1. BBITS:KKA ¢ MECTHBIM MOAOIPEBOM M OXJTAKICHHUEM 3arOTOBKHA

CyLHOCTB BBITSKKM C MECTHBIM MOJOTPEBOM M OXJIAXKIECHUEM 3arOTOBKH COCTOUT B TOM, UTO C
LEBI0 YBEIMYECHHSI TITyOHMHBI BBITSKKH MOBBIIIAIOT IIACTUYHOCTh U PE3KO CHIDKAIOT COMPOTHBIICHUE
nedopmupyemMoro ¢IaHiia 3aroTOBKH IyTEM HarpeBa €ro Mex;Iy o0OrpeBaeMbIMU MOBEPXHOCTIMU
MaTpUIbl U PUKUMA (CKIAIKOACPIKATEN).

Merann, BTATHMBaeMbIi B 3a30p MEXKAY MATpPHUIEH M MyaHCOHOM, OXJIaKJIaeTcs 3a CYET OTAauu
TeIJia MyaHCOHY, OXJIaXX/1aeMOMY TTPOTOYHOM BOJIOM, U ynpouHsieTcs (puc.1).

Takum 00pa3oM TOBBIMIAETCSA IUIACTUYHOCTh (DIaHIA 3aroTOBKM TIPU  OJHOBPEMEHHOM
MOJIOKEHWU TPOYHOCTH 3arOTOBKHM B OMACHOM CEUEHHUM, YTO IIO3BOJISIET OCYIIECTBUTH 32 OJIHY
oTepario BecbMa OONBIIYI0 cTeneHb AedopMaiuu. DTOT crnocod ObUT CO3MAaH ANl MarHUEBBIX
CIUTABOB, OOJAJAIONINX HHU3KOW IJIACTUYHOCTHIO B XOJIOAHOM COCTOSTHUH, W TIOJYYHJI ITHPOKOE
MPUMEHEHNE B aBUAIIMOHHOMN MPOMBIIUIEHHOCTH BCEX CTPaH.

B nmocnennue robl BRITSHKKA € MOJOTPEBOM 3arOTOBKH IMOTyUYHiIa MPUMEHEHUE TIPH IITAMIIOBKE
JeTanell U3 TUTaHa U TUTAHOBBIX CIIJIAaBOB, O0JIAMAIONINX MOHMKEHHOM MIACTHYHOCTHIO B XOJOAHOM
COCTOSIHUM U CUJIBHBIM YIIPOYHEHHEM, CONTPOBOKIaEMbIM 00pa30BaHUEM TPEIIKH.
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Pucynoxk 1 — Cxema BBITSDKKH C MECTHBIM TTOJIOTPEBOM 3arOTOBKH U OXJIQXKICHHEM JIHA JIETaTN

BoITs2kKa MAarHueBbIX CIJIABOB

JUig 1[ITaMOOBKM NPUMEHSIOT JBE MapKu MarHueBblX ciuiaBoB: MA1 u MAS. Hammyuien
TEMIIepaTypOr BBITSKKH ISl MAaTHUEBBIX CIUTABOB siBisieTcs: /st criaBa MA1 320 - 350°C, a nns
crutaBa MAS — 300 - 350°C.

Ha puc.2 mpuBenena auarpamma, IOKa3bIBaroOIIas 3aBUCUMOCTh KOI(P(GUIIMEHTA (CTETICHHM)
BBITSDKKM OT TEMIIeparypbl HarpeBa 3aroToBku. CremoBaTenbHO, NpU BbIOOpe KO3 uUIMEeHTa
BBITSDKKH HEOOXOJAMMO YYUTHIBATh TEMIIEPATypy HarpeBa 3arOTOBKH.

BBITSKKY MarHueBbIX CIUIABOB BEAYyT HE C IPENEIbHBIMU, @ C HECKOJIBKO CMITYEHHBIMU
ONTUMAaJIbHBIMU KOA(PGUIIUEHTAMH BBITSKKH, PUBEJCHHBIMU B Ta0I. 1.

Mexny nepBoil U BTOPOM OIEpalUsMU BBITSKKUA 3arOTOBKHU IIOJBEPIarOTCs IMPOMEKYTOUYHOMY
omxkury npu temrepatype 260 - 350°C ¢ BeIIepKKO# OKOJIO Jaca.



Tabauya 1. OnTUMabHbIE KOY()(UIMEHTHI BHITSUKKH MATHHEBBIX CIJIABOB

KoadduiimeHTs! BBITSHKKH MAarHUEBBIX CIJIABOB
Mapka crinasa B xomnognom C marpesom s10 330 — 350°C
COCTOSIHUH [IepBas BbITsKKA [Tocnenyromme
BBITSDKKU
MA1 0,87-0,92 0,45-0,50 0,57-0,67
MAS 0,80-0,85 0,38-0,45 0,54-0,64
K=D/d
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Pucynok 2 — V3meHenue ko3(pQuIMEHTa BBITSHKKM MarHWEBBIX CIUIAaBOB IPU H3MEHEHUU
TEMIIEpaTyphbl HarpeBa 3arOTOBKU

JUis BBITSDKKM MarHMEBBIX CIUIABOB NMPHMEPSIOTCS IUTaMIIbI C JIEKTPONOJOTPEBOM MAaTPHULM U
MIPUKUMHOTO KOJIBLIA M C BOJSHBIM OXJIa)KI€HUEM ITyaHCOHA.
[Tyancon HeoOxonumo oxnaxnaath 10 TemnepaTypsl 70 - 100°C, nHaye BO3HUKAET Ype3MepHas
TUTACTHYHOCTB M OOPBIBBI 3arOTOBOK.
HarpeB 3aroroBok npou3BOANUTCS OJHUM U3 CIEAYIOIIUX CIIOCOOO0B:
1) HarpeB OT MOJOrPETOrO IITAMIA;
2) Harpes ILITamIa U OTAEIbHO 3aTOTOBKH;
3) HarpeB TOJBKO 3arOTOBKH.
Jly4ymme pe3yibTaThl MOJNY4YalOT MPU MEPBOM U BTOpoM crnocobax HarpeBa. [Ipu Tperbem
crocobe HarpeB 3aroTOBOK MPOM3BOAUTCS B JIEKTOPIEYax, B IJIUTaX C Ta30BbIM WUJIM AJIEKTPUUECKUM
MIOJIOTPEBOM MJIM B MACJIIHBIX BaHHAX.

BbITsIZKKa aTIOMUHHEBBIX CIIABOB
MeTol BBITSKKM C MECTHBIM IIOJOTPEBOM M OXJIAXKICHHEM 3aroTOBKU IMPUMEHSETCS AJis
M3TOTOBJICHUS JIeTallel U3 aJIOMHUHUS, JypaTlOMUHA, JaTyHH U cTaiu 08, mpuueM SKCIepUMEHTAIbHO
OCBOEHO M3TOTOBJICHHE PsAa AeTaleH pa3aimuHOi GopMbI cedeHus!.
[Tpu BBITSKKE C MOAOTPEBOM IMJIMHAPHUYECKUX JeTajeld u3 JypallOMHHA SKCIEPUMEHTAIbHO
MOJIy4€Hbl KOA(PQUIMEHTH! BBITSHDKKM M=32, YTO COOTBETCTBYET OTHOILEHHUIO BBICOTHI K JAUAMETPY

ﬁ=2,3.
d



Haubonee 3¢ddexTnBHO NprMeHEHHE BBITSHKKA C IOAOTPEBOM (IaHIAa MPH HU3TOTOBICHUH
riyOOKMX KOpoOuYacThIX JeTaned KBaJpaTHOM, NpSAMOYIOJbHOM, a Takxke Apyroi Oosiee CIOXKHON
(dopMBI (TPEYTOJIbHOW, MIECTUYTONBLHOW, OBAIBHOW, BBIMTYKJIO-BOIHYTOH, BOCBMUYTOJBHOW, Y3KOH

CIUTIOIIICHHOM | T.11.).

3a OIHY oncpaluil0 BBITAXKKH C IMNOAOI'PCBOM MOXKHO IIOJTYYHTDH FHY6OKI/IC KBaApaTHBIC U
PSMOYTOJIbHBIE KOPOOKH, JUISI M3TOTOBJICHHUST KOTOPBIX METOJIOM OOBIYHOM BBITSHKKH TpeOyeTcst oT 3
70 5 omeparyii; JUIsl U3TOTOBJIICHUS JKe JIETANCH CIIOKHON (opMbI TpeOyercs a0 8 u OoJiee onepanuii

XOJ'IOI[HOfI BBITAXKKH.

[IpenenvHas oTHOCHTEIbHAS BBICOTA BBHITSOKKU h/d m h/a mpuBeneHs! B a0, 2.

Tabauya 2. IlpeaejibHasi BLICOTA BBITSKKH € MOI0TpeBoM (¢uiaHa

Temmneparypa [TpenenvHas Boicota h/d u h/a
Martepuan HarpeBa (pIaHLA B | [MJIMHAPHUYSCKHUX | KBAIPATHBIX | MPSMOYTOIbHBIX
°C
Amomunuit AM 325 1,44 1,5-1,52 1,46-1,6
AIOMUHHEBBIN 325 1,30 1,44-1,46 1,44-1,55
cmutaB AMoM
Hypantomun 325 1,65 1,58-1,82 1,50-1,83
J16AM
MarsueBbIe CIIJIaBEI 375 2,56 2,7-3,0 2,93-3,22
MAI1, MAS
Obo3nauenus. h — Beicota,d — quameTp,a — CTOpOHA KBaJipaTa

Ha puc. 3 n3o0pakeHbl SKCHEPUMEHTAIbHO MNOJIY4YEHHBbIE (POPMBI 3arOTOBOK IPHU BBITSKKE C
oJI0rpeBoM (prraHIa riTyO0OKHX KOpOOUATHIX JIeTallel pa3iIMyHOrO CEUCHHUS.
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Pucynoxk 3 — @opMmbl 3aroTOBOK MPH BBITSDKKE TITyOOKHX KOPOOUATHIX JIeTalleil pa3IuyHOro

CCUCHUA




Tabauya 3. ®opMyJibl AJIs1 pacyeTa pa3MepoB U MOCTPOEHHsI KOHTYPAa 3aroTOBOK IJIy0OOKHX

KOpOﬁ‘laTbIX )1eTa.J1e171, BBITATHBACMBbBIX C IIOIOI'PEBOM (l)J'IaHIIa

Pa3mepsi Pacuetnbie hopMyIibl KoaddurmenTst
Panuyc B yriax pa3sBepTku 1 h )%
Ry :—]/'y = r +1,6 I/'y K :2,8 =
m ak, g a
Pa3mep pa3BepTku 1o aAnuHe 1 O\
KOPOOKH h,=|K, (_ B LSJ +0,4 \a K, =095 —=
m a
Pa3mep pazBepTku 1o mupuHe 1 . O\
KOPOOKH by = K| =13 K, =188 —
Obo3nauenus:
a ¥ b— mupuHa U AJIMHA KOPOOKH;
Iy — YyIJIOBOM pajinyc;
m — KO3 GUIMEHT BBITSHKKH B yIiax;
h — npuBeieHHAs BBICOTA JICTANIH.

KoHTyp 3aroToBOK MpSIMOYTOJNBHBIX KOpPOOYaThIX aeTaiedl (puc. 3) paccUMThIBAeTCS 110
dbopmyaM, IpuBEACHHBIM B Ta01. 3.
Ykazaunble (OPMyJIbl CPABEUTHBBI Ul KOPOOUaThIX jetaneii ¢ pasmepamu b = (1+3)a mpu

OTHOCHUTCIIBHBIX paJnuyCax B yIjax

rae h

hT

P

r, r,
0,50 >+ >0,55; 0,28 > ;) > 0,028
a

hy =h—0,43r, =(0,8+19)a,

- TIOJTHASI BBICOTA JIETAJIA 10 YEPTEKY;
- IPUBEJICHHAS BBICOTA JETaJIH;

- panuyc 3aKpyIJIeHHs y IHA KOPOOKH.

[Tops 10k mOCTpOEHUS KOHTYpa 3arOTOBOK:

1))

2)

3)

BBIUCPUMBAIOT KOHTYP AETAIN B IUIAHE U CTPOST Pa3sBEPTKY HA IUIOCKOCTh, OTKJIA/IbIBAS
oTpe3ku h, u h,;

13 TOYkM O, PacroNOKEHHONW HAa OMCCEKTpHCE yIia HA PaccTosHuM 2R, OT UEHTpa
3aKPYTJICHHUSI, IPOBOIT AYTy pagnycoM R ;

IIPOU3BOJUTCS COMPSIKEHUE ATOM IyrW C y4acTKaMH CTOPOH 3arOTOBKU MOCPEICTBOM
IyT, paglyChl KOTOPBIX PaBHbl /1, U /,, a LEHTPBI PACHON0KEHBI HA CTOPOHAX KOHTYypa

JIETalIH.

Pasmepnl R, u A, onpenenstorest 1o Gopmyam, NPUBEICHHBIM B Ta0IL. 3.

Pa3zmep £, HaxoguTcs U3 ypaBHEHUs

h, = 0,37[h—T - 2,16}}, .
a

J171s1 BBICOKHMX MPaBWJIBHBIX MHOTOYTOJIEHUKOB 3ar0TOBKa UMEET GopMy KpyTa.




Tabauya 4. Ilpenes MPOYHOCTH B ONIACHOM C€YEeHHH MPH ONTHUMAJIBHBIX TeMIlepaTypax

Marepuan IIpenen npouyHocTH g, B K/ um”
Anmomuanit AM 4
AMM 6
Hypamtomun J1AM 8
Hypamtomun J[16AM 9
Hypamtomun JJ16AT 18
MarnueBbiii criaB AM8 7
Mautoyriepoaucrasi CTajib 20
JlaTyns J162 16

Tabnuya 5. laBjieHUe NPUKUMA NMPHU BBITSKKE ¢ MOAOrpeBoM ¢uiaHua

Matepuan g B k[/un’
Amromunnii AM 0,02-0,04
AMM 0,04-0,06
Hypamomun J{1 u JI16 0,06-0,08
MarnueBsiii criaB MAS 0,03-0,05
Marnoyrinepoaucras cTalib 0,10-0,15
JlaTyns JI162 0,08-0,11
lIpumeuanue. bonbime 3Ha4eHUs ¢ AJIs1 MEHBIIIEH OTHOCUTEILHOM TOJIIIMHBI MaTepHaia
%*100 =1+2 unHaobopor

Ycunue BBITSDKKH U YCHIIME TIPHYKUMA OTIPEEIISIOTCS 110 CIeAYIOMUM hopMyam:
® I[IOJIHOE YCUJIME IIpecca

P,=P+0+T;
®  YCHUJIME BBITSHKKU
P=1LSo,
®  yCHUJIME NPUKUMA
O=Fg.

3nech T - ycuine BBITATIKHUBATEIS;
L - nnuHa KOHTypa JeTany;
O, - IpeJiesl IPOYHOCTU OIACHOTO CEYEHUs IIPU ONTUMAJIbHBIX TEMIIEPaTypax;

F - myomanp 3aroTOBKHU MO IPUKUMOM;
q -IaBIICHHUE MPKUMA.

3HaueHus o, U ¢ TpuUBEAEHBI B Ta01. 4 U 5.

Haubonee >ppexTHBHO CO3/aHME MEPEMEHHOT0, BO3PACTAIOIIErO B XOJE IMPOILECCa BBITSHKKH
YCUIIHS TIPHKUMA.
DKCTIEpUMEHTAIEHO YCTAHOBJICHHBIC JHMANAa30HBI ONTUMAIBHBIX TemrepaTyp HarpeBa (B “C)
(baHI1a 3arO0TOBKY MPUBEICHBI B Ta0. 6.
Tabauya 6. OnTHMAJIBLHBIE TEMIIEPATYPHI HAarpeBa (pJIaHIA 3aTOTOBKHU

Matepuan Temneparypa Harpesa B “C
Amomunaniit AM, crmasel AMuM u J[16 AM 310-340
Jlatynb J162 480-500
Cranu 08 ki1 ¥ AexkanupoBaHHas 550-580




Pacxon anexkrposnepruu coctasinsieT npuMmepHo 0,1 kem*u Ha 1 ke IITaMIOBaHHBIX J€TaleH.

B xadecTBe cMa3kM TPHMEHSETCS NOPOMIKOOOpasHbIi Tpadur c wmacioMm «Bamop» wu
XO03AHCTBEHHBIM MBLIOM.

BrITsDKKa ¢ TIOZOTPEBOM B MPOHM3BOJCTBEHHBIX YCIOBHSIX BBITIOIHACTCS HA THAPABIMYECKUX H
KPUBOLIMITHBIX Ipeccax ¢ HeOOJbIINM 4HciIoM X0a0B (15 - 20 B MUHYTY), Tak Kak HarpeB (haaHLa
TpeOyeT u3BecTHoro BpemeHu (3 — 5 cek). IlosToMy npoU3BOAMTENBLHOCTH CAMOI0 IHpolecca
IITAMIOBKH IPU 3TOM CIIOCOO€ HMXKE, YeM IPU OOBIYHOM BBITSKKE; IPEUMYIIECTBO €r0 3aKII0YaeTCs
B PE3KOM COKpAalleHWH YHCIa onepanuii W mramnoB. Hambosblmme TpyZHOCTH STOT CIOCOO
BCTpEYAET MpPH BBITSKKE CTAIM, JIsI KOTOpOil TpeOyeTcs Oojiee BBICOKMI HarpeB, B CBSI3U C UYeM
BBITSDKKA CTAJIM MEHEe N3ydeHa H OCBOCHA.

JlanpHeMIIMM pa3BUTHEM YKa3aHHOIO CHoco0a SBJISIETCS CHOCOO BBITSKKH C NPUMEHEHUEM
rTyOOKOTO MECTHOTO OXJIaKACHUS IICHTPATHHON YaCTH 3arOTOBKH.

OTOT cnocod OCHOBAaH Ha 3HAYUTEIHLHOM YNPOUYHEHHWH ONACHOTO CEYEHUs, a 3aTeM M OOKOBBIX
CTEHOK BBITSDKKHA TIPH PE3KOM (TJTyOOKOM) OXJIaXJACHUHM KHIKAM BO3IYXOM IIOJIOTO BBITSHKHOTO
IIyaHCOHA JI0 TeMIepaTypsl nopsijika ot -160 1o -170° C.

