHKax

Puc. 9.3. Y3abl ¢pepm
Paccrosinue MCXKIAY COCCOAHHMMH Yy3J1aMHU IIO0sICOB

HA3bIBACTCA  IMAHEJIbIO
(ds — manenb BepxHero mnosica, d; — HWKHEr0), a PACCTOSHUE MEXIYy OIMOpaMH
— npostetom (1).

[Tosica ¢hepm paboTatoT Ha IPOOJIbHBIEC YCUIIMS U MOMEHT (aHAJIOTMYHO TosicaM
CILIOIIHBIX 0aJIOK); penieTka hepM BOCIPUHUMAET B OCHOBHOM MOMNEPEUHYIO CHITY,
BBITIOJHSAS (DYHKIIMM CTEHKH OankH.

3HaK ycunua (MHUHYC — CXaTue, IUTI0C — PACTSHKEHHE) B AJIEMEHTaX PEHIeTKU
dbepM C mapaienbHBIMHU TMOSCAMH MOXHO OMPENEIUTh, €CJIM BOCIOJIB30BATHCS
“OaylouHON aHajoruen”.

CranbHble (epMBbI ITUPOKO MPUMEHSIOTCS BO MHOTHX 00JIACTSX CTPOUTEILCTBA; B
MOKPBITUSIX U TIEPEKPHITUAX MPOMBINUICHHBIX W TPAXIAHCKUX 3JaHUM, MOCTax,
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OIIOpPAX JINHUH IIEKTPOIIEepeaauu, 00bEKTaxX CBA3H, TEIEBUICHUS U PaJUOBEILIAHUS
(OamHu, MauThl), TPAHCHOPTHBIX 3CTaKagaX, THIPOTEXHUYECKHX 3aTBOpaXx,
Ipy30II0OAbEMHBIX KpaHax U T. 1.

®depMbl UMEIOT Pa3HYI0 KOHCTPYKIHIO B 3aBUCUMOCTH OT Ha3HAYEHUs, HArpy30K H
KJIACCUPUIUPYIOTCS IO Pa3IMUYHBIM NPU3HAKAM:

0 CTATHYECKOIl cxeMe — OanouHble (pa3pe3Hble, Hepa3pe3Hble, KOHCOJIbHBIC);
apo4HbIe, paMHbIe, KOMOMHUPOBaHHEIE (pucC. 9 4);

AN g

d

8

wh

a — banounas paspesnas, 0 — HepaszpesHas, B,e — KOHCONbHASA, T — ApoyHas, I — paAMHAs,
Puc.9.4. Cucremsbl pepm K = KOMOUHUPOBAHHASA

0 0YePTAHUIO MOSICOB — C TTAPAJUICIIbHBIMU TOsICaMH, TPaIleI[eBUIHbIE,
TPEYTOJIbHBIE, OJIUTOHAIbHbIE, CETMEHTHBIE (puc. 9.5);

10 cHCTeMe pPellleTKU — TPEYToJibHasl, pAcKOCHas, KpecToBasi, poMOnuuecKas
u ap. (puc.9.6);

10 cnocody coeJUHEHHUsI IJIEMEHTOB B y3J1aX — CBapHbIC, KJICMIaHHbIE, OOJITOBBIE;
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a — CE€2MEHMHOoeE, 0- noaucoHAjlbHOE, B — mpaneueudaﬂbHoe; I — C napaiiellbHblMU NOACAMU,

Puc. 9.5. Ouepranus nosicoB ¢pepm A-U - mpeyeonvHoe

M0 BeJIMYMHE MAKCUMAJIBHOI0 YCUJIMSA — JIETKUE — OJHOCTEHYATHIE C
CEUYEHUSIMH U3 NMpoKaTHBIX Tpoduieit (ycunue N <300xkH) u Tsoxemnsie —
JBYXCTYTI€HYAThIC c anemeHTamu coctaBHoro cedenus ( N > 300xH).

[IpomexxyTouHbIMU MexAy (epMoil U Oalkoi SIBIAIOTCS KOMOWHHPOBAHHbBIE
CUCTEMBI, COCTOSIIIINE U3 OATTKH, TOAKPETUICHHON CHU3Y IIMPEHTeIeM WA PACKOCaMU
6o apkoil (cBepxy). I[lomkperisitomuye 3JIEMEHTHl YMEHBIIAIOT — W3THOAIONTUi
MOMEHT B 0aJjike U MOBBIIIAIOT )KECTKOCTh CUCTEMBI (puc.9.4,01c). KomOuHupoBaHHbIE
CUCTEMBI MPOCThl B H3rOTOBJICHHH (MMEIOT MEHBIIEE YHCIIO JIEMEHTOB) u
PaIMOHABHBI B TSHKEIBIX KOHCTPYKIIUSAX, & TAK)KE B KOHCTPYKIIUAX C TIOJIBHXKHBIMU
Harpy3KaMHu.

DdhekTuBHOCTH epM M KOMOMHUPOBAHHBIX CUCTEM MOYKHO ITOBBICUTD, CO3/1aB B
HUX TpPEeABAPUTENILHOE HaIpsHKEHUE.

B ¢epMax moaBUKHBIX KPAaHOBBIX KOHCTPYKIHUM U MOKPBHITHM OOJBIITNX MPOJIETOB,
r7ic YMEHBIIIEHHE Beca KOHCTPYKIMU JaeT OOJbIION SKOHOMHUYECKHM 3ddekT,
MIPUMEHSIOT aJIOMUHUEBBIC CILIABBHI.

a—mpey g a

g

Puc. 9.6. C

5
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C GOCXOO}IWMMM packocamu; T — pacKkocHas ¢ Hucxodﬂu;u/vzu pacxkocamu,
O — wnpeHeeivbHas, € — Kpecmoesas, K — nepekpecnina, u —p0M6ull€CKaﬂ;
K - nojsty packocHa:

9.2. KoMnoHOBKa KOHCTPYKUMH (pepm

Bbi0op craruuyeckoii cxeMbl M O4YepPTAHUA (PepMbl — MEPBBIA ITAN
NPOEKTHPOBAHUA KOHCTPYKIUM, 3aBUCAIIMNA OT HA3HAYCHUS U ApXUTEKTYPHO —
KOHCTPYKTHUBHOTI'O PEIICHUS COOPYKEHUS U IPOU3BOAUTCS HA OCHOBAHUU CPaBHEHUS
BO3MOXXHBIX BapHaHTOB.

B nokpeITHsX 31aHUI, MOCTax, TPAHCIIOPTHBIX TajepesiX U APYTUX COOPYKEHHSIX
HaIlUTA IPUMEHEHUE OarouHbIe pa3pe3Hbie cucTeMbl. OHU MPOCTHI B U3TOTOBICHUH H
MOHTa)K€, HE TpeOYIOT yCTpPOMCTBA CIOXKHBIX Y3JI0B, HO BeCbMa MeTaloeMKH. [1pu
npoJsietax 0anok 40m paspe3Hbie (hepMbl MOMy4YalOTCd HErabapuTHBIMH, W HX
coOUparoT MPU MOHTAXKE.

Jliis nByX u 60siee nepeKpbIBaeMbIX IIPOJIETOB IPUMEHSIOT HEpa3pe3Hble (epMbl.
OHHM SKOHOMHYHEE IO pacxoiy MeTala W 001anaroT OOJbIIeH KECTKOCThIO, YTO
MO3BOJIIET YMEHBIIUTh WX BbICOTY. [IpumeHeHne Hepaspe3Hbix pepM mpu ciaadbix
IpyHTax He pEKOMEHIYETCs, TaK KaK IMPU OCaJIKe OTIOP BO3HUKAIOT AOMOIHUTEIHHBIE
ycmusa. KpoMme Toro, Hepa3pe3HOCTb YCIOXKHSET MOHTAX.

Pamubie pepMbl SKOHOMHYHEE 110 PACXOTy CTaIH, UMEIOT MEHBIIIHNE rabapuThl, HO
Oojee ClIOXHBI B MOHTaxe. VX pamuoHaIbHO MPUMEHSTH A7 OONBIICTPOIETHBIX
3MaHUi. APOYHBIE CHUCTEMBI, JAIOT SKOHOMHUIO CTaJM, HO IPUBOIST K YBEJIUUEHUIO
o0beMa TOMENICHHS] U MOBEPXHOCTU OTPAXKAAIONTNX KOHCTPYKIUU. [Ipumenenue ux
JTUKTYETCSl apXUTEKTYPHBIMU TpeOoBaHusIMU. KoHCOJBbHBIE (EepPMBI UCTIOIB3YIOT IS
HaBecoB, Oarren, omop JIOII.

Ouepranust pepM JOJIKHBI COOTBETCTBOBATH MX CTATHYECKOM CXeMe€ U BHIY
Harpy30kK, ONPEIENSIOMUX S0Py M3rudaeMbIx MOMEHTOB. [l ¢epM mokphITHi
HEOOXOJUMO YUYUTHIBATh MaTepHal KPOBIH U TpPeOyeMbI YKIIOH /Ui 00eCTIeUeHHs
BOJIOOTBOJIA, TUM Yy3Jla CONPSDKEHHUS C KOJOHHAMHU (PKECTKUW WM IIAPHUPHBIN) U
ApyTHUe TEXHOJIOTUYECKHE TpeOOoBaHUSI.

Ouepranus mOSCOB (epM ompenensieT UX HSKOHOMUYHOCTb. Haunbonee
HSKOHOMUYHOM IO PacXody CTallu SBIseTCs epMa, ouepueHHas 1Mo MIOPE MOMEHTOB.
J171s1 OTHOTIPOJIETHOM 0aI0YHON CUCTEMBI C PABHOMEPHO pacIpeie]ICHHON Harpy3Koil
Oynmer cermeHTHasi ¢gepma c mapabomudeckuM TosicoM (cm.puc.9.5,a). OmgHako
KPUBOJIMHEHHBIE MO05ICA OYEHb TPYIOEMKU B M3TOTOBJIICHHUH, TOATOMY Takue (pepMbl
MPUMEHSIOT KpaiiHe penko. bojee mNpuMeHsSeMbIMU SIBISIOTCS  TOJIMTOHAJIbHbBIE
dbepmbl (cM.puc.9.5,6). B Tsoxenbix OOJBLICTIPONCTHRIX (DepMax TOMOJHHUTEIbHBIC
KOHCTPYKTUBHBIE 3aTPYJHEHHUS U3 — 3a IepesioMa MOsICOB B Y3JIaX HE TaK OIyTHUMBI,
TaK Kak U3 yCJIOBUS TPAHCIOPTUPOBKM TMoOsica B Takux QepMax MNPUXOJUTCA
CTBIKOBaTh B KaXIOM Y3II€.

Jlisa nerkux QepM MOJUTOHAIBHOE OYepTaHHE HEPAMOHAIBHO,  MOCKOJBKY
YCIIO)KHEHHE Y3JIOB HE OKYIAeTCs 3KOHOMHEH CTalH.
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®epmbl TpaneunenaajbHble (CM.puc.9.5,8), XOTS HE COBCEM COOTBETCTBYIOT
AMIOPE MOMEHTOB, UMEIOT KOHCTPYKTHMBHBIE MPEUMYIIECTBA, 3a CYET YNPOIUIECHUS
y31moB. Kpome Toro, mpuMeHeHne Takux ¢GepM B TMOKPBITHH MO3BOJISIET YCTPOUTH
KECTKUM PAMHBIM Y3€J, YTO MOBBIIIAET KECTKOCTH 3IAHUS.

®epMmbl ¢ mapaliebHBIMU TT0OsicaMu (puc.9 5,2) 10 CBOEMY OYEPTAHUIO TATIEKH
OT SIIOPhl MOMEHTOB M HEAKOHOMUYHBI MO pacxoay cTanu. OIHAKO paBHbIE JJIHMHBI
AJIEMEHTOB PEUIETKH, OJWHAKOBAasi CXEMa Yy3JI0B, MOBTOPSIEMOCTh 3JJIEMEHTOB U
neTaned, BO3MOXKHOCTh UX YHU(DUKAIMK CIIOCOOCTBYIOT WMHAYCTpUAIM3AIMUA UX
m3roroBiieHus. [loaToMy hepMbl ¢ TapauieIbHBIMU MOSICAMU CTAJId OCHOBHBIMH JIJIsI
MOKPBITHSI TTPOU3BOACTBEHHBIX 3aHUH.

depMbl TPEYroJbHOro ouepranusi (cM.puc.9.5,0-oc,u) parmoHaIbHBI  JJIS
KOHCOJIBHBIX CUCTEM U sl OJIOYHBIX NMPU COCPEIOTOUCHHON HArpy3Ke B cepeiuHe
nposieta (moacTponwibHbie ¢gepmbl). HemoctaTkom »TuUX depM SABJISICTCS
MOBBILIECHHBIA PAacXoJ], MeTajla MPU PaCIPENCICHHON HATPy3Ke; OCTPBIM OMIOPHBIN
y3€lI CJIO0XEH U JIOMYCKAET TOJIbKO IIAPHUPHOE COMPSIKEHUE ¢ KoJloHHamu, CpenHue
PAcKOChl OYEHb JJUHHBIE U UX MPUXOJIUTCS MOAOUPATH MO MPEACTbHOU THOKOCTH,
YTO BEAET K mepepacxoay meramia. OIHAKO HMHOTJAa WX HUCIOJB3YIOT  JUIS
CTPOTUJIBHBIX KOHCTPYKIUHM, KOTJa HEOOXOMUMO OOECreduTh OOJIBIION  YKJIOH
kpoBiu (cBbiie 20%) WM s CO3/aHUS  OJTHOCTOPOHHETO  PaBHOMEPHOTO
OCBEIIeHUs (IIEAOBBIC TMOKPBITHSA).

[Iponer wiu nnuHa depM oOmMpeaAessieTcsi HKCIUTyaTallMOHHBIMU TPEOOBAHUSIMHU
1 00111€ KOMITOHOBOYHBIM PEIICHUEM COPYKEHHS U PEKOMEHIYETCS KOHCTPYKTOPOM.
TaM re mpojeT He JUKTYEeTCS TEXHOJOTHMUYECKUMH TpeOoBaHUSIMU (HampuMmep,
ACTaKaAbl TMOACPKUBAIOIINE TPYOONPOBOJLI M T.I.), €r0 Ha3HAYAIOT HAa OCHOBE
AKOHOMHMYECKUX COOOpa)KEHUi, MO0 HAUMEHBIIEH CyMMapHOW cTroumoctu (depm
U omop.

Bricota TtpeyronpHbix ¢epMm (cMm.puc.9.5,0) sBisercs (QyHKIUEH mposeTa u
ykinoHa (epmbl (25-45°%), uro maer BeicoTy (epm h ~(1,4-1/2)l . BeicoTa 06BIMHO
ObIBaeT BHIIIE TPeOyEeMOM, TOITOMY TPEYTOJdbHbIE PEepMBbI HE SKOHOMUYHBI. BhIcOTy
(dbepMbl MOXHO yMEHBIIIUTh, MPUIAB HUKHEMY TOSCY TPUIIOAHATOEC OUYepTaHHE
(cm.puc.9.5,2), HO OMOPHBIN y3el HE JIOJDKEH OBITh OYE€Hb OCTPBIM.

Jlnst BBICOTHI TpamneueuaaibHbiX GepM U depM ¢ napavieIbHbIMU  MOsICAMU
HET KOHCTPYKTHBHBIX OrPAHMYEHUM, BHICOTY (epMbl NPUHUMAIOT M3  YCJIOBUS
HauMeHbllero Beca (epmbl. Bec ¢epmbl CKilagpIBacTCsl U3 Beca MOSCOB U PEIIETKH.
Bec nosicoB yMeHbIIAETCS C YBEJIMYEHUEM BBICOTHI (DEPMBI, TaK KaK YCUJIUS B MOsicax
o0paTHO MPOMOPIMOHANBHBI BBICOTE h

Bec pemerkn Ha000pOT, ¢ YBETMYEHHEM BBICOTHI (DEPMBI BO3PACTAET, TaK Kak
YBEITUYMBACTCS JJIMHA PACKOCOB M CTOEK, MOITOMY ONTHUMajbHash BbICOTa ¢epm
coctaBisier 1/4 - 1/5 mposnera. 3To MPUBOIUT K TOMY, YTO MpH mposeTe 20M BbIcOoTa
dbepMmbl Oosbiie TpenenbHo (3,85M) MOMYCTHMOW TO YCJIOBHIO TPAHCTIOPTHPOBKH.
[TosTOMy C yueTom TpeOOBaHUM TPAHCTIOPTUPOBKHU, MOHTAXKA, YHU(PHUKAIIUUA BHICOTY
dbepM mpunumaroT B mpenenax 1/7 — 1/12 mponera (nis gerkux Gpepm eie MEHbIIIE).

