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PE®EPAT

BrlmmyckHast kBanuguKaroHHas padoTa 1mo tTeme: «Pa3paboTka TeXHOJIOTHH
W UW3TOTOBJICHWE OIBITHOTO OOpasma CBapHOTO aHOJa MJIsi XUMHYECKON
MPOMBIIIJICHHOCTH» COACPXKHUT 23 Tabmwmi, 36 wutoctpanuio u 128 ctpaHuilsl
MeYaTHOTO0 TEKCTa, KOJMYECTBO HCITOJIB30BAHHBIX MCTOYHUKOB 33, rpaduyeckas
4acTh MPOEKTa cocTaBsieT 9 nuctoB popmara Al.

[TosicHuTEIbHAS 3aMKCKa K MPOCKTY COCTOUT M3 BBEACHHS, ISATH OCHOBHBIX
pas3iesnoB (muTepaTypHO-TIATCHTHBIH  0030p, TEXHOJIOTMYECKass  4YacTh,
KOHCTPYKTOPCKasl 4aCTh, OPraHU3aI[MOHHO-2KOHOMUYECKas YacTh, 0€30MacHOCTh U
AKOJIOTUYHOCTD MPOEKTA), 3aKIIFOUCHUS U TTPUII0KCHUS.

B oCcHOBHBIX paszenax comepikarcs pe3ynbTaThl Haa MpoekToM. [IpoBeneHs
COOTBETCTBYIOIINE KOHCTPYKTOPCKHE PACUCTHI.

[TpuBoAWTCS aHAIM3 TEXHUKO-YKOHOMUYECKUX TIOKa3aTeiel IPoeKTa.

B 3akmodeHMM TPUBOASATCS BBIBOABI 110 pe3yJbTaTaM padOTHl Haj

npoekToM. B npunosxkeHun pazMenieHsl cielupuKaiii K 4epTexam.
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Beenenue

CeroaHs cBapka — OJIMH U3 HanboJee paclpoCTPaHEHHBIX TEXHOJIOTMYECKUX
MIPOIIECCOB B PsiJie OTpaciie Mpou3BOACTBa. MHOTrHe KOHCTPYKIIMH COBPEMEHHBIX
MAaIllMH U COOPY>KEHUM, HApUMEP KOCMUYECKHE PAKEThI, MOJIBOJIHBIC JIOJAKH, Ta30-
U HedTeNnpoBOAbl, M3rOTOBUTH 0O€3 IMOMOIIM CBapKH HEBO3MOkHO. CeromHs
CBApWBAIOT MaTepHUajbl, KOTOpPHIE e€I€ OTHOCHUTEIHbHO HEIaBHO CYHUTAINCh
AK30TUYECKUMU. DTO TUTAHOBBIE, HUOOMEBBIC M OEPUILIMEBBIC CILJIABbl, MOJIMO/IEH,
BOJIb()paM, KOMITO3HIIMOHHBIE BBICOKOIIPOUYHBIE MaTepHabl, KEPAMHKA, a TaKKe
BCEBO3MOJKHBIC COUYETAHMS Pa3HOPOJHBIX MarepuanoB. CBapHUBaIOTCS JI€TANU
ANIEKTPOHUKH TOJIIIMHON B HECKOJIBKO MUKPOH U JACTAIM TAKEIOro o00pynoBaHus
TOJIIMHON B HECKOJIBKO METPOB. [IOCTOSHHO YCIOXHSIIOTCSI YCIOBHUS, B KOTOPBIX
BBITIOJTHSIIOTCSL CBApOYHBIE PalOThI: CBApUBATH MPUXOAUTCSA TOJA BOJOW, MpHU
BBICOKMX TeMIlepaTypax, B IIyOOKOM BaKyyMe, MpH ITOBBIIIEHHOW paJvallvu, B
HEBECOMOCTH.

JlaHHBIN TIPOEKT IMOCBAIICH pa3pabOTKe TEXHOJOTHH W OO0OpYIOBAaHUS IJIS
M3TOTOBJICHUSI aHOJOB, BBIIMOJHEHHBIX U3 TUTaHA U MEAM, KOTOPbIE MIPUMEHIIOTCS
IIPU HAHECCHUH TATbBAHUYECKUX METHBIX MOKPBITHA. AHOMBI CIYXKaT JJIs IMOJIBOJIA
TOKa B JJICKTPOJUT U JJIsI PABHOMEPHOI'O PACHPEACICHUS €ro MO IMOKPbhIBAEMOU
MMOBEPXHOCTH, U, KPOME TOTO, BO3MEIIAIOT YOBUIb METallJla B3aMEH BBIJICJICHHOTO
IIPU TOKPBITUHU U3JIEIIAN.

BBuny cBoux 0COOEHHOCTEH TpU HW3TOTOBJIECHUM W3JETUS TMPUMEHSIACh
aproHOAYroBasi ~ CBapkKa  HEIUIABAIIMMCS  BOJb(PPAMOBBIM  DJIEKTPOJIOM.
AproHoayroBasi CBapka HEIUJIaBSIIIUMCS 3JIEKTPOJAOM IIUPOKO PACIPOCTPaHEHA IO
CpPaBHEHHMIO C JpyruMu crnocobamu cBapku. Ee mpocTtoTra, MaHEBPEHHOCTD,
BO3MOXXHOCTh HAOJIIOJCHUS 3a AYyrod W psAll APYrUX MPEUMYIIECTB SBUJIUCH
OCHOBAHHUEM JIJIS €€ BHEAPEHUS BO BCEX OTPACIISIX MPOMBIILICHHOCTH.

B mporiecce paboTel Haj MPOEKTOM pa3pad0TaHa TEXHWKA U TEXHOJOTHSA
CBapKM THUTaHa M THTaHA C MeEJbI0 O3 HCMOJb30BAaHUS IPOMEKYTOUHOTO
Marepuaia, HCKJIoYampIias riIyO0oKoe  B3aMMONPOHHMKHOBEHHE  MeETala.
CnpoekTupoBaHa HEOOXOaWMas  TEXHOJOTHMYECKas OCHAcTKa, IoA00paHo
o0opy/ioBaHME © TPHUCIIOCOOJICHUS, OMNpeAeIeHbl TEXHHKO-IKOHOMHYECKHE
TTOKa3aTeIIH.
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1.1. O0mme cBeaeHust 0 MeaH, CBAPUBAEMOCTh MM, CIIOCOObI CBAPKH

Meau

Menp — wMArkuii koBkMi Metamn (mpexen mnpouHoctd 220 Mlla,
oTHOcuTenbHOE yaymmHenue 60 %) c temneparypoi mnasnenus 1083,4°C, kunenus
2360°C u mIoTHOCTEIO 8,92 r/em’. Tloce 00pa0OTKH JaBJICHHEM 3a CUET HaKjemna
npeaes MOpouyHocTH Meau Bo3pactaeT jo0 400-450 MlIla. Meap mmpoko
UCIIOJIB3YIOT B MAIIMHOCTPOCHUM OJjlarojapsi €€ BBICOKOW TEIJIONPOBOJIHOCTH,
HU3KOMY 3JIEKTPOCOMPOTUBIICHUIO M BBICOKOW KOPPO3MOHHON CTOMKOCTU B Psjie
arpecCUBHBIX cpell. B MamMHOCTPOCHUH HCIONB3YIOT MEAb Pa3IUYHBIX MApOK B
3aBucuMOCTH OT 4ucToThl o ['OCT 859-78. B cBapHBIX KOHCTPYKIUSAX MEIb
UCITIOJIB3YIOT B BU/JIE JIMCTOB, JIEHT, IOJIOC, TPYO U MPOBOJIOKH.

Kpucrannuzyercss Menab B T'pPaHEUEHTPUPOBAHHOM KyOMYECKON pEIIETKE;
nosimMoppu3MoM He 00nanaet u (pa3zoBbie MPEBPAIICHUS B HEM CBSI3aHBI TOJIBKO C
M3MEHEHHUEM arperaTHOro COCTOsHMSA. MeXaHHu4eCcKrue CBOMCTBA MEIU JOCTATOUYHO
XOpOIIH U COXPAHSIOTCS JlaXke B YCIOBUsAX riaybokoro xonona (—253 °C), koraa,
HarpuMep, MOYTH BCE CTaJu CTAHOBATCS XPYNKUMH. MexaHWYecKue CBOWMCTBA €¢
CUJIBHO M3MEHSIIOTCS M C TMOBBIIMIEHWEM TeMmiepaTypsl. B unTepBane 250-550 °C
CYILIECTBEHHO CHHMXKAIOTCSI MTPOYHOCTh U IJIACTUYHOCTh MEIM, B CBSA3U C YEM IIPHU
nedopMaiyu ee MOTYT MOSBUTHCS TpelTuHbI[1].

CoctaB W OCHOBHBIE CBOWCTBAa MPHUMEHSEMOrO CIUIABA OTPAXKEHBI B
CIIEAYIOIIMX Tabnuiax: [2]

Tabmuna 1.1 - Xumuyeckuii coctaB B % marepuana M1 TOCT 859-2001
Fe | Ni | S | As| Pb|zn| O] sb| Bi | sn C“mmg

o o o o o Ho | Jdo | Mo o o 999
0,005| 0,002| 0,004| 0,002| 0,005| 0,004/ 0,05 0,002| 0,001| 0,002 '

Tabnuna 1.2 - ®usnyeckue cBorictBa marepuana M1 I'OCT 859-2001

Monyinb Moznyrm IInotHOCTH Y aenbnoe TennonpoBOHOCTH

cIBUTIa DJIEKTPOCOMPOTUBIICHUE o
YIPYTrOCTH P, 20°C. O nipu 20°C,
E, MIla G, Kr/m3 mpy 20°C, Om - cm - Kaj/cM-c Tpaj
’ Mlla 10~°
115000 42400 8940 1,75 0,86
/lirm
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Tabmuma 1.3 - Mexaanueckue cBoiictBa matepuana M1 I'OCT 859-2001

Bpemennoe [penen OrtHOCHUTENBHOE
TBeprocTh 1o
CocTosiHUE | CONMPOTHBICHUE 0y, | TEKY4YECTH | YAJIHMHEHHE IOCIe Eomieno HB
MlIla oy, MIla pa3psiBa 6, % p
OTtroXeHHad 220 70 50 45
Jledopmupon 450 380 4..10 100
aHHas

B 3aBucumoctu oT croco0a M3roTOBJICHUSI OHA Pa3ACISIETCS HAa YEThIpe
rpynmel:  OECKUCIOPOJIHYIO, KaTOAHYIO TEpPEIUIaBICHHYI0, PACKUCICHHYIO H
OTHEBOTO padUHUPOBAHUS.

Mens mapkupytoT OykBoW «M» u mudpamu, KOTOopble 0003HAYAIOT
MaKCUMAaJIbHO JIOMYCTUMbIE KOJMYECTBA BPEAHBIX MPUMECEH B JaHHOU MapkKe, HO
YHUCJIICHHO C HUMH HE CBS3aHHBIC, T.C. SABJISIIOTCS MOPAIKOBBIMU HOMEPAMH MapOK.
C yBenuyeHuEM MOPSAKOBOTO HOMEpa MapKd MEAH TOBBIIIAETCS MAaKCUMAaJIbHO
JOMYCTUMOE cojiepkanue mnpumeceid. [lpu mapkupoBke OecKHUCIOpoaHas U
pacKHUCJI€HHAs MEJb JIOMOJIHUTEIBLHO COAepKaT OYKBBI «O» (OECKUCIOpOJIHAS) U
«p» (packuciieHHas).

[Ipumecu, oka3bIBalOIIUE CYIIECTBEHHOE BIMSHUE Ha (DPU3UKO-XUMHYECKHE
Y MEXaHUYECKHE CBOMCTBA MEJIH, YCIOBHO Pa3ACISItOT Ha TPU TPYIIIIHL:

- AJIIEMEHTBI C OYCHb MAJION (IECATUTHICSYHBIC M THICSYHBIC JOJHU
MPOLIEHTA) PACTBOPUMOCTBIO B TBEPAOM MeAu (BUCMYT, CBHHEI]), KOTOPBIE PE3KO
CHUKAIOT IUIACTUYHOCTHh B TemnepaTrypHoM uHTepBasie 400-800 °C u BbI3BIBAIOT
pacTpecKuBaHME MeTaJlIa Mpu ropsiueit oopaboTke;

- AJIEMEHTHI, OTPAHMYECHHO PACTBOPUMBIE B TBEPAOWU Meau (KHUCIOPO/I,
dbocdhop, cepa), obpasyromue (Ipu COASPKAHUKW B JIECATBHIX JOJSAX IPOIECHTA)
XpynK#e ¢Gasbl M0 TPaHKUIIAM KPUCTAILTUTOB;

- AJIIEMEHTHI, 00pa3ylolue MPU HX OTHOCHUTEIHHO BBICOKOM COJZIEp-
KaHUU (0 OJHOTO W OoJyiee MPOIEHTA) TBEPAbIE PACTBOPHI (Kene30, HUKEb,
MBIIIbBSIK).

[Ipumecu Bcex Tpex IPYII CHMXKAIOT TEIJIO- U AJIEKTPOIPOBOIHOCTb MEJIH.
Oco0eHHO BpeIHOE BIUSHHUE OKa3bIBACT KUCIIOPO]I, CHUKAIOIINN MEXaHUYECKUE U
TEXHOJIOTUYECKHE CBOMCTBA MEJTH, a TAK)KE €€ KOPPO3UOHHYIO CTOMKOCTb.

[Ipu nHarpeBe Menap pearupyer ¢ KHUCIOpPOJOM, cepoil, dochopom u
rajoreHamu. C BojopoaoM oHa oOpasyer rtuapua CuH, ¢ yraepomom —
arnetmieHuctyio Menb Cl,C, (B3phIBUATYIO), C A30TOM Meb He pearupyet|3].

Menp € KUCIOPOJIOM HAYMHAET B3aUMOJICMCTBOBAaTH IIPU KOMHATHOU
TeMmriepatype ¢ oOpazoBanuem okucu wMeau CuO. OkucHas TUIGHKa Ha
MOBEPXHOCTU MEAM MPEJOXPaHsIeT €€ OT AalbHeuiero okucienus. [Ipu BIcOKnx
TeMIlepaTypax B OOBIYHOW aTMocdepe CKOPOCTh OKUCIEHUS MEIu PE3KO
BO3pacTaeT. B Takux yCIOBHSIX YIPYrocTh IUCCOIMAIIMN OKHUCH MEIH OOJIbIe
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JABJICHUST KHUCIOpoAa B Bo3ayxe, modTomy CUO muccomuupyeT Ha CBOOOIHBIN
Kuciopoa u 3akuchk Meau Cu0.

[Ipy mnnaBneHUM 3aKUChb MEIU PACTBOPSIETCS B MeOu C OOpa3OBaHHEM
aBTekTHKH CWHCWO, comepxkameit 3,4 % CwO umum 0,39 % xucinopona
(temniepatypa miasieHus: Cl,0O - 1065 °C).

Bruanue npumecu u 2azos.

AmoMuHMI 00J1aJ1a€T 3HAYUTENBHOW PACTBOPUMOCTHIO B Meniu. ObnacThb a-
TBeporo pactBopa mnpu Ttemneparype 570 °C pacnpoctpansiercs 10 9,4 %
amoMuHusi. Ilpm  KOMHATHOM  Temmeparype TaKWe CIUIaBbl  SIBISIFOTCS
onmHO(Ga3HBIMHA,  OTJIWYAIOTCS  BBICOKOW  IUTACTHYHOCTBIO W XOPOIIIO
oOpabartpiBaroTcsi nmaBienueM. CruaBel, comepikamue Oomnee 10 % amomuHuS,
ABJISIIOTCS ABYX(a3HBIMU W MPUMEHSIOTCS KakK JIMTeWHbIe. BBeneHue amtoMuHUs
3aMETHO YXYAIIAeT CBAPUBAEMOCTh MEAW. AJIIOMUHUNA NPUMEHSETCS Kak
AKTUBHBIN PACKUCIUTENb MEIH. AJTIOMUHUN MOBBIIIAET KOPPO3ZUOHHYIO CTOMKOCTh
MEJIM U MIOHUKAET IEKTPONPOBOAHOCTD U TEMIONPOBOIHOCTD MEIH.

beprinii NOHMKAET ANEKTPONPOBOIHOCTh MEH, ITOBBIIIAET MEXAHUYECKUE
CBOMCTBA M PE3KO YMEHBIIAET OKUCIAEMOCTh MEAW TMPU MOBBIILICHHBIX
TEeMIEpaTypax.

CBuHEIl U BHUCMYT HE pPacTBOPSIOTCS B MEAUM M OOpa3yloT SBTEKTHUKH,
3aJIeTal0IIME MPEUMYIIECTBEHHO 10 TpaHuiaMm KpuctaiioB. Ilpu cBapke
ABTEKTUKU TMPUBOJIAT K OXPYyNUMBAHMIO MeTauia 1mBa. Ha Temno- u
AJIEKTPONPOBOIHOCTh MEIM BUCMYT W CBHUHEI] CYIIECTBEHHOTO BJIMSHUS HE
OKa3bIBalOT. J[JI1 CHWXKEHUS BPEAHOTO IEWCTBUS CBUHIIA B MeEIb J00aBISIOT
MPUMECH KaJblUsl, IUPKOHUS WM LEpHUs, a Ui HEUTpallu3alid OTPUIIATEILHOTO
BIIMSIHUSI BUCMYTA MPUMEHSIOT J00ABKU KabIUs, TUTUS, MATHUSI, TAPKOHUS U JIP.

Kenezo HeszHaunmtenbHO pacTBopumo B Menu. [Ipu temmneparype 635 °C
PacTBOPUMOCTSD kene3a B Meau coctasisieT 0,16 % u cHukaeTcst mpu JalbHEHIIeM
yMeHbllIeHuU TemnepaTypbl. CruiaBel Menu, coaepxkanme g0 0,5 % kenesa,
00Ja1at0T XOPOIIIeH CBAPUBAEMOCTHIO, BBICOKOMW MIIACTUYHOCTHIO U 110 CPABHEHUIO
C MeIbl0 OoJIbIlIed TPOYHOCTHIO M JIYYIIeH CTOMKOCTHIO TPH TOBBIIICHHBIX
temneparypax. IIpu cBapke MeaW TakOro COCTaBa IIBbI HE CKIOHHBI K
0o0pa30BaHUIO TOPAYUX TPEIIMH, OJHAKO B 30HE CIUIABIICHUS BO3MOXKHO
oOpazoBanue mop. Ecnu xene3o mpucyTCTBYeT B BUJAE CaMOCTOSTEIBHOM (hasbl,
MeJlb MPUOOPETAET MAarHUTHBIE CBOMCTRA.

Kucnopong B cBOOOJHOM COCTOSSHUM B TBEPJOH MEIU MPAKTUYECKH HE
pacTBopsieTCsl. DBTEKTHKA 3aTBEpAEBacT IMO3KE MEAU U, pacrojiarasich IO
IpaHUIlaM KPUCTAIUIOB, TOHUXKAET €€ MIACTUYHOCTh U KOPPO3UOHHYIO CTOMKOCTb,
a TaKKe 3aTPyIHsSIET TPOoILEeCcChl Tropsueil oO0paboOTKU JaBiieHHeM. Mejp,
MoJJIeKaIasi CBapke, J0JKHA cojeprkath kuciopoaa He o6osee 0,01 %. CypsMma u
MBIIIBSK YMEHBIIAIOT BPEHOE JEHCTBUE KUCIOPO/Ia, OJHAKO IMPU 3TOM CHHXKAETCS
AIEKTPONPOBOHOCTH MEH.

Bomopon mpu cBapke obOpasyercs B pe3yibTaTe IUCCOITUAIIMU BOJISHBIX
MapoB, BJard 3alllUTHOTO ras3a, JIUMCCOLMAIMM KOHAEHCaTa Ha KPOMKax
CBApMBAEMOI0 MeTajula U T. A. Bogopon pacTBOpUM Kak B TBEPAOW, TaK U B
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*uako Menu. C MOBBIIEHUEM TEMIEPATYpPhl PaCTBOPUMOCTh BOJIOPOJia B MEIU
yBennuuBaetcss u npu 1000 °C moxer pocturats 3,2 ¢cm3/100 r. IIpu nepexone
MU U3 TBEPIOTO COCTOSIHHS B KHJIKOE PACTBOPUMOCTH BOJOPOA 3HAUYUTEIHHO
Bo3pactaer u mnpu Temreparype 1100°C cocraBiger 13 cm3/100 1. Ilpum
JaJbHEHIIIEM MOBBIIICHUH TEMIIepaTyphbl pacTBOPUMOCTh nocturaetr 28,1 cm3/100
r npu temrneparype 1600 °C. Coaep:xamuniicss B CBApOYHON BaHHE BOAOPO IIPU €€
KpUCTAJUIM3allMU  BbIIENseTCsA, oOpa3ys mnopel. JloOaBka oJoBa TMOHMUXKAET
pacTBOPMMOCTh BOJIOpOJa B Meau. B pacmiaBieHHON Meau pacTBOPUMOCTH
BOJIOPOJIa M KHUCJIOpOJa CBsi3aHA PAaBHOBECHOM 3aBUCUMOCTHIO. Mcmosib3yst 3TOT
3aKOH JUIsl CHUXKEHHUS COJIEpKaHUS BOJIOPOJA, B pACIUIABICHHYIO MeEIb IpHU
BBIIIJIABKE JOOABJISIOT KHUCIOPOJ B BHJAEC 3aKUCH MEIU C MOCIEAYIONIUM
TIIATEIBLHBIM U OBICTPBIM PACKUCIICHUEM pacIliaBa.

Kpemuuii B menu pactBopsiercsa 10 3 % ¢ oOpa3zoBaHuEM OJHO(AZHOIO .-
TBepaoro pactBopa. [Ipu conepxanuu B meau 10 1 % kpemMHUs cIiiaBbl 00Jagat0T
XOpOIIIel CBApUBAEMOCThIO, HE CKJIOHHBI K 00pa30BaHMIO B CBAPHBIX IIBaX MOp U
TpeuuH. [Ipu cBapke Meau KpeMHUN MPUMEHSIETCSI KaK aKTUBHBIA PACKUCITUTENb.

Huxkens HeorpannueHHo pactBopum B meau. Ilpu comepxanuu no 1 % o
OKa3bIBAa€T HE3HAUMUTEIIPHOE BIIMSHUE HA CBApUBAEMOCTb MEIH W HE CHUXKAET
MOPUCTOCTH CBAapHBIX MIBOB. OJIHAKO HUKEIb YBEJIWYHMBAET CTOMKOCTH CBapHBIX
IIBOB K TPEIIMHOOOPA30BaHUIO U YMEHBIIIAET POCT 3€PHA B OKOJIOIIOBHOM 30HE.

Mapraneln mpu BBICOKMX TEMIIEpaTypax OrpaHUYEHHO PACTBOPUM B MEIU.
['panuiia HachlleHUs 00JACTH Y-TBEPAOTO PacTBOPA C YMEHBIIICHUEM COEPKaAHUS
MapraHila ¥ TOHWKEHHEM TEeMIIepaTypbl PE3KO CIBUTACTCS B CTOPOHY MEJH.
ConaB Menm, comepxammii 10 20 % mapraHiua, B TBEPAOM COCTOSIHUM SIBJISIETCS
onnodazubiM. CrimaBel MeH, conepxaiiue 10 1 % mapraniia, o0jaga0T XopoIiei
CBApHBAEMOCTHIO, TIJIACTUYHOCTHIO, TTOBBIIIIEHHON MPOYHOCTHIO U HE CKJIOHHBI TTPU
CBapke K 00pa30BaHUIO TPEIINH, HO MPU CBAPKE TAKOTO METAJIJIa IIBBI CKJIOHHBI K
MOPUCTOCTH.

[luak B Meau Npu KOMHATHOM Temreparype pactBopsiercss 10 38-39 % ¢
oOpa3oBaHHEM O-TBEPJIOTO pacTBOpa. Takas CTpyKTypa COXpaHsieTCs [0
temmnepatypsl 454 °C. CraBbl 3TOH 00JIaCTH TIJIACTUYHBI U XOPOIIIO TOJIIAF0TCS
00paboTKe JaBJICHHEM B TOpsSYe€M M XOJOJHOM cocTosHuH. [lpu comepskanuu
6onee 39% nMHKa CIUIaBbl UMEIOT ABYX(a3HYIO CTPYKTYpY o+ min ogHodazHyo
B. Onu 06agar0T HU3KOM IJIACTUYHOCTHIO U 00pa0aThIBAOTCS TABJICHUEM TOJIBKO
B FOpsSIY€M COCTOSIHUH.

MBIBSK B TBEPAOKW MEIU PACTBOPUM, €CIIH €ro coaepkutcs a0 7,5%. [lpn
HE3HAYUTEILHOM COJIEPKAHUU MBIIIbIK HE OKa3bIBA€T 3aMETHOTO BIIMSHUSA Ha
MEXAHUYECKUE M TEXHOJIOTMYECKUE CBOMCTBA MeIU. MBIIIBIAK HEUTPAITUZYET
Bpe/lHOE JECHCTBHE BHUCMYTa, CYpPbMbl U KHCJIOPOJA; OJHOBPEMEHHO CHUXAas
AIEKTPO- U TEIIONPOBOJHOCTH ME/IH.

Cepa pactBopsieTcsi B pacIUIaBI€HHOW MEIHW, a IpU 3aTBEPACBAHUMU €€
pacTBOPUMOCTh CHMKaeTcsa 10 Hylada. Cepa HE3HAUUTENbHO BIMSET HAa
ANEKTPONPOBOJHOCTh M TEIUIONPOBOAHOCTH  MEIH, 3aMETHO  CHUXKAET
MJIACTUYHOCTD. [Ipy MOBBIIIIEHHOM COJIEp’KaHUM CEPbl CHUXKAETCS MIACTUYHOCTD U
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YXYJIIAETCs] KOPPO3UOHHAsI CTOMKOCTh Menu. [loa BIMsIHUEM Cepbl 3HAUYUTEIIBHO
yiydiaercst 00padaTbIBaeMOCTh MEU pEe3aHUEM.

docdop orpaHudeHHO pacTBOpUM B TBepaod wmeau. Ilpu Temmepatype
714°C mpenen HachIIeHUs TBEPAOTo pacTBopa mocturaetr 1,75 % docdopa. C
noHmwkeHruem temmepatypsl mMeaun 10 300 °C pactBopumocts Gocdopa B Meau
ymenbiiaercss 10 0,6%. Pochop MNOTOKUTENHHO BIMAET HAa MEXaHUYECKUE
CBOMCTBAa MEIM, TMOBBIIIACT >KUJIKOTEKYYECTh, HE3HAYUTEIBHO CHHUXKAET €e
AJIEKTPOIPOBOIHOCTh M 3aMETHO YMEHBIIAET TEIUIONPOBOAHOCTh. I[Ipu cBapke
mean pochop UCTONb3yeTCs KaK aKTUBHBIN PACKUCITUTEb.

OnoBo B TBepaoil Menu He pactBopserca. [Ipu HarpeBe pacTBOPUMOCTH
0JIOBa B MeIH yBenuuuBaeTcs M yxxe npu temmneparype 200 °C pocruraer 1 %.
JanbHeliiiee MOBBIIICHUE TEMIIEPATYPhI IPUBOAUT K YBEIIMUCHHUIO PACTBOPUMOCTHU
oJioBa B Meniu. bpoH3sel, coneprkainue 110 4-5 % oy10Ba, SABIAIOTCA 0JHO(A3HBIMU, U
CTPYKTypa HX COCTOMT U3 0-TBepaoro pactBopa. [Ipu Oosbliem coaepx aHUU
0JioBa 00pa3yroTcs ByX(a3HbIe CIIIABHI.

Tennyp pactBopuM B Meau B TBEpAoM coctosiHnu 1o 0,01%. Ha
ANEKTPONPOBOIHOCTh MEAU TEJUTYP 3HAUYUTEIBHOTO BIUSHUS HE OKA3bIBAET.

Cenen mano pactBopuM B Meau B TBEpAOM coctosHuu — A0 0,1% u
BBIJICJISIETCS] TIPU 3aTBEpjeBaHMU B Buje coequHeHus S&0. Bnusunue Ha Menb
aQHAJIOTUYHO BIIUSHUIO cephi[4].

Kopposuonnas cmouxocme.

Crenenb KOPpO3UM MEJIM U €€ CIUIaBOB B arMocdepe, cofeprkalleil Biary u
CEPHUCTBIM Ta3, 3aBUCUT OT KOHIEHTpAllUM Tras3a, TaK KaK OH SBIAETCS
CTUMYJIAITOPOM, a BJIara - yCKOpPUTEJIEM KOPPO3HH.

Koppo3ust MeHBIX CIJIaBOB HAYMHAETCS MPU COAEPKAaHUU CEPHUCTOIO rasza
B armocdepe Oonee 1%. Juokcua wmenu, okucissach Ao okcuga Cu(ll) u
ancopOupyss  Bhary, oOpa3yeT  CEpHyI  KHCIOTY,  HENOCPEICTBEHHO
BO3/ICHCTBYIOIIYIO HA MEHBIN CIUIaB.

Bo3ayx BbI3bIBaeT paBHOMEPHYIO KOppo3uto meau okoisio 1,3 mMxm/rom. C
MOBBIIIEHUEM COJIEPKaHUS CEPHUCTOTO T'a3a B BO3AYyX€ KOPPO3HUs BO3PACTAET.

JlaTyHu, OpoH3bI, METHO-HUKEINIEBbIC CIUIaBbl (TUMa Hehsmwiboepa MHI[1S5 -
20), mMpPOKO MPUMEHSIEMbIE ISl U3TOTOBJICHUS FOBEIUPHBIX U XYJI0KECTBEHHBIX
u3JIenui, 001a1at0T TIOCTATOYHO XOPOITUMHU KOPPO3ZUOHHBIMHU CBOMCTBAMU.

HeoOxonumo y4yuThIBaTh, 4TO MHOTHME MEIHBIC CIUIaBbI Oojiee CTOMKH K
KOpPpO3HHM, YeM camMa Melb. OJTO OOBSICHAETCS HaJIWYUMeM B CIUiaBe Jubo
KOPPO3MOHHOCTOMKMX METAUIOB (HUKEJIb M OJIOBO), JIUOO TaKMX METAJIJIOB, KaK
ATIOMUHUNA U OepUIUIMNA, TPUCYTCTBUE KOTOPBIX CMOCOOCTBYET (HOPMHUPOBAHUIO
3aIIUTHBIX OKCUJIHBIX TUICHOK HA TTOBEPXHOCTH MU3JEIUH, NU3TOTOBJICHHBIX U3 3TUX
CILTaBOB[S].
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CBapuBaemMOCTbh Me/IH.

Menps MOXHO CBapuBaTh BCEMHU CIOCOOAMU IJIABJICHUS, @ HUMEHHO: Ta30BOM,
PYYHOM CBapKOM, aBTOMAaTHUYECKOM CBapKOM Mo ciioeM ¢iroca, 3JIeKTPOIILIaKOBOM
CBApKOW, JYroBOM CBapKOM B 3alllUTHBIX Ta3ax. OJHAKO TpPU 3TOM CIEIYET
YUUTHIBATh CHENU(UYECKHEe CBONCTBAa 3TOr0 METalljla, B YAaCTHOCTH, BBICOKYIO
TEIJIONPOBOAHOCTh, OOJIBIIYIO >KUJIKOTEKYYECTh W 3HAYUTENIbHYIO aKTUBHOCTH
MeTaJlJIa TPU B3aUMOJICUCTBUU C KHUCIOPOJOM M BOJIOPOJIOM B pPACIUIaBJIEHHOM
COCTOSIHUU. B CBsI3M ¢ BBICOKOW TEIJIONPOBOJIHOCTHIO MEIU (B 6 pa3 BBILIE, YEM Y
CTajii) JUIsi CBapKW HEOOXOAMMO NPUMEHSTh MCTOYHHUKH HarpeBa C OOJBIION
TEIJIOBOM MONIIHOCTBIO. BpICOKas TEMIONPOBOJHOCTh MPUBOJUT TaKkKe K
CYILIECTBEHHON CKOPOCTH OXJaXJIeHHs MeTauia mBa U 3TB m manoMmy BpemMeHH
npeObIBaHUS CBAapOYHOM BaHHBI B JKHUJIKOM COCTOSIHUM, YTO yXYIIIaeT
dopmupoBaHre ImBa. XOpouio C(HOPMUPOBAHHBIA IIOB MOYKHO MOJYYUTh C
NOMOUIbIO MPEABAPUTEIBHOIO MOJOTPEBA, KOTOPbI obOecrieunBaer Ooiiee
PaBHOMEPHOE pacIpeeiCHUE TEIJIOThl B CBapOYHOM BaHHE. [IpenBapHUTeNnbHBIN U
COIYTCTBYIOLIUI MOJOTPEB, INOMHMMO CHMKEHHUS BEPOSATHOCTH OOpa3oBaHUs
nedekToB (MOApPE30B, HAMIBIBOB, TPEIIUH, MOPUCTOCTH), YJIy4IIaeT YCIOBUS
KpUCTAJUTA3AllMM CBAPHOTO IIBA, CHMXKAET BHYTPEHHHE HAIPSKEHUSI U yCTPAHSIET
CKJIOHHOCTb ME€TaJljla IBa K 00pa30BaHUIO TPEIIHH.

Oco0eHHO OTpHIaTeIbHOE BIMSHHE HA CBapUBACMOCTh OKa3bIBAET
KHCIJIOPOJ], CHIDKAIOIIMM MEXaHMYECKHE M TEXHOJOTMYECKHWE CBOMCTBA MEIH, a
TAKXK€ €€ KOPPO3MOHHYIO CTOMKOCThb. B mpouecce B3aUMOAECHCTBUS MEAU C
KHCIIOPOJIOM 00pa3yeTcsi XOpOIlIO PAaCTBOPUMBIN B JKUJIKOM METAJIJIE OKCUJ MEIU
(Cu,0), coznmaromiuii ¢ MebIO JIerKoIIaBkyto 3BTeKTUKY (CU-Cu,0), koTopas npu
KPUCTAJUIM3AMHU PACTIOIATraeTcsl 0 IPaHULIaM 3€PEH, OXpyUHUBasi METalI II1Ba.

Bpennbsie npumecu Takxe 00pa3yrOT C MEIbIO JIETKOMJIABKUE 3BTEKTHKH,
KOTOPbIC OXPYIMYMBAIOT OCHOBHOW M HaruiaBjieHHbIH Metann: cepa (Cu-Cu,S),
ceuren (Cu-PbO-PbQ-PbG;), sucmyt (Cu- BiO-Bi,O3-Bi,0s) u ap.

[Ipu conepxxanuu B meau Oosiee 0,01 % kucnopona He ynaercs MOJTyYUThb
MeTayul 1mBa 0e3 mop. MexaHuueckue CBOWCTBA CBApPHBIX COCIWHEHUN TaKKe
HaxOoJSTCS B MPSIMOM 3aBUCMMOCTU OT COAEPKAHUS KHUCJIOpOJa B METAJLJIE IIBA.
[IoATOMYy OTBETCTBEHHbIE METAITIOKOHCTPYKLIHUH CIIEAYET W3rOTaBIMBaTh U3
oeckucnoponnorr (M06) mmm packucinennoit (M1p-M3p) menu. AHanorudHbie
TpeOOBaHMS HEOOXOJUMO MPEIBSABIATh U K IPUCAAOYHOMY MaTepuaiy.