2. KouHcTtpyknusi u paéora mrammna

[lItamMn COBMEIIEHHOTO ACHCTBHS A BBHIPYOKM U MPOOWBKH IMaiiObl (puC. 4) COCTOUT U3
HIDKHEH | W BepxXHEH 2 IUIMTHI, KOTOpPBIE IEHTPUPYIOTCS MEXIy coOO0W JByMS HaIpaBIISIOIIUMU
KOJIOHKaMH 3, 3allPECCOBAHHBIMU B HMKHIOKO TUIUTY IITAMIIA, U ABYMS HaIllpaBJSAIOMIKMMU BTYJIKaMU 4,
3alpECCOBAHHBIMM B BEPXHIOIO IIMTY witamna. K HuwxkHed mmre 1 Tpems BuHtamum M12 kpenurcs
npoOuBHAs MaTpuua S5 , KOTopas B OJHO U TOXKE BpeMs SBISIETCS BBIPYOHBIM ITyaHCOHOM.
LlenTpupoBaHue MaTPUIIbI TPOU3BOAUTCS ABYMs mTudramu KO8 MMm. Taxke K HIKHEH IJIUTe ITaMIia
4eThIpbMs 00aTaMu M 16 KpenuTcst MOANPYKUHEHHBIN CheMHUK 6. UeThIpe MpyKUHBI 7, OTBEYAIOIINE
3a ChEM, pa3MEIICHbl B CIHEHMATbHBIX BBHIOOpKAax B HIKHeW miuure. K BepxHel miure mramia
4eTeIpbMs Oontamu M16 kpenutcs MmyaHCOHOAEpXkKaTeNb 12, KOTOPBIM yaep)KuBaeT myaHcoH 13. k
MyaHCOHOJEPKATEN0 KpEenuTcs BbIpyOHass MaTpuma 11. B3auMHOE LEHTPUPOBAHHME BBITIOIHIETCS
yeTeipbMs TG TaMu D10 MMm. B moocty BeIpyOHON MaTpHIIBl HAXOAUTCS TUIABAOIINK nTprxuM 10,
KOTOpBIM TakyK€ BBINOJHIET pOJb BBITAIKKMBATENs. B BepxHedl miuTe mramna 2 U B
MyaHCOHoJepxkaTene 12 HaxoAUTCS CHCTEMA BBITAIKMBAHUA, COCTOAIIAS W3 ToJKatens 17,
IIPOMEXYTOUYHON MIUTHl 15 u Taru 19. nnsg KpemyieHus BepXHEH IUINTHI K MOJ3YHY IPELyCMOTPEH
XBOCTOBHK 16.

[ramn ycranosneH Ha npecc KJ[1428 ycunuem 630 xH, xox nonsyna 80 mm. Ilonoca nonaercs
JI0 yTOMAIOIIEro ymnopa &, KOTOpbld moanepxuBaerca npyxkuHoil 20. Ilpu xoxe mon3yHa BHU3 Ha
MIEPBOM 3Tarle MPOUCXOIUT BhIpyOKa KPYyTJIOi 3aroTOBKH U3 MOJIOCHI, @ HA BTOPOM 3Tare MPOUCXOAUT
npobuBka Kpyrioro orBepctus. [Ipum xone moi3yHa BBEpX MPOUCXOIUT BHITAIKMBAHHE T'OTOBOMN
JeTald U3 TOJOCTH BbIpyOHON MaTpuibl 11 W cbeM monocsl ¢ BbIpyOHOrO IMyaHCOHA 5. neTaib
YAQISETCS 10 X0y JIBHKEHHSI MTOJIOCHI, OTXO/ IPOBAIIMBAETCS B CIIELUAJIBHBIN SIIUK B CTOJIE Mpecca.
3a oAMH XOJI Ipecca MITaMITyeTCsl OHA JETalb.
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Pucynok 4 — [lltaMi coBMeIIEHHOT0 IEHCTBUS AJIs1 BBIPYOKHU U MPOOUBKH 1I1a0bI



OOPMOU3SMEHAIOUINE OIIEPALIMU

[TpakTuecku Bce KPYNMHOTOHHAXKHBIE IMOJMMEPHBIE MaTepuajbl nepepadaThl-

BAIOT 110 OJHOM W3 IBYX CXEM:

pa3orpeB IJacTHKa JO TeMIepaTypbl pa3MsIryeHus WIM IUIaBJIEHUS,
OpUJaHUE €My C HOMOMIbIO (OPMYIOIIEr0 HHCTpyMEHTa TpedyeMol (opMmbl,
OXJIQXKICHHE MO/ JaBjeHHEeM B (DOPMYIOLIEH OCHACTKE A0 OTBEPKICHUS C LIEIbIO
COXpPaHEHUs NOJyYeHHOH GopMbl;

pa3orpeB IUIACTUKA [0 IUIACTUYECKOTO COCTOSHHUSA, IPUJAHUE €My C
IOMOLIbI0  (OPMYIOIIET0 HHCTpyMEeHTa TpedyeMoil (OpMbl, BBIAEPKKA 10
3aBEPLICHUS] HA4yaBLIMXCS I10J BJIMSHUEM TEMIIEPATypbl XUMUYECKUX PEaKLMM,
NOPUBOJAIIMX K OTBEPKACHUIO IIOJHMEPHOTO CBA3YIOIIETO B IIJIACTUKE U
COXpaHEHHIO MPHUAAHHON eMy (OpPMBI.

K nepepabaTbiBatoliuM arperaraM OTHOCSATCS JUThEBbIE MAIIMHbI, MPECCHI,
JKCTPYAEPHI, BAKYYM- U THEBMO(POPMOBOYHBIE MAIIMHBI U Jp.

[Tpou3BOUTENBHOCTD arperara JHUMUTUPYETCS BPEMEHEM, HEOOXOIUMBIM
IJIs1 OTBEPIKJCHHS MaTepuaia B OpMYyIOIIEM HHCTPYMEHTE.

K dbopmounsmMensomum onepauusiM JUCTOBON IITAMIIOBKH HEMETAJUTMYECKUX

aTepuasoB OTHOCATCS THOKa, BBITSKKA, GOPMOBKA U OTOOPTOBKA.

I'mbka HemeTaNIMYECKUX MATEPHAJIOB.

I'nbke moxaBeprarOT CJIOUCTbIE IUIACTUKU TOJIIMHOW 10 2—3 MM,
TEPMOIUIACTUKHU, 300HUT, KapTOH, GUOPY U POPMOBOUYHBII MUKAHUT U JpyTHE
maTtepuaibl. [MOKy B mTamnax NpUMEHSIOT Ui U3TOTOBJIEHUS MENKUX JIeTallell.
['nbKy KpymHBIX J1eTajeil Mpou3BOAsT Ha TMOOUYHBIX MallMHAX JJs MeTalja.

[Ipu rubke CIOUCTBIX MJIACTUKOB TMpouecc (HOPMOU3IMEHEHUS JTyulle
IPOTEKAaeT B TOM CJydyae, KOrja MPUMEHSIOT HB' TOJHOCTBIO OTBEPKICHHBIE
MaTepuaabl MM MaTephalibl, MOJYyYEHHbIE HA OCHOBE TEPMOPEAKTUBHBIX CMOJI,
MOJIU(PHUIMPOBAHHBIX TEPMOIIIACTUYHBIMU WU MIACTUDUIUPYIOIIUMHU 100aBKaMH.
CrnocoObl HarpeBa IJIACTHUKOB NpU THOKE ONpeNeNsroTcss MacumradaMu MNpou3-
BOJICTBAa. B KauecTBe UCTOUHMKOB HarpeBa MPUMEHSIOT paJuallMOHHbIE YCTAHOBKU
CO CTaJIbHBIMM WJIM KE€paMHYeCKUMHU 3KpaHamu. [IporpeccuBHbIM criocoOOM $iB-;
asieTcsl HarpeB MH(pakpacHbIMU JydaMu. PekuMbl HarpeBa CIOUCTBHIX MJIACTUKOB
TOJMUHON 10 2—3 MM NpuBeAeHBI B Taba. 14.

I'nbxy clOMCTHIX MIACTUKOB OOBIYHO MPOU3BOJIAT B MPOCTEHIINX MITaMMax,
U3FOTOBJICHHBIX M3 MeETalljla, CIELUAaJbHBIX INIACTMACC, LUHKOBBIX CILJIABOB,
JiepeBa, a Takxke necouno-kineeBoi maccol [1CK.

B psane cinydaeB ruOKy OCyIIECTBIAIOT B LITaMIE C MpeABApUTEIbHBIM
HarpeBOM IOCIIEHETO.

[lpy rubKe TEPMOMIACTUKOB (OPraHUYECKOTO CTEKJa, BHHUILIACTA,
LEJUTYJION]1a, TIOJUATUIIEHA U JIp.) HEOOXOUMO CTPOro CIEIUTh 3a COOII0ACHUEM
TEMIIEPATypbl HAIPEBA U €ro MPOAOKUTEIbHOCTH.

HarpeB opranuueckoro cTekjia OCYIIECTBIAIOT B T€X ke HarpeBaTelIbHbBIX
yCTPOMCTBAX, UTO U HATPEB CIOUCTHIX MJIACTUKOB.

Pexumbl HarpeBa TEpMOIIJIACTUKOB MPUBEJIEHBI B Ta0m. 1.

['nOky neraneil U3 OPraHMYECKOro CTEKIa OOBIYHO MPOU3BOJAT HA METall-



JUYECKUX, IIACTMACCOBBIX, THIICOBBIX HWJIM JEPEBSHHBIX IYaHCOHAX JIETKUM
Ha)XMMOM PYKHU C MPUKUMOM KpaeB 3aroTOBKU CTPyOLMHAMHU, OOUTHIMHU OailKO.
IloBepXHOCTh MYyaHCOHOB B OTOM Cilydae TINATENbHO oOpabaTelBaeTcs WU

oOTsiruBaercs 0aiikoil.
Tabnuna 1. Pexxumbl HarpeBa JIMCTOBBIX T€PMOIIACTUKOB Mepe]] THOKOM
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Opranuueckoe 105—120 2-3
CTEKJIO
Bununnmact  tonm-  |130—150 3—5
HHHOH 10 5 MM
Hemrynoun * 80—90 —
IMonusTnen 100—110 24
* BereAcTBUE BBICOKOM TOPIOYECTH LEJUTYJIOUIA eTO
HarpeB IPOM3BOJSAT B BOJSHBIX OaHSX.

[Tpu rubxe pa3Mepsl 3arOTOBKM W ITyaHCOHA JOJKHBI OBITH B3ATHI 0OJIb-
MIMMU Ha BEJIUYUHY MPUIYCKA JJIs 3aKKUMa KPOMKH. J[eTanu oxmaxaarTcs Ha
nyaHcoHe 10 30-"40 °C nns coxpaHeHUs NPUAAHHOW UM (OPMBI.

['nbka kaprona u ¢ubpel uMeer cBoum ocobeHHocTH. llepen rubkoi
KapToH u ¢GulOpy mnpeaBapUTEbHO YBJIAXHAKT B BaHHAaX C BOJOW MpuU
temnepatrype 15—20 °C B Teuenue 1,5—2 4 Ha KaXAbld MUJUIUMETP TOJIIMHBI.
OTHOCHTENBbHAS BIAXHOCTh 3aTOTOBOK JIOJKHA COCTaBIATh 10—25 %.

Texnonornueckuii mpoiecc U3rOTOBICHUS THYTHIX AeTajeid u3 Quopsl u
KapTOHA BKJIOYAET CJCAYIOIIME ONEpaluu: BBIPYOKY 3aroTOBKM W3 JIUCTA;
yBJIQXKHEHHUE 3aT0TOBOK; THOKY 3aroTOBOK; CYIIKY THYTBIX JIeTajleH.

DopMOBKA M BBITSKKA HEMETANJIHYECKHX MATEPHAJIOB.

[TocpeactBoM HOPMOBKH M BBITSDKKH M3TOTOBIISIIOT Pa3HOOOpA3HbIE JeTalu
U3 pa3InYHBbIX MATEPUAJIOB, [IIaBHBIM 00Pa30M M3 TEPMOIJIACTUKOB (ITOJIUITUIICHA,
NOJIMKpUJIATa, MOJUBUHUIXJIOPUJA, OPraHMYECKOr0 CTEKJIa U Jp.), a TaKKe M3
¢ubpe! 1 kapToHa. K TakuMm getansiM OTHOCATCS J1€Tajlyd JBOWHON KPUBU3HBI IJIs
OCTEKJIEHHS CaMOJIETOB W aBTOMOOWIIEH, pacceu-Bartelei cBeTa, abaxypwl,
OTpakaTeiyil  JIIOMUHECLCHTHBIX  CBETWJIBHUKOB, JCTAINM  XOJIOAWIBHHUKOB,
0OJIMIIOBKHM pajinaTOpPOB U TEJIEBU30POB, KOPIIyca Pa3IMYHbIX IPUOOPOB, BaHHHI,
pakoBuHBI u [p.

Texnonorus ¢hopMooOpa3oBaHHsl HEMETAIUIMUECKUX MaTepHUajoB OCHOBaHA
Ha palUMOHAIBHBIX pEXUMax HarpeBa IUIACTUKOB M IIepexoJa HX B
BBICOKOIIJIACTIY-HOE HJIM BSA3KOTEKY4E€ COCTOSHHME.

Paznuuator cienyrommue crnocoObl (POPMOBKA— BBITSDKKH: BaKyyMHas (MU
MHEBMaTH4ecKasi) (OpMOBKAa C MPUMEHEHHEM OJHOW TOJBKO MAaTPHUIBl WU
dopmbl; HOPMOBKa—BBITSKKA B HITAMIAX C KECTKUM WJIM AJIACTUYHBIM ITyaH-



COHOM M >KECTKOM MAaTpPUILIEH.

[lepBbIii cmoco® MIKUPOKO NPUMEHSIOT TpU (GOPMOBKE JAeTaned U3
TE€PMOILIACTH-KOH, BTOPOl — MpH (POPMOBKE J€TAJIeH U3 CIOUCTBIX IUIACTUKOB.

B Tabu. 2npuBeneHsl pexUMbl HarpeBa TEPMOIUIACTUKOB mepea GopMOB-
KOH.

Tabnuna 2. Pexumbl HarpeBa JIMCTOBBIX TEPMOIIACTUKOB MEpPEN
dbopmoBKOI
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Opranudeckoe 30-180 1,5—2,5 220
CcTeKno(Heopue-
THpoBaHoe) OpraHuyeckoe
CTEKJIO
(opueHTHpPOBAaHHOE):
COJI 125—150 1,5—1,8 175
CT-1 145—150 1,2—2,0 185
[TnacTMacchl: 170—185 1,6—2,5 205
255 185+5 230
1-57
Bunwumiact 120—140 2,530 170
2,5—5,0
Marepuan CHIT 130—140 — —
[Monuatunen BJT 120-130 2,0-3,0 140
Hennynoug 95—110 — —
Texcromur 130—160 2,5—5,0 200
CTeKIIOTEKCTOUT 140—160 2,0-5,0 230
DOpMOBOUHBI MUKAHUT 250—30 0,8—0,5 —
D0oHHUT 60—90 — —
MpumeyaHua: 1. MNog KpuTUYECKon TemnepaTypor NOHUMaT
Temnepartypy, Npu KOTOPOW HacTynaeT UHTEHCUBHOE
pasnoxeHune (To eCcTb TepMuyeckasi 4ECTPYKLMSA)
cocTaBngWwux martepumana
2. HarpeB nnMcToB OpraHM4eckoro CTekna npousBoasT B
BEpPTUKaIIbHOM MOMOXEHUN

BaxxHoe  3HaucHMe I GOpMOBKM  HMMEET  PAaBHOMEPHOCTh
NpPEeABApPUTEIIPHOTO HAarpeBa 3aroTOBOK, TaK KaK HEPaBHOMEPHBIH Harpes
NPUBOJUT K pa3IMYHOW IUTACTHYHOCTH MaTepHajia B OTACIIBHBIX MeECTax, a
CJICIOBATENIBHO, U K OpaKy BCJCIACTBHE Pa3pbIBOB, TPEUIWH, KOPOOJICHUS U T. 1.
Bo m30exkanue pa3MAT4eHHS, a TakKKe CTPYKTYPHBIX M3MEHEHHUH B JIMCTOBBIX
IJIACTHKAX HEOOXOAMMO CTPOroe COONIOJCHUE TEMIIEpaTypHOTO peKMMa Harpera
ux nepea GOpMOBKOIA.



Jlns monmydeHus netaiel CiaoxHbIX (opMm (mapel, KOPOOKH, KIOBETKH,
IpEeAMEThl CAaHUTAPHO-TEXHUYECKOIo o0uxoAa W Jp.) U3 TEPMOILUIACTHKOB
NPUMEHSIOT BaKyyMHYK (QOPMOBKY B KeCTKMe (OpMBbL. ITOT MpoIlecce
XapaKTepU3yeTcs CONPUKOCHOBEHUEM Martepuaia ¢ GopMoil B  MOCIEIHUUN
MOMEHT (POPMOBKH.

Bakyymnas gpopmoska 6 swcecmrue gpopmol. PaznuuaroT 1Ba BUIa BaKyyMHOM

(GbOpMOBKH B KeCTKHE (POPMBI: HETATUBHBIA M MO3UTUBHBIN MPOIIECCHI.
2 i -

Puc. 1. Cxema HeraTUBHOIO npouecca BAKYyMHON ()OPMOBKHU:

]l — u3nyuarens; 2 —>3KpaHbI

CymHocTh mpoiecca popMoBKU (puc. 1) cocTouTr B TOM, YTO TEepMOILIa-
CTUYHBIN MaTepual MoJ JeHCTBUEM BaKyyma MOCTENEHHO (OPMYETCs, BBITSITH-
BasiCh B I0JI0€ MPOCTPAHCTBO (PopMbI, mprolOperast KOHTYpbl chepbl. Heratus-
HBI TMPOIECC XapaKTEPU3YEeTCs 3HAUMTEIbHBIM YTOHEHHEM B HauOoliee Ha-
npsbkeHHOU 30HE (B meHTtpe cdepol). Koneunas cramus ¢popmooOpazoBaHus
JIeTaiy MPOTEKAET MPU HAMYUU TPEHUS MEXAY AePOpMUPYEMbIM MaTEpUAIOM U
MOBEPXHOCTBIO (POPMBI, YTO HPUBOAUT
K emle Oosbliell HEPaBHOMEPHOCTH TOJILIMHBI CTEHOK JeTainu. BeiencrBue 3Toro
HEraTUBHBIA NpoLecc (POPMOBKH MPUMEHSIOT JJIsi U3TOTOBJIEHUS HEOTBETCTBEH-
HBIX J€TaJEH.