HanmMenbimias Bo3MOskHast BbICOTa hepMbl OIIPENEIISAETCS JOITYCTUMBIM ITPOTHOOM.
B OOBIYHBIX KPOBEJBHBIX MOKPBITHSAX JKECTKOCTh (DepM MPEBOCXOAUT TPeOyeMylo.
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B kxoHCTpykuumsx paboTaromux Ha MOABMXKHYIO Harpys3ky ((hepMbl MOAKPaHOBBIX
ACTAaKaJ, MOCTOBBIX KPAaHOB M T.I.) TPEOOBAaHUSA YKECTKOCTH HACTOJIBKO BBICOKU
(f/ =1/750 - 1/1000), 9T0 OHU ITUKTYIOT BBICOTY (hEPMBI.

[Tporu® depmbl ompenensoT aHamuTHuecku mo Gopmyrne Mopa

_ < NiNi .
F= Z—EAi li (9.1)

rae Ni — ycunre B crepkHe ¢GepMbl OT 3aaHHOM HArpy3kH; Ni - yCHIIHE B TOM e CTEPXKHE OT
CHJIBI, PaBHOW €MHUIIE, TPUIIOKEHHOM B TOYKE OMpEeNICH s TPOruda 1Mo HarpaBJIeHHUIO Mporuoa.

Pa3smepbl maHeJM JOJKHBI COOTBETCTBOBATH PACCTOSHHUSIM MEXY JIEMEHTAMM,
NepelalolMMi  Harpy3ky Ha ¢epMmy, U OTBEYaTh ONTUMAJIbHOMY YTy HaKJIOHA
PAcKOCOB, KOTOPBIH B TPEYTOJNBHOM DENIETKE COCTABISAET MpUMepHO 45°, a
B packocHOU pemeTke - 35°. Y3 KOHCTPYKTHBHBIX COOOPaKEHHMH — PALMOHATHEHOTO
ouepTaHus (aCOHKH B y3Ji€ M yA0OCTBA MPUKPEIUICHUS PACKOCOB — JKEJIATEJICH Yo
Ouskuii  45°,

B crponunbHbIX (hepmax pasmepbl MaHene MPUHUMAIOTCS B 3aBUCHMOCTH OT
CUCTEMBI KPOBEJIBHOT'O MOKPBITHS.

XKenarenpHo UId UCKIIOYEHMs] pabOThl MoOsca Ha M3rMO oOecneunTs nepenady
Harpy3Kkd OT KpOBJIM Ha y3ibl pepMbl. [103TOMy B MOKPBITHUAX U3 KPYITHOPAa3MEPHBIX
KEJIE300€TOHHBIX WM  METAUIMYECKUX IUIMT pAcCTOSHHUE  MEXIy Y3J1aMu
MPUHUMAETCS PABHBIM MIUpPHUHE MIKTHI (1,5M uim 3m), a B MOKPBITHUSIX 11O IPOrOHAM
—mary nporoHoB (ot 1,5m 10 4m). WHorpma asis yMmMeHbIIEHHS pa3MeEpOB MaHETU
nosica MPUHMMAETCS INIMPEHreNibHAs pemeTka ( cM. puc. 9.6,0).

VYHu¢ukauus u MOIyJUPOBaHHME TE€OMETPUUYECKHX pa3MepoB (epM MO3BOJSET
CTaHJIaPTU3UPOBATh KaK caMH (pepMbl, TaK U TMPUMBIKAIOUIME K HUM 3JIEMEHTHI
(IpOTOHBI, CBSI3U U T..). OTO MPUBOJUT K COKPAIICHUIO YHUCIIa TUIIOPA3MEPOB
JeTaJed W JaeT BO3MOXHOCTh IIPU MAacCOBOM HM3TOTOBJIEHUU KOHCTPYKLUI
NPUMEHSTh CHELHATU3UPOBAHHOE O0OpYJOBaHHE U IMEperTH Ha IIOTOYHOE
IIPOU3BOCTBO.

B Hacrosimiee Bpemsi yHU(DUUIHMPOBAHBI T'€OMETPUYECKHE CXEMbI CTPOIMIIbHBIX
(dbepM NpPOU3BOJCTBEHHBIX 3AaHUM, MOCTOB, paguoOMauT, paguo OamieH,  Omop
JMHUN 3JIEKTPOIEepEeIauH.

CrpontenbHslii noabeM. B ¢pepmax Gonbiux nposeros (6onee 36M), a TakxKe B
(dbepMax W3 aMOMUHHUEBBIX CIUIABOB WJIM BBICOKONPOYHBIX CTAJEd  BO3HHUKAIOT
OoJplIMe MPOTUObI, KOTOpPbIE YXYIIIAOT BHEIIHUA BH] KOHCTPYKIIUK |
HEJOIYCTUMBI I10 YCIIOBUSAM JKCILTyaTaluHu.

[IpoBucanue ¢epm npeaoTBpaIaeTCs] YCTPOHCTBOM CTPOIMIBHOIO MOIBEMA, T. €.
U3roToBJeHHE (hepM ¢ OOpaTHBIM BBITMOOM, KOTOPBIM MOJ JEHCTBUEM HArpy3KU
noramiaerca, U (epma NMPUHUMAET MPOEKTHOE MOJoKeHUe. CTPOUTENBHBIN MOIBEM
Ha3Ha4yaloT PaBHBIM MPOTUOY OT MOCTOSHHOM ITIOC OJIOBUHY BPEMEHHBIX HArpy30K.
[Ipy moCKHMX KpOBISX M TpojieTax Oosblie 36M CTPOUTEIbHBIN OJIbEM
ClieqyeT NPUHUMATh HE3aBHUCHUMO OT BEIMYMHBI MPOJIETa PaBHBIM MPOTHOY  OT
CyMMapHOW HOpMaTHBHOW Harpy3ku mmoc 1/200 mponera.
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CrpoutenpHBI MOABEM OOECTIEUMBACTCS IyTeM YCTpPOWcTBa meperunba B
MOHTaXHbIX y3i1ax (puc.9.7).

Cucrtembl peieTok ¢gepM 1 UX XapakrepucTtuka. Pemerka ¢epm pabortaer
Ha TONEPEYHYIO CUJIY, BBIMONHAS (YHKIUU CTEHKH CIUIOIIHON OaliKi.

OT cuctembl peHIeTKH 3aBUCUT BeC (epMbl, TPYJOEMKOCTb €€ M3TOTOBIICHUS,
BHemHUM Buj. [lockonbky Harpy3ka Ha ¢epMmy mepefaeTcs B y3iax, TO peleTKa
JOJHDKHA COOTBETCTBOBATH CXEME NPUJIOKEHUS Harpy3KH.

TpeyroabHas cuctema pemetku. B ¢pepmax TpaneneniaibHOr0 OYepTaHUS WIH
C MapajuIeTbHBIMU TIOSCAMHU PAIIMOHAIBHOM SIBIISIETCS TPEYTOJIbHAs CHCTEMa PEIIETKH
(cMm. puc.9.6,a), naroiiasi HAMMEHBIIIYIO CYMMapHYIO JIJIMHY PEIIETKH U HaUMEHbBIIIee
YHUCIIO y3JI0B MPH KpaT4allieM MyTH YCHIWS OT MeCTa MPHIOKEHUS HArPy3KH J0
omopel. B ¢depmax, moagepuUBarOMMX MPOTOHBI KPOBIW WM Oajikud HAcTWiA, K
TPEYrOJIbHOW PEIIETKE YacTo J0O0ABISIIOT JOMOJHUTENbHbIE CTOMKH (puc.9.6,0), a

WHOTJAa U TOJBECKH, MO3BOJISIIOIIME YMEHBIIUTh PACCTOSHUE MEXIY y3JIaMU
dbepMmbl. JIOTIOTHUTENBHBIE CTOWKH YMEHBIIAIOT TaK)Ke PACUCTHYIO JITTMHY CXKAaTOTO
nosica. PaboTaloT JOMOTHUTENbHBIE CTOWKH TOJBKO HA MECTHYIO Harpy3Ky W He

Y4YacTBYIOT B II€peJlay€ Ha OIOpYy IIONEPEYHOU CHIIBL.
a

Puc. 9.7. CxeMblI CTPOUTEJIHLHOTIO NMObEeMA MPHU OJHOM (@) M HECKOJIbKHX
(0) yKpPYNHUTEJIBHBIX CTHIKAX

HenoctatkoM TpeyroiabHOW CHUCTEMBI — HaJM4KMe JUIMHHBIX CXKAThIX PAaCKOCOB
(Bocxoasmmx B (hepMax C mapauiebHBIMU NOSICAMU U HUCXOSIINX B TPEYTOJIbHBIX
dbepmax).

PackocHasi cucTteMa pelieToK, MPUMEHSETCA MPU MaJlol BHICOTE epM, a TAKKe
TOr/a, KOTJa MO CTOMKaM IepenaroTcss OoJbiiue ycuius (Tpu OOJIBIION y37I0BOM
Harpyske).

PackocHas pemietka Oojiee TpyAO€MKa, YEM TpeyroJibHas, TpeOyeT OO0JbIIOro
pacxoja MeTayjia, TaK Kak TPU PaBHOM 4HCIie TlaHened B (epme oOmias jimHa
pPacKoCHO# pereTku Oonbiie, W B Hell Oonbiie y3ioB. [lyTe ycunmus oT y3na jo
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OMOphl B PACKOCHOM pelIeTKe JJIMHHEE; OH MJIET Yepe3 BCE CTEPKHU PELIETKU U
Y3JIBL.

CnenmnanbHble CHCTEMBbI PellIeTOK, MPUMEHSIIOT MpH OOoJbIION BbICOTE (hepm
(mpumepHo 4 — 5m). UToObl yMEHBIIUTH pa3Mep MaHENIH, COXPAaHUB HOPMAaJIbHBIM
yTOJI HAKIIOHA PAaCKOCOB, MPUMEHSIOT INMPEHTENbHYI0 pemeTKy (cM.puc.9.6,0).
YCTpoICTBO INIMPEHreAbHOW peHIeTKH Oojiee  TPYIOEMKO U TpeOyeT
JOTIOJIHUTENIBHOTO pacxojia METaJljIa; OJJHAKO TaKasl PelIeTKa IMO3BOJISIET MOJYyYHUTh
palMOHAIIBHOE PACCTOSHUE MEXIY AJIEMEHTaMHU MONEPEeYHOW KOHCTPYKIUHU MpU
palMOHAJIBHOM YTJI€ HAKJIOHAa PACKOCOB M YMEHBUIUTH PACUETHYIO JJIMHY CHKATBIX
CTEpPKHEM.

[InpenrenbHas peuieTka TPUMEHSETCS MPU KPYThIX KPOBISIX W CPABHUTEIBHO

oosbimx npojerax (I =20 —24m) mis TpeyroiabHOU ¢epmbl (cM.puc.9.5.¢).
B ¢depmax, paboramommx Ha JBYCTOPOHHIOIO HAarpy3Ky yCTPauBalOT KPeCTOBYIO
pemeTky (cMm.puc.9.6,e). K takum ¢epMaM OTHOCSTCS TOPU3OHTAIBHBIE CBSI3EBBIC
(dbepMbl TOKPBITHI MPOU3BOJCTBEHHBIX 3/IaHUN, MOCTOB W JPYTUX KOHCTPYKIIHM,
BEpTUKAJIbHBIE (epMbl OallleH, Ma4YT U BBICOKUX 3JIaHHM.

PomOuyeckasi U 1moJiy packocHasi pemerku (cM.puc.9.6,u,x) Omaromapsi IByM
CHUCTEMaM PAacKOCOB 00JaJal0T OOJBLION XKECTKOCThIO; 3TU CUCTEMBI IPUMEHSIOTCS
B MOCTax, OalIHsIX, MayTaX, CBSI3AX JJII YMEHBIICHUSI PACUETHOM JJIMHBI CTEPIKHEN U
O0COOEHHO palMOHANBHBI TPH Pab0TEe KOHCTPYKIIMK HA OOJBIINE MONEPEYHBIC CUJIBI.

Oobecneuenne ycroiiuuBoctu ¢epm. Ilnockas depma HeycToWunMBa W3 CBOEH
IUIOCKOCTHU, MIO3TOMY €€ HE0OX0AMMO MPUCOEAUHUTH K 00Jiee KeCTKOW KOHCTPYKIIMU
WIM COCAMHUTH CBA3SMHU C JApyroi ¢epmoil, B pe3yibTaTe dYero ooOpasyercs
YCTOWYUBBIA TPOCTPAHCTBEHHBI Opyc (puc.9.8,a). ITockonbKy 3TOT
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Puc. 9.8. 3aBsi3ka (pepM B NPOCTPAHCTBEHHBIE CHCTEMbI

MIPOCTPAHCTBEHHBIM OpyC B MOMEPEUYHOM CEUCHHMH 3aMKHYT, OH 00JiaaeT 0OoJIbIION
KECTKOCTBIO TIPU KPYUECHUU U U3TMOE B TIONEPEYHOM HaIpaBICHUH, TO3TOMY MOTEPS
ero oO1el ycTOWYuBOCTH HEBO3MOkKHA. KOHCTpyKIIMKM MOCTOB, KpaHOB, OallleH, MauT
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U T.II. IPEACTABISAIOT COOON TaKKe MPOCTPAHCTBEHHBIE OPYChsl, COCTOSIIIME U3 PepM
(pnc.9.8,0).

B nokpbITHSIX 37aHMI U3-32 00JIBIIOTO YHCJIA MOCTABJICHHBIX PSIAOM IIOCKHX
CTPONWIBHBIX )epM pelieHne yCJI0KHAETCH, M03TOMY (pepMbl, CBSI3aHHbIE
MeK1y c000i TOJBKO NPOrOHAMH MOIYT HOTEePATh YCTOWYHUBOCTD.

WX ycTOWYMBOCTH 00ECTIEYUBAETCS TEM, UTO JIBE COCEAHUE (HEePMbl CKPEIUISIIOTCS
CBA3SIMU B INIOCKOCTH BEPXHErO M HHMKHETO I05ICA U BEPTUKAIBHBIMU MONEPEYHBIMU
cBa3siMu (puc.9.9, 6). Koatum xectkum OjiokaMm Jpyrue QepMmbl MNPUKPEIUIIIOTCS
TOPU30HTAJIbHBIMU AJIIeMEHTaMH, IPENsTCTBYOUMMU TOPU30HTAJILHOMY
NEPEMENICHHIO MOSACOB (PepM U 00ECNEeUMBAIOIIUMH UX YCTOWYUBOCTD (MMPOrOHAMU U
pacnopkamu, pacnoJioKeHHbIMU B y3i1ax (pepm). UToObI MPOroH MOT 3aKpenuTh y3ei
(epMbl B TOPU30HTAJILHOM HAIPaBICHUH, OH CaM JOJKEH ObITh IPUKPEIUIEH K
HETIOABMKHOU TOUKE — y3JIy TOPU30HTAIBHBIX CBS3EH.
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1 — npoconvr; 2 — gpepmoi; 3 — copuzonmanvhusie céa3u;, 4 — eepmukanvhvie Ce53U,;

Puc. 9.9. CBs3u o0ecneynBaronue ycTOH4MBOCTh CTPONUJILHBIX (pepm 5-
NpOCMpaAHCMEeHH
blll 010K

9.3. Tunwbl ceuyeHni crep:kuen pepm
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Haubonee pacnpocTpaHeHHblE  TUIBI CEYEHHUN JJIEMEHTOB JIETKUX (epM,
nokazanbl Ha puc.9.10.