OTtpuiiaTesibHOE BIMSHUE HAa CBapUBAaEMOCTh MEAM OKa3bIBa€T TaKKe
BOJIOPOJI, KOTOPBIA XOpOIIO pPAaCTBOPSETCA B IKUAKOW MEIU U BBI3BIBACT
oOpa3oBaHH€ MOP B IIBAaX M TPELIMHBI B OKOJIOUIOBHOW 30HE, TaK HAa3bIBAEMYIO
BOJIOPOJIHYIO 00JI€3Hb. DTO OOYCJIOBJICHO TE€M, YTO PACTBOPHUBIIMICS B MeTajlie
1Ba BoJOpoJ IuPyHIUpYET B OKOJOIIOBHYIO 30HY U MPU HAJIUYUU B METAJIe
OKCHJa MeH B3auMozeicTByeT ¢ HuM 1o peakiuu:Cl,O + Ho= Cu + H,0.

OOpa3yromuecs: mapbl BOJABI CKAITUBAIOTCS MEXIY KPUCTAUIUTAMH B
ra3oo0pa3Hble MPOCIONKK M MPU OXJAKICHUH CIIOCOOCTBYIOT BO3HHMKHOBEHHIO
TpelmuH B TemneparypHoM uarepsaie 300-350°C (uHTepBan XpyNnKOoCTH MEJIN).
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OtpuniatenbHOE BIUSHHE HAa CBApUMBAEMOCTh MEIU OKa3bIBAET TaKXKE €€
OospIoN KOA(hUIMEHT TeraoBoro pacmmupeHus (B 1,5 pasza Bblle, 4eMm Yy
YTIAEPOJUCTHIX U JIETUPOBAHHBIX CTajiel), KpOME TOro, OoJibliasi ycaaka, KoTopas
BBI3BIBAET MOBBIIICHHBIE JehOopMallii U OCTATOYHBIE CBAPOYHBIC HAIPSIKEHUS.
OT0 cnocoOCTBYeT 00pa30BaHUIO TPEIIMH B TEMIIEpaTypHOM HHTepBaie 250-
550°C, xornma metayl o0jagaeT MUHUMAIbHOM IUIACTUYHOCTBIO U MPOYHOCTHIO.
Jns mpenotBpanieHuss oOpa3oBaHMsI TPEIIMH, BBI3BAaHHBIX JedopMalusiMu U
HAMpPsSODKCHUSIMU,  CJIETyeT H30eraTh JKECTKOTO 3aKPEIUICHHWsS] CBapHUBAEMBIX
AJIEMEHTOB, a TAKXE MPOBOAUTH MPOKOBKY MPU BHIOJHEHUU MHOTOCIIOMHBIX IIIBOB
KaXXJI0ro cjios (Imocie NepBoro) npu Temrneparype metamia msa He Boie 200 °C,
KOTJ]a OH UMEET MOBBIIIEHHYIO IIACTUYHOCTS [3, 6].

Cnocobuvl ceapxu meou.

JInsg cBapku M3AEIMH W3 YWUCTOM MEIM Yalle MCHOJB3YIOT CBapKy
HEIUIaBAIMMCS BOJB(MPAMOBBIM JJIEKTPOJOM B CpElie aproHa, Tejius WM a30Ta.
3amuTHbIE Ta3bl TODKHBI OBITh 0c000 yucThiMU. LlenecooOpa3Ho ucnosib3oBaHuE
ra3oBeix cMeceir tuna 70 + 80% Ar + 20 + 30% Np, 11 3KOHOMHHM aproHa u
YBEJIMYCHHS MPOU3BOIUTEILHOCTH (TTOBBIIIAETCS TTyOHMHA TIPOILJIABIICHNUS ).

Hcrnonp3ytoT BoJIbPpaMOBBIC JIAHTAHUPOBAHHBIE WM UTTPUPOBAHHBIC
AIEKTPOJIBI AUaMeTpoM 710 6 MM. CTONKOCTh BOJIB(PAMOBOTO 3JIEKTPOJIa B YUCTOM
a30Te BIIOJIHE Y/OBJIETBOPHUTENIbHAS, U MPUMEHEHHE OSTOT0 HEACPUIIMTHOTO U
HEJIOPOTrOro raza o0O0eCHeuyrBaeT 3HAYUTENbHBIA SKOHOMUYECKHHA 3(PPexT.
HecmoTps Ha mpuMEHEHUE 3alUThl UHEPTHBIMU Ta3aMH, MPU CBapKe MPOUCXOUT
OKUCJIEHHME MeAW, M 1 €€  PACKHUCIEHUS  CIEAyeT  MPUMEHSTH
MUKPOJICTUPOBAHHBIC  TMPHUCAJOYHBICE  TMPOBOJOKH,  COJAEpKAIUE  CHUJIbHBIC
pacKuciauTeNu (TUTaH, IIUPKOHUN, O0p, peaKo3eMenbHbIe MeTailibl). B pesynbrare
ATOTO MOXHO TOJIYYUTh METAJLJT IIIBA CO CBOMCTBAMHU HA YPOBHE YHCTON MEIH.

Haubonee wacto mjis 4ucTON Meau MPUMEHSIOT CBapKy BOJIb(PaAMOBBIM
ANEKTPOJOM (IJ1s1 TONIMH A0 10 MM) ¢ mogadel MPUCATOYHON MPOBOJIOKH, PEkKE
— CBapKy IUIaBAIIUMCSL DJJIEKTPOJAOM. IIpUMEHSIOT 3allUTHBIE Ta3bl: aproH
Boiciero copta nmo 'OCT 10157—73, renuii oco6oit uuctorel mo MPTY 6-02-
274—66, a3oT ocoOoi unctoTel Mo MPTVY 6-02-375—66.

[Ipucanounsie mnpoBosiokM u3 uuctod Meau M1 m MO npu cBapke
00eCIeunBaT MOTyYeHUE MeTalljia 1IBa, TI0 COCTaBy W (PU3MUECKUM CBOMCTBaAM
OJIM3KOTO K OCHOBHOMY METAJUTy, OJHAKO MEXAHMYECKHE CBOICTBAa CBAPHOIO
COCIMHEHUS TTOHUKEHBI, a TOPUCTOCTh YMEHBIIIACT INIOTHOCTh MeTasuia 1mBa. [1pu
BBEJCHUM B COCTaB MPHUCAJOYHBIX IPOBOJIOK PACKUCIUTENICH W JIETHPYIOIINX
KOMIIOHEHTOB MEXAaHMYECKHE CBOWCTBA CBApHOTO COEAMHEHHUS BO3pacTaloT, HO,
KaK MpPaBWJIO, CHIXKAIOTCS TEIUIO- M 3JEKTPONPOBOAHOCTh METajula IBA, YTO
HEIOMYCTUMO IIPU CBAPKE OTBETCTBEHHBIX HW3ICIHMM W3 YUCTOM Meau. B Takux
CIy4yasiX PEKOMEHIYIOTCS MPHUCAJOYHbIC MPOBOJOKH, JISTUPOBAHHBIC CUJILHBIMU
PACKUCIUTENSIMU (B MUKPOKOJIMYECTBAX ), KOTOPBIE MOCJIE CBAPKU HE OCTAIOTCS B
COCTaB€ TBEpPAbIX pPACTBOPOB, a MEPEXOAAT B CBOM  COCIUHEHUS
(BBICOKOAMCIIEPCHBIE, IIJIAKOBBIE BKIIIOYEHUSI), M TMO3TOMY HE BIUSAIOT Ha
dbu3MYecKue CBOIMCTBA METAUIOB. APrOHOAYTOBass W a30THO-AYrOBas CBapKu
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OyIyT pa3iauyaThCid IO COCTaBY IPUCATOYHBIX MPOBOJOK, TaK Kak B a30Te
BO3MOKHO 00pa30oBaHUE HUTPUJIOB HEKOTOPHIMU JIETUPYIOIIMMU KOMIIOHEHTaAMHU.

CBapuBaemble KPOMKHA U CBapOYHYIO MPOBOJIOKY TIIATEIBHO OYUIIAIOT OT
OKHCJIOB M 3arpsi3HEHHUM: KPOMKY — MEXaHMYECKUM IyTeM (HaXXIaKkoM,
METaJUIMYECKOW MIETKOM W T. T1.), MPOBOJOKY — TpaBJICHUEM B pPacTBOpE,
COCTOSIIIEM M3 a30THOM, CEPHOM M COJITHOM KHCIIOT, C MOCJEIYIOIIECH TPOMBIBKOMN
B BOJI€, LIEJIOYH, BOJIC U CYIIKOM FOPSAYUM BO3TYyXOM [7].

B psge cnydaeB (cBapka B a30Te) JJIsl YJIYUIICHHUS KayecTBa MPUMEHSIOT
¢dbaroc Ha OOpPHOW OCHOBE, KOTOPHIA HAHOCAT HA TPHUCATOYHBIA METalI, JIMOO
3aKJIaJbIBAIOT B KAHABKY MOJKIIAJIKH.

[ToaroroBka KpOMOK 3aBUCHUT OT TOJIIHMHBI MeTaiuia. [Ipu Tonmuue Meranna
0< 5 MM — 6e3 ckoca KpoMoK, ipu & = 6 + 12 Mmm — V-00pa3Has u npu OoJbLei
TonmuHe — X-oOpa3Has paszjenka ¢ yrjiaoMm packpeitus 70—90°  mus
HeIIaBsIierocss sJjekTpoga u 60—70° mis muiaBsimierocss 6e3 MPUTYIUICHUS.
Jeranu mon cBapky coOuparoT Ha mnpuxBaTkax (mar go 400 MM) uiam B
CHEIUATBHBIX  KECTKUX  IMPHUCHOCOOJNICHHSIX, O0O0ECIeUnBAIONIUX  MEHBIIHE
nedopmaru. s GopmupoBaHUsT KOpHS IIBa MCIHOJIB3YIOT TMOJKIAIKA U3
pEeIBAPUTEIHLHO MTPOKAIICHHOTO rpaduTa Uik Meu (B 3TOM Cllydyae ¢ BOJSIHBIM €€
OXJIaXJIeHHeM). MeTtaml TOJIIMHOM J0 5 MM CBapuBaIOT C IOJOTPEBOM [0
temnepatypsl 350° C. C yBelnueHHEM TOJIIUHBI METAJIJIA TOAOTPEB YBEINYUBAIOT
1o temnepatypsl 600—800° C.

[Ipu HemmaBsiieMcs SJEKTPOJIC CBAPKY BBITIOJHSIOT HAa MEPEMEHHOM TOKE
WM Ha TIOCTOSIHHOM TOKE TpsiMOM mojisipHOocTU. [lpu cBapke TmiaBsIumcs
ANEKTPOJOM HCHOJIb3YIOT TOCTOSHHBIA TOK OOpaTHOM MOJISIPHOCTU. Bb100p
JIMaMeTpa BOJb(PPAMOBOTO JJEKTpOAa M MPUCAAKA 3aBUCUT OT TOJIIUHBI
CBapHBAEMOTO MeTasuia [8].

JI1s1 cBapKu BaKyyMHO-TUIOTHBIX IIBOB BBIMOJIHSIIOT Pa3/I€NIKy «BaKyyMHBIN
3aMOK» € 00s3aTeNIbHONW MPOBApKOil KOpHEBOro IiBa. CBapKy OCYIIECTBISIOT Ha
MOJKJIaIKaX M3 TMPOKAJECHHOTO TpaduTa WIM MEIHBIX IJIACTHUH, OXJIAXKIAEMBIX
BOJI0M. Upe3aMepHOe OXJIaKJICHUE MEIHOW IMOJKIAJKU U MOSBIECHHUE TOYKUA POCHI
MOKET BBI3BATh MOPUCTOCTh B HMKHEH YacTH 1miBa. Mep TONMIIMHON Oosiee 5 MM
CBapUBAIOT Ha (PIIFOCOBOM MOIYIIIKE.
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1.2. O0mue cBegeHUS] O THTAHE, CBAPUBAEMOCTb THUTAHA, CIOCOOBI

CBapPKH TUTAHA

Tutan — caMblil «MOJIOAOW» M3 KPYMHBIX KOHCTPYKIIMOHHBIX METAJIJIOB,
x0T Obu1 OTKPHIT B 1795 1. Conmepxanue ero B 3eMHO# kope 0,6%. Turan —
nepexoaHbld Metaiul [V rpynmsl, mopsiAKOBbIA HOMep 22, minoTHOCTh 4510 Kr/M .
Temneparypa mnasnenust 1800° C, kunenus 3400° C; tBepaocts HB 850 MH/m* n
6, = 320 MH/M>UnCThIi THTAH [IACTHYCH, MSTOK; TeXHHUSCKHH — XpYIKUU U
TBepbIi [9].

['maBHOE PEMMYIIECTBO THTAHA U €r0 CIUIABOB 10 CPABHEHHIO C LIMPOKO
W3BECTHBIMU KOHCTPYKIIMOHHBIMU MaTepHaliaMu (TaKUMH KaK aTlOMUHUEBBIC U
MarHyueBbI€ CIUIaBbl, KUCJIOTOCTOMKHE U KAPOCTOMKHE AayCTCHUTHBIE CTalld U
JPYTHUE) COCTOUT B TOM, YTO TMpPH MaJoN TUIOTHOCTH (4,5 r/cM3) oHu oOnamaroT
BBICOKUMU MEXaHWYECKUMHU CBOMCTBAMU MPH HOPMAJIbHBIX U  BBICOKHX
TeMIiepaTypax W OOJIBIION KOPPO3HMOHHOM CTOMKOCTBIO BO MHOTHUX Cpefax.
[Ipumensiercs Bo Bce OOJBIIMX MaciiTabaXx B TaKMX OTPACISX MAITUHOCTPOEHUS,
KaK CaMOJIETO- U PAKETOCTPOCHHE, CYJIOCTPOCHUE, XUMUYECKOE MAIIMHOCTPOEHUE
Y HEKOTOPBIX IpYTHX [6].

[Ipu o0ObIYHON TemmepaType MOKpPHIBAECTCS 3alUTHOW MacCUBUPYIOIICH
miénko okcuaa TiO,, Onmaromaps 3TOMY KOPPO3MOHHOCTOECK B OOJIBIIMHCTBE
Cpeld, a MMEHHO: YCTOMYMB K pa30aBIEHHbIM pPacTBOpaM MHOTHMX KHCJIOT U
menoueri (kpome HF,H3POy u kornenTpupoBanHoi H,SOy)[10].

CoctaB M OCHOBHBIC CBOWCTBAa MPUMEHSEMOTO CIUIaBa OTPAXKEHBI B
cieayromux tabaumax: [11].

Tabmumua 1.4- Xumuueckuii coctas BT1-0 'OCT 19807-91
Fe C Si N Ti O H [Tpumeceit

Jlo Jlo 0,07 Ho 0,1 Jlo 0,04 99,24- 00,2 Mo 0,01 | Ipounx 0,3
0,25 99,7

Tabnuna 1.5- dusndeckne u MexaHUdIeckne cBolicTBa matepuana BT1-0

[Tnorrocts mipu 20°C, r/cm3 4,505
Temneparypa mnasnenus, °C 1668
Temneparypa kunenus, °C 3260
Tennora miaBiaeHus, K/ /MoIb 18,8

VY nenbHast TermonpoBoaHocTh npu 20°C, BT/(M- K) 18,85
Ko duumeHT nuHeiHoro TepMudeckoro pacumpenus mpu 25°C,1076m/mMK 8,15

Y nensHOe dnekTpoconpotusaerne mpu 20°C, Om - cm - 1076 45
Mopayne HOpManbHOH yripyrocTy, rila 112
Tsepnocts, HB 130

/hicm
MA-15.04.0101-071604420 113 %
am | el N dokiim [Tndniick | fama




Bo3zaeiicTBUE TEPMUYECKOIO IMKJIA CBapKM Ha METaUl CONPOBOXKIACTCS
co3aHrueM 0co00r0 CTPYKTYPHOrO U (Pa30BOTO COCTOSIHUSI CBAPHOTO COEIMHEHUS,
OTJIMYAIOUIETOCS OMPEICICHHBIM KOMIUIEKCOM (PU3UKO-MEXaHUYECKUX CBOMCTB OT
OCHOBHOro Metaiia. Cneayer MMeTh B BHUAY, YTO THIBI CBApOK — CBapka
IUIAaBJICHUEM  C  pPAacXOAyeMbIM  WJIM  HEPACXOAYEMBbIM  3JEKTPOJIOM,
AJIEKTPOHHOIYYEBas CBapKa, MHOTOIIPOXO/IHAsI CBapKa, KOHTaKTHas (TOYeYHas WU
pOJIUKOBAsi) U T. I, — OKAa3bIBAIOT CaMO€ Pa3IMYHOE BIIMSHHE Ha CTPYKTYpY U
CBOICTBA CBAPHOT'O COCIMHEHHUSI B CBA3U C UX PA3IMYHBIM TEPMHUUYECKUM LUKIOM U
pa3NMYHBIM BIMSHUEM Ha XUMHUYECKHW COCTaB CBAapHOro coeauHeHus. Kpome
TOT0, Y TATAHOBBIX CIUIABOB PA3JIMYHBIX TUIOB (C 0-, 0+f- win B-CTpyKTypoii) mpu
TEPMHUYECKOM LIHMKIIE CBApKH 00pa3yeTcs CBOE CTPYKTypHOE U (pa3oBoe COCTOSIHME
U CBOM KOMIUIEKC (PU3HKO-MEXAHUYECKHX CBOMCTB CBAapHOTO COEIUHEHUS.
[locnenyromas TepMuueckas o00pabOTKa MOXKET OKas3blBaTh JajbHEHIee
CYILECTBEHHOE BIIMSHUAE HA CBOMCTBA U CTPYKTYPY CBAPHOI'O COEAVHEHMUS.

B cBapHBIX KOHCTPYKLHMSAX UCHOJB3YIOT CaMble pa3HOOOpa3HbIE TUTAHOBBIE
CIUIaBBl, HAYMHAs OT CIJIABOB HA OCHOBE I'€KCArOHAJIBHON O-CTPYKTYPBI U KOHYast
CIIaBaMU Ha OCHOBE KyOUYECKOU B-CTPYKTYpBHI.

Eciu ogHoda3Hble TUTAHOBBIE CIUIABBI C O- U [-CTPYKTYpOH Npu CBapke
IPETEPHEBAIOT CPAaBHUTEIBHO MPOCThIE (ha30BbIE MpEBpallleHUs, TO ABYX(ha3Hble
a+fB-criaBel IPU TEPMUUYECKOM IUKJIE CBApKU IPETEPIEBAIOT CIOXKHbBIE (pa3oBbIE
NPEBPAILCHUS], XapaKTep KOTOPBIX 3aBUCUT OT XMMHUYECKOI'O COCTaBa CILIaBa U
BBIOpaHHOTO BUA cBapku. CBapHbIE COeIMHEHHUS OH3-TUTAHOBBIX CIUIABOB BEChbMa
YYBCTBUTEIbHBl K TEPMUYECKOW 00pabOTKe, KOTOpas IMO3BOJSET B IIMPOKOM
JTMana30He U3MEHSTh UX (PU3UKO-MEXaHUYECKUE XAPAKTEPUCTUKH.

Psan sneMeHTOB, B YacTHOCTH aJIIOMHUHUH, OJIOBO, a30T, KHUCIOPO,
MOBBIIIAIOT TEMIEPATYPbl MOJIUMOP(GHOTO MPEBPALICHHMS], PACIIUPSIIOT 00J1aCTh O-
TUTaHa ¥ Ha3bIBAIOTCS O-CTaOuian3aTopamMu. Takue 3JIeMEHThI, KaKk MOJMOEH,
BaHaJMI, MapraHel, XpoM, CIIOCOOCTBYIOT COXpPaHEHHUIO IpU HOpPMalbHON
TEMIEPAType BBICOKOTEMIIEPATYPHOH CTPYKTYphl [-TUTaHa M Ha3bIBalOTCS J3
crabunuzaropamu [1].

CrnaBel cO CTaOMJIBHOM MpU pa3iMYHBIX TEMIEpAaTypax CTPYKTypoi
(rexunueckuit THTaH BTI1, crmaBer BTS u BT5-1) TepmooOpaboTkoit He
YIPOUHSAIOTCS, MO3TOMY OHHU 00Ja/laloT Xopolued cBapuBaeMocThio. CILiaBbl cO
ctabuibHOM B-cTpykTypoit (Tuna BT14) Takxke MMEIOT BBICOKYIO TEPMHUYECKYIO
CTaOMJIBHOCTh, BBICOKYIO MPOYHOCTb, IUIACTUYHOCTh M  TaKXE XOPOIIO
CBapHUBAIOTCS.

JIByx(dazubie cmnaBel, Tae P-aza cymiecTByer NpH  MOBBIIIEHHBIX
temriepatypax (tuna OT4), TepMooOpabOTKON HE YIPOUYHSIOTCS, a CIUIaBkl, T1e f3-
(haza MOKET COXPAHITHCS MPHU OXJIAKIACHUH 10 KOMHATHOW TeMIepaTypbl (CIJIaBbI
BT6, BTI14), ynpouHstorcs TepMOOOpaOOTKOM W CBAapHUBAIOTCA  XYKE;
TepMooOpaboTKa (3aKaika + HMCKYCCTBEHHOE CTapeHHE) IMO3BOJISIET JOBECTH MX
MPOYHOCTH 10 140 Kre/MM° IIpH YAOBJIETBOPUTEIBHOM TNIACTUYHOCTH.
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Brusnue npumecer u 2azos.

[IpumeHsieMblli B MPOMBINIJIEHHOCTH TEXHUYECKUM THUTAH COJEPIKUT
NpUMECH KHCIIOpOJa, a30Ta, jKejle3a, KPEMHHUS U YIJIepoJa, MOBBIIIAOIIETO
MPOYHOCTh, CHWXXAIOUIUE I[UJIACTUYHOCTh U BIMSIONIME Ha TeMIeparypy
NoJIMMOPGHOTO  TPEBpAILIEHUs, KOTOpPO€ TPOUCXOJUT B HUHTepBaie &65-
920°C.PaznenpHO€ WJIM COBMECTHOE JIETUPOBAHWE TEXHUYECKOTO THTaHa
HEOOJIBIIIMMHU JTOOABKAMU HEKOTOPBIX 3JIEMEHTOB, Hampumep 3—6,5% Al, 1o 2%
Mn, 3,545% V, mo 2,5 Cr, 2—3% Sn 3HAYNUTEIIFHO YBEIWYHUBACT €TO
pouHOCTh (10 100—140 krc/mMM2) pu AOCTATOYHOM TTACTHYHOCTH.

Tutan nerxko pearmpyer Jaxe CO CJIa0BIMH KHCJIOTaMHd B TPUCYTCTBUU
KOMILIEKCOOOpa3oBaTeei, HampuMmep, C InlaBuKoBorM kucioroir HF  oH
B3aMMOJICHCTBYET Oyarogaps 00pa3oBaHUIO KOMILIEKCHOro annoHa [TiFg]».

C KUCIIOpOJIOM BO3/yXa 3aMETHO B3aUMOJECHCTBYET MPU TEMIIEPATYpPE BhIIIE
600°C ¢ obOpasoBanueM TiO,. ToHkas TUTaHOBas CTPY)KKa MPU HEAOCTATOUHOU
CMa3Ke MOXET 3aroparbCcs B IIpollecce MexaHudeckod oOpabotku. [lpu
JIOCTATOYHOW KOHIEHTPALMU KUCJIOpOAa B OKPYXKAIOLIEW Cpelle U MOBPEKICHUU
OKMCHOW IUICHKW IyTE€M yJapa WM TPEHHUsS BO3MOYKHO 3aropaHHe MeTraia Mpu
KOMHATHOM TEMIIEpaType U B CPABHUTEIIBHO KPYIHBIX KycKax[4].

A30T, HaxXOJSIIMICA B TUTAHE B BUJEC HUTPHUIIOB U DJIEMEHTOB BHEIIPEHUS,
MOBBINIAET TBEPJOCTh W CHIDKAET €ro IutacTuuHocTh. [lo addexTuBHOCTH
BO3JICMCTBUSI HA THUTAH a30T SBIAETCS OoJiee IHEPTHMYHBIM BJIEMEHTOM, YeM
kuciaopon. I[IOBEpXHOCTHBIM  CJIOM  TUTAHA  HACBIMIAETCS  MOBBIIIEHHBIM
KOJIMYECTBOM a30Ta M Kuciopoja (anbdupoBaHHbll ciioi). [lonmaganue wacTtuil
ATOTO CJIOSI B CBApHOW IIOB MPUBOJIUT K XPYNKOCTU MeETaUla U O0Opa30BaHUIO
XOJIOJHBIX TPEUIUH, B CBS3M C 4YE€M MEpell CBApKOM €ro cieayeT MOJTHOCTHIO
YAQSTh.

Bomopon naxe mnpu maioMm coaepkaHuUM Hanbosiee pe3Ko yXyAllaeT
CBOMCTBA TUTaHAa. PacTBOpHMMOCTH BOJOpPOJAa B THUTAaHA YPE3BBIYANHO BEJIMKA U
MPEBOCXOJUT PACTBOPUMOCTh €r0 B CTAld B JECATKU ThICSY pa3. XOTA
COIep’)KaHWE€ BOAOpPOJA C YBEIMYECHHEM TEMIEpPATypbl NagaeT, BOJIOPOJI
HAXOJIAIIUNCS B TBEPAOM TMEPECHIIICHHOM pacTBOPE BBIACIIECTCS U 00paszyer
oTAenpHyIo (hasy — ruapuabl TutaHa (TiH,), koTopas CHIIBHO OXPYITYMBAET TUTAH
U yCWJINBACT OXPYITYUBAIOINIECE NEHCTBHE KHUCIOPOJAa U a30Ta, U CIOCOOCTBYET
00pa30BaHUIO XOJOJHBIX TpPEIIMH Yepe3 JJIMTEIBHOE BpEMsl IIOCIE CBapKH
(3amemsieHHOe paspyiieHue). Kpome Toro, BoJopoa CrocoOCTByeT 0O0pa3oBaHUIO
nop. B cBs3u ¢ 3TUM 0OCTOSTENHCTBOM JOMYCTHUMOE COJIEpKaHHWE BOJOpPOJia B
Metaiie orpannuuBaercs 10 0,01 %, n npuHUMarOTCA BCe MEpBI K YCTPAHEHUIO
BO3MOXXHOCTH HaBOJOPOXKMBaHMS MeTauia (HarmpuMep, CBAPOYHYHO MPOBOJIOKY
MOJIBEPral0T BAKYYMHOMY OTKHUTY)[8].

Yraepon SBIAETCA OAHOM M3 TAKUX MPUMECEH, IMOBBIIIEHUE COACPKAHUS
KOTOPOU BBI3bIBAET MOHUKEHUE IUIACTUYHOCTUA TUTAHA U €r0 CIUIABOB. JTO UMEET
MECTO TOTOMY, 4YTO PAacTBOPUMOCTb yIjepoJa B THTAaHE HEBEIUMKA W TMpHU
temneparype 900 °C cocrasnsier 0,28 %, a B 0-TUTaHE PACTBOPUMOCTD YIJIEpO/ia B
5 pa3 meHsblIe. Bemeacteue Maond pacTBOPUMOCTH yIUIEpOAa COAEpKaHUE €r0 B
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TUTAHE B KOJIMYECTBE HECKOJBKHUX JECATHIX MPOLEHTA MPUBOAMUT K BBIIEICHUIO
KapOUJ0B U 3aMETHOMY MOBBIIICHUIO IPOYHOCTH U MOHMKEHUIO TUTACTUYHOCTH[6].

Kopposuonnas cmotikocme.

Tutan KOPPO3MOHHO YCTOMYMB B aTMOC(HEPHOM BO3/yX€, MOPCKOW BOJIE U
MOpCKOM atMocdepe, BO BIAXHOM XJIOpe, XJIOPHOM BOJIE, TOPSIYUX M XOJIOIHBIX
pacTBopax XJIOPHUAOB, B PAa3JIMYHBIX TEXHOJOTMYECKUX PACTBOpPaX M PEarcHTax,
MPUMEHSEMBIX B XUMUYECKON, He(TAHOM, OyMaroienaTeIbHOW U JPYTUX OTPACIIAX
MIPOMBIIICHHOCTH, @ TAKXXE B TUAPOMETALTYPrud [7].

CBapuBaeMoCTb TUTAHA

BaxxHelliuM KpuTepHeM BbIOOpA Pa3IMYHBIX KOHCTPYKLIHMOHHBIX CIUIABOB
TUTaHa SIBJIACTCS UX CBApUBAEMOCTb, T. €. BO3MOYKHOCTb MOJYYEHHsI CBApHOIO
COEJIMHEHHUS, CBOMCTBA KOTOPOrO0 HE YyCTynaiud Obl aHAJIOTMYHBIM CBOMCTBaAM
OCHOBHOI'O MeTajyla U 00eCleynuBaiu OJUHAKOBYIO C HUM pabOTOCIOCOOHOCTh H
JOJITOBEYHOCTh BO BCEM JHANa30HE CTATHYECKUX M LHUKJIMYECKUX Harpys3ok,
CBOMCTBEHHBIX HArpy3kaMm B peaJbHbIX wu3nenusax. lloatomy paccMoTpeHue
CBApUBAEMOCTH THUTAHOBBIX CIUIABOB LI€JIECOOOpa3HO BECTM B CBETE HX
CTPYKTYPHOT'O CTPOEHHUSI C yYETOM YCJOBHS pabOThl KOHCTPYKIUH (BO3JCIHCTBHE
Harpy30K, TEMIIepaTyp U KOHIEHTPAIMN HANPSKSHUN ).

MHoronpoxoaHas CBapka M CBapka € IPUCAAKOM MOTYT IPUBOAUTH K
(a30BbIM IpEBpAIICHUSIM B CBAPHOM COEAMHEHHUU 3a CUET IOCJIEOBATEIBLHOTO U
HEOJHOKPATHOTO LIMKJa HarpeBa M OXJAXJIECHHs, TP 3TOM y OAHOTO U TOTO XK€
CIUIaBa B 3aBUCMMOCTH OT CKOPOCTH OXJaXKJICHHUS, XapaKTEPHOU JJisl JTaHHOTO BUJA
CBapK{, BO3MOYKHA XMMHUYECKAsl HEOJHOPOJHOCTh OKOJIOIIOBHBIX 30H, KOTOpas
MOKET MEHSATHCS MO TOJIIIMHE CBapUBAeMOro MeTrasuia. (sl TUTaHOBBIX CIIABOB
XapakTepHa TMOBbIMICHHAS JU(Py3nOHHAST MOJBUKHOCTH AaTOMOB BOAOPOJA,
MO3TOMY BJIUSIHUE TEPMUYECKOIO LIMKJIA CBAPKU MOXET BBI3BIBATH OOpa30BaHUE
KOHLIEHTPAlMOHHBIX HEOJHOPOJHOCTEM B Pa3IMYHBIX Yy4acTKaX OKOJOLIOBHOMN
30HBI.

OTtpunarenbHOE BO3JECHCTBUE HA CBOMCTBA CBAPHBIX COCTMHEHHI OKa3bIBAET
HU3Kasl TEIUIONPOBOJHOCTh TUTAHOBBIX CIIABOB, BBI3BIBAIOIIAS MEPETPEB METAILIA
OKOJIOIIOBHOM 30HBI M YBEJIMYEHHE pa3MEpOB MHKpO3E€pHA INpU Harpese B [3
o0nacTy BOJW3HM JIMHUM CIUIABJICHUS, 4 TaKK€ BO3HUKHOBEHUE 3HAYUTEIIbHBIX
OCTATOYHBIX HANPSIKEHUMN, CO3AOIIMX BO3MOXKHOCTD 3a/I€PKAHHOTO pa3pyLICHHS
CBapHBIX COCIMHECHUU.

Kpome »Tux @QakrtopoB, BIMAIOMIMX HAa CBOHCTBA METaJljla CBapHOTO
COCJIMHEHHUS, OOJIbIIOE 3HAYE€HHE JUIsl JOJITOBEYHOCTH MeETajyla IIBa HMEET
CIUIOUTHOCTh JIMTOM CTPYKTYpbl, KOTOpas OMNpeAeNsercs B3auMOJIeHCTBHEM
JKUJIKOTO MeTajyla C 3alllUTHOM Tra3oBoM aTMocdepodt U mpolleccaMu
nopooOpa3oBaHMsl BO BpeMsl KpUCTAJUIM3AlMM pacIUlaBieHHOW BaHHBI. Kpome
ydacTusi B MOopooOpa3oBaHUM, MOTJIOUICHHBIE Ta3bl HMHTEHCUBHO PacTBOPSIOTCS B
AKHUJKOM TUTaHE (OCOOEHHO KHCIOPOJ U a30T) U KaK JIETUPYIOIINE 3JIEMEHTHI PE3KO
WU3MEHSIOT CBOMCTBA JJUTOTO METAJIJIA, BBI3bIBAs €r0 OXPYITUYMBAHHME.

Takum 00pa3oM, MOXKHO CUMTaTh, YTO CBOWMCTBA CBApHOIO COETUHEHHS
TUTAHOBBIX CIJIABOB OYAYT ONPEAENATHCS XMMUUECKUM U (ha30BbIM COCTAaBOM BCEX
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30H CBAapHOTO COEOWHEHUS; (PA30BBIMU M CTPYKTYPHBIMH TMIPEBpAIICHUSIMU B
MeTajuie IIBa, MPOTEKAIOMIUMU MPU TEPMUUYECKOM IIMKJIE CBapKH; 00pa3zoBaHUEM
KOHIICHTPAIMOHHON HEOAHOPOJHOCTU JIETUPYIOLIUX SJEMEHTOB W IPUMECEH;
HaJUYUEM M BEJIMYMHOM OCTAaTOYHBIX HAMNPSDKEHUHM B OKOJIOIIOBHOW 30HE;
BO3JICIICTBUEM TOMJIOLIEHHBIX Ta30B Ha CBOMCTBAa JIMTOIO METaula U €ro
MTOPUCTOCTBIO.

[Tocnenyromas Tepmudeckas 0o0padoTKa CBAPHOTO COCAUHEHUS OKa3bIBaeT
CYILIECTBEHHOE BJIMSIHUE HA BCE MEPEUYMCIICHHBIE BbINIE (DAKTOPHI U MOXKET B TOU
WJIM UHOW CTENEHN YMEHBIIUTh UX OTPULIATEILHOE BIUSHUE.

JUIss TpaBWIBHOTO TIOCTPOEHUS TEXHOJIOTMM M3TOTOBJIEHUS CBAPHBIX
KOHCTPYKIMI HEOOXOJUMO UMETh MOJIHOE MPEACTABICHUE O MOBEICHUH CBAPHOTO
COEJIMHEHHS B MPOLIECCE TEPMUYECKOrO LIMKJIA CBAPKU M IOCHEAYIOLIEH TEPMU-
4yecKkoi 00paboTKH.

BaxupiM  ¢akropoMm, BIMSIOIIMM  Ha  (U3MKO-MEXaHUYECKUE U
DKCIUTyaTallMOHHBIE CBOWCTBA CBAapHOIO COEAMHEHMS, SBISIETCA TEpMHUYECKas
CTaOMJIBHOCTh METaIA, T. €. CHOCOOHOCTh €T0 COXPAHATh CBOMCTBA HEU3MEHHBIMU
0]l BO3/ACHCTBUEM PAOOUMX TEMIEpATyp U HAINpPsHDKEHUH, JTa XapaKTepUCTHKA
TECHO CBsi3aHa C (a30BbIM COCTAaBOM CIJIaBa M C COCTOSHUEM CBapHOIO
COCIMHEHHSI.

