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Tepruzvecnax pe3ra gBJlgercff ocnognofi onepaqr,refi npll rroJryrreHlru MeraJr-
Jrlrqecxl{x BatoroBox gaAannbrx pagMepoB. Coapenrexxoe [porraBoAcrBo upeA'bflB-
Jrser Bbrcordrle rpe6onanua rc KarrecrBy BrrpeaaeMr,rx t,r paapeaaeMhrx garoroBor,

rroeroMy pa6ovr,rnr neo6xogzrrro Buarr, crrequ@lrKy npoqeccoB repMlrqecrcofi pearlr
rr yMerb pa6orarb Ha cJro:nHoM coBpeMeHHoM o6opyAoBaH[q. y're6Eoe uoco6ue no-
cJrytrtlrr ocroBoft AJfl upoQeccraoua-nr,nofi gesre;rr,nocrlr ra3opegquxoB.

B;rarogapa yre6uoMy rroco6uro Bhr 6yAere 3Harb:

r oco6eHrocrlr npoqeccoB raaoBofi u n.naamexnofi peoxn Mera,aJroB;
r cTpoeHr4e raSoBoro rrJraMeHu;
r TexHoJrorrrF{ecKl{e ocooeHHocTl{ peSKI,I cTaleft I,l TIITaHoBhIx cnJraBoB;
. ycrpofrctao raaoBblx ll It:taoMernbrx peaarcoB,

E;rarogapx yqe6xoMy rroco6nrc 861 6yAere yuerb:

r BbIIIO"'IIISTb paSMeTRy SaIOTOBOIC rrOA raSOByrO r4 rrJraoMexdyro paSAeJrr.rTeIb-
Hyro peol{y;

r rrpaBrrJlbHo Bbr6upar6 napaMerpbr perrcr4Ma peaxv rrptMeErareJrbHo K Br,rAy 06-
pa6arrrnae*roro Marepzana r,r ero rorrqr{He;

r upor,r3Bo,qnr6 Bhrpe3rcy npocr6rx Aerarei raaoBoi n rrJraaMeHuofi pear{ofi c

l reToM nprlnycxa Ha Aa"'rbnefiuyro o6pa60rxy.



W o6quecBeAeH n

,{;rs noryuenza 4era.nr.r sagannofi rcou$urypaquu ucuoJrr,3yror paaJrrrrrur,te
cloco6br o6pa6orrr,r MeraJTJroB. Ma;rora6apurnrre nerarz gnouoMr{qecxv rleJreco-
o6paaHo r.r3roraBJruBarb rrrraMrrosroft, r.rnorga pegaur,reM. Kpynnora6apurnrre
Aerai'rr,r He BcerAa yAaerc,fl rro,tyqr.rrr, yKa3aHHbrMLr cnoco6avu. ,(aa Nx uororoa.ne-
uza neo6xogzirro MolrlHoe Aoporocroarqee o6opygoaauue. B sronr cJ'ryqae ficrroJrb-
SyIOT TepMUqeCKyIO peaKy - y4aJlellve MeTa,'Ir'Ia C uoBepxHocTlrt TeJIa I-IJII4 pa3Ae-
JreHrre MeTa,'rJrrrrrecKoro [peAMeTa Ha qacTrz nyTeM ero nporrJraBJleHr{fl no eagannori
tttturzrz utu o6retty.

Paaruqaror pasdenumenutyn v noBepxHocmHyKt peaxy. B peayJrbrare peaKrz B
o6pa6aruaaenrou Merarrr,rqecxoM TeJre BbruoJrHaror rroJaocrh pea. flo,rocrr paa-

AeJrr4reJrr,Horo peaa ,l (puc. 1.1), unrerorqero Qopuy ysroti creosuofi rqeJrlt, orpa-
urqelta 6orogrrrr.rv rroBepxxocrffMrrr rr He ,rMeer 4onuofi noeepxtocrr, B uepegnefi
qacrr4 EeaaBepureurroro pega HaxoAr4Tcfl ero ro6oBaff rloBepxnocrb. flo;rocrl, o6-
paaylorlagcg [pr4 rroBepxHocruoft peerce, peg 2 - r4Meer AoHHyIo lroBepxnocrb,
a raxrrce Mox(er r4Merh 6orcoshle n ro6oByro rroBepxHocrt4.

floeepxuocruyro u pagAe!'rrrreJrbHyro repMr.rt{ecryro pegfty BhrnoJ'ru.Eror Mecr-
HhrM nporrJraBteur4eM MeraJrJra. Arff orofi qeJrrr ucrroJrboyror r4crorrrrrrrrl4 TerrJrorbr,
Korophle 6rrcrpo narperaror Ao pac[JlaBJreHttfl y\tacrerl MeraJrraa, neo6xogr,rnrr,re
gla o6paaonanr,ra peaa.

IlcroqHr,Ir 4o.nrren o6ragarr, 6oar,nrofi reulosoft Morquocrhro, a ra*rrie o6ec-
rreqr4Barb Br,rcoKyro rcoullenTparlum reuaosori oHeprlll AJr.fi toro, vro6r,r HarpeB Ir

Prc. 1,1, Pa3AerxrerbHbri 1 x noBepx[ocrHbti 2 pe3bti

I, b, h u S - coorBercrBeHHo A.n14Ha, ulpuHa, uy6ura
x rorrqxHa MeTatIa
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pacrrJraBJreHrre Mera;rJra rrpu pe3xe rrpoucxoAr4Jrrr Ha l^racrre 34qasuoi (o6rrvno

ouena ua;rofi ) urrlprlHbr.

,{.na uonrrruenl{,fl gabOeRTItBHocrI-{ pe3rcl-r neo6xogurvro, 'rro6br relrora or
lrcroqsuxa paBrroMepuo (nuuefino) pacflpeAensJracb rlo roJrrquue paapesaeMoro
Merar'rJra. B ra-recrse rrcroqHuroB reu.nosofi tueprrrt4 AJrg pesftn xcnoJlb3ylor arrep-
ruro xzrrauqecrcofi peaftqulI cropaHltff MeraJIJIa B KlrcJropoAe r4Jrrr gJIeKTpnqecKLi

.qyroeoft paapag. B nepaoan cJryqae roBopffr o ran EaBbIBaeMofi nr.rc;ropo.4rroft (an-

rorennofi, raaoroi) trJrr{ RzcJropoAHo-tparocoaofi peaxe, Bo BropoM - o croco6ax
eaexrprrvecrcofi peaxu.

KnaccrQnxaqt,tfl cnoco6oB repMrqecKof pe3Kh

flo creneuu MexaHr.r3arluu lpoqecca pe3Ky [oApasAensro'r Ea pyrHyn rt exo-
HuSapoaa HyKt. Pyrnyro pesxy fipuMeusror ra npe,qupnffrr{flx, r4e o6reu nepepa-
6arbrBaeMoro MeraJrJra HeBeJrI,rK a rlptMegeEr{e cpeAcrB Mexaur,r3arlHr.r upoqecca He
ffBJIAETC.fi 9KOIIOMI-TqCCKI-I OtrPABAAIIHbIM.

B nacro,*qee BpeM,E B Beayqux orpacJrffx lpoMbrruJreHnocrr-r ypoBegb Mexa-
Hr{aartrr4r{ pa6or uo pacRporo c noMoqbro pesrcu cocraBJrser 70...80 %. Bnrcorri

J4)oBeEb MexaHItBaIIlru rpoqecca pe3Ku rra coBpeMeEHbrx MaIrrI{Eax c $oroxouu-
poBajILEbrM rzrJrq qucJroBbrM upoIpaMMHhIM yllpaBneHrreM coSAaJr trpeAIIocbIJIIct
g;ra paapa6orrr-r I-r BHeApeHufi B rrpor4cBoAcrBo rroroqnbrx KoMrlJreftcro-Mexaur{gr4-
poBaEEbrx tt rudxnx aBToMarl{BupoBaunux nanuft repruuvecxoi pea*u rncroaoi
cTaJu.

,{;rs o6pa6ornlr 3aroroBox ria Er4sxoyrJrepoAr,Icrbrx, Rorcrpyrq}Iolrtr'rx 14
Hr4snoJrerrlpoBarrnnx cra,neft trpr4MeHsror o6lr.rxyro easoeyn (xucnopodryr) peany,
r4B BbrcoxoJrerqpoBaEr{brx cra.nefi, .ryryra r qBerH},rx cuJraBoB - Kuaopod$o-Qrn-
coByn peBll"y.

Cyrqecrayror oco6rre cnoco6sr rnc;ropo4noi pesrcu:
r tro,4Bo,qEa,fi, trpl,IMelrgeMafl, Icarc upaBvJro, IIpu peMoHTrrl'rx pa6orax uog ro-

aofi;
r ft l,rcJlopoAEo-KonbeBaff ;
r aneKTpoKlrcnopoAEafl.
B nacrosrqee BpeM,fi rcucnopoArrafl pegrca .gBJr.nercff oaHLrM t{B ocHoBHhrx rex-

EOJIOTTTIECKI{X IIPOqECCOB B SATOTOBI,ITEJIbHOM IIPOI{SBOACTBE I{ EAXOAI{T NPUMEIIE-

EI,Ie B Merannyprzr,r, nrera"uroo6pa6arrrnarorqefi npoublrrl,reHHocrr,r r{ crpor{TeJlb-
CTBE.

Ilnoltenno-dyaoeyn peaxy qe;recoo6pasHo rrpnMeEsrb ,qr,fi Koppo3fioEEo-crofi-
rrax cra;reft to;rrqunoft.qo 80 unr, aJrroMnEl{eBbrx r{ Marnl,reablx cnraBoB. Upu
uJragMeHno-AyroBoft pearte qBerl{blx MeraJIJroB l-rcrroJrbayror acoroBoAopoAnbre cMe-
cu. [;r.n peaKrr KoHcrpyrcqrronublx I,r BbrcorcoJreffipogaunrrx cra,'refi B KaqecrBe
n;raauoo6paayrorqeft cpe,Eu r,rcrroJrb3yror cxarrrfi roaAyx.

]:ri9i:i:



Cyr4xocru npoqecca rasoeoi pesxn

06t4re csegerua. faaoaan (xzc;ropogaaa) pesrca [peAcraBJrser co6oi upoqecc
uHTettcuBltoro omlrcJleHfi,fi MeraJrJIa B o[peAeJreerJoM o6reue c uocne,qyroql,Iu yAa-
JreHr{eM }rcuAKoro orcuga crpyeft rcz cJropo,qa.

flporlecc pearcu Haqusaror c rroAorpeBa aepxnefi KpoMKrr Mera;rJra nogorpe-
BaIOIqItM IIJIaMeHeM AO TeMrrepaTypbr BOCrrJraMeHer{U.fl MeTAlrJra B KI,ICJIOpOAe, KO-
ropafi B BaBr{cr,rMocrrr or xnMr,rqecroro cocraBa craJrr{ cocraBJrser 1 050... 1 200 'C.

flpn ,qocrunceulrtr reMrleparyphr BocIrJIaMeEeHr-r.E na aepxnerl KpoMKe Mera;rJra rra
Hee I-{3 pe'Icyqelo corlJra IIoAaeTcff cTpys r{r4cJropoAa, rrpr-r 9ToM cTaJIb HaqtIHaeT
roperb B capye Rr.rcJropoAa c o6pasonarrzev oKcr4AoB r,I BbrAeJIeHIaeM BHaqItreJIb-
Hofo KoJruqecrBa renrorr,r, o6ecnevraaroqefi pagorpeB craJII,t, y aepxrefi xpou-
Rn AO TeMrrepaTypbr nJraBJreHrrs.

O6paeoaaaruufica xa nepxneft qacrr,r KpoMnr,r paclnaB :rcuArrx ordcr,rAoB rre-
peMerqaerca no 6orosofi rpoMr(e pe3a crpyefi xuc;ropo4a r{ ocyulecrBnser HarpeB
HIi'IcEI'X CJIOeB MeraJIJIa, KOTOpbIe IIOCJTeAOBaTeJTbEO OrfI4CJr.ErOTCg AO TeX nop, trOra
Becb MeraJIJr ne 6y4er rrpopegaH na acro rury6r,ruy, Oguoapeuenno c arl,rM rraqaHa-
ror Eeperr,reularl peaarc c otrpeAeneuuoi cropocrbro B Harlpa.aJrenr.rv peaxz, Ha;ro-
6onofi uoaepxaocrr peaa no acefi rolrqure o6paeyerca nerrpeprranr,rft caofi ropa-
qETO METAJIJIA.

Oxzcaeurae MeraJIJIa a nax4lrft MoMeHT BpeMeHI4 Haqr,IHaerct cBepxy 14 rro-
cJIeAOBaTeJIbHO rrepeAaercs Er{rrcHr4M cJroaM.

ycroBlt npore(al{r R{cnopoAroi pe3(x. Arff rporercaHnff npoqecca Kr{cJropoA-
Rofi peaxu ueo6xo,qur'ro o6ecuesesHe cJreAyoul[x yc;rorzfi:

. KoHTarir ue:rcgy crpyeft rcl,tcJropoAa rt Ecv,qKr4M MeraJrJIoM;

. rroAor,peB lreoKr{cJleHHoro MeTalrJra.qo TeMIIepaTyphI Bocn,rraMeEeHr4fl;

. BblAeneEue npoayKTaMl,r ropeHag ollpeAenellEolo ItoJII,IqecTBa TeuJroTbr,

AOCTaTOqSOIO AJI.' COSAaHIIS Ila IIOBepXEOCTTT peSa CJrOfl paCrrJrarJreHHOtO MeTaJL'Ia;
. AOCTaTOrrHag BgSriOCTb 'rtr,rAKOIO paCIIJIaBa Ang CO3AaHI{g BOSMO*(HOCTT{

rrepeMeurr.rBaHIls ]rr.rAKoro MeraJrJra crpyeft KracropoAa.
Ilpr.ree4exnrre ycJroBr4.fl oflpeAeJrffror rpe6oaarua K MeraJrny, o6pa6arrrnae-

MeMy Kr4cnopoAHoi pearcofi, flperx,qe acero, me nepomypo nnaaretun oKczAoB ,qoJr-
xna 6rrm Hlttrce reMrreparypbr lrJraBJrenvfi caMolo MerarJra. B uporznaou c;ryuae
crpyfi rcr4cJropoAa rre cMorrier onr{cJu4Tb pacnaawreuuuft rvreta.na.

Ecnrl me nepanyps oocnt dueHetut MerairJra 6y4er aurrue reMrreparypbr rr,'raB-
JIeHI,IS, To MeTaJIJI HatIHer firaBlrrbcs Ir BbrAyBarbc.g crpyefi Kl-lcropoAa 6ee uo-
cJreAyrorqero ero oKt4cJrerrus (u;raara;rr,nufi upordecc). Eror npoqecc rpe6yer aaa-
qlrreJlblrblx aueprerllqec$lrx aarpat. Ipra gagxofi ren.note o6paeoaanr,ra oxcr-rga
;ro6oraa noaepxaocrl peca He rrporpeBaerca Ao reMtreparypbr unaBJrerr,rs, trpoqecc
pearr{ trpephrBaerc,g. flo tean Jfie caMbIM ttpaqtluaM orpullareJlbuo cxaablBaefcg ga

cnoco6nocru MeraJrJra rroABeprarbcg xac;ropogrroft pesxe r{x Bbrcorafi TetrJroflpo-
BO.IIHOCTb.
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' 
: . ,:,u t .i :r:ilr-trit rr"lii.



Cyqxocru npoqecca raaoeoi pesxu

06qrte cBeneHln. Iasonaa (nr.rc.nopoguaa) pesxa upeAcraBJrser co6oft upoqecc
I,IHTeacr,IBHolo oxltcJreHr,rg MeraJIJIa B otrpeAeneurroM o6gerrre c flocJreAyrolqltM yAa-
JreHr4eM ficlrgrcoro orccr,r4a crpyeft xlrc:ropoAa.

Ilpoqecc pearr4 naqrruaror c noAorpeBa aepxxefi KpoMKr,r MeralJra rroAorpe-
Baroult4M rrJIaMeHeM,qo TeMnepaTypr,r BocrrJraMeIIeHI.r.E MeTaJIJIa B KI{CJIOpOAe, ItO-
ropafl B BaBr{crMocrll or xrrMr4rrecroro cocraBa craJrr4 cocraBJrfier 1 0b0... 1 200 .C,

flpn gocruxerlara reMrreparypbl BocrrJraMeHenrrr na aepxnefi rrportlrte MeraJIJIa Ha
Hee I.r3 pexylqelo corrJra lloAaeTc.fl cTpyg KzcnopoAa, rrpu aToM cTaJIb Eaqr4r{aeT
roperb B crpye Rncnopo.qa c o6paaoearrzeu oKcI4goB r{ BLIIeJrerrreM gHaqrrreJrb-
noro KoJIItqecrBa renJlorbr, o6ecnevr,rraroulefi paaorpeB craJrr{, y nepxxeft rpou-
KI,t AO TeMUepaTypbr rrJraBJIeHI.t.'I.

O6paaoraanruica ra aepxneft qacrlr KpoMKu paclrrilaB ,rc!.rrqrcr{x oxcr4aoB rre-
peMerrlaercfl uo 6oroaot KpoMKe peaa crpyefi xrac;ropo4a 14 ocyulecrBJrser HarpeB
HI,I)ICHUX CJTOeB MeTAj'rJ'Ia, Koaopbre rrocJleAoBaTetllto oKr.rcJrflIoTcg Ao Tex IIop, IroKa
Becb MeraJuI He 6yAer rlpopegaH na ucro r.lry6rzny. Ogxoapeuenno c DTI,IM Harrr{Ha-
ror trepeMerlarE pega* c orrpe.qeneHrori cropocrbro B HatrparJreul{a peaxr.r. Ha ;ro-
6orofi noaepxnocrr,r peca rro acefi ro;rrqrare o6paayerca neupeprrrnrrft caoft ropa-
qEI'O METATJIA.

Oruclerrrae MeraJrra n rcaxglrfi MoMeHT BpeMeHIr Haq Haercfl cBepxy lI no-
cJIeAOBaTeJIbIIO nepeAaeTcg Er4Jr(Hr{M CJIOSII.

ycloBrr nporefialrn xtcnopo4xoi pe3Kx.,qr.r flporerafiflfl lpoqecca KrrcJropoA-
rroft pearcu neo6xoguuo o6ecneqesr,re cneAyrorqux yc;rorufi:

. KouTarcr Merrc.qy crpyei KvcJropoAa lr *cuArcrrM MeraJrJrou;
r rloAorpeB Heolcr4 cJreHHoro MeTaJJJra AO TeM[epaTypBI BocIIJIaMeHer{Ug;
. BbIAeJreEI,Ie npoAyKTaMA ropeHl,I.fi OnpeAeneHHolo rcoJluqecTBa TeIIJIOTbT,

AOCTaTOTTHOIO AJIfl COSAaHI,I.g Ha rrOBepXI{OCrr,r pe3a cJloa pactrJlaBJrerrHol,o MeTaJrJra;
r .qocTaToqHag BflSKocTb ,i{I{AROTO paCIIJTABa AJIS COSAaHIIS BOSMOICHOCTIa

IrepeMemlrBarru.fi ,rtrrArcoro MeraJrJra crpyei nrac;ropo4a.
flplraegenur,re ycJroBirfl oupeAeJr.flror rpe6onarza K MeraJrJry, o6pa6arr,raae-

MeMy KacJropoAHofi peanot. flpe:rcge acero, newflepamypa maolrelut oxcr{aoB AoJr-
xcra 6rrrr Hrrll(e reMrleparypbr rrJraBJregtfl caMoro MeraJrJra. B nporunnou c;ryvae
crpyfi ft[cJlopoAa He cMorrcer oKr4cJll,rrb pactrragJreHHbri Merar,r,

Ecau meunepamypa aocnno evevus MeraJrJra 6yger sLrme reMueparypr,r rrJraB-
J'IeHI{fl, To MeraJIJr HarIHer rrJlaBr4Tbcff I-r BbrAyBarLcff crpyefi $ucropo4a 6es uo-
cneAyroulero ero oxr,rcJrents (u;raar,r;rrarrft fipoqecc). 3ror npoqecc rpe6yer ana-
qureJrbnbrx aHeplerr4qecrr.rx Barpar. flpu nr,raKoft renrore o6paaoaanraa oxcra4a
;ro6oaaa norepxrrocrr pega Ee rlporpeBaercs Ao reurreparypbl lrraanenr4fl, trpoqecc
peBKlI npepbrBaerc.F. flo reM ,rce caMbrM rrp[qrrnaM orp[IlarenEHo crcaabrBaercg Ha
cnoco6nocru Mera,aJra rloAaeplarbcg rr,rc;ropognofi peare r,Ix Bbtcoraff TenJrorrpo-
BO.IIHOCTL.
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Bbrcoras BgaKocrb pacrrJraBa He o6ec[eqlrBaer eto trepeMerqeH]r'fi B noBepx-

HOCTHLIX CJIOsxr B peByJIbTaTe rIeIO CHI-l3fiaeTCff BI'IAeJIeHUO TeIIJIOTbI Ha KpOMKe

pe3a.
I,Is qucrbrx MeraJItoB RlrctopoArrofi pearofi xopouo obpa6arblBarorcs x(ene3o

lI TrrTaH. He;rraa paapesaTl o6brqltbrM KLl CJrOpO,qrrbrM crroco60M guKerb' MeAl,'

a.irrolr[aufi, Marfi i, xpoM r,I qr4Hrc.

B rexnrre o6rrvno rpunrenalor crrJraibl MeTaJIJIoB' ItB Hr4x Har'I6oJree ffllpo-

rco I{ctroJrboyror crlJraBbr ,fteJre3a r,r yrJrepoAa - craJrb v qyryu. Hanrvlre upulvre-

ceft s craru BJrr{,fler Ha cloco6rocrr, cra;rra o6pa6arrraar}'cs ftrlcJlopoAHofi peaxofi

I,I3-3a O6pa3OBaHIr,fi B CJrOe 'tCr4AKOrO pAcrrJraBa' BbrAyBaeMoro r43 peSa Krrcnopo,q-

nofi crpyeft, TytolrJraBrcrtx orcr{AoB'
Bnrtrlre ,rertpyrol{rx npttMecei lta pe3ry cratll. OcranogrlMcs uoApo6uee Ha

BJrr{ffHll}r terIapyrorqux npuueceft ga cuoco6gocrr cra;rra o6pa6arlraarbcg KrrcJro-

po4nofi pesrofi.
lzndpod, cogepxalqzicr n craJrrr, nprrBoArrr, c o,4uoft cropoHl,I' rc rloBl'rrue-

Errro reM[eparypbl ee BoclrJraMeHeH]r,fl B crpye Kl'rcnopoAa' c .qpyroft - K cHrr,*e-

Hr4ro reMrreparypbr rrJlaB,'renr{s. Cra,nz, cogepxaulue 4o 1% yr;repoga, paspesa-

rorcfl KracJlopoAuoft pesnofi 6ea sarpygnexzfi. Kporue toro, rroBbllfierrue coAep]ia-

rrlr,E yrnepoAa B craJrrz cl{u}iaer ee Bflaxocrb. Zuenno aruru o6cto.are,rrctgoru

MoxtIIo o6sgcHI.ITt 6o;ree rmgrze cRopocrl'r peBKr'I SrieJreoa' coAeplrcaqero B cocraBe

corbre AoJrl,r [poIIeHTa yrnepoAa.

flogblueurle coAepxar{r4.r yrJlepoAa r cra;rlr (6o;ree 1 7o) yae;rr'rvuaaer reu-

rrepaTypy Bocfl,raMelrefllrg Ir cEr{tcaeT TeMrreparypy rrJraBJreHlr,fi' rrro nprrBoAr4T rc

Hapytrrexlrro yc;ronzfi rcuc;ropognoft peoxn. B cBsgr4 c oTr'rM vyrynu o6rrvnoft rcuc-

Jropo,4Hofi pearcofi o6pa6arrrBarbcfl He Moryr.
llgpeaneq u uedt s xoJrtqecrBax, Bcrpeqaroulnxcfi o6rrqno s craJlgx' upaft-

Tllrrecxlt rre BJrl{firor Ha rexHoJlotr{t{ecK e uapaMerpLl nuc;ropognofr peorlt. Kuc-

;ropognoft peeroft ruoryr paapegarbcs cralrz, coAepxcaqr.re ao 18 % Mapraurla.

Kpenuui, xpo^,t, d ot'|uvui, HarKenb c yBeJrzqeHl'reM I,Ix coAepr(ar{ts B craJIIt

yxyArnaroT npoqecc pesKr{.

Kpelrnlrft coAepncltrcs o6rr.rno g ne6olrurou KoJrnqecrBe (ao 2%) B Hr43Ko-

Jrerr4poBalllrbrx cTaJIgx, qTo rlpaETrrqecrdr4 I{e cKaablBaeTc,t IIa cKopocTrr pe3K4.

flpr.r cogepnranr,rz B craJrflx Ao 2 o/o xpoMa vx raKrrce paspesalor c r'rctroJll-

aoBaHr4eM per(rrMoB, rrpxHgrblx Anfl Hr,rSroylnepo4racrrrx cra;reft. Vne.nuqenue co-

Aep*(asu,fl xpoua Ao 6 % npuaogur R cl{fificenrrro cfiopocru pesrz. Xpouzcrr're

craJrz c coAepSrcaHr{eM xpoMa 6otee 60/o ua-ea o6pasoaauzfi TyronJlaBrcrrx oKcr4-

AoB He laoryr 6urr o6pa6oraarr o6Bl'rrrofi Kr4cJlopo1Hofi peerofi. ,{.na pesrct srrlx

cra.refi n paspes BBoAsr crreql{aJrbnbre Orlocyroque MarepI'IaJrLI.

Cra;ru c nrrcoxram coAeprftarr'IeM nraxe.lr,r (go 30 %) ruolnno paapeaarb Klrc-

JropoArrbrM cuoco6olr, ec.lrfi coaept*ar {e yrnepoAa B rrr4x He npearruraet 0,35olo,

B rrporl{BHoM cryqae pesxa BarpyAH,Eercfl , rpe6yerca [pe,4Bapr4TeJlbHbrft uoAorpeB'

Kr,rc;ropo4naa peoKa craJrrr c cogeplrcaurreM ao 10 % eo.lrr@paMa ocyrqecrB-

Jrgerc,fi 6ea garpyArreurafi. flplr 6o;ree Bbrcor{oM coAeprr€Ht4rl Borb@paMa B paspe-

ae o6pasyerca 6o;rrlroe KoJrtqecrBo B.fl3rcrrx ryrorrJlaBKux ol(crrAoB BorbopaMa.

rrpenflTcTByloql4x yAarreHl{ro pactrJlaBa v3 pe3a.
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flo4orpeeanqee nraMn

flprueHreMbre ra:rr. flogorperaroqee rrJraMff cnyficrrr.qns HarpeBa rroBepxHo-
CTIIbIX CJIOeB MeTaJrJra AO TeMlepaTypbl Ilprz x r.rc.ropogxofi pes-
rie B rdarrecrBe roploqero ,rcDoJI6ByIor raaoo6paarrr,re v 'Kr,I,4ttlte yrJreBoAopoAr,r.
flplr cropanr.rz roproqux BerrlecrB B cMecr{ c Er,rcJropoAoM o6paayerca BLrcororeM-
rreparypHoe u.naug. Haagucutyro reMneparypy uJraMerru o6ecuequgaet arlerrrJrerr.
ArleruneH gBJrgerc,E Aoporocrosrql,rM raaoM, rrocKoJILKy LtcxoAHbtfi [poAyKT Ant
ero rroJryqeHlrs - xap6ug KaJrr,rlr?rff - rpe6yer B nponaBoAcrBe 6o;rlruux anep-
rogarpar. Bc.negcraze aroro B rracroglqee BpeMfl rrprz KrrcJropo,quoft peare arleru-
JreH rrpr4Metflercfi pe,qlco. B ocnognorr,r [crroJrbayror raar,r - BaMeEr{TeJrr4 arlerl{-
neHa: rrp[poAxbrfi ras, upouan-6yrauoBr,re cMecr{ u Ap. Cgoficrea Eeroropbrx ro-
proqr4x raaoB rrpeAcraBJreHbr s ra6r. 1.1.

L6J {r tr.l

foprcqrifi ra3

TeMneparypa

B CMECIN

c l4llcJropo-

AoM, 
"C

Mr{snManbEa.fl
Tetrr(/fs

crop€IHr{4,
XA)K/M'

Koa@Ia-

III4EET

SaMeEt'I

a{eTrjrella It

OIIrr,rMsrEIIoe
coorEoltreEtre Merrany
o&EeMaMIl ra{cnopoAa

It ropKrqero IaSa

npll
IlOPMEUILEOM

TIJIAMEEI'

trpa
u36Brrrie

KIiIcJIoPona

B fJIAMEETI

Aqerranen 3 100... 3 200 52 aOO 1 , 0 1 , 1

BoAopoA 2 100...2 500 10 400 5,2 o,4 0,6

Ifporas 2 600 ...2 7 50 87 100 0,6 5,0

IIpupo,4H hrfi rao 2 000 ...2 200 3l440 1,6 1,0 1,5

Koxcosgrft rag 2000...2200 74 700 3,0 0,6 0,8

BeAeH[e npoqecca Harpeaa Metatta. fipoqecc EarpeBa MeraJIJra raaoBbrM lrJra-
MeHeM nporercaer B ABe cra,4zr{. B lrepBoft ocyrlecrBJrflercff pagorpeB KpoMrcrr Me-
TaJrJra Ao TeMrrepaTyphl BocIIJIaMeIIeHafl B cTpye KrrcnopoAa IIpI4 HeIIoABI,ITnHoM r4c-
TorrHltrce renJlorbr. Bpervra xarpeaa Ao aaAassoft TeMleparypbr oaBr{cr,rr or MoIrI-
rrocrl,r l4crorrur,Ifta retrJlorbr, TelroOI,IBI,IqecREx caorlcrn Marepl{a;ra I{ ero laaccbr.
c yre;rr,r.renr-rerra ToJrqvHbr paSpe3aeMoro MeTaJIJIa neo6xogr,ruo noBbrrrraTl pacxoa
roproqero raea. flepexog xa roprovr.rft raa c rrrenrureft reunorofi cropaHr{s no cpaB-
HeHI-rIo c aIIeruJreHoM rpe6yer yee;ruveHr{.fl ero pacxo4a. Vgeauqegr.re pacxoAa ro-
proqero raaa Eeo6xoAr4Mo rarlce B ToM cJIJrtIae, ecJrlr rroBepxHocrb MeraJrJIa rlo-
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ItpbrTa paSIr4qHbrMr SarpgSrreHr,rfiMr{ (oKa.llsEa, fputap) ITJII-{ yBeJrr{qeEo paccTog-
HI{e Metrcly TloBepxgocTblo paSpeSaeMolo MeTaJrJra Ir peSaKoM rro TexfoJrorl lec-
rcl-rM coo6patrceHr4sM.

Bo nropoi cra4r,rr lpoqecca rroAorpeBarou]ee nJraMs paaorpeBaer BnepeAra
Jrefi(aulr{e rroBepxHocTHble cJIoI,I MeTaJr,Ia Ao TeMnepaTypSI BocrrJraMeHeHtg, qeM

o6ecneqrBaercfl HerrpepbrBnocrb BeAeur,rg flpoqecca. B trepBoft cra,qul{ upoqecca
rrpr{Merrrror, KaK rIpaBI,rJIo, IrJIaMff c r,Ig6brro.rHbrM coAepxaErreM KlcJropoAa, t{To

o6ecfieqlrBaer yctopeuHbri pasorpeB KpoMr{t4. B lpoqecce pe3Krr rro,qorpeB MeraJr-
Jra ocyrqecTBJrffeTcff rIJraMeHeM HopMaJIbHoro cocTaBa.

