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BBE,D;EHHE 

IlOBblWeHHe 3<fxl>eKTHBHOCTH npoH3BOACTBa H Ka'leCTBa 

Ill BCHHblX H3.D;eJIHH B 6oJihWOH CTeneHH 3aBHCHT OT BJia)JCHO­

TCilJIOBOH o6pa6cmrn (BTO), cy~eCTBeHHO BJIHSllO~eii Ha 

llPOH3BOAHTeJihHOCTh npon;ecca, TOBapHblH eim H H3HOCO­

yCTOH'lHBOCTb O,Ae)l(,Abl. 

BTO saHHMaeT 6oJiee 25% TPYAOeMKOCTH H3I'OTOBJieHHSI 

0,AC)l(,Abl, 'lTO CBJmeTeJlbCTByeT 0 ee BeCOMOCTH B TeXHOJIOI'H­

•1CCKOM u;mrne. Onpe.ii;eJISllOIIJ;HMH 3<fxl>eKTHBHOCTh npon;ecca 

BTO S1BJIS110TcS1: eJia)KHOCTb, TenJio, MexaHH'lecKoe .ii;aeJieHHe 

" ,AJIHTeJihHOCTh HX 803,AeHCTBHSI Ha nony<Pa6pHKaT. 

OT cnoco6a yenaxrneHHSI 11 Harpeaa. paeHoMepHOCTH pac­

npc.ii;eneHHSI pa6o'lHX cpe.zi:, HepaBHOMepHOCTH MexaHH'leCKOl'O 

AaBneHHSI Ha y'laCTKH noJiycj>a6pHKaTa pasJIH'lHOii TOJIW.HHhl, 

TCMnepaTypHOl'O IlOJISI H rpMHeHTa, cnoco6a cywKH H CTa-

6HJm3aD;HH, -a TaK)Ke OT HX npe,ii;eJibHhlX 3Ha'leHHH 3aBHCSIT 

Ka'leCTeo H npoH3BOAHTeJihHOCTb BTO. 

TeMneparypa TKaHH H ee .ii;onycTHMhle H3MeHeHHSI e npo­

u,ecce BTO H Terumeoii rpMHeHT noJiyc1Ja6pHK3Ta sa.zi;aJOTcsr 

TeMnepaTypo:ii noBepxHOCTeH pa60'lHX opraHOB, KOHTaKTHpy­

CMblX c H3JJ;eJIHeM. 

Y .ii;enhHOe .ii;aeJieHHe 3a.zi;aeTCsr ycpe.zi:HeHHhlM AJ1S1 aceii 

nJIOIIJ;3,ZJ:H o6pa6oTKH 6es pa36HBKH no yqaCTKaM IlOJiycl>a6pH­

KaTa pa3JIH'lHOH TOJIIIJ;HHhl. 

3Ha'leHHSI napaMeTpOB napa, HCilOJih3YeMOl'O A.TJ.SI yeJia)K­

HCHHSI IlOJiycj>a6pHKaTa, ero KOJIH'lecTBO H .ii;onyCTHMble H3Me­

HCHHSI sa,n;a10TCS1 JJ;aeneHHeM, TeMnepaTypo:H, eJiaroco.nep)Ka-

1meM H Macco:H. 

KoJIH'lecTeeHHble sHalleHHSI eaKyyMa, HcnoJih3yeMoro .zi:m1 
cywKH H CTa6HJIH33D;HH, H .nonyCTHMble H3MeHeHHSI sa,n;aioTCSI 

y,neJibHhlM paCXOJJ;OM OTC3ChlBaeMOl'O B03JJ;yxa H nepena.zi;oM 

CTaTH'leCKOl'O JJ;aBJieHHSI. 
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BpeMsi: yeJiaJl<HeHHH, npcccoBamni. c:ymKH " CTa6wrn3a­
l\HH orrpep;ensi:eTCSI, COOTBeTCTBCflKO, npOAOJDKHTCJlbHOCTblO 
BBeJJ;eHHSI B 30HY o6pa6oTKH yeJia)f(HHIOU\Ci'I cpC.Qbl, MexaHH-
1.JeCKOro .u;aeJieHHSI pa601IHX opraHOB, HX TCn110tmro B03AeHCT­
BHH Ha IIOJiy<!>a6pHKaT H TpaHCIIOPTHpoBKH llCpC3 Hero ox­
Jia)f()l.aIOIIl,eH cpe;:u.i. 

Ilpe,neJibHble KOJIH'leCTBeHHble 3Ha1IeHH.H TeXHOJIOl'H1ICCKHX 
napaMeTpoB onpe,ZleJISllOTCSI B 3aBHCHMOCTH OT Ha3Ha1IeHHSI 
orrepaQHH BTO, BHJJ;a TKaHH H ee MaCCbl. 

3Ha1JeHH.H rrapaMeTpoB He II0380JISllOT IIOJIHOCTblO ynpae­
JISITb BTO, TaK KaK OHH e QCJIOM e npoQecce TexHonornqe­
cKoro QHKJia HeCKOJibKO Heorrpe,neJieHHbl H 1IaCTb H3 HHX HO­
CHT KOCBeHHblH xapaKTep. 

IlpH 3TOM KOHKpeTH3aQHSI xapaKTepa npoTeKaHHSI BTO 
nocpeJJ;CTBOM yqeTa CBOHCTB o6pa6aThlBaeMblX MaTepHaJIOB 
II03BOJIHT Bblpa6oTaTb rrpe,nrrochIJIKH WJ.Sl·ynpaeJieHHSI H aeTO­
M3TH3aD;HH npo:uecca. 

B cesi:3H c 3THM e ,naHHoii pa6oTe paccMoTpeHhl ij>H3HKo­
MexaHH'leCKHe CBOHCTBa BOJIOKOH TKaHeiI, H3 KOTO,PblX H3ro­
TaBJIHBaeTCSI o,ne)l('Aa, H HX BJIHHHHe Ha Ka1IecTBO H npoH3-
80J:(HTeJibHOCTb BTO, a T3K)f(e BJIHSIHHe MexaHH1IecKoro J:(aB­
JieHHSI, BJiarn, TeWia H eaKyyMa Ha rrpouecc. 

KpoMe Toro, e KHHre H3JIO)f(eHhl pe3yJibTaThl HCCJieii;oea­
HHH, npo~e,neHHhIX caMHMH aeTopaMH HJIH e co,npy)f(eCTee c 
ii;pyrnMH HCC11e.u;oeaTeJIS1MH, HanpaeJieHHblX Ha Hsy1.1eHHe npo­
:uecca H 06opy,noeaHHS1 ,11;11si: BTO. B qacTHOCTH, no coeep­
meHcTeoeaHHIO oueHKH Ka1IecTea, TeilJloBhIX npoueccoe, 
a3po,n:HHaMHKH, pa601.1Hx opraHoe 06opy,noeaH11S1 AJisi BTO. 

PacCMOTpeHhl TatOKe Hoeoe H rrepcneKTHBHoe o6opyp;oea­
HHe WJ.SI BTO u: rrpH6ophl AJISI ucc11e,noeaHHH npoQecca. Ha­
CTO.HIIl,aSI KHHra paCC'IHTaHa Ha CTyp;eHTOB, acnHpaHTOB H Ha­
Y1IHblX COTPYAHHKOB, 3aHHMa10ru;HXcS1 H3yqeHHeM H coeep­
IIIeHcTeoeaHHeM rrpou,eccoe H o6opyAoBaHH.H AJISI BTO. 

IlpHBe,neHHble CBeJl,CHHSI Il038011HT UMCTb 6onee IlOJIHOe 
rrpe,ncTaBJICHHe 0 HanpaBJieHHSIX pa3pa60TKH HOBblX TeXHQ.110-
rntieCKHX rrpou,eccoe H rrpoeKTHpoeaHHSI 06opyii;oeaHHS1 JlJI.H 
BTO c yqeToM TexH011om1IecKHx H TexHH.1IeCKHX eo3MO)f(HO­
cTeif npeAIIPHSITHH, IlOIIIHB3IOID;HX o,ne)f()J;y. 

ABTopbl He rrpeTeH.D;yror Ha rronHoe -H3JlpxettHe eonpoca 
H rrpOCSIT coo6ru;HTb HM noxe11aHHSI H 3aMe1IaHHSI, Heo6xo,n:H­
Mble AJISI ,llaJibHeHIIIeH paOOTbl~ 
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rJiaBa I. 

OEmME CBE)l,EHl1SI 0 BJIAXHO-TEIIJIOBO:A 
OEPABOTKE 

BnaxHo-Terumeasi: o6pa6oTKa <BTO) 11IBeiiHhlX H3J1.e;mii 

npoH3BOJ1.HTCSI B rrpon;ecce H3f'OTOBJieHHSI H 3KCllJiyaTaD;HH 

o.n.e~hl. 

Ilpn H3roToenemrn: o.n.eX<JJ;hl nocpe.n.CTBoM BHyTpHnpon;ecc­

Hoif BTO ocymeCTBJISllOT <f>opMoeaHHe o6heMHhlx y11acTKOB, 

pa3yTIOXHBaHHe H 3ayTIOXHB3HHe WBOB, aarn6Ky H npecco­

BaHHe Kpasr, CKJieHBaHHe J:(eTaneii H Bhl)l:aBJIHB3HHe, a OKOH-

1.1aTeJibHOH BTO H3J1.CJIHIO np~aeTCsi: Tpe6yeMhlii eHewHHif 

(TOBapHblH) B~ rryTeM BhlpaBHHBaHHSI IlOBCPXHOCTH, BOCCTa­

HOBJieHHSI o6heMHhl.X y11aCTKOB, llpHJl.aHH.H rrpocTpaHCTBeHHOH 

<f>opMhl H CHSITHSI nae. 
B n,pon;ecce 3KCllJiyaTa:a;HH o)];eX<JJ;a Ae<f>opMHpyeTcsi:, H3Me­

HSISI TOBapHhlH BHJ1., llTO o6yCJIOBJIHBaeT nepHO)];HllCCKOe BOC­

CTaHOBJieHHe ee BHeWHero BHJl.3 rrocpe.n.CTBOM OKOHll3TCJibHOH 

BTO. 

TaKHM o6pa30M, .n.HanaaoH B03J1.CHCTBm1 BTO Ha TeK­

CTWibHhl.e MaTepHaJibl AOCTaTOllHO WHpoK H BKJIIOqaeT orrepa­

L(HH, CBSl3aHHhle c JIOKaJlbHhl.M B03,AeHCTBHeM no JIHHHH, llJIO­

lll,3J'.J;H rum o6heMy. BTO npoH3BOJ1.HTCSI nocpe,ncTBOM rna­

.11.H.llbHhl.X rrpeCCOB, YTIOXWibHblX CTOJIOB, yCTaHOBOK Jl.JISI 

CKJICHBaIIHSI, 3JieKTpH'IeCKHX, rrapOBhl.X H 3JieKTporrapoBb1X 

jTIOl'OB rryTeM B03)'.J;eiiCTBHSI Ha TKaHb BJiam, TellJia H Ae<f>op­

MHPYIOIIUfX CHJI. 

1. BJIHRHHe TenJia u BJiam Ha npoqecc BTO 
BTO npe,ll;CTasnsi:eT coeoKyrrHoCTh <f>H3HKo-MexaHHllCCKHx 

B03J:(eHCTBHH Ha TKaHb. 

IlpH 3TOM orrpep;CJIRIO~HMH SIBJISllOTCSI llpol\eCCbl TeWio­

o6MeHa: Bhlily~eHHaSI KOHBeK:a;HSI, TellJionpOBOAffOCTb H Terr­

JIOBOC H3Jiy1leHue. 
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KoHeeK:u;m1, rum rrom1pHbIH rrepeHoc TeWia, - 3TO Terr­
Jioo6MeH 33 Cl!eT rrepeMemeHHSI OT,ll;eJibHhlX .:JJieMeHT3pHhlX 
rrapoB03AYWHhlX otTheMOB, HarpeThlX AO pa3HhlX TeMrrepaTyp. 

l1HTeHCHBHOCTb BHYTpeHHero KOHBeKTHBBOI"O TeIIJioo6MeHa 
saeHCHT OT pe:x<uMa ABH>KeHHSI cpei:x.hl. IlpH o6pa60TKe rrony­
<t>a6pHKaTa rrocpe.ri;cTBOM o6opy.n;OB3HHSI, He HMeiomer~ yCT­
poHCTB AJISI rro.n;al!H B 30Hy o6pa60TKH TeXHOJIOI'Hl!eCKOro rra­
pa, HarpeTaSI pa601I3SI rroeepXHOC'rb KOHT3KTHpyeT c yBJI3)K­
HeHHOH rroeepxHoCThIO rrpoyTIO>KHJihHHKa H rrpeepamaeT eo.n;y 
B nap, KOTOphlii rrpoxO.ZJ;HT CKB03b naKeT TKaHeii, YBJieKaeT 
33 co6oii 113CTHIJ;hl >Kff.AKOCTH H KOHJJ;eHCHpyeTCSI Ha 3JieMeH­
TapHbIX eoJioKHax •. ·TaKHM o6pasoM BHYTPH o6pa6aTIJieaeMoro 
H3,AeJIHH B03HHKaeT >KHAKOCTHo-rrapOB03,AyWH3SI CMCCb. 

UpH BTO rrocpe,ri;CTBOM o6opyA0BaHu:S1, OCHameHHoro yc­
TpolicTBaMH AJI.SI rrporrapHBaHHSI, >KHAKOCTHo-rrapoeos.ri;ymHaSI 
CMeCh eHyTpH rraKeTa o6pa6aThleaeMhlX TKaHeli eo3HHKaeT 3a 
Cl!eT KOHAeHca:u;1m TeXHOJIOI'Hl!eCKOI"O rrapa Ha rroeepxHOCTb 
.:JJieMeHTapHhlX BOJIOKOH, HMelOIIlHX TeMrrepaTypy MeHhWYIO 
HJIH paeHyIO TeMneparype oKpy>KaIOmeli cpe.ZJ;hl. 

TeWiorrpoeo,n;HOCTh, HJIH MOJ1eKyJ1S1pHhlH nepeHoc TeWia, 
rrpoHCXOAHT nyTeM IlOCJie,n;oeaTeJibHOI"O o6MeHa 3Hepr.ueli 
Me>K.n;y oT,n;eJihHhlMH cTpyKTYPHhlMu: 1:1acTu::u;aMu: MaTepu:ana 
HJIH corrpu:KaCaIOII\HMHCSI MaTepHanaMH npu: OTCYTCTBHH HX 
B33HMHOl"O nepeMemeHHSI. 

Ilpu: BTO ea o6opy.n;oeaHHH, He u:MeiomeM ycTpo:H:cTea 
AJISI rrponapH:BaHH5.l, nocne o6pa3oeaHru1 B rraKeTe TKaHeli 
>KIU{KOCTHO-napoB03,AyWHOH CMecu: AaJibHeliwee Tel1JioBoe 803-
AeHCTBHe rrpoHCXOAHT 33 C1leT TeWiorrpOBOAHOCTH. 

TeWioaoe H3Jiy1leHHe, HJIH pa.n;Ha1.urn, rrpoHCXOAHT 3a 
C1leT 3JieKTpOMamHTHblX BOJIH TeWIOBOro AH3l1330Ha. ,.UaHHhlM 
Bff.A TeWioo6MeHa xapaKTepeH AJISI mo6oro o6opyAOB3HHH 
BTO. IlpH 3TOM WIOTHOCTh TeWioeoro rroToKa orrpeAensreTcsr 
H3BeCTHhlM ypaeHeHHeM CTe<t>aHa-BoJihn;MaHa: 

(l.1) 

rAe T" H Ts - a6coJIIDTHhle TeMDepaTyphl Harpero:H rroeep­
XHOCTH H OKpy>KalOIIleH cpe.n;hl; 

Cb I10CT05IHH3SI ~' }'.EBHIDI 5,67 B:f/ (M2•K); 
s cTeneHh qepHOThl rroeepxHOCTH HarpeToro 

Tena, 8 <l. 

6 



113 npHse.ri;eHHOf'O ypasaeHHSI BHJJ;HO, 1ITO c IIOBhlWeHHeM 

n·MnepaTyphl pa6oqux IIOBepxaocTeU: o6opy,ZJ;oB3HHSI ,wui BTO 

" YBCJIHlleHHeM HX ra6apHTOB yBeJIHqHBaeTCSI KaK IIOJ1e3Hoe 

TCOJIOBoe H3JiylleHHe, TaK H Bpe,n:Hoe. MsJiylleHHe B OKpy)l(a­

IO~YIO cpe.u:y yxy.n:maeT caHHTapHo-mmeHHllCCKHe ycJIOBHSI 

l'py,n:a. 

OXJia~eHHe o6pa6oTaHHoro IIOJiy<IJa6puKaTa IIpoH3Bo,n:HT­

cR nyTeM KOHBeKTHBHOH OT,ZJ;allH TeIIJia c IIOBepXHOCTH o6pa­

OOTKH H oIIpe.ri;eJIS1eTcS1 ypasHeHHeM HblOTOHa: 

(1.2) 

r.n:c a. KOs<P<l>Hl(HeHT OT,n:aqu; 

tM, tB COOTBeTCTBeHHo, TeMIIepaTypa M3TepHaJia 

IIoJ1y<Pa6puKaTa u oKpy)l(aiorqeif cpe.ri;hl. 

KpoMe Toro, oXJia~eHHe s IIpon;ecce BTO IIpousso,n:uTCSI 

nocpe.ri;CTBOM IIpHHYAHTeJI.bHOf'O npococa WIH IIpo.ZJ;yBaHHSI B03-

~yxa qepes IIOJiy<Pa6puKaT. 

IlpH H3f'OTOBJICHHH OAC~bl HCil0Jlh3YIOTCSI TK3HH, CO,llep­
.>KarqHe HCKyCCTBeHHhle If CHHTeTuqeCKHe BOJIOKHa, a TaK)l(e 

KJieesble MaTepHaJihl, IIOJiy'laeMhle XHMHllCCKHM IIYTCM H3 

Rh1CoKoMOJ1eKyJ1S1pHhlX coe~enHif: - noJIHMepos. XapaKTep­

noii oco6eHHOCTblO TKaHeii SIBJISICTCSI aMop<lmoe COCTOSIHHe, a 

KJICeBhlX MaTepHaJIOB - KpHCTaJIJIHllCCKoe. 

B saB:HCHMOCTH oT TeMIIepaTyphl aMoP<l>Hhle IIOJiuMephl 

MOryT HaXO.ZJ;HTbCSI B Tpex <PusuqeCKHX COCTOSIHHSIX: CTCKJIO­

o6pa3HOM, BhlCOK03JiacTullecKoM u BSl3KOTeKyqeM. BhlCOK03Jia­

cTu.qecKoe H BSl3KOTeKyqee COCTOSIHIDI HMCIOTCSI H y nOJIHMepoB 

c KPHCTaJIJIHqeCKOH pemeTKOH. 

CTeKJioo6pasHoe cocToBHu.e noJIHMepa xapaKTepusyeTCSI 

o6paTHMhlMH MaJlhlMH nHHeHHhlMH .n:e<IJopMal.(HSIMH IIpu He-

3Ha11uTeJ1.hHhlx HanpSl)l(eHHSIX, r.u:e HaIIpSl)l(eHHe 3TO HH­

TCHCHBHOCTb BHyTpeHHHX CHJI, paBHoe: 

N 
cr = -,Mna, <I.3> 

A 
rJJ;e N - IIpo.ZJ;OJI.bHaB sHyTpeHHSISI cHJia; 

A -· IIJiorqa,ZJ;.b IIonepeqHoro ceqeHHSI. 

Bb1COK03JI3CTHlleCKOMY COCTOSIHHIO COOTBeTCTBYCT H BhlCO­
K03JiaCTHlleCK3SI Ae<IJopMaD;HSI, KOTOpaSI B OTJIHllHe OT ynpy­
roii HMeeT 3HaqHTeJibHO 6oJI.bWYIO BCJIHqHHY H HClle3aeT qe­

pe3 HeKoTophlii IIpoMe)l(yToK speMeHH. PeJiaKcanHSI sseH.beB 

nOJIHMepa l Bhl~OK03JiaCTHlleCKOM COCTOSIHHH IIpoTeKaeT 33 
B peMSI 10- ... 1 o- c. BosMO)l(HOCTH BhlCOK03JI3CTHqecKoU: .n:e­

cJx>pMan;HH HCilOJih3YIOTCSI IIPH BTO mseU:Hhlx H3.U:CJiuU:. 
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B BSl3KOTeKyqeM COCTOSIHHH B IIOJIHMepe IIOA ,AeHCTBHe 

BHeWHHX CHJI pa3BHBaeTCSI Heo6pan1MaS1 OCTaToqHaSI .Ae<l>o 

Ma:a;HSI, o6ycJIOBJieHHaSI TeqeHHeM MaTepHaJ1a. 

3aKOHOMepHOCTH BSl3KOro TeqeHHSI IIOJIHMepoB yX<e WHPO 

KO HCIIOJib3YIOTCSI B psm.e TeXHOJiornqecKHX npo:u;eCCOB I 

rrpeii:cTaBJISllOT HHTepec )J;JISI BJiaX<HO-TeIIJIOBOU o6pa6oTK 

mBeHHblX H3AeJIHH. Ilpimam1e IIIBeHHblM H3,AeJIHSlM ycTo:iiqu 

BOH rrpocTpaHCTBeHHOH <f>opMhl, coxpaHeHHe B Te'-leHHe AJIH­

TeJihHOro BpeMeHH CKJia,AOK, peJihe<l>oB He TOJibKO ynyqwaer 

KaqeCTBO 3THX U3,AeJIHH, HO H CHHX<aeT 3HeprosaTp3Thl B 

rrpo:u;ecce HX HOCKH. 

IlepexoA aMopqmoro rroJIHMepa us oii:Horo <l>HsHqecKo ' 

COCTOSIHHSI B ,Apyroe npOHCXOAHT B orrpeii:eJieHHhlX HHTepBa 

nax TeMrrepaTyp, cpe.D;HHe 3HaqeHHSl KOTOpbIX Ha3hIBaIOTCSI,, 

COOTBeTCTBeHHO, TeMrrepaTypoii CTeKJioBaHHSI Tc H TeMrrepa­

Typoii TeKy11ecTu TT. 

Ha pu.c. I.I rrpeii:cTaBJieHa TepM0MexaH1111ecKasi: Kpu.Ba 

MOHOJIHTHOro aMop<tmoro nOJIHMepa, Koropasi: II03BOJISleT cy­

AHTh 0 TepMoMexaHHqeCKHX CBOHCTBax aMoP<l>HhIX IlOJIHMep­

HhIX MaTepHaJIOB. Ilo xapaKTepy TepMOMexaHHqeCKHe KpHBhl 

aMoP<l>HhIX IIOJUIMepos, H3 KOTOphlX IlOJiyqalOT pa3Hoo6pa3-

Hhle BOJIOKHa, BXOASl~e B COCT3B TKaHeH, rrpHMeHSleMhIX B 

wBe:RHoM npoH3BO.ACTBe, H)J,eHTHqHhl [I ]. 

AB 
I I 
18btC'OKOMQCmu~eci 
1 KaR odna.cmo 1 
I I 
1--~~~~~~--l~ 

To TT 
me.11nel'amspa 

fJR.Jkome~11a.,11 
111tf.Aacmb 
I 

Puc. I. I. TepM0Mexrutu11ecxaS1 Kpueasi MOHOJIHTnoro aMOp<j>Horo noJIHMepa. 
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Ha npeJJ;CTaBJieHHOii Kpusoii -Tc - 3To TeMnepaTypa 

cTeKJioBaHHSI, Karopasi: si:snsi:erc11 rpaHHQ.eii Me~y CTeKJioo6-

pa3HOii H BhlCOK03JI8CTH11ecKoii o6naCThlO, TT - TeMnepaTy­

pa TeKy'lecTH, pa3rpaHH1lHBalOmasi: o6naCTh BhlCOK03JiaCTH'le­

CKYIO c o6JiaCThlO BSl3KOro Te'leHHSI. Pea.n:&Hhle nOJIHMephl He 

HMeIOT KOHKpeTHhlx TeMnepaTyp Tc H TT, H rro3ToMy BhlC0-

3JiaCTH'lecKasi: lle<l>opM31.UiSI MO)l(eT '13CTH'IHO B03HHK3Th B 

CTeKJioo6pa3HOH -30He, a RS13KOTeKyqasi: Ae<l>opMaQ,HSI, COOTBeT­

CTBeHHO, B BhlCOK03JiaCTuqectcoii o6JiaCTH. OAJiaKo TepMoMe­

xaHH"lleCKHe KPHBhle TeKCTHJihH&IX MaTepHaJIOB e nepBOM 

npH6JIH)l(eHHH yKa3hlBalOT Ha HHTepBaJI MaKCHMaJihHhlX pa6o­

'IHX TeMnepaTyp, KOTophle MoryT B03HHK3Th BHYTPH o6pa6a­

ThlBaeMoro H3JJ;eJIHSI e npoQ.ecce BTO. TaK, TeMnepaTypHoii 

o6J1aCTh10 BJia)l(HO-TellJloeoii o6pa6oTKH meeU:HhlX H3JJ;eJIHH 

S1BJIS1eTcsi: HHTepeaJI Me~y Tc H To. 

TeMneparypa CTeKJioBaHHSI BOJIOKOH H3 HCKyCCTBeHHhlx 

IlOJIHMepHllilX MaTepHaJIOB - 4S ..• 100°C, a-- p33MSIJ'lleHHSI -
l 40 ... 240°C. -

HaTypanbHhle BOJIOKHa TepJ110T npo1mocTh rum pa3MJ1Na-

10TCS1 llPH TeMIIepaType 120 •.. 130°C. 
IlpH 3TOM sa:>KHhlM cPaKTOPOM SIBJIJleTCSI AAHTeJihHOCTh 

TellJIOBOI'O B03AeHCTBH5l. 

Op11MeHHTeJI1tHO K BTO TeKCTHJihHhlx MaTepHa.noe Oie;z:i;y­

eT pa3JIH'laTh llOHSITHSI TellJIOCTOHKOCTb llOJIHMepa H TeIIJio­

CTOHKOCTb MaTepHaJIOB H3 llOJIHMepa. TioJJ; TellJIOCTOHKOCTblO 

MaTepHaJia Ha;z:i;o IlOHHMaTh Ty TeMllepaTypy, AO KOTOpoii 

MO:>KHO HarpeeaTh MaTepHan npH onpe;z:i;eJieHHOH ero BJia:>KHO­

CTH, MeXaHH"lleCKOM 803..lleHCTBHH H BpeMeHH Harpeea, llOJiy­

'll3SI npH 3TOM o6paTHMhle H3MeHeHHSI <l>oPM H pa3MepoB. 

TellJIOCToliKocTh MaTepHaJia - een111rnHa HenOCTOSIHHasr. qeM 

MeHhWe Harpy3Ka H BpeMSI TeIIJIOBOI'O B03JJ;eHCTBHSI, TeM Bhl­

we TellJIOCTOHKOCTh MaTepuana. MaKCHMaJibHaR TeMnepaTypa, 

AO KOTOpoH MO)l(HO HarpeBaTh llOJIHMepHhlH MaTepHaJI He Ha­

pymasi: ero cPH3HKO-MeXaHHlleCKHX CBOHCTB, H33hlBaeTCSI Tep­

MOCTOHKOCThIO. IlpH BTO TeKCTHJI&HhlX MaTep11anoe Heo6xo­

AHMo 3HaTh TeMrrepaTypy HX pa3MSIJ'lleHHSI HJIH TeMnepaTypy 

pa3JIO)l(eHHSI. 

B CBSl3H c 3THM B Ta6JI. 1.1. np1rne;z:i;eHhl TeMnepaTypH&re 

xapaKTepuCTHKH BOJIOKOH TKaHeii, npHMeHSleMhlX B meeHHOM 

llpoH3BOACTBe (2, 3, 4 ). 

9 



TeMnepaTypuhle xapa1nep11cT~KH 

::::s::: HayYpanbHhle BOJJOKHa 

Xnono1< flea lilepCTb lliemc c 

YJICl!hHbIH eec, r/cM 15-1..52 1,43-1,50 1,32 1.32 

PaBHOBeCHaJI I np11.65% 8 13 13-15 II 
BJJaJICHOCTb np1195% - 21 15-20 

YcToA1111eocTb 120°c- xax y XJiomca IOO"C- Ht'CKOJibKO 

K JICi!CTBHlO :i!CeJITCCT, CTll.HOBHTCJI HmKe, 'ICM 

TeMnepaTyp, 0° C 1so0 c - noMKHM. y rnepcT11 

npH npo,110J1- 130°C-
ll<ll.TeJib- pa:inan1eTCJ1. 

HOMB03- 250-300°C-
,llCHCTBHH o6yrllHBll.CTCJI 

CTaHOBHTCJI 

KOpH'lHCBblM 

TeMnepaTypa 

pa3M!tr'ICHH5!, o C - - - -
T eMnepaTypa 

nnae.neHttll. ° C - - - -
TennoeMKOCTb, 

Kan/rpaMM .. c - - - -
JJ,;1.si onpe.n;e.neHHSI yCJioBHH BTO Heo6xoAHMO TaK>K_e 

3HaTb TeMneparypy TeilJIOCTOHKOCTH Kparureneif, KOTOphle 
6hlJIH npHMeHeHhl DpH npOH3BO,UCTBe o6pa6aTHBaeMOH TK3HH. 
Opu 3TOM AOJUKHO co6JI10AaTbCS1 yCJiosue: 

TTerui., TTepM., Tp.K. > TTK > Ta.z:i;c., (1.4) 

rAe TTeilJI., TTepM., Tp. K. - COOI'BeTC'I'BeHHO, TeMDepaTypa 
TeDJIOCTOHKOCTH, TePMcxlJHKca-

TTK 
Ta.n;c. 

l.(HH BOJIOKOH, pa3JIO>KeHH.SI 
Kp3CHTeJieH, °C; 
TeMDeparypa TK3Heii, °C; 
TeMDepaTypa paspywemrn 
a.z:i;cop6HpoBaHHOH BJiam c 
MaTeprut.IIOM, 'C 

TaK, HCDOJib3yeMble AJISI OKpaCKH PAAa TKaHeii AHCnepc­
m~e Kp3CHTeJIH ycTOIBIHBhl K B03~eiiCTBHIO TeMnepaTyp1>1, He 
npes1>1wa10~eii 130°C [5]. 

IlpHMeHeHHe TeilJIOCTOHKHX Kp3CHTeJieii Il03BOJISieT no­
BhlCHTb TeMnepaTypy Harpesa TKaHeif, co.o;ep>Ka~Hx ' ncKyc­
CTBeHHhle H CHHTeTHlleCKHe BOJIOKHa, AO 180 ... 200°C, 
T. e. Ha 30 ... 50°C HH>Ke TeMneparyphl HX pa3MSINeHHSI, 
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TafiJIHlla I. I. 
BOJIOKOH TKaueii 

llcKyccTBeHHbIC BOnOKH3 CHHTeT11'IeCKHe BonoKHa 

BHCK01uoe M®iOUOIHl~HO• A11c:raTHoe T pH2Qc:I111llO( KanpoH AHJU< n3.BcaH HHlpOH 

1,50-1,53 1,50-1,53 l,30-1,35 1,30-1,3.S 1,14 l,14 1,38 1.17 
12,5-13,4 12,3--13,5 S,7-6,8 3,.S-4,1 3,5-4,S 3,5----4,.S 0,4-0,S 3,l---4,0 

27-33 27-30 10-H,2 S,6-11,.S 7,0-8,S 5,8-6,1 o,S-0.7 25- -30 

11p1111arpeee Kai\ - - - - - - -
JIO 1500 C y BllCK03110nl 

HCTCpller 

llpO'!HOCTll, 

pa:i11araercll 
npn 

17S-200"C 

- - - 250 160-19~ 230-240 230--240 220-230 

- - 215 290 196-216 249--253 25.5-260 He IUiaBITTCll 

0.32-0.JJ - O,JB 0,353 0,.120 0,402. 

4TO crroco6cTeyeT HHTeHcH<l>m<a:u;Hu npo:u;ecca BTO. 
TaKHM o6paaoM, paapa6oTKy TeXHOJIOrnl.leCKHx pe)KHMOB 

BTO tteo6xo,n;HMO rrposo,n;HTh c y1:1eTOM rrpo:u;eccoe TeIIJioo6-
MCHa, ycTOHl:IHBOCTH TKaHeH K ,n;eH:CTBHIO TeIIJia, TeMrreparyp 
HX pa3MSIJ:'lleHHSI, TeIIJIOeMKOCTH H CTOHKOCTH KpaCHTeJieH. 

n pH 3TOM Ka1:1eCTBO H rrpoH3BO,AHTCJlbHOCTb BTO B 6oJib­
lUOM CTerreHH 3aBHCSIT OT nopHCTOCTU TKaHeH:, xapaKTepnay-
1ow;e:Ucsi: nx MaccoH:. 

Macca pa3JIH11Hblx TKaueH: rrp1rneJl.eHa B Ta6.n:. 1.2. (6, 7, 8 ]. 

2. Pac'leT KOJIH'lecTBa Ten.na, HeOOXOJ],HMOrO JJ.Jlil Harpeea 

TKaim rrpu BTO 
Ilo,n; B03,AeHCTBHeM TeWia H BJiaI'H CBOHCTBa TKaHeH H3-

MeHSIIOTCSI BBlf)J;Y MOJieKyJisi:pHOl'O xapaKTepa CBSl3U rrorJI0-
11\eHHOH BO.Ahl C BerqeCTBOM ee TCJia. Ilepel{OC BOJJ;hl WIH rra­
pa' a TaK)Ke TeIUia BHYTPH TKaHU 3aBHCHT OT xapaKTepa M0-
11eKyJIS1pHOH CBSl3H. Ilo3TOMY CBSl3b BO.Ahl, rromorqeHHOH 
TKaHhIO npn rrporrapneaHHH, rrpe.u:cTaBJISleT HHTepec Jl.JISI cl>n-
3DKH npo:u;ecca H AOJI)l(Ha y1:1HTblB3TbCSI rrpH orrpe,n;eJieHHH pe­
.>KUMOB BTO. Y,n;~eHne BO.Ahl H3 o6pa6aThlBaeMoro noJiyc.t>a6-
puKaTa corrpoBo~aeTcSI HapyweHHeM ee CBSl3H c TKaHhIO H 
o6ycnoBJieHo orrpe.u:eJieHHhlMH 3aTpaTaMn sttepmu. 
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Ta6n1u,a 1.2 
Macca TeKCTMnbHblX MaTeplJIMOB Al1JI OAlllCAbl 