TexHUUEeCKUil TUTaH CONEPKUT NPUMECH, M3 KOTOPBIX BAKHEHUIIUMU
ABJIAIOTCS @30T, KHUCJIOPOJ, BOJOPOJ, YIVIEpOA. OTH MPUMECH MOBBIIAIOT
MPOYHOCTh M CHMIKAIOT IJIACTUYHOCTh U BSI3KOCTh METaJUIa, YTO B CBAPHBIX LIBAX
BBI3BIBAET 00pa30BaHME XOJIOAHBIX TpewMH. [Ipy 3TOM XOJOAHBIE TPELIMHBI B
IBax MOTyT 00pa3oBaTbcsi cO BpeMeHeM. OCHOBHOM MPUYMHOW TOSIBJICHUS
XOJIOJHBIX TPEIIUH SIBJIsA€TCS OOJbIlas pacTBOPUMOCTh BOAOPOJia B THTAHE MpHU
BBICOKMX TeMIiiepaTypax. IIpy 3HAUUTEILHOM CHUXXEHUU PACTBOPUMOCTU C
NOHM)KECHUEM TEMIIEpaTypbl BBINAJEHUE BOJOPOAA W3 TBEPAOIO pacTBOpa IpHU
OXJ@XKJICHUH, A TaKXe€ W3 IOJHOCTBIO OCTBIBLIETO METAJlIa COMNPOBOXKIACTCS
oOpa3oBaHUEM TUAPUIOB, IPUBOASIINX K XPYIKOCTH TUTaHA, U BO3HUKHOBEHUIO B
1IBe OOJIBIIMX BHYTPEHHUX HAIPSHKEHUM, U, KaK CIIEJCTBUE - TPELLUH.

st obecriedeHusi XOpOIIed CBAapUBAEMOCTH B TEXHUYECKOM THTaHE
OTrpaHUYMBAIOT COJEPKAHUE ITUX MpUMecei. TUTaH UMEET JIB€ aJUIOTPOIIHMYECKHE
(GOpMBI: O-TUTaH, UMEIONIMM TEeKCArOHAJBHYIO PEIIETKY U CYIIECTBYIOIIHUNA [0
882°C — »TOMy CIHOCOOCTBYIOT JICTUPYIOIIME TIPUMECH aJIOMHHHS, OJIOBa,
HUPKOHUS; [-TUTaH — BBICOKOTEMIEpATypHas MoAU(PUKaLUs C KyOuueckou
00BEMHO-IIEHTPUPOBAHHON PEIIETKOH — 3TOMY CHOCOOCTBYIOT JIETHUPYIOLIUE
IpUMECH aTIOMUHUS, MOIHO/IeHa, BaHA s, MapraHIia, skee3a, Xpoma.

CBapka TUTaHa CONPSDKEHA C ONPENECICHHBIMA TPYIHOCTSMH, IJIABHOW M3
KOTOPBIX SBJISICTCS OOJbINIass XUMUYECKas AKTHBHOCTh THUTAaHAa TPH BBICOKHUX
TEMIIepaTypax MO OTHOLIEHUIO K a30Ty, KUCIOPOAY U BOJIOPOLY, TOITOMY HEJB3S
IPUMEHSATH JUIsl CBAPKU TUTaHA JAYTOBYIO CBApPKy C MCIOJb30BAHUEM MOKPBITUH U
¢GrocoB, coIepiKalMX OKCHUABI M JPYrHe SJIEMEHTbI, 3arpsi3HSOLIUE ILIOB.
WUuctutytr snexkrpocBapku uM. E.O. Ilatona paszpaboTan cnenuaibHO CEpUI0
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¢mrocos-mact (or AH-TA no AH-T17A), xoTopsile MO COCTaBy SIBJISIOTCS
OCCKHUCIOPOHBIMH (PTOPUIHO-XJIOPUIHBIMU [ 12].

Heo6xoaumbiM ycioBUEM /JIs MOJTYYEHUSI KaU€CTBEHHOTO COSAMHEHUS TPU
CBapKe SBJISIETCS HaJleKHas 3aluTa OT ra3oB BO3JyXa HE TOJBKO CBAapOYHOMU
BaHHBI, HO U OCTBIBAIOIIUX YYaCTKOB METaslla 1B U 30HbI TEPMHUUECKOTO BIMSHUS
BIJIOTH J10 Temneparypsl 400°C. HeoOxomaumo Takke 3alluilaTh OOpaTHYIO
CTOPOHY IIBa Ja)X€ M TOM cCllydae, €ClMd OHa HE pacIUIaBIseTCs, a TOJIBKO
Harpeaetcs Boiie 400°C.

OmnpeneneHHble TPYAHOCTA BO3HHUKAIOT B CBS3M C OOJBIIONW CKIOHHOCTHIO
TUTaHa K POCTY 3€pHa, IPU HArpeBe J0 BHICOKUX TEMIIEpaTyp, OCOOEHHO B 001acTu
B-asel. [lns mpegoTBpalieHusi 3TOr0 CBapKy CleAyeT MPOU3BOJUTH C BO3ZMOMXHO
MUHHUMAJIbHOM MIOTOHHOW SHEPTUEH.

JI1st momyyeHHs] KaueCTBEHHBIX CBAPHBIX IIIBOB PEKOMEHIYETCSl MPUMEHSITh
JIOTIOJIHUTENIHHYIO 3alIUTy aprOHOM, KaK MpeIcTaBieHo Ha pucyHke (puc 1.1). Oto
CBSI3aHHO C BBICOKOM XMMHYECKOW aKTUBHOCTHIO U HEKOTOPBIX TEIIOPU3NUECKUX
CBOICTB THTaHa W €ro CIUIABOB, a TaKXe CKIOHHOCTb K POCTY 3€pHa B
OKOJIOILIOBHOM 30HE.

Hanpabexue cbapky

5

7

A3 [AS X

1 — cBapouHasi ropesnka; 2 — Kamepa-Hacajika; 3 — cBapuBaeMoe u3Jenue; 4 —IoJTyB;
5 — npucaouHas npososioka. Pucynok 1.1. -Cxema 3aIuThl CTHIKOBBIX U TABPOBBIX
COEIMHEHUH TUTaHa U €ro CIUIaBOB IIPY aprOHOAYTOBOM CBapKe

O kayecTBe Tra30BOl 3alUTBl MPU CBApKe THUTAaHA MOXHO CYAHUTh
MpUOIM3UTENIBHO TI0 IBETY MeETa/la IIBa M OKOJIONMIOBHOUM 30HBI. biecrsmas
cepeOpucTasi TOBEPXHOCTh IIIBa CBHUACTEIBCTBYET O XOpPOIIEH 3alure OT
KMCJIOPO/Ia ¥ YJIOBJIETBOPUTEIBbHBIX CBOMCTBAX IIBA. CHHUI IIBET U CEPBIE HAJIETHI
HAa HEM YKa3blBAIOT HA IUIOXYHK 3alUTy. Takou BU3yaJbHBIM METOJ OLIEHKHU
3 PEKTUBHOCTH Ta30BOM 3aIUThI HE SBJSETCS XapaKTEPUCTUKOWU 3arps3HEHUS
IBa a30TOM M BOJOPOJOM B ONPEACICHHBIX KOJHMYECTBAX HE H3MEHSAET LBET
MeTaa (B CBsI3U C 00pa3oBaHMEM pacTBopa BHenpeHus). [loatoMmy olieHka
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HACBIIIEHUS TOBEPXHOCTHBIX CJIOEB METala Ta3aMH MPOU3BOJUTCS MO JAHHBIM
XUMHUYECKOTO aHaIN3a WIK U3MEPEHUEM TBEPIOCTH.

W3nenue cnoxkHodt (OpMBI CO IIBaMH, PACMOJIOKEHHBIMH B Pa3HbIX
IJIOCKOCTSIX, CBapUBalOT B TIEPMETHYHBIX Kamepax C KOHTPOJUPYEeMOM
aTMoc(epoil aBToMaTaMu WM BPYUYHYIO.

gy -

Ar

al 0) b/

Pucynok 1.2 — ®opmbl nporuiaBieHus Ipy CBapKe TUTAHA IUIABSIILIUMCS JIEKTPOIOM.

B c¢Bsi3u ¢ HU3KOH TEIUIONPOBOAHOCTHIO TUTAHA CTHIKOBHIC IIIBBI TIPU CBapKe
MJIABSIIIUMCSL  DJICKTPOJIOM B apProHe HMEIOT XapaKTEePHYI0 KOHYCOOOpa3HYIO
dopmy (puc. 1.2, a) ¢ mManbiM Yy, = B/H, 4TO BBI3BIBACT HEOOXOAMMOCTD I
HEKOTOPBIX KOHCTPYKIMI HAJOXKEHUs TalTelbHBIX MBOB (puc. 1.2, 0) mmbo
nepexofa K CBapke B TEIUHU C IEIbI0 YIy4ylleHUs (OpMbl BHEIIHEH 4YacTu
ycuieHus mBa (puc. 1.2, B). YaenbHOE 3IE€KTPOCONPOTUBIEHUE TUTAHA MPUMEPHO
B 4 paza OoJIbllle, YeM Yy KeJe3a, T0O3TOMY BBUIET IUIABSIIETOCs JIEKTPOIa JOJIKEH
OBITh OTHOCUTEITLHO HEOOIBIIINM.

Cnocobvbl ceapku mumanua.

JIns coenvHEeHus JeTajeil U3 TUTaHa U €ro CIUIaBOB MPHUMEHSIOTCS: pydHast
aproHO-AyroBas CBapKa HEIUIABAIIMMCS 3JIEKTPOJOM; aBTOMATHYECKasl aproHO-
JyTOBasi CBapKa IMPOBOJIOKOM M3 TWUTaHA, aBTOMAaTHYecKas JyroBas CBapka IOJ
(barocoM; AIEKTPOIIIaKOBas CBapKa C Mmojilauyeid Ha MOBEPXHOCTD IIUIAKOBOM BaHHBI
WHEPTHOIO Ta3a, KOHTAKTHOM (CTBHIKOBOM, TOYEUHOW W IIOBHOW), 3JIEKTPOHHO-
Jy4€BOU, MIA3MEHHOM U 11p. [13].

AproHojayroBas  CcBapka  HEIUIAaBSIIMMCS  JJIEKTPOAOM  HauboJjiee
pacrpocTpaHeHa MO CPaBHEHHUIO C JPYTUMH CIocoO0amMu. ITO OOBSICHSETCS €€
OTHOCUTEIHHOM MPOCTOTON M OOJBIIMMH BO3MOXKHOCTAMU. UMCTOTa aproHa mpH
9TOM JObKHa ObITh He MeHee 99.7%. IloBepxHOcTH cBapuBaeMoro u
MIPUCAJ0YHOTO MaTepHalia IOJKHBI OBITh XOPOIIO OYUIIIEHBI OT OKUCIIOB U IPYTUX
3arpsI3HEHUN ITyTEM MEXaHWYECKOU 3aYMCTKU WM TPABJICHUEM B TEUCHUE 5 MUH B
pacTBOpe M3 COMSTHOM KUCIOTHI — 340Mi1, a30THON — 60MJIT, PTOPUCTOM KaTBITUS —
50r, Boasl — 600Ma. Mcnonb3yroT npucagouHblii MEeTasul, OJIM3KUN MO COCTaBy K
OCHOBHOMY MeTaly. BO MHOTMX cCiy4yasix TMOJOXUTEIbHBIE PE3YIbTAThI
MOJy4aroTCsl NMpU Ucnojab30BaHuu 1npoBojoku BT1-00. [Ins yaganenus Bojoponaa
MPOBOJIOKY OOBIYHO TMOABepraoT AudPy3noHHOMY (BaKyyMHOMY) OTKHUTY.
Conepxanue BoJI0OpoJia B Takoi mpoBoJioke He npessimnaeT 0,004—0,006%.
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Caapky BenyT 0e3 KoyiebaTeNbHbIX JBUKEHHUIM TOPENKH, Ha KOPOTKON Iyre
YyIJIOM BHEped. YToJI MEXAy DJJIEKTPOJAOM M IPHUCAJAOYHBIM MaTepUaoM
NOJJIEP>KUBAIOT B Ipenenax 90°, mogady npucagoqyHON MPOBOJIIOKH OCYIIECTBIISIIOT
HenpepbiBHO[ 14].

IIpUMEHSAIOT NOCTOSHHBIM TOK MNpsAMOM noysIpHOCTH. C  yBeIMYEHHEM
TOJILIMHBI cBapuBaeMoro mertaa ot 0,8 10 3MM Benu4uHA TOKA M3MEHSAETCS OT
40-50 no 100-120 A. QuameTtp BoabdpamoBoro aiekrpoaa 2.0-2.5, mpucagouHon
IpoOBOJIOKU 1-2MM, HampsbkeHue ayru — 14-18 B. Jlns 3amuTel 00paTHOM CTOPOHBI
IIBa MHOT/Ia MOIyBAaIOT aprOHOM, pacroiarasi 00paTHYI0 CTOPOHY IIIBa HAJl Ta30M
CTaJIbHOM IIJIACTUHBI.

[Ipu TONIIMHE METallIa CBBILIE 4 MM MPUMEHSIOT Pa3fenKy KpoMokK V-, X-
oOpa3zHyto. /{15 yBeaudeHus rIyOMHbI NPOIUJIaBICHUS MPU CBapKe BOIb(PaMOBBIM
ANEKTPOAOM HpuUMeHsIOT (itocki-nmacTel THHAa AH-TA, KOTOpble HAHOCIT TOHKUM
CJIOEM Ha MOBEPXHOCTh KPOMOK. OHU NO3BOJISAIOT 0€3 pa3JesIki KPOMOK CBapuBaTh
MEeTaJT TOJUIMHOM 10 12 MM Ha MEHBIIMX, YeM HpHU OOBIYHBIX CHOCO0aXx,
CBapOYHBIX TOKAX. JTa TEXHOJOTHsI CHIKAET Je(OpMallui CBAPHBIX KOHCTPYKIIHUI
U YMEHBIIAET IOPUCTOCTh IIIBOB, a TakXe€ CIIOCOOCTBYET YAaCTUYHOMY
paduHUPOBAHUIO METAJLJIA 11IBA.

[Ipu cBapke muaBAIIMMCS JIEKTPOJOM 3a JBa Mpoxoja (C IBYX CTOPOH)
MOKHO CBapUBaTh MeTal 0e3 ckoca KpOMOK TOJLIMHOU 10 36 mMMm. B kauecTBe
3alIMTHOTO Ta3a UCHOJIb3YIOT aproH u renuid. Ilpu cBapke 3a aBa mpoxoaa B
aproHe MIBbI MOJYyYalOTCsl OTHOCUTENBHO OoJiee y3kumu (puc. 1.2, a), a B renun —
oonee mmpokumu (puc 1.2, B), 4TO CBsI3aHO C (PU3UUECKUMU CBONCTBAMU
3aIUTHBIX Ta30B: MPHU CBAapKe B rednHu TpeOdyeTcs: 0oJiee BBICOKOE HAIPSKEHUE
nyru. CBapKy BeyT Ha IOCTOSIHHOM TOKE OOpaTHOW MOJISIPHOCTH.

[Ipy  BBINOJHEHWM  YIVIOBBIX M HAXJECTOYHBIX  COEAMHEHHI
KPYNHOTa0apUTHBIX M3JAENUl, KOorja MOJAYB aproHa 3aTpyJHEH, CBapKy MOXKHO
IPOM3BOAUTL 0€3 3alluThl OOpAaTHOM CTOPOHBI I1IBA, BBHIMOJHSS CBAapKy Ha
yyacTkax mimHoM 15—20MM c mepepblBaMM NPUH MHUHUMAJIbHOM PpPa30rpeBe
CBApHUBAEMBIX 2JIEMEHTOB| 8].
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1.3. CBapka Meau M TUTAHA

HeoOxogumocTh  cBapuBaTh  Pa3sHOPOJHBIE  METAJIbI,  OOJaJArOIIHE
Pa3IMYHBIMH (PU3UKO-XUMHUUYECKUMU U MPOYHOCTHBIMU CBOMCTBaMH, BO3HHUKIIA B
CBSI3U C Pa3BUTHEM TEXHHUKH M MOTPEOHOCTHIO HanboJjiee MOJIHO MCIOJIb30BaTh B
MalllMHaX W allfaparax XapakTepHble OCOOCHHOCTH MaTepHaIOB. DTO a0 Obl
BO3MOXXHOCTh ~ CO3/1aBaThb  DKOHOMHUYECKH M  TeXHWYeCKH d(deKkTuBHOE
MIPOMBIIIJICHHOE OOOPYJIOBaHHWE, y3Jbl W JIETAIM KOTOpOro padotasiu Obl B
ONTUMAJILHBIX YCIIOBHSX, OBBICUTH €TI0 HAJEKHOCTD U JIOJITOBECYHOCThD, YIYUIIUTh
KaueCTBO BbIMyCKaeMOM mOpoayKuuu. OJHAKO COEJUHEHHE Pa3HOPOJHBIX
METaJJIOB pa3IUYHBIMU crocooamMu CBapKHU OTPaHUYCHO psAIOM
METAJLTYPTrUYECKUX U TEXHOJOTUUECKUX TPYIHOCTEH.

IIpu cBapke pa3HOPOAHBIX IBETHBIX METAUIOB OOJIBIIOE 3HAYEHUE
npuoOpeTaeT MNpPaBWIBHBIA BBIOOpP croco0a W TEXHOJOTWH cBapku. B arom
OOJIBIIIYIO TOMOIIb MOKET OKa3aThb pPAacCMOTPEHHE PABHOBECHBIX JUarpamm
COCTOSIHUSI, KOTOPbIE€ MO3BOJISIOT aHAIM3UPOBATh MPEBPAICHUs, TPOTEKAIONINE B
JIBYX, TpeX U 0ojiee KOMIOHCHTHBIX METAJUIMYECKUX CHCTEMax IIpH IUIABKeE,
KpUCTALIN3AIIMA, TEPMHUYECKONH 00paboTke W  JPYyTMX TEXHOJOTHYECKUX
oreparusax. XOoTs JUarpaMMbl COCTOSIHHUS CTPOST JJISI YCJIOBUM paBHOBECHS WIIU
JIOCTATOYHO OJM3KMM K HHUM, 3HaTh UX TPH CBapKe Pa3sHOPOIHBIX METaJIOB
HeoO0XxoauMo. OHU TO3BOJISIIOT OIEHUTH (Pa30BBIC IMPEBPAICHHUS M YCIOBUS HX
OCYIIIECTBJICHUA B JaHHOW METaJUIMYECKoi cucteme|7].

Oco0eHHOCTH CBapKH Pa3HOPOJHBIX MATEPHATIOB U BBI3bIBAEMbIC MPU ITOM
TPYAHOCTH CBSI3aHbI B OOJBIIMHCTBE CJIy4aeB C CYIIECTBEHHBIM pa3iudueM
GU3UYECKUX M XMMUYECKUX CBOMCTB COCIUHSEMBIX MaTepuanoB. K guciy Takmx
O0COOEHHOCTEW HEOOXOAMMO OTHECTH CJICIYIOIIHE:

—  PpE3KOo€ pa3au4Me B XUMHUYECKOM COCTAaBE MAaTE€pHAIOB. ITO IPUBOIAUT
BO MHOTMX CJIy4yasxX K T[IOSBJIICHHIO HOBBIX HEXENATENbHbIX C TMO3ULUI
(GbopMHpOBaHUS SKCIUTyaTal[AOHHBIX CBOWCTB coeauHeHus (a3, H3MEHEHUIO
CBOMCTB MeTaJljla B OKOJIOIIOBHOM 30HE U U3MEHEHHUSAM B CTPYKTYPE B pe3yJbTaTe
1 Py3ur KOMIOHEHTOB IMAPHOTO METAIIA;

—  pasnuuue B TEIIOPU3MUECKUX CBONCTBAX (TeMIlepaType IUIABJICHHS,
TEIUIONPOBOJAHOCTH, TEIIIOEMKOCTH, KOA((PHlIMeHTa TEPMUYECKOTO PACIIUPEHHUS),
YTO BENET K AaCHMMETPUU TEIUIOBOIO TMOJs, BO3HUKHOBEHUIO OCTAaTOYHBIX
HaIpspKeHU U neopmanuit;

— HECOBIIQJICHUE JUAIla30HOB CBAPOYHBIX  TEMIEPATyp  OIHOIO
Marepuaiga ¢ JONYyCKaeMOW TEeMIepaTypor, NpuU KOTOPOM HE MPOUCXOIUT
YXYAUIEHUS XapAKTEPUCTUK APYroro MeTasia;

— OTIMYHUE B TMPHUPOJEC OKCHAOB, UX XUMHYECKOW CTONKOCTU, TEM-
neparypax IUJIaBJICHUS, CHOCOOHOCTH K PACTBOPEHHIO B OCHOBHOM METallIe,
3alIUTHBIX CBOMCTBAX U T. I1.;
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—  pa3nuuus DJEKTPUYECKUX U MArHUTHBIX CBOWCTB MAaTEpHAJIOB;
HEOJMHAKOBAasi CIIOCOOHOCTh PACTBOPSITH Ta3bl; HECOBIAJICHHE JMAMa30HOB
PEKUMOB TEPMHUYECKOM 00paboTKH, TpeOyeMoW B psae CiaydaeB Il CHSATHS
OCTAaTOYHBIX HATPSKCHHM.

Ha cBapuBaeMOCTh pa3HOPOJHBIX MAaTEpPUATIOB OMPENECIAIONIEE BIHSHUE
OKa3blBaeT WX (PU3UKO-XMMHUYECKAss COBMECTHUMOCTb, TMPOSIBISAIONIASACS B
CIIOCOOHOCTH O00Opa30BbIBATh MEXYy COOOW TBEpPIbIE PACTBOPHI U XHMHUUYECKHE
coeMHeHUs (MHTepMeTAITU b )[15].

Tutan ¥ Menp pe3Ko OTIMYAIOTCS JPYr OT Apyra Mo Tero(Uu3n4ecKuM
XapaKTEepPUCTUKAM, PE3KO OTIMYAIOTCS TUIAMHM KPUCTAUIMYECKUX PEIIETOK U
pa3MepaMu aTOMHBIX PaJMyCOB U B MEPBYIO OUepeb MO TeMIlepaType IIIaBJICHUS.
Jnsa tutana oHa cocrasisier 1660120 °C, ayis meau 1085+15 °C. DT Marepuais
BCTyNaloT Jpyr C JpyroM B XUMHYECKOE B3aUMOJICUCTBUE, 00pasys
uaTepMeTauanble coenuaenns tuma TiCu(57,0% Cu), Ti,Cw39,88 % Cu) u
TiCux(79,92 % Cu). Ilpm pacmiaBe THUTaHA W MEIW KPHCTAUIA3YIOTCS
JIETKOIJIABKUE COCJIMHEHUS HABTEKTHMUECKOTO THIA, TJIABHBIM 00pa3oM ¢
KoHIleHTparuen menu 66 % (7,,= 855 °C) u 43 % (7T,,= 955 °C). Tutan u mMenp
00pa3yloT CUCTEMY C OTPAaHUYEHHOU PACTBOPUMOCTBIO M IBTEKTOUIHBIM PACIIaIOM
B-a3el. MakcumalibHasi paCTBOPUMOCTb MEM B O-TUTAHE U J-TUTaHE COCTABISET
2,1 u 13,4 % npu 990 °C. PactBopumocts Ti B Cu npu 400 °C 0,4 %. [TorTomy B
YCIIOBUSIX CBApKHU IUIABJICHHEM, KOTJIa MaTepuaid O0eHX 3aroTOBOK HaXOIUTCS B
JKUJIKOM COCTOSIHMU, B METajie IIBa MPU KPUCTAIIM3AIMU OyAyT HEHU30€KHO
MOSBJISITHCS MHTEPMETAIUTHIBI U JIETKOTUTABKHE IBTEKTHUKU. A 3TO BEIET K BRICOKOU
BEPOSTHOCTU PACTPECKUBAHUSI CBAPOUYHBIX IIIBOB — KaK HEMEIJIEHHOr0, TaK U
«OTJIO)KEHHOTO», YTO emle xyxe[16].

[IpumeHeHne METOJIOB CBapKU B KUJAKOW (paze BO3MOXKHO IPHU YCIOBUU
MJIABJICHUSI TOJIBKO MEIHOM 3aroTOBKH (PEXKUM CBapKO-TAWKH) C OrpaHUYCHUEM
MPOJOIKUTEILHOCTH KOHTaKTa pacilaBa C TBEPJAbIM METAJIOM WA C
UCITIOJIb30BAaHUEM MTPOMEKYTOUHBIX BCTABOK, UTPAIOIIUX POJIb Oapbepa.

Juppyszuonnas ceapxa 0€3 TPUMEHECHHS IPOMEKYTOUHBIX OapbepHBIX
CJIOEB BO3MOKHA B Y3KOM JMAlla30HE PEKUMOB M JAET COCIUHEHUS C HU3KOM
MPOYHOCTHIO. J[JI1 TOJIydeHUs PaBHOMPOYHOTO COEAUHEHHS] HCHOJb3YIOT
MIPOCTIONKY U3 BaHAIUsI, MOJIHOIeHa, HUOOMUS.

Ceapxa nnasneHuem BEOETCA C  PACIUIABICHUEM  TOJIBKO  MEMIU.
Hcnonb30oBaHre KECTKUX PEKUMOB CHOCOOCTBYET COKpAIIEHUIO BpEMEHU
KOHTAKTa pacrijiaBa ¢ TBEPAbIM TUTAHOM.

OnekmpoHHO-Iy4esas ceapka Ha KECTKUX PEKUMax JaeT COCIUHCHUS C
YIOBIICTBOPUTCIIBHBIMA ~ MEXaHWYECKMMH CBOHMCTBAMH TOJBKO Ha TOHKHX
JIUCTOBBIX 3aroToBkax|15].

Haubonee ycmemHa  cBapka  IUIaBJICEHHEM  TPU  HCIOJIb30BaHUU
MPOMEXKYTOUYHBIX BCTABOK M3 CIEIUAIbHO BBITUIABICHHBIX CIUIABOB THUTAaHA,
JIETUPOBAHHOTO MOJIMOACHOM, HUOOMEM WM THUTAHOM, KOTOPBIC MOHUKAIOT
TEMIIepaTypy NpeBpamieHusi o<«>p U 00ecmeunBarOT MOJIYYEeHUE OJHOPOIHOTO
TUTAHOBOTO CIUIaBa CO CTAOWIBHOW CTPYKTYpOW, HE OUYEHb OTIMYAIOIICHCS OT
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CTPYKTYpPBI Meu. MOXKHO HCTOJIB30BaTh KOMOMHUPOBAHHBIE BCTABKH M3 CILUIABOB
Ti + 30% Nbu crmaos BT15[17]. Yka3anHble criocOObI CBapKH OMKMCaHbI B [18,
19].

Cnoco0 cBapku ¢ MPUMEHEHHEM IMPOMEKYTOUYHOTO TYTOIUIaBKOT'O MeTallia
o0JlajaeT CYIIECTBEHHBIM HEIOCTaTKOM, TaK KaK MCIOJb30BAaHUE BCTABOK
YCIIOXKHSIET KOHCTPYKIIMIO COCIMHECHHUS, 3aTPYAHSICT MpoIecc COOPKU U CBApKHU, U
3HAUMTENBHO yAOpokaeT wu3aenus. Kpome Toro, HEOOXOAMMO YYHUTHIBATH
KOPPO3UOHHYIO CTOMKOCTh COCIMHEHUN U3 Pa3HOPOIHBIX METAJIOB, €CJIU CBapHas
KOHCTPYKITUS TIpeTHa3HAYaeTCsl 711 pabOThI B arpeCCUBHBIX Cpeax.

CymiecTByeT TakKe CIOCOO0 CBapKH MO C THUTAHOBBIMU [3-CIIaBaMH,
obnanatomumu OLIK pemnerkoii u Oosiee BBHICOKOM pacTBOpUMOCTBhIO Meau. K
YUCIy [-CTaOMIM3UPYIOLIMX 3JEMEHTOB, KOTOPhIE HE 00pa3ylOT C MEIbI0 MHTEP-
METAJUTUIHBIX a3, OTHOCATCS MOJUOeH, HUOOU, BaHa Ui, TaHTaJ[ 7 ].

B marente P® Ne 2346087 omuceiBaeTcsl COSOMHECHHWE MEIWM W THUTaHA
MOCPEJICTBOM CBAPKU B3PHIBOM.

Bce BbImeykazaHHble CrOCOOBI CBAPKU HE MOJIXOIAT JIJIsSi HAIIEro cliydas
BCJIJICTBUE CIIOKHON KOH(DUTYpalMK N3NNI, TOPOTOBU3HBI 000PYI0BAHUS U JIP.
[ToaToMy Hambosee MOAXOIANIUM JJisi CBapKU aHOJOB OblIa MpHU3HAHA pPy4Has
aproHOJIyTOBasi CBapKa.
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1.4. BeiBoabI 1O IJIaBe

1. B nanHoM pa3nene yka3zaHbl 00JIaCTH MIPUMEHEHUs, OCHOBHBIE CBOMCTBA U
CBapUBAEMOCTh MAaTEpUAJIOB, HCIOJB3YEMBIX JIsi W3TOTOBJIECHMS AHOAOB JUIS
XMUMHYECKOH MPOMBIIIIIEHHOCTH.

2. PaccMOTpeHbI BUIBI CBApKU, OCOOEHHOCTH U TEXHOJIOTMUECKHUE MPUEMBI,
OpPUMEHSEMbIE Ul COCAUHEHMsI TUTaHa, MEIW M Menu ¢ TutaHoM. Ilokazana
BaXXHOCTh NPUMEHEHMs 3alllUThl CBApOYHON BaHHBI M OKOJIOIIOBHOW 30HBI IpPHU
CBapKe TUTaHA C LIEJIbI0 YCTPAHEHUS BEPOSITHOCTH TOSBIICHUS TPELIHH.

3. CoeumanbHble  BUABl  CBApKM  (BJIEKTPOHHO-Iy4YeBas  CBapkKa,
muddy3rmoHHass cBapka, CBapka B3PBIBOM W JIp.), TPUMCHSIEMBIE B
IPOMBIIUIEHHOCTH ISl COEIMHEHHSI MEAN C TUTAHOM, a TakXe JyroBas CBapka C
IPUMEHEHUEM MPOMEXYTOYHOIO MaTepuajia B HaIleM CilIy4yae [0 pa3HbIM
npyU4YrHaM HenpuMeHuMbl. [loaTomMy Hanbosiee MOAXOIAUIUM ISl CBAPKU aHOOB
ObLJ1a MpU3HaHa py4yHas aproHOyTrOBas CBapKa.
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2 TexHoJIOrM4YecKasl 4acTh
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2.10nucauue u3aeaus

AHOI TPUMEHSCTCS NMPH HAHCCEHWH TalbBaHUYECKUX MEIHBIX MOKPBITHIA
(MeaHeHHEe). AHOMIBI B IEPBYIO OYEPE/lb, CIAYKAT JUIS MMOJBOJIA TOKA B DJICKTPOJIHUT
U JIIS1 pABHOMEPHOTO PACIpeIeICHUs €ro M0 MOKPBIBAEMO# MOBEpXHOCTH. BTOpoe
3HAUYEHHE — BO3MENIaTh yOBUIbP METajla B3aMEH BBIACJICHHOTO TPH TMOKPHITHH
u3genanid. JIJsl YMEHBIIEHUS PACTBOPEHHs IMOBEPXHOCTH aHOJIA IMPUMEHSIOTCS
aHOJHbBIC KOP3WHBI. B KauecTBe Marepuana Ui U3TOTOBICHHS AHOIHBIX KOP3HMH
IpY TaJbBAaHMYSCKOM MEIHEHHUH JydIlle BCETO HMCIIOJIb30BaTh TUTaH. Ha TuTaHe B
NPUCYTCTBUU HUYTOXKHBIX CIICIOB KMCIOPOa HIIM MHBIX OKHCIMTEICH 00pasyercs
TOHKass HEMPOBOMAIIAs OKHCHAs IUIEHKA, KOTOpas pa3pylIaeTcsi TOJIbKO B
IOPUCYTCTBUH HOHOB (ropa. IlpM HCIOIB30BAaHMHM THUTAHOBBIX KOP3WH HYXKHO,
4TOOBI KOp3MHA OblIa HAIOJHEHA AHOJHBIM MATEPHAIOM BBIIIE BEPXHETO Kpas
MOKPBIBAEMOM TUTOMIAAW. TUTaHOBas KOpP3MHA MOXKET HAXOAWThCSA 03 TOKa B
HepaboTaroreii Banue [20].
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1 - [ranra, 2 — luna, 3 — Kpeika, 4 — Iarpy6ok, 5 — I[Tatpy6ok, 6 — Lltudt, 7 —
VYuiko, 8 — Cermenr, 9 — 3arnymka, 10 — @ukcarop. Pucynok 2.1-Ockus usaenus.
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2.2 Texnnueckue TpeOOBAHMS HA U3TOTOBJIEHUE U3/1eJIHUS

N3wsaTo 0,5 cTpaHulibl.

2.3. BoiOop cnocoda cBapku

JIJisi  BBIMOJTHEHUS CBApPHBIX IIBOB BBIOMpAEM pPYYHYIO aproHOIYyTrOBYIO
CBapKy HeruiaBsiumcst anektpoaom (PAJL).
JIOCTOMHCTBaMH JAHHOTO CIOCO0a CBAPKHU SIBJIFOTCS:

L4 HaACXKHas 3auTa CB&pO‘-IHOﬁ BAaHHBI,

L4 BO3MOKHOCTDB BBIIIOJIHATH CBAPKY B PA3JIMYHBIX ITPOCTPAHCTBCHHBIX
ITOJIOXKCHHAX

L BO3MOKHOCTb BU3YaJIbHOI'O Ha6HIOI[eHI/IH 3a CBapO‘lHOﬁ BaHHOﬁ;

L IIpOCTOTAa TCXHOJIOTHH, HC Tpe6yeTc;1 MMPUMCHCHHA YACPIKHUBAIOIIUX

PUCIIOCOOJIEHHI, KaK, HAIpUMeEp, IIPU CBapke 1o (iirocy.

Onncanue  DNEKTPOAYTOBOM  CBapKH B CpPEIAE  HMHEPTHBIX  Ta30B
HerassmuMmces snektpoaom (TUIL nporecc).

CBapka B cpele HHEPTHBIX Ta30B HeIaBsmumcs saektpoaom TUL,
MPUMEHSIETCS TMPU CO3JaHMM METAJUIOKOHCTPYKIMHA W3 JKapONpPOYHBIX U
KOPPO3MOHOCTOMKHUX CTalied, a TaK »K€ LBETHbIX METAUIOB M UX CIUIABOB,
o0ecrnieurnBaeT BHICOKHE MEXaHUUECKHUE CBOICTBA METaslla CBAPHOIO COCTMHEHUS U
XOPOILIMM BHEIIHWUM BHUJ MIBA. TE€XHOJOIMYECKUU IMPOLECC JIETKO OCBAaMBAECTCS
CBapILIMKOM.

CBapky, Kak TMpaBWIO, BBHIIOJHSIIOT Ha TOCTOSSHHOM TOKE MPsIMOM
MOJIIPHOCTH (MHHYC Ha AJIEKTPOJIE) U IEPEMEHHOM TOKE.

OOmue  MONOXKEHUs  TEXHUKU  PYYHOHM  aproHOAYyroBOM  CBapKu
HEIUIABSIIUMCS JJIEKTPOJOM.