Cuecr, roprorero raga r4 rroAorpeBarorqero Kr,rcJropoAa BbrxoArrr lra crreqvaJrb-
Hblx oraepcrl{fi B MyaAruryrcax, pacrroJro}r{euHr,rx oupeAeJaeHubrM o6paaoM Eo or-
HoqreHr{ro n BbrxoAuoMy orBepcrr,rro .qJr.fi peffiyqero ft[cnopoAa. ,{:ra pyruux r,r
Marur{rrEbrx peSaKoB npl,IMeH,fieTcg KoHrleHTpr{rrEoe pacrroJro*ceH e BbrxoAHbrx oT-
BepcTr,Ift no orEorueHr4ro K pencyrrleMy couay. V pytrHbrx pe3arcoB rIJIaM,fi Br,rxoAr{T
r4s rrleJrr,r, o6paayeMoft HapyfirHoli rroBepxHocrLn BHyrperrHero M!'HAmryKa n BHyr-
pexHei rloBepxuocrbro HapyrrcHoro MyrrArrrryta.

Crpyg pexyulero Kr4cnopoAa

Or csoicrs crpyr{ pe}cyqero Kl,rcJropoAa s auaqare.lrlsoft Mepe BaBrrcsr fta-
rrecrBo troBepxuocrtr peaa a trpol,rgBoglrreJrbnocrb pegnrr. Oguo ua rJraBEbrx rpe-
6oBaHltft n crpye peJr{yqero Kr-rcJropoAa cocror{T B ToM, rrro orra,4oJr}rcua coxpa-
E.flTb cBor4 zeo emputectrue p$Mepb, rro acei TorlI[He pa3pe3aeMoro MeraJrJra,

npl{ I,rcre.reHltr ra3a Ita corrJra B arMocoepy crpyfl Ea EeKoropolf paccroff-
Hltlr or coIrJIa coxpaHfler cBor4 uapaMerpbr (cropocrr, TeMueparypy ropuoncerr.ra),
paBnbre anaqeur{ffM Ha BbrxoAe crpyfi r.ra conaa. Pacupocrpassscb Aairee, crpy,fi
aaxBarbrBaer qacrfiqrcu oKpyJ*rarcrqefi cpegrr (aoagyxa), BcJreAcrB e qero Borcpyr
aoHbl c rrocrofiEHbrMrr rrapaMerpaMr,r o6pagyercff ryp6y.renrnrrfi norpanr,rurrri
c;rofi, rcoropr,ri c yAaJreuueM crpyl{ or corrJra yBeJraqltBaetca. Bc.negcrrte gforo

cTpy,fi pe)*ylqero RrrcJropoAa no Mepe yAaJreHr{s oT corrJra pacErr4pffeTcf, r{ ee clto-
pocrb yMeEbruaerca. Ognorperuenuo crrr4)Kaercff ru4crora KvcropoAa.

Ar4HaMr4qecftue csoftcrsa crpyr{ penryqero ftlrcnopo,Ea onpenetatorca Qopnoi
peflryqezo conno. floll:aoe AaaJreHr4e crpyr4 yMeubrrraerc.r c yBeJrr{qeHrreM paccroff-
glrg or cpe3a cou.na. Haq6o.nrrur4e Bnaqeur4.fi rro,'rHoro AaB,'reEr{,fi crpyr,r coorBercrBy-
ror corrJraM c TIJIaBET,IM Bxo,qoM u rtoHl{qecxr4M pacmnpenrteM na nrrxoge. V con.n
cTyIIeHqaTo-rIEJrtr EAprrqecKoro Tr4rra BHeSarrEoe pacu[rpeHrre cTpyr,r np]r [epexoAe
oT ropJroBoro KarraJla K allxoaHoMy Irpr.rBoAr4T rc SaBr,rxpeEr4ro cTpyr{ B (MepTBbrxt

30Hax.
Cra;rrnofi upoxar odrruuoft roJrrrlt4ur,r o6pa6arr,raaerca rrpu naBJresuu pe]Ky-

qero nr,rcJropoAa rrepeA peBaKoM 392...1176 rfla (3,92... 11,76 xt:c/cwz).,{;ra pea-
Kr{ craJrbur,rx orJluBorc tI troxoBor 6o;rrruofi ToJrrur4sbr (csrrue 300 runr) uDurue-

':..;:]l.;
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Hserc,fi Husxoe AaBJreHr{e ftrrcJropoAa (,qo 392 Kfla) c llcnoJrbaoBaHr4 eM B MyHA-
IIITyICaX ConeJl pe,Icyqero KrrcnopoAa qA Ju'l lllpuqecftoto TIaIIa.

Ba:xnrru flapaMerpoM pexyrqefi crpyr,r flBJrflercfl ctrcpocmb ee lrcmeqeHun nB
cou;ra. flpu xzc;ropoguoft pegxe cquraercg gaz6o.nee 6larouplrarnltlt IroJIJ tenr4e
MarcrrMaJlbElrx cropocrei rrororca KrrcJropoAa rra BLrxo,qe, rptlqeM crarr{qecrcoe
AaBreH[eiE crpye Ita cpe3e corrJra He AoJrtftHo orJrl{qarbcg or arMocoepHoro.

flpearrureuue dasnenun Ha cpeae rro cpaBr{eulrro c arMoc@epHhrM AaBneEr{eM
rrpltBoAl,rr Ic pacmr4peErrrc raaonorl crpyr,r Ha BbIxoAe Ir3 corlJra, qro cHr{ficaer Ku-
rrerr{qecKyro axepruro crpyu r,r yxyArrraer ee pertyrr+re csoicrsa. Cgr*cesue crarr-
qecKoro ,qaBJlel{u,fi Hfi*ce arMocipepHoro [puBoAtrr K I{3MeHeHrfro (bopMbr crpyu Ha
BbrxoAe vg corrJra rr He o6ecuequnaet KaqecrBeuHolo flpoqecca peorr4.

flosbrueHr4e cropocrr.r norora pexyrqero rcr4cnopoAa yBeJrr,rqr{Baer Ar.rHaMrr-
qec$oe sos,qeftcrBlre Ha n.llenxy ,rcxArcofo MerrurJra, .rro o6ecuequgaer rloBbrrueur4e
cropocrrr rcucnopoAnoft peaKrr MeraJrJra npu flpoqxx paBubrx ycJroBrffx (pzc. 1.2),
rroaToMy AJrff peSKrr cneAyer [p]IMeg,fiTE Icl4cJropoA BbrcoKoro AaBJIeEufi.

Kpolre onpege;renaoro o6servra ltucnopoAa, nocTyrraprlefo AJrs oKr.rcJresus
MeraJrJra, B pe3 EeooxoAI,IMo noAarb AorIoJIHItreJIbHoe KoJrr4rrecrBo KrrcJlopoAa AJrg
Br,rnylaHus uB rqenfi peoa rrcrAr x rrrJrarcoB. flpanrlrra rroraahrBaer, uro xott$Su-
quevm ucnorbmaotun xucnopoda orrpeAenffercff B ocHoBHoM rpe6oranv,xura, trpe4l'fiB-
Jrffe tbrMr4 K r(arrecrBy rloBepxgocrr,I pesa, rr foJrulr4uofi nrera;r;ra. Koe$rpuqaerr
rrcrroJrr,SoBarrv g Kl{cnopoAa zMeeT Ear4\[eEbruM SHaqeEI{ff trpl,I peSlce MeTaJrJra
ro;rrqrroft 5... 10 uru (O,2...0,4), a c yBeJrzqeHr4eM roJrrqlrHrr go 100 uru uospac-
Taer rrprrMepto n 2 pasa rr AaJIee MeHgercg EecyulecrBeHHo.

3na.r[reJrrgoe BJrr4firrr4e Ha rrpouecc nucaopo4noft peBftI,I onagbrBaer gacmo-

mo rucnopo o pe*yqed cmpyu. llocrlotbrcy crpyff KncnopoAa EcrroJrbayercs rre
TOJIbKO AJIfi OXUC;renr,rg MeTaJrJra, HO r4 AJrfl BbI,qyBaHI,tff OICCLAOB I{3 pe3a, B Hl.l)fi-
rrefi qacr;t peaa rconqeHTpaqr,ra upraueceft B Kltc"'ropoAe Bnairr,ITeJrbrro Boapacra-
er. flpra Kogoouqrellre KrrcnopoAa 0,5 noJru.recrso rarreprnbrx
npuueceft B crpye KrrcJropoAa Bospacraer e 2 paaa, flporrlrranr,re qacrrrrl Kr4cJro-
poAa qepea caoft r.raeprxrrx upuuecei BarpyAHsercff r{ peatcqfifi oftlrcJreuns aa-

24
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560 W,Mlc

Pl|e. 1.2- 3aBxcxMocrb cKopocrl{ pe3x[ y or cxopofix
norora (xcropoAa lY:
I - Torul[Ha cranr 20 M],!; 2 - TonuluHa cranfi 100 nM
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MeArfferct. pra peane rczcJropoAoM nonzxteugofi qlrcrorbl Ha Hutrclrr4x rcpoMr(ax
rrofiBJlffeTcg 6olbmoe Korr4qecTBo TpyAHooTAeJIgeMoIo lpaTa, B srorvr c;ry.rae g;ra
llo.ltyqerltg Heo6xoArrMoro ftaqecrBa rloBepxnocrt pesa rrptlxoAr,rrcff cur,rtr{arr,
cRopocrB pesKr{.

Conpeuexnrre ycranoBrctr A!'r.fi rroJrl leuag Kr,IcnopoAa o6ecne'rznaror srrco-
Kyro qrrcToTy nr4cnopoAa * He Hr,r re fiepBoro copra (99,2yo\. B nacroarqee ape-
las nuxuut upeAeJr qr4crrorbr Kt4cJropoAa, r4clro,TE3yeMoro AJrs Rrrc,ropoAHoii pe3-
Kr,r, orpaHr.rrrrnBaercs 98 % .

Bnnssre npoqecca pegxh Ha Merarn
noBepxHocTr pe3a

flpra xac:ropogrofi pearce cra;ru xa Jro6osofi noBepxuocrr4 peaa paaBrrBaercs
Bbrcortafl reMrreparypa, npeBbrmarorlaff xa 200...500'C reMrreparypy flraBJreur4fl
craaz. Blr4e;rr.ramaficfl rrpr4 peaxe rerrJrora pacflpocrpaggercg no Aerarrr rr Harpe-
BaeT llpl.IJTellalotrIrre K peSy cJIoL MeTaJIta, coSAaBafl SoHy TepM qecKol'o BJIII,fiHItg
(3TB). Teprrrr.rvecroe aoa4eftcrrue r{a Mera;rJr xapaxTepraayercs o.renr 6xcrprru
HarpeBoM rloBepxHocTr4 peSa rr upr4Jaeraloulux Ic HeMy cJIoeB MeTaJrJra Ao TeMrre-
parypbr, 6rr,rsRoft K TeMrreparype rrJraBJreHr.fl, abrcorofi cKopocrl,ro oxJrarrcAeHr.rs
rr 3aMeAJrer reM ee rro Mepe cHr{rr(eEvfi reMrreparypbr (puc. 1.3). 9elr 6;rr.rxce pac-
crogHl{e or noBepxHocrl,I pe3a Ao c,'IoeB MeraJrJra, TeM Ao 6oree BbIcoKI{x reMlre-
paryp our,r pacorpeBarorcs r c 6orbureft cropocrr,ro ox,rarcAarorcs. Vcrarroa.nexo,
qm MaKcIaMaJrbHas cRopocrr, oxJrarrcAer{u.fi rrp]r peare craru rorrqraHoft 10...50 nrrr.r
Aocrrrraer 1 000...2 000 "C/c, Taxue clcopocrr,r oxJrarfiAeur,rfl rrpr.rBoA,ET r o6paao-
Baflqro 3aKaIoqEblx cTpylrTyp Ea rroBepxHocTl,I peSa Aar$e Ilplt oTHocr,rTeJrbHo Hr43-
rcoM coAeplrcaHr,rfi yrnepoAa a paapeaaelaoft cra;rn.

Ilftapzna 3TB r,rsMeHsercs or MaKcrMyMa y aepxrreft Kpourcr{ ,qo MuHrrMyMa
r cpegnei qacru peaa. V nr.rxrrefi rcpouKr,r oEa orlgrb Boapacraer Ba crrer rerrJro-
BbIAeJIeE .fi or ruJraroB, rrepeMelqaroquxcg or Bepxueft x nulxreft qacrl-r pega.

flplr Kr,rcnopoAroft pesrce craJrrr rra ftpoMrce peaa npoucxoAxr r4BMeHeHr{e
xlMlaqecxoro cocraBa MeraJrJra. Ono gLlssago reM, trro B ,rcrrArtoM paclnaBe npo-
rtcxoAtr oltr4cJrerrue gJreMeHToB c 6olrmr,rru cpoAcrBoM rc Krrcnopo4y. K raxrau
gJreMeETaM orrrocgrcg Mapranerl xpeunufi, xporu. Ouu B rlepBylo oqepeAb oxt4c-
,'I,f,IOTC,fi B 'IiIl,qICOM paCrrJraBe, BCJre,4CTBIte qero I,Ix CoAeptcarrr4e Ha KpoMXe pe3a
cnla*caercfi. HraKerb, uoar6gen r,r uegr, o6;ragaroulrre MeHbrurrM cpoAcrBoM K
RlrcnopoAy, qeM,IieJrego, orr4cJrflrcTc,fi B pacrlJlaBe s MeHrrrrefi crener . llx cogep-
,I{aHIIe Ha KpOMrie pe3a BoSpacTaeT.

I{urru gaxogomepnocrffM rroArrr4Hflercs rroaeAerue yrnepoAa Ha RpoM(e peaa.
pr,r peaxe xoJloArroro MeTaJIna yrJlepoa IIe Bblropaet Ha rcpoMrce, Bc,lreAcTBrre qero

ero coAepJrcanr.{e rra KpoMr{e BHatlfirenbno rroBbrrrraercs. flpu peaxe MeraJIJIa, Ito-
Aorperoro Ao reMneparypbr 950 oC, co4eplrcaHr,re yrJrepo,qa Ha KpoMrce pesa cE -

XCAETC,fi I]O CDABHEHI,Irc C I4CXOIIHI'IM ITOJII4qECTBOM.
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Pxc, 1.4. 3aBxcxr4ocrb urrprHbt 3o||bt repMx-
{eckoro a,|rr{t{r oT rott4rflbt MeTanra 5:
7 - Hux{sfl r{pol..!Ka; 2 - BepxHrr KpoMKa

Prc. 1.3. TepMrqec(xi qxtot xlcropoAHoi pa3-
Aerrle,|bfloi pe3K, Hlt3t{Oy epoAlcfoi cla x
Tott{]{Hoi 20 Mri B Toq(ax, pacnoroxeHHbfi Ha
pa3tr{Foril paccTotllxx OT nOBepxHOCTx pe3a:

1 - 0 . 6 M t t i ; 2 - 2 t n M : 3 - 6  M  ; 4 -  1 0 f i  :
f-  reMneparypa; t-  Bpe[t

flporsxceauocrr BTB BaBr,rcr.rr or roJrqrrHbr pacpeaaeuoro MeraJrJra, ero co-
craBa, pesrrrMoB pesrcr,r (cropocrr pearr{, pacxoA percyqelo RucJropoAa r{ ropro-
qero rasa) r{ cocraBJrffer 2 ... 55 ull Anf, cra;rr,r ro;rrqlrroi 20... 1 000 uru (puc. 1.4).
B 3TB rrrgsasrcTcff TpI{ xapaxTepHBrx ytlacrrca: l lacrox orrJraBJreExoro MeraJrJIa
c IaBuerreEHLrM xr{MuqecrcrrM cocraBoM r,r reruneparypofi EalpeBa Bltme reunepa-
T!4)br rrJraBJrerrrfl craJru; l racrox rreperpeBa, HarperLri Ao reMrreparyp, fipeBbrrua-
roqr4x reMrreparypy &aaoBoro flpeBparqerrE.fi ; ]FracroK EerroJrHofi nepexpl,Icra.nan-
Baqlara. y.racrorc c r4gMeHeFEbrM xr,IMr{qecEr-rM cocraBoM npl{ pesKe Meranna cpeA-
neft rorrqnrru xe nperrruaer 0,2 uu.

O6pasonauue BariaJoqELIx crpyKTyp Ha KpoMKe peaa upzBoAr4T rc rroBbrrrrerr{K)
ee rBepAocrr,r. Hlrgrag n;tacrrlsrrocrb MerarJra ftpoMxr4 B coqeraEr4r4 c BHyrpeEI .r-
MIr EarrpaflceEr4aul, BhrBbrBaeMbIMI,r aoageftcraaeru ucroqHr4Ka rerrrortr, Moryr rrp[-
BecTIt IC IIOflBJregI,IrO TpeIquI{, a B pffAe cJrJ raeB K paSpyrlreHl,no Il3,4eJIItff.

O,qslrm ts cuoco6oB ycrpaHeHlr.r rperqr,rE rrpr.r pecxe .flBJrfiercff trpeABapxrenr,-
Hbri nogorpeB ganoroBox, roroprrfi crlrrraer cxopocrb oxJrarr{Aerruff MeraJIJIa
KpoMrcr{ E o6ecne.rulaet noJrl retr,Ie 6o.nee nractr,ruLrx crpyxTypsbrx cocraBJrfl-
roqlrx. Cra;ru, co.qepJrcaque 16...30% xpoMa r{ ao 0,8% yrJrepoAa, flpn Harpe-
Be ,[o reurreparypbr cBbrrrre 950 "C uptto6peraror rpynno3epaacroe crpoesqe u tro-
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BLrrrreEEyro xpyrrKocTr,, Koropbre He ycTpaHffrorcfl rlocJreAynulei TepMuqecKofi 06-
pa6orKoft, rroaroMy llx pe3Ky pe*oMeH.qyercs BbrrroJlH,fiTl' Ha BoaMorrcEo Marccr4-

MaJIbHLTX CKOpOCTfiX C OXJIatrCAeHrreM I{pOMTCU pe3a BOSAyXOM r{Jrrr BOAOft.

TexHonor[c pa3genhrenbHofi ragoeoi pe3KH crarx

Pe3Ka crarr cpeAxei ronqxHbt. Ka.recrso pe3a v rrporrsBoAr'rreJlbEocrb rrpoqec-

ca B auaqr{TeJlrHoi creueuu BaBr4cgr or rIoAroroBKIa MeraJrJra K pegxe. Jlqctosofi

nporcar paaJrrrqubrx Mapon cra,neft neo6xogrMo uoAaBarb Ha pa6o'ree Mecro pea-
ql{Ica OqUIIIeI{IILIM OT oImJIAI{bIr prIiaBqI{IIbI 14 Apyl}Ix 3aI'pfl3HeHI'Ifi.

fipu pegKe B guMHItx ycJroBt4sx Jrricrl'r HyrrcHo noAaBar]' s qex sa6tarospe-

ruenro, vro6rr olrrl ycueJrrr Earperr'cs Ao reMrreparyphr oxpyr*a]olqero aosAyxa' 3To

cHI,ISr/tT BepOffTHOCrr O6pa:OAarrr,ra TpelqlaH Ha (poMxe peaa. [pu6rr.ru{ B SoFe pe3Krr

aottrcurr 6rrrr rrqare.nrno oquulexbr or tpoplronovnofi cMeca' fiecra r{ flpnrapa.

flepep, pyuaoi Kzcropoanoft pearcoi uooepxuocrb rrpoEara oqqulaercff or

orarrrlnbr rr ptcaaquHLr o6rr.rno nlaueueM pegara yaroft uo.nocoi no JILTHI4T{ rrpeA-

rroJraraeMoro peaa. ,{;ra atoro neo6xo4rau ne:na.rrare.nlguft lporpeB rroBepxuocrlr

MeTaJIta troAorpeBarorqr4M nJraMerreM peSarca' B pe3yJrbrare rcoToporo orcaJlrrHa

oTcr(arcz BaeT oT noBepxHocrrrr JIItcTa,
llepeg nexoxusupoeonnod peaxoir ,'r4croBofi trporcar rloABepraercfl trpaBre rrpo-

xarxofi na cfieufiaJlbu],rx Jr]rcrorpaBzJrr'Hbrx MamI{Hax r{ 3areM crurorrruofi oqncr-

re. Cyuqecrayror xzrunuecxraft, nrexarmqecxnft r{ raSorrJraMerrur'rft cuoco6rr o'rncr-

xn. Xuurl'recrcaq oqncrfta npoBoAurcff TpaBJreHr{eM crarr6Horo fiporara B pacrBo-

pe co;ranofi r.uru ceproi Kr-rcJrorbr. flpr,r SToM Jrr4crbl yxJra,qbrBaror B crreqlraJrbfble
gauubr. flpoAorrrcu'reJlbEocrb oqrlcrnu JlrlcroB r43 Hr4SxoyrJrepoAr4crbrx I'I Hlr3rcoJre-

rrtpoBarrlrbrx craJeft cocraBrget I...2 't, r43 BblconoJrerupoBatHhrx - 6o;ree 3 'r.

Cpegr,r paa;rauur,rx cuoco6os nrexanz.recxofi oqucrrr{ rroBepxHocrt nau6oar-

mee pacupocrpaueEqe noryqr.rra gpo6elretraa oqrrcrxa, nprr Koropoi JIffcr nepe-

MeqaeTcg c paluorvrdpnofi cftopocrr'lo, a rroBepxuocrl' rv cra o6pa6aTbrBaercfl rI! {-

xoan gpo6z, arureraroqei c 6o.Irrruofi cKopocrbro r'rs Apo6eMerHoii rcarr,:epr'r. Eror

flpoqecc oqr{crKz ,flBJrsefcff oKoJlorrlF[ecKrr qucTr,rM 14 nara6o,nee trporrsBoAr4 TeJILHbTM.

Paccro,gnue Merr(Ay MyfiArnryxoM r,r rroBepxuocrbro pagpeSaeMoro MeraJrJra

orrpeAeJrfler KaqecrBo pearr4 r4 rrpolaaBoArrreJrbnocrb rlpo{ecca. Heo6xo,4uMo ycra-

EaBJTUBaTb TOperI MyHAUITyKa Ha OITpeAeJIeHHOM paCCTOgEUr,r OT TTOBepXHOCTIT pa3-

pegaeMoro MeraJrJra. Ourralta,nlgr,ruz [pt4HflTLI cneAyroulne paccrofiHrr,fl Metrcgy

TOpqoM MyHAmryKa rr troBepxHocrbro paSpeSaeMoro MeTaJrJra upr4 aqeTl'IteHoKrrc-

;ropo4noi pesre cra,'rr4:

ToruluHa
Meaa!'rJla, MM

Pacctoauhe, nv 3

3. . .10 10. . .25 25. . .50 50. . .100 100. . .200 200. . .300

7 ... 10

::1,'.?;u t 3

4  4 . . . 5  4 . . . 6 5 . . . 8



flpr,r pa6ore rra raoax - BaMeurlTeJrsx arlerr4reua pexomeHAyeMoe paccros-
rrr4e yBer[qaBaercs ua 30... 50 %.

,{;rn uo44eprxanuff nocrosnnbrM paccrossa.fi MerrcAy MyHArrrryrcou rr paape-
gaeMbrM MeraJrJIoM fipu py.ruofi peaxe r{crroJlbayror crrerlv aJrr,Er,Ie otropEbre reJrert-
Kr,r, trpl4 Mexagusr.rponanuofi - ycrpoftcrBa cra6t.nuaaqut rloJ'roJrcenr,rfi pesara.

Ipoqecc peant4 HaquHalor c HalpeBa rroBepxHocrrr MeraJrJra B Ea.rarbuoft
TOqKe peSa ,4o TeMnepaTypbr BocrrJraMeHeHI,I.g MeTa,aJra B cTpye KI4cJIopoAa. uocne
nycRa rcxcnopoAlloft crpyfi u HaqaJra Herrpep],rBHoro oKncJreHr4fl rro ronqr{He pe-
Barr Eaqr4Haror rrepeMeqarb rto Jrralrrzu pega. O6brqno Haqrlualor rlpoqecc pegxlt c
KpoMKu JllacroBoto [poKara. flpl.r BbIpeBKe BHyrpeIrHIrx aJIeMeIrroB garoroBolc
anava;re neo6xogunro npo6urr orBepcrt4e uo rcefi ro;rqzxe MerarJra. Ipo6zaxa
IratraJrbHoro oraepcrlag (prc. 1.5) B craJIbI{oM Jltcre Eaqr-ruaercg rarcrrde c rro,4o-
rpeBa rloBepxHocrl,r MerarJra. flpr.r goctlrxenr,rra aagarruoft TeMlreparypbr ruIaBHo
orrpr,rBaror BeETrJrb pexcyqero Kr,rcnopoAa r4 rraxJrouffror peaar rroA ylnoM 5,.. 15"
B cropony, o6paruyro HarrpaBJren rro pesrr{. OAHoBpeMeHHo c grr4M Hatrtnaror rre-
peMeqeHue pesarca Ha uonzucersoft cxopocrrr. floc;re npontrararrrs orBepcrr,rs pe-
3alc ycTaEaBJrr4BaroT nepnellAlllcyJrflpr{o K troBepxHocTrir JrtrcTa.

flpr,r MexauuarzpoaarHofi rcraclopognoft peore peaax 3aftperrJren B cytrtropre
ueprreuArrrynspro n rroBepxuocrn Jrr.rcra. Bo r4e6er€Hr,re aa6prranraarrr.ra pacnJraB-
JIeI{HbIM MeTarrJrOM BbIXOAEOTO OTBepCTr4fl AJLE peJnyqero Rr{CnopoAa I{ IroAolpe-
Baroqllx KaHzuIoB MyHAmTyRa HarraJro peSI{It B6rrroJrHffroT uo cllelll,IatbHor\,ry qItK-
ny (cM. puc. 1..5). floc;re [porpeBa MeraJrJra n eorre upo6narr.r Brcrroqaror floAatry
pencyqero Kr4cJropona fiepBofi cryrreHr4 c AaBJrer{treM ne 6o;ree 98... 196 rclla. Oq-
EOBpeMeHHO peSaK MeXaEr,roMOM UOASeMA IIJTaBEO yAaJrgeTcg OT MeTaJrJra CO CKO-
pocrbro yr Ha paccroffEne, paBuoe 3/4 paepeeaeuofi ToJrrrlrrnbr. C rava.nou nycrca
pelcyqero $ucnopola BlcJrloqaercff rroAarra MarrrrHbr Ha rroul4rteuHofi cKopocr]r,
paBHoi uonoBr,rHe onrurualrnoft (%). IIpa raroM rraqaJre pearn pacrrJraBJreuHhre
qacrr{qftfi mJrarca He aacopsror MyHAmryR, upoqecc npo6nrrcrr orBepcrr{s npore-
Kaer ycroftqr.rBo. flocae npoxox4enr,rs peaaKoM rperrefi vacru rryrn, olpeAeJrerr-
nofi g;ra upo6uartr{, Blctrctraerc,r rroJrHoe AaBtenr4e peficyulero Kr,IcJIopoAa c o,qxo-

Pre. 1.5. CxeMa npo6xBKrr HaqarbHoro oraepcrrf, B ,tlcre:
yn - cKopocrb noAle a MyHAltryKa; y. - cKopocrb cHxxeHtafl MyHAUTKa; yp - cKopocrb pe3Kx
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BpeMeHrrbrM orrycKaHr.reM peSarca, KoTopoe ocyqecTBnsercfi co cKopocrblo yc. or-
Bepcrxe rlponcuraeTcg rIoJIHocTbro,

flpn upo6uare HatlaJrbEoro orBepcrr,rff B Jrr,rcre KpoMKa pe3a rlonyqaercfi
HeBblcorcoro KarrecrBa, uogroMy Mecro EatIaJIa npoOuaxz upu uexanlralrpoaaunoft
pe3rce paclorararor Brre ftorrrypa paopesaeMofi Aeranu (trpz BbrpeoKe HapyrrcHoro
KOr{Typa - cHapytcr{, Ilpl,r BblpesKe BrryrpeEEero rcoETypa - BHyTp[).

Orepaqura npo6urnu rra MarrrltEax c qItcJIoBbIM uporpaMMHhrM t4 abororcofiu-
poBajrbHbrM y[paBJIeHI{eM BbItrOJIHSIOTC,E Ha rtarunnax reDMrrqec-
xofi pearu ygaerca cra6ramrro rrpo6nBarb HaqaJIbHbIe orBepcrrtfl B trlcroBoM rlpo-
xare ronrrlraroft ao 100 uu.

npv pegrce uporcara 6orblroft Torrquul,r lraqaJrbrroe orBepcrlre rroJryrraror
sacaep.roarcoft ;ur6o rcuc;ropo4no-xonsenofi pesrcofi .

flocae naqana pesxn r{ BbrxoAa peoaKa Ha KoETyp ,qera;rr4 rrpoqecc pearrr

rlporexaer ycrofturano npta [paBuJILHo arr6pauusrx rexHoJroruqecrr-rx pexcl{llax,

,{.na eagannoft cfiopocrn peorir{ ycrasaBJrxBaercff ofipegenexnaff BeJrrrq[Ea orcra-
Banr4a, rcoropag Bocpacraer c yBeJIuqeEr,IeM cxopocrrr pearlr. TepuunoM (orcra-

BaHI.Ier rloJrbSyroTc,fi AJIS OllpeAeJrests paccTogHl,r,fi B rrarrpaBJler nu peSl{rl MetrcAy
ocbro conJra r-r roqxoft ga un:r*refi cropoHe paapegaeMoro Jrlrcra, rAe BbrxoAtr
crpyff pexcyrqero Rr,rcJropoAa (pnc. 1,6).

B 6oJrlruuncrse cnyqaeB qeJlecoo6paano yueurruurb cxopocrb pearu, ecJrr{
rrprr oroM o6ecne.ugalotc,r roqHocrb BbrpeaaHlrofi AeraJItr v raKrre KaqecrBa rro-
BepxHocr[ pealclt, rcoropble roaBoJrgror orxaaarbcfl or AorroJlHrareJlbHoft mexanu-
.recxofi o6pa6orrcu. Ec;ru arrpesaeMbre AeraJILr ,qoJrrrisbr 6rrrr noAreprnyrn uo-
c;regyrorqefi r*exasuqecxoi o6pa6orrce, rroBepxHocab peaa Motr(er 6Htl nesbrcoxo-
ro KaqecrBa 4 cKopocTL peSrcI,I Morr(Ho SHaqETeJrbHo yBeJrfiqtrb.

Ha npousaogureJrbuocrb r{ KarrecrBo rcroropoguoft pecrv KpoMe cxopocrtr
peSrcrr, AaBJTeHI-rg u pacxoAa petrcyrqero RrrcJropoAa, pacxoAa I4 coorllorueEr{.fl ra'
3oB rroAorpeBarorqero rrJraMeEI,I Brlrglor SaKTopLr, Korop6le He Bcer,4a MorriHo
yrecTb B rrpoltSBoAcrBerrHl,rx ycJroBr4gx. K taruu OaKTopaM oTHoc.fiTcg TeMrlepa-
Typa oltpy,Icaloqefi cpeAbl, KaqecrBo MeraJrJra ero rloBepxEocru, KarrecrBo Ka-

Pxc. LG, Cxema QopMxpoBarxfi orcraBafil|r npr ra3oBoi
DE3KE:

Yp - c(opocrb pe3K[; A- orcraBaHre
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EairoB MyEAruryKoB r{ Ap. floarorvry gar{Ebre rro pesrcuMaM peotr,t Molyr 6rru r.rc-
uoJrbSoBaHbr c geKoTopbrMr,I IolpaBKaMr4, BblTeliauqr,rMr,r r{3 npor4SBoAcTBeHHhIX
ycroauft.

,{;ra pyunofi pasAeJrarerbHofi peanlr Moryr 6rrrr npranarrr per(r.rMbr, coor-
BercrBy$que rperbeMy KJraccy roqnocrr4. B rtonqe pega trprr gaubrxaEr4r{ Korrry-
pa Aeranu cRopocrb peBKLt rIJraBHo rroHr&ftaroT go 50 0/o ourraua;rraoft, vto noato-
rget ra6e$carr roffBJlenrrs nepeMblrrxlr r sraxnefr qacrll Jrr,rcra.