Puc. 2. Ctaguu no3uTHBHOIO npouecca popMOBKH

[Tpu mo3utuBHOM Mpouecce POpPMOBKH (pHC. 2) HarpeTas aroToBka / mpe-
BapUTENbHO (POpPMYETCsl 10 MOMEHTA IMOJYYEHHs JOCTAaTOYHOTO YIUIOTHEHUS /.
[Tocne sTOro BO3IYyX Yepe3 KaHabl OTCACHIBAETCS M3 3aMKHYTOW IMOJOCTH
dbopMBbI, 1 3aroTOBKA mpuodperaeT ouepTaHus Gopmsel ///. ITOT mpoiecc UMeeT
T€ € HEJJOCTATKH, 4YTO M HETaTHUBHBIN.

[Ipouecc BakyyMHOU (DOPMOBKH BKITIOYAET CIAEAYIOIINE ONEPALINU:

HarpeB 3aroTOBKU J0 3aJaHHOW TEMIIEpaTypbl, ONPEICISIIONIEH IIaCTUYHOE
COCTOSIHHE, C TOMOIIBIO KpaHa ¢ HMHPPAKPACHBIMU HU3ITydaTeIsIMU;
BBITATMBAHUE HAIPETOIO JINCTA CHKATHIM BO3LyXOM;

(GbOopMOBKa BBITAHYTOTO JHCTAa IMPH CO3JAaHUM BaKyymMa B IOJIOCTH MAaTPHUIIBI
(HeraTuBHBIN IIpoLIECC) WK MO (hOpME MyaHCOHA (TO3UTHUBHBIA IPOLIECC);
OXJI&KJICHHUE U yIaJIeHuEe OT(OPMOBAHHOMN JIETAIIH;

00pe3Ka Kpaes.

BakyyMm-(opMOBOUHbIE  YCTAaHOBKM  OCHAlIEHbl  BAaKyyM-HAacoCoM H
KOMIIPECCOPOM, TEPMOAKPAHOM, MYJbTOM C MNpuboOpamMu yHOpaBICHUS U
crnenuaibHbIMM  TIpecc-hopMaMu. ITH YCTAaHOBKHA TIO3BOJIAIOT (OPMOBATH
WU3JICINUS JJIMHOU 10 2 M U3 3arOTOBOK TOJIIIAHON 10 3—4 MM.

Inesmamuueckan gopmoska 6 ocecmkux @Gopmax. I[IHEeBMaTHUUECKYIO
GOpPMOBKY B JKECTKMX (QopMax NPUMEHSIOT JJis M3TOTOBJIEHMS BaHH,
YMBIBAJIbHUKOB, Ba3, OOpamyIeHMsI UIsl TEJIEBU30POB U JAPYTUX W3AETUN U3
3aroToBoK TomuHOM A0 15— 20 wmMm. IlneBmaTmueckyro (oOpMOBKY oOcCy-
HIECTBJISIIOT HAa CIIELIMATbHBIX YCTAHOBKAX.

JlaBnenue Bo3myxa, HeoOxomumoe 1iisi (OPMOBKHM JETalH, 3aBUCUT OT
KOH(UTypaluu, TriayOUHBl BBITSKKH, TEeMIEpaTypsl U poaa (opMyemMoro
MaTepuana, Temneparypsl QopmMbl M ee KOHCTpykuuu. lloTpeOHoe naBieHue
ONPENENAT 3KCIEPUMEHTANBHO;, Kak mnpaBwio, oHO coctaBuger 0,05—2,5



MIla.
[Tporiecc mHEBMATHYECKON (POPMOBKH BKITIOYACT CIICTYIONIAE OIEpaIlnu:
IIOJAIOTOBKA 1 HarpeB MaT€pI/IaJ'Ia B COOTBCTCTBHUU C YCTaHOBJ'IeHHBIM pC)KI/IMOM;

yKJIaJKa 3aroTOBKM Ha (opMy UM 3aKperieHue €€ OTKUMHBIMU KPOMKaMH
(bopmbl;

npeaBaputenbHas popMoBka npu aaBieHuu 147—198 klla B teuenue 15—
30 ¢, HeoOxoauMasl JUisi TEPMETUYHOCTH 3a)KMMa 3arOTOBKU M OTBEPXKACHUS 3a-
KaTbIX KPOMOK;

OKOHYATeNIbHas (POPMOBKA JETAIA TPHU JIAaBJICHUU, DKCIEPUMEHTAIBHO IM0100-
PaHHOM IPHU ONBITHBIX MITAMIIOBKAX;

oxJiaxkaeHue otrdopmoBanHoil aetanu B dopme 10 35—50 °C 6e3 CHMKEHHS
JIaBJICHUS BO3yXa; CKOPOCTh OXJIAXKAEHHS B cpeaHeM coctaisieT 0,5—0,8 MuH
Ha | MM TOJIIMHBI MaTepuUaa;

yaaneHue oT(OpMOBAHHOM AeTaau M MOAroTOBKAa ()OPMBI JUIsl CIEAYIOIIEro u-
KJ1a (POPMOBKH;

KOHTPOJIb TIOJIlYYEHHOW JETalIH;

JOBOJOYHBIE OTIEPALUU.

[TonydyeHne KauyeCTBEHHBIX JI€Tajeii METOAAMH MTHEBMATUYECKON (POPMOBKU Tpe-
OyeT TOYHOTr0 peryJIMpoBaHUs TEMIIEPATYPHI JHUCTA.

TennoBo# peXUM HarpeBa OpraHUuYECKOro CTeKjIa — MOJUMETUIMETAaKpU-JIaTa
(IIMMA) ycTaHaBIMBaeTCA B 3aBUCUMOCTH OT THIAa MaTepuayia (3KCTPY-3UOHHBIM
Wwin OJOYHBIA BBICOKOMOJICKYJISIPHBIN), TOJIIMHBI JIUCTA, KOHCTPYKIUU U
Ha3HAYCHUA JETaNHU.

OnTumanbHOM  JUI1  BKCTPY3MOHHOI'O  JIUCTA  SBJISIETCA — TeMmIepaTrypa
HarpeBarTelib-

Horo mkada 170—190 °C; mrsa 6mounoro — 200—210 °C (puc. 15).

WuTepBan Temneparyp (popMOBKH 3KCT-py3UOHHOTO JiucTa 125—150 °C, 6104-
Horo 150—200 °C. C ymeHblIEHUEM KPaTHOCTH BBITSDKKU netaneid W= hi B (h —
BbICOTa (DOpMBI; 8§ — IIMpPUHA €€ OCHOBAaHUs) rpaHuLa O0JacTU (POPMOBAHUS
cMelaercsd B 00J1acThb HU3KUX TeMmieparyp. HwkHss rpaHuna mHTEepBajga TeM-
neparyp (OPMOBKH COOTBETCTBYET CEpPEAMHE OOJACTH BBICOKORJIACTUYHOIO
COCTOSIHUS; BEPXHSs IpaHMILla COBMAaJaeT C HadyaJoM o0JacTu Iepexona
Marepuajga B TEKy4ee COCTOSHHUE.

AJeKkBaTHbIE YpaBHEHHsI PETPECCUU B HATypaJlbHbIX NEPEMEHHBIX, MOJIYUYEH-
HbIE B PE3yJIbTaTe MPOBEICHUS OIBITOB I10 CXEME MOJHOr0 (PaKTOPHOI'O IKCIIEPHU-
MEHTa 2° JJis pacueTa TOJIIMHBI CTEHKH JIETald B MECTax IIyOOKON BBITSIKKH,
UMEIOT BUJIL:

JUIS1 BKCTPY3UOHHOIO JIMCTA

Su

SK = 5 ( 1 )
0.23t, + 18,6480 —36.294
1T OJIOYHOIrO JIKCTA
S
X - (2)

" 0.461, +31,96/ —81.34°



rJe Sy — HavajbHas TOJIIMHA 3arOTOBKU; Sk — TOJIIIMHA JIETaIl B MECTax €ro
HauOOJIbIIEH BBITSKKHU; f,— TEeMIeparypa Jucta; W — KpaTHOCTb BBITSDKKU
JIeTaju.

I sKcTpy3unoHHOTro jucTa ypaBHeHus (1) u (2) mpuMeHUMBI TIpHU
temreparype 3aroroBku 140—150 °C u kpatHoctu BbITsKKU 0,284—0,50; nis
6mounoro — mpu 170—190 °C u To¥ ke KpaTHOCTH BHITSDKKU. [lorpemHocTtsb
pacuera fmno ypaBHenusim (1) u (2) cocraBusier He 6omnee 20 % .

Kombunuposannvie cnocodvl  hopmosku. J Ilpm BakyymHOH WU
IIHEBMATUYECKOU (HOPMOBKE KpYMHOTa0apUTHBIX neranen n3 1
TEPMOILJIACTUKOB XapaKTEPHBIM  SBJSETCS HAJWYHUE JBYX CYLIECTBEHHBIX

HEJIOCTATKOB: HEPAaBHOMEPHOCTb  TOJIIMHBI CTEHOK OT(QPOPMOBAHHBIX JAeTallei
U HEBO3MOXHOCTbH MOJYUYCHUS JIeTajei CI0KHON (OPMBI.

C  uenpl0  ycTpaHEHHs  OTHUX  HEJOCTAaTKOB  pa3paboTaHbl
KOMOMHHMPOBAHHbIE METO/IbI (JOPMOBKHU, B KOTOPHIX THEBMATHUECKAsI (JOPMOBKA
COYETAETCs C MEXaHUYECKOW (OPMOBKOM ITyaHCOHOM.

[TosnyyeHnre paBHOMEpPHOU TOJIIMHBI | CTEHOK B JETalsIX JIOCTUTAeTCs
pa3IMYHBIMU CIIOCOOaMU: NMPUMEHEHHEM PE3MHOBBIX auadparM MEepeMEHHOTO
CEYCHHUSI, | TIPEIBAPUTEIILHON CBOOOIHON BBITSDKKOM, | CKOJB3AIMIUM METOI0M
GOpMOBKH, a TaKKe MHCIOJIb30BAHUEM CHEHHUAJIBHBIX MOJIKIAJAHBIX U
(bopMyIOIIUX TyaHCOHOB Pa3IUYHON (OPMBI U pa3MEpPOB.

[TpumensieTcst Takxke (OpMOBKa B yHmpyrol MaTpuiie, MHOTAA Jaxe Oe3
UCTIOJB30BAHUS  CXKAaTOTO BO3AyXa. Bo MHOTMX ciydasx Ajid MOJy4YEHUS j
JeTajedl  CIOKHOM  (OopMBbl  NPUMEHSAIOT  MO3UTHBHYIO  (OPMOBKY C
IpeABapUTEIbHON MHEBMATUYECKON BBITSIKKOM (puc. 3).
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Puc. 3. Cxema no3uTUBHOM ()OPMOBKH € TpPeABAPUTEIbHOMN
IMMHEBMATHY€CKOH BBITSXKHOM

OTOT KOMOMHUPOBAaHHBIA METOA (POPMOBKU COCTOUT B cienyrouieM. Buavaie '
MCXOJIHYIO HarpeTyro 3aroTOBKY TEPMOIUIACTHKA 3a)KUMAIOT B paAMKe, KOTOPYIO [
IJIOTHO MPUXKUMAIOT B Kamepe (1mo3. /). | 3aTeM B Kamepy MOJar0T CKaThIi
BO3/lyX, MOCPEACTBOM KOTOPOTO MPOU3BOJUTCS CBOOOJHAS MHEBMaTUUYECKas
BBITSDKKA (103. //) ¢ HEpaBHOMEPHBIM HM3MEHEHHEM TOJIINHBI 3arOTOBKH.
Hanee hbopmy BMeCTe C IyaHCOHOM MOJHUMAIOT BBEPX; IIPH STOM MPOU3ZBOIUTCS



npeaBapuTeNbHas MexaHuueckas (GopmoBka (1mo3. ///), BKIOUaeTcs BaKyyM
¥ IPOMCXOIUT OKOHYATeNbHasl THEeBMaTH4ecKast popmoBka aetanu (mos. V).

B kaxxnou u3 pacCMOTpeHHBbIX cTaguidopMa COCTOUT U3  ITHEBMATUYECKOU
(GOpPMOBKH TMPOUCXOAUT  M3MEHEHHUE TOJIIMHBI OTJECBHBIX qacTen
dbopMyemoii neTanu, TOMIIMHA €€ CTEHOK CTAHOBHUTCS 00Jiee paBHOMEPHO.
BecsMma pacnpocTpaHEeHHBIM CIIOCOOOM TMOJIYYEHHUSI TIIYOOKUX JeTaneil CIoKHOU
dbopMBI ABISETCS KOMOMHUPOBaHHAs (DOPMOBKA B «yIpyroi» matpuiie (puc. 4 ).
dopma COCTOUT U3 MHEBMATHUYECKOW Kamephl 1, paMKH 2 ¢ 3aKpeIIeHHbIM B HEH
JUCTOM TEPMOIUIACTHKA, ITyaHCOHA 3, MPHUKPEIUICHHOIO0 K KPBIIIKE KaMmepbl 4 U
maTpuubl 5. [Ipu nBM)KEHUU MyaHCOHA BHU3 NMPOUCXOIUT CBOOONHAs (OPMOBKA
3aroToBKH. B KOHIle X0J1a MyaHCOHA B JOHHOM 4acTu AeTajau Gopmyercs peibed
Ha MaTpuue 5.
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Pucynok 4 — Cxema KOMOMHMPOBAHHOH ()OPMOBKH B «YNPYIoil» MaTpuile

Ecnau kamepa 1 He cooOuaercs ¢ arMocdepoid ¢ MoMoIIbi0 KpaHa 6, TO Je-
dbopmupyemblii MaTepuan MojA ACHCTBHEM MPOTUBOJABICHHUS YNPYTrOd MaTpPUIIBI
OyaeT oTpOpMOBBIBATHCS B BUJIE TOBEPXHOCTH MapabOIndeckol (OpPMBI.

[Tpu HEoOXxomuMoOCTH OTPOPMOBATH U3JIENHE M0 MyaHCOHY CXKATBIA BO3IAYX
IIOJIAETCS B KAMEpy 4Yepe3 paclpenesuTenb 7.

[Ipu ¢dopmoBaHMM JIMCTOBOIO MOJMATUICHA W TMOJUBUHWIXJIOPUIA, a
TAaK)K€ JPYTHUX HEMETAUIMYECKUX MAaTEPHAIOB IPUMEHSIOT CKOJB3SIIHA METOA
KOMOMHHMPOBAaHHOW (OPMOBKHU (pHUC. 5), CYIIHOCTh KOTOPOTO COCTOUT B TOM, YTO
OpeaBapuTeNbHOE  (OPMOBAHUE  JETadd  OCYLIECTBISIETCS. B Pa3HBIX
HaIpaBJIEHUsX: CHadana cBoOoaHas (opmMoBKa BBEpX, a 3areM (POpPMOBKa
IIyaHCOHOM Yepe3 MPOCIIONKY cxaToro Bo3ayxa. IlocienoBaresbHOCTh mpolecca
cienyromas. Brawane nmct 1 TepMoIUiacTMKa 3aKpeIUIEHHBIH B paMke 2,
HarpeBaeTcsa HarpeBarejaeM 3 A0 3aJaHHOW Temmnepatypsl (mo3. /). Ilocne
COTIPUKOCHOBEHUS ABIKYIIEHCS PaMKU 2 C TOPIIOBOM MOBEPXHOCTHIO (POPMBI 4 H
npeaBapuTeNbHON HEOONbIIONH (POPMOBKH B MOJOCTh (OPMBI Yepe3 BEHTHIb 5
HarHeTaeTcsl HarpeTblii BO31yX, MOJ JCHCTBUEM KOTOPOrO IPOHUCXOAMT
npenBapurenbHas naeBModop-moBka (1o3. 1). [anee momnblil myaHcoH 6 noj
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JNEUCTBUEM CHKATOTO Bo3z[yxa, HarHeTaeMoro 4yepe3 BEeHTWIb /, omyckaercs. llpu
3TOM MEX]y ITyaHCOHOM M ()OpMyEMBbIM MaTepHUaIoM 00pa3yeTcsl MHEBMaTHUECKast
NOJYIIKA, MOCPEACTBOM KOTOPOH NpH XOJE€ IyaHCOHA BHHU3 OCYUIECTBISETCSA
dbopmoBka nucra (1o3. ///— IV). Tlociae >Toro BeHTWIM 5 U 7 aBTOMATUYECKU
3aKpBIBAIOTCSA, U 4Yepe3 BEHTWIb S5 MOJKIoYaeTcss Bakyym (mo3. V). Ilpu xone
MyaHCOHA BBEPX T'OTOBas JI€Tallb BBHITAJKUBACTCS U3 (POPMBI CKATHIM BO3IYXOM,
MOCTYMAIOIIUM Yepe3 BEHTWIb. Meroa ckoib3simeid (GopMOBKUA obOecreunBacT
Oosiee paBHOMepHYIO Aedopmanuio popMmyemoro mMarepuasia B Mpolecce Je-
dbopMUpOBaHUSL.

Mepoii nepopMupyeMOCTH TEPMOIUIACTHKOB SIBJISIETCS OTHOIIEHUE BBICOTHI
JeTaly K AUaMeTpy 3aroTOBKHU.

