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BBEAEHHUE

KoHTakTHas cBapka — IPOTrPECCUBHBIN, YHUBEPCAIBHBIA U IIUPOKO pac-
MPOCTPAHEHHBIN B MPOMBIIIICHHOCTH CIIOCO0 COEAMHEHHS METAJLIOB.

[Ipoekr mo nucuurunHe «TexHosorus M 00OpynOBaHME KOHTAKTHOM
CBapKW» BBINOJHAETCS B T€YEHUE 8-TO0 CEMEeCTpa, B NEPUOJ U3YUYECHHS CIIELU-
AJIBHBIX JUCLUILINH.

[Tpoekt mo TuOKC umeeT psa OTIIMUMUN OT aHAJTOTUYHBIX pabOT MO Kyp-
caM «/leramm mammn», «llogbeMHO-TpaHCIIOPTHBIE MamWHBD U «CBapHBIC
KOHCTPYKUUW», KOTOphle BbIonHA0TCA Ha L u IV kypcax. Ilpu ux BwinosnHe-
HUM y4aluMCsl Ipeiaralorcs 00beKThl pa3padOTOK C JOCTAaTOYHO YETKOM pac-
YETHOM CXEMOH M XOPOIIO pa3pabOTaHHBIMU METOJUKAMHU pacuera.

B npennaraemom mpoekte BeIOpaTh NPUHLIMIHUAIBHBIE CXEMbl OOBEKTOB
JUISI KOHCTPYKTOPCKHX pPa3padO0TOK (CBapOYHBIE MPHUCIOCOOJIEHUS) TOBOJBHO
CJIO)KHO. JTa 0COOECHHOCTh pa3padaThiBA€MbIX KOHCTPYKIIMHI TpeOyeT WHIUBU-
IyallbHOTO TBOpYECKOTo noaxoaa. CBo padoTy CTYJAEHTHI I0JKHBI CTPOUTH Ha
OCHOBE 3HAaHUU OOLIMX U CHEIHAIbHBIX TEXHOJIOIMYECKUX AUCLMILINH, BOIIPO-
COB aBTOMATH3allMd M MEXaHU3alMU MPOU3BOJICTBA, SPTOHOMUKH U XyJ0XKe-
CTBEHHOI'0 KOHCTPYHWPOBAHUS, 3KOHOMHMKHM WM OpraHU3allMd IPOU3BOJCTBA, a
TaK)K€ Ha OCHOBE TEOPETHYECKOr0 U MPAKTUYECKOI0 3HAKOMCTBA CO CBAPOYHBIM
000pyI0BaHUEM I KOHTAKTHOM CBapKHu.

JlanHas paboTa sIBJII€TCS MOATOTOBKOM K KOHCTPYKTOPCKOW 4YacTh M-
IUIOMHOTI'O IPOEKTA.

OcHOBHas 1IeJIb KypCOBOI'O MPOEKTa — MPHOOPETEHUE CTYACHTOM KOH-
KPETHBIX HABBIKOB 110 PACUETy U KOHCTPYHUPOBAHUIO MAILIMH U MPUCTIOCOOICHUN
JUTSL DJIEKTPUYECKON KOHTAKTHOM CBApKH M pa3padO0TKe TEXHOJOTHMYECKOro Mpo-
11ecca U3rOTOBJICHUS U3CIIHM.

3agada KypcoBOTO MTPOEKTA:

— Pa3BUTUE HABBIKOB CAMOCTOSITENIbHON pabOThl MPU PEIICEHUHU KOHKPET-
HBIX UH)KEHEPHBIX 3a/1a4;

— cUCTeMaTH3anus, 3aKpEeIUIeHNE U PacllMpPEHUE HAyYHO-TEOPETHUECKUX
Y MPAKTUYECKUX 3HAHUM MO Kypcy «TexHonorus u o00pyaoBaHUE KOHTAKTHOMN
CBapKm»;

— pa3BUTHE TBOPUYECKUX CIIOCOOHOCTEM CTYJIEHTOB MPU PEIIEHUU HAYyYHO-
TEXHUYECKUX M IPOEKTHO-KOHCTPYKTOPCKUX 3aJad NPUMEHUTEIbHO K KOH-
KPETHOMY 331aHUIO;

— 3aKpeIUIeHHe HAaBBIKOB B paboTe ¢ OOUIETEXHUYECKOM, CrieuanbHON U
IIaTEHTHOU JINTEPATYPOU;

— yriryOneHue 3HaHui B 00JaCTH KOHTAKTHOM CBAapKH, MOJYYEHHBIX CTY-
J€HTaMU MIPU U3YYEHUH CHEeI[UaTbHBIX OOIIEUHKEHEPHBIX TUCIHUILINH;

— npuMeHeHrne 9BM B MHXKEHEpPHBIX pacyeTax.

KypcoBoii MpoeKkT cocTouT U3 rpaduuecKkoil YacTH U MOSICHUTEIBHOM 3a-
IIACKH.

['padpuueckast yacTh NpOEKTa COCTOUT U3 TpeX JUCTOB popmaTa Al.



1-#1 u 2-#1 TUCTBI — IpUCTIOCcOOIeHNE AJ1 COOPKU U CBAPKU U3IEIHUS.

3-i TUCT — IJIaH y4acTKa 1€Xa MO0 U3TOTOBJICHUIO U3JENHS U LUKIOTrpaM-
Ma pabOThl KOHTAKTHOM MalTHBI.

[TosicuurenpHas 3anucka (I13) BbIIONHSAETCS PYKONHUCHBIM CIIOCOOOM Ha
OJTHOM CTOpOHE nHcTa Oenoit Oymaru gopmara A4 ¢ HAHECEHHEM Ha HEM paM-
Ku. [{nst 3armaBHOrO JIMCTa MOSICHUTENBHOM 3alMCKU HCIOJIB3YIOT OCHOBHYIO
Haanuch (popma 2 mo 'OCT 2.104 — 68). OcHOBHast HAANKUCH BTOPOTO JIUCTA
HNOSICHUTEJIbHOM 3amucKu OQOpMIISIETCS B COOTBETCTBUM C (opMoil 2a 1o
I'OCT 2.104 — 68. OcTtanbHble JUCTHI 3aUCKUA BBITIOJHAIOTCS C paMKaMH, HO
0e3 oCHOBHBIX Hajanuceil. Homep cTpaHuipl pu 3TOM IPOCTABISAETCS B IPABOM
HUKHEM yriy. B copepxaHuu cienyeT nNepeyuciInTh 3arojJOBKU BCEX pa3/ieioB
U TIOJpa3/eioB C YKa3aHUEM HOMEPOB CTPAHUL], HA KOTOPHIX TIOMEIIECHBI 3TH 3a-
T'OJIOBKH.

[TosicuutenpHas 3anucka noikHaA conepxkarb 30...35 cTpaHul pykomnuc-
HOTO TEKCTa U UMETh CIICYIONINE Pa3/ICIbI:

3ananue (BapUaHT BBIJAETCS MPENOIABATEIIEM )

Conepxanue

BBenenue

1 Haznauenue, onucanue KOHCTPYKIUU U3JEIHSI U YCIOBUS €r0 paboThl

2 XapakTepruCcTHKa MaTepHUalla U3AENHs U OLIEHKA €ro CBapUBaeMOCTH HA
KOHTaKTHBIX MaIIMHAX

3 O0GocHoOBaHuE croco0a cBapKu U BbIOOP THIA COCTUHEHHUS

4 PacyeT peKMMOB CBapKHU

5 IIpoekTupoBaHKE U pACUET CBAPHOI'O KOHTYpPA MAIIMHBI

6 Pacuet cBapouHoro Tpanchopmaropa

7 PazpaboTka TEXHOJOTMYECKOTO MPOIIECCa U3TOTOBICHUS U3CIHS

8 TexHnyeckoe HOPMUPOBaHKE PAOOT HA KOHTAKTHYIO CBapKy

9 Pacuer cBapoyHOro 0OOPYAOBaHUS U YHUCICHHOCTH OCHOBHBIX MPOM3-
BOJICTBEHHBIX pabounx

10 Crincok nureparypsl

[Ipunoxxenue

Bo BBeaeHuu ciemyeT OoTpasuTh OCOOEHHOCTH W TMPEUMYIIECTBA KOH-
TaKTHOM CBapKH Mepej APYTrUMU CrocobaMu MOTyYeHUs] HEPa3hbeMHOT0 COeIu-
HEHUS, €€ POJIb B TEXHUYECKOM IIPOrpecce, Melb U 3a/1a4u paboThI.



1 HASBHAYEHUE, OIMCAHUE KOHCTPYKIIMU U3JIEJIUSI
" YCJIOBUM EI'O PABOTBI

B nmosicHuTeIpHOM 3amucKe JaeTcs ONMKMcaHue KOHCTPYKIIUHU Y314 Ud U3-
Jenusl ¢ yKa3aHUEeM OTAEIbHBIX JeTallel U ux HazHaueHue. Heobxonumo B 3a-
MACKE MOMECTUTh 3CKU3 M3JACNIHS ¢ YKa3aHHUEM OOIUX radapuTHBIX pa3MepOB.
371ech xKe CleyeT OTMETUTh YCIIOBHSI Pa0OThl U3JIETUs — YPOBEHb U XapakTep
MEXaHUYECKUX HArpy30K, HCIBITHIBAEMBIX JCTAISIMU; paboune TeMIIepaTyphl,
TpeOOBaHUS K KECTKOCTH KOHCTPYKIIMHM M TUIOTHOCTH (T€PMETHYHOCTH COEIU-
HEHUsI, HAJTMYHMIO arpeCCUBHOM Cpebl U T. 11.).

2 XAPAKTEPUCTHUKA MATEPHUAJIA U3AEJINA U OLNEHKA EI'O
CBAPUBAEMOCTHU HA KOHTAKTHbBIX MAIIIMHAX

2.1 Hayunblii pa3ae

JlutepaTypHblii 0030p COBPEMEHHOI'O COCTOSIHUS TEXHOJOTUH CBapKu
JABJICHUEM YKa3aHHBIX MaTe€puajoB (B COOTBETCTBUU C BapUAHTOM) C YUETOM
uX (U3NKO-XUMHUYECKUX CBOMCTB, a TaK’K€ OCOOCHHOCTH MPOEKTUPOBAHUS TEX-
HOJIOTUYECKON OCHACTKU MPHU CEPUHHOM IMPOU3BOJICTBE C YUYETOM MaTepuajo-
€MKOCTH U SHEPTOEMKOCTH.

2.2 IllosicHUTEIbHASA 3aNMCKA

Hcxonst u3 ycnoBuil paboThI U3/1€Us, CTYJEHT JOJKEH 000CHOBATh (WK
BBIOpATh) MaTepHall JJisi KOHCTPYKIIUU, YUYUTHIBAsI €T0 TEXHOJIOTUYHOCTh, CTOU-
MOCTb U T. [I.

B nosicHuTEeNnbHON 3anMCKe CIEAYET MPUBECTH XUMUYECKUM COCTaB CILIa-
Ba, €r0 OCHOBHBIE (pM3UYECKHUE CBOMCTBA (KOA(PPULIMEHT TEMIO- U 3JIEKTPOIPO-
BOJHOCTH, TEIJIOEMKOCTh, TEMIIEPATYPY IJIaBJICHUS, TUIOTHOCTh U T. I1.), a TaK-
KE €ro MEXaHMYECKUE XapaKTEPUCTUKH, BU TepM0o0oOpadoTku. Bee cBenenus o
METalie U3/IeNNs CBOJSATCS B TAOTHUIIBI.

OneHka CBapUBaeMOCTH JOJIKHA MPOU3BOIUTHCS IO JTUTEPATYPHBIM JaH-
HBIM, UCXOJS W3 TEIIOPU3MYECKHMX CBOMCTB METajula WM CIIaBa M OOIIMX
NpeACTaBICHUI O Mpolecce 00pa30BaHUsl COCIUHEHUI PU KOHTAKTHOW cBap-
Ke€.

[Ipu »TOM HEOOXOAMMO yKa3aTh Ha YyCJIOBHS 0Opa30BAaHMS CBAPHOTO CO-
EIVMHEHUSI B JKUJIKOW W TBEpAOH (paze, BOSMOKHBIE M3MEHEHUS XUMUYECKOTO
cocTaBa U CTPYKTypbl Meraiuia. Kpome Toro, HeoOXOAMMO MPOBECTH aHAIU3
CTETIEHH Pa3BUTHS COMYTCTBYIOIIMX MPOLIECCOB, Hampumep 3(dekxra Bo3IeH-
CTBUA TeIUIa Ha METajul OKOJIOIIOBHOW 30HBI. [IpoaHanm3upoBaTh MpOLECCHI,
KOTOpPBIE MOTYT NPOTEKaTh B OKOJIOIIOBHOW 30HE B PE3YyJIbTaTE€ TEPMUUYECKOIO
MKJIa U TJIACTUYECKON naedopmaliuu, CroCOOCTBYIOIIME OOpa3OBaHUIO 3aKa-



JIOUYHBIX CTPYKTYP, XOJIOJHBIX U FOPSIYMX TPEIINH, TOTEPE KOPPOZUOHHOU CTOM-
KOCTH U JIp.

B pesynbrarte TOTO aHanM3a JOJKEH OBITh BHIOpAH ONTHUMAJBHBIN NS
JAHHOTO MaTepualia U KOHCTPYKIMU M3JEIUS TEPMOMEXAHUYECKUM IUKI O
YCUWIIMIO CXATHUSl WM OCAJKU, TOKY, CKOPOCTH OIUIABJIEHUS U OCAJKH, IMPOAOJI-
KUTEIBHOCTH Harpena u T. 1. B 4acTHOCTH, NIPU TOYEUHOMN WUITM IOBHOM CBapKe
BBICOKOTIPOYHBIX MAaTEPHUANIOB IEIECO00pa3HO HCIOJIb30BaTh OTHOCUTEIBHO
MATKUE PEKUMBI IIPU 3HAYUTEIBHBIX YCIOBUAX CkaTus. COCOUHEHUS JeTalen
13 3akanuBaromuxcs craneit, Hanpumep tuna 30XI'CHA, pexoMeHiyeTcs mpo-
U3BOJAUTH C MPUMEHEHHUEM IMPOrPAMMHUPOBAHHBIX IO TOKY pEXUMOB. (CBapka
JeTanei OONBIIUX TOJIIUH OTIWYACTCS HWCIIONH30BAHUEM ITOBBIIIICHHOTO KO-
BOYHOTO YCHJIHSI.

3 ObOCHOBAHMUME CIIOCOBA CBAPKH U BBIBOP THUIIA
COEAMHEHUA

Ha ocHoBanuu aHanmm3a 0COOCHHOCTEW KOHCTPYKIIMH, YCIOBHUH paOOTHI
M3CNNS U CBapUBAEMOCTH MaTepuaia MPOU3BOJAUTCS BHIOOpP criocoba KOHTaKT-
HOM 3JIEKTPOCBApKU (TOYEUHOM, IMIOBHOM, pesbeHOM, CThIKOBOM U ap.). [lpu
ATOM HEOOXOJUMO YUUTHIBATh TPEOOBAHUS K IJIOTHOCTH CBAPHBIX COCAMHEHUM,
BO3MOXHOCTH KOpPOOJICHHUS JIeTaliel, y100CTBa MOX0/1a SJIEKTPOIOB U POJIUKOB
K MECTYy CBapKH, TEXHOJIOTUYHOCTh U TMPOU3BOJUTEIBLHOCTH Mpolecca (mpo-
rpaMMmy BbITTycKa uzaenuit). [lpu u3roroBieHUM u3nenuil CIOXKHOU (OpMBI B
YCIIOBHSIX MACCOBOIO IPOM3BOJICTBA MOYKHO MCIIOJBb30BATh MHOTOTOYEUYHYIO
CBapKy.

C yderoM BBIOpaHHOTO crioco0a CBAapKH CTYAECHT JIOJKEH CIPOEKTHPO-
BATh CBAPHOE COCAWHEHUE U NMPEACTABUTH €r0 3CKHU3 C YKA3aHUEM BCEX pa3Me-
pOB (TOJIIIMHBI JAeTaneil, BEIUUYMHBI HAXJIECTKU, PACCTOSIHUS TOYKU WU OCH

IIBa OT Kpas U T. A.) U o003HaueHueM cBapHbix coeaunenuii mo 'OCT 15878 —
79.

4 PACYET PEKUMOB CBAPKHA

Br160p pannoHaabHOTO PeXHMa CBAPKH SIBISICTCS BAXKHEUIIIUM YCIOBHEM
NOJIyYEHHUsI KaYE€CTBEHHBIX CBAPHBIX COEAWHEHMU. VICXONHBIMU HAHHBIMU IS
OTpeZieNIeHUs] PeKUMa CBApPKHU CIIYKaT TEIUIO(U3UUECKUE CBOMCTBA U TOJIIMHA
MeTajia JeTalield, a Takke 0COOCHHOCTH MPUMEHSIEMOT0 CBAPOYHOI0 000Py/10-
BaHus. [laHHBIE TIO pacyeTy W BHIOOPY MapaMeTpPOB CBAPOUYHOTO PEXHMA IS
KOHCTPYKIIMH U3 PA3JIUYHBIX MAaTEPUAJIOB U CILJIABOB SIBISFOTCS UCXOAHBIMU MIPU
KOHCTPYUPOBAHUU COOTBETCTBYIOIIETO OOOPYAOBAHMUSI KOHTAKTHOM TOYEYHOM
CBApKH.