OAuofi raa mr4porio trpuMer{,fielabrx orepaqr4fi, nrruoluaemrrx rcvc;ropognofi
pe3Koft, sBrserc,fi cErrre Qacox uoA ceapny. Kpoura aaganuofr xorsurypaqun
uoxer 6rrrr troJrl reEa rrpu ycraroBlte pe3aroB no cxeMaM, rrpeAcraBJrexubrlu Ha
puc.  1 .7  u  1 .8 .

flpu uo4roroerce ftpoMorc rroA V-o6paaxyro pa3,qeJrry c o6paaoranr.reu ogNo-
croponrero cxoca cBepxy (pttc. 1.7, a) peaan I guno.nnser neprraxanrnrrft pes,
peaar 2, cnegyroquft Ba rrepBbrM, - uarc.lronnsri. Paccrossue A saBucur or roJr-
uIlrI{bI pagpeaaeuoro MeraJlta r4 AoJr)riHo 6lrrr goctatournM AJrg roro, qro6rr xe
npozcxoArrno flpl{Bap}rBaHr,rg MeraJIJra rc nq:rtnei rtpourie pega. He4ocraror sroft
cxeubl - cJlorrcEoe IIaqaJIo peSrcu, uoToMy qTo uepeA HaqaJIoM pe3KI{ HaIC.[OHHbrlf,
pegaKoM Eeo6xoAltMo ocraHoBt4Tb Marrr[Hy rr BbIrroJIEtrb rro,qorpeB MeraJIJIa.
B pesy;rrrare ocraHoBxr{ ltnalttulrll rr rroBTopHoro BrcJrroqeur,Ig pexyulero r}rcJlo-
po.qa BeprrrxaJrbHoro peaara B Mecre ero ocranoBnr{ Ha lroBepxxocrl-r pesa o6pa-
ayercs KaEaBKa rny6r,rnofi ,qo 2 laM.

flpu o6paeoaanurr oguocropoHHe.o cKoca cHr4ay (puc. 1.7, d) crpya pexy-
[Iero Kr,rcJropoAa p$ana 2 cHarraJa cpeaaer He6orbruyrc ToJrrqlruy MeraJrJra, rrAy-
Iqero B orxoA, a BareM peBaKoM 7 gnuo.nttgetcg pegrca FaKJroI{Hofi rcpouxu ue-
ranna, npe,qBapr4TeJrbuo Harperoro Beprr4rcarbnbrM peBaKoM. flpezruyrqecrro ra-
Kofi cxeMLr - JrBeJlnqeHr,re cKopocrefi pe3Kr4, a raK'te orclrucrBr,re Heo6xoA[MocrI.I
B OCTaEOBKe Mamlrnbr [epe,q Haqa.ltoM peSKI,I RpoMIcI{ BepTrrrCaJIbHhrM pesatoM. He-

\'fi

2'.
1 '

6a -

Prc. 1.7. CxeMbt pacnoloxeHxr pe3aKoB npx noAroroBre xpouox no4 V-o6parHyF pa3Aerxy:
a - o6pa3oBaHue cKoca cBepxy; 6 - o6paeoaatue croca cHx3y; 1, 2 - p3ar.ui 7', 2' - Toy(u pac-
IoroxeHur pe3aKoB; i - citeqeHle pe3a(oB oTHocrTerbHo Apyr Apyra
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AOCTaTOK 3TOfi CXeMbr - EeCROJIbIiO MeHblrraff qIICTOTa trOBepXHOCTn peSa trpII

o6pa6orre MeraJura ronrquuoft 6o;ree 35 ruu.
Ilogroroaxa rpoMor troA X-o6paaHyro paBAeJIRy ocyulecrBJrsercfl rrpn oAHo-

nperrrennofi pa6ore rpex peBaKoB, rrpu aroM aepruxa.nrHnft pe3aK o6paayer IIpn-
TyrrJIeHIae, HarJrorrEbre peaarcrr - Sacru. Ha [paKTr{Ke uptMergror ABe cxeMbr
pa6orbr pe3aftoB.

Ilpra pa6ore uo repBoi cxeue (puc. 1.8, a) suepeAu nepeueqaercs Beprlr-
xa;rrnrlfi peaar l, Ba HlrM - pegar 2, cpesaroqrli Hl,rlrcrroro Oacrty, creAoM -

peaax 3, o6pa6arrrnaroqufi nepxrroro @acrcy. Paccroarrve Merr(Ay ocsMn pesar{oB

I m 2 rottx<tto 6rrrr, rcax Morrcno MeI{bIrrItM, 'tto6gt laera,nr, paspegaeMblft pe3a-

rcou 2, ne ycrIeJI ocrLrrb trocre pegrr4 peaaxolr ,l u norprrrrca ureExofi oxcr,rAoB.
B uporuauou cJrfrae RrrcJlopoAEag crpyg, yAapggcb o gacrbrBmJno trJlerrKy oricu-

AoB, orpalr(aerct or Hee u ycrpeMJrgercfl BHIdg Iro Beprr{KaJrrxouy peay. flpu ra-

roi cxeue ycranoBrl,t peBaKoB rrporraBoAr{TeJrbHocrb pearu BT'rcotafi u net geo6-

xo,ultMocrrr B ocraHoBxe Marul{Hbr npu BpeBaHIau B MeraJrJr peaaxon 2 r-r 3. 9ra
cxeua [puMensercg tIpeqMytt1ecrBenuo rrpr4 uparuo;runefiuofi pecte rrporcara.

IIpu (furypnofi pesrce co cKocoM KpoMoK noA cBapRy rrpltMerrsror BTopyro
cxevy (pnc. 1.8, 6), o6ecuevrrBaroqyrc 6o.ree ancoryro rovHocrr' Bbrpeaaunhrx

4era;refi, IIpu peare co crocor'l KpoMorc rroA cBaprcy Haqano pearra Heo6xoAI,IMo
BbrrroJrrrarb c r(poMrc[ MeraJrJIa, tax xax upo6urr, B rficre Haqarbgoe orBepcrr{e
HecIcoJIbKuMrr peSaKaMrr Ee rrpeacTaBJlgeTcg BoSMotrcEr,rM.

flpn rupeare Brryrpeurr{x KoETypoB cnaqaJa rlelrrpaJrrnuru peaarcou 2 tu-
peaaercfi rrpffMoyroJrbuoe orcHo He6orr,uroro pasMepa, r-I or Hero g ,4allgefirueru
Earrl{HaeTcg npoqecc pe3Krl.

goabeRTrrBEocrb npoqecca xuc;ropoAuoft peaKrr saBr{cr.rr or roqrrocrr.r Bbrpe-
Baeublx BaroroBoK r,r KaqecrBa rroBepxHocru. Toqrocrr pearcq xapaftrepr{Syercg
coBrra,qegreM paSMepoB Br,rpe3aeMbrx gera;reii c SaAaHHbIMr,r paSMepaMr{.

Prc. 1.8. Cxe br pacnoroxeHrr pe3axoB lpx noArorosKe l(pouol( t|oA X-o6pa3xyo pa3AetKy:

o-Bep KarbHbri peaaxenepegr;6- BeprxKanbHui pe3aK B qeHrpe;1-3 - pe3aKx;
1'-3' - ros(u DacnoroxeHut De3aKos
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Ka.recrso troBepxnocrr4 pesa otrpeAersercfi B coorBercrBr{n c IOCT 14?92-80
cne,{ylollll-tMlt noRagaTeJrflMrr: oTrJIoEeHr{e[ rroBepxHocTE peSa oT lreptreHAlllcyna-
pa tt rroBepxEocrvt Jtucra n mepoxoBarocrlro troBepxnocrrr peaa, B aanncauocrra
or TexHoJroruqecftoto HaaEaqer{r4,fl AeTaJIII ftarlecTBo rroBepxEocTr{ p€3a Mo ceT
6rrrr sbrcmee (rracc 1), rroBbrrueuxoe (ruracc 2) r,r o6rlrsoe (ruracc 3).

K.racc 1 coorsercrByer HauryqmrM peeynbraraM, gocruraerrarru g nara6oree
6;raronpraarrrux yctoBr.rflx Epr{ TorrEoM co6arogerr-ru orrrltMa;IlHhrx peJr(uMoB pea-
Krr, trplrueuerltrr o6opy4onauza tsblcltrero ftJracca, BLIcoRoM l(aqecrBe IaaroroBJre-
IIts MyHAruTyKOB.

KJracc 2 coorsercrayer ycroftvuorrM pegynbraraM, troJryrraeMbru xa o6rr.rgbrx
cepr,rino BBrrIycKaeMbIx MarurrHax B rrpor4aBo,qcrBelrHhlx yctoBr{ffx.

K:racc 3 comsercrayer ycroftvuarrM TrpoI.rBBoAcrBeEHbrM troragareJrgM, Aocrrt-
raeMbrM Ha cepufinoru o6opygoaarruu nplr pexr,rMax, o6ecleqrr Barorqv x Hannlrtrruue
arotour4qecftue nonarlareJrr4 npoqecca. B ra6r. 1.2 [puBeAeHbr npeAenbulre orrcno-
HeITII,E peSa rro EeIIepneIIAI,IKyngpHocTr4 14 IllepoxoBaTocTrr Anfl paSluqEbrx Ar4aIIa-
solroB ToJrrqr,ru paapeaaevoro JrucroBoro craJrbHolo uporcara (fOCT 14792-80).

Pasrrqras rorruocrb peorcu, T.e. coBrra,qerrre paamepoB nlrpesannoi 4era-
JII{ C AaAaEEbTMI-I, 3aB}ICI,iT OI TOqEOOTU IUAIIIIHEI, TOTTEOCTU r{SIOTOBJIeET{ff KOIIIIp-
-reprerriefi, cocroggas [ocraBxr.I MeraJIJIa (na;rr,rune BrryrpeHEr{x naupaxcexrafi.a
JrucroBolf nporcare). Vcranosreno rpr.r rcJracca roqrrocrn lramzn (IOCT- 56L4-74\..
nepBhrfi orEocl{Tcg K MamI.IIraM, aJreKTpoMexaEuqecftag florpeluHocrb Koropbrx Ee
rrpeBbrruaer 40,5 MM, nropofi - +l MM, rperrfi - +1,5 MM,

Toqnocrr pasMepoB rlrpeaannoft BaloroBxr.r, cBffBaHHas c upoqeccoM pesrr4
(uapalrerparur,r pexcynlefi crpyr, Ae@opMaqnslf]r tr r.u.), otpege;raercs IOCT
14792-80. Tarrau o6paoou, paaMepra,r rotraocrb BhrpeaaeuBrx Aera.nefi Aoancsa
yrnaAblBarEc,fl a cyMuapElri Aonycrt rorrEocrl-r MamuELr r.r rorrtocrr{ co6crsereo
pe3ltr.

,{e@opruaqra upu peare - oAHa rB rJraBHbrx lp]rqr.rH orrcroHex[s pasMe-
poB Bbrpeaanrbrx geraleft or Ba,qaHEBrx. Aetboprrlaqr.r,s uera.rura rrp]r peaxe Bo3Er{-
Kaer BcteAcrBr-{e HepaBHoMepEolo EarpeBa MeraJIJIa 4o nrrcorcofi Teuneparypbr u

lr6rrq. 1.2

IloKagareri KaqecrBa
Tc'IIr{rrIa

paspe3aeMofi

cra.rir, n

Kaaccu na.recrsa

1 2 3

HetreptrenAraryrfl pEocrE, MM 5... t2
13. . .30
31. . .60
61... 100

o,2
0,3
o,4
0,5

u,c

1,0
r ,o

1,0
1 , 5
2,O
2,5

Illepoxoaarocrr, vu 5...)2
13. . .30
31. . .60
61. . .100

o,05
0,06
0,07
0,085

0,08
0,16
o,25
0,5

0,16
0,25
0,50
1,0
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ero oxJrarrcAesuff c o6pasoBaHrreM trJlacrr4qecKnx AeabopMartrr4ft B solre HafpeBa.

fllacrrz.recrue ae@opMaqltu, Boagrrralou{[e rro KpoMr(aM BLlpe3aeMblx gera;reft,

BbrablBaror yKoporreuue, rirsrla6 AeraJreil, a raxrrce trorepro ycrofi'rfiBocrr'r SaroroB-

Kra (orrroueuue or nJlocnocrHocrr'r). Ko;rlruecraeano Ae$opMarluu saBracsr or

pa3MepoB BbrpesaeMbrx SaroroBorc, TelroQr,rStr qecrn x u Mexauurrecxrtx cBoftcrB

JrrtcroBoro MeraJIJra, pacrroJlolrieHv fl 4era.nei xa Jracre' rrocJleAoBareJrbHocrrr rrx

pearcr{, a raxtfte or rexxoJlor[qecftux napaMerpoB upoqecca pesxu (crcopoctN pee-

Rr{, pacxoAa pe$cyqero Rr{cJlopo,qa r{ MoIrIHocTr{ noAorpeBaronlero rrJraMeHlr' IIrII-

pI4EbI pe3a' HaJII/ttII4fl IIIJIAKa Ea KpOMKax pe3a 14 T.II.r.

Hecuorpa ua 6o;rrmoe qucro OarcTopoB, BJrr{ffIourlrx Ha Berurrfisy ,4e@opMa-
qtllr, Mon{Eo Aarb o6rq[e peKoMeEAarIu[ ro rroBbrmeHr4ro roqEocrr{ Bbrpe3aeMbrx

gera;refi. flperxAe ncero neo6xograuo o6parqarb oco6oe BrrvMaHrae Ea pacrroJloxe-

sue Aerarefi na o6pa6arrraaeuoM cra,'rbHoM Jrr'Icre. B rleJrjrx cHr{rr(eErrs AeSopMa-
qnfi npu KoMrrJlercroBarru r{ pacrcpofl neo6xoguuo ug6erarr pagMelqeu}rs ga Jrrlcre

oAHr4x ystclrx ,4JrlrHnbrx AeraJrefi. ,{;rururre AeraJrr4 cJreAyer KoMrrolroBarb Ea JrIr-

cre c KoporrctMl.r u palMerqarb lrepBbre BAonb upogo.rruofi rpouxu ;rracra. ,{;ra
yMenblrrerufi AeQopMalluft Heo6xoAlrMo rro BoaMorrcuocrll uprtMeEfiTb coBMeIqeE-

Hbre pe3bl, KoTopbre oAHoBpeMeEEo cJIy:IcaT r{ortTypaMrr AByx pfiAoM pacuonorrceH-

nsrx.uera.lreft.
IIpu xeo6xoguuocrr4 Bhrpe3xrr r4B Jlficra pagJrl{qur,rx rro paaMepaM Aera;refi

neo6xogzruo peory Eaqurrarb c rcpa,fi Jrrrcra ra tepeMerqarbcs BAorb ero Koporrcofi

cropoHbr (prac. 1.9). Hanpaaaeuue o6xo4a nonrypa alr6uparor c rarcrrM pacrreroM'

.rro6sr s uepByro oqepe,4b o6pa6arbrBarltcb KpoMrcr{' npriMbrralorlle rc MeraJIJry'

nAyrrleMy B orxoA. B nocae4rroro oqepeAb cneAyer BblrroJlusrb pe3, orAen,Eroquft

,4eraJrb or ocHoBHoi Maccbr Jlrrcra. B [poqecce pe3rc]l JtiecrKocrb o6pe3t AonxHa
6rrrr rueulrue rr(ecrrocrlt arrpesaeruoft AeraJrI{, roaroMy cJreAyer rrpeAycMarpr{Barr'
paspeslcy oTxo,{oB.

flpu rrrpesre Aera;refi c orHoruenrreM AJrrrfbr rc urr'rprurre 6o;ree 3 neo6xoAq-

Mbr nepeM|rrrKr{. B gagrcqruoctu oT BeJrr4qlIEbI 4OuyCtr'rnrofi Ae+opMarluu r Ton-

nlrrHbr Aeranu Haofiaqaror trr4cto u Anrtuy [epeMbrrrer. Kax uparrao' trepeMbrq-

KI,r ,4oJrrrcEbl gaxoatlTbcfl aa o6pa6arrrnaelloM KoHType AeraJIIt c marorvr 1.'.3 ru,

rrx,{JII-'IIa B SaBr4CE}[OCTr4 or roJlrrllrur'r MeTaJIJIa cOCTaBJI,fier 15".50 rvrrrr. Peaxy

troJroc r{g ;rrcra neo6xoAurrro BbrrroJlugrb HecKoJrbI(I'rMr'r peeaKaMr{' trro rrpaxTr4qec-

KI,I I{CKJIIOTIAET'CKPIIBJICEI,IE SAIOTOBOK.
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,{an cnu:Nerua Ae@opuarllllr peaxy reo6xo4r.ruo BbruoJraarb Ha MarccuMarl-
Hofi cEopocrL AJI.E AaHHoro KJracca EaqecrBa pega c lfir{HltMaJrruoft tuorqrocttro
noAorpeBarorqero rrJlaMenrr r,r MI4Er{MaJrbHr,IM B coorBercrBr4r4 c rpe6oaaxrtsun r
upoqeccy paccToflEueM Merrc,4y ToprIoM MyEArrrryKa z rroBepxHocTbro paspesaeMorto
METAJINA.

Moncuo yuenrmr,rrB BEatreHr.r,fi [orperuHocreft pa3MepoB gera.Irefi rryreu npN-
MeIIeHI.I.n paqraoaa.nrxoft KoHcTpyKrIrr[ cToJra, Ea RoaopoM BLInoJrHgeTCg pe3Ka.
Koncrpynqr,ra croJra goJlrcEa o6ecfie.{nBarb ,Kecrrcoe KpeIt.rtelrl4e, uro6rr uporraeo-
crosrb AeQopMarlum rzerrl6a BlrpesaeMr,rx 4era,nefi r.r o6peara. Bo ng6extaque cue-
rrlenr{g Jrr{cra B rrpoqecce pegxra Eeo6xoAI.IMo upeAycuarpr,rBarb BooMo}nnocrb cBo-
6o4uoro uepeueqerr,ra o6peau.

Pe3(a cranr ualoi rolqrau. Caoeo6pa:r.re xrac;ropo4nofi pearn Jrr/rcroBoro rrpo-
Kara MaJroft ToJrqqHbr (ao 5 ur,a) cocronr B ToM, qro rroAor,peBarorqee nJraMff pa-
BorpeBaer Becb Jrr{cr rro roJrrqr4Ee go ar,rcoxofi TeMrreparyphr (npr.ruepro 9b0.C) c
o6paaoaanr.reu AoBoJrbEo 6o;rr,moro uarxa. Bc.ne4crare aroro runaKr,r, Bbr4JrBaeubre
crpyefi rcucaopoAa r{B paspesa, cMatr[Baror Harr(Eroro KpoMrcy c o6paeoaauueu
TpyArrooTAeJIEMOrO lpaTa, trOSTOMy ilfiepbr, EarrpaBJreHHhle Ea AocTI,Ir(eEI,Ie XOpO-
rrrelo KarrecTBa IIpI-r Kr-rcnopoAltofi pe3fte ToIIKoIo MeTaJrJra, [peAycMaTpr{BaroT
yMeEbrrreHr{e BBlcor(oreMrleparypHoro rrflTHa HarpeBa Ea El,ItrcHeft troBepxEocrlt
JIIiCTA.

,{;ra pesru roHrtolo MeraJrJra rrprlMersror ruyuAmryr{[ cuequa;rr,uofi xoacr-
pyKqrru c uocJIeAoBaTeJrbELrM pacEollotfteHr{eu oTBepcTr4ff AJIS pe)rcyqero K[cno_
poAa 3a oTBepcrr,reM AJrf uJraMeEa (puc. 1.10, a). Oruepcrr.re Anff pelcyqero Itrrc-
nopoAa pacflonararor 6rI,I)$e It rroBepxEocrrr MeraJrJra. flpr tarou pacrloJroJr(eHl,rr
ornepcrnfi eraJrJr rrocryrraer B 3ory pexyrqefi crpyr{ pasorperbru go 6o;ree rna-

f,l
dl

- t  - t  + l
o t  o t  A l

I  I  " t

Q l
- t  + l

t  - t

Pxc. 1.1O. CxeMbt [yHAuryt(o8 AJts pe3Kx raerarua Manoi roaqnlrr:
o - c pacnoloxeHleM orBepcrnr Mr pexyqero xxcropoAa 3a orBepcrreu Arr nrauelr; 6 _ c rpex_
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Roft TeMneparypbr, qeM Tlpl,r rpa,qurlr4oEr{oM rcoJlbqeBoM rrJraMeHr4, npI,rMeI{geMoM

Ang cBaprcrr MeTaJrJra cpe,4lleft ToJrrrlr{Ebr.
Xoporuee KarrecrBo rroBepxgocrr,r peaa o6ecuevuaaror MynAmryKrr c rpex-

crpyinuru peatyqr4ll KaHaJroM (pnc. 1.10, d), y rcoroprrx nepBas (no xogy pes-

xr.r) crpya ocyrlecrBJrger npoqecc pe3Krr Mera"lJla rlo roJrulnHe, a gae 6oronrre
ablTloJruffror Baqr4crrcy Ae$ercruoro clo,g na 6oronrrx KpoMKax peaa.

Taxlre xoncrpynqau MyEAruryKoB rrcrroJlbsyror A;rg upsrvro:runeinoft paa,4e-

rurerr,Eofi pesrcrr ronroro MeraJrJra. fira ipurypaofi pesrl4 npr.rMeusror MyI{A-
ruryrcu c pacrroJroxceEv elf rroAorpeBaloqero rrJraMeEr{ BoKpyr pet*yqero corrJra.
Or.nuqre cocrol4T B ,qo6aBreurrz Bxerrruero rdoJrbqeBoro KaEarra, qepeg rcoropLrfi
Ha KpoMKy pega rroAaerc,fl oxaaxcgarorqr,rft BoBAyx r4JILt Bo3AyrrrHo-BoAfir{as cMecb.
Pencr,rurr MexaHr4sr4poBaHHoft Ii[cropoAuofi peaKrr rorrcoro MeraJIJra rrpr{BeAeubl
n ra6;r. 1.3.

L6tr{r 1.8

TcrrEg{Ha
paspesaeMoi

cTa,'lI]I, MM

Pacxoa raaa, u3/v

CRopocr6
pe3Ku, Ittr/sRI'CJIOPOAA

AIIETI4JIEIlA BO3,4yXa

pe,I<yqero ITOAOIPEBAIOtrIETO

2 1,0 0 ,16 0,15 2,O 5t , l

3 t , 1 o,20 0,18 2,5 46,8

4 7 , 2 o,24 o,2 l 3,0 45,0

5 1,3 0,28 o,25 4,O 43,2

naRergat p€3m. flpu ueo6xo4auocrl,r rloJlytleurr,fl rrs Jrr{croB Tolrroro MeraJr-
;ra 6o;rrmoro qrcJra oArorlrlrur,rx gera-neft llo:rcHo trprruerr.flTb uarcerHyro pesxy.

,[aa eroro Jrr,rcrbr pacpeaaror Ha Kaprbr, Koropr,re aareu co6r,rparor g narer. flo-
Bepxnocrb JracroBoro MeraJrJra 4o;r:rcna 6rrrr oqIauleua or aarpaaneaui. ,{aa
pearcn rlcrroJrbsyror lc{cJropo,q rruaxoro AaBJreE fi. flpr.r o6r'runr,rx AaBJreEr{.rx pe-

)Kyqero Kr{cJropoAa pe3rca. [porer{aer Eeycroft.rqBo c BblxBaraMu KoHTypa Aera-
nr{ B gonax Heruroruoro flprineraur,rlr co6panrrrx Jrr{croB B uarcere. B cJl]rqae r4c-
rronbgoBanrg BItcJIopoAa rrrrgroro AaBJreHus Bagopbr ao 2...3 uu MerKAy r€praMrr
B uaxere Ee orcagbrBaror cyqecrBeHuoro BJrr4srfl{fl Ha KarrecrBo pesnra. Co6pannrri
uaxer crffruBaror tro KpasM crpy64r,ruaur.r (pnc. 1.11), [ocJre qero nr{crEl 3axperr-
Jrflror c rroMorrlbro AyroBoft cBapKI4.

flpn naxeruot peaxe oco6oe BErruaHrre Eeo6xoAqMo yAeJrsrb Haqary trpo-
qecca. flpu Blrpesre HapyrnHr,rx KoHTypoB Aerarefi npoqecc Hatrr{Haercs c Kpas
lariera. Arfl o6.ner.resug Ilpope3aEltg rrarera Jrucrbr ylcJla,qhrBalor {receEliofir c
fipl,ItrycKord 0,5,., 1,0 MM rrpll ycralroBrce KaJK,4oft uoore4yrorqei naprrr. flpo6urr
IIAIIAJIbHOE OTBEPCTUE [PI,I BbIPESKE BEYTPEITHEIO KOHTYPA EE IIPEACTABJISETC.fi
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Prc. 1.11, Cxe a 8brtlorfiefirtr flaxal|toi pe3r1{

BocMo)r(HbrM, rrosroMy ero rroJrl raror sacBepnoBnofi. Bpeaaxze pexcytqefr crpyr,r a
Merart Heo6xoArlMo ocyqecrBJtffTb Ha IroHr4xeunoii cxopocrlt, Pexrautr naxer-
noft peenu craJrr,r [pzBeAerrr,r s ra6r. 1.4.

h6rr{. '..a

TomqrHa nncroBoro
MET'UIJI&, MM

r{{cro rucroB
B narceTe

Aa3neExe perKyu{ero
rincropoAa, rcfla CKopocra pec*r, M/.{

2 25 78. . .88 r  c ,u

3 20 88. . .98 13,2

4 15 98... 107 t2,o

6 t 2 to? ...117 10,8

10 8 t17 ... r37 9,7

t2 1,17 ... tS7 10,8

16 6 tt7 ...137 a v

20 lt't ...737 o t f

24 117 ,,,737 r0,8

30 3 r27...147 o 1

60 2 13?. . .167 9,0

flpz ualcernofi peaxe roHtoao MeraJrJra aepxuufi JIr,Icr orrJ'raBJlffercg noAorpe-
aarorr4nM rrJraMeHeM. ,{.ra ycrpanerrza ororo AeSeRTa upu c6opre rarcera cBepxy
yrJraAbrBaror nro6oi Hexa'recraenurrfi uera"r.n, zgyuqttft gareM B orxoA.

l':i;:, ,'.raaiii.,
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P€3Ka cranx 6onsuoi rorqrlH. Ocxosras oco6essoctr pesrcrr crarv 6o;rruroft

ToJrrquHbr (6o;ree 300 uru) cocrorar a neo6xoglttuocru ctpopuupoaarr QpoHr orlrc-

,aenlrg MeraJrJra 6o;rrnofi qporgJrceHuocrr{, rrogroMy rrpu peare MeraJrJra 6o.lrbuoi

ToJrult4sbl tpe6yrorca cfleqltarbuas per$ylqafi anfiaparypa BbInorHeHEe oco6r,rx

DpI,reMoB peSKlI.

,{aa gocrzxcenrg cra6 rbEblx noxasaterefi [por'ISBoAlrreJlr,Hocau u Katre-

cTBa peSIcI{ cTpyff per*yqero KrrcJropoAa ,qoJrrrcHa coxpaHffTb oRIIcJrrrTeJIbHyIO

cuoco6uocrr u RrrHerl4qecKyro gHepruro Ha Boguo)rcuo 6o;rrruefi AJrtIHe Iro roJI-

EIr4He pagpeaaeMoro MeraJrJra. Morqrocrl rroAof peBarorqero nJIaMeHrT AoJlSrcrra
6r,rrr, raxofi, .rro6r,r o6ecne.rrrr, rroAorpeB IrrJlarcoB B ttuficgeft qacrl'r peSa lt 3a-

qury perxyuqei crpyu or noAcoca BosAyxa. Taxuu o6pasou' pacxoA peficyrqero

Kr4ctopo,qa t-l roproqeto raaa EaaHaqalor HaMHoro 6ri.rauruur'r, qeM lrpr4 KI'lcJIopoA-

Eofi peaxe cra;rr,r o6r,rqnoft ToJrrqrrnbr. Pe:rcy arruo;rrrsror, rcax npaBr'rJro' c uc-

rroJrbaoBaur4eM rcrrctopoAa Hrzarcoto ,4aBJrenr{fl ,qo 392 rIIa (3,92 rrc/crr'I2), ruyng-

lrryrcu pegaroB ulaeror o6rt.rrrrre qfiJrrtH,4prtqecxu e con.na 6o.rsmoro Ar{aMerpa.
Cropocra r4creqeHlrff crpy HeBbrcota, rrpr aroM KarrcAa,fi qacrr4qa KlrcnopoAa

AoJrbIue colplrxacaercg c pacrrJraBoM a peae, 6.lraro4aps qeMy yMerrbrrrarorcff

Trorepr RrcJropola.
Crpya 6o;rrnroro ,4r,raMerpa o6ecueqzgaet orr{cJreHlae coorBercrBeuuo 6oJrb-

ruoro KorlqecrBa MeralrJra e repxueft tracrrr pe3a, qeM yJrl r aercfi qporpeB Me-

ra,r.na g suucseft qacrrr peoa. O6paaynqrica mJlarc aauoJrHfler paroBr'rxbl I{ ryc-

TOTr,r, pacrroJlataoquec,E AoBoJIr'uo vacro r npu6rr;rax' B cBgSr'r c qeM KrtcJropoA-

Hafi crpyg rre repfler ycrofiur,rnocrra u He MeHser l{aupaBJreHag rrpu peore Mera;rJra

c BEyrpeHHr.rMlr 4e$exraur.r.
IIpu peaxe cra,nn 6o.nr,ruoi To,ruqr4ur,r AJrff yMer 'ruexnff qarpeBa MyH'qlury-

rca orpaxcennofi ten.norofr tt so za6elcaHl.Ie 3acopegufi KaHaJroB AJrg BbrxoAa ro-

proueft cueclr 6prrararuu rrrJlalia pexoMenAyercff rroAgeptfiI'rBarb paccrofiHl4e or

cpesa MyrrAruryra Ao uoBepxuocrlt paapeaaeMoro Mera,lrJra 3l{aqltreJrbno 6<5asruuu,
IIEM NPIi PESKE JIIICTOBOTO TPORATA.

Arfl cogAaHrls ycrorlrft g;ra ceo6ognoro Bbrrerarus ru;raxa nncora cno6og-

rroro fipocrpaHcrBa noA I{BAen}reM go.rxua 6nrr He Menee 60 % ero roJIIqr'IHbr.

Kporr.re roro, AJIS SatIIuTbr peSqr,tKa r{ MarII{gbI oT TerrJloBoro BoSAeficTB[ff n 6pb]3l

ruJraKa Heo6xoAuMo npeAycMaTpIrBaTL orpalrcAeHlre I4x ac6ectos]'hrr4 trJIL r(e.lre3-

IIbIMI{ IqUTAMII .

Oco6oe gsrnuarrue neo6xo4r.rmo yAeJrsrb onepaqusM' rrpeAruecrBylolqr'rM p€3-

xe. Mecro HatraJra peaxrr cJreAyer xopouo rroAorperb. [;ra sroro per{ouerrAyercs

pacrroJraraTr' MyHArrrryn ua 1/3 ero AltaMerpa nag rcpourcofi satorosxr4. Ecru n

MOIA€HT Bpe3aEU,fi CTpyr,r pelcyulero rct4cJropo,qa B MeTaJrJr ycrar{oBr{Tr' cJrr{mltoM

BLICOKOE AJIfi AAHHOTO COtrJIA AABJIEHIiE KI{CJIOPOAA NEPEA PESAKOU' TO III'UIEHAPIIq-

Hocrb crpyu tr rlJraBrrocrr ee ucretreul4ff Hapyurarcff. B peay.lrrrare EToro o6pagy-

ercg lropor, Er,rJrde KoToporo peaftql',fi ropeEu,tr trpel{parllTc,fi.
BHcoroxa.recraer{Hag peSrca cra.nu 6o;rrruoft ToJrrquubr ttlo:xer 6rrtr o6ec-

IIeqeEa B TOM CJIyqae, eCJrlI peSAK EAqr,rHaeT nepeMelqaTl'ct cpaSy IIocJIe rrycRa

crpyr{ peJrcyqero Kr.rctopoAa. Tor,4a npra rrapaJl'reJrbroM pacflonorr(enrrrr crpyr.r
pe)ftyrqero nvcnopoAa I.r roprloBoi noBepxEocrrr paapegaeMoro I'rsAeJrxfi' ec,lru

: ::



PrG. 1.12, CxeMa pe3Kn Merarla 6olruroi roaqnxrr:

5 - TonqxHa x3Aen[r; yp - c(opocrs peaxu; /" -  cKopocrb pe3Ku Ha y'. ]acrKe c sepr[KalbHbtM
pacnonoxeHhe MyHAulry(a; H - cBo6oA8oe npocrpaHcrBo noA [3Aen[eM; I,  I I  -  nonoxeHua Haqala
r 3aBepueHIt npoqecca pe3Ku cooTBeTcTBeHHo

SaroToBKr4 zMeroT npffMoyroJlr,Hyro oopMy, rpe6yerca orreHb TotrHaff ycTaHoB-
rca pesaxa B rrarraJrbrroe rroJrotrcentre uag rporuxofi Mera,'rJra. Hauano peana sna-
ql4reJrbHo oorerrraercs, ecrr4 pe3aK r{artJrorruab Ea 2...3" B cTopoHy pagpe3ae-
Mofi saroroBru (puc. 1.12). flpr,r o:rou na roprlonofi rroBepxnocrr,r paspeaaeMo-
ro HBAeJrnff o6paoyerc.fi KarraBxa, cuoco6c:rnyroular roxqerrrpaqlrrl rroro(a
rrrJrata, rur coorBercrBerHo yJryrruaerct HalpeB MeraJrJra BAo"rr, JII4Hnr{ o6pagye-
MOIO pa3pe3a.