B nporecce popmoBku nedopMupyeMblii MaTepral HaXOAUTCS B YCIOBUSIX
CJIOKHOTO HANpPSKEHHO-I€(OPMUPOBAHHOTO COCTOSIHUSI, KOTOPOE MEHSETCS B
nporecce AeOPMUPOBAHHS B CBS3H C U3BMEHEHUEM TEMIIEPaTyphl.

Jlonyckaemyto CTENEHb BBITSHKKUA OMPEAEISIOT SKCIIEPUMEHTAIBHO, B 3aBU-
CUMOCTH OT TpeOOBaHUM, MPEIBSIBISIEMbIX K JETalHu.

B MenkocepuitHOM MPOU3BOJACTBE M3TOTOBJICHUE KPYIMHBIX CPEepUUYECKUX
JeTajgeid U3 OpraHUuvYeCcKOro CTEKJIa MPOU3BOMST WM B BBITSIKHBIX IITAMIIaX I0-
CPEJICTBOM BBITSIKKH JKECTKUM IyaHCOHOM 4epe3 MPOTSHIKHYIO MATpUIly C Ha-
I'PEBOM 3aroTOBKH JI0 COOTBETCTBYIOIIECH TeMIiepaTyphl, Wik (OPMOBKOM MOJ Ba-
KyyMOM B CII€HHAILHOM COCYyJie C HarpeBOM 3aroTOBKM HH(pPaAKpPaACHBIMU
Jy4aMH.

[Ipu BBITSIKKE 3arOTOBKHU JKECTKUM ITyaHCOHOM 4Y€pe3 MPOTSIKHOE KOJIbIIO
3a30p MEX]y MyaHCOHOM M MaTpuiieid mpuHumaerca z = 1,15-1-1,20 ToamuHsl
3arOTOBKH.

[Tocne octeiBanus otdopmoBanHoi aetanu 10 40—50 °C  HaymHaeTCs
JBUKEHHUE IyaHCOHA BBEpPX.

BBITSDKKY TIeJUTyJIOMIa U BUHMIUIACTA TPOU3BOAST B OOBIYHBIX BBHITSDKHBIX
mTaMIliax C MPYXKUHHBIM CKiagkojepxkareiaeM. Jlisi oO0JjerdyeHusi BBITSKKU
ueyayiaouaa. B kauecTBe cMa3zouHOro marepuana OpUMEHSIOT MbU1o. ['myOunHa




BBITSDKKHM LIEJUTYJIOMJA IIPU TOJIIMHE Marepuana a0 2 mm gocrturaer S50—70 mm.
OtdopmoBaHHasi eTanb BBIICPKUBACTCS IO JAaBICHUEM OKOJIO | MuH, mocie
YEero OXJIAXKJAETCs BMECTE CO IITaMIOM B XoJoAHOW Boje. Cmoco® Harpesa
3aroToBOK BbIOMpatoT [ B 3aBUCUMOCTM OT BHJA MPOU3BOJCTBA: MYTEM
KOHBEKI[UM TOPAYEro BO3JyXa B CHELHAIbHBIX IIKadax; MexXIy TopsuuMU
IUTUTaMU; 00JTy4YeHHEeM UH(PPAaKpACHBIMU JIydaMu H JIp.

W3 cnoucThiX MIACTUKOB BBITSKKE MOJBEPrarTcs ToJbKO (pubpa, TexcTo-1
JUT U CTEKIOTEKCTONUT. PUOpPY BBHITSATUBAIOT JIMIIL B YBIAKHEHHOM COCTOSIHUU
1ocjie BbIMauMBaHUS B BoJe M3 pacuera [,5—2 4y Ha | MM TOJIIMHBI
3arOTOBKH.

[lepen BBITSHKKOW 3arOTOBKM M paboune MOBEPXHOCTH IITAMIIOB MOKPBIBAIOT
TaJIbKOM WM TpaduTOM. BBITSHKKY OOBIYHO POU3BOJSAT B BBITSKHBIX LITAMIIax
C IPMKMMOM WJIMA HA MPECCAX JBOMHOTO IEUCTBUS.

[Tocne cHATHA OTIITAMIIOBAHHBIX JeTaned co mrammna u oopesku ['oppoB mx
HA/IEBAIOT HA CIeUUaNbHbIC MAOIOHbBI, UMelonme GopmMy U pa3Mepbl MyaHCOHA,
Y BBICYIIMBAIOT B CYIIUJIbHOU KaMepe B TeueHue 10—12 u npu temneparype
60—70 °C u oTHOCUTENBHOM BIakHOCTH Bo3ayxa 40 £ 5 %.
3a30p MeXay MyaHCOHOM U MAaTpPULIEH PU BHITSKKE GUOPHI IPUHUMAIOT 2 ~ =
1,05-r-1,}O TOmImMHBI 3aroTOBKH.

N3 TexkcTonuTa U CTEKJIOTEKCTOJINUTA B HAIPETOM COCTOSIHUM BBITSDKKOM IOJY-
YaloT JUIIb HEriyOOKue IUIMHIPUYECKUE, KOHUYECKHE U TMoiycepuyeckue
neranu. Jlerasyu W3 TEKCTONMTA IUTAMOYKOT B LITaMIax ¢ NPUKUMOM HIIM Ha
npeccax JBOMHOTO JIEHCTBUS; U3 CTEKJIIOTEKCTOIUTa — B Ipecc-popMax.

M3 KOXM BBITSATMBAIOT YIUIOTHUTEIBHBIE MAHXEThl U CAJIBHUKH C IPEJBAPU-
TEJIbHBIM HarpeBoM 3aroToBok B Macie a0 200 °C.

DopmoeKa cMCKIOHANOIHEHHbIX mepMoniacmukos. B namein ctpane pazpaboran
MaTepHuall IITanoj, KOMIO3ULUS KOTOPOro cocTout u3 25—40 % cTekI0BOIOKHA
u 60—70 % tepmorutactuka. llTtanosm — IITaMIyIOUIMICS TEPMOILIACTUYHBIN
apMHUPOBAHHBIA JIMCT, MpEeAHA3HAYEH Jis M3rOTOBJICHHMS KPYMHOTrabapUTHBIX
JeTajiel  TpPaKTOpOB, aBTOMOOWJEH U  CEIbCKOXO3SWCTBEHHBIX  MAIIKH.
TexHONMOrn4ecKnii mpouecc MTAMIOBKM LITANoJIa BKIIOYAET PE3Ky 3aroTOBOK M3
JIMCTa, HarpeB 3aroTOBOK JI0 TpeOyemMoii TeMnepaTypbl U OPMOBKY.

HarpeB 3aroroBok mnpou3BOAST C NOMOIIBIO HH(pPaKpacHOro HarpeBaTels B
CYIIWIbHBIX ME€YaX C IPUHYAUTEIbHON HUPKYJIIUUEN Bo3ayxa. Bpems Harpesa B
3aBUCUMOCTHA OT THIIOB HCIIOJIb3yEMOI'O0 TEPMOIUIACTUKA M HArpeBaroIEro ycT-
poiicTBa coctaBisieT |—2 MUH Ha 1 MM TOJIILIUHBI.

®opMOBKyY AeTanu NPOU3BOAAT B CONpsKEHHBIX nonydopmax. Ha popmye-mocTh
LITAroia, TOMUMO TEMIIEPATyphl 3arOTOBKH, CYLIECTBEHHO BIMSIOT TEMIIepaTypa
dopmbl u naBneHue (opmoBaHus. [ MOJHOrO YIUIOTHEHHS MaTepuana MpH
temriepatype ¢opmbl 20 °C HeoOxomumo maBienue 3 Mlla. Benwunna
TpeOyeMoro NaBieHHs 3aBUCUT OT BUIAa 3aroTOBKH, Marepuaia Mpecc-(hOpMBI,
KOH(QUTYypaluuu ETaIu.

[Tpu popmMoBaHUM 1ITAIIONA HAOIIOAAIOTCS TaKKWE HEXKENIaTeIbHbIE IBICHUS, KaK
cernapanus 1 OpUeHTalNs apMUPYIOUIUX BOJOKOH, CHUXKAIOIIKUE U30TPOITHOCTD
CBOMCTB MaTepuaia Jietaieil. ¥ cTaHOBJIEHO, YTO IulacTuyeckas aedopmaius He



noskHa npessiath 10—20%. Pa3mepsl 3arotoBku 1uist QopMOBaHUsA JeTaNen ¢
U30TPONHBIMU (PU3UKO-MEXaHUYECKHMMH CBOMCTBAMU JOJIKHBI MAKCUMAIBHO
npuoIKaThca K pazmepam popmyemoil neranu. GU3nNKo-MeXaHUYECKUE Xa-
PaKTEpPUCTUKH LITAIoa IpUBEIeHbI B Ta0I. 3.

3. ®U3UKO-MeXaHUYeCKHEe XAaPAKTePUCTHKH JUCTOBOI0 TEPMOIJIACTHKA
(mTamoJia), HAMOJHEHHOI0 CTEKJIAHHBIM BOJOKHOM JUIMHOM cBbIIIEe S0 MM

Paspywatouiee Ha- Mogaynbe ynpyroctu
n npsxeHue, Mla XI0-». MlMa y
HOCTb, = = ;
wranon rlom® Towenn | Hatice Thxemin | ushibe KIK/M'
,2—1,31,25160—80 * 90—100 6—73—-5 |[2—32— 120—150 90—
Ha ocHoge: 80—130 120—160 3,5 130
naBMnmn

* lTanon copta B:nonyyeH Ha ocHOBe cTeknoxomncra




Itamm jyist OTOOPTOBKH

KB

N

K HWXHen nnute Kpenutcs NpoTUBOMYaHCOH 4, C MOMOLLbIO NPY>XUHbI
Kpenutca KoHTenHepS n maTtpuuad. [lyaHcoH1 3akpensieH B BepXHeu nnurte
wramna. lMNpn xoge BHM3 BEepXHEW MNOMOBWUHbLI LUTaMmna OCYLUEeCTBMAETCH
NPWXNM 3aroTOBKM K MaTtpuue, 1 BbIMNONHAETCA OTOopTOBKA OTBEPCTUS 3a
CYET CXaTus NPY>XMHbI B HUXKHEN NOMOBUHE LUTaMnNa.

Cbém getanu ¢ nyaHCoHa NpoucxoguT npu obpaTtHOM Xo4e nonsyHa
npecca 3a CYET pasxaTus NPY>XMHbI.

[eTtanb ypandeTtca knewamun. 3a OOWH XO4 Mpecca LuTamnyeTcd

ofHa geTans.



BhbITsIzZKKa aJIIOMHHHEBBIX CIJIABOB

I[J'IH HU3TOTOBJICHUA I[eTaHeﬁ N3 AJIIOMHUHUA MIPUMCHACTCA MCTO BBITSKKU C MECTHBIM ITOJOTPEBOM
" OXJIAKACHHUEM 3arOTOBKHU, IIPUYCM IKCIICPUMCHTAJIIbHO OCBOCHO U3TOTOBJICHUC psia I[CTaJ'IeI\/’I C

pa3IuYHOM (POPMOM U CEUCHHUEM.

[Tpu BBITSIKKE C MOAOTPEBOM IIMIIMHAPUYECKUX JIeTaNel U3 JypaTiOMUHA SKCIIEPUMEHTAIBLHO
MOJTy9eHbI K03 (PHUITMEHTHI BRITSHKKH M = 0,32, 9TO COOTBETCTBYET COOTHOIIECHUIO BBICOTHI K

nnametpy h/d=2.3.

Hauboinee 3¢ pexTnBHO MprMeHEHHE BBITSHKKH C ITOIOTPEBOM (IIaHIIa MTPH U3TOTOBICHHH
ri1yOOKMX KOpoOYaThIX JeTalell KBaJpaTHOM, IpSIMOYTOJIbHOM, a Takke Ipyroi 0osee cIoxKHON
(b opMBI (TPEyTONIBHOM, IECTHYTOIBHOM, OBaJIbHOH, BBITYKJIO-BOTHYTOM, BOCBMUYTOJILHOM, Y3KOH

CILUTIOIIICHHOM | T.1.).

3a OOHY OIICPAlMIO BBITSAXKKHU C IOJOTPEBOM MOXKHO ITOJIYUUTH FJ'IY6OKI/IG KBaApaTHBIC U
NPSIMOYTOJIbHBIC KOPOOKH, 1T M3TOTOBJICHHSI KOTOPBIX METOI0OM OOBIYHOM BBITSKKU TpeOyeTcs oT 3
710 5 omepanuii; 171 U3rOTOBIICHUS K€ JIeTael cioxxHou popmbl TpedyeTcs 10 8 u Goliee onepariuit

XOJIOTHOM BBITSKKH.

[IpenenvHas oTHOCHTEIBHAS BBICOTA BBITSHKKH h/d 1 h/a mpuBeneHa B Tabmuiie.

Temrmepa- [Ipenenphas Beicota h/d u h/a
Marepuan Typa JUISL eTaeh
Harpesa LIAJTAH- PSIMOYTOJTh-
KBaJIPaTHBIX

GuaHLa | qpUYecKUX HBIX
Amomunauii AM 325 1,44 1,5-1,52 1,46 -1,6
AnroMuHHeBBIN cinaB AMoM 325 1,30 1,44 — 1,46 1,44 — 1,55
Hypamomun J[16AM 325 1,65 1,58 -1,82 1,50-1,83

OO6o3HaveHHs: h-BoicoTa; d - IMaMeTp; a - CTOpOHA KBajpara.

Ha puc. 197 noka3anbl BEICOKHE JETATU U3 AJIFOMUHHUEBBIX CIIJIAaBOB, OJYYEHHBIE BBITSKKOM C
MOJIOTPEBOM (p1aHIIa, a B IEPEHEM PSILy — JIeTalli TOH ke (popMbl, MOTyUEHHBIE BBITSKKOM B

XOJIOJHOM COCTOSAHUU.

Ha puc. 198 n300paskeHbl SKCIIEPUMEHTAIBHO MOJTyYeHHBIE (POPMBI 3arOTOBOK IPH BBITSIKKE C
nmoAorpeBoMm ¢uianiia rayOooKux KOpoOUYaThIX AETaICH pa3InyHOTO CEUCHHUS.
KoHTyp 3aroTOBOK IPSIMOYTOJIBHBIX KOPOOYATHIX JIETANICH pacCUUTHIBACTCS O (hopMyJiam,

MpUBEAECHHBIM B Ta0. 105.

VYkazaHHble (GOpPMYIIbI CIIpaBeUIMBHI ISl KOpoOUaThIX AeTanel ¢ pazmepamu b = (1..3)*a npu

OTHOCHUTEIILHBIX PAINyCcax B YIiIax
0,50 > ry/a>0,055;
"

hr=h - 0,43r:= (0,8..1,9)a,

rae h — momHas BeICOTA IETANU IO YEPTEKY;
hr — mpuBeeHHas BbICOTA ACTAIIH;
Tn - paguycC 3aKpYTJICHUS y THA KOPOOKH.
[Topsimok mocTpoeHst KOHTYpa 3arOTOBOK:

0,28 > ry/b> 0,028

1) BBIUCPYNBAIOT KOHTYP ACTAJIN B IIJIAHEC U CTPOAT Ppa3BCPTKY HA IJIOCKOCTD, OTKJIaAbIBast

oTpe3kH hau hv;

2) u3 Touku 0, pacrosio’keHHON Ha OUCCEKTpUce yria Ha paccTosHUM 2Ry oT LeHTpa

3aKpyIJIeHUs, IPOBOJAT AYTy paguycoM Ry;

3) Ipou3BOAAT CONPSHKEHUE 3TOM TYyTU € YYaCTKaMU CTOPOH 3arOTOBKU MOCPEACTBOM YT,
panuychbl KOTOpPBIX paBHBI hau hb, a IIEHTPHI paCONI0KEHBI HA CTOPOHAX KOHTYpa JETaJH.




B kauecTBe cMa3ku MpUMEHSIETCS] TOPOIIKO0Opa3HbIil rpaduT ¢ Maciom «Banop» u
XO35IIICTBEHHBIM MBIJIOM.

BoITsKKa € TOJOrPEBOM B IPOU3BOCTBEHHBIX YCIOBUSAX BBINOIHAETCS HA THAPABINYECKUX U
KPUBOLIMITHBIX Mpeccax ¢ HeOONbLIMM Y1cIoM X010B (15 — 20 B MUHYTY), Tak Kak HarpeB (iaHua
TpeOyeT u3BecTHOro BpeMeHu (3 — 5 cekyna). OnTumaiibHas TeMIeparypa Harpesa ¢uiaHiia 3aroTOBKH
n3 amomunus AM, cuitaoB AMuM, J[16AM — 310 — 340. ITosToMy npon3BOAUTENBHOCTh CAMOTO
IpoLecca ITaMIOBKU IIPU 3TOM CIIOCO0e HUXKE, YeM IPU OOBIYHOM BBITSKKE; IPEUMYIIECTBO €TI0
3aKJIFOYAETCS B PE3KOM COKPAILEHUH YHCIIa ONEPALUN U IITaMIIOB



BuITSI2KKA MAarHMeBBIX CIIJIABOB

JUisl [ITaMIIOBKM NPUMEHSIOT JIBE MapKud MarHueBbiX ciuiaBoB: MA1l u MAS.
Hannydmei temneparypoil Uil BBITSDKKU CIUIABOB sIBJIsAeTCA: 1 crutaBa MAIL —
320-350° C, a nna cmaBa MAS — 300-350° C.

Ha pucyske | nmnpuBeneHa jguarpamMma, IIOKa3blBamIas  3aBHUCHMOCTH
Kod(puuueHTa (CTENEHW) BBITSDKKM OT TEeMIlepaTypbl HarpeBa 3aroTOBKH.
CrnenoBaTenbHO, MpHU BbIOOpE KO3(PPHUIIMEHTA BHITSHKKM HEOOXOIUMO YUHUTHIBATH
TEMIIEPATYpy HarpeBa 3aroTOBKH.

BBITSDKKY MarHMeBbIX CIUIABOB BEAYT HE C MNPEAEIbHBIMM, a C HECKOJIBKO
CMSTUYEHHBIMU ONTUMAJIbHBIMU KOX((UIIMEHTAMH BBITSKKH, MPUBEICHHBIMUA B
tabnauue 1.