~"leHMe TKaHeM Macca 1 M2, r 

~~~r~~"'~~~: ~ 5enbeeble nnarenbHble KOCTIOMHble nanbTOBble 

Xnon"laro6yMa>K1-tble 80-100 60-250 250-320 250-400 

.nbHRHl;tle 106-300 150-300 200-400 -

WepcrRHble rpe5eHHble - 130-250 170-380 250-350 -t-..,) WepcTRHble TOHKOCYKOHHble - 150-250 250-350 300-800 

WepcTRHble rpy5ocyKOHHble - - 3Q0-400 500-800 

WenKOBble HarypanbHble 40-80 25-160 100-240 100-160 

WenKOBble MCKYCCTBBHHble 80-150 80-280 140-280 200-280 

WenKOBble CMHTBTM"leCKMe - 20-120 120-200 -

WranenbHble - 100-240 140-340 -



To ecTh, rrpn rrporrapHBaHHH n::aHh a.n.cop6Hpyer eJlary. 
MeHSISI CBOH CBOHCTBa, - IIJiaC'rH~Hl.(Hpyercsi. a npu cywKC 
1tecop6upyeT eJiary u rrepexo.n;uT e sacTeKJioeaHHoe cocToS1-
1me, 'ITO Tpe6yeT y11eTa KOJIH'leCTBa TeIIJia, II0Tpe6noro JJ.JISI 
nepeeo.11.a BOJIOKOH TK3HH B BhlCOK03JiaCTH11ecKoe COCTOSIHHe, 
" HCIIapeHHSI BO.II.hi, BHeCeHHOH IIPH rrporrapHBaHHH. 

McrroJibsySJ H3BeCTHhle ¢opMyJihl, e HMMJierMawe pa3pa­
C50TaHa MeTOJl.HKa, II03BOJISll0~3SI orrpe.neJISITb KOJIH'lecTBO 
TeIIJia, Heo6XOJI.HM0e .ll;JISI rrepeB0.11.a BOJIOKOH TK3HH B BhlCO­
K03Jl3CTH1leCKoe COCTOSIHHe IIpH yenaX<HeHHH BO.II.OH H TeXHO­
JlOm'leCKHM napoM. 

IlpH yenaxrneHHH o6pa6aThl8aeMoro rronyc1Ja6pHKaTa eo-
1\0H orrpe.n.eJISllOT IIOTpe6Hoe KOJIH'leCTBO reru1a. 

Jl,JISI Harpe.ea BOJ10KOH TKam1 B KK3JI: 

Qeon = ffiso11 · Ceon · ( t - to}. (l.S) 

·~e muon. Macca BOJ10KOH B Kr; 
Ceon. TeIIJioeMKOC1.'h BOJlOKOH B KKa.71/Kr·rpM.; 
t TeMIIepazypa mtrpeBa BOJ10KOH B °C; 
to H31l3JlhHaSI TeMIIepaTypa BOJlOKOH B °C. 

JJ,nsi: HCrrapeHHSI BOAhl, BHeCeHHOH IIPH yeJiaxmeHHH H Ha­
rpeee eJiam yCJioeno cyxoro o6pasua no 100°C: 

QBOJI = ffiso.11. Cson. ( t - to)+ m~OA. KeoJ{, (1.6) 

rne meoA - o6~asi: Macca BOJI.hl, Haxo.nsi:~asi:csi: 
B TKaHH' B Kr; 

I 
meoll - Macca BO.Ahl, eHeceHHasi: rrpH yeJiaxrne-

HHH " y.11.ansi:eMasi: rrpH cywKe, e Kr; 

CeoJl. TeIIJioeMKOCTh BO.II.hi e KKaJI/Kr·rpM.; 
t TeMIIepaTypa napoo6pa30BaHHSI B °C; 
to H3llaJibH3SI TeMIIepaTypa BOAhl B °C; 
KeoA. Terumm <Pa30eoro rrepexoAa e KKa.71/rpM. 

06~ee KOJIH'leCTBO TeIIJia, Il0Tpe6Hoe AJISI Harpeea TKaHH 
npH BTO: 

(1.7) 

IlpH yeJiaxmemm o6pa6aThleaeMoro noJiyc1Ja6pHKaTa na­
poM onpeJJ;eJISllOT IIOTpe6HOe KOJIH'leCTBO TeIIJia: 

AJISI Harpe.ea BOJIOKQll. TKaHH - no ¢opMyJie (l.S); 
AJISI HcrrapeHHSI enam, naxo.n.si~eiicsi e cyxoM o6pasu;e: 

Q80~ = msoll • CsoA • ( t ~to) (1.8) 



r.n:e filBOA. - Macca BO]:{hl, HaXOJJ:SII.QeHCSI B TK3HH, B Kr; 
Cson· TerumeMKOCTh BO.Ahl e KKaJI/ Krrpa;::i; •. 
t - TeMnepaTypa rrapoo6pasoBaHHSI e °C 
to - HaqaJlhHaSI TeMnepaTypa BO.Ahl B °C. 

)lJISI rrepeeo.n:a BOJIOKOH TKaHll B BhlCOK03nacrm1ecKoe co­
CTOSIHHe: 

(1.9) 

KoJIHtiecTeo TeIIJia, BbfAeJISieMoe npH KoH,AeHca:u;1m 1 Kr 
napa c sa.zi;aHHOH TeMrrepaTypoii: · 

filnap. 

Cnap. 
t 

to 

K 

Qnap = ffinap·Cnap·(t -to)+ K, (1.10) 

Macca napa e Kr; 

TeruIOeMKOCTh napa B KK3JI/Kr·rpa.zi;.; 
TeMnepaTypa napa, rrocTyrra101.Qero 

B TK3Hb, B °C; 
- TeMrrepaTypa BO.Ahl, rronyqeHHOH rrpH 

KOH,AeHC3~HH rrapa, B °C; 
- TeWIOTa cPa30BOro nepexo.n:a B KK3JI/ Kl'. 

Macca napa, CKOH,AeHcupoeaBmerocS1 e TKaHu, e Kr: 

(1.11) 

KoJIHtieCTBO TeWia, nOTpe6Hoe NJSI y.n:aneHHSI BO.Ahl, eHe­
ceHHoft rrp11 rrporrap11eaHHH: 

Q = m1 • K (I 12) KOH.II nap · • 

061.Qee KOJIHtiecTBo TeWia, Heo6xo,n:11Moe AJISI Harpeea 
TKaHH rrpu. BTO: 

·(1.13) 

IlpH 3TOM e rrpo~ecce yenaJ1rnemu1 eop;oii Terrno, Tpe6y­
eMoe .AJISI rrepeeo.n:a BOJIOKOH TKaHH B BblCOK03JI3CTHtieCKOe 
COCTOSIHHe, IlOCTyrraeT OT H31'peThlX paooqHX opraHOB, a npu 
yenaxrneHHH napoM HX TeIIJIO HCil0Jib3YeTCSI TOJibKO .AJISI HC­
napeHHSI eHeCeHHOH BJiarn. 

PaccMoTpHM e xaqecree np11Mepa pacqeT KOJIHllecTBa 
Terrna, HeOOXOllHMOro npH rrepeeone BOJIOKOH TK3Hll B BhlCO­
K03JiaCTHqeCKOe COCTOSIHue, AJISI TK3HH TPHKO "YA8PHHK11 apr. 
1338. . 

0CHOBHhle HCXOAHhle A3HHble AJUI 3TOH TK3HH B3SIThl H3 
paooThl [9 ].-
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BOJIOKHHCThlH COCTaB, % 
TOJll.I~HHa, MM 
Macca 1M2, r 
BJiaX<HOCTh cyxoro o6pas~a, % oc uaqaJihHaH TeMnepaTypa TKaun, oc KOHeqHaSI TeMIIepaTypa TKaHH, 
TellJIOeMKOCTb BOJIOKOH TKaHH, 

KKaJI/Krrpa.z:i; • 

100 - wcpcrw; 
0.72; 
332; 
15,5 (45 r/M2); 

20; 
100; 

0,45; 
.n.onOJIHHTeJihHOe yBJia)KHeHHe 
B npo~ecce BTO, % 20 (66 r/M2). 

IlpH ysnaxrneHHH noJiy<!>a6puKaTa eo.n.oif Heo6xo.n.uMo o6-
pa6oTaTh .n.eTaJib, co.z:i;ep)Kauzyio 285 r mepcTSIHhIX BOJIOKOH H 
111 r BO.Jl.hl. 11cnoJih3YH ¢oPMYJihl 1.5 ••• 1.7, orrpe.z:i;enHeM o6-
·~ee KOJiuqecTBo TenJia, rroTpe6Hoe AJI.SI nepeuo.n.a BOJIOKOH B 
llhlCOK03JI3CTllqecKoe COCTOSIHHe. 

QBOJI.=0,285•0,45(100-20)==10,25 KKaJI. 
QBO):\.=O, 111·1 • ( 100-20)+0,66·539=44,45 KKaJI. 
Q06ll.\.==10,25+44,45==54, 7 KKaJI. 
npu YBJia)KHeHHH IlOJiy<t>a6pHKaTa rrapoM Heo6xo,ll.HMO o6-

pa60T3Tb ,ll.CTaJib M3CCOH 285 I' mepcTSIHhIX BOJIOKOH H 45r 
no.a.hi, co.n.ep:xca~e:HcH e ycJioBHO cyxon TKaHu. 

11crroJib3YSI cl>opMy Jihl 1.5, l.8 •.. 1.13, onpe.n;eJisi:eM o6~ee 
KOJmqeCTBO TeIIJia, Il0Tpe6Hoe .D;JISI Harpeea YK33aJIHOH TKaHH 
J(O 100 °C. 

QBOJI.=0,285•0,45(100-20)=10,25 KKaJI. 
QBOll.=0,045•(100)==3,6 KK3JI. 
QTK.=} 0,25+3,6=13,85KKaJI. 
Qnap.=1•0,52·(110-100)+539=544,2 KKaJI. 
TipH 3TOM Ol1THM3JlbHOH rrpH nepeeo.n.e BOJIOKOH TKaHH B 

HhlCOK03JI3CTHqeCKoe COCTOSIHHe smJIHeTCSI TCMrrepaTypa rrapa 
l I0° c (TenJioeMKOCTb - 0.52). 

13,85 
m'nap.== 544 2 == 0,025 Kl'. 

' 
QKOH.n.=0,025·539=13,5 KKaJI. 
Qo6ll.\.=13,85+13,5=27,35 KK3JI. 

113 rrpHBeJJ;CHHOf'O pac11eTa BHJJ.HO, llTO npH ysna:xcHeHHH 
BO,ll.OH rroTpe6Hoe KOJIH1ICCTBO TenJia ,ll.JISI rrepeeo.n.a BOJIOKOH 
TK3HH B BhICOK03JiaCTH1ICCKOe COCTOSIHHe B03p3CT3CT H, COOT­
BeTCTBeHHo, BJieqeT CHH:XCeHHe rrpoH3BO,ll.HTeJibHOCTH. 11cnOJib-
30B3HHe :xce napa ,ll.JISI nepeeo.n.a BOJIOKOH TK3HH B BhlCOK0-
3JiaCTHqecKoe COCTO.SIHHC Tpe6yeT rrpHMepHO B ,ll.Ba pasa 
MeHhme TeMa H o6ecrre11HBaeT xopowee Ka'!eCTBo o6pa00rKu. 
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3. BnnRHHe Mexauu11ecKoro . .n.aeJieHHR. ua npo~ecc B'I:O ·. 
l-fcnOJib3yeMble B WBeHHOM rrpOH3B0ACTBe TeKCI'HJibH.hle 

MaTepHa.Tibl npe,nCTaBJHlIOT nopHCTYIO cTpyKTYPY, a pa3JIHllHO­

ro po,na rreperuieTBHHSI HHTeH H BOJIOKOH o6pasy10T CJIO.>KHble 

IIOBepXHOCTb H BHyTpeHHee CTpoeHHe. 

Ilorrepe'IHOe Ce'leHHe 3JieMeHTapHblX BOJIOKOH Haxo,nHTCSl 

B npe,nenax 10 ... 90 MKM. IlpH 3TOM pacTHTeJibHhle BOJIOKH3 

B rrorrepeqHoM ce1.1eHHH HMeIOT <l>oPMY CIIJIIOCHYTOH Tpy6oq­

KH. XHMHqeCKHe BOJIOKHa CIIJIOWHble, HMeIOT B03AYWHhle no­

phl, ce1.1eH~e 6JlH3KO K KpyrJIOMY. 

BoJIOKHO mepcTH BKJI101.1aeT 1.1~wyiI'laThlH, KOPKOBhlH H 

cep,n:u;eBHHHhlH CJIOH. 

Cep,n:u;eBHHHhlH CJIOH COCTOHT H3 phlXJI.hlX KJieTOK, IIPQMe­

.>KyTKH Me~y KOTOphIMH 33IlOJIHeHhl B03AyXOM. 

3JieMeHT3pHhle HHTH HaTypa.TlbHOro meJIKa OTJIH113IOTCSI 

HepaBHOMepHOCThlO nonepeqHoro ce1.1eHHS1, · a BHyTpeHHee 

CTpoeHHe - HaJIHqHeM rrpo,nOJibHhlX B03.llYIDHhlX nop. 

J.13 BOJIOKOH <l>oPMHPYIOT IIpSl.>Ky HJIH KOMilJieKCHhle HHTJ,i, 

H3 KOTOphlX H3I'OT3BJIHBalOT TK3HH. 

CTpoeHHe TKaHeiI xapaKTepu3yeTCSl BHAOM nepeIIJl:eTeHHSl, 

TOJllUHHOH HHTeH, IlJIOTHOCTblO, o6heMHOH MaCCOH, B03,nyxo­

npoHH:a;aeMOCTblO H ,npymMH IlOK333TeJISIMH, onpe.ueJISIIOIUHMH 

TeXHOJIOm11eCKHe, MexaHH11eCKHe H <l>HsHqecKHe CBOHCTB3. 

0,n:HHM H3 OCHOBHhlX <l>H3H1IeCKHX CBOHCTB, xapaKTepH3yIO­

IUHX TK3Hb K3K OObeKT MeX3Hlf1IeCKOI'O B03,neif:CTBHSI B npo­

:u;ecce BTO, S1BJ1S1eTCS1 rropHCTOCTh. 

nopHCTOCTb TKaHeif:, IIpHMeHSleMhlX ,ll;JISI H3I'OTOBJieHHSl 

o.ne~hl, CKJI3)J;hlB3eTCSl H3 CKB03HhlX rrop, rrop B BOJIOKH3X H 

IIpSl.>Ke, rrop Me)KJI.y BOJIOKHaMH H IIpSl.>Keif: H T. n. 

B coBpeMeHHhlX TKaHSIX na e,n:Hnu:u;y o6heMa BemecTBa 

npHxonHTCSl OT ,n:Byx no DSITH o6heMoB BOs,nyxa. IlpH1.1eM B 

TK3HSIX naJihTOBOH rpynnhl BOs.nyxa OOJihme, qeM B TKaHSIX 

KOCTIOMHOH rpyrrrrhl, lJTO o6yCJIOBJIHB3eT BeJiuqHHY OCT3TO'l­

HOH ne<l>opMau;uH rrOCJie o6pa6oTKH. MaKCHMaJihH3Sl ocTaToq­

naSI ne<l>opMaIJ;HSl Il3KeT3 TK3HeH He00XOAHM3 npH BblilOJIHe­

HHH orrepau;HH YTOHeHHSl, KOTOpoe SlBJISleTCSl conyTCTBYIOIUHM 

3<l><PeKTOM H rrpH BhlIIOJIHeHHH JJ.pymx onepau;Hii BTO. 

B 3TOH CBSl3H rrpH paspa6oTKe pe.>KHMOB BTO neo6xo,n:H-

MO Y1.IHThlB3Tb rropHCTOCTb TKaHeH, KOTOp3Sl orrpe,neJISleTCSl no 

<l>opMyJie: 

Re =(I-~ }100(%), (I.I 4) 
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1,w RG - o6masi: rropncTOCTh, % ; 
&r.- o6beMHblH Bee TKaHH, Mr/MM3;_ 

y - yneJihHblH sec semecTBa BOJIOKHa HJIH HHTH, 

Mr/MM3 [10). 
npn 3TOM BhIIIyCKaeMhle B HaCTOSlmee BpeMSI KOCTIOMHhle 

11\clHH B 3aBHCHMOCTH OT HX nosepxHOCTHOH IIJIOTHOCTH, rrpn-
11\1 roi1 KpuTepueM nopncTOCTH, paSJJ;eJieHhl Ha: 

nopnCThle c npsepXHOCTHOH IIJIOTHOCThIO AO 300 r/M2; 
HH3K2nopHCThle c nosepXHOCTHOH IlJIOTIIOCThIO CBhlme 

.100 r/M • 

Hap~y c nopncTOCThIO o6pa6aThlBaeMhlX TKaHeH: cymeCT­
ncttttoe BJIHS1Hne Ha seJIH1IHHY Ae<f>opMa:a;1m oKa3hlsaeT 111e­
xa ttn1IeCKasi: Harpy3Ka. 

XapaKTep n 3H31IeHne 3asnCHMOCTH Ae<f>opMa:a;nn TKaHeH: 
pi13JIH1IHOH nopuCTOCTH OT MexaHH1IeCKOH Harpy3KH B rrpo-

1 ~ccce BTO npnBeneHhl Ha pnc. 1.2 n 1.3. 
IlpH 3TOM BeJIH'lHHY }l;aj>OpMaIJ;HU MO:x<HO qnpe.ri;eJIHTh, 

ucnOJih3YSI ypaBHeHHSI perpeccuu: 

rropnCThlX 2 TKaHeH: (noeepXHOCTHaSI IIJIOTHOCTb 
100 •.• 3()() r/M ) ; 

/>.E =-4,18+2042,51· P-18733,ll·P2+59449,89 P3 (1.15); 

HH3Konop~CThlX TK3Heii (nosepxHOCTHaSI IlJIOTHOCTh -
J00 .. .400 r/M ); 

AE =-0, 44+461, l 6· P-3844, 91·P2+12500,23· p 3 (1.16). 

113 rpa<f>HKOB (pnc. 1.2 H 1.3) BHJIJIO, 1ITO aKTHBHblH poCT 

.nc¢opMaIJ.HH TKaHH HMeeT MeCTO rrpn yseJIH1IeHHH yJJ;eJibHOI"O 
11aeJieHm1 no 0, 12 Mila, 'ITO cooTseTCTByeT MaKCHMaJihHoMy 

peKoMemi:yeMoMy rrpeneJiy .qJisi: BTO, n JJ;aJihHeH:mee ero rro­

BhIIIIeHHe He3cl>¢eKTHBHO, IlOCKOJihKy Bbl3hlBaeT Jiacoo6pa3o­
BaHHe (MecTHhlH 6JiecK). Ilpn 3TOM MHHHMaJibHblM yJJ;eJihHblM 
TexH011orH1IecKnM ,nasJieHHeM SIBJISieTCSI 0,03 Mila. 

3Ha1IHMhlM <f>at::TOpoM, BJIHSIIOmHM Ha BeJIH'llHHY AeQ>op­
M3IJ.HH TKaHeii s rrpo:u;ecce BTO, S1BJ1HeTcsi: AJIHTeJihHOCTh Me­
xaHuqecKoro so3)];eifcTBHSI. B 3TOH CBSl3H Ha pnc. 1.4, 1.5 
npuseneHhl KPHBhle, xapaKTepnsyIOmne H3MeHeHHSI TOJI~Hhl 
JJ.BYXCJIOHHOro naKeTa nopHCThlX KOCTIOMHhlX TKaHeu BO Bpe­
MeHU s npou.ecce BTO npu MHHHMaJihHOM yJJ;eJihHOM JJ;aBJie­
HHH 0,03 Mna 11 npeshlmaromeM ero s 20 pas - 0,6 Mila. 
npeBhlllleHHe yneJihHOro naBJieHHSI Ha6JIIOJJ;aeTCSI npH BTO 
,neTaJieii IIIBeHHhlX H3,rt,eJIHH c HepaBHOMepHOH TOJimHHOH Ha 
npeccax, He OCHameHHhlX COOTBeTCTBYIOmHMH IIOKphlTHSIMH 
HH:x<HHX rJI3.r{HJihHblX IIOJJ;ymeK. npn1leM YTOJI~eHHble y'llaCT-
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P11c. 1.2. 3as11cHMOCTh .necJ>opM8UHH JlBYXCJIOHHOl'O naKeTa nop11croi1: TKaHH 
OT MexaHHllecKoH: Harpy3KH e npou,ecce BTO. 

PHC. 1.3. 3aBHCHMOCTb .necJ>opMau,1111 .nsyxc.noH:Horo naKeTa HH3Konop11cToi1: TKaHH 
OT MexaHw-1ecKoi1: Harpy3x11 e npou,ecce BTO. 
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I'm;. 1.4. lfaMeHeHHe TOJlll\HHbI ~XCJIOHHOl'O naKeTa rtOpHCTbIX KOCTIOMHbIX TKa­

lll'i"1 B npm~ecce BTO npH y,neJihHOM ,naBJieHHH 0.03 Mila. 

l/,l'll'f. 

2,.J 

;,1 

ti 

~G 

tJ 

f,D 

Q,8 

4.T, 

~2 t DI" , 

f>HC. I.S. lfaMeHeHHe TOJllI\HHbI ABYXCJIOHHOl'O naKeTa IlOpHCTblX KOCTIOMHbIX TKa­

llCH B npouecce BTO npu y,neJlbHOM .naBJieHHH 0,6 Mila. 
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KH· COCTaBJI.SllOT B cpeJlHeM 15%, J.ITO Bbl3hlBaeT KOHIJ;eHTpa-
1.l;HIO MeXaHHqecKOro JlaBJieHH.SI. 

0AHaKO TaKoe npeBbIIIIeHHe MexaHHlieCKOro .D;aBJieHH.SI He 
Bhl3blBaeT pa3pymeHHSI BOJIOKOH B MeCTax neperuieTeHH.SI HHTeH 
OCHOBhl H yTica H o6yCJIOBmrnaeTC.SI TeM, 1-ITO OCTaTO"llH3.sI Ae<f>op­
Ma:u;H.SI, npeehlma10m;a.S1 AOnyCTHMylO, npOHCXO.D;HT y XJIOn'laTO-

.· 6yMa:>KHhlx TKatte.H npH 60 MTia, BHCK03Hhlx - 110 MTia, mep­
CT.SIHhlX - 300 MTia, KanpoHOBhlX - 1500 MTia (10]. 

BhlmeCKa3aHHOe no3BOJI.SieT yTBep)KAaTh, 11To npH MexaHH­
qecKoM JlaBJieHHH, B npe.n:eJiax KOToporo npOH3BOJlHTCSI BTO, 
yToHeHHe TeKCTHJihHhlx MaTepmlJIOB o6yCJ10BJ1eHo yruIOTHeHHeM 
eoJioKoH, HHTe.H, CTPYKTYPhl TKaHH H naKeTa TKaH:e.H e :u;eJioM 
6e3 H3MeHeHHii B caMOM noJIHM~pe. fipH 3TOM Jle<f>opMa:u;1rn na­
KeTa TKaHe.H BKJIJOqaeT qeThlpe y'laCTKa. 

Ilepehlii yqacTOK - nepHOJl Harpy}KeHH.si, xapaKTepeH pe3-
KHM H3MeHeHHeM TOJIID;HHbl TKaHeii npH CTaTHqecKOM Harpy}Ke­
HHH. IlpaKTHqecKH 3aKOH H3MeHeHH.SI TOJIIIJ;HHhl coena.n:aeT c 3a­
KOHOM MexaHlfllecKOro Harpy}KeHm1. B 3TOT nepHOA naKeT Jiel'Ko 
Ae¢opMHpyeTc11 6e3 cym;ecTBeHHhlX H3MeHemt::H pa3Mepoe no 
lllHpHHe H JlJIHHe. 

BTopoii yqacTOK - nepHOA BhlCTOSI, xapaKTepeH TeM, "llTO 
Ha o6pa6aTbIBaeMhlH naKeT TKaHeii .D;eHCTByeT IlOCTOSIHHOe 
MexaHHqecKoe .D;aBJieHHe. BHyTpH naKeTa nom:!peqHhle eo3-
AYWHhle noJIOCTH, HMeenm:e MeCTO MeX<Ay CJIO.SIMH TKaHH, 
HHT.SIMH H BOJIOKHaMH, CBe,ZJ;eHbl AO MHHHMyMa. 

TpeTHii yqacTOK - pa3rpy3KH (cH.siTHe MexattnqecKoro 
,1laBJiem1S1), KaK H nepBhIH, KpaTKOBpeMeHHblH. 

B 3TOT nepHOJl HCqe3aJOT ynpyme Ae<l>opMa:u;HH, HaKO­
rrn:BmHecSI B DQ)IHMepHOM MaTepHaJie, BQJIOKHaX, HHTSIX, TOHKHX 
H rpy6hrx nepenJieTeHH.SIX, CTPYKType OTAeJihHhIX CJioee H na­
KeTa TKaHeii B :u;eJIOM nocJle BJ13)KHO-TeruIOBOH o6pa60TKH. 

qeTeepThIH yqacTOK - pe3yJihTaThl BTO no yToHeHHIO na­
KeTa TKaHeii. 3TOT yqaCTOK npe,llCTaBJieH JIHHHeii, npaKTH'lecKH 
napaJIJICJlbHOH OCH a6c:u;HCC, u xapaKTepH3yeT HC'le3HOBeHHe oc­
TaTO'IHOH Ae¢OPMal.l;HH c MaJihIM nepHOAOM peJiaKcau,HH. 

I-fa pHCYHKOB 1.4, 1.5 CJieAyeT, 'ITO Ae<f>opMa:u;HSI c 22% ·eoo­
pacTaeT AO 48 % . 0,llHaKO KPHTepHeM Ka'leCTBa p.si.n:a onepau;Hii 
BTO S1BJIS1eTcS1 ocTaTO'IHa.SI Ae¢opMaU.HSI, onpeAeJI.sieMaSI qepe3 
24 qaca noCJie BTO. XapaKTep H 3aBHCHMOCTh ocTaTO'IHhIX Ae­
¢opMan;Hii OT MexaHH'ICCKHX Harpy30K ,llJI.sI KOCTIOMHhIX TKaHeii 
npe,llCTaBJieHbl Ha pHC. 1.6 H 1.7. IlpH 3TOM xapaKTep rpa¢HKOB 
coena.n:aeT c xapaKTepoM rpa¢HKOB Ha pHc. 1.2 H 1.3 H noKa3hI­
eaeT, qTo aKTHBHhlH pocT 3Ha1ICHHSI ocTaTO"llHOii Ae<f>opMa:u;HH 
npeKpa:m;aeTC.SI rrpH YAeJihHOM JlaBJieHHH 0,10 Mila, a ypeJIH'le­
HHe MexaHHqecKOH Harpy3KH rrpHBOJlHT K HC3Ha1IHTeJlbHOMY ee 
pocTy, nop.SIAKa 5 % . BeJIH'IHHa ocTaToqHo:H Ae<l>opMau,HH qepe3 
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/4 qaca nOCJie BTO y pa3JIHqHhIX TKaHeii uepaBH03mttma " y 
., i<.atteH: c HH3KOH nopHCTOCTbIO He npCBbIIIIaeT 7 % , a y nopHC'rbl x 
1·KatteH: He npeBHIIIaeT 30%. TipH 3TOM pacqeT BeJmqHHhl oc-ra­
t01moii Ae<i>opMau;HH B npo.u;ecce BTO MOJKHO onpeAeJIHTh no­
' J>CACTBOM ypaBHeHlrn perpeCCHH. llJISI nopHCTbIX TKaHeH:: 

E =4,06+683,S9·P-7015,0l·P2+27733,07·P3, (1.17) 

l'HC. 1.6. 3aBHCHMOCTL OCTaTO'lHOH JICcl>oJ>MartHH JIBYXCJIOHHOl'O natcera nopHCTOH 
1 KaHH OT MexaHH'lCCKOH Harpy3KH qepe3 24 qaca no~JJe BTO. 

fi #/ 
, /I' 

PHc. I. 7. 3aeHCHMOCTb ocraTolj}foif J1e4>opMaQHH JIBYXCJIOifuoro naKeTa uuaKono­
PHCTOH TKaHH or MexaHH'lecKoif uarpy3KH qepe3 24 'laca nOCJie BTO. 
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JI,,JISI HH3KonopHCTblX TKaHeH 

s = -0,99+184,9l·P-1928,62·P2+8822,14·P3· 

B npou,ecce KOHCTpyHpOBaHIDI H H3I'OTOBJieHHSI OJI,,eX<'Abl q 
.:ro CTaBHTCSI 3a;:i;aqa yToHeHIDI naKeTOB TKaHH HJIH TKaHeii. II ' 
3TOM HC Y'IHThIBaIOTc.H KOHTaKTHhle HanpSI)KeHHSI, Bhl3blBaeM 
C)KaTHeM H o6yCJIOBJIHBaIO:cqHe JI..ecTpyxn;mo MaTepHaml (IlOJIHM 
pa) TKaHH B npou,~cce BTO. 

. B JI,,aHHOM acneKTe SIBJISieTCSI aKTy3.JlhHhIM pac'leT HaIIpSl)K 
HHH B TeKCTHJibHhlX MaTepHanax l{JISI HX y'leTa npH yCTaHOBJI 
HHH pe)KHMOB BTO. 

P11c. 1.8. PacqemaH cxeMa onpe,AeneHHH OTHOCHTenhuoii ,Ae<}>opMau:uu TKau11 nJ>l1 
3arn6Ke Kpasr np11 BTO. 

IlpeJ(nOJIO)KHM, 11To B npou,ecce BTO Heo6xo.11;11Mo yro­

HHTb .ll;BYXCJIOHHblH naKeT TKaHH JI..O TOJIID;HHbl O.ll;HOl'O CJIOSI 

(pao1eTHa.H cxeMa Ha pHc. 1.8) , Tor.11;a OTHOCHTeJihHaSI .11;e<l>op­

MaIJ;HSI onpe.11;eJI.s1eTcsi no ¢opMy ne 

A = ~El = H = 0 5 (l.19) 
~E 2H ' ' 

r.11;e ~ EJ - .11;e¢opMau;m1 0.ll;HOl'O CJIOSI TKaHH; 

~ E - Jle<!>opMau;HSI ABYX CJIOeB TKaHH; 

H- TOJIII\HH3 OJI..HOl'O CJIOSI TKaHH. 

CorJiaCHO 3aKOHY ryKa HanpSI)KCHHe, B03HHKaIOm;ee B Ma­

Tep:eane .11;0 npe.11;eJia nponopn;HOHaJibHOCTH, 6y.11;eT paBHO: 

a·= A· E, (1.20) 

r.11;e E - MOAYJib ynpyrocTH TeKCTHJibHOro MaTepHana. 
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PctetICT KOHTaKTHhIX Hanp.sDKCHHH npH CKJICHBaHHH JJ;CT3JICH 

1mwii11blx H3JI.eJmii B npm~ecce BTO, B03HHKaIO~Hx B MeCTax co­
••11n1<ocuoeeHHS1 rpaHyJI KJiesI 1. .. 1,5 MM, HaHeceHHhlX B max­

•lil I llOM nopsmKe, II TKaHH, .npOH3BOL[HTCSI no <l>opMyJie: 

q 

O"max = 0,418· 2 E1 · E2 R1 + R~ 
q . ' 

E1 + E2 R1 ·R2 
(1.21) 

~ HHTeHCHBHOCTb paBHOMepHO pacnpe­

JJ;eJieHHOH Harpy3KH; 

MOJI.YJIH yrrpyrocTH KOHTaKTHpyeMHX TeJI; 

paJI.HYChl KOHTaKTHpyeMhlX TeJI (BOJIOKOH, 

rpaHyn). 

11cnoJih30BaH11e A3HHOH <l>oPMY JIH o6yCJIOBJieHo CJICJI.Y10-

11n1 M: Harpy3KH C03}l.aIOT B 30He KOHT3KTa TOJibKO yrrpyrne ii:e­

' I" ,l>Ma~; IIJIOIIJ,aAKH KOHTaKTa MaJibI no cpaimemno c noeepxuocrSIMH 
l lllll)HKOCHOBeHHSI TeJI; CHJlhl ii:aeJieHHSI, pacrrpe}l.eJieHHble no no­
hl'j>XHOCTSIM KOHT3KTa, HOpMaJibHhl K 3THM IIOBepxHOCTSIM [11 ]. 

<I>tt31fKO-MexaHH'leCKHe xapaKTepHCTHKH BOJIOKOH OCHOBHhlX 
I .... IHCH H KJieeB, npHMeHSieMHX IlpH H3I'OTOBJieHHH OL[e~bl, He-

1.C J KOL[HMble AJISI paclleTa KOHTaKTHhlX HanpSIX<:eHHii, npeL[CT3BJie­

ll Id e Ta6JI. I.3. 

Ta6m1ua 1.3. 

'1>H3HKO-Mexaauqec1me xapaiaepHCTHIUf HeKOTOpbIX 

BOJIOKOH TKaHeii H KJletl 

llarHl•I BOilOKOH 

11 lqicn!Hoe 
11 lrJIKOBoe 

lt111"1<03HOe 

l\.111pOHOBOe 

'l.rucaHosoe 
h 11t~ii fIA· J 2 

CTpenen npo•mocn1 npH 
c)!(aTttH. Mna 

160 ... 180 
250 .. .490 
220 ... 360 
510 ... 720 
400 ..• 600 

npH paCTIDKeHnn 35 

Monym, ynpyroCTn. 
Mna 

1800 

-l500 
2600 
1000 

npn pac-n11KeH1111 155 

I-fa npHBe}l.eHHOI'O Bblffie CJie}l.yeT, lJTO B03HHKHOBeHHe B 

l'CKCTHJibHOM MaTepmlJie HanpS1X<:eHHS1, paBHOl'O IlOJIOBHHe MO­

HY JUI ynpyroCTH, npHBOAHT K pa3pymeHHIO BOJIOKOH H 06yc-

11aenHBaeT CHHXeHHe OTHOCHTCJibHOii ii:eq>0pMaD,HH naKeTa 

rKaue:H, ITOL[BepraeMhlX BTO. 
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rnaBa II. 

OQEHKA KAqECTBA IlPOQECCOB 
BJIAXHO-TEilJIOBOH OBPABOTKH 

ffiBEHHbIX H3,Z:(EJIHH 

Oi:i;HHM H3 OCHOBHhlX <PaKTOPOB, onpeAeJnnom;HX TOBap-
11 hlU BHJJ; u coxpaHeHHe ¢opMH nrneifHHX H3]J;eJmii B npou;ec­
rc 3KcnnyaTau;HH, S1BJrneTcS1 Booop 3¢¢eKTHBHHX npo.u;eccoB 
H:-lrOTOBJieHHSI i:i;eTaJieii oi:i;eX<,Ahl u MCTO]J;OB o.u;eHKH HX Ka11e­
rrna. 

B HaCTOSim;ee BpeMSI 3a;::i:a11a onpe;::i:eJieHHSI Ka11ecTBa BTO 
pcrnaeTcsi ABYMSI MeTOi:J;aMH: Ka11ecTBeHHHM H KOJIH11ecTBeH-
111>1M. 

Ka11ecTBeHHHH MeTOA - :no MeTOA 3KcnepTHHX o.u;eHOK, 
m1pei:i;eJ1S1IOIIJ;Hii Ka'IeCTBO BTO B pe3yJibTaTe opraHoJienTHlle­
rKoro o6cJieLlOBaHHSI H3L(eJIHSI cne.u;HaJIHCTaMH H npHCBOeHHSI 
eMy onpei:i;eJieHHOro KOJIHlleCTBa 6aJI..IIOB. 3TOT MeTOA He y11H­
l'h1BaeT 11acTHHX noKa3aTeJieii Ka11ecTaa H ero npHMeHeHHe 
11c no3BOJISieT o6heKTHBHO onpei:i;eJISITh Ka11ecTBO BTO. 

BoJiee nepcneKTHBHHii oTopoif MeTOA - KOJIH11ecraeH-
11hrii, o.u;eHUBarom;Hii 1<a11ecTBO BTO no o6o6m;eHHOMY noKa­
:J;:tTeJiro. IlpH 3TOM CJiei:i;yeT OTMeTHTb, 11TO TepMHH "KallecTBO 
BTO" He ro11eH. Ha3Ha11eHHe Jiro6oif onepau;HH BTO - npo-
113oecTH 3a;::i:aHHhl:H BHJJ; i:i;ecl>OPMaIUfH noJiy¢a6pHKaTa. TioA 
Ka11ecTBOM BTO MO)f(HO noHHMaTh pe3yJihTaTH o6pa60TKH -
J~OCTH)f(eHHe 3a;::i:aHHOH .n:e¢opMau;uH (HanpHMep, 40% yToHe­
HHSI 6opTa), npH 3TOM HeBa)f(Ho, KaKHe TPYAOBh1e 3aTpaTH 
OhIJIH npoH3Bei:i;eHhl u KaKHM nYTeM i:i;ocrumyTa 3Ta .n:e<l>op­
Mau,nSI. CoBepmeHHO HHoe nOHSITHe - Ka11ecrBo npo.u;ecca 
BTO. B 3TOM CJiy11ae y11HThlBaIOTCS1 He TOJihKO TeXHOJIOrn'Ie­
rKHii s¢<PeKT o6pa60TKH. HO u 3aTp3Tbl BpeMeHH AJISI ero 
l\OCTJDKeHHSI. ECJIH no TexHoJiorn11ecK0My 3¢<f>eKTY H Tpyi:i;o-
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BblM 3aTpaTaM npouecCH He COilOCTaBHMbl, TO Ha.a;o YllHThl­

BaTh H CTOHMOCTb o6pa6oTKH (pe3KOe p33JIHqHe B CTOHMOCTH 

o6opy;z:i;oBaHH.SI, 3aTpaTa atteprirn, yTPaTa qacTH OBem;eCTBJieH­

HOro TPYAa H T. A.). 

,[(Ji.SI ycnemHOI'O npoeKTHpOBaHH.SI HJIH Bbl6opa H3HOOJiee 

34'<PeKTHBHblX npoueccoe BTO weeiiHoro npoH3BOACTBa HC­

nOJih3yeTC.SI IlOKa3aTeJib (KpHTepHH)' xapaKTepH3YJOI.D;HH Tex­

HOJiomqecKHH 3<1>¢eKT o6pa6oTKH H C3M TeXHOJiomqecKHH 

npouecc. .lLJI.SI noJiyqeHH.SI KOJIHllecTBeHHOii oueHKH npOH3BO­

;zJ;.SIT .zteiiCTBHSI c o6o6m;eHHhlMH H 11aCTHhIMH IlOKa3aTeJI.SIMH. 

TipH 3TOM ueJiecoo6pa3H3 HX onpe;z:i;eJieHHa.SI OJJ;HOpo;ri;HOCTb. 

OueHKY Ka11eCTBa npoueccoB BTO ny11me ocym;eCTBJI.SITh 

nocpe.a;~TBOM ;ri;Byx noKa3aTeJieii: o;z:i;Horo - ,n;n1 oueHKH Tex­

HOJiorH11ecKoro 3<Jxi>eKrn (pe3yJibTata) o6pa00rKH, a BToporo -

3KOHOMH1leCKoro (noBblWeHHe npoH3BOAHTCJihHOCTH). Bo3MO:>K­

HO HCil0Jlb30BaHHe H O;D;HOI'O, ¢opM3JIH30B3HHOI'O IlOKa3aTCJl.SI 

KaqecTBa npoueccoB BTO, HO 3TO npHBOAHT K HeKoTOpblM 
orpaHuqeHH.SIM [I]. 

3KOHOMHqecKHH noKaaaTeJih npouecca BTO - npoH3BO­

JJ;liTeJibHOCTb (I/ to, r:n;e to - npo):(M:>KHTeJlhHOCTb o6pa6oTKH) -

Hau6onee 1l3CTO M3MeH.SieTC.SI He TOJibKO AJISI TeXHOJiomqecKH 

OAHOPOAHhlX npou,eccoB, HO H ):{JI.SI OAHOI'O npouecca H 3Ha­

qHM npH pacqeTe 3KOHOMHqecKoii 3<1>¢eKTHBHOCTH. 

Ilpu BTO, npoBOAHMOH no peKoMeJmOBaHHblM pe:>KHMaM, 

BOJIOKHa o6pa6aTb1BaeMhIX TKaHeH noJiy<i>a6pHKaTa He pa3py­

maIOTC.SI (npH HapymeHHH pe:>KHMOB o6pa6oTKH TaKHe CJiyl.laJJ 

B03MO:>KHhl). Tio3TOMY H3HocoycTOHllHBOCTb MaTepuana o,ne:>K­

Ahl noCJie BTO He H3MeH.SieTcSI, llTO o6yCJioBJIHBaeT HCKJIIO­

qeHHe H3 o6o6m;eHHOI'O IlOK33aTeJI.SI-Kal.lecTBa qacTHOI'O IlOKa­

aaTeJI.SI, xapaKTepH3y10m;ero cTeneHh yTpaThl Tpy;z:i;a, oeem;ecT­
BJieHHoro B TK3H.SIX. L(.n.SI perJiaMeHTHpOBaHHhlX npou:eccoB 

BTO TaKoii noKa3aTeJlb He3Ha~HM. 
Pa3JIHqHe 3apITJiaThl (pa3psm;a· paooTHHUbl) H aMOpTH3a­

UHOHHblX OTlJHCJieHHH ):{JI.SI TeXHOJIOmlleCKH O;D;HOPOJJ;HhlX npo­

ueccoB TaK:>Ke Heo6xo;z:i;uMo y11HThlBaTh ·npH onpe.a;eJieHHH aKo­

HOMHllecKoli a<1>¢eKTHBHOCTH. O;z:i;HaKO 3TH «lJaKTOphl MeHee 

H3MeH11HB1>1, u AJI.SI aKcnpecc-oueHKH Ka11ecTBa npouecca no­

Ka3aTeJih npOH3B~HTCJlbHOCTH AOCTaTOlJCH. 

YKa3aHH1>1e noKa3aTCJIH npHI'OAffhl H KaK KPHTepHH (Bhl­

XoAH1>1e rrapaMeTpbl) npH CHCTCMHOM IlO;D;XOJJ;e K pacCMOTpe­

mno npouecca. 

3HalJHMOCTb IlOK33aTCJl.SI "npoH3BOJ{HTCJlbHOCTb" onpe~CJI.Sl­
eTC.SI MeTO;ri;oM AHCnepcHOHHoro. aHaJJH3a. MaTeMaTI11.1ecKHe 
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Ml"Tll}(bl n03BOJI.SllOT onpe]J;eJUITb H K034><tmuneIITbl 3H3lU:MO­
I 111 •1acTHhlX noKa3aTeJieH. AJISI ¢opMaJIH3oBaHHoro 0606U\CH-
11111n noKa3aTeJISI BTO, npeJJ;JIOJKeHHoro B pa6oTe (2] B BHAC 

K = A-TT (11.1) 

' B-L·C·t 
IlOKa3aTeJib nonyqeHHOI"O TCXHOJIOI'H'lecKOI'O 
3<Pcf>eKTa BTO; 

L noKa3aTeJih Jiacoo6pa3oaaHHS1; 
t npo,n;OJIJKHTCJibHOCTb BbIIlOJIHCHHSI onepawm; 

A,B,C Ko34>¢Hl.Ufe~Tbl 3HaqnMOCTH. 
PaccMoTpHM 1laCTHl>Ie noKa3aTeJIH, onpe]J;emnoIWie 06o6-

•Hc11u1i1H. TT, KOTOpbIH 6y.ZJ;eT HCOAH03Haqm,IM AJISI pa3.1llNHhIX 
m1t·paqHH.. TaK, AJISI onepauHH., a KoTOphlx octtoaHo:ii BHA 
qw6yeMhlX TCXHOJIOme:H Ae¢opM3qHH - }'TOHCHHC IlOJiy¢a6-
1111KaTa, 31'0 KpHTepHH, Bbl6paHHblH B pa6oTe [3 ]: 

h-ho 
TT = Tn = 1- y = (11.2) 

h ' 
rm~ 1-y OTHOCHTeJibHaSI BeJIHqHHa .ZJ;e<t>opMauHH 

nony¢a6pnKaTa; 
h, ho - TOJIID;HHa IlOJiycJ>a6pHKaTa .ZJ;O H 

IlOCJie o6pa6oTKH, COOTBeTCTBCHHO. 
Jl,JISI onepau;n:H pa3yTIOJKKH, 3ayTIOJKKH IIIBOB H 3arH6KH 

"p;.1S1 .n;~TaJIH <¢an1>u;eaaHHS1) YAOBJieTBOpHTeJihHbIM KpHTepH­
l'M S1BJ1S1eTCS1 yroJI HaKJIOHa KpaB ACTaJIH K IIJIOCKOCTH ee no­
l JIC 3ayTIOJKKH HJIH pa3yTIOJKKH mBa HJI}I 3arH6KH KpaSI -

T1.=T w. 
Jl,JISI OT.D;eJI01lHhIX onepal(HR KPHTepHeM SIBJISleTCSI rJiazJ;KOCTb 

(CTeneHb BhlpaBHHBaHHSI) n011y¢a6pHKaTa, T. e. OTCYTCTBHe 
.JaMHHOB H MOpID;HH - T T=T 8 • .Il,JISI onepa1U1:ii nonyqeHHSI 

(l>opMbI ofTheMHOH HJIH IIJIOCKOH OOoJIO'leK KpHTepueM MOryT 
OblTb nonyqeHHaSI cJ>opMa H pa3Mephl nony¢a6pnKaTa -

T T=T <I>· 
11TaK, .D;JISI qeThlpex rpynn onepaQH:ii BTO, yKa33HHhIX 

nhrme, HYJKHhl pa3n:n:qHJi1e KpHTepnn AJISI oueHKH KaqecTBa 
HX BbIIlOJIHCHHSI. TipH ueo6xo~MOCTH ]J;JISI 6onee TOqHOH 

ou;ettKH: KaqecTBa BTO Blf'AbI onepal.Uf:ii AeTMH3HPYIOTCSI. 
HanpnMep, Lllf¢<1>epeHQnpyeTCSI ou;eHKa pe3yJI.&TaToB 

npeccoBaHHSI. 6opTa H MaHJKeT' pa3YT10JKKH IIIBOB H ¢anhue­
B3HHSI H T. ,A. 
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Cn:e.llyeT y11HTb1BaTh, 11ro ,n;u1 pa3JIH'IHhIX B.H,IJ;OB H3i(e;rn4 
Tpe6oBaHHSI I< Be;rnqHHe noKa3aTeJISI MHHHM3Jil>HO npueMJIC• 
Moro TeXHOJIOm'IeCKOro 3Cl>ct:>eKTa o6pa60TKH 6y.llyT OTJIHlJaTJ,il 
CSI. IloKa MOX<HO YlIHThlBaTh cneu.u¢HKY TaKHX Tpe6osaHHd 
K IlaJlbTOBbIM H KOCTIOMHblM BHJlaM o,neX<)J,bl. B 3TOM CJiyqae 
KOCBeHHO 6y.llel' yqTeHa H cneu,H¢HKa BH.llOB TKaHe:U, HC· 
IlOJlb3yeMhlX .llJl,SI 3THX .llBYX BHJlOB O,lleX<)J,hl. Jl.pyme BHJJ;l.J; 
H3,lleJIHH (nJiaThe, cop01lKH H T. Jl.) MOX<HO OTHeCTH K 0,llHOi1 
H3 B&1meyKaaaHHhlX rpynn c HeKoTophlMH yroqHeHHSIMH. Ha­
npHMep, .llJISI ¢opMaJIH30BaHHOro o6o6:m;eHHOro IlOKa3aTeJ151i 
KaqecTBa MOX<HO AHct:>ct:>epem.1,HpOBaTb K03cl:><tmu.ueHT 3HalJHMo-I 
CTH A. 

B HTore Ha.llo onpe.lleJIHTh BeJIHqHHhl scero BOCbMH noKa­
aaTene:H AJISI qeThlpex rpynn onepall,H:U H JlBYX B.H,IJ;OB H3Ae­
JIH:ff: HanpHMep, T n -· TeXHOJiornqecKHH IlOKa3aTeJih Kalle­
CTBa AJISI onepaU,HH npeccosaHHSI 6opTa KOCTIOMa, IlaJlbTO 
HJIH Ts - B&1paBHHBaHH.si: nosepxHoCTH KOCTIOMa u T. A· Ilo­
Ka HeT Hay'IHO o6ocHOBaHHhlX Tpe6oBaHHH K TaKIIM BeJIHqH­
HaM, MOX<HO YAOBJieTBOpHTbCSI HX 3KCnepTHhlM onpe,neneHH­
eM. 

3aMepb1 BeJIHlIHH TeXHOJIOmqeCKHX IlOKa3aTeJieli KaqecTBa 
MOX<HO npOH3BOAHTh npH6opaMH: yToHeHHe T n - TOJIIT\HHO­
MepoM; noKaaaTeJlb J<aqecTBa pacKphITHSI msa rum ¢anhue­
saHH.si: T ru - yrJioMepoM; ¢opMy nony¢a6pHKaTa T ¢ -
ma6noHaMu; CTeneHh B&1paBHHBaHHSJ nosepxHOCTH Ts oueHH­
saeTcSI noKa opraHonennNeCKH. 

YpoBeHh Tpe6osaHHH no nacoo6paaoBaHHIO L Ha;:i;o AH¢­
¢epeHu,HpOBaTh AJISI CBeTJiblX H TeMHhlX TKaHeif, TaK KaK Me­
CTHhlH 6necK (nachl) Ha CBeTJihlX H TeMHblX TKaHSIX BOCDpH­
HHMaeTCSI rna30M qenoseKa no-paaHoMy. Cne.nosaTeJihHO, He­
o6xo.nHMO onpeJleJIHTb 'IeThlpe BCJIHqHHhl ):lJISI IlOKa3aTeJJSI 
nacoo6paaosaHH.si:. 

BenHqHHa nacoo6paaosaHHSI onpe.neJISieTCSI nocpe,nCTBOM 
ct>oTOSJieKTpHqecKoro JI3COMepa no MeTOJlHKe, paapa6oTaHHOH 
B KHescKOM TexHonom11ecKoM HHCTHTyTe nencoft npoMhIW­
JieHHOCTH, c yqeTOM npHse.neHHoro HH:x<e yroqHeHHSI. TaK B 
¢opMyne 

L= Po-P, 
p (11.3) 

r;i:e p H Po - K03<l>¢Hll,HeHT OTpa.x<eHHSI CBeTa DOBepx-
HOCTblO nony«f>a6pHKaTa .no H nooie BTO, 

HaJJ;o aaMeHHTh p Ha Pn , me Pn - ypoBeHb nopora apHTeJib­
HOro BCX.nPHSITHSI qeJioBeKOM nae (MeCTHoro 6JieCKa). 
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1 lopol'OBhlH KOO<t><fmu;HeHT OTpaxeHHSI CBern OT nOJ1y<tJa6-

1•1111.1Ta MOX<HO onpe.n:eJIHTb TOJlbKO 3KCnepTHlilM MCTOJ:(OM, 

11111'("),CJUllOID;HM IlOKa3aTeJIH COCTOSIHHSI IlOBepxHOCTH TKaHeii 

11111 ''" OTnapHBaHH.H, COOTBCTCTBYIOID;He noporoBOMY BOCilpIDl-

11110. 

( )npeJ.(eJieHHe MHHHMaJihHO npueMJieMhIX Tpe6oBaHHH K 

'''" , 111>1M noKa3aTeJI.HM TT H L Heo6xoi:i;HMO AJISI conocTaBJie-

111rn c 3KCilepHMeHTaJihHO IlOJiy1:1eHHhIMH BeJIH1.IHHaMH 1:1aCT-

111.1 x nOKa3aTeJieii. IlpH 3TOM HeJ.(onyCTHMO, 1:1T00bl TeXHOJI0-

1 lt'll'(KHH 3cl>cPeKT o6pa60TKH 6bl.II HHX<e AOilYCTHMOTO. naJib-

111 lllll3SI ou:eHKa no o6o6m;eHHOMY noKa3aTeJIIO Il03BOJI.HeT 

V'll"LTb H npoH3BOAHTeJihHOCTh. QqeB~Ho, qro AJI.H mo6oro 

lil'OHCCCa JKeJiaTCJihHa TeXHOJiom1.1ecKH npHeMJieMa.H MHHHMH­

"''~lHI BpeMeHH o6pa60TKH to, a 3H31lHMOCTb qaCTHhIX IlOKa­

lil 1 ene:H TT, L, t, OOo6m;eHHoro nOKa3aTeJI.H K .n:m1 pa3JIH1:1-

111o1 x yCJIOBH:ii (rpynna onepall:ffli BTO, e~a o.n:eJK'Abl H TKa-

1ll'ii> pa3JIH1.1Ha. B 3TOH CB.H3H BBeJJ:eHHe KOajxt>HQHeHTOB 

i11,umMOCTH A, B H C yBeJIH1.IHT T01:1HOCTh ou:emrn Ka1.1ecTBa 

1111m~ecca BTO. IlpH 3TOM CJie.n:yeT Hal:IHHaTh c 3KcnepTHo:ii 

111u·11·KH 3Ha1.1HMOCTH A, B H C JJ:JI.H pa3JIH1.1Hblx yCJioBHH 

"ro. 
B BhlweonHcaHHblX MeTo.n:ax ou,eHKH Ka1.1ecTBa TexHOJIO­

' ll'ICCKHX npou:eccoB c HCilOJil>30BaHHeM <t>opMaJIH30BaHHblX 

u(1o6m;eHblX IlOKa3aTeJieif Ka1.lecTBa IlOJIY1l3IOT OJJ:HH KOJIHl.lC­

l 111CHHblH o6o6m;eHHh1:ii noKa3aTeJlb Ka1.1ecTaa K. Jl,aHHhrn no-

1<..1:JaTeJib yi:i;o6eH l(Jl.H COilOCTaBJieHHSI, IlOCKOJihKY y1.1HTb1BaeT 

~:.IK TeXHOJIOml.leCKHe IlOKa3aTeJIH - 34><PeKT o6pa60TKH, TaK 

" 33TpaTbl BpeMeHH Ha ero AOCTHX<eHHe, HO HMeeT cym;eCT­

llt'llHblH Hei:i;ocTaToK. TaK, pa3MepHOCTH ero 1.1aCTHhlx noKaaa­

'"·nc:ii He KoppeJIHpyIOTCSI MeJKAy co6o:H:, 1lTO i:i;onycKaeT npo-

11 ycK TeXHOJIOml.leCKOro 6paKa, a npH mHpOKOM AHanasoHe 

rpaHH1.1HbIX yCJIOBHH - H IlOBTOpSllOID;HCC.H HCilOJIHOQCHHhie 

lll~CHKH. Tio3TOMY npeJ.(Il01.ITHTeJlbHee ocym;eCTBJISITb ou:eHKY 

i..a4eCTBa npou.eccoB BTO nocpei:i;cTBOM OJJ:HOpoJJ:HhIX no <l>H­

.1u4ecK0My coi:i;epJKaHHIO l.laCTHblX noKa3aTeJie:H:. 

JI.mi ou:eHKH B03MOX<HOCTeH OJJ:HOPOJJ:HhlX 1.1aCTHhlX noKa­

.l~lTCJICH npoBei:i;eM ou:eHKY Ka1.1ecrBa npou:ecca BTO, Hcnon1>­

.1ysi BbI6paHHhle AJI.H cPOPMaJIH30BaHHOI'O o6o6m;eHHoro noKa­

.l<lTCJI.H. Ha11HeM c '·IaCTHOro noKaaaTCJI.H TexHOJiorn1.1ccKoro 

pc3yJihTaTa npou,ecca BTO - TT. Tipe.n:noJIOX<HM, 1.1ro AJI.H 

KaKOH-TO onepa.u,1m H3J:(O Jl:OCTH1.lb BeJIHl:IHHhl Tpe6yeMOI'O 
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TexHOJiomqecKoro 3<l><PeKTa o6pa6oTKH TT. T. (HanpHMefJ\, 
I 

h-ho 
yToHeHHe Tn.T. = h HJIH cTeneHH BblpaeimsaHHSI Te.T. 

Ec;rn 6yAeT noJiyqeHa «IJaKTHlleCKaSI eeJIHllHHa peayJihTa 
o6pa6oTKH Tn.<f>., TO TexHoJiom1.1ecKoe KaqeCTeo o6pa6o 
HaH6oJiee noJIHO ou,eHHeaeTCSI Be.JIHqffHOH T n.¢.-T n·T.-6.T 
IlpHqeM ecerAa6. TT ~ 0, HHa1.1e noJiyqHTCSI TexHoJiomqecK 
6paK, TaK KaK He 6yAeT AOCTHl'HYT Tpe6yeMNH TeXHOJIOm 
'lleCKHH 34><l>eKT o6pa6oTKH. )l(e11aTeJibHa MHHHMH3all,HSIAT 
TaK KaK npH AT T > 0 3aTpa11HeaeTc.s1 6oJihme epeMeHH 
o6pa60TKY, 1.1eM HeOOXOAHMO. 

TipH cyfileCTBYIOil\HX MeToAaX BTO HamH Tpe6oBaHHS1 
TeXHOJIOmlleCKOMY 3<t><l>eKTY oopaOOTKH IlO rpynnaM onepa 
11,HH (Tn, T lll, Tel>, Te> :scerAa "ocpe;::i;HeHbl11 B 3aBHCHMOCT 
OT BH,IJ;a H3I'OTOBJISleMoro H3Ae.JIHSI (KOCTIOM, naJibTO H T. A.) 
H BH,IJ;a HCilOJib3yeMOH TK.3HH (no Macce I M2' TOJlfilHHe, B 
JIOKHHCTOMY COCTaey H T. A.)' Il03TOMY IlOKa He Yl.IHTblBaeTC}I 
:>K.eJiaTeJihHaSI AH<t><f>epeHU,Hal.\HSI Tpe6oeaHHH K TeXHOJfOmqe­
CKOMY noKaaaTe;no Ka1.1ecTea BTO BHYTPH rpynn. IlpH .D;aJih­
Hefuneii pa3paooTKe 3TOro eonpoca HeOOXO.D;HMO 6yAeT AaTb 
Hay1.1HO OOocHOBaHHhle Tpe6oeaHHSI H B 3aBHCHMOCTH OT Mac­
Cbl 1M2 MaTepHaJia, ero TOJifilHHbl, u,eeTa H T. A· B AaHHoe 
epeMSI npaKTHlleCKH ecerAa 6.TT ~ 0, lITO rapaHTHpyeT Tpe-
6yeMOe Ka11ecTeo BTO. ,UJisi AOCTH)l(eHHSI OAHOPOAHOCTH 1.1ac­
THblX noKa3aTeneii TT u to HaXOAffM a 3aBHCHMOCTb Me:>K.Ay 
Tpe6yeMhlM 3Ha11eHHeM noKa3aTeJie:H TT 11 Heo6xoAHMoii (;::i;Jisi 
KOHKpeTHblX yCJioe11ii o6pa6oTKH) aaTpaToH epeMeHH Ha ero 
.D;OCTH:>K.eHHe: ~=f (TT)· To!'Aa B03MO:>K.Ha aaMeHa nOKa3aTeJisi 
TT noKa3aTeJieM 1n OAHOpoAHhIM c noKa3aTeneM 10 • 

01.1ee:n;::i;Ho, pa3HOCTb Me:>K.Ay to H tT ( t=to-tT) 6y.D;eT KO­
JIHl.lecTBeHHO xapaKTepH30BaTb H3JIHWHIOIO 3aTpaTy epeMeHH 
Ha BhlIIOJIHeHHe orrepau,HH BTO eCJie.I1.CTB11e "ocpe.zi;HeHHsi" 
Tpe6o:saHu:ii K noKa3aTeJIIO TT. Po 

Tiepeif.D;eM K APYI"OMY 1.1acrH0My noKaaaTeJIIO L = p . 
C u n 

e111.1ac AJISI YAaJieHHSI Jiac npHXOAHTCSI BblilOJIHSITb 0Tnapo11-
Hb1e onepau.HH. Mx BblilOJIHSIIOT KaK OTAeJibHhle noCJieJJ;y10-
~1:1e onepau.m1 oTrrapHBaHHsi HJIH KaK nepeXOAbl npH npec­
coeaHHH HJIH maX<:eHHH. TipeAil01.ITHTeJieH BTOpoii nyTb, HO 
OH He scerAa B03MO:>K.eH. HanpHMep, o6opyA011aH11e AJISI 
<f>anhu.eeaHHSI He Il03BOJISieT BblilOJIHSITb OTnapHBaHHe KaK ne­
peXO.D;. M 3)1.ecb, 01.1ee11,AHO, ~p = Po - Pn 3:- 0 . OnS1Tb :>1<.eJia-
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;r11i.110 cTpeMJieHHe esecTH 6 p K HYJIIO. Tenepb BHJ.lHCC 11 

iU' 1u·nxX>pa3HOCTh aaMeHH p Ha Pn • ECJIH Kos<l>qun.v1cHT 
11 qiaJKCHH.H eBeTa nosepxHOCThlO TKaHH 11.0 BTO MeHbllle Ko­
t1Mn11~ueHTa oTpa)KeHH.H noCJie BTO p0(p < p0) , a 

11nporosoe 3Ha11eH:ue Kos<lxf>H~eHTa OTpa)KeHH.H Pn > Po , TO 
1mc·p~HJ,HH (nepeXO]J.hl) ]J.JISI eH.HTH.H nae He HY)KHhl, TaK K3K 
Ill' HMeeT 3Ha11eHHSI H3MeHeHHe BeJIHllHHhl OTpa)KeHH.H eBeTa 
uum·pxHOCTblO nonytf>a6pHKaTa 33 npelJ.e.JiaMH p 0 • 0Ho <l>HK­
' npyt.'TC.H npH60poM, HO Hepa3JIH11HMO ]J.JI.H qeJioBeKa. 3aTpaThl 
n(H'MCHH Ha onepau.HH (nepexo]J.hl) AJI.H eHwrH.H nae H3BeCTHhl 
11 11pOU3BO]J.CTBe. 3Ha.H 33BHeHMOCTb BpeMeHH, 3aTpa11HBaeMO­
m ua JIHKBH;J;au.mo nae, OT BeJIHqifHhl KOO<J><f>Hll,HeHTa OT­
l'•l.11<.CHH.H eseTa nosepxHOCTl>IO IlOJiy<l>a6pHKaTa t.n=f(~p), 
MmKHO 3aMeHHTh 11acTHhlii noKasaTeJih L Ha OlJ.HOpolJ.HhIH 11a-
1 111i.1ii noKa3aTeJih tJI. Tor]J.a B 3HaMeHaTeJie o6o6m;eHaoro 
lllH<a3aTeJISJ KalleCTBa 6y]J.eT cyMMa 11.BYX ¢H3HlleCKH O]J.HO­
IMl/~llblX 11aeTHhlX noKa3aTeneii: 

ts== to +tn (11.4) 

11 PH CHeTeMHOM fl:OAXO]J.e K pemeHHIO 33]1.allH MOX<HO oc-
1 llllHTb OlJ.HH KPHTepH:H (BhlXOAHoH: napaMeTp) - cyMMapHyIO 
1.rrpaTy speMeHH Ha Bhl:IlOJIHeHHe onepa~HH ts, CJ1ara10m;y10-
1 \I H3 3aTpaT BpeMeHH Ha BhIIlOJIHeHHe 33JJ;aHHOH onepau.1u1 
111'0 11 onepau.H:H JVI.H YAa.JieHH.H nae, nony11eHlihIX np11 Bhl-