B rcouue peaxu neo6xo4uMo culrgl{Tb ee cftopocrb r4 HaKJroHr4Tr, pegar B
npoal{BorroJro}(Hyro cropouy, qro o6ecue'rr,rr rpopeaarrr4e nuxcaefi xporuru aaro-
TOBI(I4.

Bo;rr,ruoe auaqeul{e npu peane cra.nu 6o.nr,moi ToJrrrlr.rubr r,rMeer rrogorpeBa-
rorqee finaMfl.,{na o6ecnevenu.fi lporpeBa rrrJraxoB B nlrxrrefi qacrr.r peaa r{ Ba-
rqrrTbr cTpyr.r Kr.rcJlopoAa oT nepeMerur4BaHrrff c BosAyxoM rrpu pesKe cTajrrr ToJrrrllt-
rrofi 6o;ree I 000 uu B peaaxax Ba pelcyrqrrM corrJroM pacrroJrararuT AorroJrHr,ITeJrbEo
coIIJro AJrfl rroAaqll foproqero ra3a.

flpu pesre cra.nr.r ro.nrqr,rnofi 6oaee 2 000 vryr 65ok roppqero raaa rroraercs
B pe3 qepes AorroJrHr4TeJrbHoe conllo.

Or rulla ropnqero ra3a gaBrrcr{T aQ@exrznnocrr, trpoqecca pegltz MeraJrJra
6o;rr,uroft ToJrrqrrHr,r. flpu peaxe lpeArlorlTrzreJrr,Ho acrroJrbaoBarr, raobr - BaMeEr{-
TeJII{ aIIeTI4JIeHa, I,IMeIOuIze HIISIiyIO CKOpoCTI' BOCIIJIaMeIIeHI?[g.



Mero4ur noBbrueHnc npo[3Bogt4TenbHocrl,l
H KaqecrBa pe3Kn

Jlp].|MeHeHx€ KxcropoAHoi 3aaectt' Vnerl,lqlrrr, clcopocrb KxcnopoAHoft pesrcq

Motr(Eo rroBbIIreHI{eM rrrrcrorbr por(yulero rt cJropoAa. rlro6rr yuerruurb 3arpg3-

Henue pexyuleft crpyr{, Merr(Ay BbrxoAsblM orBepcrr.reM pefi(yulero ErlcnopoAa rr

noAorpeBaroquM rrJaaMeHeM pactroJrotr{eH ldorblleBoft KaHaJr raK Ha3brBaeMofi xr4c-

aopoAsofi gaBeclr, r,r3 xoropoft Bl'rxoAr{T KrrcJropoA c o'rnocr,rreJlbgo ue6o;rrmoft

ctopocrr,ro r{creqeEus. Orcpy*carorqui oclroBuyro crpyro trororc per*yqero rclrcno-
poAa npeAorBparqaer rroAcoc [poAyKToB fopeHr{fi rroAorpeBaroulero uJraMeHrl r4

Bo3Ayxa, rrro trogBoJr,Eer uoBbrclrrb crcopocrb pearu. flprnnenerue rrac;ropogxofi

aageclr o6ecue.rr4Baer yBeJII{qeEr,re cxopocru pearcu r 1,35-1,5 pasa npn oAno-

BpeMeHEOM trOBlllttetrr,rrl paCXO,qa pefiiyrqero RucnopoAa, rroaToMy aToT cnoco6
peSKu trpulfieqsercs orpaErrqeEHo.

NoHraRrHat perxa. Vmenr'rueurlro rroAcoca orcpy*cauqero BoBAyxa n raSoB

rrJrallesfi cnoco6crryer MeroA KoETaKTrroi peBKI,r, pa.apa6orarrrrft ,Errorrcroi Olrp-
uoft lwatani. Bryrpeunui MyEAInryK Br'rcryrraer ua 2 ... 3 uu 3a cpes HapylcHofi

fuJtb3l,r }I r4Meer IiaflaJI AJIff pe]Iiyqefo Rl,tcnopoAa c nrasuoft axoAnofi qacrbro r'r

r(oEuqecftlrM pacurrpeHr,reM Ira Bl'rxoAe. Bo apeua peSrcr,r paccToffI le MetrcAy pe-

)ItyqrrM couJroM I,I troBepxHocTblo pa3peSaeMoro MeTaJIJtA uOAAep:IllIBaeTcS rrocTo-

aHHLTM B trpeAenax 1...3 uu B BaBrrcrMocrlt or roJrrql{Hbr npoxara. IContaxtsas
peexa o6ecnevraraeT rroBr,rEreHlte cftopocrr4 pegKu Ira 50 7o, cnr'rnrenue pacxoga

RxcnopoAa rr roproqero raaa na 20 o/o . Heaocrarrcou cnoco6a sr.nsetcg rloBr,rruen-

nrrfi rasgoc MyEAruryKoB Ir3-Ba HaJrr4rranlIs 6prrer pacnJlaBJreHuoro MeraJrJra rr

oK€lJr[Hbr I,I HaIpeBa MyHArrrTyrca rloAorpeBauql{M TIJraMerreM-
Per[a ropfqero erarta. HarpeB MeraJrJra uepe4 peexoft Ao reMtreparypbl

1000'C o6ecne.ruBaer yBeJrr{rreHue cltopocrl peaxn a 2,5-3 paea (pearca ropn-

uero laera.l;ra). Bgaqlrre;rrnoe yBeJrrrrrenrre crcopocrlr peoKr4 orMeqaercfl HaqI{Eat

c reMtreparypbr 600'C. O,4uoapeMeHHo Br'IffBJreHo csrrlrteHr're yAeJrbgoro pacxoAa

pexyqero RucnopoAa rrpr4MepHo a 2,5 pasa. Baugy nrrcoxoft sOOeKTnBHocrlr npo-

rlecca MeraJrn neo6xonuuo paspegarr' B ropffqeM cocrofiEr{l4, HenocpeAcrBergo

IrocJre rrpoKarKr.r uJrr,r flocJre ocBo6oJftAeHu,fi orJrr{BoR u3 OopMbr.
Ilpunqr.rn rroBbrrrreHtg cropocrlr pe3xlr Harperofi craJII{ [crroJrb3oBaa B pflAe

rroBbrx Bbrcoxorpor,raBoAurenbHblx trpoqeccoB rcraclopo4noi pegxll rficroBoft cra-

JII4, rc lt'oropbrM orHoc,fiTcs AByxcrpyftHag pesKa a pe3ria rroA ocrpblMr{ yrJraMrl

araKr,r cTpy[ pexyrqero uHcTpyMerrra.
flpu gnyxcrpyftnoft pesre B Myu,qruryxe paccBepnnBamr ABa pe]fiyulnx Ka-

na;ra I (pr.rc. 1.13, a), pacrorloJrceuHbre Apyr or Apyra ffa paccrosExrr 8...10 uu.

flpx [epeMeqeEr,ru MynArrrryfta ocr, BToporo ftalra;ra cMerqaerca ua 0,5...1,0 rurrt

B rraupaBJreur4r,r, neptreHAu rcyJr.nprrou EatrpaBJrenr,rm peanu (prc. 1,13' 6). B npo-
qecce pe3Krr uepeAHgg crpyff npopegaer MerajrJr rto ncefi tolqune, ocyulecrBnss

EarpeB Tor{Rono cJros MeraJIJIa, Koropnfi cJrcutaerc,fi aareu sq4uefi crpyefi. IIoBepx-

its



Pxe. 1,13. CxeMa AByxcrpyiHoi cKopocrHoi pe3Kq:
o - MyHAujry(; 6 - pacnoroxelne pexyqrx crpyi; ? - KaHanbt; yp - cxopocrb pe3Kx

Hocrb pesa co cropoHbr nepBofi crpy[ rroJryqaercff rpy6oi c cu.nr,uo arrpaxennoii
ruepoxoBa.rocrbro u 6o.nr,rur.ru orcraBaur,reM Jrvravir per'a, Co cropoarr rropoi crpyra
KpoMKa orHocr.ITeJrr,Ho rJraAr(afl, t,t ee urepoxoBarocrb I{e flpeBhrluaer 0,lZ +
+ 0,001.5 lrnr, rge S - roJrrrlr.rra paape3aeMoro MeraJrJ'ra. Bropaa crpya ocyulecrB-
rffer saqr4crry rloBepxxocru peaa rrocJle rrepBofi crpyr.r z o6ecue.raraer Bbrcoroe
KarrecrBo rroBepxuocrr,I npz arrcorcofi cftopocrt4 pearcu. Ha pac. 1.14 flo]casarra aaBra-
crrMocrb cropocrr{ pecKr4 JrzcroBoro upoxara o6br.rHbIMI,I z 4eyxcrpyfiur,rura uyng-
ruryrauv or rorlrlanbr pa3pegaeMoro Merar'rJra. flpuuerenrae gayxcrpyfirr,rx nryng-
IurynoB uo3aoJl.Eer yBeJ'Iaqr{Tb cxopocrb pegtcu 6o,ree uerrr u l,Z paaa no cpaBue-
szro c o6u'{soft pearoft. Onucarnrrfi cnoco6 Kr,rc,TopoAHoft pesxr,r Morrcer c
yclexoM rrpr,rMeuffTbcfl Arg npflMorr,ruefiHhrx t1 Rpr4 BoJrrrEefinrrx peaon c 6orLmI,rM
paAr4ycoM KpI,rBrl3Hr,I.

Pxc. 1.14. 3aB{cruocrb cxopocrx pe3(x % or ror-
qrHbr S pa3pe3aeMoro MeraIIa:

1 - o6ur'rHar pa3AenuretbHar KrcnopoAfiai p$Kai Z -

AByxcTpyxflar cKopocTriar pe3Ka

. iq,' ..'Y..



Pxe. 1.15. Crena cxopocrHoi pe3tx rpy6

Ipu xa,upavrenurr crpyr4 per$ytqero nncJlopo4a uoA ocrphrM yruroM R rloBepx'

r{ocru paapesaeMoro rroAeJllls rruari, BbrxoAsqxft qB pe3a, EepeMelrlaerc,fi rro rrt4ti-

nei rcpoure Jrr4cra, tIeM o6ecuequgaetc,l [peABapl'rrenbHbrft narper ruera;r;ra. Eoru

npu peore rpy6 yuenrmurr yroJr araRla crpyrr pe$cylqero xucnopoAa Ao 15...25"

(puc. 1.15), ro o6pasyroqufics nprr peaxe mnafi uepeirelqaetcn no napyxnofi n

anyrpenueft oreHrcam rpy6lr, uro o6ecue.rqaaer trporpeB nepeA pesrofi ytracrKa

aga'rzremgofi ,qnlrHbr Ao Bbrcoxzx reMrleparyp.
B ra6;I. 1.5 paccMorpelrbl penttlMbr cxopocrtofi rT o6rrqsofi xuc;ropo4roft

pearcu. rpy6. flpzue4erxrre AasEbIe rroxasbrBaror 3rraqureJlbxoe yBeJrrrqear{e cno-

pocrrr pesrcl,r (a 3- 5 paa) npr,I ycraxoBxe peaarca rroA yrJroM ararrr K rroBepxto-

crn rtrry6br.

L6,rrqf 1.1

ctroco6 pea(I{ ,{nauerp
Tp]66r, MM

TonnIEEa
CTeIIKIiI

Tpy6br, MM

Yror araItII
crpyr!

pe'Iiyqero
([cropoaa, "

Pacxoa raaa, u3/u
CKopocrr,

peo$n, Mrr
Kr,rcnopoAa AqETIiJIEIiA

O6Er.rIIa,s 325
720
820

6
10
I

90
90
90

4,O
4,O

0,6
o,7
o ,7

46,4
36,0
36,0

Cftopocrsaa 425
720
420

6
10
I

20
10
10

t2,l
36,4
s6,4

0,6
0,7
o , 7

147,2
t92,2
20t,6

flpu pesrce Jll,rcroBoro craJlbEoto trpoltara oobFrHo npuMeEgror MelrLrul.le

yrJrhr arann, qeM npu peare tpy6, Ho Il B gToM cJll^rae yaaerct 3l{arrureJrbno rlo-

Bbrcr{Tb cKopocab pe3ftI,I. Pe3lcy c ocrpbrMt yrJIaMn ararcu crpyrr pe*cyrqero ltrrc-

nopoAa trpr,rMessror, B ocrroBlrou, gn upauoltrefiEoro pacftpo,fi rucroBoft cra-

;rr.r ro;rqunoft 4...25 uu npu IreBbrcoRlnx rpeooBaEnsx r( KaqecrBy uoBepxHocrlr

De3a.

. . . '
-i:b;



Prc. 1.16, CxeMa fixcnopoAHoi pe3Kn cnoco6oM cMHB-npoqecc:

5 - TonulxHa 3aroroBKx; d - yron HaMoHa MyHAury(a pe3a(a

Kon6rrrposaxxan no8epxHocrHo-pa3AerxrelbHar pe:ra. Itou6unapoBaHHas rroBepx-
HocrHo-paBAeJII.lTeJrbHafl peaKa flpe,qcraBJrser co6oi cnoco6, o6tegr,rnr.raurufi 4aa
cMerr(Hbrx rrpoqecca rroBepxHocrr{yro v pa3,qetl4TeJrbHyro pe3rcy. B nanpan.nenr,rlr
pe3Kr4 pacrroJrararorcfl psAoM ABe peJrcyulr4e crpyrr c Ao- r,r cBepxgByKoBori cKopoc-
rr,ro rrorora. Crpya c goaayrcoaor? cropocrr,ro uororca (60,..300 M/c) Br,rrrrrraer B
o6pa6arblaaeMoM MeraJrJ're y3Kyro u r,ry6oxyro KaHaBKy, cJTeAyroruafl HenocpeA-
crBer{Eo Ba Hefr cBepx3BynoBaff crpyff co cftopocrr,ro [pr4MepHo 600 u/c rrpopeaa-
er ocraBruylocfl Harperyro qacrr, Jrr{cra IIo ixvpr4He ehrxrcesHofi xaaaarul. Peary
(yro"r araxz goenynorofi crpylr 60' u pacxog KlrcJropoAa 0,013 rvr/c) craJrr4 roJrrqr4 -

soft 15 rrarr.r BbrrroJrH.flJrr4 co cxopocrr,ro 0,033 u/c. Illupuna peaa cocraar,raa 8 uru.
flo cpatnenr.rro c o6r,rqnoft pagAe.irra're,rrnofi peoroi cropocrl, pesnu yBeJ'rr,rrrrJracb
uprrMepHo a 4 paaa.

CMbrB-npoqecc. C qear,ro rroBr,rlreur{.r KaarecrBa rroBepxuocrrr peaa 6r,ur paapa-
6oran rlosbrfi cuoco6 rclrcaopo4Hofi peorclr cMbrB-rrpoqecc, npegc'raa,naroulv ft
co6orZ fioM6r,rHarllllo pearcr4 c,rpyeri c ocrpsrMx yrJraMr4 araKfi pexyrqefi crpyr,r u
gnyxcrpyfiuofi cftopocrHofi peexu. flpu sroM cuoco6e (puc. 1.16) MyrrArrrryx pe-
3aKa pacrloJrafaercr noA HaKJroHoM K loBepxHocrr4 MeraJrra, OcHoBHafl pe]rcyulas

Prc. 1.17. CxeMa creprcayKoaoro conna Anf, pe3x[ cra,|x:

lu, - glrra BxoAHoto yqacr(a conna; 1",* - MuHa BHxoAHoro y'{acrt(a con.na;
d.D - A[aMerp xpr.irl4qecKoro cegeHut conra; do", - esrxoAnoi Ara erp conna;
P*o - rpurrrecxoe 4aelerte



cTpys [popeSaeT MeTaJrJr Ha BcIo ToJrlqr{Ey, AotroJrrrrrTeJrbHhle pe:{cyque cTpylr

CPESAIOT TOJIbICO AE.PEICTEYIO I{POMRY PE3A' IIEII AOCTI'ITAIOTCfl BLICORI4E XAqECTBO

rroBepxuocru peaa rr [polraBoArrreJrbgocrb trpoqecca. Cur'rr-upoqecc o6ectre'ruBa-

er rroBBrmenr{e cftopocrrl4 pearu r 1'5-2'5 paaa uo cpaBueulrro co cKopocrLro

o6u.rnofi aeprr,rra;rrnofi peaxu, Illepoxonarocrb floBepxuocur He rrpeBr'rrraer, rcax

npaBrrno, 15 uxu npra roJrlrlr{He saroroBltlt Ao 50 urvr.
Pe3[a KxcnopoAora BbtcoKoro AaBIeHrt. BbrcoKlte cKopocrl,I pesrra uoncno o6ec-

treqlrTr,, ecJrr4 B pe3 IIaIpaBrrTb KrtcJlopoAEyro cTpylo' aMenqyro EaEBbrcuryro

rcuHerlrqecryro arrep rm (pearca nuc;ropo4oM Bbrcotoro 4auexr'ra). 9roMy ycro-

Br,rro yAoBJrerBopsror cBepxaByrcoBlle corrJra (puc. 1.17) upfi [oAarre B HEx Krrc-

JropoAa Bbrcoxoro AaBJrer,rff (cnuue 700 rcfia). florurneuHoe AaBJreHIle peJr(y-

rlero Kr,IcnopoAa rrepeA corrnoM rroSBoJrgeT trpu llpotrsx paBHLrx ycJroBrrgx yBe-

Jrrrtu4Tb B 1,5-2 pasa [poaaBoAr,rreJrr'Hocrb rrpoqecca z co$parrrrr, ua \OYo

mr{pr4Hy pe3a.

PasgenrrenuHaq KrcnopogHas pe3Ka rlraHa
l,l ero cnnaBoB

Tr.rran u ero crrJraBbr o6aa,qaror sEdcorcofi trpotrnocrbro, sbrcorofi TeMtrepary-
poft trraaneHr.rs, Marofi flrorHocrblo (4,5 r/cMB), noaroMy orrr{ EaxoAsr Bce Bo3-
pacraroE{ee [pr4MeHeHI,Ie B aBuarlr4r4, cyAocrpoeHzr4, xl{MaqecrcoM n EeapTffIIoM

MarurrHocrpoenuu r,r ,qp. IIo cgoei anruaHocrz rrptl BSarrMoAeircrBvn c KrrcJropo-

AoM Tr{Tarr ycryrraer Jlurub rrarpr4ro, MarEuIo u a;rroMlrgrro, no 6o.nee aKTIrBeH,
qeM IIUHri, MapraHerl r,r JIceJIeSo.

flpra roprta;rr,noft TeMtreparype rr,rran ycroftuun K oKr{cJrenrrlo. llnrescus-

Hoe rrorJrotrIenr,re Er.tcJlopoAa rroBepxHocrblo Haqr4Haercff upu 400'C, BoAopoAa -

npr.r 200'C, aaora - npu 600"C. IIps reMleparype.4o 600'C rrurencr{BHoMy

oRr4cJIeE xl ruralra fiperrflTcrByer rroBepxHocrrag orcr4Ar{as u.nenxa. flpu uorn-

IIIer rr{ TeMrrepaTypbr rUIeIIKa oKcrrAoB HaqaEaeT pacrBopffTbcff B Tr4TaHe, qTo IIpu-

BoArr ft peBKoMy yBeJr[qeHrrlo AIa(bOyBr,r[ KrrcJropo,4a, BoAopoAa Ll asora B MeraJIJI.

Ten:rosofi aab@ercr oKrrcrenras ruraua 6o.nee rrlcoxlrft, qeM y tr(eJle3a, a ero

Teluro[poBoAEocrb Hl{tre, lIeM y Jr(eJIeBa. Teameparypa BocrrJraMeHeErtff cocraBJrfi-

er 1100'C. Bc.neacrnue aroro rrrraH lr eto clrJraBbr o6pa6arblBarorcfl o6rnruoft

xr,rcaopoAnofi pesroi 6ea sarpygnenr.rfi. Pexr4Mbr MexaHr,r3r{poBaEsofi OurypHoft
peatr{ Trrrarra flpeAcraBJrerrbr n ra6;r, 1.6.

Crcopocrr peaKr,r rI,ITaHoBbrx crrJraBoB a 2-5 pas Bblrfle, qeM cropocrb pe3-

Krr Hr,rarcoyrnepoAactoft cra;ru, a pacxo,q arlerrrJreHa Ia Kr,rcnopoAa - nunce. IIpo-

4ecc peSKrr rr4TaHa coflpoBotrcnaerc.fl cr{JrbHbIM cBerreHr{eM SoHbI peaKrlrr}r HatroAo-

6ze roparqero Marrrr4ff, rroarouy ,4JI,fi aaulr{Tbr urag or cBeroBoro aos4eficraua cre-

Toonrbrpbr saqurrrhrx orrKoB AorrcEbr 6rru' c 6o;ree BbIcorI'IM KoaoabnqresroM
rroruronleurrg. B qerax lroBbrrrreuzfl ycrofi.rr.raocru trpoqecca $xcnopoAHofi pe3xv

TIITaEa paCCTO,fiHI?re MeXAy TOpIIOM MyIIAItrTyKa I{ IIOBepXEOCTLIO pa3pesaeMoro

i&$:,



TorIIlllIIa
paSpe3aeMoro

II]ITAII4, MM

AaaneEue
peJnyrqero
r{lrcnopoaa,

Kfla

Pacxoa raaa, u3/v

CEopocrb
pe3&r, M/q

KIlCJrOpO.qa

alleTnJIeBa
pexiyrqero noaorpeB€rro uero

10 392 3,0 o,25 o,22 105,0

20 392 0,36 o,29 90,0

40 392 4,O o,4 0,36 72,O

60 588 4 , 4 0,4 0,36 5 1 , 1

80 588 6,0 o,47 o,4 89,2

100 744 9,6 0 ,61 0 , 5 30,2

150 744 13,1 0,65 o,54 20,9

fI p r.r M e.r a rr s e, ,{ae.neurze aqernneua cocraBJrfier 5,8...29,4 ftfia; noAorpeBarorlero
KlrcrropoAa 98,.. 196 (tla.

MeTaJrJra yBervrruBaroT upr4Meprro B 1,5 pasa no cpaBHerruro c [prrHffTl,IM rrp]r
peSl(e Hr,r3ltoyrraepoAr4cToft CTaJIII.

BBr,rAy Bblcortoft aKTI{BHocrr.r rr.rraua I{ ero crrJraBoB Ha rroBepxHocrr4 pesa
pacTloJlalaeTc,fl cJaoft c uSMeHerrEbrM xr4Mr4qecftI4M cocTaBoM rJIy6I{H0rl AO 2,5 MM,
B KoropoM coAeptr(arca orccrt,[rl r4 Hr.rrprrArr trrana. flootol,Iy 4.rrn r,rage.rrari, xpov-
KI,I I{OTOpblX IrOABepraIOTCfl CBapKe, C qeIBrO IIoJIytleHI4s HaA,le]rcalqero KaqecTBa
cBapRrl Aor'rJrceH 6rrro yga,neu cTporaHrueM vJIr4 opesepoBaHzeu uonepxnocrrrrft
crofi Merarlaa. Be;ru'rznr,r llpanycKoB AeraJrefi r?r3 Tr{TaHa IroA MexaHrrrrecKyro
o6pa6orry rrpiBeAeur,r B Ta6Jr. 1.7.

L6rrq. 1.7

Tor[IrEa
pagpesaeMoro HenepfieIIAr&yrspHocrh

rroBepxHocT[ pe3a, MM
lllepoxonarocn

IIOBepXIIOCTII, MM

lry6rIIa
oKI{Cr:IeEIIO|O flprrrycx, uu

45 0,1 o,25 0,6 1

60 0,1 0,3 0,6 1

100 o,25 0,85 0,75 1,85

160 0,4 0,9 1 , 1 2,4

V usge;lrait, KpoMrca KoroprJx Molfier pa6orarb rrpr,r sHatorlepeMerrHr,Ix Ha-
rpyarcax, o6br.rHo yAarsror 3TB sa ury6zHy, paBnyro yABoeHHoMy npr4nycxy B
coorBercrBr{u c ra6r. 1.7,

30 rnTa



' 
[;rs xzc;ropognofi pearu rrrrana rt ero cnJraBoB uprrMerrfflor re :rce caMble

Marur4Ebr rr amraparypy, qro Ia ,4Jrfl KrcropoAHofi peaKu craJII'i. Oco6oe ssul,ranl'e

seo6xoAzuo o6pa4arr Ha ocEarrlegl're pa6o'rero nocra cpeAcrBal{u yga.nerr'ra o6-

paayroquxcfi fipu pearce rasoo6pasElrx trpoAyRToB pearql{rr orcncJleul'r,fi TqraHa.

B upoqecce peaxu o6pasyer'ca gr'rru 6e;roro qsera, xoropbrfi Aortrceu 6bITb yAaren

r,Ia gorrbr peBKLt u oqlrrqeH B crreqlraJlblrbrx ycrpoficrBax.

Mareplanbr Anf, KncnopoAHoi Pe3Kx

KrcropoA. Bncoro'reuneparypuoe cBapoqEoe u;raus, neo6xo4r'rMoe 4.lrs raao-

n.lraMexxofi o6pa6orrcu, o6paayerca npr4 cropaHrrn roproqfix rasoB I'rJrI'r ficfiArocrefi

B cMecu c rexxl{qeutrrM raaoo6paarrrru KltctopoAoM. flplr qopManrnoft Temneparype

lr ,qaBJrerrl,ra Kr,IcnopoA npe,[craBJlser co6ofi raa 6es qaera, sarraxa lr axyca. On ue

ropl{T, Ho aIcTffBHO rrOAAep,ICUBAer nopeEue, npII KompoM BLlAeJrflerca Sgarrr{TeJIL-

Eoe KoJlurrecrBo rerJlorbr. flpu coe4zneuuu crtaroto KzcJropoAa c MacJraMIr' ficr-

paMrt t{ Apyrt4 Mu roproquMr4 BeqecrBaM}r tuo:rcer upolrsofiru

Coe,qunenne ero c roproqaMr{ rat}aulr IlJrr{ flapaMu roproqux ]ira'qKocr€fi rlpr4 HaJIr{-
qr{I{ orxpbrroro orgg r4Jrr{ Aaxce ucrcpn cnoco6so trprrBecrtl tc BBpbrBy.

Texnfiqecrlrfi zazoo6polttttt Kl,rcnopoA AJI,fi rasontaMerrroi o6pa6ornr'r rrrnyc-

rcaercs rpex copron: I copr coAepnctr He MeEee 99,7 o/o rtucroro KrrcropoAa (no

o6reuy); II copr - Ire Menee 99,5 o/o u III copr - Ire MeEee 99,2%. flpuuec,r-

Mrr B Klrcnopo,4e tBJr.flIorcg aeor, aprog, yrlerlrcluft ra3' Bo,4flHhle napbr tr Apy-
rfie cocraBrsK)Irlne aruoctpepuoro BosAyxa.

IIpu reuueparype nuxe -183'C t sopMaJrbEoM AaBJreErru o6paayerca uo-

ABr{Jr(sBrfi r{ Jlertoucnapslor4ufica xudxui KtcJropoA. Oro coupoao*c4aercs yMer*'-

meEr.reM o6seua, aaxr,ruaeMoro ra3oM, trprrMepHo n 850 paa. flpu narpeaanr.ru

,rcl{AKr,rfi ftI4cnopoA clroBa rrpeBpalqaercs B ra3.

ECu4rcIaft Kr,icnopoA sbluyc(aercs AByx coproB: copr A' coAeprrcfiT He MeEee

99,2 % .rracroro KItcJIopoAa' copr E - Ee Meuee 98'5 %. B 'fiu'qroM cocrosHnla

KI,ICIOpOA IIaxOAttTcfl TonIrKo Ilpll IIOJII IeHvI'I' XpaHeErII{ U rpanCnOprUpOrXe' ,{;ra
ragon.nalressoft o6pa6orxu ero cHoBa trpeBparqaror B raa.

foprcqre ra3u I napH ropbqrx xrAKocrei. flpra'raaou.ralrennofi o6pa6orne rrle-

TAnroB Ang rroJr]FreHl4ff BbrcoTeMtreparypHoro rrJraMegrr trpr4MeHfiIoTcfl paBJIIrqHbre

roprcqze raobr v rrapbl roprctrrrx rxn{xocrei. flo xzrvruqecxouy cocraay a 6o;rr-

rrrl,rrrcrBe cnlnraeB olru [peAcraBn.firor co6oft yurerogopoAlrlre coeA]rEerus rIJII'I

cMecrr pagJruqrrbrx yrJreBoAopoAoB. Hau6o;rrmee pacnpocrpanel{ue ,4Jrg ragosoft

pearcu rronyqrlJl aqeruJreE' coeAaroqufi trpv cropaHr{rr B Kl4cnopoAe Halt6oree

Bbrconyro reMrreparypy rr,'rarllerlt. Tarxe 4.rs peorlr c ycnexoM rrpl{lnensrorc.fl

ta3l,r - 3&MeEr{TeJrq aqeTrJreEa: Bo.qopoA, rrpupo,{Ebre raslr, ropogcroi ra3, npo-

narr-6yraxonrre cMecv, firpoJrr-r3flrrfr, xorccorrrfi r'r c.ranqenrri raerr, naplt 6ensu-

Ha, rcepocrrHa n Ap.



Texraqecrxfi aqemuret (CzHz) upu HopMaJrbrroM AaBJrenlru r,r reMrreparype
rrpeAcraBJrfler co6ofi 6ecqnernr,rfi roplouufi rag c pegxlrM BarraxoM, o6ycnoBneH-
HLrM coAepxarquMr,rcs B HeM rrpr,rMecsMq cepHr,rcroro Bo,qopo,qa, Qocoopncroro
BoAopoga, aMMrra*a 14 Ap. Arurerbuoe BAbIxaHI,Ie ero BLIBbrBaer roruHory, roJro-
Bonpyr*eHr,re r,r AaJr(e orpaBJrexue. Tearneparl4ra uJIaMeHrr rrpll cropaul,Ill arlerrr-
Jreua B cMecr{ c Kr{cnopoAoM ,qocrr{raer 3200"C. flpr,r g.nure.nruou rosrarre aqe-
TI{JIeHa c MeAbro I,I cepe6poM o6paayrcrca B3pblBootracHble coegranenraa. Cuecr,
aqeTr4JreHa c Bo3AyxoM r,Ir'rr{ Kr,rcJropoaoM B orrpeAeJreEEbrx cooTHoIIIeHI{fix TaR te
BSp6IBOOTIACHa.

Iaaoo6paanrrfi aqerr,rJreu cuoco6eu pacrBopflTbcfl Bo MHorrrx Jrcu,qrcocrfix.
Pacrroplruocrr, arIerI{JIeHa B aqeroue nprl rroBbrrueHr4rr reMtreparyplr ymeubrtra-
ercs c 52 qacrefi rrpu -20'C lo 16 -racrefi npu 30'C.

Ar{erv;ren rpaucuoprtr pyerc.fl v xpaur,rrcg B pacrBopeHnoM ar.rge a 6a;raonax,
Koropbre BarroJruerrbr aftTr,rBr,IpoBaHHLrM yrJIeM, BaJrr{TbrM arleroaoM. flpn orrpu-
Baulru BeItruJIff 6a;r.lrona BbrAeJrsercs rasoo6paaar,rfi arlerr,rJleH.