[Io pacxomy cramu HauOosiee >QQPEKTUBHBIM SBIACTCA TpPyOUaTOE CEUECHHE
(puc.9.10,a). Tpyba obOmamaer xopolieli O0O0TEKaeMOCThIO, IOATOMY BETPOBOE
JaBJICHUE MEHbILE, YTO BAXKHO JUJISI BHICOKHX COOpYKeHMi (OalleH, MadT, KpaHOB).
Ha tpy0ax mano 3aiepuBaeTcs MHEH U BiIara, mo3TOMY OHH CTOWKH K KOPPO3HUH; UX
JeTKO OYHWIIaTh M OKpalluBaTh. OJTO TOBBIIIACT JOJTOBEYHOCTh TpPyOUaTHIX
KOHCTPYKLIUH.

Jlyis mpepoTBpalieHus KOppo3uu BHYTPEHHUX IJIOCKOCTEH TpyOUaThie JEMEHTHI
clieyeT repMeTu3npoBath. OIHAKO OMpENeeHHbIE KOHCTPYKTHBHBIE TPYIHOCTU
COTIPSKCHHsI TPyOUaThIX 3JIEMEHTOB M BBICOKAsk CTOMMOCTh TPYO OTPaHMYMBAIOT MX
MPUMEHEHHE.
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Puc. 9.10. Tunbl ceyeHuii crep:kHei Jerkux ¢pepm [IpssmMoyroJibHbIE THYTO
3aMKHYTbIe ceueHus (puc.9.10,0) o0xanal0T MOUTH TEMH K€ MPEUMYIIECTBAMU, YTO U
TpyOUaThie, MO3BOJISIOT YIPOCTUTD Y3JIbI CONMPSDKEHUS 3JIEMEHTOB U HAIIUIA HTUPOKOE
npuMmenenue. OaHako, pepMbl U3 THYTO 3aMKHYTBIX npoduieil ¢ 6ecacoHOUHBIMU
y37aMH TPeOYIOT BBICOKOM TOYHOCTH U3TrOTOBJICHUS.

TexHomornyeckne TPYIAHOCTH HE IMO3BOJIAIOT M3rOTaBIMBATH THYTbIE MPOoQuiIn
tonmuHou Oosnee 10-12 MM. DTO OrpaHMYMBAET BO3MOXHOCTH UX UCITOJIb30BAHUS.
Kpome Toro, 6osbiue miactuueckue aedopmaiii B yriiax ruda CHIOKAT XPYIKYIO
MPOYHOCTh CTAJIH.

Yacto cedyeHus 3Me€MEHTOB (epM MNPUHHUMAIOTCS M3 Pa3HOTO BUAA Npoduieil:
nosica U3 JIByTaBpOB, PEeIIeTKa U3 THYTO3aMKHYTBIX NMpoduiiel Wi nosica U3 TaBpoB,
pelIeTka U3 MapHbIX WM OJUHOYHBIX YroJKoB. Takoe pelieHue okas3biBaeTcs Oosee
paloOHaJIbHBIM.

B npoctpancTBenHbIXx (pepmax (OamHgx, MadyTax, CTpesiiax KpaHOB U T.II.), TIE
NOsIC SIBJSIETCSI OOIIMM JUIsl ABYX (epM, €ro ceueHue AODKHO o0ecneunBarh yo0Hoe
COTIPSKEHHME 3JIEMEHTOB B Pa3HBIX IUIOCKOCTSIX. JTOMY TPEeOOBaHUIO JIydIlle BCErO
OTBEYaeT TpyO4yaToe CEUCHHE.
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B derbipexrpanHbix (epmax Npu HEOOJBIIMX YCHWIHAX, HNPOCTEHIIMM THUIIOM
CEYEHMS MOosAca SBISIETCA OJMHOYHBIA YrOJOK WM KPECTOBOE CEYEHHE W3 JBYX
yroakoB. IIpu OoJbIIMX yCHIMSX NPUMEHSIOTCS TaKXe JIBYTaBpHI.

CxaTble 37eMEHTHl pepM ClieyeT MPOEKTUPOBATh PABHOYCTOMUMBHIMHU B JIBYX
B3aUMHO TEPIEHIUKYJISIPHBIX HANPAaBICHUSX.

B kaxIoM KOHKpPETHOM ciy4yae BBIOOp THIIA CEYEHHs »JJIEMEHTOB (epm
OTIpe/IeIsAETCS YCIOBUAMHU PaOOThl KOHCTPYKIHMH (CTENEeHb arpeCCUBHOCTH CpPEIlbl,
XapaKkTep U MECTO MPUJIOKEHUS HArpy30K U T.J.), BO3MOXHOCTBIO H3TOTOBJICHMUS,
HaJU4YMEeM COpPTaMEHTa W IKOHOMHYECKUMHU COOOPAKEHUSIMHU.

CrepxHn TskeJbIX (epM OTIMYAIOTCS OT JIErKUX 0oJiee MOIIHBIMU U
Pa3BUTBIMU CEUEHUSIMHU, COCTABICHHBIMU M3 HECKOJBKHUX 3JIEMEHTOB. CeueHHs TaKuX
CTEp>KHEW OOBIYHO MPOEKTUPYIOT AByXCTeHuYaThiMH (puc.9.11), a y310BbIE
COMPSDKEHUSI BBIMIOJIHSIOTCA C TOMOIIBbIO (PACOHOK, pPACHOJIOKEHHBIX B JBYX
miockocTsX. CTepkHH TsKEIbIX PepM (packochl, CTOWKH U TOsCa) UMEIOT Pa3HbIe
CEYCHHs, HO JUIsl yI00CTBa COMPSDKEHHUS B y3JIaX IIMPUHA BJIEMEHTOB “‘6” JOJKHA
OBITh OJMHAKOBOM.

Jnsa mosicoB ¢epM IKenaTeNbHO NPUMEHATh CEUEHHUs HUMEIOUIME JIBE OCH
CUMMETPHUH, YTO OOJIETYaeT CTHIK B y3Ji€ JIBYX CEUEHUH COCEAHHMX MaHEJeW pa3Hoi
IUIOMAM W HE CO3JaeT JOIMOJIHUTEIBHOIO MOMEHTA BCIIEICTBHE HECOBMAICHHUS
LIEHTPOB TSKECTH ITUX CEYECHUM.

Tsxensie pepmbl, padoTaroUMe HA AUHAMUYECKUE HArpy3KH (KEeJIe3HOIOPOKHBIE
MOCTBI, KpaHbl U T.II.), HHOT/IA €IlI€ IPOEKTUPYIOT KIENaHHbIMH, HO B OCHOBHOM, KakK
MpaBUJIO, TPOEKTUPYIOT W3 CBapHBIX CTPEKHEHM C MOHTOXHBIMH Y3JIaMH Ha
BBICOKOIIPOYHBIX Oo0NTaXx.

[IpuMeHSIOTCS ClIeTyOLMe TUIIbI CEYEHUHN CTEPIKHEN TSKEIBIX CTAIBHBIX (epM:

H-o6pa3Hnoe (puc.9.11,6) — 1Ba BEpTUKAILHBIX JIUCTA, CBA3aHBI TOPU30HTATILHBIM
JIUCTOM, a TaK)K€ KJIEIaHHbIE U3 YETHIPEX HE PAaBHOIIOJIOYHBIX YI'OJIKOB, CBS3aHHBIX
TOPU30HTANBHBIM JiIUCTOM (puc.9.11,6). Pa3BuTue Takux cedeHHH B CMEXKHBIX
NAHEISAX IPOU3BOAAT KPEIUICHUEM JIONOJIHUTEIBHBIX BEPTUKAIBHBIX JIMCTOB
(puc.9.11,2). Takue ceyenus: ManoTpyaoeMkue. Ecii KOHCTPYKIHS HE 3alUIleHa OT
HOMaJaHusl aTMOC(EPHBIX OCAAKOB, TO B TOPU3OHTAIBHBIX 3JIEMEHTAaX HEO0OXOJUMO
OCTaBJISITh OTBEPCTHs JUIsl cTOKa BoAbl aAuameTrpoMm 50 mm. H-oOpasHbie ceueHus
IPUMEHSIOT [ TIOSICOB U PACKOCOB.

IIIBesIepHOE CeYeHHe COCTOMT M3 JIBYX LIBEJUIEPOB, MOCTABICHHBIX IMOJIKAMU
BHYTpb (puc.9.11,0); UCHoNBb3YIOTCS KaK MPOKATHBIE, TAK U COCTABHBIE IIBEJLJIEPHI.
Takoe cedenune 1eneco0OpazHO I CHKATHIX JIEMEHTOB, 0COOEHHO TpU OOJBIION MX
muHe. HemocTtaTkoM MIBEUIEPHOTO CEYEHMS SBISETCA HAMYUE JBYX BETBEN,
KOTOpbIE MPUXOJUTCA COEOUHATH IUIAHKAMU WM pelieTKkaMu  (aHaJOTMYHO
LEHTPAJIBHO CKaTbIM KOJOHHAM).

Kopo0yaroe ceyeHMe COCTOMT M3 JBYX BEpPTUKAJIBHBIX JJEMEHTOB,
COEIMHEHHBIX TOPU30HTAJIBHBIM JHUCTOM cBepxy (puc.9.11,e0ic). Ilpumensercs B
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Puc.9.11. Tunsl ceyeHuii crep:kHel TaxKeAbIX pepm

OCHOBHOM [IJIsl BEPXHHUX IOSICOB TSDKENBIX MOCTOBBIX (pepm. JKecTkocTh cedeHus
TIOBBIIIACTCS, €CJIM CHU3Y BEPTUKAIBHBIC JIMCThI COCTUHHUTD perieTkoi (puc.9.11,0xc)
Wik TIepPOPUPOBAHHBIM JIUCTOM.

OnHocTeH4YaToe ABYTABPOBOE CeYeHHE COCTOUT W3 CBAapHOTO  WJIHU
IMAPOKOITOJIOYHOT O IMPOKATHOI'O ABYyTaBpa, IIOCTAaBJICHHOT'O BCPTHUKAJILHO
(puc.9.11,u).

TpyOuaThie cTep:KHU MPUMEHSIIOTCS B TSDKEIIBIX CBApHBIX (pepMax, UMEIOT Te JKe
MPEUMYINECTBa, YTO W B JIETKUX (epmax.

3amkHyTOEe KOpoOuaTtoe cedeHue (puc.9.11,x,.,m) o0NamaeT MOBBIIIEHHON
U3rHOHOU U KPYTHHBHOﬁ JKCCTKOCTBIO, ITO3TOMY IHIPUMCHAOT €TI0 A JJIMHHBIX
CXKAaThIX JJIEMECHTOB TSAXKCEIIbIX Q)epM CeuyeHre MOXET OBITh BBIIIOJIHEHO Kak W3
IFHYTBIX 3JICMCHTOB, TaK W CBApPHbIX, COCTABJICHHBIX H3 YCTBIPCX JIMCTOB.

9.4. Pacuer ¢pepm

Omnpenenenue pacyeTHOM Harpy3ku. Bces Harpyska, — aeicTByromias
Ha (QepMmy mpuKIaAbIBacTCS ~ OOBIMHO B y3i1ax ¢epMbl, K  KOTOPHIM
MIPUKPEIUISIIOTCS AJIEMEHTBI NONEPEYHOM KOHCTPYKUMHU (IPOTOHBI KPOBIM — WJIU
MI0JIBECHBIE MTOTOJIKK ), IEpeAatolIne Harpy3Kky Ha pepmy. Eciu Harpy3ka npuiioxeHa
HEIIOCPEACTBEHHO B IIaHEJM, TO B OCHOBHOM pacyeTHOM CXEME OHa TaKxke
pacnpeensercs MEexIy OmmbKaWlMMHU y3J1aMH, HO JONOJHUTENIBHO YUUTHIBACTCS
MECTHBIN M3ru0 mosica OT pacHoJIoKEHHOU Ha HeM Harpy3ku. [losic ¢pepmbl ipu 3TOM
paccMaTpuBaeTcs Kak Hepa3pe3Has Oajika ¢ omopaMu B y3Jax.

Pekomenayercs onpenensaTh yCUIUs B CTEPXKHIX (epM OTHAENbHO JJIA KaKIOro
BHJA HArpy3k, T.. JUIA IIOCTOSHHOW W BPEMEHHOM;
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NMOCTOSIHHOM, B KOTOPYIO BXOJUT COOCTBEHHBIM BeC (epMbl U BCe
MOJIEP)KUBAEMON KOHCTPYKLIUU (KPOBIM C yTeIieHueM, (oHapeill u T.IL.).

BPeMEHHONl —  HAarpy3Ku OT  IIOABECHOTO  IOJA3EMHO-TPAHCIOPTHOTO
o0OpyIOoBaHUs, TOJE3HON HArpy3Kd, JEHCTBYIONMIEH Ha TOJBEIICHHOE K (epme
YepAa4yHoe IIEpEeKphITHEe, U T.II.

KPAaTKOBPEMEHHOM, HanpuMmep, aTMOC(EepHOl — CHET, BETep.

Pacuernas nocrosiHHasA Harpys3ka, JeWCTByIoIIas Ha Jio0oil y3en
CTPONUIBHOMN 3aBHUCUT OT TPY30BOM IUIOLIATU, ¢ KOTOPOH OHa coOupaercs
(puc.9.12) u onpexaensiercs 1o ¢dopmylie

ng :(g(])+gl<p/Cosa))l((dl—l+dl)/2)}/gJ (9'2)
rae g, - coOCTBEHHBIH Bec GpepMbl 1 cBsi3eil, KH/M? ropu3oHTaNbHON MPOCKLMK KPOBIH; @, - BEC

kpoBiu, KH/M?, & - yron HakIoHa BEpXHEro mosica K ropu3oHTy; D - paccrosiHue Mexay hepmamu;
di, u d; - mpuMbIKaroume K y3ioy HaHemu; y, - KOYOOUIMEHT HANEKHOCTH IS MOCTOSHHOH

Harpy3KH.

B oTaenpHBIX y31ax K Harpyske, nmojydaeMoi mo dopmyiie (9.2), npubaisercs
Harpy3ka oT Beca (oHaps.

CHer — Harpy3ka BpeMEHHass M MOXET 3arpyxatb QepMy JHIIb YaCTUYHO;
3arpy’KeHHe CHETOM OJHOW TOJIOBHUHBI ()€PMBI, MOXKET OKa3aThCS HEBBITOIHBIM IS
CpEeTHUX PACKOCOB.

PacueTHyto y3/10ByI0 Harpy3Ky OT CHETa OMNpEACNSItoT Mo (dopmyle:

Fi=S 'b[(di—l + di)/z]ys J (93)

rae S - Bec CHEroBOrO IOKPOBa Ha 1 M? TOPH3OHTAILHOM MPOEKIMU KPOBIH; ), - Kodddumment
Ha/IeKHOCTH JJII CHErOBOM HarpyskH.

3nauenue “‘S” JHOHKHO ONPENEISAThCS C YYETOM BO3MOKHOTO HEPAaBHOMEPHOTO
pacrpesiesieHnsi CHETOBOTrO TOKpOBa OKOJIO (OHAps WM MEpPEenajoB BBICOT.