1101rneHHH ]J.aHHOH onepall,HH. 

Toma o600m;eHHhlH KpllTepHii 6yAeT ¢H3H11ecK11 OlJ.HOpo-
JW It: 

K= ti 
to+tn •ts 

(11.5) 

0]1.HH3KOBhle BeJIHllHHhl TaKOI'O o6o6m;eHHOI'O noKa3aTeJISI 
JllCr]J.a 6y.zzyT OilpeJJ.eJI.HTb 3]1.eKBaTHhle no KalleCTBY TeXHOJIO­
l'll'ICCKHe npou.eccbl BTO. 

PaecM0Tp11M B Ka11ecTse npHMepa ]J.Be onepau.1111 Broporo 
11pcccosaHH.H 6opTOB MY)KCKoro nH;J;XGIKa. IlpH 3TOM, KaK 
'1'pc6yeMhlH TeXHOJIOmlleCKHH a<l><t>eKT' Ae¢opMall,H.H 6opTa 
t ocTaBJISieT 37 % . TaKa.H ne¢opMau.nsi noJiyqetta np11 sropoM 
II pCCCOBaHHH 6opTOB u.eJlhHOKpoeHHhIX e nop;6opTOM e OT]J.e­
Jl011HOH CTpollKOH 3a 1o-=17e H t.n==3c <K1). IlpH BTOPOM npec­
nrnaHHH OOTallHhlX 6opToB c o6pa6oTKOH "s ti:HeThIH KpaH:" 
raKa.H Ae¢opMall,H.H noJiylletta 33 to=22e npH t.n==Sc (K2). 

iloCKOJihKY ]J.e<J>opMa~H.H, IlOJiy1.leHH3.H 3a yKa3aHHOe Bpe­
M~I o6pa60TKH, npHH.HTa KaK Tpe6yeMhlH TeXHOJIOm1.lecKHH 
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3<1>¢eKT' TO B ,n:aHHOM c:.,i:y1rne MOXCHO OUiTaTh to=h, H TOl'All 
KpHTepaii Km1ecTBa npou.eccos BTO 

K1=--­
to +tn 

17 = 0,85; 
17+3 

22 
K1= =081. 

22+5 ' 

IloKa3aTe;m Ka1.1ecTsa 3THX npou;eccoe BTO 6Jm3KH, HO 
K2 < K1, TaK KaK 3aTpaThl speMeHH Ha yn;a.n:eHHe Jiac o npo-­
u;ecce Ki 6oJibme. 0,n:HaKo npH ucnOJih30BaHHH npe,n:JiaraeMo-­
ro o6o6m;eHHOro noKa3aTeJISI Ka1.1ecTBa npou.eccos Ha,n:o noM~ 
HHTb, 1.1To npH Bb16paHHhlX (npHHSIThlx) MeTo.n:ax BTO Tpe .. 
6yeMhlH TexHoJiorn1.1ecKHH: 3cl>cl>eKT o6pa6oTKH T T.T. MOxceI', 
6b1Tb AOCTHI'ffYT 3a BpeMSI, He MeHbmee Heo6xo,n:HMOI'O h, T. e. 
Mbl MO)KeM ynp3BJIS1Tb BeJIH:1.IHHOH h 3a c11eT cosepmeHCTBO­
BaHHSI MeTo,n:os BTO. TaK KaK to ~ T T.T., TO Tpe6yeMhlH Tex­
Honorn11ecKHH $t>eKT T T.T. scer.n:a 6y,n:eT MeHbme cl>aKTH1Ie­
CKoro TT.ct> .• T. e. TT.ct>. - TT.T. > I. Be;m1.11my 3HaMeHaTem1 
ts=to+tJl Bcer.n:a )KeJiaTeJibHO MHHH:MH3HpOBaTh. 

MeTo,n:hl o6pa6onrn MOryT 6h1Th HaCTOJihKO ycosepmeHCT­
soBaHhl, 1.ITO 3aMeTHoro AJISI I'Jia3a nacoo6pa3osaHID1 He 6y­
,n:eT (t.n=(})' a Tpe6oBaHHSI K TeXHOJIOI'H1.leCKOMY 3<1>¢eKry 6y­
AYT HaCTOJihKO ,n:H<l><t>epeHu;HposaHhl, 1ITO to=h HAt=to-h~O. 
Bo3MO)KHO, 11ro npaKTH1.1ecKH y,n:o6Hen noJlb3osaThCSI H TaKH­
MH ABYMSI noKa3aTeJISIMH: 

K1 = Tr. qi. - T T.T. H K2 = t 0 + tn • 

TaK KaK Ko;mqecrseHHhIH MeTo,n: noasonSieT ou;eHHsaTh 
Ka'leCTso 1.1eThlpex rpynn onepau;HH: no o6o6m;eHHOMY KpHTe­
pHIO, OH npHeMJieM H AJISI ou.eHKH IlSITOH rpynllhl onepau.HH: 
BTO - cKJieHBaHHSI ,n:eTa.n:eH: o,n:exc,n.hl. B TaKOM ruiaHe JJ:JISI 
ou,eHKH npou.ecca cKJieueaHHSI e pa6oTe [ 4] peKOMeH,n:osaH 

Ile 
Kc= , (11.6) 

to+ t n + toB 
r.n:e Ile IlOKa33TeJlb TeXHQlIOIWlecKOIO 3C1¢eKTa CKJieHB3HIDI 

AeTa.n:eii: o,nexc,n.hl; 
t0 speMSI o6pa6oTKH; 
tn speMSI Ha JIHKB~al.J,HIO o6p330BaBWH:XCSI npH 

CKJieHBaHHH Jiac; 
tos - opeMSI, COOTBet'CTBYIOm;ee norepsw osem;ecTBJiemmro 

Tpy,na npH CKJieHBaHHH. 
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ll •rnCJIUTeJie <PopMyJihl (11.6) - IlOK333TeJih TeXHOnom­
i!fl I om 3<1>¢eKTa npo1IHOCTH CKJieHBaHIUI, KOTOphlii xapaKTe-
11111 \TTCSI BeJIINHHOH conpOTHBJiemm paCCJI3HB3HHIO o6pa3-

illlll, on pei:t:ensi:eMoii ycHJIHeM, npH KOTopoM KJieesoe coe,zi:H­

ii • illl<' urnpHHOH l CM pa3pymaeTCSI. 
II :rnaMeHaTeJie - BpeMeHHhle IJ>aKrop1i1, onpe,zi:eJisi:eM1i1e 

r1 11\llOJIOM1qecKHMH napaMeTpaMH CKJieHB3HH51'. IlpH 3TOM He­

atfilill1'HM3Sl npoqHOCTb CKJieHBaHHSI npH HCilOJlb30BaHHH Tep­

... 11111acr11qeCKHX KJieeB Mo:>KeT 6h1Tb ,zi:OCTHrHyTa pa3HhlMH 

I!\ 1 HMH. TaK, npH cKJieHBaHHH KJiesi:MH c BhlCOKo:H no;u1pHo­

' • lolll (nOJIH3MJUl.Hhle, IlOJIHXJIOpBHHHJIOBhle H ,zi:p.) npo1lHOro 
l Ul'/UlllCHHSI MOX<HO AOCTHqb MexaHHqecKHM ,zi:aBJieHHeM I'JI3-

ll"1hllblX noJlYllleK Ha cKJieHBaeMhle MaTepH3Jlhl 0,01-0,05 MTia 
ti IC'ICHHe 15-90 c npH TeMnepaType pa6oqHx IlOBepXH0-
1 Id\ 150 ... 180° C. 

KneH H3 noJIH:nWieHa BhICOKoro ,zi:asJieHHSI, y KOTOphlX 

11111rnpHble rpynnhl OTCYTCTBYIOT, Il03BOJISllOT AOCTHrHYTb 

111i11•11-1oro coe,zi:HHeHHSI JIHIIIb npH I'Jiy6oKOM npOHHKHOBeHHH 

" l rpyKTYPY CKJieHBaeMblX TKaHeH. TipHqeM TeMnepaTypa pa­
f111•111x noBepxHocTeii rnap;W11>H1>1x no,zi:ymeK ,zi:oJI.x<Ha 6h1Th 

L'O -160° C, MexaHH11ecKoe .zi:aimeHHe 0,05-0,1 Mila, npo­
t11M1urTe.7IhHOCTh CKJieHB3HHSI no 40 c [5 ]. 

HcCJie,zi:osaHHSIMH QHl111IIITI ycTaHOBJieHo, 11TO npH TeM-

111·paType pa6o1IHX IlOBepxHOCTeH 160° c H npo,zi:OJIX<HTeJibH0-

1 111 o6pa6oTKH 6oJiee 30 c, a TaK.x<e npH TeMnepaType 180°C 
11 11pOA0.7I.x<HTe.7IbHOCTH o6pa6oTKH 10 c y OOJihWHHCTBa TKa-

11di pa3JI11qHoro BOJIOKHHCTOro COCTaBa H3CTynaIOT Heo6paTH­

M i.ie H3MeHeHHSI npo1IHOCTH Ha pa3phlB, ycToiiqHBOCTH K HC-
111 paHHIO, MHOroKpaTHOMY H3I'H6y H T. ,zi:. TaKa.s1 CHTyaUHSI 

11 p1mOAHT K TOMY, qro, ,zi:o6HBasi:ch Tpe6yeMoH: npoqHoCTH 

l l'JICHB3HH51, Mbl pa3pymaeM qaCTb BOJIOKOH TKaHH. 

Opu 3TOM Harpes noJiylJ>a6pHKaTa npoH3BOJ'.t:HTCsi: TeruIOM, 

Ill 'PCA3BaeMbIM KOHT3KTHhlM nyTeM B0.7IOKH3M TK3HH OT pa6oq11x 
opt'<lHOB, TeMnepaTypa I'JI3)'.l;HJI&HhlX nosepxHOCTeii_ KOTOPhlX co­
l 1·•rnnsi:eT 160 ... 200° C (perymipyeMasi:). YcKopsi:eT ·Harpes 
110Jiycl>a6pHKaTa H TeruIOMacconepeHOC qacTHIWMH BJiam, Ha­
)(()~Slm;eiic.s1 B BOJIOKHax wm ,zi:onoJIRHTeJihHO Bse.zi:euttoii. B&1we­

Y Ka3aHHhiii cnoco6 Harpesa noJiylJ>a6p11KaTa o6yCJIOBJIHBaeT, B 
IH'PBYIO 011epe,zi:1>, HarpeB BOJIOKOH, H3XOASIID;HXCSI Ha nosepXHO­
l TH TKaHeii, H, B IlOCJieJJ;HIOIO 011epe,zi:h, KJie51, 1ITO npHBOAHT K 
J\l'.CTPYKUHH· 1I3CTH BOJIOKOH H CHHX<eHHIO H3HOCOYCTOH'IHBOCTH. 

l'eMnepaTypHhlH rpaAHeHT · "P<aifH;rtPH----OOOM-.1!.r.t'eeT xapaKTep 
KpHBbIX 1 H 2 (CM. pHC. Il.l)h;;1~ep11qe~.IJ~Me".Hanpoq­
llOCTb CKJieHBaHHSI OK33hlB.3eT HCnoiI:63011ali\uS AillSd(i~eBQA3 BO-

JIOKOH TKaHeif B BblCOK<?~Jia~T:;:~~~oe ~~~~1!~..:a~r!o:.~rnqe-
" ,,. . -_::;.;'; YllHH::pci-
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Puc. II.I. PacnpeJJ;eJieHHe TeMnepatyp&1 no CJIOHM cKJJeueaeMLIX ~eTaneM: o,ne:>K 
~bl: 

1 - KOHraKrnLIM imrpeBOM pa6o'DIMH noeepXHOCTHMH c reMnepa'l}'poH: l 60° C; 
2 - KOHTalmfbIM nal')>eBOM pa6o<rnMH nooopxHOCTSIMH c TCMnepa'l}'poH: 200" C; 
3 - narpeeoM B none TBtJ. 
Bo - TOJil.l.{1ma nonyc2>a6puKaTa. 
BK - TOJll.l.{HHa CJI0$1 KJJCR. 

CKoro napa ,naBJieHHeM 110 0,5 MTia, no,naBaeMoro co CTOpollhi 
JIHI~eBon 11acTu: noJiy$a6pu:KaTa, a JJ;JI.SI nepeBo,na KJie.H B B.S13Ko­

TeKy1Jee COCTO.SIHHe - neperpeTOI'O .no 180 ••. 200° c TtXHOJiom­

lJeCKoro napa, no,naBaeMoro co CTOpc>Hhl KJieeBoii. npoKJiaiurn. 
TaKoii cnoco6 no3BOJI.SleT CHH3HTb TeMDeparypy earpeBa pa-

6o1JHX IlOBepXHOCTeu HHX<Heii no,nymKH AO 110° c H BepxHeii .no 

150° c, COKp3THTb JJ;JIHTeJibHOCTb npeccoBaHH.SI .no 10 c H IlOBbl­
CHTb npolJHOCTb CKJieUB3HH.SI. 

Heco6;no,neHu:e xe peX<HMOB o6pa6onrn npHBopuT K qa­

CTHlJHOii yTpaTe HeKOTOpbIX CBOHCTB TKaHeii H, COOTBeTCTBeH­

HO, K CHHX<eHHIO H3HocoyCTOH1JHBOCTH. 
qaCTHlJHa.SI yTpaTa MeXatlH'IeCKHX CBOHCTB TKaHH B HaCTO.Sl­

~ee BpeM.SI oueHHBaeTC.SI BeJIH'IHHOH yMeHbmeHH.SI HX CTOHKOCTH 
K HCTHp3HHIO H MHOI'OKpaTHOMY H3ooy. Iloxa He onpe,neJieHa 
KoppeJI.SITHBH3.SI 3aBHCHMOCTb Me~y H3HOCOyCTOiilJHBOCTblO TKa­
Heii B npou,ecce 3KCITJiyaTaUHH o,ne)K,AbI H CTOHKOCTb'IO DX K HC­
THP3HHIO H H3m6y. 3To OObSICHSiercsr TeM, 'lTO nOIDJTlfe H3HOCo­
ycTOH'lHBOCTH BKJII01J3CT B ce6H He TOJlhXO cnoco6HorTh MaTepH-
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:11i;1 npoTHBOCTOSlTh KOMilJieKcy MexaimqecKnx: (j)aKTopoe u:3110-

1 ;I, 110 11 u;enoro pSI,Aa <f>n3HKO-x~eCKHX H D,pymx (j)aKTopon, 
'"' •J•cifcTeyrom;nx .Ha Hero B nponecce 3KCWiyaTau;HH OAe~hl. B 
'''''·'" c 3THM npH BblilOJIHeHHH onepau;nif CKJieHBaHH.H D,eTaJieif 
•'lll")l(Ahl u;eJiecoo6pa3HO npHD.ep)KHBaTbCSI npeD.eJihHHX napaMeT-
1'"" o6pa6oTKH, peKoMeH.l(yeMhIX AJI.H BTO. 0D.HaKo 3TO He ecer-
1111 H03MO:>KHO, TaK KaK He o6ecnellHT Tpe6yeMoro KaqecTBa CKJie-
1111.11111.H. 

r l PH 3TOM- HCilOJih30BaHHe KJieeB c TeMnepaTypoii nepexoD,a 
II mr3KOTeKyqee COCTO.HHHe MeHhmeii, lleM TeMnepaTypa D,e­
' ''l'YKU.HH BOJIOKOH TKaHeii, Il03BOJI.HeT CHH3HTh TeDJIOBble pe:>KH­
Mhl npouecca H TeM C3MblM yeemNHTb H3HOCOyCTOffqHBOCTh 
t t).C)f():\bl. 

OnpeD,e.neHHe :>Ke BhlmeyKa3aHHO:H Koppe.llllTHBHoii 3aencu­
MocTH Tpe6yeT cephe3HblX Jia6opaTOpHblX HCCJieJ{oBaHHH H OilhlT­
lll)H HOCKH OD.e~hl H3 TKaHeH, ,WISI KOTOpHX Ha):{O onpeD,eJIHTh 
n.mocoycToifqnBOCTh. KpoMe Toro, TaKHe ncCJieD.oBaHHSI AOJI:>KHH 
11Cp110lJ.HqecKH IlOBTOpSIThC.H npH H3MeHeHHH TpeOOBaHHH K ypoe-
1110 "MopaJihHOI'011 H <f>n3H'leCKOro H3HOCa OD.e~bl. Ilo3TOMY OT 
rmmro noKa3aTeJI.H noKa HaD.o OTKa3aTbCSI. 

B 3Toii CB.H3H D.JI.H ou;eHKH npou.eccoe cKJieneaHH.H D,eTa-
1n·i1: MOX<HO HCilOJih30BaTh <f>opMaJIH30BaHHblH o6o6m;eHHblH 
I( JJHTepHH KalleCTBa: 

K= Ile 
H·to+tJI' 

(II. 7) 

l'J.\C Ile, to H tn HMeIOT npe:x<HHe 3Hat:IeHH.H, H - KOajxj>H-

1~11eHT' yqHTblBaiomHii: HeKOTopyro yTpaTy H3HOCoyCTOHllHBO­

CTH CKJieHBaeMHX TKaHeH. 

BeJIHllHHY H MoX<Ho onpei:i;eJIHTb c noMOll(hlO paHroBoii 
:>KCnepTHOH ou;eHKH c HHTerpaJibH:blM y11eTOM ecex Bhlmeyno­

MSIHYTHX MOMeHTOB. 
3Ha'IeHHe H D.OJIX<HO MeHSITbCSI AJI.H pa3JIH'IHHX BffAOB 

TKaHeif, OD.e~bl H onepau.HH H He AOJIX<HO 6h1Th MeHhme 
CD.HHHIJ.bl. 

,ll,JUI ou;eHKH Ka'IeCTBa npou;eccoB CKJieHBaHHSI D,eTaJieif 
OAe~bl MOX<HO nepeiiTH K OD.HOJ>OAHblM 'IaCTHhIM noKa3aTe­
Jl.HM. 3aMeHSI.H Ile Ha h, onpe,D;eJI.HeM cl>YHKU.HIO t-r=f(Ilc). . 

TaKHM o6pa30M, AJI.H ou.emrn npou.eccoe cKJieneaHHSI D.e­
TaJieif OAe~bl MOX<HO peKOMeHAOB3Th CJiei:i;yromnii o6o6m;eH­
HblH KPHTepHH Ka11ecTBa: 

K- tT 
- H ·to + t JI ' <II.S> 

TeXH01I<nfllecKOe BpeMjl roJEfunrn, OOeaICllHBaJOII.\CC 

Tpe6yeMOe Ka'IeCTBO CKJieHBaHHSI. 
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11 3,nech, KaK H B <l>opMyJie (11.2). MaKCHMaJibHOe 3Ha· 
qeHHe noKa3aTCJISI 6y,neT paBHO f+\HHHu;e, TaK KaK to ;:::. 1, 
lfJIH to < h HeB03MO:>KHO 6e3 yxy.nmeHHSI Ka1.1eCTBa KJieeBoro 
COeAHHeHHSI (npH nOBblllleHHH Tpe6osaHHii K npo'IHOCTH KJIC• 
eBOl'O coe,n;HHeHHSI 6y,neT yBeJIH1.IHBaThCSI h H to), a npe,neJlbool 
Hoe 3Ha'IeHHe no-npe:>KHeMY 6y,neT h. 

Dpe.nno:>KeHHblH o6o6m;eHHblii KpHTepuii Ka1.1ecrBa c}JH3H·I 
'ICCKH OJ:{HOpo,neH, H ero OAHHaKOBble BCJIH1.IHHbl BCer.na 6y,nyTI 
onpe.neJISITb a,neKBaTHble no Ka'IecTBy TCXHOJIOI'H1.ICCKHe npo­
u;eccbl CKJICHBaHHSI AeTaJieii o,neX<,Abl. 

PaccMoTpHM e Ka1.1ecTBe npHMepa onepau;mo .ny6.11HpoBa-1 
HHSI nono'IKH MY:>KCKoro ttH,n:>KaKa no pe:>KHMaM, peKoMeimo­
BaHHblM B pa6oTe [S ]. Tpe6yeMoe Ka1.1ecTBO cKJieHBaHIBl. 
noJiy'IaCTCSI 3a to=l2 c H tn=3 c. 

TiocKOJibKY CKJieHBaHHe ,neTa.neif nono1.1Ku MY:>KCKoro nH,n­
:x<aKa 3a yKa3aHHOe BpeMSI o6pa6oTKH npHHIDu KaK Tpe6ye- 1 

MblH TeXHOJlOI'H1.lecKHH 3<l>¢eKT (B ,naHHOM CJ1y1.1ae MO)ICH() 
omTaTh to=tT), Ko3<fxt>uu;ueHT H, onpe,n;eJieHHblii nocpe;:i:cT­
BOM 3KCnepTHOH ou;eHKH, COCTaBHJI 1, 1, TO KpHTepHH Ka'Ie­
CTBa npou;ecca CnO 

tn 
K=--­

H·to+tn 

12 = 0, 74 
1, 1-12 + 3 

HapSIJly c BhlmepaccMoTpeHHblM nepcneKTHBHhlM nyTeM, 
u 

n03BOJISllOIUHM nOBhlCHTb H3HOCOYCTOH1.IHBOCTb H IlpO'IHOCTb 
KJieeBoro COC]J;HHCHHSI TKaHeii H3BCCTHhIMH KJICSIMH, SIBJISICTCR 
CKJICHBaHHe ,neTa.neu o,ne)l(JJ;hl B noJie TOKOB BHCOKOH 'I3CT0Thl 
<TBq) [6 ]. .. 

TBq o6ecne1.1HBaCT :>KeJiaTeJlbHhlii AJIR cKJieHBaHHSI TeM­
nepaTypHbiii rpa.zi:HeHT no TOJIIIJ,HHe nony<f>a6pHKaTa. TipH Ha­
rpeBe noJiy<f>a6pHKaTa TBq pacceHBaaue MOl1'ffOCTH H reHe­
pau;HH TenJia B e]J;HHHu;e OOl>eMa KJICSI OOJihme, u Of!: HMeeT 
Bblme TeMnepaTypy' 1.ICM TK3Hb. 

XapaKTep KpHso:H 3 (cM. puc. 11. l) noKa3blBaeT TeMne­
paTypHhl:H rpa.zi:ueHT nony<f>a6pHKaTa npH CKJICHB3HHH B none 
TBq. TeMneparypa KJICSI .zi:ocTHraeT 200° C, a TeMnepaTypa 
TKaHH - 100° c. TipHl.leM TeMnepaTypa Blllme BO BHYTPCH­
HHX CJIORX, HaXOJ:{Rm;HXCSI 6JIH:>Ke K KJieIO, OT KOTOporo OHa 
.nonoJIHHTCJihHO noJiyqaeT. TenJio KOHTaKTHblM nyTeM. TaxuM 
o6pa3oM, noJiyqaeMblii TeMneparypHhl:H rpa.zi:ueHT noJiy<f>a6pu­
KaTa npu cKJieHBaHHH B noJie TBq o6ecne'IHBaeT npo1:1Hoe 
CKJieHBaHHe npH coxpaHeHHH <f>H3HKO-MexaHHl.leCKHX CBOHCTB 
TK3HH. Tipu 3TOM rapaHTHpyeTCSI npo'IHOe CKJICHB3HHe no 
BCeii COC.D.:HHSICMOH rumm;a;:i:H ('ITO He o6ecne'IHBaeTCR H HC 
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llllllJ(.U"fC.sl KOHTpoJIIO npH KOHTaKTHOM cnoco6e CKJieHBaHlUI 

'If ••• lll'H OAeJK,IJ,bl H BBJI.sleTCil OAHHM H3 CyJ1'eCTBeHHhlX HeJ(O-. 

' fill HlB KJieeBhlX coeJJ;HHeHHH). fhaK, AJI.SI 01.('eHKH KalleCTBa 

1 • 111·amaHHS1 AeTaJieii OAe)KAhI B noJie TBq peKOMeH)J;yeTcx 

1A111fol~CHHhlH IlOKa3aTeJib 

Ile 
KTBq=---

to +tn to 
(II.9) 

l'aK KaK np11 cKJieHBaHHH B noJie TBq Jiacoo6pa3oeaH11S1. 

JW II pOHCXOAHT' TO cl>aKTOp tn B OKOHllaTeJibHOM BH,ZJ;e cl>op­
M Y Jllil OTCYTCTByeT. 

'faMeHHB Ile Ha h, o6o61.I{eHHhlH IlOKa3aTeJib KalJeCTea: 

11pnMCT BH.ZJ;: 

h Krnq=-
to 

(11.10) 

11 PH 3TOM CJieAyeT OTMeTHTb, I.ITO npH HarpeBe B IlOJie 

1 B'I npol.(ecchl CKJieHBaHHSI AeTaJieif OAe)KAhl npoH3BOAHTeJih-

111·l' " AalOT 6oJiee npol.IHOe COeAHHeHHe, KpHTepn:H: Kal.JeCTBa 

.1rn THI'3CT 1. 
11cnOJib30BaHHe o6o61.I{CHHhlX ¢H3H11CCKH OAHOpOJJ;HhlX 
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CHCTEMHhlA IlOAXOA IlPlf C03,D;AHlflf 
OBOPYAOBAHIUI A.JUI BTO If Ero PABoqu:x 

. OPrAHOB 

Cym;ecTey10m;ue KOHcrpyKn;H:u o6opyJI.oBaHuSI JI.JI.SI BTO u 

ero pa6oqux opraHOB xapaKTep:u3yIOTCSI OOJihmHM pa3Hoo6pa-

3HCM. TaKoe COCTOSIHHe o6hSICHSieTCSI MHOroo6pa3:ueM BblilOJI­

HSICMblX HMH TCXHOJIOm1.1eCKHX ¢YHKD;HH H OTCYTCTBHCM Ha­

yqHo-o6ocHOB3HHOl'O IlOAXOJI.3 K onpeJJ.eJieHHIO HX THilOB JJ.JISI 

Tex HJIH HHblX onepa.n;HH, a T3K:>Ke MeTOJI.HqeCKHX peKOMCH­

JI.3.U:HH no onpeJJ.eJieHHIO ux napaMerpoe. 

B 3TOH ceSI3H ajxpeKTHBHhlM SIBJISieTcSI np11MeHeHHe ¢op­

MaJI:n3oeaHHoro npueMa 3HaJiu3a, CBOJI.SIIIlCI'OCSI K napaMerp:u­

qecKoMy 3H3JIH3Y. 

OcHOBHhIM MeTOJI.OJiomqecKHM npueMoM npu T3KOM aHa­

JIH3e SIBJISleTCSI CHCTeMHhlH IlOJI.XOJI., OCHOBhIB310lll;HHCSI Ha CJie­

AYIOID;HX npHHn;:unax [l, 2, 3 ]: 
- D;eJIOCTHOCTb H3yq3CMOH CHCTCMbl H ee eJJ.HHCTBO co 

cpeJI.o.H:; 

- HanpaBJICHHaSI ynopMoqeHHOCTb CHCTeMbl, cnoco6CTBy­

IOID;aSI ee coeepmeHcTBoeaHHIO; 

- 33MKHYTOCTb CHCTeMHOl'O HCCJieJJ.OB3HHSI 33 c1.1eT o6paT­

HOH CBSl3H, OCHOB3HHOH Ha nOCJieJI.OB3TeJibHOM YTOqHeHHH H 

nepe¢opMy11upoeKe 33JI.3q. 

IlepehIM 3TailOM CHCTeMHOl'O IlOJI.XOJI.3 SIBJISieTCSI Ka•1eCT­

BeHHhIH 3HaJIH3 o6J,eKT3, n;eJib KOToporo - ycraHOBJieHue 

IlOJI.CHCTeM H HX n;eJieBhIX ¢YHKIJ,HH. 

AHaJIH3 Tpe6osaHHil K o6beKzy B UeJIOM :u l(eJieBhIX cl>YHK-, 
UHM IlOJI.CHCTeM JI.aeT B03MO:>KHOCTb OilpeJI.eJIHTb H CBeCTH B 

T36n:uuy c:ucreMy napaMeTpoB. ConocTaBJieH:ue c:ucreMbl na­

paMeTpoe c TexHonomt1eCKHMH TpeOOeaHHSIMH BTO no3eOJISI-
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1 • Vl ra1meHTh noACHCTeMy, ehlnOJIHS110m;y10 OOJihmHHCTeo :u;e­

'' "'" ~ <l>YHKD;HH B paccMaTJ)HBaeMOM OO&eKTe, H BhlSIBHTb 
... t•U-l l'HCHHO HOBhle TJ>eOOBaHHSI. 

ll •~IHMOCBSl3b :u;eJieBhlX <l>YHKD;HH IlOJl.CHCTeM, HX napaMeT-

1''" 11 -rpe6oe~HHSI o6yCJIOBJIHBalOT HeOOXOAHMOCTb COOTBeTCT­

Jl\'11111,HX UCCJieAoBaHHH, HanpaBJieHHhlX Ha pemeHHe 3ari;a1rn: 

, i4"'1n m·11CHHS1 rexHoJiom11ecKHX napaMeTpoB BTO. 
,,, .. UOJIHeHHblH Ka1leCTeeHHbIH aHaJIH3 Il03BOJISieT npeJVIO­

• u 11. CTPYKTYPHYIO cxeM}' CJieAy10m;ero KOJIH11ecTeeHHOro 

•' 1111;1 pa3pa6oTKH 00&eKT3. B COOTBeTCTBHH co CTPYKTYPHOii 
1 lll'MOH Ha ero nepBOM 3Tane ycraHaBJIHBalOTCSI 1lHCJIOBhle 

11111'1l'HHSI TeXHHlleCKHX napaMerpoe, Tpe6yeMblX AJI.SI KOHCT­

I'\ 11 ropcKOH pa3pa00TKH MaKeTa. 

11 a CJieAy10m;eM 3Tane npoeoA.HTCSI SKCnepuMeJITaJihHhie 

•H l JICAOB3HHSI Ha MaKeTe. • 

I I pH 3TOM pema10TCS1 CJieAy10m;ue 11aCTHhle 3aJJ;a1lH: 

- HCCJieAoBaHHe cjJaKTOpoe npo:u;ecca BTO, onpen;eJISII0-

11111 x KOHCTPYKTHBHhie napaMeTphl noACHCTeM; 

~ onTHMH3aQHSI KOHCTPYKTHBHhIX 3JieMeirroB noACHCTeM; 

- YCT3HOBJiem1e OilTHMaJibHhlX napaMeTpoB SKCnJiyaTa-

111111 otTheKTa. 

H Ka11ecTee npHMepoe paccMoTpHM napaMerpH11ecKHii 

1111.1Jrn3 ycTpoiicTBa rou1 OKOH'llaTeJibHoii BTO M}'.)f{CKHx nHJJ;­

• oll<OB (4] H noKphlTHH HH.)f{HHX IlOJl.ymeK rJl3J{HJlbHhlX npec-

1 011 (5 ]. 
, fipuMep 1. 

Aml.1lH3 OTe11ecTeeHHoro H 3apy6e.)f{Horo o6oPYAOB3HHSI 
/t.11 \I OKOH113TeJibHOH BTO M}'.)f{CKHX IlffA.)f{3KOB IlOK33aJI, 1lTO 

0611..~eii T~~eHQHeii B ero coeepmeHCTBOB3HHH SIBJISieTCSI 

' Tl)CMJieHHe K KOH:o;eHTpal(HH Bcex onepa:u;Hif B O)l;HOH e;:i;H-

1111 u,e o6opyAOB3HlfSI. 

B pa60Te (6] .noKa3aHo, 1lTO o;:i;HHM H3 nepcneKTHBHhlX 

11y-reii pemeHHSI T3KOH 3a;:i;allH SIBJISleTCSI C03JJ;aHHe o6opyAO­

li.ll,IHSI Ha 6a3e MaHeKeHHOl'O ycTpoHCTBa KOM6HHHpoBaHHOl'O 

rn na · C .)f{eCTKHMH H 3JiaCTH1lHhlMH yqaCTKaMH pa6011eii IlO­

nrpXHOcTH. MaHeKeHHoe ycTpoiicTBo KOM6HHHpoeaHHOro THna 

''l(Yi.e;:i;HHSieT npem.tym;eCTBa yc1'pOiiCTB c 3JI3CTHllHOH H .)f{ecTKOH 

',fio1101.1KaM11~ B co11eTaHHH c rJiaJJ;HJil>HhlMH noAymKaMH 'oeo 

,,ficcne1111sae'-r Kal.J:eCTBeHHoe npoeeAeH11e 0KoH11aTeJibHoii BTO 
nccro AHana3oHa, pa3MepoB, pocTOB H IlOJIHOT H3AeJIHH Ha 

""Hoii MaII,I~e. )l(ecTKHe y11acTKH o6oJ1011KH TaKHX ycT­

powcTB SJ.BJIS119TCSI onopHOH noBepXHOCTblO H o6ecne1lHB3IOT 

rpc6yeMy10 opHeHTal(HIO H3AeJIHSI e npo:u;ecce o6pa60TKH. 
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3JiaCTH'IHhle y'laCTKH nOA 803.ZJ;eHCTBHeM napoB03.ZJ;~WHOT\\ 
Hanopa pa3.z:i;ysa10TCS1, pacnpaBJISISI H3.ZJ;eJIHe AJISI o6pa6onrn. 
IlpH 3TOM oOOJIO'IKa HacTpaHB3eTCSI Ha 3a,a:aHHhlH pa3Mep. 
Ha.n:H11He .)KeCTKOH onopHoii nosepxHOCTH n0380JISieT OAH08pc· 
MeHHO HCnOJih3083Tb I'Jl3.ll:HJibHhle no.n:ymKH AJISI npecC083HHW 
80poTHHKa, Jial(KaH08, OKaT08 H pyKa80B mBeHHhlX H3.ZJ;eJIHM. 

Ha OCH08e .KJiaccH<l>HKaUHOHHoro aHanHaa naTeHTHhlX H 
JIHTepaTypHhlX HCT0qJIHK08 ycraHOBJieHa crpyKTypHaSI cxeMil 
o6heKTa, 8.KJII01.I310ill;3SI CJie.ZJ;ylOm;He no,n:CHCTeMbl: 

- MaHeKeH, co,n:ep.)Kam;H:H .)KCCTKYIO onopHYJO o6oJ101.JKy, 
ee noKphITHe H anaCTHl.IHYIO CHJI08YIO oOOJIO'IKy; 

rnan;HJihHaSI noAymKa; 
noKphITHe rJia,n:HJlbHOH no,AymKH; 
Ka.n:opm}>epH~ ycrpoiicr8o; 
nHeBMonpH80lG 
6JIOK ynpaBJieHHSI; 
o6pa6aTN8aeMoe H3JJ:eJIHe. 1 

Bhl)J;eJieHHhle noJJ;CHcreMhl 8hlITOJIHSIIOT CJie,n:yrom;He OCHOB­
Hhle ueneBhle <l>YHK:Q.HH: 

:>KeCTK3SI onopHaSI o6oJIO'IKa MaHeKeHa o6ecne'IH83CT 
OpHeHT3:Q,HlO H3AeJIHH pa3JiH'IHhlX pa3Mepo8 H <t>acOH08, npo­
xo~eHHe Tpe6yeMoro KOJIH'leCTB3 napa H 803.ZJ;yxa aa ycra­
H08JieHHoe BpeMSI, C03ll.aeT sa,a:aHHoe yCHJIHe npecco8aHHSI, 

1

1 

npeJJ;OTBpam;aeT KOHJJ:eHcaToo6pa3o8aHHe npH npoxo~eHHH 
11epea Hee napa; 

nOKpblTHe :>KecTKOH onopHOH o6oJIO'IKH o6ecne'IH83CT pe~ 
cynHpo8KY nJie1.Je80I'O AH3MeTpa oOOJIOl.JKH, TpaHCnopTHpo8KY 
Tpe6yeMoro KOJIH'ICCTBa napa H 803JJ:yxa 33 ycraHOBJieHHOC. 
8peMSI, pa8HOMepHo pacnpe11.eJIS1eT nap, 803Jzyx H MexaHH'le- 1 

CKOe A3BJleHHe no no8epXHOCTH o6pa6oTKH, npeAOTBpall\3CT 
H3KOilJleHHe KOH,a:eHcaTa; 

3JiaCTH'IH3SI CHJIOB3SI o6oJIO'IK3 npHJJ;aeT. ofu.eMHyio <l>op-11 

My KapKacy H3AeJIHH, o6ecne'IH8aeT npoxoXQ:(~HHe Tpe6yeMo­
ro KOJIH'ICCT8a napa H 803Ayxa no 8Ce:H no8epxHOCTH sa yc-1· 
TaHoeJieHHoe 8peMSI, co3,AaeT aan;aHHoe yCHJIHe <l>opMoeaHHSI, 
npe1J.OT8p3ll\3eT H3KOnJieHHe KOH,a:eHCaTa; 

r JI3,ll,HJihHaB no.nymKa <l>opMyeT onopnyIO no8epxHOCTb 
H3AeJIHSI, o6ecne•rn8aeT npoxo~eHHe Tpe6yeMoro KOJIH'leCT8a 
napa H 803.ZJ;yxa CK803b pa6oqy10 no8epxHOCTb 3a ycraHo8-
JieHHoe apeMSI, nepeii:aeT aa,n:aHHoe A38JICHHe <t)opMo8aHHSI, 
npe,AOT8pam;aeT KOHJJ:CHCaToo6pa3083HHe npH npoxo~eHHH 
1.1epe3 Hee napa; 
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llOKpblTHe rJJa,lJ,HJJbHOH fiO.lJ.YUIKH o6ecnelIHBaeT npoxo)l{-
1~ ••Ill' Tpe6yeMoro KOJIHqeCTea napa H B03'AyXa 33 ycTaHOB­
l•'llllOC speMH, paeHoMepHoe pacnpeAeJieHHe HX no pa6oqcii 

111uwpxHOCTH, npe.z:i;oTe~aeT nac<'o6pa3oeaHHe H HaKoIDie-
1111r Koff.ll:eHcaTa; 

KaJIOPH<l>epttoe ycTpOHCTBO HarpeeaeT H noAaeT Tpe6ye­
J.111t' Kon11qeCTeo B03Ayxa e o6oJIOlJKy, C03Aaer yCHJIHe <l>op­
~11111;11nrn; 

I meBMOilPHBO,lJ, nepeMem.aeT rna.ZJ;Rlll>HYIO IlOAymKy B 30-
11 r 11pcccoeam1'H H C03'AaeT ycrume npeccoeaum1; 

6noK ynpaBJJeHHSI o6ecnequeaer ehlllOJIHeHHe TeXHOJIOl'H­
'll"L Koro npou,ecca e Tpe6yeMo:H noCJiep;oeaTeJibHOCTH H Toq-
1111l l'H. 

HbmOJIHeHHe OCHOBHhIX u,e.neehlx cl>yHKU.lrii eceMH IlOACH-
1 I rMaMR OtTheKTa AOJI)KHO o6ecne'lHBaTb KaqecrBeHJIYJO BTO -
llPl1A3Hlfe H3JJ:eJIHIO TOeapHoro BH]J;a. 

Attan:H3 u,e.neehIX cl>YHKU.HH pa6oqffx opraime nooeoJIRer 
II lll'JJ.CT3BHTb CHCTeMJ napaMerpoe B BH]J;e o6m.e:H <t>opMhl 
llllaJIH33 OObeKTa, cee.z:i;eHHylO B Ta6JI 111.1. 

ConocTaeJieHHe AaHHhIX Ta6n 111.1 c TeXHOJIOl'HlJeCKHMH 
qw6oeaHH9MH 0KoHqaTeJI1>Ho:U BTO (7,8] noKa3hleaeT, 11To 
flOJI bWHHCTBO u.e.neehIX cl>YHKU.HH B paccMaTpHBaeMOM OOlieK­
,.. BbIIlOJIHSleT MaHeKeHHOe ycTpoHCTBO, B.KJllOlJalOill.ee CHJI0-
11 y t0 3JiaCUfllffyH> H onoJ>Hyio .>K:eCTKYIO OOoJioqKH MaHeKeHa 
l noKphITHeM. TaKo:U THn pa6011ero opraHa o6ycJIOBIDI ycra-
11nBJI~HHe Ka11eCTBeHHO HOBhIX Tpe6oeaHuii: 

<l>opMa onopHOH OOoJIOllKH AOJI.>K:Ha 6b1Tb pecy;mpyeMOH H 
ll<ICTpaHB3TbCSI Ha COOTBeTCTBYIOIIzy'IO <t>opMy onopHOH noeep­
X HOCTH My.>t<:CKHX nHJt:.>K:3KOB 44-54 pa3MepoB, a <t>opMa 3JJa­
lTH"IHOH OOoJI011KH - <t>opMe KapKaca IIHJt:.>K:aKa; 

onopHaSI o60JI011Ka AOJI.>K:Ha HMer1> noKpI>ITHe, o6ecne11u­
naiom.ee Heo6xoii;11Myio napoeo3JJ;yxonpoHHu;aeMOCTh, paBHO­
MCpHoe pacnpe.ne.neHHe pa60lJHX cpe.n H MexaHHlJCCKOro A3B­
JICHHSI no o6pa6aThIBaeMOH noBepXHOCTH, coxpaHeHHe peJihe­
•l>a o6pa6aThleaeMOH TK3HH, napocTOHKOCTb, MHHHMaJlbHylO 
nfrpocKOnHlJHOCTb H COOTeeTCTBYIOill.YIO MeXaHHllecKylO npo11-
llOCTb ero MaTepHana npH IJ;H.KJIH11eCKOM Harpy.>t<:eHHH. 

3JiaCTHllHaSI CHJIOB3SI OOoJI011Ka AOJI.>K:Ha 6.hlTb H3I'OTOBJie-
11a H3 MaTepHana, YAOBJierBopsnom;ero Tpe6oeaHHS1M: 

napo- · H eos.nyxonpoHuu;aeMOCTh, JJ;OCTaTollHaR AJIR noJJ;a­
•m HeOOXOJJ;HMOl'O KOJIH1:1eCTB3 pa6011HX cpe.z:i; K H3,AeJIHIO H 
o6ecnelJHB310lll.aSI HeOOXOAHMOe yeeJIHlJeHHe OOlieMa KaMepbl 
o6oJIOlJKH; 
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06maB cJ>opMa 

HaMMeHoBaHMe 
I IloJlCHCTeMa 

o~eI<Ta . 
Ilpecc I<OM6HHH- «:>KecT1<a11 onopHa11 
posaHHbIH JJ;JHI o6ono'IKa MaHeI<eHa» IlapaMelpbI 

OI<OH'iaTeJibHOH 2 

BTO MY>KCI<HX 
UerreBoe Ha.3Ha<:1eHHe 

flHWKaICOB 

<t>opMyJIHpOBI<a 06ecne'IHTh opneHTa- 06'beMHaH l)>opr.iao6o-
i..ierresoro Ha3Ha- un10 H3JJ;em-1i1 pa.JJIH'i- JIO'IKH 
'ieHHSI HI.IX pa3Mep0B H !)>op-

3 Mbl. <&> 
):{HanaJoH perynupo-:s: 

:i: 
<&> BOI< nne<:1esoro Alila-:r 
1111 Melpa :z: 
~ 
:z: 

OpueHTauusr H3- <&> 06ecne<:1HTh npoxo>K- <t>opMa H pa3MepLI OT-
0 JleJIHjl 3a,l(aHHO- r:D µ:eHHeTpe6yeMoro1<0- sepCTHi1. war nep4Jo-gi ropa3MepaB pac-
~ JIH'iecrBa nap a H B03- pallHM o6oJJO'IKM 

npasneHHOM 
>< ll)'Xa 3a yC'I'aHOBJieH-

BH,UeHapa6o'leM :s: Hoe speM11 
opraHe npecca :s: 

:£ Ha nepuon o6pa- t 6onm; 3R38JlaH- :s: 
HhIH npoMe:>Ky- l:!i 

0 
TOKBpeMeHH:Ha- t:: 

rpeB H nnacm- <&> 
:s: 

cl>nKallHH Bono-
:i: 
1111 
r:D 

KOH TKaHH H3JI.e- 4 0 
:i: Co3naTb 3aAaHHoe Be.rru<:1HHacH1Ih1peax-

.llHH, cl>opMHpO- <&> 
:ii ycurrue npeccosaHHSI UHH 

B aHHe H3AeJIHSI' :s: 
1111 

cywxa H cra6u- ::r: 
JIH3allH11 nony-
'!eHHOH l)>opMbl 

; 

IlpeJJ;OTBpaTHTb I<OH- TeMnepaTypa HarpeBa 

AeHcaToo6pa:ioBauue o60JIO'iKH 

IlpH npOXO>KJI.eHHH 
PaBHOMepHOCTb Harpe-napa CI<B03b o6onoq-

I<y Ba 
I 

MoUUJOCTbHarpeBa-re-
IDI 
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Ta6mma Ul.1. 

'""' 11<TeMa CTOllCHCTeMa -

I l••1(pt>rrHe)l(ecnmiionop- 3JiacIH'IHrul CHJIO· 
BWI o60JIO'IlCa Ma- CTapaMtnphI ,,,,., o6oJio'iKH MaHeKe.Ha IlapaMerphI HeKeHa 

I lr111'11oe Ha3Ha'ieHHe UeneBoe Ha3Ha-

'ieHHe 

,, ,, (;t te'iHTh perynttpOBKY KoHCTpyI<- flpHJlRTh 06li- 06ceMHaflcliop-
I lll"'WllllrO .[ijiaMerpa 060- THBHOe ocl>op- eMHYIO cl>opMy Ma o6oJIO'iKH 
lt1'IKl1 MneHHe nne- CTaHy·H3JleJIHfl 

qeBhIX qacreii j.J;Hana30H pery-
nOICphITH)I nHpOBOK onpe-

neMIOWHX pa3-
MepOB 

\ l\1e<·ne'iHTh npoxo)l()le- flaponpOHH- 06ecne'iKTh CTaponpoHH-
1uu• 1pe6yeMoro 1\0JIH'iec- 1..1aeMOCTh npOXO>K)leHHe l..{8eMOCThM8Te· 
11U1 napa H B03il)'X.a .3a noI<phITH)I "Ipe6yeMoro 1<0- pHana o6onoq-
.VI UUIOBJleHHoe BpeMfl JIH'iecrsa napa l(H 

Bmnyxonpo- H B03Ayxa no 
HHLtaeMOCTh BCeM noBep-

P;111HoMepHo pacnpe.ne- noKphITHfl XHOCTH 38 yCTa- Bo3nyxonpo-
1m rh nap H B03il)'X no HOBJieHHOe Bpe-

HHl..{a~MOCTh 

pa6oqefi ITOBepXHOCTH 
<I>opMhl 11 pas- M)I 

MaTepHaJia Mepbl OTBepc-
THH, mar nep- o6ono•ncH 
cliopa1..tHH noK-
IPhITHfl 

l'HnHOMepHo pacnpene- :>KecTKOCTh Co3AaTh 3a- :>Kec:rxocTh Ma-

11111L naBJieHHe no o6pa- MaTepHana )laHHOe yc11.m1e Tep Hana 

trn JhJBaeMoiinosepxHoc- noxpi.rrHfl cliopMOBaHJUI 

IH 
Bo3i:tyxonpo-TonwHHa 
HH1..taeMOCTh 

noKpLITHfl MaTepHaJia 060-
JIO'il<H 

TennonpoBon-
rHApO<}lo6-11 peJJ.OTBpaTHTh Ha.Kon- HOCTb H Ter1JIO- Ilpe.n;OTBpaTHTh 

11f'HHe KOHJleHcara eMKOCTh MaTe-
HaxonneHHe HOCTh M8TepH-

pHana noxpi.1- ana o6ono'IKH 
TIU! xo:H,neHcaTa 

.. 
rHApo¢o6-

HOCTh MaTepH-

a11a noKphITHfl 
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1 Ilo.ncucreMa Ilo.JJ;cHcreMa 

-
«rna.u.HJILHaR «IT oicp Lime rna-

nOA)'IIIKa» IlapaMerpbI Jl;HJ!bHOH nolJYIIIKH» IlapaMeTpbI 

2 
QeneBoe Ha- ;, Qeneaoe H83Ha'ie-

3Ha'ieHHe HHe 

-
<l>opMOBRHHe <I> op Ma rna-
onopHOH no- ,IJ;HJlbHOH no-

3 
BepXHOCTH BepXHOCTH 
H3,D;e.IIIDI 

a.> :s: 
:i: 
a.> :r 
<ll - :i:: 
f;i 06ecne'iHTb <l>opMaHp83- 06ecne1iHTbllJ>OXO>K- CTaponpo-:i:: 
a.> npoxo:»meHHe MepbI OTBepC· ,:i;eHHe 'I]>e6yeMoro HIU.{aeMOCTb ·o 
rtl Tpe6yeMoro mu, mar nep- icoJiw:1ecma napa H a.> IlOKpbITHH 
5 KOJIH'leCTBa $opaQHH pa- B03.IJYX:a 3R ycraHOB· :::r 
>< napa H B03J:cy- 6o<JeH noBep- JieHHOe BpeMH B03.izyxonpo-:s: 
:s: xa CKB03b pa- XHOCTH HHuaeMOCTb 
;:;; 6oqyronoBep- PasHoMepHo pac- noicpbITHH t :s: XHOCTh 3a ye- npeAeJIHTh nap H 
§: TaHosneHHoe B03A)'X no pa6o-

<l>opMa H p83-
0 Mepbl OTBepc-
t: speM11 <JeH nosepXHOCTH THH, mar nep-a.> 
:s: «l>opaUHH noK-:c 
<ll phITHH 
rtl 
0 

IlpeAOTBpaTHTh :i:: IlepeAaTh 3a- BeJIH'iHHa <l>aKTYPa no-a.> 
;:;; ,:i;aHHoe ,nasne- nacoo6p830BaHHe BepXHOCTH 4 ; nasneHHH 

:r: HHe «l>opMOBa- npH 3a,u.aHHOH Be- nOKpbITIIH 
HHS! nff'iffHe naeneHHSI 

ff BpeMeHH ero TeMm:paTypa 

npi-IJIO)J(eHffH noKpl.ITHSI 

IlpenoTBpa- TeMnepaTypa 
IlpeAOTBpaTffTh rffApocl>o6-Harpeea:meMeH-

THTh KOHlleCa-
HaxonneHffe HOCTJ. MaTe-

Too6pa30Ba-
TOB nonywKH 

KOH,lleHCaTa pRaJJa no1<-
HHe npH npo- PaBHOMep- pl:.ITHSI 
xo)KneHHH HOCTh HarpeBa 

napa CKB03b . 
nOJJ.YIIIKY 

Y ,D;eJihHRSI MOU.{-

HOCTh Harpesa-

TeJISI 
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llpo.n.onJKeHHe Ta6n. 111.1. 

I lo!'CllC· IlOJICHC- Doi.i:cMc- rl OA-
II Mii TeMa ·-

:ii 
TeMa 

T ~II 11i)j)i1-" llHeB- t' 
«lllIOK ruma- IlapaMeT- «UOpa- napaMeT-

•I•· v11oc ye- nap a- MODpH- paT)p1>1 yn- 6aTbIBa-
phi e111oe Hl- pbl 

'1'"11~ BO,[( :;I nJIR TTeHJi.ll» 11enHeo> MeTpbl_ ell 

l{ene-
p.. 

l{enenoe Tpe6o-
I li-11cnoe ell 

soeua- c Ha3Ha'le- BaHHR 
1111· 11 m qe- 3Ha'le- ICa'iee-

HHe 
11111· HHe -ma 

n e - 06ec- HanpR- BMew-

ne'lHTb 
>KeHne f.IHM BHJl P e -
nHTaHllR (OTcyTCT• M ec- BbUJOJI-

TH Tb f.ICHHe BHe ne-
'laCTO-

r n a - 03 TCXMO- Ta TOKa 
lfleKTO B 

,ll;HJib- ~ norn- BHeWf.le-

Hy IO :s: 'IeCKoro ro BH.na) 
I=: <lJ n01pe6-11 oJtaTb CTpOH3- non- :s: DpOlleC· :ii ::r :z: nReMaH 

1pc6ye- BO)J;H· yurny 03 caeTpe- 1:1 MOlU• ~ 0 
MOC KO· TCJib- B 0 6yeMoH ~ HOCTb f.. ca 
llll'ICCTBO HOCTb 30HY 3 nocne-

ArperaT-1:1 
111i-inyxa BeHTHIDI- npec- 0 no ea- HOe CO• 
II 060- co ea- >< TeJJb· CTORHlle noca.11Ka T 0 p a 
110•1Ky (oGi.eM- HHH HOCTH(C napa 

DI Ha 4Jwry-= HblHpac- )J;OCTH· .[laene- =: pe (OT· 

XOll B03· :>KeHHeM HHCB03· ~ cyTCT8Htl 
~ 

nyxa) 3auau- .nyxa B 

fi ne4Je1C· 
H 0 ii Cent TOB no-ca 

c 0 - TO'IHOC· Hanps- >:S: carom) :ii 
3JlaTb TH one- :>Ke Hue :s: 

( '03,llaTb IlOJIHOe paUHH, ~ 
yc11- ca ycHJIHe nasne- KOMaHJJ; lJacTo- 0 

1J1opMo-
JI H e OIS !-< 

HHC,pa3-

~ 
Hpe:>KH- TaTOKa 

npec-
naHHH BHB ae- MOB) .[lasne-COBa· :s: MOeBeH- I:; 

HHH :s: HHenapa HJMepe-THJIHTO- ::r S:! 
~ 

,.Q 
CTeneHb HHfl (no poM 

~ a Haci,111.1e- OCHOB• 
llarpeTb TeMnepa-

p.. >< HHflnapa HblM Mee-0 :ii 
Tpe6ye-

t: ca TaM) Typa Ha- ~ Pacxon 
MOC KO-

rpesaTe-
JIH'ICCTIJO :2 nap a 

OIS 

1103.llYXa 
JIJI = AaeneHHe J:l 

HO 3a- nosep- 803,ZlJxa B 
JlaHHOH XHOCTb l.{lfJlHH,l1}'C 
TCMnepa- TeOJIOOT-

·1ypbl ,[(8'IH HD• Pacxoi:r. 

L 
rpeBaTCIDI eo3,nyxa 
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· Man:asi: mrpocKomr1mocTh, o6ecnetn1:ea10m:a.s cra6HJibHOf I• 
IlOTOKa B03'AYXa CKB03b o6oJI01.JKY B npon;ecce pa60Thl; 

nenrn::H CheM 11 HaJI:eBaH11e H3JI:eJIHSl, a TaK)Ke ero CKOJIJ, 
xceHHe no noBepxHOCTH o6oJI01.JKH npH ee pacIII11peHm1; 

3naCTJNHOCTb, n03BOJISl101ll;a.H o6oJI01.IKe JieI'KO npHHHMa,, 
cj>opMy o6pa6aThIBaeMoro H3JI:eJIHSl; 

npot.1HOCTb MaTep11an:a, AOCT3T01.JH3Sl AJISI o6ecne1.1eem 
3KOHOMH1.leCKH u;enecoo6pa3HOro CpoKa cnyxc6hl. 

113 B3aHMOCBSl3eii: u;eneelilx ¢YHK~H IlOACHCTeM M3H(' 
KeHHoro ycrpoii:crea, 11x napaMeTpoe 11 cc)>opMyJrnpoBaHHbn 
Tpe6oeaHHH B~HO, 1.ITO B nO):l;CHCTeMe "3naCTH1.IH3.H CHJIOBall 
o6oJI01.JK3 MaHeKeHa" napaMerp "B03JI:yxonpoHHIJ;3eMOCTb Ma 
TepHana 06ono1.1K11" onpe'Aen.Her BhITIOJIHeHHe TaKHX 11,,eneehl11 
¢YHKIJ;HH, KaK o6ecne1.1eHHe npoxo.>K,AeHHSl TpooyeMoro KOJUI· 
t.JecTea e03JI:yxa no eceij noeepxHOCTH sa ycraHoeneHHoe epc­
MH H co3naH11e 3a.n;aHHoro YCHJIH.H c)>opMoeaH11si:. YBen111.1eH11t1 
803'AYXOnpoHHIJ;aeMOCTH o6oJI01.JKH n03BOJISlfT HHTeHcH¢HI.J)I• 
po:eaTb npon;ecc BTO sa cqeT yeen11qeHHSl pacxo.na e03JI:yxa. 
HO npH 3TOM MO)Kef He o6ecnet.1HTb AOCT3TOt.IHOro pacmHpe• 
HH.H KaMephl 06ono1.1KH AJISI coo.n;aHHSl ycWIHSI cj>opMoBaHHSI. B 
TO xce epeMsi: crpeMJieH11e HHTeHrn¢11n;HpoeaTh npou;ecc 3a 
c1.1eT yeeJIHtleHHSI npoH3BOAHTeJihHOCTH eeHTHJISlTOpa Moxcer 
ehl3B3Tb 1.1pe3MepHoe yeenH1.1eH11e eo3.n;ymHoro eanopa e Ka­
Mepe 06ono1.1K11 11 TeM caMhIM np11eecr11 K 11cKaxceH1110 cj>op­
MhI H3AeJIHS!. Bee 3TO o6ycnoBJIHBaer HeOOXO.IJ;HMOCTb HCCJie .. , 
):l;OB3HHSI a3po.IJ;HH3MHKH MaHeKeHHOro ycrpoHCTBa c pemee11.JI 
eM 3a.n;a1.111 o6ecne1.1eHHSI TeXHOJIOrHtlecKHX napaMeTpoB. 

c APyroH CTOpoHhl, MyxcCKOH mmxcaK KaK OOl>eKT o6pa1 
. 60TKH xapaKTep11syeTC1l pa3HOCJIOHHOCTb10 H, COOTBeTCTBeHHOt1 

HepaBHOMepHOH napoe03JI:yxonpoe11u;aeMOCTb10 OTAeJihHblX 
y1.1acrKoe. B npou;ecce o6pa6oTKH OH cOCTaen.ser e.n;HHoe u..e­
noe c 06ono1.1Koii:. Pa601.111e cpeii:&1 H3 KaMephl 6yi:i;yT 6onee 
HHTeHCHBHO npoXOAHTb CKB03b yqacnrn c MeHbIIIHM a3poAH­
H3MH1.lfCKHM conpoTHBJieHHeM H HepaBHOMepHO pacnpe.n;e­
JISITbCSI no noBepXHocTH. Ilocne.n;Hee Tpooyer BeeJJ;eH11.H .n;o­
nOJIHHTeJibHOH: IJ;eJieBOH <i>~HH AJI.H 3JI3CTH1.IHOH o6o.no1.IKH -
"paeHoMepeoe pacnpeJI:eJieH11e napa H Bos.n;yxa c y1.1eTOM To­
norpa¢1111 a3po):l;HH3MH1.leCKHX conpoTHBJieHHH y1.1aCTKOB H3Ae­
JIHSI" H npoBeJJ;eHH.H COOTBeTCTBYJO:W:HX HCCJieJI:OB3HHH, Ha­
npaBJieHHhIX Ha H3hICKaHHe nyTeii Bblp3BHHB3HHSI B03JI:YIIIHO­
ro IlOTOKa no o6pa6aThIB3eMoMy H3AeJIH10. 

Bhlrro1rneaa&1:H Kat.1eCTBeHHhlii 3HaJIH3 no3eon.ser npeJI:no­
xcHTh CTPYKTYPHYJO cxeMy (CM. p11c. 111. l) cne.nyrom;ero KO­
n111.1ecTeeHHoro 3Tana pa3pa6oTK11 ManeKeHHoro ycrpoiicTBa 
KOM6HHl:lpoB3HHOro THil3. 
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YcTaHoe11eHMe ~MCilOBbtX 

/ 
3Ha~eHMM napaMeTpOe 

~ MaHeKeHHoro YCTJX>MCTBa 

-

r~n 1pa6oTKa KOHCTPYK4MM Pa3pa6oTKaKOHCTPYK4MM 
lll1:11'fl(0M onopHOM OOOJl<N- 3J18Cn14HOM CMJlOBOM 
l'U MnHeKeHa 06o11o~K111 MaHeKeHa 

' i 
I 1t13pa6oTKa KOHC1J>YK4"1"1 '°13blCK8HMe MaTepi.18118 
I 10Kpbln1fl onopHOM o6ono4Klll 
• -OollO'"IKlll M8HeKeH8 

' ' -

~ 1• t · ne,qoeaHMe naponpcHM- "1ccne,qoeaHMe npo4ecca 
11m·MOCTlll..., paBHOMepHOCTlll 83pO.QMHaM1111..1ecKoro ci>op-
1 •ncnpe,QeneHMR napa no MOBaHlllR TKaHeM 1..1epe3 
I It 1Kpbln110 06o1101..1KY 

' ' nocTP00Hlll0 M8T0M8™'"1ec- nocl'poeHMe M8T0M8n11..!ec-
1<011 MO,QeilM KoM MO,Qen111 

l l 
l1cc11e,qoeaH111e MO.Qe11M '°1CCJ1e,QOB8HMe Mo,qeJlM 

l l 
•c 

OnrnM1113a4111s:i napaMeTJJOB OmMMM3a4111s:i napaMeTPOB 
noKpbln1R npo4ecca 4JopMoeaHMR [ 

--------- ~ 
YcTaHoe11eHMe 3KcnnyaTa41110HHbtX 
napaMeTpoe pa601..1ero op!aHa 
npecca-MaHeKeHHOroycTpoMCTB8 
KoM6111HMpOB8HHoro rnna 

P111c. 111.1. CTpYf<TYpHas:i cxeMa KOilM'"lecTBeHHoro 3Tana pa3pa6oTKM 
MaHeKeHHOrO yCTpo'1CTB8 KOMOOHMpOB8HHOro Tlllna 
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B cooTeeTCTDHH c 3Toii crpyKTypuoU: cxeMoii Ha ero nc11 

BOM 3Tane ycramtBJIHBalOTCSI qJICJIOBhle 3Hal.leHHSI TeXHH1.JC 

CKHX napaMerpoB, Tpe6yeMbIX Jl.JISI pa3pa6oTKH KOHCTPYKl.J,lid 

ycrpoU:CTBa. 

Ha CJie;zyiomeM mane HCCJie.AYeTCSI npou,ecc a3po,ll.HHaM11 

l.leCKOl'O f1>opMOB3HHSI TKaueii Ha pa3pa6oraHHOM MaHeKeHHOM 

ycrpoiicree KOM6HnHpoeauuoro THna. IlpH 3TOM pewaerc" 

PSIJI. qaCTnhlx 3a.n;a q HCCJieJJ.oBaHHSI: 

- a3pOJJ.HHaMHKH MaHeKeHHOl'O ycrpoiicTBa H onpe.n;eJle· 

HHSI OilTHMallbHhlX napaMerpoe pe:>I<HMOB ero paOOThl; 

- pacnpeJJ.eJieaHSI noTOKa pa6ol.IHX cpeJJ. no o6pa6aThlea­

eMoii noeepxHOCTH H H3hlCKaHH.SI nyTeH ero BhlpaeHHB3HHSI. 

0TJJ.eJlbHOH 3a.n;aqeif .SIBJISleTC.SI H3yqeHHe naponpoHHl.J,ae­

MOCTH IlOKphlTHSI JKecTKOH onopuoii o6oJimlKH MaHeKeua H 

paBHOMepHOCTH pacnpeJJ.eJ1eHHS1 napa no noeepxHOCTH, llTO 

Il03BOJIHT onpe,n;eJIHTb OilTHM3JlbHblH eapH3HT ero KOHCTpyK­