Pacrnoperrxrrfi arlerrrJrerr Bbrnycraercg co cJreAyrotqr{M o6selagrru coAepltta-
ur,renr rpuueceft, 7o: aosgyxa n Apyrlx upuuece*, MarropacrBopr,rMbrx B BoAe, -

Ee 6onee 2, OocQopzcroro BoAopoAa - qe 6o;ree 0,02, ceporo4opoga - ne 6o-
Jree 0,05.

,{;ra uoayrenu.a auerwreua B MonTaJr(rrbrx ycJroBr{.flx ucrroJllayror rexx[qe-
crcrli Kap6lrA RaJrbqnfl (CaC2), rcoropuft npe,4craBnffer co6ofi TBepAoe Kpr{craJr-
Jrr{qeckoe BeqecTBo TeMrro-ceporo r4Jrr,r TeMHo-Kopr,IqlreBoro qBeTa rrJIoTEocTbIo
2,30...2,53 r/crra a sarucr,ruocra or coAepxcanza upzrueceft z r4Meer xapaKTep-
EbIfi pe3lcr4fi .{ecHoqrbrri lanax.

Kap6raA Kanbqra,fi noryqaror B sJrercrpoAyroBbrx rreqax [pr.r reMtreparype
I900...2300"C crrJraBJrer{rreM neraruexoi r4aBecrr{ c EoncoM I{Jrz anTpaqr{ToM.
Kap6r,rg rca.nrqua Br,rflycrcaercff AByx coproB c paBJII,rrIHLrM coAepxmdr4eM up[Me-
cefi. Ero xpaEar r{ Tpasctroprrrpyror B repMerrrqno caripbrrr,rx JneJreaulrx 6apa6a-
r{ax c ronrqfiItofi creHorc He MeEee 0,5 ruu r.r uaccoi 50... 130 rr,

flpn aaar,ruogeficrarra c aogoi Kap6lr,4 Karr'qfiff paaJraraercfl c o6pa3oBaur-
eM arlerrrJreEa ra raruerroft r,r3Becrv:

CaC2 + 2H2O = CzHz + Ca(OH)z

@arruqecrufi BbrxoA arlerr,rJrer{a r4B TexHl,rqecKoro rap6tga rcaJbrlr,rs B 3a-
Bt4cr4Mocrr4 or KoJrnqecrBa npuuecefi (copra) r,r pasMepoB xycxon (rpauy;rsqr,rra)
nprrBeAerr B Ta6n. 1.8, flpogoantlrre.rrnocrb paaJroxrcHr{a rmp6ra.4a r{aJrbqr{s sa-
Bl4cur B ocHoBIroM or ero rpauyJrflqr{ r{ TeMrreparypr{ ao,4u. C yMenbrrreHrreM
pasMepoB KycKoB cKopocrr, pa3Jrorr(eErrff Boapacraer. Itycrr.r pasuepou Meuee 2 rlaM
u ftap6fiAHaff rrbrJlb pagJraralorcg fiorrrn MrHoBeHHo. LIx IIpI-lI\4elIeHue B o6hlrrEBrx
aqerl,rJleHoB6rx reEeparopax sa[peqaercff. Boalutltuctso aqerr.rJreEoBbrx reEepa-
TopoB, Bbrrryc(aeMblx B Eacro,fiI]Iee BpeMfl, paccqr4TaHo Ea rrpr.rMeEeHl,Ie Kap6I,IAa
KaJrbq,lrs ftpyuHofi rpauyJraqrlx - 25/80.

BodopoA (H) - raa 6es qBera lr 3atraxa. Teruneparypa ero cr(r,rJrieur,rff paB-
Ha -253'C. Ilpr,r cropanlrlr BoAopoAa rrJraM.fl He Meer cBerreuus r{ ero Borrbr Ee
rrMeror qerr(I4x rparzq. Bogopo4 xparrffT n rpaHcrroprltpylor g cra.nrnrrx 6a.n.no-



lir6rrq. l..t

PsSMep! EycKoB, MM
YcroBEoe o6ogEaseEue

paSMepoB riycRoB

BBrxoA aqerEneEa, r/Kr, IIe MeEee

I copr II copr

2 . . . 4 2/8 255 235

8. . .  15 a/$ 265 245

15. . ,25 r5/25 275 255

25. . .80 25/80 245 265

CMeruaqn6re
pasMep6r

275 265

Hax IroA AaBJreHr,reM 15 MIIa. flpu pa6ore c Hr4M oco6oe BHnMaHr,re cJreAyer o6pa-
rqaTb Ha repl{eTwrHocTb afitrapaTypbr rr ra8oBbrx rcoluMylll,rlcarluft, TaK ftalc BoAo-
poA cnoco6eH rrpoEr{riarL uepea ue.nr,vaftmlte EerrJrorEocrrr n o6pagoBblBaTb c BoB-
AyxoM BSpbrBoolracHhle cMecrr.

Ilpupodaue zo3b, - ralbr 6ea qrera c JrerfilrM Batraxou qecnoxa, rroJll raeMble
rrs raaoBbrx ruecropox4errzi. Osr,r cocroar B ocHoBEoM r{B Merarra CH1(a2,..93 %
IIo o6BeMy) c paBJIItrtHhrMI{ Irpr.rMecffMr,I; r ruecry uorpe6;reHl.tg AocraBJrflIorcs tro
rpy6oupoao,4aru, per*e - e 6arronax. Teuueparypa crrrr,tJrceflur raaoB onoJro
-158 "C.

Cuecr npupo4nrrx raooB c lcorcoBbrM, r'eHeparopr ,rM Ir ApyrqMlr rrr4srrorra-
,ropr,rfirrr,rrulr ragaMr4 Hocr,rr Ha3BaI{ue eopodcnux zoioa, Koropbre rarixe [pl,rMelrs-
rorc.t IIpI,I raaorrJraMerrHofi o6pa6orrce.

llponat-6ymaxoeue cnecl cocroffT r{s rexnr,Frecroro nponana (CrHs) c upuMe-
cbro rexu rqecroro 6yrana (ClHro) s KoJrr{qecrBe 5'3O%, flpouan, 6yran n rzx
cnrecu o6pasyrorca upra nepepa6orKe He@Tr.r r.r neipreupogyrrroB, a raxrrce rcar
no6oqHbre upony$Trl rrplr crrcr4rarrufi npllpoAxolo raaa. Our,r 6ecqrernrr, no r,rr!re-
ror cleq[Oa.recnui ganax. flpu ae6o;rlruou AaBner{a[ nponau,6yrau a ux cMe-
cll cfi{I.t:rtarorcff, Vc.nosns [epexoAa rlporrana B rrirrAKoe cocrogHlle paccMorpeHbr
n ra6;r. 1.9.

flpn noprua;rrrroru ,4aBJIer tr4 upouan-6yraaoaaa cMecb rrepexoAl,rr B 'ftItAnoe
cocro,fiHr{e rrpn remneparype oroto -40oC. flpr.r r.rcuapenzz 1rr xcugrcoro npo-
nana rroJryrraercg oxo;ro 0,535 nr3 napon, a uprr ricuapexl,tu I rr xrgrcoro 6yra-
na - 0,406 ru3. flpouan-6yrauoBbre cuecrrr auaqurerBno r.frreJree aoaAyxa, uooro-
My TIpI,r yrerrKe oHLr clcalrJll4aarorc,fi B HlttrcHr4x cro.flx arMocoepbl, Ha rroJry uo-
MeuleHr4ff z u ;rr.ny6.nenuax, rrro Mo:rcer rrpr{Becrz K o6pagoBanuro Bopr,rBoolracxhrx
KorllleHTpaqrlft. Srra cmeca xpansr n rpancrroprnpynr B cBapubrx craJrbxr,rx
6a.n.nonax BMecryMocrbro 4O rzltlll. 55 gu3 ;rr.16o B rlucrepHax, paccqurarrrrbrx Ea
50 r cxcrancennoro raaa, no,a AaBJreHrleM 1,6 MUa. )Itugxofi cMecr,ro BatroJrrsror
ToJrr,ro qac.rb o6,beMa, Taft riaK rrprl HarpeBe AaBJrer{ue rroBr,ruraercg, qro Morrier
Irpl{BecTrr K B3phIBy.

,{l-!Q,:
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L6rrq. 1e

Teldrepar,?a, "C
AABJreErire, IIpIl (oropoM ra3 rrepexoarrT B rsraKoe

cocrosaEe, KILI

IIpotraE E)4as

-20 270 45

-10 370 68

0 480 96

10 640 150

20 850 2to

40 1430 390

lluporutvbti eo3 - cMecb ra3oo6pa3Hbrx [po.qyKToB TepMl{qecKoro paanofice-

Ev.fl HeabTn, HeoTe[poAyrcroB IaJIIa Maayra, B ero coctas BxoA,ET BpeAqbre cepHl{c-
TI'I0 COeAI4E€EI'Ifi' BI'I3bIBaIOuIue KOppOSI'Irc MyHAIUTyKOB IaSOBbIx IOpenOIc II pe-

3AXOB, IITO TPE6YET TqATEJIbITOfi OTITCTKI,I ATOTO TA3A.

K nupoluenouy rasy 6JII,r3oK uo cBoItM cBoftcrBa He$mrHoi 2at3 - oAull az

Troooqlrbrx rrpo,qyKToB HeapTenepepa6orK[. O6a 3rI{ rasa He LtMeror rlBera r{ o6ta-

.4alor BecbMa r{enp}rffTglrM Barraxoru. llx cocraelr pagnr,rqnbr r SaBlrcgr or cocTa-
Ba EeabTrr r{ perrcu Ma ee uepepa6orl(u.

Koxcoeui ea3 rrpe,qcraBJrser co6ofi cMecb raaoo6paan6lx npo,qyrcToB, o6paoy-
rorqlIxc.E B npoqecce rcoKcoBaEuff r{aMeHHoro yrurjr.

Cocras crgtueeoeo zaSo BaBgctl'r or vcxoAltLrx MarepllaJroB rt rexgoJrortn

rrpor{sBogcrBa, Or uo;ryraercn rryreM raslrQurarlur4 loproqltx cnaHIIeB rrprr Ao-
cryne BoBAyxa.

EeffiuH u KepocuH - oro terxor,rc[apfinrquecs rpoapaqrrbre ficllArocrrr, o6pa-

ayrorquecff npr,r nepepa6orre ne$rn. B fipoqecce rasonraluexHoft o6pa6orrcl onz
rrpqueH,firorc,fi B Br,rAe rrapoB. ,{;rs eroro peaaxra cna6ncaror crreqrraJlrlrbrMl,r tactra-
pr{TeJr,EMlI I{JII4 paCtrr,IJrUTeJrsMIt.

,{;r,r uo.ryrenna caapoquoro rr.tlaMenla oAunaftoBoi TeflnoBoft MoqHocrr,r
sMecm I rua aqerz.nena Hyrrcno sspacxoAoBarb npltMepso 1,3 rr relrocnna. ?IClr.4-

ftoe toproqee rroAaerc,g B pe3aK zg clrequaJrr'Horo 6aqRa c HacocoM, co3Aarcqr{M

AaBrerr[e n seu 200...300 xfla. [;ra Repocr{Irorl{cnopoAroft pearc[ troJrbsyrorcff
ocBerlrTeJlbHbrM KepocltEoM.

flparcruvecroe rplrMeHenr-re Eaxo,4r,rr 6errazn ;rro6ono copra r{poMe gTrrJrrtpo-

BaEHoro, rcoroprrfi gBJlgerc,t cltrbEororccl4trgblM.
flprarognocrl u aKoEoMr4qecKag rlenecooopaoHocrb rtcrloJlbSoBaErr'ff Tex fiJIu

rrrrhrx roproqux raaoB n rrcrl,qr{ocrefi g;ra raaonaaMeuuoft o6pa6orxn o6ycnoBnra-
Barorct orrrrrMaJrbHbrMr,I gHaqeHl,rffMr,r rar{r4x fiorca3arerefi, Karc reMrreparypa nJIa-

MeHa, rco3&abuqueET BaMeEbr arlertJreHa, coorrrorueE e M$rcAy o6'beMaMu Kqcno-
poAa L roprcqero ragoBofi cMecr,r.

ffiffi; flr*ffi



O6opygoeaxre n annaparypa
Ans KlcnopoAxofi pesxr

Salnotu Arr ra:oa. Iaaoo6paarrr,rfi xnc;ropog xpauffT r rpaucfioprr{pynr B
crarlHLrx 6a:uosax (prc. 1.18) rroA AaBJrer{ueM 150 rcrc/crvr2 (15 MIIa). Eaaao-
Hbr r{BroraBJlltaaror I.lB 6ecuroBHbrx yrnepoAr.rcrbrx r{JII,r Jrer}rpoBaHHr,rx craJrbHbrx
rpy6 c ycnoBsbrM AaBJreEzeM ,qo 20 MIIa. B no;rnou KxcJropoAHoM 6a;r.roae o6teru
KrrcJropoAa upr,r HopMaJrbrrbrx ycJroBr{ffx paaen 6000 tr utu 6 mB.

Kolr,rqecrgo arlerraJreHa s 6aJJroHe (puc. 1.19) Ha saBoAe orrpe,qeJrsercs BsBe-
rrrrrBauueM ero Ao I4 IrocJre HauoJrlreulr.g. B so.nnolt aqerr4JreHoBoM 6a;urose o6se-
uou 40 ;r rpz Aarrerrr4r4 aqerr.rJreHa Lg xrc/crt2 (1,9 Mna) o6rem raeoo6paanoro
aqerr,rJreua, coorBercrayrorqrft nopnra.nr'asru ycJroBr,rsu, paren 5 320 tt utru 5,82 v-3.

PxG. 1.18. Krcnopo4nui 6alnox:

I -  npeAoxpaHxrenbHui {onnaK;2 - 3anopHbti
BeHrruh; 3 - (onbqo; 4 - Kopnyc; 5 - onop-
HHi 6auj[a(; 16 - AnxHa 6anoua; D6- p.ua-
iierp 6anjroHa;56 - Tont4nHa crerxr 6alnora

q o

Prc, 1.19. Aqe neroaue 6alaoru:
o - c8apHot 6AC-1-58; 6- 6ecujoBHufi;, -
xopnyc;2 - 3anopHui BeHrxnb;3 - npeAo-
xpaHlrenbHbri Korna() 4 - ra3oBar noAyu(a;
5 - noplcraf, Macca c ar{eroHottr;6- onopruri
6au aK

l,'ltl5ll



,{aa npouana n uponarr-6yraaosbrx cMecefi ucrroJr},ayror cBapEbre 6a.n:rorrr'r
(pzc. 1.20). Hau6o;ree srrporoe rrprlMeHeEve EaxoA,trT 6a;r;ronrr BMecrr{Mocrbro

50 ;r (na 23 rr raaa) uapyxcnbrM ,qlrauerpoM 390 uu. Macca taroto 6a.uoua co-

craBJr,fier 35 rr, pa6ovee AaBJreEr{e B HeM - 1,6 MIIa.
Sanopnrru ycrpoficraou 6aaloqos [pr4 EanoJlHerruz, xpaneEurr r{ pacxo,4o-

Baflrrl4 ragoB gBJlffercfi BeHTr{JIL. Ilrtc;ropo4rtrft 6araoggtrft Berrrr4Jrr' (pzc. 1.21)

rrsroroBJren rls narylru, aqerqlesogltfi (puc, L.22) - r,rs cratlr. Pe,qyrcrop upu-

coealtugerc,fi K BexTrrJrro c lroMoulbro xouyra, crra6ucenuoro HaJriqMrrbrM BInEToM,
Benru.nr orRpbrBaror It BarcpbrBalor cfieqraJrbrrr'rM TopqoBbrM rcJrroqou. Beqrr.r.nq
gas lpouan-6yranoBbrx cMecefi rrgroroBJlgror lra Jraryurt. ycrpoficrBo nponagoBo-
ro 6anlounoro BeHTr4Jrs rroxaaauo ua puc. 1.23.

fa3oabre peayrropbr. Pegyrcroprr rrpu raaonJraMenrofi o6pa6otne uarepuanoB
trpeguaanaqegbl AJI,ff trourrxerrr4g AaBJIeHI{fi raaa, or6upaeuolo r,rg 6allorra ulu

IaSOnpoBoAa, rr troAAeprlcaEug rrocToflHHbrMl{ pacxoAa n AaBJreEr{.fl IaSa B IIpeAe-
;rax, rpe6yeurrx AaHEbrM Texgoto 4rlecrczlr fipoqeccom.

7
8
9
1 0

Prc. 1,20. 6an[oH A,|r lponafla 1{ nponaH-
6ynaroaux o.recei:
7 - Be{ru',bi 2 - rornar; 3 - ra6arqxa nac-
nopra 6alrora; 4 - Kop'nyci 5 - AHrqe; 6 -
onopxui 6auuax; 7 - noAMaAHbre |(onbqa;
8 - BepxHrfl cQepa

?l|c, t,2l' lfuc,|opoAflbri 6arroHribli BeHrx,|b:

1- .ai(a} 2 - npyxu8a;3 - axoBu'roK;
4, 7 - Ovi6poBbte npoKnaAKlr; 5 - unuHAenb;
6 - HaKltAHar rafiKa; 8 - Myora; 9 - (opnyc
BeHrnnn; l0 - 3affyuKa; .11 - Kopn!rc uanaHa;
12 - ynrorHxrenb

la"*
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Prc. 1.22. Aqer{rexoBbri 6a toxtbti aeH-
Tl,ltb:

1 - carbHhKo8ai .ai'd.a: 2 - wai6ai 3 -
calbHIKOBUe npOK'laAKt; 4 - CaIbHtlKOEOe
Konbqo; 5 - uJnuHAerb; 6 - ynnorHxrerb; 7 -
cer(a; 8 - npo8onoqHoe (orbqo; I  -  Bofinog-
Han nposaAKa; 10 - Kopnyc; 7t - npoKraAKa
uryqepa

Prc. 1.23. nporaHoBbti 6allorxui sex-
T]|Ib:

J - Kopnyc; 2 - 3a.ryu(a; 3,4, 11 - npo-
xaagxr;5 - 6yxca;6- HaxfiAHar .ahKa;7 -
raiff i;8 - npyxuHa; 9 - MaxoBx,{oK; 10 -
unuHAenb; 72 - wro(; 13 - wai6a; 14 -
l(JlANAH

Tuurr ra ocHoBuhre napaMerpLr peAyrcropoB perJraMeHTr{poBanlr IOCT
13861-89, colJracuo rcoropoMy oxra Knaccu@zq[pyrorcff cneAyrorqnM o6pasoM:

. rro Haarraqeur4ro (E - 6a.raoxnrre, P * pauuoarre, C - cererrre);

. poAy rasa (A - arlerr,urenonrre, K - IilrcJropoAllbre, M - uerauoane
(ueranoaas rpyuua raaoa), fI - nponan-6y,ranoarre, B - nogopogarre);

. cxeMe perynrpoearrr,ra (O - oAEocryleHqarbre c Mexanr{qec(ofi ycrauoB-
Koft AaBnewrs, ,{ - gayxcryueuqarrJe c exaHr,ruecnoft ycranonnoft ,qaBneHlIfl,
3 - ognocryueurrarlre c nqeBuarraqecxoi ycraroBrofi AaBJreHr,rs).

B xaxr4oru peAyKTope aMeercff trpeAoxpaurrren;EBrft rcnanan, cpa6arrrBaro-
quft, ecnx rrg-Ga Her{cnpaBHocrr,r AaBJteEue rrpeBlrmaer ycrauoa;rerroe. Bce pe-
AyKTopbr AoJr)rcnbr rropMaJrbuo pa6orarb B cne,qyroqeM uETepBalre revneparyp, oC:

rucnopoArrbre - -30...+50, arlerr4JrerroBbre - -25..,+50, tpouan-6yraxonrre -
-15 . . .  +45.

,::iff:r:



Prc, L,24. KoHcrpyKq]{r olHoxaMepHoro (ogrocrynerraroro) KrcropoAHoro peAllKropa 5l(0-50:

I - HaK[AHar .ai(ai 2,14 - S[nbrpbr; 3,9 - aHoflerpu;4 - pa6oqar KaMepa; 5 - peryt[pylo-
u.lr.ri Br.fHT;6- HaxrM ar npyxuHa; 7 - TorKarerb;8 - MeM6paHa; 70 - Hunnenbi 11 - npeAoxpa-
Hurerbflbli Ktanat'; 72 - 3anopHan npyxllHa; 13 - perynlpyroulli Knana{i 15 - KaMepa sbtcoKoro
AaBneHrr; 16 - ceAno

,{;ra uoururcenua AaBJrenrrfl raga B pe,EyrTopax r4crroJrbgyror ApoccenfipoBa-
Er.re crr(aroro raaa, ocyqecrBngeMoe c rroMorrlbro peAyllapyrcrqero KratraHa. Hau-
6oaee mupoxoe pacflpocrpaHeHlre lroJryrru,r]r peAyxTopbr o6parnoro Aeftcrsu,fi, tax
KaK oHIa 6o,tee rcouuarcrnbr, rrpoqe no Koucrpyxlu,rrl, r4Meror MeHbme Aeranefi u
HaAerrcuee r pa6ore. B rarr.rx peAyxTopax ytrpotqaercs cBflcb peAyqr{pyorqero

KJrarraua c rueu6panofi, rr, KpoMe roro, ux ocrroBxafi pa6o.rag xapaxTepr{crl,rxa -

BaBucr.rMocrb AaBJreHus raga Ha BbIxoAe or pacxo,4a ([pu trorpe6reHlu n3 6a:llo-
na) - aa;raercs Boapacraroqefi. Ha p.,ac. 1.24 rroraaaua Koucrpyxql,rff oAEoKa-
Mepr{oro (ogrocryuea.raroro) rcuc;ropoguoro peAytropa EKO-50 (AKII-1-65).

Tpy6onporogu 1{ uraHr[ trnr ropoqxx ra3os r.r xrcnopoaa. Bce rpy6oupoBoAbr ra-
aoo6paaaoro xrrcJropoAa B BaBr.rcrrMocrt4 or pa6oqero AaBJIeET{s noApa3AenffIorcs
Ha qeTbrpe KaTeropurn: uepByro Iiareropulo cocTaBJIsroT rpy6oupono4u, paccqnaaH-

nrre na pa6ovee AaBJreHle 6,4...60,0 MIa, rropyro * 2,5...6,4 M a, rperrro -

1,6...2,5 M a, .rerBepryro - ro 1,6 M[a.
Bsr6op uarepua,na rp]6 Ar.fi KucnoryAonpoloAoo orrpe,qen,tercs BoBI{o}cEocrbK)

aaropanug craJrl,t B Kl{cJlopoge. Onlrrrrru uyreM ycraHoBJIeHo, tITo crajlbrrble rpy-
6onpoeogrr A.ltff Klrcnopo,qa Molyr Baroparbcg rlpla Ha;rrltrlru B rrororce raga qacrlrq

oKa"lrrtEbr, cBapoqHono rpaTa, yrnfl r4Jrrr rcoKca.
Saroparrue o6rrvno uporacxo4rar Ha yqacrrce rrocJre KoJreEa rpy6rr, rge ros-

Hr,rxaror yAap n rpeurre rBep,qbrx qacruq o ee cresry rlpr,r AaBJrenrru 1'8.,.3,0 MIIa
ll cr{oDocrr4 uoroxa 30,.. 85 u/c.
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,{;rs uaaeurrrx v rroA3eMsbrx rpy6onpoBoAoB raeoo6paaaoro Rr{cJropoAa flp?r-
Meu.flror craJrbHbre rpy6br, EorAa crcopocrb ero rroroxa rrpeBbrrrraer 8 u/c. Ecan
upr.r pa6o'rerra AaBreu'ttn cxopocrb rroror(a Rr{cJropoAa 6o;rrure gouycrulrofi r,r;rn no
Bcex lralaellEbrx rcncJropoAorrpoBoAax AaBJreur.re He r{fi*ce 6,4 M[a, To r{crroJrbay-
ror rpy6rr rra MeAr{ r'tJrr,r JraryHn. Tpy6u, npegaaaHaqeHr{bre AJr.r uporrycrauras
E(Ir,IKOIO KI{CJrOpOAa, I'ISrOTaBJrr4BarOT I-I3 MeAr4, aJTTOMIIEIIeBbTX CIIIaBOB I.t EOppO-
srorEo-croftxoft craJrr4, coxpauglor{rix rrpoqHocrb I{ B.f,BKocrL rIpI,I Hr4ar{j4x reM-
rreparypax. Mexrlexoarre ftIncJlopoAorrpoBoAbr Morr(Ho BbIIroJIHtrb rroAaeMnbrMr,r rl
HASEMHbIMI'.

flprr aKctrnyararluu xucnopoAonpoBoAa cne,4yer cr{creMarl{qecxr{ r(orrrpoJrr{-
poBarb elo repMerrrquocrb. flognmenr,re KoHqeHTpa4r{t4 Kr{cnopoAa B oxpylrtalo-
IIIeft cpeAe rrprr Earr{q}It4 orrcpbrroro IrJIaMeHr{, vcKp unv Ealperbrx rrpeAMeroB
MO,IteT IIpVBeCTI{ K nor(apy r{ aBapl{u.

B aaaucl'rlrocrra m pa6ouem gar;reur.ra oqpmure\onryoodbt AeJrflT Ha rpr{ rp}mnbr:
r Hr,rarcoro AaBJrer {fl - Ao 0,01 MfIa rn;rrovrare.rrrro;
r cpe,qrrero AaBJreHns - or 0,01 ao 0,15 MIIa BxJrroqnreJrbno;
. BLrcorcoro ,qaBJresrlfl - cBbrrrre 0,15 MIIa.
Aqeru;reuonponoAbr Bcex rpyrrn AoJrxrrbl 6sItr tgroror.neubr r{B cra,rrbrrbrx

6ecmoBHbrx rpy6. Cra.lrrurre cBaprbre rpy6rr uorxno rlcrroJlbaoBarb roJrt Ko .qJl.fi
aqe:rv JreEoIIpoBoAoB HI,tSIcoto AaBJrerrfi,ff, pacrroJroxeHHblx Ea J racTRe oT reHepa-
ropa Ao BoA.flHoro BarBopa. He AonycRaercr rrpraueHesue rpy6, apmaryprr u ge-
Tarefi I4B Me,[r I,r crrJraBoB, coAepr(arq[x 6otee 7oo/o rvreAu. BogMoxna no,qseM-
Haff rrpoxJraAlca rpy6 r rpanrueax c gacunxoft BeMJrefi fi anrlrxopposraonnofi aa-
rll14TOft.

B qexax-norpe6r,rreJlgx arlerr.rJrerorlpoBoAbr trporJraAblBalor orrtpr,ITo no cre-
r{aM I-IJIII KOJTOHHaM 3AaHr4fl, a eCJIII 9TO HeOCyqeCTBI,IMO - B HeIIpOXOAHbTX Ka-

I{a;rax, BacbrrraeMblx rrecroM It rlepercpbrBaeMhrx HecropaeMr,rMr,I n;rxraura. Sanpe-
ulaeTcfl IIpoKJIaAKa alleTnneEorrpoBo,qa qepeS AbrMoxo.qLl, BeHTr4JrgIIUOEItbIe BOA-
,qyxo[poBoAhr, a Taxrfte Ha paccroffHr,Ill Menee 1 M oT ropflrrr4x rtoBepxHocreft c
reuueparypofi Blrrue 250 oC. Ero srrcora Ha,q noroM AoJrJfir{a cocraBJrflTb He Me-
llee 2,2 w. laaoupouogn yAaJrflrcT or oJrerTpoKoMMyr{aftaq}rfi rl rrcroqHr,rroB r,rc-
Kpoo6pasoBauuff r{rt4 orxpbrroro rrJraMeEr,r Ha paccrornr{e 0,5.,. 1,5 rvr.

Aqerr.urenonponogbl Hl.tarcoro ll cpeAlrero AaBJreHvg r{crrrrrbrBaror Ha ltpoq-
Hocrr, rl.rApaBJrr.rqecftI,rM AaBJreHr4eu r 1,5 paaa arrme pa6ouero, arlerl.IJleHorrpoBo-
,qbl BbICOICOIO ,qABJIeEZfl - yABOeIIIIbIM paoOqI{M rUApaBJTr4rreCKItM AABteHr4eM.
Sareu upoao4ar rrHeBMol,Icrlbraanlre BoBIyxoM AaBJreHrreM 0,3 MIIa Ha rrJroruocrb
coe.[vEeHIaf,.

WroHza figtotaBJrrrBaror r43 BytnaHr{BzpoBaHrofi pea Hbr c rEaHeBbIMr,r upo-
KJraAKaMr.r. Peg nosbre rrrJrarrr rro IOCT 9356-75 Bbrrrycrarorcs rpex rrrrroB:
rlepBoro rr{rra - rra AaBJreHr{e 0,63 Mna (0,063 rrc/cuz) AJrfl arlerrrJ'reua v ro-
poAcrolo raaa, aroporo rr.rra - rra AaBJrer re 0,63 MIIa (0,063 ttrc/cyt2\ An,fi 6es-
Br4rra lr repocrrHa, Tperbero rrrrra - Ha AaBJreHr{e 2 u 4 MlIa (0,2 u 0,4 :r.rc /cMz)
,qnff ftrcJropoAa.

Buyrpennlrfi Ar4aMerp IrrJIaIrroB An,fi pegar{oB noprua;rrnoft Iz uosrrureuuofi
Morquocrr,I - 9, !2 u 16 rrtu. Satac lporrrocrr,r go;rxer 6r,rrr He Meuee rpexxpar-
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Horo no orrrorueEr-rlo lc pa6oqeMy AaBJrer {rc. Ill.ranru BToporo rrrtra rlsroraBJrrlt-

saror rs 6eusocroftroi peararrrr. Orr'r lrueror qnernoi napyrxurrft c;rofi: clrnui -

Ang Klrcnopo,qa, xpacnrrfi - ,IJrlr allerlrreHa u xcerrbrfi - .4JIff ficrrArcoro rotul[-

sa. Boauoxcsocrb cro6o4no MagunyJrrrpoBarb pesaroM o6ecuequgaet nJrr{Ha ruJrar-

ra 8..,20 ru. flpn g;rrane 6oree 20 M suaqnreJrbEo Bo3pacraror rrorepl'I AaBJreErrs
B IUJIAI E.

Pyqxue pe3axt. Blruycxarorca pyqrrbre pegarct.t Ang pegnr4 c rlctroJrr'aoBaHn-

eM B KaqecrBe roploqero allervJreEa' raSoB - ero sarueHzteaeft r-r rcepocura. Ha
prc. 1.25 [peAcraBnerra cxeMa pyrruoro yElrBepcaJrbrroro pesara P2A-02. Ha

Koptryce 9 peaarca c orBepcrrrfiMlr An,fi fipouycraurrg rucnopoAa u roploqeto raaa
ycTarroBJreHLI BeETr4Jrr{ rroAolpeBaroqeno u loploqero ra3a, Il B Eero BuaflHLI aBe
rpy6rra co rtrTyqepaMlr Ans no,4Bo4a KrrcJropoAa 7 n roprouero raaa 8. Ha rpy6ru

Ea,4era pyKosrrca 6. K rcopuycy Harlr,quoft raftrcoi ll rroAcoeArrgel{a r'a:llepa 12 c

lrulrcexTopoM I0, a xoropofi [por4cxoAr{T cMerueHue noAorpeBaroulero Rr{cJlopo1a

lr roproqero raaa, flpuuenenue l-rurr(ercropa nogBoJlffer pa6otarr ot cerefi ropro-
qero rasa c HrrBKrrM (lo 0,98 xla), cpe4nnu r,r BbrcoKI4M AaBJreErrfiMI{. Ilogorpe-

Barorquii rcr4cJlopo,q, npoxoAg tlepes EHrr(eKTop, o6ecnevuaaet g cuecr,rre.nrnofi ra-

Mepe paapeuienrre, 6;raro,qaps qeMy trpoqcxoArrr rroAcoc roproqero raaa. ,{a.ree ro-
proqas cMecr, uo rpy6xe l3 uoAaercs B roJIoBKy 3 peaana, a r43 rree nocrytraer B

IrrJlltqeBbre KaHaJIbr, pacuoJlofiteglrbre Ha BgyrperrgeM uynIurtyre 2'

flpzuenenlre mJlllrreBbrx BblxoAubrx rcaEaJroB 4la roproveft cuecr cnoco6-

crayer ycroivuaoft pa6ore peaar{oB. Perrtyqai KvcJropoA qepea BeHrr{JrB 5 u rpt6-

rcy 4 uoAaercs B roJroBrcy n AaJIee B Kanan BHyrpeEqero uyn4urtyrca 2'

Peaan PBII-02 AJIff peBKLr Fa rasax - 3aMenr,lTeJl,fix aqerr{Jrega rrMeer aHa-

JrorurrE]fio RoscrpyKrlrrro I4 orJrvqaercfi or P2A-02 6ti;rruraun pasMepaM]4 ItErrcer-

TOpa u Bl,rxoAEbrx IlrJIr,rrIoB. Peaaru o6e[x MapoR Moryr 6arrr ocrarqeur'r ouop-

rroft rsrencrcoft rl qr{prcyJreM.