Tabnuua 1- onTuManbHble KO3(QPUUUEHTHI BBITSHKKA MarHUEBBIX CILJIABOB

KoadduumeHT BBITIKKI

B xonoxHOM C narpesom 10 330-350°C
Mapka cruiaBa
COCTOSHUN [TepBas BoiTskka | [Tocneayrorue
BBITSKKN
AMI 0,87-0,92 0,45-0,50 0,57-0,67
AMS 0,80-0,85 0,38-0,45 0,54-0,64

Mexay nepBoii M BTOPOWM OINEpalMsIMU BBITSDKKA 3arOTOBKH IOJIBEPTarOTCS
IPOMEKYTOUHOMY OTKUTY ITpu 260-350° C ¢ BBIAEPKKON 0KOI0 14.

JUIs1 BBITSKKY MarHUEBBIX CIIABOB MPHUMEHSIFOTCS IITAMIIBI C 3JIEKTPOIIOI0TPEBOM
MaTpHULbl U IPUKUMHOIO KOJIbIA U C BOASHBIM OXJIAKJICHUEM ITyaHCOHA.

[lyancon HeoOxonumo oxnaxnaarh a0 70-100° C, uHaye BO3HHMKAET ype3MepHas
IUTACTUYHOCTH ¥ OOPBIBBI 3arOTOBOK.

HarpeB 3aroroBok MpoU3BOAUTCS OJJHUM U3 CIAEAYIOMIMX CIIOCOOOB:

l)HarpeB OT MOAOTPETOro ITAMIIA;

2)HarpeB IITaMIa 1 OTAEJIbHO 3arOTOBKY;

3)HarpeB TOJIbKO 3arOTOBKHU.




Jlyuymve pe3yibTaThl MONYyYarOT MPH MEPBOM M BTOpPOM crmocobax Harpesa. [lpu
TPETbEM CIIOCOOE HAarpeBa 3aroTOBOK MPOM3BOAMUTCS B 3JIEKTPOIEYax, B IUIUTAX C

Ta30BbIM WJIN 3JICKTPUUCCKUM O6OFp6BOM niIn MacCJIIHbIX BaHHAaXx.



BroITsIZKKA HA JIMCTOIITAMIIOBOYHBIX MOJIOTAX M THAPABIHYECKHUX Mpeccax

OTOT €1OCO0 BBITSKKU MPUMEHSETCS TJIABHBIM 00pa30M B MEJIKOCEPUITHOM
IPOU3BOJICTBE U3EINIA, UMEIOIIHNX HEYCTOWYMBYIO, YACTO MEHSIOIIYIOCS KOHCTPYKIIHIO,
KOT/Ia U TTOJIb30BaHNE OOBIYHBIX IITAMITIOB HEIIEIECO00pPa3HO BCICACTBUE OOIBIION
CTOMMOCTH JUTUTENBHOCTH UX U3TOTOBJIEHUS.

JUIs INTaMITIOBKY HA JIMCTOIITAMIIOBOYHBIX MOJIOTaX UCIIOIb3YIOTCS MPOCTHIE JTUTHIE
CBHHIIOBO-IITUHKOBBIE ILITAMIIbI MJIA IITAMIIbI U3 IPOYHBIX JIETKOIIABKUX CILIABOB
(ALl 13-2, HAMS3 u ap.). lllTaMnoBKy Ha MOJIOTaX MarHMEBBIX U TUTAHOBBIX CIUIABOB
BT 1 npou3BoasT B HarpeTOM COCTOSIHUM € TOAOTPEBOM IITAMIIOB. B 3TOM Citydae
MAaTPHUIIbI IITAMIIOB AENAI0T U3 CTaIU WK yyryHa u nogorpesaroT 10 300° C, HMHKOBbIE
Martpuubl nogorpesaroT a0 200—220° C.

Ha nuctomraMnoBOYHBIX MOJIOTAaX BBIMOJHSIOT Pa3HOOOPA3HBIE MITAMIIOBOYHbBIE
oriepaluu: ruoKy, BBITSIKKY, OPMOBKY, OTOOPTOBKY.

[Ipouecc BBITSIKKH Ha JIMCTOIITAMIIOBOYHBIX MOJIOTaX MPOUCXOIUT 32 HECKOJIBKO
MOCTETICHHO YCHJIMBAIOLIUXCS Y/IapOB, MPUYEM TTTyOMHA X0/1a OTPAaHUYUBACTCS UITU
(daHepHBIMU KOJIbLIAMHU, YKJIAJAbIBAEMbIMU Ha (PJIaHEL 3arOTOBKU U MOCTENEHHO
CHHUMAEMBbIMU, WIN PE3NHOBBIMH MHOTOCJIOMHBIMU HAKJIAIKAMU, YCTAHABINBAEMbIMH B
pabouyto nmosiocts MaTpuilbl. [lITaMoBka Ha MOJIOTaX MOYTH BCErJa AaeT roppsl Ha
(dnaHIle, a UHOT/IA ¥ HA CAMOM HU3JIEIUH, OOBIYHO YCTpaHsEMbIE pYyYHOU MTPABKOM.
KpynHbIM HETOCTaTKOM 3TOTO criocoda SBIIETCS yBEJIIMYSHHBIN pacXxo/l MaTepuaia Ha
Kpas ¥ (aaHbl, 00pe3aeMble MMOCHE IITAMIIOBKH, a TAK)KE MOBBIIIEHHBIN MPOLIEHT Opaka.

B nocnennee BpeMsi 0OCBOEH CrIOCO0 MITAMIOBKU Ha JIMCTOLITAMIIOBOYHBIX MOJIOTAX
pe3unou. llITamrioBka Mpou3BOAUTCS PE3UHOM, 3aKIIFOUEHHOW B KOHTEUHED,
MO/IBEIICHHBIN K MONEPEUYNHE JTUCTOLITAMIIOBOYHOI'O MOJIOTA.

TexHoJIOrust ITaMIIOBKK PE3UMHON Ha JIMCTOLITAMIIOBOYHBIX MOJIOTaX aHAJIOTHYHA
HITAMIIOBKE PE3MHOM Ha TMIPABIMYECKUX Mpeccax. ITOT CrOco0 MO3BOJISET BHIMOIHATh
P BBITSDKHBIX pa0oT B LI€XaX, HE UMEIOIINX FUAPABINYECKHUX ITPECCOB.

[IpakTHuecknii UHTEPEC NPEACTABIISIET METOJ] PEBEPCUBHOM BBITSIKKH,
BBITIOJTHSIEMBIH 3a JIBE onepaluu. B nepBoii onepanuu npou3BOAUTCS HAOOp MeTasuia
BBIITYKJIOCTBIO BBEPX C 0Opa3oBaHreM 00BOJA IO KOHTYPY, a BO BTOPOMl —

BBIBOPAYMBAHKE BBIITYKJIOCTH B OOPaTHYIO CTOPOHY.



Pazpabotan u BHEpEH B CEPUUHOM MPOU3BOACTBE CIIOCOO MYyJIbCUPYIOMICH
BBITSKKM Ha JIMCTOIITAMIIOBOYHBIX MOJIOTax ¢ TodpoodpazoBanueM. K mroky monoTa
IPUKPEIUISIETCS] PE3UHO-KUIKOCTHAS MaTpuiia 1, a Ha CTON yCTaHABIMBAETCS
YCTPOMCTBO, COCTOSIIIEE U3 )KECTKO3AKPEIJIEHHOTO BBITSHKHOTO ITyaHCOHA 2 U IPHKUMa
6, ONIMPAIOILIETOCs HA MOPIIEHD 3, HAXOAAIIUKCS B TUAPABINYECKOM LUAIUHIIPE S.
[Tocnequuii coeIMHEH ¢ KJIaaHHOM CUCTEMOW U BO3YIIHBIM aKKyMyJIaTopoM (puc.172).
B mporuiecce paGoThl NpUKUM MEPUOIUUECKH OMTyCKACTCsl BHU3 U MOAHUMAETCS BBEPX
TUAPABIMYECKUM aKKyMyJIsiTopoM, Kopryc pe3suHOBOWM MaTpullbl BbIIEP)KUBAET
nasienne 10 800 Kre/cm’,

[lepen mTaMIioBKO# Ha 3arOTOBKY YCTaHABJIMBAIOT MAaTPULy-HAKIAAKy 6 U
IPOU3BOJST CEPHUI0 YAApOB, KOTOpbIE OTrMOAatoT (hiaHer 3aroToBku. Benen 3a atum
IPOUCXOAMT BBITSDKKA CO CKIIaJIKOOOpa30BaHUEM, a 3aT€M IIPU PE3KOM MOBBILICHUH
JABJICHUS TIOJ1 MOPIIHEM MMPOUCXOAUT BhINpsAMIIeHHE cKIIanok (puc. 173). [Ipu aTom
croco6e JOCTUKUMBI JOBOJIBHO BbICOKHE KOd((duimeHTs! BHITSLKKH (M=0,48 - 0,5).
Kpome nunuHApruYeCcKuX JAeTage MOKHO U3TOTOBIIATH JI€Tald KOHUYECKON 1
IPsIMOYTOJIbHOM KOpoOYaToi (pOpMBI.

B nmocneanee BpeMst pa3paboTaH U BHEAPEH B MPOMBILIUIEHHOCTh CTIOCO0
yJIbCUPYIOUIEH BBITSDKKHU € TOpooOpa3oBaHUEM M HArpeBOM (pyiaHIla 3arOTOBKHU.

Ha puc. 174 npuBeneHsl cXeMbl MyJbCUPYIOIIEH BBITSIKKH ¢ TOGpooOpa3oBaHUEM U
HarpeBoM (pranna 3arotoBku . diaHel 3ar0TOBKM HarpeBaeTCsl OT KOHTAKTA C
HArpeThbIMU YacTsaMu wrammna (puc. 174, a). 3aTeM OpHKUM MOJHUMAETCS HA BETUUMHY f,
a TIyaHCOH OITyCKaeTcCs, BCICACTBHUE Yero Ha (praniie oopazyrotcs rodpsl (puc. 174, 6).
[IpuxuMm oryckaeTcsi BHU3 U pasriaxuBaeT rodpsl (puc. 174, B). 3aTeM mporiece
roppooOpazoBanus nosropsiercs (puc. 174, r). B nanHoMm crioco6e BBITSIHKKH,
conpoTuBieHUE ¢iaHIa U HAMPSHKEHUS B OMTACHOM CEYCHUH 3HAYUTEIIbHO CHUKCHBI,
Osarojiapsi 4emy BO3MOKHa OoJiee TITyOOoKas BBITSKKA.

Puc. 173. Cxema o6pa3zoBaHus U BBIIPSIMIICHUS CKIAA0K (TO(POB)

3a OAHY ONEPALMIO YJIbCUPYIOLIEH BBITSDKKU C HATPEBOM HOJIYYArOT AT C
ko3 puLieHTaMH BBITSDKKY B 1,5—2 pa3a O0JIbIIMMU, YEM NP BBITSHKKE € TIOJI0TPEBOM
3arotoBku (K= 5,0 - 5,7).

Puc. 174. Cxema mynabCUpyIOLIEH BBITSXKKH € TOGPO0Opa3oBaHUEM



Crnioco0 nmyIbCUPYIOIIEH BBITSHKKH OIIPpoOOBaH Ha crutaBax AMroM, JI16AM u
JH16AT, MA3M u OT-4-0.
Jlst manHOTO TIpoIiecca pa3paboTaHbl U BHEPEHBI ruapaBinueckue npeccol [1I'B-1,

I1-13, IIMII-500.



BoITs2KKa pe3uHOI U MOJIUYPETAHOM
BriTskka pe3mHON MmoJyumsia MIMPOKOE NMPUMEHECHUE B CEPUMHOM U MEJIKO

CEpUHHOM NPOU3BOACTBE JJISI MU3TOTOBJICHUS TMOJBIX JETAIIEH U3 TOHKOIMCTOBOIO
metaia. CymiecTByIOT ABE Pa3HOBUIHOCTH 3TOTO CIOCO0a: BHITSKKA PE3NHOBBIM
IIyaHCOHOM U BBITSDKKA PE3UHOBOM MATPULIEH.

[ITammel AJ1s1 BBITSHKKE U (DOPMOBKHM PE3UHOBBIM ITyaHCOHOM BEChMa MPOCTHI U
JIEHIEBbI, TAK KaK UX OOBIYHO M3TOTOBJISAIOT U3 JIEPEBA WIIK U3 IIUHKOBBIX CILIABOB.

Crioco0 BBITSKKH PE3MHOBOM MaTpHUIEH 3aKJIIOYAeTCs B TOM, YTO POJIb MaTpH-
I[bI BBITIOJIHSIET PE3UHA, 3aKJIF0YEHHAS B METAJUTMYECKYI0 000MMY M OOTSATUBarOIIas
JMCTOBYIO 3aTrOTOBKY IO IIMJIMHIPUYECKOMY (KUITU APYTor (hOpMBbI) ITyaHCOHY.

[Ipocreiimuii ciiydail BBITSDKKA PE3WHOBOWM MaTpHIEH — HETJyOOKas BBITSKKA
ATIOMUHHUEBBIX U NTYPaTIOMUHOBBIX AETaJCld Ha TMIPABIMYECKUX IIPECCax NpU HE
GonbIoM napienuu (60-85 kre/cM’).

JIist BBITSKKY ¥ (DOPMOBKHM MPUMEHSETCS PE3UHA CO CIEAYIOIMMHU MeXaHuJe-

CKUMH CBOWCTBAMMU:

ComnpoTuBieHue pa3pbiBy, KIc/cM e, 50-55
OTHOCUTENBHOE YIUTHHEHHE, Y0 . .eonueenteieeiit it eieeaieeaans 600-700
(O Toa w0012 1 (VTS i 107103 ()3 1 (ST 25-30
Cxatue (%) o Harpy3koit 100krc/cm USSR RRRURRR 50-70
TBepIOCTb MO LLIOPY ..o 70

Bosiee HOBBIM U COBEPIIEHHBIM SIBJISIETCSI CLIOCOO ITyOOKOH BBITSDKKH PE3HHO-
BOM MaTpHULEH IPU BBICOKOM JABJICHHM pe3uHbl. CyIecTBYEeT HECKOJIBKO pa3Ho-
BUJITHOCTEU BBITSIKKM PE3MHOBOW MAaTPHIIEH, B COOTBETCTBUU, C YEM CO3JaHbI pa3-
JIMYHBIE TUIIBI IPECCOB.

Crioco6 1 — BBITSKKA ¢ HEMOJBUKHBIM ITyaHCOHOM M HH)KHUM CTOJIOM, MPOU3-
BOJIMMasi Ha OOBIYHBIX THIPABINYECKUX MTPECCAX.

Crioco0 2 — BBITSIKKA IIPU HETIOJBUKHOM IyaHCOHE U MOJBH)KHOM pETryJIHpye-
MOM IIPHUKUME.

Crioco0 3 — BBITSAXKA € MOJABUKHBIM ITyaHCOHOM U PETYJIUPYEMBIM IPHKUMOM.

Croco6 1 mpumeHsieTcss B OCHOBHOM Jisi HETIyOOKOW BBITSKKH-(DOPMOBKH.
Jlia nonyuyeHus: 6osiee riryOOKON BBITSIKKM M YMEHBILIEHUSI pa3MEpPOB 3arOTOBKH B

3TOM CJIy4ae MCHOJb3YIOT MOABMXKHBIE MPUCTIOCOOIEHUS — MPHXKUMBI CO IIEJIEBOM
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noyiocThto. CriocoObl 2 U 3, BBINOJHAEMbIE Ha CHEHUAIBHBIX THAPABIMYECKUX
npeccax, MO3BOJISIIOT MOMYyYUTh OoJiee TyOOKHEe BBITSKKU MO CPABHEHUIO CO CIIO-
cobom 1.

Ha pucynke 166 n3o0paxkeHa cxema yCTaHOBKH JJISI BBITSHKKHA PE3MHOBOM MaT-
putieit (cmoco6 2 mo puc. 165). OcOOEHHOCThIO JTAHHOTO YCTPOMCTBA SIBISETCS
MPUMEHEHHUE THAPOMHEBMATUYECKOro Oydepa, CO3Jal0IIero BHEIIHEE MPOTUBO-
nasnenue. JlaBnenue Oydepa perymupyercs B TeUeHHH pabO4Yero XoJa aBTOMATH-
YECKU PETYJIUPYIOUIUM YCTPOMCTBOM, KOTOPOE CHM)KAET JaBJICHUE PE3UHBI B KOH-
1e BRITOKKH 10 300-500 kre/cm”

[To aTomy npunnuiy padoratot rugapasiandeckue mnpecce [IIIBP-1 u ITIIBP-3
ycunuem 1500 u 2800 tc mpu quamerpe mramnyembix getaneid 440 u 700 mm.

JlaBneHue pe3wHbl 3aBUCHT OT KOI(PGUIMEHTAa BBITSHKKA W OTHOCHUTEIHLHOM
TOJIIIMHBI 3arOTOBKU. [[1s1 BBITSKKM AeTaiedl M3 AypallOMUHA JABJICHUE MOKET

OBITH B3STO U3 Ta0IUIBI 99.

2
99. HaubGonpIiee naBiaeHne pe3nHsl (KIC/CM ~ ) PU BBITSDKKE TypaTioMUHa

Kospdunuent JlaBiaeHue pe3rHsbl Mpyu OTHOCUTEILHOM TomuHe 3arotoBku (S/D)100
BBITSKKHU 1,30 1,00 0,66 0,40
0,60 260 280 320 360
0,50 280 300 340 380
0,44 300 320 350 400

[Ipy BBITSDKKE MPSAMOYTOJIBHBIX KOPOOOK JAaBJICHUE PE3WHBbI JOCTUTAeT s

amomunus 350 xkre/cM’, a 1 gypamomura 500 kre/em” .

TpeOyemoe ycumnue npecca onpenensiercs no popmyse

P=gxF,

I'ne F-mmomans pesuHsl B, cM~ ; q- JaBIEHHE PE3HHBI, KIC/CM .