D;HH. 

3aKJII01.IHTeJlbHhlH 3Tan pa60Tbl - ycraHOBJieHHe 3KCilJiy-~ 
aTal.J,HOHHhlx napaMerpoe pa601.1ero opraua MaHeKeHuoro ycr­

poU:cTea KOM6HHHpoB3HHOl'O THna, ocHOBHhlMH H3 KOTOpbIX' 

SIBJISllOTCSl npoH3BOJlHTeJlbHOCTb TPYJJ.3 H cpoK CJiyJK6hl OT­

JJ.eJlbHhlX 3JleMeHTOB ycTpoiiCTBa, o6yCJIOBJieHHbIH crapeuue 

HX MaTepHallOB. 

IIpuMep 2. 
c :u;eJlblO BhlSIBJieHHSI TeXHOJIOml.leCKHX <l>YHKD;HH noKpbl­

THH H o6ocuoeaHHSI pa3pa6oTKH HX KOHCTPYKD;HH A.JUI TOH 

wrn HHOii onepan;HH BTO npHMeHHM CHCTeMHhlH non.xoJJ.. 

Ha nepeoM 3Tarre npoBOJJ.HTCSI KaqecTeeuHhlii aHaJIH3 no­

KphlTHSI KaK <l>YHKD;HOHaJibHOH CHCTCMhl. 0CHOBHOH aa.n;aqe u 

TaKoro 3H3JIH33 SIBJISleTCSI BbISIBJieHHe IlOACHCTeM H HX 3Jie­

MCHTOB, a TaKJKe ycraHOBJICHHe n;eJleBbIX <l>YHKD;HH, TO eCTb 
onpe,AeJleHHe CTpyKTYPhl IlOKpbITHSI. 

lfa naTeHTHblX H JIHTepaTypHhlX HCTOqffHKOB ycraHOBJie­

Hhl xapaKTepHhle IlOJJ.CHCTeMbl IlOKPhlTHSI: napopacnpe,AeJIH- i 

TeJlbHaSl, TeilJIOH30JISlD;HOHH3Sl, 3MOPTH3Hpyl0Il(3.SI, Bblp3BHH­

Bal0Il(3Sl H o6TSll'HBalOil(aSI. 

11x n;eJieehlMH <l>YHKD;H.SIMH SIBJISllOTCSl: 
napopacnpeJJ.eJIHTeJ'IbHaSI - pacceHBaTb paeuoMepnblM o6-

JiaKoM crpyH napa, npoxOJJ.Slll(He CKB03b noKphlTHe, no <l>oP­
MyeMoii noeepxHOCTH nony<l>a6pHK3Ta; 

TeITJ1011aon.SI:u;HoHHaS1 - 3aII(Hil(3Tb 3JieMeHThl , noKpbITHSI 

OT 803,AeiicTBHSl BhlCOKHX TeMnepaTyp co CTOpoHhl pa6011eU: 

TIOBepXHOCTH rJia.D;HJibHOH IlOiJ.YIIIKH; 
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aMOpTH3Hpyiomasi - o6ecneqJITb 3a~aHHhle paBHOMCl>­
lllll 'l'h 11 pacttpeAe.neH11e A3BJieH11S1 npeccoBaHHSI no <J>opMyc­
Mllii noeepXHOCTH noJiy<t>a6pHK3Ta; 

Hb~paBHHB3IOII.(3.SI - OKOHq3TeJibHO <J>opMHpoeaTb CTIJIOIII­
illll' 06.JJaKo napa y noBepXHOCTH IlOJiy<t>a6pHK3T3 H 33IU1t-
111.rn. nOJiy<t>a6p11KaT OT npone"llaT&IBaHHSI <t>aKTyphl aneMeH-
11111 noKphITHSI Ha ero noeepXHOCTH; 

06TS1mearo1IlaH - KpenuTb 3JieMeHThl noKphlTHSI K no­
'l Ylll KC H 331IlHIIl3Tb HX OT 3arpH3HeHH51 TeKCTHJibHOH nhIJiblO, 
111m aroM coxpam1S1 aapo.n:11ttaMHqecK11e xapaKTepHCTHKH no-
i.; phi TH SI B IJ,eJIOM. • 

AHaJIHTHlleCKHH 0030P cylileCTByJOIIJ;HX KOHCTpyKIJ,HH no-
1.; ;IJhIBaeT, "llTO MOryT 6hITh T3KHe TIOKphITHSI, B KOTOpbIX 
~ .. DK~OH BbimenepeqJICJieHHOH CHCTeMe COOTBeTCTByeT --OT,n:eJib-
111.IH 3JieMeHT RllH B OAHOM 3JieMeHTe MOryT 6blTb BhUJ;eJieHhl 
m~CKOJibKO no.n:rncreM. K T3KOMY aneMeHTy MO.)KHO OTHeCTH 
ilMOPTH3HpyJOm;HH CJIOH, KOTOphIH MO.)KeT BbIIlOJIHSITb :o;e.neehle 
clJYHKIJ,HH napopacnpeAeJIHTeJibHOH H 3MOPTH3Hpyiom;eH: noA­
ntCTeM H HeCTH OCHOBHYIO <1>YHKIJ,HOHaJibHYJO Harpy3KY no­
K PbITHSI. 

McnoJib30BaH~e TeIIJIOCTOHKoro MaTep11aJia AJISI TaKoro 
'tJICMeHTa Il03BOJIHT HCKJIIOllHTb 113 COCTaea noKphITHSI TeIIJIO­
IUOJISIIJ,HOHHbIH aneMeHT. TaKHM o6pa3oM, CTPYKTypa noKphl­
nrn MO.)KeT 6hITb 3Ha llHTeJibHO ynpom;eHa H <J>opMaJibHO 
nKJiroqaTb e ce6sr TPH 3JieMeHTa: aMOpTH3Hpyiom;11i, Bhlpae­
mrnaiom;11u 11 o6Tsi.)KKy. KoHCTpyKIJ,HSI AaHHoro noKphITHSI 6b1-
;ra npeAJIO.)KeHa e pa6oTe (9 ]. BHeApeHHIO e npaKTHKY npe){­
JJO)f(eHHOro noKphITHSI npe){mecTBOBaJIO npoBe.l(eHHe HCCJieAO­
naHHH, B OCHOBHYJO 3a~aqy KOTOphIX BOIDJIO TOqHoe 
<f>opMyJIHpoBaHu:e KaqeCTBeHHhIX Tpe60BaHHH, npHBeAeHHhIX B 
pa60Tax (10 ... 12 ]. 

K HHM OTHOCSI'J;CSI: 

3a~aHHaH paeHoMepHOCTb pacnpeAeJieHu:.SI A3BJieHu:si no 
yqacrKaM noJiy<J>a6puKaTa npu: npeccoeaHu:u; 

paeHoMepHoe pacnpeAeJieHu:e napa no noeepxHOCTH o6pa-
6aTLIBaeMoro 113.l(eJIHSI npH nporrapu:BaHHH H paBHOMepHhIH 
BaKyyM no noeepxHOCTH noKpbITHSI rrpu: BaKyyMOTCOce; 

OTCYTCTeu:e OTTiellaTKOB peJibecj>HbIX 3JieMeHTOB noKphITHSI 
Ha noJiy<t>a6pu:KaTe e npoqecce npeccoeaHHSI; 

Heo6xo,n:HMaH B03,n:yxonpoHu:IJ,aeMOCTb; 
TenJio- H napoCTOHKOCTb; 
MexaHu:qecKaH npoqHOCTh npu: IJ,HKJIH"llecKOM Harpy.)KeHHH; 
3KOHOMINeCKasr a<t><PeKTHBHOCTb. 
AHaJIH3 Tpe6oeaHHH K noKpbITHSIM u: :o;eneehlx 33A3"ll no-

3BOJIHJI onpe,n:eJIHTb CHCTeMy napaMeTpoB OTAeJibHbIX 3JICMCH­

TOB IlOKphITHSI (Ta6JI. 111.2). 

4- f556 
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T a6mu.la 111.2. 

06Il{aH l)>opMa attaJIH3a DOICpbITH.H 

IlaHMeHOBa- <l> 0 p My Jl H -

uwc o6beKTa posxaueneso­
" II oKp LIT He ro Ha3Haqe-

1m:>1mei1 rna- Hllil 

J.(HJlbHOH no-
A}'lllKH11 

PasHoMepHo pacnpe.nemrri. nap no nosepxHoc­
TH o6pa6anrnaeMoro H3Jierrm1 H o6ecne'lHTJ> 
nonaqy 'Ipe6yeMoro ero xorrwlecraa 3a 38,llaH­
Hoe BpeMH,o6ecneqffTh 3MaHHoe pacnpenerre­
HHe ]laBJieHHfi no yqaCTKaM norrytlia6pHKaTa, 
paBHOMepHO pacnpe,neJIHTL B03JlJlllHbIH llOTOK 
npH BaKYYMOTCOCe H o6ecue'lHTb .Jcfll)leKTHBHOe 
oxna)((,L(eHHe nonycfia6pHKaTa :Ja 3anaHHoe 

BpeMfi 

HaHMeHosairne no)].CHCTeM H HX uerresoe H83Ha'leHHe 

flO.D;CHCTeMa l{eJieBoe Ha- PaBHOMepHoe <l>HJihTPaUHH 3a)l,aHHOe 
"aMopnmqiy- 3HaqeHHe pacnpenene- Tpe6yeMoro pacnpe,µ:ene-
l0ll{Rji11 (MaT) HHe nap a H KOJIH'leCTBa HHe .uasJieHmr 

paBHOMep-
napaHBO'.JA}'- no yqaCTKRM 

Hl:.IH BaKyyM 
xa 3a 3a,11,aH- nonycfia6pH-no nonepxHoc-

TH H3.UeJim1 HOeBpeMfi · KaTa • 

flapaMeTpbl <l>opMaoTBep- IlaponpoHH- JKeCTKOCTb, 

CTHH, mar OT- uaeMOCTb, TOJlWHHa 

BepCTHH. cl>op- so3.n;yxonpo-

Ma BbICTynoe HHUaeMOCTb 

fl,OJlCHCTeM a l{enesoe Ha- PasHOMep- Y C'IpaHeHi-Ie npone'laTb1BaHIDl 
11BbipaBHHBa- 3Ha'leHHe Hajj nepeuaqa cf>aKTyphl HJlH KOHCTJ>YKTHB-
lOll{aji" 

Tpe6yeMoro 
HblX 9JieMeHTOB MaTa Ha H3lle-xonttqecTBa 

napaHB03AY- n11e 

xa 3a 3aJlaH-
Hoe speMH 

flapaMeTpbl DaponpoHH- TonutHHa, peJiaKcaUHOHHhle 
uaeMOCTb, CBOHCTBa 
so3nyxonpo-
HHUaeMOCTb 

flOD;CHCTe11ta Uenesoe tta- CoxpaHeHHe 3autttTa CJIO- <!>ttKCaUHH 

"o6THI'HB810- 3H81,!eHHe a3pO)].HHaMH- es nO:KphITHH naxeTa crroes 

maji" KH nap a H 003- OT 3arpfi3He- Ha HIUKHeH 

.uyumoro no- HHH no.a;ylllKe 

TOK a 

DapaMe-rpb1 flaponpOHH- AHTHanre:m- MexaHtt'lec-
uaeMOCTh, OHHbie CBOH- Kafi , npo-
B031lyxonpo- CTBa 'lHOCTb 
H1'1uaeMOCTb 
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Ilpe.ncTaBJieHHaH B Ta6JI. 111.2 COBOKynHOCTb napaMCTpo11 

11K1110qaeT ece q11CJIOBble xapaKTep11CTHKH, onpe.ncJ1s1t0UJ,nc 

11,l"JJCBble npH3HaKll IlOKPhlTHH, a TaK)Ke Ha3Ha'leHHe cro :MC­

MCHTOB. KpoMe Toro, Heo6xo.n11Mo BblJ{eJillTh eme OJJ.HH na­
pa ML'Tp - TeIIJIOCTOHKOCTh Bcex an:eMeHTOB IlOKPbITHSI, onpc­

JWJJSieMhIH yCJIOBHSIMH pa6oThl " Tpe6oeaHHeM 3KOHOMH1.JeCKOH 

ttl>cl>eKTllBHOCTH. AHan113 noKphITllSI no ccf>OPM}'JIHpoeaHHhlM 

111msHaKaM noKa3aJI, 11To npe,nJiaraeMbI:U Ha6op napaMeTpoe 

ti llJTSleTCSI IlOJIHbIM. 

lfa yKa3aHHhIX napaMeTpoB )J.OCTaTO~IHO rny6oKO H3y1.JeHbl 

nonpochl 01.(eHKll B03JzyXOilpoHHQaeMOCTH H paBHOMepHOCTH 

pacrrpe,neJieHHH B03,nymHOI'O IlOTOKa no noeepXHOCTH noKpbl­

l'IHI. lfMeIOTCSI pa60Tbl no OQeHKe .ne<J>opMa~OHHhIX CBOHCTB 

llOKpblTHH (13 ... 16 ), KOTOpbie y~rnThlBalOT H3MeHeHHe 3THX 

1 noii:cre B npouecce 3KCIIJiyaTauHH. PSlll pa6oT rroceSIIIJ;CH 

I 1;1Jpa60TKe MeTO,n11qecKHX peKoMeH,naI.J,HH rro,n6opa IIOKphITHH 

110 .ne¢opMaQllOHHblM CBOHCTBaM AJIH pa3JIH4HhIX TCXHOJIOrn­

• 1 l"CKHX onepaQHH [17 ]_ 
Ha ocHoeaHHH BhIIlOJIHCHHoro aHan11sa 11 orrp~eJICHHSI 

11l><PeKTHBHOI'O mrra IlOKpblTllSI MO)KHO npe,Q.llO)KllTb crpyK­

rypeyIO cxeMy KOJllll.JCCTBeHHOI'O 3Tana pa3pa6oTK11 noKpblTllSI 

( f>HC. 111.2). 
B COOTBCTCTBHll co CTpyKTYPHOH cxeMOH Ha ncpBOM 3Ta­

llC KOJIHl.JCCTBeHHoro aHan11sa yro1.JHS110TCS1 1.JHCJioehle sHal.Je-

1 m sr napaMeTpOB noKpbITHSI H ero 9JieMCHTOB, Henocpe.nCTBeH-

110 CBH3aHHblX c yCJIOBHHMH 9KCilJlyaTaI.J,HH: TeIIJIOCTOHKOCTb, 

11apo- II B03,nyxonpoHHQaCMOCTb, .n$pMaI.J,HOHHble II penaK­

ra~HOHHbie ceoii:crea, MexaH1111ecKaH rrp0qHoCTb. Ha6op H3Be­

l"THhlX 3Ha4CHllH 9THX rrapaMeTpOB MO)KL'T CJIY)KHTb OCHOBOH 

1qm BH6ope MaTCpHaJIOB 3JICMCHTOB IlOKpblTllSI. 

0T)l.CJlbHOH sa.z:i;a1.1eii HBJISIL'TCSI paspa60T1ca KOHCTpyKl.(HH 

llOKpbITHSI II TCCHO CBSI3aHHaSI c HCH paspa60TKa KOHCTpyK­

•vm aMopTus11pyio~ero 3~'leMCHTa. 

11crroJib30BaHHe pesyJibTaTOB pa60Tbl [ 18 l no KHHeTllKC 

113MCHCHllSI .ne<J>opMa~OHHhIX CBORCTB OCHOBHOI'O 3JICMCHTa 

llOKpbITHSI (MaTa) B npo:u;ecce 3KCIIJiyaTal.(HH Il03BOJillT pac­

C'IHTaTb napaMCTpbl aMopT11311pyio~ero 3JieMeHTa (TOJI~HHY' 
>KCCTKOCTb) C yqeTOM OIITHMaJibHblX yCJIOBHH BblilOJIHCHHSI 

nncpa:u;11:ii BTO. 

SI 



Pa3pa6oTI<a 
KOHCTpyt<4MM 
MBTa 

lll3blCKBHMe 
MaTepL11ana 
MBTa 

YcTBHOBileHMe 
4MCI10BblX 3Ha-
4eHLllH napaMeT­
poe nol<pblTLllH 

lll3blCKBHMe MaTepL11ana 
BblpBBHLllBalOLl.\ero CIIOfl 

lllccneAoBaHMe ,qecpopMB4"10HHblX 
CBOMcTB pa3pa6oTaHHOro MBTa 
e npo4ecce aKcnnyaTa41.1L11 

lll3blCKaHMe 
MaTep1.1ana 
06Ul>KKM 

nocTpOeHl.18 M8Te- Co3,:iaHMe MeTOAMKl.1 
pac4eTa Ae¢opMa41.11.1 
M8Ta Lil yCMI1"1H 
npeccoeaHLl!fl 

MBTL114eCKOH MOAeflLll ·--------

lllccneAoea­
HMe MO,QeilM 

0mMMM3B4Mfl napa­
MeTpoe MaTa 

Pa3pa6oTI<a Tpe6oea­
HMlf1 K napaMeTpaM 
MBTa Ailfl pa311M4HblX 
onepa41.1if1 BTO 

P1.1c. 111.2. CTpyKT)'pHafl cxeMa Kbm14ecTBeHHoro aTana pa3pa60TI<1.1 
noKPblTll1R 
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rJiaBa IV. 

IlOKPbITlUI PA6oq11x OPr AHOB 060PY JJ:OBAHIHI 
JJ:JI.SI BTO 

l. Ha3Ha-ieHHe, OCHOBHbie <l>YHKU.HH H THnbI noKpblTHH 

11cnOJih30BaHHe JJ:JISI BTO npeccoeoro o6opyJJ.oeaHHSI no­

BhlCHJio Tpe6oeaHHe K HepaBHOMepHOCTH pacnpeJJ.eJieHHSI A(lB­

JieHHSI Ha y1.1aCTKaX no11y<l>a6pHK3Ta p33JIH'-IHOH TOJIIIJ;HHbl 11 

o6yCJIOBHJIO np11MeHeHlfe KOMneHcaTopoe - noKpblTHH HJ 

pa3JIH:1.J:HhlX MaTepHaJIOB H TKaHeii, ycraHaBJIHBaeMhlX Ha pa-

60'-.IHX noeepxHOCTSIX no.o:yweK. 

HaH6oJiee t.1acTo HCnOJib30BaJIOCb cepowHHeJJbHoe cyKHO n 
HeCKOJlbKO CJIOCB c 6opTOBOH TKaHbIO. DJ>11 3TOM CYKHO Bbl­

IlOJIHSIJIO <l>YHKU.IUO aMopms11py10mero CJIOSI, a 6opTOB3SI 

TKaHh - OOTSl)J(KH. 

CpoK CJiy)J(6hl T3KHX noKphITHii He 6onee 10 ... 20 .o:Heii, 

npm1eM HH>KHHH npe.o:en cpoKa CJiy)J(6bl xapaKTep113yeT spe­

MSI noTepH >KCJiaTeJibHblX cl>H311KO-MexaHH1.J:eCKHX CBOHCTB 

(yMeHbWaCTCSI TOJIIU.HHa TKaHH, a, CJieJJ:OBaTeJibHO, II ee cno­

COOHOCTb KOMneHc11po:eaTh pa3HOTOJimHHHOCTb noJiycl>a6pHKaTa 

no y1.1acrKaM), a eepxHHH npeJJ.eJI - no1.1T11 nOJIHpe pa3py­

weHHe II 3arpSI3HeHHe MaTepHaJIOB noKphlTHSI. 

CymKa H oXJia~eH11e noJiy<t>a6pHKaia Ha rJiaJJ.HJihHblX 

npeccax )J.JIHTeJibHOe BpCMSI ocym;eCTBJl.suIHCb nocpeJJ,CTBOM 

s:>1<eKTOpttoro oTcoca. BeJIHt.111Ha pa3pe)J(eH11si B KaMepe npH 

3>KCKTOpHOM OTCOCe 6h1Jla HCBCJIHKa, MaJio3C)xt>eKTHBeH 6hlJI H 

TeXHOJIOrH1.lecKHH Pe3YJibTaT OT TaKOI'O OTCOCa. Ilo3TOMy B 

TOT nepHOJJ: He CTaBHJICSI Bonpoc 0 BeJIHl.IHHC . napo- H B03-

Jl.YXOnpoHHIJ,aCMOCTH noKphlTHSI Hll)J(HeH no.o:ymKH rJiaJJ;H.llbHO-

ro npecca. 
. 

B meeiiHOM npoH3BOJJ.CTBe TaKoe noJio)J(eHHe np11BOJJ.HJIO 

K CHH)J(eH1110 Ka1.1ecTBa BTO 11 eeeJJ.eHHIO .o:onoJIHllTCJlbHoii 
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111q1au,HH - CHSITHe Jiac (MeCTHOI'O 6J1ecKa Ha yroJI~Clllll>IX 
'i1U rKax nony¢a6pHKaTa, rne ii.aeJieHHe no.i:1ymeK 6b1JI0 

ljll'.IMCPHO). ·KpoMe TOI'O, npH OTnapHBaHHH ll.JISI CHSITIHI nae 
·1:11 1wrno yTpa'-IHBaJICH H *i>eKT BTO. 

H 50-X ro.zi:ax B WBeHHOH OTpaCJIH DOHBHJICH HOBhlH nm 
"' "' pMTHH HH)KHHX noii.yweK rna.D.H.1IhHhlX npeccos. Y TaKoro 
lll)Jo, pblTHH aM~pTH3HpyIO~H C.1IOH (MaT) npe~CT3BJIHJI co6oJi 
•lllO)KeCTBO npy:>KHH, 3aKJIIOlJeHHhIX MeX<JJ,y nepcf>OpHpoeaH­
lllJM JIHCTOM H MeTaJIJIH'-leCKoii ceTKoii. DOJihmasr ii.e<f>opMa­

mrn npy)l(HH aMopTH3Hpyiomero CJIOH II03BOJIHJia 3HalJHTeJib-

111 I yn}"lmHTh BbipaBHHBaHHe ii.aeneHHH Ha pa3JIH'-1Hhle yqa­

' 1 "'H nony<t>a6pHKaTa. Ka11ecrso BTO ynyqmHJioch. 
1 kllOJib30BaHHe DOKphlTH.H c npy:>KHHHhlM MaTOM 3HalJ:HTeJibHO 

\'l JIOX<HHJIO ero KOHCTpyKUHIO, aMOpTH3HpylO~H CJIOH (MaT) 

1 p1•60B3JI AODOJIHHTeJihHOro .:meMeHTa (BhlpaBHHBaIOmero 
I 110SI.). 

HecMoTp.H Ha BblCOKYIO CTOHMOCTb MaTa H MaJIYIO CTOH-
1\0CTb Marepuanoe ehlpaBHHBaromero cnosr H OOTHX<KH K MHo­

ioK paTHoMy Bo3.zi;eH:crBHIO pa6o'-IHX cpe.D. BTO, TaKoe n0Kpb1-
1m· ycrpaHBaJio WBeHHyro npoMhlWJleHHOCTb Ha A3HHOM 3Ta­
llc' • 

.il,aJihHeH:wee cosepmeHCTBosaHHe npoQecca c QeJihIO 
y;1y4meHHH Ka'-leCTea BTO npHBeJio K ocHameHHIO rna.D.HJih-
111>1x npeccos ycrpoHCTB3MH MR yeJiaX<HeHHR o6pa6aTbrnae­
Moro noJiy<t>a6pHK3Ta napoM H cymKH BaKyyMOTCOCOM. 

Co3.D.3HHe HOBhlX THnoe rnaJJ;WibHhlX npeccoe n0Tpe6osa-
110 pa3paOOTKH COOTBeTCTBJIOmHx DOKpbITHH HHX<HHX IlO,ll:Y­
lllCK. OT HOBhlX noKphlTHH yX<e Tpe6oeaJIOCb He TOJihKO pas-
110MepHoe pacnpe;:i;eJieHHe .zi:asneHH.H Ha }"laCTKH nony<t>a6pH-
1<aTa pa3JIHlIHOH TOJI~HhI, Ho H o6ecne'-leHHe noii.a1m napa 
II pa6011y10 30HY qepe3 HH)l(HIOIO noii.ywKy H OTCOC BJiam qe­
pc3 Hee, a TaKX<e paBHoMepHoe pacnpeii.eJieHHe cpe.ii; no pa­
foqeif noeepXHOCTH. 3ro H3MeHHJIO Tpe6oBaHH.H K MaTepHa-
11aM CJIOeB noKphlTHH, npHeeii;eHHhlX B KatJecrBeHHOH <l>opMe: 

AOCTaTOlIHa.H ynpyrocrb, o6ecnet.IHBaIOma.sI BOCCTaHOB­
JJCHHe nepBOH3'IaJibHOH TOJIIIJ;HHhl IIOKphlTH.H nOCJie npeccosa-

mm; 
He60JibWHe no BeJIH'-IHHe H HapacTaHHIO (HaKoDJie-

11 HIO) BO epeMeHH OCTaTOlJHhie ii.e<i>opMaQHH; 
- xopomasi: C)l(HMaeMOCTb .D:JIH o6ecne'-leHH.sI Tpe6yeMoif 

paBHOMepHOCTH pacnpeii.eJieHHSI ii.aBJieHHSI Ha y11aCTKH 
lfOJiy<t>a6pHKaTa pa3HOH TOJimHHhl; 
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.n:ocraToqHasr TCIIJIOCTOHKOCTh; 

Heo6xon:HMasr na pocroiiKocTb; 

y,n:oeneTeopuTeJibHasr TCIIJionpoeoAHOCTh; 

MHHHM3JlbHaSI rnrpOCKOIJHqHOCTb; 

BblCOKasr napo- H B03JWXOnpOHHIJ,3CMOCTb; 

,n:OJiroseqHOCTh-coxpaHeuue nepeoH3llaJibHhix ceoH:cTH 

HJIH me HC3Hall11TeJibHOe yxyn:meuu:e B TCllCHHC JJ:JIHTCJlbHOfll 

epeMeHH 3KCIIJiyaTaIJ,HH [ 1 ]. 
06ecnellCHHe $pMyJIHPOB3HHbIX Tpc6oeauu:ii, no MHC· 

HHIO 3BTOpa 3TOH pa60Tbl, 803MO)KH0 IIY'fCM npHMCHeHl111 

MHOI'OCJIOHHhlX noKphITHH H3 pa3JIHllHblX M3TepH3JIOB, co.n:ep· 

X<alll.HX CJie.n:yiom.u:e CJIOH: 

napopacnpe,n:eJIHTeJibHhlH, TCIIJIOH30JISllJ,HOHHbIH, 3MOpT11 • 

3HPYIOWHH (MaT)' ehlpaeHHBalOIIJ.HH H o6Tsrrnearom.u:ii. 

B TO X<e epeMsr KOJIHllCCTeo CJioee npHMCHHeMhlx n0Kpb1-

THH p33H006pa3HO H HCIIOJih3YeTCH 6oJiblliOH accopTHMCHl 

M3TepHanOB. 

TipH 3TOM OCHOBHhIM CJIOCM IIOKpbITHH SlBJIHeTCSI 3Mopm-

3HPYI0lll.HH (MaT). Ou ehlpaeuu:eaeT ,n:aBJICHHe no noeepxHo­

CTH o6pa6aThleaeMoro u:s.n:e1msi:, o6ecnellHBaeT no,n:aqy napa 

qepe3 HHX<HIOIO no.n:ymKy e 30HY o6pa60TKH .n:nsi: nepeeo.n:a 

BOJIOKOH TK3HH B BbICOK03Jl3CTHqecKoe cocromme H npococ 

eo3,n:yxa llepe3 Hee e npou,ecce cymKH u: cTa6HJIH33IJ,HH sa­

KYYMHhIM OTCOCOM. 

B 3aeHCHMOCTH oT KOHCTPYKUHH MaTa 11 MaTepu:ana, H3 

KOToporo OH H3l'OTOBJICH, cywecTBYIOWHC noKphITHH pa3p;eJIL'­

Hbl Ha 4 OCHOBHblX THIIa: 

A c MaTOM 113 TCKCTHJibHhIX MaTCpHaJioe; 

6 c npyX<llHHhlM MaTOM; 

B c MaTOM H3 ry6llaTOii pC311Hhl c OTKphIThIMH nopa-

M11; 

f -:-- C M3TOM 113 ry6ll3TOH pC311Hhl C 33KphIThIMH nopaMl1 

napo- H eos.n:yxopacnpe,n:eJIHTeJihHhlMH BhICTynaMu: u: neIJ<l>o­

paIJ,Heit:. 

TioKphlme mna A BKJIIO•raeT CJIOH: napopacnpe,n:eJI11TeJib­

HhIH, TCTIJIOll30JISIIJ,HOHHhIH, aMopTH3Hpyrom.11U:, BhlpaBHllBalO­

m.HH H OOTSIX<KY. 

TaKoe KOJIHllCCTeo CJioee 06yCJ1oeJICHo Hll3KHMH noKa3a­

TeJISIMH TCIIJIOCTOHKOCTH, eos.n:yxonpoHHIJ,aCMOCTlf H peJiaKca­

lJ,HOHHhIMH CBOHCTBaMH npHMCHSICMbIX TCKCTHJlbH~ MaTepu:­

aJIOB. 

TioKphITHC THna 6 COCTOHT H3 CJIOee: aMopm311pyro~ero, 
eb1paeHu:eaiom.ero 11 OOTIDKKH. 
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D,aHHOe noKpblTHe COAep:>K.HT MaT' BKJUOllaJOll\HA MllO:ll((" 

l mo npyxHH (:U:HJIHlfAPH'leCKHX, KOHH'leCKHX, nJiaCTH 11 •1a l'l.i )( 

II T. n.), 3aKpeIIJieHHbIX Ha OAHOM OCHOBaHHH. 

IloKphlTHe Tuna B BKJIJO'laeT CJie.zzyiom;He CJIOH: napopar -

llJ>CACJIHTeJlbHblH, TeIIJIOH30JUII~HOHHhIH, aMopTH3Hpyl011\HM " 

ofrn1xKy. 

IlpHMeHeHHe AJUI aMOPTH3Hpyiom;ero CJIOSI ry6qaTOH pc­

.UtHhl c OTKpHThIMH nopaMH (TeIIJiocro:HKOCTh 100° C) no3eo­

J1 HJIO o6&eJl.HHHTb <PJHKl~HH aMOPTH3Hpyiom;ero H BhlpaBHHBa­

IOLL(CI"O CJIOeB B OAHH, COKpaTHB TeM caMhlM KOJIHllecTBO CJIOCB. 

floKpblTHe THna r COCTOHT H3 CJIOeB: aMOpTH3Hpyiom;ero, 

111.1paeHHea10m;ero H o6Tsi:xKu. 

McnOJih30BaHue AJISI aMopTH3Hpyiom;ero CJIOSI ry6qaToif 

pc3HHhl c 3aKphIThlMH nopaMH (TeIIJIOCTOHKOCTb 200° C) 
o6yCJIOBRIIO ero OCHam;eHHe BhlCTynaMH H cnel.{HaJibHOH nep­

d>opa:u;ueu, 1.J:TO II03BOJIH.110 HCKJIJOqHTb TeIIJIOH30JISl:QHOHHhlH H 

11a popacnpe.u.eJIRTeJihHhIH CJIOH. 

OnhlT 3KCIIJiyaTa:QHH ecex .mnoe noKphlTHH " pe3ynh'i'aThl 

HCCJie)J;OBaHHH - [2 ] Il03BOJIWIH ycraHOBHTb, 1.J:TO nepcneKTHB­

llbIM SIBJISieTCSI IlOKpblTHe THDa r, OCHam;eHHOe MaTOM H3 

ry6qaTOH pe311Hhl c 3aKphlTbIMll nopaMH. 

2. Tpe6oeaHH.s1 K noxpblTHSIM 

McxOA.S:I H3 yCJioeuu npo{.\ecca BTO c ylleTOM TepM0Me­

xam1qecKux CBOHCTB reKCTHJihHhIX MaTep1m.11oe, noJJ;eepra10-

Ll(ttxc.s1 IIJiaCTH<l>HKa:QHH, .u.e<J>opMa:QHH H <PuKcal.{HH, Bhl3h1Ba­

IOIIJ;HM KpaTKOBpeMeHHhle H3MeHeHHSI ¢u3uqeCKHX COCTOSIHHH 

HOJIOKOH o6pa6aThlBaeMhlX TKaHeit;, IlOKphITHSI AOJIXHhl o6ec­

nCllHTh: 

- 3a.11.aHHYJO paBHOMepHOCTb pacnpe.u.eJieHlt:SI .n:ae.11eHHSI Ha 

yllaCTKH IIOJiy<J>a6puKaTa pa3HOH TOJIIIJ;HHhl IIPH npeccoeaHHH; 

- yCTOHllHBOCTb K QHKJIHlleCKHM cTaTHllecKHM MexaHH­

·~cCKHM Harpy3KaM; 

- paeHOMepHoe pacnpe.11.eJieHue napa no noeepxHOCTH 

noKphlTHSI npn nponapHBaHHn; 

- paBHOMCpHoe pacnpe.u.eJieHHe B03AYWHOl"O IlOTOKa no 

noecpxHOCTH noKphlTHSI npu eaKyJMHOM OTcoce; 

- H006XOA:HMYIO napo- II B03AYXOnpoHHUaeMOCTb; 

- Tpe6yeMoe Kal.leCTBO o6pa6aThleaeMhlX H3Ae.llHH (OT-

cyTCTBHe OTneqaTKOB OT 3JieMeHTOB CJIOeB IlOKphlTHSI Ha IIO­

J1 yclJa6p11KaT H nae B npo:u;ecce npeCCOB3HHSI H Ap.); 
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- IlOBhlWeHne npoH3B0,lJ;HTeJlbHOCTH Tpy;:t.a. 

IloKphlTH.sI .ll.OJI)KHhl 6b1Tb 3KOHOMJNeCKH ajxpeKTHBHhlMll 

aa cqer CHH)KeHH.sl ce6eCTOHMOCTH Ha eJl.HHHllY o6opy;:t.oBaHml 

n yseJiuqeHIDI cpoKa CJ1y)K6hl. 

McnOJib30BaHHe napa KaK OCHOBHOro TenJIOHOCHTeJISI ll 

DJiacTH<i>HKaTopa, a TaK)Ke co3;:t.aHHe noKphlTHii c y;:t.oBneTBO­

pnTeJihHhlMH aspo;:t.HHaMJNeCKHMH xapaKTepHCTHKaMH Il03BO­

JIHJIO HCKJIIO'llHTb paHee Bhl.ll.BHHyToe Tpe6oBaHHe '"xopomas1 

TCilJIOilpoBOJJ,HOCTb'", 

'MaTepHaJihl CJloeB IlOKphITHH .ll.OJI)KHhl OTBellaTb CJleJJ;yio­

I.IJ;HM Tpe6oBaHHSIM: 

- TenJIOCTOHKOCTb CJIOeB, KOHTaKTHpyiow;nx c MeTaJIJIH­

llCCKOH IlOBepXHOCTblO Il().ll.ymKH npH B03;:t.eiiCTBHH TeMnepa­

TYPhl 200-250° C; 
- TenJIOCTOHKOCTb CJIOeB, He KOHTaKTHpyrow;nx· c MeraJI­

JIHllCCKOH nosepxHOCTblO no;:t.ymKH IlPH B03.ll.CHCTBHH TeMne­

paTypbI 150-180° C; 
- napoCTOHKOCTb npH B03.I(eHCTBHH napa JJ;3BJieHHeM )J;O 

0,1 Mila; 

- yJJ;eJibHhlii pacxo;:t. napa WIH B03;l.yxa (napo- WIH soa­

;:t.yxonpoHH~eMOCTh) npH nepena;:t.e CTaTJNeCKOro .ll.3BJICHIDI, 

paBHOM 250Ila - 0, 11 M3 I (c·M2); 
- mrpocKOilHllHOCTb (BJla:>K.HOCTb npH CT3ff.ll.3PTffhIX 3Ha-

1ICHIDIX aTMoc<J>epHhlX yCJIOBHii) ;:t.o 0, 1 % ; 

- npo1IHOCTb Ha paaphlB npn I.J;HKJIH1IecKOM Harpy:>K.eHHH 

He MeHee 0,8 Mila; 

- )KecTKOCTb aMOPTH3Hpyiow;ero CJIO.SI, o6ecne1IHBa10w;asi 

DO.I( .D:aBJieHHeM ;:t.$pMal.J)'llO CX<aTHSI He MCHee 30%-0,12 Mlla. 

MaMeHeHHe <t>naHKO-MexaHJNCCKHX xapaKTepncTHK CJloeB 

IlOKpbITHSI He .ll.OJI:>K.HO cyw;ecTBeHHO BJIHSITb Ha paBHOMep­

HOCTb pacnpe;l.CJICHIDI napa, B03;l.yxa H B03.ll.)'XOilpoHH~e­

MOCTb B Te1leHHe BCero cpoKa CJly)K6hl. 

3. KoHCTPYKTHBHhie oco6ettHOCTH noKphITH5I HHJKHeu 

no.z:i:ylIIKH rJiaJJ;HJibHoro npecca 

c y1.1eTOM KOJIH1ICCTBeHHblX 3Ha1IeHHH H pa6oT, BhlilOJI­

HCHHblX B OpJIOBCKOM HMMJierMame, onpeJJ,eJieHa H ycosep­

meHcTBoBaHa KOHCTPYKI.J;HSI nOKphlTIDI HH)KHeii rJia.ll.WihHOii 

IlOAYIIIKH. 

Ha pHc. IV .1. nao6paxeHo noKphlTne, ycraHOBJieHHOe Ha 

HIDKHeii HOAYIIIKe rJiaJJ,WihHOro npecca [3 ]. 
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1•111·. IV. l. IloKphITHH, ycTaHOBJJeHHh1e na ffH)KHeii H uepxneii no.zzyllIKax ma):IHJih­
uuao npecca. 

floKpHTHe BKJIIO'laer aMOJJTH3Hpyrol.QHii CJIOH I, Bhlpa.B-
111mmow;Hir CJIOH 2 H ofusDKKY 3. 

AMOJJTH3Hpy10w;n:H CJIO:H (pHc. IV .2 npe.n.cTaBJisrer co6oii 
1111acTHHY I Ha TepMOCTOHKOH ry61.1aTo:H peaHHhl. IlJiaCTHHa 

, I ttMeeT naponpoBo.n:­
" "'c OTBepcTHSI 2, 
pacnoJio)KeHHhle B 
maxMaTHOM nopsui;Ke, 
n napopacnpeAenH­
n·11bHhle BOpOHKH 3, 
p.1cnoJIO:>KeHHhle BOK­
pyr OTBepcn1:H 2 Ha 
tUIClUHeH 4 H BHyr­
l>~HHCH 5 DOBepXH0-
4 rnx. KpoMKa Ka:>K­
llOH BOpoHKH 3, BbI­
\Ofl.SllIJ,aSI Ha 

PHc. IV.2. AMopr113HpylOl.l.(Hi1 CJtoii (MaT) 
KPhlTHSI HH)KHeH rna.i:1HJ1bllOH no.i:1ylllKH. 
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noncpxHOCTb IlJI3CTHHbl, o6paaoBaHa 3aMKH}'TOH JIOM3HOH Jiii 

IUfCH H conp.SDKeHa CBOHMH CTOpOH3MH c KpOMKaMH cocen11111 
nopoHoK. CTopOHbl KPOMOK sopoHKH 3 BblnOJIHeHbl no <PopM 

KPHBOU BTOporo nopSI,D;Ka, BOmyroii BH}'Tpb IDiaCTlffibl 1 ( 4' 
BblpaBHHBaIOII.J;UH cnoH: (pnc. IV.3.) npe.11;cTaBJI.s1eT co611Ji 

BhlCOKOo6neMHYIO TKaHb, COCTOSIII.J;ylO -ra 11.ICTblpex IlOJIOTt'll 

AB3 HapyxrnblX - KOpeHHhle 1, 2 H 1 ' 2 ; .a:sa BHYTPCHHm 
- 3KpaHnpyIOII.J;He A, B H a, B. 

Hapy)l{Hhle noJIOTHa BblnoJIHeHhl noJIOTHSIHfM yepeIDieTr 

HHCM H3 HHTeH KOperHOH OCHOBhl 1, 2 Ii 1 ' 2 Ii HH'J'l'll 

KOpeHHOI'O yrKa 13, 1 3 c DpHMCHeHHeM AJISI 3THX I(CJien MO 
HOHHTCH Aff3MeTf20M 0, 12 MM. IloJIOTHSIHOe nepeIDieTelt'41 

Il03BOJISICT noJiy1.1HTb xopomee ryme Hapy)l{HblX DOJIOTeH H 

o6ecne1.1HTb BhICOKHe DOK333TCJIH no rn6KOCTH, CODpoTHBJHIC 

MOCTH H3rn6y H .a:pannpyeMOCTH TKaHH. . 

BttyTpeHHHe 3KpaHHPYJOIIUIC nOJIOTHa BblilOJIHCHbl OCHOBO 

penCOBblM nepeDJieTeHHCM H3 HHTCH 3KpaHHPYIOII.J;CH OCHOBld 
A. B H a, B 11 HHTeif 3KpaHHpyioI.U;ero yrKa At, a1 c np11· 

MCHCHHCM MOHOHHTCH AHaMCTpoM 0,12 MM. 

OcHoso-pencosoe nepeDJieTeHne 06ecne1.1nsaeT xopomy10 

IlOABH:>KHOCTb HHTeH B 3Kp3HHPYJOII.J;HX IlOJIOTHax, 1.ICMY 6na· 
ronpHSITCTBYeT H MeH1>mee Ha 25 % 33IlOJIHCHHe HHTSIMH 3TO­

ro CJIOSI. 

IloJIOTHa no TOJIW;HHe COCAHHCHbl HHTSIMH CBSI3YIOII.J;CH OC· 

HOBbl 31 H 32. CBSI3YIOII(aSI OCHOBa BhIIlOJIHeHa H3 JICCKH AH-

3MeTpOM 0,20 MM Ii HMCC'! IlSITHyr01.IHOe 3aKperrJieHHe. ,ll,JIH­

Ha HHTCH CBSI3YIOII(CH OCHOBbl Me)l(JJ:y Hapy:>KHhIMH DOJIOTHa­

MH, a T3K)l{e JIHHeifHaSI IlJIOTHOCTb HHTeH OCHOBhl H YTK3 

onpeAeJISIIOT TOJIII(HHY BblpaBHHBaIOII(ero CJIOSI T. qam;e ecero 

T=4 ... 10 MM. 

1'knoJib30BaHHe CHHTCTH1.ICCKHX HUTCH Il03BOJISICT rapaH­

THPOBaTb TCDJIOCTOHKOCTb BhlpaBHHBalOII(CI'O CJIOSI. l1cnOJib30-

B3HHe MOHOHHTCH H JICCKH o6ecne1.IHBaeT 6onee HH3KOe 

y,a:eJibHOe conpOTHBJICHHe npoxO)l{)J;CHHSI TCXHOJIOl'Hl.J:CCKOfO 

napa H B03Ayxa, a TaK)l{e npe.a:yrrpe~acr ero ynJIOTHCHHe 

H CBOHJia1.1HBaeMOCT1>. KaK BHAHO H3 puc. IV.3., 3KpaHnpyro­

II(He noJIOTHa pa3MelI(eHhl Ha paccTOSJHHH l I 4 T oT Hapy>K­

HhIX IlOJIOI'eH, 1.ITO o6ecnetrnJIO noJiy'leHHe Tpex KaHaJIOB no 

TOJIII.J;HHe BhlpaBHHB3IOII(ero cnosi: ABa MaJiblX KaHaJia l I 4 T 
MC>KAY Hapy.>KHhIMH Ii 3KpaHHPYIOII(HMH nOJIOTHaMH; OAHH 

6oJihmo:H KaHaJI 1/2 T Me)l{)J;y 3KpaHHpylOII(HMH noJIOTHaMH 

(5 ]. 06TSI)l{K3 npeACTaBJISICT co6oH: ttapy>KHblU CJIOM noKphI­

THSI, CIIIHTblH no <t>opMe HH>KHeH IlOAylIIKH H3 TeIIJtOCTOHKOll 

CHHTCTH1.ICCKOH TK3HH cap)l{CBOI'O HJIH TpHKOTa)l{HOro nepe­

IlJICTCHHSI (6 ). 
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l loKphlTMC HH)f{Heii IlOJzylIIKH, npe.n.cTaBJieHHOe Ha pm 
IV. l, 06ccne1urnaeT TeXHOJiorH11eCKHH npou;ecc BTO CJIC.ll.Y"' 
lll,MM o6pa30M. 

Ilpu nponap1rnaHHH 06pa6aT1i1BaeMoro nony¢a6pHK3'r;1 
nap 11epe3 nep<f>opaQHIO HHX<.HCH rJiaAWThHOH nop;ymKH nu 
CTynaeT K aMOpTH3Hpyiow;eMy CJIOIO (pHC. IV.2)' me, 6naro 
~apSI HaJIH'IHIO BOpOHOK 3 Ha BH}'TPeHHCH pa6011eii noBepx 
HOCTH 5, nocpe,ll.CTBOM OTBepCTHH 2 TpaHCnOpTHpyeTCSI 1111 

BHemHIOIO pa6011y10 noBepXHOCTb 4 H c nOMOIIl;blO BOpoHOK J 
paBHoMepHo pacnpe.n.eJISieTCSI, a ,ll.aJihme nocrynaeT B TOJIU{y 
BhlpaB.HHBarow;ero ciiosi: (pnc. IV.3), BCTpe11aeT Ha CBOeM ny· 
TH 3KpaHHpyrow;He noJIOTHa, npeo.n.oJieBaCT Me)l(KaHaJibHbll' 
npocTpaHCTBa, pacnpeJJ.eJ'ISieTCSI H HanpaBJISieTCSI 11epea o6TSI:>I<.· 
KY K o6pa6aThlBaeMoMy noJiy¢a6pHKaTy, nponapHBaeT ero, 
nepeBO,ll.Y BOJIOKHa naKeTa TKaHCH B BhlCOK03JiaCTH'lecKoe co.. 
CTOSIHHe. 

HanH'!He 3KpaHnpyiow;ux nonOTeH H KaHaJIOB c MCHbIIIHM 
aanOJIHeHHeM HHTSIMH rapaHTHpyeT paBHOMepHoe pacnpe,D;eJIC'" 
HHe napa no BCeH IlJIOID;aAH IlOKPhlTHSI H noJiy¢a6pnKaTa. 

B npou;ecce npeccoBaHHSI nony¢a6pnKaTa aaAaHHaSI paB­
HOMepHOCTb pacnpeJ:J;eJieHHSI }l.aBJieHHSI Ha y11aCTKH noJiy¢a6-
PHKaTa pa3JIH'IHOH TOJllil;HHhl 06ecne11HBaeTCSI MaTepHaJIO ' 
aMOPTH3HP)'IOII(ero CJIOSI H 6y.n.cr paCCMOTpeHa HH)Ke. 

y npyrne CBOHCTBa BhlpaBHHBarow;ero CJIOSI IlOCJie npe 
BaHHSI 06ecne11HBa10T BOCCTaHOBJieHHe ero CTPYKTyphl 6e 
CHH)KeHHSI nape- H B03AYXOnpOHHQ3eMOCTH H o6yCJIOBJIHBa 
IOTCSI ABYMSI <t>aKropaMH: 

- ynpyroCTblO JICCKH CBSI3yiow;eil OCHOBhl 31, 32, Coe}l.H­
HSllOIII;eH 11eThlpe nOJIOTHa, pacnOJIOX<.eHHOH B BhlpaBHHBalO­
w;eM CJioe nOKphlTHSI 3Hr3aroo6pa3HO (npy)KHHSIIII;eii ¢opMoH) 
H xopomo pa6orniow;eil Ha C)KaTMe; 

- HaJIH'IHeM Tpex ,ll.CMn¢npyiow;HX K3HaJIOB B BhlpaBHH­
Baio~eM CJIOe nOKphlTHSI. 

HaJIHlIHC Tpex KaHaJioB 06ecne11nBaeT noe1i11IIeHHY 
}l.eMmpepHOCTb 11 ynpyrocTb BhlpaBHHBarow;ero CJIO.Sl, BhlCOKY 
ero conpoTHBJISieMOCTb K cxcaTHIO, B oco6eHHOCTH B 30Ha 
KOHIJ;eHTpaTOB HanpSIX<.eHHH (IIIBhl, nyroBHQhl H T. n.) Ha Ma 
JlhlX y11aCTKax noBepxHOCTH IlOJiy¢a6pnKaTa. 

- IlpH npeccoBaHHH noJiy¢a6pHKaTa CTaTH'lecKHe 'Harpy3K 
c)KaTHSI paeHOMepHO pacnpe.D;CJISllOTCSI no npyxcHHSiw;HM CTOH­
KaM CBSl3YIOIII;eli OCHOBhl H KaHaJiaM. IlOJJ. p;eliCTBHeM C)KHMa-
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lllll~HX ycrurn:H: BhlpaBmma10m.H:H: CJIOH IIOKpWTHSI JJ,C<f>OJ>MllPY 
l'lnl H ece:H: CBOe:H HH)f(HCH CTOpOHOH BOCIIpHH11M3CT llOHCpx" 

lllllfHbIH peJibe<l> 3MOpTH3Hpy10m.ero CJIOSI, He npoIICllaThlHa· 

111 h Ha ero BepXHIOIO CTOpOHY H, COOTBCTCTBCHHO, l{CpC3 06-
• 11 >KKY Ha o6pa6aThIBaeMhIH IIOJiy<l>a6pHK3T. 

f1pH npeccoBaHHH B 30H3X KOH~eHTpaTOB HanpSl)f(CHHH 

I l'OllKH HHTCH CBSl3YIOIIJ.CH OCHOBhl 31 H 32 H 3KpaHHpyrom.He 

110;10THa AB H ·aB no.u p;eiicTBHeM yTOJIIIJ.eHHhIX MCCT noJiy­

•l•.1Clp11KaTa ]J;e<l>opMHpy10TCSI (qeMy 6JiaronpHSITCTBYCT MCHb­

lllt'l' 3anOJIHCHHe HHTSIMH 3KpaHHPYIOIIJ.HX CJIOeB H xopomaSI 

1111J~BH)f(HOCTb HHTeif npH npHMeHeHHH OCHOBO-pencoBoro ne­

p1·1111creHHS1)' &.J:TO CilOCOOCTBYeT AOIIOJIHHTCJ'IhHOMY yJiy1une-

111110 paBHOMepHOCTH pacnpep;eJ'ICHHSI .uaBJieHHSI Ha yqaCTKH 

llilJIY<l>a6pHK3Ta pa3JIHqHOH TOJIIIJ.HHhl. 

CToCJie OKOH11aHHS1 npeccoBaHHSI npoHCXOJJ;HT peHOBa~Hsi 

II"' paBHHBa10m.ero CJIOSI. 

CTp11 cymKe H cTa6HJIH3a~H nony<l>a6pHKaTa B03JJ;yx 

11pocaChIBaeTCSI qepe3 H3JJ;CJIHe, yBJieKaSI BOJJ;SIHOH nap H KOH­

ll'llCaT. 

3aTeM IIO.ll ACHCTEHCM pa3pC)f(CHHSI napoB03AYIIIHaSI CMCCb 

I paHCIIOpTHpyeTCSI 11epe3 o6TSl)f(KY, BhlpaBHHB310IIJ.HH CJIOH, 

11011a.n.aeT Ha BHCIDHIOIO noBepxHOCTb 4 aMOIJTH3Hpyrow;ero 

l llOSI H nocpep;CTBOM BOpoHOK 3 H OTBepcm:H: 2 IlOCTYnaeT Ha 

1111yTpCHHIOIO pa6011y10 IlOBepXHOCTb 5, I')l.C paBHOMepHO pac­

ll!)CD;CJISICTCSI B IIOJIOCTSIX, o6pa30B3HHhIX BOpoHK3MH 3, H 

V )\aJISICTCSI H3 IlOKphITHSI. 

OfuSl)f(Ka B npo~ecce BTO CKpeIIJISleT Bee CJIOH n0Kpbl-

11rn, aam.11umcr 06pa6aThlBaeM1>1:H noey¢a6pHKaT OT aarpsr3-

m•1rnsr H 06ecne11HBacr TpaHcnopn1poBKY pa6oqHX CpeJJ. 6e3 

I llM)l(CHHSI a3po,llHHaMH1lCCKHX xapaKTCPHCTHK. 

KaK noKaaana npaKTHKa, AaHHOe noKphITHe B nOJIHOH 

Ml'pe 06ecnc11HBaeT npm.~ecc BTO, npH 3TOM cym.ecTBeHHYIO 

111 )JI b HrpaIOT MaTepHaJihl ero CJIOeB. 

4. MaTepHaJihl CJioeB IIOKpbITHff 

0JJ;HHM H3 OCHOBHhIX YCJIOBHH AJIHTCJ'IhHOH pa60Tocnoco6-

llOCTH IIOKpblTHH SIBJISICTCSI pa~HOHaJibHbIH Bhl6op H oOOcHO­

ll<IHHe MaTepHaJIOB JJ;JISI ero CJIOCB, 1lTO o6yCJIOBJICHO TeMne­

p;ITypo.H H MCX3HHqeCKHM JJ;3BJICHHeM B pa6011eii 30He. 

MaTepHaJI aMopT11a11py10ll.{ero cnosi. 
YllHThIBaSI Tpe6oBaHHSI K MaTepHaJiy aMopma11py10m.ero 

( llOSI no TCIIJIOCTOHKOCTH H o6ecneqeHHIO 33JJ,3HHO:ii paBHO-
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MCpHOCTH pacnpeJJ;eJieHHSI JJ,aBJieHHSI Ha ytraCTKH rrony<l>a6pu 

KaTa pa3HOH TOJIIIJ.HHhl rrpH BJia)l(HO-TeIIJIOBOH o6pa60TKe, HI 

XOJJ.HblM MarepHaJIOM MaTa 6hIJia rrpHHSITa ry6qaTas.I pe31111.t 

Ha OCHOBe CHJIOKC3HOBOl'O KayqyKa (7 ]. Ba)l(HblM CBOHCTBOM 

pc3HH Ha OCHOBe CHJIOKcaHOBblX KayllyKOB SIBJISieTCSI CTOll 
KOCTb K .neiiCTBHIO BblCOKHX TeMnepaTyp. Pe3HHa Ha OCHOlh 

C11JIOKC3HOBOI"O KayqyKa Bbl)J;ep)l(HBaeT ,nnHTeJI:&Hoe Harpe11e1 
HHe AO 220° c H KpaTKOBpeMeHHOe AO 250° c H 06na.o;a('1 

nytUIIHMH <l>n3HKO-MexaHnqecKnMH CBOHCTBaMH npn JKa3au 

Hblx TeMrrepaTypax, tieM pe3HHbl H3 nonHMepoB JJ.pymx Tll 

noB. 

<l>H3HKO-MexaHnqeCKHe CBOHCTBa rrOpHCTblX pe3HH H3 CH 
JIOKcaHOBblX KayqyKOB orrpeJJ;eJISIIOTCs.I B 3HaqHTeJibHOH CTerrc 

HH THIIOM rrpHMeHSieMOl'O HaIIOJIHHTeJISI H He 33BHCSIT OT IGI 

yqyKa. Tipn o,nHHaKOBblX <l>n3HKo-MexaHnqeCKnx CBOHCTBall 
pa6oqHe TeMrrepaTypHhle rrpe.o;eJibl n cpoK CJiyxc6bl pe3HH - Ha 
OCHOBe pa3JIHqHhJX CHJIOKCaHOBblX KayqyKOB CHJibHO OTJIHlla· 

IOTC.sI. 
0CHOBHhlM THIIOM CHJIOKCaHOBOl'O Kay'IyKa, KOTOpblH HC· 

IIOJib3YeTCSI B rrpOMblWJieHHOCTH JJ.JISI IIOJiyqeHHSI pe3HH c Ten­
JIOCTOHKOCTblO Bblwe 200° C, SIBJISieTCSI KayqyK CKTB-1 [8 ~ 

Pe3HHhl H3 KayqyKa CKTB-1, 3KCIIJiyaTHpyeMhle B yCJI~ 
BHSIX TeIIJIOBOro BO~eiiCTBHSI, HMeIOT MeHbWHe OCTaTOllHhlU 

ne<l>opMaIJ,HH, qeM pe3HHbI H3 OCHOBe JJ;pymx THIIOB CHJIOK­

caHOBhIX K3Y'IYKOB <CKT, CKTB) [9 ]. 
c yqeTOM 3THX CBOHCTB B Ka'IeCTBe ChlpbSI Jl.JISI H3I"OTOB~ 

JieHHSI M3TOB IIOKphITHH rrpHHSIT3 nopHCT3SI pe3HH3 51-1437 

Ha ocHoee KayqyKa CKTB-1 [10]. B cocTae pesHHoeo:H: cMe-­

cn 51-1437, KpoMe KayqyKa CKTB-1, exo,n:HT aKTHBHhlH Ha'" 

rroJIHHTeJ11> -· 33poCHJI "300", CTa6HJIH33TOp CM-2, nopoo6 .. 

pa3oBaTeJ1:b 330Jl.HH306YTHPOHHTPHJI (rroPO<t>op l.JX3-57)' n~ 
peKHCb J::tHKYMHJia (ByJIKaHH3HPYIOIUHH areHT) H JJ;pyme' 
KOMIIOHeHThl. 

B TexttonomqecKOM OTJIOWeHHH CMeCh Jl.OBOJI:&HO rrpocTa 
OH3 xopomo CMemHBaeTCs.I Ha BaJibIJ,3X H B pe3HHOCMeCHTeJie 

xopomo mrrpnu,ye:rcSI H KaJI3HJJ;pyeTCSI, cpaay nocne~ rrpH 
TOBJieHHSI OH3 HMeeT MHHHMaJibHhIH K03<Jxpm~HelIT nopoo6pa 
30B3HHSI, a rrpH BbIJie)l(Ke 3TOT IIOK333TeJih yeeJIJiqHBaeTCSI 

,n:OCTHraSI MaKCHMaJibHOH eeJinqHHhl qepe3 25-30 cyToK. 

BJIHSIHHe epeMeHH BbIJie)l(KH CMecH Ha K03<l><l>HIJ.neHT rr 

poo6paaoeaHHSI npe.o;cTaBJieHo Ha rpa<l>nKe (pnc. IV.4). Pac 
qeT K03<fxt>Hu,HeHT3 rropoo6pa30B3HHSI rrpoH3BOJJ.n;TCSI ypaBH 

HHeM perpeCCHH 

f = -0, 610 ·e-0•161·• + 2, 202, %, 
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11111 IV.4. BJIHHHHe epeMeuH Bhme>KKH ry6qaToit peaHHbI 51-1437 ua K03<lx1>H-

11111·111· nopoo6paaoeanHH. 

I 1\1.." 't - BpeMjl BblJIC)KIQI pe3HHOBOii CMecH JJP nepepa6ar­

UI, CyT. 

11.a puc. IV .4 BHJJ;HO, 1:1To cMech 51-1437 o6JianaCT xopo-

1udi XH3Hecnoco6HOCThlO, K03<fx1>HI(HCHT rropoo6pa30BaHH11 He 

~CHSieTC11 rrpH xpaHeHlm CMeCH 6oJiee ABYX MCC11U,eB. 0AHaKO 

'll'PC3 1-1,5 Mec11u.a Ha1lHH3IOT yxy,nmaThCSI TaKHe CBOHCTBa, 

t.:IK pacTeKaeMOCTh, <}JopMyeMOCTh peaHHOBOii cMecH. KpoMe 

mro, peaHHOBaSI cMec:& 51-1437 o6Jia.z.aeT BHCOKHM corrpoTHB­

JICHHeM TCDJIOBOMY CTapeHHIO, OU,CHHBaCMOM no H3MCHCHHIO 

110KaaaTeJI11 xeCTKOCTH npH 200 H 250° C (puc. IV .5). IIpu 

ITOM OCT3TOllHaSI Ae<l>opMaU,HSI rrOCJie TeIIJIOBOl'O CTapeHHSI 

npaKTHqeCKH He MCHSleTC11. 

TeDJIOCTOiiKaSI ry61laTa11 peaHHa 51-1437 o6Jia.z.aeT xopo-

111cu pa6oTocrroco6HOCThlO rrpn rrOHH)KeHHhlX (Ao - 50° C) 
u BhlCOKHX (AO 200° C) TeMnepaTypax, xopomeii B~OCToii­
KOCThlO (Ao 100° C), a TaK::iKe xopomeii CTOHKOCThlO K napy 

J\aBJieHHeM AO 0,2 MIIa H CJia6hlM KHCJIOTaM H m;eJio~mM rrpH 

KOMHaTHOH TCMIIepaType. 

IIpeACTaBJieHHaSI Ha puc. IV.6 aaBHCHMOCTh ee;rn11HHhl 

AC<}JOpMau.1rn OT TCXHOJIOmqeCKOl'O AaBJieHHSI BO BpeMeHH no­

K33hlBaeT, l.ITO MaThl H3 pe311HOBOii CMCCH 51-1437 MOXHO 

:JKCDJiyaTHpoBaTh B TC'lfCHHe Tpex JICT. TipH 3TOM paC'lfeT AC­

<}JopMaU,HH ocy~eCTBJISICTCSI ypaBHCHH11MH: 

B Haqane 3KCIIJiyaTaU,HH 

f1El=11, 98 +628,86. P-4177, 10· p2 +11209, 44. p3, % (IV.2) 
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P11c. IV.S. H3MeueH11e >Kecn<ocT11 ry6qamit pe311Hb1 51-1437 B npouecce TeOJio­
soro crapemn1: 
I - np11 200" C; 
II - npu 250" C. 

noc.ne Tpex neT 3KCnnyaTanHH 

/::. &z =4,07+403,13· P- 796, 68- p2 , % 
(lV.3) 

r.z:i;e P - TexuonomqecKoe MexaHHtJecKoe ,naBJieHn:e, Mila. 
MaTepuan eb1paBHHBa10IJ..\ero cno.si 
B cooTBercTBn:n: c Tpe6oeaHHSIMH K MaTepHa.n:y BHpaBHH­

sarow;ero CJIOSI B KaqeCTBe - HCXOAHOro CblpbSI HCilOJ11>3YeTCSI 
KanpOHOBaSI MOHOHHTI> JJ;HaMeTpOM 0, 12 MM H KanpoHOBaSI 
neCKa JJ;HaMeTpOM 0,20 MM. 
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f, '11f211 l/P.M(/Wllf'Rl{IA#fQHJl/Ml l//l9()~W '!''llUJWIJD" fl'Wlq/fJO· ~l'tna 
l'uc. JV.6. 3aBHCHMOCTh )le<}>opMaUHH ~una DOKpblTHSI OT TeXHOnornqecxoro )la -
•ll'llHSI BTO: 
I - JlO 3Kc11JiyaTauuH; 
II -- nocne 3-x neT 3KC11Jiyauum1. 

BHpaBHHBaIO~H:H CJIOH rrpe,ACTaBJrneT co6oii BblCOK006beM-

11 y10 TCXHHl.lecKylO TKaHb l.ICTblpeXCJIOHHOl'O nepeil.lICTCHHSI c 

HHYMSI BHYTPCHHHMH 3KpaHHPYIO~MH II01IOTHaMH H TPCMSI Ka­
lli:lJiaMH • 

.naHHaSl TK3Hb 06ecne1.1HBaeT IIOBblIIICHHYIO ,l:lCMIIti>epHOCTb H 

ynpyrocTb, BblCOKYIO YCTOWIHBOCTb K C)l(3THIO, yIIJIOTHCHHIO H 

llOJIHOCTblO HCKJII01.13CT rrpone1.1aTblBaHHe BblCTyIIOB KOHCTpyK­