TexHuka pydyHOM aproHOAYroBOM CBapKuh MMeEET CBOM OcoOeHHOCTH. [Ipum
CBAapKE€ KOPHEBBIX IIIBOB HE MPOU3BOJUTCS MONEPEYHOE NEPEMEIICHHE KOHIIA
anekTtpoaa. JlanpHedmiee — 3amONHEHUE  PA3fENKA  OCYLIECTBIIETCS  IPHU
MUHUMAJIBHBIX MOMEPEYHBIX MEPEMEIICHHUSIX KOHIIA 3JIEKTPOAA, YTO OOYCIOBIECHO
HapyIIEHWEM 3alllThl 30HBI CBApKA TPH OOJBIINX 3HAYCHUSX aAMILTUTYIBI
NEPEMEIICHHS] TOPENKH. YTOJI MEXKIYy OCBIO TOPEIKHM M IUIOCKOCTBIO M3IEIUS
coctaBisier 60-90°. Ilpucagounblii MaTepuail B 30HY CBApKH MOAAIOT MO yTJIOM
15-45° k nmnockoctu uznenusa. CxeMbl pacroioKeHus: IPUCaJOYHOI0 MaTepuana u
JyTH B 3aBUCUMOCTH OT IOJIOKEHHS 1IBA B MPOCTPAHCTBE MPUBEJICHBI HA puC. 4.
[Tpu cBapke Bpy4HYIO KOHEI] MPUCATI0YHOMN MPOBOJIOKH HEOOXOIMMO pacrojaraTh
TaK, 4TOObl OH MOCTOSIHHO HaXOJWJICS B CTPY€E 3alIUTHOrO ra3a. PexuMbl cBapku
BBIOMPAIOT B 3aBUCUMOCTH OT TOJIIMHBI, TOJIOKEHUS B MPOCTPAHCTBE U
XMMHYECKOTO COCTaBa CBapuBaeMoro marepuana. [21].
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Pucynok 2.2. -CxeMbl pacroyioKeHUs MPUCa0UYHOT0 MaTepralia U HeIIaBAIIErocs
AJIEKTPO/IA TP CBApKE B HUKHEM (a), BEPTUKAIHHOM (0), ¥ TOTOJIOYHOM (B) TIOJIOKEHUSX.

JUist cBapKy IIMNWIBKK M MATpyOKa B HACTOSIIIEM OTYETE PACCMATPUBAETCS
JIBa BapHaHTa CBapku. B KkadecTBe OCHOBHOIO BapHaHTa MNpeaJiaraeTcsl TaKXKe
ucnosib3oBath PAJ[. Kpome Toro, ¢ mnenapio yBEeJIMYEHUS MPOU3BOAUTEIBHOCTH,
CHI)KEHHUSI «4YEJIOBEYECKOro (akTtopa» W Ap. PEKOMEHIYeTCs HCIOIb30BaTh
KOHTaKTHY!0 penbedHyro cBapky. OpHako HEOOXOAMMO YYHUTBIBaTh, YTO
BHEJIPEHUE JAHHOTO BHJIa CBapKW B MPOLIECC M3TOTOBJIEHUS aHOJOB, IPUBOJIUT K
YBEIMYECHHUIO MAaTEPUAIIBHBIX 3aTpaT (Ha yCTAHOBKY KOHTAaKTHOM CBapKu).

Penvednast cBapka— cBapoYHBIM MpOIECC, MPU KOTOPOM JETaJH
COEUHSIOTCS B OJHOM WJIM OJHOBPEMEHHO B HECKOJBKHX TOYKAaxX, UMEIOLIUX
CHEIUATbHO TIOJITOTOBJIEHHBIE BBICTYMBI-PENbEPBl. ITOT CHOCOO aHAIOTUYEH
TOYEYHOM KOHTAKTHOW CBapke. ['J1aBHOE OTIMYME: KOHTAKT MEXIY ACTASIMU
ompenensieTcss (GopMoil WX TMOBEPXHOCTH B MECTE€ COCAMHEHHs, a HEe (Hopmoii
paboueil yacTH 3JEKTPOIOB, KaK IPU TOYEUHOM cBapke.[22]

B xone penbedHON CBapKu HIEKTPOABI CBApPOYHOTO TIpecca CKUMAIOT
JEeTAIM W TPONMYCKAIOT 4Yepe3 HUX DICKTpUYeCKUil TOK. CBapuBaemble eTalu
KOHTAKTUPYIOT TOJBKO B MeCTax peibedHBIX BBICTYIIOB, IMOITOMY METAJLI
penbeOB  MHTEHCUBHO  HAarpeBaeTCs U MOJBEpPraercs  IUIACTHUYECKUM
nedopmanusiMm. KoHTaKTHOE COMPOTUBIIEHHE OBICTPO YMEHBIIACTCS, U TEIUIOTa
BBIJICIISIETCSI B OCHOBHOM 32 CUET COOCTBEHHOTO COTIPOTUBIICHUS MeTaJlIa penbeda.
Korga 30Ha pacruiaBieHUst JOCTUTAeT HEOOXOAMMBIX pa3MEpOB, CBAPOUYHBIN TOK
BBIKJTIOUAETCA. MeTasut JINTOTO SIpa OXJIAXKIAECTCS U KPUCTAIUIA3YETCS.
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http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D0%B0%D1%80%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F

OpHuM U3 TNpEeuMyLIeCTB penbeHONM CBapKH  SBISIETCS  BBICOKAs
MIPOU3BOJIUTENIBHOCTh. 3a OJWH XOJ CBAapOYHOW MAaIllMHbl TMPOU3BOAUTCSA 10
HECKOJIBKUX JIECATKOB CBAPHBIX TOYEK, KOJHUYECTBO KOTOPBIX ONPEAEISIETCS
YUCJIOM  MPEABAPUTEILHO  BBIIITAMIIOBAHHBIX  BBICTYINOB-penbedoB. [l
MOJIYYeHUs] KAUECTBEHHOTO COeIMHEHMS TPeOyeTCsl TOUHAs IITaMIIOBKA U TUIOTHOE
npuJieTaHue COOpaHHBIX JeTalleld Mo BCeM BbIcTynam. Jlpyroe mpeumymiecTBO —
MaJlblii HM3HOC DJIEKTPOJOB IO CPABHEHUIO C TOW K€ TOYEYHOM KOHTAKTHOMU
CBapKOM, TaK Kak JJis pelbeHON CBApKH HCHOIB3YIOTCS AJIEKTPOABI C OOJIbIICH
IUIOIIAbI0 KOHTAKTHOM MOBEPXHOCTH, YTO OOECIIEYMBAET MEPEHOC KOHIIEHTPAUN
CBapOYHOIO TOKA M JABJICHUS B 00JIACTH peIbePHBIX BHICTYTIOB.

['maBHBII HEZOCTATOK peibeHOW CBApKU— MOTpedIeHne OOJbIION
MOIIIHOCTH, TpeOyeMOM JIJ1s1 CBapUBaHUs JETaJCH.

CymiecTByeT MHOTO pa3sHOBUAHOCTENW KOHTAKTHOU penbedHol cBapku. OnHa
U3 Pa3HOBHUIHOCTEN penbepHOM cBapkH siBiseTcs T-oOpa3Hasi cBapka WM CBapKa
BTaBp. [Ipu T-00pa3Ho¥ cBapke ofHa U3 JeTaliell MPUBAPUBAETCA CBOCH TOPIIOBOM
NOBEPXHOCTBIO K MOBEPXHOCTU Jpyrol jertamud. TakuMm oOpa3oM, MOKHO
IpUBApUBATh CTEP>KHMU, JIUCTHI, TPYObI, @ TaK)KE€ CBapUBaTh TPYObl MU CTEPKHU
apyr ¢ apyrom. Ha mpuBapuBaeMbIX TOpLax JeTajedl MexaHMuecKod o0paboTKon
WIM BBICAJKOW WM3rOTABIIMBAIOT KOMIIaKTHbIE (pHcC. 2.3, a, 0, B) WM KOJIbLIEBbIE
(puc. 2.3, 1, 1, e) penabedbl. B mocneqnemM ciydae, Tak e Kak W IMPHU CBapKe
JUCTOB, BHAXJIECTKY C IMPUMEHEHHUEM KOJIBLIEBBIX PEbe(OB, MOXKHO MOJYyYUTh
repMETHYHbIE cOoelMHEHUs. ['epMeTnuHble coequHeHuss (GOPMUPYIOTCS TaKXKe MpU
BBapUBaHUM JIETaJICl B OTBEPCTHE JINCTA UM TPYOBI (CBapKa «OCTPON TPaHBIO).
KonbueBoli KOHTakT oOpa3yeTcss MpuU 3TOM MEXAY BHYTPEHHEW KpPOMKOMN
OTBEPCTUS U CKOCOM Ha HApPYKHOW MOBEPXHOCTH JI€Taju, OOpa3oBaHHOM B
pe3ysbTaTe pa3BalbIIOBKH JETAM WM €€ MEXaHHUYECKOW 00padoTKu. [22]
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Pucynox 2.3-Tunbl coequHeHuii npu penbeHoi cBapKe B TaBP
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http://ru.wikipedia.org/wiki/%D0%A8%D1%82%D0%B0%D0%BC%D0%BF%D0%BE%D0%B2%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D0%B0%D1%80%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D0%B0%D1%80%D0%BA%D0%B0

2.4. Bb100p CBapOYHBIX MATEPHAJIOB

JIns cBapkM IIBOB OYKMCTHOTO aHOJIa BBHIOMpaeM CBapOYHYIO IMPOBOJIOKY
BT1-00 OCT 190015-71 auametrpom 3mMM (i1 COSTUHEHU TUTAH-TUTAH, TUTAH-
Menb).[Ipyu ucob30BaHUKM TOM MPOBOJIOKH HET HEOOXOJIUMOCTH B NMPUMEHEHUHU
CIIEIUAIU3UPOBAHHOTO 000PYI0OBAHMUS.

Ta6nuna 2.1- Xumudeckuit coctaB cBapodyHoit npoBojioku BT1-00.

Mapka | Fe C Si N Ti O H [Tpumecu
TUTAaHa
BT1-00 | J0 0.12 | JIo 0.05 | J0 0.08 | JIo 0.04 | 99.5- Ho 0.1 Jlo [Tpounx
99.99 0.008 | 0.1

JUist MeIHBIX COE€IMHEHUN BhIOMpaeM cBapouHylo npososioky MHXKKTS-1-
0.20.2 'OCT 16130-90 nmameTpom 3 MM.

Tabmnumna 2.2 - XUMHUYECKUHI COCTaB CBapOYHOU MPOBOJIOKH
MH>KKT5-1-0.2-0.2
Ni+Co | Fe C Si Mn Ti Cu Pb Zn ITpumeceii

5-6.5 |1-1.4 | Jlo 0.15- |0.3- 0.1- 90- o J10 0.5 | Bcero 0.7
0.03 |0.3 0.8 0.3 93.45 | 0.005

Tak ke [ aproHOAYroBOM CBapKd BHIOMpaeM TOPUPOBAHHBIC
BOJIb()paMOBBIE  IJIEKTPOJBI  JIIi CBapKkh Ha ToctosHHOM Toke 4 BJL
CootBetcTByeT ctannaptylSO6848-2004.

D10 HamboJee pPacIpOCTPAHEHHBIE AJIEKTPOJbI, MOCKOJIbKY OHH TE€pPBbHIC
[MOKA3JIM CYLIECTBEHHBIE IPEUMYLIECTBA KOMIIO3ULIMOHHBIX 3JIEKTPOJOB HaJ
YICTO BOJIb()PAMOBBHIMHU MPU CBAPKE HA TOCTOSTHHOM TOKe. Tem He MeHee, TOpuH -
paIMOaKTUBHBI MaTepuall HU3KOTO YpPOBHS, TakUM OOpa3oMm, Mapbl U IbLIb,
oOpa3zyromascs npu 3aTOYKE 3JEKTPOJa, MOTYT BIIMATH HAa 3OPOBbE CBApIIUKA U
0€30MacHOCTh OKPY>KAIOIIEH Cpe/Ibl.

CpaBHUTETBLHO HE OOJIBIIIOE BBIJICICHUE TOPHUS MIPU DTU30IMUECKON CBapKe,
KaK [OKa3ala MpaKkTHKa, He sBisitorcs (akropamu pucka. Ho, ecim cBapka
MPOM3BOJAUTCS B OrPAHWMYEHHBIX TMPOCTPAHCTBAX PETYIIPHO U B TEUYCHHUE
JUTUTEILHOTO BPEMEHU WJIM CBAPIIUK BBIHYXKJCH BJIBIXaTh IbLIb, 00pa3yrONIyHOCs
IIPU 3aTOYKE DJIEKTPOJIa, HEOOXOIUMO B IEJISIX O€30MacCHOCTH 000PYy/I0BaTh MECTa
MIPOU3BOJICTBA PaOOT MECTHOW BEHTHJIALMEH. TOpHUpOBaHHBIE AIIEKTPOIBI XOPOIIIO
paboTalOT TPU CBapKe HAa MOCTOSHHOM TOKE U C YIYYIICHHBIMH HWCTOYHHKAMU
TOKa, IIPU 3TOM, B 3aBUCHUMOCTH OT IIOCTABJICHHOM 33a1a4¥ MOXHO MEHSTH YIOJ
3aTOYKHU 3JIEKTpoaa. TopupoBaHHBIC AJIEKTPOABI XOPOIIO COXPAHSIOT CBOIO (OopMy
npu  OOJBIIMX CBApOYHBIX TOKaX Jake B TeX Clydasx, KOIJla YHCTO
BOJIL()PAMOBBIM AJEKTPOJ] HAUYMHAET IUIABUTHCS C OOpa30BaHMEM Ha KOHIE
chepuiecKoil MOBEpXHOCTH.
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JInst 3a1UThl CBapOYHOM BaHHBI OT KUCIOPOJia BO3/lyXa MPUMEHSIEM aproH
nepBoro copta no I'OCT 10157-79. Tlo ¢(u3MKO-XMMHUYECKUM TOKa3aTEIsIM
ra3000pa3HbIil ¥ KUJKUM aproH JOJKEH COOTBETCTBOBATH HOpMAaM, YKa3aHHBIM B
tabmurie 2.3.

Tabnuna 2.3 — duzuko-xumuieckue xapakrepuctuku aprora mo F[OCT 10157-79.

Hopma
HaumenoBanue noka3zareis Bricuwii |[1epBbrit

CopT COpT
OO6bemHas 10y aprosa, %, He MeHee 99,993 |99,987
OO6bemMHas 1o Kuciuopona, %, He 6oiee 0,0007 |0,002
OObeMHas g0 a3ora, %, He Oojiee 0,005 0,01

OObeMHas JToJsI BOJASIHBIX TapoB, %, He Oojiee, YTO COOTBETCTBYET
TEeMIIepaType HACBIIIEHUS aproHa BOJASHBIMU Mapamu npu gasienuu 101,3/0,0009 |0,001
klla (760 mm pt.Ct.), °C, HE BbIIIIE

OObemMHast J0JsI CyMMBI YIJIEPOJCOACPIKAIIMX COSJAUHEHUH B TIepecueTe

Ha CO 4, %, He 6onee

0,0005 |0,001

[Ipumevanus:

1. OObemHas [0JAS CYMMbl YIVIEPOJCOJACPKAIIUX COCAUHEHUM He
HOPMHPYETCSI B ra3000pa3HOM M >KHJIKOM aproHe, BbhIpadaThIBAEMOM U3 BO3/yXa,
€CJIM JUIsl OYMCTKH CBIPOrO aproHa MCHOJB3YETCsS AJIEKTPOHHBIA BOJOPOJ, HE
coJlep Kallliii PUMECEN YriaepoACoAepKalIUX COCAUHEHUN W ILIEJIOYH, a TaKKe
BOJOPOJ KOKCOBOTO Ta3a W CHHTE3-Ta3a, CHEUAJIbHO JOYMINAEMBIA Ha
aMMHUAaYHBIX IPOU3BOJICTBAX.

2. HopMbl [uist KUAKOTO aproHa, yka3aHHble B TaOJUIE, COOTBETCTBYIOT
NoKa3aTessiM ra3000pa3HOro aproHa, IMOJYYEHHOIO NpHU IOJIHOM HCIapeHUH
POOBI JKUJKOTO aproHa.

3. Jlomyckaercs yMEHbIIEHHE KOJIUYECTBA KUIKOTO aproHa BCIEJICTBUE €ro
UCIIapEHUs IPU TPAHCIIOPTUPOBAHUU U XpaHEHUHU He Oosee uem Ha 10%.

DneKkTpoabl ISl KOHTAKTHOM pelbeHOM CBapKu H3TOTOBIISIIOT M3 MPYTKa
nuametpoM 12-40 mm (I'OCT 14111—90). PaGodast moBEepXHOCTh AJIEKTPOIOB
MOXET OBbITh TUIOCKOM WM cdepuueckoi. s cBapku pAeTayield  CIOKHON
KOHCTPYKLHUHU UCHOJB3YIOTCS AJEKTPOABI CO CMELIEHHONW paboueil MOBEPXHOCTHIO
(camo>KKOBbI€). DIJIEKTPOJ KPEMUTCSI XBOCTOBUKOM, KOTOPBIM UMEET KOHYCHOCTh
1:10 wmm 1:5. WMHorma »nekTpoAbl HMEIT UUIUHIAPUYECKHE MOBEPXHOCTHU
KpeIuieHus. B 3ToM ciydae UX 3a:KMMaroT ClelHaIbHBIMU 32)KUMAaMU WM KPEHsiT
KOHYCHBIMH pP€3bOOBBIMH COEIUHEHHMSIMH. OJIEKTPOJbl CO CMEHHOH paboueit
YaCTbI0 MOXHO KpPEIUTh HAa KOHYCE, HAKUJAHOM TaWKOH, MpUMauBaTh WA
3aIpPECCOBBIBAT.

Jist penbedHON KOHTAKTHOM CBapKU NMPUMEHSIOT 3JIEKTPO/bI, KOHCTPYKIIHS
KOTOPBIX 3aBUCUT OT THNA coequHEHUH U Qopmbl uznenus. Pazmep ux paboueit
MOBEPXHOCTU OOBIYHO HE MMEET CYIIECTBEHHOTO 3HAYEHUS /JIsi KOHLEHTpalUuu
TOKa, TaK Kak (popMa U MJIONIa/lb KOHTAKTa OMpPeaesioTcs: GOopMOi cBapHUBAEMBbIX
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MOBEPXHOCTEH B MECTE COMPUKOCHOBEHHUS. PaznuyaroT 3J€KTpOJIbl JJISl OJHO- U
MHOTOpENbe(HOM CBApKH, JUIsl CBapKU KOJIbLEBBIX peibedoB U T-o0pa3HbIX

coeuHeHuH. [23]

B kadecTBe MaTepualia 31eKTPOI0B AOMYCKAETCs UCIOIb30BaHKE JII000T0 U3
MaTepHayioB, yKa3aHHBIX B Tabiuiie 2.4:

Tabnuna 2.4. - CocTaB ¥ CBOMCTBA 3JICKTPOJIHBIX MaTepuaaoB[22].

Marepuan Jlerupyromue On-cTh 110 TBepaocTs 1o Temneparypa
DIIEMEHTHI, % | OTHOILICHHIO K bpenemtio PEKpUCTAIUTH3AIINH,
YHUCTOU (mocie °C
OTOXKEHHOM 00paboTKN)
menu, %
Mens
XOJIOTHOTSIHYTast - 98 80 200
M1
CmnaB  wmeau ¢
cepeBpom MC1 0.07-0.12 97-99 90-100 350
Comas MEmt C | \ropee 0.3 92 110 330-380
MarLueMm u 6opom
bponza
LIUPKOHUEBAs Meunee 0.37 90-95 130-150 480
bpllp
Cruta M4 0.4-0.8 75-78 110-120 400
bporsa xpomoeas 0.4-1.0 80-85 140-180 370-420

bpx
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2.5. Bb10Op pe:xuMOB CBapKH

Bb100p pe:kuMOB aproHoAyroBoii CBapKu

[Ipun

CBapKe

MEIU B

Pa3INYHBIX

I'a30BbBIX

cpenax HeoO0XOJIUMO

MOJJIEP)KUBATh pa3HbIe MO AJMHE AYTH. /s aproHa u renus JjivMHa yTH JOJDKHA
OBITh KaK MOKHO MeHbIe (OKOJI0 3 MM). 3HauyuTEeNbHO JJIMHHEE Jyra B a30Te
(okomo 12 Mm). MOIIIHOCTB AYyTH U TEIUIOBBIJCICHUE HAanOOJee BHICOKU B a30Te (B
3-4 pasa Bblllle, 4YeM B aproHE), B T€JIMU 3TU MOKa3aTeIH NpUOIN3UTEIHHO B 2 pas3a
BBIIIIE, YEM B aproOHE.

Tabnuua 2.5. - 3aBUCUMOCTB TMaMEeTpa 3JIEKTPOAa U MPUCATOYHONW TPOBOJIOKHU OT
TOJIIIMHBI CBAPUBAEMOT0 METalIa

Tommuna cBapuBaeMoro | lnamerp BoJb(pamoBoro | Juamerp MPUCAT0YHON
MeTaa, MM AIIEKTPOJIA, MM IPOBOJIOKU, MM

1-1.5 1.6-2.0 2

2-3 3-4 3

4-6 4-5 4

7-10 4-5 5

11-16 5-6 5-6

>16 6 6

Tabnuna 2.6. -Pexxumsl cBapku TUD™ meau tommuHoN 10 3 MM B cpejie aproHa u

a3oTa

Tonmmna Huametp »snexktpona, | Anamerp Tox nyru, A
CBapHBaEeMOro MM PUCATOYHOM

MeTasuia, MM MTPOBOJIOKH, MM

Apron (3amutHbii a3 JICTY 1ISO 14175:2004-T1)

1.2-15 2.0-3.0 1.6-2.0 120-150
1.5-2.5 2.0-4.0 2.5-3.0 150-230
2.5-3.0 3.0-4.0 2.5-3.0 230-250
Asot (3amurHsii a3 JICTY ISO 14175:2004 B

1.2-15 2.0-3.0 1.6-2.0 110-130
2.5-3.0 3.0-4.0 2.5-3.0 200-230

[pumuuanue: Pacxon aprona 8-11, pacxon azora 10-15 gm3 - MuH
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Tabnuna 2.7. - PexxuMbl pydHO# aproHO-IyroBoi CBapKy TUTAHA U €T0 CIIABOB.

Muamerp

Tonmuna Pacxon  aprona
Cuna MPUCAI0YHOTO HuameTtp

CBapHUBAEMbIX yepes  TOpENKY,
TOKa, a | Marepuana MYHJIIITYKa, MM

KPOMOK, MM T/MUH

(poBoIOKa),MM

0,5 15-30 1,0 8-10 8-12

1,0 50—60 |[1,5 8—10 8—12

2,0 80—100 (2,0 10-12 10—14
120—

3,0 140 3,0 10-12 10—14
120—

4,0 150 3,0 12-16 12-16
130—

5,0 160 3,0 12-16 12—16
140—

7,0 180 34 12—16 12-16

[Tpumeuanus.

1. Hanpsokennun Ha nyre 12—16 B.

2. CkopocTh HajokeHus rnpoxoaa 20—25 cM/mMuH.

DKCNepUMEHTAIBHBIM ITyTEM YCTAHOBJIEHBI CIEAYIOIINE PEXUMBI CBAPKU:
JIns coenMHEHUM TUTAaH-TUTAaH, TUTAH-MENb CHJIA CBAapO4YHOro Toka [, =
80 — 1004, nanpsxenne Ha gyre U, = 12 — 16B, Pacxox aprona 10-14 ji/mun.
Jns coenuHeHWl Meab-MeAb cuiia cBapouHoro toka [, = 110 — 1404,
Hanpsbkenue Ha ayre U, = 10 — 12B,pacxon aprona 5-6 n/mun. Jumametp
BOJIL()PAMOBOTO IEKTPOA 3 MM.

Br100p pexxuMoB pesibe(pHONH KOHTAKTHOM CBAPKHU
OnTuManbHBIMU CUYMTAKOTCS TAKWE 3HAYEHUs TapaMeTPOB PEXKUMA, KOTOPBIE
MO3BOJISIOT TOCTATOYHO TOJIHO YJIOBJIETBOPUTH BCE TPEOOBaHUS, NMPEAbABISIEMbIC
K KQUECTBY CBAPHOT'O COEIMHEHUS U MPOLECCY Er0 OCYIIECTBICHHUS.
JIns KaXI0ro KOHKPETHOIO W3JENus KadeCTBO CBAapHOTO COECIMHEHUS
XapakTEepU3yIOT CIEAYIOLIME ITOKa3aTEIIn:
- COOTBETCTBHUE PAa3MEPOB JINTOTO SIpa, €T0 PACIOIOKEHUSA OTHOCUTEIBHO
IUIOCKOCTH COTIpSDKEHMsT AeTanell W riyOuHbl BMSATHHBI TpeOoBanusMm ['OCT
1587879 nnu crienuanbHBIM TPEOOBAHUSM OTPACIEBBIX CTAH/IAPTOB;
- NPOYHOCTh, IUIACTUYHOCTH, BA3ZKOCTb M AHTUKOPPO3MOHHAS CTOUKOCTH
MeTaJljia mIBa (JIMTOTO si/ipa) U OKOJIOIIOBHOM 30HBI, HEOOXOIUMBIE AJI TEX BHUJIOB
Y YCIIOBUM Harpy»€HHUsi, KOTOPHIE UCIIBITBIBAET COCANHEHUE NIPH SKCILTyaTaluu;
- OTCYTCTBHE€ PBIXJIOT, PAKOBUH M IIOp, FOPSAYMX M XOJIOAHBIX TPEILHH,

BHYTPCHHHUX BBIINICCKOB W IICPCHOCA YaCTHU

QJICKTPOAHOI0 MCETAJZIa Ha

Ham

/hicm N° dnkiim

[ndnics | /lama

/lirm

MI-15.04.0107-07 1604420 173

37




ITIOBEPXHOCTb COCAUHEHHS.

OCHOBHBIMM TTapaMETPaMH PEXUMA TOUECUHOM CBApKU SIBJIAIOTCSA CUJia CBa-
pouHoro Toka l., Bpems ero neictBus t., cuia cxkarusa getaneid Fcg. Kpome
MapaMeTpoOB pEKHMa CYIIECTBEHHOE BIUSHUE Ha TIOKa3aTead KadyecTBa
COCJIMHEHUN OKa3bIBAIOT (hopMa M pa3Mephl paboyeill MOBEPXHOCTH 3JEKTPOJia U
ero marepuan. braromaps 3J1€KTpoJaM MpU CBApKe MPOUCXOAAT CKATUE JETAJCH,
MOABOJ CBAPOYHOI'O TOKA U OTBOJ TEIUIOTHI, BBIACIISIIOIIEHCS B 30HE CBapKHU.

Pacder pexuMOB 111 TOYEYHOM KOHTAKTHOW CBapKH:

1 DxcrnepuMeHTaIbHO YCTAHOBJIEHO, YTO JMAMETP IUIOCKOW KOHTaKTHOM
ITOBEPXHOCTH PABEH:

d;, = 3MM

2 VYcumme QJICKTpOda BI>I6I/IpaCTCSI WK OIIPpCACIIACTCA U3 YCJIOBI/Iﬁ
IIPOYHOCTH CBAPHUBACMBIX MCTAJIJIOB B MOMCHT HX CBAPKH:

5,46,
By =222, (2.1)

rie 0, U §, — mpeaeasl MPOYHOCTH U TEKYYECTH CBAPHBAEMBIN METAIJIOB MPHU
temmnepartype 0,5 T, ranHoTrO cBapuBaemoro metasmuia, Mlla;
. 2
Sy — TJI0IIa/Ib KOHTAKTHOM MOBEPXHOCTHU DJEKTPOA, MM .

S, = mR? = 3,14 % 1.52 = 7.06 MmM?

Tabnuna 2.8 — [Ipegen npoynocty u npenen tekydectu st BT1-0

Marepuan [Ipenen nmpouHocTy, [Ipenen Tekyuecrtw,
H/MM?. H/mm?.
BT1-0 400-450 300-420

Ucxons wu3 T1abmuyHbIX AaHHBIX Uit ThutaHa BT1-0 TommuHOoi 3 MM
MIPUHUMAEM:

6p+d;
2

S = 222706 = 2735 H

E, =

3. [IpogoKUTENBHOCTh CBAPKH.
Kputndeckuii tuameTp JIUTOTO siipa onpeaesieTcs mo hopmyiie:

Q. < i + 6, (2.2)

t.= (0,1-0,2)5 =0,12-3=0,3 c

MI-15.04.0107-07 1604420 173
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4. CBapOYHbIH TOK.

Teruora, BbACHSIONIAsiCSS B 30HE CBapKd TMpU MPOTEKAHUU TOKa,
pacxojiyeTcs Ha IJIaBlIeHUEe MeTaia B o0beMe saapa Q; U moTepu TEIIOTHI 3a CUET
TEIJIONPOBOJHOCTU B OKpY>Karommuii Metasut Qp 1 anekTpo sl Qs.

KonnuecTBo TemoTsl, BeIAEIsIEMOE TIpH cBapke Q. = Q1 + Q2+ Q5.

3Hast BpeMs U CONMPOTUBJICHUE 30HBI CBAPKHU, MOXHO OINPEIACIUTh BETUUYUHY
TOKa:

ICB == L ’ (2'3)

0,24K3 Ry xoutcs

rae  Rjou - DJIEKTPHYECKOE CONPOTHBJIEHME 30HBI CBAPKHM B KOHIIE Harpesa

TOYKH;

K3 - k03 (GUIMEHT, YYUTHIBAIOIIUN W3MEHEHHE COMPOTHUBIICHUS BO BpEMs
CBapKHu.

A k.t 0,90:0,85-0,2
R =—="=(p;+p,) =——(75+4+91) = 107 MmxOm
A.KOH nd]%](o]—{/4 pl p2 3’14E ’
_ (md3
Q, = Z 2scy Ty, (2.4)

r7¢ S - TOJIIMHA OJHOM JIeTalu;
C U Y — TCIJIOEMKOCTh M INIOTHOCTh METaJjlla;
T,, - Temnepatypa ruiaBnenus Mmetayuia (BT1-0).
BT1-0:
c w1 BT1-0 0,54 Kmx
¥ st BT1-0 4505 kr/m>;
anna BT1-0 9 107%m?/c.
Mens:
¢ g mean 0,38 Kk ;
y mis meau 8900 KT/M;
a s meaun 8+ 107> M2 /c.
Temmneparypa muksuayca BT1-0 1668°C

3,14-1.52-107°

0, = (f) 2-1-1073-0,54 - 4505 - 1668 = 0,014 K/,

Q; = kymx,(d, + x3) %, (2.5)

rie  k; — xoaddunuent 6iuzkuii k 0,8, yduThIBAaeT, UTO CPEIHSSI TeMIeparypa
o Tug.
KOJIbIIa HECKOJIBKO HM)KE CpEHEN TeMIEepaTyphbl %,

X, - U1 HU3KOYTJIEPOJAUCTBIX CTAIEN X, = 4,/a " t .
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X, =44/ 9-1076°0,1 = 0,536 - 103 M,

-3) 2:1-1073-0,67-4505-1668
” =

Q,=08-3,14-536-(3-10"3+5,36-10
0,21 g/,

Qs = 2k, (") 2oLl (2.6)

4 8

rac kz = 1,5, X3 = 4 a3tCB.

X3 =44/8-1075-0,2=1,6-1073,

3,14-5,52-107°\16-1073-0,38-8900 - 1668
Q;=2-15- =
4 8
= 0,72 />

OO0111e€e KOJIMYECTBO TEIUIOTHI:
Qs=0,+0Q,+0Q3=0,0144+0,21+ 0,72 = 0.94 x/Ix

CBapouHbI TOK:

Qs 940
I, = = - =11 kA
0,24K5R, contes 0,24+ 1107 -1076+0,3

Pesynbpratel  pacuera  SABJISIOTCS  OPUEHTUPOBOYHBIMH M TOJJIEKAT
00s3aTeNIbHONM 3KCHEpUMEHTAIbHONM oTpaboTke. Kpome Ttoro, pexkoMmeHayercs
NI0JTb30BAThCS CIIPABOYHBIMU TaOJIMIIAMH PEKUMOB, HaNIpuMmep, u3 [22].

2.6. Bo10op cBapo4HOro o0opyaoBaHus

JIJisi BBINIOJIHEHUS CBAapOYHBIX paboOT BbIOMpaeM cBapouHblid anmapar T1G
250PACAD (R62).

Csapounbiii uaseprop Csapor TIG 250P AC/DC (R62) -#HBepTOpHBIit
CBapOYHbBIN amnmapar NpoecCHOHANIbHOIO YPOBHS [JIsi aprOHOAYTOBOW CBapKH
(TIG DC), (TIG AC), (TIG AC/DC PULSE) u pyuHOli IyroBoii CBapKu
MOKPBITEIM  d5iekTpoaoM (MMA), o6opymoBaHHBIN HHGPOBHIM HHAMKATOPOM
napaMeTpoB CBAPKU U OOJNBIIMM HAOOPOM PYUHBIX PEryJIHpPOBOK. Bo3MOXKHOCTH
WCIIOJIb30BAHUs armapaTta JJid JIByX BUIOB pabOT BecbMa paciiupsieT 00JacTh
npuMeHeHus: anmapara. Hamuuwe BbicOKO4acTOTHOro mnojpkura ayru Ha TIG
CBapKe MO3BOJISET AaKKypaTHO W MNpo(decCHOHAIbHO CBapuUBaTh KakK TUTaH H
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HEP)KABEIOIYI0 CTajlb, TaK M aTIOMHHHEBBIC CIUIABBI, a (PYHKIUS UMITYJIBCHOU
CBApKM IIO3BOJIIET CBapuBaTh TOHKHE MaTepuaibl. Hanwunme pacmmpeHHbIX
BO3MOXKHOCTEH MO PEryJIMpPOBKE CBAPOYHOIO IMKJIA OOECHEeUYUBAET BBICOKOE
KaueCTBO COEJUHEHUNW M BO3MOXHOCTH pPabOThl C MaTepuajaMud C OCOOBIMHU
CBOWCTBaMU.

Amnmnapat noctpoeH Ha 6aze MOSFET TpaH3ucTOpOB HOBOTO MOKOJICHHUS IO
COBPEMEHHOW HMHBEPTOPHOW cxeMe. [laHHas TEXHOJOTHsS NO3BOJSET IOJIy4YaTh
MAaKCHUMAaJIbHYI0 MOIIHOCTh W JUIATEIIBHOE BKJIIOYEHWE ammapara MOpu  €ro
MHHUMAJIBHBIX pa3Mepax U Macce.

ArmmapaT WMeeT JOIOJHHUTENbHbIE (DYHKIIMU, TaKWe KaK TOpSYUi CTaprT,
perynupyembiii cnang Toka, 2T u 4T pexum, NUCTAHIIMOHHOE YNpABJICHUE U
JpyTye, Mo3BoJIstoNMe 0ojiee KoM(DOPTHO, KAUECTBEHHO U 0€30MacHO padoTaTh Ha
HEM.

OcobeHHoCTH:

. Apronoayrosas ceapka (TIG DC), (TIGAC), (TIG AC/DC PULSE).

. Pyudnas nyroBasi cBapka MOKpHITBIM 3eKkTpogoM (MMA).

. CBapouHblii TOK pEryJaupyeTcs MeJalbl0  YIOpPaBJIECHUS, UTO
o0ecrnieunBaeT NPOCTOTY CBAPOYHOTO MpOIiecca.

. CrabunpHasi ayra, KayeCTBEHHbIH CBapHOM WIOB, JIETKOCTb IpH
IKCIUTyaTal|H.

. ABTO3aIIMTa OT NEPENaT0B HAPSHKEHUS U TOKA.

. [udposoit nucrnent, pyuxkuus 2T/4T.

. Boicokasg HagexHOCTh B paboTe, ynoOCTBO B 3KCIUTyaTalud U

CEpPBUCHOM OOCITYKUBaHUU.