[TpakTyeckn BO3MOKHA 3aME€Ha PE3UHBI BSI3KOW KUAKOCTBIO (TJIMLEPUH, Mac-
J10) B P€3MHOBOM 4Y€XJI€ WIH THAPOIUIACTOM, CO3/IAI0IUM PaBHOMEPHOE THAPOCTa-
TAYECKOE ABJICHUE ITPU HAJTMYUU HAJIEKHBIX YIUIOTHEHHM.

[IpenmyiecTBa BBITSHKKM PE3MHOBOM MAaTPULIEH 3aKIIFOYAETCS B TOM, YTO PE3U-
Ha B IIPOLIECCE BBITSHKKH CO3/1a€T CUIIBHOE IMAPOCTATUYECKOE NABIICHHUE, KOTOPOE
IIPUKUMAET 3arOTOBKY K IIyaHCOHY M NPENSATCTBYETE€ YTOHEHHUIO U OCEBOMY pac-
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TsKeHU0. OJTHOBPEMEHHO C 3TUM JAaBJICHUEM PE3WHBI HAa 3aKpyrieHuu y (uanua
IIOCTENIEHHO YMEHBIIAET PAJNYC 3TOTO 3aKPYTJEHUS U IMPOU3BOAUT 3aTAIKUBAIO-
11ee JeCTBUE Ha 3arOTOBKY.

Taxum 006pa3oM, mpu 3TOM crOco0e BBITSIKKA OTCYTCTBYET CHIIBHOE YTOHEHHUE
y JiHa JeTaju, IPUBOJIIEE K €ro OTPBIBY, U co3/1aeTcs 0oJiee 0iaronpusTHOE Ha-
NpsHKEHHO-1e(OPMUPOBAHHOE COCTOSIHUE, MO3BOJISIONIEE YBEIUYUTh CTENEHb Jie-
dopmaruu (rIyOHHY BBITSDKKH).

100. IIpenenbHoe 3HaYeHHE KOI(PPUUUECHTOB BHITSKKH U IIyOMHBI BbITH-

IrMBacMoro mmjauHapa 1nmpu BBITAKKE pe3nH0171 MUWIHHAPUYICCKUX I[eTaJIeﬁ

[Ipenensubiii | HanbGonpmas | Haumensinas Hanmenpmuii
Marepuan ko3 uiMeHT | rIyOMHa BbI- | TIIyOMHA  3aro- | paauyc  3a-
BBITSIKKA TSOKKH TOBKH B % or D | kpyrnenus y
daanma
AJIFOMUHUEBBIE
cruiaBel A, AMit 0,45 1,0d, 1,5S
AJIFOMUHUEBBIE 1%, 1o ne menee
criaBel  AMr, 0,50 0,75d, 0,4 MM 2-3S
116, AKS8
Cranps 08Br 0,50 0,75d, 0,5%, HO HEe Me- 4S
Hee 0,2 MM
Hepxkagerommas 0,5%, HO HE Me-
crainbp 1 X18HIOT 0,65 0,33d, Hee 0,2 MM 8S

O6o3nauenns: D-nuameTp 3arotoBky; d, - 1MaMeTp BBITSKKH.

B Tabnune 100 nmpuBeneHsl npeaenbHble 3HAYCHUS KOI(PPHUIIMEHTOB BBITSIKKH

U [JIyOMHBI BBITATMBAEMOIO IWJIMHJpPA IPU BBITSKKE pe3uHOM ¢ aasieHueM 400
2
KI'C/CM ™~ M paJiiyCOM 3aKpYIJIEHHs BBITSKHBIX KDOMOK ITyaHCOHA I =48S.
B tabnuue 101 nmpuBeaeHbl HaMMEHbIIUE 3HAYECHUS paJUyca 3aKpYTiIeHUs Bbl-

TSKHOTO ITyaHCOHA IPU BBITSKKE PE3UHOM LUMUIMHIAPUYECKHUX JETajed U3 pas3ind-

HBIX MAaTCPUAJIOB.




101. HaumMeHbmIHe paauychbl 3aKpyIrJIeHHH WWIMHAPHYECKOr0 IYaHCOHA

[ 2
MPH BBITSKKE pe3uHoH (naBiaeHue pe3unbl 400 kre/cm ™).

Koadduument | I'mybuna | Haumensime pagnycsl 3aKpyrieHU A MaTepUaioB

BBITSI)KKU BBITSDKKH | AJTFOMUHUEBBIE CILIABbI Crans | HepxkaBeromas
A, AMr, AMn | JI16,AK8 | 08BI" | crans 1X18H9T

0,70 0,25d, 1S 25 0,5S 25

0,60 0,50d, 2S 3S 1,0S -

0,50 0,75d, 3S 4S 2,08 -

0,45 1,00d, 48 - i )

OTHM K€ CIocoOOM BBITSATHBAIOTCS KOHHYECKHE ACTaJIM IIpU COOTHOIICHUU

MeHbuiero auamerpa (d,) u 6onemero (d, ):

‘7 >1/(1+0,25):

JJIs1 aJIFOMUHUA

9/ 21/1+0,125).

B ciyuae BBITSIKKM pe3MHON JAeTalied KBaJpaTHOW M MPSAMOYTOJIbHON (POpMbI

(Opu TOM >K€ aBJIICHUM) HAUMEHBIIWNA PaAuyC YIJIOBOTO 3aKPYIJICHUS 7 JIOJKEH

cocTaBsATh (B-1upuHa npsiMoyrojibHONH KOPOOKH, MM):

[Tpu BBICOTE KOPOOKH /1, MM:

S T00. e 0,25B
L10-125 . 0,20B
135150 e 0,17B

Haubonbiias BbICOTAa KBaJpaTHBIX M NMPSAMOYTOJbHBIX KOPOOOK IPHU 3TOM HE
IpEeBbILIAET Ul CTaNu A =37, JUIsl amOMuHus h ~3,5r.

OTOT crocob MOMKEH HaWTH MIMPOKOE MPUMEHEHUE B MEIKOCEPUIHOM MPOU3-
BOJICTBE.

Henocrarkom nanHoro crnoco0a siBisieTcsi He0OX0AUMOCTh MPUMEHEHUs 00Jb-

IIOI'o JAaBJICHUS U U3JIHUIIHAA 3aTpaTa pa6OTI>I mpcecca.




B MOCJICAHCC BPCMs IOJTy4dYHJIa INPUMCHCHHUC BLITSA)KKA IMOJUYPETAHOM, 00:a-

JAIOIMM BEChMa BBICOKOW YNPYTOCTHIO, H3HOCOYCTOMYMBOCTHIO U OOJIBIION TBEP-

nocThio (1m0 98 mo opy unu H=78 no mopomerpy, mkana D). [lonuyperan per-

namentupyercs TY 84-404-73. Ha puc. 167 npuBeneHa cxema mramia Juisi Bbl-

TAKKH HCBBICOKOI'O KOJIITAYKa ITOJIMYPCTAHOM. HonHypeTaH B BBITAKHBIX IITaMIIaXx

IMPUMCHACTCA WM B KAa4YCCTBC 3JIACTUYHOI'O ITyaHCOHA, HUJIM B Ka4CCTBC MATPUIIbI,

0OTSTUBAIOIIEH 3ar0TOBKY BOKPYT KECTKOI'0 MyaHCOHA.

OcBocHa BBITSDKKA IMMOJINYPETAHOM JIMCTOBLIX MATCPHUAJIOB TOJ'IH.II/IHOﬁ oT 0,4 MM

710 3MM MpH CJICIYIONIMX MMapaMeTpax BbITHKKH (Tabiuia 102).

102. ITapaMeTpbI BHITSZKKH MOJNYPETAHOM

[IpenenbHas [Ipenenpubiit | TonmuHa 3a- | MUHMMAIIBHBIN

Marepuan rIyOMHa  BBI- | KOOD(UITUEHT | TOTOBKU, MM | pagnycC 3a-

TSOKKA h/d BBITSKKU KpYIJICHUSL Y

dnanua, MM

CnnaB AMu 1,00 0,45 4,0 2
Cnnas I16AM | 0,75 0,50 1,0 3
Cranp 08k 0,70 0,50 0,5 4
Cranp 1X18HIT | 0,53 0,65 0,5 8

[Ipy BBITSKKE MOJIMYPETAHOM PEKOMEHIYETCS CMa3blBATh MOBEPXHOCTH 3aro-

TOBKH, OOpaIleHHOW B CTOPOHY METAJUTM4YecKor paboueit yactu. [loBepxHOCTB,

06pa1ueHHa;1 B CTOPORHY HOHI/IypeTaHOBOﬁ MOAYHIKH, OOJIZKHA OCTABATLCA YHUCTOU U

CyXOil.




BEITSDKKA THTAaHOBEIX CILIABOB

Jiis mITaMIOBKH JeTaiell IpUMEHSIOT TuTaHoBble ciiaBel Mapok BT 1 -1, BTI-2. OT4-1, OT4-2, BT4, BT5-1, BT6 k
BTI4. IlepBoic ABa ciuiaBa MpeAcTaBISiOT coOoii Texauueckuil Tutad. CraBel OT4, OT4-1, BT4, BT5-1 sBasttores criaBamu
cpenueii mpounoct. Crael OT4-2, BI'6 1 BT 14 sBasttoTCst BRHICOKONPOYHBIMU CIUIABAMM TMOHMKEHHOM MJIaCTUYHOCTH. BBIOOD
TOT'O WJIM HHOTO CILIaBa IIPOM3BOJAUTCS KOHCTPYKTOPOM 10 €0 MEXaHMUECKHUM U TEXHOJOTMUECKHUM CBOKCTBAM.

MexaHn4ecKre CBOMCTBA TATAHOBBIX C IJIAHOB XapaKTEPHU3YIOTCS CICAYIOIUMHU OCOOCHHOCTAMU (Tab.1):
1) BBICOKHI Mpeaea TEKY4eCTH, OMU3KHIA K MpeAey MPOYHOCTH, CISACTBUEM Yero SIBIISIETCS y3Kas 00J1aCTh MIaCTUYECKOM
nedopMaLny;

2) TOHKEHHAs IIACTHYHOCTh B XOJIOJHOM COCTOSHUM II0 CPaBHEHHMIO C JIPYTMMH MeETajlylaMH, a CJIeIOBAaTEIbHO,
MOHIKEHHAS IITAMITyEMOCTb;

3) BBICOKaS IJIACTHYHOCTh B HArPETOM COCTOSTHUH BCJIEICTBUE M3MEHEHUS CTPYKTYPBI;
4) cubHOE YIIPOYHEHHE MPHU XOJIOIHOM IUIaCTHYECKOM AehopMaliu, COIPOBOXKIAEMO YBEIHMYeHEeM ITpodyHocTH (B 1,5—1,8
paaag Y YMEHBIICHUEM IJIACTUYHOCTH;

HU3KHUEC aHTl/I(bpl/IKIJ,I/IOHHI)Ie CBOﬁCTBa, BbIpaXXarouecCsa B MHTCHCUBHOM HAJIMIIAHWU THUTaHA Ha a60q1/1e JaCTH HITaMmiia,

6) 4yBCTBUTEIBHOCTh K CKOPOCTH Ae(POPMHUPOBAHHUS, BCICACTBHE YEr0 CKOPOCTb BBHITSDKKHM OEpeTcs B JBa-TPU pasa
MEHBIIIE, YeM JIJIS CTAJIH;

’17_} 3HAYUTCIIbHAsA aHU30TPOIIUA K HeCTa6I/lJ'II)HOCT]) CBOﬂCTB JINCTOB TUTAHOBLIX CIIJIABOB.

€00X0IMMO OTMETHTb, YTO THTAH U TUTAHOBBIC CILUIABBI HE MATHHMTHBI, YTO MOKET OBITh HCIIOJIL30BAHO B TEXHOJIOTHYCCKUX
LEJISX.

1 MexaHn4yecKre CBOMCTBA TUTAHOBBIX CILJIABOB

ITpenen Conpotusiearne | OTHOCHTENEHOE y/UIMHCHHE,
Mapka
oapsa Cocrosuue IIPOYHOCTH cpesy %
Op ch z)S bDaBH
BTI-1 46 - 60 39-52 25-40 9-10
BT 1-2 55-175 47 - 64 22 -35 9-10
o B8 wE | |
BTs.] | OTovoxeHHbil 75 - 95 64 - 80 12-25 7-8
BT4 85 -100 73 - 86 12-22 7-8
0T4-2 100 - 120 86 - 103 9-15 4-5
BT6 90-110 77 - 95 10- 15 4-5
3aKajeHHbII _ - - -
BT6 ¢ 800-840° C) 100 - 105 86 -90 16 - 18 7-9
OCTapCHHbIN _ _ - S
BT6 g‘pﬂ 00° C) 110-115 95 -100 14-16
BT14 3;&??:&33114 90-110 77 -95 8-16 -3
BT14 ¢ 820 880° C) 95 -105 82-90 14-20 9-11
OCTapCHHBIN B . - _
BT14 (prt 500° C) 115-140 100 - 120 7-12
IIpumeyanns:
1. Cmmaer BT1-1, BT1-2, OT4-1 u OT4 mraMmyoTcs B XOJOJHOM COCTOSIHUH C
MEKOTICPAIIMOHHBIM ~ OTXKUTOM. JUIi  COKpamIeHHs KOJUYECTBA OIepamuid H}S)I/IMGHSIIOT
gouorpeB 3arotoBok u3 BT1-1 u BT1-2 no 350—400° C, a u3 OT4-1 u OT4 - g0 500 - 650°
2. Crunasst BT4, BT5-1, BT14 TpeOYIOT YaCThIX MEXONEepPaoHHbIX OT)KUTOB WU TT0J10-
nogorpesa 10 550 - 750° C.
3. Bricokonpousnsie cmiaBel OT4-2, BT5-1, BT6, mramnyiores ¢ Harpesom g0 600 - 750 °C.

B Tabi. 2 npuBeneHo pa3aeacHue TUTAHOBBIX CILIABOB IO IITaMITyEMOCTH.

2 IITaMIyeMOCTb THTAHOBBIX CIIJIABOB

Mapku IMramnyemocts | Ilpeneneueiii | Haumenbiui
crmell)BOB B XOJIOJTHOM KO3 UIHECHT paauyc [Mpumeuanue
COCTOSHUU BBITSAXKKHU m1 n3ruoa
[IItamMmnoBka aeTajien
BT1 Xopomas 0,50 - 0,56 (1,5+2,0) S CHOMKHOM (OPMBI
BT1-2, OT4-1 Cpennsis 0,56-0,62 | (2,025 8 %%g;gggi‘;aoﬁfgggfg
OT4,BTI-4 [IITammoBka geraaen
(3axaneHHpii) | |IOHHKCHHAs 0,62 - 0,68 (2,513,0) S | 1hocThiX | Cpe/Hel CIOKHOCTH
BT4, BT14 MITamnoBka TPOCTHIX
(OTOKKEHHBIH) Huskast 0,68 - 0,72 (3+4) S ﬂeTaneI%)
0T4-2, BT5-1, Becbma _ IIITamnoBka TOJNBKO €
BT6 HHU3Kas 0,75 - 0,82 (4+6) S HarpeBom g0 600—750° C

Jlnst mosydenust GoJiblel crereHyd aedopMallid M COKpaIeHUsT Yucia OIepalyii, a TakKe JUIS IOJy4eHHs OOJbLIei
TOYHOCTH M3JCIMI NPHMEHSCTCSA INTAaMIIOBKA B HArperoM cocTosHuH. XapakrtepHo, 4to B CIIIA mrTaMioBka THTaHa
IIPOU3BOAUTCA TOJBKO B HArp€TroM COCTOAHHU. OHTI/lMaJ'H)HI)Ie TEMIICPATYpbl HArpena ajisd WTaMIIOBKH THUTAHOBBIX CIIJIaBOB
MPUBEIEHBI B TA0JI. 3.

3 OnTuManbsHbIC TeMIIEpaTyphbl YHArPEBa IS IITAMIIOBKYA TUTAHOBBIX CILIABOB

Mapku cruiaBa Temneparypa

Harpeea,
BTI, BT2 350—400
0T4-1, OT4 500—600

BT4, BT14 550—700
0T4-2, BT5-1, BT6 | 600—750




B 3aBucumocTH OT pa3Mepa 3aroTOBOK M BHJA IITAMIIOBOYHOM OIEpaliiyd IIPUMEHSIOT CIIEAYIOIIME CIIOCOOLI HarpeBa
3aroTOBOK:
B DJIEKTPUYECKUX MY(DEILHEBIX IeUax
Ha HarpeBaTeJIbHBIX IUINTAX;
KOHTAaKTOM OT TOPSYEro IITaMIIa;
9JIEKTPOCOIPOTUBIICHUEM;
OTpa)KaTeIbHBIMU SKPaHAMH,
Ma30BBIMH TOPEIIKAMU;
WHIYKIIMOHHBIN.

~N NN hwo—

Haunbonee pacnopocTpaHEHHBIM SIBISETCS HArpeB B DJJIEKTPUYECKMX My(ENbHBIX I€4ax C aBTOMATHYECKHM
pPEeryJIupoBaHUEM TEMIIEPATYPEI.

Harpes oT HarpeBaTeIbHBIX IUIMT IIPOM3BOJUTCS IPH IITAMIIOBKE PE3MHON (BMECTE C HArpeBOM (hOPMOBOYHEIX OJIOKOB).
KoHTaKkTHBIH HarpeB OT IITamIla IPUMEHSETCS MPU HEBBICOKOW TEMIIEpaType HarpeBa M TOJIBKO JJIS TOHKHX 3arOTOBOK, TaK
KaK TUTAHOBBIE CILJIaBHI 00J1a0al0T HU3KOH TEIUIOPOBOIHOCTEIO.

HarpeB »251€eKTpOoCONpOTUBIEHUEM TMPUMEHSETCS Il KPYIHBIX 3aroTOBOK YJIMHEHHOW (OPMBI, MPHUYEM HarpeB
MPOM3BOJNUTCS Ha IIPECCE M MPOJOKAETCS Jake BO BpeMms omnepauuu (HampspkeHue oT 2 1o 18 B). 3mecs ucmoiab3yroTcst
BBICOKOE 3JIEKTPOCOIPOTUBIICHIE TUTAaHA U OBICTPOTA HArPEBa MIPU IIPOXOKIECHHUH dJIEKTPHUECKOr0 TOKA.