l'MBHhIX 3JleMCHTOB aMOJYfH3HpyIO~ero CJIOSI Ha o6pa6aTblB3e­

M blH rronytPa6pm<:aT. 

TipH 3TOM CpoK CJiy)l(6hJ BblpaBHHBaIO~ero CJIOSI 0,5 ro~a rrpH 

HByxcMeHHo:H pa60Te. 

MaTepHaJI o6TsDKKH 
OcHOBHblM Tpe6osaHHeM K MaTepHMY o6TSI:>KKH SIBJISieTCSl 

HblCOKaSI H3HOCOCTOHKOCTb rrpH IIOBblIIIeHHOH TeMneparype, 

HJia)l(HOCTH H IQ{KJIHlleCKOM MeXaHHl.lecKOM Harpy:>KeHHH. 

TiepcrreKTHBHblM B Hacrosi~ee speMSI SIBJISieTCSI TepMoCTo:H:­

KOe IlOJIHOKCa~H330JlbHOe BOJIOKHO - OKC3.lIOH, SIBJISIIO~eecSI HC­

XOAJlblM MaTepH3.710M M3.lIOyca~o1.1HhIX OKC3.lIOHOBblX HHTCH JIH­

HCHHOH IlJIOTHOCTblO 33,8 TEKC, H3 KCYrOpblX COCTOHT TK3Hb. 
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flp11 3TOM 3<lxj>eKTHBHOH SIBJISleTCSI OKCaJIOHOBaSI TK311h 

11cpcnnerem1eM cap)l{a 1 /2, TOJID.J;HHOH 0, 173 MM c pa3phm 

HOH Harpy3KOH nOJIOCKH paaMepoM 200x50 MM: 

no OCHOBe, H - 121 O; 
no yTKy, H - 1330, Maccoii 100 r/M2• 

TKaH& ycroiitmsa K 11cmpamno. 

CpoK CJiy)l{6hl B KaqecTBe OOTSl)l{KH - 0,2 ... 0,4 roAa. 

AspoAHHaM11qecKHe xapaKTepHCTHKH 

CJioeB noKpbITHSI Hm1mei1 DOAYlllKH 

lfayqeHHe a3poAHH3MHqecKHX xapaKTepHCTHK Il03BOJIWIO 

ycTaHOBHTh, qTO B03AYXOnpOHHIJ,aeMOCTb CJIOCB AaHHhlX no~ 

KphlTHH npaKTHqecKlf He MeHSleTCSI B npo:u;ecce 3KCDJiyaTan.m1 

H OHH MOryT HCilOJib30B3TbCSI .ll;JISI IlOKphlTHH. 

Ha p11c. IV. 7. np1rn(!AeH1J1 3HaqeHHSI H3MeHeHHSI YAeJibHO­

ro pacxo'Aa B03AYX3 OT CTaTHqeCK.oro A3BJieHHSI 3MOpTH3Hpy­

ro.rn;ero ii Bhlpasmrnarom;ero CJIOeB. 

P,110 

IJ,16() 

{Jfit/J 

41Jtl 

41d{) 

tJ,OIO 

ODDO 

(JOl/tJ 

tW2P 

I 
fl 

0 {tJ,00 2q!J() .JO,QO i;P,!J() !alJ!) 6a DO 1aoo t1Joo sd,ti m4oo "f !Jq 

I-- --+ - +- - +--- ------;- - ----}-;- -+-- -
s400 1oaoo 1sqoo 200,00 2541XJ JtJt;,tJtJ 

Puc. IV. 7. 3aBHCHMOCTb B03~yxonpomm;aeMOCTH OT a3po~11HaMw-1ecKoro conpo­

THBJieHHH CJIOeB noKpblTHSI HH:lKHeil nO.n)'IUKH: 

I - Bb1paBH11Ba10ll(11i1 cnou .AO ::JKcnnyaTau.1111; 

II - Bb1paeH11ea10ll(HH CJIOH nocJie 0,5 r. ::JKcnnyamu.1111; 

III - aMOpTH3ttpyIOU(HH cJioft. 
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npH STOM pao1eT B03AyXOilpoHHI.J;aeMOCTH 3MOP'fH3Hpyl0-

111.lTO CJIOSI npOH3BO,l:lHTCSI no <tJopMyJie: 

Q = 6, 22l·l0-4·6P-5·I0-1 ·A p2 ,M3/(c·M·2), (IV.4) 

A J(JISI onpe,ne;1eHHS1 B03izyxonpoHHu;aeMOCTH BhlpaBHHBa­

i1111tcro CJl051 HCilOJI1>3YIOTCSI ypaBHCHHSI perpeccHH: 

,no 3KCilJiy3T3I.J;HH 

Q1 =3-,07·10-3 • AP-I, 35· I0-5 ·A p2 ,M3/(c ·M2), (IV.5) 

IlOCJie 0,5 ro,na 3KCilJIJ3T3I.J;HH 

.Qz = 2,098·1 o-3 -AP-5, 79 -10-6 • 6 p 2 ' M3/(c·M2), (IV.6) 

11\C p - 33po,nHH3MH"llecKoe conpOTHBJieHHe B Ila. 

Bo3,nyxonpoHHu;aeMOCT1> o6T.sIX<KH H3 OKcaJIOHOBOii TKaHH 

1 ocTaBJISieT 0,37 M 3 I (c·M2) npH AP=50 Ila. 

5. KoHCTPYKTHBHhie oco6eHHOCTH noKpbITHR 

BepxHeH rna~HnbHOH no~yUIKH 

Ha pHc. IV. I. npe,nCTaBJieHo noKp:&ITHe BepXHeii rna.n;WI1>-

11oii no,nymKH, BKJII01.13IOID;ee 3MOP'fH3HpYJOID;HH CJIOH - 4 H 

ofrrSIX<KY - 5. 
AMopTH3Hpyiom;Hii CJioii, noKaaaHHhIH Ha pHc. IV.8. B 

pa3peae, np~CTaBJISieT co6ou naponpoHHu;aeMyIO, TeITJiocroii­

K ylO, Bl>ICOKoo6beMHYIO TpeXIIOJIOTHYIO .z:lBYX'hSipycHyIO TK3HI>, 

KOTOPYJO ycTaHaBJIHB3IOT H aaKpeDJISIIOT nocpe.n;cTBOM o6Tsr:X<­

K" Ha nepcpopHpoBaHHyJO pa6o1.1y10 IlOBepxHOCTb BepxHeii no-

1'YIIIKH. 

AMopTH3HpyIDID;HH CJIOH COCTOHT H3 BepxHero I, BHyT­

llCHHero 2 H HHX<Hero 3 noJioTeH. HHX<Hee 3 H BHJTpeHHee 

2 IlOJIOTHa CO~HHCHhl HHTSIMH CBSI3yl0m;eii OCHOBhl 4 O,nHO­

YTO"llHhlM 33KpeITJieHHeM IlO'A K3X<Jzyl0 HHTI> JTK3 H o6pa3YJOT 

u tt)KHHH A sr:pyc TKaHH. BepxHee I H BHyTpeHHee 2 noJIOTHa 

COCJJ,HHCHhl HHTSIMH CBSI3YIOID;CH OCHOBhl 5 KOWHHHpoBaHHhlM 

J3KpeITJieHHCM H o6paayIOT BepxHHH 6 sr:pyc TKaHH, COCTaB­

JISllOID;HH npaKTHl.JeCKH ynpyryro pa601.1yio 1.13CTb . DOKphlTHSI 

BepxHeH DOAYIIIKH. 

HHX<Hee DOJIOTHO 3, BXO,nsi:m;ee B KOHT3KT c nep<f>opHpo­

B3HHOH pa6011e:U no:BepXHOCTl>IO DOAYIDKH, BhlilOJIHeHO DOJIOT­

HSIHhIM nepeITJieTeHHeM HHTe:H OCHOBhl 6 n yTKa 7. BHyTpeH­

Hce DOJIOTHO 2 ·(.n;Ha<t>parMa) BhIIlOJIHCHO H3 HHTe:H OCHOBhl 8 
H JTK3 9. 
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BcpxHee noJIOTHO I BhIIlOJIHeHo H3 HHTeH: OCHon1>1 I 0 ii 

~111a IL 
I htTH CBSl3hIBalO~eii 4 H 5 OCHOBhl BhIIlOJIHeHbl H3 M0-

111111 uTeii, COe.D.HHSllOT H y.ll;ep:>KHBalOT Ha 3a)J,3HHOM paCCTOSl­
!Hlll TKaHhle noJIOTHa 3, 2 H I, npHJI.aIOT TK3HH BhICOKYIO 
ufrt.t"MHOCTb, xopomyio K3pKaCHOCTb, IlOBbIWeHHYIO ynpyroCTh 
II 06ccne1.1HB3IOT ee .n,eMn<f>llPYIO~He CBOHCTBa. 

Me.>I<'Ay CTOHK3MH OCHOB 4 H 5 o6pa3ylOTCSI CB06o.n,Hhle 
11111mCTH, 06ecne11nsaio~He Bhlcmrne a3pOJl.HHaMHIJeCKHe CBOii-
1 I na IlOKphITHSI. 

f1pn npeccoBaHHH nony<l>a6p11KaTa HarpyaKa paBHOMepHO 
pm11pe.n:e;1sreTcsr, rnaBHl>Ud o6paaoM, no CTOHK3M coe.AHHH-
1 I' II bHOH OCIJOBhl BhICOKOOlTheMHOH TpexnoJIOTeHHOH ABYX'h­
" l'YCHOH TK3HH. 

riocne CHSITHSI Harpy3KH CTOHKH, 6naro.n.apSI ynpyrocTH, 
, ••• rnpSIMJISllOTCSI H aMopmanpy10~Hii CJIOH B03Bpa~aeTCSI B 
ii(' XO)l;HOe IlOJIO:>KeHHe. 

Me:>K.IJ.Y noJIOTHOM 3, .n.11a<f>parMoii 2 n BepxHHM nonoTHOM 
o6pa3yioTCSI H30JISIO,HOHHble B03.AJlliHhle npocTpaHCTBa, 

11hl'Cne1.1HBarow;11e paBHOMepHoe pacnpe;:i;eJieHHe napa no sceii 
1111o~a.n.n noKphlmsr. Han6onee Harpy:x<eHHhIM noJIOTHOM SIB­
•rncTCSI )J,Ha<f>parMa 2, c KOTOpoii, nOMHMO rpYffTOBOH OCHOBhl 
H " yTKa 9, nepeDJ1eTa10TCS1 TauKe HHTH cssrayio~Hx OCHOB 

4 " 5. 
Bee :no nOBhlIIIaeT aano;rneHne CTPYKTYPhl TKaHH HHTSIMH 

.. Tpe6yeT 6onee BhICOKOro ycrumSI (KOMnpeCCHH) )l,JISI npo­
in;~a rrapa IJepea TaKy10 AHa<f>parMy. 

B aaBHCHMOCTH OT Tpe6osamrn K npoo.eccy BTO n OT 
116pa6aThlBaeMOro nony¢a6pHKaTa aMOPTH3HPYIO~Hii CJIOH 
llOKphITHSI BepxHeH noizymKH HMeeT TPH KOHCTPYKTHBHhIX HC­
llOJlHeHHSI: I ncnoJIHeHne (pnc. IV .8), Koma HHTH cBsiay10-
11~eii OCHOBhl 5 COe)J,HHSllOT BepxHee IlOJIOTHO I c .n.11a¢parMOH 
I KSM6rH11poBaHHblM aaKpeDJieHHeM, T. e. Ha y11acrKax 6-B 
n B -6 c JieBOH H npasoii CTOpoH TKaHH, paBHhlX I I 4 ~e 
11111pnHhl, Tpex)'TOl.IHhIM aaKpeDJieHHeM, a Ha yqacTKax B-B , 
" cpe)l;Heii 1l3CTH TKaHH, paBHOH l /2 ee mHpHHhl, OJJ;HOYTOl.1-
11 hi M 33KpeDJieHHeM no.n. Ka.>I<'AYIO HHTb YTKa • .ll.aHHoe HCilOJI­
llCHHe npHMeHSICTCSI B Ka1.1eCTBe aMOPTH3Hpyiow;ero CJIOSI no­
"'pwnrn BepxHeii rJia.D.HJibHOii no.n.ywKH npn BTO AeTaneii u 
y:mOB mBeHHhlX H3ACJIHH c HepaBHOMepH9ii TOJIW:HHOH Ha 
maqHTCJlbHhlX DJIOW:3JJ:SIX (nOJIOl.IKH, CilHHKH H T. n.); 

11 HCilOJIHeHHe (pHC. IV.9), Kor.n.a HHTH OCHOBhl 5 coeii;H-
11\llOT nOJIOTHO BepXHee I c .n,Ha¢parMoii 2 OJlHOYTO'IHhIM aa­
K pcDJieHHeM nOA Ka:x<ii;y10 HHTb yTKa. UpH ::rroM aano;rneHHe 
nepxHero srpyca HHTSIMH CBSl3YIO~eii OCHOBhl 5 6y.n,eT MaKCH­
MaJibHhIM. 
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I lpH HCilOJib30B3HHH A3HHOH TK3HH B K31lCCTRC i.IMOl>Tll 

illllYIOIUero CJIO.sI IlOKphlTHSl BepxHeH IlOlzy'WKH nap 113 ilf>yca 
h, 11poxom1 1.1epe3 AHa<l>parMy, TepSieT A3BJieHHe, nona.aacT 11 

upyc 6 H 3aTeM pa:eHOMepHo pacrrpeAeJ1S1en:sr H nocTynac r 
11.1 nosepxHOCTb IIOJiy<t>a6pHK3T3. 3Ta TK3Hb npHMeHSICTCSI 

111111 OKOHt.IaTeJibHOH BTO mBeiiHhlx H3Ae;1Hii H3 TK3Heii KO­

' I IOMHOH H IIaJibTOBOH rpynrr; 

I II HCnoJIHeHHe (pHc. IV .10), Kor;:i;a HHTb 5 CBSI3y101I1,eii 

llUIOBhl coe.aHHSieT BepxHee IIOJIOTHO 1 c AHa<l>parMOH 2 Tpex­

v fl)l(HhlM 3aKpeDJieHHeM. IlpH- 3TOM aanoJIHeHHe BepxHero 

11pyca 6 HHTSlt.\H CBSl3YIOIIl,eii OCHOBhl 5 6y,ll.eT MHHHMaJibHhlM. 

IlpH HCIIOJib30B3HHH TKaHH ,ll.3HHOro KOHCTpyKTHBHOro HC­

llOJIHeHHSI B noKphlTHH eepxHeif rro,ll.ymKH B rrpou.ecce BTO 
llOJJ;aBaeMhlH nap AJISI rrporrapHBaHHSI HMeeT ,ll.3BJieHHe B Slpy-

1 r A Bhlme, 1.1eM B S1pyce 6, 1.1To o6yCJIOBJIHBaeT paBHOMep­

""'" xapaKTep npOHHKHOBeHHSI rrapa H o6ecrret.IHBaeT Ka\leCT­

llCHHOe nporrapHB3HHe. 

3Ta TK3Hb rrpHMeHSieTCSI npH BTO ,ll.eTaJieii H y3JIOB 

lllBeHHhIX H3,lleJIHH H3 JICrKHX mepCTSIHhIX, IIJI3TeJibHhIX H 

r. II. TK3HCH [11 ). 
IloKphITHe BepxHeH rJI3.IJ.WlbHOH IIOAymKH, rrpe.n;cTaBJieH­

llOC Ha pHc. IV .1, pa60TaeT CJie.ay101I1,HM o6paaoM. Tio.aaBae­

M hlH H3 BepxHeH onym;eHHOH rJI3.IJ.WlbHOH IIO,ll.ymKH nap 1.J:e­

pc3 3MOpTH3Hpyrolil,HH CJIOH H ofu.si)Kl(y nocrynaeT B 30HY 

n6pa6oTKH, me HarpeBaeT H ysJiaX<HS1eT noJiy<l>a6pHK3T. TipH 

npeccoBaliHH IIOJiy<l>a6pHK3T3 c y1.1aCTK3MH pa3JIH1.JHOH TOJI­

~HHhl BhICOTa BepxHero srpyca TKaHH (aMOpTH3Hpyrowero 

CJIO.sI)' COCT3BJISllOIIl,3SI 3/ 5 ero 061I1,eH BhICOThl, o6yCJIOBJIHBa­

CT OOJibmyro crerreHb CBo6oAhl nepeMeII1,eHH.sI BepxHero rro-

110THa, ero )J.e<l>opM3IJ,HIO H BOCIIpH.sITHe IlOBepXHOCTHOro 

pe;1be<l>a o6pa6aThlB3eMoro H3.ll.eJ'IHSI. HaJIH1.1He ABYX SipycoB 

TKaHH o6ecrre1lHB3eT Heo6XOAHMYJO yrrpyroCTh IIOKphITHSI Bep­

XHCH IIO,ll.ymKH H conpoTHBJISleMOCTb K C)K3THIO B 30Hax KOH­

IJ,eHTp3TOB HanpS1:x<eHHH Ha MaJihIX yqaCTKax rroBepxHOCTH 

noJiy<l>a6pHKaTa. TipH 3TOM e rrpou.ecce npeccoBaHHSI MexaHH-

11ecKHe H3rpy3KH pa:BHOMepHO pacrrpe.aeJ'ISllOTCSI no npy:x<HHSl­

IIl,HM CTOHKaM CBSl3YIOIIl,eH H coe.n;HHHTeJibHhIX HHTeii OCHOBhl, 

1lCMY CIIOCOOcTBYJOT H CB060,J::\Hhle IIOJIOCTH MC)K.Jl.y CTOHK3MH 

3THX HHTeH. JJ:syx'h.sipyCHOCTb, H3JIH1.JH.e ,ll.Ha<f>parMhl H BhICO­

K3.sI OObeMHOCTb TK3HH o6yCJIOBJIHBaIOT .ae<t>opM3UHIO CTOeK, 

BCJie,ll.CTBHe 1.J:TO ee peJ'Ibe<I> He rrponel.J:3ThlBaeTcSI qepea 06-
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tlif~KY Ha 06pa6aThIBaeMy10 nosepxHOCT&, 11ro o6ecnetmeacT 

'11diycMoe Ka11ecreo BTO. TIOCJ1e OKOH'laHHjJ npeccosaHHSI 

lilMllH.:XO,U.HT BOCCT3HOBJieHHe IlOKphlTH.H ~ BCSI CHCTeMa npH­

tHIM;t(..'T HCXO,U.Hoe IlOJIOJKeHHe. 

B Ka1JeCTBe c&1pbj1 aMOpTH3Hpy10w;ero CJIOSI noKphITHSI 

llfJIKHeii no.u.ymKH .U.JISI OCHOBhl KOpeHHOH H YTKa HCilOJih3y­

,~ I l \I HHTb IlOJIH3<J>HpHaSI, JIHHeHHOii IlJIOTHOCTblO 27' 7 

11· KCx2, a J];JISI .OCHOBhl CBSl3YJOw;eii - MOHOHHTb DOJIH3<l>Hp­

lt!UI AHaMeTpoM 0,2 MM. Tio;ma<l>HPHhle HHTH o6.na)l;aIOT '11.0-
1 1.iTO'lHOH TepMOCTOiiKOCTblO, HH3KHM COilpoTHBJieHHeM npo­

;1v 11am110 napoM, a TaK>Ke npe)l;ynpeQaIOT yDJ10THeH11e H 

• 1:111i%Jia1111BaeMOCT& TKaHH. 

KoHcTpyKTHBHhle oco6eHHOCTH H MaTepHaJI OOTSIJKKH co-

111 ncTCTBYJOT o6TSIX<.Ke IlOKphITffjJ HIUKHeii IlOJzyIIIKH. 

AapoAuHaMuqecKue xapaxTepucTHKH cJioee 

noKpbITHH eepXHeu nOAYlllKH 

3KcnepHMeHTaJibHhle HCCJie,u.oBaHHSI a3poAHHaMH'lecKHX 

11apaKTepHCTHK 3M0pTH3Hpy10m;ero CJIOSI, peayJI&TaThl KOTO­

llhlX npe'1J.CTaBJieHhl Ha pHc. IV.II, noasoJIHJIH noJiy11HT& 

ypaBHeHHSI perpeCCHH JJ;JISI pac11eTa B03,u.yxonpoHm~aeMOCTH: 

B Ha'laJibHhlii nepHOJJ; 3KCTIJIY3Ta~HH, KOr)l;a npoHCXOAHT 

m1TeHCHBHoe YMeH&meHHe TOJII::QHH&I, -

Q = 0,438+0,888-(H-2)0•65 -0,042· H,Ml/(c·M2), (IV.7) 

•'I.IC H - Tomn;1rna CJIOSI, MM. 

BO BTOpoii nepHO)l;, KOl')l;a TOJiw;HHa CTa61:1JI&HaS1, 

Q = 0,327 {t+lr0,0194 ·e0,0014S·'t +0,07,M3/(c.M2), (IV.8) 

11,e 't - BpeMSI 3KCruiyaTa~1rn, 'I. 

A3poii;HHaM1111eCKHe xapaKTepHCTHKH 06TS1JKKH .H,ll,eHTH'lHhl 

u6TSIX<.Ke IlOKphITHSI HH)l(Heii Il())l;YIIIKH. 
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PHc. IV .11. H3MeHeHHe ao:myxonpoHHu,aeMOCTH aMopTH3Hpyio~ero c.nosi noKp&1rHsi aepxHeu no~ywKH 
npH a3pO~HHaMHlleCKOM conpoTHBJJeHHHAP=-49 na: 

I - B 3aBHCHMOCTH OT TOJl~HHbl; 
II - B 3aBHCHMOCTH OT apeMeHH 3KC11JI}'aTau,MH. 



6. KoucTpyKTHBHhie oco6euuoCTH noKpblTHH 
DO,ZJ,yw1m yTIOXHJibHOrO CTOJia 

flpH H3I"OTOBJieHHH mee:HHhIX H3JJ.CJIHH PSJ.JJ. oncpau.HA 
1111:nKHO-TeDJioeoii o6pa6oTKH ocymecTBJISieTc.SI Ha yTio::>K.wn.-

111.i x CTOJiax. JI:;u1 IlOBhIIIICHH.SI npoH3BO,ll.HTCJil>HOCTH Tpy.n.a " 
y 11y1.J111eHHSI Kaqecrea npH BhIIlOJIHCHHli onepau.Hii }'TIO::>K.KH 

11puMeHSI10TCSI paaHoo6pa3Hhle KOHCTPYKU.HH noKphITJIH noJJ.y-
111cK YTIO:.>KIDil>HhIX CTOJIOB. 

Ha pkc. IV.12. noKaaaHo 3<1xl>eKTJIBHOe nOKphITHe, COJJ;ep­

... ,11u;ee aMOpTH3HPYIOmHH 1 H BhlpaBHHBalOmHH 2 CJIOH, a 
1.11<::>K.e o6TSI::>K.KY 3. AMOPTH3Hpy10m11ii CJioif (pHc. IV.13.) 
1q>C1lCTaBJISICT co6oii DJiacTJIHY 1 H3 TepMOCTOHKOH ry6qaTOH 
I llJIHKOHOBOH pe3HH.hl 51-1437. IlJiaCTJIHa 1 HMeeT BHCIIIHIOIO 

! 11 BHYTPCHHIOIO 3 CTOpoHhl, CBSI3aHHhIC Me~y co6oif B03-
JIYXOilpOBO,ll,HhIMH OTBepcTH.SIMH 4, pacnOJIO:.>KeHHhlMII Ha Bep-

1 

==O • 

0 

l'Hc. IV.12. IloKphlTHe, ycTanoBJieHHoe 11a no,AymKe yno>KHJibHOro crona. 

l'uc. IV.13. AMOPTH311pyrom;Hi:i cnoi:i n0Kp&1THSI no;zymKH yno>KHJibHO.-O CTOJia. 
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uurnax 5 OTPHI~aTeJibHhlX noJiynepHO.D:OB CHHyCOHJJ;aJlhHhlX no­
BCPXHOCTeii 6 H 7. 

BttemHsui cropoHa 2 WiacTHHhI 1 o6pa3oeaHa .D:BYMR e3a­
HMHonepneH,ll:uKyJisi:pHhlMH CHHYCOHJJ;aJibHhlMH nonepXHOCTSIMH 
6 H 7. Pa.D;Hyc KaJIC'AOl'O noJiynepHo,a:a BOJIH CHHYCOHJJ;aJihHhIX 
IlOBepXHOCTeii paBeH l ,S MM, BhICOTa CHHyCOHJJ;aJlhHhlX no­
eepxHOCTeii - 1 MM, a JI:HaMerp OTBepcr:uii - 2 MM. 

BHyrpeHHSISI CTOpoHa . 3 ruiaCTHHhI 1 CHa6.x<:eHa B03,a:yxo­
pacnpe.D;eJIHTeJibHhIMH BhICT)'fi3MH 8 [ 12 ]. 

B Ka11ecTBe BhlpaBHHBarom;ero CJIOsi: HCnOJib3yeTcsi: TKaHh 
BhICOKOo6beMHaSI, npe.D;CTaBJISllODJ;3SI co6oii ABa IlOJIOTHa 1 H 

2, pacnOJIO.x<:eHHhIX A,Pyr Ha.I{ A.PYl'OM H CDe.D;HHeHHhIX Me~y 
co6oii HHTSIMH 3 COe.D;HHHTeJlhHOH OCHOBhI (CTOSIKaMH). 

HHTH 3 coe;::s;HHHTeJibHOH OCHOBhI pacnoJiaraIOTCSI no BCeH 
m:upHHe TKaHH (pHc. IV.14). 

B Ka'leCTBe ChlPbSI HCilOJih3yeTCSI HHTb KanpoHOBaSI Kpy-
11eHaS1 H3 MOHOHHTeii JIHHeiiHoii WIOTHOCTblO (TOJIDJ;HHOH) 3,3 
TEKCx2x2 (Nq 303/2/2) H MOHOHHTh Kanpottoeasi: ,a:u:aMeT­
poM 0,13 MM (13 ). 

IloKphITlle, npe;::i;cTaBJieHHOe Ha pHc. IV.12., o6ecne11HBaer 
TeXHOJIOrH11ecKHH npOJ.\ecc BTO cJie,a:yrom;HM o6pa30M. 
IloJ1y¢a6pHKaT, no.z:i;Jie.x<am;Hii o6pa6oTKe, yKJia.D;hIBaeTcsi: Ha 
noBepxHOCTh o6Tsi:.x<:KH 3 noKphITHsi: H rJia,a:u:Tcsi: yTroroM. IIpo­
rrapHBaHHe noJiy¢a6pHKaTa ocym;ecTBJisi:eTCSI 11epe3 yTror. 
II pH 3TOM nap npoxo,a:HT CKB03h noJiy¢a6pHKaT, ooTsi::xcKy 3 
H BhlpaBHHBaIODJ;HH CJIOH 2, B KO'IOphIX llaCTHllHO KOH,lleHcH­
pyeTCSI H ,a:a.nee COBMeCTHO c KOH,lleHcaTOM CTeKaeT no CHHy­
COlfJJ;aJibHblM IIOBepXHOCTSIM 6 H 7 B OTBepcTHSI 4 (pHc. 
IV.13.). 

IlpH BKJIIO'leHHH BaKyyMOTCOca 11epC3 IlOJIOCTh OTCOCa no­
.D:YlliKH YTIO:XCHJlbHOl'O CTOJia o6pa30B3BllillHCSI KOH,llfHCaT c oc­
TaTKaMH napa y,a:aJISleTCSI H3 30Hhl o6pa6oTKH, npH 3TOM ocy­
m;CCTBJISleTCSI cymKa H CTa6HJIH3aI.l;HSI noJiycl>a6pHKaTa. 

Puc. Iv .14. ni.rpanH11NUOU\11H CJIOH noKpblT11H YTl0){{11JlbHOl'O CTOJia. 
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IlpHMeHeHHe BhICOKOOObeMHOH TKaHH (pHC. J v .14.> H .... 

Jm•me BhICT)'IlOB 8, OTBepcTHH: 4 (pHc. IV.13.) o6ccnc•rnu~m,·1· 
llt.ICOlrne a3poA1t:HaMH1leCKHe CBOHCTBa IlOKphITIUJ. 

TionoTHo 2 BhICOKoofrheMHOH TKaHH B npon;eccc y'l'JO)KKH 

l<OHTaKTHpyeT c IlOBepXHOCTblO 2 aMOpTH3HPY10ll\CfO CJllHI, 

ll(>HHHMaSI ero peJibe<f>, a CTOSIKH 3 KOMneHCHpyIOT HCpo1111u· 

l" l'H' BCJie;:J;CTBHe qero IlOJIOTHO 2 HCKJI101laeT HX npone1.1aThl­

ll:l HHe qepe3 OOTSI)KKY Ha nony¢a6pHKaT. 

TaKoe KOHCTPYKTHBHOe HcnonHeHHe noKphITHSI nop;ywKH 

VTIO)KHJibHOl'O CTOJia IlOBhlmaeT npoH3BOAffTeJihHOCTh o6pa6oT­

K H H CllOCoOCTByeT yny1lllleHHIO KaqecTBa WBeHHblX H3.IJ;eJIH.H. 

7. KoucTpyKTHBHhle oco6eHHOCTH DOKPhITHJI 

DOACT3BKH DOA YTIOr 

B npon;ecce o6pa60TKH AeTaJieii H y3JIOB mBeHHhlX H3.ne-

111-1u Ha YTJO)KHJibHhIX CTOJiaX yTior nepHOAHqeCKH ycTaHaB­

JIHBaeTC.si Ha IlOACTaBKy, OCHaIIJ;eHHyIO IlOKphITHeM. 34><l>eK­

l'HBHhlH BapHaHT noKphITHSI nOACTaBKH noA yTror (pHc. 
I v .15 .) BbIIlOJIHeH B BHJJ;e DJiaCTHHhl 1 H3 TeDJIOCTOHKOii: cy6-

'l:lTOH CHJIHKOHOBOH pe3HHbl 51-1437, HMeIOIIJ;eii BHeWHIOIO 2 
" BHyTpeHHIOIO 3 CTOpoHbl, coe.nHHeHHhle KOHJJ;eHcaTOOTBOA­
llblMH OTBepcTHSIMH 4. CTopoH1i1 2 H 3 cooTBeTCTBeHHO ocHa-

11~cHhl BhICT)'IlaMH 5 H 6, a TaK)Ke Bna)J;HHaMH 7 H 8, npe;::i;­

rraBJISllOIIUIMH B3aHMHOnepnetmHKYJISipHble ro<J>phl. 

KoH.IJ;eHcaTOOTBOAHhle OTBepcTHSI 4 o6pa30BaH1i1 nepeceqe-

1meM Bila}l;HH 7 H 8. 
TipH ycTaHOBKe yTrora Ha noBepXHOCTh 2 WiaCTHHhl l 

110CJieAHHH CBOeH DQAOWBOH OIIHpaeTCSI Ha BhICT)'Ilhl 5. 
06pa3yioIIJ;HHCSI KOH.IJ;eHcaT no BilaAHHa~ 7 H OTBepcTHSIM 

4 caMOTeKoM y.na.nsieTcsi ·C BHemHeii cropoHhl DJiaCTHHhl l, 
11orra;::i;aeT BO BnaAHHhl 8, oTKyp;a no Tpy6onpoBop;y nocTynaeT 

JlJlSI IlOBTOpHOl'O HCil0Jlh30BaHHSI. 

BhlcTynaMH 6 DJiacmHa 1 OITHpaeTcsi Ha no.ncTaBKY yT10-

1·a [14 ] . 
.D:aHHOe noKphITHe o6ecne1lHBaeT IlOJIHhIH OTBOA KOHJJ;eH­

l'aTa OT nOAOWBhl yT10ra, ynyqmaeT caHHTapHo-mmeHaqe­

l'KHe yCJIOBHSI Tpy.na Ha pa6oqHX MCCTaX, IlOBblmaeT KYJihTy­

PY npoH3BO.IJ;CTBa, npe;::i;oxpaaSieT pa6oqyro noBepxHOCTh OT 

MCXaHHqecKHX IlOBpe~eHHH H .SIBJISieTCSI TeDJIOBhIM H30JISITO­

poM. 
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P11c. IV.IS. Il0Kpbn11e nO'ACTaBKH nO'A ynor. 
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rnasa v. 

IlOBEPXHOCTHhIB 3JIEKTPOHAl'PEBATERM 
B PABoqHx OPrAHAX OBOPYJJ.OBAHM.SI JJ.JI.SI BTO 

IlpH H3I'OTOBJieHHH O)l.eJK.L1.hl 0.AHHM H3 cymeCTBeHHhIX BH­
.AOB o6pa6oTKH srnm1eTCS1 TeIIJioBa.SI. Tpy.AOeMKOCTh TeIIJIOBhIX 
npo:u;eccoB cocTaBJ1S1eT 60J1ee 25%,. 

)1,JISI BbIIlOJIHeHHSI TeIIJIOBhlX npo:u;eccoB pacxO.AyeTCSI 60J1b­
moe KOJIHt.IeCTBO 3JieKTp03HepmH; TaK, l'O.AOBaSI 3HeproeM­
KOCTb onepa:u;HH BJia.>KHO-TeIIJIOBOH o6pa60TKH IIIBeHHhlX H3-
.n:eJIHH npeBhlmaeT 500 MJIH. KBT. 1.1. 

0Tcro.n:a CJie.AyeT' 1.ITO HHTeHCH<f>HKaIJ;HSI npo:u;eCCOB TenJIO­
BOH o6pa60TKH B mseiiHOM npott3BOJJ:CTBe - sa>iHhlH npo:ua­
BOJJ:CTBeHHbIH peaepB. 

Ilp:u 3TOM OCHOBHhlM HanpasJ1eHJ1eM COBepmeHCTBOBaHHSI 
3THX npo:u;eccoB .n:o HaCTOSllI{ero BpeMeHH SIBJISleTCSI paapa6oT­
Ka KOHCTPYKIJ;HH c Tpa.n::u:a;HOHHhlMH MeTo.n:aMH HarpeBa 
T3HaM11 :u napoM. 3To o6yCJIOBHJIO OCHall\eHue npe.n:npu:SITHH 
mBeHHOH OTpaCJIH o6opy.n:oBaHHeM c MaCCHBHhlMH pa601.1HMU: 
opraHaMH, nepe.n:aromu:Mu caKKYMYJiu:poBaHHoe TeIIJio o6pa6a­
ThIBaeMoMy rroJ1y¢a6pu:KaTy HJiu: u:a.n:enu:ro. 

TaKoe TexHu1.1ecKoe pemeHu:e He noaso;rneT o6ecneq:uTh 
paBHOMepHoe pacnpe.n:eJieHu:e TeMnepaTyphl no ma.n:u:JihHOH 
noBepxHOCTH u: o6yCJiaBJIHBaeT yxy.n:meHu:e Ka1.1ecTBa BTO. 

KpaiiHe HU:3KU:H TenJioso:H KITJI, (He npeshlmaro~:li 
30 %, ) ' 60J1bmaS1 HHep:u;HOHHOCTb H HH3KaSI TOt.IHOCTb pery JIH­
poBaHHSI TeMrrepaTyphl 11pu:eo.n:S1T K rrepepacxo11;y 3JieKTpo-
3Hepmu:. 

Hanu:1.1u:e )J)IU:HHOH :u;eno1.1Ku: Tennorrepe.n:a1.1u: OT ttarpeea­
TeJI.SI H I'Jia;:J;HJibHOH IIOBepxHOCTH, ueo6xo.n:u:Moii ;:J;JJSl CHU:.>Ke­
HHSI TeMnepaTyphl AO Tpe6yeMOH - 110 ..• 200° c, o6yCJiaB­
JIU:BaeT BhICOKU:e TeMrrepazyphl Ha uepa601.1u:x IlOBepxHOCTSIX, 
KOTOphle He y.n:aeTCSI CHU:3U:Tb TeIIJIOU:30JJSIIJ;U:eH AO caHHTap-
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11h1x HOpM. IIOCJie,ri;Hee HMeeT smKHOe cou,HaJihHoc ;111<pn·1m,·. 

llOCKOJihKY CBSl33HO .Henocpe,ri;CTBeHHO c oxpaHOH 3.QO(XlHMI ori 
rny:>1msaiomero nepcoHaJia. 

YKa3aHHhle HeJJ;OCTaTKH o6yCJIOBWIH noHCK HOBhlx cnrn.:n 

6os Harpesa H Ha HX 6aae coa.ri;aHHe pa601mx opraHoe c 110-

11cpxHOCTHhIM HarpeBOM. 

II pH sToM ycTaHOBJieHo [1,2 ], 'ITO nYTeM npH6JI:u:.>KcHm1 

llCTO'lHHKa TeIIJia K o6pa6aThIBaeMoMy nonycl>a6pHKaTy MO:>K-

110 cymeCTBeHHO CHH3HTh ero pa6011y10 reMnepaTypy - c 

(100 ••• 650°C JJ;O 130 ... 160°C H cpe,ri;HIOIO IlOTpe6JISieMylO MOlll,­

llOCTh - c 0,8 ... 1,0 .no 0.2 ... 0,3 BT/cM2• 

HarpesaTeJihHhIMH sJieMeHTaMH, no3BOJISllOIIlHMH ocyll(eCT-

1111Th nosepxHOCTHhIH HarpeB, Sl.BJISllOTCSI 3JICKTpoHarpeB3IOII(He 

11onHMephl, KpacKH, 6yMara H AP· 

.D:JISI Harpe.Ba rJia]:(WihHhIX DOBepxHOCTeH pa60'IHX opraHOB 

1,GopyAoBaHHSI BTO nepcneKTHBHhIMH SIBJISllOTCSI TeKCTWihHhle 

tJleKTpoHarpeBaTeJm [3 ], OTJIH'lalOII(HeCSI 3JI3CTH'lHOCThlO, He­

foJihillOH Maccou, npoCTOTOH MOHTa.>Ka, yCTOH'lHBOCThlO K Me­

k,tHH'leCKHM B03JJ;eHCTBHSIM, Ha]:(e.>KHOCThlO B pa6oTe H m:u:po­

KHM AH3Il330HOM TeilJIOBhIX H 3JieKTpH'leCKHX xapaKTepHCTHK. 

1. KOHCTPYKTHaHbie OCOOeHHOCTH TCKCTHJibHblX 

3JieKTPOHarpeBaTeJleH 

TeKCTWibHhle sneKTpoHarpesaTe;m npe;::i;cTaBJISllOT co6oli 

YCTpoHCTBa, COCTOSllilHe H3 3JieKTpOH30JUIUHOHHhIX H TOKO­

ll l)OBOJJ;Sllll;HX HHTeH (HarpeBaTeJihHhIX 3JieMeHTOB). 

II poeo,ri;sill(He HHTu: pacnoJiaraioTCSI BJlOJih Wiu: rrorrepeK 

I KaHH H paaJJ;eJISIIOTCSI Me.>KJJ;y co6o:H U:30JISIU,HOHHOH HU:ThlO, 

kOTOpaSI CBS13hIBaeT HX c TKaHeBhlM OCHOBaHHeM H cl>HKCU:py­

l'T B onpeJJ;eJieHHOM IIOJIO.>KeHU:U:. 

IIpoBOJJ;Sim;u:e HHTH MOryT 6b1Tb KOHCTpyKTU:BHhIMU: 3Jie­

MCHT3MH OAffOCJIOHHOH HarpeBaTeJihHOH TK3HU:. 

B 33BU:CHMOCTH OT Tpe6osaHU::U 3JieKTpU:'leCKOH u: TeruIO­

llllH H30JISIIJ;U:U: IIpDBOJlSllI(U:e HllTU: paCIIOJial'alOTCSI Ha rroeepx-

111 KTU: IIOJIOTHa, Me)KJJ;y JlBYMSI CBSl33HHhIMU: Me.>KJJ;Y co6o:H IIO­

il0TH3MH, a TaK.>Ke BHYTP" MHorocno:HHo:H TKaHu:. 

KoM6u:Hau,u:SI pacnoJIO.>KeHu:SI rrpOBOJlSIIIlHX Hme:H B TKaHH, 

11.IMCHeHu:e IIJIOTHOCTU: pa3Mell(eHU:SI u: HCilOJlh3083HU:SI Jl:JISI 

llllX HU:XpoMa, Me.nu:, MaHraHHHa, KOHCT3HTaHa, MOJIU:6JJ;eHa, 

llllJIMf>paMa, Hep.>KaBeIOm;e:H CTaJIH, yrJiepc)Jl:llCThIX BOJIOKOH, a 
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JVlSI H30JJSILl;HOHHhlX HHTeH BOJIOKOH ac6ecTa, JI3BCaHa, Il0Jll1 

OKCHJJ.1ta3oJihHhlX, cTeKJISIHHhlx H A}Jyrnx TennOCToiiKHX MaTC· 

pHLJJlOB 06ecne1I11BaeT H3roTOBJieHHe TeKCTHJibHhlX 3JJeKTPO· 

HarpesaTeJieii Tpe6yeMhIX pa3MepoB, y.n:eJihHOH MOIU;HOCTblO 

OT p::oJieii B3TTa .n:o HCCKOJibKHX BaTT Ha KB3'ApaTHhlH caHT}f· 

MeTp c WHpoKHM p::Hafl330HOM IlHT3IOIIUIX HanpSI.>KeHHH. 

Ha puc. V .I. npe,n:cTaBJieHa KOHCTPYI<ll.HSI TeKCTHJibHOro 

:meKTpoHarpesaTeJisi AJISI Harpesa rJia,ZJ,WlbHhlx nosepxHocTeii 

pa6o1.111x opraHoB o6opy.n:oeaHHSI AJISI BTO [ 4 ]. 
!) 

PHc. V. I. KoncTpyKTHBHasi cxeMa TeKC111Jlbnoro :meKTponarpeeaTe;rn. 

Ha OCHOBe, o6pa30BaHHOH 3JieKTpOH30Jisil\HOHHhIMH HHTSI­

MH 1, pacnono.>KeHhl TOKonpoeo.n:SI~He HHTH 2, SIBJISllOIU;HecSI 

HarpeBaTeJlhHbIM 3JieMeHTOM. IlpoBO,ZJ,HHKH 3 H 4 BhlilOJIHeHbl 

H3 MaTepHaJIOB, oopa3ylOIIUIX TepMonapy. ropWJ;HH crraft 5 
TepMonaphl MO.>KeT H3XOAffTbCSI c TOH .>Ke HJIH c IlpoTHBOilO­

JIO.>KHOH cropoHhl HarpeBaTCJISI, 'ITO H npoBO,ZJ,HHKH. 
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HarpesaTeJih ycTaHas;urnaeTcsi: Ha rJiaJJ.HJI1>Hy10 no11epx 
llUCTb pa6oqero opraHa, npoBOAHHKH 2 HarpeBaTCJlbHOl'O :>m· 

Ml'llTa Coe.D;HHSllOTCSI no Bhl6pairnoii 3JieKTpH1IecKOH CXCM1· 

111anpHMep, napaJIJieJibHO), a npoBOJJ;HH_KH 3, 4 TCpMonap 

tlllACOe.)lHHSllOTCSI K H3MepHTCJibHOMY HJIH peryJilfpyro"-'cMy 

111m6opy. 

TaKoe KOHCTPYKTHBHOe pemeHHe noasonsi:eT ynpocTttTb 

MmnaJK HarpesaTeJihHoro ycTpoifcTsa, npHJJ;aTh eMy BhlCOKu:e 

ll(CIUiyaTao;u:oHHhIC KaIIeCTBa, o6ecneIIu:BaSI 0.llHOBpeMeHHO 

!lll3MO.>KHOCTb H3MepeHHSI u: noJV,J;epJKaHHSI c BhICOKOH TOIIH0-

1 ThlO TeMneparyphl Harpesa, a TaK>Ke IlOBbllllaCT Ha)),e.>KHOCTb 

11a60Thl HarpesaTensi:. 

2. KottcTpyKTHBH&Ie oco6ettuocTH pa6oqux opratton 

rna~HJihHbIX npeccon c nonepxHOCTHbIM uarpesoM 

Ilpu:Mensi:eMhle pa6oIIu:e opraHhl (eepxHu:e H HU:.>KHu:e no­

ilYUIKu:) o6opy.D;o.BaHHSI .unsi: BTO c naposhlM HarpeBOM no­

Jnonsi:IOT 0.llHOBpeMeHHO HCilOJib30BaTb nap 8 KaIIeCTBe 3Hep­

!'CTH1ICCKOro H TexHonomIIecKoro <l>aKTopos, HO Tpe6yroT 

MOIIJ;HbIX KOTeJibHhIX ycTaHOBOK u: CJIO.>KHOH CHCTCMhl napo-

11pOBO.JlOB. KpoMe Toro, CTOHMOCTb rrapoBhlX IlOJJ;ymeK BCJIH­

t<a, CJIOJKHa HX 3KCDJiyaT3l_\HSI. 

3neKTpm1eCKHH Harpes T3HaMu: HJIH cnHpaJI.SIMH pa60-

1mx opraHoB 6onee M06HJieH H OTJIHqaeTc.si KOHCTPYKTHBHOH 

CJIO.>KHOCTblO KOpnycoB IlOJJ;YIIIeK, HX IlOBhllIICHHOH Maccoii H 

llhICOKOH CTOU:MOCTblO, a TaK.>Ke H3MCHCHU:CM reoMeTpH'lCCKHX 

pa3Mepos rnaJlHJibHOif n~BepXHOCTu: B npou;ecce 3KcDJiyaTa-

1~uH, CBSl3aHHbIM c pa6oroif MaTep11ana (o6b11IHO aJIIOMHHU:e­

noro cDJiasa) npu: nOBhIIIIeHHOH TeMneparype. 
TaKHe pa601IHC opraHhI OTJIJl1I3IOTCSI 6oJihlIIOH TCllllOBOH 

HHepu;u:OHHOCTblO, BhlCOKOH TeMneparypoif Hepa6o1IHX no­

ncpxHOCTeH, 'lTO npHBOJJ;U:T K Henpou:3BOJJ;HTCJibHhIM TCilJIO­

BblM IIOTep.siM u: yxy.D;meHIUO c.aHHTapHo-mmeHH1ICCKHX ycno­

BHH. 

Pa6oIIu:M opraHaM c KOM6HHHposaHHblM HarpeBOM rna­

JUI.JlhHbIX IlOBepXHOCTeii npHcy~H TaK.>Ke BblllleynOMSIHYThIC 

11eJJ;OCTaTKU:. 

Jlyqmu:M, c TCilJIOTCXHHqecKOH TO'IKH apeHHSI, HarpeBOM 

nepXHCH IlOJJ;ylIIKH H npoBe.D;eHHSI Ka'leCTBCHHOH BJia.>KHO-Ten­

JIOBOK o6pa60TKH IIIBCHHblX H3)J.eJIHH SIBJI.SICTCSI pacrrOJIO.>KCHHe 

HarpesaTCJibHOro ycTpOHCTBa Henocpe.D;CTBCHHO Ha rJia)),HJibHOH 

noeepxHOCTH. 
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Oc11onH1>1M11 Tpe6osaH11S1MH, npe)J;bS1BJIS1eMhlMH K TaKnM 

l'JICIJ~HJlhHhlM no,nyllIK3M, SIBJISllOTCSI: o6ecne'IeH11e TeMnepary 

pi.1 rn.a,lJ.HJibHOM rroBepxHOCTH 100 ... 200° C; pas6poc TeMIICJ>.1 

Typ1>1 no rna.Il,WlbHOH nosepXHocm He 6onee .:!:5° C; pa60•1t·r 

11anpsDKeH11e He 6onee 42 B; y.neJihHoe nosepxHOCTHoe 3JICK 

TP" LfCCKoe conpoT11BJieH11e, B sas11c11MOCT11 OT n:;rnHhl no.nym 

KM, 0,07 ... 20,0 OM; cra6HJibHOCTb 3JieKTp1111ecK11x napaMc1 

pos npll 803,D;CHCTBllll napa II B ycJIOBllSIX UllKJJll'IeCKllX Ml' 

xaH11tiecK11x Harpy30K; pecypc pa6oThl He MeHee 5000 1130011, 

Ha p11c. V .2. np11se.n;eHa KOHCTPYKTHBHaSI cxeMa BepXHcil 

rna,D;HJibHOH no.n;yWKll [5, 6 ], OCHameHHOH Bb1Weon11CaHHhlM 

HarpeBaTeJieM (p11c. V .I.), BKJI1011a10meu TeKCTHJihHhlil Harpc­

saTCJih 1, OOTSl>KKY 2 u3 TeilJIOCTOHKoil TKaH11. Tenno113on51· 

IJ,1110 3 Me)K,IJ;y HarpeeaTeJieM II KOpnycoM " CHJIOBOU Kopnyc 4. 

P1-1c. V.2. KoHcTpyKTHBHasi cxeMa eepxneH rnaJI.HJibHOH noizyruKH c norepxnocr­
HbIM 3JieKTpoHarpeeaTeJieM. 

Ilp11 3TOM 1130JISIUlfOHHble HllTH HarpeBaTCJISI 1 BbIIlOJIHe­

Hhl 113 TeIIJIOCTOHKOl'O nOJDmKca)l,lla30JibHOl'O BOJIOKHa, a 

3JieKTponpoBO,D;Slll\He - 113 HHXJ>OMOBOH npoBOJIOKH ~ 0, I MM. 

06TSl>KKa H3f'OTOBJieHa 113 TCIIJIOCTOHKOH OKCaJIOHOBOH 

TKaH11, a B Ka'leCTBe TCIIJIOH30JISIIJ,HH 3 llCilOJih3yeTCSI cynep­

TOHKOe BOJIOKHO 6a3aJibTa, ac6ecT HJill .n;pyl'lfe MaTepllaJibl. 

(::HJIOBOH KOpnyc 113f'OTOBJieH H3 aJIIOMHHHCBOl'O CWiaBa. 

TexHOJIOI'lf'ICCKHH npou;ecc BTO np11 TaKOM KOHCTPYKTHB­

HOM peweHHll ocymeCTBJISICTCSI CJICJl.YIODJ;llM o6pa30M. 

B CYl'KpbITOM nono>KeHHH rna;z:cHJihHOro npecca TCKCTHJih­

Hhlii: HarpeBaTCJlb 1 B Te'ICHllC 5-10 MHH. HarpeeaeTCSI 33 

C'ICT npoXO)K,IJ;eHllSI 3JieKTPH11eCKOl'O TOKa 6eaonaCHOl'O HanpSI­

>KeHllSI ()J;o 42 B) no TOKOilpOBOASIDJ;HM HHXpoMOBhlM 1HHTSIM. 

Ilp111ICM Tpe6yeMaSI paBHOMepHOCTb TeMnepaTypHOro IlOJISI 

o6ecnetI11BaeTCS1 np11 ware 11x pacnoJio>KeH11S1 2,5 ... 5 MM. 
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Bb160p pa6mi:ero HanpsixceHHSI npoH3BO,llHTCSI B COOTBCTC r­
IUtH c rrapaMeTpaMH TeKCTHJihHOro HarpeeaTem1 I H Tpe6yc­
Mon ero MOW:HOCTH, onpe.zi;em1eMOH 3a,uaHHOH MaKCHMaJlbHOH 
pa6oqe:ff TeMnepaTypo:H. 06Tsi:>KKa 2, 06JiaJJ;a10masi HeBhlCOKoii 
l'CnJIOilpoBOJJ:HOCTblO, B OTKpblTOM IlOJIO:>KeHHH npecca SIBJISleT­
l i1 8 onpCJJ:CJICHHOH Mepe 3KpaHOM, CHH:>KalOillHM IlOTepH Terr-
11a e 0Kpy:>Ka10w:y10 cpeJJ:Y. HaJIHqne TenJIOH30JISIIJ,HH 3 H3 
llH3KOTCilJIOilpOBOJJ;HOl'O MaTepna.na orpaHHqnsaeT IlOTOK Ten­
Jla K Kopnycy 4 no.zi;ymKH. 

B pa6oqeM U.HKJie TexuonomqecKnll nap nocryrraer B o6-
pa6aThIBaeMhlil noJiy<f>a6pnKaT, rrpn 3TOM reHepnpyeMoe ua-
1·pesaTeneM I Tenno npe;:i;oTBp~aeT KoH,lleHcau;nIO napa Ha 
l'JiaJJ;WlbHOH IIOBepXHOCTH H o6ecneqnBaeT Tpe6yeMblH TenJio­
llOH pe:>KHM B 30He npeccoBaHHSI. 

TenJIOH30JISII.J;HSI 3 MO:>KeT cHa6:>KaTbCSI napoHenpoHHIJ,ae­
MbIM CJIOeM, rrpenSITCTBYIOW:HM rrorraJJ;aHHIO B Hee napa, qTO 

ll6ecrreqnsaeT coxpaHeHHe BhlCOKHX TeilJIOH30JISIIJ,HOHHblX 
rBOHCTB. 

TipH mare HHXpOMOBhlX HHTCH B HHTepBaJie 2,5 ... s MM 
11epaBHOMCpHOCTb TeMnepaTypHOl'O IIOJISI rnaJJ;HJibHOH IlOBepx­
llOCTH He npeBhlmaeT :t5o c. 

TipnMeHeHne BepxHe:H rnaJJ;HJibHOH noi::i;ymKH npe.D,JJarae­
MOH KOHCTPYKIJ,HH Ha rrpecce c HH:>KHell napoHarpesaeMo:H 
no,uymKOH, CHa6xceHHOH ycTpoHCTBOM JUISI nponapnsaHHSI, 
06ecrreq1:1saeT BhlCOKoe KaqeCTBO BhlnOJIHeHnsr BTO. 

Ha p1:1c. V .3. [7 ] npnBe.n;eHa KOHCTPYKTHBHasi cxeMa sep­
xHe:H no,uymKH rna,uWlhHOro npecca, cocrosiw:aS1 H3 onopHoil 
nJIHThl 1, Ha KOTOpoH pacnOJIO:>KeH CJIOH 2 H3 TenJIOH30JIH­
pyIOlllel'O MaTepna.na, CJIOSI 3 TOKOilPOBO,llHOH TKaHH, OTpa;)l(a-

TCJlbHOro CJIOSI 4 
H3 aJIIOMHHHCBOH 
<lx>Jihm H OOTSI:>K­
KH 5. Cnoil 3 To­
KonpoBoAHoii TKa­
HH pacnOJIO:>KeH c 
B03MOXCHOCTblO 
Henocpe,llCTBCHHOl'O 
KOHTaKTa c o6-
TSl;)l(K0H 5 H3 <jJTO­
ponJiaCTOBOH Jia­
KOTKaHH TOJIIllH­
HOH He 6oJiee 0,2 

l'wc. V .3. Bepxmm no):lywKa rna}:IHJihHOl'O npecca. MM. 
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Bepxus1S1 rro,n;yIIIKa AOnonunTCJibHO :uMeeT orropuy10 runtTy 
6, CMOHTHpoBaHHYIO nocpe;J.CTBOM KOJIOHOK 7, HanpaBJISllOIIl;J-tX 
BTYJIOK 8 " npy:xrnH 9 c 3330p0M 10 B 50 MM Ha)l. onopHOJI 
IlJI:UTOH 1 no,n;ywKH c B03MOJKHOCTblO KOHTaKT:UpOBaH:USI c HCli 
" :UMe10m;y10 OTpaX<aTeJibHhlD CJIOH 11 Ha BHyTpeHHeii IIO• 
eepxHOCT:U. 

BnaX<uo-TeWioeaSI o6pa6oTKa nocpe,ZJ,CTBOM ,Aauuoii no­
.AYIIIK:u ocym;ecTBJISieTCSI CJiep;ylOIIJ;HM o6pa30M. 

B OTKpblTOM TIOJIOJKeH:U:U npecca TOKOIIpOBO,D;HaSI TKaHb 3 
6hICTpo uarpeeacrcSI u nepe.a;acr 6onhIIIYIO qaCTb TeilJla qepc:1 
o6TSl)[(KY 5, qaCTb TeilJia 3KKyMyn:upyeTCSI B CJioe 2 H3 Terr·· 
no:uaoJ"rnpy10m;ero Mcfrepuana :u t1acruquo B03Bpaw:aeTcSI CJ.Io­
eM 4. 

llaCTb TCilJIOBOfO IlOTOKa qepe3 CJIOH 4 B03Bpam;aeTCSI 06-
paTHO OTpa;)l(aTCJJbHhlM CJIOCM t 1 .AOilOJIH:UTeJibHOD onopHOH 
WIHTbl 6, TeM caMhlM o6ecneq:uBaeT BhlCOKYIO TeilJIOOTpaJKa­
TeJibHYIO crroco6uocTb It CH:UJKaeT KOHBeKTHBHblH TeilJIOOOMCH 
3a cqeT 333opa 10 Me~y IlJIHT3MH 1 H 6. 

B 3aKphlTOM noJJoJKeH:uu .AOnOJIH:uTeJihHaSI onopHaSI WIHTa 1. 

6 qepe3 CJIO:U TeWIOH30JIHPYIOID;:UU 2, TeruIOilpoBO,ZJ,HOD TK3HH ' 
3, oTpaX<aTeJibHhlH 4 u OOTSIJKKY S nepeJJ:aeT ycwme npec­
coeauuSI TeXHOJioruqeCK:U IlO,ZJ,l'OTOBJieHHOMY nony<t>a6p:uK3T)' Ii 

npeccyeT ero. 1 

nepe):{aqa MeXaH:uqecKoro .naeJieH:USI ocym;eCTBJISieTCSI BI 
TeIJ:eH:ue KOpoTKoro epeMeHu, 33 KOTopoe onopHaSI IlJIHTa 6 I 
He ycneBaeT HarpeTbCSI. I 

TaKoe pemeH:ue KOHCTpyKI.i;u:u rnaJJ:HJlbHOD nOJJ.YIIIK:U o6ec- I 
neq:usaeT cu:uJKeu:ue y,ZJ,eJihHOii Mom;uocm aa cqeT auaquTeJih­
uoro yMeHbIIIeH:USI nOTeph TeWia c uepa6otmx noeepXHOCTe:H. I 

Ha p:uc. V .4. (8 ] noKa3aHa KOHCTPYKT:UBH3SI cxeMa ~ 
eepxHeil noJJ.ymK:u rna,n:HJlbHOro npecca, BKJIIO'l3IO~SI MeTan- i 
JI:UllecKHH K3PK3C - WIHTY 1, onopy 2, 3JieKTpouarpeBaTeJib 
3 :u KJieMMH:UK:u 4. 1 

TKaHeeaSI noAJJOJKKa 3JieKTpouarpeeaTeJISI 3 coAepxcHT TO­
KOnpoBOJl.SIIU:ue H:UT:U 5, no OCHOBe - Kpyqeuble IIITarreJJHpo­
BaHHhle HnT:u 6, a no yTKY - Kpyqeu1i1e <l>HJiaMeHTHble u:u­
TH 7. 

3neKTpoHarpeeaTeJJh 3 pacnoJJoX<eH e KOHTaKTe c onopo:H 
2 :u uenocpe,n;CTBeHHO KOHTaKTHpyeT c o6pa6aTI:i1eaeMh1M H3-

,D;M£M. I 

Ilocne eKJ110qeHHS1 npecca 3JieKTpouarpeeaTeJih 3 nop;ym­
KH e Teqeu:ue - 10 MHHYT uarpeBaeTCSI aa cqeT npoxo~e­
HHSI ::meKTpHqeCKoro TOK3 uanpSI;)l(eH:ueM Jl.O 42 B no TOKO-
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l'Hc. V.4. BepXHJUI noJzylllKa rna,!(WihHOro npecca. 

rrpoBO.l(SllI{HM HHTSIM 5. Tipu 3TOM shl6op pa601.1ero HarrpS1:>Ke-

111rn npoH3BO,l(SIT B COOTBeTCTBHH c reoMeTpHtieCKHMH napa­
MCTpaMH 3J1eKTpoHarpesaTem1 H Tpe6yeMOH ero MOII{HOCThlO, 

onpe;::i;e;u1eMon .aa.u;aHHOH pa6ot1e:H TeMnepaTypoU:. Onopa 2 
orpaHH'IHBaeT TeWIOBOH nOTOK K ee Hepa60'IHM nosepXHO­
CTSIM H HCKJIIO'laeT 3JieKTpHIJeCKyIO CBSl3h HarpeBaTeJUI 3 c 

MeTaJIJmqecKHM KapKaCOM 1. 
B npou;ecce BTO MeTaJIJI111.1ecK11H: KapKac 1 PT npHBo.u;a 

4epea onopy '.> nepe;::i;aeT MexaH1rqecKoe .n;aB.11eHHe npeccoBa­

HHSI Ha H3D;e.11He. 

Ha;rn:1.111e B yTKe TKaHeBOH no.n;no:>KKH <f>HJ1aMeHTHhlX HH­

TeU:, 06Jia;::i;a10m;nx aHa'IHTeJJhHO 6o.11&me:H yca.u;Koii no cpas­
HCHHIO co WTanenHpoBaHHhlMH, Il03BOJISICT nyreM npe;::i;sapH­
TCJihHOH TCpMo<f>HKCaD;HH COKpaTHTh paCCTOSIHHe Me:>KJJ;y TOKO­
npoBO)J;Slll{HMH HHTSIMH .n;o 1,5-1, 7 MM, '!TO n03BOJISICT 
yMeHhWHTh war npu H3.I'OTOBJieHHH TKaHH H IlOBhlCHTh paB­
HOMepHOCTh TeMnepaTypHOI'O OOJISI .n;o :t3o c. lkrrOJih30BaHHe 

lllTane;mpoBaHHhlX HHTeH B OCHOBe TKaHeBOH IlO,l(JIO:>KKH )J;aeT 

R03MO:>KHOCTh H36e:>KaTh HeHy)l<HOH yca.u;KH no ee .D;JIHHe. 

Ha pnc. V .5. [9 ] npnse.u;eHa KOHCTPYKTHBHaSI cxeMa 

eepxHeii no.n;ywKH r.11a;::i;HJ1&Horo npe_cca. Tio.n;ymKa co.n:ep:>KHT 
MeTaJIJIHtieCKHH KapKac, BhlnOJIHeHHblli B BHJJ:e IlJIHThl l, 
onopy 2 H3 TenJI03JICKTpoH30JISID;HOHHOI'O MaTepHaJI.a, KOH­

TaKTHPYIOII{HH c onopoU: 2 CJIOH TKaHOI'O 3JleKTPOHarpeBaTCJISI 

3 H TCWIOCTOHKYIO OOTSl:>KKY 4. 
311eKTpoHarpeBaTe.11& 3 BhlnOJIHeH B Blf.ZI:e ,n:syx CJIOeB -

TKaHoro BepxHero 5 H HH:>KHero 6 IlOJIOTeH. 
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Pl-fC. V .5. Bepxusisi nopywKa rna~HJI&Horo npecca. 

BepxHee nonoTHO 5 co.z:i;ep)KHT OCHOBHhle sJieKTpoHsonupyio­

IllHe HHTH 7 H YTO'IHhie TOKOilpoBO)l.SllllHe HHTH 8, OIIJleTeHHble 
H30JIHPYIDilleii TeIIJIOCTOHKOii HHThIO 9. Hn:xrnee noJIOTHO 6 co­
.z:i;ep:>KHT OCHOBHble HHTH 10 H H30JIHPYIOillHe YTO'IHble HHTH 11. 
Cno:n CBS13aHhl Me:>KJJ;y co6oii .z:i;onoJIHHTeJihHhlMH OCHOBHblMH neT­
JISIMH 12 c TpexyToqHblM saKpenoM. Me)K)l.y CJIOSIMH o6pasosaHo 

H30JISIIJ,HOHHOe B03lJ.YWHOe npocTpaHCTBO 13. 
IlOCJie BKJIIO'leHHSI npecca 3JieKTpoHarpeBaTeJih 3 IlO.l(YWKll 

B TeqeHHe KOpoTKOro BpeMeHH HarpeBaeTCSI sa C1leT npOXO:>K](e­