JlaBneHue BeTpa YUUTHIBAETCS TOJIBKO Ha BEPTHKAJIbHBIE MOBEPXHOCTH, & TAKXKE
Ha TIOBEPXHOCTH C YIJIOM HAaKJIOHa K ropu3oHTy Gonee 30°, uTo GbiBaeT B GamHsXx,
MayTax, JCTaKaJax, a TaKkKe B KPYThIX TPEYroJibHbIX CTPOMHIIBHBIX (epmax u
(donapsx. BerpoBas Harpy3ka MpuBOJIUTCS K y3JI0BOM. ["'opu30oHTalIbHAS Harpy3ka oT
BeTpa Ha (OoHAph MPHU pacyeTe CTPONUIBLHOU (PepMbl HE YUUTHIBAETCS, TAK KaK €e
BIIMSIHUE Ha paboTy Qepmbl HE 3HAYUTENBHO.
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Puc. 9.12. PacyeTHasi cxema ¢epmbl

9.5. OnpeneJieHue YCHJINH B CTEP:KHAX (pepm

[Ipu pacuere gepm co CTEPKHSIMHU U3 YTOJIKOB WM TaBpOB IPEIoaraeTrcs, 4ro
B y3JIaX CHCTEMBI — HJCAIbHBIE IIAPHUPBI, OCU BCEX CTEPKHEU NPAMOIMHENHBI,
PacIOJIOKEHBI B OJTHOM IUIOCKOCTH U MEPECEKAIOTCS B IIEHTpaxX y3/10B (cM. puc.9.12).
Crep>xHM TakoW CHUCTEMbl paOOTaIOT TOJIKO HE OCEBbIE YCUJIWS: HaINPSKCHHUS,
HalJICHHBIC 0 ITUM YCHJIMSM, SIBIISSFOTCS OCHOBHBIMH.

B depmax co cTepkHSIMU, UMEIONIMMHU TOBBIIIEHHYIO >XECTKOCTh, BIIUSHHUE
KECTKOCTH COCJIMHEHHM B y3i7ax 0oyiee 3HAYUTEIbHO. MOMEHTBI, BOSHUKAIOIINE B
y3J7laX, IPUBOJAAT K Oojiee paHHEMY BO3HMKHOBEHHUIO TJIACTHYECKUX AehopMaivii u
CHUKAIOT XPYNKYIO TMPOYHOCTh cTaiu. [loaTomy st AByTaBpPOBBIX, TPyOUATHIX H
H-o0pa3npix cedeHuii pacdyer (epMm IO NIAPHUPHOM CHCTEME JOMYCKAeTCs MpH

OTHOIICHHNHKN BBbICOTBI CCUCHHA K MOJIHHC HC Ooiece %O pInIb: | KOHCTPYKHI/Iﬁ,

SKCILTyaTHPYEMBIX IPH pacueTHol Temmneparype He Huxke — 40°C. [Ipu noseineHun
ATUX OTHOIICHUH CJIEAyeT YYUTHIBATH JOMOIHUTEIIbHBIC M3THOAIOIINE MOMEHTHI B
CTEP)KHSIX OT MKECTKOCTH Y3JIOB.

B Bepxuux moscax ¢epM TpU HEMPEephIBHOM OMUPAHMM HA HHUX HACTHIIOB
(paBHOMEpHOE pachpeiesieHne Harpy3Ku Ha mosca pepmbl) JOMYCKAETCsl BBIYUCIIATh
MOMEHTHI M0 CIeAyIomM (Gopmynam:
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MPOJICTHBIA MOMEHT B KpaWHEW MaHeJIn
M, = qd;/10;
IPOJIETHBIA MOMEHT IPOMEXYTOUHBIX MaHEIEH
M, =qd?/12;
MOMEHT B Yy3ji¢ (OHOpHBIN)
M,, = qd?/18,
rae ( - pacmpeieieHHas Harpys3ka mo ¢epme; d - 1IHMHA MaHENIH.

Kpome TOro, B CTEpKHSAX BO3HHMKAIOT HANPSIKEHHS OT MOMEHTOB B pPE3yJIbTaTe
HETIOJIHOTO LIEHTPUPOBAHUS CTEPKHEW B y3JIaX. DTH HANPSIKEHUS HE SIBISIOIINECS
OCHOBHBIMHU Pacy€TOM HE YUUTBHIBAKOTCA, TAK KaK JIOIYCKAEMBbIE YKCLIEHTPUCUTETHI B
dbepmax Malbl.

CMmenieHne ocH MosicoB (pepM mpu U3MEHEHUHM CEYCHHM HE YUYUTHIBAETCS, €CIIH
oHO He mpeBbimaeT 1,5% BBICOTHI TOsfCA.

Pacuer depm cnemyer BeimoaHAT, HA DBM, 4TO MO3BOJIIET paccUUTaTh JTHOOYIO
cxemy (epMbl Ha CTaTUYECKUE M JTUHAMUYECKHE HArpy3KHU.

HcnonszoBanne OBM 1no3BOJsSET MONMy4yaTh PAaCUETHBIE YCHUJIUS B CTEPXKHSIX C
y4eToOM TpeOyeMbIX COYETaHWW Harpy3okK, ONTHUMHM3UPOBATh KOHCTPYKIUIO, T.€.
HaWTH ONTUMAJBHYIO CcXeMy (epMbl, MaTepuan CTep>KHEW, TUM CEYCHHH U T.II.,
MOJIYYUTh Hanbosee SKOHOMUYHOE IMPOEKTHOE pEIICHHE.

[Ipu orcyrctBUM DBM ycunus B CTEpKHAX (epM OMpenessitoT rpaduueckum
METOIOM, T.€. MOCTpOEHnEM auarpamMm Makcsemna-KpeMoHbl, Wi aHaTUTUYECKUM
(MeTooM BbIpe3aHust y3i10B). [Ipudyem nisi Kaxaoro BUJa HArpy3ok (Harpys3ku OT
MOKPBITHSA, TIOJIBECHOI'O TPAHCIOPTA U T.M.) CTPOSAT CcBoro nuarpammy. s depm c
HECJIOKHBIMU CXE€MaMH (HampuMmep, ¢ NapajiebHbIMU MOSICAMU) M HEOOJBIIUM
YHICIIOM CTep>KHEH OoJyiee MPOCTHIM SBJSIETCS aHATUTHUECKOE OIPEIeTICHHE YCHIIUM.
Ecniu ¢epma pabotaeT Ha MOIBWKHYIO HAarpy3Ky, TO MaKCHMAallbHOE€ YCHIIME B
CTEPKHSX (DEPMBbI ONPENEISIOT IO JIMHUU BIUSHUA.

B cooTBeTcTBUU ¢ KiIaccudUKaiel couyeTaHnii Harpy30K (OCHOBHBIE B O0COOBIC)
YCUIIMSA ONPEACISIIOT OTAENIBHO JUIsl KaXJOro BHUJA COYETAHMM M HECYILYIO
CIIOCOOHOCTh ~ CTEp)KHEW  ONpEeAeNsioT MO  OKOHYATEIbHOMY  pPacueTHOMY
HauOOJbIIEMY YCHIIHUIO.

Pekomenayercs pe3ysbTaThl CTATUYECKOIO pacyeTa 3aluchiBaTh B TaOJHUIly, B
KOTOPOM JOJKHBI OBITh MPUBEJICHBI 3HAYEHUSI YCUIIUNA OT MOCTOSIHHOM HAarpy3ku, OT
BO3MOYKHBIX KOMOMHAIIMII BPEMEHHBIX HArpy3o0K (Hampumep, OT OJHOCTOPOHHETrO
Harpy»eHusi CHEroM), a TaK)K€ pacueTHbIE YCHIIMA KaK Pe3yJbTaT CYMMHPOBAHMUS
YCWJIMHA TpPH HE BBITOJHEWINEM HArpyK€HUM I BCEX BO3MOXHBIX COYETaHUU
Harpys3oxK.

73



9.6. OnpenesieHue pacyeTHOM JJIUHBI CTEPKHE

B MoOMeHT 1oTepHM yCTOMYMBOCTM  CKATBIM  CTEPKEHb  BBIIIYYHMBACTCH,
ITIOBOPAYMBAETCS BOKPYT LIEHTPOB COOTBETCTBYIOLIUX Y3JIOB U BCJIEACTBUE )KECTKOCTH
(hacoHOK 3acCTaBJIsIeT MOBOPAUMBATHCS U U3rMOATHCS B TUIOCKOCTU (PEPMBI OCTaJIbHBIE
CTEPKHHU.

[IpuMbIKaOImye CTEPKHU COMPOTUBISAIOTCS M3rM0y W MOBOPOTY y3Ja U
[IpensTcTBYIOT CBOOOJIHOMY H3THMOY CTEpXHS, TEPAIOMIET0 YCTONYMBOCTD.

HauOounblliee conpoTrBIIEHHE MOBOPOTY y37a OKa3bIBAIOT PACTSHYThIE CTEPHKHHU.
Cxatble CTEpKHHU C€1a00 COMPOTHUBISIOTCS U3TUOY.

Takum oOpa3oM, yeM OoJibllIe PACTSHYTBHIX CTEPKHEW MPUMBIKAET K CKATOMY
CTEpPXKHIO U YeM OHU MoOIIHEee (0OJIbIIe UX MOTOHHASI )KECTKOCTh), TEM BBIIIE CTETIEHb
3alEMJICHUSI CTEp>KHS M MEHbBIIE €ro pacyeTHas JUIMHA; BIHASHUEM CHKATBIX
CTepXKHEH Ha 3alleMJICHHUE MOXXHO NpeHeOpedb.

CxaTblli 1OSIC OKa3bIBaeTCs CJ1a0d0 3alleMIICHHBIM B y3J1aX, TaK Kak ¢ KaXJoi
CTOPOHBI K HEMY IMPUMBIKAET TOJBKO MO OJHOMY PAacTAHYTOMY pPacKoCy, IIOIrOHHAs
KECTKOCTh KOTOPBIX 3HAYMTEJIBHO MEHBIIE IOIOHHOM KECTKOCTH mosica. [loaromy
3alllEMJIEHUEM C)KaToro Iosica B 3amac yCTOWYMBOCTHM MOYKHO MpEeHeOpeub M
MPUHUMATh €r0 PACUETHYIO JJIMHY PABHOM PACCTOSHUIO MEX]1y CMEXHBIMH Y3JIAMHU.

Takum 00pazom, rpu OOJBIIEH CTENEHH 3allleMJIEHUS MEHbILIE pacueTHas JJIMHa
CTEpKHS (pepMbl

Iy = !, (9.4)

rae u - KO3QQUIMEHT TNpuBENCHUS JIMHBL, 3aBUCSIIMNA  OT CTENEHH 3alleMJICHUS;
| - paccTostHMe MeEKIy LEHTPAMHU Y3JIOB.

[To HopmaM kod(pIULIMEHT NpUBEAEHUS JJIUHBI 1 ”° DJIEMEHTOB PEIICTKU U3
=081 B
IUIOCKOCTU (epMBbI  OTPENIENSETC C HEKOTOPBbIM 3alacoM, B OCOOEHHOCTU MJis
CPEAHUX PACKOCOB, MECTKOCTh KOTOPBIX [0 CPABHEHHID C IPUMBIKAIOIINMHU
CTEpKHSIMH HEBEJHUKA.

HckimoueHne CcocTaBisieT OMOPHBIA BOCXOISIIMNA PAcKOC, YCIOBHS PaOOTHI
KOTOPOTO B IUIOCKOCTH (epMbl TaKUE K€, KaK W y BEPXHEro Imosica, MO3TOMY
pacueTHasi JJIMHA OMOPHOTO pPacKoca B IUIOCKOCTH (PepMbl NMPUHUMAETCS PaBHOM
PACCTOSIHUIO MEXAY LEHTpamH Y3JIOB.

Pacuetnast niuHa mosica B IUIOCKOCTH, MEPHEHIMKYISIPHON IIOCKOCTU (DEpMBI,
IIPUHUMAETCS. PABHOM PACCTOSIHUIO MEXIY y3JaMH, 3aKPEIUICHHBIMU CBS3SIMH OT
CMEUIEHUSI U3 TUIOCKOCTU (EPMBI.

B OecnporoHHbIX MOKPBHITUSX BEPXHUM MOSIC CTPOMUIIBHBIX (pepM 3aKperuieH B
IJIOCKOCTH KPOBJM IUIMTaMU WJIM MAHENIMH HACTWJIA, MPUKPEIJIEHHBIMU K TOsCcaM

yroakoB B twiockoctu ¢epmbl paBeH 0,8. Torma pacuetHas mnuHa |

X
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depM B KaxIoM y3ie. B 3ToM ciydae 3a pacueTHyro AJIUHY Iosica U3 IUIOCKOCTHU
dbepMbl NPUHUMAIOT MIMPUHY OJHOW IUIMTHI.

PacuetHass nnuHa cTepKHEM pEHIETKH MpPU BBHITMOE UX U3 IUIOCKOCTH (epMbl
NPUHUMAETCS PAaBHOM PACCTOSHUIO MEXIY T'€OMETPUUYECKUMH IIEHTpaMU y3JI0B, TakK
Kak (pacoHKH OuyeHb TMOKM M PAcCMATPUBAIOTCS KaK JIMCTOBBIC IIAPHUPBI.

B tpy6uatsix hepmax ¢ 6echacoHHBIMU y37IaMU pacueTHas JUIMHA packoca, Kak B
IJIOCKOCTH (DepMBbl, TaKk U U3 HEE, C yUYETOM MOBBIIIEHHONW KPYTHJIBHON >KECTKOCTU
3aMKHYTBIX C€4eHUN npuMeHsTcs paBHou 0,9.

B npyrux ciydasix pacueTHasl JJIMHA SJIEMEHTOB epM MPUHUMAETCS 110 HOPMAJIH.

9.7. llpeaesbHbIe THOKOCTH CTEPIKHEH

DOneMeHTbl KOHCTPYKUMH JOJDKHBI IPOEKTHUPOBATHCS M3 JKECTKUX CTEpIKHEH.
Oco0eHHO CyILIECTBEHHOE 3HAU€HUE MMeEET T'MOKOCTh “A” ISl CHKAThIX CTEp)KHEU
TEPSIONIMX YCTOMYMBOCTH MPH IMPOJOJIBHOM H3THOE.

Jlaske Tpu HE3HAYUTENBHBIX CKUMAIOMIMX YCUIIUSX THOKOCTh CXKATBIX CTEp)KHEH
HE J0JDKHA OBITH CIMILIKOM OOJIBIIOHN, TaK KaK THOKUE CTEPIKHU JIETKO UCKPUBIISIOTCS
OT CIy4YalWHBIX BO3JEHCTBUH, NPOBUCAIOT, BUOPUPYIOT NpPHU JUHAMUYECKUX
Harpy3kax. [losTomMy uIsi cCKaThlIX CTEp)KHEW YCTaHABIMBAETCA MpEAEIIbHAS
rMOKOCTb, 3aBUCAIIAS OT HA3HAUEHUS CTEPXKHS M CTENEHU €ro Harpy>KeHHs
o= N((o-A-Ry -yc), rne N - pacyeTHoe ycuiue, ¢-A-R y, - HeCyllas CIIOCOOHOCTH

CTEPKHS:
[2]
CKaThle Mosica, a TaKKe OMOPHBIE CTOWKH U PACKOCHI,
MIEPETAIOIITNE OTTOPHBIC PEAKITHM . ... uuvsnrseneeenneennneenneenneeenneenneeneeannens 180-60 ¢
MIPOYNEC CHKATHIC CTEPIKHHM (PEPMBL. .. uevnveanetenaes vt aenaes et aesaeseneeenneseneennnes 210-60 @
CHKATBIE CTEPIKHM CBIIBCH . ... uutttnttette ettt ettt e et e et et e e e et e eaeeaaens 200

IIpu stoMm « npuHumaercs He MeHee 0,5.

PacTsHyTbIE CTEPAKHU KOHCTPYKIUI TaK e HE JIOJKHBI ObITh CIUIIKOM T'MOKUMH,
TaK Kak MOTYT NPOTHYTHCS IIPU TPAHCIOPTUPOBAHUHA M MOHTAKE.

CrepXHU JOJIKHBI UMETh JOCTATOYHYHO KECTKOCTh OCOOEHHO B KOHCTPYKLUSX
MTOJABEPKEHHBIX JTUHAMUYECKUM BO3JICUCTBUSAM.