4.1 OmnpenejieHHe MAapaMeTPOB pPesKMMa TOYEYHOI cBapku (Tadu. 1)

Benuunaa cBapo4HOro TOKa, HEOOXoAWMas AJisi O0Opa30OBaHMs CBApHOU
TOYKH, MOKET OBITh OonpejiesieHa mo 3akony Jxxoyns — Jlenna [12]:

lcs = \/Q33/(mr Rﬂ.KOH tes ,

rae |, — nelicTByrolee 3HauYGHHE TOKa IpHU JIFoOoM (popme mmmylbca
(mox I, moHMMAaeTCsl yClIOBHAsl BEJIMYMHA MOCTOSHHOTO TOKA, BBHI3BIBAIOIIETO
TOT K€ TEIIOBOM 3 (PEKT, YTO M ACHCTBUTEIBHBIN UMITYJIBC), A;

Q55 — TemIoTa, BBIACIAIONIASCS MPU MPOTEKAHWHM TOKA Yepe3 y4acTOK
«OQIIEKTPOJI — NCKTPOa», JIXK;

M, — K03 PUITMEHT, YINTHIBAIOIUNA U3MEHEHUE COMPOTHUBIICHHS BO Bpe-
Ms CBapkd. Jld HU3BKOYIVIEPOAMCTBIX UM  HHM3KOJETMPOBAHHBIX CTaJleH
m, =1,0...1,1; mis aarOMHHHEBBIX M MarHMeBBIX cimiaaBoB M,=1,2...1,4; mis
KOPPO3UOHHO-CTOMKHUX cTajel u Tutana m, = 1,1...1,2;

R, xon- — COIPOTHUBIICHHUE JieTalell K KOHILY HarpeBa (nmpuioxenue b);

t.; — TEXHOJOTHUYECKH 1IeJIeCO00pa3HOe BpeMs.

Tabauya 1 — [lapamempvl HEKOMOPLIX KOHCMPYKMUBHBIX INEMEHMOB
MOYEUHBIX U WOBHBIX COeOUHeHUll epynnvl A
(I'OCT 15878 — 79) npu ceapke oemaeii 00UHAKOBOL
MOAWUHBL OOHOPSAOHBIM ULBOM, MM *

MuHuMab- MuHuMabHas BEJIMYKMHA MuHHUMaJIbHBIN
Tommuna HBIN HaxJIECTKH, B mar Mexnay
JieTanen aaMerp  |AmoMunuessie, Cranm, TOYKAMU IS
JIATOTO A7Pa, | MarHueBble, aJTIOMHHUCBBIX,
01 =0, HIMPpYUHA  IMeHbIE CIIJIaBHI THTAHOBBIC MarnueBbIX,
JIATOMN 30HBI CTLTaBbI MEIHBIX CIJIABOB
0,5 3 10 8 10
1,0 4 14 11 15
1,2 5 16 13 17
1,5 6 18 14 20
2,0 7 20 17 25
2,5 8 22 19 30
3,0 9 26 21 35
4,0 12 32 28 45
5,0 14 40 34 95
6,0 16 50 42 65

[Ipumeuanue. * Ilpu O; # O, AWaMeTp sapa BHIOHMPAIOT B Tpejenax
(1...1,25) MeHbI1IEH TOJIIIUHBI JIUCTA.



Tennora Q,, onpenensercs mo hopmyse

Q33 = Q1+ Q2+ Q31

rae Q; — PHeprus, 3aTpaunBaeMasi IPH HarpeBe JI0 TEMIepaTyphl ILIaBIIe-
Hust Ty, K, cronbuka metamia cBapuBaeMbIX JieTayiell BHICOTOW 20 M TuaMeT-
poM ocHoBaHwusI dy,

CTd?
Ql = 4

20 cy AT,

3nech C — TEIII0EMKOCTh CBapuBaeMoro merana, Jk/krK;
3.

'Y — JIOTHOCTh CBApUBAEMOT0 METallIa, KI/M',

O — TOJIIWHA OJHOM IIACTHHEL, M;

dy— nmameTp JMTOrO SJpa CBAPHOW TOYKH, PErIIAMEHTHPYETCS
I'OCT 15878 — 79 [14]. Ans ympolneHus B JaJIbHEHIIINX pacuerax
npuHUMaTh 0, = d, — TMaMeTp KOHTaKTa JIEKTPO/Ia C ACTAIBIO;
Q, — temaoTta, pacxoayemass Ha HarpeB a0 Tpy/4, K, cBapuBaemoro me-
TajlJla B BUJIE KOJIbLA MIUPUHON X, OKPYKAIOIIETO JIUTOE SIAPO:

QZ = Kl T XZ (dﬂ + )(2)28 cy (ATHJ'I/4)1

3neck Kj — koadpduument, 6mm3kuit k 0,8, y4UTHIBAET, UTO CPEaHSSA
TeMIlepaTypa KoJbla HUXKe cpeaHei temmnepaTtypsl AT/4 B cBsi3u co
CJIOKHBIM PACIPEACIICHUEM TEMIIEPATYyPBhI;

X, — IIMpHHA KOJbLA, OKPYXKAIOLIEro sapo, M. Ha mpaktuke miist
HHU3KOYTJIEPOJAUCTBIX W HU3KOJETUPOBAHHBIX CTallel MPUHUMAIOT

X,= 1,2/l ~10'2; JUISL HEPIKABEIOIMMNX X; = 1,1+/tcp -10'2; VTS
ATIOMUHHUEBBIX CIIJIaBOB X,=3,1/tcp 102 TUTS MeIn

X,=3,3+/1c5 -10'2; st crutaBoB thtaHa X, = 1,1+/lcg 107 (tes —

BPEMs CBapKH);
Q3 — MOTEpH TEIUIOTHI B AJICKTPOJBI WM HArpeB YCIOBHOTO IMJIMHIPA
(BHYTpH DJIEKTPOJIa) BEICOTON X3 10 CPEAHEH TeMIEpaTyphl:

T, = AT,,/8,
Q3 = 2K2 (TEd,I/4)X3C3Y3 (ATHH/8),

3nech Ky — koadduiment, yunteiBaommii ¢hopmy saekTpoaa (s
nunuHapuyeckoro K, = 1; nna konmueckoro K, = 1,5; nns chepu-
yeckoro K = 2,0);



X3 — ompemenseTrcs BPEMEHEM CBapKd U TEMIEPaTypOIpPOBOIHO-
_ -2y.
ctbio, M (X3= 3,3 4/lcg -107);
3
C,, JLx/kr-K u y, Kr/M” — TEIJIOEMKOCTh | TJIOTHOCTh METaJIIa JJICK-
TPOJIa COOTBETCTBEHHO (MpUIIOKEeHHE b).

ComporuBiieHre aeTajleil K KOHIy HarpeBa Ry oy ONpenenserca Io
CIPaBOYHBIM JaHHBIM, IMOJYYEHHBIM IPH CBAPKE HA HOMUHAJIBHBIX PEXUMAX U
HOMHUHAJIBHBIX pa3Mepax JHUTOM 30HbI COeTMHEHMH (TipriioxeHue b).

ConpoTHuBICHHUE ITYHTA HAXOAUTCS U3 POPMYJIBI

R = K, pr (2 1/h8),

rae K, — koadduiment moBepxHoctHoro 3¢dekra (tadim. 2);
Pr — YIEIbHOE AIEKTPUUYECKOE COMPOTHUBIICHUE MaTepuaia IIacTUH MpU

temmneparype, papHoit 0,2...0,4 Ty, (MeHbIIIME 3HAUYCHHUS OTHOCATCS K MaTepH-
anam c OOJbIIEH TEITONPOBOJHOCTHIO). B pacyeTax MOXHO HNPHUHSATH: JJI Ma-

JNIOYIIEepOAUCTIX  crameil  pp =80-10° Om'M; mIs HepKaBelomuX crajeit
pPr= 110-10°® OM'M; Ul TUTAaHOBBIX CIIJIABOB  Pp = 120-10°® OM-M; VIS
AIOMHHHEBBIX CTLTaBoB Pr = 95-10° Om-m;

3.
1 — mmar Touek, m-107;
h — mmpuHa MOJIOCHI, MO KOTOPO# IIYHTHUPYETCS TOK, M. Benmmuuna h

Haxoutcs u3 3aBucumoctH h/1 = f(1dy), mpencraBiaeHHoON Ha puc. 1.

Tabnuya 2 — 3asucumocms KO3 puyuenma nogepxHocmuoz2o ¢ gexma
Om MONUWUHBL TUCINO8

5, m10° | 1 1,5 2 3 4 5 6 9

Ky 1 1,2 1,3 1,5 1,9 2,6 3 3,6

ToKk WIYHTUPOBaHUS YEPE3 PAHEE CBAPECHHYIO TOUKY OIPEIEISIETCS BbI-
paxkeHuem

IL]_I = ICB(RH.KOH / Rm)
Tox BO BTOPHYHOM KOHTYpE MaIIHHEI 1o HaxoxuTes o gopmyite
IL=1;+ 1.

DKBHBAJICHTHOE COMPOTUBICHUE Ryyp, HEOOXOAMMOE VIS pacueTa COMpo-
TUBJICHUSI CBAPOYHOT'0 KOHTYPa, HAXOIUTCS U3 (HOPMYIIbI

10



S|z

Y

2 6 10 18 6

dy

Pucynox 1 — K onpedenenuto 3k8u8a1eHMHOU WUPUHDL h semeu
WIYHMUPOBAHUSL NPU MOYEYHOU ceapke (6 pacuemax npunsms d, = d,)

Tok BO BTOpUYHOM KOHTYpe MaluHsbl o Haxonutes no popmyse
ICB II_H'

DKBUBAJIEHTHOE COMPOTUBJIEHUE R4y, HEOOXOIUMOE I pacyeTa COnpo-
THUBJICHUS CBAPOYHOT'0 KOHTYPA, HAXOIUTCS U3 (POPMYJIBI

Rm RZ[.KOH
R, +R '

J1.KOH.

Ru =

4.2 OnpenesieHne NapaMeTpoB pe:KMMa MIOBHOW CBAPKHU

OCHOBHBIE pAaCcUETHBIE 3aBHCUMOCTH JIJIsl ONPEIEIEHUsI apaMeTpoOB pe-
YKAMa IOBHOW KOHTAaKTHOM CBapKH:

1 Veunue cocamusn P, H, Mmexay poliukaMu JJIs MaJIOYIJIEPOJIUCTHIX CTa-
JIed ¥ aJIFOMUHUEBBIX CIIAaBOB

11



P =500 + 21055,

rje O — TOJIIHMHA OJTHOTO U3 CBAPUBAEMBIX JIUCTOB, M.
3nauenue P ns HepikaBerOMMX, KAPONMPOUYHBIX CTANCH M THTAaHA OIpe-
nemnsieTcs mo popmyiie

P =2(500 + 2-10°5).

[Ipu HexayecTBEHHOM COOpPKE M JKECTKOM KOHCTPYKIIMM, a TaKXKe KeCT-
KOM Matepuaje ycuiue cxaTus npuaumMaercs Ha 10 % 6ombIie pacueTHOTO.

2 Bpems exniouenus ceapounoz2o moka (JIUTEIBHOCTb OJTHOTO UMITYJIbCA
CBApOYHOTIO TOKa ty, C):

— JUIS CPeIHEYTIepOnuCThIX crameii  t,= 0,04(1 + 8°10°);

— JIJIS1 HEPIKABEIOIIUX CTaJICH t,= 0,03(1 + 8°10°);
— NI aTIOMMHHUEBBIX CILIABOB t,=0,02(1 + 8°10°;
— JIJIS CTIUTABOB TUTaHa t,=0,03(1 + §%10°).

OTHomeHue HMIIYJIbCa BPCMCHH tH K 06[[I€My BpEMCHHU OIHOTI'O IIHKJIAa

t, + t, (t; — BpeMms mayssl, ¢) onpeneisiercs us 3asucumoctu t,/t, + t,=0,5...0,7
JUIS CPEHEYTIICPOIUCTRIX cTanei; t,/t, + t,=0,4...0,6 w1 HepkaBeromUX cTa-
je# u turana; t,/t, +t, =0,15...0,36 11 aaIfOMUHUEBBIX CILUIABOB.

3 Illae mouex Tpu POJIMKOBON CBApKE yYCTAHABIMBACTCS B 3aBHCHMOCTH
OT TOJIITUHBI CBAPUBAEMBIX JI€TaJIel, a TaKKe TPEOOBaAaHUN TepMETUYHOCTH (TIe-
pekpbITie TUTHIX 30H Ha 20...50 %). [1lar Touek S, M, 711 TEPMETUIHBIX POJIH-

KOBBIX 1IIBOB OPUEHTHPOBOYHO ONpeensiercs mo 3apucumocta S = (2,8...3,2)0
JUIS. MAJIOYTJIEPOJUCTBIX M HU3KOJETUPOBAHHBIX CTajel; S = (2,4...2,8)6 VIS

HEPIKABEIOIINX M JKAPOIPOUHbIX crameit; S = (1,5...2,5)0 mwIs CILIABOB aiio-
muHug. CKOpOCTh CBapku V¢, MM/C, MOXHO OIpPEACIUTh W3 OTHOIICHUS
Ve = S/t + .

BenuunHy AelCTBYIOLIETO 3HAYEHHMS CBAPOYHOIO TOKAa IIPU IIOBHOWU
cBapke l.;, A, HEoOXomumyto it GOPMHUPOBAHUS €AMHUYHON TOUYKU, MOKHO
ONPEACIUTh MPUOTUKEHHO MO (GopMmyJie, aHAJIOTUYHON JJIsl pacuera Mpu To-
YEYHOM CBapKe:

ICB = \/Qaalmr RI[.KOH tI/I'

YuuTeIBasi, 4TO IJIONIAb CEYCHHUS JTUTON 30HBI TOYKU (B TJIOCKOCTH CBa-
pUBaEMBbIX JETaJICi) MPU MOBHOM CBapKe OyJeT OOJIbIe, YeM MpPHU TOYSHHOM, 3a
CYET yBEJIMUECHUA €€ pa3Mepa B HAMPABICHUU CKOPOCTH CBapKH, B pacuerax I,
CIEIyET NPUHSTH

d,=d,,~1,1...1,2b,,

12



[MIupwuna mBa b, BIOMpaeTcs mo tadu. 3.

Tabauya 3 — lupuna wea b, u pexomenoyemas wupuna pabouet
yacmu poauxko8 J npu ul08HoOU céapke

O ozHoit neran, 05108 )| 10| 151 20| 25| 301 4,0
MM
b, m-10° 25..139..135..155..165...] 75...| 8,0...110,0...
35| 40| 45| 65| 80| 90| 95| 11,5
£, m-10°° 40 | 5050 70|80 90 ]|100]| -

3HaYCHHE COMPOTHBICHUS R, TPUHUMAETCS MO TaOIHIlEe, MPUBEICH-
HOU B MPUJIOKEHUU A.

Tox myntupoBanus I, A, B paHee CBapEHHYIO TOUKY HaXOIUTCA U3 BbI-
paKEeHUI:

NN

OO0t BTOpUYHBIN TOK MaIIMHBI [, HAXOUTCS Kak CyMMa JeHCTBYIOIIE-
ro 3HAYEHUS TOKA U TOKA IIIYHTUPOBAHUS

L=1;+ L.

[Tocne pacuera 3naueHus |, cpaBHUTH C pEKOMEHTYEMBIM.
s onpeiesieHus: COMPOTUBIICHUS IITYHTA MOKHO BOCTIOJIb30BATHCS 3a-
BUCHUMOCTBIO

I

CB

Rm = RI[.KOH I :

OKBUBAJIEHTHOE CONPOTUBIIEHNE HA YYACTKE «AJIEKTPOJ — MIEKTPOI»
HaxouTcsa U3 GopMyJbl

13



Rﬂ.I(OH Rzu

R = AR A
DKB :
Rg.KOH + Rzu

4.3 OnpeaesieHne MapaMeTpPoOB PeKMMA CTHIKOBOI CBAPKH
HeNnpepbIBHBIM OILIABJIEHHEM

OcHOBHBIEC TapaMeTPhl MPOIEcCa CTHIKOBOM CBAPKH CJICIYIOIIHE:
F — mioma s monepevyHoro ceueHus aeTainei, M
l1, I, — ycranoBounas quHa (puc. 2), M;

Aoe — IPUITYCK HA OCAJKY, M;

Aony — IPUITYCK HA OIUIABJICHUE, M;

A= A oc + Aoy — IPUIIYCK HA CBAPKY, M;

V. — CKOPOCTb OCaJKH, M/C;

Vou — CKOPOCTH OILIABJICHUS, M/C;

toc — Bpems ocaaku, C;

tons — BpEMs OTUIABJICHUS, C;

tes = toc T ton — BpPEMS CBaApKH, C;

|.; — TOK CBapOYHBIH, A;

] — IIIOTHOCTBH CBAPOYHOTrO TOKA, AN

P..x — yculiue 3axkaTus Jerainei B ryokax, H;

Poc — ycumnue ocaaku, H.

61 22
Ace Ace
2 2

« > e

&

Aoc Aona Aoc

2
> —

l
IR

PMC)/HOK 2 — Cxema npoyecca CMbIKOBOUL ceapkKu onjasjleHuem
YcTanoBoYHas JjIuHA OIMpCACIIACTCA:

14



— IJIA KPYIJIoro CCYCHUA U KBaz[paTa:
1, +1,=(0,75...1)d;
— JUIS IPSIMOYTOJIFHOTO CEUCHHMSI C TOIIIMHOMN O:
I+ 1,=(4...5)5.

[Tpunyck Ha CBapKy BIOMpAETCs B 3aBUCHUMOCTH OT IUIOIIAIH ITOIIepey-
HOT'O CeYeHUs AeTajen mo taoi. 4.

Tabnuya 4 — [Ipunycku Ha ceapky

F, M>10° 250 500 750 | 1000 | 1250 | 1500 | 1750 | 2000

Acy, M 107 17...18| 19...21 24...26|27...29|30...32 33...35|37...39|40...42

[Ipumnycku:

—Ha ocanky A= (0,2...0,3) A ;

— Ha omnaBienne A,y = (0,7...0,8) A .

CkopocTh omnaBieHus V,, (Tabmn. 5) momkHa Bo3pacTaTh K KOHILY IpO-
11ecca M JIOCTUTaTh MAaKCUMAJILHOTO 3HAYEHUsS Tepea ocaakoil. Huskas Hagams-
Hasi CKOPOCTh OTUIABJICHUSI YBEIIMYUBAET IIyOMHY MPOTpeBa JeTalei, a BhICOKas
KOHEUYHAs CKOPOCTh OIIABJICHUS MPEIYNPEKIAeT OKUCICHUE MeTalljla Ha TOP-
1ax JeTajie.