HHSI SJieKTpH'leCKOro TOKa HanpSl:>KeHHeM 220 B no TOKOnpoBO­
)J;SIJI\HM HHTSIM 8. Onopa 2, 06na.n.a10II\aS1 HH3KOii TeI1Jionpooo.z:i;­
HOcTh10 H XOpoWHMH 3JieKTpoH30JISIIJ,HOHHblMH CBOHCTBaMH, or­
paHH'IHBaeT IlOTOK TenJia K ee Hepa6011HM nOBepXHOCTSIM H HC­
KJIIO'laeT 3JieKTpH11eCKYIO CBSl3b HarpeBaTeJISI c MeT3.11JIH'leCKHM 

KapKaCOM 1. 0nJieTKa ~JJieKTpOH30JIHPYIOilleii HHTblO 9 TOKOilpo­

BO)J;SIII\HX HHTeii 8 " HH:>KHee 3JieKTpoH30JIHPYIOillee IlOJIOTHO 6, 
pacnOJIO)KeHHOe Ha pacCTOSIHHH 3-5 MM OT TOKOilpoBO)J;SIJI\HX 

HHTeil 8, a TaK:>Ke OOTSl:>KKa 4 yJiyqlllaIOT aJieKTpoHsoJISJU.HOHHhle 
xapaKTepHCTHKH rJiaJJ,IDihHOH IlOBepXHOCTH, 'ITO Il03BOJISleT HC­

IlOJib30B3Th npeMaraeMy10 KOHCTPYKIJ.HIO Ha npeccax c eePTH­
KaJihHbIM )J;BH:>KeHHeM BepxHeH rJia}lIDlbHOH IlO.l(YWKH, 3aillHilleH­
HOH OT npHKOCHOBeHHSI onepaTopa. 

Bo BpeMSJ yBJia:>KHeHHSI nony<l>a6p11KaTa napoM n OTnap1rna­
HHS1 no.l(a'la sJieKTpo3Hepmn npeKpaillaeTCSI, 'ITO o6ecneq:nsacr 
OTCYTCTBHe KOpoTKHX 33MhlK3HHH. 
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IlpH npeccoBaHHH MeTaJlJIH'leCKil:H KapKaC I OT llptmn"'' ... ~ 
1'~3 onopy 2 nepe.u;aeT MexaHH'lecKoe .l(aBJieHHC m1 11:1Jwm1c. 

HaJIH'IHe B KOHCTPYKl.(HH ~meKTpoHarpeBaTCJISI 3, :1~1M1rnym 
l'O 803.l(ylliHOI'O npoCTpaHCTBa 13 o6ecne1lHB_feT BhlCOKy10 (J'(' 

llCHb paBHOMepHOCTH TeMilepaTypHOI'O IlOJUI -1,5 ... 3° c. 
IlpHMeHCHHe eepxHen rJiaAHJibHOH no.nymKH OflHCammii 

KOHCTPYKl.(HH Ha npecce c HH:>KHCH napoHarpeeaeMOH, cua6>Kc11-
llOH ycTpOHCTBaMH }lJISI nponapHBaHHSI, o6ecne'IHBaeT BhlCOKOl' 
1<aqecTBO BhlnOJIHCHHSI onepau;nu BTO, a TaK:>Ke n03BOJISICT HC­
KJIIO'lHTb H3 CHCTCMbl 3HepronHTaHHSI nOHH:>KalOil{HH TpaHc<f>op -
Ma Top H ,qpyry10 MCKTpH1lecKy10 anrrapaTypy. 

llcCJie,qoeaHHSI npoQ;eccoe BTO Ha npecce c no,qymKoif, oc-
11a~eHHOii IlOBepxHOCTHhlM 3JieKTpOHarpeBaTeJieM, Il03BOJIHJIH 
ycraHOBHTh YACJihHhle MO~HOCTH ):{JISI BhlnOJIHCHHSI pa3JIH1lHhl x 
nnepau;nii: 2 

,qy6JinpoeaHHSI - 0,30 ... 0,35 BT/ CM ; 2 
BHyTpnnpou;eccHoii o6pa6oTKH - 0,20 ... 0,25 BT~cM ; 
oKoHqaTeJihHoii o6.pa6oTKH - 0,15 ... 0,20 BT/CM (10 ]. 
IlpH 3TOM 3KCnepHMeHTaJibHblM nyTeM ycraHOBJieHO pacnpe­

J~CJICHHC TeMnepaTyphl no CJIOSIM IlO.l(ylliKH, npe,qcTaBJICHHOe Ha 
1mc. V .6. " no3BOJIHBmee onrnMH3HpoBaTb ee MaTepmtJihl. 

r. (Jc 

P11c. V .6. Pacnpe;r:1enem1e TeMnepaTypLI no CJIOHM no~ywKH c TeKCTHJibHblM 
:111eKTf}OHarpenaTeneM. 
0Cb X: 
I . BHeruHHH nonepxHOCTb OOTH}f{KH. 
l. BHyTpeHHHH nonepxHOCTb 06n1>KKH H nHelllHHH Te1<cTHJ1hHOro :meKTpo11arpe­
naTensi. 
3. BHyTpeHHHH nonepxHOCTb TeKCTHJlbHOl'O :meKlpOHarpenaTeJIH H BHeWHHH -
rcnJIOH30JIHLU10HHOl'O CJIOH. 
4. BHyTpeHHHH nonepxHOCTb rennOH30JIHL{HOHHOl'O CJIOH H BHeWHHH - KOpnyca. 
5. BHyTpeHHHH nonepxHOCTb KOpnyca H BHeWHHH - TenJIOH30JIHL{HH. 
ti. B11emHHH nonepxHOCTh TenJJOH30JJHL{HH H nHyTpeHHHH nonepxHOCTb KO}f{yxa. 
7. BtieWHHH nonepx11ocTh KO}f{yxa. 
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3. TennoTexHw1ecK11li pac11eT Bepxu11x rJiaAHJibHbIX 

rro.n.yiueK c nOBepxHOCTHbIM uarpeBOM 

TaKHe KOHCTPYKTlfBHhle oco6eHHOCTH sepxH11x rna.ZJ.IDih­

Hhlx rro.n;yweK c IIOBepXHOCTHhlM HarpeBOM, K3K OTCYTCTBHe 

MaCClfBHOI'O TeIIJIOBOI'O 3KKyMymITOpa H He60Jihllilfe IIOTepH 

Tenna qepe3 Hepa6oqne IIOBepXHOCTH, o6yCJIOBlfJIH pa3pa60T­

KY MeTo.n;11KH 11x TeIIJioTexHHqecKoro pac11eTa, BKJI10qa10my10 
onpe.neJieHHe M3KCHMaJihHOH y.n;eJihHOH MO~OCTH HarpeBaTe­
JISI, pacqeT TeMrrepaTyp pa6oqen H Hepa6oqe:H: rrosepxHocTeu 

ll lfX K03<t><i>Hil,HeHTOB TeIIJIOOT.D;atIH, pac11eT H30JISIUHH, o6ec­

neq11Ba10.lll;llH Tpe6yeMyIO TeMIIepaTypy Hepa601mx nosepxHo­

creli, a T3K.X<e pacqeT OCHOBHhIX KOHCTPYKTHBHhIX napaMeT­

poB (ll J. 

Onpe.n.eneuue TenJI0TeXH1111eCKHX xapaKTepncTHK 

aJieMeHTOB H xapaKTepHhlX nOBepxHOCTeli BepXHeH 

rJia,ll,HJlbHOH 00.D.YUIKH c DOBepXHOCTHbIM uarpeBaTeJJeM 

,l(JISI pac11eTa rrpoueccos TeIIJiorrepe.n.aqu B rro.n;ywKax rna­

)lIDihHhlx npeccoe onpeJJ;eJIS110T K03<t><i>Hll.lfCHT ·reIIJIOOT.n;a1m c 
nosepXHOCTll, TeIUioeMKOCTb, TeIIJionpoBOJJ;HOCTh, a TaK>Ke 

IIJIOTHOCTh lf TOJIDJ.;llHY OT,D;CJihHhlX CJIOCB. 

I-fa paOOThl [12 J CJie.n;yeT, llTO IlOBhlWCHHe TCIUIOTCXHH­

qecKOH 3<t><i>e~TllBHOCTH no~yWKll ,D;OCTHraeTC.SI nyTeM OT.n;ene­

HHSI MHOI'OCJIOHHOH ll30JUil.l,Heii nosepxHOCTHOI'O HarpeBaT(~JUI 
OT ClfJIOBOI'O KOpnyca. 

Ilp11 s&16ope TeITJ1011aon~e11 y1111ThlBaeTcS1 eeo6xo.n;HMOCTh 

CHlf3HTb IIOTOK TCITJia 11epe3 Hepa601111e nosepXHOCTH rryTeM 

pacIIOJIO.X<CHHSl CJIOSI c BhICOKHM TepMHllCCKHM COIIpoTHBJICHH­

eM H MaJIOH TCIIJIOeMKOCThlO Herrocpe;z:i;cTBCHHO 33 HarpeBaTe­

JieM. 

Bhl6op COCTaBa MHOI'OCJIOHHOH H30JISII.l,HH H MaTepeaJia 

Kopnyca o6yCJ1aBJIHBaeTCS1 pa6011e:H: TeMrrepaTypo:H, rrpo11Ho­

CTHhlMH xapaKTCpllCTHKaMH H 3KOHOMHllCCKHMH coo6pa)f{eHH­

.SIMH. 

TeIIJIO<j>H3HlleCKHe KOHCTaHThl TeruIOH30JISlll,HH H MaTepH­

aJIOB .u:pymx 3JICMCHTOB rro.n;ywKH, npei:i;CT3BJICHHhle B Ta6n. 

V.l., 6a3epy10Tc.S1 Ha .n;aHHhlX [13, 14, 15, 16 ], a TauKe 

3KCIICPHMCHTaJihHhIX HCCJIC.ZJ.OB3HHH. 

0.nHHM H3 B3)f{HhlX napaMeTpoB rro.n;ywKH srnm1eTC.SI K0-

3<t><i>HUHCHT TeilJIOOT,D;allH. 06~a.SI IIOBepXHOCTb TenJIOOT,D;3llH 

no.n;ymKH I'Jl3JJ;lfJihHOro rrpecca B OTKphlTOM COCTO.SIHHH CKJia-
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N!! 
n/n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TennocpM3M"leCKMe KOHCTilHTbl 3neMe11ToB nDAYWKM 

Ko3¢q>111u,111eHT 
Ha111MeHoeaH111e Marep111ana rennonpoeoA- Ton1J4111Ha, nnoTHOCTb, TennoeMKOCTb, 

3neMeHTOB nOAYWKlll HOCTlll, A. I 

Br (M • 0C} 
d, MM j> V, K!'/M 3 C, A>K/(Kr• °C} 

Tt<aHb Bb1coK006beMHas:1 
0,047 7,25 1130 1680 

CT60-8 - 2 cnos:i 
Ac6ecT 0,2 5 500 840 

9KcanOtiOBas::I TKaHb 0,026 0,212 610 -
3noKClllAHblH CTeKnonnaCTlllK 0,23 20 1500 1200 

rJ,,eHonnacr 0,031 30 100 -
<l>aHepa 0,15 10 600 2500 

<l>onbra 175 0,1 2700 9200 

0,076 1 400 840 
Ac604eMeHT 

0, 101 2 

M Horocnoi:1Has:i 1113011s:14111s:1 0,062 12,4 - -
HarpeearenbHOe nonorHo nH-5 0,046 0,8 165 -

np111MeYaH111e: 1 - np111 0 ° C; 2 - np111 1 00° c; 3 - nplll 2oo·c. 

Ta51n11.~a V.I. 

TepMMYecKoe 
.Qonycr111Mas:1 

conpor111ene-
Hiiie, R• 10 3, reMne,parypa, 

M2• ° C/BT 
t, c 

154 220 

45 600 

8,15 350 

86 250 

967 100 

69 100 

0,00057 -
450 

200 - . 
• - -
I 

J 



,U:hlBaeTCSI H3 pa6oqeii IIOBepXHOCTH, IIOBepxHOCTH 3all(HTllOl11 
KO}l(yxa, a TaK}l(e 60KOBhlX noBepxHOCTeH no,n:yIIIKH. 

Ko3<t>¢>11~11eHT TeruIOOT,a:aq11 c BhlIIIeynoMSIHYThlx 1111 

eepxHOCTeii MO}l(eT 6hlTh onpe.qeJieH KaK cyMMa nyq11cTOl'O II 

KOHBeKTHBHOro K03cP<tm~HeHTOB. 

a. == aJI +a11: (V. I 1 

a = E·Co[(E>+To+273 )4 
-( To+273J4

]· 
n €> 100 100 <l>Fl-F2' (V.2J 

r.a:e E creneHh qepHOThl Tena; 
Co KooclxPHIUfeHT TeIIJioeMKOCTH, Co=5, 7 BT/ (M2°K4>; 
G> npeBblIIIeHHe TeMnepaTyphl IlOBepXHOCTH Ha,U: 

TeMnepaTypoH OKpy.X<aIOII(eH Cpe.Qhl, °C; 
To TeMnepaTypa OKpy}l(aIOmeH: cperoi1, °C; 

cl>F1-F2 = ~FrF1 - yrnoBOH K03<t>¢>HuHeHT H3JIYllCHHH; -
F1 WIOII(aJJ;h Hepa6oqeii no:sepxHOCTH, M2; . 2 
F2 - IlJlom;a,a:h pa6oqeii nosepxHOCTH, M • 

KoHBeKTHBHhlii K03cl>cf>Hu,u:eHT TeilJlooT,a:aqH ,a:JISI sePTH­
KaJihHO-oT,a:aiom;eii noBepxHOCTH onpe,a:eJIS1eTCS1 no ¢opMy nc 
[17 ]. 

(V.3) 

yqHThlBaSI, 'ITO y qacTH I'Jia,U:HJlbHbIX npeCCOB pacnOJIO}l(e­
HHe no,a:ymeK noii, yrnoM (npHMepHO 30° K ropH30HTaJIH)' 
K03cP<tm~11eHT ,n:JIH pa6oqeii: nosepxHOCTH, OT,a:aiomeii TeilJlo 
BHH3, paBeH 0,8, a BBepx c KO}l(yxa - 1,2 (18 ], COOTBCT­
CTBeHHO cPOPMY Jlhl npHMYT BH,a:: 

Jl.JISI pa6oqeii IlOBepXHOCTH 

<V.4) 

Jl.JISI KO}l(yxa 

(V.5) 
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CTeneHh qepHOThl pa6oqeii nosepxHOCTH H Ko:>Kyxa Ha 
1111JlYIIIKe c TpnKoTa:>KHhIM 3JieKTPOHarpesaTeJieM .nm1 np11HS1-
' ••• x KOHCTpyKTHBHhIX MaTepnaJIOB onpeAeJieHhI 3KCnep11MeH­
l 1l II hHhIM rryTeM n npeACTasJieHhI e Ta6n. V.2. 

11 p< "I (CJUllOJllaH 

111>11<1JXHOCTb 

lhll'laSI 

•11<yx 

T a 6 n u u a V .2. 
CTeneHb 11epHOTL1 pa6o"lcii 11 Hepa6011eii 

nooepxHocTeil rnann.TJLHoii nonym~u 

MaTepurur Pac•1enwe 3Ha•1em1e 1<0J1JHJmu11e1na 
noBepXHOCTll qepHOTbl E, npH 

P. = 2 .5 KBT/M2 P. = 1.0 KBTIM2 Cpe,D;Hee 

06Tll:lKKa H3 OKCaJIO-

HOBoii TJ<aHn 0.84 
CTe1<JionJiaCTHK, 

0.98 0,91 

01<parneHHbIH aJIIOMH-

HHeBOH 1<pac1<oii 0,37 0,30 0,34 

I1pn 3TOM HaJinqne 3HaqHTeJihHOH KOHBCKUllll Bos.nyxa y 
111.:pe.nHeii 6oKOBOH nosepxHOCTll BepxHeH no.nyWKll He Il03B0-
11~1eT onpe.neJinTh cyMMapHhlii nOTOK Tenna c Hepa6oqnx no-
11cpxHOCTe:U:. 

B 3Toii CBS13H K03<Pqmu;ueHT TeilJIOOTAaqn .nm1 ecex He­
pa6mrnx IlOBepxHOCTeH npHHSIT paBHhIM K03<P<tmu;neHTY Ten­
lOOTAa'lH c pa6oqero KO:>Kyxa. I1posepKOM 3TOro IlOJIO:>KCHllSI 
llBIUIOCb paBeHCTBO cyMMhl H3MepeHHhIX H pacqeTHhIX IlOTO­
KOB TeruioOT.naqu OOJI\eil MOII\HOCTH HarpesaTeJist. 

3Ha'ICHHSI K03<t><l>HUHCHTOB qepHOTbl, KOTOphle MOryT 
6btTb HCilOJib30B3HhI npn pac'leTe 11yqnCTOro K03<P<lmu:ueHTa 
TCilJIOOTA3'1ll, npuse.neHhl ll B JIHTepaType (15 ]. 

I1pu pao1eTe TeilJIOOT,na'lll H3JIYlleHHeM c paooqeii nosepx-
11ocru no.l(ymeK, pacnono:>KeHHhIX no):( yr110M, no <PoPMYJ1e 
<V.2) Heo6xoAHMO y'IHThlBaTh BeJIHqffHY yrnosoro Ko3C1><l>11-
•\HeHTa H3Jiy'leHHSI, OTBe'la10mero peaJihHblM yCJIOBHSIM Ten­
JIOOT,n;a1rn. PaccMaTpHBasi npocTpaHcTBO MeJK.ZJ;y sepxeeH: u 
llli:>KHeH IlOAYWKOH K3K .l(ByMepHyro K./lllHOBHJI:HYIO Bil3.D;llHY 
C yrJIOM Y =30°, B COOTBeTCTBHH C ( 14 ], HMCCM: 

cpF1-F2 = cpF2-F1 = 1- sin(y I 2) = 0, 74, (V.6> 

T. e. TenJiooT.z:i;aqa nsJiyqeHneM c pa6oqeii nosepxHOCTH B 
0, 74 pa3a Hn:>Ke H3-3a BJIHSIHHSI HH:>KHeii IlOAYIDKH. 
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.lI,aHHhle paciieTa JIY'IHCToro, KOHBeKTHBHOro H o6mcm 
Ko3cJ:><lmuneHTa Teruioon~aqn WI.SI paooqeif rroeepxttocm n Ko 
.>Kyxa, a TaK.>Ke TeMnepaTypttoro Ko::$cJ:>nuHeHTa TenJIOOTAa 
'In, onpeAeJieHHOro no cJ:>opMyne 

6, =~a.if ~ei (V. 7» 

npnBeJreHhl e Ta6. V .3. CTpn pac'leTe npnHS1Ta TeMnepaTyp;1 
OKpy.>Kaiow;e:U: cpeAhl T0=28° C, 1ITO COOTBeTCTByeT peaJILHhlM 
yCJIOBHSIM npon3BOACTBa Ha meeiiHhlX npe;::i;rrpnS1THS1X. 

0i 
• c 

1 

50 
60 
70 

80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 

T a 6 JI n u a V .3. 

3aBHCHMOCTb K03¢cj>HUHCHT8 TeDJIOOTJl8'1H pa6oqeif noeepxHOCTH 

H KO>Kyxa OT TeMneparypbl 

Pa60'18J1 no6epxHoCmb Koll\yx 

O'..ki JJ, E.>2 cx.u J31 0'..112 O'..J CX.112 cx.2 
Bntt.h Brn/Mz.c 0 c Bntt.h 8"1/M2°K 

2 3 4 5 6 7 8 9 10 

4,90 5,48 10,38 - 5 3,40 2,18 5,58 -
5,21 5,80 11,01 0,063 10 4,28 2,23 6,51 0,186 
5,49 6,09 11,58 - 15 4,91 2,28 7,19 -
5,73 6,37 12, 11 0,053 20 5,41 2,33 7,74 0,11 
5,97 6,68 12,65 - 25 5,83 2,39 8,22 -
6,18 7,0 13,18 0,053 30 6,18 2,45 8,63 0,082 
6,38 7,31 13,69 - 35 6,52 2,51 9,03 -
6,57 7,66 14,23 0,054 40 6,80 2,57 9,37 0,068 
6,74 7,99 14,73 - 45 7,08 2,63 9,71 -
6,91 8,37 15,28 0,055 50 7,34 2,70 10,04 0,066 
7,07 8,74 15,81 - 55 7,58 2,76 10,34 -
7,22 9,12 16,34 0,053 60 7,80 2,83 10,63 0,058 
7,36 9,50 16,86 - 65 8,01 2,90 10,91 -
7,51 9,93 17,44 0,055 70 8,21 2,97 11,18 0,054 

75 8,39 3,04 11,43 -
80 8,57 3,11 11,68 0,05 

Onpe;::i;enettne cyMMapHhlX Ko3<Jxt>nuneHTOB TeilJIOOTJl.31IH c 
pa6oqe:U: H Hepa6o1IeH IlOBepXHOCTeli maAHJibHOH IlOJl.YIIIKH c 
noeepXHOCTHhlM 3JieKTpOHarpeBaTeJieM MOX<HO TaUKe npoeo­
Jl.HTb nocpe]l.CTBOM 3KcnepHMeHT3JibHhIX Jl.aHHblX, npe;::i;cTae­
JieHHhIX Ha PHC. v. 7., H ypaBHeHHH perpeCCHH: 

cx.1 =7,80+5,35·10-2T1, (V. 8) 
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PHc. V.7. 3asHCHMOCTh Kos¢cf>11a;HeHTOB TeMOOT.IlaqH c nosepxHocTeft: rnMHJI&Hoft: no.nywKH OT TeMnepazyp&1: 
I - pa6oqasi noeepxHOCT&; 
II - Hepa6oqasi nosepxHOCT&. 



I'Ae a1 - K0J4xi>HIJ,HeBT TeIIJIOOT,r~mm c pa6o11eH: nosepXHOCTH, 

BT/ (CM2·°C); 
c:x.2 - KoocW»m;uem ~tm c uepOOoqe:H: DOBepXHOC'l'H, 

BT/ (CM2•°C); 
T1 TeMnepaTypa pa6o11eii noBepxHOCTH, °C; 
T2 TeMnepaTypa uepa6o11eii noBepxHOCTH, °C. 

Pac~eT OCHOBHhlx napaMeT)lOB Bepxuen rna'AHnhHOH 
IlO'AYWX:H c DOBepxHOCTHhlM HarpeBOM 

KaK yJKe yKa3hlB3.1IOC&, OCHOBHaSI 3a;::i;a1.1a Te11J10TexnH11e­
cKoro pac11eTa Bepxueii no~mKH c noBepxHOCTHhlM HarpeBOM 
3aKJ1101.1aeTCS1 B onpe~eJieHHH TPe6yeMoii MOID;HOCTH uarpeBa­
TeJISI, o6ecne'IHB3IOID;eH 33.ZJ;3HHYIO M3KCHMa.llbHYIO pa6o11y10 

- TeMnepaTypy T lmau a T3KJKe cOCTaBa TeruIOH30JISID;HH, npu 
HaJIH'lHH KOTOpoii TeMnepaTypa Hepa6o11HX nosepXHOCTeH He 
npeBhlmaeT caHHTapuy10 uopMy Tzmax· KpoMe Toro, Tpe6y-. 
eTCSI T3KJKe 3H3HHe. H CT3TH'leCKOH xapaKTepHCTHKH. 

CorJiacHo pa6oTe [ 19 ], CTaTu11ecKHe xapaKTepHCTHKH MO­
ryT 6h1Tb noJiy11eHh1 H3 ynpom;eHHOI'O 3H3.1IH33 TellJIOBOI'O 6a­
JI3Hca B ycTanosusmeMCSI COCTORHHH. Be.n:H1.1uua TennoBoro 
IlOTOK3 OT uarpeBaTeJISI B 3TOM CJiy1.1ae onpe;::i;e.n:SleTCSI TOJibKO 
IlOTepSIMH TeDJia B OKpyJKaIOm;yIO cpetJ;y H COI'Jl3CHO 33KOHY 
H&IOTOHa MOJKeT ~hlTb BhlpaJKeua <l>opMynoii 

me i 
Fi 

Q = i: (CX.ki +a.ni)· Fa ·eh 
~=I 

<V.10) 

HOMep IlOBepXHOCTH Ten.nonepeA3l.IH; 
IIJIOID;Mb COOTBeTCTBJIOm;eif OOBepXHOCTH TellJIO­
OTA3'lH; 
npeBhlmeuHe TeMnepaTyphl noBepxHOCTH TeDJio­
nepe.ual.IH Hall; TeMneparypo:H: oKpyJKaIOm;eii cpe~; 
COOTBeTCTBeHHO, KOHBeKTHBHhlH H JIYl.IHCThlH 
K03¢q>Hu;HeHThl TeDJIOOTA3'lH; 

n KOJIH'leCTBO noBepXHOCTeH TellJIOOTA3l.IH • 
.Il.JISI sepxueii IlOAYWKH c IIOBepxHOCTH&IM uarpeBOM MOJK-

1 

HO Bhl)J;eJIHTb ABe xapaKTepHhle IIOBepxHOCTH TeIIJIOOTA3'lH. 
DcpsaSI - pa6011aS1 noBepxHOCTh noBepxuocTHoro uarpeBaTe­
;rn nJlom;a.n,&10 F 1 - BKJI1011aeT rJia.D;HJihHYIO noBepxHOCTh no-
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l\YillKH c npeB111:meHHeM TeMneparyphl 91 H 3H311HTeJihHO 

MeHhmyIO 113CTh HarpeBaTeJISI, BhlXOJI.SllilYIO no KOHCTP.YKTHB­

JlblM npHllHHaM Ha OOKOBhle cTopoHhl BepxHeii rJiaJJ;HJihHoii 

nOJI.YillKH H HMeIOm;yIO B nepBOM npH6JIHX<:eHHH TY X<:e TeM­

neparypy. BTopa.H - Hepa6o11a.H noBepxHOCTh F2 - BKJII0-

1aaeT noBepxHOCTh sam;HTHOro KOX<:yxa H 6o11hmy10 11aCTh 6o­

KOBhIX CTOpoH no,nymKH H xapaKTepH3yeTCSI npeBhlmeHHeM 

TeMneparyphl 92. 
JI:pyroii oco6eHHOCTblO I'JiaJI.HJihHhlX IlOJI.ymeK c noBepxHO­

CTHhlM HarpeBOM BB.ll.HeTCSI B03MOX<:HOCTh ynpom;eHH.H HX Ten­

no<l>H3HlleCKOI'O pac11era nyTeM HCITO.llb30BaHH.H YJI.CJihHO!'O 

::meprerH11ecKOI'O napaMerpa - noBepXHOCTHOii MOIIl;HOCTH 

HarpeBaTeJISI. c yqeTOM 3TOI'O DOHSITHSI CT3TH11eCK3SI xapaK­

TepHCTHKa 6YJI.er onpeJ:J;eJI9TbCSI HCXOJI.SI H3 BlipaX<:eHHSI:: 

(V.11) 

r'):(e a. ., % - IlOJIHhlii KOs¢<l>HIQ1eHT TeilJIOOTJI.3'lH. 
I 

3<l><PeKTHBHOCTb BepxHeii IlOJI.yIDKH c noBepXHOCTHhlM Ha­

rpeBOM B TeDJICYreXHHlleCKOM OTHOmeHHH MOX<:HO ou;eHHTb OT-

11omeHHeM JI.OJIB TeDJIOBOI'O DOTOK3 c paooqeii noBepxHOCTH 

QI K o6m;eMy IlOTOKy Teil.713 p s· 
lfa BhlpaX<:eHHB" (V .11) C.llCJI.YeT, llTO 

(V.12) 

T. e. OTHOmeHHe Qr /Ps onpezi;e.h.HeTC.H OTHOmeHHeM H36hITOlol­

HblX TeMneparyp Hepa6o11eii H pa6011eii nosepxHoCTH (;h/91 
" nx DJ1om;a~eii F2/F1. 

Jl.n.H orrpezi;eJieHHSI ·.Tpe6yeMOH TOJllil;HHhl TeilJIOH30JISIQHH 

paccMOTPHM yrrpom;eHHYIO KOHCTpYKTHBHyIO cxeMY BepxHeii 

nOJI.YillKH (pHC. V .8). 
IloTOKH TeDJia 11epe3 pa6oqyIO noBepXHOCTh H KOX<:YX 

MOX<HO Bhlpa3HTb 11epe3 COOTBeTCTBy10m;ue TeMnepaTypHhle 

11arrophl H conpoTHBJieHH.H TermonepexoJI.Y: 

Q 1=(Ttt-T o) /R1 CV.13) 
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PHc. V.8. YnpomeHHaH cxeMa eepxHeu no~yruKH c noeepxHOCTHhlM HafpeeoM: 
1 - KOpnyc; 2 - TellJIOH30JIHlU1H; 3 - HarpeeaTeJih; 4- o6TH>KK8. 

Q2=(TH-T o) /R2, (V.14) 

rne Ttt - TeMnepaTypa narpeeaTe;rn:; 
R1 H R2 - coomeTcreeHHO, conpoTHBJieHHSI Teru10nepexo­

AY oT HarpeeaTeJISI K noeepxHoCTH pa601.1:eu H 
KOJKyxy. 

c }"leTOM COOTHOmeHHSI 

PrQ1+Q2 

H H3 (V .13) H (V .14) CJie~yeT 

0i = P,· R1 
R1+R2 

<V.15) 

(V.16) 

TaK KaK Q2 MOJKeT 6h1Tb BhlpaJKeHo qepe3 H36hlT01.JHy10 
TCMnepaTypy KOJKyxa H K03<J><PHI.\HCHT TeIIJIOOTAa•rn, 

Q;i = a.2 ·02· 

113 BhlpaJKeHHSI (V .16) CJieAycr: 

Ri = R1 ·(2L-1) 
a.2. 91 
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' 
~ IlocKOJihKY R1 H R2 npeIJ;CTaBJISllOT, COOTBCTCTliC'llrm, 

cyMMY 

Oo6T I 
R1=--+-

Ao6T <X.t 
<V .19) 

8~13 0Kopn I (V .20> 
R2=-+--+-, 

AH3 AKopn <X. 

rIJ;e Do6T - TOJIII\HH3 o6TSDKKH, MM; 

D113 TOJIII\HHa H30JISI~H, MM; 

O:Kopn- TOJIII\HHa KOpnyca, M; 

i .. o6T - K03<1xl>H~HeHT TeIIJionpoBOIJ;HOCTH OOTSIXKH, 
BT/(M0 °C); 

i .. ,13 - KO*PHI~HeHT Teruxonposoi:.HOCTH H30JISIQHH, 

BT/ (M0 °C); 
i .. ..:opn - KO*f1HQHeHT TelJJionpoBOIJ;HOCTH KOpnyca, 

BT/ (M0 °C). 
lfa ypaBHeHHSI (V.18) IlOJIY'IBIOT cl>opMyny AJISI pacqeTa 

Heo6xOIJ;HMOH TOJIII\HHhl H30JI.SIQHH: 

ldeTOIJ;HKa paC~eTa eepxHeH rJI8'AHJlbHOH DOA)'IIIKH 
c noeepxHOCTHhlM uarpesoM 

Onpe.n;eneHue Tell.llocl>H3H1.1ecxux xapaKTepHCTHK :JJieMeH­

TOB nosepXHOCTH H paC'leT napaMeTpoB BepxHeH DOIJ;_ymKH 

Il03BOJI.SIIOT npe.n;JIOXHTb MeTOJJ;HKY pacqeTa OCHOBHhlX napa­

MeTpoB l'J13.D;HJibHhlX IlOIJ;ymeK c nosepXHOCTHhlM HarpeBOM. 

lknoJih3Y.SI 3KCnepHMeHTaJibHhle JJ;3HHl:ile, npeIJ;CTaBJieHUhle 

Ha pHc. V.9., H noJiyqeHHhle ypaBHeHHSI perpeccHH, onpe.n;e­

JISIIOTCSI M3KCHMaJihHhle TeMDepaTyphl pa6o1.1eii H HepafuqeB: 

nosepXHOCTeH: 

T1=47-,48+62,44·Ps-4,43·Ps2; 

T2= 12,66+24,9SPs-6, lSPs 2-+-0,52.Ps 3; 

(V.22) 

<V.23> 

nosepXHOCTHa.SI MOIIJ;HOCTb uarpesaTeJISI, 
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Puc. V.9. 3aBMCHMOCTb TeMnepacypbl nosepxHocTefr rna.itHJJbHOH no.nywKM OT oosepxHOCTHOH MO~HOCTH: 
J - pa6011aS1 nosepXHOCT&; 
II - Hepa6011asr nosepxHOCTb. 



A TauKe 3a.na10TCS1 coomomeHHSI WIOIJ¥i.neii ttepa601.1ci1 " 

11a601.1eii: nosepxHOCTeii <F2/F1)0• 

no H3secmoii: TeMnepaT}'pe oKpyxarom;eii: cpe~ T 0 on­

pc.nenRIOT MaKCHM3JlbH111e HOOhlTOllH111e TeMnepaT}'p111: 

ei max=Timax-To.i=l,2 (V.24) 

HecMOTpsr Ha To, llTO TeMnepaTypa s6JIH3H pa6mi:eH: no­

ncpXHOCTH Bhlme TeMnepaT}'plil e6JIH3H Hepa6ollHX nosepxHo­

neH: H. IlOCKOJibKY H36IJITOllH3SI TeMnepaTypa pa6olleii IlOBep­

K HOCTH HaMHOro Bhlme H36hlTOllHOH TeMnepaTyphl KOxyxa B 

llCpBOM npH6JIHXeHHH, npHHHMaeTCSI 

To=To2. (V.25) 

B COOTBeTCTBHH c <l>opMyJIOH (V .11) paCCllHThlBaeTCSI: M3K­
rHM3JibHaSI y,neJibH3SI IlOBepXHOCTHaSI MO~HOCTb HarpeBaTeJISI 

Psma.x = a.1 ·01 max +a.i-02 max -CF2/F1)0 , KBT/M2; (V.26) 

TepMHllCCKOe conpoTHBJieH11e KOpnyca, HCXOJJ;SI H3 ero reoMeT­

PHllecKHX pa3MepoB, onpe.nensieMhlX npollHOCTHlllMH coo6pa­

}l(eHHSIMH, 

OKopn 2 0 
R Kopn = --, M · C/BT; 

AKopn · (V.27> 

repMu11ecKoe conpoTHBJieHHe OOTSIXKH 

_ Oo6T 2 0 / • 
Ro6T - --, M • C BT, (V .28) 

AooT 
B COOTBCTCTBHH c <l>opMyJIOH (V .21) onpeAeJISieTCSI Tep­

MHlleCKOe conpoTHBJieHHe TeilJIOH30JISIIJ,HH MeJIGI:y HarpeBaTe­

JieM H KOpnycoM: 

-( l ) ( Psmax ) ( 1 ) 2 o C/ . RHJ - Ro6T+- • • -1 - RKop +- •M • BT, (V.29) 
O.J 0.2 02 max 0.2 

011pe.nenSieTCSI tocTaB TeilJIOH30JISIIJ,HH B COOTBeTCTBHH c 

nOJIOXCeHHBMH, c4>opMyJIHpoBaHHIJIMH Blilme, IlOJib3YSICb JJ;aH­

HhIMH TepMHlleCKHX COilpOTHBJieHHii OTJJ;eJihHIJIX ee CJIOeB: 

k k 

RHJ = L Ri = L BJ'Ai , M 2·°C/BT, (V.30) 
i=l i=I 

r.ne k - 1.fO:CJIO CJioeB TelIJIOH30JUIIJ,HH. 
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0611.\aSI TOJIID;Hlia TeDJIOH30JISIU.HH: 

K 

6M.l = Lfii,M, 
i=I 

r.ne 8H ·- TOJII.QHHa HarpeBaTeJISI, M. 

(V.31 > 

(V.32> 

npoBepSieTCSI 3Hal!ettue OTHOIIIeHHSI IlJIOuta.ne:H u, npu HC­

o6xonHMOCTH, yToqHSieTcSI pacqeT MaKCHMaJihHOH yneJibuoi1 

noeepXHOCTHOH MOil.\HOCTH HarpeeaTeJISI p smax· 
llJISI npSIMOYl'OJihHOH IlJIOCKOH nonyIIIKH 

(V.33) 

rne B H L - cooTsei:crseHHO, mHpHHa H .nJIHHa no~III­
KH. 

no <f>oPMYJie (V. I I) pacC1lHThlB8IOTCSI 3HaqeHHSI MOID;HO­

CTH HarpeBaTeJISI, OTBel!3IOID;He HecKOJibKHM napaM 3Ha'leHHH 

ua6&1ToqHhlx TeMnepaTyp pa6oqeli u Hepa6oqeli noBepxHOC11f 

B npHHSITOM HHTepBaJie. npu 3TOM HCilOJih3YeTCSI npH6JIM­

)KeHHoe paBeHCTBO TeilJIOBOl'O 6aJiaHca 

<V.34) 

npeJJ.noJiararow;ee nponop~HOHaJI&Hoe H3MeHeHue H36HT011Hoii 

TeMneparyp&1 Koxcyxa c H3MeHeHHeM TeMneparyp&1 pa6oqeii 

noeepxHOCTH. 

no IlOJiy'leHHhlM .r(3HHHM MOXCeT 6.blTh IlOCTpoeHa CT8TH­

qeCKaSI xapaKTepHCTHKa J{JISI pa6oqe:ff IlOBepXHOCTH. no H3-

BeCTHOH }'AeJihHOH noeepXHOCTHOH MOII{HOCTH HarpeBaTeJISI 

p s max. paCC'IHThlB3eTCSI MaKCHMaJibHaSI IlOTpe6m1eMaS1 MOm;­

HOCTb: 

P = Psmax · B·L I<;BT. (V.35) 
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B cooTeeTCTBHH c pHc. V .10 nocpe.acTBOM ypaBHeHHii pe­
rpeccHH onpe.a·e;u1eTC5I ]J;HaMeTp HHXpoMOBOH npoBOJIOKH no­
BepXHOCTHOl'O HarpeBaTeJI.51 

npH P5=0, l5 BT/cM2 D=5,781 • I0-3+6,645•10-2•L; 
P5=0,20 BT/cM2 D=5,176•10-4+7,017·10-2•L; 
p s=0,25 BT I cM2 D=9,399· l0-4+8,396· 10-2• L;(V.36) 
P8=0,30 BT/cM2 D=3,646· 10-3+8,657· 10-2·L; 
P5=0,35 BT/CM2 D=0,008+9,116• 10-2•L, 

r.n:e L - JJ;JIHHa HarpeeaTeJI.51. 

~N/lf 

0,12b JV Iii 

41()1) ii 

I 

P11c. V.10. 3aB11C11MOCTb AHaMeTpa HHXpOMOBOu npOBOJIOKH OT AJIHHbl noBepx­

HOCTHOro HarpeBaTe.m1: 2 
I - npH Ps-(),15 BT/C~; 
II - np11 Ps-(),2 BT/CM ; 2 
III - np11 Ps=(),25 BT/C~ ; 

IV - np11 P~,3 BT/CM i 
V - np11 Ps-(),35 BT/CM • 

A comacuo pHc. V. l l. nocpe.n;cTBOM ypaeHeHuii perpeccHH 
onpe.n:em1eTC5I He06XO]J;HMOe IlHTaIO~ee Hanp.51X<CHHe: 

npu P5=0,15 BT/CM2 U=I,91·10-6+22,22°L; 
Ps=0,20 BT/cM2 U=l,22+22,89·L; 
Ps=0,25 BT/cM2 U=-1,45+29,8SL; (V.37> 
Ps=0,30 BT/cM2 U=5,43+27,81·L; 
Ps=0,35 BT/cM2 U=l,67+33,33·L. 
B pe3yJihTaTe pa3pa6oTKH Hoeo:H: KOHCTPYKl.\HH no.AyIIIKH 

H pacIJ:eTa nocpe,n:CTBOM npezvraraeMoii MCTO]J;HKH ee TCilJIO­
TCXHHl.J:CCKHX H KOHCTPYKTHBHhIX xapaKTepHCTHK ycTaHOBJie­
HO, 1.J:TO ee 3<Jxt>eKTHBHOCTb onpe]J;eJISICTC.51 TeMrrepaTypoii He­
pa601rnx noeepxHOCTeii :u OTHOmeHHeM HX IlJIO~a,n:H K IlJIO­
~a,AH pa6oIJ:eii noeepxHOCTH. 
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Puc. V .11. 3aeHCHMOCTb IIHTalOl.l\ero HanpsuKeHHR OT AJIHHbI noeepxHOCTH Ha­
rpeeaTeJJR: 2 
I - npu Ps-0,15 BT/cMi; 
II - np11 Ps-0,2 BT/CM ; 
III - np11 Ps-0,25 BT I cf:J.2; 
IV - npu Ps-0,3 BT/CM i 
v - npu Ps-(),35 BT/CM • 

TeopeTuqecKH noTepH npu pa6oqeli TeMnepaType 180° C 
H TeMneparype KOJKyxa 45° c COCTaBJUllOT 8 % npOTHB 60-
70 % ~JUI no~ymeK c TpaJJ;lfl.UIOHHhlM HarpeBOM. 
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D1aBa VI. 

YCTPOHCTBA AJISI HCCJIEAOBAHHH IlPOUECCOB 
H OEOPY,[(OBAHHSI ,[(JISI BJIA)l(HO-TEilJIOBOji 

OEPAEOTKH 

HaY'IHO-TeXHHl.JeCKHH nporpecc e MaIIIHHOCTpoeHHH .n:m1 

nerKOH npoMblIIJ.TieHHOCTH, B lillCTHOCTH, ,n:nSI orrepau;HH nna::>K­

HO-TennOBOH o6pa60TKH meeHHblX H311;MHH npe.n:ycMaTpHBaer 

C03):{aHHe BbICOKOrrpoH3BO.O:HTeJibHOl'O o6opy,n:oeaHHSI Ha 6a3l' 

nepcneKTHBHblX TeXHOnOrnl!eCKHX rrpou.eccoe. 

PemeHHe 3Toii aa,n:alIH eoaMO)KHO rrocpeACTBOM noHCKOBhIX 

Hayl!HblX HCCJie;:i:oeaHHH, HarrpaeneHHhIX e nepey10 01Iepei:i;h 

Ha H3y1IeHHe B3aHMO):{eHCTBHSI pa60l!HX cpe.n:, pa601IHX opra­

HOB, TellJia, BJiarn H T. II. c o6heKTOM o6pa6oTKH. 

0.n:HHM H3 nyTeH peanH3aU,HH ]l;aHHOH sa,n:al!H SIBnSieTC.sl 

cos.n:aHHe H HCilOnh30BaHHe HOBblX -ycTpoHCTB, Il03BOJISilOII{Hx 

npO]J:BHHYTh HCCJie,n:oeaTeJibCKHe pa60Tbl B ]l;aHHOM HanpaBJie­

HHH~ 

1. y CT3HOBK3 }1;JUI HCCJie,n;oBaHHH npou;eccoB 

33P0AHH3MHl.JeCKOro <tiopMOB3HHSI TeKCTHJibHblX 

MaTepuanoe 

y CTaHOBKa II03BOJISieT rrpoeo,n:HTh HCCJie]J:OB3HHe CBOHCTB 

TeKCTllJibHhIX MaTepHaJIOB, <t>opMyeMblX napOB03AYWHblM rro­

TOKOM npH H3I'OTOBJieHHH o6heMHhIX .n:eTaneii o.n:e)f()l.hl. 

Ha 1IepTe)Ke (pHc. VI.I.) H3o6pa)KeHa cxeMa ycTaHOBKH [I J. 
YcTaHOBKa ):{JISI HCCJie]l;oBaHHii rrpou.eccoe a3poAHHaMH1Ie­

cKoro <l>oPMOBaHHSI TeKCTHJihHblX MaTepHanOB co.n:ep2KHT OCHO­

BaHHe l c ycTaHOBJieHHblM Ha HeM H3MepHTeJibHhIM np1160-

poM 2. KoJihn;eeo:H yaeJI 3 KpenneHHSI o6pasu;a 4 Hcn1>1Tye-

Moro MaTepHana eKJI10ttaeT 
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l'Hc. VI.I. YcTaHOBKa p,m1 HccnenosaHHH npol.leccos aspO)lHHaMH•IecKoro ¢iop­
MoeaHHB TeKCTHJlbHbIX MaTepHaJIOB. 

MeM6paHy 5, KOHycoo6pa3HYIO KaMepy-cMeCHTeJlh 6, napore-

11cpaTop 7 c napopaCilhIJIHTeJieM 8, ycTaHOBJieHHhlM BHyTpH 

1<3Mephl-CMeCHTeJISI 6, H KaMepy 9 CTa6HJIH33QHH B03~WHOTO 
110T0Ka c 3TaJIOHHhlM conpoTHBJieHHeM I 0. B eepmHHax KO-
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HYCOB KaMephl-CMeCHTeJISI 6 HMeeTCSI OT8epcn1e 11, a KaMc­

phl 9 CTa6wrn3aU,HH B03AYWHOl'O IlOTOKa - OT8epcrue 12. 
y CTaHOBKa COAePX<:HT T3KX<:e HCTO'IHHK 13 CX<:aTOl'O B03Ayxa. 

no.n,orpeeaTeJih 14 803.n,yxa, nOA80AS1m,Hii Tpy6onpo80JI. 15, 11 

KOTOpOM ycTaHoBJieHhl pacXOAOMep 16, perynepy10m;1di BeH­

THJih 17 H 3anopHhlii KJianaH 18 •.. MamCTpa.n:& 19 MaJihlX pac­

XOJI.08 C 33IlOpHO-perynHpyJOm;HM KJiail3HOM 20. nJISI KOHTpO­

JISI TeMn.epaTyphl H JI.3BJieHHSI B KaMepe-cMeCHTe.n:e ycraHOB­

JieHhl H3MepHTeJIH 21 H 22 JI.aBJieHHSI H TeMnepaTyphl, a II 

KaMepe 9 CTa6HJIH3aU,HH B03JJ;YillHOl'O IlOTOKa yCTaHOBJieHbl 

H3MepHTCJIH 23 H 24 AaBJieHH.sJ u: TeMnepaTyphl, COOTBeTCT­

BeHHO. BepmHHhl KOHycoo6pa3HhlX KaMep&1-cMecHTeJIS1 6 u 

KaMephl 9 c BXOJI.HhlMH OT8epCTHSIMH 11 H 12 3aKperuieHbl 

JI.H3MeTpaJihHO npoTH80IlOJIOX<:HO .n,pyr 'APYI'Y Ha IlJIOCKOM B03-

JJ;yxonpoHHll,aeMOM KOJI&n,e 25 c HanpaBJISIJOIIJ;HMH 26. Tpy-

6onpo80i:t 15 8hlilOJIHeH c 803MOX<:HOCThJO Il080poTa B no.n­

illHilHHKax 27 H KOHT3KTa c Il08epxHOCTblO KOJihlJ,3 25, co­

npOTHBJieHHe yqaCTKa KOTOporo, orpaHHlleHHOro 8hlXOJJ;HblM 

ceqeHHeM Tpy6onpoBOJJ;3 15, pa8HO 8eJIH1IHHe 3T3JIOHHOl'O co­

npoTHBneHHSI 10. 
y CT3H08Ka pa6oTaeT CJieJJ;yJOm;HM o6pa30M. 

06pa3en, 4 TeKCTH.llhHOro MaTepHaJia yt.na.n,&18aJOT Ha na­

poe03JI.yxonpoHH1J,aeMyJO MeM6paHy 5 H npHX<:HM310T ero 1< 

OCH083HHIO 1 KOJihU,eBhlM Y3JIOM 3 KperuieHHSI. naTIIHK H3-

MepHTeJihHOl'O np116opa 2 Il0A80Jl.HTCSI JI.O conpHKOCH08eHHSI c 

no8epxHOCT&IO o6pa3n,a 4. 
JI:;u1 ycTaH08KH 33.QaHHblX napaMeTpoB B03JI.YWHOI'O noro­

Ka IlOJI.80JI.SIIIJ;HH Tpy6onpoBOJJ; 15 Il0JI.80JI.SIT K OT8epcTHJO 12 
KaMephl 9. 3TaJIOHHOe conpoT,HBJieHHe 10 Bhl6HpalOT pa8HhlM 

conpoTHBJieHHJO naKeTa o6pa3en, 4 - napo803;::i;yxonpoHHIJ,a­

eMaSI MeM6paHa 5. BKJIJOqaroT HCT01IHHK 13 CX<:aToro 803JJ;yxa 

H nOJJ;orpe8aTeJlh 14, perynepyJOII{HM seHTHJieM 17 ycTaHaB­

JIHBaJOT e Tpy6onpo8o.n,e 15 sa.naHHhlii pacxoA 803,nyxa, :KoH­

TPOJIHpyeMhlH pacxOJI.OMepoM 16, TeMnepaTypa 803JI.yxa · pery­

nHpyeTCSI MOIIJ;HOCThJO Il0AOl'pe8aTeJISI 14 H KOHTpoJIHpyeTCJI 

H3MepHTeneM 24 TeMneparyp&1. 

J(JISI HaCTpoHKH MamcTpaJIH 19 MaJihlX paCXOAOB OTKpb1-

83JOT 3anopHo-peryJIHpyJOm,HH KJianaH 20 npH 3aKphlTOM pe­

ry nHpyJOm;eM 8eHTHJie 17 H ycraHaBnHBaIOT B KaMepe 9 Tpe-

6yeMoe JI.8BJieHHe, KOTOpoe AOJIX<:HO o6ecneqHTh y.n;epX<:aHHe 

oT<J>OpM083HHOro o6pa31J,3 4 8 8hlilYKJIOM IlOJIOX<:eHHH np11 

CHSITHH 33Mepa 8eJIH1IHHhl OCT3T01IHOH JI.e<fJopMalJ,HH. Tiocne 
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3TOI'O MamCTpaJib 19 MaJihlX pacXOJl.OB nepeKpbIBalOT KJJana­
HOM 20. 

Tipou;ecc <t>opMOBaHHSI o6pa3u;a 4 ocym;eCTBJISleTCSI CJieJJ.y­
IOID;HM o6pa30M. TipH ycTaHOBKe B KaMepe 9 3aJJ;aHHhlX na­
paMeTpoB B03Jl.YIDHOI'O nOToKa OOABOASIID;HH Tpy6onpOBOJl. 15 
pa3sopa1.1HBalOT no HanpaBJISllOID;HM 26 AO OTBepCTHSI 11 B 
sepm1rne KOffYC006pa3HOH KaMepbl-CMeCHTeJISI 6. TipH Jl.BH:>Ke­
H~H KOHeu; Tpy6onpoBOJJ.3 15 KOHTaKTHpyeT c nJIOCKHM KOJib­
IJ;OM 25, conpomBJieHHe KOTOporo paBHO 3TaJIOHHOMy, BO 
BpeMSI pa3BOpoTa OT OTBepCTHSI 12 K OTBepCTHIO 11 coxpa­

HSleTCSI Hepa3phlBHOCTb H CTa6HJibHOCTb B03Jl.YIDHOI'O IlOTOKa. 
Ae<t>opMaa;HR o6pa3u;a 4 pemcTpHpyeTcSI H3MepHTeJI&HhlM 
rrpH6opoM 3, TeMrrepaTypa lm3.z:i;yxa, JJ.asneHHe H pacxoJJ. -
H3MepHTeJISIMH 22, 21 H paCXOJJ.OMepoM 16. TioJJ.a'lly napa B 
KaMepy-cMeC:HTen& 6 ocyw;ecTBJISIIOT OT naporeHepaTopa 7. 

Ha 3asepmaiow;eM 3Tane 3aMepsi:10T ocTaT01.1Hy10 JJ.e<l>op­
MaUHIO o6pa3u;a 4. JJ.nsi 3TOro nepeKpbIBalOT Tpy6onpOBOA 15 
sanopHbIM KJiail3HOM 18 H OTKpbIBaIOT sanopHo-perynHpyio­
~HH BeHTHJlb 20, OTKphlB3SI TeM caMblM MamCTpaJib 19 Ma­
JihlX pacxoJJ.os. Ma.JihIM pacxonoM B03JJ.yxa yJJ.ep:>KHBaeTcSI B 
BhlilYKJIOM COCTOSIHHH OT<l>OpMOBaHHhlH o6pa3eu; 4, H 3aMepSI­
IOT BeJIH'llHHY OCT3T01.IHOH JJ.e<i>oPMaD;HH H3MepHTeJibHblM npH-

6opoM 2. 

2. YcTaHOBKa JJ)ISI HccneAOBaHHH pacnpe;::i;eneHHSI noTOKa 

ra3oo6pa3HbIX pa6o~mx cpe;::i; no nosepxHOCTH <1>unbTpau;1t1t 

YcTaHOBKa no3sonsieT onpeJJ.eJIHTb pasttoMepHOCT& pacrrpe­
p;e.neHHSI napa HJIH B03JJ.yxa no nosepxHOCTH cnoes H scero 
IlOKphlTHSI, a T3KX<:e HCCJie,nOB3Tb BJIHSIHHe <l>opMhl, pacnono­
:>KeHHSI OTBepCTHH H JJ.pymx KOHCTPYKTHBHhlX :meMeHTOB 
aMopTH3Hpyiom;ero cnosi, a TaKJKe neJ><t>op"posaHHoro rna­
p;HJI&Horo JIHCTa H T. n. MCTOJJ.OM KHCJIOTHOH HJIH II{eJIO'IHOH 
IU~HK3IJ;HH. 

Y CTaHOBKa (puc. VI.2.) COJJ.ep:>KHT KaMepy nponapusaHHsi: 
I c sepxHeH nepcl>opHpoBaHHOU IlOBepxHOCTblO 2, Ha KOTO­
PYIO yKJiaJJ;hlBaeTCSI HCCJieJJ.yeMhlH o6pa3eu; 3 H HHJl.HKaTOpHaSI 
"ruiaCTHHa'_~ 4. KaMepa 1 c~H3y octtaw;eaa HH:>KeKTopHhlM yc­
TpoH:cTsoM 5, coeJJ.HHeHHhlM IlOJl.BOJJ.SIID;HM Tpy6onpOBOJl.OM 6 c 
KJianaHOM 7. c HH:>KeKTOpHhlM yCTpoHCTBOM 5 nocpeJJ.CTBOM 
Tpy6onposoJJ.a 8 coeJJ.HHeH reHepaTop 9 napos pearettTa, 
llKJII01.J:3IOII{HH Kon6y 3pneHMeepa 10 H CilHpTOBKY 11. 

111 



RllJ' 

1141 . 

P1-1c. Vl.2. YcTauosKa WJH 1-1ccJJeJJ.OBaHHH pacnpeJJ.eJJeHHH noToKa rasoo6paaHbIX 
pa6011HX CpeJJ. no noaepxHOCTH <lJWibTpaIU-m. 

KaMepa 1 pacrroJIO)KeHa B rroJIOCTH Harpesa 12, CBSiaau­
uoii: rraporrpoBOAOM 13 c HCTO'IHHKOM rrapa, a TaK)Ke KO~eH­
caTOOTBO.lJ;'IHKOM 14 Ii aarropHhlM KJiarraHOM 7. 

y CTaHOBKa pa60TaeT CJie.zi:yrom;HM o6pa30M. 
McCJie.zi:yeMhlH o6paaeu; 3 yKJiaAhIBaeTCSI Ha rrepcl>opHpo­

sauuyro IIOBepXHOCTb 2 KaMephl rrporrapHB3HH.H 1. Csepxy Ha 
uero rroMem;aeTC.H rraposoa.zi:yxorrpoHHIJ.aeMa.H ~HKaTOpHaSI 

IIJI3CTHHa 4 (TKaHb, rrponHTaHH3SI MeTHJIOpaH)KeM)' a KOJI6a 
3pneuMeepa 10 uanOJIH.HCTC.H KHCJIOTHhlM HJIH m;eJIO'IHhIM pe­
areHTOM (COJISIH3SI KHCJIOTa If T. rr.), H KaMepa Harpesa c 
nOMO~bJO naponposo.zi:a 13 HarroJIH.HeTC.H napoM. 
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3aTeM 33)KHraeTcSI cm1pTOBK3 11, exoi:iSim;aSI e £OCTae re­
m~paTopa 9, H ocym;ecTBJISieTCSI HHTeHCU:BHOe HCnapeHHe pe­
lll'CHT3. IlOCJie 11ero H3 IlOJIOC'l'H uarpeea 12 nocpe)l.CTBOM 
KJI3113H3 7' llOABO,ZJ;Sim;ero Tpy6onpoeo.l(a 6 H HH)KeKTOpHOl'O 
ycTpoiicTea 5 pa6011aSI cpe,n;a 110.n;aeTCSI e KaMepy nponapHea­
mu1 1 H CKB03b 11ep¢opHpoB3HH}'IO 11oeepxHOCTb 2 H HCCJie­
J,yeMblH o6pa3el.\ llOCTynaeT B "IlJiaCTHHy" 4. 

IlpH 3TOM ~ HH)KeKTOPHOM ycTpoHCTBe 5 pa6011aSI cpe.n;a 
rMeIIIHeaeTcSI c peareHTOM, 110CTyna10m;HM 110 Tpy6onpoeoey 
8 H3 reHeparopa 9. 

Ilo11a,n;aSI Ha HMHKaTOPHYJO "IlJl3CTHHy"' naphl peareHTa, 
rnAep)Kam;HeCSI B pa6011eii cpe,n;e, 803.D;eHCTBYIOT H3 Hee, H3-
MeHSISI I.\BeT. 

Ilo UBeTOBOMY llOJIIO CYASIT 0 paBHOMepHOCTH pacnpe.z:i;e­
JieHHSI pa6011eii cpe,n;hl 110 llOBepXHOCTH cl>WibTp31.\HH. 

B 110JIOCTH 12 I.\HPKYJIHpyeT 11ap, 6Jiaro,n;apSI 11eMy 110.n;­
~epxrneaeTcsr: TeMnepaTypa CTeHOK KaMephl 1, npe.nOTepam;a-
10riJ;aSI B Heii o6pa30B3HHe KOHJJ;eHcaTa CMecH pa6011eii cpe,n;hl 
11 pearenTa. CKoHJJ;eHcHpoeaBIIIHHCSI e 110JIOCTH Harpeea 12 
nap aBTOMaTHl!eCKH y.n;am1eTCSI H3 nee KOHJJ;eHcaTOOTBO.l('IH­
KOM 14. 

JIHTeparypa K r JI. VI 

I. A. c. 1317314 CCCP, MIGi 4G01N 3/10. yCTaHOBKa Jl.JJH HCCJienoBa­
HHH npO[\eCCOB a:JpO]lHHaMH'leCKOl'O ¢opMOBaHHH TeKCTHJibHb!X M8Tep11a­
JIOB/r. 8. KaJIMb!KOB, A. n. qei)eneHbKO (CCCP). - N~ 3954096/25-i8; 
3aHBJieHo 20.09.85; Ony6n. 15.06.87; liion. N!! 22. - 3 c.: ~-

2. KaJIMblKOB r. B., 'lepeneHbKO A. n. IlpH6op MH HCCJIC):IOBaHHii pac­
npeneneHHR nOToKa ra30o6pa3HbIX pa6o11HX cpen no noeepxHOCTH l}>HJibTpa­
u.m1//3Kcnpecc-HH<}>opM. 06opynoeaHHe J1.JJH JierKOH npoM-CTH/IUlll1ff311.Jier­
mrn~eMarn. - 1985. - N~ 4. - 3 c. 
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rJiaea VII. 

OBOPY,ll.OBAHHE ,[(JUI BJIA)KHO-TEIIJIOBOH 
OBPABOTKH IDBEiiHblX lf3,[(EJIIIH 

B HacTOSIIQee speMH nperoipHS1T1U1, H3roTaenHsa10w;11~· 
OAe.1KJJ;y, ocHall{eHhl o6opyAosaHHeM Jl.JUI BTO, sKJI1011a10m;wM 
rna)l;HJlhHhle rrpeCChl' <1>acOHHO-<i>HKCHpyiow;ee o6opyii;osaHHC, 
MamHHhl AJISI <l>poHTaJihHoro AY6nHposaHHH, MaHeKeHhl, yTIO· 
)l(ffJlbHhle CTOJihl, yTIOrn, ycTpoiiCTBa AnSI rrpoH3BOACTBa H Ill' 

perpesa TeXHOJIOrnlleCKOl'O rrapa, yCTpoiiCTBa AJISI cymKH ll 

CTa6HJIH3an;HH H3Jl.eJIHii. 
,ll,aHHoe o6opyAOBaHHe rrpeJl.Ha3Ha11eHo AJIH npHJJ;aH1H1 

Tpe6yeMOH <l>oPMhl AeTaJISIM o.o:e>KJUll H OKOHllaTeJihHOH OT]:J;eJJ. 
KH H3AeJIHii H AOJIX<HO o6ecrre1IHBaTh HHTeHcH<l>HKaIJ;HIO Tex­
HOJiomqecKoro rrpon;ecca, BhlilYCK rrpo):J;yKIJ;HH BhICOKOl'O Kalle­
CTBa H KOM<l>OpTHhle camfTapHo-mrneHHlleCKHe yCJIOBHSI Tpy­
.na. Ho HaPAAY c cospeMeHHoH Texumcoli meeHHhIMH 
rrpei:i;rrpHSITHSIMH eme rrpHMeHSICTCSI TeXHHl!eCKH HecoseprneH 
Hoe o6opy]:J;osaHHe AJIH BTO. B 'IBCTHOCTH, phlqa~Hhle rna­
AHJihHhle rrpeCChl He II03BOJISllOT C03Jl.aTb HOpMaJibHhle caHH­
Tapuo-mrneHHl.leCKHe ycnoeHH TPYAa 06cnyxmsa10w;ero rrep­
coHana H He o6ecrreqe:saIOT Ka11ecTseHHy10 o6pa6oTKy. Tai<, 
SIBHhle TeruIOBhle Bhl,D;eJieHHSI pa6011HX opraHOB AaHHOl'O 060-

P)']J;OBa.Hllil .n.ocmrruor 6612 KKaJI/11, BJiarOBbV[eJieHIDI - 13,5 Kr/lJ, 
TeMrrepaTypa Ha pa6011eM MCCTe - 31,5° C, OTHOCHTeJihHaSI 
BJia:XCHOCTh B 30He o6cn~:x<HBaHHSI - 64 % ' TeIIJIOBaSI pa;:i:H­
an;HSI - Jl.O 1,2 Kan/ CM .MHH. 

TaKHe ue6narorrpHSITHhle ycJIOBHSI TPYAa rrpeccosw;HIJ, 
o6ycnoBJIHBalOT y HHX cyw;eCTBeHHhle HapymeHHSI <l>H3HOJIO­