Pucynok 2.4. -TIG 25@AC/DC
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Tabnuna 2.9-Texunuyeckue xapakrepuctuku 11G 250P

Hanpspkenue nuraromeit cetu, B 380+15%
[Torpebnsiemast MOIIHOCTH, KBa 6.3
JlnamaszoH peryinupoBaHus CBAPOYHOTO TOKa, A 10-250
Yacrora nuraroiiei ceru, I'ng 50/60
Pabouee Hanpsbkenue nyru, B 20
Hanpsoxenue xomocToro xona, B 42

I1B, % 60

Cnioco6 BO30YKIEHUS TyTH BricoxouacToTHbIH
YacroTa NOBTOPEHHSI UMITYIbCa, 11 0.5-300
KIIJ, % 85
Koadduument momuoctu 0.93
[IpenBapuTenpHas MpoyBKa ra3oB, CEK 0-2

BpewMs criayia cBapo4HOTo TOKa, CeK 0-10

["a3 mocie cBapku, cex 0-10
MaxkcuManbHasi cBapuBaeMasi TOJIIIUHA, MM 12

Bec, xr 33.5
["abapuTHbIE pa3mMepsl, MM 540x365x355

JIisi KOHTaKTHOM cBapku MTHU(PTAa C MaTpyOKOM MOKHO BBIOpaTh JHO0YIO
YCTAaHOBKY KOHTAKTHOM TOYEYHOM WM pelibeHON CBapKd, OOECIEUHBAIOILYIO
HOMUHAJIBHBIA TOK M YCUJIME CXKaTuA BhIIIE paccuyuTaHHbIX paHee (11 kA u 2800H

COOTBETCTBEHHO).

B wacTtHOCTH, YKa3aHHBIM YCIIOBUSIM COOTBETCTBYET YCTAHOBKA KOHTAKTHOM

cBapku MT-1229]1.

Pucynok 2.5. — YcranoBka koHTakTHOU cBapku MT-1229J1

MammuHa To4eyHOM KOHTAKTHOW cBapku MT-1229J1 npennasHaueHa s
KOHTAKTHOM TOYEYHOM CBAPKHU HU3KOYIJIEPOAMCTOM CTaM, HEPHKABECIOIIEH CTalH,
TUTAHOBBIX CILJIABOB, KPECTOOOPA3HBIX COCIMHEHUN CTEp)KHEH apmaTyphbl Kjacca

Al, B1. Ocobennocry:

o KomnakTtHasi, ObICTpOAEWCTBYIOUIasT W MpPOCTass B AKCIUTyaTalllH
CBAapOYHAas MAIIMHA YHUBEPCAIbHOTO Ha3HAYEHUS.

Ham
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o [Tpu oO6miell KOMMAKTHOCTU KOHCTPYKLMH MallliHa MMEET IIHUPOKHE
TEXHUYECKHUE BO3MOXKHOCTH, CBSI3AHHBIE C KOHCTPYKLMEH BEPXHETO U
HU)KHETO X000TOB U O0JIBIIUM PACTBOPOM.

L4 PaCTBOp QJICKTPOAOB PCryanupycTcsa CTYIICHYATO.

o [InaBHas peryirpoBKa CBApOYHOI'O TOKA.

] MokeT KOMIUIEKTOBAThCS BHEIIHUM MEPEKIIOYATEIEM CBAPOYHBIX

IPOTPaMM.

° Mo3KeT KOMILIEKTOBAThCSI aBTOHOMHOM CUCTEMOM OXJIaXKACHHUS. [24]
Tabmuma 2.10 - Texuudeckue XapakTEpPUCTUKA CBAPOYHOM  MAIIUHBI
MT-1229J1

HanmenoBanue napamerpa Hopwa suts cBapouHoH

MaIuHbI

Xo0J1 3IIEKTpOIa IIpssMonMHEWHBIN
Hanpsbkenue nuranus, B 380
Haunbosnprass MOITHOCTH MPH KOPOTKOM 3aMbIKaHUU, KBA 62
Momnocts npu [1B=50%, kBA 28
HaunOonp1mii BTOpUIHBINA TOK, KA 12,5
MakcHUMaNbHBIN TJIMTEIIBHBIA TOK, KA 4
Ycunus cxarus, H 1000 - 4400
BrLieT 251eKTpOo10B, MM 500
PacTBOp 271€KTPOIOB, MM 130 - 235
X0Jl BEpXHETO AIIEKTPOAA, MM 60
Pacxo oxJtaxkaaromnieid Boabl, J1\u 300
Pacxon cBoOOIHOTO BO3/AyXa, M>/100 X008 ANEKTpOJa 0,27
["a6apurs! ( AxIxB ), Mmm 1150x420x1650
Macca, KT 280

N3bsTO 2,5 CTpaHUIIBI.

2.7. O6opynoBaHue /M1 3arOTOBUTEJILHBIX ONlepauii

Jlns co3maHusi 3aroTOBOK HEOOXOJMMBI JlazepHast yctaHoBka c¢ YIIY wu
dbpe3epubiii cranok ¢ UITY.

Bce nmeramum mociie TPOXOXKICHHS BXOJHOTO KOHTPOJS TIOCTYINAKOT Ha
Ja3epHYI0 PE3KY, TJIC pa3pe3aroTcs MO COOTBETCTBYIONUM pa3MepaM. [locie pe3ku
He TpeOyeTCs JOMOHUTEIIbHON 00paboTKH pe3a.

Psin 3aroroBok HEOOXOAMMO TONBEPTHYTH (pe3epHoil 00paboTke (CHsTHE
dacok misa cBapku). st 3Toro MoxHO TpuUMeHUTH Gpe3epHbiid ctanok YITY EXT
SHM 0609[30] 1160 aHaTOTUYHBIN 110 XapaKTEPUCTUKAM.

Tabnuna 2.12. - Texunueckue xapakrepuctuku YITY EXT SHM 0609
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PabGouee moae, MM 600x900x105
CraHuHa UyryHHas tatas
MoiHoCTh InuHaeId, KBT 1.5ER-16
basoBas TO4HOCTbH, MM +0.01
MakcumanbHas pabovasi CKOpOCTb, MM/MHH 5000

Huametp dpes, Mm 1-10

Pabouas Temneparypa, °C 10-45
OnekTponuranus, B 220+10% 50Hz
Macca, kr 165

CtpaHna npon3BOIUTENb Kuraii

Hnsa peskun moxHO mpuMmenutbh yctaHoBky ECKERT DIAMENT FIBER
LASER [31] 1160 aHaTIOTMYHYIO TTO XapaKTEPUCTUKAM.

Tabnuna 2.13. - OCHOBHBIE TapaMeTPhI

YCTAaHOBKH

MOIIHOCTh HCTOYHUKA, KBT 1-4

[Ipumensiemble Ta3bl N,unu O, (B 3aBUCUMOCTH OT 3a]1a4)
Pasmepsl pabouero crona, MM 2000x3000

MUHUMAaJIBHBIN IIar MPOrpaMMHUPOBAHUS, MM 0.001

ToyHOCTh MO3UIIMOHUPOBAHUS, MM +0.03

MaxkcuManbHasi Harpy3ka Ha CTOJ, KT 800

[TporpamMmmHuoe obecrieueHue Lantek Expert ||

CKOpOCTh MepeMeIeHUs, M/MHH 120

2.8. TexHnKa CBAaPpKH TUTAHA M TUTAHA C MeJbIO

N3wsara 1 ctpanuna.
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2.9 Coopka u cBapka y3J10B aHO/1a

N3bsto 12 cTpanuil.

2.10 OnepanuOHHBII KOHTPOJIb

[Tocne BbIMOMHEHUST COOPKM W CBApKH OYMCTHOTO aHOJA, O0O0s3aTeIbHO
MPOBOAMUTCS BU3yabHO u3MeputenbHbii (BUK) konTposis u3nenus. BuzyanbHbli
U WU3MEPUTENbHBI KOHTPOJIb MNPH OLIEHKE COCTOSIHUS MaTepuaja U CBapHBIX
COEIMHEHUN B MPOLECCE IKCIUTYaTAlMM TEXHUYECKUX YCTPOWCTB M COOPYKEHUI
BBINIOJIHAIOT B COOTBETCTBUM C TPEOOBAHUSMHU PYKOBOISIIUX JTOKYMEHTOB
(METOAMYECKUX YKa3aHUM) MO OIEHKE (IKCIEePTHU3€) KOHKPETHBIX TEXHUYECKUX
YCTPOMCTB M COOpYKeHUU. [Ipym 3TOM BU3yanbHBIM U U3MEPUTENBHBIN KOHTPOJIb
MOXXET  BBINOJHATHECA B  COOTBETCTBUM CO CXEMaMH BHU3YaJbHOTO U
U3MEPUTEILHOTO KOHTPOJISI, KOTOpbIE pa3padaTsiBatoTcsi B cocTaBe IIporpaMmbl
TEXHUYECKOTO  JIMAarHOCTUPOBAaHMS  (OCBHUIETENbCTBOBaHUA). B cxemax
YKa3bIBAIOTCS MECTa IMPOBEICHUS KOHTPOJIA HAa KOHKPETHOM TEXHUYECKOM
YCTPOMCTBE,  COOPY>KEHHHM,  CXEMbl  KOHTPOJS,  CpEACTBa  M3MEpPEHUs
KOHTPOJIMPYEMOI'0 TapaMeTpa, HOPMbI OIIEHKM KadecTBa, MPUBOJATCS OJIAHKU
pEerucTpanuuu pe3yabTaToB KOHTPOJIS.

BusyaneHblii ¥ HM3MEpPUTENbHBIA KOHTPOJIb CIEAYET MPOBOAUTH BCEX
JOCTYNHBIX JJI1 3TOTO MOBEpXHOCTEH Mony(hadpUKaToB, 3aroTOBOK, JETaleH,
COOPOYHBIX €TUHUIL, U3ICTHH.

BusyanibHbIi M W3MEPUTENIBHBIA KOHTPOJIb IPOBOIAT HEBOOPYKEHHBIM
rimasoM M (Wiau) C NPUMEHEHHEM BHU3YaJbHO-ONTUYECKUX MpuOopoB H020-
KpaTHOTO YBEJIWYEHUs (JIyl, MUKPOCKOIIOB, 3HJIOCKONOB, 3epkan u ap.). Ilpu
KOHTpOJIE MaTepuajla M CBAPHBIX COEIMHEHMH (HAIUIaBOK) MPU HM3TOTOBJICHUU
(cTpoUTENbCTBE, MOHTAKE, PEMOHTE M PEKOHCTPYKIMHU) TEXHUUECKUX YCTPOUCTB U
COOPY’KEHUW HMCHOJIB3YIOT JYMbl C2 - /-KpaTHbIM YBEJIMYEHHEM, a MPU OLICHKE
COCTOSIHUS TEXHUYECKHUX YCTPOMCTB M COOPYXEHUHN B MPOLECCE UX IKCILTyaTalluu-
Tyl 7020-KpaTHOTO YBEIUYCHHUS.

BusyanbHplii ¥ HU3MEPHUTENBHBIA KOHTPOJIh MpPU COOpPKE CBapUBAEMBIX
3JIEMEHTOB (3aroTOBOK, OJTy(paOpUKaTOB, eTanel) IPOBOAST C LENbIO BhISBICHUS
U TIPOBEPKU OOecreyeHus! AOMYCTUMBIX pa3MEpPOB 3a30pOB, CMEUICHUIM KPOMOK,
bopMbl U pa3MEpOB KPOMOK U TE€OMETPUYECKOTO TMOJOXKEHHsS (M3JIoMa WM
MEPIEHANKYIIPHOCTH ) OCEH M TTOBEPXHOCTEH COOPAHHBIX DJIEMEHTOB [32].

Taxxe HE0OX0AMMO TOCIe COOPKU U CBAPKH OYUCTHOTO aHO/a HEOOXOIUMO
MPOBEPUTh TEPMETUYHOCTh aHoJa BO3aAyxoMm moa naamiaeHuem 0,15 MIla (1,5
krc/cm?).B coorserctBuu ¢ «OCT 26-11-14-88 I'a30BBIE U KMKOCTHBIE METOIbI
KOHTPOJISI TEPMETUYHOCTH (KOHTPOJIb FT€PMETHYHOCTH TY3bIPbKOBBIA METOM ).

[Tpu meBMaTHUeckoM uctbiTanuu (onpeccoBke) (IOCT3242—79) cxaThiit
ra3 (BO3/lyX, MHEPTHbIE Ta3bl U JIp.) MOAAIOT B UCIIBITYEMbIN COCY/ MOl JaBJICHUEM,
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HECKOJIBKO

MPOBEPSIOT MBUIBHBIM PACTBOPOM HIIH MOTPY>KEHUEM cocya B Boay [23].

npeBeimaromeM  padodee. [IOTHOCT,  CBapHBIX  COENWHEHUU
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3 KoHCTpyKTOpCKAas 4aCcTh
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3.1 llpumeHsieMasi TEXHOJIOTHYECKAS OCHACTKA
3.1.1 KoHayKTOop AJisi COOPKH IIMHBI M IITAHTH

Konaykrop (puc.3.1 ) ams cOOpKH ¥ CBApKU IIMHBI U IMITAHTH MPEACTABIISCT
co00l METATMYECKYI0 KOHCTPYKIIUIO, OOECIeUHBAIONIYyI0 YIA00HYIO COOpPKY M
CBapKy y3ia.

KoHaykTOp TMO3BOJIIET COKpAaTUTh 3aTpaThl BpPEeMEHM Ha COOpKy, a
CJIETIOBATEIIHLHO MOBBIIIACTCS MPOU3BOIUTEILHOCTE TPY/Ia.

KoHIyKTOp COCTOMT M3 paMbl U § yHMOPOB W M3TOTABIMBAETCS C TTOMOIIBIO
pPY4YHOH ITyTOBOW CBapKU W3 MPOPUILHBIX TPYO Pa3HOTO CEYEHUS. YTIOPHI CITyKaT
TUTSL YASpIKaHMsI TeTajaeii B He0OX0IMMOM TTOJIOKEHHUH.

YepTex KOHAYKTOpA IMPEACTABIICH B MPUJIOKCHUM.

Pucynok 3.1 -Dcku3 KOHAYKTOpA JUIsl COOPKH IIMHBI M ITAHTH.

3.1.2 lIpucnocob.ieHue 1J151 KOHTAKTHOM CBapKH

[Ipucnocobnenue il KOHTAKTHOM CBapkud Tmarpyoka wu  mrTudra
(puc. 3.2) cayxuT aIA TO3UIMOHMPOBAHMS CBapHUBACMBIX JETajed Jpyr
OTHOCHUTEJIBHO JPYra, a TaKK€ OTHOCUTEIBHO 3JEKTPOJOB KOHTAKTHOW MAIlIUHBI.
[Tpucnoco6nenue coctouT u3 2-x ymei (1mo3. Nel), ¢ mOMOIIBIO KOTOPBIX JaHHAsS
KOHCTPYKIIUSI KPEUTCSI K HIKHEMY 3JIEKTPOAOJIEPKATEII0 KOHTAKTHOM MaIIUHBI.
K omHomy W3 yiuel npuBapeHa MeTamuinueckas miuactuHa (mo3. Ne2). K nanHoi
MJIACTUHE C TOMOIIBI0 OOJNITOB KpemuTcs TutacThHa (1mo3. Ne3), BBITOJHEHHAS W3
JUBJIEKTPUUECKOT0 MaTepurana (il IpeI0TBPAILCHHS IITYHTUPOBAHUS TOKA).

CxeMa KpeIuleHHs [IaHHOTO MPHUCIOCOOJIEHUS, a TaKKE CXEeMa CBapKu C
WCIIOJIb30BaHUEM JIAHHOTO MPUCTIOCOOJIEHHUS MPEICTaBICHBI Ha puc. 2.21.

Yeprex nprcnocoOsieHus MPEACTaBICH B IPUIOKESHHH.
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Pucynok 3.2 -Dcku3 npucnocoOaeHus 115 KOHTAKTHON CBapKH.

3.1.3 DueKkTpoAbI AJisl KOHTAKTHOH CBaApKH

DIIeKTPOJIbI JJIsI KOHTAKTHOM CBApKM MaTpyOKa M MITU(TOB MTOKa3aHbI Ha
puc. 3.3 u 3.4.

) =

1 =

0
1530°**

>

Pucynoxk 3.3 — DnexTpon ans marpyoka

10" L _

0"

DnekTpo 11 natpyoka (puc. 3.3) u3roraBauBaeTcs U3 1EILHON 3arOTOBKH.
Toper; paboueil 4acTH 3JEKTPOJia BBIMOJHSIETCS B BUAE (PACOHHOM MOBEPXHOCTH,
KOIMUPYIOIIeH moBepxHocTh maTpyoka (pazmep R30). Ha topmax paboueit dactu
anekTpojga BemonHeHa (acka (1,5x30°), KoOTOpas CIIy’)KUT yIIOpOM  JIst
MPUBAPEHHBIX IITH(TOB.
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Onexrpoa s mrudra (puc. 3.4) BBINOJHEH W3 CTaHIAPTHOTO SJEKTPOJIA
st penbedHoil cBapku. Ha Topiie paGodeil 4yacTu BBINOJIHEHO YCTaHOBOYHOE
TJIyX0€ OTBEPCTHE I pa3MmenieHus mrtudra. Oukcanus mMTudTa OCYIIECTBISIETCS
BUHTOM 4epe3 OOKOBOE OTBEPCTHE.

Pucynox 3.4 — Dckus snexrpona jyist mrudra

XBOCTOBAs YacCTh JJICKTPOJIOB BHITIOJIHEHA B BHJIE KOHYCA JJIsI pa3MEIISHUS B
AIIEKTPOI0ICPKATEIIM KOHTAKTHOW MAIIUHEI.

DIEKTPOaBl MOTYT OBITH BBITTOJIHEHBI U3 JIIOOOTO MaTepuaia, yKa3aHHOTO B
tabmnurie 2.4.

YepTexu dJIEKTPOIOB MPEACTABICHBI B MPUJIOKCHUH.

3.1.4 CreHnp ajsi cBapKu

Crena st cOOpKkM U CBapkH MatpyokoB (puc. 3.5) mpeactaBisier coOoi
METaJUIMYECKYI0 paMy H3 MNpOPWIbHBIX TPyO, Ha KOTOPBIX YKperuieHsl 4
BpaIIalONIUXCsl Bajia, CIYXKAIUX IJIs pa3MmenieHus narpyOkoB. Pacmomosxenue
BaJIOB 00OECIEYMBAET COOCHOCTH OOJBIIOrO W Majoro marpyOka mpu cOOpke —
cBapke. Banbl mocakeHbl Ha TOMNIUITHUKHA KAau€HHUs, KOTOPHIE 3alpecCOBaHbI B
ynopel (puc. 3.5). Bce 310 oOecrneunBaer BparieHHE MaTpyOKOB Jisi CBapKU
KOJIBLIEBBIX IIBOB M YAOOHOW COOPKU U CBapKH OCTaJIbHBIX JeTaleH.

YepTex cTeHAa MPeICTaBICH B MPUIIOKEHUH.

/lirm

MI-15.04.0107-07 1604420 173 50

Wam | /lirm N° dnkiim [ndnics | /lama




Pucynok 3.5 -Ocku3 crenna s cOOpKH U CBapKH NMaTPyOKOB.

3.1.5 3araymku qiis od6ecnevyeHusi 3allMTHI KOPHSA IIBA

3arnymku (puc. 3.6) BeImonHAOTCS W3 kKaydyyka EPDM. OHu HeoO6Xxoaumbl
JU1s o0ecTieueHusl 3alllUuThl KOPHS IIBa MpU cBapke TUTaHa. OHU BCTaBJISIOTCS B

TOPILIEBbIE OTBEPCTHUS NATPYOKOB.

3aFJ'IYH_IKI/I MOT'YT BBIIIOJHATHCA TIIYXHMMHU W C OTBCPCTUCM B LCHTPC A

oOecrieueHus mo/lyBa aproHa.

2565

&

0

Pucynok 3.6-3armymika ajst 00JbIIOro narpyoka.

IIepTex(I/I 3ariIymicK npeaCcTaBJCHbI B ITPHUIIOKCHUU.
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3.2 Pacuer cBapouHoro Tpancgopmaropa tuna K-12.04 s toueunoi
mamuabl MT-1229J1 na U=380 B

Texnuueckoe 3a1aHue.

1. HomuHaneHbIN BTOpUYHBIN (CBapo4HbI) TOK I, = 12000 4. 2. [Ipenens
peryJIMpoBaHus BTOPUYHOTO HAMPSDKEHHS XOJIOCTOTO XOJla: MUHMMAJbHOE — Ha
nepBoit ctynenu (Usg),.. = 1,8 B; MakcumanbHOe — Ha TOCIEAHEW CTYyNEHU
(Uz0)saxe = 3,6 B 3. Uucno crymeHedd peryiavpoBaHus N = 3; HOMHHAJbHas
crynenb — 3-1. 4. Hampsokenne nuratomeit cetn U; = 380 B. 5. Yactora Toka
f =5017y. 6. [lponomxurensHocth BkItoueHus: [1B = 50%. 7. Tpanchopmarop
OponeBoro Ttumna. 8. Cep/IeYHUK MIMXTOBaHHBIM. 9. MaTtepuanm oOMOTOK — Mellb.
N3onsumonnsie Matepuaibl oOMOTOK u mponutka — JICD u maxk MJI-92. 10.
OxJnaxjaeHue: a) BTOPUYHONM OOMOTKM — BOJSIHOE, MPOTOYHOE; O) MEepBUYHOMN
OOMOTKHM — IyTeM TeIUIONepeadl JUCKaM BTOPUYHOTO BUTKA; B) CEPIACYHHKA —
ectecTBeHHOE Bo3aymHoe. 11. Kirace n3omanuu B. 12. Briroyaromiee yCTpouCcTBO
— THpUCTOPHBIN TipepriBatens ¢ PLIC-403.

DIIEKTPUYECKHN pacyerT.

1. Ilpuanmaem w, = 1.
2. ITo dopmyne (3.1) u (3.2) onpenensiem:

Uiw;
(UZO)MMH,

(w1)g = 3.1)
Uiw,

(wl) 3 - (UZO)MaKC,

(3.2)

(wy1)1 = % = 210 BUTKa,

’

3801

3,—6 = 105 BUTKOB

(w1)3 =

3. CekuuoHupyeM MepBUYHYr0 oOMOTKYy 1o cxeme Ned [33]. IIpuHumaem:
YHCJIO BUTKOB OJIHOM YacTu mepBOM cekiuu — 15; Bropoit cekiuu — 30; TpeThei
cexuuu — 60.

4. CocTaBisieM >JEKTPUUECKYIO0 CXeMy NepBUYHON 00MOTKU. B Tabmune 3.1
3armoaHseM TpH rpadbl: HOMEp CTYNEeHH, wq U Usy.

[lepexntouaTens CTynmeHeW MpeABapUTEIbHO H300pakaeM  yCJIOBHO.
KOHKpeTHBIN THIT IEpEKITI0YaTelIs BEIOMpAaeM TI0CIIe YTOYHCHHSI TOKOB MIEPBUYHOMN
0OMOTKH.

5. U3 Tabmumer 3.1 ompenenseM ajis HOMHHAJIBHOM, TPETheH, CTYNEHU
nepBudyHble BUTKH (wq), = 105, BTopmunoe Hanpspkerne (U,p), = 3,6 B u
MottHOCTh P, = I,,(U,0)y = 12000 - 3,6 = 43,2 kB - A.
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6. Koapdunment tpancopmariuu:

_ (w1)y
K =, (3.3)
105
K = EE = 105

7. KoaddunueHt, yduTHIBAIOMMN BIMSHUE TOKAa XOJOCTOTO XOJa Ha
HOMUHAJIBHBIN ITIEPBUYHBIA TOK:

K; = 1+ 0,005(, /% (3.4)

rae  ig — BEJIMYMHA TOKA XOJOCTOro X0aa, %o.

’50
K; =1+ 0,005 x 20 100~ 1,07

8. HoMHHaIIbHBINM IEPBUYHBIN TOK:

L, =K I%H» (3.5)
L, =107 12099 =1374
105
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Cexqyun 7 Coxyug 2 Cexgug 3

® @@@@ 2
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Nez2 N0

o U, © !

Bxod Bodier Bexod fodsi
Pucynok 3.7 - Dnextpuyeckas cxeMa mepBUYHON 0OMOTKH

Tabnuna 3.1 - Tabnuna ctyneHei nepBUYHON OOMOTKHU

Hosxu nepekirouartens
Homep P W, Uy, B I, A q, MM?
CTYIICHH | 1 2 3
1 2 210 1,8 24,2 7
2 1 2 1 140 2,7 546 16
3 2 105 3,6 97 28,5
9. PacyeTHbIN TOK:
B
11 _ IlH 100 (36)
I B =137 50 =97A
1100 100 '
10. PacueTHble TOKM 1JI1 BTOPOM CTYIIEHU:
hgoen = 1 [22] (3.7)
1(2cT) 1 (1), .
/lirm
MA-15.04.0101-0771604420 113 5
Wam | /lirm N° dnkiim [ndnics | /lama




Ha MEPBOMU:

) 2
Len = h |22, (3.8)

(w1)1

2

105
Il(ZCT) = 97 (m) = 54‘,6A

105\°
Il(lCT) = 97 <m> == 24,2 A

PacueTHbie BEIMUMHBI TOKOB 10 BCEM CTYIICHSIM BIUCHIBaeM B Ta0nuity 3.1.
OmnpenensieM HaMOOBIITNE TOKU JIJIs KAXKA0W CEKIUU: a) CEKIMsI 1 paccUnThIBAETCS
Ha 97 A; 0) cexums 2 — Ha 54,6 A; B) cekius 3 — Ha 24,2 A. PacueTHbBIC TOKHU IS
KaXJI0M CEKIIMU MEPBUYHOM OOMOTKH BIKCHIBaEM B Tabuity 3.1.

11. TTo tab6m. 4-1[33] (ucnoaHeHue 4 I WM30JANMH Kiacca B) i Bcex
CEKIIHii 3ajaeMcsl IUIOTHOCTRIO TOKa j; = 3,4 A/ MM?Z.

12. Tpebyembie ceUeHHUSI METHOTO MPOBO/IA:

L1y
Gix =5, (3.9)

JUISA CEKLIMHA 1:

97 ,
Q1(1) = 3,_4 = 28,5 MM

JUIS CEKLIMHU 2.

54,6 ,
Q1(2) - 3,_4 - 16 MM

JUTSA CEKLIMHA 3:

24,2 ,
CI1(3) = 3,_4 =7 MM

13. CymmapHoOe ceueHure mpoBo/ia EPBUIHON OOMOTKH:

41 = WiynHq1(1) T W12)912) T W13)913) (3.10)

TAe  Wq(1),W1(2) U W1(3) — YACIA BUTKOB OTACIBHBIX CCKIIHIA;
¥ 2
d1(1)+91(2) Y q1(3) — CCYECHUS BUTKOB OTJEIBHBIX CEKIIUI, MM".
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g, = (15 + 15)28,5 + (30 + 30)16 + (60 + 60)7 = 2655 Mm2

14. PacdeTHbIif TOK BTOPUYHOM OOMOTKM HA HOMUHAJIBLHOMN CTYTICHU:

L =1, |— (3.11)

100’

/50
I, =12 —_— =8485A
. 000 |- = 8485

15. Tlo 3agaHni0 BTOPUYHBIM BUTOK — MEIHBIN C BOASHBIM OXJIAXKICHHUEM.
Cornacno Ta6in. 4-1[33], 6epem j, = 4,5 A/MMm2.
16. CeueHue BTOpUYHOTO BUTKA:!

I
q, = ]— (3.12)
8485 I
92="75 = MM

17. CymmapHoe ceueHue 0OMOTOK:

q=1q + qz, (313)
q = 2655 + 1885 = 4540 mMm?

18. Io Tabn. 4-3[33] ana pasMemieHuss oOMOTKM Iiomansio 4540 mMm?
notpebyercs miomans okHa okono 9100 Mm?. Tak Kak paccMaTpHBaeMbIi
TpaHchopMaTop TpeaHa3HA4YaeTCsl IS CEPUMHOW MAIMHBI, TO >KEJIaTeIbHO,
YTOOBI TUTACTUHBI CEPJICUHUKA YIOBIETBOPSIIA BCEM TPeOOBAHUSIM, U3JI0’KEHHBIM B
§ 2-6[33]. Hanbonee moaxomsaiiMMu IUTACTHHAME IS JaHHOTO TpaHcdopmaropa
Oynyt mutactunbl [1-06pasnoit hopmel IV radaputa. Pazmepst okaa 96 X 96 mm, u
So = 9200 MM?. Bee pazMepsl BHIOpPaHHBIX IIJIACTHH JaHbI HA PUCYHKe 3.8.
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Pucynoxk 3.8 - Bce pa3meps! BBIOpaHHBIX IJIACTUH CEPIICYHUKA

19. Pacnpenensiem oOMOTKY MO KaTylIKaM CIEAylOImMUM oOpa3zom: a) 15
BUTKOB NEpPBOM ceKIMU U 30 BUTKOB BTOPOH CEKLIMM YJIOKHM B OJHY KaTyIIKY,
HoJTydaeM JBe Karymnkd Ne | ¢ 9HCIIoM BUTKOB wy; = 15 u wy; = 30; 6) BUTKH
TPEThEN CEKUUH YIO0XKUM B JiB€ KaTymkd No 2 mo 60 BUTKOB B KaxJiou. Takum
00pa3zom, BCIO MEPBUYHYIO0 OOMOTKY YKJIaJbIBAEM B UETHIPE KATYIIKHU.

20. ITo dopmynam (3.14) u (3.15) BbIOMpaem pa3Mepbl OOMOTOYHOTO
MeaHOTO mpoBoaa. Tak kak 15 ButkoB u 30 BUTKOB OyAyT YJIOKEHBI B OJHY
KaTylIKy, TO TpPU BHIOOpPE pa3sMepoB MPOBOJOB HEOOXOIUMO CIEIUTH, UYTOOBI
pa3Mep b ObUT OJMHAKOB, & pa3HbIE CEYCHHS TTOI0MPaTh 3a cueT pazmepa a. Kpome
TOro, KOHCTPYKTHUBHO JIB€ JaHHbIC KATYIIKH JOJKHBI ObITh BBIMOJHEHBI TaK,
YyTOOBl BUTKU KXKJOW CEKIMH ObUIM PACMONOXKEHBl OJWHAKOBO B KaXJIOW U3
KaTyIIEK: ecny 15 BUTKOB OJHOM KaTYyIIKU HaXoAATcs BHU3Y, a 30 — BBEpXyY, TO U
Jpyras KaTyIIKa JOJKHA ObITh BBIMOJHEHA TOYHO TaKkKe.

a, = bo—(8+10)—(a)K6np)—7’ (3.14)

Wy

rae b, — mmpuHa OKHA, MM;
2.
Wy — YMCIIO BUTKOB B KaTYIIIKE, MM",

6Hp — TOJIIIIKMHA HSOHHHHOHHOﬁ HpOKJ'IaI[KI/I Me)KI[y BHUTKaMH, MM.
p = Lty (3.15)
/lirm
MI-1504.0101-071404420 113 57
Wam | /lirm N° dnkiim [ndnics | /lama




TOJII]_II/IHa HU30JIMPOBAHHOI'O MC/IHOT'O ITPOBOJId OAHOT'O BUTKA:

96 —10— (15 +30)0,17 =7
N 15 + 30

a, = 1,6 MM

[Tpubnu3uTenbHas MKUPUHA TPOBOJIA:

b—28’5—178
~ e oMM

[TockonpKy mMMpHUHA MPOBOJOB OOMOTOK 1-if M 2-i CeKIuil MOKHA OBITH
OJIMHAKOBasi, TO CPEIHUIN pa3Mep TOIIIMHBI TpoBoja (a = 2,0 MM) pacrpeaeauTcs
OPUMEPHO  TPOMOPIMOHATBLHO  TpeOyeMbIM  CEUEeHMsIM, a  UMEHHO:
a, 1 cexiuu ~ 2,2 MM U a,; 2-i1 cexuuu ~ 1,8 MMm.

[To ta6. 2-3 [33] nBYCTOPOHHSS TOJIIMHA M30JISAIHH a, — a = 0,48 MM u
b, —b = 0,27 MmM. Tonmmua ronoro mnposoga s 1-i cexkunum agy = a, —
—-0,48 =2,2—-0,48 = 1,72 u ny1g 2-11 cexuuu ap) = 1,8 —-0,48 = 1,32 mMm.

[IIupuHa rosoro mpoBojaa Jjisi 00eUX CEKIUM:

Qi) Ty 285 16

b = =
a(l) a(z) 1,72 1,32

~ 10,7 MM

ITo T'OCT 7019-71 u 434—78 BbIOMpacM MPOBO/IA CJICAYIOMINX PA3MEPOB:
st 1-i cekuum a X b = 1,8 X 10; a, X b, = 2,28 X 10,27; di(1) = 17,64 MM?;
qurs 2-it cextmu a X b = 1,4 X 10; a, X b, = 1,88 X 10,27; g, = 13,79 Mm°.

21. [InoTHOCTH TOKA AJi1 OOMOTOK 1-1 1 2-11 cexkumii kKaTymku Ne 1:

97

Ji) = 17 64 =55 A/MM?,
, 54,6 5
Ji) = 1379 ~ 4 A/Mm=.

22. B cootBerctBuu ¢ § 2-12[33] paccuuThiBaeM CIEAYIOIIME pa3MephbI
karymek Ne 1:
paIHaIbHBIN pa3Mep:

A = cu}’cl(aPI + 6Hp) + wé’(an + 5Hp) + 7, (3.16)

A = 15(2,28 4+ 0,17) + 30(1,88 + 0,17) + 7 = 105,25 MM

/lirm

MI-15.04.0107-07 1604420 173 58

Ham

/hicm N° dnkiim [ndnics | /lama




OCEBOM pa3mep:

a. = b, + 3,5, (3.17)

a = 10,27 + 3,5 = 14,0 Mmm

BHYTPEHHHUI pa3Mep MO MIHUPUHE!

b=b.+XK (3.18)

[Tpunumaem XK =11 m.

b=48+4+48+11 =111 MM

BHYTPEHHHUI pa3Mep Mo JIJIUHE:

B=h+T, (3.19)

B =140 + 25 = 165 MM

Panuyc 3akpyrinenust yriaoB R = 10 mm. KonmnuectBo karymex Ne 1 paBHO
JBYM.

Bce stu nanneie BhnuchiBaeM B Tabiuiy 3.2 miua 1-i1 m 2-H cexuuid.

OcTtanbHble pa3Mephl KaTyIIEK U pa3MepPbl BEIBOJOB BbIOEPEM MO3/IHEE.
23. Bo1bop npoBoja A AByX KaTymek Ne 2 mpou3BOJuM TOYHO TaK XKe:

96 —-10—(60+%0,12) =7
N 60

a, = 1,2 MM
3nech 8pp0epem 0,12 MM, Tak Kak MPOBOJI TOHKMHA U U30JIALIMSL XOPOLIAs.
[IpenBapurenbHas MIUpUHA!

b = ! =5,8
=177 MM.

ITo ta6n. 2-3[33 a, — a = 0,44 MM u b, — b = 0,27 MM. TosrKHa TOJIOTO
nposogaa =1,2—-0,44 =076 MMmu b = 9,2 mMm.

ITo Ioct 7019-71 u 434-78 BBIOMpaeM MPOBO/T

axb=112x85; a, X b, = 1,6 X 8,77; g3y = 9,3 MM?;

Jiz) = 24,2/9,3 = 2,6 A/mM?,

A = o (ay +68,p) +7 =60(1,6 +0,12) + 7 = 110,2 Mu,
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ao =b,+35=877+35~=12 MM

KonungectBo karymiek Ne 2 paBHO JByM.

[Tomy4yeHHBIC MaHHBIC TUTACTUHBI BIMCHIBAEM B TaOmwIy 3.2 ISl KaTyIIeK
3-ii cekmuu. BHyTpeHHHE pa3Mmepbl KaTyIIeK JOJKHBI OBITh Takue, Kak IS
katymek Ne 1, r.e. b = 111 Mmm; B = 162 MmM; R = 10 mMm.