Tabauya 5 — Ckopocmu onnasierus u 0caoku

CKOpOCTB OINNIaBJICHUA CKOpOCTB OCaJKu

Marepuan Vo107, M/c HaJaJIbHAs
cpenHss | mepen ocankoit Voenar 107, M/c,
HE MEHEE
Manoyrnepoaucras CTaib 0,5...15 2..5 15...20
Huskoneruposannas ctanp | 1,5...2,0 4...5 20...30
AYyCTEHUTHAs CTaJb 2,5...3,5 5...7 30...50
Jlerkue cruiaBbl 3..7 8...15 100...200

HauansHast ckopocTh ocaaku V,. JOJDKHA OBITh HE HIDKE OIPEACICHHOTO

npejesa, KOTOPhIH pacTeT ¢ YBEIUYCHHEM CKIOHHOCTH METajljla K OKHUCIICHHIO
(cm. Tabum. 5).
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CKOpOCTh OCaJKH JTOHKHA YMEHBIIATHCS BIBOE TIOCIIE TOTO, KaK BKJIIOYA-
€TCs1 CBAPOYHBIN TOK.

CpenHsis CKOpOCTh OCafku onpenensercs Kak Ve o, = 0,75V ¢ yau.

JUTHTETEHOCTD TIPOIIECCOB:

— oruaBieHus to; = Aong ! Vons,

— 0CaKH 1:oc = Aoc / Voc.cp;

— CBapKHu tes = tomn + Loce

Yewme 3axatus 3IeKTPOaoB: P = f(Poo), Tae Poc = pF, 3mech p —
yJIeJIbHOE COMPOTHBRIICHNE 0caaku (Tao. 6).

Tabauya 6 — 3nauenus yoenvbHO20 0a81IeHUs.

Marepuan VY nensHOE naBieHue P-106, ITa
Huskoyraepoaucras cranb 50...20
Cpenuneyriepoaucras cTalb 60...30
BricokoyraepoaucTas cTajib 70...100
AJIFOMUHHN 120...150
Turan 30...60

Torna
Poc
Psam =
fi+ 1

riae f1 u f, — koapdunuenTsl TpeHus 1 ryook, f1 = 0,25; f, = 0,30, unun
P33.>K = K3a>1< POC!
riae K. — koaddunmenT 3axarus (onpenensercs u3 tTadi. 7).

Tabauya 7 — 3nauenus koagguyuenma 3axcamust

CBapuBaembie 00pasIlsl Kax
TpyObl U IPYTKH U3 MAJIOYTJICPOJIUCTON CTAIH 1,5...2,0
ITpyTKH 13 XpOMOHUKEJIEBBIX HEPIKABEIOIIMX CTAJIEH 2,2...3,0
JIncTtoBou nmpokar 2,3...3,2
AJITOMUHHEBBIE TTOJIOCHI 2,7
ATIOMHHHMEBBIE TIOJIOCHI, €CITM HAa TYOKaX €CTh HAaCeUKa 0,8...1,0

[InoTHOCTH TOKa JUIsl CTalbHBIX JeTajied ompexaensercss u3 rpaduxa
(puc. 3).
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PucyHOK 3- PeKOMeHayeMble SHAYEHUA NJIOMHOCmMuU mokKa u 6pemeHu
ONJIA6IEHUA

CBapouHBIi TOK ONPEAENSIETCA W3 YPAaBHEHHS TEIUIOBOM MOIIHOCTH
QOHH, BBIJIEIIIEMOM Ha TOPLIAX MPH OILIABJICHUU!

Q OILJT
R 3

o

—_ 2 —_
Qorm - Rorm I CB) OTKYHa ICB -

rae Ry, — conpoTuBIIEHUE 30HbI OTIABICHUS;
lonr — ICMCTBYIOIIIEE 3HAYECHHUE TOKA.
Bemuuuna Q,,,;, HaxoauTcs U3 Bepakenwus, Jx/c,

QO"“ - KVOHHFCY(TOHH - Tl) + moVonnFY¥ + ZXF% )

1
rae K = 0,7 — koapuuenT, yuuThIBaromuii BLIOPOC MeTamia B BUJE OT-
JEJIbHBIX KaIlellb;

V oun — CKOPOCTH OILIABJICHUS;

F — mmoniaas monepeyHoro CeUeHus CTEPKHEN;
C — ynenbHas TEIII0EMKOCTh, JIK/Kr-K;

. 3.
Y — YIENbHBINA BEC, KI/M";
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Tomr — TEMIIEpATYpa B MECTE KOHTAKTA, [y, = 2270 K

T, — HavanbHAs TEMIEpaTypa MOBEPXHOCTH B MOMEHT KOHTAKTa.

B nauane ommaBnenus T; = 293 K (komHaTHasi TeMreparypa); B KOHIIE
oruiaBieHusd 11~ T,

[IprHMMaeM

Tl = (TKOMH + 016T0nn)/2;

r7ie My — yAeIbHas CKpbITas TEIUIOTa IIaBiIeHus, /KT (111 Mamoyrie-
POAUCTOM cTamu My = 272-10° JIK/Kr);

A — ko3 dunmeHT TemnonpoBoaHocTH, Jx/M-c-K; -

T — Temmepartypa npeaBapuTeILHOTO ToA0rpeBa, K;

dT/dx — rpaament Temmepatyp, wms craneii dT/dx = 2-10°...5-10° K/m.

Jl7is yCIOBUHM YCTAaHOBUBIIIETOCS, HETPEPHIBHOTO U MHTCHCHBHOTO IPO-
1IECCOB OIUIaBJICHUA BeMuKHa R, onpenensercs no hopmye

R = Vour- ¥ € Toug

o~ sz

Jl71st BO30Y>KIeHUs OTUJIaBICHUSI HEOOXO0UMO UMETh OTIpPEe/IeJICHHBIN 3amac
YCTOWYMBOCTH, KOTOPBIN XapaKTEPU3YETCS OTHOIICHHUEM TOKa KOPOTKOTO 3a-
MBIKaHHUS K CPETHEMY CBAPOUYHOMY TOKY |/l

J171s1 TOHKOCTEHHBIX u3zenuit (Hanpumep, Tpyo) |/l > 2,5...3; w1 kom-
MaKkTHEIX ceueHuit |/l > 5.

S PACUHET U IPOEKTUPOBAHUE CBAPOYHOI'O KOHTYPA

CBapouHbIid KOHTYp — 3TO CUCTEMA TOKOBEIYIINX 3JIEMEHTOB U 3JIEKTPH-
YECKMX KOHTAKTOB, OOECIEUUBAIOIIMX IOJIBOJI TOKAa OT BTOPUYHOI'O BHUTKA
TpaHchopMaTopa K CBApUBAEMBIM JIETAJISIM U TIepeaady K HUM YCUIIHUS CKaTHS.

5.1 OnpenesieHne rabapuTHHIX pa3MepoOB CBAPOYHOI0 KOHTYpa

[IpenBapuTebHO BEIYEPUYMBAEM ICKU3 CBAPOYHOT'O KOHTYpa C HAHECEHU-
eM JIMHEWHBIX pazMepoB pabouero npoctpanctBa L u H (puc. 4), koTopslie 3a-
BUCAT OT Ta0apUTOB CBAPUBAECMBIX JICTaJICH U BUJIa TPUBOA CIKATHS.

Yewm marmpliie pacmojioskeH TpaHc(hopMaTop OT JIEKTPOIOB, TEM OOJIBIIE
BbUTeT L U Tem Oombllie pa3sMephl JeTaneil, KOTOpble MOTYT ObITh CBapeHBI Ha
naHHOUM MammHe 06e3 kaHTtoBaHms. OIHAKO yBenwdeHUE BbuleTa L u pacTBOpa
H BBI3BIBaET pOCT CONMPOTUBIICHUSI BTOPUYHOTO KOHTYPa U MOIIIHOCTH, IMOTPEO-
JIIEMOM OT CETH.
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Pucynox 4 — Ceapounwiii konmyp mawiunsl

[Tosromy L BmonmHe ompeneneHa s KaXAO0W MAllWHBI U JOJDKHA COOT-

BETCTBOBAaTh CTaHJAPTy WJIM TEXHUYECKOMY YCIOBHUIO Ha MamuHbl. Hanpumep:
300, 500, 800, 1200, 1500 mm.

5.2 OnpenesieHne 3JIeMEHTOB CeYeHHUsI CBAPOYHOI0 KOHTYpa

Ceuenue q dJeMEHTa KOHTYpa W IUIOIIA/Ib KOHTaKTa PACCUMTHIBAIOT IO
JIOTTYCTUMOM TIJIOTHOCTH TOKA |

q = I2;[n/j;

rae |y, — JIUTEeNbHBIA BTOPUYHBIN TOK, A;

|, — TOk BO BTOpUYHOM KOHTYpPE MaIIuHBbI, A;

I1B — oTHOCHTEIBHAS TIPOJAOKUTEIBHOCTh BKIIIOUEHHUS, Y%, ONpeneser-
cs 1o hopmyiie

1B = 100t.,/ t, = 100 to, / (te; + 1),

rue t.; — Bpems CBapkKu, C;

t, — maysa, c;

t, — JJIMTEIbHOCTh TOJHOTO I[MKJIa CBApPKH, ¢ (JOKHA COOTBETCTBOBATH
I'OCT 297 — 80);

] — omycTHMas TUIOTHOCTh TOKa (Tadu. 8).
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Tabnuya 8 — 3uauenuss 0onycmumou nIOMHOCMU MOKA 8 J/leMeHmMax

KOHmMypa
HanmeHnoBanue Jlomyctumas
YcnoBus
aneMeHTa BTO- | Marepuan mw1oTHOCTH | [Ipumeuanue
OXJIAXKJICHUS 2
PUYHOTO Kpyra TOKa, A/MM
1 2 3 4 5
Ceeun (anekrtpo- | Menp M1 WNHTeHncuBHOE 12...18
JIepP KaTeIN ) BOJISTHOE
DNEKTPOIBI bpX u apyrue | To xe 20...30 B cmrommaOM
MaTEePHAITBI CECUCHHH
30...45 B nonom
CEUCHHH
[HIuHE rHOKME Jleata MI'M | Bo3aymiHoe 2...25
Bozaymnoe, 25...4
0 KpasiM KOJIOJKHU
OXJIaX 1. BOJAOMU
X000THI Mens M1, Bozaymmoe 1...2
KPYTJIbIC bpX Bozaymnoe, o 2...3
u KOHI[aM B MeCTax
TIpyTHe 3a)KUMOB BOJSTHOE
MaTEPHAITBI BonsHoe 3...5
[Hunbl Mens M1 BozaymHoe 1...2
CILIOIIHEIE Bonasnoe 25...4
Mennoe muthe o Menp M3 Bonsnoe 2...3
3QJIUTBIMH ~ TPYO-
KaMU OXJIQXKIEHUS
Konrtaktuele mno- | Menn Boznymino- 0,5...1 OmHa wu3 co-
BEPXHOCTH HEIIO- BOJISTHOE pUKacaro-
IBUKHBIC UXcs 4YacTel
OXJIaX]I. BOAOMU
Ckonb3diue Menb, bpX u | Boasnoe 0,5...2 Opgna w3 co-
KOHTaKThl ~ IOB- | Ipyrue Mare- IIPHKacaro-
HBIX MaIlluH pHUaITBI IUXCSA dYacTe
OXJIAXKIa€TCs
BOJIOM, IPOXO-
IAIIEe B KaHa-
Jax
CKoJp3d1ue To xe Jo 12 Paboraror B
KOHTaKThl  IIIOB- BOJIC
HBIX MaIlluH
KaGemn mnoasec- | Mens M1 15...50 To xe

HBIX MallluH
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5.3 PacyeT moJIHOTO CONMPOTUBJIEHUSI CBAPOYHOI0 KOHTYpa

3Has AJMHY U CEYEHHUE OTIEIbHBIX 3JIEMEHTOB U pa3Mepbl KOHTYpa,
OTPEACIISIIOT MOJTHOE COMPOTUBJIEHUE BTOPUYHOTO KOHTYpa [3].

Zpx =y R2+X2,

rie Rz = 2R; =R, + R + R, — akrusnoe comporusnenue Mammmnbl
TpU cBapKe, IPUBEJEHHOE KO BTOPUYHOM 00MOTKe, MKOM;

X, = D X! =X{+X(+X, — MHIYKTMBHOE CONPOTUBICHUEC MALIMHbI
TIPU CBapKe, IIPUBEIEHHOE KO BTOPUYHON 0OMOTKE, MKOM;

R, u X'T' — AaKTHUBHOE€ M MHAYKTUBHOE COIPOTHUBJICHHE NMEPBUYHOU U
BTOPUYHOKU 0OMOTOK TpaHc(opMaropa, MPUBEACHHOE KO BTOPUYHON OOMOTKE;

R, Ry Xi, X;— aKTUBHOE M MHJYKTUBHOE COINPOTHUBIEHUE BTOPUUYHOIO
KOHTYpA U JI€TaIN C YYETOM TOKA IIYHTUPOBAHUSI.

B pacuerax 1o nmpoeKTUPOBaHUIO MAIIMHBI BEJIMYNHON X; MOKHO IIpEHE-
Opeub, BBHly €€ OTHOCUTEIBHO MAJION 3HAYUMOCTH.

3naueHue R; M3BECTHO U3 pacuera peKuMa CBapKu.

BennuuHbl conpoTUBIEHUS R¥ n X, HaxomaTcs OPHUEHTHPOBOYHO, IIO
CIIPaBOYHBIM JTAHHBIM TPAaHC(HOPMATOPOB CBAPOUHBIX MAIIWH, OJM3KHUX IO Ma-
pameTrpam K IIPOEKTUPYEMOM.

3Ha4YeHUE aKTHBHOIO conpotuBieHus R, = 2Ry + R, BKIIO4aeT akTus-
HbIE CONPOTHUBIICHHUS AeTallell KOHTYpa R, 1 mepexoAHbIX AeTaneil Mexay HUMH
Ro.

COnpoTUBIIEHUE OTAEIBHOIO AIEMEHTA KOHTYpa

I
Ri = Knipiq_liy

IZI€ Pi — YACIBbHOE CONIPOTHUBIICHHE MaTepHaiia aeMeHTa, MKOM - M;

1; — nmHA 2IIeMeHTa, M;

(i — IUTOIAIh [OTIEPEUHOTO CEUCHHUS DIEMEHTa, M

Khi — k03dduimeHT noBepXHOCTHOTO 3 deKTa, onpeaensiercss o omnbIT-
HBIM KpUBBIM (pHC. 5, 6 u 7) mo kputeputo nogodust P u 1151 mpsiMOyTroIbHBIX
AJIEMEHTOB (M 3JIEMEHTOB HEKOTOPBIX JIPYTUX CTaHAApTHBIX (OpM) C ydeTom
ko3¢ dunuenrta Gopmer Ky:

8f

P= . (IM)10" = . (ImyL0" Ky = b/a (anst npsMOyroibHBIX CedeHH),
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371€Ch I, — OMHUYECKOE COMPOTUBJIEHNE | MeTpa MPOBOAHHUKA, Fo = p-1/S
(S — mrommage, p — yAeapbHOE CONMPOTUBIEHNE PacCMATPHUBAEMOM JeTa-
au (tabm. 9);

f — wacrora Toka, I'II;

b 1 a — MKUPHUHA U TOJIIIKWHA SJIEMEHTa KOHTYpa.

Kn

3,2

28

2,4

2,0

16

12

Pucynox 5 — 3asucumocmo Ky om P 0nsa 0emaneii kpyenoeo ceuenus

Kn
10,
K, s 8 / 14

24/

WV Ve

1,3

Ll

Ny
g

11

Pucynox 6 — 3asucumocmo Ky om P u K¢ 051 0emaneti npsamoy2oivHo2o
ceuenus
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32

2,6

2,2

18

14 / /
Pk

4 6 8 10 P

1,0
2

Pucynox 7 — 3asucumocmo Ky om P u K¢ 051 0emaneti npsamoy2onvHozo
ceuenus

Tabnuya 9 — YoenvHvle omuueckue conpomugienus Mamepuaios

Xumnueckuii | p mpu 239 K, | TemneparypHeiii  Ko-
Marepuan COCTaB (oc- | MKOM-M ahpunmreHT  oMmmuUe-
HOBHOM), % CKOT'O COITPOTHUBIICHUS
Mens M1 99,9 0,0170 0,00433
XpoMmucras OpoH3a 0,9 0,0232 0,0038
(TBepmas) 0,1
0,7
Mens o0OMOTOUHAA — 0,0175 0,0040
(mpoBoa, MIKHBI)

Jlnst MmaccuBHBIX 35ieMeHTOB Ky ompexaensiercst mo gopMyinaMm B 3aBHUCH-

' (ra6m. 10).
r(L00)

ComnpoTHBIICHHE OJHOTO HEMOJBIKHOTO KOHTAKTa «MEIb — MEJbY», CTsI-
HYTOT'O 4YeThIPhMsI OOJITaMHM, HAa HOBBIX MaIllMHAX MPHOIM3UTEIBHO PaBHO
(2...3)10° Om; anamornyHoro KOHTaKTa «Meapb — ctamb» — (5...8)10° Om; mo-
nBikHOro Konrtakta — (10...20)10° Owm.

MOCTH OT COOTHOIIICHUA
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Tabauya 10 — @opmynvl 05 onpedenenusi Kn maccuenvix anemenmos

KOHMypa
Dopmyia YcunoBue
Kn=1+327 |—10° Mpu |— <180
1, (100) r, (100.1)
Kin=0,26+058 | 102+ :
"(100.) Mpu 180< |— <220
; . (100.)
+837/ |—1
. (100.)
Kin=0,66 |——102+0.277 Tpu 220 << |+
. (100.1) r (100.)

Jliis ompeaeieHnus HHAYKTUBHOIO COMPOTHUBIICHUS BTOPUYHOIO KOHTYpa
KOHTAKTHOM MaIlluHBI CYIIIECTBYIOT TPH OCHOBHBIX CIIOCO0A!

1 Ha ocHOBaHMH OIBITHBIX JaHHBIX IO TpadHKy, BhIpaxkaromemy (GpyHk-
[IMOHAJIbHYIO 3aBUCUMOCTH (pHC. 8),

Xi=S""10° Om,

2
rae S — 1ioiaab, OXBaTbiBaeMas KOHTYpoM, M~ (OepeTcs Mo OocsiM ceue-
HUM CTOPOH).