rn11ecKHX <l>YHKI.\HH, 1.ITO rrpHBOAHT K paHHeMy pa3BHTHIO 
YTOMJISieMOCTH H K PH.D:Y aa6onesaHHH (1 ]. HeJJ;ocTaTOl!HOe 
Ka11ecTBO ena:xmo-Terr.nosoii o6pa60TKH Ha 3THX npeccax 
o6ycJIOBneHO 11aCTH1IHblM CJJ;BHl'OM o6pa6aTblBaeMOl'O nonycpa6-
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pHKaTa B nepHOA onycKamn1 no ii;yre npH BXOJIUl.CHHH B KOH-

raKT eepxHeH IlOAYIIIKH c H3AeJmeM. 

B nOCJie]J;Hee epeMSI PAA KpynHhlX meeiiHhlX npeJ{npHSITHii 

OCH31I{CH HMilOpTHhlM o6opyii;oeaHHeM, B.KJIJ01laIOII{HM Kapy­

ceJibHhle H sepTHKaJihHhle rna.u;HJI&Hhle npecchl c ropH30H­

ran:bHblM npSIMOJIHHCHH.blM nepeMelI{eHHCM HH)KHHX noii;ymeK 

" PAAOM ii;pyroro o6opyii;oeaHHSI, KOTOpoe HCKJIIOt.IaeT B.bllIIC­

ynOMSIHJT.blC Hei:t;OCTaTICH. IlpH 3TOM Harpee pa6o1lHX opraHOB 

rna)l;HJibH.blX npeccoe napoeo:H HJIH cMemaHHhlH, T. e. eepx­

HSISI noii;ywKa HarpeeaeTCSI TCilJl03JICKTpoHarpeeaTeJISIMH' a 

HH)KHSISI -- napoM. IlponapueaHHe ocylI{eCTMS1eTCS1 11epea 

o6e no}l;yllIKH. CymKa H cTa6HJIH3aU:HSI eaKyyMoM H nOMYB 

B03AYXOM ocylI{eCTBJISIIOTCst 1.1epea HH)KHJOJO noii;ymKy. YAa.ne­

HHe OTpa6oTaHHOI'O TeXHOJIOI'Ht.IeCKOI'O napa npoH3BOAHTCSI ac­

nHpa:a:HOHHhlM ycTpoHCTBOM, KOTOp.blM CHaOJKeHa eepXHSISI no­

)l;YIIIKa, HJIH BeHTHJISITOpaMH, ycTaHOBJICHHblMH Ha.z:i; 30HOH 

OOpaOOTKH. 

IlpHBOA npeccoB B OCHOBHOM IlHCBMaTH1.leCKHii. Pa601.1aS1 

3oHa npecca OTAeJieHa OT 30Hbl 06CJ1y:xmeaHHS1 npospa1rnhIM 

TenJiosalI{HTHblM 3KpaHOM. KoHCTpyK:U:HH npeccoe o6ecne1m­

ea10T BepTHKa.JibHoe J{BHJKeHHe eepXHHX rJiaJJ;HJibHhIX noii;y­
rneK e npo:u:ecce npeccoeaHHSI. BoJiblIIHHCTBO npeccoe ocHa­

w;euo MHKponpo:u:eccopHblMH CHCTeMaMH ynpaeJieHHSI. 

B ii;aHHOH rJiaBe npe.ncTaeneHbl OTe1.1eCTBeHHble HOBhle H 

nepcneKTHBHhle KOHCTPYK:U:HH o6opyii;oeaHHH .llJISI BTO. 

1. KoHcTpyKTHBHbIC oco6euuocTH r .Jia.llHJibHhIX npeccoB 

rJia.D.JtJibHblH npecc .ll.JISI BTO' WBCHHbIX H3.D.eJIHH 

rJiaJ{HJlbHblH npecc, npeJ{CTaBJieHHhIH Ha pHC. VII.I... 
VII.3. [2J, COCTOHT H3 eepxHe:H l'Jla)J;HJibHOH nOAYIIIKH 1, 
npHBOAa AJUI npeccoeaHHSI, HMeIOm;ero IIHeBMOU:HJIHimp 2, 
HarrpaBJISIIOII{HX 3, B03BpaTHhIX rrpyJKHH 4, CHJIOBOI'O pb11Iara 
5' MeXaHH3M3 33.KpbITHSI 6, HHJKHeH I'n3J{HJibHOH 110.llYIIIKH 7 
11 OCToea 8. OcTOB 8 BKJII01IaeT onopHyio CTOHKY 9, pacrro­

JIOJKeHHYIO ·B HHJKHeH 1I3CTH rrpecca, H CHJIOBOH Kap.Kac 10, 
pacno.11o)KeHHhIH B eepxHeii qacTH npecca. C11noeoii .Kap.Kac 
I 0 COCTOHT H3 ii;eyx 3JieMCHTOB 11 H 12, BhllIOJIHeHHblX H3 

urneJIJiepoe. llleeJIJiepbl pacnoJioxeHbl napa.JIJieJibHO ii;pyr 
)l;pyry. Bo eHyTpeHHe:H 11acTH CHJioeoro Kap.Kaea 10, e ero 
nepxHeH 1.1aCTH, pacnOJIO)KeH IIOBOpOTHblH CHJIOBOH pb11I3I' 5. 
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P11c. VII. I. rJia~MJlbHblH npecc .AJIH BTO urnettHblX 113~e1mtt (BM~ c6oKy B 3aK(>bl 

TOM nOJIO.>KeHMM). 
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P11c. VII.2. rnaAHJibffblA npecc JVJSI BTO weeAHh1x ~CJJMA (BUA c6oKy e OT­
K pb1TOM nono>KeHMH). 
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Puc. VII.3. rna,nuJibHhii1 npecc ,nng BTO rneei1tth1x u3enui1 (eu.n cnepe.nu e 3a­
xpb1ToM nOJIO>KeHHH). 
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0.ZVIH KOHel( pblllara s ycTaHOBJieH Ha HeITO,QBIUKHOH OCH 13, 
a Ha .a.pyroM ero KOHI(e :>KeCTKO 3aKperuieH nHeBMOI(HJIHH.QP 

npecc0Battm1 2. K HH:>KHeH: KpbIWKe 14 nHeBMOI(HJIHH.Qpa 2, 
qepe3 mapoBble onopbl - HanpaBJI.SIIOIIlHe 3, KpenuTcSI Bep­

xm1.s.1 no.a.ymKa 1, KOTopaSI B03Bpa:w;aeTCSI B HCXO,QHOe IlOJIO­

)l(eHHe npy:>KHHaMH 4. llITOK 15 nHeBMOI(HJIHH.Qpa 2 CBOHM 

c¢epuqeCKHM KOHI(OM KOHTaKTHpyeT c IlSITOH, pacnOJIO:>KeH­

HOH no I(eHTPY BepxHeH: no.a.ymKH 1. CHJIOBOH pblllar S no­

cpe.a.cTBOM T.Sll'H 16 CBSI33H c MexaHH3MOM 3aKphITHSI 6. Me­

xaHH3M 3aKpbITHSI 6 BKJIIOl.laeT nHeBMOI(HJIHH,Qp 17' mapHHp­

HO CBSl3aHHhIH c phlllaroM CHJIOBOI'O 3aMhIK3HHSI 18. Pblllal' 

18 HMeeT B03MO:>KHOCTh IlOBOpoTHOI'O ,QBH:>KeHHSI BOKpyr He­

IlO,QBH:>KHOH OCH 19 " coe,QHHeH mapHHPHO c T.SII'OH 16. 
Jl,JISI OTKpbITHSI npecca HMelOTCSI CHJIOBhle npy:>KHHhl 20, 

pacnOJIO:>KeHHhle B BepxHeH llaCTH CHJIOBOI'O phlllara s. Ilpy­

:>KHHhl 20 CBSl33Hhl 0,QHHM KOHI(OM c CHJIOBhIM phlllaroM s, a 
BTOpbIM - C OCTOBOM 8. 

Ilpecc OCHaIQeH npo3p3llHhIM TeilJI03aIQHTHblM 3KpaHOM 

21, HCKJll01I3IOIQHM B03,QeHCTBHe TeWia " napa Ha o6CJiy:>KH­

BalOIQHH nepcOHaJI, a pacnOJIO:>KeHHhle B cro BepxHeH llaCTH 

BeHTHJISITOpbl 22 o6ecnellHB3IOT y.a.aneHHe HCilOJib30BaHHOro 

napa H Bb~eJisieMoro Teruia. 

Ilpecc pa6oTaeT CJie.QyIOIQHM o6pasoM. Ilpu no.a.alle B03-

Ayxa B nHeBMOI(HJIHH.QP 17 ero IDTOK, nepeMe:w;aSICb, IlOBO­

pa llHBaeT Phlllal' CHJIOBOI'O 3aMhlK3HHSI l 8 OTHOCHTeJibHO OCH 

19 H nona.zi;aeT B "MePTByio" 30HY, llTO o6ecnellHBaeT cHJio­

Boe 33MhIK3HHe CHCTeMhl H B npol(ecce npeCCOBaHHSI nHeBMO­

U.HJIHH.QpoM 2 He Il03BOJISieT H3MeHHTb IlOJIO:>KeHue CHJIOBOI'O 

phlll31'a s. 
no OKOHllaHHH npeccoBaHHSI Bda;::i;yx rronaeTCSI B .a.pyryio 

nOJIOCTb nHeBMOI(HJIHH,Qpa 17, BhIBO,QSI phlllal' 18 H3 "MePT­

Boil" 30Hhl B HCXO,QHOe IlOJIO:>KeHHe, " nocpe.QCTBOM TSlm 16 
noBopatIHBaeT phlllar S, no.a.HHMa.SI no,n:yWKy 1. KpoM:e o6ec­

netieHHSI KOM¢opTHhIX yCJIOBHH Tpy.n:a H Tpe6yeMOro KalleCT­

na o6pa60TKH, npecc Il03BOJISieT CHH3HTb MeTaJIJIOeMKOCTb H 

3aHHMaeMyIO WIOIQa.D;b. 

Ilpecc .D:JI.H OO'beMHoro <J>opMosaum1 .neTaJieu 
WBeHHblX na.neJIHH 

Ha pHc. VII.4. [3] npe.a.cTaeneHa KOHCTpyKTHBHasi cxeMa 

npecca, Il03BOJISllOIQ3SI ocy:w;eCTBJISITb 3<l><1>eKTHBHYIO o6pa6oT­

KY .a.eTaJie:H O,Qe}K)J,hl CJIO:>KHOH otTheMHOH ¢opMhl BCex THilO­

pa3MepoB. 
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P11c. VII.4. Ilpecc J\JISI oOO.eMHOro <l>opMoeaHm1 rneeHHbIX 11a.nei111i1. 
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Ilpecc A;1si o6beMHoro cl>oPMOBaHHSI AenU1eif wBeitHhIX 113-

J,c;rnif COCTOllT ll3 onopHOl'O OCHOB3HH.SI 1, Ha KOTOpOM CMOH­

TMpoBaH CWIOBOH KapKac 2, eepxHe:U ll0AYWKH 3 c npHBOAOM 

/VI.SI BePTHKaJibHOl'O nepeMe~eHUSI 4 " HH:>KHe:U IlOAYWKH s 
c npHBOAOM 6 A.TISI ropH30HT3JlbHOro nepeMe~eHHSI. KaJK;l;aSI 

110AYWKa 3 H s BhIIlOJIHeHa ceKQHOHHOH " BKJnoqaeT onop-

11yro WIHTy 7, Ha KOTOpo:U c IlOMOI.U.blO CpeACTBa AJISI cPHK­

cau;HH 8 H minpaBJISIIO~x 9 ycTaHoeneHhl o6beMHhle ceK­

·~Hu: neBaSI 10 11 npaBaSI 11. 06beMHhle ceKQHH nOAYWKH 

BKJIJOqaJOT KaMepy HarpeBa 12 H KaMepy nponapuBaHHSI 13. 
B cpeAHe:U qacTH WIHThl 7 saKpeWieHa u;eHTpa.n:hHaSI cTOif Ka 

l 4, B HanpaBJISIIO~Hx nasax 1 S KOTopoii ycTaHoBJieHhl .JIJIO­

CKHe ceKQHH 16 H 17 B BIJAe IlOJihIX rJI3AH.7IbHhIX JlllCTOB. 

3m ceKQHll ycTaHOBJieHbl Ha KOJIOHKax 18 H MoryT 6b1Tb 

nepeABHHYThI B BepTHKaJibHOM HanpaeneHHH sa pa6oqyro rro­

eepxHOCTb B Hepa6oqyro 30Hy 19. OHU MoryT 6h1Tb llOAHSITbI 

B BepTHKaJlbHOM HanpaeneHUH He3aBHCHMO OAHa OT APYI'OH. 

Cl>HKC3QHSI ceKu;Hii 16. H 17 Ha YPOBHe rJia,AHJlbHOH noeepx­

HOCTll ocy~eCTBJISieTCSI BhICTYilaMH 20, KOTOphIMH OCHa~eHbl 

CMe:>KHhle c HHMlt ceKQHH: JieBaSI l 0 II npaBaSI 11. IlocJie 

BhIBOAa OAHOH HJIH o6eHX cpeAHHX ceKQHH H3 pa6oqeit 30Hhl 

CMe:>KHhle c HHMH ceKQHH CMhIKalOT AJISI o6pasoeaHHSI CTIJIOW­

HOH pa6oqeif noBepxHOCTH noAymKu npecca. 

IlpH 3TOM BhICTYilhl 20 3aXOA.sIT B na3hl 21 CTOHKlt 14, 
cPHKCHPYSI o6beMHylO ceKQHIO B HOBOM IlOJIO>KeHHH. 

TaKHM o6pasoM, npH cl>oPMHpoBaHHlt pa6oqeii noBepxHo­

CTH IlOAyWeK npecca HCilOJib3yeTCSI npllHQltil HaoopHOCTll 

KOHCTpyKu;Hii H3 nOCJieAOBaTeJibHO pacnOJio:>KeHHbIX H Hesa­

BHCHMO saKpeWieHHhIX Ha onopHOH WIHTe ceKQHH. 

Ilpecc pa6oTaeT CJieAyro~uM o6pasoM. B saBHCHMoCTH or 

pasMepoB AeTa.n:eif o6pa6aThIBaeMhlX H3Ae;mii onpeAeJISieTCSI 

KOJIHqeCTBO H nopsr.;:i,OK pacnOJIO:>KeHUSI cl>oPMYJO~HX CCKQHH 

no.z:.yweK npe~ca. 3aTeM BhICTYil 20 CxTheMHOH ceKQHH BhIBO­

ASIT ll3 nasa 21 CMe:>KHOH ceKn;HH. IlOCJie 3TOI'O OAHY HJIH 

o6e TIJIOCKHe CCKQHH BepTHKaJibHO nepeMeI.U.3IOT B Hepa6oqyio 

30HY. a Kp3HHHC o6beMHhle ceKl.J;Hlt CBOASIT K u;eHTPY AO 

CMhIKaHHSI BHyTpeHHHX 6oKOBhIX CTOpoH " cPHKCaQHlt 3TUX 

CCKQHH B WIOCKOCTH cl>oPMYIOI.U.eii IlOBepxHOCTH IlOAYWKH 

npecca. 

Ha o6pa30B3HHYIO TaKHM o6pa3oM noBepxHOCTb HH:>KHeii 

no.z:.ymKH npecca s yKJiaAhIB3IOT nony<Pa6pHKaT 22 H IlOAalOT 
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np11Boii;oM B 30HY o6pa6orKH. Bepxmrn no.r1y11IKa npecca .3, 
o6pa30BaHHaSI COOTBeTCTBYIO~HM o6pa30M, orrycKaeTCSI ii;o co 

IIpHKOCHOBeHHSI c o6pa6aTb1BaeMOH ii;eTaJiblO H3JJ;eJIHSI. D,aJICC' 

ocym;eCTBJIS1eTcS1 yeJia)l(Hem1e noJiycl>a6p11KaTa napoM 11 npcl 

COBaHHe. 

flo OKOHl.laHHH npecCOBaHHSI BepXHSISI fiO,Ll;YlllKa npHBO,Ll;OM 

IlOJJ;HHMaeTCSI B BepxHee DOJIO)l(eHue, a HH)J(HSISI noii;ylllKa s 
npHBO,Ll;OM 6 BblBOJJ;HTCSI 113 30Hbl o6pa6oTKH B 30HY CbeMa H 

3arpy3Kll, rii;e DOCJie cyllIKH H CTa6HJIH3aUHH BaKyyMHblM OT­

COCOM JJ;eTaJib 22 H3JJ;eJIHSI CHHMaeTCSI. 

y CTpoHCTBO J],JISI BJiaxrno-TenJIOBOH o6pa60TKH 

UIBeHHhlX lf31leJIHH 

Ha puc. VII.S, VII.6 (4] rrpeii;cTaeJieHa KOHCTPYKTHBHas1 

cxeMa ycTpOHCTBa poTOpHOl'O rnna, IT03BOJISllOWaSI A06HTbCSI 

BblCOKOii rrpOH3BO,Ll;HTeJibHOCTH JJ;y6J111poBaHHSI 33 ClleT DOCJie­

AOBaTCJlbHOH o6pa6oTKH, a CTa6H.1IbHOe WIOCKOe DOJIO)l(eHHC 

ii;eTaJieH B npouecce CKJieneaHHSI - BblCOKOH npOllHOCTH KJie­

eeoro coeii;nHeHHi!, a, CJie,Ll;OBaTCJibHO, Tpe6yeMOI'O KalleCTBa 

o6pa6onm. 

y CTPOHCTBO coii;ep)l(HT OCTOB l, Ha KOTOpOM Ha u.eHTpaJib­

HOH CTOHKe 2 6a3npyeTCSI HenpepblBHO ,Ll;BH)l(yll(eecsl' TpaHC­

rropTHOe cpeii;cTBO, BhIIIOJIHeHHOe B cPoPMe AHCKa 3. BHYTPH 

AHCKa Haxoii;S1TCS1 3JieKTpoHarpeBaTeJIH 4. B pa6o1.111x 30Hax 

ii;ncK HMeeT neJ>cPopaumo S. D,11cK tteccr paBHOMepHo pacno­

JIO)J(e.HHhle no OKpy)l(HOCTH CTOHKH 6, Ha KOTOphlx ycTaHOB­

JieHhl c B03M0)1(H0CTblO BepTHKaJlhHOI'O nepeMell(eHHSI KOH­

COJlbHhle ropH30HTaJibHhle KpOHUITeHHhl 7' Hecym;11e Ha KOH­

u;ax HarpeeaeMhle npeccy10m;11e 3JieMeHTbl 8, CHa6)1(eHHhle 

TOJIKaTCJISIMll, BhIDOJIHeHHhIMH B BffAe pOJIHKOB 9, 19. 
KpoHilITeHtthl 7 noJJ;npy)l(HHCHhl CHH3Y npy)l(HHaMH 11. 
Ha BepTHKaJihHOH u;ettTpaJ1htto:H cToiiKe 2 B&1noJ1HeHa 

KOJibU.eBaSI HanpaBJIS110m;aS1 12 c KpHBOJIHHeHHhIM IlpocPIDib­

HblM ropu.eM 13 AJISI nepeMem;eHHSI no Heii TOJIKaTeJieH:-po­

JIHKOB 9 11 10 MexaHH3Ma npff)l(HMa BepxH11x npeccy10m11x 

::meMeHTOB 8 K HH)l(HHM, pa3MeweHHhIM Ha JJ;HCKe 3. 
y CTPOHCTBO coii;ep)l(HT HeDO,Ll;BH-'KHO 33KpeWieHHYIO Ha oc­

TOBe I OXJ1a-'K,Ll;a10m;y10 KaMepy 14, IlJIOTHO npIDieraIOQJ;yIO K 

HH)l(HeH DOBepxHOCTH AHCKa 3 " CBSl3aHHyIO c BaKyyMHOH 

CHCTeMOH 15. D,ncK 3 KHHeMaTHllecKH CBSl3aH c npHBOJJ;OM 16. 
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7 

P1-1c. VII.6. YcTpoilcTBO wu1 BTO wsei1Hb1x H3.neJJHH (BH.l\ CBepxy). 

YcTpOHCTBO pa6oTaeT CJiei.yiow;uM o6pa30M. TipH BKJI10-
lleH1rn ycTpOHCTBa npHBOA 16 HallUHa_eT HenpepbIBHO spa-
11.{aTh AHCK 3, Ha KOTOPOM H3XOASITCSI HarpeeaeMhle npeccy· 
IOIIlHe 3JieMeHThJ 8. HarpeeaTeJIH 4 11 npeccyiow;He 3neMeHTb1 
8 Harpesa10TCS1 AO sa.i:i;aHHOH pa6olleil TeMnepaTyphl. Ilocnc 
3TOl'O ycTpOHCTBO l'OTOBO K pa6oTe. 

B 30He yKJI3AKH - C'beMa Ha noi.smKl{blH AHCK 3 noA 
npeccyiow;Hil 3JieMeHT 8 yKna;:i;blea10TCS1 CKJieHsaeMble ;:i;eTaJIH 
17. CKopocTb spaw;eHnsi AHCKa 3 yCTaHae;msaeTcsi TaKoiI, 
npH KOTopoiI B03M0)KH0 CHSITb o6pa6oTaHHblH H YJIO)KHTh 
OllepeAHOH noJiy¢a6pHKaT. J],aJiee CKJieHeaeMhle AeTaJIH 17 
BMeCTe c AHCKOM 3 nepet.tewalOTCSI no Kpyry. IlpH 3TOM DOA 
AeHCTBUeM HarpeeaTeJieH 4 npOHCXOAHT npeABapuTeJihHhIH 
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11arpeo nOJiy¢a6pI1KaTa. B onpe,D:eJICHHhlii MOMeHT poJIHKH 9 
II 10 HaKaThlBaIOTCSI Ha BhICTyn KpHBOJIHHeiiHOI'O npocl>HJJb­

llOI'O Topua 13 KOJihueooii HanpaBJIS110w;eii 12. HarpeThJH 

11peccy10w;I1if 3JICMCHT 8 onycKaeTCSI Ha o6pa6aThIBaCMhlH 

110Jiy<l>a6pI1KaT, npeccyeT ero II HarpeBaeT .D:O TeMnepaTyphl, 

llPII KOTOJJOH npoHCXO,D:IIT npOHHKHOBCHIIC KJICSI B CKJieIIBae­

MbIC MaTepuaJihl c noCJie.D:yiow;eif noJIHMep113au11eif. 3aTeM 

poJIHKII 9 H 10 CKaThIB3IOTCSI c BhICTyna npo<l>HJISI 13, npec­

cyrow;IIH 3JICMCHT 8 IlO,D:HHMaCTCSI 00.D: .D:CHCTBIICM rrpy:>KIIHhl 

I 1, a noJiy¢a6pHKaT npoxo.D:IIT B 3TO BpCMSI Ha.D: oXJia}K)J.a-

1ow;e:H KaMepo:H 14, r,D:e rrocpe,D:CTBOM BaKyyMHOH CIICTCMhl 15 
ocyw;ecrBJIS1eTCS1 ero cymKa II CTa6HJ1I13aUI1S1. B 30He Bhlrpy3-

KH CKJICCHHbIC H OXJia:>K,neHHhle .D:CTaJIII CHHMaIOTCSI H yKJia­

,AhIBalOTCSI O'lepe,D:Hhle. ll,HKJI DOBTOPSITCSI. 

Y CTPOHCTBO n;u1 BJia)l(HO-TenJIOBOH o6pa60TKH 

IIpe.D:CTaBJICHHoe Ha pnc. VII.7, VII.8 [SJ ycTpoiicTBO co­

.nep:>KIIT CT3HHHY 1, Ha KOTOpo:H B DO.D:WHilHHKax 2 H 3 yc­

TaHOBJICHa noBopOTHaSI BepTHKaJihHaSI CTOHKa 4, CBS13aHHaS1 

lfepe3 wapHHP 5 c npHBO,D:HhlM CHJIOBhlM UHJIHHJJ.pOM 6 H 

aMopTH3aTopoM 7. Ha BepxHeil llaCTII cToii:KH 4 ycTaHOBJieHa 

nJiaT¢0pMa 8 c CHJIOBhlM UHJI~poM 9 H BepxHe:H rJia.AHJib­

HOH no,D:ymKoii 10. Tipn 3TOM KaMepa 11 rrponapHBaHHSI Bep­

xHeii rJia.D:HJibHOii IlO.D:YlIIKH 10 c nOMOilJ;blO Tpy6onpoBO.D:a 12 
H 3JICKTpoynpaBJISICMOI'O 

KJianatta 13 CBS13aHa c Ba­

KYYMHo:H CHCTCMOH, a c no­

MOw;blO 3JICKTpoyrrpaBJISIC­

MOl'O KJianaHa 14 H napo­

npoBoi.a l 5 - c napoeo:H 

CHCTCMOH. 

Ha cTaHHHe I :>KCCTKo 

ycTaHOBJICHa Hil:>KHSISI rJia­

.D:HJlbHaSI noi.ymKa 16, Ka­

Mepa 17 nponapHBaHHSI KO­

Topo:H c IlOMOw;blO 3JICKTpo­

yrrpaBJISICMOl'O KJianaHa 18 
H Tpy6onpoeoi.a 19 CBS13aHa 

P11c. VII.7. YcrpoiiCTBO )lIDI BJia:>KHO·Terum- c BaKyyMHOH CHCTCMOH, a c 
Bo ii o6pa6onm (BHA cnepeA11). nOMOw;hIO 3JICKTpoynpaBJISI-
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eMoro KJianaHa 20 H napo­
'- npoBOAa 21 - c napoeoii 

cHCTeMoif. C 6oKoBoii cro­
poHhl ycTpOHCTBa yCT8HOB­
JieH MeJKonepa:u;HOHHh1ii 

111-:-Jr--r.!:!:::1~~$--- -1. TpaHCnOJITep 22, Ha KOTO 

poM yno>KeHhl nOAJie>Kamm· 
o6pa60TKe 11 06pa60TaHHh1e 
,neTaJIH 23. 

Y CTpoiicTBO pa6oTac1· 
cneAyromuM o6pa3oM. Y J10-

P11c. VII.8. y CTpOHCTBO .LIJJSI BJia>KHO-Ten- >KeHHhIH Ha TpattcnopTep 22 
nOBOH o6paOOTKl1 (B11.n CBepxy). nOAne)l(8Il{HU o6pa60TKC 

nony¢a6pHKaT 23 llOAaeTC~I 
e 30Hy 3arpy3KH. B 30He 3arpy3KH TpaHcnopTep 22 OCTaHaB­
JIHBaeTCSI AO IlOJIHOH o6pa60TKH " B03BpaTa nony¢a6puKaTa. 
llpu 3TOM eepXHSISI ITOAynIKa 10 CHJIOBhIM IJ;HJIHIU~POM 6 BBO­
AHTCSI B 30HY 3arpy3KH, a CHJIOBbIM QR11HHAPOM 9 onycKaeT­
CSI AO conpHKOCHOBeHHSI c ITOAJieJKalqHM o6pa6oTKe nony¢a6-
pHKaTOM 23. 3aTeM rrocpe.IlCTBOM Tpy6onpoBO.Ila 12 H 3JieKT­
poyrrpaBJUieMoro KJianaHa 13 KaMepa 11 coo6maeTCSI c 
eaKyyMHOH CHCTeMoii, B pe3yJihT8Te qero IlOAJie>KamHH o6pa-
60TKe nony¢a6pHKaT 23 33 ClleT pa3peJKeHHSI" npHTSlrHBaeTCSI 
K neP<t>opHpoBaHHOH pa6olleii noeepxHOCTH BepxHeii no,nywK:u 
10. IJ.HJIHHAP 9 nOAHHMaeT nocymKy IO B Bepxttee noJio.>Ke­
HHe, a IJ;HJIHHAP 6 BBOAHT ee B pa6ollyro 30Hy' rAe OHa :u;:u­
JIIDmPOM 9 onycKaeTCSI AO conpHKOCHOBeHHSI c pa6011eif no­
eepxHOCTblO HH>KHeH no.nyWKH 16 c nocJieAYIOmHM OTKJllOlle­
HHeM KJianaHOM 13 BaKyyMa, c BKJIIOl.IeHHeM 3JieKTpo­
ynpaBJISieMoro KJianaHa 20 qepe3 naponpoBO.Il 21 noAaeTCsi 
nap B 30HY o6pa6oTKH AJISI yBJia)l(HeHHSI, a B 3TO BpeMSI 
K.TianaHOM 13 BKJIIOl.IaeTCSI BaKyyMHhIH OTCOC AJISI YAaJieHml 
0Tpa6oTaHHOI'O TeXHOJIOrHllecKoro napa 11epe3 eepXHIOIO 110-
AYWKY 10. flOCJie OKOHllaHHSI nponapHBaHHSI IJ)1JIH1Ul.POM 9 
ocymecTBJIS1eTcS1 npeccoeaHHe nyTeM noAallH B ero noJIOCTh 
3HeproHOCHTeJISI llOBhIWeHHOI'O D,3BJieHHSI. 

no OKOH'-IaHHH npeccoeaHusi :u;11JIHHJJ:P 9 coeepmaeT B03-
epaTHo-nocTynaTeJihHhle .IlBH)l(eHHSI, IlO.IlHHMaH H onycKaSI AO 
conpHKOCHOBeHHSI c nOJiycl>a6pHKaTOM 23 no.nymKy 10, npu-
1-IeM e npo:u;ecce onycKaHHSI KJianaH 14 BKJIIOllaeTcSI H Tex­
HOJIOrH1IeCKHH nap llOA8eTCSI Ha H3AeJiue AJISI OTnap1rnaHHS1, 
a KJianaH 18 B 3TO epeMSI BKJllOl.IaeT eaKyyMHhIH OTCOC, y.na­
JISISI OTpaOOT3HHbIH TexHOJIOrnllecKHH nap qepe3 HH>KHIOIO no-
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AYIDKy 16. ,Il,aJihllle eepxHSISI no.o;ylIIKa 10 Q.HJUIHAPOM 9 011y­

cKaeTCS1 .o;o conpuKocHoBeHHSI c o6pa6crraunhlM nony¢a6p11Ka­
TOM 23, BKJIIOtiaeTCSI BaKyyM KJianaHOM 13, 33Kpcnmrn 
IIOJiy¢a6pHKaT 23 Ha pa6o'leH IlOBepXHOCTH no.o;ymKH 10, 
DOAHHMaeMOH ~HJIHH.11,pOM 9 B sepxHee IlOJIO}l(eHHe, H LJ,H­
JIHH.11,pOM 6 BBOAHTCSI B 30HY pa3rpy3KH. B 30He pa3rpy3KH 
Q.HJIHHAP 9 onycKaeT no.u;ymKy l 0 c JaKpeWieuublM Ha cc 
pa6o"lleH noeepXHOCTH o6pa6oTaHHblM nonycf>a6pHK3TOM AO 
conpHKOCHOBeHUSI c TpaHcnopTepoM 22 c nOCJieJJ,ylOIUHM OT­
KJIIO'leHneM eaKyyMa KJianaHoM l 3. CToCJie 3Toro no.o;ylIIKa 
10 I.J;HJIHHJlPOM 9 OQAHHMaeTCSI B Bepxuee OOJIO)J(eHne, a 
TpaHCnOpTep 22 c o6pa6oTaHHblM nony¢a6pHKaTOM 23 nepe­
ABHraeTCSI AaJihllie, IlOAaBaSI B 30HY 3arpy3KH noJiy¢a6pnKaT 
23, no.u;Jie}l(amu:H: o6pa6oTKe. 

KoHCTPYKU.HSI o6ecnequeaeT nOJIHyIO aeToMaTH3aQ.HIO 
npo:u;ecca 3arpy3KH, BJl3)J(HO-TenJIOBOH o6pa6oTKH " pa3rpy3-
KH nOJiy¢a6pHKaTa 6e3 yqaCTHSI oneparopa H Il03BOJISieT 
yJJy'lwHTh yCJIOBHSI Tpy.u;a u yMeHhWHTb KOJJH'leCTeo o6CJiy­
)J(HBarow.ero nepcottaJia aa C'leT JJHKBHAau.uH py•rnoro Tpy.u;a. 

YcTponcTso nJISI <J>opMosauuSI " .u;y6nup0Bauu.s1 
o6oeMHbl·X .u;eTaJieH urneHHblX H3,ZJ;eJIHH 

Bonee coepeMeunbIM .s1en.s1eTC.s1 ycTpoif:creo, npeJJ,cTaeneH­
Hoe tta pHc. VII.9., VII.IO., VII.11. [6 J B eu.u;e KOHcTpyK­
TopcKoif: cxeMbl, COAep)J(HT OCTOB l, Ha KOTOpoM HMelOTCSI 
onopuble CTOHKH 2 c 6apa6aHaMH 3 " 6a3HPYIOIU3SICSI Ha HHX 

PHc. VIL 9. Y cTpoi1CTBO WJSI <}>opMOBaHHSI "Jzy6nHpoBaHHH .nernnei1 weei1Hblx H3-
JleJJHH (BHJ{ cOOKy). 
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P1-1c. VII. l 0. Y CTpoi1cTBO JVIH ¢opMonamrn 11 ,ny6J111ponaH11H Aenu1ei1 wseHHl>IX 
11~.11en11l'1 <e11.n cnepeA11). 
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P11c. VII. I I . Y CTpol!cTno .AJIH ¢opMonaH11H 11 A)'6n11ponaH11H AenU1eu umeiiHhlX 
113AeJ111l'1 (BHA csepxy 6e3 sepxH11x pa6o<111x opraHOB). 

TpaHcnopTepHaSI neHTa 4, a TaK)l(e "'H:>KHHe rJiaJI.H.llhHhie no­
~YlllKH 5 If u.eHTpaJibHYIO CTOHKy 6. IlpH 3TOM. HH:>KHHe no­

JJ;YIDKH 5 CBOHMH 6oKOBhlMlf HepaOOlllfMH rroeepxHOCTSIMlf no­
cpeJJ,CTBOM u.eHTp3JibHOH C'TOHKH 6 If CTOeK 7 Herro~BH:>KHO 
saKpeIIJienhl ua ocToee l. Ha 6aJIKe 8, ycTauoeJieHHOH :>Ke­

CTKO Ha ueuTpaJibHOH CTOHKe 6, pacnOJIO:>KeHhl IIHeBMOU.H­

JUIH.D;pbl 9 ~JISI eepTHK3JihHOro B03Bp3THO-IIoCTynaTeJibHOI'O 
nepeMew;eHHSI eepxHHX rro~ymeK 10, ocHaw;eHHhIX o6heMHhl­
MH c}JopMylOw;HMH pa6mmMH rroeepxHOCTSIMH 11. Ka~aSI no-
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.z:i;ymKa 10 CBSI3aHa c nHeBMOI.J.WIHRD:pOM 9 nocpe,z:i;CTBOM WTO­
Ka 12, nepexo,z:i;Hoii n.1111Tbl 13 n Aeyx mapoBbIX onop 14. 

D,JISI nOAHSITHSI no,z:i;ymKH 10 c u.eJihlO CHSITHSI o6pa6aTbl­
BaeMOH AeTaJIH 15, HaXO.D;Slll{eHCSI B 30He o6pa60TKH, B CJiy-
11ae OTKJII011eHHS1 ::meKTpo3Hepnm WIH B03.D;yxa nepexo,z:i;Hasi 
rL'IHTa 13 coe.z:i;1meHa c KO.IIOHKaMli 16 If- npyidmaMH 17 C)Ka'I'H51. 

Htt.>KHSISI no.z:i;ymKa 5 octtam;eHa KaMepoli 18 nponapHBa­
HHSI, npe,z:i;cTaBJISIIOll{eH co6oli paMKY 19, ycTaHOBJieHHYIO Ha 
eepxHeli t1acT11 KaMephl 20 HarpeBa. BoKOBble cropoHhl 21 
paMKH 19 UMeIOT HanpaBJISllOI.U;He lla3bl 22 If onopHhle Bbl­
CTYilhl 23, a .z:i;pyrne cropoHhl 24 npe,z:i;cTaBJISIIOT co6oli onop­
Hhle BblCTYilbI AJISI B3aHMO.D;eHCTBHSI c ropH30HTaJibHblMH y'la­
CTKaMH eepxHeH ofTheMHOH no.z:i;yIIIKH 10. 

TpattcnopTepHasi neHTa 4 cocTOHT H3 ,z:i;Byx ttecym;11x ylla­
CTKOB 25 If ynpOl.IHSllOIQHX 3JieMeHTOB 26 B BIU{e HHTSIHOH 
apMaTyp.bl H 3JiaCTHl.IHOro B03,z:i;yxonpoHHI.J.aeMoro yllaCTKa 27 
c na ponpoBO.D;HbIMH OTBepCTHSIMH 28. 

YcTpoiicTB0 pa6oTaeT CJie,z:i;y10m;nM o6pa3oM. D,eTaJih 15, 
rro.une.>Kaw;aH o6pa6oTKe, B 30He 3arpy3KH no MeTKaM yKJia­
.IlhIBaeTCH Ha TpaHcnopTepHyIO neHTy 4, 3aTeM onepaTop 
eKn101.1ett11eM KHOITKH no.z:i;aeT KOMaUAy CAKY, noCJie t1ero 
otta nocTynaeT B 30Hy o6pa6oTKH, me H ocyweCTBJISieTcsi o.z:i;­
HoBpeMeHHoe .z:i;y6nHpOBaHHe H ¢opMoBaHHe. 

B 1.1acTHocm, no KoMaw:i:e CAKY BepxHSISI noAymKa 10 
nHeBMOI.J.WIHRD:pOM 9 onycKaeTCSI AO conpHKOCHOBeHHSI BblCTy­
na10m11x IIacTeii noeepxHoCTH 11 c ,z:i;eTaJibIO 15, 3aTeM H3 
KaMepbI 18 rrporrapHBaHHSI qepe3 OTBepcTHSI 28 B 30HY o6pa-
60TKH tiepe3 noKpblTHe (Ha pncyHKe He noKa3aHo) no.z:i;aeTcH 
TexHOJIOrJll.leCKHH nap .l{JISI nepeBo,z:i;a BOJIOKOH TKaHH B 3Jia­

CTHllHoe COCTOSIHHe, a KJieSI - B BS13KOTeKY1.fee. 
D.aJihllle nocpe,z:i;CTBOM nHeBMOI.J.UJIHRD:Pa 9 BepxHSISI no­

AYIIIKa lO orrycKaeTcH H np11.>KnMaeT TpaHcnopTepHy10 neHTY 
4 no BCeMy nep11MeTpy K onopHbIM BhlcrynaM 23 u 24. B 
3TO epeMsi ynpyra:H yllaCTOK 27 paBHOMepHo np11.>KHMaeT Ae­
Ta.ilh 15 K eepxHeii IlOAYWKe, npHHHMaSI o6heMHYIO ¢opMy' 
e peJyJihTaTe 11ero ocyll{eCTBJISieTcsi o.z:i;ttonpou.eccHoe ¢opMo­
BaHHe H Ay6n11poeattne AeTaJIH. 

TiocJie oKoHIIaHHSI ¢opMoBaHHSI 11 Ay6nHpoeaHHH ocyll{e­
CTBJIHeTcH cyrnKa If CTa6HJIH3aI.J.HSI ,z:i;eTaJIH 15 11epe3 HH;>KHIOIO 
no.aymKy 5 BaKyyMHbIM OTCOCOM, llO.D;'heM BepxHeH no.z:i;yIIIK11 
10 B HCXO.D;Hoe IlOJIO.>KeHHe H no.z:i;a1.1a B 30HY pa3rpy3KH. 
UnKJI noBTopsieTCH. 
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IlpHHIJ,Hn .u.eiiCTBIUI ycTpoHCT8a n03BOJISICT .u.o6HTbCSI 8bl­

COKOH npOH3BOJl.HTeJibHOCTl1 3a OICT COBMem;eHHSI onepau,Hit 

¢opMOBaHHSI H .u.y6JIHp08aHHSI, a TaK:x<e COBMem;eHHSI BpeMC­

HH Ha yKJia,ll.Ky H C'bCM .a.eTaJICH c BpeMeHeM npou,ecca o6-

pa60TKH, a BhlCOKOe K81JCCTBO o6ecne11HBaeTCSI 3a 01eT paB­

HOMepHoro pacnpe.a.eJieHHSI MexaHHlJeCKOro .naBJICHHSI no BCC­

My o6pa6aThIBaeMoMy nony¢a6pHKaTy. 

YcTpoMCTBO nnR oKoHqaTeJibHOM BnaxHo-TennoeoH 
o6pa6oTKH H3nenuu sepxttero accopTHMeHTa 

Ilpe;:i;cTaBJICHHoe Ha pHc. VII.12 ... VII.19 [7] yCTpoilCTBo 

co.u.ep:x<HT OCHOBaHHe 1, onopy 2, BCJ>THKaJibHYIO CTOHKY 3, 
BOpOTHHKOBylO no.u.ynncy 4 c npHBOJI.OM 5, JI.BC nJIClJCBbIC no­

.U.YilIKH 6 H 803.u.yxoHarpeeaTeJlb 7. 
On~pa 2 ocHaw;eHa KOM6HHHpoBaHHO:ii 060JIOl.1KOil, BKJ110-

11a10m;e:H :x<eCTKYIO onopey10 H 3JiaCTHtIHYIO l.laCTJI. )l(ecTK351 

11acrh o6oJI01IKH cocTOHT 113 6IOCTa 8 11 npHMhlKat01..QHX K He­

My no nJIOCKOCTSIM A H B IUie11eBhlx 11acTeli 9 H 10. BIOCT 

H ruICl.ICBhlC tiaCTH npe.u.cTaBJISIIOT co6oli nyCTOTCJlhlC OTJIHBKH 

c nep¢opaIJ,HeH Ha pa6ot1e:H noBepxHOCTH .U.JISI nponycKaHm1 

napa H 803.U.y';ra. IlepcpopnpoeaHHa.s1 pa6011aSI noeepXHOCTh 

OT JIHBOK - :x<eCTKa.s1 11acTb o6oJI01JKH - CHa6:x<eHa ynpyrHM 

noKphITHCM 11 WISI BhlpaBHHBaHHSI nOTOK08 napa H BOJJI.yxa 

no noeepXHOCTH. 3JiaCTHtIHaSI tI8CTb 12 o60Jl01JKl1 npe,ll.CTaB­

JISleT co6oii napoB03JI.YXOnpOHHIJ,aeMylO KaMepy' BblilOJIHeH­

HYIO H3 TK8HH no ¢opMe nwnKaKa M3KCJIM8JlbHOl'O pa3Mepa. 

BHyTpH o6oJI01JKH HMeeTCSI mapHHpHo-phlt1a:x<HaS1 cucTeMa, 

CBSI3aHH3SI C IlOJI.BH:>KHblMH ruICl.1C8hIMH 1J8CTSIMH 9 H 10 OOo­
JIOtIKH. 

Phlt1a:x<HaS1 CHCTCMa COCTOHT H3 KpOHIIITeiiHa 13, 3aKpen­

JICHHOI'O HeROJI.BH:>KHO Ha croiiKe 3, pbll.18I'OB 14 H 15, CHJJ;SI­

lll;HX Ha OCSIX 16 H 17. J(JIHHHhlC nJICtIH phll.laroB 14 H 15 
B eepxHeH tI8CTH HMCIOT na3bl 18, 8 KOTOpblC BXOJI.SIT naJih­

ll,hl 19, 3aKpeIIJieHHhle Ha U.HJIHH.ZJ:PHl.leCKHX HanpaBJISllOJ..QHX 

20 t1acTeli 9 u 10. Ha· cToiiKe 3 HenOJI.BH:x<Ho 3aKperuieH 

onopHhlH KpOHIIITeHH 21, KOTOPbIH 8 eepxHeH l.laCTH HMeeT 

U.HJ1HH;:t;pn11ecKHe BTYJIKH 22. HanpaeJISIIOJ..QHe 20 C08MeCTHO 

c 1.1acn1MH 9 " 10 HMCIOT B03MO:>KHOCTb C8060JI.HO CKOJlb311Th 

eo BTyJIKax 22. BHyTpu croiiKH 3 uMeeTCSI. TS1ra 23, 3aKperr­

JICHHaSI Ha WTOKe nHe8MOIJ,IUIHHJJ:pa 5 .. B BepxHeH l.13CTH TSira 
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I 

PHc. VIl.12. Y CTpoiicroo wu1 wia>1mo-Te11.T10BoH o6pa6oTKH H3J\eJJHH sepxuero ac­
COJ>THMeuTa. 
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2§-

P1-1c. VIl.13. Onopa yCTpoi'.'.!crna B pa3pe3e. 
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PHc. VIl.14. 3JieKTpolUlrpeaaeMbIH cnofl onopb1. 

23 rnapHHpHo CBSl-
3aHa c rJI3AWlbHOH ; 
IlOAYlIIKOR 4 OCblO 

24, B HH:x<HeH 1!3-

CTH TSII'a 23 rnap­
HHPHO CB~3aHa 

KapeTKofi 25 OCblO 

26. OcH 24 H 26 
npoxo~SIT qepe3 
na3hl 27 H 28 
croH:Kw 3. KapeT­
Ka 25 HMeer po­
JIHKH 29. B eepx­
Hcii "llaCTH croH:Ka 
3 HMeeT Hapy:>i<­
HylO pe3i.6y, Ha 
KOTOpyro HaeepHy­
Ta peryJIHPOBOll­
HaSI ramca 30 ~JI~ 
yCTaHOBKH nJieqe­

BhlX 1l3CTeii 9 " l 0 Ha pa3Mep o6pa6aThlBaeMoro H3AeJIH~. 

1 -

P1-1c. VII.IS. 3neKTpHqecKasi cxeMa BKJIIOqCHHsi HarpeeaTenei1. 
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P1-1c. VII.18. Boa)lyxoHarpceaTCJJb e paapeae. 

"' SO 

P1-1c. YII.19. IlonepeqHbitt paapea HarpeeaTeJJett, pa3JlCJJCHHbIX TKauoit cerKott. 
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lliapHHpHO-pbilla)l<HblH MCXaHH3M K.i.l)l<Jl.OH IlJIClleBOH llaC­

TH o6oJI04KH HMeeT HC33BHCHMOC npHBOilHOe cpeJJ.CTBO B BHile 

rpy3a 31, B3aHMo.o;eiicTBYIOIJ.J,CfO c pb14aroM 14 HJIH 15 llCpC3 

TPOCHK 32, nepeKHHYThlH llcpc3 pOJIHK 33 onopbl 21. 
Ha BHyTpetttteii dopottc 43CTH 12 o6oJIOllKH onopb1 2 

pacrrono:>Ketta .o;onOJIHHTCJihHaSI o6oJiollKa, cocToS1wasi H3 ttc­

CKOJihKHX IlOJIOC 34 3JieKTPOHarpeBaTCJibHOii TpHKOTaxrnoii 

TKaHH, CWHThlX MCX<)J,Y co6oi1 B MCCTax B H 3aKperrneHHbIX 

BBepxy Ha 6JOCTe MaHeKeHa, a BHH3Y - Ha ero OCHOBaHHH. 

B.AOJib HHTCH OCHOBbJ B TPHKOT3)KH0M HarpeeaTeJie npoXOJJ.SIT 

HHXpOMOBble npOBO,llHHKH, KOHU,bl KOTOpbIX 3aX<aThl B lllHHax 

35. K wuttaM 35 no,neo,nHTCSI 3JieKTp03Hepmsi. 3neKTpoHar­

peeaTeJIH 34 napan.iieJibHO no,nKJI101.1ettb1 K noHH:>KaromeMy 

TpattccfmpMaTopy 36 H 1.1epc3 pa3nCJIHTeJihHhlii Tpattc¢opMa­

TOp 37 - K rTHTalOIJ.J,eH CCTH. B LJ,CJISIX 6e3onaCHOCTH pa60Thl 

Ha MaHCKeHC Ha WHHbl 35 nonaCTCSI HanpsiX<eHHe Mettee 36 B, 
TeMncpaTypa HarpeeaTc.nsi peryJiupycrcsi TpaHa.t>opMaTopoM 

36. 3neKTponarpeeaeMhlii cnoii 34 pacnoJio:>Ken no.n 3JiaCTHll­

HOH o60JIOllKOH 12, KpenH'.fCSI 11 KOHT3KTHpyeT c Heii no BCeH 

noeepxHOCTH e nepuo.o; ceo6o,nHoro npoencaHHSI noCJiei.neii. 

060JIOllK3 HarpeeaeTCSI nocpe;ACTBOM KOHT3KTa c HarpeBaTe­

JICM H npH npOXOX<,llCHHH CKB03b Hee napa H ropsi1.1ero 803-

.nyxa HMeeT TeMnepaTypy, ne no3BOJIS110myJO napy KOH)J,en­

cupoeaThCSI. 

rH6KaSI ll3CTh 12 060JIOllKH HMCeT y1.1aCTKH C MeHblllHM 

a3po,nuHaMHllecKHM conpoTHBJICHHCM (Ha puc. VII.16 ne sa­

uITpHxoeaHbI) B o6JiaCTH nne1.1, BOpCYrHHKa, JiaU,K8HOB, rpy,nH, 

KapMaHOB H llIJIHU,bl H3JJ.eJIHSI no cpaeHeHHJO c OCT8JJbHOH no­

eepxHOCTblO (38UITpuxoeaHHOH Ha puc. VII.16), HMeJOmeH 

OOJiblllee a3po,nunaMu1.1ecKoe conpOTHeJieHue, KOTOpoe ,nocTH­

raeTCsi MHorocJioiiHoCThlO 3THX y1.1acTKOB. TaKaSI KOHCTPYKU.HSI 

IT03BOJISleT pacnpe.neJJSITb napOB03JJ.ymHblH ITOTOK no o6pa6a­

TbIB8eMOMy H3,llCJIHIO 3a CllCT yBCJIHlleHHSI 83pO;AHH3MHlleCKO­

ro conpoTHBJieHHSI OTJJ.eJibHblX )71I8CTKOB o6oJIOlIKH H TeM ca­

MhlM HHTeHCH<pHU,HpOB8Tb B..1:8:>KHO-TeITJIOBOe B03JJ;eiicTBHe Ha 

6onee nJIOTHblC MHOf'OCJIOHHble y1.1aCTKH ITH,ll.X<aKa. 

npueo.n Ka:>K)J,OH H3 JJ.BYX IlOJJ.yllleK 6 BKJllOll8CT Pbitiar 

38, KallalOil{HHCSI BOKpyr OCH 39. Ha O;AHOM ITJielle pbillara 

ycTaHOBJieHa IlOJJ.YlIIK3, a .npyroii: lllapnupHO CBSI38H co lllTO­

KOM IlHCBMOLJ,HJIHH)J,pa 40, ycraHoBJieHHblM Ha OCHOB3HHH no­

cpei.CTBOM KPOHlllTeiiHa 41. 
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B03llYXOHarpeBaTCJih co,Aep>KHT HarpeBaTeJihHhIH 3JieMeHT 

42, pa3MCil.\CHHhIH B KOpnyce 43, COCTmnu;eM H3 .I{Byx perne­

TOK 44 H 45, COC,AHHCHHhIX MC)l(J];y CoOOH H 33KPCTIJICHHhIX 

e B03'AyxoBo,ne ~ BepTHKaJihHOH CTOHKe 3. HarpeeaTeJihHhIH 

3JICMCHT 42 npeJJ;CTaBJISleT co6oH: naKeT, BhIDOJIHCHHhIH H3 

H30JIHpoeaHHhIX noJIHaM~HhIM JI3KOM nposo,nHHKOB 46 TpH­

KOT3>KHhIX HarpeBaTeJihHhlX noJIOTCH 47, 48 H 49, pa3JI;eJieH­

HhIX MC)l(J];y co6oH: TK.aHeBhIMH CCTKaMH 50 H 51 H3 H30JIH­

pyromero MaTepnana. 

TaKoe KOHCTPYKTHBHOC HCnOJIHCHHe HarpeBaTCJibHOl'O 

3JICMCHTa 42 o6ecne1.1neaeT OObeMHOCTh CTPYKTYPhl naKeTa H 

paBHOMepHoe pacnOJIO>KCHHC no OObeMY TOKOHCCym:Hx npo­

BO.I{HHKOB 46. 
Y cTpoH:cTBO pa6oTaeT CJICAYIOI.l\HM o6pa3oM. 06pa6a1'h:IBa­

eMoe H3,neJIHC H3J.J;CB3CTCSI Ha onopy 2, pacnpaBJISleI'CSI H 

cPHKcnpyeTcSI ua HCH. B 11cxo,nHoM nonoxeHHH WTOK nHeB­

MOUHJIH~pa 5 HaXO.I{HTCSI B BCPXHCM IlOJIO>KCHHH H y,nep>KH­

eaeT B 3TOM DOJIO.>KCHHH TSlry 23 H 1.1epe3 ee OCH 24 H 26 
no,nyWKy 4 H KapeTKY 25. Kape~a 25 poJIHKaMH 29 eo3-

.ne:HcTsyeT Ha phl1.1arn 14 H 15, KOTOphle 11epe3 naJihJ.V>I 19 
H HanpaBJISllOIU:HC 20 npH>KHM310T 1.J:3CTH 9 H 10 K DJIOCKO­

CTSIM A 11 B 6rocTa 8. TaKoe noJIO>KCHHe IIJICl.J:CBhIX 1.1acTeH 

COOTBCTCTBYCT MHHHM3JihHOMY pa3Mepy o6pa6aTh1BaCMOl'O H3-

.I{CJIHSI. TipH H8.I{CB3HHH Ha MaHCKCH H3,ACJIHSI 60JihlllCl'O pa3-

Mepa qacTH 9 H l 0 Heo6xo,nHMo pa3eecTn H ycTaHOBHTh Ha 

HOBhIH pa3Mep. !lJISI 3TOI'O epall.\eHHCM raHKH 30 no qacOBOH 

CTpeJIKC CMCil.\3CTCSI BHH3 no,nymKa 4, KOTopaSI 11epe3 OCh 24 
yBJICKaCT 3a co6oH: TSiry 23 c ycTaHoBJICHHOH Ha Heli eHHsy 

KapeTKOH 25. PoJIHKH 29 BMCCTe c K3pCTKOH 25 onycKalOTC~ 
BHH3 H OCB06o)l(J];a10T phlllarn 14 H 15. TioCJIC.I{HHC TIO.I{ ,ne:H­

CTBHCM rpy30B 31 noeopallHBalOTCSI H pa3BO.I{~T 1l3CTH 9 H 

l 0 e cTopOHhl. LlBH>KCHHe IIJie11esoH: 1l3CTH ocyll.\CCTBJI~eTCSI 

COBMCCTHO c 3aKpCIIJICHHOH Ha HCH HanpaBJISllOil.\CH 20, KO­

Topa~ cKOJih3HT BHYTPH BTYJIKH 22. YMeHhmCHHe pa3Mepa 

MaHCKCHa B IlJICl.13X ocyll.\CCTBJISICTCSI B o6paTHOM nopSl)l,KC. 

TioCJie cPHKCaUHH H H3TSl>KCHHSI H3,ACJIH~ Ha onope 2 no 

KOMaHJl,e onepaTopa B aBTOMaTHl.J:CCKOM pe>KHMC ocym:eCTBJISI­

eI'CSI BJI3>KHO-TCDJIOBa~ o6pa60TKa. qepe3 onopy 2 IlpOH3BO­

.I{HTC~ nponapHBaHHC H3,ACJIHSI, cymKa ero ropSil.IHM H CTa6H­

JIH3aUHSI XOJIO,AHhlM 803.I{yXOM. Ilo.n ACHCTBHCM Hanopa 803-

.nyxa 3JiaCTHlIHa~ 11acTb 12 o6oJiol.J:KH pas.nYBaeTCSI H 
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ll)>HMhlKaCT K H3,n:e;nuo no BHyTpeHHeii noBepXHOCTH, pac­
npaBJISISI ero. 06pa3yeTCJI naKeT o6oJIO'lKa - H3.lteJIHe c paB­
noMcpHhlM a3poJJ;HHaMHlleCKHM COnpoTHBJieHHeM no BCeii no­
BCpXHOCTH. IlpH 3TOM nap H3 rraponpoBOJJ;a nOCTynaeT B 
HH)KHIOIO llaCTb nOJIOH BepTHKaJlbHOH CTOHKH 3 K BO~XO­
HarpeeaTeJIIO H npoxOAHT nepneH,ll,HKy;rnpHO IIJIOCKOCTH Ha­
rpeBaeMhlX noJioTeH 47, 48, 49 HarpeBaeMoro 3JieMeHTa 42. 
CTpH npoxo)K)leHHH CKB03b noJIOTHa nap OMhlB3eT TOKOHecy­
w;He npoeoinrn:KH 46 H neperpeBaeTCJI. 3aTeM neperpeThlH 
nap nocTynaeT e 30HY o6pa6oTKH H nponapHBaeT H3,n:eJIHe, 
yeJia)KHSISI H HarpeeaJI ero AO 3a,n:aHHOH TeMnepaTyphl. IloCJie 
11ero I'JlaAHJlbHblMH noJJ;ymKaMH 4, s, 6 npeccyroTCJI, COOTBeT­
CTBeHHo, BOpoTHHK H IIJiellH H3)leJIHJI. 

CymKa Bcero H3,n:eJIHJI H o6pa6oTKa ocTaJihHhIX y11acTKOB 
ero IlOBepXHOCTH ocyw;eCTBJIJieTCJI HarpeThlM AO 3a,n:aHHOH 
TeMnepaTyphl B03.llYWHhlM IlOTOKOM. IloJJ;a11a H HarpeB B03,n:y­
xa npoH3BOAHTCJI aHaJIOl'HllHO npo~eccy neperpeea napa. no­
CJie OKOHllaHHJI BJia)KHO-TelIJIOBOH o6pa60TKH H3AeJIHe CHHMa­
eTCJI c onophl 2. 

CTpHMeHeHHe .naHHOro ycTpoiicTBa no3BOJIJieT cyw;ecTBeHHO 
yJiyllWHTb Ka11eCTBC BJia)KHO-Te1IJI0Boii o6pa6oTKH H noehl­
CHTb npoH3BOAHTeJibHOCTb TpyJJ;a. 

2. KottcTpyKTHBHhle oco6ettttOCTH npoMblWJieH~blx yTJOroe 

B npo~ecce H3roTOBJieHHJI meeiiHhIX u3,n:eJIHH B03iiuKaeT 
HeOOXOJJ;HMOCTb YTIO)KKH H JJ;y6JIHpoB3HHJI 3JieMeHTOB JJ;eTaJieH 
H y3JIOB. B CBJI3H c 3THM B HaCTOJim;eM pa3,n:eJie paccMOTpeH 
PM HOehlx npoMhlWJieHHhlx yTroroe pa3JIH11Horo Ha3Ha11eHHJI, 
n03BOJIJIIO~HX CHH3HTb 3HepronoTpe6JieHHe H y11y11WHTb Ka-

11eCTBO yTIO:>KKH. 

YTror-naporettepaTop 

YTror, KOHCTpyK~HSI KOToporo npe.llCTaBJICHa Ha pHC. 
VII.20. (8 ], no3BOJIJICT npoH3BOAHTb TexHoJiom11ecKHH nap 
Jl.JISI nponapueaHHJI o6paOOThleaeMoro noJiy<l>a6puKaTa npu 
ero YTIO:>KKe Ha WBCHHhlX npeJJ;npHSITHSIX, He HMCIOI..U;HX ycT­
poiiCTB JVIJI npoH3BO)lCTB3 napa. 

YTJQr-naporeHepaTop coJJ;ep)KHT Kopnyc l c TCIIJID3JICKT­
poHarpeBaTeJieM 2, KaMepoii ucrrapeHHJI 3 H pa6o11eii noBep­
XHOCThlO 4, py11Ky 5 c onopHOH CTOHKOH 6, KphlmKy-eMKOCTb 
7, nepenyCKHOH KJianaH 8, rrpHBO.l{ 9 KJianaHa 8, pyKOSITKY 
10 npHBOJJ;a 9, mTy~ep 11 H TepMOperyJIJITOp 12. 
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PHc. VII.20. YTJor-naporeHepaTop. 

YTJor pa6oTaeT CJie~yIOll\HM o6pa30M. TipH n0Aa11e 3JieK­
Tpo3HepmH H BOAhl Teil.TI03JieKTpoHarpesaTeJih 2 Harpesaer 
KOpnyc 1, KOTOphlH H3Jly11aeT Teil.TIO B CTOpoHy pa6o11HX H 
Hepa6o11Hx nosepxHOCTe:H H, B 113CTHOCTH, B CTOpoHy KPhIIIl­
KH-eMKOCTH 7. IlpH 3TOM BOA3 B KphlwKe-eMKOCTH 7 Harpe­
B3CTCR H norJio~aeT TenJio, H3Jly11aeMoe Ha Hepaoo11He no­
sepxHoCTH, B 11aCTHocTH, H B cropoffY py11KH 5. IloCJie Ha­
rpeBa pa6o11eli noBepXHOCTH 4 no 3a~aHHOH TeMnepaTyphl 
H3)1(3THeM pyKOHTKH 10 npHBOAa 9 nocpeACTBOM KJianaHa 8, 
pa3Mell(eHHOro B onopHOH CTOHKe 6, npoH3BOJ:{HTCSI IlOA3113 
HarpeTOH BOAhl H3 BepxHeH 113CTH KphlWKH-eMKOCTH 7 B Ka­
Mepy HCnapeHHH 3 H Aa.Jihwe e Bime napa K o6pa6aThIBae­
MOMY noJiy<l>a6pHK3Ty. TipH 3TOM nopQHSI xoJIOJ:{HOH BOAhl 113 
BOAOnpoBOA3 nocpenCTBOM m6Koro llIJl3Hra 11epe3 WTyQep 11 
nOCTynaeT s KphlwKy-eMKOCTh 7, r.o;e ttarpeBaercH, norJIOII(aH 
TenJIO, H3Jly11aeMoe B CTOpoHy PYKH )'TIO)l(Wlhll(HQhl. 

TeMnepaTypa Harpesa peryJIHpycrcH TepMoperyJIRTopoM 
12. 
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YTtor 3JieKTpH'leCKHH 

TipeJJ;CTaBJICHHhIM Ha pHc. VII.21. [9 J yTJor c 3JICKTpH1.1r 
CKHM HarpeBOM COJJ;ep)l(HT KOpnyc 1 c pa6oqe:ff rroeepXHOCTl>H I 
2 H BHYTPCHHeH 3, pyqKy 4 C OIIOpHOH CTOHKOH 5 H TCP 
Moperym1Top 6. 