Jlis pacTsHYTBIX CTep)KHEH (epM, MOABEPraroImuXcs TEUCTBUIO JUHAMHUYECKON
Harpy3kd, YCTAHOBJICHBI CJEIyIOIIME 3HAYEHHUS TMpeAeabHOM TMOKOCTH:

4]

PACTSIHYTBIE MOSICA U OTIOPHBIE PACKOCBL. ... ettt eneenteneenneneeneennenneennes 250
MPOYUE PACTSIHYTHIC CTEPIKHU (DEPM. . .uteenntenrtenneeineeateeineeaaeanneennenns 350
PACTSHYTBIE CTEPIKHHM CBIABCH. .. .uutetnttetttettentieeie e eaee et eneeeaeenaas 400

B KOHCTPYKIMSX, HE MOJBEPTAIONINXCS TUHAMUYECKMM BO3IEUCTBHAM, TUOKOCTS
PACTSHYTHIX CTEPKHEHW OrPAHMYMBAKOT TOJBKO B BEPTHKAIBLHOW IIOCKOCTH (4TOOBI
IPENOTBPATUTh YPE3MEPHOE TPOBUCAHHWE), YCTAHOBHUB [UIS BCEX PACTAHYTHIX
CTEPKHEN MpelebHyl0 TuOKocTh [A]=400.
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9.8. ITox0op ceveHmii 31eMEeHTOB (pepm

B ¢epmax U3 mpokaTHBIX M THYTHIX Mpoduiieit 11t yno0cTBa KOMIUIEKTOBAHUS
MeTajula MPUHUMAKT He Oosee 5-6 KamuOpoB MPOQUIICH.

N3 ycnoBus obecrieyeHUs KadecTBa CBApPKU M TOBBIIMICHUS KOPPO3MOHHOMN
CTOMKOCTH TOJIIMHY Mpoduieil (TpyO, THYTbIX CEUEHUM) HE ClenyeT NMPUHUMATH
MeHee 3 MM, a i YrojkoB — MeHee 4 mMm. [ mpeaoTBpaiieHus: MOBPEXKICHUS
CTEpKHEW MPHU TPAHCTIOPTUPOBKE U MOHTAXKE HE CJEAYyEeT NPUMEHSATh PO MeHee
50 MM.

[IpodunbHbld mpoKaT TMOCTaBIAAECTCS JUIMHOM A0 12 M, MmodTOMYy TIpH
M3rOTOBJICHUH (pepM mposieToM 24 M (BKIIFOUUTENBHO) 3JEMEHTHI MOsiIca MPUHUMAIOT
ITIOCTOSIHHOTO CEUYEHUSI.

JUis CHIXKEHHs pacxoja CTajM, Ielecoo0pa3sHo, OCOOEHHO MpH OOJBIINX
YCWINAX U Harpyskax, 3JeMeHTbl (epM (1osica, OIOPHBIE PACKOCHI) MPOESKTUPOBAThH
U3 CTaJI TIOBBIIIEHHON NMPOYHOCTH, & OCTAJbHBIE AJIEMEHTHI — U3 OOBIYHOW CTAJIH.

Bei6op cranu giist ¢pepM Npou3BOAUTCS B COOTBETCTBUM C HOopMaMmu. Tak Kak
cTepkHU (PepM pabOTaOT B OTHOCUTEIHHO OJIATONMPHUSATHBIX YCIOBHUSIX (OJHOOCHOE
HAIpPsDKEHHOE COCTOSIHUE, HE3HAYUTENIbHAs KOHLEHTpALUsl HANpPSKEHUH U T.I.), TO
JUIS HUX TIPUMEHSIIOT CTaju MOJIyCIIOKOWHON BbITIaBKU. DacoHku hepm paboTaroT B
CIIOXKHBIX YCJIOBHUSX (IJIOCKOE TMOJ€ PACTIATMBAIOUIMX HANPSIYKEHUN, HaIU4ue
CBApOYHBIX HAMPSKCHHM, KOHIIEHTPAIMs HANPSHKEHUH BOJIM3H IIIBOB), YTO TOBBIIIACT
OMAaCHOCTb XPYNKOT'0 pa3pyllIeHHs], 03TOMY TpeOyeTcst 0ojiee KaueCTBEHHas CTallb —
-CIIOKOMHAs.

[TonGop ceuenmit >memeHTOB GepM yao0HO OoPopMIATH B TabMU4YHON (opme
(Tabm. 9.1).

9.9. ITox0op ceveHU CKATHIX IJIEMEHTOB

[TpenenbHOE  COCTOSHME  CXAThIX  JJIEMEHTOB  (epM  ompeaessiercs ux
YCTOMYUBOCTBIO, TIOTOMY  IpPOBEpPKa HECyIIeH  CIIOCOOHOCTH  3JIEMEHTOB
BBITIOJTHSIETCST 110 (hopMyJIe

N/A<R,y, (9.5)

rae y, - KodQ@QHuUUEeHT ycIoBUH paboThl (1O mpui.14).

Taoawuuma9.1. [Tondoop ceuenuii crep:kueii Jerkux gpepm
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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 50x7| 24,5 — - — 400 - 0,95 |21,7<Ry 7’;;
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.

Koo duiment “¢”, sapasercs Gpynkiueis rubkoct A =1, /i 1 TMNA ceuenus (Cm.
npui.8).

Jlns mogbopa ceueHus He0OXOIMMO HAMETUTh TUIT CEUCHHUS, 33/1aThCsl THOKOCTHIO

CTEpKHS, ONpPeaAeIUTh KOAQPUIMEHT “¢p” 1o nNpui.8§ U HaAWTU TpeOyeMyo IUIONIaAb

CCUCHUA
A,, =N/gR 7, (9.6)

[Ipn mpenBapuTenbHOM MNOAOOPE MOXHO TMPHUHATH I TMOSCOB JETKUX (epm
A =60-80, a miia pemieTku A =100-120. bonpmme 3HayeHNss TMHOKOCTH NPUMEHSIOTCS
IpU MEHBUINX YCUJIHSIX.

[To TpeOyemoii uiomaaM NOaO0UPAETCsS MO0 COPTAMEHTY MOAXOIAIINI MPOQUIIb,
onpeesnsaoTca ero (akTUYECKUe TIeOMETPHUYECKHE XapaKTepucTuku A, i, i

x 1! yl

Haxomares A, =1/i,; A, =1, /i . IIpu Gonblueli THOKOCTH YyTOYHAETCA KOIDULIUEHT

b

“9” u mpoBoaUTCS MpoBepka ycroiuuBocTH 1o ¢opmyne (9.5). Ecnu rubxoctsb
CTEpXHS TpEeABAapUTEIbHO OblIa 3aJaHa HENpaBWIbHO U TPOBEpPKa IOKa3aia
NEepeHanpsDKeHUe WM 3HauuTenbHoe (Oosbuie 5-10%) HenoHampsiKeHHE, TO
IIPOBOJAT KOPPEKTUPOBKY CEUEHHsI, IPUHUMAs MPOMEKYTOUHOE 3HAUYECHHUE MEKITY
NpeIBAPUTENIbHO 3aJaHHBIM W (PAKTUUYECKHUM 3HAYeHUSIMH TUOKocTU. Btopoe
npuOIIKEeHNUEe, OOBIYHO, JOCTUTAET LEIH.

MecTHYI0 yCTOWYUBOCTH CXKATBIX DSJEMEHTOB MOXKHO CUHTATh OOECIEUEHHOM,
€CJIM TOJIIIMHA TOJIOK M CTEHOK mpoduiei Ooibiie, yeM TpeOyeTcs W3 YCIOBUS
YCTOWYHUBOCTH.

JI71s1 cOCTaBHBIX C€YEHUH MpeiesibHbIe THOKOCTH MOJIOK U CTEHOK OMPENETSIOTCS B
COOTBETCTBUM C HOpMaMmH (CM.IJL.2).

IIpumep 9.1. Tpebyercs mogoOpaTh cedeHNE BEPXHETO Mosica PepMbl MO pacCuYETHOMY YCHITHIO
N =535«H.

Pacuetnsie mmunbl ctepskus Iy = 2.58; Iy = 5.16M. Marepuan — crans C245; Ry = 24kH/cm2.
Koaddunment ycmouii padorsl y. = 0,95; Tonmmmua daconku 12mm. Ilockomeky ly =  2ly,
MPUHUMAEM TaBPOBOE CEUCHHWE W3 JBYX HE PABHOIIOJIOYHBIX YTOJKOB, PACIIOIIOKEHHBIX Y3KHMHU
MOJIKAMH BMeECTE. 3a/laeMcsi TMOKOCTBIO B TpeleNax, PeKOMEHIyemblx Juisi mosicoB: A= 80.
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[IpHHUMAaEMOMY CEUEHHIO COOTBETCTBYET THII KPUBOW YCTOWYMBOCTH C U, CIEIOBATEIbHO, ITPU
A=2,|R,[E =80424/(2.06-10*) =2,73, ¢=0,611.
Tpebyemas mmomane cedenuss  Amp = N/(pRyyc) = 535/(0.611-24-0,95) = 38.4cm2.

[Ipuaumaem cedyenne u3 JByX YyroiakoB 125x80x10, mocTaBIEHHBIX BMECTE MEHBIIMMU
nonkamu; 4 = 19,7x2 = 39,4; ix=2.26¢cm; Iy = 6,19¢cM (ciemyer oOpaTuTh BHUMaHUE, YTO HH/ICKCHI
pacueTHBIX OCedl M Oceil MO COpPTAaMEHTY JJisi He PaBHOMOJIOYHBIX YTOJIKOB MOTYT HE COBIAJaTh);

Jx=258/2.26 = 114; iy = 516/6,19 = 83; Amax =+/24/2.06-104 = 3,89; o =0,417,
N/(pA) = 535/(39.4-0,417) = 32.6xH/cM2 >Ryp. = 22.8xH/cm?
CeueHnue momoOpaHO HEYJAYHO W UMeEET OOoJbInoe mepeHamnpsikeHue. [IpuHrumMaeM THOKOCTH

(MeXIy TpeaBapUTENbHO 3aJaHHON W ¢aktudeckoir) A= 100; 2 =100,/24/ 2,06-104 =3,41;
o= 0,49;
Amp =535/(0,49-24-0,95) = 47,9cu*

[TpuanMaeM gBa yronka: 160X100x9; 4 = 22,9-2= 45,8cM?%;, ix = 2.85cMm (iy HE TUMHTHpPYET
ceuenue); Ax=258/2.85 = 90.5;

A = (258/2,85)«/24/2,06-104 =3,09; ¢=0,546;
N/(pA) = 535/(0.546 - 45,8) = 21.4xH/cM? < Ryyc = 22.8xH/cM?
OcraBisieM TPHUHATOE CEYCHHE W3 JBYX YroikoB pazmepom 160x100x9.

9.10. Iloxdop ceyeHHsI PACTAHYTHIX JIEMEHTOB

HpeI[eJIBHOG COCTOAHHNC PACTAHYTBIX 3JJICMCHTOB OIIPCACIICTCA HX PpPa3spbiIBOM
o>o0,, I o, - BpCMCHHOC COIIPOTHUBJICHUC CTaJIM, WU PA3SBUTHCM YPC3MCPHBIX

IIaCTUYECKUX JAedopManuii o >o,, Toe o, - MPENEN TEKYy4eCTH CTajH.
Cranu ¢ HOPMATHUBHBIM IIPENENIOM TEKy4ecTH R, <44xH/cM® mMmeroT pa3BuTyro

IJIOMIAAKY TEKy4decTH (CM. Tri.1), O3TOMYy HeCymias CIOCOOHOCTh 3JIEMEHTOB W3
TaKUX cTajeil mposepsieTcs 1o hopmysie

o=N/A <Ry, (9.7)

rae A1 - IUIOIAab CCUCHUS HETTO.
I[JI}I 3JIEMCHTOB, BBIIIOJTHCHHBIX M3 CTaHeﬁ, HC MMCIOIUX INIOMAAKY TCKYUCCTHU
(ycnoBublii npenen tekydectn Oy > 44xH/cM?), a Takxke, €Cld SKCILIyaTals

KOHCTPYKITMU BO3MOKHA W TIOCITIE Pa3BUTHsI IUIACTHYECKHUX AeopMaliiii, Hecylas
CIIOCOOHOCTh MpOBeEpseTCsS 1o (GopmyJie:

o=N/A <R,/7. ). (9.8)

rac Ru - PpacuYCTHOC COIIPOTUBJIICHUEC, OIIPCACICHHOC II0 BPCMCHHOMY COIIPOTUBJICHUIO,

7, =13 - ko3 duIueHT HaNEKHOCTH HPU pacdeTe 10 BPEMEHHOMY COINPOTHUBIIECHUIO.
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B mpakTuke MpOEKTUPOBAaHUS pacueT PACTAHYTHIX SJIEMEHTOB MPOBOJIUTCS IO
dbopmyne (9.7).

[Ipy mpoBepke pacTAHYTOrO 3JIEMEHTa, KOrja Hecymas CIOCOOHOCTh
OTIPEICIIACTCS HANPSDKSHUSAMHU, BO3HUKAIOIIMMA B HanOoJiee OCIIa0JICHHOM CEYCHHUU
(Hampumep, OTBEPCTUSAMHU JUIsi OOJITOB), HEOOXOJWMO YUYUTHIBATH BO3MOJKHBIC
oclabJieHus] ¥ MPUHUMATh ILIOMIAh HETTO.

TpeOyemast miomaap HETTO PaCTSHYTOTO JIEMEHTA ONpeesIeTes 1o Gpopmyrie

A, =N/R ) (9.9)

3areM MO COpTaMEHTY BBIOMPAIOT MPOQPUIb, UMEIOIUN Onrkaiiiiee Oolbliee
3Ha4yeHue IJIOLA/IH.

Ipumep 9.2. Tpebyercs momoOpaTh CEUCHHE PACTIHYTOrO packoca (PepMbl MO pacuyeTHOMY
yenmmto N =535kH. Matepnan crans — crans C245; Ry = 24xH/cm?; 9. = 0,95

Tpebyemass tuiomanp ceueHUs Amp = 535/(24-0,95) = 235¢cm°. CeueHne He ocnabIeHO

OTBepCTI/IHMI/I.
[TpuHrMaeM Ba paBHOMOJIOUHBIX yroynka 90X7; A =12,3-2 =24,6cM2 > App.

9.11. ITog6op cedenus 3eMeHTOB hepM, padOTaIONTUX HA EHCTBUE MPOIOTHHOM
CHJIBI M U3TUO (BHELIGHTPEHHOE PACTSKEHUE U CKATHE)

IIpenenbHoe cocTOsIHME BHEHEHTPEHHO PACTAHYTHIX 3J1eMEHTOB
onpejaessieTcsl Ype3MEPHbIM Pa3BUTHEM IJIACTHYECKHUX JAedopManuii B
Han0oJIee HATPYKEHHOM cocTosiHMU. MX Hecymiasi crmocoOHOCTH ompenesisieTcs
no ¢gopmyae (cMm. ru.2).

lN/(A'lRyyc)J-’_MX/CWnRy}/C <1 (910)
Ipumep 9.3. IlomoOpaTh cedeHHe pPaACTIHYTOIO HWIKHErO Tosica MPU JACHUCTBHU HA HETO
BHEY3JIOBOW Harpy3ku B cepenune JuuHbl manenu (puc.9.13,a) F=10xH. OceBoe ycuiue B mosice

N=800xH. PaccrosHue wmexay meHTpamMu y3a0B O=3M. Marepuaa KOHCTPYKIMH — CTajb
C245;Ry=24xH/cm?. Kosdduiment ycnopuii padboTst 1:=0,95.
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Puc. 9.13. K npumepy 9.3 u 94

[MombOupaem cedeHwe dJIEMEHTa W3 YCIOBUS €ro paboThl Ha pacTsikeHune 1o ¢opmyne (9.9);
A.,=800/( 24-0,95 ) = 35,1cm?.
[IpyHIMaeM cedeHne M3 ABYX YronkoB 125x9; A=22 -2 =44cM?; MOMEHTHI CONPOTUBICHHS I
06ymka W u mepa W' paBHBI:

W, =327.2/3,4=192,4 cM2; W' =327-2/(12,5-3,4) =72 cm2
MomeHT ¢ yueTom Hepaspesnoctu mosica M = ( Fd/4)0.9 = (10-300 /4 )0.9 = 675 kH cm.
[IpoBepka Hecymeil cTOCOOHOCTH TOosica: MO Tab.5 MPUIIOKEHUS U CEYCHUS U3 JIBYX YTOJIKOB
! _IEI[-(’)JCI: &)(:)Lfl)falyne (9.10) nanst pacTsIHYTOTO BOJIOKHA (T10 O0YIIKY)
800/ (44-24-0,95) +675/(1,6-192,4-24-0,95) = 0,893 < 1;
JUISL CKATOr0 BOJIOKHA (TI0 IIEpy)

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

IIpuHATOE CEueHMNE YAOBIETBOPSAET YCIOBUIO IIPOYHOCTH.