0,20 0,40 0,60 /S, ™M

Pucynok 8 — 3asucumocmv uHOykmuHo20 conpomuenenus KOoHmypa
om niowjaou, 0Xeamvl8aeMol KOHMypom
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2 Ilo ynpomenno# smmupuueckoit popmyne (f = 50 I'm)
Xe= Y, 1,c10° Om,

rae Y, |, — cymmapHas mmvHa (BBIIPAMIICHHAS) BCEX DIEMEHTOB KOHTYpa

IIpU MaKCUMAaJIbHBIX 3HaueHUX pacTBopa H u BeneTa L, M;

C — dJIeKTpUYecKuil KoaddunueHT (3mnupuyeckuii), ¢ = 0,976...1,35.

B GonpmmHCTBE ciiydaeB npuHuMaercs ¢ = 1,26. Ecnu umeercs 3na4uun-
TEIbHOE KOJUYECTBO BBICTYNIOB BHYTPh KOHTYpa, TO C OEpeTcsi HECKOJIbKO
MEHBIIIE; €CJTM BBICTYIBI BO BHEIIHIOI CTOPOHY — C HECKOJIBKO BBIIIE CBOETO
CPEIHEro 3HaYCHUS.

3 Cample TOYHBIC PE3yJbTAThI MOJYYAOTCS MPU pacdyeTe Mo METOIy OT-
JENbHBIX y4acTKOB. [Ipu 3TOM 111000 CIOKHBIA KOHTYP U3rM0AETCsl Ha OTIENb-
HBIC YYaCTKH, CONIPOTHUBIICHUE KaXKIOTO PAaBHO

X=X,

rae X; — ylIelabHOe WHIYKTUBHOE CONMPOTHUBIICHUE, IPUXOsiieecs Ha 1M
JUIMHBI 3JIEMEHTOB PaCCUMTHIBAEMOTO y4acTKa (C U3MEHEHHBIMU MapamMeTpamMu
3JeMEeHTOB), OM'M ;

|, — nmuHa i-rO y4acTka, M.

OcHoBHbIE TpadUUIECKUe U pACUCTHBIC 3aBUCUMOCTH VIS ONIpeAeTeHus X
JUISL  Pa3NIMYHBIX CEYEHUH H TEOMETPUUECKUX pa3MepoOB TOKOIOIBOIA
(puc. 9). lns ynpoieHust pacu€TOB 3HAYEHHUS ONPENETAIOTCS BEIPAKEHUEM IS
K — npomexyTtounsiii kordduireHT, u u3 rpadgukos onpeaensot X;. [Ipu pac-
gyeTax 00Jjiee CI0KHBIE CEUYEHUS TPUBOSITCS K IKBUBAJICHTHBIM.

Ha nmpakTuke Bennunna X;, Kak MpaBUJIO, PACCUYUTHIBAETCS 11O BCEM TPEM
METOJIaM, a 3aTeM BBIOMpaeTCs MO0 cpeaHee, TM00 MaKCUMaJIbHOE, IO YCMOT-
PEHUIO MPOEKTUPOBIIUKA.

OOBIYHO MEPBBIN U BTOPOH COCOOBI AAIOT MPUOIU3UTETBHO OJUHAKOBEIE
pe3ynbTaThl, a Tpetuii npumepHo Ha 10...15 % Gonbie.

3Has CONMPOTHBICHUE CBApPOYHOTO KOHTYpPAa M BTOPUYHBIA TOK, MOXHO
OTpEeNIeTUTh JaHHbIE, HEOOXOAUMBIE JIJIsl pacuéra TpaHcpopmaropa, U HEKOTO-
pBIe PHEPTETHUYECKHUE MapaMeTphl MaltuHbl. Hampumep, 1Jis HOpMalTbHON CTY-
TICHU:

— JIEKTPOJIBIKYIIIAS CUITA

Ex= 2y,

— KOCHUHYC (0 MAIIMHBI

Ru

cos®—z,

25



— MOIIHOCTb MAallIMHBI

Pu = IZZHZH = E2|2H,

— K03 (PUITUEHT TOJIE3HOTO TCUCTBUS

RcB
= 100% .
Rk3 + RcB
X,
MrxOmlm d, =3,dd,
400
300 |
200
100
0 5 10 15
a
X,
MrOmlIm /
400
/ o, = oo,
/ ' — ﬂlﬂz
300 a,
200 3 T A = :
O
100 p =]
0 50 100 150 e— [ o
B B
9]

a — Kpyanas ¢oopma cniouiHozo ceyenuss;, 6 — niocKas popma cniouHo20
ceyenus

Pucynok 9, nucm 1 — YoenvHoe unoykmueroe conpomusieHue
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coomeemcmeayroux y1acmKkoe Kounmypa
X,

MrOmlm
/
[
300
r'y
200 No)
/ ¥ g\
/ o
L 4
100 o
0 50 100 150 b—r 87,3_3
. A
6
X, /
MrxOmlm /
150
100 ©
50 -
0 50 100 150 b—r
r
cl

8 — Kpyanas u niockas oopma CniouHo20 ceverus, e — Kpyauas popma
CNJIOUIHO20 CeYeHUsl NPpU MOYeYHOU c8apKe

Pucynox 9, nucm 2

5.4 Pacuetr MeXaHHU3MA CKATHUA KOHTAKTHBIX MAIIIMH

HpI/IBOJIOM MEXaHW3Ma C)KaTHUs MalllMH KOHTAKTHOM CBapKu OOBIYHO Cl1y-
JKaT MHCBMOIMWJIMHAPBI ABYXCTOPOHHCTO I[GﬁCTBPI?[ nIn I[I/Ia(bpaFMeHHaH ITHCB-
MOKaMcpa, pasMCpbl U TCXHHYCCKOC HMCIIOJHCHHC KOTOPBIX PErIaMCHTHPYCT

I'OCT 15608 — 70.
VYcunue, pa3BuBaeMoe MHEBMOLIMIIMHIPOM, OpeensieTcs o Gpopmyiie
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Fr=Snp Kr,

rae Sy — IUI0Mmab MOPIIHS, M}

p — JaBlieHHE BO3Ayxa HaJ nopurHem, [1a;

Kr— koaddumument, yduTbBalONMiA MOTEpH Ha TpeHUE (OOBIYHO
Kr=0,7...0,95).

Ycunme, pa3BMBaeMO€ IITOKOM ITHEBMOKAMEphI, PACCUUTHIBACTCS IIO
dbopmyie

Fux = 0,26 p (D*+ Dd + d?) g,

TJ€ p — AaBJICHUE CKAaTOro Bo3ayxa, Mlla;
D — nuameTp nuadparmsl, m;
d — TnamMeTp onmopHOTO JHCKA, M;
g — CONpOTHUBJICHUE MPYKUHBI U yCHUIIME, HEOOXOAUMOE Ui mepernda
nuadparmsl, H.
Bpewmst cpaGatbiBaHusi THEBMOIIPUBO/IA t MOKET OBITh MIPUOIMKEHHO I10/1-
CYUTaHO 10 hopMmyie

DI?
—4
t=5-10"——

3
[}

rae D; — qamamerp mMHIpa, CM;

L — Xoa mopIrHs, cM;

d, — AMamMeTp BO3AYXONMPUBOIA, CM.

HomuHnanpHOE 3aaHHOE CBapOYHOE yCHine Fcp, IpUKIagbIBAEMOE K Jie-
TaJsIM 10 BKJIFOYCHHS TOKA, OTJIMYACTCS OT YCHJIMS, Pa3BUBAEMOI'0 ITHEBMATH-
YCCKHUM IPUBOJIOM,

Feg=Fn +G. Fy,

rae Fp — ycunue, aeficTByrolee Ha OpIIeHb MTHEBMOIWINH/IPA;

G — Macca MOABMKHBIX YacTel MEXaHU3Ma,

Fr — cuna TpeHust MOABMXKHBIX yacTe (00bruHo Fr = 3...5 % Fcg).

AHanmM3 B3aUMOJICHCTBUS METalla 30HBI CBAPKH C MEXaHHU3MOM CXKaTHUs
MOKa3bIBACT, YTO (HAaKTUUECKOE YCHIIME CXKATHs JACTaJleld 3a ITUKI CBapKd HE
OCTaeTCsl TTOCTOSTHHBIM. XapaKTep M BEIMYMHA W3MCHCHHS YCHIIUS 00YCIIOBIIE-
HBI TUIATOMETPUYECKUM 3()PEKTOM M )KECTKOCTHIO CHIIOBOTO KOHTypa Malllu-
HBI, TPCHHEM TTOABHKHBIX 3JICMEHTOB, MX MAacCOW W MHEPIIMOHHOCTHIO, PEKU-
MaMH CBapKH, KOHCTPYKIIUEH COEIUHEHUS, DJIEKTPOMAarHUTHBIM B3aUMOJICH-
CTBHEM TOKOBEIYIIMX JJICMEHTOB.

B mporiecce ToueuHOW M IIOBHOW CBapKW M3-3a TEIUIOBOTO PACHTUPEHUS
MeTauia (hakTudeckoe ycuime Fep o yBeTUIMBaETCS:
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Feo =FCB + (Fr + Fun — Fi),

rae Fy,, = Ga— cwia WHepIMU TOJIBIKHBIX 3JIEMEHTOB MexaHu3Ma, H
(06brunO Fyy <3 % Fy);

a — YCKOPEHHE, BBI3BAHHOE OBICTPHIM IEPEMEIICHHUEM IOJBIMKHBIX Macc
OT TEIUIOBOTO PACIIUPECHHS METalIa, m/c;

Fi — ycunme OTTanKWBaHUS W3-3a B3aWMOJICHCTBHS IMPOTHBOIIOIOXKHO
HaIPaBJICHHBIX TOKOB B KOHCOJIs1X, H (00braHO0 Fi <1 % F.,):

Fi = po I°,, L/H,

rJe O — MarHUTHas IPOHULIAEMOCTD CPELbI, H/A%

L u H — pa3aMepsl cBapOYHOTO KOHTYpa MAILINHBI.

[Inomans ceyeHuss KOHCOIU U €€ IIPOBEPKA Ha XKECTKOCTh OIIPEACIIAOTCS,
UCXOJI U3 KOHKPETHOM CXEMBbI HarpyxeHus nocieaHeil. OKoH4aTeIpHOe ceve-
HUE KOHCOJIM BbIOMpaercs 1o OOJbLIEH BEIWYMHE W3 BJIEKTPUUYECKOrO WIH
IIPOYHOCTHOI'O pacyeTa.

6 PACUET CBAPOYHOI'O TPAHC®OPMATOPA

Pacuer cBapouyHoro TpaHchopmaTopa BBIMOJIHSIOT JJIsI MAIIMHBI KOH-
KPETHOT'O TUIIA C YYETOM MapaMeTPOB BTOPUYHOTO KOHTYpa (conpoTuBieHui R,
u X;), Mana3zoHa TOJIIIUH WM CEYCHUI CBapUBAaEMBbIX JeTalleld U MapKu MeTall-
Ja, a TaKXKe TUMa YCTPOMCTBA, MOAKIIOUAIONIETO TpaHCHopMaTop K UCTOUHHUKY
SHEPIuu.

[Ipu pacuere onHodazHoro Tpanchopmaropa 3a UCXOJHBIE TaHHBIE MPU-
HUMAIOT: HOMUHAJIBHBIN JUINTENIBHBIA BTOPUYHBIA TOK lypnp; pexuM padoThl
(I1B); nepBuuHoe Hanpspkenue U, u ero yactorty fi; koadpduuuent perynupo-
BaHusaA Kp u uyucino crynenein NC peryaupoBaHus BTOPUYHOI'O HAIPSKEHUS.
Tpanchopmarop n0mKEH pa3BUBaTh HOMUHAIBHYIO MOIIHOCTh Ha MIPEANOCIE] -
Hell (HOMHUHAJBHOW) CTYNEHW BKIIOYCHUS HM oOecreunBaTh 3aJaHHBIN
HauOOJBIINNA BTOPUYHBIM TOK lynax MPU KOPOTKOM 3aMBIKAHUM DJIEKTPOJIOB
MalllMHbl HA MAKCUMaJIbHOW CTYIEHU M HAaMMEHBIIMX pa3Mepax BbUIETA U pac-
TBOpA.

Brauane BeiOuparoT Tl TpaHchopmaTopa, Crocod OXJIKISHUS U KIAcc
n3oustun 0oMoTok (A, B, E, I' wiin mo 'OCT 8865 — 70).

Jlanee onpeaensstoT HOMUHAJIbHBIA CBAPOYHBIN TOK lcp .

Hanpsixkenne Ha HOMUHANIBHOM cTyneHH Ujyoy MOXKET OBITh ONpEAesieHO
o ¢opmyre

UZOH = ZleB K.

ITonHOE conpOoTUBIIEHNE CBAPOYHOM LIETTH
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Z,=1,05+ (Ro + R2)2 + Xg,

rae 1,05 — koaddunment, npuOIMKEHHO YUUTHIBAIOUINI COMPOTUBIICHHUE
TpaHchopMaTopa, MpUBEIEHHOE KO BTOPHYHOMY KOHTYPY.
MaxkcrManbHOE BTOPUYHOE HAMPSKEHUE XOJIOCTOro X0/1a

UZOmaX: 110/SZBKI2KmaX= 1’05 \V R22 + X22 I2Krnax1

1€  lymax — MAaKCUMabHOE 3HAYEHHE TOKA KOPOTKOTO 3aMbIKaHUS Ma-
IIMHBI; 3aBUCAT OT MAaKCHMAaJbHOTO BTOPUYHOIO HAIPSKEHUS CBAPOYHOIO
TpaHchopmaTopa (B pexkume X0a0cToro xoaa) Usomax ¥ MOJIHOTO COMPOTHUBIIE-
HUSI KOPOTKOTO 3aMbIKaHUs Zy MAlTUHBI.

Jlanee pa30uUBalOT HAMPSDKEHHUS MO CTYIMEHSIM; KeJIaTelbHO, YTOOBI OT-
HOILCHUE HANpPSKEHUH Ha CMEXHBIX CTyneHAX Uyon/Ujgn-1) = const. IIpu stom
kodduimeHT Tpanchopmanuu Ha BCEX CTYMEHSX JOJIKEH PABHSITHCS LIEIOMY
YUCITY.

Yuciio BUTKOB NMEpBUYHON 0OMOTKHU 1pu W, = 1 Ha HOMUHAIBHOM CTYyIIe-
HU

Wiy = Usr/Uzon,

rae U;r — HanpsbkeHue, NPUIo)KeHHOE K IEPBUYHOM 0OMOTKe TpaHchop-
MaTopa.

[Tpu ucmonb30BaHUU JIEKTPOMArHUTHOTO KOHTAKTOpa MaJCHUEM Harpsi-
wenust AU, B koHTakTope npenedperatot, u Uy = Uy, (tne U,y — HanpshkeHue
cetn). Ilpu uCmoNb30BaHUM BEHTHJIBHOTO KOHTAaKTOpa MMEET MECTO MaJieHue
HaMpsOKEHUs: Ha OTKpbIToM BeHTwie. [Ipunumaror AU, = 2...5 B ansa tupuctop-
Horo u AU, = 20...35 B 1y151 UTHUTPOHHOTO KOHTaKTOpa.

[TomryuyeHHOE YHMCIIO BUTKOB TEPBHYHON OOMOTKH OKPYIJISIFOT 10 OJu-
KAUIIETO 1IeJI0T0 YKClia U KOPPEKTUPYIOT PACUeTHOE 3HAYCHUE HAMPSIKCHUS

Uson.
MuHMMaIbHOE YUCIIO BUTKOB (HA MAKCUMAJILHOW CTYIICHH )

Wlmin = UlT/UZOmax-

BriOupator pasnuunbie 3aKOHBI M3MEHEHUsT HampspkeHus Uy, mo cryme-
HsaM. HanmpuMep, n3MeHeHHE YuCiia BUTKOB MEPBUYHON OOMOTKH MO CTYICHSIM
o apumeTudeckon mporpeccuu st cxembl (puc. 10) MOXKHO ONpPEeACIUThH 1O
YpaBHEHUIO

Acz WIH(Kp_ 1)/ Kp +(Nc _2)

501041
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Ac= Winin(K, — 1)/(N.— 1),

rie N.— 4Yucio cTyneHed peryaupoBaHUsS BTOPUYHOTO HAIPSHKCHUS
(0OBIYHO TPUHUMAIOT paBHBIM 4...16);

K, — xoaddurment riyounst perynuposanus K, = Uzmax/Uamin.

[Ipy HaMWYUW TOJIBKO OJHUX MapaLICTHLHO-TIOCIICIOBATEIBHBIX TPYIII
(6e3 karymku d) Ky = 2.

N3meHnenne A, OKpyTJAIOT A0 ILIEJIOr0 YKclia U pa3OUBaIOT YKClia BUTKOB
o cekiusaM. JIIs MIUPOKO pacpOCTPaHEHHOM cXeMbl peryiupoBanus (puc. 10)
pu Ky, = 2 kaXkaas u3 CeKUMA COCTOMT U3 JBYX OJIMHAKOBBIX 4acTeH (KaTyIluek)
C YHMCJIaMH BUTKOB A, 2A,, 4A,, BA  u T. 1.

d, d, B, B, (e €2 d

]

Pucynox 10 — Cxema pecynupoganus 6mopuuHo20 HaANpsA#CeHus
mpancgopmamopa

[TosrydyeHHbIE 3HAUECHUS YMCEII BUTKOB 110 CTYNEHSIM U PACCUUTAHHBIE
Uk = Ust/Wik

cBoasT B Tabnuity (W g — 4rCIIO BUTKOB K-U CTYIIEHN).
CeueHre BUTKOB MEPBHUYHONW OOMOTKH PACCUUTBHIBAIOT MO JJIUTECILHOMY

TOKY
I 11 = Kl I ZI[JI/W].I

rae K; = 1,03...1,17 — xoadpuiiueHT, yduThIBAIOIINN TOK XOJIOCTOTO XO-
Ja;
|,,: — HOMUHABHBIA ACIUTENbHBIA BTOPUYHBIN TOK, YCTaHABIUBAETCS IO

I'OCT 297 — 80.

CeudeHnue nepBUYHON OOMOTKHU
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01 = lya/jy,

rae  jp— JOmycTUMash IUIOTHOCTh TOKa B TEPBUYHON OOMOTKE

(jp=3,2...3,6 A/MM® 19 THCKOBOIA KaTyIIK{, TUIOTHO TPKATOW K JUCKaM
BTOPUYHOTO BHMTKa, OXJaxkaaeMoro Bojaou, u j;=1,5...2,1 A/Mm? IpU OXJia-
AKJEHUU BOJOU TOJBKO KOJIOJIOK BTOPUYHOU OOMOTKH).