Ta6muna 3.2 - Cexniuu nepBUIHON OOMOTKH

Cexnus 1 Cexnus 2 Cexuusg 3
(w1); =15+15=30 (w1), =304+30=60 | (w1)3=60+60=120
11(1) =97A 11(2) = 54‘,6A 11(3) = 24‘,2 A
IIpenBapuTensHo npy j = 3,4 A/MM?2
ql(l) = 28,5 MM2 ('I1(2) =16 MM2 q1(3) =7 MM2
¥q; = 855 MM? 2q1(2) = 960 MM? 2q1(3) = 840 MmM?
OOMOTOYHEIE JaHHBIC
JIBe katymkn Ne | JIBe xatymku Ne 2
Wy, = 15 W, = 30 Wy = 60
ITposon IICJT 1,8 X 10 ITpoBox IICJT 1,4 X 10 | IIposon IIC/ 1,12 X 8,5
Q1) = 17,64 MM Q1cz) = 13,79 MM? q1(3) = 9,3 MM?
jl(l) == 5,5 A/MM2 jl(Z) == 4‘ IA/MM2 j1(3) = 2,6 A/MM2
PaguanbHblie pa3Mepbl KaTylIeK, MM
A =15(2,28+0,17) +30(1,88+ 0,17) + 7 Az = 60(1’?_-; 0,12)
= 105,25 mm = 110.2 MM
OcCHOBHBIE pa3Mephl KaTyIIEK, MM
_ ~ Ay = 8,77 + 3,5
a. = 10,27+ 3,5 = 14 mm ~ 12 MM

24. Tak Kak KaTylleK NEpBUYHOM OOMOTKHA YETBIPE, TO YUCIO JUCKOB
JOJKHO OBbITh /1Ba. [IpenBapuTenbHoe cedeHne KaxkJoro JuckKa:

a1y = Z— (3.20)
1885 ,
qZ(l) = T = 94‘2,5 MM

25. B cootBercTBUU ¢ § 2-15, puc. 2-11, ¢ [33] paauaibHas mupUHa TUCKa
BMECTE C TpYOKoit OyJeT:

K +dyy = by — (= +H), (3.21)
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11-5

K+dTp=96—( +4>=89MM

26. IIpenapuTtenbHas TONIIMHA IUCKA

_ 1200
n = Kty (3.22)
942,5
a, = W = 7 MM

27. BeiOupaem TONIMHY IUCKa A, = 8 MM

28. HapyxHblif guameTp TpyOKHd NpUHHMAaeM paBHbIM 10 MM C TOJIIUHOM
cteHok 1,5 mM. TpyOka nomkHa ObITH CIUTIONIEHA 0 pa3mepa 8§ MM. PanuanbHbIit
pasmep TpyOku Oyzaer paBeH 11 mm.

29.PagnanbHas mupuHa qucka K = 89 — 11 = 78 MM

30. CeueHne BTOPUYHOIO BUTKA g, = 2 * 8 x 78 = 1885 Mm?

31. YTouHeHHas IJIOTHOCTh TOKA!

. I

=2, (3.23)
o485

J2 = 1ggg = 4> A/mm

Pazmenaem kaTymku nepBUYHON OOMOTKHM B OKHE U COCTABIISIEM CXEMY HX
coenunenusd. [IpoBepsieM, BoiiieT U BCsi 0OMOTKAa B OKHO 1O BbIcOTE (96 MM) H
OyZeT JM JOCTAaTOYEH 3a30p MEXAYy KaTylIeUHbIMH Tpynmnamu. M3omnsiumoHHas
maiiba Mexay KaTylIKoOM U JUCKOM — M3 CTEKJIOTEKCTOJUTA TOJIMIMHOW 1 MM.
KomuuectBo maii6 4 (paBHO YHCITy KaTyIIEK).

32. CyMMapHBbIil 3a30p B OKHE:

28 = by — (Zay + Za, + Zay), (3.24)

rie by — BBICOTA OKHA, MM;

Xa, — CyMMapHas akCHaJIbHas BEJINYMHA BCEX KATYLIEK IEPBUYHOU
OOMOTKH, MM;

2a, — cyMMapHas TOJIIMHA TUCKOB, MM,

Xa,, — CyMMapHas TOJIIUHA U30JALUOHHBIX a0 (MMPOKIaI0K),
KOHCTPYKTHUBHO PACIOJI0KEHHBIX MKy TUCKaMU U KaTyIIKaMH, MM.

26 =96—-[(2%14+4+2%12)+2+x8++4+1)] =24 MM
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Pacmipenensiem 3TOT 3a30p ClIEAYIOMUM 00pa3oM: AJisl 3a30pa MEXKIY SIPMOM
U KpallHUMHU KaTylIKaMu 1Mo 5 MM, a UMEHHO 20, = 10 MM; oAuH 3a30p MEXIY
KaTyleyHbiMu 8, = 14 MM.

33. BeiOupaem THI NepeKIIovaTess, TOKOBEAYIUE YaCTH KOTOPOTO AOJKHBI
OBITh paCCUMTAHbI Ha JUIUTENbHBIN TOK 97 A. [lepexittoueHne cTyneHed Ipu TaKOM
TOKE MOXHO IPOU3BOJIUTh MAKETHBIMU MEPEKIOYATENsAIMH, a MOXHO U
HITernceabHpIM cepuiinbiM Tumna IT11-200-8[33].

CocraBnsieM cxeMy coenuHeHus: karymek. Mmeem: nBe katymku Ne 1 ¢
OCEeBbIMH pa3mepamu 1o 14 Mm, U3 KOTOpeiXx Karymika Ne 1-| umeer uerwipe
BeIBOJIa (HI—K1; H2—K2) n karymka Ne 1-Il — tpu BeiBOna [HI—(K1+H2) —K2] =
HI-O-K2 (B aro#t xarymike K/ u H2 coenuHsI0TCA BHYTPU U Ha MEPEKIIOYATEND
UJIET OJUH OTBOJ); JABE KaTymku Ne 2 ¢ oceBbIMU pazmepamu 1o 12 mm. Kaxnas
W3 HUX UMeEET 110 JBa BeIiBoja H u K.

Pacnomaraem nBe karymku Ne 1 mo kpasm. COINIacHO SJIEKTPUYECKOU
cxeme, cexkuua 1 karymku Ne 1-| coempunsiercs ¢ cekuuen 1 karymku No 1l
yepe3 mnepekitouarenb cryneHed. Cekmus 2 karymku Ne 1-| coemunsiercs
MOCJIEIOBATEIbHO C CEKUMEN 3, ylnoKeHHOW B KaTymky Ne 2. J[jig Toro 4roOsbl
ObLIO yAOOHEE OCYIIECTBUTh 3TO COECIMHEHHE, pa3MellaeM OAHY KaTymky Ne 2 B
KaTylIeuHyto rpynmy ¢ karymkoit Ne 1-I, a Bropyro katymiky Ne 2 — ¢ KaTymikou
Ne 1-ll, kak mnokazano Ha puc. 3.7. Tam Xe HaHO M KOHCTPYKTHUBHOE
PacIOJIOKEHUE BBIBOJIOB OT KaTyIIEK.

34. BeiOupaem pa3mepsl BEIBOJIOB B COOTBETCTBUH ¢ § 2-12[33).

Jnst xatymiek Ne 1 pasmepsl BBIBOJIOB st 1-i u 2-M1 cekuuil OGepem
OJITMHAKOBBIC, pacCYMTaHHbIC Ha OOJBIION TOK, T.c. Ha 97 A. Ilo Tabxa. 4-1[33]
3a71aeMcsl TUIOTHOCTBIO TOKa j, = 4,7 A/ MM?. CeueHre BbIBOJIA:

97 5
ds(1) = 27 = 20,7 MmM“.

Ot xatymku Ne 1-| Hyx)HO caenats 4 BbIBOAa, OT KaTymku Ne 1-II — 3
BbIBOJIa. Ecnu pacnonokuTh BBIBOABI B OJUH Psifl, TO BBIBOJ OYJE€T OUYEHb Y3KHUH.
[ToaToMy BbIBOA OT K2 pa3MecTuM ¢ TOpla KaTyIIKH, KaK MOKa3aHO HA PUCYHOK
3.10
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Pucynox 3.10 - Pa3mepbl BEIBOJIOB OT KaTyIIeK NEPBUYHON OOMOTKH
Torpa:

B—[2R+8,(n—-1)]
bB u = n

: (3.25)

_111-[2%10+13(3 - 1)]
B.U T 3

= 21,7 MM

JIBYyCTOpOHHSISI TOJIIIMHA U30JISIIIMK BBIBOJIA PaBHA 3 MM, U IIMPHUHA TOJIOTO
BBIBOJIA b, =21,7—3 = 18,7 mm. TommuHa TrOJIOTO BBIBOJIA

Agx1 = qB.Kl/bB.Kl = 20:7/18:7 = 1:12 MM

YTounsiem pasmepsl BbiBojga no ['OCT 434-78. bepem I[IMM (mpoBoa
MeJIHBIA MATKHiT) ¢ pasMepaMy g, = 1 MM; by g = 14,5 MM; G5, = 14,3 MM2.
YTOuHEHHas MIIOTHOCTh TOKA J . = 1,43 A/MM?,

st katymiek Ne 2 GepeM 3TOT ke BBIBOI, T.€. by, = 14,5 MM; a, o, =
1 MMm.

35. Tpebyembie 3a30pbl MEXKAY KaTyIICYHBIMU TPYTIIIAMU:
51 = (aB.KZ + 61/1) + 50r (326)

rae  §y— AOTIOTHHUTEIIBHBIN 3a30p, YYUTHIBAIONMINH HETIJIOTHOE TIPUJICTaHUE
BBIBOJIOB K KaTyIIIKaM U JAPYTHE MPOU3BOJICTBEHHBIE OTKIOHEHUS, §¢= 3MM.

6, =0+3)+3=7wMmMm,
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4yT0 He Oonee 14 MM, momydeHHBIX B 11.32. [Ipu pacuete 3a30pa §; HEOOXOAUMO
YUYeCTh, UTO BBIBOJBI COCEHMX KaTyIek No 2 pacroioKeHbl B IIaXMaTHOM
TOPSITIKE.

36. CeueHusi OTBOAOB, COCOUHSIOUIMX KATYIIKA TEPBHUYHOM OOMOTKH C
MEPEKITI0YATEIeM CTYTICHEH, CBEIeHBI B Ta0. 3.3.

37. o pexomennaruu § 2-5[33] B kauecTBe MaTepualia ceplIeYHUKa Oepem
IEKTPOTEXHUIECKYIO CTainbh Mapku D11 tommunoit 6, = 0,5 MMm.

Tao6muna 3.3 - Ceuenus oTBOIOB
Howmep kon1a 11 | 12 | 13 | 14 21 23 32 33 | X

PacueTHbIl TOK,
A
Ceuenue
OTBOJOB U3 10
[II'B-1, MM

97 | 97 | 97 |54,6| 54,6 |54,6| 24,2 | 24,2 | 24,2

38. Ilo Tabn. 4-2[33] nns HOMHHAJIBHON CTyNeHH OepeM HWHAYKIUIO B
cepaecunuke B =14 T.
39. AKTUBHOE CEYEHUE CEPACUHUKA!

S=—3J (3.27)

" 444fw, By’

rae U — nepBuyHOe HanpsbkeHue, B;
W, — CyMMapHasi akCuajbHas BEJIMYMHA BCEX KaTYIIEK MEPBUIHON OOMOTKH;
B, — uHayKIMs 1711 HOMUHAJIBHOM CTyneHu, T.

_ 380
4,44 %x50%105% 1,4

S = 0,0123 m?

40. KoadduimeHT 3anoJHEHHS CEpACUHUKA:

O

s = 007 (3.28)
rae O, — TOJIIWHA OTACIbHBIX JIUCTOB MaKeTa, MM. §,= 0,5 MMm.
K, = 05 _ 0,93
7 0,54+0,04
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41. TlomHoE ceueHue cepaeyHuKa:

S, =, (3.29)

s
K3
~0,0123

— 2
Sx="go3 = 00132 M

42. Tpancopmarop OpOHEBOrO THIIA, M TOJyYEHHAs BEJIWYMHA CEUCHUS
CepJICYHMKA OTHOCUTCS K CpelHEMY CTepskHI0. Tpedyemas TonmuHa Habopa:

h=x

~ 2b,’

(3.30)

10,0132 % 10*
2% 48

= 13,7 cm

43. TTo pexomennarusam §4-4[33] 6epem h= 140 mm.
44. YTOYHEHHOE AaKTUBHOE CEUYCHHE CEpJCYHMKA W HMHAYKOHUSI Ha 2-U
CTYIICHH:

S = 2bhK,, (3.31)
S =2%0,048 % 0,14+ 0,93 = 0,0125 M2,

380

B. =
" 444 %50%*140*0,0125

=1,38T

45. Unaykius Ha 3-i (mocieaHeit) CTyneHu:

_ 380
4,44 x50 105 0,0125

B3 = 1,58T

46. Hucio mucToB ABYX MAKETOB CEPACYHUKA!

n=2-= (3.32)

140%0,93
0,5

n=2

= 524 nnactunsl (IHCTa).

47. Macca cepaeyHuKa.

Gy = yEV, * 1073, (3.33)
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Ile Y — IUNIOTHOCTb DJIEKTPOTEXHUYECKOM CTaJH, U3 KOTOPOU MU3TOTOBJICHBI
3.
JHCTHI CEpAIeUHUKa, Y = 7,8 r/cm”,
. . 3
XV, — cyMMapHBIif 00beM BCeX YacTel MarHUTOIIPOBO/IA, CM .

SV, = 2hK,(HL — hoby), (3.34)
G,=78%2%14%093(19,2% 19,2 — 9,6 * 9,6) * 1073 = 56,3 kr

48. Cpennsis jymHa Butka Karymek Ne 1 (puc. 3.11, a): a) 15 ButkoB 1-i
CEKITUH, YIOKCHHON CHU3Y:

o = 2(B = 2R) + 2(B — 2R) + 2 (R + 25), (3.35)

lipxa = 2(111—2%10) + 2(165 — 2% 10) + 2 3,14 (10 +
=472+ 168 = 0,64 m

32+ 35)
4

0) 30 BUTKOB 2-i1 CEKIINH, YIOKEHHON CBEPXY:

+ 51

51
cpx1 = 472+ 23,14 [(10 +32) + ] = 0,89 m

B) 11es1oi Karymiku Ne 1:

(32 + 51) + (35 + 54)
4

=0,8m

lpwe1 = 472 + 2% 3,14 [10 +

>
\97
|
[
1

i

(170
-

7

1

\
~

106

/
N

Pucynok 3.11 - CpeaHue JUIMHBI BUTKOB KaTYIIEK NEPBUYHOM OOMOTKHU U IMCKAa BTOPUYHOTO
BUTKA
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rac

49. Cpenssas qymHa BUTKA Karymrek Ne 2 (puc. Ne3.11, 6):

82 + 85
lopwz = 472 + 2% 3,14 (10 + ) = 0,794 M
Macca xarymku Ne 1:
Gy = VK, * 10_3(0);1Q1(1)lép.x1 + Wy1q1(2) léio.m)' (3.36)

3.
Yy — IUNIOTHOCTh MaTepuaja mposojaa, y = 8,9 r/cm™;
Wi ¥ Wy, — YACIO BUTKOB B KATYIIIKE;
Lipx1¥ Lep 1 — CPEMHSAS JUTMHA BUTKA, M;

2.
q1(1) ¥ G1(2) — CEUEHHE KKIOTO BUTKA KaTyLIKH, MM,

K, — x03()HUUMENT, YIUTBHIBAIOLINI YBEIUYCHUE MACCHI IPOBOJIA 3a CYET

ero usousuuu, K, = 1,08.

G =89%1,08%1073(12 % 17,64 = 0,64 + 24 x 13,79 % 0,88) =
= 1,34 + 2,86 = 4,2 xr.

50. Macca katymiku Ne 2:

G =89 *1,08+1073%x46%9,3 0,794 = 3,3 Kr

51.Macca nepBUYHON OOMOTKH:

G, = 2Gyq + 2Gyy, (3.37)
G, =2G +2G, =2%42+2%3,3=15kr

52. Pa3mepsbl aucka BoIOUpaeM B cOOTBETCTBHH ¢ § 2-15 u puc. 2-11,6[33]:
NA=b.+(0K—-5)=48+4+48+ (11—-5) = 106 MM,
P=h+ (T —=5)=140+ (25—-5) = 160 mm,
C+dyp=Eq+3=(35+54)+3=92mnm,

C=92—dy =92—11=81wmm,
M=A+(Q2+5+5+5,)=86+12+8 = 106 mm.

53. Cpenuss AyiviHa BUTKA AUCKA.

Ly = 201 — 2R) + 2(P — 2R) + 21 (R + 2525),

8

(3.38)
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IIJIMT.

rac

CepIEUYHUKa, A;

lpz = 2(106 — 2 % 10) + 2(160 — 2 * 10) + 2

54. Macca IByX JUCKOB:

* 3,14 (10 +

2*x78+ 106 + 81

3 ) = 0,784 ™M

Gy = ng()’lcpthu)) * 1073,

n,q — YUCJIO JUCKOB,

3.
¥ — IUNIOTHOCTh MaTepuaja AUCKoB, Y = 8,9 r/cm™;
lcp2 — CpeIIHsIs JJIMHA BUTKA, M;

2
d2(1) — CPEIHEE CEUEHHUE [IUCKA, MM".

G, = 2(89% 0,784 x 624) x 1073 = 2 = 4,35 k.

(3.39)

55. Pa3smeppl M Macca AMCKOB YTOYHSIIOTCSA IIOCJIE KOHCTPYKTMBHOTO
oopMIIEHUSI BTOPUYHOIO BUTKA. TOr/a e MOoJACYUTHIBAETCS U MAacCa KOHTAKTHBIX

56. Ilorepu xomocToro xoza Tpancopmaropa:
a) HAa HOMUHAJIbHOM CTYIIEHHU MIPU

B, = 1,38T Py = KypG,. = 1,15 * 6,32 ** 56,3 = 410 Bt

0) Ha TocyieIHeN CTYTIeHH MpU

B, = 1,58T Pyaec = 1,15 # 8,56 * 56,3 = = 554 Bt

57. CpenHss qjvMHa MarHUTHOW JIMHUU:

96
l, =2(96 +96) + 27‘[7 = 68,4 cMm

58. CymmapHas M.a.c., HeoOXoaumas JijIsl CO3[IaHWsl MarHUTHOTO TIOTOKa B
CTaJIM CePACYHHUKA M BO3YIIHBIX 3a30pax JJII HOMUHAJIBLHOUN CTYIIEHU:

SAW = AW, + AW;,

(3.40)

AW, — m.7.c., HeoOXoaumast JIsl CO3/IaHUsI MAarHUTHOTO TTIOTOKA B CTAJIH

AWs — m.1.c., HeoOxoaumasi Jisl CO3JJaHusi MarHUTHOTO TTOTOKA B CThIKaX
MEXKy JIUCTaMU (B BO3AYIIHBIX 3a30pax), A.

AW, = awlu,

(3.41)
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AW = 0,8B5, * 10%, (3.42)

rane B — cpenuss uHaykuug B 3a3opax, T;
&, — CyMMa 3a30p0OB MarHUTHOM 1enu, 6, = 0,005¢cm.

AW = 14,8 68,4+ 0,8 % 1,38 * 2 + 0,005 « 10* = 1110 A

59. AGCOIIOTHOE 3HAYEHUE TOKA XOJIOCTOrO XO/a:

Iy = /Iga + 15, (3.43)

rae Iy, — aKTUBHAsI COCTABJISIONIAS] TOKA XOJIOCTOTO X0/1a, 00yCIIOBIICHHAS
MOTEPSIMHU X0JIOCTOTO XoA4a Py, A;

Iy, — peaKTUBHAs COCTABIISAIONIAS, HEOOXOAUMAs JUISA CO3/IaHNs] MATHUTHOTO
IIOTOKAa, A.

P
loa = 2% (3.44)
rae Py, —morepu xoJ0cTOro xona, Br.
lyg = Ho_ 1,14 A
O0a — 380 - L )
TAW
o = Tzt (349)

rae K. —xosdduumeHT, yauThIBaOMIMA HATMYMEe TapMOHUK B KPUBOM
HaMarHU4MBarOILEro TOKa;
(w1)3 — YUCIO BUTKOB MEPBUYHON OOMOTKH, BKIFOUYEHHBIX B CETh.

B 1110
P 1,13 % 1,41 % 140

I =74A,

Iy =+/1,142 + 7,42 = 7,5 A,

60. BenuunHa TOKa XOJOCTOTO XOJa B IMPOLEHTAX OT HOMHMHAJIBHOIO
pacyeTHOrO:

I, = j— % 100, (3.46)

1
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= — % o
O 97 0'

yto MeHble 20% u yaosnerBopsier 'OCT 297-80.
61. Tok xoJsiocToro xo/1a Ha mocieaHen crynenu npu B = 1,58 T:

Tomaxe = V1,532 + 15,62 = 15,7 A,
SAW = 32,9 * 68,4 + 0,8 * 1,58 * 2 0,005 * 10* = 2376 A,

B 2376
P 1,32%1,41%105

IO = 15,6A

62. Omuueckoe conpotuBieHue 15 BUTKoB kaTymku Ne 1:

l l
le.Kle

To()1 = P PN
rie P — yAelIbHOE DIIEKTPUUECKOE CONPOTHBICHHE MaTepraa IpoBoa
karymky, p = 0,0175 OM - MM?2 /M;

W/, — YMCIIO BUTKOB KATYIIKH;

{px1 — CPSIHSS JUTMHA BUTKA MPOBOJA KATYIIKH, M;

q1(1) — CEUEHHE TIPOBO/IA KATYIIKH, MM .

0,64 * 15
7’0(1)1 = 0,0175W = 0,0076 Om

63. Omuueckoe conporusieHue 30 BUTKOB KaTymky Ne 1:

0,89 * 30
oz = 0,0175 —7=o— = 0,0270 Om

64. OMHuecKoe CONpPOTUBIIEHUE KAaTYIIKHU Ne 2:

0,794 * 60
To) = 0,0175~——— = 0,068 Om

)

65. OMHuecKoe CONPOTUBIIEHUE AUCKA BTOPUYHOIO BUTKA:

lcpz

T = ;
0(m) P dz2(1)

(3.47)

(3.48)

MI-15.04.0107-07 1604420 173
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0,784 .
rO(,q) = 0,0175m =22 %10 OmMm

66. OMuyeckoe CONpPOTUBJIEHUE NEPBUYHOM OOMOTKM Ha HOMHHAJIBHON
(TpeTbeit) CTyIEeHH:

Ty = 2roy; + o2+ 22, (3.49)
0,0270 0,068
o = 2% 0,0076 +——— + —— = 0,0627 Om

67 OMI/II‘IGCKOG COIIPOTHUBJICHUC HepBHHHOP'I O6MOTKI/I Ha HGpBOP’I CTYIICHU
TO - 27"0(1)1 + 27‘0(1)2 + 27‘0(2), (350)
o =2 %0,0076 + 2 % 0,0270 + 2 x 0,068 = 0,2 Om

68. Koappunuent @unbaa ansa 15 BuTkoB karymiku Ne 1:

n%-0,2

K = 1+"22 (@), (3.51)

rie 1N, — YUCJIO BUTKOB OJIHOM KaTYIIIKH, PACIIOI0KEHHBIX MEPIECHINKYISIPHO
MOTOKY paccesiHusi, n, = 1;

@ — IPUBECHHBIA pa3Mep CTOPOHBI MPOBOJIA, PACIIOIOKEHHOTO
MIEPTIICHANKYJIIPHO TIOTOKY PACCESTHUS, CM.

al. = 2b, /lf;‘—l‘”o (3.52)

rne b, — pa3mep CTOPOHBI TOJIOTO MPOBO/IA, PACTIONOKEHHOTO MTEPIICHANKYIISIPHO
MOTOKY PacCesHUs, CM;

f —ugactora Toka, I'm;

Wy, — YACJI0 BUTKOB KAaTYIIIKK B HAlPaBJICHUH, TAPAUICITIBHOM ITOTOKY
paccesHusI,

a, — pa3Mep CTOPOHBI TOJIOTO TIPOBOIA, PACITONIOKEHHOTO TapaIICIIbHO
MIOTOKY pacCcesHus, CM;

l; — cpenHss IUMHA JIMHUEA IOTOKA PACCESTHUS, CM;

P — YIETBHOE JIEKTPUIECKOE COMMPOTUBJICHUE MaTepralia IpoBoia
karymku,0M - MM?2 /M.
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g |20 0I8*DS 56— 0512
%) T 4F L 19600175 « 108 C T A0 T B re M

20,2
Kia = 1+ —5—(0,512)* = 1,0063

B npouenrax:

nz —0,2
Kpy1 = [aT (@)t — 1] *100 = 0,63%

Jns 30 BUTKOB:

g | 202014%30 a3 066
Ga@ TS0 196w 00175« 100 < T T o0t

2

12 - 0,2
Kia = 1+—5——(0,66)* = 1,017

B mpornentax Kz = 1,7%.

69. ns karymiku Ne 2

500,112 * 60
a., =2%0,85 = 0,67 cM,

96%0,0175 % 104

12-0,2

B nponentax Kp, = 1,8%.

70. Koappunment Ounpaa i1 O4HOTO JUCKA BTOPHYHOTO BUTKA!

Kz, = 1+ 0,09(a})?, (3.53)
rIe  ap — IPHUBEIAEHHBIN pa3Mep CTOPOHBI IIPOBOJIA, PACIIOIOKEHHOTO
MEPIEHINKYJIIPHO MTOTOKY PACCESHHUS, CM.
" fK
a, = 2a, /—lsp*104, (3.54)
/lirm
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rIe

., — Pa3Mep JUCKa B HAIIPABJICHUH, TIEPIEHMKYIIAPHOM TIOTOKY PACCESHUS, CM;
K — pa3mep aucka B HampaBlIeHWH, TAPAJJICIIBHOM MTOTOKY PaCCESHUS, CM;
p — yJIelbHOE CONPOTHBIIEHNE MaTepuana Juckos,0OM - MM? /M;

f —uactora Toka, I'm;

l; — cpenHsist ITMHA JTMHAUKA TOTOKA PacCEesTHUS, CM.

= 2408 >0+738 0,77
= * =
%2 © 196%00175 10 '~ M

Kz, = 14 0,09(0,77)* = 1,031

B nponenrax Kp, = 3,1%.
71. AKTUBHOE CONIPOTUBIICHHE 15 BUTKOB:

a1 = 7"0(1)1K15"K1; (3.55)
T2 = 0,0076 * 1,0063 = 0,00765 Om

72. AkTuBHOE conpoTuBiieHne 30 BUTKOB:

Tz = 0,027 % 1,017 = 0,0274 Om.

73. AKTUBHOE CONTPOTHUBJIEHUE KaTyIIKU Ne 2:

T2y = 0,068 * 1,0184 = 0,0692 Om

74. AKTUBHOE COITPOTHUBJIEHNE OAHOTO JUCKA BTOPUYHOIO BUTKA:

Ty = Tom) Kra2) (3.56)
T, =22 % 107 % 1,03 = 22,7 *107° Om

75. AKTUBHOE COMNPOTHUBJIICHUE MEPBUYHOM OOMOTKH: a) HA HOMHHAJILHOM

(Tpetheii) crynenn npu 20°C :

0,0274 0,0692
Ti(a00) = 2 % 0,00765 +——— + ~—— = 0,0636 Om

0) Ha IepPBOI CTyIEHHU:

Ty =2%0,0765 + 20,0273 + 2 % 0,0692 = 0,208 Om
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76. AKTUBHOE CONPOTUBJIEHUE BTOPUYHOTO BUTKA:

1
TZ(ZOO) = n—arﬂ, (357)

22,7 %107° .
Tagaot) = ——5—— = 11,35 107 Om

77. AKTUBHOE CONPOTUBIIEHUE MEPBUYHON OOMOTKH Ha TPEThEH CTYNEHU
mpH t,,5 = 100°C :

r = T100|1 + a(tps — 20)], (3.58)
r, = 0,0636(1 + 0,0039 (100 — 20)) = 0,084 Om

78. AKTHBHOE COTIPOTHBJICHUE BTOPUYHON OOMOTKH TIPH Ly, = 459C:

Ty, = rz(zoo)[l + a(tpa6 — 20)], (3.59)
r, = 11,35 % 107°(1 4+ 0,0039 = (45 — 20)) = 12,5 107° Om

79. Ilotepu B mEpPBUYHOM OOMOTKE HAa HOMHHAJIBHOW CTYNEHH MpU
HOMHUHAJIBHOM TOKE:

PlH B 112H7"1, (360)

rae I, — HOMHHaJIbHAS BEJIMYMHA IEPBUYHOIO TOKA, A;
77 — @KTUBHOE COMPOTHUBIICHUE NMEPBUYHOTO BUTKA, OM.

P,, = 1382+ 0,084 = 1600 Bt

80. Tlorepm B mepBUYHONW OOMOTKE HA HOMUHAIBLHOW CTYIIEHU TMIPU
pPacYeTHOM TOKE:

P, = Ir, (3.61)
rae I, — pacueTHas BeJIMYMHA MEPBUYHOIO TOKA, A.

P, =972 % 0,084 = 322 Bt

81.1lotepu BO BTOpUYHOM BUTKE:

Py, = Izznrz: (3.62)
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rae I, — HOMUHaJIbHAs BEJIMYMHA BTOPUYHOTO TOKA, A;
T, — AKTUBHOE COMPOTUBJICHUE BTOPUYHOTO BUTKA, OM.

P,, = 12000% * 12,5 * 107® = 1950 Br,

P, = Iy, (3.63)
rac I 2 — PpaCuCTHas BCIINYMHA BTOPUYHOI'O TOKA, A.

P, = 84852 x 12,5« 107° = 392 Bt

82. AKTMBHOE COMPOTHBIIEHHE OOMOTOK TpaHc(opmaTopa, MPUBEICHHOE KO
BTOPUYHON OOMOTKE, ISl IEPBOM CTYTICHH:

r111,312
Tr(1) = (1)1<2 T2, (3.64)
rae K — koappuuument tpanchopmanuu Ha TpeOyeMOil CTyIIEHH.
0,208 * 1,312
ey = 5102 +12,5%x107%=22,7*10"° Om
83. Jlyi1 HOMMHAIBHOM CTYIEHU:
=5+, (3.65)
O+ 12,5%10°6 = 22,0 %1075 0
= *k = *k
™= 1052 ' ’ M

84. Ha nepBoii crynenu | u |l xarymeunbsie rpymnibl 0OMOTOK BKIIFOUEHBI
MOCJeOBaTeIbHO M HWHAYKTUBHOE  COINPOTHUBIEHHE  TpaHcopmaTopa,
MIPUBEJICHHOE K IEPBUYHON OOMOTKE, 4(1) = Xrpr + Xepir-

Ha nepBoii ctynenu karymku B rpynmnax | u |l coemuHensl mexay coboi
nocieaoBaTeabHo W rpynna | waentuyHa rpymme |l; ciaegoBaTenbHO, MOXKHO
CUMTaTh, 4TO Xy(1y = 2Xip = 2(Xa) + X2))-

Ionb3ysce (opmynoi ans pacyera X(;) U Qopmysoi s pacuera X,),
oTpejieNsieM UHAYKTUBHBIE COTPOTUBIICHUS TpaHchopMaTopa:

_ -6 le.KlKRKlelz h Wg1 Ay
Xy = 9,5 * 10 = S Ay (wmw}(z)]' (3.66)
_ -6 le.KZKRKZwKZZ biz W2 an
X = 9,5 1070 RETMENE (22 4, 4 il (wK2+wK1)], (3.67)
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e L4 lep o — cpenssst utnna BUTKOB Katymiek Ne 1 u 2,0, = 80cm,

lepxz == 79,4CM;wy 1 M Wy, — YKCIIA BUTKOB KaTymiek Ne 1 u 2, BKITIOUEHHBIX
B CeTh, W= =(15+30) = 45w,, = 60;

b, — mmpuHa OKHa cepAeUHUKa, by = 9,6CM;

Aiu A, —3a30pbl MeIy TUCKOM M KaTymkamu Ne 1 u 2, A; = A,= 0,44cwMm;

b1 by, — mMpUHA TOJBIX TPOBOJOB KaTyiiek Ne 1 u 2, b= lcMm, by,=
0,85¢cwMm;

@, — TOJIIIKHA IUCKa, a,= 0,8cMm;

Kp1¥ Kpyp — K03hOUIMEHTHI, TTOKA3BIBAIOIINE OTHOIICHUE MITUPUHBI OKHA K

JUTMHE CUJIOBOH JIMHUM 3KBUBAJICHTHOTO TOJIS paccesHus (K03 PuImeHTsI
Porogsckoro), Kg1= 0,955,Kz.,= 0,958.

80%0,955(15+30)2 [1,0

. e 1,0 (15+30)0,8
Xra) =2%95%10 { 96 3 T 0,44+ 3(15+30+60)]
. w462 *
79,4%0,958%46 [0,86 + 044 + &]} =2%0,22 = 0,45 Om.
9,6 3 3(60+15+30)

Tonmmuua  w30dsAUU  MEXAy  JOOOW — KaTymIKOM W JTUCKOM
Ay = A, = 0,44 cM U ckIaAbpIBaeTCA U3 CIEAYIOMINX CIaraeMbIX:

1) OJTHOCTOPOHHEHN TOJILLIUHBI IpoBOJA o CTOpPOHE b,

. 0,27
paBHOM —— = 0,135 cmM;

2) TONIMMHBI W3OJSIMUA KATYIIKH: a) JIAKOTKAHU CTEKJIOACKAIOHOBOM
JIC3-1 0,17 mMm — 1 cnoit BiomHaxsiecta — 0,034 ¢m; 6) eHTHI cTeKistHHOM 0,2 MM,
MPOMUTAHHOMN 3JIEKTPOU3OIALMOHHBIM JJakoM MJI-92, Bnonnaxiecta — 0,04 cMm;

3) TONIMHBI MIaOBI U30JAIMOHHON U3 cTekioTekcTomTa 0,1 cMm;

4) BO3AYUIHBIX 3a30pPOB MEXIy HApYXHOW U30JSAIUMENH U TPOBOJIOM,

pa30yXxaHusi OT MPOMUTKH U MPOU3BOACTBEHHBIX OTKIOHEHUN — MPUOIU3UTEIHHO
0,13 cm.

85. Koaddunuent Porosckoro s karymiku Ne 1:

1

Krin =1 - T (3.68)

_ bo
XKl - 2A1+b1<1+ag’ (369)

= 0.6 = 3,58
Ml =044+ 10408 700
KRKl =1- 6,28 N 3,58 == 0,955
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86. Koadurment Porosckoro ms karymku No 2:

9,6
Y2 =53 044+ 085408 0
Kpiz = 1 0958

R2= 7 628%38

87. VHAYKTMBHOE COMPOTHUBJICHUE TpaHCPOpPMATOpPa, COOTBETCTBYIOIICE
NEPBOM CTyNEHU, IPUBEACHHOE KO BTOPUYHON OOMOTKE:

_ X
XT(l) - ((‘)1)%, (370)
0,45 B
XT(l) = TOZ = 16,7 * 10 Om

88. Ha Tpetbeil crynenu 15-ButkoBble cekuuu katymek Ne 1-| u Ne 1l
COCIMHEHBI MEXIy Cco00i moclienoBarebHo, a cekuuu 1o 30 BUTKOB —
napauensHo. Katymku Ne 2 coeanHeHbl My co00# Takke napamiensHo. B | u
BO || karymieyHsIx rpynmnax pacmpeneieHue TOKOB, M.J.C. 1 IOTOKOB paccesHUs
COBEPILIEHHO HJECHTUYHBI, U, CIEJOBATEIbHO, UHAYKTHBHBIE CONPOTUBIICHUS HUX
OynyT oguHakoBbl. Pacuet Benem mo dopmysie:

2

9,5%10 %1y wy . by
Xepr = Xepnr = b—opl{KRm ( -+ wm) 71 + A +
a “’1,<1+ Ir{/ 2 W2
+ A,< . 1) + Kr2 (wKZ) x |22+ Ay +— W a ) (3.71)
3( K1 }’<’1+w“2) 3 3<%+ 1,<’1+w:1>
Xy = Xoppy = 22278000 955 (22 + 30 0,44+ +—2G2)
rpl = Arpll T T g ( + ) P ++m t
0,852
0958 60 @+044+—260 = 0,092 OMm
3(F+24+2)

Karymeunsle rpynmet | w |l Bkimrodensl mocienoBaTenbHO, W,
CJIeTOBATEIBHO,

X,; - Xl"p] + Xl"pII' (372)

X: =0,092 4+ 0,092 = 0,184 Om
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89. HuaykTuBHOE CONPOTHBIEHHE TpaHcPopmMaTopa Ha HOMHMHAIBHOU
CTYIIEHH, IPUBEAECHHOE KO BTOPUUHON 0OMOTKE:

0,184 e
=57 =208+107° Om

90. ITonHoe compoTHBiIeHHE OOMOTOK TpaHchopmaTopa Ha HOMHHAJIBHOM
CTYIICHHU:

Z. =+ X?+12 (3.74)

Z, =107 % /(20,82 + 22,02) = 30,2 * 107° Om

91. HaHpiDKGHI/Ie KOPOTKOI'O 3aMbIKaAHHA:

U, = /U§ + U2, (3.75)

rac U a — AKTHBHAasA COCTABJIAIOIIAA HAIIPAKCHUSA KOPOTKOT'O 3aMbIKaAHM, B,
Up — PCaKTHBHAA COCTABJIAIOIIAA HAIIPSAKCHUA KOPOTKOT'O 3aMbIKAHHA, B.