PrG. 1.25. Cre a py'rfioro yx1{aepca,|bHoro pe3aKa P2A-02:

t - HapyxHui [yHAUryK;2 - BHyrpeHHli r.tyHAUryK;3 - rotoexa;4 - rpy6ra grr pexyqero
KucnopoAa;5 - BeHrunb; 6 - pyKottKa; 7 - uryqep Ant noABoAa (xcnopoAa;8 - [ryqep Mt
noABoAa ropDqero ra3a; 9 - Kopnyc; 10 - tHxenop; ll - HaK[AHat rai{a; tz - cxecxre.lbHar
Ka epa; lJ - rpy6Ka Mr ropp,{ei cxech
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Ha crpoute.nrrrrx rrJlolqa,qxax lr B rroJreBblx ycJloBltsx g.ra xr,rc;ropoguoi
pesrlr Er,rgrolarJlepoAr-rcrbrx n Er.r3toJrerllrpoBarrLlx craJefi lr]Ipordo uprrMeHgror
Repoerruopesbr PIC-02 (puc. 1.26) - peaaru Ea )rczArcoM roprctreM (repoczne).
Pegar rueer p]'RosrKy f0, na rcoropoft cMoHrr,rpoBaubr aeHTr{Jru 8 ra 9 pery.nr.r-
poBrcr{ rrJraMeult, cMecr,rreJrbnyro Ka epy c ac6ecroBofi aa6r,rsrofi na napyncnoi
rroBepxnocrrr, roJroBlcy c uoAorpeBaroqr,rM contov 17, tnyrpenrrzft I n aapyrx-
rrrfi 2 uyrgruryxu.

ICepoclru rrogaerc,fi B peaar or 6avna c plnrrrrru Eacocol4 rro cueqr{aJrbEoMy
rrrnaHry rroA AaBJreHr4eM 2O...2OO rfla. Krc.nopo4 qepe3 Hr{r reJrb 11, r'e:irrutn 8,
Tpy6Ky 4 r.{ rrH}fieKTop rrocryrraer B ftaMepy 16, rge cmeur,raaerc,fi c flapaMr,r topb-
qero laaa, BblxoAflqero r{B gauoJrrreHHoro ac6ecroBofi na6zsrofi ucnapurena 15.
Kepocran .repea o6parrrrft :,;"nar,ar. 12 r rpy6xy 6 uo4aercr B qcuapr{TeJrb, Koro-
pbrft B lpoqecce pa6orrr repocr,rnope3a HalpeBaercs rrJraMeHeM con;ra I Z. pacxo,4
lapoB ropmqero ra3a peryJrrrpyercs MaxoBr.rnoM 13, acecrro craeaaurru c rpy6-
Koft uHrfteRTopa.

Ilpr.r pa6ore c EepocuEopecoM AJrfl rrpenorBpaqeEr4s o6parrroro yAapa B rcrc-
JropoAr{bri lrrJrarrr AaBneHr4e a 6a.me ropn.rero AoJrrnuo 6ntr ncer,4a MeEbrue pa-
ooqero AaareHr,rff Kl{cJropoAa, qro EcKJrloqaer rrepereKaErre Kepoculta B Kr{cJropoA-
sblfi PyKaB.

flpr,r nepepr,rnax B pa6ore pesax rryrrtrro pacrroJrararb loJrosftoi BHr,rB AJrfl
cBo6onHoro Bbrreratrr4.E roproqero B cJrytlae nporrycrauuf ero nexrr.ureu. Heo6xo-
ALI\Io cJreAr,rrr, Ba r4crrpaBHocrbro ooparEol'o K,trarlaEa, ycrarroBJreHEoro Ha Jrr,IHuI_r
Kepocr{Ea.

,{;ra pas4e;rure:rr,nofi pyrnofi xr.rc.nopognoi pesnu rrau6o;ree ruupofto rrpr-r-
ltlen.Eror pegarcrn *Masxl, <@axeal, < fl.naug,r . ,{arrr,re nrapra pesarcoB rrpeAna-
BEaqeltLI AJrfl arlerl,rJreuor{lcnopo{Eoft pegrll. flpuuqran cuer]reEr{g tagoB Bo Bcex
pe3aKax oAr{rraKoB. Pe3aRu Iuoryr 6r,rrr ocHauleFbl Terer(Kofi, Koropas Bocrrpu-

Prc. L2e. CxeMa {epocxnope3a PK-02:
1-BH! rypeHHniMyHAUryK;2-Hapyx8u iMyHAuj ryK;3- ronoB(a ;4- rpy6ra4 l rnogorpeearo-
qero KxcJlopoAa; 5 - rpy6Ka Anr pexyqero KxcnopoAa; 6 - Tpy6Ka Anr noAa,tl,| KepocxHa; Z -
EeHrlnr pexyqero xlcnopoAa; 8, 9 - sefin[r peryn[poBKt{ nlaiieHr; 10 - pyKorr(a; J, - Hxn-
nerb Mn noAaqr KhcnopoAa; 12 - o6par{ui ManaH; 13 - axoBn(; 14 - rpoi.{u(; 75 - ucnapu-
rerb; 16 - c ecurerbHar (a epa; 17 - noAorpe8apqee collo

'::iiirr ,t:i:'tri.;,lri:.1
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HUMaer BeprlrrcarLHylo llarpy3Ky, o6ec[eqlaBaeT rlocToffHcrBo paccroffEr,rfl MeJrcAy
TOpqoM peSarca rr MeraJIJroM, a raKJrce paBHoMepEoe rlepeMerrleHrte peSaKa, qro

rroSBoJIffeT uoBbrcr4Tb KaqecTBo pe3ftfi. B KoMrurercT TeJIeficKI{ BxoAI{T ql4pKynbHoe
ycrpoficTBo, o6ecueqfiBaroulee rroBbrmel{lte trpoI,ISBo.qr4TeJrbEocTI,r u RaqecTBa r(poM-
Kr{ rrpr{ Bbrpearce ArcroB rr &nanqeB. Peaaxn cHa6tfieErr na6opotu MyHArtrTyrcoB I.r
aatracl{brMtr qacrflMr4. V peaarcoa <@axe.n> r,r <fllaugl ltfirrcerTrpyrorIuft ygeJr
pacrroJro)r(ex y Beprrrrarrbroro xoprryca, a roJloBrca Kperrtrc,s rc gryu rpy6xarr'. flo
aepxneft rpy6rce nogaerca penryrqzfi Kr,rcJropoA, rro rrufi(Eeft - cMecb ropmqero
rasa c rcl{cJropoAoM.

flpra uouraxrulrx, peMorrrHblx I,r Apyrfix pa6orax vacro npfiMeuffror BcraB-
HLre pesarlr AJrs pasAeJr[renbuoii peaxr.r (PBIA-02 u PB2A-02), cpearira sarcJletror
(PAB), pesxz rpy6 (PAT) Lr BbrpesKr{ oraepcrzfi (PAO). Bcraauoft peaax rr.rua
PBIA (puc. 1.27) EpeAHaBHa.res ,qn,fi peorrr rrr4axoyrJlepo4llcrblx u Err3l(oJrerqpo-
rannnrx cra;reft ro;ru1rauoft 3... ?0 uu. Or aaxpenaaercfl Ea cBaporrroft ropenne
IO-3 c uoruorqrro narugnofi raitxrl 5. B rcopuyce 2 nncaopoA paaAeJr,Eercfl Ea
pexyqr,ri, Tro,qaBaeMhrft qepea BeETuJrt' 3 uo rpy6rce I a ro;rosxy 8 pesaxa a 4a-
;ree a perxyrqlrfr rcaraJr BryrpeHxero MyEAmryKa 9, r.r uo4orpeaaroqui, xotopnfi,
fipoxo,4fi qepes r4EncerTop 6, a xaMepe 7 cnreruzsaetcg c toproqrru raaoM, rrocry-
namrlrrM B Hee qepes orBepcrr,re 4. flogorpeaarorqee rrJIaMs BbIxoAI{t ua rqeau, o6-
paayewofi BHyrpeEHr.rM 9 n napyxcrrru l0 rrryn4unyrcauu.

Prc. 1.27. CxeMa BcraBxoro pe3axa PBlA:

1 - rpydKa MA noAaqr pexyqero KlcnopoAa; 2 - (opnyc; 3 - EeHTlrrb pexyqero Klc,opo+ai 4 -
or8epcrle Anfl ropoqero ra3a; 5 - HaKxAHat .aiKai 6- t4Hxe[op; /-c ecurenbHat (aitepa;8-
ronoBKa; 9 - BHyrpeHHui MyHAUT(; 70 - HapyxHHi t.,|yHAUiryK

,i iw*



Blrrrycraror ABa KoMrrJreKTa,qns cBapxrr r4 peaKrr: KIC-I - na 6ase rope;rrv
rua.nofi uoqrocru 12-05 r,r acrasnoro peoaKa PB1A-O2, KI]C-2 - na 6aoe rope;rxu
cpeAHeft laoquocru 13-05 ra BcraBEoro peearca PB2A-02. Kouu;rexr ICIC-I o6ec-
neqrBaer pe3rcy MeraJrJra ro;rqznoft 5,,. 100 rvru n cBapriy H BxoyrrepoAr,rcrofi
cra.nr.r ro;rqlrxofi 0,5...9,0 MM, KoMrrJrercr KfC-z - 3...200 u 0,5...20,0 uru co-
OTBETCTBEHHO.

flpz axcn.ryaraq[u pyrrrrbrx pesarcoB rrepeA EarraJoM pa6orr,r neo6xo4r.ruo
upoBeptrrb repMerr.rqnocrb I.I flpoqxocrb Bcex coeflIaueHllft, a raxJr(e y6eguuca a
fla, I{tIvr'j ullrfieRql{tl B peSarce,

flplr peryrr.rpoBaurrrr u.lraMeua lrsarca neo6xo4zMo ycrarroBtrb pa6ovee 4ar-
nefirre KricJropoAa Ha peAynrope colJracuo perr(rrMy pearr,r, 3areM Ha l/4 o6opora
oTICp6ITb BeHTI,IJIb IIOAOIpeBanqerO KIIeJIOpOAa I,I noArl(eqb roproqyrc cMecb, noc-
Jre qero uoJlHocr6lo orKpbrrb Kl{cnopoAHblfi BeHT]rJrb pegaKa Ir perynfipoBaab nJaa-
Mff AUETI,IJIEHOBbIM BEHTIAJIEM.

Krireroprauecrra sarrperqaercfl neperr,r6arr aaropenurr,rftca ru;ranr. flpa o6pa-
aoBarrurr o6parxoro ygapa (aocn.naruenenr,ra roprovefi cMecrr Bsyrpn peaaKa, rrp]r
rcoropoM BBpbrBHaff BoJrHa pacflpocrparrsercs no uoABoAffrqeMy rpy6onporogy a
gaflpaBJreuv r.r 6a;r;rona c a4err,raenolt) npeABapr,rreJlbr{o rac.tr rrJIaMfl pegara r4
rrepeKpr,IBaror BeETrrJrb 6annoHa.

llaurxflHbre peraffi. ,4n,fi Mamr4HHofi repurauecxofi pe3Kr{ BbrrrycKarorcs pe3a-
ftu, rloApaoAenseMble Ea cJreAyrcqr4e rarrhr: PM-3 - Maru Hur,re rpexBeuTnJrb-
nrre; PM-2 - Marur{rrnbre AByxBeHTr{Jrbflbre; PIIIM-3 - TpexBeHrr4JrrHbre AJr.fl
urapbupnbrx ruarurar; PM-0 - Marur4Hur,re 6esselruagHble c BbrueceuubrMll yara-
Mrt peryJrl{poBaHt ff,

flo cxeue cMerrreuus ra3oB grrr peaarft Moryr 6trrr unxcexropxrruu (II),
paBnoro AaBJreH[s (PA) n BHyrpr4corrJroBoro cMeruesr4s raeoa (BC).

B uxncerropnrrx peaarcax fiHrrcercrr4pyrcu{llft yser pactrorotreH B roJ'roBxe,
a MexAy KoprrycoM r,r roroBroft r4Merorcfi rpr.r rpy6rcra, Ilo rdoropbrM B roJroBry
peaara pasAenr,Eo noAaercs pe:xyrqufi lr rroAorpeBarorqlrfi xuc.ropog ra roprovr.rft
ra3.

Ot.lrlrqare"rrnoft oco6eHHocrsro r,ru)r{erTopHbrx pe3axoB, pa6orarorqzx na ra-
3ax - SaMeHI,ITeJISX arleTr{JreHa, fiBJr,EIOTC.'I yBeJr qeHHbte UpOXOAHbIe KaEaJIbr AJrff
roproqei cMecv B cveclrrerbHofi HaMepe, B rruricexTope u Bo BxoAr{ofi xo.nrqeaofi
rqenr.

flplr rvruoropeaaxosofi r4arrrlruuoft peaxe Heo6xoAuMa cra6r,trbsocrb ropeHr4fl
raaoB rro,qolpeBaroqero rrJraMe[I4.

llrntetroprtre pesarca oqelrb qyBcrBr,rreJlbrrbl R tsMeHeHr4ro AaBJrerru.E ropro-
qero raaa B cerl.I, a rarcrrce rc 6pr,rarau pacnJlaBJlegHoro MeraJIJra, floaroMy AJIa
MHOTOpeSaKOBbIX Marlr,IH I,ICIIOJ'ILSyIOT pe3aKr'r paBTIOIO AaBteHrI.E.

Peoax paanoro .4aB;renrlfl Ee r{Meer nrr$ercropa. Iogorpeaarorqraft rcucropoA
rroAaerca qepes rleHrpanrxoe orBepcrr4e, a roprcqllft raa - qepes 6oxosoe. CMecr,
IaSOB IIOCTyrraeT B TOJIOBICy peSaKa, KOTOpag nO yCTpOfiCTBy aHaJrOrr4qEA IOJIOBKe
I.IHr*ercTopuor,o peaaft a.

An.r [oAAeprr€Hr.r,fl 3aAauuoto AaBJ'reHr4fl roproqero ra3a rrepeA pesarcoM yc-
TaHoBJIeI{ cuequa;rrnlrfi peryn,fiTop AaBJreur4ff .

':::ttjri:a:t':
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ycrpoficrBo MamuEuoro lrrJriexmpHoro AByxBerrr{Jrblroro peaarca rtna PM-2

rroragarro na puc. 1.28, a MamlrrEoro 6earruucexropuoro pegara paBnoro AaBJIe-
rrris - Ea prlc. 1.29.

flo roncrpyxurnHoMy trcrroJlrelr[ro Mamr{Er,I ,4nff TepMr'rqecnoi pesrlr AeJ]gr-

cg, Ha cmoquongp|6re (ycraEaBnuBaeMble B orrpeAeJreEHoM Mecre saroroBl'rreJrbHoro

yvacrra) w nepenocn*e (nepeuerqaervrue otreparopoM n pa6ovyro souy).

Pxe. 1.28. ycryoicrao itaur|HEoro rFxex-
ropHoro pe3aKa rxl|a Pil-2:

, - perynupyroqni KucnopoAHbli Be{rr'lb; 2 -

uHxeKropi 3 - c ecurenbHat KaMepa; 4 -

iiyHAUryK; 5 - Kopnyc pe3aKa; 6 - rpy6Ka
pexyqero Khcropoaa

Pxc. 1,29. ycrpoicr8o MaulH||oro 6e3blH-
xeRropHoro pe3axa paBHoro [aarleHxt:
I - orBepcrre Anr ropoqero ra3a; 2 - qeHr-
panhHoe oTBepcTle Ant noAorpeBapqero Kncno-
poAa; 3 - KaHan Ant roppqei cMecn; 4 -
rpy6ra grr pexyqero k[cJlopoAa; 5 - t(opnyc



Prc. 1,3O. Cxe bt ritaur]{H Arr reputlecxoi perxl nncroaoi craln:
o - nopranbHar;6- noprarbHo-(oHcolbHar; a - utapHnpHan; ? - nepeHocHar; I - KaperKa;
2 - noFar; 3 - pacKpotHHi cron; 4 - nprBoiq npoAorbHoro xoAa; 5 - perbcoBui nyrb; 6 - onopa;
7-x .onup; I -KaperKacooroxonrpo8anbHof i ro roBKoi ;9 -KaperKacpe3aKoiu10-KonoHHa
c noaoporluu xo6oroM; 1, - uapHl,|pHar pa$a; 12 - np{BoA; 13 - cynnopr c pe3aKofl; 14 -
HanpaBrflor{ril.r pelbc; 15 - Tenexxa; 16 - pa3pe3aeMbti nncr

B cootgercrsr4l4 c.nrlgolla o6pa6orrrr BbrAeJlgror MarurrrrrLl AJIfl peaKr4 Jrr4cro-
Boro rpoxara, rpy6, upoSu;rruoro npoKara, craJbEbrx orJII4BoK u r.,4. B gasu-
cuMocrr{ or trpuueEffeuoft pexcyulefi ocuacrKu pagJlltqaror MarurtrLr AJrfi Kr,rcJro-
pognoft r n;ragruensofi pearcr.r. flour,ruo ororo cyn{ecrByer pasAeJreEr{e crarlraoHap-
HLIX Marrrr4H Ha IrOpTaJrr,HLIe, tropTajrr,Eo-RoEcoJrbEr,re I{ mapEEpEble.

B coorBercrBw,r co ctroco6oM yrrpaBnear{.fi paoJllrqaror Marrrrlrrbr c uporpaMu-
EbrM, OorogrercrporrrrErM, MarEr{ToKotrI,rpoBaJrbHLrI{ }r MexaErrrrecKl,rM yrrpa3neHr-r-
eru. Ha nrauuge tropra;rbrroro tr.rua o6pa6atrmaeMbrfi rucr pasMetqaercfl rroA ee
xoAoBoi vacruo (uopta;roru), ra 6o;rrnrzacrBe uoprajlllro-ftoEcoJrr,Elrx Marrrurr -
uo4 xorrcollrofi qacTbro, a ooToKotrupoBanr,Eas toJroBKa ycTaEaBJrr,rBaeTc,fi Ha
troprane. Ha rnapur,rpurrx luamr{Eax o6pa6arrraaeuuft aucr pacuo.noxreE rroA
mapnupuofr pauofi (pnc. 1.30).

B ganr,rcuuocts or qr,rcJla Jrl.rcroB, yriJra.qbrBaeubrx troA o6pa6orxy, Marusnbr
ftnacclrQuqrlpyrc:r rtar o,qHoMecrrrr,re u MlroroMecrubre c mnpqEofi o6pa6arrrnae-
Moft o6racrr.r coorBercrBeEHo 2,0...3,5 u ne uesee 5 ru.



Krcnopogno-4yroBae x Bo3AyrIrHo-AyroBac pe3Ka

KxcropoAHo-Ayroaar pe3Ka. Cyulnocrr KrcnopoAuo-Ayronofi pearl cocrorzlT B

ToM, rrro MerrcAy anexTpoAoM u paapeaaeMoii sarotosroft noa6yrxAaerca gJrexTpn-

tIECKAff AYIA, ROTOPAfi OCYUIECTB,'IffET PACIIJIABJIEHI4E METAJIJIA. V,4A"'TCTTZE META!'UIA

rra peaa ocyu{ecrn,raeT cs crpyeii KrrcJropoAa rJltr Bo3Ayxa. Ipra x*t c;ropo4no-,4y-
roBoii peaxe (puc. 2.1) KrrcJropo,4 rlocryrraer B pec uo BIryrpeHHeMy KaHaJry Me-

TaJrJrrrqecKoro aJIeKTpoAa, noKpblrolo cleqIIaJrI'ELrM cocTaBoM,
Pyrcoarrca rope,'IfiI{ o6ecue.rzsaer gaKperrJleHrre gJreKTpoAa r{ Ilo,qaqy KrtcJro-

poga. flpoqecc pecKn Har{r{Haerca c roa6y:x4euss Ayru MeE(,{y aJreKTpoAoM It
MeraJrJroM, aareM B pe3 noAaercfl KI,IcJIopon, ocyulecrBJrsrorqnfi oxzc.nenlre rueta.n-

Jra B peSe 14 rrprrHyAuTetlEoe yAaJreEue npoAyKToB peaKrlr4rl I{s nolocTu pe3a.

Pe)nyqas crpyff KrrcJropoAa cteAyer Ba gJreKTpoAoM. Pencuur'r rir4c"lopoAuo-Ayro-

aofi rvrexarrzelrpoaannot pearr,r cra"'rfi npeAcraBrenr,r n ra6;r. 2.1.
Kuc;ropogno-gyronofi pearcoft Molr(Ho peSarb yrJlepoArzcrbre, Jrerr4poBagrble,

Koppo3rroHHo-crofrxue cratu, qyryH, rlBerHr'Ie MeraJrJrbr. Pegry aegyr rpy6uarrr-

MU CTaJrr,HbrMr?t r{ TytonlaBxrrMr4 HeMeTaJIJII{qecKll uu (rpaiprerorrrur.r, yro,uur'rrrfl.r)

Pxc, 2.1. CxeMa KxcnopoA[o-AyroBoi pe3ax:

t -  r |crogHl4K 3re$ponuraHrlt ;  2 - Hanpa8nflrcqat;3 - sneKTponplBoA; 4 - pa3pe3ae bti  Me-
ftM|. 5 - 3neKTpoA; q - yror HaKroHa Hanpa8nircqnx K noBepxHocrl,l pa3pe3aeMoro Meranna; e -

yron ycraHoB(r 3nefipoaa



aneftTpoAaMl{, a TaK)Ke Oor,rtrHblMr.r cTaJlbrrr,rMIl troKpbrTr,rMl{ aJrer(TpoAaMr,r Ha tro-
cTo.flHr{oM I{ UepeMeI roM ToKe.

Irorrq. 2.1

TonrqIrIIa ArraMerp
s.neKTpoaa, MM Crlla rora gyrr, A

PacxoA KncnopoAa
EA I M AII'HbI

pe3a, M3

CKopocrB pegKr,

10 100 0 , 1 30

l 5 4 170 0,13 2a
20 4 . 180 0,16 26

30 220 o,29 22

40 240 o,37

OU 260 o,4 t2

Ilpr,r nogro4nofi Kr{cJroponHo-Ayr,oBofi peore npr{Met.trof rrJraB,Errlr4ecs r4 He-
rulaBsqr{ecg oJretTpoAbt. flaar.rrqzeca aJrexTpoAbt tr ororaBJlr4 Baror r,ra crar',rbHblx
Tpy6oK dapyrrcEbrM ArraMerpoM 8 ruru c ro.nqzrofi creExr,r 2,0...2,5 ltrM .4nrHoft
400 acm. Ha rroBepxnocrb rpy6rra nauoc.nr BoAoytropuoe rroxpbrrrre, noropoe rro-
SBOJIfleT OtrI4paTb AJIeRTpOA IIa rrOBepXgOCTb MeTaJrJra, qeM o6ectretll,IBaroTcg IIocTo_
ffECTBO paCCTOffEr4g MetfiAy anerTpoAoM I,I MeTaJIJIOM I4 CTa6I.IJTbHOCTL IOpeHT{g
,qyrtJ PacxoA oneKrpo,qoB rrprr pe3Ke BbrcoKr,ri (npr,ruepno 1 urr. s I Mr{r{), IIo-
aToMy rrpfi pesKe MeTanna I]o,q BoAofi rrpr4MeHsroT Kap6opyHAoBoe rroKpbrTr{e, yBe-
n lruBarorqee BpeMff pa6oTlr oAEaM aJreKTpoAoM Ao 40 MuE. IIpr4 pe3Ke.Ha Bo3-
,4yxe npr.rMeHgloT rroJIBIe yroJlbHble r,rnu lpa& ToBbIe aJreKTpoAbr, o6ecDeqrBarorq[e
SEaqrrTeJlbHyrc SKOHOMTATO MeTaJrJra no cpaaHeHr4ro c IpI.IMeHeHI4eM MeTaJJII{qeC_
Krrx aJIeIcTpo.qoB.

BoaAyutHo-AyroBar pe3(a. BosAylrHo-AyroByro peoriy MerannoB BbrrroJrrrsror
CIIJIOIUIIbIM YIOJIbHbIIII I{NU TPA@I,ITOBLIM ANEKTPOAOM, SAIiPEIIJISEMbIM B gJIEICTPO-

AoAepxarene. B aeuognr,rxnoi ry6xe eaexrpo4o,Eeprr(arenff npocBepnerGr orBep-
cTt{g AJIfl IIOAaqrr BOSAyxa trapaJJreJrlgo ocr4 oneKTpoAa.

Paanrqaror ABa Brzna aoa.4yuruo-4yroaoi pesrcr{ - pagAeJrrrrenb}ryro ra uoBepx-
Hocrrr]Io. flpu pozdeaunenuoi pesfte (puc. 2.2, a) orexrpol yrrry6;rex B rroJrocrr,
pe3a troA yrnoM K rroBepxEocrr4 pa3pesaeMoro MeraJrna 60,..90.. Ilpl,u noaepxHocm_
,roi Bo3,qylllno-Ayroroi peare (puc. 2,2, 6).4yra ropzr Me)r(Ay KoHrIoM aneKrpo,4a
u noBepxuocrbro o6pa6aruBaeMoro MerajTJIa. O;rerrpo4 r{artrroHerr K rloBepxxocrr_r
rroA yrnoM 30o r cropoxy, o6parnyo ranpaBJreulrn pecrr,r. pesrcy BbrrroJrrrfiror Ha
nocro.ErHoM rore o6parnofi rroJrffprocrr{. flpr,r arou Halrpsfi(exlre Ha Ayre cocraB-
;rger 45 ... 50 B, cra;ra mra - 250... 500 A (g;ra or4e;rrnrrx pesarcoB - ao 1 600 A),
Ar4auerp anexrpola - 6... l2 MM, ,4aBJreHr4e BosAyxa - 0,4...0,6 Mffa, pacxog
BoBAyxa - 2O...4O M3/'r, Macca Br,rnJraBJrfleMoro MeraJrJra - Ao ZO :rr/s.

':jt{a
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Prc. 2.2. CxeMU Bo3Ayuro-Ayrosoi pe3xxl

o - pa3AeJllrTenbHar pe3Ka;6- noBepxHocTHat
3 * Da3De3ae bti Merarr

pe3Ka; 1 - 3neKTpoaoaepxaTerb; 2 - 3neKTpoa;

Kuc.ropoAuo-AyroBr,re rr BoaAyruuo-AyroBbre cloco6br paa4e.rr.r, e;rr,rroft pesrcu
se o6ecnequgator BBlcoftoto RaqecrBa troBepxuocrl,r pesa, noaroMy rrx rpnuelrg-
Ior JIErrrE B Tex cJrJ ragx, KorAa He rpe6yerca BbrcoKoe rcaqecrBo rroBepxuocrrr
pesa unr r enTcs saTpyAEeHrr,fi c roproqnM ra3oM.

HepaBHoMepEocrb ABr4t(eHr4g anercrpoAa Morrcer upr,rBoAlrrB npl4 orpaErueE-
IIOI{ TOKe K KaCaEIIflM IUeTaJUIa, IITO BbISbIBaeT MeCTItOe HayTneporl(IrrBaHl4e MeTaJI-

;ra. Cogep:ranue yrnepo,qa troBhrrtraerc,fi Ha rroBepxuocrn peaa rar$fte npr,r ua.lrou

AaBJreEErr noa4yxa (go 392 rfla). IIpr orruua.nrnrrx napaMerpax Bos,qymEo-Ayro-
nofi uonepxnocrnofi pegrr,r gona c rroBbrrrrerrbrM coAeprrcanrleM yrnepoAa Ha uoBepx-
Hocrr,r pesa Ee rrpeBr,ulaer 0,06...0,08 ruu. .ftra rroBr,rmeulrfi rrJracrr{rrnocrr,r MeraJrJra
rroBepxEocrrr pesa rrocJre BoaAymro-gyroBoi noaepxnocrnofi pesrr{ peroMenAyer-
cs o6pa6orrca KarraBrri ullrr,r@oBanbtbrM rip;rroM Ea ruryflrny 4o O,5 urrr.

Han6o:rrmee noJrytrnJra noBepxHocTEa,fi Bo3,4ymr{o-AyroBas
pe3xa uprl Bbr6opRe AeabercroB cBaprbrx mBoB, yAa:reHrr[ AeOeRToB Ha cra;rbnbrx,
tfylylrEhlx u rlBeTrrhrx oTJIuBrax.

florepxrocruas BosAymHo-AyroBas peara BLrcoroJrer[poBausofi cranu u
qyryEa Konrcyplpyer c troBepxuocrnofi ruoropo4no-$rrocorofi pearofi aucoro;re-
rrrpoBagEllx cra,nefi u qylyua, Tarc r{arc Epr{ ee rrpuMeEenr{q ne rpe6yercs Q.rroc,
mproqufi ras u RucnopoA.

B raqecrne rrcrorruuxoB ToKa AJrff Bo3Ayruno-AyroBoft pesxu r4crroJrbayror
cBapoqrrbre npeo6paaosare.rt, Bhlnp,fiMrreJrlr noBbuneurofi lloulHocru, ucroql r-
Kr,r nepeMeuEoro rona c :rcecrrofi ro;rrr-amnepnofi xaparcTepncrrroft. 9ro o6ec-
neqltBaer ycroiur.rnoe Be,qeEEe rlpoqecca Barrucrrl,r B aJrer{TpouurryJrbcrroM pe)fill-
Me rrplr rorce cuaoft 4o 2 000 A,

.i.i i: l r::.::u .r.. ..:...:iar'i]]Il _..,':*b'..;ffi.



,{aa nogavu BoBAyxa [prlMeHfiror rcoMrrpeccopbr rrpoI.rBBo,qr,ITeJILEocrbIo Ao
30 u3/v. Ha .lrrluur.r roAaqn Boa4yxa pexoMerrAyercfl ycrarraBnuBarb Bnaro- r4 Mac-
JroorAeJrareJrrr. Ka.recrso q [por{oBoAureJrbnocrr py.ruoft BosAyuuo-AyroBoft pe3-
Ku Bo MEoroM gaBucffT or KBa.lrra@uttallau pegqltKa. lls-sa ueparnouepuocrtr tro-
,4aqn atercTpoAa Bo BpeMff pecxu Morrcer r4gMeHffTbcfl r;ry6uxa KanaBrcn.

fl nasnaenuo-4yroBaq pe3Ka

06qre caetexrr. Husrcoreuueparypfia,fi trJrasua trpeAcraBJr.fier co6oft narpe-
rrri lo 10000...50000" arerirpoflpoBoAsqr,rft ras, cocroarqui r{B troJro:rir{TeJrL-
EO I.I OTpI{rIaTenbHO 3apgfi{eIIEbIX laSoBbrx traCTr4rl coAep,I€IllHxc,fi B paBEbrx no-
rrrecrBax. Hr,rsroreuueparypnyro trnasuy Ars pecrcra rroJq^raror o6H.rso a areri-
Tpla.recftofi Ayre, coaAaBaeMofi e cueqza.nruoM r{HcrpyMeHTe - nJIaBMarpoHe
flpouycrcaHrreff qepeS EeIo TexErlqecrcr4x ra3oB.