ITo ceyenusam ( BceX TUCKOBBIX KaTyIICK (CEKIIMI) BHIOUPAIOT OJUH WU
aBa TUma npsmoyronbHoro nmposoja (mo FOCT 434 — 78).

[Ipu pacueTe BTOPUYHOIO BUTKA OINPEIEISIOT €ro CEUYeHHE U pa30oMBaIOT
Ha YHUCIO TNapauieNIbHbIX AJEMEHTOB (IuckoB). IIpu 3TOM TONIIMHA AUCKOB
JOJDKHA OBITh HE MEHee 6 MM M3-3a y100CTBa MpUMNaNKH OXJIaXaaeMOl TpyOKH
u He Ooiee 20...25 MM Bo n30e)aHNe MOBBIIIICHHBIX JTOMOTHUTEIBHBIX MTOTEPD.
CedeHue BTOPUYHOTO BUTKA

02 = lou]a,

r1e Jp — JOMyCTHMAasl IJIOTHOCTh TOKa B BUTKE (JIJISI BOJOOXJIAXaEMOTO
IUCKa W3 Memu Mapku M1 ¢ TpuUnasHHBIMH TIO TEPUMETPY TpyOKaMu
jo=4,5...5,5 A/MM®; IHTOrO ATIOMHHHEBOTO [JHCKA C 3aIUTHIMH BHYTPU TPYO-
KaMM OXJIaxKIeHus j, = 1,5...2 A/mm?).

Uucino TuCKOB OMpenensieTcsl YUCIOM KaTylIeK MEePBUYHON OOMOTKH U
Uit cxeMbl Ha puc. 10 B 2 pa3a MeHbIIIe YMCIIa KaTylIEeK EPBUYHON OOMOTKH.

PacueT MarHUTONPOBOIOB BKJIIOYAET OMpENIEIICHUE CEUYEHUS U Pa3MepoB
CTEPIKHSI: TOJIIIMHBI HA00Pa, BHICOTHI U ITUPUHBI OKHA | T. 1.

Ceuenue cTepKHs

Fc = U]T/ (4144f1W1H BH)!

rne B,=1,3...1,8 T,, BeiOupaemas B 3aBucumoctu oT IIB, momHocTH
TpancopmaTopa U HOpPMBI IIACTHH, U3 KOTOPHIX COOpaH CTEPKEHb, U MapKu
CTaJu.

Haitnennoe ceuenne CTepkKHS B JAbHEUIIIEM KOPPEKTUPYETCS MPHU MPO-
BEPKE MAaKCHMAJILHOTO 3HAYEHHUS TOKa XOJIOCTOTO xona. M3-3a HemnoTHoM
COOpPKU CTAJIBHBIX JTUCTOB M HATUYUS U30JISIIIUU (PAKTHUECKOE CEUCHHUE CTEPHKHS
HECKOJILKO OOJIbIIIE.

®dopmy cedeHUs CTEPKHS (C YU4ETOM YMEHBIIEHUs pa3MepoB TpaHChHOp-
MaTOpPOB) MPUHUMAIOT MPSMOYrOJbHOW ¢ OTHOIIeHueM ctopon h/b=1...3
(puc. 11). Pa3zmepsl okHa (d 1 ¢) BEIOMPAIOT B 3aBUCMMOCTH OT MOJHOTO ceye-
HUS OOMOTOK, KOTOPBIC JIOJDKHBI OBITh YJIOKEHBI B OKHE, C YYETOM H3OJISAIIHH,
MPOKJIAJIOK U KaHAJIOB OXJIAXKICHHUS:

SO =cd = (quwl "'qz) / Kg'o,
1
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rae K, , - xoadgdurment 3anomaenus okxa (oosrano K, ,=0,27...0,5).

vy
A

Pucynok 11 — Pazmepbl MacHumonpogooos

N3 ycrnoBuil 3KOHOMUYHOTO PAcKposi CTaHJAPTHOIO JIMCTA CTald COOT-
HOIIIEHHUE CTOPOH OKHa ¢/d mpuHHMMaroT B npenenax 1...2,5. Jlanee npoBepstoT
YKJIaJIKy M€Y B OKHE C OJHOBPEMEHHBIM YCTAaHOBJICHHEM pa3MEpOB KaTyIIEK
NEPBUYHONW OOMOTKH U JUCKOB BTOPUYHOTO BUTKA (pHc. 12, a u 6).
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(/————‘\I I/_ o \‘ (/— —| sy \ ]
l ﬂ : : [T : gv | | %
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| | | | v | \
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=g || [ I l [T ! ik S -t |
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U 3 q |
(L S| Nt [ M|
[ ] 1T R AN / T
h,
P

a u 6 — pasmewerue 0OMOMOK 8 OKHE
Pucynok 12 — K pacuemy mpancghopmamopa
Mexnay KarylmikaMyd NepBUYHOW OOMOTKH TpaHchopMaropa OCTaBISIOT
3a30p A;;=10...14 MM 111 pa3MelieHus OTBOJIOB M KIIMHBEB. BHyTpeHHMI

pasMep M30JIMPOBAHHON KATYIIKH IO MUPUHE BHIOMpAtOT Ha §...15 MM Oobliie
mupuHbl  ctepxkHsa: bix=b+(8...15) mMMm, a nmo mmuae Ha 20...40 mwm;
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hix=h+ (20...40) MM I YCTAaHOBKH KJIMHBEB M CBOOOJHOTO HAaJICBaHUS Ka-
Tymek. PaguanbHblil pazMep KaTymku hy

hy = Wi (a; + 6) + A,

rae W, — 9ucio BUTKOB B KaTyIIIKE,;
a, — TOJIIUHA 0OMOTOYHOTO TPOBOJA C U3OJISIITUEH, MM;
0 — TOJIIMHA MEKBUTKOBOM M30JISIIMU, MM;

A =7...12 MM — cyMMapHas TOJILIKMHA HAPYKHOW U30JISILIUY KaTyIIKH.
TonmpyHa KaTymku

A1 = bI/I + hI/I!

rine b, — BeIcOTa IPOBO/IA C M3OJISAIHCIH;

h, — cymmapHas TommHa Hapy>KHOH H30JISIIIHH.
BpIcoTa KaTyIlIKH B MECTE BBIBOJIA

Aik= A1 + Ag,

rae Ag — cyMMapHas TOJIIHMHA BBIBOJA C U30JISILIUEN.

BHyTpeHHUll pa3mep JUCKOB BTOPHUYHOI'O BUTKA BBIOMPAIOT MEHBIIE IO
MHUpUHE Ha 2...3 MM, a MO JUIMHE — Ha 1...2 MM BHYTPEHHHUX pa3MEpOB KaTy-
meKk. PanuanpHblil pasmep OMCKa NPUHUMAIOT OOJIbIIE PaJHalIbHOTO pa3Mepa
KaTyLIKH C y4E€TOM MPUNASHHBIX TPYOOK OXJIaXkKICHHUS.

[Ipu npoBepke yKJIaJKH KaTyIIEK T0JKHO OBITh COOIOAEHO YCIOBHE

C>Hop + (6...12) MM, (1)

rae Ho = 2A;1 + KyA; + 2KnAg, + (K — 1)A1; — ontHast BBICOTa 00MOTOK
B OKHE;

A, — TONIIMHA JUCKA BTOPUIHOM OOMOTKHU;

A2 — TONIIMHA U30JIAUUOHHBIX IPOKIATO0K MEXAY MEPBUYHON U BTOPUY-
HOM OOMOTKaMH;

Kj; — 4mcI0 1MCKOB BTOPUYHOM OOMOTKH.

Ecnu ycnosue (1) He BBINOTHSAETCA, YTOUHSIOT pa3Mep OKHA.

Jlanee BBIMOJHSIOT MPOBEPOUHBIN pacyeT TpaHchopMaTopa il orpese-
neHus ero norepp, KIIJI u ycmoBuii oxnaxaeHus.

Toxk xoiocToro xoja
. 2 2
I, = A/ oot Iop.

AKTHBHYIO COCTABJISIIONTYIO TOKa lo, OTIpeaesnstor mo gpopmyie
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Ioa = I<0 PO/UIT!

rae P, = p,G — motepu xomoctoro xonaa, BT;
Po— YAENbHBIE TOTEpH B cTanu, Br/kr (puc. 13);
G — macca cTajli MarHUTOINPOBO/IA, KT

K, = 1,2 — koaduimeHT 1060aBOYHBIX TTOTEPD.

fo, BT/K2

10

T S

I

0,5 10 15 B,Tn

1—cmanw 1211; 2 —cmanw 1511; 3 — cmanv3413;
moawuna aucmos 0,5 mm

Pucynok 13 — 3asucumocmo yoenvHvlx nomepb MOWHOCMU P, 8
MaA2HUMONposoode om uHOyKyuu B

Cocrasisitonryto Toka |l,, (HaMarHMYWBAIOIIUI TOK) ONPENEISAIOT I10
dbopmyie

lop= (Hep Lepw+ Ho NG10%)|(K: Wy, V2),

rae He, 1ep.q — MarHuUTOABHKYIIAs CHJIA, HEOOXOAMMas IJs CO3JaHMS
MarHUTHOTO TTOTOKA B MarHUTOIIPOBOJE, A;

H,, — HampsKeHHOCTh MAarHUTHOIO NOJSA Ha 1 cM JUIMHBI cTand, A/cM;
ompeaesieTcs 1o rpaguky Ha puc. 14;

1ep-w — CPEHHSS JUIMHA MAarHUTHOW CHIJIOBOM JIMHUH, M (cM. puc. 12, a);

H, = Bo /10 — HanpsKeHHOCTh MAarHUTHOTO TIOJIST B CTBIKE, A/CM;

n u ¢ —unciao u pazmep (o = 0,005 cm) 3a30pOB B MATHUTHOM LIETIH;

K; — koa(ppuimenTt, yuuThiBalONili YMEHbIIEHHE TOKA XOJOCTOr0 X012
13-3a HAJIMYHUS BBICIIMX TaPMOHUK.

Jns uanykiuit 1,2...1,8 Tin ko unuent K. MoxeT ObITh OnIpeaesieH 1o
COOTHOIIICHUIO
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K,=1/(1,9-0,8B,) =1,06...2,17.

B, Tn
3 ——'—_'_—__‘__'_,____
) //__/__/__’_,k___,
- r‘,"_’_________
15
1,0
0,5

2 4 H,nulcem

1—cmanw 1211; 2 —cmanw 1511; 3 — cmanws 3413;
monuna aucmos 0,5 mm

Pucynox 14 — 3asucumocmo uHOyKyuu om Hanpsa’ceHHoCmu MasHUmHoO20
noJs

OTHocHTeNbHOE 3HaYeHUEe TOKa XoyiocToro xona (ip = 1,-100 %/l ,.,) He
n0/okHo  ObiTh  Oombie 3HaueHuit (TOCT 297- 80): 50 % npu Toke lpyy. 10
2500 A; 32 % npu Toke |y, 10 5000 A; 20 % mpu Toke |y, cBBIime 5000 A.
B cnyuae momydeHust Toka I, 00j€€ IOMYCTUMOTO CCUYEHHE CTEPIKHS MarHUTO-
MPOBOJIa MEPECYNTHIBAIOT C YMEHBIICHUEM 3HAYCHHI PACUeTHON MHIYKIUH.

AKTHUBHBIC COIPOTUBJICHUS 00OMOTOK"

Nt = p1KniliepWin/01 1 11 = p2KinolaopWo/0,

r7e P1— YJEIbHOE 3JICKTPOCONPOTUBICHHE MaTepHaia IMepBUYHON 00-
MoTkHu Tipu 75 °C nns msossiuu kinacca A; npu 90 °C — nns kiacca E; npu
100 °C — nnsa xknacca B u 1. 1.

P2 — yIETBHOE JJIEKTPOCOMPOTUBIICHHUE NI MaTepuaia BTOPUYHON 00-
MoTKU Tipu 40 °C (mpu BOASHOM OXJIAKJACHUM HE3aBUCHUMO OT KJlacca H30JIsi-
win);

|1Cp ul 2cp — CPEMHSASA JUIMHA OTHOTO BUTKa OOMOTOK;

Kn1 1 Kp2 — k03¢ duIiimeHTs MOBEpXHOCTHOTO HATSKEHHUS.
[ToTepu MOUTHOCTH B OOMOTKAX MPU HOMUHAIHHOM pexuMe padboThI”
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_ 2 . _ 2 _
Pir=rir 15w Pur=rrl°ay u Px=P;r+Por.

[IpuBeneHHOE K MEPBUYHON OOMOTKE MHIYKTUBHOE CONPOTHUBIIEHUE 00-
MOTOK TpaHc(hopMaTopa C AUCKOBBIMH OOMOTKAMH TPH CUMMETPUYHOM HX
PaCIONI0KEHUN

X't + 25f,.DW?,, 65 10/ (p ls),

1K
rae D =hy + b — paccrostare Mexay cepemHaMu 0OMOTOK B OKHE, CM;
P — YUCJIO TPYIII KaTyIIEK;

OGs — DKBUBAJICHTHOE PACCTOSHHE MEXJY MEPBUYHONW M BTOPUYHOH 00-
MOTKaMH, CM

Os — A+ (Al + A2/2)/3,

Is — pacueTHas JuIMHA CpeHEH CUIOBOM JIMHUM MarHUTHOTO MOTOKA pac-
CEesIHUSL.
/
[Tonyuennoe 3HaueHue X't yBenuuuBaet B 1,2...1,4 pa3a qns yuyera Biu-
SIHUSI BBIBOJOB BTOPUYHOM OOMOTKH. [loiHOE WHIYKTUBHOE COMPOTHUBIICHUE
00OMOTOK, TPUBEJIEHHOE K BTOPUYHOM 0OMOTKE,

X' =(1,2...1,4) X't | WAy
KoadduipeHT MOITHOCTH MalTMHBI TPH HOPMAaJIbHOM Harpy3Ke
c0s ¢ = (Rs5 + R)/N(Ra.5 + Ry + X%
KITJI TpanchopmaTopa
n=1-[2P/ Uy | cg.y COSQ + 2 P],

rae 2P =P, + P, — cymmapHbie OTepH B ME/IU M CTaJIH;

U,r = Uygy — HampsbkeHHe Ha 3aKUMax BTOPUYHOM 0OMOTKH TpaHchop-
MarTopa Npu HOMUHAJIBHOW HarpyskKe.

KonuuecTBo BO/BI, HEOOXOAMMOE JIsI OXJIaXKACHUS TpaHchopmaTopa,

Qyx = 0,24 PK.JUT /AT,

rae Qx — pacxoJ1 BOJIBI, em’/c;

AT = (5...10 °C) — nmepenajg TemnepaTyp BXOISIIEH U BBIXOISAIICH BOIBI.

Juamerp TpyOku oxnaxkiacHus dr, cM, OOBIYHO PaBEH TOJIIIMHE IUCKA.
CxopocTh BOJBI B TPYOKE

37



V = 0,04 Qx / (nd?7) < 3 m/e.
7 PA3SPABOTKA TEXHOJJOTHYECKOI'O IPOIECCA
W3rOTOBJIEHUS U3/IEJINS

[IpoekToMm mpeaycMaTpuBaeTcsl pa3padoTaTh TEXHOJOTUYECKHI TMpoliecce
3aroTOBKH, COOpPKHU U cBapku uznenus. OH cOCTOUT U3 BeIOOpa Hanboiee paru-
OHAJIBHBIX CIOCOOOB 00pabOTKU JAeTalield M3JeIusl, YCTAaHOBJICHHS IOCJeI0Ba-
TEIBHOCTU €ro COOPKH U CBAapKU C YKa3aHHEM MPHUMEHSIEMOro 00opynIoBaHUS,
UHCTPYMEHTA, IPUCIIOCOOICHUH.

TexHomornueckuii MPOIECC U3TOTOBICHUS H3JETUS BKIIOYAaET B CeOs
CJIEIyIOLME OCHOBHBIE OTEpaIUu:

— 3aTOTOBUTEIIBLHBIC;

— IIpeJIBApUTEIIBHYIO COOPKY (eciu TpedyeTcs);

— MOJTOTOBKY IMOBEPXHOCTH,

— OKOHYATEJIbHYIO COOPKY;

— MPUXBATKY;

— CBapKy;

— MPaBKy;

— KOHTPOJIb KauecTBa

[Tpu pa3paboTke TEXHOIOTUYECKOTO Mpoliecca KaXKaas onepaus J0KHa
OBITh MOJAPOOHO ONHCaHA CTYACHTOM. TE€XHMUECKHE XapaKTEPUCTUKU UCIOJIb-
3yeMoro 000pyJOBaHMsI MPUBOAITCS B BHJIEC TAOIUII.

[lo cormacoBaHHI0 C PYKOBOAMTEIEM IPOEKTA CTYACHT pa3padaTbIBaeT
cOOpPOYHO-CBAPOYHOE MPHUCTIOCOOICHUE ISl 3aJJaHHOTO y3Ja U MpPEeACTaBIseT
€ro B BHUJIE YepTekKa C OMMCAHUEM €ro YCTpONCTBa M MpHUHIMNA pabotsl. [lpu
pa3paboTke KOHCTPYKIIMU MPHUCTIOCOOIECHUSI HEOOXOAMMO PYKOBOJCTBOBATHCS
CJIETYIOIIUMH MOJIOKEHUSIMHU.

Konaykropa u mpucnocoOaeHus: MPUMEHSIIOTCS € [EJIbI0 aBTOMAaTH3aI[u!
U MEXaHM3alUu Ipolecca COOPKU M CBApKU W3JEJHs, 4TO MO3BOJIIET olecrie-
YUThH MOJTYYCHHE 33JaHHBIX PA3MEPOB CBAPHBIX Y3JIOB M IOCTUTHYTH UX B3aHMO-
3aMEHSIEMOCTH, YMEHBUINTh O0pa30BaHHE 3HAUUTEIBHBIX Aedopmaluii, ynpo-
CTUTHh KOHTPOJIbHO-CAATOYHbIE UCTIBITaHUA | T. 1. [lox mpucnocobienuemM mo-
HUMAETCsl YCTPOMCTBO JJIsl YCTAaHOBKU W TOJIEP>KaHUSI CBAPUBAEMBIX JETajeil.
[IpucnocoOneHne 0ObIYHO KPENUTCS K MAIIMHE U SIBJISIETCS €€ YacThI0. Y CTPO-
CTBO JUIsl YCTAHOBKH M TMOJIEPKAHUS B COOTBETCTBYIOLEM IOJIOKEHUU CBapu-
BaeMBIX JeTaliell Ha3bIBaeTCs KOHAYKTOpoM. OH HE CBsI3aH )KECTKO C KOHTaKT-
HOM MalIMHOW M MOXKET OBITh MEPEHOCHBIM WM CTAIllMOHAPHBIM (TIE€PEHOCHAs
MalIlliHA).