Ua = IlH(T'll + rzKZ), (3.76)
Uy = L, XL, (3.77)
U, =138(0,084 + 12,5+ 107° = 105%) = 26,8 B,

U, = 138 0,184 = 25,4 B,

U, = /26,82 + 25,42 = 36,7 B

HanpsbkeHue KOpOTKOro 3aMblKaHUs U, B MPOLEHTAX OT MEPBUYHOIO
HanpspkeHust U;, COOTBETCTBYIOIIETO PACYETHOM CTYNEHHU, COCTABUT

__ Ug*100

Uy o (3.78)
_37*100_ 1029
We="3g0 o7
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92. K.i.a. tpanchopmaropa:

n=1-—0 (3.79)

Uyl cos@,’

rae  XP — cyMMapHbIe IOTEPH, COOTBETCTBYIOIINE HOMUHAIBLHOW CTYIIEHU, BT;
(91 — YrOJ CIBUTra BEKTOPAa BTOPUYHOI'O TOKA OTHOCHUTEIIBHO BEKTOPA Ha
3)KMUMaxX BTOPHUYHON 0OMOTKH TpaHChopMaTopa.

ZP=P0+P1H+P2H, (380)
P =410+ 1600 + 1950 = 3960 Bt

OpueHTHPOBOYHO TpuHUMaeM cos@, = 0,85.

3960
380 = 138 * 0,85

n=1 = 0,907

93. Jlnsa TeroBoro pacuera oOMOTOK TpaHchopmaTopa Ha pucyHke 3.11 nana
AJIEKTpPUUECKasi CXeMa COCJIMHEHMsI KaTylleK TEepBUYHOW OOMOTKM Ha
HOMUHAJIBHOW CTYIIEHH U PaCIpeIeTICHUE TOKA MO MapajlyIeIbHbIM BETBSIM.

® ®

1rf_.rw-72 LA
974

oY o

Pucynoxk 3.11 - DnekTpuueckas cxema COeJUHEHUs KaTyIIeK epBUYHON OOMOTKH Ha
HOMHHAJILHOM CTYIEHHU U pacIipe/ie]ieHre TOKa M0 MapaiebHbIM BETBSIM

94. Tlotepu B karymke Ne 1 mepBUYHONH OOMOTKH, COOTBETCTBYIOIIUE
pPacUYETHBIM 3HAYEHUSIM TOKOB:

Py = P1y1 + Pay2, (3.81)
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rac

rIe

P(1y1 — motepu B 15-BuTKOBO#M cexumu Katymku Ne 1, Br;
P(1y, — motepu B 30-BuTKOBOM cexumu Katymku Ne 1, Br.

Payr = I{yray: * 1,312, (3.82)
Payz = I{yry2 * 1,312, (3.83)

1,312 ko3¢ duiueHT npuBeaCHUS aKTUBHOT'O CONMPOTUBIICHUS TIEPBUYHOMN

0OMOTKH K paboyeil Temreparype.

rac

Py, = 972 % 0,00765 = 1,312 = 38,6 Br,

Py = 48,52 x 0,0274 = 1,312 = 34,5 B,

Py = 38,6 + 34,5 = 73,1 Bt

95. B xarymike Ne 2:

Py = Izzr(z) * 1,312, (3.84)
Py = 48,5% % 0,0692 * 1,312 = 88 Bt

96. B oqHOM JTMCKE BTOPUYHOTO BUTKA:

(3.85)

I, — pacueTHBIN TOK BO BTOPUYHON 0OMOTKE, A.
1,097- ko3 pureHT MprUBeICHNUS] AKTUBHOTO COTIPOTUBIICHUS BTOPHUYIHOMN

0oOMOTKH K paboueil Temreparype.

1,097 x 1
P, = 84852 * 22,7 * 10_6T = 195 Bt

97. IloBepXHOCTh COMPOTHUBIICHUS KATyIIEK MEPBUYHON OOMOTKH C JUCKAMHU

BTOPHYHOI'O BUTKA JJIs KaTymku Ne 1:

FKl = le.KlAKli (386)
rae  Ayq— palualibHbIA pa3zmep 1enon KaTymku No 1.
F., = 80,0 x 10,525 = 688 cm?
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98. s karymiku Ne 2:
FKZ = le.KZAKZJ (387)
Fo, =77,4%11,02 = 656 cm?

99. VYnenvHbld TEIIIOBOM IMOTOK OT IpoBoxa Karymku Ne 1 k aucky

BTOPUYHON OOMOTKH /1715t KaTymku Ne 1:

o _ 730 _ 106 Br/en?
F, 688 o ooHM

100. s katymiku Ne 2:

o _ 88

= 0,134 Br/cm?
F, 656 T/cm

N3 3TuX pacyeTroB cieayeT, YTO HauOOJIbIIMK Mepenaj TeMIepaTypbl OT

MPOBOJIa KATYIIKM K JUCKY Oyner B kaTymikax Ne 2, MMEMOIUX HauOOJIbIIUN
YAENbHBIN TEIJIOBOM MOTOK, IOATOMY ONPEAEIISIEM TEMIEPATypy HarpeBa KaTyllek

No 2.

HpI/I pacucTe IIpUHUMACM, YTO IIOTOK oxnaxcz[afomeﬁ BOJbI HAIIPaBJICH OT |

karymeunod rpynnsl Ko Il (puc.3.7) u paccuutbiBaeMble HaMH KaTymiku Ne 2
pacniosiokessl B | 1 Bo |l karymieunbIx rpyrmmax.

101. Cpennee mpeBBIIEHUE TEMIIEPATYpbl OXJAXKAAOMIEH BOABI MIPH

IIPOXOXKIEHUE €€ 10 | KaTyneyHou rpynne:

_ P)ytP)tP,

At, TR (3.88)
rae Py + P + P, — motepu B KaTymikax u 1ucke, Br;

Q — pacxox Bojsl, a/c. [Ipuanmaem paBasiM Q = 0,036 J1/c;

Cy — o0beMHas TeIJIOEMKOCTh BOIbI, paBHast 4,18 kJ[x/(1-K).

At = 73,1+88+195 2 360C

® 7 4,18%0,036x103
102. Tlepenan TemnepaTypbl OT BHYTPEHHEW MOBEPXHOCTU TPYOKH K BOJIE:
P(1)+P(2)+P

Aty = =2 (3.89)
rae F, — miomaas BHyTPEHHEH MOBEPXHOCTH TPYOKH, CM2;

a — ko3 dummentT Temwioornaun, Br/(cm*K).
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E. = md,l, x 10 (3.90)

riae  d, — BHyTpeHHUMH nauametp Tpyoxu, d.= 0,007wm;
. — nmuna TpyOKu oaHOrO Aucka, .= 1,0M.

E. =3,14%0,07 1,0 * 10* = 230 cm?,
a =116 * 10~*pv2874_ %13, (3.91)

rae b — kodPUIMEHT, yYUTHIBAIOUIUHN TEIIONPOBOIHOCT, MNIOTHOCTD,
BSI3KOCTB U JAPYTHE CBOWCTBA BOJIBI;
U — CKOPOCTb T€UEHHUSI BOJIbI, M/C.
Koad¢uiment b B3sat u3 tada. 4-7[33] B 3aBUCUMOCTH OT TaK Ha3bIBaCMOM
CPEIHEN TEMIIEPATYPHI Ly, JUIS PACYETa KOTOPOK MPUHUMAEM:
a) t,, =15°C Temmeparypa oxnaxparomeidl BoAbl Ha BXOJAE B
TpaHchopmartop;
6) At , = 5°C — npexnonaraemsiit mepenas Ot OBEPXHOCTU TPYOKH K BOJE.
Cpennsas Temmeparypa:

tep = tos + 0,1(260, + AL, + Aty ), (3.92)

Y

te, = 15+ 0,1(2 * 15 + 2,36 + 5) = 18,74°C

W3 tabn. 4-7[33] cnemyer, 9To TeMueparype t., = 18,74°C coorBeTcTBYET

b =2270.
CKOpOoCTb UCTEYEHHUS BOJIBI:

%103
y =212 (3.93)
rae S, — IIOI[ab OTBEPCTHH TPYObI, M.
nd?
ST = T, (394)
3,14 % 0,007% _
S; = 2 = 38,5 * 107°Mm?,

Q 103 0,036% 1073
S.  385%10°

v = = 0,94 Mm/c,

a=1,16*10"% %2270 * 0,94°87 x 0,007~ %13 = 0,49 Bt/(cM? * K),
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AL = 73,1 + 88 + 195
AB 0,49 % 220

= 3,3°C
103. Tlepenan TemnepaTypbl MEXKY TUCKOM M KaTymkon Ne 2 rpynmst |l :

At, = 228 (3.95)

AFo '

rae  A; —3a30p MEXIY IUCKOM M KaTYyIIKOM;
A — ko3 durment ternonpooaHoctd, Bt/(cm-K). Ilpuaumaem A = 0,0014
B1/(cm-K)[20].

_ 88x044
"~ 0,0014 * 656

At = 42,4°C

104. Temneparypa HarpeBa nmpoBojaa KaTymku Ne 2:
t; = Aty + Aty + Aty + Aty (3.96)
t, = 42,4+ 3,3+ 2,36 + 15 = 63,06°C

[TonyuenHass TeMmreparypa HarpeBa HE TMPEBBINIACT MaKCUMaIbHYIO
TEMIIEpATypy NEPErpeBa UCIOIb3YEMOIO MPOBOA B KaTYIIIKE.
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4 Opranu3anMoOHHO-I)KOHOMHYECKASA

HacCTb
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BBenenune

N3roToBieHrEe OYMCTHOTO aHOAA BKJIIOYAECT 9 CBAPOYHBIX Olepanuid; 8§ —
aproHOAYroBasi CBapKa HEIUIABSIIMMCS JJEKTPOJAOM M | KOHTakTHas peibedHas
CBapka IIMWJeK W maTpyOka. bombiryto dacTe BpemMeHH Ha COOpPKY — CBapKy
3aHMMAaeT UMEHHO aprOHOIyTOBasi CBapKa C MPeIBapUTEIBHON U MOCJI€ CBapOYHOM
MIPOJIYBKOM aproHa s 3amuThl MeTayuia. [Iporpamma Beimycka 2000 mit/ro.

4.1 Pacyet HOpMBI BpeMeHU U (OHI0B BpeMeHH,
o0opyroBaHus U padboumnx

[Ipu cepuitHOM MPOU3BOACTBE PACCUUTHIBAEM IITYYHO-KAIBKYJISALMOHHOE
BpeMS Ty

t
e =t + 22, 4.1
wm—x wim n ( )
tulm = tu + tsH + taﬁc + tum() ? (4' 2)

rae 1, — mTy4HOE BpeMs, H/4;

t;; — TOJITOTOBUTENHHO-3aKIIOUUTEILHOE BpPEMsSI Ha MapTUIO W3ACIUNA B
CEpUMHOM  TIPOM3BOJICTBE, BKJIOYaeT B ce0d BpeMs Ha IMOJyYCHHUE
MIPOU3BOJICTBEHHOTO 3a/IaHMs, HapsAa, TEXHHYECKOW JOKYMEHTAINH, YKa3aHUH U
WHCTPYKTa)Xa, O3HAKOMJICHWE C HHUMH, T[IOJy4eHHEe HWHCTPYMEHTOB |
NpUCIIOCOOJICHUH,  Hajmajgka  oOOpyJIOBaHMS,  yCTAaHOBKA M Hajajaka
MPUCTIOCOOJICHHIA W WHCTPYMEHTOB, WX CHSTHE, CJa4a BBITIOJIHGHHOW pabOTHI,
MIPUCTIOCOOJICHHU, MTHCTPYMEHTOB, TEXHUYCCKOM TOKYMEHTAIINK U Hapsa, H/4;

t, — OCHOBHOE BpeMsi CBapKu u3zenus (00pa3oBaHUE CBAPHOIO 11BA), H/Y;

t;x — BCIIOMOTaTelbHOE HEMEepeKphIBAEMOE BpeMs, 3aTpaurMBacMoe Ha
JercTBUS pabodero, HeOOXOUMBIE JJIS BBIMIOJTHEHUS OCHOBHOM paOOThI: BpeMs Ha
YCTaHOBKY, KAHTOBaHUE B IMpoiiecce 00pabOTKU, CHATHUE U3/IeHs, KIIEHMEHUE 111Ba,
NepeMeIIeHre CBapiuKa ¢ aBTOMAaTOM W MHCTPYMEHTOM OT IIIBa K IIBY, 3a4MCTKA
CBAapUBAEMbIX KPOMOK OT OKQJIMHBI, IIJIaKa, P)KaBYMHBI U T.1., H/Y;

t.sc — BpeMs 3aTpauMBaeMoe paboyuM Ha yxoA 3a pabodyuM MECTOM
(MexaHU3MOM, MHCTPYMEHTaM), Ha PETyJMpOBaHUE W TOMJICPKaHUE 3aJaHHOTO
pexuma (ImogHamaaka 000pyI0BaHNs), BKIFOUSHHUE M BBIKIIFOUCHHE 000Dy I0BaHUS
1 MEXaHU3MOB, H/U;

tor — BPEMS Ha OTIBIX U JJUYHBIE HAJOOHOCTU paboyero, H/4;

N — 9UCJI0 U3 B TTAPTHH, IIT.

() = dw (4.3)

rne |, — AmuHA cBapHBIX IIBOB, M;
V¢ — CKOPOCTb CBApKH, M/H.
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JIHa CBapHBIX IIBOB COCTABISAET 1 M.
1

t,=-=1lu
1

[Tpuaumaewm t,; paBHoe 1 H/4.

To6c PACCUUTHIBAEM B ITPOIICHTAX OT ONEPATUBHOTO BpeMeHH (t,+t,,)
Tose coctaBiseT 10% ot (t,+t,,);
to5c=0,1-(1+1)=0.2 /4.

Torn cocTaBisteT 7% 0T (1o +Ht,,);
tor,=0,07-(1+1)=0.14 u/u.

T =1+1+0.2+0.14=2.34 u/u.
[Tpunumaem t,;=2.5 u/4.

Onpenenum 4UCio U3eauil N B MapTUu.

n — tl’l3

t, K (4.4)

wm nH

I  Kny — KOOQUIIMEHT MOTeph BpeMEHH Ha HAJIAJKy, KOTOPBII 3aBUCHUT OT TUIIA
MPOU3BOJICTBA. J[J1s1 CepHitHOrO MPOM3BOICTBA TPUHUMAEM K;,=0,1.
[Tpunumaem t,,= 1 yac.

Pacuer peiictBuTenbHOro (QoHIa BpeMeHH paboThl  00OPYIOBAHUS
MIPOU3BOIUM 110 (popMyIie:

Foo = Fuom * Krp (45)

rne  F,° — nefictBurensubiil GOHI BpeMeHH pabOTH 000PYI0BaHUS, 4/TO;

Fiow — HOMHHAIBHBIA TOMOBOW (GOHA BpeMeHH pPabOThl 0O0OpYHAOBaHWS,
4/ToI;

Kpnp — KO3((QUIMEHT, y4uThIBalONIMI BpeMs 110 IUIAHY HA KalUTaJIbHBIA U
CPEIHUI PEMOHTHI, TEKYIIIEE IIAHOBO-TIPEIYNPEIUTEILHOE 00CITYKUBAaHNE.

ITpn ogHOCMEHHOM peKUME PAdOTHI Kpypp=0,97.
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Homunaneneiii  romoBoit  (oug paboTsl  00OpYyIOBaHHUS — OMPEAEIIUM
CIIEAYIOIMM 00pa3oM:

Ap-r
Frion = EZ—HH’ (4.6)
rone  JI, — uwuciao gHed pa®oTel B roAy (KaleHAAapHbIE JHH 3a MHHYCOM

IPa3HUYHBIX U BBIXOJHBIX);
I'y — 9MCJIO YaCOB PabOTHI B HEJICIIIO;
J;; — 4mcIio AHEN padoThl B HEJEIIO.
CyTouHBII peXUM padOThI HA NPEIIPHUATUU — § YACOB.
IIpuanmaem [[,=252 nueu.

252-40

I:HOM -

= 2016:/ 200,

F? =2016 097=1955524/ 200

JleticTBuTEeNbHBIN (OH BpEMEHH pabovero Fap paccuuTaem 1o gopmyie:
P
Fy =Fuon - Ko, (4.7)

rie K, — KoOphUIMEeHT, YYUTHIBAIONIUNA BpeMs MO TUIaHy Ha OTMYCKa, 0O0JIE3HU,
BBITIOJTHEHHE OOIIECTBEHHBIX U TOCYJAPCTBEHHBIX 00sI3aHHOCTEH.
[Tpuaumaem k, paBuoe 0,88.

F =2016 088=1774084/ 200

4.2 Pacyer noTpeOHOCTH B 000PY/I0BAHMHU U KOJIHYECTBE Padovyux

PacueTHoe KOJIMYECTBO CBAapOYHOTO OOOPYIOBaHUSA, HEOOXOIUMOE IS
BBINIOJHEHUS MJIaHOBOTO 3a1anus C,, CIEayeT ONPENEeNIuM CIEYIOIIAM 00pa3oM:

CP _ tLUT—I( -N

T o
Fﬂ "Kp "Kpp

: (4.8)

rne  tup — MTYYHO-KATBKYISIIMOHHOE BPEMS IS U3TOTOBIECHUS OJTHOTO W3IEIHsI
Ha JAaHHOM THUIIe 000PYI0BaHUS, H/Y;

N — rogoBast mporpamMma BBIITYCKa H3CIHMA, IIT;

F.° — HelicTBUTENBbHBIA TOMOBON (DOHI BpeMeHH pPabOTHI 00OpPYIOBaHUS,
4/ToI;

Ky — KOO(DPUITMEHT BHIMOTHEHUSI HOPM BBIPAOOTKH, paBHbIN 1,2;

Kpp — KOO(QOUIMEHT, YYNTHIBAIONIMI IIPOCTOM 00OPYAOBAHUA B aBapUIHOM
PEMOHTE, BCIICJCTBUC 3aHITOCTH PabOYMX-CBAPIIUKOB MPHU BBHITIOJHEHUU APYTHX

MI-15.04.0107-07 1604420 173
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pa60T. Ero BeamumHa 3aBUCHT OT THIA npon3BoaCTBa: Jjid MaCCOBOIO
K;=0,7-0,75.

2.75-2000

= = 3350
195552-12- 07

[lpuaaToe  KkoaM4ecTBO  cOOpPOYHO-CBapouHOro obopynoBaHust  Cpyp,
onpeeNsieTcs IyTeM OKpYIJIEHNs pacdeTHOH BenuuuHbl C,, 10 LEeI0r0.
[Tpuanmaem C,;, paBHOE 4 eMHUIIE.

KoaddunmenT 3arpy3kn 000pYHOBAHHSA M, PACCUNTAEM KAK OTHOLICHUE
pacyeTHOro yrcia o0opyAOBaHUS K IPUHATOMY:

ey, (4.9)

3.35
M3arp = 4 =084

PacueTHOE KOJIMUYECTBO OCHOBHBIX padouux P,” onpexnensem no gpopmyie:

PO — tlHT—I( N
= (4.10)

rae Ff{ — NEeUCTBUTENBHBIA (HOHJ BpPEMEHH pabOTHI OJHOTO padodero B TO,

4/To;
Ks — KO3((OULIMEHT BBITOJIHEHHUS] HOPM BbIPAOOTKH paboUymnMm.

PO - 2.75-2000 _ 25801
177408.12

IIpuHATOE KOJMYECTBO OCHOBHBIX pabouux Py, onpenenseM 1o NpHHATOMY
YHCITy €AWHHI] OOOpYIOBAaHUS C Y4YETOM pexuma paboTel mpeanpusatus. [lpu
pabote B oxHy cMeny P°,=1C,,.

[Tpunnmaem P°,, paBHoe 4-1=4 pabouux.

Koaddumment 3anaroctu paboyux 1, paccuyuTaeM Kak OTHOIIEHUE
pPacUeTHOTO KOJMYECTBA PabovnX K MPUHATOMY:

P
M = P_gp’ (4.11)
Uy = 2—06 =0.645
3
/hirm
MA-15.04.0107-071404420 113 88
Ham | /lirm N dakiim [Tadniics | fama




KonmyectBo BcromoraTesbHbIX pabounx P®,, ompenernseM ympolieHHO B
pasmepe 30-35% ot uncna OCHOBHBIX pabounx Py

P}, =03-4=12uen.

[punnumaem PE, paBHOE 2 wenosexa.

4.3 PacueT KaMTAJbHBIX BJIOKEHUI

N3baro 0,5 crpanuis.

4.4 PacyeT TeKyIIMX 3aTpaT

Texnonornyeckas cedbecroumocth C, CBapOYHBIX PabOT HA OJHO H3JEIHE
BKJIIOYAET 3aTpaThl Ha cBapouyHble Marepuanbl C,, Ha TEXHOJOTHYECKYIO
anektposnepruro C,, 3apaborHyro miaty C,, pacxoibl Ha OKCIUIyaTalldio H
coneprkanne ooopynoBanus Cog:

C,=C,, +C,+C,+C, (4.13)

3aTpaThl Ha CBAPOUHbBIC MATEPUAIIBI:

C,, =C,, +C,, (4.14)
raie  C,; — CTOUMOCTb 3JIEKTPOJIOB, @ B HAIIIEM CJIy4ae CTOUMOCTb MPUCATOYHOU
MIPOBOJIOKH, PYyO.;

C, — CTOUMOCTb 3aIIMTHOTO Ta3a, pyo.

CrouMocTs cBapouyHOU mpoBosioku C,; pyO. ompeaenseM UCXOJsd U3 HOPM
pacxo/ia U LIeHbI 3a €AMHUILY Beca:

Con =Hsy L5y, (415)

rae  H—pacxon cBapo4yHOM POBOJIOKM HA CBAPKY y3JI0B OYUCTHOTO aHOJA, KT;
1,; — LeHa oAHOro KWJIOrpaMMa CBapOYHOM MPOBOJIOKHU, PYO.

[U3bsiTa 1 cTpanuna.]

C! =1922 2000= 384400Q6.

3aTpaTbl Ha TEXHOJOTHYECKYI0 JJjekTpodnepruio C, B pyOmsix
ornpenenum 1o hopmyre:

C,=Qt,-1, (417)
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rae  Q— MOIIHOCTH CBApPOYHOIO MOJyaBTOMAaTa, KBT/4;
t, — Bpemsi cBapkw, H/4;
L, — uena 1 kB1/4 anexkrposnepruu, pyo.
MormtHocTh cBapo4Horo amrmapara Q=8 kB1/4.
Bpewms cBapku t,=1 H/4.
Llena oxgnoro kBt1/4 I[,=2.5 py0.

C, =81 25=20py6.
TOI‘I[& CTOMMOCTD JJICKTPOSHCPIUH IJI1 BBIITOJIHCHUA MECIYHOM IIpOorpaMMmalI:
CY =20-167=23340p)6..

A JJIs1 BBITIOJIHCHU AL FO,I[OBOﬁ IIporpaMMmal:

C! =334012= 4008Qy6.

3aTparsl Ha 3apabotHyro miaary C,, pyO/usnenue, BKIIOUYAIOT B ceOs
OCHOBHYIO 3,, JOIMOJHUTEIbHYIO 3, 3apa0OTHYIO0 IUJIaTy W OTYMCICHHUS Ha
conuaiibHOE cTpaxoBanue O:

C,=3,+3,+C, (4.18)

OCHOBHYIO 3apa0OTHYIO IUIaTy MPOU3BOJCTBEHHBIX PabOYUX OMpPEACTUM
CJIEAYIOIINM 00pa3oM:

3y =ty g T K (4.19)

rae  ty,, — ITYYHO-KAIBKYJISIIMOHHOE BPEMSI HA U3TOTOBJIICHUE M3/ICIHSA 110 I-0i
oreparuu, H/4;

I. — 9acoBas TapuHas craBka pabodero, py0./d;

K; — KO3((}UIMEHT, Yy4YUTHIBAIOIIMA BEIMYMHY JOIUIAT K Tapu(pHOU
3apabOTHOM TIIaTe.

I TyuyHO-KANBKYIISIIMOHHOE BPEMsSI Ha HW3TOTOBJIEHHE OJHOTO OYHCTHOTO
aHoza cocTaBisieT ty,.=2.75H/4.

Yacosyto Tapudnyto craBky padoudero npuaumaem 100 py0./y.

[Tpunumaem k,=1,6

3, =2.75-100- 16 = 440py6 | uzoenue.

3a MECALlT OCHOBHAas 3apa60THa>1 miIiara OJHOro IIpOM3BOACTBECHHOI'O
pa60qer0 COCTaBHUT:
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g 300 (4.20)

- 0
PHP

rae  N—InporpaMmma BBITYCKA B MECHLI, LIT.;
P°,, — IPUHATOE KOJINYECTBO OCHOBHBIX PA0OYNX, Yell.

440167

35

=1837Qn6.

3apa60THa;1 I1aTa 3a U3roToOBJICHHUC OAHOI'O U3ACJINA COCTAaBHUT.

3 18370

0= g7 = 110py6 | uzoenue.

3a rog OCHOBHasd 3apa60THa;1 miara IIPOU3BOACTBCHHOI'O pa60qero
COCTaBUT:

30 =1837012= 22044Q6.
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rac

00sI3aHHOCTEH ).
[Tpunumaem 1 B pazmepe 15%.

3,=3,"

JIOTIOJIHUTENIBHYIO

100

3apa0OTHYI0 IUIaTy TPOU3BOJICTBEHHBIX
paccuuTaeM B MPOIIEHTaX OT OCHOBHOM 3apabO0THOM TIAThI:

pabouux

(4.21)

JI — TpoOLEHT MAOMOJHUTENIbHONW 3apa0OTHOM IuIaThl (OruiaTa pabdouyuM
OTIYCKOB, JIbITOTHBIX YaCOB MOJPOCTKOB, OIJIaTa IEPEPHIBOB KOPMSIIIIUM MaTEPSIM,
oIlaTa BPEeMEHU pabodero Ha BBHITIOJHEHHE TOCYAAPCTBEHHBIX W OOIIECTBEHHBIX

3a mecs1:

3% ~165-167= 27555p)6.

3aron:

3! = 27555.12= 330666.

3, =110 % =16.5py6 | uzoenue.

OtuucneHust Ha COLMAIbHBIE HYXIbl ONPEAEIUM B MPOLEHTAX OT CYMMBbI
OCHOBHOM U JIOTIOJTHUTENIbHON 3apa00THOM TIIAThI:

O.=(3,+3,)"

<
100’

rae  C — NpoUEeHT OTYUCIICHUI B COLICTPaX.

[Tpuaumaem C B pazmepe 31.2%.

3a mecsI:

0! =395-167= 65965p)6.

3aron:

Ol =65965-12=791586.

O, =(110+165) % = 39.5p)y6 [ uzoenue.

(4.22)
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Hroro 3apa60THa>1 miara 3a HW3roToBJICHHEC OAHOIO OYMCTHOI'O aHOAa
COCTaBUT:

C, =110+165+395=166p)6.
COOTBETCTBEHHO 3a MCECAIIL:

CM =166-167=27722)6.

COOTBETCTBEHHO 32 BBINIOJIHEHHUE T'0JI0BOI MPOrPaMMBI:
C! =2772212=3326646.

3aTparsl Ha coaep:kaHMe M OIKcIiyaranui odopynoBaHuss  Cgg
BKJIFOYAIOT aMOPTH3alMOHHBIE OTUYUCIEHHS A,, 3aTpaThl Ha TEKYIIHH PEMOHT U
00cIy>kMBaHUE 3,, CBAPOYHOT'O 00OPYIOBAHUSL:

Cos = Ao+ 3rp (423)

3aTpaThl Ha AaMOPTH3AlMI0 CBApPOYHOIO OOOPYIOBAaHMS IO H3JICIIHUIO
OTpEeNIeNIUM HCXOAS M3 €ro OallaHCOBOM CTOMMOCTH M HOPM aMOPTH3AIMOHHBIX
OTYUCJICHUM:

Y =ZS'ni'HA'77?ArP (424)
? N-100

rae S — GajaHcoBas CTOMMOCTH SUHHIIBI 000PYIOBAHUS I-THIIOpa3Mepa;

N — KOJIMYECTBO €IMHUI 000PYI0BaHUS |- THIIOpa3Mepa;

HA — HOpMa amOpTH3alIMOHHBIX OTYHUCIICHHUM;

Nsarp — CPEOHHN KOX(PQUUIUEHT 3arpy3ku oOOpyJOBaHMS IpU CBapkKe
U3JICTINS;

N — rogoBasi mporpaMma BBIITYCKa U3/ICIIUN.

430000 34,4-084
o 2000-100

=621py6.

3arpaThl Ha TEKYIIMH PEMOHT U 00CIyKMBaHUE 00OPYIOBaHUS ONpPENEIUM
o ¢opmyiie:

:PO'ZS N Msurp
N -100

31 (4.25)

rae P, — OpomeHT oTyHMclieHWd Ha TEKYIIM PEeMOHT OOOpYAOBaHUS OT €ro
0aJaHCOBOM CTOMMOCTH S.
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[Tpuaumaem P,=10%

~10-430000 0,84
" 2000-100

=1806pyo.,

C,, =6121+1806=802p)6.

Htoro TexHomormdyeckass ceOeCTOMMOCTh CBAPKH OAHOI'0 OYHCTHOI'O aHOI4
COCTaBUT:

C, =1922+20+166+80.2=21882p)06.

TexHonornyeckas ceOCCTOMMOCTh  BBITTOJIHCHHS FO,Z[OBOﬁ IIporpaMmabl
COCTaBUT:

C, =21882-2000= 437640Q»06.

[IpuBeIcHHBIE 3aTPATHI:
W=(G +E, k)N, (4.26)

I€  Cj — TEKYyIIMe 3aTpaThl HA IPOU3BOICTBO €AUHUILBI MPOAYKIUH, PYO.;
E,; — koappunmenT s3xoHoMrueckoit 3pPeKTUBHOCTH;
Kj — yJIeJIbHbIE KallMTalbHbIE BIOKECHUS;
N; — rozoBasi mporpamma BbIITyCKa IPOAYKIIHH.

W = (21882+ 0,25 4;’888(3 - 2000= 338390(»y6.

Pe3ynbTaThl pacyeToB cBefieM B TAOIHILY.
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Tadomuma 3.1 - CBogHasg TadiIMIa SJKOHOMAYECKHUX MOKA3aTENIEN

3HadyeHue MoKa3aTess
[Toka3arenp Ennanue! usmepenus Ha Ha
S— porpaMmy
BBITTyCKa
Texuonoririeckas PY6. 2188.2 | 4376400
ce0eCcTOMMOCTh
CBapouHble MaTepHAaIIbI Py0. 1922 3844000
TexHonornyeckas PyG. 20 40080
AIICKTPOIHEPTHS
3apaboTHas miaTa PyG. 166 332664
pabouunx
KonuuectBo pabounx UYenn. 4
KonnuectBo 1Tt
000py1oBaHUs
OO01ue KanuTaabHbIC
BJIOJKCHHS, BCETO: 430000
B ToMm umncie: PVG
- CBapOYHOE yo- 380000
o0opy1oBaHUE
- IPUCTIOCOOJICHUS 50000
Pacxonpl Ha conepxxanue
1 DKCILTyaTaIuio Py6. 80.2
CBapOYHOTO
000py1oBaHUs
[TpuBeneHHbIC 3aTpaThI Py0. 3383900
Tpy10eMKOCTh H/4 2.75
['onoBas nmporpamma It 2000
BBITTyCKa
/hirm
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5 Be30macHoOCTh U DKOJOTrHYHOCTh
IPOEKTA
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Beenenue

[IpobGiiema oGecrieueHuss 6€30MACHOCTH YEJIOBEKa B cpefie oOuTaHus Oblia
Bcera akTyaiabHoi. OCOOCHHO OHA 00OCTpUIIACh B MIEPHOJT HAYYHO-TEXHUYECKOTO
mporpecca, KOrja 4YelOBEK CTal HWMETh JelI0 C OOJBIIMMH SHEPreTHUYCCKUMU
MOILIHOCTSIMH, CI0KHBIMHU TEXHUYECKUMH KOMILJIEKCAMU U CUCTEMaMH.

OOecnieucHreM O€30IMAaCHOCTH 4YEJIOBEKa B Cpelie OOWTaHMS, SBIISIFOTCS
oXpaHa TpyJda M TEXHUKA OE30MAaCHOCTH TPU  BBIIIOJHCHHH  PA3HBIX
TEXHOJIOTHYECKHX MTPOIIECCOB.

Hecomuenno, oOecreueHue O€30MacHBIX YCIOBHM Tpyda, OCOOCHHO
CIIOCOOCTBYET YMEHBIIICHUIO YMCIIa MOCTPAaBIINX HA CBOUX PabOYMX MECTax, W
TaK)K€ YMEHBIIAET KOJIMYECTBO JKEPTB OSKOJOTHYECKH BPEIHOTO BIUSHUS
TIPOMBIIIJICHHBIX TPESATPUATHIA.