Paapa6orarrr ABe cxelabr rrnasrr{er{Ho-AyroBoro paap.rAa: nrrat eHHot Ayeo
(puc. 2.3, a), aoe6yxc4aeruaff MeficAy rcaroAoM rrJra:Marposa u o6pa6arrraaeurru
MeraJrJroM (AyIa trpffuorc ,4eftcrar,ra), v. nrosr4e Hon cnpyl (puc.2.3, 6), goa6yfic-

,4aeMa.fl Merrc.qy HesaBncr{M;rMr4 or o6pa6arrraaeuoro Marepnara o;rercrpogaruu (ne-
BaBuclrMafi ,qyra). B o6eux cxeruax gyroaoft paapa4 aos6yrxgaercs B ysnux rcaHa-

a o

P||c. 2,3. Cxe br nraiMoo6pa3oBaHxti
a - f l ra3ueHHarAyra ;6- f lna3MeHHarcrpy t ;1 -xaroAHbt iFen;2- ly fa ;3 -c rpy f lnna3MH;4-
o6pa6arbf BaeMbri Merann; 5 - HaKoHeqHrK; 6 - KaroA; 7 - r,3ol'arop
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JIaX IIJIaSMaTpOHOB, ICOTOpbIe nOSBOJISIOT rrpt4 OTITOCI,ITeJIbHO He6OIbUII.IX paCXOAaX
rltaSMoo6pa3ylolqei cpeAbr rroJrJ rarb SHaqr,rTeJIbELIe cRopocrr4 uoroKoB nJra3Mbr.

Cyqnocrr flpoqecca rrJIaaMeHHo-,qytoBofi pe3Krl cocroltr B paclrJlaBJreur4r{
BbrcoKoreMrreparypHr,IM noroKoM lagoB MeraJrJra B orpafuqeltl{oM oosenre c to-
cnelyronluM yganeHr,reM pacrrJraBa B rroJrocrr4 pesa crpyefi.

Or ro.lrulranrl paapeoaeMoro MeraJlta BaBr,tcflT Morqaocrb Ayrlt t{ B rrepByro
orrepeAL Ealpffficeurre Ha Ayre. Ha rry6nrry [popesaHr4s BJrr4rror xapatTepr{crr.r-
Ka I,ICTOqHI'IBa TOKa, paSMepbr KaHaJTOB pelt{ylqfiX COrrJr, COCTaB v pacxoA Ia3oB.
Cu.ra rorca Ba,qaerc,a raKofi, qro6br o6ecle.rr4Tb BhIAeJIeHI4e g cro;r6e Ayrl,r BteftT-
purrecxoft MoIrIHocrIr, npr rcoropoft r4ETeucrrBlrocrb pacnJraBreur4fl MerailJra coor-
BercrByea BaAaHHofi ctopocrlr pe3rr.i.

Cpaanexue aHeplerltqecldl{x flapaMerpoB pecKz rrJraaMeHnofi crpyeft ra n;raa-
ueunofi ,4yrofi rroKa3aJro, .rro goapeKTuBllaff MotrlFocrb HarpeBa Bo3pacraer c
yBeJIlrqeHueM cIr"'IbI Torca, pacxoAa rrJraBMoo6paayroruux rason (4o o[pe.qeJleEHo-
ro [peAera), flprlqeM y rrnagMeHr{oft Ayrr,r oHa BuaqfireJrbHo strme. Vaerr,x6rfi
reuJrosofi troror B rIeHTpe rr.fiTr{a HarpeBa rrpu pesxe rrJraaMexuofi Ayroft cocraB-
rser 108...10e Br/cnr2, uro Ha nop,fiAorc B6rme, qeM upr4 pesre trraBMeHHoft crpy-
efi. TeuJrogofi KoeQ$uqaexa rroJreororo 4eicrnua (ICII,{) naasrrerrnoft gyrr.r npa
ouruMaJrbr{lrx perftr,rMax peaxlr cocraBJrrer 70...80%, qro Ha 10...30% Bbuue
I{II,{ narpera MeraJrJra nnaauenxoft crpyefi. Tarru o6paaoM, cxeMa pear(r4 rrJrao-
MeEHoft crpyeft upr4Melr,fiercg JIr{Irrb npl{ pegrde rreMeraJrJluqecrcl4x Marepr,IaJroB
r{ B psAe cnyqaeB trpr.r pesrce ronrcoro MeraJrJra. Halr6o:rrmee paclpocrpanenre
nonyqEla IIJIaSMeHgo-AyroBaff pe3Ka.

flptr u;raarlreuao-AyroBoM cnoco6e pes o6paayerc,fi TpeM.r pasrr4rrubrMr,r J,.qa-
crr{aMr{ rrJraaMeHsoi Ayrq: cror6oM, aEo,qH6rM rrarHoM tr OaKenoM (puc. 2.4'y,
rcoropbre r.IMeror pa3rr4rrHyro aaDoeftTl,IBHocrb HarpeBa MeraJIJIa, IIpHqeM HauMeHr,-
ruafl - y @axe,'ra. Bc;re4crBr{e HaJrr{qufl s cror6e Ayrra rpex pasJrr4qur,rx lFracr-

Pxc. 2.4. CxeMa crpoeHxr nla3MeHHo-Ayroioro pa3psAa
npriroro aeicrBxr:
I - nra3MarpoH;2 - pa3pe3aeMHi era.nr;3 - crol6 gyroeo-
ro pa3pflAa;4 - aHoAHoe nrrHo;5 - Oa(en Ayrn; 11 - 3oHa
rennonepeAaqI cror6a; l, - rota cKorrbxeflt,|r urer; l -:oxa
fenronepeAaqI Qa(ena
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ItoB c pasrroft sOSeKTuBIIoft TetrnoBofi MoqHocrlro KoHycHocTb pe3oB rrpt4 rrJra3-
MeHHO-AyrOBOfi pesKe 3rraqnTeJrBHO 6orbrqe, qeM trpfi nr4cJropoAHoft pe3xe.

lba:uoo6paryoulle cpegu. B rdarrecrBe uaaauoo6pasyroqrlx cpeA Trpr{ tr'raa}Men-
Ho-AyroBoft peaxe l{c[oJrboyror pa3rfirrrbre rexnr,rtrecKr4e raar,r, Koropbre tro cBoeMy
aoageftcrur.rro Ea KaroA uoApa3.qeJrslorcff Ha rreaKTHBHEre (aproH, asor, aogopog) ra
aKTr4BsLre (aoagyx, rac;ropo4). Ilnaanroo6pasynque cpeAbr AonrrcHbr o6ecneq[sarr
HaAe)riHoe aatKlttaHr,re Ayrlr u xopomylo cra6r,rrr,r3arlv ro .qyrl.I, gOQeKTr,rBHoe npeo6-
pa3oBaulte gJrerTpu.recxofi aneprna B TeIrJroByIo u rrarz6o;ree paBrroMeplryro nepeAarry
sHeprur4 uo ro,rql,IHe pa3pe3aeMoro MeralrJra, orclncrBr,re HeoratoflpuffTHolo Bo3-
geftcrnlr,r Ha gJrer{TpoA Ir rloBepxrocrb paapegaeMoro MeraJIJra.

Hava;ro paeazrlrg ntaaMerrno-Ayrooofi peeru cB.raarro c trplaMeHel{rreM B
RaqecrBe flnasMoo6pasyrouleri cpegr,r aprona. Orr o6ecuequaaer xopouyro Barr]v-
Ty Bonr,OpaMoBolo anexTpo,qa, rerro r.roHr4cr{pyercs trog AeficrBrlell AyroBoro paa-
p,fiAa x He oxaar,IBaer BpeAnoro aoegeictar.ra Ha MeraJrJr rroBepxaocrl,I pega. OA-
HaKo aproH LI Apyrue zHeprHhre ra3bl .EBJr.rrorct ,qoporocroffIqr4Mrr. Kporue roro,
oHIr He Motyr Ar4ccoqftapoBarb s cror6e ,qyroBoro pasp.fiAa, rroaroMy He BbrAeJrE-
roT Aorrotrrl4TeJ'IbHoe rcoJrrrqecTBo TeIIJIoTLT B rroJrocTb pe3a,

AxrlrBl{brMr-r retrJIoI{ocI4TeJIgMfi fiBJr.trrorc,F AByx- n rpexaroMrrr,re raaEl, no-
aroMy r{x flpr{MeHnror B KaqecrBe 4o6aanra K aprory. ,{o6aa;renre BoAopoAa rc ap-
touy B rdorr,rqecrBe l5...2oyo o6ecfleqr,rBaer yBeJrr{qeur4e upopeaarorqefi cuoco6no-
crl,r Ayrr,r u [por4 gBoAr4TeJrbuocrl.r peamlt. ,{a;rraefturee IroBbllreHrle coAeprr{aHng
BoAopoAa B cMecrr rrpr,IBoAaT K peBRoMy rroBhrmeEl{Io HanpfiJr(eHr,rg Ira AyI'e. Ap-
IOHOBOAOpO,qHbIe CMeCI4 rrpzMer{groT TIpI,I peSKe JrerKr,rx MeTatJIoB, Tar(zx, KaI(
a,rrroMzur4ft, Iuarsuft rn ux cIrJIaBbr. B npaxrr.rne rrJraBMeI{Eo-AyloBoIl pe3xfi qBer-
HLIX MeTaJTJTOB rrIupOKO r{CrroJrr,SyroT MeHee AoporocToatqr4e a3oToBoAopoAHbre
crvrecra. Ka.rectgo pe3oB, BbrrroJrrreglit6lx 9TIIM14 cMecaMu, HecKoJIbKo rrr{rr(e, qeM
upu rrcfloJlr,goBaHr4r, aproHoBoAopoAH6rx cMeceft .

flporqecc Bos,{yrnro-AyloBofi peBKLt c B KaqecTBe [ra3Mo-
o6pasynqeft cpeAlr crrcaroro BogAyxa saxoAt4T rrrt4potoe rrpr.rMeueHr,re flpu pe3re
rtoucrpyr{qaoggbrx r,r Br,rcorcoJletlapoBaHHbrx cra;reft.,{;ra rroBbtrrreHr,Ig trpolraBo-
Ar,rreJrbrocrr{ pearcu trpr,rMeusror ranJrce rrJraaMoo6paayroqv e cpeAbr c 6oJree Bbrco-
Kr,rM coAepdtal teM Rr,rcJropoAa, r{eM B BoSAyxe, r4JrI4 trl,rcTo KI,IcJIopoAHyrc cMecb.
Ogrraxo a aroM cJrJrrrae npfixoAllron ocyrqecrBJlffTb BanII{Ty gJreKTpo.qa r{aKLrM-JIr.r6o
HeaRTI{BHbrM raaou (apronou, aaorou). B ra6r, 2,2 [prrBeAeHr,r yxasar ,rff rro rrprl-
MeHenvro p,aga n;rasuoo6paayroullx cpeA AJrff pesru paannqEbrx MeraJrnos. 06-
ulefi 3atouoMepEocrr,ro ,fiBJrfierc,E tcrroJrbgoBaul,Ie altrrrBnbtx ralogux cuecefi
IIpeI{MyIqecTBeHrro ,4ng pe3Kr4 qepHbrx MeTaJIJIoB, a Eear(Tr{BHbrx IaSoB r{ r,Ix cMe-
cefi - Ars peBKIt qBerHbrx MeraJrJroB Ia I{x crrJraBoB.

Pexyulre nra3 arpoftbt. KoHcrpyxqr4r{ percyul}rx rrJraaMarpouoB coAep)rcar ABa
ocl{oBlrblx 6;roxa: a;rexrpo4nrrfi z conJrosoi. Oxr.r o;rexrpr.ruecftu I.IBoJrr4poBaHbr
Apyr or Apyra v cogeplxar yaJrhr AJrs rroAaqr, flrasMoo6pasyrorqr,rx ra3oB, ocr{oB-
uolo tI BcnoMoraTeJlbltolo Tolta, IipeuJreII,Ig gnelcrpoAa, a Taxfice cI{cTeMy oxJrax(-
AeHr4s gJreKTpoAa ra cou;ra (puc. 2.5). 9;lercrpo4rr,rft u couJrosoft yaJrbr o6pagyror
AyloByro rcaMepy, B rcoropot Bos6y?ftAaercfl gyroaot paapa4 [pr4 rrogaqe flraaMo-
o6paayroq[x racoB.
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IbrasMo-
oSpasyrcqaa

cpeaa

PagpeoaeMbti Meraru

AtuoMuII14ft
I' ero crIJraSBl

MeAb r-r ee
CTIJIA!EI

I KoxcrPYx-
- I TI,IIOIIEEIE '
lJErcor{o- 

I Er4onoyrJrepo-
JlerqDoBarr- 

| arncrrr" rn a"a*o-
rl6re craJrtr 

| o"""po"r"*tt"
I crarq

'Iirall

Bo3Ayx

A3or

Ans Mexa-
!rrrsrrpoBar -

Ilofi pe3rl,I
METAJDIA TOJI-

ull|sofi Ao
10O... 120 vtu

AIfi Mexa-
Irtt SllpoBag-
rlofi peSrci Me-
TELrrJra {ot4u_
nofi Ao 70 IUM

,{na rraruunuofi pearrl
METAJ'IJTA TONqEIIOi

4o 100 r'rv

He peKoMeH-

AyeTcfi

,qrs pwsofi pesrcra Mers.iuloB He peEoMeq-

ayeTcs

He peKoMeq-

AyeTcf
Apros
c BoAopoAoM

Anr pwtroft
l' MexaIu-
Sr,rpoBaEHoft
pesrcl.

Ans peorcx MeraruoB c BBrcorcaM
(atlecrBoM [oBepxgocrl{ o|IIlocrrreJr6Eo

ne6o,/I[ moft ro,lulusu

ABqr
c BoAopo,4oM

,I[.na py.rrofi n ruexauuer.iporaruofi peercra He peKoMeq-
,4yercs

Ars pyqlroft
It MeXaEIlSIlt_

poBaEEoft
pesKlll

Apros He peKoMeHAyerca

B aasracqMoctu or crroco6a rrJraSMeHHo-'4yroBofi pegrclr B r(ar{ecrBe anercrpo-

AOB rrpl,rMerrgloT Boll'opaMoBbrft Jrar{TaEl'IpoBagr{brft crepxenr (upr'r racuo;rr'aoaa-

Hr4r{ aproEa, a3oTa, BoAopoAa) r4Jrlt MeAHLri BOAOOXJTafiCAAeM6Ift e;rexrpoA c qup-

KoH[e;oft I,Inr4 r'aoHr4eBofi BcraBKoi (upu rcno;rrsoraHl'Ilr B rcaqecrBe paoo'rero

rasa oKrrcJrrr,reJrLrrbrx cpeA - BosAyxa, o6orauleHHoro BosAyxa, Kr{cnopoAa). II{p-

]|rofl ft v, raoEr4fi IIpI{ Bo3,AeicrBl4r{ Br'IcoKoi TeMrleparypbr AyroBoro pa3pffaa 06-

pa3yroT Ira rroBepxEocTr?r ryrorrJlaBKyro olicr4Alrylo rrJreHr(y' B ,4arbEeftrrreM lrpeAo-

xpaHffroqyro aneKTpo,4 or 9po3r4r-r B rrpoqecce pe3r{r{' oAHaKO CTOfiKOCTb arr4x

gneKTpoAoB BBt4Ay BOSAefiCTBr4g KpaftEe Bbrcoltt4x TeMrreparyp EeBbrcoKa' rr Bpe-

Mff 4x pa6oTbl fe flpeBbuIlaer 2...4 rr.

B aanr,rcnltocrlr or cnoco6a rroAaqa IrJragMoo6pagyroqux raSoB B AyroByro

EaMepy pa3nuqaroT oceBoft 14 BxxpeBoi cfloco6br cTa'vJ'J/.3a\Irrr Ayrr4' B rrepBoM

cJryr{ae rIJIasMOO6pasyIOqa.fl cpeAa noAaeTcs B AyroBylo KaMepy [oroKoM' rlapaJr-

JreJrbHr,rM oct4 oJIeRTpoAa (puc. 2.6' o), B ApyroM - oHa rroAaeTct B RaMepy tro

TaHrer l[a,]rbl{r'rM KaI{aJraM, rrro o6ec[etlrrBaer saKp]^rl'IBarr e uoroRa (p[c' 2'6, d)'

B nnagMarponax c oceBoft cra6r'Ir[Sarrtei creptfiHeBoft Karo4 Sararrr{Balor rroA

yrJroM 20...30" npIr BeplrrrHe' rrro rlo3BoJrffer cosAarh rJerKyro Sr'rKcaqulo KaroA-
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Prc. 2.5. CxeMa pexyqero nra3MorpoHa:
, - uryqep noAatrx nna3xoo6pa3ynqefo fa3a;2 -
urryLlep noaa'iu oxnaxAaoqeri BoAbr;3 - uryqep
cn[8a BoAbr;4 - (aroAHbri 6nofi;5 - KaToAHat
BCraBKa; 6 - h3onXpyroqar srynr..a; 7 - conno; I -
pa3pe3aeMbri l{eTaln; 9 - AyfoBae KaMepa; l0 -
nIa3MeHHaf l  Eyra;  1 1 -  ! lcTogH14K 3I IeKTpOnITaHt l i ;
12 - 6an^acrHoe conporllBreHue

1 l

I]OrO [flTHa Ha OCU CTOJroa Ayrr{ COOCEO C BbTXOAEbTM OTBepCTt4eM COTIna. B RAqe-
cTBe perynt4pyeMblx RaToAoB rzcrroJrbsyroTcff J'rarrTarr[poBal{Hbre Bo"rbopaMoBbre
crepJ{tHl.r ArraMerpoM 2...6 nrru u gauroft 100... 150 rrrrr. Croiixocrr, crep}rcHeBoro
RaroAa BaBrrct4T rJ'IaBIrbIM o6pacoM or rrJrorrrocrr?r rolta, EaI.IMeHbIrrue pacxoAbt
xaro,qoB Aocrr.rrarorcfl rrpr4 ar,r6ope zx AlraMerpa B coorBercrBr4r4 c .ra6:^- 2,3.

a o

Pr|c. 2.6. CxeMbr pexyqfi nra3MarpoHoB c oceBoi (a) r rrxpeaoi (6) cra6lauuqrei gyroaoro
pa3pfAal

-KpenneHxeKaroAa;2- (a roAHbr iy3en;3-Karo f4- [ rqepnoAa{ ] r l ra3a;5-x3onr rop ;
6, ?0 - uryqepbr chcreMbr oxraxAeHla; Z - connoBoi y3en;8 - AyroBar KaMepa; 9 - Oopuupyto-
qee conno; 11 - KpenneHue nna3MaTpoHa; 72 * 3aBuxpufeth

.  . .  . .  . : . .  .
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L6rrqr 2.8

Cr,rra roKa, A AlaMerp arekrpoAa, MM AnaMerp iDopMnpyroqero
cotrta, MM

150 1,2 . . .  1 ,6

300 2 . . . 4

400 3,2 4 , . , 4

500 4 4 . . . 6

600 4 , 5

Hecuotpr Ha orrroctlTeJlbr{o BbrcoKyro o,rekrporrpoBoArrocrb BorbopaMa, oH
cI4JrbHo paoorpeBaerca pa6ouzrvr rotoM, rlog'roMy BbrJaer gJ'IeKTpoAa Ao.rlxen 6rrrr
MrrHI,IMaJrbHhrM. Crepxxerr,re rarogrr o6ecneur,rBaror AJrrrreJrl,Hblft cpox c,ryx6rr
npIl Mnororparuofi nogpery;rr.rpoBKe BblJrera oJaenTpo,qa, TlogroMy oHI{ rloJlyrrr4Jrr.r
urrrpoKoe pacnpocTpaEeHrre B pyqHblx rrraaSMaTpoHax.

B n;raamarponax AJIa Mexanlratrpoaanuofi peaxrz ucrloJrbaylor trpelrMylqe-
cTBeEHo rr4Jrb3oBrie MeAlibre BoAooxrafi{AaeMbre ftaro,q},t c UtlpKoHraeBoft Ltrx rae-
quesoft acragftofi, flpr,r ocenoi etafunmsa4uu,qyrn BcraBrca 4o.nxua 6rrrr aaocr-
peua. flpr.r BfixpeBoft cra6unnsaguu Mo)r(Ho rrpr{Mex.flrr, u,rocrcufi rcaro4. B arorr.r
crl rae Surccaqug KaroAHoro rrgrrta B IIeHTpe acragltl4 o6ecnequnaetcg cra6z.ru-
eaquefi ocu lrorona BcJrencrBI.Ie ero Baxpyqr,IBaHla.fi.

Iz.nrgosrre xarogrr pa6oraror rrpl Blrcorrrx rrrorHocrgx rorra rr noaroMy
Hytri,qarorc.fi B aHTer{crrBHoM ox,'IaJftAexr4lr. ,{ar aroro HapyJrcrrble rroBepxuocrl.I
rr,IJrbBrI oMLrBarorca npotounofi BoAoft, a BcraBr(r{ uJrorHo BarlpeccoBbrBalorcg B
rra"rray. B flocJreAuee BpeM,fi ycraxoarcu AJ'rff uJraaMelgo-4yroaoft pe:tta Haqa;rr4
ocuarqarlcg 6aorauz aBToHoMHoro oxJr r(Aerr-tg, B Koropbrx oxJratrtAarorqafl Bo,qa
rtrEprcynnpyeT B saMKHyToM o6rerrre, a ee oxJrarrcAeHr4e B rrpoqecce pa6orr,r ocyqe-
crBJr.terc.E B pa,{r4aropax. B Br4MEee BpeM.fi BMecro BoAbI cl{creMy Mo]nHo BarroJr-
HgTb HeSaMepSaloqtlMr,r ItI,IAItocTgMr4.

OcnosHruu aJreMelrroM corrJroBoro ygJla .flBJrgercff OopMI,IpyIoq[i HarcoEeq-
nux. @opua lI paaMepbl corlJroBoro KaEaJra B Braqrzrerbuofi crerlel{fi oqpeAeJLE-
IOT napaMeTpbr pefi(yqefi crpyu. r{errr MeHbIIIe cerreHrre BbrxoAHolo oTBepcTI.Ig co-
rrJra 14 qeM oofi,ffe ero AJruHa, TeM Bblrue Epr4 fiporlfix oAItHaKoBr,rx ycJroBr4gx
rrJroTHocTb aEepllI{u, a cJIeAoBaTeJIbHo, cKopocTb IIoToKa rrJraSMbI I,I IIpOr{3BO,4I.I-
TeJIbHOCTb peSXr,r. olXarO gaurraenrrur.rft AuaMeTp BbrxoAHoro oTBepcTt4fi otpaHlr-
qrlBaercff Boarrr4nHoBeHr4eM gaofinr,rx gyr (rar Haar,rBaeMhrx AyroBbrx paspagoa)
o.qHoBpeMeHHo c ocIIoBHofi Ayrofi MerrcAy KaroAoM rr cotrJroM, corIJIoM r4 pa3pegae-
MblM MerajrJroM. ,{aoftrraa Ayra BoBHI,rKaer, ecJrrr cyMMa aHoAHoro fla,qeg g Harrpff-
fiiequ,fi Ea AyIe (rcaroA-corlro) r4 HaroAHoro rlaAeHrrs HarrpffrrceHl,r,r na gyre (co-
flno-paopeaaeMr,rft ruera;r.lr) 6y4er lrenr,rrre rraAenr4s Harrp,Exesfis a croa6e gyrrz
Ha yrracrxe @opMfipyroqero corlJra Haxol{errnr.rrca. 3ro Mor{er 6brrb cBgBaHo c He-
IIpaBl,IJIBHofi pa6oroft vcro.rHr.rEa ur4TaEr4fl r{JII,I c HeAocrarKoM pacxoAa rrJra3Mo-
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o6pasyroqero ra3a. Har6oree rracro ABoiHoe Ayloo6paaoBaur.re (puc. 2.7\ aostu-
Kaer B MoMeHT Bos6yrrcAeuufl pexyqei Ayrr{. B coBpeMeuubrx ycranoBriax peficy-
rrlyro Ayry Bo3oyrrtAaror c troMoulblo Bblcoxoqacrorrroro BcrroMorareJrbHorto pagp,FAa
(puc, 2.8). Bna.ra;re Bos6yr(Aaercfl BcrroMorareJrBraff Ayra He6onbmoft Morrlnocrq
(upu roxe 15...40 A) MerrcAy aneKTpo4oM rr Earcouerrr{r4roM. OEa rre [ptrBoArlT rc
paSpJ/'meHl.IIo EaEorreqHI,IKa IItu ftaToAa.

flpu rcacanralr rloroxa rrJraaMbr, BblTenalonlero r,rc corrJra, rloBepxHocrr,r paa-
pe3aeMoro MeraJrJra uJra3MeHHag Ayra gaMbrfiaer pa6oqylo qerrb r,rcroqHltKa roKa,
BcJreAcrBr4e qero Bo3Hraftaer peficyqa,fi .qyra, EcrI{ upr.r aoa6y:r4enuu per(yqeft
Ayrr.r rrJraaMetrrr,Ifi cro.n6 scuoruorareJlbroi gyrra 6rur cOopMI4poBaH HeAocraroq-
rro qerr{I,IM, To aHoAHoe nnr:ro pexyrqefi Ayrlr Mo}r(er rlepeftTu Ha Har{oHeqHI4K,
qro rrprBe.4er K pacrrJraBJrerr{ro creHor( coflra r B6rxoAy peaara rra crpos. flocJre
BKJIIoqeHT{n pefi(yrqeft u;raauenxoft gyru Earrp.fiJrceHze Mex(ny arercrpoAoM r{ Ha-
KOHeqE IKOM CHIr,ItaeTCg, BCIIOMOIaTeJTbHag AyIa IaCHeT.

,{rofiroe ,4yroo6pasoeanr,re uolrcer nporaoiur B rrpo{ecce pesxr,r npz upo6ua-
Ke rraqaJlbEoro orBepcrl.rg B Jrtlcre tl3-aa opLIBr pactrraBreHEolo Mer,aJrJIa, J'ref,fi-
IrIItx Ha peaax; cnytrafiHou rcacarr 14 lraroreqHlIxoM rroBepxuocrll MeraJrJra; rrJro-
xofi pa6ore cr.IcreMBr crafunldea\frn lroJrotieEr{g pe3afia Ea,4 MeraJrJroM; rlepella-
Aax roxa B cerrr trlrrl cnyqafiEoM lnfeHbrueHqr,r pacxoAa rrJrasMoo6paayroqero rasa.
I,Icro.rnr.rrclr rorca, ucrrorbayeMbre B Hacrosqee BpeM.r, ranreror ycrpoficrBa (ToKo-
Bbre pene) ,qJrfi oTrcJrroqerrr4fl arurapaTa oT cerrr B cnyqae ABoftHoro 4yroo6paaoaa-
rrr4t I{ BoSpacraHlg cI4JIhI Tolta B qeIII4.

Haxone.ruura nJraoMarporroB o6ltqgo zeroror.lrffror LrB MeAr{ - MeraJIJra,
oona,qaroqero BhrcoKoft TeruronpoBo.qEocrr,ro, rrro EeooxoAr{Mo AJrs xopomero ox-
JlarrcAerrtff HaKoHeqEaKa. Ogaarco rrecruorpg Ea r4xTexcrrrBl{oe oxrarrcAeuue BoAofi

Pr|c. 2.7. CxeMa AEofinoi Ayrl:
1 - KaroA; 2 - cort/l.o; 3 - Merann; 4 - cfo[6
pexyqei Ayr[; 5 6 - cron6 ABoiHoi Ayrla Ha
yjacTxax HaxoHeqHl{l{- eTann y KaToA-HaKo-
HEqHl]|( COOTBETCTECHHO
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Pxe. 2,8, Bbrcokoqacronroe rol6yxr4erte
ayft| acnor4oraTerbHbrM pa3praoM3

7 - oc'4unnerop'. 2 - KaroA; 3 - 6aruacrHoe
conpoTl4BreHxe; 4 - xcToqHuK To(a; 5 - Me-
rann; 6 - QaKen Ayru; 7 - HaKoHe,lHr.rK
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MenHbIx OopMIIpyIouItx couJr, It3Hoc rrx r-{3-3a Br,rcoKoft TeMrlepaTypbr IaSoB B
cror6e Ayrr4 Berr4K.

,(;ra o6ecueueur,g cra6r,r:rr,nocrz ropeHl,rs Ayrrr rr yuenbruexr,rg BoauorrtHo-
crr-r gaofixoro .qyroo6pasoBagxg Ar,IaMerp corrJ'ra BbrxoAnoro orBepcrl,rg AoJITI{eH
6rrru 6oasnre (n.nu paaex) Ar{aMerpa KaroAa, Alar,rHa cor,ra ,qoJrrrcr{a 6lrrr uearrue
ero Ar4aMerpa. flraarvrerp r{aroAa orrpeAeJrsercs roroM 4yru. llsnoc coflna cyule-
crBeHHo yMeHblrraercg rrpfi BaxpeBofi cra6u.nr.raaquz cou;ra. Ognaro cpoR ero
cnyx{6br Ee rrpeBbrruaer, Karc rrpaBrrJro, 7...8'r, noetonry AJI.fi noBbrrueurrff pecyp-
ca rrJraSMaTpoHoB B HaKoI{eqHI{Ke SaKperrJrsroT crreqr{aJrbEbre cMeHHLIe coIIJIoBbIe
BCTABKU.

T€xxonortrqectrre oco6eHHocr]r pe3(x. Cropocrs nJrasMearro-AyroBoft pearra ros-
pacraer c yBeJrvqeur,IeM Molrlgocrlr gyru, rrpr4qeM cKopocrb noapacraer s 6oar-
rreft Mepe c yBeJIIrqeHr,reM Harrpg*teHl4fl Ea Ayre u n rraenr,ruefi crerreHr{ - pa6o-
qero Tofta Ayrr4, uoBbrrrreHr,re KoToporo npr,IBoAI,IT Ic yBeJIIIqeHIIIo ml{pr{Hbr pe3a.
Be.nr.rqr.rna Hauptrteulrg Ha ,4yre xaparcrepl-rsyer crerreHb rrpou r riHoBeHI,Ig nyrrr B
pagpeaaeMBlft MeraJrJr, rrooroMy c JrBerr4qeur,reu ToJrrrIr,rHLI paspeaaeMoro MerairJra
neo6xo4uuo rroBr,rruarb lralpgxerrlae Ha Ayre. Hara6onee BbrroAuo pecarr, MeraJrJI
)ftecrtr.rMn ,qyrannz (c Bbrcoxr.rM Earrpfl)rceHr.reM perxyrqefi gyru), vro o6ecfleqnBa-
er 6oJLIur4e cropocrrr peort lr KatrecrBo rroBepxuocrr,r pega. EoJIee JrerRrre MeraJr-
.nr,r c nreqr,rueii TerrJroeMrcocrr,ro MeraJIJra I-r Menbrrrefi TeflJroupoBoAuocrr,ro pa3pe-
3arorcff c 6o;rluruurn cnopocr,sMn, flpn upauo;ruxefiuoft pasge.rrarenr,Hoft nna3-
MeHno-AyroBoft pesr(e cKopocrb pesKlr Morrcer 6urr, sbrnre s.a 2O ..,3O oh , rreM rrpu
Bbrpe3Ke Or,rfypHr,rx neranefi I,r3 Jlr{croBofi craJrr4.

flpu onruua.rrnbrx peJrcr{Max rrJraaMeEEo-nyroBofi pea$r,I KaqecrBo rroBepx-
Eocrr{ pega Ee ycryrraer KarrecrBy rroBepxHocrrr nprr ft}IcJlopoAHoft peexe uera.n-
JroB, 3a racKJrroqeEaeM r{enepneHAr,rRyJrflpEocrr{. B coornercrnr.rr,r c IOCT 14792-
80 rcaqecrso rrJlaaMeHuo-AyroBori pesKr,r oueur,rBaror cJregylorql,rMn qerbrpbMfi oc-
EOBHbrMr,r rroKa3aTeJrffMu: paSMepr ,rM .qotrycKoM, IteneplreHAt'r RyJr.fipHocTr,ro pe3a,
[repoxoBarocrbro rroBepxHocrn, rry6r,ruofi 3TB.