[To Ha3HaueHUIO OCHACTKA JIJISl MEXaHU3AlUU U aBTOMATHU3AlMH BCTIOMO-
raTelbHBIX OMEpalii MNP KOHTAKTHOW SJEKTPOCBApPKE KIACCHPHUITUPYETCS
CIeIyIonuM 00pa3oM:

1 TIpucniocoGeHust st MpeIBapUTENHHON MOATOTOBKH TTOBEPXHOCTH JIe-
TAJICH U 3JIEKTPOJOB
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2 CO0pOoYHO-CBAPOYHBIE TPUCTIOCOOICHUS ISl PA3METKH MECT MTOCTAaHOB-
KU TOYEK WJIM I11Ba

3 YcraHOBOYHBIE MPUCTIOCOONICHUS TSI (PUKCALIUU, TOAACPKAHUS U BbI-
PaBHUBAHUS U3/I€NUS OTHOCUTENIBHO AJIEKTPOI0B MAITUH

4 MexaHu3M TOJIa4ll CBAPUBAEMOTO y3Jia B KOHTYpP MAIllMHBI U TEpeMe-
[IEHUE €ro B MPOIECCe CBapKH, aBTOMATUYECKHE MUTATENH (Ha 1Iar, psij, mojaa-
4a OTJEIbHBIX JETANEH U T. 1.)

5 MHoro(yHKIIMOHAJIbHBIE YCTPOICTBA C MPOTPAMMHBIM YIPABICHUEM —
MPOMBIIIIJIEHHBIE POOOTHI

6 MHOTOoMno3uIMOHHBIE MAIlIMHBI (MAITMHBI-ABTOMATHI )

7 IloTouHbIE aBTOMATHYECKHUE TUHUH

8 IlpucnocobneHuss U ycTporcTBa Uil mocieayroieid oopaboTku cBap-
HBIX y3JI0B (CHATHE Trpara, TepMooOpabOTKa, BBEJACHUE KIIes IO HaXJECTKy H
T. 1.)

PanmoHanbHOCTh MPUMEHEHHUsT OCHACTKH OMPEIENsieTCS BHAOM IPOU3-
BOJICTBA (€IMHUYHOE, CEpUINHOE, MACCOBOE) U OCOOEHHOCTHIO M3rOTOBIISIEMOIO
y371a, MOATOMY OCHOBHBIMHU JaHHBIMU JJISi MPOCKTHPOBAHUS OCHACTKH MOTYT
OBITh:

1 IlpomsBoacTBeHHas Mporpamma, CTETNEeHb CIOXHOCTH KOHCTPYKIIHUH,
TpeOyemasi HaJeKHOCTh CBAPHOIO y3J1a

2 KoHCTpyKILIMs CBAPUBAEMOTI0 y3J1a U TOYHOCTh €r0 U3rOTOBJICHHUS

3 [Ipumensiemble criOCOOBI CBAPKU U TEXHOJIOTHS

4 BO3MOXHBIE YCJIOBHUSI SKCIUTyaTallud MNPUCTOCOOIeHUM (TIOABEMHO-
TPAHCIIOPTHBIE YCTPONUCTBA, HAIMYNE UCTOYHUKOB SHEPTUU U T. [.)

[Tpr KOHCTPYHMPOBAHMM CPEICTB MEXAHHM3AIMU HEOOXOAMMO yUHUTHIBAThH
CICAYIOIIHE 0COOCHHOCTH.

KoHcTpyKIns OCHACTKM MOJKHA OBITh, IO BO3MOXKHOCTH, YHUBEPCAIb-
HOW M M3roTaBIMBaeMOi U3 YHU(ULUPOBAHHBIX Y3JIOB U CTAaHAAPTHBIX JleTanen
(penyKTop, maroBble MEXaHU3MbI, TPOPUIH U T. 11.).

3a ycTaHOBOYHBIE 0a3bl OCHACTKM HEOOXOAMMO NMPUHUMATH TOBEPXHOCTH
u3nenus, oopaboTaHHBIE MO JOCTATOYHO BBICOKOMY KJIACCy TOYHOCTH. Tou-
HOCTb U3TOTOBJIEHUSI OCHACTKHU ONPEENIEeTCS TOYHOCThIO M3TOTOBJIEHUS CBap-
HOTro y3na. OOBIYHO JONYCKM Ha JIMHEWHbIE pa3Mepbl COOPOYHO-CBAPOYHOMN
OCHACTKHU NpUMEHs0TCS B npenenax 0,5...0,65 momycka Ha COOTBETCTBYIOIIHE
CBapHbI€ y3Jjbl. JleTanu OCHAaCTKM M3rOTaBIIMBAIOTCS Yalle Bcero no 3-4 kiaccy
TouyHOCTH. Cxema 6a3upoBaHUs JOJKHA 00ECTIEYUTh JOCTATOUHO MSITKHM CheM
U YCTaHOBKY COOPAHHOTO WJIM CBAPEHHOIO y37a.

KoHcTpyKins OCHaCTKM JOKHA OTBeYaTh TPeOOBAaHUSIM TE€XHOJIOTHYHO-
CTH, KOTOpas OMNpEAeNIeTCs] KOMIAKTHOCTBIO, MPOCTOTOM KOHCTPYKTHUBHOIO
pelIeHHs P MUHUMAJIBHOM CTOMMOCTH M YHUCTOTE 00pabOTKHU MOBEPXHOCTEH,
OTCYTCTBHEM JE(MUIMTHBIX U TIOPOTOCTOSIINUX MATEPUATIOB, CIOKHBIX METOOB
00paboOTKH U T. 1.

B otnuune ot oCHACTKM, TPUMEHSIONICHCS TIPU IPYTrUx crocobax odpa-
OOTKM METAJIJIOB, CBAPOYHbBIE MMPUCIIOCOOJIEHUSI HE HECYT 3HAUUTEIbHBIX Harpy-
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30K U HE TpeOyIOT MOLIHBIX MEXaHUYECKUX MpuBOA0B. Ho oHM momkHBI 00ec-
NeYUTh yA00HOE OOCIY)KMBaHWE U MPABUIHHOE MOJOKEHUE 3JIEKTPOJIOB MpHU
CBapKe, UCKIIOUUTDH Je(OpMalUI0 CBAPUBAEMOI0 y3j1a B MPOILIECCE €ro CKATHS
MEXAY SJEKTPOJaMH U TPHU Harpese, oOecrneunBaTh HAJACKHBIM TOKOIMOIBOJ,
MPYKUM MOAKIAIKH K JIETAJISIM TPU OJJHOCTOPOHHEH CBapKe U T. 1.

OOBIYHO HECYyIIHME Y3JIbl MPHUCIIOCOONEeHUN (paMbl, (epMbl, OCHOBAHMUS)
BBITIOJIHAIOTCS M3 JIMCTOBOIO METAJUIA U Ipokara. [{ns neraner OCHACTKH, MOA-
BEPraronInuxcsi U3HOCY, PEKOMEHAYIOTCS MaTepuajbl C MOBBIIIEHHONW H3HOCO-
CTOMKOCTBIO. DTU JETalI JOJDKHBI OBITh CHEMHBIMH, a pabOyue X MOBEPXHO-
CTH HaIlJIaBJIEHbl U3HOCOYCTOMYMBBIMU CIUIABAMH WJIM TIOJIBEPTHYTHI 1IEMEHTA-
[IUU U 3aKaJKe.

YacTu oCHACTKHU, BBOAMMBIE B CBAPOUYHBIN KOHTYp MallUHBI, HEOOXOIU-
MO BBITIOJHATHh U3 HEMarHWTHBIX MaTepuajoB (QJTIOMUHHEBBIC CILIAaBHI, ayCTe-
HUTHBIC CTaJl, CIUIABbl Ha OCHOBE MEJM, HEMETAJUIMUECKUE MaTepualibl), Tak
KaK TPHUCYTCTBHE >Kelie3a BHYTPU BBIJIETA YBEIMYMBACT WHIYKTHUBHOE COIPO-
TUBJICHUE TOCJIEIHETO, YTO CHIDKAET KOI(PUIIUEHT IMOJE3HOTO JEHCTBUS Ma-
IITUHBI.

DNEeMEHThl OCHACTKH, MOACP’KUBAIOIINE TOHKOJIUCTOBBIE KOHCTPYKIIUU,
HEOOXOIMMO apMHUPOBATh MATKUMH MatepuajaMu (pe3uHON, HOMEPHBIMH Ma-
TepUaIaMu H T. 11.).

Pacyer ocHacTKkM Ha MPOYHOCTHh M KECTKOCTH MPOBOJIUTCS TOJIBKO IS
OMAaCHBIX CEYCHUH.

B KOHCTpyKIIMM OCHACTKH JOJKEH OBITh MPETYCMOTPEH HAIEKHBIN TO-
KOIOABOJ K CBapMBAEMbIM JICTAJISIM WJIU DJIEMEHTHI mpucrnocoosennit. Kpome
TOT0, HEOOXOIUMO UCKITIOYUTH SIBIICHUE IITYHTUPOBAHUS TOKA Yepe3 OTICIIbHbIC
JI€TaM U y37bl OCHACTKM BO M30€XKaHWE MX TOBPEXKICHHUS, MOJATOpPAaHUS TO-
BEPXHOCTH JI€Tajeil C 1eJIbI0 IKOHOMHUU 3JIEKTposHepruu. [ns 3toro Bce Quk-
CaTOpPBbI, 3AKUMbI, YCTAHOBKH, YIIOPHI U T. JI. OCHACTKHU JIOJKHBI OBITH U30JIUPO-
BaHBI OT TOKOBEAYIINX DJIEMEHTOB HJIM M3TOTOBJIEHBI M3 U30JHMPYIOIMNUX MaTe-
pHUaIoB, OTBEUAIOIINUX TPeOOBaHUSIM pabOThI OCHACTKH.

B KOHCTpPYKIMHM OCHACTKH Il TOYEYHOW M POJIMKOBOM CBApPKHU JKella-
TEIHHO MPEyCMOTPETh IJIABAIOIINE OMOPHI MM YCTPOUCTBA IS MObEMA U3-
JeNusl TIPU TIEPEIBIKCHUH WX Ha IIar CBapKW WU MPUXBATKHU JIJIS TOTO, YTOOBI
n3bexarb nedopMaluy U3AETIUs, MPEXKIACBPEMEHHOTO H3HOCA 3JEKTPOJOB U
MOBPEXACHUS TOBEPXHOCTU CBAPUBAEMOT0 Yy3JIa.

[Ipu CTBIKOBOI CBapke METOJIOM HEMPEPHIBHOTO OIUIABICHUS OCHACTKHU
0COOCHHO (DUKCHUPYIOIINUE TUIOCKOCTH JOJDKHBI OBITh HAACKHO 3aIUIICHBI OT
OpBI3T pacIyIaBJICHHOTO METaJlIa, JIJIsl Yero MOKHO MPUMEHSThH 3alTUTHBIC dKpa-
HBI, KO3BIPbKH, (PApTyKH | T. J1., U3TOTOBJISIEMbBIE Yallle BCETO M3 HEMETauIhye-
CKHX MaTepHUasoB.

KoHcTpyKIs OCHACTKH JT0KHA 00€CTIeYuTh CBOOOHBIN JOCTYI K MECTY
KpeIJIeH!s JeTaliei M K MECTy CBapKH, BO3MOXXHOCTh PEMOHTA, HAJEKHOE
OXJIQXK/IEHUE TOKOBEAYIIUX 3JIEMEHTOB, 0€30MaCHOCTh pa0OTHI.
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OxoHYaTeIbHBIA BapUAHT MPOEKTUPYEMON OCHACTKU o(opmiseTcs B BU-
Jie uepTeka oOLIero Bua.

8 TEXHUYECKOE HOPMUPOBAHUE PABOT HA KOHTAKTHYIO
CBAPKY

Hopma mTydyHOro BpeMeHH pu KOHTaKTHOM CBapKe:
— JUI1 TOYEYHOM CBapKH

T = (Tei + Tp) (1 + ag5e + 20r.2)/100);
— JUIsl IHOBHOM CBapKu
T = (ToL + Tg) (1 + a5 + 20r.2)/100);
— JUIS CTBIKOBOI CBapKH
Tur = (To + Tg) ((1 + aoge + 80r.x)/100),

rae | — YKCIIO TOYEK, MOJUICKAIINX CBAPKE 33 JaHHYIO ONEpAIHI0 WU
IIPOXO/T;

L — nnuHa cBapuBaeMOro 1iBa, M.

OCHOBHOE BpeMsl KOHTAaKTHOM CBapku T, — BpeMs IOJIHOTO LMKJA CBap-
KU — BKJIFOYAET BPEMsI Ha OIYCKAaHUE UM COJIMKEHUE AIIEKTPOJIOB, HA CXKATHE U
JABJICHHUE DJIEKTPOJOB, IPOTEKAHUE TOKA, BBIAEPKKY MPU MOBBILICHHOM JIaBJIe-
HUW U BO3BpaLICHUE IJIEKTPOJIOB B MCXOIHOE IMOJOXKEHHE. Bpems Ha BKirode-
HUE€ W BBIKIIOYEHHE PabOyero xo/ia MalllMHbI TAKXKE YUUTHIBAETCS OCHOBHBIM
BpeMeHeM. OCHOBHOE BpEMS:

— IIPY TOYEYHOU CBapKe

To+ 1/m+ T, /a;
— IIpY IIOBHOM CBapKe

To=1/V,

rze N — 9ucio paboynx X00B IEKTPOIa B MUHYTY;

Ty« — BpEMs BKIIIOUSHHS pab0OYero xo/a;

a — YMCJIO0 TOYEK, CBAPUBAEMBIX 32 OJTHO BKJIIOYCHHE MAITUHBL

V.; — CKOPOCTh CBApKU, M/MHH.

OcHOBHOE BpeMs TOYEHYHOW CBapku ompeaenstoT no tabmn. 11. Hopma-
TUBHBIE TA0JIULIBI OCHOBHOTO BPEMEHHU Ha IIOBHYIO CBAPKY MOCTPOEHBI B 3aBU-
CUMOCTHU OT CKOPOCTH CBapKH, a Ha CTBIKOBYIO — OT pPa3MEpPOB CBapHUBAEMBIX I10-
BEPXHOCTEH M Crioco0a CBapKH — HEMPEPBIBHOM, MPEPHIBUCTOM (Tadi. 12).

41



Tabauya 11 — OcHosHoe 6pems MOYeyHOU C8apKU MAUUHAMU
A8MOMAMUYECKO20, HeABMOMAMUYECKO20 YNPABLeHUs
u Knewamu (6ce munvl nPOU3800CmM8a)

Yucno Bpewms Yucno Bpewms Yucno Bpewms
XO0JI0B Ha OJHY XOJ0B Ha OJIHY XOJ0B Ha OJIHY
B MUHYTY TOYKY B MUHYTY TOYKY B MUHYTY TOYKY
Ho 10 0,1 30...35 0,029 101...120 0,0082
11...12 0,084 36...42 0,024 121...140 0,0071
13...14 0,072 43...50 0,020 1412...170 | 0,0069
15...17 0,059 51...65 0,017 171...200 0,0050
18...20 0,050 66...72 0,014 201...240 0,0042
21...24 0,042 73...86 0,011 341...290 0,0035
25...29 0,035 87...100 0,010 291...350 0,0029

[Ipumeuanue. Bpemst Ha BKIIIOYCHUE W BBIKITFOUYCHHE TOUYCYHOW MAIIMHBI TPH-
HHUMAaTh JIOMOJHUTEIBHO OJWH pa3 Ha YKCJIO TOYEK, CBAPUBAEMBIX 3a OJIUH IPUEM:
kHOonKoM — 0,012 Muu n nexansio cuag — 0,01 mun; ctos — 0,015 MuH.

Tabnuya 12 — Cmeixosas ceapra. OcHogHoe 8pems

Ho Pa3meps! cBapuBaeMon Cnoco6 cBapku

Mep MIOBEPXHOCTH, MM, JI0: HomunHanbHas

10- ma- | cropona IJI011ab MOIIHOCTh Henpelv)m— Hpepblv—

3U- nmorepedHoro | mamuHbel, KBA |  BuHbII BUCTBIU

METp | KBajpaTa 2

1005051 CCUCHHUsI, MM Bpewmst Ha cThIK, MUH
1 6 5 30 10 0,06 0,09
2 8 7 50 10 0,07 0,18
3 10 9 80 25 0,09 0,20
4 12 11 115 30 0,11 0,22
5 14 12 150 30 0,13 0,25
6 16 14 200 50 0,17 0,28
7 18 16 250 60 0,19 0,31
8 20 18 320 60 0,21 0,34
9 25 22 500 100 0,28 0,44
10 30 27 700 150 0,34 0,57
11 40 36 1260 250 0,50 0,70
12 50 40 1960 350 0,67 0,83
13 60 54 2800 350 0,90 0,95
14 70 65 4000 400 1,10 1,20
15 85 75 6000 400 1,40 1,60
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|16 | 100 | 90 | 8000 | 500 | 180 | 200 |

YucneHHOe 3HAYCHHWE COCTABIISIONIMX BCIIOMOTATEIIBHOTO BpPEMEHU B
YCIOBHUSAX  MAcCOBOTO  IPOW3BOJCTBA  ONPEHCISIFOT 10  HOPMAaTHBaM
(tabn. 13...21).