Bpennsie pakTopsl mpu Mpou3BOACTBE U3ACIIHS:

1) OnacHOCTh HOpaKEHUS HIEKTPUICCKUM TOKOM;

2) OnacHOCTh TPaBMUPOBAHMS  ABMXKYIIMMHCS YacTIMH MaIllMH |

MEXaHH3MOB;
3) OmacHOCTh B3phIBA U MOXKAapa,;
4) OmacHOCTb BBIZICIICHUS BPEIHBIX BEIECTB;

Ham
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5.1 O0beMHO-IIIIAHMPOBOYHOE PelIeHHe IPOEKTHPYEMOI0 YYACTKA

[Tno1maap MpoU3BOACTBEHHOTO MOMEIIIEHHUS, a TaK e BbICOTA 3/1aHus (1Iexa),
00BbeM MOMEIIIEHUS, CTPOr0 HOPMHUPYETCS 0 MUHUMAJILHBIM 3HaUeHUsIM. [laHHBIE
115t atoro cirykaT Hopmbl CII 2.2.1.1312-03. PeanibHble 3HaYEHUSI OTOBAPHUBAEMBIX
BEJIMYMH HA MIPOEKTUPYEMOM YUYaCTKE CIEAYIOLINE: BbicoTa 9,6 M; muiomans 18%30
=540 m% o6beM 5184 M°. COmOCTAaBHB pealbHBIC NAHHBIE C CAHHTAPHBIMH
HOPMAaMH, JIeJIaéM BBIBOJBI O TIPUTOJHOCTH K MCIIOJIB30BAHUIO PA00OUYNMHU pabOImnX
MECT. Y4acToK COOpPKH-CBApKU BKJIIOYAET B ceOsl: IMIECTh CBAPOYHBIX MOCTOB. Bee
pacnojoxeHHoe 000pyAOBaHHE HWMEET CBOOOJHBIN JOCTYI, IMIMPUHA MPOXOIOB
Mexay oOopyaoBaHueM He MeHee | Merpa. PacnonoxxeHHoe B OJIM3U CTEH
CBapOYHOE O0OpYJOBAHME —HAXOJUTCA HA PACCTOSHUM HE MeHee | MeTpa 4To
JOIYCKAeTCs] HOPMaMHU.
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5.2 Ilpon3BoACTBEHHAS] CAHMTAPHSA
5.2.1 MUKpPOKJIUMAT NPOU3BOACTBEHHbBIX MOMeIIeHH I

MeTteoponornueckue yciaoBHs WIM MHKPOKJIMMAT B IPOM3BOJICTBEHHBIX
YCIOBUSIX  ONpENeNsercs  JACUCTBYIOUIMMH Ha  4YEJIOBEKAa  COYETAHUAMHU
TEMIEPATypbl OKpyXkaromel cpeasl. B coorBercTBUM ¢ TpeOOBaHUAMHU
Canllun 2.2.4.54896, BoinonHsIeMbIe paOOTHI HA Y9aCTKE OTHOCSATCS K CpEIOHEH
kareropun 116 Tsoxectn, ¢ sHeprozarpatamu  200-250 kkan/dac, CBSI3aHHBIE C
x011600i1 U nepemenieHueM rpy3oB 10 10 kr, pabounMH MO TEPPUTOPUU YHACTKA
IPU BBITIOJHEHUN TEXHOJOTHYECKUX Ormepanuil cOOpPKH M CBapKH, KaHTOBKH U
CKJIQJIUPOBAHUIO U3JICITIUN.

Tabnuna 5.1- [TapameTpbl MUKpOKIMMAaTa paboydeil 30HbI

Kareropus Temmeparypa, °C Brnaxxnocts, % Cropocte

CesoH rosa AGOT BO3/TyXa, M/C
p OIT 10T OnT hito)s! onT it

X OJIOTHBII . 17-19 | 15-21 40-60 75 0,3 <0,4
Cpenneit

Temmeii | PO 150 55 11617 40-60 |70 03 |0205

Meronpl  obecriedeHUsT HOPMHUPYEMBIX  IMapaMeTpPOB  MHUKPOKIMMATA:
TEMIIepaTypa BO3AyXa B TIOMCIICHWHM 3aBHCHT OT HApPYKHOW TEMIEpaTyphl,
TEIJION30JIUPYIOIICH CIIOCOOHOCTH CTEH, IMOJIOB, MOITHOCTH CHCTEMBI OTOTLICHUS.
OTHOCHTENIbHAS BIIAKHOCTH BO3/yXa 3aBHCHUT OT COJCPKaHMSI IMAPOB B HAPYKHOM
BO3JIyX€ U BBIJICJICHUH BJIard OT TEXHOJOTUYECKOTO MpoIiecca.

N3meHeHne BIAXHOCTH MPOU3BOJAUTCA JUOO, pazOpbi3ruBasi  BOAIY
dbopcyHaMu B BEHTWISIMOHHOW CHUCTEME, JUOO yIydlialoT paboTy OTCOCOB BO
BJIQYKHBIX TIOMEIIICHUSX.

CKopoCTh JBWXKCHHS BO3JyXa 3aBHCUT OT TPABUIBHOCTH YCTPOWCTBA
peryJIupoBaHus pabOThl BEHTHISAIMOHHBIX CHCTeM. Tak Kak Ha ydYacTKe
UCITOJIB3YETCSI HHEPTHBIN Ta3, MPOU3BEAEM pacyeT HEOOX0IMMOTO BO3TyX000MEeHa.

HeoOxonumeiii BO3AyX00OMEH MO a’po30Jil0 THUTaHAa HUTPUA, Ha 1 Kr
pacxoIyeMbIX Ha CBApPKy MaTCPHUAJIOB:

I[TJIK=4 MI/M>

L =G 1000/T11IK, (5.1)
L = 15-1000/4 = 3750 m>/u

Ha yuacTtke pacxomyercs 1.5 Kr/d cBapoUYHBIX MaTEpHAIOB, HEOOXOIUMBII
BO3/[yXO0OMEH:

L=L"1.5, (5.2)

/lirm

MI-15.04.0107-07 1604420 173 99

Ham

/hicm N° dnkiim [ndnics | /lama




L =3750"1.5 = 5625 M/u
[IpuHIMaeM BO31yxX000MeH 5700 M/u.

Jlns  ynajneHusT BpPEIHBIX  BEHIECTB  IPEAYyCMOTpEeHa  00IeoOMeHHas
BEHTWIALHA.

5.2.2 OcBemieHue pado4ux MecT

BriOupaem cumMeTpuyHOE pa3MEIICHUE CBETWIBHUKOB. CHUMMETPUYHOE
pasMmenieHue OoO0€eCleurBaeT OJIMHAKOBOE OCBEIIEHHWE padoyux MeCT U
0o0opy10BaHUSI.

3HaueHue Kod(ppuIMeHTa €CTECTBEHHOTO OCBEIICHHUS yCTAHABJIMBACTCS B
coorBercTBuM CHull 23-05-95 "EcTecTBeHHOE M HMCKYCCTBEHHOE OCBEICHHE",
CAHIIMH 2.2.1/2.1.1.1278-03 "T'uruenuueckue TpeOOBaHUS K €CTECTBEHHOMY,
HUCKYCCTBEHHOMY U COBMEIIEHHOMY OCBEIICHUIO KWIBIX U OOIIECTBEHHBIX
31aHU"

HanmMenbimii pazmep 00bekTa pa3MelieHus: CBApHOM 0B JUIMHHON 60 MM ¢
KareToM 8 MM, B 3aBUCUMOCTH OT 3TOrO XapaKTEPUCTHUKA 3PUTEIBbHON padOThI
CpeIHEeN TOYHOCTH — IIECTOro paspsjaa. Takomy pa3psigy COOTBETCTBYET HOpMa
ocsenieHHoctu mectoM — 200 JIK.

Pacuer H€O6XOI[I/IMOFO CBCTOBOI'O IIOTOKA:
Pacuet BeICOTHI IoaABECa CBCTUIIbHUKOB:

H.=H-h.—h,, (5.3)
rne  H,— BpIcOoTa mmojBeca CBETUIBHUKOB, M;
H — BbIcOTa nHOMeEIIEHUS, M;
h. — cBec, Mm;
h, — BeICOTa paboueii MOBEPXHOCTH, M.
hc=0,2H —hp),
rIe hp - BBICOTa paboueii MOBEPXHOCTH OT I10JIa, hp =0,8.
h, =0.2(9.6 — 0.8) = 1.76M
H.=96-08-176="7m.
/irm
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2. PacueTr pacCcTOSIHUS MEXy CBETHIIbHUKAMU:

L=H:-14 (5.4)
rie L —paccrosiHue Mexy CBETUIBHUKAMU, M.

L=7-14=98m.

3. Pacuet HEOOXOIUMOT0 KOJIMYECTBA CBETHIHLHHUKOB:

2 (5.5)

rac N — HCO6XOI[I/IMOG KOJINYCCTBO CBCTHJIBHUKOB, IIIT,
2
S- Iiomaab OCBCIacMoro mIoMCImCcHus:I, M .

540
N = > = 5625um,

98
[IpruHUMaeM KOJIMYECTBO CBETUIIBHUKOB 6 IITYK.
OrnpenenuM HEOOXOIUMBIA CBETOBOM MOTOK OJHOU JIAMITBI:

F, o Lu S K2 (5.6)

n-N

rae  F, — HCOOXOAUMBII CBETOBOM ITOTOK OJHOM JIaMIIbI, JIM;

E, — HOpMHpOBaHHOE 3HAYEHUE OCBEIICHHOCTH, JIK;

K3 — koo dunuent 3anaca;

Z — xodhduIMeHT, yYUTHIBAIOIIMK HEPABHOMEPHOCTh  OCBEIICHUS
MTOBEPXHOCTH;

1N — K03 GUIIMEHT UCTIOJIB30BAHUS CBETOBOTO TTOTOKA.

HopmupoBanHoe 3HaueHue ocBellleHHoCcTH npunnmaeM E,=200 ik .

3nauenue kod(pdurmenta 3amnaca npuaumaem K,=1,8.

3HaueHue Kod(pduIMeHTa HCIOJB30BaHUS CBETOBOTO MOTOKA MPUHHUMAEM
n=0,35.

3HayeHue Kod(pUIMEHTa, YUYUTHIBAIOIIETO HEPABHOMEPHOCTh OCBEILICHUS
MOBEPXHOCTH, MPUHUMaeM B npenenax Z=1,15+1,3.

_ 200-540-18-13
7 035-6

= 25365umu.

[TogOupaeM TN CBETUILHUKOB: Jamibl HakanuBaHust HI'-1500 cBeroBoit
noTok 28000 ym.

Ham
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5.2.3 X03491liCTBEHHO-TINTHEBOE BOI0CHAOKEHHE

Ha yyactke pabGoraer 3 demoBeka B OAHy cMmeHy. llex XomionaHblid, Ha
Y4acTOK MPEyCMOTPEHO JIBa KpaHa yMbIBAJIbHUKA, 3HAUUT MOTPEOJICHUE BOIBI:

s muths: Q=3-5=15 1/cmeny;

JIns xo3siicTBeHHBIX 1eneit: Q,=3:25=75 n/cMmeny.

Ob61iee notpebaeHue BoAbI 32 CMEHY COCTaBUT Q,=15+75=90Q1/cMmeny.

5.3 AHAJIU3 U yCTPaHeHHe MOTeHIMAJILHBIX ONIACHOCTEN M BPeHOCTeil
TEXHOJIOTHYEeCKOr0 mpoiecca

Bo3moxHBIE  OIIACHOCTH  ATO: IMOPAXXCHUC  JJICKTPUYCCKHM  TOKOM,
TPaBMHUPOBAHHC ABUIKYIIUMHCS qacTsaMHU 06OPYI[OBaHH51, ICPEBO3HNMBIC
prrIHOFa6apI/ITHLIe MpCaAMCTBI U U3ACIINA, ABUKYITUCCA TPAHCIIOPTHBIC CPCACTBA
(TGJIG)KKI/I, TpaKTOpa ), BBIACJICHUC BPCAHBIX BCIHICCTB OT CBAPKH, BO3MOKHOCTDH
B3pPbIBa 0aJIJIOHOB C ra3oM, MopaxxCHUcC pa3indHbIMU BUIaMHU H3Hy‘l€HHﬁ.

5.3.1 OnacHoOCTh MOPAKEeHUS ITEKTPUYECKUM TOKOM

Paboune mecto gomxHO coorBeTcTBOBaTH TpeboBanuem 'OCT 12.2.003.

[IInpokoe UCIIOIB30BaHUE B TIPOMBITIUICHHOCTH 3JIEKTPOIHEPTUU O0S3hIBACT
YAEIATh OOJBIIIOe BHUMAaHHE NPO(PHIAKTHKE 3JIEKTPO-TpaBMaTHU3Ma. bosbiias
OITACHOCTH 3JIEKTPUYECKOTO TOKA JIUISA 370POBbS YeJOBEKa OO0YCIIOBJICHA TEM, UTO
TOK OYEeHb YacTO HE BOCIPUHHUMACTCS KaK WCTOYHUK HEMOCPEICTBCHHON
OIMACHOCTH, ITOATOMY CTPOTO€ COOJIOIEHNE TMPaBUI dJICKTPOOE30MaCHOCTH —
BaKHEHUIIAs 3a7a4a, KOTOpas MOXKET YMEHBIIUTh YMCJIO HECUACTHBIX CIIy4acB OT
MOPAKEHUS PJICKTPUIECKUM TOKOM.

[IpukocHOBEHHE YEJIIOBEKOM K 3JIEKTPOOOOPYIOBAHUIO, HAXOASIIEMYCS MO/
HaIpPsHKEHUEM 110 TIPUYMHE MePeX0/ia HAMPSHKEHUS Ha KOPITYC, MOXKET OBITh TaKkKe
OMMACHO ISl JKU3HHW, KaK U TMPUKOCHOBEHHE K OrOJIEHHOMY IpoBoay. B memsix
0e30MacHOCTH  KOpmyca  JJIGKTpooOopyaoBaHus  3a3zemissioT.  CorjacHo

JIEUCTBYIOIUM MpaBuIaM yCTpOMCTBA AJIEKTPOYCTAaHOBOK KopItyca
IEKTpooOOpynoBanus ¢ HampsokeHneM 380B  3azemisitoT B 00s13aTelbHOM
MOPSIKE.

OmnpenensrommmM (HakTopoM BO3IACHCTBUS Ha YETIOBEKA SBIIICTCS CHJla TOKa,
MpOoTEeKaroero yepe3 opranu3M. OHa 3aBUCUT OT COTIPOTUBIICHUS Teja YejoBeKa 1
HaNpsDKCHUS, TI0J  KOTOPHIM  OKaszayicst 4deioBek. CONpoTHBIICHHE —Tela
CKJIAJBIBACTCSI M3 COMPOTHUBJICHUS KOXXH M BHYTPCHHHX TKaHeW. [losTtomy mpwm
00ecIeyeHun AEKTPOOE30NaCHOCTH BHIOMPAIOT WM pa3padaThIBAlOT TaKHE MEpPHI
3allMThI, 4YTOOBI B cCllydae TIOMAJaHus deliOBeKa IO HaNpsDKEHHE TOK,
MPOXOMANIMIA dYepe3 ero Tejao, He mpeBblman 3HadeHuid 10-15 MA — mnsa
nepemeHHoro u 50-70 MA — 1151 TOCTOSIHHOTO.

BeposTHOCTh TOpakeHHsI YeIOBEKa JJICKTPUYECKUM TOKOM 3aBHCHUT OT
YCIIOBUM, B KOTOPBIX TPUMEHSIOT DJEKTPOYCTAHOBKHM U CPEICTB 3allUTHI,
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PEKOMEHIYEMBIX Ul Pa3M4YHbIX ycaoBUH. [lo cTeneHu OmacHOCTH NMOpa)KEHUs
TOKOM BBIAEIIAIOT TPU KJIacCa OMEILEHU.

HannaBouHnble paObOThI NPOU3BOASAT Ha YYaCTKE HaIlIaBKU. [laHHBIN y4acTOK
OTHOCHUTCS K TpeTheMy KJacCy IOMEIIeHud — ocoOoomnacHele. HampspkeHue
nuTatome cetu cocrasiser 380 BosbT, Mmo3TOMy HEOOXOIMMO HaJIMuue
HaJIe)KHOM M30JILMU BCEX IPOBOJIOB, CBA3AHHBIX C MUTAHUEM HMCTOYHUKA TOKA U
CBapOYHOM AYIH, a TaK K€ 3alIUTHOE OTKIIIOUEHUE 3JIEKTPOYCTaHOBOK. B Mecrax
BO3MOYKHOTO TMOPAXEHUS 3JEKTPUUECKUM TOKOM IPUBEIEHBI COOTBETCTBYIOIIUE
TaOHIIBI U HAIHUCH.

B coorBerctBum ¢ 'OCT 12.1.019-79 nns 3ammrsl Jiroged OT MOPAKEHUS
NEKTPUYECKUM  TOKOM  HCIOJNB3YETCS  METOJ ~ 3allUTHOTO  3a3eMJICHUS,
3aKII0YAIONIUICA B MPEAHAMEPEHHOM JJIEKTPUYECKOM COEIUMHEHUU YacTel
0o0OpyZOBaHUs, HE HAXOAAIIMXCA IMOJ HANPSIYKEHUEM B HOPMAJIBHBIX YCIOBHSX
paboThl, C 3a3€MIIIOIIMM YCTPOWCTBOM, B TOM CIIy4ae €CJIM 3TH YacTH MOTYT
OKa3aThCsl 0]l HAIPSKEHUEM B aBapUHBIX CUTYaLIHSX.

ComnpoTuBiieHHE OJMHOYHOTO TPyO4yaTOro 3a3eMIIUTENS, BEPTUKAIBHO
YCTaHOBJICHHOTO B 3€MJIIO, OTIpeessieTcs o GopmyIie:

er=—O’366'p-(|n£|+l—ln 4t+|j, (5.7)
| d 2 4-1

IIe P — yAeIbHOE COMPOTHUBIIEHUE TPYHTA C yU4EeTOM KO3 HUIMEHTa CE30HHOCTH
v = 1,5 (Omecm)

| — ninHa 3a3emnuTens, CM;

d — quametp TpyOBI, CM;

t — ryOuHa 3aJI00KEHUS] TPYOBI, B CM OT MOBEPXHOCTH 3€MJIM JI0 CEPEIAMHBI
TPYOBI.

Jlns ompenencHus MPUHUMAEM CJCIYIONIUE pa3Mepbl (TpyObl) 3JEMEHTOB
3a3eMJICHUS:

| =250 cm; d=6 c™m; t =70+125 =195 cm.
p=1,5100= 150 Om/m

rae 100 OM'M — cCOnpOTHUBIIEHUE TPYHTA P,.

~ 0366-150-10° {n 2 250+ 250|n 4.195+ 250
6 2 4.195-250

r =5120m.
” 250 ) 120m

Ham
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Tak Kak CONPOTUBJIEHHWE OJWHOYHOTO  3a3€MJIMTENSI  IPEBBIIIAET
HOpPMHUPYEMOE 3HAuY€HHE, TO HEOOXOJAMMO NPUMEHHUThH TPYIIY H3 HECKOJIbKUX
napajyieIbHO COCIUHEHHBIX 3a3eMIIMTENICH, pacloiIoKEeHHbIX Ha 2,5 - 5 MEeTpoB
npyr ot apyra. KonnuecTBo 3a3emiurteneit onpeaenum no Gopmyse :

n= Irp , (58)

rae N — KOJMYECTBO 3a3eMIMTENEH;
lp — COIPOTUBIICHHE OJMHOYHOTO 3a3EMIHTEI;
I, — COIIPOTHBJICHUE 3a3EMIISIONIETO YCTPOMCTBA 110 HOpMaM, I,= 4 (Om);
Nrp — KO3QOUIMEHT UCIIOIb30BaHUs TPYOUATHIX 3a3eMIIMTENEH,
Ny = 0,8.

Orcroaa noy4um:

_ 512 _

= =13um
4.08

n

Takum oOpazom uTOOBI 3a3eMjeHHE OBUIO HAACKHBIM HeoOXxomumo 13
TpyOUaTHIX 3a3EeMIIUTEIICH.

PaccunThiBaeM pacTekaHue TOKa COEIMHUTENbHOMN MOJIOCHI 10 (hopMyJIe:

_ P
RHOJY _27Z'| ln dt’ (59)

roe t=0,8; d0,5 B; p=0,360;
B — IMpuHa nosocsl 0,04 m;
| — 3a3emurstomIei MOIOCKHI paBHO 2,5+5:13=32,5+65 m.

0,366 3252
In

- - 0199,
o1 =5 314325 0,02- 08 .

Haxomum R, — rpynmosoe 3a3eMicHue:

_ Ri " Rios (5.10)
v Rmp ' 77110,1 + Rno:l ) 13 77mp 1

A€ Mpox — KOAPIULIIMEHT UCTI0NB30BaHUS T10J10CHI 0,7;
Nrp — KO3 UIMEHT Hcnoab30BaHKs TpyOUaThIX 3a3eMunteneii 0,5.
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B 512-0199
512-0,7+0199-13- 05

R, = 0,280,

0,28 Om < 6 Owm.

B 1aHHOM ciydyae MOXXHO YMEHBIIWTh KOJMYECTBO BEPTHUKAIBHBIX
3a3€MJIUTEJIEMH.

5.3.2 OnacHocTh TPaBMHUPOBAHUA ABUKYIIMMUCH YaCTAMMA MalllUH A
MEXaHHU3MOB

He3ammimeHnHbie MOABMXKHBIC YaCTH MAIIMH W MEXAHW3MOB, IBHKYIIHECS
3arOTOBKM M MaTepuajbl IMOBBIMIAIOT BEPOSTHOCTh TPAaBMHUPOBAHMS IEpCOHAIIA
['OCT 12.0.003. Y31b1 nepemeniarorcsi ¢ TOMOIIbIO KpaHa, TJIaBHOM OMacHOCTh B
TOM Ciy4yae SBIAETCA TaJCHHE Y3JIOB OYUCTHOTO aHoJa B pe3yjbTaTe
HEUCITPAaBHOCTH KpaHa Wi 0OpbIBa CTPOIL.

[lepeaBuxeHue OCYIIECTBIATh TOJBKO MO CHEIUAIBHO O0003HAYECHHBIM
MEMIEXOHBIM IOPOKKAM.

BuumaTenbHO ciaymaTh CUTHaAIBI Hayasla JBUXKEHUS KpaHa U MEePEeXOUTh B
30HBI 0€30MMaCHOCTH.

Bce 6e3 uckimtouenus pabouue T0HKHBI HOCUTh KACKU MPU HAXOXKJICHUM B
MOMEIIECHUH 11eXa.

[IpyurHAMU TpaBMaTH3Ma TPHU MPOBEIACHUHM CBAPOYHBIX PAOOT, SBIISIOTCS
HEUCITPAaBHOCTh CPEACTB JUISI TPAHCTIOPTUPOBAHMS TSKENBIX JCTAICH, HAIMIUE
JIBIDKYIIMXCA dYacTed Tmpu  paboTe CBapOYHBIX YCTAaHOBOK, OTCYTCTBHE
CTIEIOJICIKBI U APYTHX CPEACTB 3aITUTHI.

Mepamu  mpenynpexaeHuss TpaBMaTH3Ma  SBJISIIOTCS  CBOEBPEMEHHAs
poBepKa MHCTPYMEHTa U 00opynoBanus. Pabotats HE0OX0IUMO B CIIELIOACKIE, a
TaK ke COOJII0/IaTh MpaBUiia TEXHUKU O€30MacCHOCTH.

5.3.3 OnacHoOCTh MOJTyYeHHsI TEPMUYECKUX 05KOTOB

[Ipn mpoBemeHWM Ta30pe3aTENbHBIX W CBAPOYHBIX padOT BO3HUKAET
OMAaCHOCTh TOJMy4eHUs pabOYMMH OKOTOB B PE3yNbTaTe NEHUCTBUS OTKPHITOTO
riamMeHu (ra3oBasi pe3ka) U paciiaBIeHHOro Merasuia ( cBapka). Tak »ke ImpH 3THX
npoleccax BBIACIACTCS SPKOE M3JIyuyeHHe, YTO OCOOEHHO BpEAHO MJis TIJIas3,
KOTOPOE BBI3BIBAET 0XKOTH Ha HE3AIIMIIEHHBIX YacTaX Tena padouux. [[mst 3ammTet
OT TEIJIOBOTO HM3IyYCHHS MPUMEHSETCS CIICHOACkKAa, a TAK)KE 3allUTHBIC OYKHU (
IIPY ra30BOM PE3KE ) M 3aIUTHBIEC IUTKH ( IPU CBapKe).

TexHomornyeckue MpOLECCHl B TOPSYMX I€Xax  COMPOBOXKAAIOTCS
BbIJIEJICHUEM OOJIbIINX KOJIMYECTB Teria. PackaleHHbIM MeETayioM, LUIAKOM M
000pyIOBaHUEM CO3AAIOTCS MOTOKU TEIJIOBBIX M3IYUYEHHH, KOTOpPbIE MPUBOAAT K
HApyILICHUIO  TEIUIOBOrO  OamaHca  OpraHu3ma.  YIbTpaHUOJETOBBIE U
uHppaKpacHbIE Jy4Yd TaKXKe MOTYT MPUBECTH K TSDKEIbIM IOCIEICTBUSM.
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CBeToBBIC JIydd, NOaX€ MpPU HEOOJBIIOM OOJYYCHUH BBI3BIBAIOT BPEMEHHOE
OCJICTUICHHE U BOCTIAJICHUE CIM3UCTON 000JIOUKH TJIas3.

CpencTtBa MHIWBUIYaTbHOW 3aIUTHI TPUMEHSIOTCS B IIEJIAX UCKITIOYCHHS
WIA CHUKCHHS BO3JICHCTBUS JIYIUCTOW SHEPTUH, OpBI3T pacKaJleHHOTO MeTalia.
Wmu cimyxat Ope3eHTOBBIN KOCTIOM, PYKaBHIIBI, IIJIEM JJISl 3alUTHI TJIa3 U KOXKHU
Ju1a, KoykaHasi 00yBb, TOJIOBHOM yOOD.

5.3.4 OnacHOCThH B3pbIBA U MOKapa

YrobObl mpenynpeauTh HECUaCcTHBIE CIydyaud OT B3pbiBa OaUIOHOB C Ta30M
ClIeyeT CTpPOro coOoaTh MpaBuiia obOpaiieHus ¢ HUMH. Henb3st gomyckaTh
neperpeBa OaJJIOHOB, PE3KHX TOMYKOB M  yAapoB. baioHbl aproHomM
YKOMIUJIEKTOBBIBAIOTCSI CUCTEMAMU 3aIIMTHl OT IEPErPEBA U MOBBIILICHUS TaBJICHUS
(TepMopene W Ta30BbI NpPEJOXpaHUTEIbHBIM KiamaH). EnuHuuYHBIE OalljIOHBI
JOJKHBI TPAHCIIOPTUPOBATHCSA HAa PYYHBIX TEJIEKKAX WIN CIIEHUATbHBIX HOCUIJIKAX.
3anpenaercs IEpeHOCUTh Ha PyKax.

PenykTopsl, ncnosb3yronmecs 1Uis CBapKU B CpPelie aproHa, JOJKHbBI ObITh
BBIKpallleHbl B cepblii 1[BeT. [Ipu oTorpeBaHuMu peayKTOpoB M Ta30BBIX CHUCTEM
3aMpenIaeTcsl UCNOJIb30BAaHUE OTKPBITOTO TUIAMEHH.

['oproune BemecTsa Ha y4acTKe OTCYTCTBYIOT.

HcTounuku 3axuranus:

o BpbI3ru pacmiaBieHHOTO MeTaslia Py MOSIBICHUH BBIILIECKOB;

o [Ipu 3aMbIKaHUH SJIEKTPOIPOBOIKH.

B kauecTBe cpeACTB MOXKAPOTYIIEHUSI UCHOJIb3YIOTCS OTHETYIIMTEIN THUIIA
OVY2A, OY5 ¢ T.n. uiau NopoumkoBbie orHeTymurenu ¢ cocraBoM I1Ch-3. Takxke B
1exe uMmeercs 0aK ¢ IECKOM.

B nensx npoduiaakTUKU BO3HUKHOBEHHUS BO3TOpaHMs CIEAYET UCKIIIOUUTH
nonajgaHue OpbI3r pacIyIaBJICHHOIO MeTajla Ha Toproude Marepuaibl. Bcee
ANEKTPUYECKUE LIEeMH JOJDKHBI MUTAThCA 4Yepe3 MNpPeJOXpPaHUTEIbHbIE IIUTHI,
KOTOpbIE aBTOMATHYECKH OTKJIFOYAOTCS NP MEPETPY3KE AIEKTPOLIEIIH.

JUist ycTpaHeHUsi MPUYMH, CIOCOOCTBYIOIIMX BO3HMKHOBEHUIO IOXKAapOB,
HE0OXOAMMO BBITIOJIHSTH CJIEIYIOIINE TPOTUBONOKAPHBIE MEPOITPUATHSL:

a) HeJb3s XpaHUTh B paboueM TOMEIIeHUH Wik padodeil 30He
JIETKOBOCTIAMEHSIFOIIUECS WJIM OTHEONACHbIE MaTEPHUAIIbI;

0) KaXX]Iplif CBApOYHBII MOCT JOJIKEH UMETh OTHETYIIUTEb, UK C TECKOM
1 JIOIIATOM;

B) IIOCJI€ OKOHYAaHMsI CBapOYHBIX pabOT ciexyer NpoBepsTh pabouee
NOMEIIEHNUE U 30HY, TJ€ MPOU3BOJUIUCH CBAPOUHBIE PaOOTHI, U HE OCTABJIAThH
OTKPBITOTO TUIAMEHH U TJICIOLIUX MTPEIMETOB.
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5.3.5 TpeGoBanus 6€30MACHOCTH NPH UCIOJIb30BAHUU APTrOHA

ApProH HETOKCHYEH M HEB3PBIBOOIMACEH, OJHAKO MPEICTABISET OMACHOCTh
JUTSL )KM3HU: TIPU €r0 BIBIXaHUU YEJIOBEK MTHOBEHHO TEpSIET CO3HAHHE, U 4Yepe3
HECKOJIbKO MHUHYT HAcTymaeT cMepTh. B cMmecu aproHa ¢ Jpyrumu razaMu Wid B
CMECH aproHa ¢ KMCJIOpOJIOM MpU 00bEMHOM J10J1e Kuciaopoaa B cMecu meHee 19%
pa3BUBaETCAd KHUCJIOPOJHAS HEJOCTATOYHOCTb, MPU 3HAYUTEIHHOM MOHMKEHHUU
COJIEpKaHUS KUCIOPO/a - yAYIIbE.

["a3000pa3HbIil aproH TsDKeNee BO3/AyXa M MOYKET HAaKaIUIMBaThCs B C1a0o
POBETPUBACMBIX MOMEIICHUAX Yy MOJa U B MPUSIMKaX, a TakKe BO BHYTPEHHHX
oO0beMax oO0OpyAOBaHMS, MPETHA3ZHAUYEHHOTO I TIOJYYCHHUS, XpaHCHUS U
TPAHCTIOPTUPOBAHUS Ta3000pa3HOT0 W KUAKOTO aproHa. Ilpu »TOoM CcHIKaercs
COJEp)KaHUE KHCIOpoJa B  BO3AyXEe, YTO TMPUBOAUT K  KHUCIOPOJIHOM
HEJ0CTAaTOYHOCTH, a MPU 3HAYUTEIBHOM IMOHMKEHUH COIEpPXKaHUS KUCIOpoJa - K
yIAyIIbIO, TOTEPE CO3HAHUS U CMEPTH YEJIOBEKA.

B Mecrax BO3MOXHOr0 HAaKOIUIEHHsS ra3000pa3HOro aproHa HEOOXOAHMMO
KOHTPOJIUPOBAaTh  COJEp’KaHUE  KHUCIopoJa B BO3Ayxe  mpubopamu
aBTOMATUYECKOT0 WJIM PYYHOIO JCHCTBUS C YCTPOHCTBOM JUIsl TUCTAHIIMOHHOTO
orbopa npod Bozayxa. OObeMHast 0 KUCIOPOJa B BO3/1yX€ JOJDKHA OBITh HE
MmeHee 19%.

Kuakuit aproH - HUBKOKHIISIMIAS KHUAKOCTb, KOTOpas MOXET BBI3BATh
OOMOpaXMBaHUE KOXKHU U TOpPaKEHUE CIU3UCTOM o00oiouku ria3. [Ipum otbope
npo0 U aHAJIN3€ KUIKOTO aproHa He0OX0IUMO PaboTaTh B 3AIIUTHBIX OYKaX.

I[Ipu pabore B armocdepe aproHa HEOOXOOUMO  MOJIb30BATHCS
U30JIMPYIOIIUM KHCIOPOIHBIM MPUOOPOM WIIH ITUTAHTOBBIM TIPOTHBOTA30M.

Okcrmtyaranys OaljIoHOB, HAMOJIHEHHBIX Ta3000pa3HBIM aprOHOM, JTOJDKHA
paBUJIaMU YCTPONCTBA M 0€30MacHON IKCIUTyaTallMd COCYOB, pa0OTAIOMIUX MO
JaBJICHUEM, YTBEPKACHHBIMU [ 0cropTeXHa 30poM.
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3akJIroueHue

1.PaccMoTpeHBI BHIBI CBApKH, OCOOCHHOCTH U TEXHOJIOTUYECKHE TPUEMBI,
NpUMEHSICMbIE JJI1 COCIUHCHUS THUTaHA, MEIM M Meau ¢ TUTaHoM. [lokaszaHa
BRXHOCTh NPUMCHCHHUS 3allUThl CBAPOYHOW BAHHBI M OKOJIOIIOBHOW 30HBI IPH
CBapKe THUTAHA C LEJIbI0 YCTPAHCHUS BEPOSATHOCTH MOSIBIICHUS TPEIIUH.

2. JIns M3rOTOBJICHUS CBApHBIX TUTAHOBO-MEIHBIX aHOJOB BBIOpaH CIIOCOO
CBapKH, IOJOOpaHbI CBAapOYHBIC MaTEpPHAIbl M OOOPYIOBaHHE, IPEIIOKCHBI
BapHAHTHl IPUCIOCOOJNICHUH H Jp. TEXHOJOTWYCCKOW OCHACTKH, BHIOpaHBI M
paccuuTaHbl PEKUMBI CBapku. Pa3paboTaHa TeXHHWKa CBapKH TUTaHa C MeEJbIO,
UCKJTIOUAlonasi  TIyOOKOe  B3aWMONPOHMKHOBEHHE  METAUIOB.  YKa3aHa
IOCJICIOBATEIPHOCTh  TEXHOJOTHYECCKUX — OICpalyid, BKJIIOYAas KOHTPOJIbHBIC
ormepar. IIpuBeleHBl  OCHOBHBIC  TEXHHKO-DKOHOMHUYECKHE  IOKa3aTeln
CBapOYHBIX padoT.

3. Pa3zpaborana TexHOJOTHMYECKass W KOHCTPYKTOpCKas MOKyMCHTAIUs Ha
cOOpKy-CBapKy aHO/Ia.

4. V3roTOBJICH ONBITHBIA OOpa3el aHojia, MPOBEACHBI €r0 HUCIBITaHUS,
MOATBEPIMBIIIKE €r0 pabOTOCIIOCOOHOCTD.

Ham

/hicm

N° dnkiim

[ndniirs

Jama

MI-15.04.0107-07 1604420 173

/lirm

108




OmnpenesieHusi, 0003HA4YEHUS M COKPALLICHUS

3TB — 3ona TCPMHUUYCCKOTI'O BIIMAHHUA - YI4CTOK OCHOBHOI'O MCTAJllla, HC

MOJBEPTIINICS PACIUIABIICHUIO TPU CBapKe, CTPYKTypa U CBOMCTBa KOTOPOIO
W3MEHWINCH B pe3yJIbTaTe Harpena.

PAJI - Pyynas aproHonyroBasi cCBapKa HEILIABSIIIUMCS 3JIEKTPOIOM.
THUI" - PydyHas cBapka HEIUIaBAIIMMKCS BOJb(PPAMOBBIMU 3JIEKTPOJIaMH B

cpeze aproHa.

DC — ITocTosTHHBIH TOK.

AC — IlepeMeHHBII TOK.

MMA - PyuyHas nyroBas cBapka HOKpPBITBIM 3JIEKTPOJAOM.

MOSFET- [TonynpoBoAHHKOBBIE TPAH3UCTOPHI.

[1B — [IpoaomKuTENbHOCT BKIFOUEHUS CBAPOYHOTO ammapara.

KIIJI — KoadduineHt rnone3Horo AeMcTBus.

YITY — YucnoBoe nporpaMMHOE yIIpaBJICHUE.

BUK - BuzyanbHblii U3MEPUTEIbHBIN KOHTPOJIb.

OmnpeccoBka—I napaBindeckue 1501051 MTHEBMATUYECKUE WCIIBITAHUS

IrCpMCTHUYHBIX I/ISIIGHHﬁ HpO6HBIM JaBJICHUCM.
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