,{;ra raxt4oro [orcaeareJrfi B gaBr4cr4Mocrr]r or rolrullrnr,r paspeaaeMoro Me-
Ta,aJra ycTaEaBJrr{BaroT Tpr{ KJracca KaqecTBa Il ToqHocTIa, onpeAeJr.florqr4x Ha3Ha-
qeHl{e I{ ycJroBuJr I,IcrroJrb3oBaHr{s peeon. K.nacc 1 npeA'bffBnger caMble BbrcoKlre
Tpe6oBanr4fl x xarrecrBy rroBepxrrocrr,r rrnaBMeHHo-AyroBofi peaxtr, x.racc 2 coor-
BercrByer rpe6oBar gM, pear6ro AocrtraeMhrM B rrpor4cBoAcrBeuHblx ycJloBl,rffx,
JcJracc 3 [peA'bflBJr.rer Mr4irr4MaJrbHrre rpe6orauraa K rrpe,qeJrblrLlM BIraqeHI4flM rro-
xaaare.nefi.

,{;ra o6ecne.renrff BhIcoKIrx $aqecrBa peca 14 rrpor.rgBoAr4Terbuocrtl pearl
Heo6xoAxMo rrlareJrbHoe rrpoBeAeHrre rro4roroBr,rreJrr,Hr,rx olepaquft , Koropbre
Haqr,ruarorcff c rpaucrroprr,rpoBtv MeraJIr'Ia rc Mecry peglclt. flpr-r rpaxcuoprrapon-
rce AoJlrrcHhr 6rrrr nprararrr Mepbr, ucxrroqarorque Ae$opMarluro Jrr{croBoro MeraJr-
Jra r,I noBpetr(Ieull,fi ero rroBepxuocru. Ero oco6erro orHocrrrcg rc roHKoMy Mffr-
KOMy JII{CTOBOMy MeTanJIy, HaIIpI4Mep aJIIoMI4HI?tIo u IIeKoTOpLIM eIO CIIJIaBaM,

MeArr t4 Ap. Taxofi uera;ur qe,recoo6pasrro rpaHcrloprrtpoBarr, Ha crreqrraJrbnbrx
TeJIetKKax. flpr.r rpancnoprapoBlie ero KpaHoM cJreAyer flpr{MeHfiTb uEeBuarr4qec-
Itrre uprcocLl, paBHoMepHo paSMerrlaeMbre rro rroBepxHocTr4 MeTaJrJra.
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lepeg pesxofi .qJrg yMeHbrrreur,Ig grruoo6pasoranr,rs u uoBr,Iffesrl.fl KaqecrBa
peaa rroBepxuocrr, Jll4croBoro MeraJIJra neo6xogtrruo orrr4crr4Tb ot 6yuarr,r u ron-
cepBaql,roHHoft cMa3rcu. npz peMoETHbrx ItJrIt AeMoHTaJr{rrLIx pa6orax IroBepxEocrb
Merarrra uepeg peaxoft Mornno He oqt,tlqa.rb, oAHaKo B Mecre rraqaJla peaa xeo6-
xoAr{Mo yAaJrrrb rcpacxy, prr{aBql,Iny g.ra o6ecuevexrrs aJretTpl{qecroro xoHTaK-
Ta Oaxera ncuouorare,nrnoft Ayrr,r c oruM I lacrrcola.

O6pa6arrrnaeutrfi MeraJrJr AoJr {eH rrage)rcfo rcorTarTr-{poBarb c rroJrotxr,ITeJlb-
nuu (aaserra;rxrorqnu) upoaogou. Ec.nu uearss rapaHTrrpoBaTb nagenrrrri xon-
TaKT, rlenecoo6paaHo rro,qBoAr4Tb uo.nolrrre.nrxr,rfi [poBoA rc xonraxrnofi crpy6-
qtHe, yKpetrJr.fleMofi Ha pa3pe3aeMoM u3AeJauu.

,{lr pyvrroft r4JIr,I rroJryaBTouaru.recrcoi pegKr,r AeraJrr4 pagMetraror rlpoqepqu-
BaHr,IeM r4 KepHeur,reM ftorrrypa c ruaroM MercAy rotrramr,r 1O... 20 MM. Me.nosas
paaltlerria tte o6ecueqrgaer rorruoro BocrrpouaBegeHlas rcoHTypa a c rroBepxnocrl,I
HeKoropbrx MeraJrJroB JrerKo crr,rpaerc.r (c,qyBaerc8). pu pasMerKe Aerareft yqrr-
TblBaror rrpr4lrycftz Ha pe3xy B gaBr4cr{Mocrr4 or rraarraqear{.r Bbrpe3aeMbrx gera;reft.

IIpu ros6yuc4eruu pencyrqeri .qyrr4 BarKHo ycrarroBr,rrb rrJrasMarpou HaA Ha-
.ranbHoi KpoMrtofi paapeaaeMoro Mera;rJra rrJrrr rroABecrr{ ero rc KpoMrce c roprrqr4M
(faxe;rou acnouorareatsofi Aylr{ TaKr,rM o6paaoM, qro6br, c ognofi croponr,r, o6ec-
uevrarr roa6y:rcgeur{e per(yulero paspffAa 6es o6paaoaauza 4aofinofi Ayrr{, a c
Aplrofi - ucrcrroqtrrb BoBMoJItHoc:rb HeuoJlHolo flpope3aHl,Ifi na.ra.nrtofi KpoMrcr{.
,{aa sroro lrJlagMarpoH ycral{aBJrr4Baror nag naua.nr,roi rpounoi tax, vro6rr ocr,
@opMupyrcqero corura 6brra or Hee Ha paccro,fiHlrtr 3...5 nrnr. flpr,r enauure,rsnoru
yBeJlrrqeHqrr aroro paccroal{Il.fi &alien acnol\rorarerr,uofi Ayrr{ Morrter ne o6ecue-
qlarb aJrexTpr{qecroro KoHTaKTa c paBpeBaeMbIM MeralaJroM, Ec.nr,r upra otou a
rrpolraoiAer KoI{TaKT, ro croa6 pexyulei Ayu4 Motrcer orrtJroHr{Tr,cfi a cropoHy
Kpourcrr EacroJlbrco, trro Bognr4Kner gBofiHaff gyra. flpr,r gaAep}r(Ke pesana Ha Ka-
Koe-To BpeMs y KpoMrcn AyIa ycleer ee [potrJraBlrrb, rrpn oroM o6pa3yercff trony-
qfin[IrApxrrecKaff Kar{aBKa 6onLIttofi ruupr,IHbr, rrooroMy nocre Boa6y}ft.qegufl pe-
rrcyqei Ayu,r lre cJreAyer aa.qeprrr4Barb pecarc y EaqarbHofi rpourcr,r 6olee .reru qa
2 ... 5 C (n BaBI,Icr4MocTI,I oT ToJrrrIt4r{LI tr,rera;ua). flpu ucuo.nraonar{r4 r4 ABr,r'tcytql'x-
cff rIJIa3MarpoHoB Heo6xoAr.rMo cJIeAr4Tr, Ba tervr, vro6rr pencyqufi [,ra3MarpoH
HaqaJr ABr4raTbcff ToJrr,Ko TorAa, KorAa pencyqag .4yla uporrJraBr,lT Meta.n.n no sceft
ToJrrrlr,rHe. Heco6;rro4enr,re eroro tpe6onaur,rg Mo*cer rrpriBecrl,I K EarrarbqoMy He-
rrpopeay r{ BarpyAnenr4ffM c orAeJreHr4eM Bbrpeaauuori AeraJrr4 or o6pesa, a raxrxe
BbIBBarb o6paaoranue 4eoftnofi gyrr.r.

flpr.r arrpeexe BryrpeHHero KoHTypa OtaHIIa Heo6xoArrMo BEirrroJrHrrrr, rra-
r{aJrr,Hoe orBepcrrte. B cry.rae pearctr Jrr{croBoro MeralaJra cpeAHeti uru rvra,tofi ro.n-
uIr,IHbr Haqa"rbl{oe orBepcrl,Ie MoJrdHo rroJll rrrrb rrpor{uraur{eM flracMarponoM. A,rfi
9TOIO SalKI,IramT BCIIOMOraTeJrr,fiyrO gyry. fl.naamaTpoH AoJr)fieH 6rrrr, noguat nag
rovroft upo6r.rrxr4 orBepcrl,rg Ha paccroffHl4e, vcKJrroqanqee noaoynt4enue pexcy-
qefi gyrr.r (aaaop nrent4y roprloM rrJla3MarpoHa I,I pa3pe3aeMhrM MeTaJrJroM cocTaB-
Jrffer oxoJro 50 ulr). Sareu rrJra3Marporr rrocretrexxo orrycralor Ao BoBHltKHoBeHr{.r
pellcyqeft AyrI,I, BHoBr, TIpI,IrIoAHr4Maror ra 4... 6 alna r [epeMerqaror B HarrpaBJre-
Hr4r{ KoHrypa pesa (z.rra rro KoHrypy) r4Jrr4 BrcJrroqaror pa6otruft xoA pex(yulefi Ma-
murrr,r. flpu oroM rlorox Br,rrrJraBJr,reMoro MeraJrJ'ra arr6pacr,raaerca B cropouy, rrpo-
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TrrBolroJro:ttEyro EanpaBJreHrlo peSrcu. flocJle trpo6llBrcu MeTaJrJra rrJraSMarpoH

oflycraror Ao Bbrcorbr 3...10 vu rraA noBepxuocrbro r'roAeJII'Is. Taxlrlr o6paaorrr yga-

erca upo6uaarr orBepcrtff B MeraJrJre ro;rrqrauoft Ao 40...50 utu' pr'r gToM rre tc-

KJIroqeHa Bo3llorrcHocrb rroBpenc,4eHl4ff EaKolreqgv Ka abr6pacblBaeMbrM MerajrJroM'

Otaepcrr,ra B JrucroBoM MeraJUIe Morrcro upo6fiBarb rlo orucaHuouy MeroAy' Eo c

IIPIIMEHEE'EM P}^IHOIO PESAICA C OAHI'M II3 CTAPbIX CONJI' EC 'CIIOJILSYEMbIX AJIfl

pesr{r{ no KoHTypy.
flpr,r 6o;rrurofi ToJIITIT{Ee JlrrcroBoro MeraJrJra B cJ4 laffx, EorAa rreBo3Motr(Ho

npo6uaarr orBepcrlrg c troMorrlblo unagMarpoHa, Haqa;rbnoe orBepcrre SacBeptu-

raror. 9ro6lr HaqaJlbqoe orBepcrr{e Ee ygeJlrrqlrBaJro mupltgbl peSa' Ar{aMerp ero

ao;r:rces 6rrrr MeHbme rlrrpxEbr HaMeqaeMoro pesa. IIpu aoa6yrxgerulr Ayrr'r trnao-

MarpoE HeMHOTO CMeUIaTOT or ocrl orBepcTlrff.
B npoqecce peercr,r neo6xogumo uoAAep;ru4Barb rrocrosruoe paccrosxr're Metri-

Ay TOprIoM HarcoHeqH[Ka rrJIa3MaTpOHa !r rroBepxEocTbro paSpeSaeMoro MeTaJrJra'

9To paccrofiI {e Ao;rrxno 6rrrt ItuHr4MaJIbIrbrM' Tari KaK c ero yBeJrr'Iqerr'reu Bo3-

pacraroT rrelepneEAl4nyJrffpHocrb KpoMorc pesa lr mupr4lta BepxHeft tlacT[ peaa'

O4naxo upr,r oqeHb MaJIoM paccrogHl{Ia corrJro Mot(er sblftrr us crpon or cry'rai-

urrx garvrrr*agufi c ftpytrIrbrMrl 6pbrgraMu MeraJIJIa' flpfiBaprrBmr{Mcff urtaxoM

r,rr.u. O6rrqno JncaaaEEoe paccro,fiHr{e AoJrJrcHo cocraBJrsrs 3..'10 MM. npr'r Ma-

urunnoi peSKe pelcoMel{Ayercf r4cIIoJIbSOBaTL CI.TCTeMbI BepTrtKarrbHoro cJIe}IieE g

(u.raranr,rn) peJfiyqero IrJrasMarpoEa.
B upoqecce peor{r o upaB}InLuocr[ HasrraqeHHolo perft]rMa Motr(Ho cyAltrb tro

noroKy ricKp, BLl6pacbrBaeMLrx r{3 rroJrocrrl peaa (puc. 2'9). Ecall arr6pacHaaeur'rft

rrorox I,rcxp rlepneHAu rcyngperr K rroBepxuocrr'I JllrcroBoto MerarJla' o6paayrorqu-

ecff rroBepxEocrrr rpouor 6.rzerra K rrapaJuleJrbHbrM; ecJrI'I aror rrororc orKJroHg-

ercJr B cropolly, npoTrrBorroJrotrffiyro ABrlrrceE rK) peSalca' Eerrepreu'qv r(yJlffpEocrb

o6paayroqeroca peoa He rrpeBbrmaer tpe6oeanlrfi ,4nfl r(nacca 3. Snaqure'nrroe

oTKJrOEeHIle rroToKa rrc$p oT rreptreHArlrcyJl.fipa I{ noBepxHocT[ pe3a I'I cTercague

BbIIIJIABJICEIIOIO METAJIJIA B BI4AE RPYNHbIX KAIIEJIb YKA3LIBAET l{A TO' qTO CKOPOCTb

pesrra 6;rlraxa K rrpeAenbrro BoaMortcEoi rr Motrcer BogHl'txrryrb EenonHoe npope-
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Prc. 2.9. l(oHrponb xaqecrBa pe3xr no oaKery Ayr[:

o - re6oauual cxopocrs;6- onr{ aJIbHat cKopocrb;8 - 6olsuar cxopocrs;1.-. nna3MarpoH;2 -

Merann;3-SaKenAyr [
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Baur{e. B oroM cryqae 6pr,ratu ueta.n.na nu6pacstaarorca BBepx lrJrrr a cropouy
pe3a.

flpu nr,rpearce KottTypa, B KoropoM uparrro,nr.rnetiutte l tacrxu corrp,flrarorcs
rroA yrnoM, B Mecre cofipflfi{eulrg cftopocrb pegKr4 IoJIJI(Ha 6urtr yrrenrlreaa go
TaKofi BeJrr4trr.rubl, npz roropoft o6paayerca pea c rlapaJrJreJrbrrurvrr,r xpovrca:r,rr,r. Oro
trie orltocr.rrcg rc peate AeraJleft c xpzno.runefinrrMrz nolrrypaMrr cpe,{rrefi a 6orb-
ruoii Kpr,rBu3nbr. flpa neco6;rrogeurr4 yRa3arrEoro rpe6oaanr,ra pa3MepLr BbrpegaE-
nofr gera;rr,r (uo nvrrnefi u Bepxaeft naocxocranr) 6y4yr :rauzre;rr,rro orJrraqarb-
cff or gaAauHbrx BcJIe,qcrBI,re 6o.nrruoto orcraBar{vff. O6rrvno upu KpaBonunefirrofi
peore cnopocrr, yMerrbruaror na 25 ...30 o/o . flpr,r npauo;rr,rneiuoft peexe cKopocrh
TaKrrce lrMeHbrualoT rrpr,r saBeprueHr4r{ pe3a, Tan Ka$ B rrpoTr4BHoM cJryqae Bo3MotK-
HO HenOJrHOe IIpOpeBaUI{e nO TOJTUIIiIIe MeT:UrJra.

npu HagHa.reEI4I,I perrcr,rMoB ueo6xo4zuo yrrlrbrBarb oco6eunocrr,r pegrr.r paa-
Jrrrtrr{blx MeTajIJIoB: a_JrroMr,rrrr4g I{ ero crIJIaBoB, Jrerr4poBar{Hblx Ir rrr4sr(oylnepoAll-
crhrx craJefi, MeArr r{ ee clIJraBoB, TraTaHa, rrr?rxeJrff ra AByxcJroftHLIx craJrefi.

ArloMranui I,t ero crrJraBLI cItJIoHHr,r n o6pasonanuro ryrorrJraBxr{x oKctr,EoB.
Heo6xo4uuo o6ecrrequrr, yAaJrenr4e oKr,IcJIeHHoro Mer€Lrrra rg uoJroarr4 peaa, ero
aalqltry or oldracJrerrv.fi, a rax)rce Br,r6parb ycJroBr{,fi, cnoco6crayrorqr,re o6paaoBa-
HEro ouJ'raBJlenlroft rrerxr,r uuxzua.ngnoft ToJruIr4HbI. AJrronausnft B pacnraBJreH-
HoM cocrofir{ru{ alcrrrBHo rrorJrolqaer BoAoporq; noaroMy otregb Bar*Ho, -rro6u au-
roft y.racror Ha ftpoMrce pe3a aJlloMrrrrl4g 6un urznunra;truhlx paaMepoB.

A,nroMIaHI,rearre crIJIaBhr roJr[lr4ltofi 5 ... 20 rvru MorItHo peaarr, B aaore I,IJII4 Boo-
Ayxe. Ka'{ecrBo pe3ftI,r yxyAruaeTca upn o6pa6orre aJ'rroMuHr4eBr,Ix crrJraBoB ToJItqr,I-
Hoft 60 MM ra 6o;ree. A.nrour.rnrfi ro,rrqranofi 30... 160 uu qe;recoo6paauee pesarb
B aaoroBo4opoArrbrx cuecflx. ,{;ra no;ryueuza foBepxnocreft peaoB c MnlruMaJrb-
rloft uepoxoBarocrrro a.nrovlrurafi petr(yr B aproHonoAopoArblx cMecsx. Ka.{ecrgo
rroBepxHocrn pesa BaBracr.tr or coAepxcaHis BoAopo,qa B cMecr4. flpn ManoM coAep-
t$aHtrr,r BoAopoAa rroBepxHocrb rroJlytlaerc.fl urepoxoaarofi, y nznrueft ttpoMrlr cRarr-
JrvBaeTc,fi cTeratoItll4ft nrera,n.n. Bttcorcoe KaqecTBo rroBepxuocTl{ o6ecue.rraaaercg
upfi ]rcrroJrbaoBarrara apronoBofi cMecrr, co,qep)$aqefi 35 ...50 % BoAopoAa. Kaqecrao
noBepxuocrefi uo rceft ro.nu4zne peaa rrpaxTr,rqecKrt paBrorleurio, rrarercr4 Ha Hr4rr{-
Er.rx rrpoMrtax peaxo yMer{brrrarorca. flpr.r coAep}caur{v s cMecn 6oree 60 % goao-
poAa lra noBepxHocrffx pega uofBJralorcfl r;ry6oxrze rrrrpl{xt. Y aepxaefi rcpourcz
pega HaorloAaerc,fi oKcr4AHaE rrJreHlca, garel{arc lag c rroBepxEocrl,I JII4croBoIo l,re-
Tall&a, y nzrxrrell xponrrcu BHoB6 Iro.rBr'r.firorcg HareH MeraJrJra.

B ou.nasrennoi\4 cJroe allroMr4 Hr4eBo-MarHrleBbrx cuaatoa na6,:rogaercff paBHo-
Mepnoe rro roJilulzHe peaa Bbrropaur.Ie uarrrza. Bnerurufi upzanax BLrropaHI,Ig -
rHTeHcrrBHoe Br,rneJ'IeHr,re 6eJroro ,Ir,rMa. flpl.t pegfte grr{x cuJraBoB reo6xograrr.ro
rovuoe co6.nrogeru4e peM,IMoB pesrcz. Pesrr Bbrcoxoro KaqecrBa naoryr 6anrt no-
nytreHbr flpu MaKcr,rMaJIbHo BocMortHofi cKopocrrr pegKl,r u coAep'ItaHrrlt B aproHo-
soft clrecr4 50 % ao4opo.qa. ,{aa pearcr.r aJrroMrrnLr eBo-MapranrleBbrx crrJraBoB }r
CIIJIaBOB Tr4rra AypanroMuHa I,Icl]orr,3yloT cMecz c MeHbuII4M coAep]rcaHl4eM aoAo-
poaa, a TaKtfte aSoT I.I eto cMecr4 LI BOSAyX.

nnaBMeEEo-.qyroBylo pea(y paqrloHaJlbao I{crroJrbsoBarl AJr.fi Jrer[poBauHr,rx
craureft Tor[It4nofi nrenee 100 rrM. Pa6o.{nM rasoM AJrff rrJrasMenHo-AyroBofi pes-
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Kr,r KopposlIor{no-cToiKoft crajrll TotrqrrHofi Ao 50...60 MM sBJr,flrorc,fl Kr{cJropoA-
coAeptrcaulue ragbr - ctrcarhri BoBAyx rtJrrr cMecb agora c RI{cJIopoAoM. Haqruenr-
rrag [repoxoBarocrb rroBepxEocTlr pe3a KoppoS],roErro-crofiroi cta;rr,r ro;rrqr,ruoft
16...40 rvrm aocrr{raercff trpv pesre B aaoroBoaopo,qur'rx cMecsx. flpll pesne cra-
;ru xe6o;rrmoft TonIqLErI BarpaqrrBaercs 6o;rrruoe KoJrliqecrBo aaora, qro npeAyn-
pelrcAaer o6paaoBaHse HarrJrLrBoB na rrr,rxcseft RpoMKe. Cta.nl to.rrqurofi 6o,lee
50...60 uu perr(yr B aaorrrbrx cMecsx, coaeplrcaull4x Kr,rcnopoA r,rJu4 BoAopoA.

Pa6o.rqu ra3oM npr cropocrHoft 6earparonoi rlJlagMerrgo-,qyroBofi pearce xop-
poerorro-croircux craneft flBJrserc,fi cMecb KI4cJIopoAa, coAepxaqero 20...25 %
aoora. Pesbl xpouorrur{eJreBbrx crarefi, BbItroJIHeHEbre oAHrrM rrg yrcaaaugblx

cnoco6os, MorrcHo trocJle Baqlrcrxrr uera.n.nra.recxofi r4emofi caapularr' 6ea Aouor-
nlnearnofi nrexanr,r.recxoi o6pa6otrra. Ec;rra rcpolrrcu peaa 6y4yt pa6otau r oco-
6o arpeccuanrrx cpeAax r4Jru rrpu noBLtlrreHlrbrx reMrreparypax, uETeEcnOI,rqa-
pyroqux KoppoSl-no, a Tarifi(e ecJrr{ B aTI,Ix ycJroBrrgx [peArroJraraerca r4crroJlb-
SOBagI{e CBApEbTX COeAr.rnenr,ri, BbIrroJrHeHHbrx rro ftpolr4KaM, tro,4roToBJIeHEbrM
rrJrasMeffEo-Ayroroft pesxoft , [peAnoqrlrenbxee lrpl,rMerrerrre aproHoBoAopoArblx
cruecefi.

B na.recrse pa6ovzx ragoB trpr{ rrJralMeEEo-AyroBoft pesre nrrgroyrJleponu-
crux cra;left ro.rqrnofi go 40...50 MM trpuMerr,firor cncarrrfi aosgyx' Kl{cJropo,4
IIJII{ KrrcJropoAcoAepr(aq[e cMecu. Crarr,r Mor{cEo raKj$e pe3arb B a3ore vJrrr B a3o-
roBo,[opoAHbrx cuecax. flpa ficfiorlr'soBanrru BoAopoAcoAep$arqr.rx uaaanaoo6paay-
rorqux clreceft ruraaMerruo-AyroBag pesra E rarcoyrnepo4rrcrrrx cra.refi flpalcrl{qec-
Klr He orJrvrraercff or pesru xoppostogEo-crofircr.rx cra;rei. OAuaxo upq orou
cxopocrr pesnlr yMerrbrrranrcs npuMeplro sa 2OYo, npu pesxe cra.nei ro;rrqnrod
nrenee 20 rlru B aSoTe u asoToBoAopoAxbrx cMecax KatrecTBo rroBepxEocrefi peSoB

Er{3KOe.
flpu pesrce MeAHbrx Jrucroa rt rroJroc MoulHocrr' Ayrr,r Aonrrcxa 6brrL 6o:tbItre,

treM rrpu peare cra,neft. B ra.recrae rurasuoo6pasyrorqero ra:a B aroM cJrJ rae upa-
rueuaror cxcarrrft BogAyx L agorrrbre cMecr{ c BbrcorcuM co,4ep}rcaHrreM BoAopoAa.
Kaqecrno uorepxnocrefi pesa npfi peaKe B orr4x cpeAax oAl,rraroroe. Saueveno,
qTo npu BosAyrrrHo-uJra3Mexxofi pesre Me,4Il rra rroBepxHocrr.I pesa o6pasyerca
nerftoyAa;r,fleMbrft xpynrraft crex;rorqAnrrfi rpar. ,{;rs pearcfi MeAu Ee6or}'uux u
cpeAHI,IX TOJItqrrH trpeArrorrTr{TeJrbHee BoS,4yIIIIo-trJIa3MeHHaE peSICa npr CI{JIe TOKa
350.,.400 A. KpoMKu peaa Me,qHbrx Jrr{croB Baqraqaror na ury6uxy 0,8... 1,5 uu.

flpr,r peaxe JraryHr-r ucrroJrb3yror re nrc pa6o.rue rasbr, trro I{ trpu pe3Ke MeAlr,
c*opocrb pegxl{ Motrier 6urr yee.nzueua ro cpaBueurrro co cxopocrbro pegrttl Megu
ua 25...3oo/o. [pr,r peane Ha orrrr{MaJrbnblx pe*crrMax r{poMxr4 pe3a rrMeror poB-

Hbre r4 rJra,qRqe rroBepxnocrli, ne rpe6yrorqze e 6omumHctge cJrl raeB Mexaqr$rec-
rofi o6pa6orxu. B oco6o oraercrsenlblx cJryqasx, a aaKxe nocJre BoBAymHo-nJIa3-
MeHHofi pesxu Kpourcr.r Batrlularor rra r;ry6ury go 0,5... 1,0 uu.

flocre u;raoruenrro-Ayrosofr peBKI,I TuraHa, peKoMeHAyeMoft ToJIbKo B Karre-
crBe gatoroal,rreJrrgoft, geo6xoAurua MexaHlrqecrag o6pa6orKa. Har,l6o,rbuefi npo-
IrgBo.qlrreJrbHocrrr Aocr raror rrpfi [prrMeEenr4r{ aeororoagyurnofi cMecr,r r4 trr{croro

asora. Kpounu peaa - poBHbre, qracrrre, 6es rpara rr Harer(oB. B Iuera.rae, npra;re-
ranuleM K rcpoMraM, na ray6une 0,1...0,2 uu na6;rroAaerc,s yBeJrrrtregr{e coAep (a-
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HI,IS raSOB rro CpaBl{errt{ro c coAepEiaELIeM B ocEoBHoM MeTaJrJre: B 1,5 paSa -

r{r{cJropoAa, B 7- 10 pa3 - a3ora, B 4-8 pas - BoAopoAa. Otrra3reHHbrft croft
Eeo6xoAquo cE Marb rra rny6r,rHy 0,3...0,8 rrru.

O6opygoaaxre 4ar nna3ueHHo-Ayrosoi pelt<l.t. B cocras o6opygooarrza AJrs rrJraa-
uenno-4yroaoft peaxr4 axoA.flT pexcyrqrrl nraaMarpoH, uy.nrr raaosui c raaopery-
rurpyrorqeft r.r lraveprare;rluofr afifiaparypoi, 6;rox aaexrpoo6opyAoBanv ff, ]tcrorrHlrx
rrI{TaHLrg, ycrpoftcrao nepeABrrrr(eHrrff rrJraaMarpora. [.lra u;raenaeuuo-AyroBofi pea-
Icr4 [pr{MeHaIoT Te )I(e rr{rrbr MamuH, rITo r.r AJrff KzcnopolHoft pegKr4.

,Qr.r gocrranceuua B6lcoxofi cra6r.lnr,rrocttt ropeHr,Ifl Ayru u ycroisr,rroctr,r npo-
qecca peSKn zcTorIHI.tR rrr4TaHrrff AoJrlrcel{ I,IMeTb r{pyTorrarqaroqyro BoJrbT-aMrrepflyro
xapaxrepr,rcrrr*y rr rroBr,rrueuHoe EanpgrrdeEr4e xoJrocroro xo4a (puc. 2.10).

B coorsercrarar,r c IOCT L222L-79 a aasacrMocru or nasnaueur,rs (pyvaaa
Irtrr MexaHraarrpoBaHHafl pegKa) u rpe6oaanufi K KaqecrBy uoBepxnocrr,r orerrecr-
BeHHaff UpOMbIIUJTeET{OCTr, Br,rllycnaeT yHr{BepcaJr},syo anTlapaTypy AJrfi rrJra3MeH-
Ho-AyroBoi pe3Kr,r.

B cootgerctnzu c upaBraJIaMr,I TexHr4Kt4 6eaouacuoctr pyqna.fi allaparypa
AJr,fi lrJIaBMeHHo-AyroBoft pe3rclr Bbrrrycrcaercg paccsr4Tansofi Ha r{afipff]r{eHl{e xo-
Jlocroro xoAa no 180 B, n o6opygoaanr,rra aJrfl Mexaxr4sr4ponaunofi pearr,r upuue-
E.flerc.fi 6oree Bbrcordoe Harrp.fi)rceulie. Hauparxenrae xoJlocroto xoAa ucrorruzria
oupe,qeJlffer Asarraaou ToJIIqI,IH paspegaeMoro MeraJIJ'Ia. llcroqxraxra c HarlpffrfteHlr-
eM xoJlocroro xoga 180 B uogsorgror paopegarb aJrroMt4 Hr{eBrJe crlJraBbr roJrulu-
nofi go 80 MM, Me,qb rir craJrh - Ao 60 MM.

,{;ra uexanraar,rpoBauuoft BocAyruHo-n.naguegnofi pegnra Bbrrrycralorcg ycra-
nosltr.r <KueB-5r, <Kuea-6>, AIIP-404. I4cros:f^w]f'u roKa ycraHoBoK <,Kues-5> I,I
*ICr.res-6r BbnroJrneubr ra 6aae xpyrouaAarorqei BoJrbr-aMrrepxoft xaparcTepr,rcrr,r-
RIn, Icoropas o6ecleqr4Baercfi cr,rcrerrrofi ylpaBJrenr4s. B [poMr,IurreHnocrrz pa6o-
Taer rarr(e 6o:nruoe KoJrr{qecrBo ycranoBorc rrpeAhrAyqero norcoJrexrz.a - AIIP-
402 u -403 c ApocceJrffMr,r Hacbrulenr4a, Koropbre o6ecreqr4Baror rrpyrona,qarorqyro
BOJ'ILT-aMrrepHyro xapalcTepr4cTr'rKy.

,{;ra uogncr-rraxua gexypuofi gyrr,r r 6;roxe rrr{TaHrr,fi I{Meercff r?rcroqur?rr
rrvraxr{fi qenl4 KaroA-aHoA BblcoroqacroruhlM paBp.FAoM. B roruu.next nocraBrcrr
ycranoBor <Kvea-5>, <Kuee-6r BxoAzr pesax BfIP-15, ycraHoBxr4 AfIP-404 -
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Pxc. 2.1O. Eorbr-aMnepHbte xapaxreplcrxt{x [croqHr|{a
rofia Arr nra3MeHHo-gyroaoi petxl:
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fIBP-402. vctarrosKr,t r,rMeroT rryJrbT ynpaBJIeHI{s' o6ecne'rr'raaroquft xontpo;rl r'r

peryJrlapoBriy asepreTr'rqecRrrx I' rasoBbrx trapaMeTpoB'

Py.rxyro n;raauengo-AyroByro pesrcy nplrMegslor B ocHoBIroM rrplr pesxe Me-

rurrou Ltrro""t"rrluo se6o;rr'rofi ToJIIqr'rEBr' B xoruulerr nocraB*rl ycrarroBo*

r*oo"a touutopea, xa6e;rl-m.nauroalrfi uaxet, rcoJrJIeKTop z satrcurarra' Kxorr-

rill arcJlloqeHl,rg Tor(a Ayrq, BeETI'IJrrl ,r pBrrrarfi rroAarrrl lrJragMoo6pasyrorqero raaa

MOETApyror Ha pyKosrKe petKylqero nJrasMarpoEa' Perrcyrqas 4yra aos6yncgaer'

CgKPATI(OBPEMEEEbIMSAMbIICAEI'EM9JIEICTPOtrPOBOAflIqI'IMCTEPCIICMtrPOME'rtYT-
*u *utog-"otttto. Anuaparypa sToro Tuna pa6oraeT oT rrcroqHl'lrioB IrrrTar{fig

BKC-500, BAf-501, BbrrrycxaeMhrx 4aa 4yrorofi cBapKr{ I'rJIr4 Bparqanqfixcs cBa-

pouurrx upeo6pagosarereft [ICO'500 u ru'