Tabauya 13 — Bcnomoeamenvroe 8pems Ha YCMaHo8Ky demanu (y3ia)
HA 971eKMpPoo u cHamue demanu (y3ia) ¢ 31eKmpooa
npu Mo4eyHoll ceapke, MUuH

Macca pgeranu ITnockue neranu (y37bl) ‘ O6bemubIe neTanu (y37b1)
(y3na), kr Jlnuna netanu (y3na), MM
o 1000 1000...2000 u mo 1000 | 1000...2000 u cs.
CB.

Jo 1 0,040 0,044 0,046 0,050
1,1...1,6 0,046 0,050 0,053 0,058
1,7...2,5 0,052 0,057 0,060 0,066
2,6...4,0 0,060 0,066 0,069 0,076
4,1...6,3 0,068 0,075 0,078 0,86
6,4...10 0,078 0,086 0,090 0,100

11...16 0,090 0,100 0,103 0,113
17...20 0,100 0,110 0,115 0,126

Tabnuya 14 — Bcnomozcamenvroe 8pems Ha YCMAaHOBKY Oemainu (y3ia)
Ha cmoJ, 8 NPUCNocobIeHUe NPu MOYeYHOU U ULOBHOLL
ceapke, MuH

Crnioco0 yCcTaHOBKHU
Macca ITo
nertamu | CBo0OOIHO, IIo o msIpo, Hanpasisa- | [log npy- | B ueHTpsr
(y3na), |06e3 dukca-| KOHTYpY, FOILIHM, KUHHBIC | TMPHUCIIO-
OTBEPCTHUIO
KT 1015051 pHuCKe JIBYM NPWKUMBI | COOJICHUS
TIJIOCK.

o 0,029 0,035 0,041 0,080 0,058 0,070
1,1...16 0,033 0,040 0,047 0,092 0,068 0,078
1,7...2,5 0,038 0,046 0,054 0,105 0,078 0,090
2,6...40 0,044 0,053 0,062 0,122 0,090 0,103
41...6,3 0,051 0,061 0,072 0,140 — 0,118
6,4...10 0,058 0,070 0,082 0,156 — 0,135

11...16 0,066 0,080 0,094 0,182 — 0,156
17...20 0,072 0,086 0,103 0,190 — 0,170
IIpuMmeyanus:

43



1 B tabnuie gaHo Bpems npu muHe Aetanu (y3na) 1o 1000 mm; mpu ayivHe
10 2000 MM U CBBIIIE KO BPEMEHU 10 TaOIUIE CNEAYeT NIPUMEHSTh MOMPaBOYHbIN
koa(durmeHt, paBueiii 1,1.

2 Ilpu ycTtaHOBKe JAeTajeil CIOXXHOW KOH(UTypalud B CHEIHAIbHbIC MPU-
criocoOieHus BpeMs 1o Tabsmiie 0path ¢ ko3duimeHTom, paBHbIM 1,3.

3 IIpu 0OIHOBPEMEHHOM YCTAHOBKE HECKOJIBKUX JETalieid Bpems, IIPUBEICH-
HO€ B TabmuIle, MPUHATH ¢ KOAPPUIMEHTOM, paBHbIM 0,8 Ha KaXAyI0 JeTallb.

Tabnuya 15 — BcnomozamenvHoe épemsi Ha cHsimue demanu (y31a)
CO CMOJA, ¢ NPUCNOCOONIEHUSI NPU MOYEYHOU U UOBHOU
ceapke, MUuH

Macca Cusitue geranu (y3ina) Custue aeranu (y3ina)
JeTalu CO cTONA C PUCTIOCOOIICHNUS
(y3na), Jlnuna netanu (y3aa), MM
MM J10 1000 | 1000...2000 u cB J1o 1000 1000...2000 u cB
o 1 0,021 0,023 0,023 0,025
1,1...1,6 0,024 0,026 0,026 0,029
1,7...2,5 0,028 0,031 0,031 0,034
2,6...4,0 0,032 0,035 0,035 0,039
41...6,3 0,036 0,040 0,040 0,044
6,4...10 0,042 0,046 0,046 0,051
11...16 0,048 0,053 0,053 0,058
17...20 0,052 0,057 0,057 0,063

Ipumeuanue. [Ipu yknagke aeraneit (y3710B) B CTOMy BpeMs MO TabiuIe
cienyet Opath ¢ koddduimenTom, paBHbIM 1,2.

Tabauya 16 — Bcnomozcamenvroe 8pems Ha NOBOPAUUBAHUE
unu nepegepmuléanue oemanu (y31a) npu moyeuHou
U woeHou ceapke. Bpems na ooun nosopom, mun

1 [loBepHyTH ieTanb 2 CHATb netansb (y3el) ¢ JIeKTpo/a,
(y3ei) Ha 3JIEKTpoAe MOBEPHYTh, YCTAHOBUTH HA JIEKTPOJIE
Macca Yrous noBopora, °
peramu | JIo90 | 90...180 | Jlo 90 | 90...180
(y3na), kr Jnuna neranu (y3na), MM
Ho 1000...2000 Jo [1000...2000] o 1000...2000
1000 Y CBBIIIIE 1000 | mcemme | 1000 Y CBBIIIE

Ho 1 0,0072 0,0108 0,0147 | 0,0162 0,0220| 0,0240

1,1...1,6 | 0,0082 0,0123 0,0167 | 0,0184 | 0,0250| 0,0275

1,7...2,5 | 0,0095 0,0142 0,0190 | 0,0210 | 0,0285| 0,0314

2,6...40 | 0,0110 0,0165 0,0217 | 0,0237 0,0325| 0,0360

4,1...6,3 | 0,0122 0,0183 0.0247 | 0,0270 0,0370| 0,0405

6,4...10 | 0,0145 0,0220 0,0285 | 0,0315 0,0430] 0,0470
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11...16 | 0,0165 0,0250 0,0320 | 0,0350 0,0480| 0,0530

17...20 | 0,0175 0,0260 0,0350 | 0,0385 0,0525| 0,0575

Ipumeuanue. [Ipu moBopoTte aetanm (y3/1a) Ha CTOJIE BpeMsl ciaeayeT OpaTh
no rpade 2 ¢ koaddurmentom, paBusiM 0,6.
Tabnuya 17 — BcnomozcamenvHoe 8pemsi Ha npoosudceHue oemanu (y3ia)
HA wae npu moye4yHou U WosHoU ceapke. Bpems na 00Ho
npooBudICeHUe, MUH

Jnuna Macca geranu (y3na), Kr

mara, MM Jo05 (06...10 | 1,1...2,0 3...4 5...8 9...16 17...20
Jlo 10 0,0024 | 0,0028 0,0032 | 0.0037 | 0,0041 0,0048 0,0055
11...16 0,0030 | 0,0035 0,0040 | 0,0045 | 0,0051 0,0060 0,0068
17...25 0,0037 | 0,0043 0,0048 | 0,0055 | 0,0063 0,0072 0,0082
26...40 0,0045 | 0,0052 0,0060 | 0,0068 | 0,0078 0,0090 0,0101
41...63 0,0055 | 0,0063 0,0073 | 0,0083 | 0,0095 0,0108 0,0125

64...100 0,0068 | 0,0078 0,0090 | 0,0102 | 0,0117 0,0132 0,0152

101...160 0,0084 | 0,0096 0,0111 | 0.0125 | 0,0145 0,0165 0,0190

161...250 0,0103 | 0,0118 0,0135 | 0.0155 | 0,0177 0,0200 0,0230

251...400 0,0126 | 0,0146 0,0167 | 0,0190 | 0,0220 0,0250 0,0280

401...630 0,0156 | 0,0175 0,0200 | 0,0230 | 0,0260 0.0300 0,0350

631...1000 | 0,0190 | 0,0220 0,0250 | 0,0290 | 0,0330 0,0370 0,0430

HpnMeanne. HpI/I ABTOMATHUYCCKOM YIIPaBJICHUHU BPCMA HaA IIPOABUKCHHUC IC-
TaJIn Ha mar rnmepCKpbiBacTCA OCHOBHBIM 1 B HOPMC BPCMCHH HC YUYUTBIBACTCA.

Tabauya 18 — Bcnomozamenvhoe 8pems HA YCMAHOBKY 0emaiu
Ha 371eKMpPOoO0 MAUUHbBL, MUH

Macea Cnioco6 ycTaHOBKH i}
How.| neran Cgo6osHO 1o yrnopy | ITo mpucnoco6nernio | C BEIBEPKOH COOCHOCTH
nos. | (yama) Jnuna neranu (y3na), Mmm, 10
e o 1000 | 2000mce. | 1000 | 2000wmce. | 1000 | 2000 u cs.
’ Bpewms, Mun
1 0,10 0,015 0,017 0,020 0,022 0,026 0,029
2 0,16 0,017 0,019 0,023 0,025 0,031 0,034
3 0,25 0,020 0,022 0,027 0,030 0,035 0,038
4 0,40 0,023 0,025 0,032 0,035 0,041 0,043
5 0,60 0,027 0,030 0,036 0,040 0,046 0,050
6 1,00 0,031 0,034 0,043 0,047 0,055 0,060
7 1,60 0,037 0,040 0,050 0,055 0,065 0,072
8 2,00 0,040 0,044 0,054 0,059 0,070 0,077
9 2,50 0,043 0,047 0,058 0,064 0,075 0,083
10 3,20 0,046 0,051 0,062 0,068 0,081 0,089
11 4,00 0,050 0,056 0,068 0,075 0,083 0,097
12 5,00 0,054 0,060 0,073 0,080 0,095 0,104
13 6,30 0,058 0,064 0,080 0,088 0,102 0,112
14 8,00 0,063 0,069 0,086 0,095 0,110 0,121
15 10,0 0,068 0,075 0,093 0,102 0,118 0,130
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16 12,0 0,072 0,079 0,100 0,110 0,125 0,138
17 16,0 0,080 0,088 0,110 0,121 0,138 0,152
18 20,0 0,086 0,095 0,118 0,130 0,150 0,165

IIpumeyanue. [Ipy ONHOBpPEMEHHONW YCTAaHOBKE HECKOJIBKUX JIETAJIEH BpeEMH,
MPUBEACHHOE B KapTe, ciaeayeT Opath ¢ Koapduunenrom 0,8 Ha KaKIyro IeTalb.
Tabauya 19 — Bcnomozamenvroe pems Ha 3aKpenienue u OmKpenieHue

oemanu npu KOHMAKMHOU C8apKe

Tun 3aKUuMHOTO HpI/ICHOCO6HeHI/IH

BpeM}I Ha aerajlb, MUH

[THeBMaTHYECKUIA MM THEBMOTHIPABINYECKUI 0,024
DKCIEHTPHUKOBBIH 0,031
Pbrya>kHbli, IApHUPHBIN 0,038
OTkuIHAS WM ChbeMHasl CTPyOIMHA 0,115
BunroBoit nprxum 0,090

Tabnuya 20 — Bcnomocamenvroe 8pem HA CHAMuUE Y31a C I1eKmpooa

Mawurvl, MUH

Homep Macca y3na, Jnuna y3ma, MM, 10
MO3HUIIH KT, JIO 1000 2000 u cBBIIIE
Bpewms, mun
1 0,5 0,020 0,022
2 1,0 0,025 0,027
3 1,6 0,029 0,032
4 2,0 0,032 0,035
3 2,5 0,035 0,039
6 3,2 0,037 0,041
7 4,0 0,040 0,044
8 5,0 0,043 0,047
9 6,3 0,046 0,051
10 8,0 0,050 0,055
11 10,0 0,054 0,060
1 12,0 0,058 0,064
13 16,0 0,064 0,070
14 20,0 0,069 0,076

IIpumeuanue. [Ipu cBapke KOpOTKHX JeTaned Ha npuem «B3saTe mmmnuel,
OTJIOKUThH MUY K BPEMEHHU 0 KapTe cieayeT npudasnars 0,025 MuH.

Tabnuya 21 — Bpems na obcayacusanue paboueeo mecma Qoée., OMObIX

U uuHble HA00OHOCMU Qom.n, %0 OM ONEPAMUBHO20

Bun cBapku

O06opyoBaHue

o6 dor.n

ToueyHnasg

CrannoHapHasi MalllMHA:
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OJHOTOYCUHAS
MHOTOTOYCYHAas
Knemum unm nucTosieT
IIToBHAas CranuoHapHasi MallinHa
CtpIKOBas MaiivHa ¢ HeaBTOMaTUYECKUM yIIpaBJIECHUEM
MainnHa ¢ aBTOMaTH4E€CKUM yITPABICHUEM

~NOoOholTOo b

~N~NoOoON O

Jns ycnoBuii cepuMHOrO MPOU3BOJACTBA CIEAYET NMPUMEHATH NONPABOY-
Hble KO3 (ULIUEHTHI, paBHBIC: IJI1 KPYTHOCEPUUHOTO — 1; cpeaHecepuitHOro —
1,25; menkocepuiinoro — 1,35. BpeMmst Ha oOcnyxkuBaHue pabouero Mecra, OT-
IbIX W JIMYHBIE HAJIOOHOCTH ompeaenstor 1mo Tabn.2l. IloaroroBurenbHO-
3AKIIOYUTENBHOE BpeMs ISl YCIOBUM CPEAHECEPUMHOTO M MEJIKOCEPUHOIO
IPOU3BOACTBA HOPMHUPYIOT B 3aBUCMMOCTH OT BUJA 000PYIOBaHUS: JIJIsl CTAIlU-
OHApPHBIX MAlIWH U KJIELEen — 8 MuH, Uil mucTosieta — 7,5 MuH. Bcnomorarens-
HOE BpEMs Ha OMEpAILMIO MPU KOHTAKTHOW CBapKe BKJIKOYAET BPEMs Ha yCTa-
HOBKY M CHSITHME BCEX JETaJled CBapHUBAEMOIO y3Jia, 3aKPEIUICHHE U OTKpeIuie-
HUE BCEX €ro JeTaliei, yCTaHOBKY y3J1a (JIeTalii) Ha 3JIEKTPOJl U CheM, IIOBOPO-
ThI, TIEpEMENICHNE U TEPEABMKCHHUE y3Jla Ha Ilar, 3a4MCTKYy AJICKTpoAa IMpH
CBApKE aTIOMUHUEBBIX CIJIABOB U KOPPO3UOHHO-CTOMKUX CTaJEH.

HopMy MITYy4YHO-KaJIBKYJISIIITUOHHOTO M MAapTHOHHOIO BPEMEHU OIpesie-
JISIIOT 110 paHee MPUBEACHHBIM POpMyIIaMm.

IIpumep. PaccuntaTe HOPMY IITYYHOTO BPEMEHU HA TOYEUHYIO CBAPKY.

Ucxonubie nannbie: omnepanus — cOOpka U nmpuxpaTka OeH3o00aka; rada-
putHble pasmepsl y3na 714x430x350 mm; Macca y3ina 17 kr; matepuan — cralb
nuctoBasg mapku 08; ceapounast mammHaa mapku MT-2517, 120 n1BoiiHBIX X0/0B,
IyCKOBOE YCTPOMCTBO MeaabHOe; Opuraga u3 2 4ell.; CpelHeCepUuiiHOe TIPou3-

BOJACTBO. PacueT HOPMBI IITYYHOTO BPEMEHH BBIMOIHAIOT 1Mo (opme 1
(tabu. 22).

Tabruya 22 — @opma 1. Pacuem Hopmbl wimy4uHo2o épemeHu
HA MOYEUHYIO C8APKY

OcHoBHOE
Howmep BcrnomorarensHoe
[Ipuem BpEMsI Ha OJIHY)
TaOIULIB] BpeMsi, MUH
TOYKY, MUH
YcTaHOBHTH MOJOBUHY OeH300aKa 13 - 0,058x1,25=0,073
Maccoi 8,5 kr Ha cToJI cBOOOIHO Oe3
bukcanu
Y CTaHOBUTH BTOPYIO MOJIOBUHY OCH- 13 — 0,07x1,25 = 0,088
300aka Maccoi 8,5 Kr Ha MepBylo 1O
KOHTYPY
VYcranoButh OeH300aK Maccoi 17 kr 14 — 0,115x1,25 =0,144
Ha JIEKTPOJ TOYEYHON CBAPOYHOMN
MAaIIWHbBI U CHSITh
BKJIIOUNTh TOUEYHYIO MAUIUHY, IPU- 11 0,0150 —
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XBaTUTh O€H300aK B YETHIPEX TOYKAX

BxirounTs Manmny 11 0,0082 —

[ToBepHyTh y3ei aBaxk bl HA 90° 16 — 0,035x1,25 =0,088

[TepeaBuHYTH y3€II 1Ba paza 17 — 0,043x2x1,25 = 0,108

Ha JuHy 714 MM

To xe oguH pa3 Ha AuHY 430 MM 17 — 0,035x1,25 =0,044
Hroro 0,0232 0,0545

Hopma mtygnoro Bpemenu T, = (0,0232-4 + 0,545) -1,1 = 0,702 muH.
PaboTy BEIIOMHAIOT Ba pabo4ynx oJHOBpeMeHHO. Hopma BpemMeHu Ha Opuramy
coctasut H, = 0,702-2 = 1,404 mumn.