'11c. VIl.21. Ynor 3JJeKTp1111ecK11ft. 
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BHyTpeHH.srn noBepxHOCTb 3 nMeeT nashl 7 u 8, B Kc>To­
phle y JIO)l(eHhl pe3HCTHBHhle 3JieKTpoHarpeBaTeJrn 9 H 10, Bhl­
IlOJIHeHHhle B BHJJ;e TK3HOH JieHThl, BKJUOqaroI.QeH B KaqecTBe 
HHTeH OCHOBhl CTeKJISIHHhle 11 H 6a33JlbTOBhle HUTH 12, a B 
KaqeCTBe yTKa - MeTaJIJIHqec1<yro npoBOJIOKy 13. 

YTror pa6oTaeT CJieAyIOI.QHM o6pasoM. Dpu nonaqe 3JieK­
Tp03Hepmu TeruI03JieKTpoHarpeBaTeJIH 9 H 10 BbIAeJI.HIOT 
TeruIO, KOTOpoe-nepeAaeTCSI CKB03b CJIOH 3JieKTpnqecKOH H30-
JI.SlllHH qepes Il33hl 7 H 8 Koprrycy 1, B KOTOpoM aKKyMyJIH­
pyeTC.SI. TeruIOBOe conpOTHBJieHHe Me)l(J{y HHMH ttesHaqnTeJih­

HO sa cqeT paBHOMepHOl'O pacnoJIO)l(eHH.SI npoBOJIOKH 13 Ha 
6oJibWOH ITJIOlllaAn u npu)l(aTH.H aJieKTPOHarpeBaTeJieif 9 u 10 
B nasax 7 H 8 K KOpnycy 1 qepes CJIOH BOJIOKHHCTOl'O Tep­
MOCTOHKOl'O MaTepuaJia, BOJIOKHa KOTOporo OCTalOTC.SI ynpym­
MH npu HarpeBe H IlOCTO.SIHHO Il0A)l(HM3IOT (IT0AITPY)l(HHHB3-
IOT) HarpeBaTeJIH 9 H 10 K TeruIOBOMY aKKYMYJI.HTopy. 

Dpu STOM nHclJpaKpacttoe usJiyqeHne HarpeBaTeJieH npaK­
TnqecKn HanpaeJieHO B CTOpoHy paooqeif IlOBepxHOCTH 2. 

TeMnepaTypa HarpeBa peryJiupyeTc.H TepMoperyJI.HTOpoM 

6, ycTaHOBJieHHhlM B onopHOH CTOHKe 5. ,ll,aHHa.H KOHCTpyK-
1..(H.SI yTrora o6ecnequBaeT 3HaquTeJibHOe nOBhlWeHne KD,ll, sa 

cqeT yMeHbWeHH.SI ycTaHOBJieHHOH MOI.QHOCTH HarpeBaTeJieH B 
cpeAHeM Ha 40% (c 1000 BT AO 600 BT), CHH)l(eHn.s1 nepe­

naAa TeMnepaTyp Me)J(]l.y HarpeBaTeJI.HMH H aKKYMYJIRTOpOM 

Teruia c 500° c AO 120° c. 

YTIOr 3JICKTponapoBoii 

YTror OCHallleH KOHCTpyKTHBHhlMH aJieMeHTaMn, nosBOJI.sI-
101.QHMn neperpeBaTb TeXHOJIOmqeCKHH nap, HCil0Jlb3yeMhlH 

AJI.H nponapuBaHH.H o6pa6aThlBaeMoro noJiycl:>a6puK~Ta npu 
ero yTJO)l(Ke, u MO)l(eT npnMeH.HTbC.H npennpH.sITH.HMH, nonm­

BaIOI.QHMH OAe)J()ly, H XHMHqeCKOH qncTKH, o6opy]l.OBaHHhlMH 

ycTaHOBKaMH .D;JI.SI npon3BOACTB3 napa. 
YTror, npeACTaBJieHHhlH Ha puc. VIl.22. (10 ], COAep)l(HT 

KQpnyc 1, pesucTHBHhlil· aJieKTpoHarpeBaTeJib 2, nonowBy 3 
c napoBOH KaMepoii 4, BhlilOJIHeHHOH B BHJJ;e cnupaJibHOH Ka­
HaBKH 5 c -nonepeqHhlMH ymy6.ii:eHH.SIMH 6 Ha BHeWHeH qa­
CTH H OTBepcTHeM 7 llJISI BXOAa napa. Ilpu 3TOM KaMepa 4 
pacnoJIO)l(eHa B ymy6JieHHH IlOllOWBhl 3 H 33Kph1Ta lllfaclJpar ... 
MOH 8 c OTBepcTneM B I..(eHTpe u maif6oif-pacceKaTeJieM 9, · 
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I 

P11c. VIl.22. Ynor sneKTponapoeoi'f. 

KOTOpa51 co.nep)l(HT KOJibl..\eBOH BbICTyn 10, o6pa3ylO~H na­
posyro noJioCTb 11, yrnyoJieHHe 12, BhlnOJIHeHHoe s BHJJ;e 
TpeyroJibHHKa c 33KpyrneHHhIMH yrmtMH, II;HJIH~pHlleCKHH 

. BhlCTyn 13 c Il333MH 14, OTBepcTHSI 15 AJISI BhlXOJJ;a napa. 
y TIOr coi:i;ep)l(HT T3K)l(e KphlWKY 16, TepMopery JlfiOp 17. 
PYllKY 18 c KHonKo:H 19 WI.SI ynpaBJieHHSI napos1i1M KJianaHOM 
H napoBOH WJI3HI' 20. 
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Y TJOr paooTaeT CJie.z:i;yIDI.I.\HM o6pa3oM. B Harperhlii: .z:i;o 3a­
)laHHoif TeMnepaTyphl YTIOr npH HaxcaTJIH Ha KHOnKy 19 llC­
pe3 napoBoif llIJlaHr 20 nonaeTC.si nap, KOTOphlii: t1epe3 OTecp­
CTHe 7 nocTynaeT B naposyro KaMepy 4, BhlilOJIHeHHYIO B BH­
)le cnHpaJibHOH KaHaBKH 5, no KOTOpOH ):{BIDKeTCSI K ueHTpy, 
npH 3TOM non neuCTBHeM ueHTpOOeJKHOH CHJlhl KailJIH KOH­
.z:i;eHCaTa nona):{.alOT B yrny6JieHHe 6 Ha BHewHeH CTOPOHe Ka­
HaBKH 5' rne 3a ClleT KOHTaKTa c HarpeTOH noii;owBOH 3 HC­
nap.SIIOTCSI. IlaJiee qepe3 OTBepcTHe B ueHTpe nna<f>parMhl 8 
nap nocTynaeT B rJiyxoe OTBepcTHe l.l;HJIHHftpHlleCKOro BhlCTy­
na 13 H qepe3 na3hl 14 B ymy6JieHHe-na6HpHHT 12 (np11 
3TOM 3ii;ech HCnap.sieTCSI OCTaBWHHCSI KOHfteHC3T)' OTKyii;a qe­
pe3 OTBepcTHSI 15 napoBOH nOJIOCTH 11 Ha o6pa6aThlBaeMOe 
H3ne;rne. TeMnepaTypa uarpeBa noii;ows&1 3 peryJIHpyeTc.si: 
TepMOperyJISITOpoM 17. 

YTIOr aneKTpw1ecKHH c 0Tnap11eaTeJieM 

Ilp~JlCTaBJieHHhlH ua p11c. VII.23. [11] yTIOr .si:BJIHCTCH 
pa3HOBHZJ;HOCThlO yTroroB, no3BOJIHIOI.I.\HX neperpeBaTb TexHo­
JiomqecKHH nap, HCITOJih3yeMhlH JVISI nponapHBaHHSI o6pa6a­
ThlBaeMoro noJiy<f>a6pHKaTa. KoHCTpyKUHH ii;auHoro yTrora no-
3BOJI.SieT T3KJKe 0)'.{HOBpeMeHHO neperpeB3Tb nap, HCnOJib3ye­
MhlH H lJ;JISI CHSITHSI JiaC. 

YTror coii;epJKHT: paooqyro nJIHTY 1 c rJiaJJ;HJihHOH noeep­
XHOCThlO 2, naponpoBOJJ;HhlM KaHaJIOM 3, OTBepcTHSIMH 4, no­
BepxHOCTblO OTnapHBaHHSI s, KaHaJIOM-neperpeBaTeJieM 6 H 
napoOTB.0)'.{HhlMH OTBepcTH.SIMH 7. B yTror exo.u;HT TaKJKe 3JieK­
TpoHarpeBaeMaH IlJIHTa 8, KPhllIIKa 9, py11Ka 10, TepMopery­
JI.si:Top 11 H nO):{BO):{Slll(HH pyxaB 12. 

YTror pa6oTaeT CJie.z:i;yIDI.I.\HM o6pa30M. IloCJie Harpesa 
yTrora nocpe.z:i;CTBOM aJieKTpoHarpeBaTCJihHOH ~~Thi 8 .u;o 3a­
ii;aHHOH TeMnepaTyphl (KOHTpoJib TeMnepaTyphl OCyll.\eCTBJISl­
eTCSI c nOMOI.I.\blO TepMoperyJIHTOpa 11) npoH3BOASIT rJiaxce­
HHe. B npouecce maJKeHHSI no KoMafffte yTIDJKHJihll.\HUhl no­
cpeii;CTBOM nO)lBO.D;SII.I.\ero pyKaBa 12 OT HCTOllHHKa napa 
nonaeTCSI TeXHOJIOrHlleCKHH nap, KOTOphlH no naponpoBO)lHO­
MY KaHaJIY 3 qepe3 OTBepcTHSI 4, pacnOJIOJKeHHhle B nepe­
AHeH qaCTH rJiaJJ;HJibHOH nOBepxHOCTH 2, nocTynaeT Ha o6pa-
6aThlBaeMhlH noJiy<t>a6pHKaT, yBJiaxcH.si:H ero. IlpH ABHJKeHHH 
yTrora noJiy<t>a6puKaT rJiaJJ;HJibHOH nosepxHOCThlO 2 pa3yT10-
xc11BaeTc.si:, OCT3BJISISI JiaChl. 

OnHoBpeMeHHO c 3THM TexHoJiomqecK11il nap, neperpeBa­
.si:ch, no KaHaJiy-neperpeBaTeJiro 6, qepe3 OTBepcTHH 7 nocry-
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naeT H3 nosepxHOCTb 0TD3PHB3HH.SI s, pacnoJimKeHHYIO B 

33,qHeii 'l3CTH rJI3JJ;HllbHOil DOBepxHOCTH 2, rAe " ocymeCTB­

Jl.SleTC.SI CH.SITHe nae, T. e. B3'bepowHB3HHe BOpca TK3HH CTpy­

.SIMH neperpeToro napa, KOTOpblii CKOJJb3HT no noJiy<t>a6pHKa-

Ty, He yeJia)KH.H.H ero. ' 

B npouecce yTIO)KKH · pyKa yTIO)KHJib~HU.bl KpbIIIIKoii 9 
33ll\HI~eHa OT DP.SIMOI'O TenJIOBOro B03AeiicTBHSI. 
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3. KottcTpyKTH~H1>1e oco6ettHOCTH ycTpoitcTB 
llJISI npoU3BOllCTBa TeXHOJIOrHqecKoro napa 

B npouecce npon3BOD;CTBa o;ne)KJJ;hl ucnoJih3yeTC.SI HaChl­
meuublu TexuonomqecKui1 nap, npousBOlJ.HMhlH ueHTpaJiu3o­
sauuhIMH KOTeJihHhlMH, rpynnOBbIMH H HffAHBHJJ;YaJihHbIMH 
naporeuepaTopaMu. 

Tip:u BTO psii:i;a ,neTaJieif n y3JIOB mseiiuhlx H3.JJ;eJIHH nc­
noJ1hsyeTc.s1 neperpeThlH TexuoJioru11ecKHH nap. B CBSI3H c 
3THM B n;aHHOM pa3p;eJie rrpen;CTaBJieHhl HOBhle ycTpoHCTBa 
~JISI npOH3BO.l{CTBa H neperpeea TeX~OJIOrH'leCKOl'O napa rpyn­
IlOBOro H HHD;HBHJJ;YaJihHOl'O H33H31leHH.SI. 

Y cTaHOBKa 11.m1 npoH3B01J.CTBa neperpeToro napa 

YcTaHOBKa, npen;cTaBneuua.s1 ua pnc. VII.24. [12 ], .S1BJI.S1-
eTCSI COBpeMeHHhlM ycTpoHCTBOM AJI.SI npoH3BOD;CTBa TeXHOJIO­
rl'.I'leCKOI'O rrapa ,naBneuneM 11.0 0,8 Mila n TeMnepaTypoH: AO 
250° C, a npn aeo6xo,n;HMOCTH no 400° C. B 3aBuCHMOCTu 
OT ycTaHOBJieHHOH MOIUHOCTH ycTaHOBKa MO)KeT ucnOJih30-
BaThCSI !(JI.SI cua6)KeHHSI TeXHOJIOrH'leCKHM neperpeTbIM napoM 
o;nuoH HJIH rpynnhl e)lHHHU 06opy.n;0Bauu.S1 ,nJI.SI BTO. 

CTpuMeueune AaHuo:H yCTauoBKH n03BOJI.SleT IlOBhlCHTh 
nponsBOllHTeJihHOCTh npouecca BTO, ynyqrnHTh Ka11eCTBO 
WBeHHblX H3JleJIHH H OTKa3aThCSI OT HarpeBa rJia.JJ;HJihHhIX no­
~yweK T3HaMn, a TaK)Ke OT ocuaw.eunSI nx TepMoperynn­
py10me:H annapaTypou H 3KKYMYJISITOpOM Teruia H 33 cqer 
3TOl'O ynpOCTHTh·HX KOHCTpyKUHIOt CHH3HTh MeT3JIJIOeMKOCTh, 
ynyqwnTh paBHOMepuoCTh pacnpen;eneuu.s1 TeMnepaTypuoro 
nOJI.SI, a T3K.:>Ke CHH3HTh paCXOA 3JieKTpo3uepruH. KpoMe TO­
ro, no cpaBueHHIO c npu:MeH.SleMbIMH ycTpoHCTBaMH auano­
rH'lHOl'O uasuaqeHHSI ee MeTaJIJIOeMKOCTb H 3aHHMaeMaSI IlJIO­
m:allh suaq1neJihHo Meuhme. 

YcTaHOBKa BKJIIO'laeT naporeuepaTop 1, naporreperpeBa­
Te.'.n:h 2 H pesepByap 3, BblDOJIHeHHhle B Bmi;e OJlHOH KOHCT­
PYKTHBHOH e~HHHuhl. TiaporeuepaTop COCTOHT H3 Kopnyca 4, 
KpblWKH 5, KOTOphle o6pa3ylOT K3Mepy uarpeBa 6, TeIIJio-
3JieKTpoHarpeBaTeJISI 7' IlO.JJ;BOJl;SIW.ero 8 H OTBOllSIW.ero 9 naT­
py6KOB H CHCTeMhl peryJIHpoBaHHSI ypoBHSI BOJlhl, co..n;ep.:>Ka­
meH UHJIHHD;pnqecKHH KOpnyc 10 c coeD;HHHTeJihHhlM. naTpy6-
KOM 11, nonJiaBOK 12 co CTep.:>KHeM H3 M31'HHTHOl'O 
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P11c. VII.24. YcTaHOBKa ~.1111 npo11auo~cTBa neperpeTOro napa. 

146 



MaTepml.lla 13 11 M3rHHTHhle nepeKJiro11aTeJIH 14 H 15, ycra­
HOBJieHHhle IlO.ll 3aII{HTHhIM ICO)l(yXOM 16. 

Peaepeyap 3, COCTOSIWHH H3 6aKa 17' nonJiaBKOBOH CHC­
TCMhl, CO,Aep)l(aw;e:H nowraeoK 18, phll.lar 19 H KJianaH 20, 
yKpenJieHHblH Ha KpoHWTCHHe 21, o6paTHOro KJianaHa 22, 
eeHTHJISI 23, OTBO.llj[w;ero naTpy6Ka 24, coe,AHHHTeJlbHhlX naT­
py6KOB 25, 26, 27 H CHCTeMbl llO,Aal.IH B03AYX3 H3 803,AyW­
HOH MarncTpaJIH, COCTO.SIIl.(eii H3 B03,AyxonpoBOA3 28 H :JJieK­
TpoynpaBJUleMoro .neyxxo.n;oeoro KJianaHa 29, np111.1eM ynpae­
neHHe KJianaHOM 29 OCyIQeCTBJISleTC.SI npu IlOMOil.(H 
M3rHHTHbIX nepeKJIJOl.laTe.ne:H 14 H 15. 

Pe3epeyap 3 coo6maeTC51 c naporeHepaTOpoM 1 c no­
MOIIU>JO OTBO.ll.Hwero naTpy6Ka 24 H o6paTHoro xnanaHa 30, 
npeii:oTBpaw;arow;ero yTe1.J:KY BO.llhl H3 KaMephl Harpeea 6, Ko­
Topasi coo6waeTcsi c naponeperpeeaTeneM 2 1.1epe3 OTBO.ABw;H:H 
naTpy6oK 9 H o6paTHhlH KJianaH 31, npe)J;OTBpawaJOil.(HH B03-
epaT napa H3 naponeperpeBaTeJISI 2 e KaMepy Harpeea 6. 

IlaporeHepaTop 1 H naponeperpeeaTeJih 2 OT.o;eJieHhl OT 
OKpy>KaJOw;eii CpeAhl cnoeM TCilJIOH30.11.S11.J;HH 32, KO)l(yXOM 33 
H yCT3HOBJieHbl Ha OCHOBaHHH, KOTOpbIM SIBJIBeTCSI pe3epeyap 
3. Ilp11 3TOM pe3epeyap 3 OT.n;e.neH OT naporeHepaTopa 1 
H30JIHPYIOil.(HM KOJibl.I;OM 34 If CJIOeM TenJIOH30JISIQHH 35. Ila­
poneperpeBaTeJib 2 CH36)1(eH KOHACHC3TOOTBO.lll.J:HKOM 36 If co­
o6w;aeTCSI c pe3epeyapoM . 3 qepe3 Tpy6onpoeo.A 37 11 o6paT­
HhIH KJianaH 38. 

IlaporeHepaTop 1, naponeperpeeaTeJib 2, pe3epeyap 3 
CH36JKCHhl BO.D;OMCpHbIMH CTeKJiaMH 39, 40 H 41 ,llJISI BH3y-
3JlbHOl'O KOHTpoJISI ypoBHSI BO.D;bl. 

IlaponeperpeeaTeJib 2 B CBOIO Ollepe,nb COCTOHT H3 KOp­
nyca 42, KpbIWKH 43 c repMeTHl.J:HO 33KpenJieHHhIMH B Heii 
3JICKTpoHarpeeaTeJISIMH 44, 00,llBO,llSIIl.(ero naTpy6Ka 45 c ce-­
napaTopoM 46 11 oTBo.n;siw;ero naTpy6Ka 47, a T3K)l(e naTpoHa 
48 c TepNonapoii 49. B HH)l(Heif 1.1acT11 xopnyca 42 ycTaHoe­
JieH neJ><Pop11poeaHHhlH JIHCT 50. KpoMe Toro, e KPhIWKe 43 
yCT3HOBJieHbl M3HOMeTp s 1 If npep;oxpaHHTeJlbHblH KJianaH 
52. 

YcTaHOBKa .llJISI npo113eo.n;cTea neperpeToro napa pa6oTaeT 
cnep;yrow;HM o6pa3oM. BJia)l(HhlH nap, o6pa3yrow:11H:cS1 np11 
Harpeee BO.llhl TenJI03JieKTpoHarpeeaTem1MH 7, B KaMepe 6 no 
OTBO,ll.Slll\eMy Il3Tpy6Ky 9 qepe3 o6paTHhlH KJianau 31 H no.n;­
BOJ];SlllJ.HH naTpy6oK 45, 1.1epe3 cenapaTop 46 nocTynaeT B na-
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poneperpeeaTeJib 2, r.o;e HarpeeaeTOI T3HaM11, 11 qepe3 OT­
BOJU1m11u naTpy6oK 47 nocrynaeT K TeXHOJIOm1leCKOMY o6o­
PY.ll.0B3H11IO D;JIR BTO. 

Ilp11 3TOM Ko~eHCaT, no11y11eHHhlH B npon;ecce cenapa­
u,1111 napa, 11epe3 nep¢op11poB3HHhlH J111CT 50, KO~eHcaTOOT­
BOJl.1ll1K 36, no Tpy6onpoBo.o;y 37 11 11epe3 o6paTHhlH KJI3naH 
38 nocTynaeT B pe3epeyap 3. 

Pery;rnpoBaH11e TeMnepaTyp1i1 neperpeBa ocyweCTBJIReTCSI 
TepMoperyJISITOpoM (Ha 1leJ)Te)Ke He UOK333H) nocpe.D,CTBOM 
TepMonap1i1 49. · 

Ilp11 HarpeBe 11 11cnapeH1111 eo.o;1i1 ee ypoBeHh e KaMepe 
HarpeBa 6 noH11~eTCR. OnHoepeMeHHo noH11)KaeTCR ypoBeHh 
BOLJ;hl B Cl1CTeMe pery1111poBKH ypoBHSI, coo6maromeHCR c Ka­
Mepou 6 np11 UOMOil.1;11 coe.o;11H11TeJibHOl'O naTpy6Ka 11, UOilJla­
BOK 12 co CTep)l(HeM 13 onyCK3eTCR, cpa6aThlB3IOT M3rHl1Tp 
Hhle nepeKJiro11aTeJI11 15 11 14, nepexJII01l3SI KJianaH 29 B no-
110JKeH11e, np11 KOTOpoM B BepXHIOIO 1l3CTb ITOJIOCTl1 6aKa 17 
no B03.o;yxonpoeo.n;y 28 UOJl.3eTCSI C~TblH B03,nyx. BhlTeCHRJO­
Il.1;11H BO.ll.Y 113 6aKa 17 no OTBOJI;SlmeMy naTpy6Ky 24 qepe3 
o6paTHhlH KJianaH 30 B UOJIOCTb Harpesa 6. Ilp11 3TOM ypo­
BeHh BO.ll.hl B 6aKe 17 UOHl1~eTCSI, UOilJ13BOK 18 onycKaeTCSI, 
OTKphlBaSI npH UOMOIUl1 phl'lara 19 KJianaH 20, o6paTHblH 
KJianaH nepeKp1i1eaeT e1i1xo.n BO.D;hl 113 6aKa 17. 

YpoBeHb BO]lbl B UOJIOCTH Harpeea 6 11 Cl1CTeMe pery11u­
poBKl1 ypoBHSI BOJlhl UOBhlIIIaeTCSI, UOilJI3BOK 12 co CTep)KHeM 
13 no.o;H11MaeTcS1, cpa6aT1i1Ba10T nepeKJ110llaTeJI11 14 H IS, ne­
peBO.ll.SI KJianaH 29 B UOJIOJKeH11e, npl'.I KOTOPOM BHyTpeHHSISI 
no11ocTb 6aKa 17 coeA11HsieTcS1 c oKpyJKaromeii cpe.o;oii. .D,as-
11ettue B 6aKe 17 na.o;aeT AO aTMoc¢epHoro, 33Kp1i1BaeTCS1 o6-
paTHhlii KJianaH 30, OTKp1i1eaeTCS1 KJianaH 22, eo.o;a qepe3 oo­
eA11H11:TeJihHhle naTpy6Kl1 25, 26, 27, BeHTHJlb 23 11 KJianaH 
20 nocTynaer B 6aK 17. ITonJiasoK 18 c Bo.o;ou nonH11MaeTcS1 
.ll.0 UOJIO:>l<eHHSI, rrp11 KOTOpoM KJianaH 20 33KphlB3eTCSI. 3aTeM 
U,11KJI UOBTOpSleTCSI. 

Tiepe.o; H3'laJIOM pa60Thl 33IlOJIHeH11e BOD;OH 6aKa 17 l1 
no;rocT11 6 ocy:mecTBJISleTCSI npu py'IHOM nepeKJiro'leH1111 KJia­
naHa 29. KOHTpOJib ypOBHSI BOJlbl ocymeCTBJISleTCSI Bl13Y3JibHO 
qepe3 BO.lI;OMepHhle CTeKJia 39 H 41, ·a B113YaJlbHhle H3MlO­
JleHl1R 3a npon;eCCOM B naporreperpesaTeJie npoH3BO.Q11TCSI qe­
pe3 creKJio 40. 

JJ:aBJieH11e neperpeToro rrapa rroKa31>1BaeT MaHoMer.p 51. a 
KnanaH 52 npeJI;oxpaHSleT YCT3HOBKY OT BblXOD;a 113 CTpOSI B 

CJiy1me UOBbllileHHSI A3BJICHHSI BblWe .o;onyCTl1MOl'O npe.o;eJia. 
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IlaporettepaTOp IJ.HCKpeTHbIH 

CTaporeuepaTop, npencTaBJJeHHhlH Ha pnc VII.25. [13 ], 
srnmleTCSI HOBhlM ycTpOHCTBOM nJISl UHKJIHlleCKOl'O npoH3BOZI­
CTBa neperperoro napa H MO)KeT npu:MeHSITbCH, B OCHOBHOM, 
npe;:mplHITHSIMH, He o6opyAOB3HHhlMH u.eHTPaJIH30B3HHhlMH 
HJIH rpynnOBhIMH yCTaHOBKaMu: AJISI npou:3eoii;cTea napa. 

TexHOJIOl'HtieCKnit: nap, npon3BOAHMhlH .u;aHHhIM naporeue­
paTopoM, HCilOJih3yeTCH AJISI nponapHB3HHSI HJIH OTnapHB3HHH 
o6pa6aThleaeMoro noJiy<f>a6pnKaTa nocpeACTBOM 3jieKTponapo­
eoro yTrora. IlpnMeHeHne yKa3aHHOro naporeHepaTopa no3eo-

PHc. VII.25. IlaporettepaTOp ~HCKpernb1f1. 
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JISICT y8eJ111qHTb Tf11J1080H KOaj>cfm~HfHT IlOJif3HOI'O .u:eiiCTBHR 
11 nOBhlCHTh KYJihTypy npoH3BO.D:CTBa. 

Jl11cKpeTHhlii naporeHepaTop co.u:ep)l(lfT Hapy)1<Hy10 o6e­
qaifKy 1, o6pa3yio~y10 KaMepy 2 Harpe8a 80.U:hl, KaMepy ne­
perpe8a 3, TfIIJIOBOH 3KKYMYJUITOP 4 c 3aJIHTblM 8 Hero Ten­
JI03JlfKTpOHarpeB3TfJlfM s, K3Mepy HCnapeHHR 6, pas.u:eJIH­
TeJibffYIO CTeHKY 7' <l>OPCYHKY 8' naTpy6oK 9' pacceK3TCJlb 
10, OTBfpcTHH 11, TfpMOnapy 12 c 3JlfKTpoHHhlM TepMope­
rymrropoM 13, 10anaH 3JlfKTpoynpaBJIHfMhlH 14, Il0l(B0,l{R­
~HH naTpy6oK LS, wTy~ep 16 AJIR no.n:aq11 BO.U:hl 11 Tpy6o­
npoBo.n 17 AJIH oT6opa napa. 

TiaporeHepaTop pa6omeT CJie.u:y10~M o6pa3oM. Tip11 no­
.u:aqe 3JieKTp03Hepl'HH TfIIJl03JifKTpOHarpeeaTeJib 5 B~fJIReT 
TfIIJIO, HarpeBaR TfIIJI080H 3KKYMYJIRTOP 4, K3Mepb1 3 H 6 
H pa3.U:fJIHTfJibHYIO CTfHKY 7' KOTOpaH OT,naeT TeIIJio eo.ne, 
Haxo.u:Hll\eiicSI 8 KaMepe Harpeea 2. Peryn11poeaH11e TeMnepa­
TYPhl HarpeBa ocy~ecTBJIRfTCSI nocpe,nCT80M TepMonaphl 12 11 
TepMoperymITopa 13. TioCJie ,nOCTIDKeHHR 3aJJ;aHHoii TeMnepa­
TYPhl Harpeea TeIIJioeoro aKKYMYJISITopa 4 no,naeTcH c11maJI 
KJI3Il3HY 14, KOTOphlii nocpeJJ;CT80M no.u:BO,l{Slll\fl'O naTpy6Ka 
15 coe.n:HHReT KaMepy HarpeBa 2 c naTpy6KOM 9, H 80)];3, 
pacnbIJIHRCb <f>opcyHKOH 8 H pacceKaTeJieM 10, MrHOBfHHO 
HCnapReTCH, T3K KaK TfMnepaTypa B KaMepe 6 3H3qlfTfJibHO 
npeBH111aeT ~MnepaTypy 11cnapeHHR. 

IloJiyqeHHblH B K3Mepe 6 nap no OTBfpcTHRM 11 IlOCTy­
naeT B KaMepy 3, r.ne neperpeBaeTCR .no 33JJ;3HHoii TeMnepa­
Typlll., H noCJie no Tpy6onpoBo,ny 17 TpaHCilOPTHpyeTCSI K no­
Tpe6HTfJIIO. TipH 3TOM 80,na 113 Bo.u:onpoeo.na nocpe,nCT80M 
wry~epa 16 nocTynaeT e KaMepy HarpeBa 2, me HarpeBaeT­
CR npHMepHO .u:o S0° c H 0,l{HOBpeMfHHO_ RBJIReTCR TfilJIOBOH 
H30JIRQHfH. 

0.U:HOH H3 pa3H08~HOCTeii .U:HCKpeTHhlX naporeHepaTOpo8 
MOl'YT 6lll.Tb pa6oq11e Opl'3Hhl I'Jia~IDlbHlll.X npeccoe, OTJIHqa­
IOiqHeCR BhlCOKOii MOOIDibHOCTbIO. 

Pa6o-me oprattbl - Jl.HCKpeTttble naporeuepaTOPJ>I 

Ilpe.ncTaBJieHHblii Ha p11c. VII.26. (14] KOMnJieKT pa60-
1.111x opraHOB npeccoB AJIR BTO BKJIIO"llaeT eepxHIOIO 1 H 
Hlf)KHIOIO 2 I'Jl3):\HJlbHhlf no.u:ymKH. 

BepxHRR no.u:ywKa 1 co.u:ep)KHT· TepM03JifKTpc>HarpeeaTeJJH 
3, YCT3HOBJlfHHhle B 3KKYMYJIHTope TenJia 4, KaMepy HCna-
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Puc. VIl.26. Pa6o1111e opratth1 - )'.1.11CKpeTHb1e naporettepaTOpb1. 

peHIUI 5, OCHaw;eHHYIO pacnhl./IHTeJUIMH 6, CBSl3aHHblMH Me)l(­
AY co6o:H Tpy6onpoeoTJ,OM 7, sneKTpoynpaen.HeMhlii KJianaH 8, 
o6ecnequearow;uii nonaqy BOTJ.hl qepea Tpy6onpoeon 7 K pac­
nblJIHTeJI.HM 6, KaMepy nponapHB3HHSI 9 c neJXt>opnpoB3HHbIM 
rnaTJ.HJibHhlM nncTOM 10 " napopacceKaTeneM 11. KpoMe To­
ro, KaMepa HCnapeHHSI 5 OCHaw;eHa l.UIJIHHJ{pm1eCKHMH Bbl­
crynaMH 12 c OTBepcTHSIMH 13. 

Hu)l(HslSI noAymKa 2 co.o;ep)l(HT renJioeoii aKKYMYJISITop 
14 c TenJI03JiexTpoHarpeeaTeJHIMH 15~ KaMepy ucnapeH11:S1 16, 
nepcl>opupoeanHhlii r.naJIWibHhlii JIHCT 17, napopacceKaTeJib 
18' paCilblJIHTeJIH BOAhl 19' CBSl33HHble Me:>K.IJ;y co6oii Tpy6o­
npoBO,U:OM 20, 3JieKTpoynpaBJISieMhlH KJianaH 21. 

Pa6o11ue opraHhl, ycTaHoeJieHHhle Ha r.na.o;MJihHhlX npec­
cax, pa60Ta10T CJie.ZI:yromHM o6pa30M. qepe3 onpeJJ;eJieHHoe 
epeM.H nOCJie nonallH sJieKTpo3Hepl'HH Ha TenJiosneKTpouarpe­
eaTeJIH 3 " 15 no KOMaff.,l{e CHCTeMhl ynpaBJieHHSI npeCCOM 
nocpeACTBOM snexTpoynpaBJISieMoro KJianaHa 21, Tpy6onpoeo­
.u:a 20 H pacnhl./IHTeJieii 19 eona e BHJie ryMaHa nocTynaeT 
B KaMepy ucnapeHHSI 16, o6p33y.H nap, KOTOpbIH paBHOMepHO 
pacnpeAeJISieTcsi " H3MeHSieT HanpaeJieHHe napopacc~xaTeneM 
18. TIOCJie :noro paeHOMepHhlM o6naxoM qepe3 neJXt>opupo-
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eaHHhlM rJiaAWibHhlH JIHCT 17 nocrynaeT B 30HY o6pa6oTKH 
qepes HH)KHJOJO no.D;yllIKY 2 nnsr nporrapuBaHm1 nony<jla6pu­
KaTa. 

AH3.11om1lHo ocymecrBJisrcrcsi npOH3BOACTBO napa u Bepx­
Heif rro~IIIKOif. TaK, nocne BKJIJOlieHusr 3JieKTpoynpaBJISieMo­
ro KJianaHa 8 eona IlOA AaBJieHHeM BOnonpoBOAHOH CeTH no 
Tpy6onpOB0AY 7 no.zi;aeTCSI K paCilbIJIHTeJISIM 6 H B BHAe Ty­
MaHa nocTynaer B KaMepy ucnapeHusi 5, r.ne o6pasycrcsi 
nap, KOTOphlH no OTBepcTHSIM 13, pacnOJIO;>KeHHhIM B BblCTy­
nax 12, TpaHcnopn1pyercsr B KaMepy nponapuBaHHSI 9, r.zi;e 
uaMeHSieT HanpaBJieHHe napopacceKaTeJieM 11. nocne 3Toro 
paBHOMepHbIM o6naKOM qepe3 nepcf>opupoB3HHhlH l'JI3)J;WlbHhlH 
JIHCT 10 IlOCTynaeT B 30HY o6pa6oTKH. IlpH 3TOM BhlCTYilhl 
12 HCKJI1011a10T npSIMoe nonaii;attue He ycneew11x ucnapHTbCSI 
BO.D;SIHhlX KaneJib B KaMepy nponapueaHHSI 9, a OTBepcTHSI 
13, no KOTOphlM TpaHcnopTupyeTCSI nap, CilocoOCTBYIOT no­
IlOJIHHTeJibHOMy em neperpesy. 

Ilpecchl, OCHaw;eHHhle yKa33HHblMH pa6o11HMH opraHaMH, 
MOryT npHMeHSITbCR npennpHSITHSIMH, He o6opy,uoeaHHhlMH 
ueHTpaJIH30BaHHblMH HJUI rpynnOBblMH ycTaHOBKaMH ,ZlJISI 
npou3BOACTBa napa npu BhlnonHeHHH onepaIJ.H:H BTO. 

IlonyrnKa-naponeperpeeaTeJlh 

IlOAYWKa-naponeperpeeaTeJih SIBJISICTCSI 3BTOHOMHhlM ycT­
poifCTBOM, Il03BOJISllOWHM paCIIIHpHTb TeXHOJIOrn11eCKHe B03-
Mo:>KHOCTH npecca .IlJISI BTO, Ha KoTopoM OHa CMOHTHpoeatta, 
B 11acTH CKJICHBaHHSI ACTane:H OAC~hl H cywKH o6pa6aThlB3-
eMOl'O nony¢a6puKaTa neperpeThlM napoM. TipuMeHCHHe yKa­
saHHOH noi:i;ymKH Il03BOJISICT ITOBblCHTb npOH3B0,I{lfTeJihHOCTb 
npouecca BTO u yJiyllWHTh KallCCTBO llleeifHhlX HSAeJIHH. 

Ha puc. VII.27. [IS] npencraeneHa KOHCTpyKTHBHa.si: cxe­
Ma no,uywKu, BKJ11011aiow;asi KaMepy neperpeea napa 1, Ka­
Mepy Harpeea nonymKu 2 u KaMepy nporrap11eaHHS1 3. Ka­
Mepa neperpeea napa 1 ocHaweHa TefIJI03JieKTpoHarpeeaTeJI.SI­
MH 4 H A3T1lHKOM TeMnepaTyphl napa 5. KpoMe TOl'O, KaMepa 
neperpeea 1 nocpencTBOM 3JICKTpoynpaeJISieMoro KJianaua 6 
H naTpy6KOB 7 H 8 coo6w;aeTCSI c KaMepo:H nporrapHB3HHSl 3, 
a TaKJKe nocpe,uCTBOM o6paTHOl'O KJianaHa 9 c KaMepo:H Ha­
rpeea 2. KaMepa Harpeea 2 e ceoio 011epe,nh nocpencTBOM 
3JieKTpoynpaBJISICMOl'O .KJianaHa 10 H naTpy6KOB 11, 12 co­
o6waeTC31 c KaMepou nponapueaHHSI 3. 
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PHc. VII.27. IlonyrnKa-naponeperpeBaTeJib. 

Tio.u;y111Ka-naponeperpeBaTeJih pa6oTaeT CJie.zi;y101I1.RM o6pa-
30M. Hachlw.eHHhlH nap OT u;eHTpaJIR30B3HHOii, rpynnOBOH 
IfJIH HHJJ;lfBHJ.I.YaJibHOH ycTaHOBKlf D;JISI npoR3BOD;CTB3 napa no­
.u;aercSI B KaMepy Harpesa 2 H nocpe.u;cTBOM KJianaHa 9 e Ka­
Mepy neperpesa l, r.u;e TenJio3neKTpoHarpeeaTeJISIMH 4 ocy­
II.l;ecTBJI.HeTcsi ero neperpee. KoHTponb TeMnepaTyphl neperpe­
Ba ocyll.(ecTBJI.HeTCSI 3JieKTpoHHhlM TepMoperyJI.HTOpOM 
nocpe~CTBOM D;aTlllfKa 5. 

IlOCJie HarpeBa noJJ;ynnm H neperpeBa napa 'IJ..O 3a.ZI3HHOH 
TeMneparyphl ocyw.ecTBJISieTCSI BJia:>KHO-TeilJIOBaSI o6pa60TKa. 
TIO KOM3HJJ;e nporpaMMHOro yCTpoHCTBa 3JieKTpoynpaBJISieMhlif 
KJianaH l 0 nocpe.u;CTBOM naTpy6KOB 11, 12 COe'/1..lfHSICT UOJIO­
CTH 2, 3, B pe3yJibTaTe qero ocyll.(eCTBJI.HeTCSI nponapHBaHlfe 
o6pa6aThleaeMoro noJiy¢a6pHKaTa, a Jl.JISI ero cy111KH nepe­
rpeThlM napoM no KOManne 3JieKTpoynpaeJI.si:eMblH KJianaH 6 
nocpe.f{CTBOM naTpy6KOB 7' 8 coe.u;HHSieT UOJIOCTH l H 3. 

TIO Mepe TOl'O, KaK UOpl\llSI neperpeTOro napa, HaXO.ZISI­
lllel'OCSI B KaMepe 1, 6y.u;eT BhlnyCKaTbCSI Ha noJiy¢a6pHK3T' 
JJ;aeJieHHe B Heii yna.u;eT .f{O aTMoc¢epHoro, no.u; '11..eiicTBHeM 
JJ;aBJieHRSI napa B KaMepe 2 OTKphlBaeTCSI o6paTHhlH KJianaH 
9. Hoeasi nopu;R.si: napa H3 KaMephl 2 nocTynaeT B KaMe­
py 1. 

TioCJie 3aKphlTH.H 3JieKTpoynpaBJISieMoro KJianaHa 6 .Ziae­
JiettHe napa B KaMepax l H 2 BhlpaBHHBaeTCSI lf o6paTHblH 
KJianaH 9 3aKphleacrcsi. BHOBb nocTynRBIIIHH nap B KaMepy 
l neperpeeaeTcH .u;o 3a.zi;aHHoii TeMnepaTyphl. 
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Btpxmu1 no.n.ywKa - naporeuepaTop r Jia.rI.HJI&Horo npecca 

Pa3HOBlf)J;HOCT&IO pa6oqHx opranoe npeccoeoro o6opyAOBa­
HHSI AJISI BTO SIBJISIIOTCSI Tau1<e no.rzymKH-naporeHepaTophl, 
n03BOJISllOIIJ.HC 3BTOHOMHOe npOH3BO,nCTBO TCXHOJiomqecKOl'O 
napa Ha npe.n;npHSITHSIX, He OCHaIIJ.CHHhlX u,eHTpaJIH30B3HHhl­
MH HJIH rpyrnIOBhlMH ycTpoHCTB3MH JJ;JISI npoH3BOACTBa napa. 

TIOAYIIIKa-naporeHepaTop, npe,n;cTaBJieHH3.SI Ha pHc. 
VII.28. (16 ], no3BOJISICT npoH3BOAHTb neperpeThlH TCXHOJIO­
mqecKHH nap H npHMCHSITb ee Ha r.na.z:t.WI&HhIX npeccax AJISI 
CKJICHB3HHSI .ri.eTaJICH OAe:>KJJ;bl. 

11cnoJI&30BaHHe yKa3aHHOH no.rzymKH B KOMITJieKTe c rna­
AWibHblM npeCCOM npeAilPHSITHSIMH, He o6opyAOB3HHbIMH 
u,eHTpaJIH30B3HHhIMH, rpynnOBhIMH WIH HH,ZJ;HBH.ZJ.YaJibHhIMH 
ycT3HOBK3MH .D;JISI npoH3BO.lJ;CTBa napa H ycTpOHCTB3M:H .D;JISI 
ero neperpesa, o6ecneqHT y;iyqmeHHe 1<a11ecrsa mse:HHbIX 
H3,U:eJIHH H IlOBhlCHT npoH3BO,nHTCJibHOCTb C,UQ. 

Tio.nywKa-naporeHepaTop co,nep)KHT KaMepy-HaKonHTeJI& 
1, KaMepy nponapn:BaHH.SI 2 H pacnoJIO)KCHHYIO Me:>KJJ;y HHMH 
xaMepy naporeHepau,11.H 3. KaMephl 1 H 2 CB.SI33Hhl Me:>KJJ;y 
co6oii ABYM.SI noJIOCTSIMH neperpeBa 4, npoxOASIIIJ.HMH qepea 
KaMepy naporeHepau,HH 3. Ka)KJJ;aSI noJIOCT& 4 OCHa:w;eHa Ten­
JI03JICKTpoHarpeBaTeJieM s CnHpaJibHOH <f>opMhl, BhlCTynaro­
ID;HM B KaMepy 2. TipH 3TOM nOJIOCTH 4 co CTOPOHbl KaMe­
phl-H3KOnHTCJISI 1 3aKphlThl 3anopHhlMH waii6aMH 6, CB.SI33H­
HhlMH IlITOK3MH 7 c 3JICKTpoMaffiHTHhIMH npHBOJJ;3MH 8. 
KaMepa nponapHB3HHSI 2 3aKphlTa neP<l:>opHposaHHhIM rna­
,nHJI&HhlM JIHCTOM 9. ,UJISI o6pa30B3HH.SI napa KaMepa napore­
HepaI.J,HH 3 ocHa:w;eHa TeITJio3JICKTpoHarpeBaTeJieM 10. KaMe­
phl 1 H 3 CBSI33Hbl MC)KJJ;y co6oii OTBCpcTHCM 11. 

BepxH.SISI noAywxa-naporeHepaTop pa6oTaeT CJie.n;yro:w;HM 
o6pa3oM. TioCJie no,qaqH 3JieKTpo3HepmH ua TeITJIOBhle 3JieK­
TpoHarpeBaTeJIH 10 qepes onpe,neJieHHoe epeMSI B KaMepe na­
poreHepau,HH 3 o6pa3yeTCSI nap, KOTOphli'I qepe3 OTBepCTHe 
11 IlOCTynaeT B KaMepy-HaKOnHTeJib 1 H 3aTeM, no KOMa~e 
nporpaMMHOl'O ycTpoifcTBa npecca, ocHa:w;eHHOl'O eepxHeif no­
,nym:icoil-naporeHepaTopoM, 3JieKTpoM31'HHTHhle npHBOAhl 8 
nocpeACTBOM IIITOKOB 7 nOAHHM3IOT 3anopHhle maii6hl 6 H 
COCAHH.SllOT KaMepy 1 c nOJIOCT.SIMH Harpeea 4, I'Ae nap B 
npou,ecce npoxo~eHH.SI neperpeeaeTC.SI TeITJI03JieKTpoHa,rpeea­
TeJieM s H B neperpeTOM COCTOSIHIUI nOCTynaeT B K3Mepy 
nponap11eaHHS1 2, a ,qaJI&me qepe3 nep<f>opau,Hro rna.IJ;WI&HOl'O 
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Jil1CTa 9 - K o6pa6aThIBaeMOMY IlOJiy<f>a6pHKaTy, nponapu­
BaJI ero co CTOPOHhl KJieeBOH npoKJia)l.KH, ncpeBOAJI KJieH B 
BSI3KOTeKy11ee COCTOJIHHe. li,HKJI naporeHepau;HH 11 neperpeBa 
napa nOBTOpSleTCSI. 

HmKHSISI no.n.ymKa - naporettepaTop rJian11Jihttoro npecca 

Jfao6pa.>KeHHasi: Ha p11c. VII.29. no.o:yllIKa-naporeHepaTop 
co.zi;ep.>KHT KaMepy naporeHepau;1111 l c 3JieKTpoHarpeeaTCJISIMl1 
2, 33JIHTYIO BO.D;OH, KOTOpast 11epe3 OKHa 3 B CTeHKe 4 coo6-
I.l\aeTCSI c KaMepoli-HaKOnHTeJieM 5. B eepxHeli qacTH noeyw­
KH HaXOJJ:HTCJI KaMepa nponapuBaHHSI 6 c nep<f>opHpoBaHHOH 
pa6m1eii noeepxHOCThlO. Ilo.11;ywKa co.o:ep.>KHT ycTpoHcTea ,llJISI 
no.o:aq11 napa 7 11 ycTpoHCTBO BaKyyMupoeaHHSI. 8. 

y CTpOHCTBa no.o:a q11 na pa 7 BKJllOqalOT naTpy6KH 9, co­
OCHO pacnOJIO.>KCHHhlC c 3anopHhlMl1 WTOKaMH 10, npH 3TOM 
naTpy6Ku. 9 ycTaHOBJleHhl B CMe.>KHOH CTeHKe 11 KaMep Ha­
KOnHTCJISI H nponapHBaHHSI, a IIITOKH l 0 npoxO,D;.SIT CKB03b 
KaMepy naporettepau;HH 1. ~pXHHe qacTH WTOKOB l 0 OCHa­
I.l\eHhl 3anopHhlMH mali6af>(H 12 H pa3MeI.l\eHhl B nOJIOCTH Ka­
Mephl HaKOnHTCJISI 5, a HH.>KHHe - BhlBCD;eHhl 3a npe.n;eJlhl 
KaMepbl naporeHepan;HH H CBSI3aHhl c npHBO,naMH 13 B03BpaT­
HO-nOCTynaTeJlbHOro nepeMew;eHHSI. 

IloeywKa-naporeHepaTop pa60TaeT CJICJl.YIOI.l\HM o6pa30M. 
Ilp11 BKJIIOqeHl1H 3JieKTpottarpeBaTeJieH 2 B nOJIOCTH KaMephl 
naporeHepau;Hu l no Mepe BhlKHITaHHSI BOJJ:hl o6pa3yercsi nap, 
3anOJIHSllOI.l\HH qepea OKHa 3 IlOJIOCTb KaMephl HaKOnHTCJISI 5' 
KOTOpaSI OD;HOBpeMeHHO BhlnOJIHSieT poJib cenapaTOpa. 1136hl­
TOqHaJI BJiarn, co.nep)KaI.l\aSicsi e nape, oce.naeT e BH.Jl.e KaneJJb 
Ha CTeHKe KaMepbl 5, KOTOphle no CTeHKe 4 CTeKalOT B Ka­
Mepy naporeHepau;1m 1. Ilp11 nponap11eaH1111 o6pa6aThlBaeMo­
ro noJiy<t>a6p11KaTa BKJllOllalOTCSI npHBOJl.hl 13, KOTOphle nepe­
Mel.l\alOT mTOKH I 0 BHH3 •. Me~y 3anopHhlMH wali6aMu 12 
H HH.>KHHMH KOHl.l;3MH naTpy6KOB 9 o6pa3yeTCSI KOJlbll;eBaSI 
I.l\CJih 6oJihworo ceqeH11S1, qepe3 Koropyro nap nocTynaeT B 
KaMepy nponapHBaHHSI 6 H .na.11ee qepe3 ne~pau;Hro B pa­
ooqeif noeepXHOCTH, CKB03b nOKphITHe Ha o6pa6aThlBaeMOe 
H3D;eJI11e. BCJ1e,ncTe11e oTCyTCTBHJI y3KHx JlJIHHHhlX KaHa.noe H 
qepe.nyroiu11xcsi y3KHx 11 w11poKHX yqacTKOB Ha nyTH JJ:BH.>Ke­
HHSJ napa, noCJie,u;HHH npaKTH"leCKH He H3MeHSieT CBOHX nep­
BOHa llaJibHhlX napaMeTpOB, He nOBhllliaCTCSI B HeM BJiaroco­
.nep.>KaHue. 
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CymKa o6pa6aThrnaeMoro nony¢a6pHKaTa ocymecrwrneTcs1 
BaKyyMnpoBaHHeM c IlOMOIIlbJO ycrpoiicTBa- 8. 

Tipecchl, OCHameHHhle HH)KHHMH no,n;ymKaMH-naporeHepa­
TopaMH, peKoMeH)l:YeTCSI HCnOJlb30BaTb npe.u;npHSITHSIMH MaJIOH 
MOIIlHOCTH, He 06opy,n;OBaHHhIMH u;eHTpa'IH30BaHHhIMH HJU1 
rpyrrnOBhIMH ycraHOBKaMH .D;JI.SI npoH3BOJ:(CTBa H3ChlllleHHOro 
TeXHOJiornqecKoro napa npn BhlnOJIHeHHH onepaQHH BTO. 

Pa6o~ne opratthl rna.unJlbtthlx rrpeccoB c aBTOHOMHblMH 
BCTpoetttthIMH naporettepaTopoM 11 neperpeBaTeJJeM napa 

Pa6oqne opraHhl, KOHCTpyKTHBHaSI cxeMa KOTOphlx rrpeJJ.­
CTaBJieHa Ha pnc. VII.30. [ 17 ], SIBJISIIOTCSI pa3HOB.HJJ;HOCThJO 
ycTpOHCTB, n03BOJISllOIIlHX npOH3BO.D;HTb nap AJISI HarpeBa 110· 
.u;ymeK n rreperpeBaTh ero .D;JISI TeXHOJiornqecKHX Hy)KJJ.. 
TipeCChl, OCHam;eHHhle ,n;aHHhIMH pa6oqnMH opraHaMn, MOry-r 
ncrrOJib30BaTI>CSI .D;JISI Bhlrro;rneHHst orrepau;H:H BTO n CJI,0. 

Y Ka3aHH1>Ie pa6oqHe opraHH rrpeJl.CTaBJISIIOT co6o:H sepx -
moio 1 H HH)KHIOIO 2 rJia)J;RTlbHhle nOJl.YllIKH. BepxHSISI 110-
.u;ymKa I COCTOHT H3 KaMephl Harpesa 3 H paCIIOJIO)KeHHOH 
110.D; He:H K3Mephl rrporrapHBaHHSI 4 c rrep¢opHpOBaHHblM JIH­
CTOM 5. Hn)KHst:s1 110.u;ymKa 2 co.u;ep)KHT KaMepy rrporrapHsa­
HHSI 6 c rrep<IJopHpOBaHHhIM JIHCTOM 7 H KaMepy rraporeHC­
pau;nn 8. B HH)KHe:H qacTn KaMephl 8 ycTaHoBJieH rrorpy)KeH­
Hhlii B so,11;y TerrJI03JieKTpoHarpeBaTeJlh 9. B sepxHeii qaCT.11 

I 

P11c. VII.30. Pa6oq11e opraHbI rna,nHJihHhIX npeccos c asTOHOMHhIMH BCTpoeHHLI-
MH naporeHepaTOpoM 11 neperpesaTeJieM napa. 
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KaMephl 8 ycTaHOBJieH TeIIJI03JieKTPOHarpesaTCJib 10 H o6sH­
BalOII{aSI ero CnHpaJihH3SI Tpy6Ka l l, OJJ;HH KOHeu; 12 KOTOpo:H 
SIBJISieTCSI sa6opHHKOM napa, a BTopo:H KOHeu; 13 rrocpe,u;CTBOM 
3JieKTpoynpasnsieMoro KJianaHa 14 H I'll6KHX Tpy6orrposo.u;os 
15 H 16 CBSI33H c KaMepaMH nponapHBaHHSI 6 H 4 no.u;yrneK 
2 H l. TipH 3TOM sepXHSISI 1.1aCTb KaMepbI Harpesa 8 CBSI3aHa 
HanpsiMyio c KaMepoli Harpesa 3 sepxHeii rro.u;yrnKH l rtt6-
KHM Tpy6onpOBOJJ;OM 17. 

Pa601.1tte opraHhI, ycTaHOBJICHHhle Ha rJiaJJ;HJihHOM npecce, 
pa6oTalOT CJICJJ.YIOllJ;HM o6pa30M. TioCJie rro.u;a1.1H 3JICKTp03Hep­
I'llH Ha TeIIJI03JieKTPOHarpesaTeJib 9 npOH3BOJJ;HTCSI HarpeB BO­
JJ;hl, ee 11cnapeHHe H Harpes Hm1me:H no.u;ylIIKH 2. 

TipH .UOCTmKeHHH 3aJWHHOro llaBJieHHSI aBTOMaTHl.feCKH 
BKJIIOl.faeTCSI no.u;a1.1a 3JICKTp03HeprHH Ha TeIIJI03JieKTpOHarpe­
BaTCJlb l 0 H npottcxo,u;HT npe.u;sapHTCJihHhIH rreperpes napa. 
Tip11 3TOM no I'll6KOMy Tpy6onposo.u;y 17 nap H3 KaMephl na­
poreHepau;HH 8 nocTynacr s KaMepy Harpesa 3 sepxHe:H rro­
.u;yrnKH l, H npoHCXOJJ;HT ee Harpes. llepe3 20-30 MHHYT 
nOCJie BKJllOl.feHHSI H . no KOMaH.ZJ;e CHCTeMhl ynpaBJieHHSI npec­
COM nocpe,u;CTBOM 3JieKTpoynpaBJISieMOI'O KJiaIIaHa 14 nap no 
CIIHpaJibHOH Tpy6Ke l l, o6BHBalOII{e:H TeIIJI03JieKTPOHarpesa­
TCJlb 10, neperpesaSICb B He:H OKOHl.faTCJibHO, no m6KOMY 
Tpy6onposop;y 15 nocTynaeT s KaMepy nponapttsaHHSI 6 
Hm1rne:H no.u;yrnKH 2, pasHOMepHo pacnpe.u;eJISieTCSI nep<f>opH­
posaHHhIM JIHCTOM 7' TpaHCIIOpTHpyeTCSI K IIOJiy<l>a6pHKaTy' 
HarpeBaSI H YBJia;>KHSISI ero. 3aTeM no KOMaH.ZJ;e, nocpe.u;CTBOM 
3JieKTpoynpaBJISieMoro KJianaHa 14, nap, neperpesasich B cnH­
paribHOH Tpy6Ke l l , no I'll6KOMY Tpy6onposo.u;y 16 nocrynaeT 
B KaMepy nponapHBaHRSI 4 sepxHeH no.u;ylIIKH 1, paBHOMepHO 
pacnpe.u;eJISieTCSI nep<IJopttpOBaHHhIM JIHCTOM 5 H IIOCTynaeT B 
30HY o6pa6oTKH ,WISI OTnapHBaHHSI HJIH JJ;JISI nepeso.u;a KJieSI 
B BSI3KOTeKy1.1ee COCTOSIHHe. 

YcTpoiicTBO .UJJB npoH3BO.UCTsa napa 

Ha pttc. VII.31. [18] npeJJ.CTaBJieHa KOHCTPYKTHBHaSI cxe­
Ma ycTpo:HcTsa, BKJ1101.1aioll{ero semRllh l, <IJHJibTp 2, seH­
THJih 3, HOpMaJibHO 33KphlThIH 3JleKTpoynpaBJISieMhIH I<JianaH 
4, Hacoc 5, KJianaH o6paTHhIH 6, eMKOCTh 7 c 3JICKTpo.u;aMH 
8, 9, 10, KC?TCJI 11 c 3JICKTpOHarpeBaTeJICM 12, pa3]J;CJIHTCJib­
HYIO CTeHKY 13, .u;aTl.IHK pCJie LJ;aBJieHHSI 14, MaHOMeTp 15, 
I<JianaH npe.u;oxpaHHTeJihHhIH 16 " BeHTHJih 17. 
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P11c. VII.31. YcTpOttCTBO AJJR npo113Bo.ncrna napa. 

YcTponCTBo pa60TaeT CJieJI:YIDIJ..\HM o6pa3oM. DOCJie coeJI.n­

HeHHSI ycTponcTea c eoJJ,onpoeoJJ,oM nocpeJI.cTBoM eeHTIUISI I 
H 4>11JibTpa 2 OTKphlBaeTCSI BeHTIUib 3 H BO)J,3 nocrynaeT B 

KOTeJI 11 11 eMKOCTb 7, CBSl33HHhle MeJK,Ay co6ou B HH)l(Heil 

ll3CTH H p33Jl.eJieHHhle B eepxHen ll3CTH CTeHKOH 13. 
Tipu 3TOM KOHTPOJib ypoeHSI IIOCTynaro~u BOJl.hl ocym;e­

CTBJISieTCSI BH3yaJibHO 110 KOHTPOJibHOH MeTKe B BOJJ;OMepHOM 

CTeKJie, COOTBeTCTBYIDweii eepxHeMy ii;onycTHMOMY npeJI.eJiy 

(pa6011eu 'lacTH 3JieKTpoJI.a 8>. TIOCJie 3aIIOJIHCHnS1 KOTJia 11 
H eMKOCTH 7 BOJl.OH eeHTIUib 3 3aKphlB3eTCSI, " ycTpoHCTBO 

BKJIIOll3eTCSI B 3JieKTpHlleCKylO ceTb. 

3aTeM nocpeJI.CTBOM 3JieKTpoHarpeeaTeJISI 12 oc~eCTBJISI­
eTCSI napoo6pa3oBaHne, H nOCJie OT6opa rrapa ypoeeHh BOAhl 

B KOTJie 11 H eMKOCTH 7 CHH)l(aeTCSI, a npu Jl.OCTH)l(eHHH pa-

6011eii ll3CTH 3JieKTpaJI.a 9 3BTOM3THlleCKH BKJllO'laeTCSI KJia-­

rraH 4, nponyCK3SI BOJJ.Y qepe3 OTKJllOllCHHhlH H3COC 5, H o6-

paTHblH KJ13Il3H 6, eCJIH Jl.3BJieHue B BOJl.OilpoBOii;e BhIWe ii;ae­

JieHHSI napa. 
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Y poeeHh BOAhl e KOTJie I I " eMKOCTH 7 noBhIIIIaeTcsi Ao 

pa6oqeH qacTH 3JieKTpoAa 8, nOCJie qero KJianaH 4 nepeKphl­

eaeT noAaqy eo)lbl. Ec;rn )Ke AaeneHne BO"JJ.hl MeHhIIIe AaB11e­

HHS1 napa, TO Ollil B KOTeJI II H eMKOCTb 7 mi DOCTynaeT, 

T. K. KJianaH o6paTHhlH 6 3aKphlT. IlpH 3TOM ypoeeHh no­

HH)l(aeTCSI, H no AOCTHJKeHHH paooqeii qacTH 3JieKTpo"JJ.a IO 
aBTOMaTuqecKH BKJIIOqaeTCSI ruicoc 5, KOTOphIH qepe3 KJianaH 

6 nonaeT Bony B KOTeJI I I H eMKOCTb 7. no AOCTH)l(eHHH 

sonou pa6oqeft qacTH sneKTpoAa 8 Hacoc 5 H KJianaH 4 oT­

KmoqaroTCSI. l{HKJI IlOBTOpSieTCSI. 

KpoMe TOl'O, KOTeJI OCH3I1l:eH A3TqttKOM pene AaBJICHUSI 

14' OTKJIIOqaroll{HM 3JleKTpoHarpeB3TCJib I 2 npH yee;mqeHHH 

A3BJieHHSI napa BhIIIIe 33)l3HHOl'O npeAeJia, MaHoMeTpoM I5, 
DOK33hlB3lOll{HM 3HaqeHHe "JJ.3BJieHHSI napa, KJianaHoM npeAo­

xpaHHTC.llbHblM 16, cpa6aThlBalOII.UtM npu ooapacTaHHH AaB11e­

HHS1 AO )lOilYCTHMOl'O 33.L(3HHOl'O 3HaqeHHSI, 'H BeHTHJieM I 7' 
Il03BO.t'ISllOIUHM ocymecTBJISITh IlPOJlYBKY KOTJia 1 I. 

y CTpoHCTBO AJISI npoH3BO)lCTBa napa D03BOJISleT npu )l3B­

JleHHH Bhlpa6aThIBaeMoro napa AO 0,5 Mna oc~eCTBHTh 
IlOAaqy BO)lbl H3 BO]J;OilpoBO"JJ.HOH CeTU B KOTCJI B OCHOBHOM 

nocpe,ACTBOM BKJIIOqeHHSI 3JieKTpoynpaBJISieMoro KJianaHa. 

TI pu 3TOM Hacoc BKJiroqaeTCSI TOJihKo npu CHH)l(eHHH AaMe­

HHSI BOAbl HH)l(e npeAeJia Bhlpa6aTblBaeMoro napa, T. e. oH 

o6ecnequeaeT DOACTpaXOBKY paOOThl ycTpoHCTBa. 
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