HarpeB oTpakaTeIbHbIMH SKpaHAMHU IIPUMEHSIETCS PEIKO, TaK KaK TPeOyeT ITUTEIBHOIO BPEMEHH.

HarpeB razoBbIM IIJIaMEHEM SIBJISICTCSI HECOBEPIIEHHBIM M HCIIOJIL3YETCS JIUIIL IPHM JABHIBHBIX paboTaX M PyYHOM
M3TOTOBJICHUU JETaJIE B OMBITHOM IIPOHU3BOCTRBE.

WHAyKIIMOHHBIM HAarpeB MNPUMEHSCTCSA IS HarpeBa UIMHHBIX IIOJIOC IIPU Tropsuel BBIPYOKE IIOCKUX 3aroTOBOK.
I/IH;[)fKTOp HAMEET IIEJICBOE OTBEPCTHUE IJIs IPOXO0a MOJOCHL.

HWTAHOBBIC CIIJIaBbI IIOJABCPrarOTCA CIACAYOIIUM ITAMIIOBOYHBIM OIICpalvsaM:

1; IITAMIIOBKE U BBITSKKE OOBIYHBIMHM IITAMITAMHU;
2) IITAMIIOBKE PE3MHON HA FHAPABIMYECKHUX IIPECCaX;

3) mraMmoBKe Ha IagaloluX MOJIOTaX;

4) 00TsDKKE Ha OOTSDKHBIX IIpeccax.

PU BBITSDKKE THTAHOBBIX CIUIABOB B 3aBUCHMOCTH OT MX TEMIIEPATypPhl MOXKET OBITh IIOJIydeHa IIpejelibHas CTEIeHb
BBITSDKKH. OJTHAKO BBITSDKKY THUTAHOBBIX CIIABOB BEAYT HE C MPEICIbHBIMHU, a C HECKOJBKO CMATYCHHBIMHM KO3 (HUIIMEHTaMK
BBITSDKKH.

(bCOHDOTMBHeHI/Ie nedopmuposanuio npu 300 - 400° C cocrasiaser ot 10 mo 25 KIC/MM® B 3aBHCHMOCTH OT CTEIEHH
nedopmanum.

I'Fpn ropsiue BBITSOKKE THUTAHOBBIX CILIABOB INTAMIIBI JOJKHBEI MMETh OOOIPEB MATPHIBI M IMPUKHMHOI'O KOJbIIA,
HE3aBHCHMO OT HarpeBa 3ar0TOBOK.

BonbmmM 3arpygHeHHEM IPH BBITSKKE TUTAHOBBIX CIUIABOB SBIISICTCS HAJMIIAHKME YaCTHI[ METalllla Ha HHCTPYMEHT,
BCIIEJICTBHE YET0 OIYCKAETCs JIMINL HEOOJbIIAs CKOPOCTh BHITSDKKK (He Oojsee 250 mm/c) m TpeOyeTcs mepHogudecKas
ITOJIMPOBKA IITAMIIOB.

PU BBITSDKKE KaK B XOJOJHOM, TaK M B IOJOTPETOM COCTOSSHMM THUTAHOBBLIC CILIABHI ITOJYYalOT HAKJCH M IIOITOMY
Tpe6yeTcsl Me)KOHeDaIJ,I/IOHHI)II‘/II nu OKOH‘IaTeJ’IbeIﬁ OTXKUI OJI1 CHATHUS HAKIJICIIA. I/IHaqe Ha MTaMITyCMBIX ACTAJIAIX BO3HUKAKOT
TPEIIUHBI OT JCHCTBUS OCTATOUYHBIX HAIPSIKCHUM.

PexxuM  MeXomeparuoHHOr0 M OKOHYATEILHOI'O OTKHWra THUTAHOBBIX CINIABOB IpHBeAcH B Ta0m. 4. OxiuaxkiaeHue
MIPOUCXOIUT Ha Bo3ayxe. Ilociie OoTkuMra HEOOXOAMMO TpaBlIEHUE IS YIAJI€HHs OKHCIIOB, IIPOM3BOAMMOE 00pabOTKOIl B
BOJIHBIX PacTBOpax IIEIOUEH ¢ pa3- Pa3InYHBIMH OKMCIIUTEISIMH, C ITOCIEAYIOIKUM TPAaBICHUEM B PACTBOPAX KUCIOT.

4. Pexxum MECKOIICPAIIMOHHOI'O 1 OKOHYATCIIPHOI'O OTXKHMI'a TUTAHOBBIX CIIJIABOB

o OKOHYATEIbHBIA OT)KUT
MeskonepannonubIi OTXKUT 11
M BOCCTaH(?BﬂeHI/Iﬂ IUIACTUYHOCTH A ci’;%%’i&%%{gfmmx
apKa cIijaBa
TeMnepaTxga Bﬁ?ﬁ%}ﬁ?’ TeMnepaTxga Bl\fl’iﬁff(’;%[a’
Harpesd, $=0,8 +3 mm) | HArPeEa, $=0.8 +'3 mm)
BTI-1, BTI-2 550 - 600 10-30 500 20-60
0T4, OT4-1, OT4-2, BT4 650 - 700 10 - 30 550 - 600 20-60
BT3-1, BT6, BT14 750 - 800 10-30 550 - 650 20-60

JI71s1 BEITSKKHM TUTAHOBBIX CIUIABOB OOBIYHBIE IITAMIIOBEIC CTAIM HEIPHUIOAHBI BCIIECTBHE HAIUIIAHKS M 3aUPOB.

PeKOMeHﬂleTCH CJICAYOIIMEC MaTCpHaJlbl JJIA IITaAMIIOB ITPH BBITAXKC B XOJIOJJHOM

COCTOSIHUU:

1) rpaduTH3upoBaHHas ctajab Mapok IM366 u D299,

2) xpomonukesnenble yyryHsl CH 35-52 u CY 32-52;

3) MarHHeBO-HUKENEBBIA uyryH Mapku MH (AMTS; 315—52);

4) amOMHHHEBOXKeIe3UCTOHMKeNeBass OpoH3a Mapok bpAXKH 10-4-4 u

BpAXXH 11-6-6.

5) metaimmokepamuyeckue crutaBbl Tuima BK6—BKS.

Marepuaibl, peKOMEHAYEMBIE IS IITAMIIOB IIPU BBITSHDKKE B TOPSYEM COCTOSHHUH!

1) sxaponpounsle ciuiasbl Tha DM437 u D616 (croiikocts 10 900° C);

2) cramu SXI'M u 3X2B8 (croiikocts 10 300—400° C);

MeTamiokepamuueckue ciiaBel BK6—BK.8 (croiikocts mo 700° C).
HPOKO IMPUMEHSIETCS I BBITSDKKA THTAHOBBIX CIUIABOB INTAMIIOBKA PE3MHOM, IMPOM3BOAMMAS HAa THAPABIMYECKUX
rpeccax, 000pyI0BaHHEIX KOHTEHHEPOM C PE3HHOM.

[lITamnoBka pe3uHOii MpUMeHseTCsT TOJabKo s cmtaBoB BT1-1, BT1-2, OT4 u OT4-1 u npou3BOOKUTCS C HOZOTPEBOM
3aroToBkd 10 300—400° C. Iltamns! (hopmMoBOYHEIE OI0KH) Takke mogorpesarorcs 10 150° C oT moamTaMIoBOi IINATHL,
oborpesaeMoii TpyOUYaTBEIMH 000TPEBATENLHBIMU DJIEMEHTAMU.

£ODMOBKa MPOM3BOANTCS HAKIAAHBIMU IUIACTHHAMH M3 TEIJIOCTONMKOM pe3uHbl Mapku 5168 (mo TY MXII 1166—51p),
obuagaroneit crorkocteio 50—60 oosxarumii mpu 300° C.

I[J'ISI OpeaAOTBpalICHU HAJIUIIaHUA PE3HHBI HA U3ACIUC NMPUMCHAKOT CMa3Ku B BHJIC 6]f)l/IKeTOB WJIN IIPUCHIIIOK. C LCJIBHO
MOBBIIICHNUS CTOMKOCTH PE3WHBI MEKAY HEH M MOJOTrpeTOll THTAHOBOM 3arOTOBKOM MCIIOJB3YIOT IPOKJIAJKHA U3 CTEKJISHHOTO
BOJIOKHA WJIH ac0ecToBOro MOJOTHA. JlaBlieHHe pe3uHBI MPH IITaMIIOBKe AeTanei u3 cmiasa BT1 cocrasmsier ot 80 go 200
KIC/CM”~ B 3aBUCHMOCTH OT CTEIICHH CJIOKHOCTH (DOPMBI ICTAIIH.



I'mapaBianyeckas BbITAKKA

lMunpaBnmyeckas BBITSDKKA TOJBIX JIETAICH TPOU3BOTUTCS MIOCPEICTBOM JIABIICHUS KUKOCTH
Ha nepopMHUpyeMbIil METaILI.

CyIIecTBYIOT JBa MPUHITUITHAIBHO Pa3IMIHBIX CITOCO0a TUAPABINICCKON BBITSKKH,
OTIUYAIOIIKXCS APYT OT APYyTa U MO XapakTepy AedopMaiiiu, ¥ o 006JacTH NPUMEHEHHUS:

1) T'uapaBimyeckas BBITSOKKA, B KOTOPOU KUAKOCTD BBITIONHSET POJIb TyaHCOHA, BIABIIUBAs
3aroTOBKY B MOJIOCTh MAaTPHIIBL;

2) 'mnpaBnuyeckas BBITSKKA, B KOTOPOU KUAKOCTD (B PE3UHOBOM YEXJIE) CIIYKUT MaTPULIEH,
00TATHBAIOIIEH 3arOTOBKY BOKPYT METAJUTMUECKOTO WIH JEPEBSIHHOTO ITyaHCOHA.

[epBbIii c1IOCOO TUAPABINICCKON BBITSDKKH HAXOIUT PUMEHEHHUE TIPU BBITSDKKE
KOHUYECKHX, CHEPUUECKUX, MapabOoIUIECKUX U IPYTHX MOJ00HBIX AeTanei, sl KOTOPhIX
TpeOyeTCs HECKOJIBKO oreparuii OObIYHON BBITSKKH.

OcoOeHHoCTH crI0c00a THAPABINYECKON BBITSXKKH:

1) OTCYTCTBHE METAJUTMYECKOTO ITyaHCOHA  HEOOXOAUMOCTH TMPUTOHKH €TI0 K MaTpHIIC;

2)BO3MOKHOCTB BBITSKKH 0€3 MPUMEHEHHUS MIpecca, HalpUMep B IITaMIIE, CKATOM MEXIy
IBYMS COOTYCHHBIMU TUTHTAMU;

3) paBHOMEpHOE /1aBIIEHUE HA 3aTOTOBKY U BO3MOKHOCTh MU3TOTOBIICHUS MMyCTOTENBIX JeTale
KOHUYECKOM, TapadoIuIecKol U chepudecKoi GopMBbI B OJIHY OTIEPALTHIO.

PaGouee maBrneHue )XKUIKOCTH cO3aeTCsl HACOCOM Bbicokoro naBienus (50 — 200 am) wiu
pabounM X0I0M MEXaHUIECKOTO HITH THIPABINIECKOTO Mpecca. B mepBoM cirydae
TUIPaBINYECKas BBITSHKKA MOXKET MPOU3BOAUTHCA O€3 yuacTHs mpecca.

OCHOBHBIMHU HEJIOCTATKAMH TUAPABINICCKON BBITSDKKH SIBJISTFOTCS] 3HAUUTEIPHOE YTOHCHHE B
KyToJie BBITSKKU WM Y IHA JIeTalli, a TAK)Ke HEYCTOMYMBOE pAaBHOBECHE 3aTrOTOBKH B MpoOIlecce
BBITSDKKH H CITOJI3aHHE €€ HAOOK MPH HAPYIICHUH OCEBOW CUMMETPHH, TaK KaK MEXKIY <OKUIKAM
MyaHCOHOM» U 3aTOTOBKOM OTCYTCTBYeT TpeHue. CIroi3aHue 3aroTOBKH YCTPAaHIETCS MyTeM
MPUMEHEHUS CIIEIUAIIEHOTO TUAPABINYECKOTO (PUKCATOpa, KOTOPHIA, Oy Iydn PHKAT K
3aroTOBKE, yJIEP’KUBAET €€ OT CMEIEHHUS U MPEMATCTBYEeT 00pa30BaHuUIO C(HEepHUUeCcKOro AHa, WIH
MPUMEHEHHE MEXaHOTHIPABINYECKOTO CIIOC00a MITAMITOBKH.

BTopoii crmocob ruapaBirndeckoi BEITSKKH, IIPU KOTOPOM YKHUIKOCTh CITY>KUT MaTpHUIIEH,
UMeeT CYIIECTBEHHOE MPEUMYIIECTBO MEPe] IEPBBIM CIIOCOOOM, TaK KaK B 3TOM CIIyyae BHICOKOE
TUPOCTATUYECKOE JaBICHUE KHUIKOCTH CO3/1a€T CHIIbHBIN MPHKUM 3arOTOBKH K ITyaHCOHY,
MPETSATCTBYS €€ PACTSHKCHUIO U U3IUIITHEMY YTOHEHHIO. OTHOBPEMEHHO C 3TUM JIaBIICHUE
KUJKOCTHU Ha 3aKpyIiieHue y (iaHia NpUBOAUT K MOCTEIIEHHOMY YMEHBIICHUIO paJnyca
3aKpyTJICHUS ¥ TIPOU3BOINT 3aTaTKMBAaHUE 3arOTOBKU B MaTpuily. biaromapst sTomy co3maercs
OoJiee OJIaronpUsITHOE HAMPSHKEHHO-IE(POPMUPYEMOE COCTOSTHUE, TIO3BOJISIIOIIEE 3HAUYNTEITHHO
YBEJIMYUTH TTTyOUHY BBITSKKH.

DTOT coCcO0 THAPABINYECKON BBITSHKKH aHAJIOTUYEH CIIOCO0Y BBITSDKKH PE3UHOBOM
MaTpHullel, HO UMEET CIEAYIONIUE PEUMYIIEeCTBA TIEpe]] HIUM:

1) BO3MOKHOCTB TIOJIYYUTh 32 OJIHY OTIEPAIHi0 0oJiee TITyOOKYIO BRITSDKKY 0€3 pa3pyIieHus
PE3UHBI;

2) BO3MOXKHOCTB c03/1aTh OoJiee Bhicokoe nasienue (o 1000 amm);

3) mony4uTh O0JIee BHICOKYIO CTOMKOCTD PE3HHBI.

Henocrtatkom 3Toro crnoco0a sSBseTCSl HEOOXOAUMOCTh IPUMEHEHHSI CTIELIUAIbHBIX IPECCOB.

BHeKTpOFI/IHpaBHH‘leCKaH BBITH’KKA

[Tpu pa3zmenienun pazpsaHuka (2 3JeKTpoaa) B KUIKOCTh C HOHHOM MPOBOJIUMOCTBIO M
[IO/IaY€e HAIIPSDKEHUS Ha Pa3psAHUK, BOSHUKAET MIEKTPUUECKUN pa3psil, KOTOPBIA BbI3BIBACT
BO3HUKHOBEHHE T1apPOTa30BOT0 Iy3bIPs C MOBBIIIEHHBIM JaBICHHEM. Tak Kak *KUAKOCTb
IIPAKTUYECKHU HECXKMMAEMa, BOSHUKAET AIEKTPOruapaBandeckuil yaap. OH cOCTOUT U3 ABYX
UMITYJIbCOB: THAPABINYECKOIO M KOBUTAIIMOHHOT 0. UeM Oosblile cuila TOKa U ero 4acTtora, TeM



BBIIIIC CHJIa yAapa. MrHOBEHHAs MOIIIHOCTh MUMITYJIbCa OU€Hb BbhICOKast. [Ipu anexTpudeckoit
MomHoctu 1kBT u Hanpsbxkenun 50-70 kB momHocTs enuanuHOr0 nMiysabsca 100 toic. kKBT.

[IpenmyriecTBa JAHHOTO BUAA BHITSIKKU:

1) uckiarovyaet MprUMEHEeHUEe KPYITHBIX THIPABINYECKUX MPECCOB;

2) mporiecc NepeHanaaku J0CTaTOYHO MPOCT;

3) ocHacTKa CpaBHUTEIHHO HEJAOpOTasl.

HenocraTkom 371eKTpOrHApaBINYECKON BBITSIKKH SBIISTFOTCS ITOBBIIICHHBIC TPEOOBAHUS K
OCHACTKE.



Pe3ka u BbIpYOKa JeTasieil U3 HeMeTAJIMYeCKUX MaTePUaJIOB.

Pe3ka caoucThIX miI1acTMace U Apyrux XpynKuX MaTepuaioB JI0JKHA
IPOU3BOAMUTCS HA HOKHULAX C MapajIeIbHBIMU HOKaMH, TaK KaK IIPH pe3Ke Ha
TMJIbOTUHHBIX HOKHHIIAX B pe3yjbTaTe U3ruda 0Tpe3aeMoil 3aroTOBKU HAKJIOHHBIM
HO>KOM Ha €€ MIOBEPXHOCTH 00pa3yeTcsi CETh TPEUINH, Ha3bIBaeMas «EI0YKON.

Pe3ka nmucToB Ha MMOJI0CH! AOKHA IPOU3BOAUTHCS C HAAECKHBIM IIPUKUMOM
MaTepuaiia, A 4ero NpHKMMHOE YCTPOMCTBO JOJKHO MMETh WHAMBUAYAJIbHYIO
peryiaupoBKy. ['1TyOrHa nepekpbITus pexxylieil KpOMKU Hoxel He 6oiee 0,5 MM.

JI71s1 pe3Ku U30JISMOHHBIX MAaTEPUAIIOB 1IEJ€CO00Pa3HO BBIICIUTh
cnenuaibHble HOXKHULBL. [Ipu pe3ke PpoabrupoBaHHbIX MJIACTMACC OHU JIOJKHbI
OBITH MOJIOKEHBI (POJIBTOM BHU3 (K HETIOIBHYKHOMY HOXY).