9 PACYHET CBAPOYHOI'O OBOPYJAOBAHUSA U YUCJIIEHHOCTH
HNPOU3BOJACTBEHHbBIX PABOYHUX

[Tpu u3MepeHnH ro10BOro 00beMa CBapOUHBIX PadOT B SIUHUIIAX BpeMe-
HU paboThl (HOPMO-Yacax) pacueTHOE KOJMYECTBO €IUHUI] CBAPOTHOTO 000pY-
JOBaHMsI, TOTPEOHOE SIS BBIMOJTHCHHS KaXKI0W ONEPaIlMK CBAPKH, ONMPEACIISIOT
o gopmyiie

N = T/® azayey = Ty n/Paga,,

rae T — ¢ona BpeMeHu, NoTpeOHBbIN AJI BBIIOJHEHUS TOAOBOr0 o0beMa
CBapOYHBIX pabOT, HOPMO-Y/TOJ;

Ty, — WTY4HO-KaJbKYJIALMOHHOE BpeMs Ha OJHO HM3JIEJHE Ha JaHHOMN
orepaluy CBapKu, HOPMO-Y;

N — rojoBas mporpamMma BbIITyCKa U3JEIHM, e].;

a — KOO (ULMEHT BBINOIHEHUSI HOPM BBIPAOOTKH, MIPU HAIUYUU TEXHU-
YeCKU 00OOCHOBAHHBIX HOPM BPEMEHH €r0 MOKHO MPHUHSATH paBHbM 1,0...1,3;

ayen — KOAGOUIIMEHT HMCTIOJIB30BaHUSI CBAPOYHOTO OOOpPYAOBAHUS, €T0
3HaYCHHE TPUOIMKEHHO OepeTcs paBHBIM 0,7 IS WHIUBHUIYATBHOTO U MEJIKO-
cepuitHoro npousBoAcTBa u 0,8 — 17151 KPYMMHOCEPUUHOTO U MacCOBOTO;

@ — nelcCTBUTENbHBIA TO0BOM (POHA BpeMEHHU pabOThl CBAPOUYHOTO 000-
PYyIIOBaHUsI, pACCUUTHIBACTCS IO PopmyIie

o= [365 - I[l'[PA3I[ - I[B— I[l‘ll‘l) Ky + (I[C + I[l'll'l) KC]an’

rjae 365 — 4nciio KaneHJapHbIX JHEH B TOY;

Hipasz — YUCIIO TIPA3THUYHBIX JIHEH B TO1Y;

Jlz — 9UCIIO BBIXOJHBIX JTHEH B TOJYy, HE COBIAIAIONTNX C TPa3THUYHBIMU
THSAMU;

Jc — guciio cy0O0THUX JTHEH B TOY, HE COBIAIAIONTNX C TIPA3THHYHBIMH
THSAMY;
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M — 9#CIIo mpeanpa3fHAYHBIX JHEH B TOMy, HE COBMAMAIONINX C CyO-
OOTHUMH JHSIMH;

K — mpoaomKuTebHOCTh MOJHOW CMEHBI, Y;

K¢ — mpo1omKkuTeIbHOCTh CMEHBI B CyOOOTHHE M MPEANpa3IHUYHbIC JTHH,
q;

ap — KOO(PUIHMEHT, yIUTHIBAIOIIMN BPEMs Ha KaIMTAIbHBIA U CPEIHUN
peMOHT. JI71s1 yKpyIIHEHUS PacueTOB KOA(PQHUIUEHT a, IPU OJHO-, IByX- U TPEX-
CMEHHOU paboTe MOKHO MPUHATH paBHBIM, cooTBeTcTBeHHO, 0,097; 0,095; 0,93.

Y — npuHsTasgs CMEHHOCTb, YHCJIO CMEH.

CpenHuii pacdeTHBIN JEHCTBUTENBHBIN TOA0BONH (OHI BpeMeHU pabOTHI
obopyaoBaHus TpU S-THEBHOW paboueil Hemene ¢ 0O0IIel MPOa0JDKUTEIBHO-
cThio 71 4 m nByxcMeHHOU paboTe 3a X maTmieTky coctaBui 3 968 u. Tpebye-
MYI0 YHMCJICHHOCTh OCHOBHBIX IPOM3BOJICTBEHHBIX Pa0OYMX OMPEACINSIOT I10

bopmyie
Npp = Trex B/®p,

rae Trepx — TEXHOJOTUYECKAs! TPYA0EMKOCTh €IMHUIIBI TPOTYKIINH, Yel/d;
B — r0/10BO#1 BBIMYCK MPOAYKITMU B IPUHATHIX CIWHUAIIAX U3MEPECHUS;
®p — uTaHOBBIA (POHJ pabovero BpeMeHH pabouunx 3a roj (cMm. Tadi. 23).

Tabauya 23 — Pacuemuulii nianossiil poHo pabouezo 8pemeHu

[Tpo10IKUTENBHOCTh OUEPETHOTO OTIYCKA, THU @p, u
12 1890
18 1 850
24 1 830

[locme pacyera cBapoYHOTO OOOPYAOBAaHUS M UMCICHHOCTH OCHOBHBIX
IPOU3BOACTBEHHBIX pabodynx pa3pabarbiBaeTcs TUIAHUPOBKA Iiexa (OTAENeHuUs,
y4acTKa).

Pa3paboTka TeXHOJIOTHMYECKOTro MJIaHa BKJIIOYAET BHIOOp Hamnboiiee paru-
OHANLHOM /IS IPOEKTUPYEMOTO MPOU3BOJICTBA CXEMbI KOMIIOHOBKH IieXa (OT-
JICJICHNS], Y4acTKa), MPEACTABISIIONIUN COO0M TEXHUYECKYIO 3a/ady, MOIMycKa-
IOIIYI0 HECKOJIBKO pelIeHnui. PallnoHanbHOE pElIeHNE 3TOW 3aauu JOCTUTAeT-
Csl IyTeM MapauIeIbHON pa3pad0TKU HECKOJIbKMX BAPUAHTOB KOMITOHOBOYHBIX
CXEM TE€XHOJOTHYECKOTO TIIaHa.

OxoHYaTEeNbHBIN BAPUAHT TEXHOJIOTHIECKOTO TIIaHa OPOPMIISIETCS B BUJIC
yepTeka 00I11ero Buia.
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IIpunoxenue A
HexoTtopsbie Teruiopuznyeckue CBOMCTBA METAJLIIOB

Tabnuya A.1
Ynensnoe| Temno- | Temmnepa-
VYV nenvHas
3JIEKTPO- | HPOBOA- | TYPOIIPO- TOLLIOCM- Temnepary-| Ilnot-
COIIPOTUB-| HOCTh | BOAHOCTH pa 1iaBje- | HOCTB,
Meramnn KOCTb IIPH
JICHUE TIpU| TIpHU npu 293 K ¢ HUs (JTUK- .
293K p, [293KA,| 293K a, V| punyca), K |kr/m® 103
Om-w-10° | Br/(wK) | /107 | AT K
Menp 1,75 359,4 1,05 371 1 356 8,90
JlaTyns JI-62 8,0 108,7 0,33 371 1178 8,50
bpon3a bp-62 6,5 83,6 0,24 419 8,23
AnroMuHHAH 2,8 204,8 0,73 880 931 2,71
JH16AT 7,3 125,4 0,50 838 906 2,80
AMr6 7,1 104,5 0,45 838 893 2,78
AMI 4,2 158,8 0,65 838 937 2,80
MonubaeH 5,15 146,3 0,53 272 2895 10,35
MarnueBsie
CIIJIABBI
MAS 55 133,7 0,80 1048 923 1,77
MA2-1 12 96,1 0,52 1048 905 1,78
Huzkoyrie- 13 62,7 0,15 461 1803 7,80
poaucras
crainb Ctlkn
Koppo3sunon- 75 16,3 0,05 461 1713 7,86
HO-CTOMKas
cTallb
12X18HOT
CraB 21 40 0,104 480 1753 7,85
30XI'"CA
’Kaponpou- 120 9,6 0,025 440 1673 8,88
HBIU CIIJIaB
B2K98
TuraHoBbIC
CILJIABBI
OT4 142 9,6 0,035 587 1933 4,59
BT5 100 7,5 0,025 587 — 4,59
BT14 150 7,9 0,030 503 — 4,52

51







Ipuioxenue b
Ilepeyenb THNOBBIX 3aJaHUN K KyPCOBOii padoTte

Tabauya b.1 — Bapuaum 1. Paspabomams mexHoni02uiecKuli npoyecc u320moeieHus uz0eus

Pa3zmeps! uznenus, Mm [TIporpamma
Howmep
BBIITyCKa

3a1a- DCKH3 U3enus Marepunan .

A B H C 0 o W3JICIINH,
HUS

IIT.
1 2 3 4 5
1 1000 400 200 100 1,0 50 Cr3 10 000
2 1200 300 100 60 15 40 AMr-6 8000
3 800 600 300 80 1,8 50 X18H10T 12 000
4 800 500 400 50 2,0 30 AmntoMuHUHAS 9 000
o C

3) i 600 200 300 40 1,2 40 30XI'CA 10 000
6 l 2000 500 500 70 25 60 Cr3 7000
7 . = - - £ > 1000 400 300 60 1,0 40 ropamomMuHuK 6 000
8 900 300 300 50 0,6 30 JlarymsJI62 8 000
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IIpooonocenue maon. b 1

1 2 3 4 5
A | B | C|D| E o | «a

9 150 200 500 100 120 0,8 30 AMr-6 12 000
10 300 300 600 200 200 2,0 40 Crt3 10 000
11 s 250 400 400 80 300 1,6 20  X18H10T 9 000
12 500 250 500 300 400 1,2 50 AmomMuHHHAS 10 000
13 600 300 700 250 200 2,5 60 /Hwopamomunuii 15000
14 0 750 500 550 200 180 0,8 30 Jlaryns JI62 12 000
15 = 400 600 300 300 150 1,0 40 304r'CA 14 000
16 ’ = 800 400 500 150 120 1,8 30 JlaryssJI62 12 000
17e 200 750 400 200 400 15 30 Cr3 15 000
18 400 400 600 100 150 2,0 40 AMr-6 10 000
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IIpooonocenue maon. b.1

1 3 4 5
L D ) a
19 1000 500 10 50 C13 12 000
20 800 400 20 40  AMr6 14 000
21 700 400 08 30  XI8H10T 10 000
22 : 600 350 0,6 35 JlarymsJI62 15000
23 750 300 12 40  Crams 45 12 000
24 ky ' a 300 200 1,2 30 AmoMuHHRAS 16 000
25 I A N 400 180 06 20 Jlopamommmmii 12 000
26 | ] 1200 400 25 60 Cr3 14 000
27 900 300 16 40  30UICA 15 000
28 500 300 10 50  AMr6 16 000
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IIpooonocenue maon. b.1

1 3 4 5
L B h 0 a

29 300 260 150 05 50 AmomuHUi 1200
30 400 300 200 0,8 40 AMr-6 1600
31 500 350 250 1,0 60 @ Jlaryss JI62 2 000
32 = 600 300 300 1,2 45 X18H10T 1800
33 ] 700 400 250 1,0 55 [ropamomuHMiA 1600
34 800 450 300 15 40 Cr.3 1400
35 B 900 400 350 1,8 50 Cr.45 1200
36 1000 500 400 20 55 Cr.3 1 000
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Tabauya b.2 — Bapuanm 2. Paspabomams mexHo102uiecKuii npoyecc u320moesieHus WoeHou C6apKu

Howmep Pa3zmeps! uznenusi, Mm [Iporpamma
3aja- DCKM3 U3eus Marepuan BBIITYCKa U3-
HUS L B H ¢ A 0 JICJIMH, IIIT.
1 3 4 5
1 1200 500 100 100 50 1,0 Ct3 12 000
2 1000 400 50 50 80 1,6 X18H10T 14 000
3 ™ 900 600 150 150 60 0,8 AMr-6 15 000
C
4 o 1100 300 80 80 100 2,5 30XT'CA 10 000
2N
5 - 800 400 100 100 40 1,2 Jlatynp JI62 14 000
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IIpooonsicenue maon. b. 2

1 2 3 4 5
L D P
6 1200 600 08 C13 50 000
7 1000 700 1,0 XISHIOT 600 000
8 | 900 500 1,2 AMr-6 35 000
9 e 1000 500 16 30XI'CA 40 000
10 \ 800 400 1,8  Jlaryms JIG2 30 000
11 U 700 450 2,0  AmovmmmiiAS 25000
12 P 2 1 000 600 1,8  [TropamomuHMI 50 000
13 L 600 400 25 Cr. 70 000
14 500 300 06 X18H10T 80 000
15 800 450 08 AMr-26 40 000
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IIpooonocenue eapuanma 2

1 3 4 5
] D )
16 200 800 20 C13 50 000
17 350 600 1,6 XI8HIOT 55 000
0
18 — 200 700 08 AMr-6 40 000
——————— =
19 | K 800 500 122 Jiopamommmuii 60 000
20 | kj 50 550 10  30XTCA 55 000
21 [ 450 450 1,0 Cr.3 80 000
L
22 | 600 650 1.2 Cr.45 50 000
23 550 300 1,0  JlarymsJI62 10000
24 250 350 05  JlarymsJI62 80000
25 400 400 1,6 AmommmmitA5 65000
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IIpoooncenue sapuarnma 2

1 2 3 4 5
L B H h k)
26 300 300 200 120 1,0 C13 80 000
Q

27 j‘ 400 300 300 200 08 Jlopamomumuii 70 000
28 m : g 500 400 300 200 1,2 AJTFOMHHUIA 60 000
29 T| 500 500 250 150 06 X18H10T 40 000
30 | | = 600 400 350 200 08 AMr-6 45 000
31 © 700 500 400 200 06 30XT'CA 40 000

a ™
32 ( 1 600 600 300 180 0,8  JlarymsJI62 35 000
33 ' ' ] ' ' ' 800 500 400 200 1,0 X18H10T 30 000

~]
. N
B
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Tabnuya b.3 — Bapuanm 3. Pazpabomame mexHono2uiecKutl npoyecc u3eomoegieHus u30eaul OmKpulmo c8apKu

u Pa3zmeps! uznenus, Mm [Iporpamma
OMEP DCKHU3 U3IeNns Marepuan BBIITyCKa U3-
3aJlaHus D A B .
JEJUH, MIT.
1 2 3 4 5
1 15 1200 800 Cr3 120 000
2 22 800 500 30XT'CA 100 000
3 40 400 300 X18H10T 150 000
4 20 200 100 Cranb 45 110 000
Q
5 32 300 300 Cr.8 90 000
6 16 200 50 Cr.45+P18 30000
7 18 300 60 Cr.45+P9 100 000
8 24 200 100 Cr.3+X18HI10T 120 000
9 30 250 150 Cr.45+P18 150 000
32 400 250 Cr.45+Ct.3 120 000

IIpooonsicenue maon. b.3




1 4 5
D D,
10 600 12 Cr3 100 000
11 400 20 30XI'CA 80 000
12 800 23 X18H10T 60 000
13 600 22 Cr.45 75000
14 750 30 AmroMHUHMIN 80 000
15 500 10 AMr-6 100 000
16 1000 32 Cr.3 30 000

IIpooonocenue maon. b.3
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1 3 4 5
D 0 B
17 600 10 30 Cr3 100 000
18 500 8 20 X18H10T 120 000
19 550 12 15 Cr.45 150 000
20 400 6 40 X18H10T 125 000
21 ' / 800 15 25 30XI'CA 130 000
22 450 4 20 AnroMuHUR 140 000
23 500 5 24 Jlatynsb JI162 120 000

IIpooonocenue maon. b.3
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2 3 4 5
A | B D | D
24 500 1400 60 50 Cr3 150 000
25 400 1200 80 64 Cr.20 140 000
26 N 700 800 100 30  X18H1O0T 120 000
/

27 o 800 1000 30 22  Amowmmmmi 100000
28 .y 900 600 30 32 30XICA 110 000
29 ) 1000 500 76 66 Cr3+XISHIOT 100 000
30 B 12000 800 56 48 Cr.45 115 000
31 1400 1000 24 20  Amommmmii 100 000

IMpuioxenue B
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Temnopusnyeckre CBOMCTBA HEKOTOPHIX METAJLJIOB U CILJIABOB

Tabauya B.1
Temmnepa-
VY nenbHOE .
v Temnepa- | CkpbiTas Temmnepa- TYpHBIN
JeIb- VY nenbHas AEKTpHUYe-
. Typa TEIUIOTa Temmonpo- | Typompo- K03 puiu-
HBI TEIJIOEMKOCTh CKOE
Marepuan IiaBjie- | IJIaBJICHUS BOJHOCTH G, | BOJHOCTH €HT COIpo-
BEC 7, C, COIIPOTHUBIIE-
3 uust Thg, B, 0 kai/cm-c-°C a, TUBJICHUS
r/cMm o kan/r--C 2 HUE pPj,
C KaJ/T cMm/c 3 Mg,
MK-OM /-cM 0
1/"C
1 2 3 4 5 6 7 8 9
Bonbsdpam 19,3 3380 61,3 0,03 0,34 0,83 5,5 0,0050
(0...1100 °C)
30J10TO 19,3 1063 15,0 0,03 0,74 1,32 2,4 0,004
(20...100 °C) | (0...200 °C)
Menn 8,9 1083 42 0,1 0,89 1,05 1,75 0,0043
(0...500 °C) (0...500 °C)
Monubaen 10,2 2620 — 0,065 0,29 0,525 5,14 0,004
(0...100 °C) (0...100 °C)
Huxkenb 8,9 1453 73 0,115 0,118 0,23 7,3 0,0068
(0...500 °C) (0...700 °C)

IIpooonscenue maon. B.1
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1 2 3 4 5 6 7 8 9
Turan 4,5 1725 0,162 0,162 0,036 0,073 60 0,0038
(0...400 °C) (0...800 °C)
Cepebpo 10,5 960,8 25 0,057 0,93 0,71 1,6 0,0041
(0...427 °C) (0...500 °C)
[Tnatuna 21,45 1769 27 0,035 0,18 0,25 10,1 0,00392
(0...1200 °C) | (0...700 °C)
Huskoyrnepo- 7,85 1530 50 0,18 0,09 0,15 15 0,006
JUCTas CTalb (20...900 °C) |(20...900 °C)
Crams 30XI'CA | 7,85 1480 50 0,115 0,09 0,1 22 0,006
(20 °C) (20 °C)
Cranp 40XHMA | 7,85 1480 50 0,115 0,09 0,1 20 0,006
(20 °C) (20 °C)
AycTeHHUTHas 7,86 1440 50 0,125 0,50 0,038I" 70 0,004
craib 1 X18HOT (20...800 °C) | (0...500 °C)
IIpooonscenue maon. B.1
| 1 2 3 4 5 | 6 | 7 8 9
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ZKaponpounsiit
crmiaB X20HS80

Jlatyns JI162

16

B9ST

AM11

AMr

MA-8

8,17

8,5

2,8

2,8

2,73

2,12

1,77

1390

905

650

650

650

650

650

50

35

100

100

100

100

70

0,11
(ipu 20 °C)

0,1
(0...500 °C)

0,12
(20 °C)

0,2
(20 °C)

0,2
(20 °C)

0,2
(20 °C)

0,25
(100 °C)

0,025
(mpu 20 °C)

0,37
(20...500 °C)

0,4
(20°C)

0,28
(20 °C)

0,38
(20°C)

0,37
(20 °C)

0,35
(100 °C)

0,28

0,26

0,6

0,5

0,7

0,68

0,68

100

7,1

4,5

5,8

42

4.4

6,12

0,0001

0,004

0,004

0,004

0,004

0,004

0,004
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