9.12. IToxOop ceveHUs CTep:KHEH MO MpeaeJbHON rH0OKOCTH
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Psan crepaxHeit Jerkux ¢gpepm MMeeT HE3HAYUTEIbHbIC YCUJIUA U,
cJIeI0BATEIbHO, He0OoIbIINe HANpsKeHUus1. CedeHUus 3ITUX CTep:KHel MoA0UPaT
1o npeaeJabHoi ruoKkocTH (cM. 11.9.4.4). K TakuM cTep:KHAM 00bIYHO OTHOCATCS
AOMOJIHUTEIbHbIE CTOMKH B TPEYI0JbHOM pelieTKe, PACKOChl B CPEAHUX
naHeJsx gepm, 3JieMeHThI CBAI3ed M T.IL
3Has pacueTHYIO [JIMHY CTEPXHS |, W 3HAueHME NPENENbHOM rmokocTu [4],

€

ompenensoT Tpebyemblid panmyc uHepumu i, =l /[1], a 3aTem mo copramenty

mp

BBIOMPAIOT CEUEHUE U TPOBEPSAIOT HECYIIYIO CIOCOOHOCTH MOJOOPAHHOTO CEUEHHUSI.

9.13. Oco0eHHOCTH pacyeTa U MOAO0OPA CeYEeHUI IJIEMEHTOB
TSKeAbIX GepMm

CrepxHn TsKeabIX (pepM MPOEKTHPYIOTCS, KAK MPAaBUJI0, COCTABHOIO
CeYeHHUs — CIUIOIIHOTO MJIM CKBO3HOro (cM. puc.9.11).

Ecau BpicOTa cedeHuUs IIPCBBICUT %0—%5 JJIWHBI 3JICMCHTA, HCO6XOI[I/IMO

YYUTHIBATH MOMEHTHI, BO3HUKAIOIINE OT JKECTKOCTH Y3JIOB, M TOJIOUPATh CEUCHUS
BHEIIEHTPEHHO C)KaThl€ WJIM PACTAHYTHIE.

V3nb1 TsoKenasix (epM mpu OONBIIMX YCWIMSX JIETAI0T JIBYXCTEHYATHIMU, T.€.
pa3MernaroT (acoHKH 1O JABYM Hapy>KHBIM I'paHsM nosicoB (puc.9.14). lns ynoocTa
KPEIUICHHUS 3JICMEHTOB IIIMPHUHY BCEX CTEPKHEH “D” clieayeT COXpaHsSTh MOCTOSHHOMA.
OO6b1yHO b =400-500 MM.

B HeoOXxoauMmbIX ciydasx MexXIy (PacCOHKOW U rpaHblO AJIEMEHTa YCTaHABIUBAIOT
MPOKIAJIKH.

t
— !}-————-n

Puc.9.14. Pazmemenne ¢gacoHOK B TAkKeJbIX (pepMax

[Tosica TsoKenbIX epM UMEIOT B Pa3HBIX MaHEIAX pa3HbIC CEUCHUS, CBSI3aHHBIC
OOIITHOCTBHIO THUINIA W YCIOBHSAMH CONPSDKCHHUS CTepyKHEW B y3max. IIpem Hagamom
nojdopa ycraHaBiauBalT Tul cedueHusi (H-oOpasHoe, miBemiepHoe, kopoduaroe) u
HaMEUaloT MecTa M3MEHEHHs ceueHus. B cBapHbix H-00pa3HbIX cedeHMSIX 0OBIYHO
M3MEHSIETCSl BBICOTA BEPTUKAJIOB; B KpallHEM ClTydae, MOKET MEHSTHCS U UX TOJIIIMHA
MPU COXPAHEHUH MOCTOSHCTBA PACCTOSIHUS MEXKIY HApYyXHBIMH TPaHSIMU CEUYCHUS.
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I'opusonTans M3 yClaOBUSA YCTOMYMBOCTH U JKECTKOCTU CEYECHHUSA [O/DKEHA HMETh
TOJIIUHY HE MEHEe %0 pPAcCTOSIHUSL MEXAYy BEpPTHKaIsIMU U HE MeHee 12 MM.

OCHOBOIl IIBEJUIEPHBIX CEYEHUMN SIBISIOTCS [1BA LIBEJUIEPA, KOTOPBIE MPOXOMIST
gyepe3 Bce ceueHus (cM. puc. 9.11,0).

[IIBenepHoe cevyeHHe Pa3BUBAIOT IYTEM J00aBJICHUS BEPTUKAIBHBIX JIMCTOB.

[Tocne mogbopa ceyeHui MPOU3BOAAT UX MPOBEpKY. IIpoBepka cedueHmil CHKaThIX
CTEpKHEU (epM BBIMOTHSIETCS TaK K€, KaK IEHTPATbHO-CKATHIX KOJOHH (CM. TILS).
H-o0pa3HbIx — Kak CIUIOLIHBIX, HIBEJUIEPHBIX — KAK CKBO3HBIX, C TOM pa3HUIIEH, 4TO
mupuHa “D”  cedeHui 31ech SABIACTCS 3aJaHHOM, a HE OIMpPEIeIsaseMON M3 YCIOBHS
PaBHO YCTOMYMBOCTH.

[Ipu ydere >KECTKOCTH Yy3J0B MOAOOpP cedeHuil (epM BBIMOJHSAIOT Kak
BHELICHTPEHHO C)KAThIX WM BHEUEHTPEHHO PACTSHYTHIX 3JIEMEHTOB.

Packocbl ¢epm 00bIYHO TpUHUMAIOT MIBesiepHOro (cM. puc.9.11,0) umm
H-o6paznoro ceuenus (cM. puc.9.11,a wmm 9.11,6). llIBesepubie ceueHus: Oosee
BBITO/IHBI NPU pabOTe Ha MPOAOJIbHBIA M3TUO U MO3TOMY YacTO MPUMEHSIIOTCS IS
JUIMHHBIX THOKUX pPAacKOCOB, HO OHHM 0OoJjiee TPYJAOEMKH, IO CPaBHEHHUIO C
H-o6pa3upiMu.

[[InpuHy packocoB [JIsl MPOCTOTHI CONPSIKEHUN HA MOHTaX€ MPUHUMAIOT HA 2 MM
MEHBIIIE PACCTOSTHUE MEXAY TpaHsAMHU (HaCOHOK.

9.14. Koncrpykumus jerkux ¢gepm

O0mmue TpeOoBaHMS K  KOHCTPYHPOBaHUIO.  YTOObI n30exath
JOTIOJIHUTENIBHBIX HAIPSKEHUM OT PACLUEHTPOBKM OCEW CTEP)KHEU B y3iax, UX
HEO0OXOMMO LIEHTPUPOBAThH B y3JIaX MO OCSM, POXOASIIUM Yepe3 LEHTP TIAKECTH
(C OKpyTJIeHHEeM 10 5 MM).

YTI10Bble MOMEHTBI, OINPENEIAIOTCS KaK IIPOU3BEICHUE HOPMAJbHBIX YCUIUHI
CTEpPKHEH M BHEUIHUX Y3JO0BBIX CWJI HAa MX IUIEYM 0 TOYKU IIEPECEUCHUSA IBYX
packocoB (puc.9.15).

Moment M :(Nz— Nl)-ez—F -€1, pacmpenensseTcss MEXAy dJIeMeHTaMu (GepMbl,
CXOIAIIMMHUCA B Yy3JIE MPOINOPLUOHAIBHO MX TOTOHHBIM JXKECTKOCTAM. Ecnm
KECTKOCTh JJIEMEHTOB PELIETKH 110 CPABHEHUIO C ITOSACOM MaJld, TO MOMEHT
BOCIPHUHUMAETCSI B OCHOBHOM T0sicoM (pepMbl. [lpu mocTossHHOM cedeHuH mosca u
OJMHAKOBBIX IAHENIAX MOMEHT B Iosice M, =M/2.

Pe3ky cTepkHel peleTKy IpOr3BOASIT, HOPMAJIBHO K OCU CTEPKHS, JUIsl KPYITHBIX
CTEp)KHEHW JOIMYCKAIOT KOCYIO PE3Ky C IEIbI0 YMEHBIICHHUS pa3MepoB (HaCOHKH.
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Puc. 9.15. K onpenejieHHI0 10M0JTHUTEIbLHBIX MOMEHTOB OT PACHEHTPOBKH Y3JI0B
YroObl YMEHBUINTH CBApOYHbIE HANpSIKEHUS B (PACOHKAX, CTEP)KHU PEIIETKH He
JOBOJSATCS A0 IMOSICOB Ha paccTosiHue a = 6t —20MM, HO He Oonee 80 MM (31ech t -
ToJIIMHA (PAaCOHKM B MM). MexX/y TOpLiaMU CTBIKYEMBIX 3JIEMEHTOB IMOSICOB (hepM,
IIEPEKPBIBAEMBIX HAKJIAJAKaMH, OCTaBILIOT 3a30p He MeHee 50 M.

Tommuuy (acoHOK BHIOMPAIOT B 3aBHCHUMOCTH OT JCHCTBYIOIIUX YCHUIIHM
(Ta6:1.9.2) ¥ NpUHATONW TOJNIIMHBI CBapHbIX MIBOB. [Ipu 3HaUMTENBbHON pa3HHIIE
YCWIMI B CTEPXKHSAX PEHIETKM MOKHO NPUHHMATh JBE TOJILUHBI B MpeAenax
OTIIPABOYHOTO 3JIeMeHTa. PazHuna ToammH (acoHOK B CMEXHBIX y3/1ax HE JOJDKHA
MPEBBIIATE 2 MM.

PasMeprsl (acoHOK ompeaenstorcs HEeOOXOAUMOW JJIMHOW IIBOB KPEIUICHHS
a5eMeHTOB. DACOHKHU JOJDKHBI OBITH MPOCTOTO OYEPTaHMsI, YTOOBI YNPOCTUTH HUX
W3TOTOBJIGHME W YMEHBIIUTh  KoJW4YecTBO  oOpe3koB.  llenecoobpasHo
yHU(DULIHUPOBATH pa3Mephl (PacOHOK U MMETh Ha (pepMy OJMH — JiBa TUIOpa3Mepa.
CrponuiibHble pepMbl iposieToM 18-24 M pa30MBalOT HA JIBa OTIIPABOYHBIX JJIEMEHTA
C YKPYIHHTEJIbHBIMU CTBIKAMH B CcpeAHuX y3iax. CTBIKM CleIyeT MPOEKTUPOBATH
TaK, 4TOObI IIpaBas u JieBasi NoJryhepMbl ObUIH B3aUMO3aMEHSIEMbIMH.

[Ipu npoexTupoBaHUM (HEepM CO CTEPKHSAMU U3 IIMPOKOMOJIOUHBIX JABYTABPOB U
TaBpOB, M3 3aMKHYTBIX THYTO CBapHbIX NpoQuied WU U3 KPYIIbIX TpyO HamIo
II0JIB30BAThCS CIIELUAIBHBIMU PYKOBOJCTBAMH.

Tabanna 9.2. PexkoMeHnyeMble TOJTIMMHBI (PACOHOK

MakcumanbHOoe o 150 | 160-250 | 260-400 | 410-600 | 610- 1010- | 1410- | Boxee
yCUJIHE, B CTEPXKHSX 1000 | 1400 |1800 | 1800
pewerku, kH

Tonmuna dhacoHkw, 6 8 10 12 14 16 18 20
MM
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9.15. ®epMbl U3 OTUHOYHBIX YTOJIKOB

B sierkux cBapHbIX epMax U3 OAMHOYHBIX YTOJIKOB y3JIbI MOKHO
NPOEKTHPOBATH 0e3 (PaCOHOK, NPUBAPUBAS CTEPKHH HENOCPEACTBEHHO K IO0JIKe
MOSICHOT0 YI0JIKA YIJIOBBIMHU IBamMH (puc.9.16). YroJiku ciaenyer NpUKpenIsiTh

00BapKoil M0 KOHTYPY. JlonyckaeTrcsi NPUBAPKA YIOJIKa OJHUM (p1aHr0BBIM
BOM (y 00ylIKa) 1 JIOOOBBIMH IIBAMH, a TAKKe IEHTpalus oceil
CTPeKHEH peleTKd Ha O00ymoK nosica

Puc. 9 16. V3151 hepm U3 OAMHOYHBIX YTOIKOB

(puc.9.16,a). Ecaim 1151 KpemieHUsl CTepP:KHel PelleTKH K MoJIKe MOsSICOB He
XBaraer
MeCTa, TO K IOJIKe MOsiCa MPUBAPUBAIOT ILUIAHKY (puc.9.16,0), co3namoniyo B
y3Jie He00X0AMMoOe YyIINpeHHue.

9.16. ®epMbI U3 NAPHBIX YTOJKOB

B ¢epmax U3 mapHbIX yroyiKOB, COCTaBJICHHBIX TaBPOM, y3Jbl MPOCKTUPYIOT Ha
(acoHKax, KOTOpbIE 3aBOJAT MEXIY yroikamu. CTepHHU peUIeTKH MPUKPEIUIIIOT K
daconke ¢aanroBeiMu mBam (puc.9.17). Ycunue B 3JIeMEHTE pacipeieiseTCss MKy
IIBaMHU 10 OOYIIKY U Mepy Yroyika oOpaTHO MPOMOPLUUOHAIBHO UX PACCTOSHUSM JI0
ocH CTepkHs. Pa3HOCTH IIomaaei mBOB PETYNUPYETCs TOIMMNHON U JJIUHOMN IIBOB.
KoH1bl (py1aHroBBIX HIBOB BBIBOJSAT HA TOPIBI CTEpKHSA HA 20 MM Ji1 CHHIKEHHS
KOHLIEHTpaluu HanpsbkeHusl. DacoOHKM NPUKPEIUIAIOT K TOSICY CIUIOIIHBIMU IIBAMU U
BBIIYCKAIOT UX 32 00YLIOK MOSICHBIX YroyikoB Ha 10-15 mwm.

IBbI, mpukpemstone HpacoHKy K MOsCy, P OTCYTCTBUM Y3JOBBIX Harpy3ok
PacCYMTHIBAIOT HA PA3HOCTh YCHJINI B CMEKHBIX MaHe X mosica (puc.9.16,6)

N=N,-N, (9.11)

B wmecte ommpaHus Ha BEpPXHUU MOSIC MPOTOHOB WJIM KPOBEIBHBIX —IUIHUT
(puc.9.17,8,2) pacoHku HE 1 OBOJAT IO OOYIIKOB IMOSICHBIX YroskoB Ha 10-15mm.
YToOB! MPUKPETUTD MIPOTOHBI, K BEPXHEMY T0SCY (epMbl TPUBAPUBAIOT YTOJIOK
c oTrBepcTusMH moj O6outhl (puc.9.17,6). B mectax omnupanuss KpymHONAHEIbHBIX
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IUINT BEPXHUM TOAC CTPONMIBHOW (epMbl YCWIMBAIOT HaKIaJKaMH t=12MM,
€CJIM TOJIIKHA MOSCHBIX YrojakoB MeHee 10 MM mpu mare pepm 6 M U MeHee 14 Mm
npu mare depm 12 m.

B uzbexanuu ocnabieHUs cedeHHs] BEPXHETO Mosca HE CIEeAyeT MpPUBapUBATh
HAKJIAJKH IONEPEYHbIMU IIIBaAMHU.

[Ipu pacyere y370B OOBIYHO 3aMalOTCS 3HAYCHUEM “‘k,” W ONPEACISIOT

TpeOyemMy0 JUIMHY IIBa.

®daconku (epM C TpPEyrosbHON PEUIETKOM KOHCTPYHUPYIOT MPSMOYTOJIBHOTO
CEYEHHUs, C PAaCKOCHOM PEIIETKOM — B BUAE NPSIMOYTOJIBHOM TpaIELUu.

Jis obecrnieueHus: IUTABHOM TMepenaydl YCWIMS M CHIDKEHUS KOHIEHTpaluu
HANPSDKEHUH YToJl MEXy KpaeM (PAaCOHKU U AJIIEMEHTOM PEIIETKH JIOJDKEH ObITh HE
menee 15° (puc.9.17,6).

CThIKH MOACOB HEOOXOAMMO NEPEKPHIBATh HAKJIAJKaMHU, BBITIOJTHEHHBIMH U3

mucToB (puc.9.18) unu yrosnka. J{ias Toro 4To0bl IPUKPENUTH YTOJIKOBYIO HAKIAIAKY
HEOOXOAMMO cpe3aTb OOYHIOK M TOJKY YroJika. YMEHbBIICHHE ero IUIouaau
CEUYCHUS] KOMIIEHCUPYETCs (PACOHKOM.
[Ipu ycTaHOBKE JIMCTOBBIX HAKJIAA0K B pabOTy BKiItoyaeTcs ¢aconka. Llentp TsokecTu
CEYEHHS] B MECTE CThIKa HE COBMAJAET C IIEHTPOM TSKECTH CEUEHHUS MO0sica, U OHO
paboTaeT Ha BHEUEHTPEHHOE pacTsDKeHHe (MM CXKaTue), MOATOMY CTBIK — Mosica
BBIHOCST 32 TPENIETbl y371a, 4TOOBI 00JIerduTh padoTy (hacoHOK.

Jliis obecrieyeHus COBMECTHOM pabOThl YTOJKOB MX COEIMHSIOT MPOKJIAIKaAMHU.
PaccTosinre Mexay npokiaakaMu J0KHO ObITh He O0osiee 401 s cxxaThix v 801 11st
paCTSHYTBIX 3JIEMEHTOB, TJ€ | - paJiiyC UHEPIHH OJHOTO YTrOJIKA OTHOCUTEIILHO OCH,
napajuieabHON npokiajake. IIpy ’TOM B CKaThIX JIEMEHTAX CTABUTCS HE MEHEE JIBYX
IIPOKJIAJIOK.

Pemenust yKpynHUTENbHOTO Yy3i1a (epMbl MPU HMX MOCTAaBKE U3 OTIEIbHBIX
OTIPABOYHBIX AJIEMEHTOB ITOKa3aHbl Ha puc.9.19.

KOHCTpYKIIMM OMOPHBIX Y3JI0B 3aBUCUT OT BHAA ONOp (METAJUIMYECKUE WIH
KeJIe300€TOHHBIE KOJIOHHBI, KUPIHUYHbIE CTEHbI U T.J.) U CHOCOO COMpsHKEHUs
(>KeCTKO€ WU IIapHUPHOE ).

[Ipu cBoOOAHOM omMpaHuu (HepM Ha HUKEIEKAILYI0O KOHCTPYKIMIO BO3MOXKHOE
pelIeHrue OMopHOro y3ia nokazano Ha puc.9.20. Jlapnenue dhepmbl F, yepes ity
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a — yenwmpuposanue cmepoicHell;, 6 — y3eil npu packocHoll peuiemke; 8 — NpUKpenieHue npo2oHo8;

Puc. 9.17. ¥Y3asl (pepm U3 NAPHBIX YTOJIKOB
2 — npuKpenieHue KpynHonaHeibHbiX Nium

nepeaaercss Ha onopy. I[lnomans MIMTH onpeAenseTcsl Mo Hecyllel CnocoOOHOCTH
Marepuana OMNOpHI.

A,=2F/R, (9.12)

rae R - pacdeTHOE CONPOTUBIICHUE MAaTEpUaa OIOPhI HA CKATHE.

[Tnura paboTaeT Ha U3rub OT OTHOpA MaTepuaja OMOPbl AHATIOTUYHO MJIUTE 0a3bl
KOJIOHHBI (CM. IJ1.8).

JlaBnenue (epMbl Ha ONMOPHYIO IUIUTY mepenaeTrcs yepe3 (AacoOHKYy U OMOPHYIO
CTOMKY, 00pa3yIolie KeCcTKYI0 OMopy KpecToBoro cedenus. Ocu mosica 1 OIOPHOTO
packoca LIEHTPUPYIOTCA HA OChb OIIOPHOW CTOMKH.

[IIBbI, mpuBapuBatroiyie (PacoOHKY 1 ONOPHYIO CTOMKY K IUINTE, pACCUUTHIBAIOT Ha
OMOPHYIO PEAKIIUIO.

Fo/(k; 31,)< (R, B)miny, (9.13)
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Puc. 9.18. 3aBoacKoii CTHIK MOSACA ¢ U3MEHEHUEM CeYeHHU

B omopHO#M mmre yCTpamBarOT OTBEPCTHSA Uil aHKEpPOB. JlMamMerp OTBEpCTHH
JenaroT B 2-2,5 pasza Ooipllie AMaMeTpa aHKEpPOB, a IIaiiObl aHKEPHBIX OOJTOB
OPUBAPUBAIOT K IUJIUTE.

Jlns ynoOcTBa CBapKM M MOHTaXa y3Jla PacCTOSHUE MEXAY HUKHUM MOSICOM U
OMOPHOM MAUTOW MNpUHUMAKOT Oouiblie 150mMm.

AHAJIOTUYHO KOHCTPYUPYEM ONOPHBIN y3€1 MpU ONUpPaHUU (EepMbl B ypOBHE
BepxHero nosica (puc.9.19.0).

9.17. ®epma ¢ mosicaMu U3 NIMPOKOIOJOYHBIX TABPOB
C mapajajejJbHbIMA I'PAHAMH MOJOK

TaBpel ¢ mapaJieNbHBIMU TPAHSIMHU TOJOK MOJYYalOT MyTEM MPOAOIBHOTO
pocrycka IIMPOKOMNOJOYHBIX JBYTaBPOB. TaBpbl MPUMEHSIIOT B TMoOsAcax Qepwm;
pelieTKa BBINOJHAETCA W3 CHAPEHHBIX WM OJUHOYHBIX MPOKATHBIX WJIM THYTBIX
yrojakoB. @epMbl C MOsSCaMHU U3 TaBpPOB SKOHOMHYHEE IO PacXojly MeTajljia Ha
10-12%, o Tpynoemkoctu Ha 15-20% u mo ctoumoctu Ha 10-15% mo cpaBHEHUIO €
(dbepMaMU U3 MAPHBIX YTOJIKOB. DKOHOMHUSI IOCTUTAETCS 3a CUET YMEHBIICHUS YUCIIA
neTanei, pa3MepoB (PacoOHOK W JJIUHBI CBAPHBIX IITBOB.

[Ipu HEOONBIINX YCHIHMSIX B PACKOCAX IIBBI UX KPEIJICHUS K MOSCY Pa3MEIIaloTCs
Ha cTeHke TaBpa (puc.9.21,a). [Ipu Gonpmux ycunusx (OMOPHBIM U COCETHUN C HUM
packochkl) st obecrnedeHnsi HE0OOXO0IMMOM JUTHHBI 11Ba MPUBAPUBAIOT K CTCHKE TaBpa
y3J0BYI0 (pacoHKy TOM ke TonmuHbl (puc.9.21,0). CThIKOBOW IIOB COEIUHEHUS
(acoHKU CO CTEHKOH TaBpa pacCUMTHIBAETCS Ha CPe3 OT YCWIMS, PABHOIO Pa3HOCTU
YCUJIMA B TIPUMBIKAIONIUX TMaHEAX Mosica.
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a — Ha ceapxe;, 0 — nHa bonmax, 1 — qunus ceuba cmvlko8oll HAKIAOKU

9.19. YKpYIHHTEJIbHBIH CTBIK CTPONMJIBHON (pepMbl U3 NaPHBIX YTOJKOB

O b=15+20

a — onuparnue Ha ypoeHeE HUJNCHESO nosca, 0— mooice, 6epxXHeco nosica

.9.20. OnopHsbIe y3Jb1 (pepM U3 NAPHBIX YTOJKOB

H3meHeHue cedeHus mosica MOXKET ObITh OCYIIECTBIEHO BCTHIK (puc.9.21,0) umm ¢
MIOMOIIIBIO JINCTOBOM BCTaBKWM M Hakmaaku (puc.9.21,6).

YKpyIHEHHBIE CTBIKM OTIPAaBOYHBIX MApPOK BBINOJHSKOTCS HAa CBapKe WIH
BBICOKOIIPOYHBIX 0oOJTax.

Bbicokre 3KOHOMHMUYECKHE TMOKa3aTeld MUMEIT (epMbl C MOsicaMU U3 TaBpOB U
MEPEKPECTHON PEIIeTKOM M3 OJAMHOYHBIX YroJIKOB (cM. puc.9.6,01c). Packocsl TaBpa
6e3 (paconok (puc.9.21,2). B Mecte nepeceueHus: paCKOChl COCIMHSIOTCS Ha CBapKe
uin Oonrax. PacTAHyTBI packoc MPEnsTCTBYET MOTEPE YCTOMYMBOCTH CHATOTO
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packoca M yMEHBIIAET €ro PacCueTHYIO JUIMHY. KaK B IJIOCKOCTH, TaK U U3 TIOCKOCTH
depmbl B 2 paza.

a — ysen 6e3 ghaconku; 6 — y3en ¢ OONOIHUMENbHOU (PACOHKOU U U3MEHEHUEeM cedeHus nosica

Puc.9.21. YV3ibl (l)epM C MOSICAMM M3 TaBPOB 6CMbBIK, 6 — Y3€Jl C USMEHERUEM CEUYEHUA nosica
C NOMOUubIo HAKNAOKU U ecmaexKu, c— ysei

hepmvl ¢ nepexkpecmHoll peuemkou U3 y20iKo8

9.18. ®epmbl U3 TPYO

B TpyOuartbix pepmax panuoHaJabHbI 0€3()aCOHOUYHBbIE Y3JIbI C
HenocpeaCTBEHHbIM MPUMBIKAHHEM CTeP:KHel peleTkH K nmosicam (puc.9.22,a).
Y3i10BbIe conpsiKeHUs1 JOJKHBI 00ecneYnBaTh FrepMeTU3alUI0 BHYTPEHHEH
N0JIOCTH (pepMBbI, YTOOBI PEIOTBPATHTHL TaM KOPPO3HI0.

CrepKHU TaKKe LEHTPUPYIOTCA MO F€OMETPHUYECKHMM OCSIM, HO JOMYCKAaeTCs U
HKCLUEHTPUCUTET HEe OoJiee OJHOM YETBEPTU IUaMETpa MOSACHOM TpyObl, €ciau OHa
WCIIONIB3YETCSl MPU HETMOJHOM Hecyle CrocoOHOCTH.

Pacuer TakoBOro y3J0BOTO COIPSKEHUS JOBOJIBHO CJIOKEH M OTHOCHUTCS K
o0JlacTh pacuera TMepeceKarolmuxcs HIMHIPUYECKUX 000JI0YEK.

[IpoyHOCTH 1IBa, MPUKPEIUISIOWIEr0 TPyO4aThld CTEP)KEHb PEIIETKH, MOXHO
OpOBEpUTHh B 3amac MNpPOYHOCTU MO (opmylie

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

rae 0,85 - koaddunreHT ycnoBuil paboThI 11Ba, YUUTHIBAIOIINI HEPABHOMEPHOCTh paclpeIeIeHUs
HaNpspKEHH 10 JUIMHE mBa; |, - 1rHa mBa, onpeaemnseMas o Gopmyie
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lw=057zd&[15(1+coseca)- . coseca] (9.15)

3Hauenue koddpdunmeHTa &, 3aBUCAIIETO OT COOTHOIIEHUS IUAMETpa TPyoO
npuBeneHbl B Ta01.9.3.

[Ipn HegocTaTOYHOW TOJIIMHE TIOsSCa €ro MOXKHO YCWIHTh (puc.9.22.a).
Haknaaku BeIpe3aroT U3 TpyO TOTO e AUaMeTpa, YTO U MOSC WM U3rH0aloT U3 JHCTa
TOJILIMHOW HE MeHee OJHOW M He Oosiee ABYX TOJIIUH CTEHKH MOSICHOM TPYOBI

[Ipn nepenaue Ha mosc (pepMbl COCPETOTOUECHHBIX HArpy3ok (0T Beca KpOBIIH,
MOJIBECHOTO TPAHCHOPTa U T.Nl.) HEOOXOAUMO TMPEAyCMOTPETh JeTallu TUTSI

Taoamuma9.3. 3uauenusi kodpdumuenta &

dbD |02 | 05 0,6 o/ (0775 | 08 |08 | 09 |09 | 10

& 10101 /102 | 103 |104 |105 | 106 | 108 | 112 | 1,22

NPWIOKEHUS! 3TUX HArpy30K CUMMETPUYHO OTHOCHUTENIBHO OCEH MIIOCKOCTU (hepMbl
BJIOJIb OOKOBBIX YYacCTKOB CTE€HKH MOSICHOM TpYOBI.

YKpyInHUTEIBHOE COEAMHEHUE CTPOMWIbHBIX (epM B KOHBKOBOM Y37
BBINIOJIHATD C LUEHTPUPYIOIIEH MPOKIAIKOW MexAy (hIaHUEBBIMU 3ariTylIKaMH.

Ecnu Her cTraHKoB 11t GUTYpHOl 00paOOTKH TOPLOB TPYO, Y3ibl TpyOUaTHIX
dbepm MOXKHO cruTronBaTh (puc.9.22,6), a B UCKITIOUYNTEIBHBIX CIIy4asiX BHITOJIHSAThH
Ha (aconkax (puc.9.22,6). CrmonmBanue KOHIIOB JIOMYCTHMO JIUIIbL i TPyO u3
HHU3KOYTJIEPOAUCTON WJIM JPYroM ITACTUYHOM CTallu.

TpyObl 0OIMHAKOBOTO AMAMETpa COSAUHSIIOT BCTHIK HA OCTAIOIIEMCS MOAKIATHOM
koible (puc.9.23,a). Ilpn HHM3KOM pacYeTHOM CONPOTHUBJICHHHM  HAIUIABJICHHOIO
METaJula CTBIKOBOE COECIMHEHHME Ha IMOAKJIATHOM KOJBIE BBIIOJHIIOT KOCBIM IIIBOM
(pnc.9.236).

CThIKOBOE COEAMHEHHME MOXXHO TaKXe BBINOJHUTH C TOMOUIBIO IMAPHBIX
KOJIBLIEBBIX HAKJIAJOK, THYTBIX U3 JINCTA WJIA BBIPE3aEMBIX M3 TPYO TOro K€ WM
HECKOJIbKO OoJibliero guamerpa (puc.9.23,6). TonmuHy HakjIaJoK U CBapHOIrO IIBa
pekoMeHayeTcsi npuHuMath Ha 20% OoJblie TONIIMHBI CTBIKYEMBIX TpPYO.

CTbIKyeMble COEIUHEHUs1 TPyO pa3HbIX JUAaMETPOB, padOTAIOIIMX Ha CXKaTHE,
MOTYT BBINIOJIHATBHCSI C MOMOUIBIO TOPLIEBBIX MpoKIanok (puc.9.23.2). Ha MoHTaxe
4acTO NPUMEHSIOTCS (JIaHleBble COeAMHEHUs Ha Oontax (puc.9.23,0).

Peuiennsi onopHbIX Y3JI0B MpPUBEAEHBI Ha puc.9.24.

9.19. ®epmbl U3 THYTHIX Npoduei

®epMbl U3 THYTHIX CBapHBIX 3aMKHYThIX npo¢uJieii (I'CII) npoekTupyror ¢
OecacoHoUHBIMH Yy3aamHu (puc.9.25). /s ynpoueHuss KOHCTPYKIUM Y3J10B
cjaeayeT IPUHUMATH TPEYTrOJbHYI0O pelieTKy 0e3 J0NOJHUTEeIbHBIX CTOCK, IPH
KOTOPOH K MosicaM NPUMbIKAaeT He 0oJiee JABYX 3JJE€MEHTOB.
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a—c¢ H€n0€p€00m6€HHblM NPUMbBIKARUEM, 6 — co cniamwueanuem KOHyoe cmepofCHeﬁ;
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Puc. 9. 24. Onopusle y3/1b1 TPyOUATBIX epM

To/uHy CTEHOK CTep;KHell NPUHUMATHL He MeHee 3 MM. [Ilpumenenne
npogpuiien
OAMHAKOBBIX Pa3MepoOB CEYECHHUs], OTJMYAKIIMXCH TOJIIMHON CTEHOK MeHee
yeMm
Ha 2 MM HE JOIyCTUMO B OJHOU (epme.
lupuny crepxHed pemerkd “b,” (M3 IUIOCKOCTU KOHCTPYKLMH) CIIELYET

NPUHUMATH, BO3MOXHO, Goibiieil. Ho e Gonee B—3(t, +t,) U3 yCIOBUS HANOKEHHSI

OPOJOJIbHBIX CBAapHbIX MIBOB M He MeHee 0,6 momepeyHoro pasmepa mosca
B (t,, t, - TONIIMHA HOsCA M PEIIETKH).

VIbl OpUMBIKAHUS PAcKOCOB K MOSCY MOKHBI ObITh He Menee 30° ms
oOecrieueHus MJIOTHOCTH Y4YacTKa CBApHOTO IlIBa CO CTOPOHBI OCTPOro yrIia.

3aBOJACKHE CTBIKM CTEpPKHEH PEKOMEHIYETCS BBINOJHATh CBAapKOM BCTHIK Ha
OCTAroNIeHCs MOJKIAIKE, @ MOHTa)XHbIE€ CTHIKM — (JIaHIEBBIMU Ha OOJITax.

CBapHbple IIBBI, MNPUKPEIUSIIOIIAE CTEPKHU PEHIETKH K TOJIKAM ITOSICOB
PaCcCUUTHIBAIOT KaK CTBIKOBBIE (CM. IN1.4).

Y3abl ¢pepM M3 OTKPBITBIX THYThIX NPoduiIeil MOKHO BbINOJHATH 0€3
(paconok.

[Ipu mosice Qembl KOpoOYATOrO CEUEHHS U pacKocax U3 JBYX BETBEH,

COEIMHEHHBIX IITAHKAMH, PACKOCHI IPUMBIKAIOT C ABYX CTOPOH BHAXJIECTKY K IMOSCY
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¥ TnpuBapuBaroTcs (imaHroBeiMH 1mBamu (puc.9.25,a). Ecmu BbicoTa TOsCa
HEJI0OCTaTOYHA, TO K HEMY MPUBAPUBAIOT (DACOHKH B JBYX IJIOCKOCTSIX CTBIKOBBIMH
mBamu (puc.9.25,0). OnopHbIl y3en moka3zaH Ha puc.9.25,6.

9.20. Odopmienne padouero yeprexa Jgerkux pepm (KMI)

Ha nerasupoBouyHoM (padoueM) yeprexke MOKA3LIBAKT (Pacaa OTIPABOYHOIO
3JIEMEHTA, IJIAHbI BEPXHEr0 U HUKHEro MOsiCOB, BUJ COOKY M pa3pe3bl. Y3JIbl H
ceyeHHMsl cTep:kHed deprar B Macmrtade 1:10-1:15 nHa cxeme ¢epmbl,
BbluepyeHHO B macmirtade 1:20-1:30 (cm. puc.13).

OCHOBHBIMHU pa3MepaMH y3Jia SIBJIIOTCS pa3MEpbl OT LEHTpa y3Jia 10 TOPLIOB
MPUKPEIUISIEMBIX CTEPKHEW pemeTku U 10 kpas ¢daconku (cMm. puc.9.17). dnuna
CTepXHel pemerku W (PacoHOK HazHavyaercss KpaTHeiMH 10 mm. Ha ueprexe
YKa3bIBalOTCA Pa3MEpPbl CBAPHBIX IIBOB M PACIOJIOKEHUE OTBEPCTHUM MO OOJTHI.

Ha neranupoBouyHOM depTexe pasMeniaercsa crnenupukanus Aetanedt s
Ka)XJ0ro OTIPaBOYHOTO 3JEMEHTa M TaliiMla 3aBOJACKMX IIIBOB WJIM OOJITOB.

B npumeuanusx yka3blBalOTCS OCOOEHHOCTH M3TOTOBJIEHUS KOHCTPYKLHUH,
HEsCHBIE M3 4YepTexa

9.21. Y3islI TaKeIABIX (PepM

B Tskenbix (epMax Hago 0oJiee CTPOro BbIAEP:KMBATh IeHTPHPOBAHUE
CTep:KHeill B y3J1axX MO 0CsIM, MPOXOAAIIMM Yepe3 HEeHTP TAKeCTH, TAK KaK JaKe
He0Oo/IbIINe IKCHEHTPUCUTEThI TPHU O0JIBIIUX YCHIUAX B CTEP:KHSIX BbI3bIBAIOT
3HAYMUTEJbHble MOMEHTBHI, KOTOpble HeO00X0AMMO Y4YUTHIBATH MPH pacyere
depm.

[Tpu M3MeHEHUN CEYCHHUS TOSCOB IIEHTPUPOBAHKUE JIEMEHTOB CIIEAYET MMPOBOIUTH
10 OCPETHEHHOW JIMHUM IIEHTPOB TSHKECTH, NIPU STOM B pacyeTe YUYHUTHIBACTCS
MOMEHT OT PACIEHTPOBKH (€CIIH dKCIEHTpUCUTET Ooibiie 1,5% BBICOTHI CEYCHUs
nosica).

Tsokenbie GepMbl UMEIOT, KaK TPaBHIIO, BBICOTY Oonbine 3,85 M, MOATOMYy HX
coOMparoT Ha MOHTAXXE M3 OTAEIBHBIX JIEMEHTOB. MOHTaXHBIE CTHIKH PACIIOIAratoT
B y3/1ax WU BOJU3U Y3IIOB.

[Ipu pacmojoXeHUH CThIKA B y3J€, YCIOXKHSAETCS KOHCTPYKIIHS y37a.

[Ipu MoHTaxe He Bcerja yaaercs o0ecleunuTh KauyeCTBO CBAPHOTO COCIMHCHWS.
[ToaToMy MOHTaXHBIE COCIMHEHHS JJeMEHTOB (epm, paborarommx Ha
TUHAMUYECKUE HArpy3ku (MOCTOBBIC, TOJKpaHOBbIE (epMbl W T.A.), YaCTO
BBITIOJTHSIIOT Ha BBICOKOIMPOYHBIX Oontax (puc.9.26). Ilpu H-oOpazHom win
IIBEJJICPHOM CEUEHHHM CTEp)KHEW NPOCTHIMA W HAJICKHBIMU SIBJISIIOTCS Y3JIbI Ha
(dacoHKaX, COCOUHSIONINX C HAPYKHOWU CTOPOHBI BCE MOIXOISINNE K 3Ty CTCPKHH.

K ¢acoHkam KpemsaT TOJIBKO BEPTHKAIBHBIE JIEMEHTHI CTECPIKHEH.
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dacoHKM TIPH yCTPOMCTBE CTHIKOB MOSICA B IIEHTPE y3Ja CIYXKAT CTHIKOBBIMHU
sneMeHTaMu. YToObl oOecrednTh padoTy (hacOHOK I1e1IecO00pa3HO YCUIMBATh UX B
MECTaX CTHIKOB HAPY>KHBIMH HaKIaJkaMu. YnucI0 O0NTOB, MPUKPETUIIONIUX
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Puc.9.25. Y3abl1 ¢pepM U3 OTKPBITHIX THYTBIX NpoguiIei

HakJIagku, yBenuuuBaercs Ha 10%. PdacoHku clielyeT NPUHUMATh JOCTATOYHO
TOJICTHIMH, HE MCHBIIIE TOJIIMHBI CKPETISIEMBIX JIEMEHTOB.

bontel B y3max TsoKenbIX (epM clemyeT pasMeniarh Mo YHUPUIIUPOBAHHBIM
pUCKaM Ha pPAcCTOSHUSAX, TpeOyeMbIX KOHAYKTOPOM ¥ MHOTOIIMUHACIEHBIM
cBepiieHueM (0O0bIUHO Tipu OonTtax d =24MM mar O00JATOB MpuUHUMAKT S0MM).

B OonpmienponeTHeix (pepMax TOPU3OHTAIBLHOE CMEIIEHHWE OIMOp BechMa
3HaYUTENbHO. YTOOBI HCKIIOYUTH JIOTIOJHHUTEIbHBIE TOPU3OHTAJIbHBIC YCHIIHS,
KOHCTPYKTUBHOE DEILIEHUE OIMOPHBIX Y3JIOB JOJDKHO COOTBETCTBOBATH PACUETHOM
cxeMe (0JiHa Oropa MIAPHUPHO HEMOABMKHAS, Apyras — MoABMxkHas ). HenmoasrmxHyo
OTIOpPY BBIMOJIHAIOT B BHJIE€ IUIMTOYHOTO HIAPHUpPA WM HEMOJBUKHOIO OaslaHcupa,
MOJIBIKHYIO Ha KaTKax MO THUIy MOCTOBBIX (epM (cMm. ri.18).
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Puc.9.26. Y3ea taxenoi pepmbl Ha OoaTax

9.22. IlpeaBapuTe/ibHO HANIPSIZKEHHBIE (pepMblI

B ¢depmax npeaBapurtebHOe HANPSIAKEHUE OCYIIECTBISAETCH 3aTSIZKKAMM, B
Hepa3pe3HbIX pepMax — cMellieHueM onop. B paspe3nbix ¢pepmax 3aTaKKU
BBINOJIHSIIOTCSI U3 BbICOKONPOYHBIX MATEPHAIOB (CTAJBHBIX KAHATOB,

MY4KOB

BbICOKONIPOYHOW MPOBOJIOKH H T.IL.). 3aTAXKKHU CJIeAyeT pa3MeliaTh TaAK, YTOObI
B pe3yJbTaTe HX HATSKEHHS B Haulojiee HATPYKEHHBIX CTEPKHAX (pepMbl
BO3HHUKAJM YCW/INS, O0pPaTHbIe MO 3HAKY YCWJIHSIMHM OT HATPY3KH.

3aTSKKM  MOXHO pasMmeniaTh B Mpeaenax JUIMHBI OTACNIbHBIX CTEPIKHEM,
paboTaIMX TOJI HArPYy3KOM Ha pacTsHKEHHE, COo3/laBasi B HHUX MPEABAPUTEIILHOE
HanpspkeHue cxatus (puc.9.27,a). 1ot cnocod 3PEHEeKTUBEH TONMBKO JJIS TAXKETBIX
dhepm.

B depmax, nosic koTopbix (paboTtaronuii Ha pacTsHKEHUE) UMEET 3HAYMTEIbHBIN
YAENbHBINA BEC M0 PACXOy METajla, MOKHO CO3/1aTh MPEIBAPUTEIBLHOE HAIIPSIKEHUE
OJTHOM 3aTsDKKOW BO BCEeX MaHeNsX mosica (puc.9.27.6).
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B nerkux ¢depmax Hambosee  sddexkTBHa cxema  TUMA  aApKH  C
3aTsoKkod (puc.9.27, 6, 2).

Bo3MOXHBI BBIHOCHBIE 3aTsSOKKH (puc.9.27,0), pasrpyxaroliee BO3IECUCTBHUE
KOTOPBIX Ha CTEPXHHU (EepMbI MOKET OBITh OCOOCHHO 3HAYUTENbHBIM. OJIHAKO IO
YCJIOBHSIM KOMIIOHOBKH COOPY’KE€HHSI U TPAaHCIOPTUPOBAHUS — BBIHOCHYIO 3aTSKKY
HE BCErZa MOXXHO IPUMEHUTH.

[Ipy pa3MemeHun 3aTsHKKU BIIOJIb HMDKHETO TOosica MO JIJIMHE OHA COEIHUHSETCS
aapparmMaMu C MOSICOM U O0ECIEYMBAET €ro OT MOTEPU YCTOMYMBOCTU BO BpPEMs
MpEeABApPUTENILHOIO HampsbkeHust (puc.9.28), korma HWKHUN MOSC  MOTy4aeT
CKMMAIOIIUE YCHUITUAL.

[Ipy BBIHOCHBIX 3aTSDKKaX M B CXE€ME€ ‘‘apKa C 3aTsXKKOW~ HeoOXOoJIuMMa MPUHATH
Mepel Uil o0ecriedeHuss YCTOMYMBOCTM  HIDKHErO Mosica B Ipoliecce
MpEABAPUTEIILHOTO HANpsbKeHUs. B 3ToM cityuae cieyeT oCcylecTBIsATh HaTsHKEHHE
3aTSHKKU B TMIPOEKTHOM IOJIOXKEHUH, KOorja ¢epMa pacKperuieHa CBA3SIMU WM Ke Ha
3emMJIe BO BpeMsl MOHTa)a, IOCJIC YeT0 BBIIOJIHATh HATSKEHHUE M mojbeM (puc.9.29,
a). B mpocTpaHCTBEHHBIX cucTeMax (epM, HallpUMEp, TPEYTOIbHOTO CEYSHHUSI, TAKXKE
MO>KHO IPOU3BOJUTH HATS)KEHNUE BHU3Y, TAK KaK HUYKHUM IOSIC 3aKPEIUIEH OT IOTEPH
ycroitunBoctu (puc.9.29,6).

Ceyenust crepkHEH B MpeIBAPUTENIBHO HAIPSDKEHHBIX (epMax MOTyT OBITh
TaKUMU € Kak U B OOBIUHBIX. [IpuM mpeaBapUTENbHOM HaIpPsDKEHUU OTIEIbHBIX
CTEp)KHEW  3aTSDKKM — JOJDKHBI  pa3MelllaTbCcsl  CUMMETPUYHO  OTHOCUTEIBHO
BEPTUKAIIBHOM oOcCH cTepxkHA. [lo KOHCTPYKTHBHBIM COOOpPaXEHHSIM OHHM YacTo
MIPOEKTUPYIOTCS U3 ABYX BeTBeH (cM. puc.9.28).

OcHOBBI pacueTa W KOHCTPYHPOBAHUS MPEIBAPUTEIBHO HAMNPSLKEHHBIX (epm
M3JIOKEHHI B crienikypcee (“MeTtamindeckue KOHCTpYKuuu” [3]).

1. Knaccudukanus u odnacts mpuMeHeHus pepm (ctp.2-4).

Breibop cratuyeckoil cxemMbl M odepTaHUs (GepMbl U ONpEACNICHUs ee

pa3mepoB(ctp.4-9).

Kakwue ObiBaroT pemetku B pepmax? (ctp.5-10).

YTo Takoe CTPOUTEIBHBIN MOABEM U IS 4ero oH HyxeH? (Ctp.9-10).

Kak obGecneunBaercs ycronumBocth (epm? (ctp.11-12).

Kakwue Ob1BaroT ceuenus ¢hepm u ux noadop? (crp.12-15; 21-27).

Kaxk onpeznenstorcst pacyeTHble Harpy3Ku Ha GepMy U YCUIIUS B €€ CTePKHSX?

(ctpl16-19).

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

9. Yrto Takoe npejenbHas THOKOCTh cTepkHs? (cTp.20-21).

10.KouctpyupoBanue ¢depMm. Kakas pasnuna mexay dhepMaMu U3 OJUHOYHBIX
YrOJIKOB ¥ U3 NMapHbIXx? (cTp.27-33).

11.Korma ucmonib3yeTcsi ceueHue mosicoB u3 TaBpoB? (ctp.34-35).

12.13 yero emie KOHCTPYHPYIOT pepMmbi? (cTp.35-40).

13. Yro Takoe npenBapuTeIbHO HANpsDKeHHBIE pepMbl? (cTp.40-42)

14. Kak odopmisitor ueprexu jerkux depm? (ctp.39).
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