Pe3ka cioucThIX W BOJOKHHUCTBIX IUIACTUKOB, & TaKK€ BHHUILIACTA,
LEJUTYJIONa U TOJMATUIICHA BO3MOXKHA B XOJIONHOM COCTOSIHUA OO0 2-2,5 MM
TOJIIIIMHOM, a opranndeckoro crekia 1o 1,5 mm. [Ipu peske marepuanoB Oosbiien
TOJILIMHBI, & TaKXXe B TEeX CiIyyasx, KOorja K KauecTBY IIOBEPXHOCTH Cpe3a
IPENBABIAIOTCS  NOBBIIICHHbIE TpPeOOBaHUA, LEJIECOO0pa3HO IPUMEHEHUE
NOAOTPEBA MATEPHAJIA 10 COOTBETCTBYIOIIEH TEMIIEPATYPBHI.

W3 npokI1aJouHbIX HEMETAIUTMYECKUX MaTepUalioB - OyMarv, KapToHa U T. .,
a TaKKe M3 TOHKOJUCTOBOW (pUOpBI, TEKCTOJUTA U TE€TUHAKCa - BBIPE3ArOTCS
BCEBO3MOJKHBIE JIETANIM U MPOKIIAJKHA PA3IMYHON KOH(PUTYpaluu.

Bripeska geraneil mpocTtoil  KOHPUrypauud OOBIYHO MPOU3BOAUTCS
HOKEBBIMM IITAMIAMU-IIPOCEYKAMH  OOBIYHOW WJIM YIPOLIEHHOW KOHCTPYKUHUU
(puc. 207). VYron 3aoCTpeHHs] HOXEH NPUHUMAETCS PaBHBIM: ISl MSTKHUX
MaTepuanoB (GyMara, KapTOH, IPECCIIIIAH, Koxa, herp, pe3uHa, Tkauu) 15 — 20°, a
st ubpBI, TeKcTONKTa, retnHakca - 30 — 350°,

Jlnst getaneld U NpOKIIAJIOK CIIOKHOW KOH(UTYpaluy UCHOJIb3YIOT JIEHTOYHO-
HO’KEBBIE IITAMIIbI, Y KOTOPBIX PEXYILEE MOJOTHO CAEJIAHO U3 JEHTOYHOMN CTallH,
n30rHyTOM 1Mo dopme Bripe3aeMoit Aetanu (puc. 208). IIpu Beipe3ke OyMax HbIX U
JPYTrUX TOHKOJIMCTOBBIX IMPOKIAJ0K INPUMEHSETCS IUTaMIoBka madykamu (1o 50

JIMCTOB), IPUYEM CYIIECTBYIOT JIBa CIOCO0A: IITAMIIOBKA HACKBO3b HAa (prOpOBOIA,



MOJINYPETAHOBOW WJIM JIEPEBSHHON MOAKIAJKE W IMITAMIIOBKA TOJOBUHBI JINCTOB
YTOJIIICHHOM MMaYyKu, MPUYEM BTOPAs MOJOBHHA JIUCTOB CITYKUT TIOJIKJIAIKOM.
ConpoTHBIICHHE Cpe3y pa3IWYHBIX HEMETAUIMYECKUX MaTEPHAIOB TIPH
BBIPE3KE B OOBIYHBIX INTAMIIAX M MPOCEYKE HOKEBBIMH IITAMIIAMHU TIPUBEICHO B
Tabn. 120 u 121.
[Tpu BEIpyOKE HEMETAUTMYECKUX MAaTEPUATIOB OOBIYHBIMH IIITAMITAMHU
IPUMEHSIOT CIAEAYIOIINE 3HAUCHHsI 3a30POB: i (GuOpsI U Mpeccimana
(0,04 -0,05) s; nusa xoxu, gerpa u msrkoro kaprona (0,02 + 0,3) s; nisa reTuHakca
¥ TEKCTOJIHUTA - TI0 Tabm. 128.

BripyOka (puOpoBBIX, TEKCTOJUTOBBIX M T€THHAKCOBBIX JETajJei MMEET CBOU
ocoOeHHOCTH ® TpynHocTu. Dubpa mTaMITyeTCs CPaBHUTEIBHO XOpOIIO B
PaBHOMEPHO YBIaXHEHHOM coctosiHuu. [lepecymennas ¢pubpa maeT paccioeHus.
[Ipy nDpoeKTHpOBAaHWU INTAMIIOB CJEAYET YYMTHIBATb M3MEHEHHE pa3MEpOB
BJIQ)KHOU (PUOpPBI IPU BBICBIXaHUH.

TonkonucToBbIE PUOPOBBIE A€TATU IPOCTON KOHPUTYpAIIMK MOYKHO BBIPE3aTh
HOXKEBBIMH IITaMIIaMu. JleTaii CJI0’)KHON KOH(UTYpAIMK BBIPE3AIOT B IIITAMITAX
OOBIYHOTO THITA C TIPUKIMOM.

120. ConpoTHuBiIeHUE Cpe3y HEMETAUIMUYECKMX MAaTepUaJIoB MPU BbIPE3KE B

Iramiax
ConpoTtusiieHue ComnpoTusiieHue
Marepuan s Marepuan s
cpesy Gp , KIC/MM Cpesy Gp , KIC/MM
dubpa Hennynonn 5-6
OOBIKHOBCHHAS 12 Opra"andeckoe CTEKJI0 7-9
TBepaas 17 I'etnHakc 8-12
bymara Tekcroaut 9-12
OOBIKHOBEHHAS 2-3 CTeKI0TEeKCTOIUT 12-15
TBEpAaAs 2,5-4 [Ipeccumnan 7-8
KapTOH 3-6 MukaHuT 10
500HHUT 3 Pe3una 0,6-1,0
KOXa 4-5 [HomuaTHIIEH 3-4
Benumnnact 6-8




121. ConpoTuBieHne cpe3y He METATUIMYECKUX MAaTEPUAIIOB IIPU ITPOCEUKHU

HOX>KCBbIMHU IITaMIIaMH

ConpoTusienue ConpoTusienue
Marepnan 5 Marepnan 5
cpesy Gp , KIC/MM cpesy Gp , KIC/MM
bymara (0,25 Mm): Koxa nybnennas 5
I mucr 16 Hemmynounn 5
5 IUCTOB 4,5 bepeszoBas danepa 2
10 nucroB 2,3 CocHoBas (hanepa 1
20 nucToB 1,4 Texcromur 9
KapTton 3 ['uTenakc 12
[Ipeccumnan 7 Cmrona (0,5 mm) 8
Kiunrepur 4 Cmrona (2 mm) 5
Koxa msrkas 0,7 Pe3una 0,8

[Tpumeuanue. [Ipu 3aTymueHNN pexyIMX KPOMOK COPOTUBIICHHUE Cpe3a BhILIE YKa3aHHbBIX.

HauGonbiiee 3HauyeHHE M3 CIOUCTBHIX IUIACTUKOB HMEIOT TETHHAKC U
TEKCTOJIUT, MOJYYUBIIUE ITUPOKOE TPUMEHEHHE B DIEKTPOTEXHUKE, PATUOTEXHHKE
u npubopoctpoenun. [lo T'OCT 2718-54 rerunakc mnompasfeisieTcss Ha JBe
rpynmnsl; 1) ayist HopmanbsHO# yacToThl (Mapku A, b, B, Be, I, J1); 2) st BeICOKOI
yacToThl (Mapku AB, b, I'B, JIB). Texcronut BbImyckaeTrcss ABYX BHUAOB: 1)
auctoBoi anekrporexuHudeckuit ('OCT 2910-54) mapok A, b, B4, I', CT; 2)
nozaenounbii Mmapok I[ITK, IIT, IIT-1.

['eTrHaKC MOABEpraeTcsi TOJBKO BBIPYOKE, a TEKCTOIMUT - BRIPYOKE U THOKE C
noaorpeBoM. [IpenenpHas TOMIMHA TETUHAKCA U TEKCTOJIUTA JIJIsl U3TOTOBJICHUS
JeTajei BIpyOKOM orpaHnyeHa: Juisl FeTUHaKca - 3 MM, a JUIsl TeKCToJIuTa - 6,5
MM. ['€THHAKC ¥ TEKCTOJIUT OTHOCATCA K TEPMOPEAKTUBHBIM CIIOUCTBIM
riactukaM. OJJHaKO TEPMOPEAKTUBHBIE CMOJIBI MPAKTUYECKHU COJIEPIKAT
HEOOJBIII0E KOJUYECTBO TEPMOIUIACTHYHBIX PUMECEH, BCIEACTBUE YETO TE€TUHAKC
Y TEKCTOJIUT MPY HarpeBe CTAHOBATCSA MEHEE XPYIIKUMU, YEM B XOJIOJJHOM

coctossHUU. [103TOMY BBIpYOKa € OJOIPEBOM JAET JIYUIIYIO IOBEPXHOCTh CPeE3a U




MeEHbIIIee KON4ecTBO AedekToB. Ho HarpeB 3aroToBOK yCIOKHSET
MPOU3BOJICTBEHHBIN MPOLIECC U CHUKAET MPOU3BOJAUTENBHOCTD, BBHLY YETO
BBIPYOKY JieTaliell U3 TeTUHAKCa U TEKCTOJIUTA PEKOMEHIYETCsl IPOU3BOIUTH 10
BO3MOKHOCTH B XOJIOJHOM COCTOSIHUU. IPUMEHSSI HATPEB JIUIIIb B HEOOXOIUMBIX
CITy4asix.

[IpenenpHas TOANIMHA TETUHAKCA U TEKCTOJUTA, ITAMITyeMbIX 0€3
M0JIOTpeBa, BechMa orpaHudeHa (tadum. 122)

122. IIpenenbHas TOJIMHA MaTepUaJia PH LWITAMIIOBKe 0e3 oA0rpeBa, MM

dopma aeranu [Tpo6uBka
Marepuan .
npocras CJIOXHas OTBCPCTHH
I'etunakc 1,5 1 1,5
Tekcronur 2 1,5 2

123. TouHOCTB AeTaJeil, BBIPYOaeMbIX U3 FeTHHAKCA U TEKCTOJNTA

O0BLIYHBIMH IITAMIIAMH

Kiacc TouHOCTH B 3aBUCUMOCTH OT croco0a
TonmuHa matepuana,
[ITAMITIOBKH
MM
be3 nonmorpesa C nonorpesom
Ho 1 4-5 5-17
1-2 5-7 7—8
2-3 7-8 8—-9

[ToBepXHOCTh cpe3a MpHU IUTAMIIOBKE T'€THHAKCa M TEKCTOJUTa Ha IITaMIiax
OOBIYHBIX THUIOB mosy4yaercss He Bbie 2 — 3-ro kiacca mo ['OCTy. Ecnu
TpeOyeTcs O6osee BBICOKOE KaueCTBO MOBEPXHOCTHU cpe3a (5-6-ro kiacca), cienyer
OPUMEHSThH 3a4YMCTHYIO IITAMIIOBKY.

B paanosnekTpoHHON MPOMBIIIJICHHOCTH HPUMEHSETCS Crnocod MNpoOUBKHU
YUCTBIX OTBEPCTHHM B TreTHHaKce Oe3 IOoJorpeBa, OCHOBAaHHBIM Ha HPOOMBKE

OTBEPCTUI MEHBIIEr0 pa3Mepa CO CKOJIOM M OJHOBPEMEHHON 3a4MCTKE KpaeB



orBepctusi. Ha puc. 209 mpuBeseHa KOHCTPYKLIMS NPOOMBHOTO INTaMma MAJis
MPOOMBKY M 3aYMCTKU KBaJAPATHBIX OTBepCTHil 4,2 X 4,2 MM.

Bnauane npenBapuTeabHbIi NPOOMBHON MyaHCOH 1, yKpEeIUIeHHbIN B
NOANPYKUHEHHOM TUIAHKE 4. IPOIAaBIMBAET OTBEpCTHE pasmepom 2,4 X 2,4 Mm C
rpyOBIM CKOJIOM I10 TTOBEPXHOCTH cpe3a. OmycKaromuics Beiie]] 3a HUM
TpyOUaThIid MyaHCOH 2, YKPEIUIEHHbIN B TOJOBKE, 00pe3aeT EepOXoBaThlid CKOJ U
o0OpasyeT KBajipaTHOE OTBepcTHE pazmepoMm 4,2 X 4.2 MM C YUCTOU MOBEPXHOCTHIO
cpesa. [Ipmwxum 3 city’UT A5 IUIIOTHOTO MPHXKKMa FeTUHAKca K MaTpUILIEe U [
CHSTHS €ro ¢ IIyaHCOHA.

Ha puc. 210 mnpuBeneHbl KOHCTPYKUMU CTYNEHYATHIX IPOOMBHBIX
IIyaHCOHOB C MpPEABApUTEIbHBIM MPOJABIMBAIOIINM BBICTYIIOM, MPUMEHSEMbIE
Ipy MPOOMBKE XPYMKHX MaTepHaioB (TE€THHAKC) B XOJOJHOM COCTOSHUU. JTHU
KOHCTPYKI[MU CTYNEHYATHIX IMyaHCOHOB MOTYT OBbITh MPUMEHEHBI MPU MPOOUBKE
OTBEPCTHUI pa3NTUuIHON (HOPMBI.

TouHOCTh BEIpYOJIECHHBIX JI€TaNel U3 FeTHHAKCA U TEKCTOJINTA 3HAYUTEIBbHO
HUKE TOYHOCTH METAJUIMYECKUX JIeTajeil, 0COOEHHO MPHU BhIPYOKE C OI0IPEBOM
Matepuaia. [IpumepHas TOUHOCTB JIeTajel MTAMITyEeMbIX U3 TETUHAKCA U
TEKCTOJINTA - TIpUBeIeHa B Ta0m. 123.

B Tabn. 124 ykazaH NpoBEpEeHHbIH SKCHEPUMEHTAIBHO PEKUM MOAOIPEBa
CJIOUCTBIX IJIACTUKOB Nepe]] BbIpyOkoii. [leperpes marepuana He JaeT yBeIUUEHUs
IUTACTUYHOCTH, a MPUBOAMT K TMOSBICHUIO Iy3bIPUaTOCTH Ha IOBEPXHOCTU
MaTepuaia.

HarpeB 3arotoBok OCyIIECTBIISIETCS OJHHM U3 CJCAYIOIIUX CIIOCOOOB:
1) B DJEKTpUYECKMX TepMOCTaTaX, YCTAHABIMBAEMBbIX OKOJIO IIpecca;
2) uH(pakpacHbIMU JaMIaMu; 3) TOKaMH BBICOKOW 4acTOTHI; 4) B KUIISIIEH BOJIE
(15-30 MuH); 5) MKy ABYMSI HArPETHIMU TJTUTAMH.

Haunbouee npoct 1 ferieB no10rpeB 3aroTOBOK B KUIISILIEH BOJIE.

BoipyOKy reTHHaKCOBBIX U TEKCTOJIUTOBBIX JI€TaleH MPOU3BOJIAT, KaK
IPaBUIJIO, B COBMEUIEHHBIX HITaMIax ¢ MPUKMMOM 3aroToBKU. [Ipuxum
YMEHBIIIAET BO3MOKHOCTH 00pa30BaHUs TPEUINH U yIIy4dIIaeT MOBEPXHOCTH Cpe3a

naxke 0e3 mojgorpesa Marepuana. BeipyOka ¢ mogorpeBom reTuHakca, Ho 6e3



IIpHUXKrMa 3aroOTOBKH HC oOecreunBaeT IMMOJIYUYCHU A KaueCTBCHHOM IMOBCPXHOCTH

cpesa.
Temneparypa
Cnoco6 nogorpesa Ha 1
Marepuan Mapka [o0rpesa,
MUH TOJII[AHBI
0
C
B snexrponeuax u
b; B; ]I 90 - 100

TepMmocTarax 3 — 3,5 MUH

'etunaxc
WudpakpacHpIME JTamMITaMu
ABs; bB; BB; I'B; /IB 110-120
1,5 2,2 MuH

Mexny 1ByMs rOpsiYUMHU

Tekcronut Bcex mapok 80 —-90
mwmTtamu 1 — 1,5 muna
OIHOCTOPOHHUIA HArpeB
CTEeKJIOTeKCTOIUT - 70 —90
5 — 8 MuH

Yceunue npuwxkuma nOpu  BeIpyOKE Jierajeil M3 TeTMHakKca B TEKCTOJUTA

omnpeaenseTcs no Gopmyie
Q=¢qLS.

rJie ¢ - JaBIeHHE MPIKKMA, Kre/MM” (Tab. 125); L - 1MHa [epuMeTpa BEIPyOKH,
MM. S - TOJIIMHA MaTepralia, MM.

Pacuer wWCHOTHUTENBHBIX pa3MEpOB MATPUIl M ITyaHCOHOB TIPUBEACH B
CHenuaIbHOM JTUTEPAType.

[Ipy MpOEKTUPOBAaHWUHW IIITAMIIOB CJAEAYET YYWUTHIBATH YCaJKy TeTHHAKCA,
cocTaBJIstOIIYIO0 Mpu Harpese 10 1000 °C o010 0,2% nHHEHHBIX pa3MepoB.

Nuorna npobuBka Menkux. otBepctuit nuamerpom (0,3 - 0,5) S npousBoguTcs
B 32)KaTOM COCTOSIHUM IITAaMIIOM, KOHCTPYKIIUSI KOTOpas MpuBeieHa Ha puc. 32.

[IItammoBKy Jnerangeil W3 CTEKIOTEKCTOJMTA CIEAYeT MPOU3BOAUTH B
KOMOMHUPOBAHHBIX IITAMITaX C MPWKUMOM MaTepHalia, IpUIeM ITyaHCOH JIOJDKEH
ObITh TOJOTHAH K MaTrpuile 0e3 3a3zopa. [IpoOuBHBIE TTyaHCOHBI U MATPHUIIBI
cinenyer yBenuuuBaTh Ha 0,03 S, Tak Kak pa3Mepbl OTBEPCTHS] YMEHBIIAIOTCS

nocJie poOUBKH.



Opranndeckoe CTEKJIO SABJISIETCS TEPMOILJIACTUYHBIM MAaTEPUATIOM U IITAMITYETCSI
TOJBKO B HarperoM j10 1000 °C cocrostann. OXnax/eHue OTIITAMIOBAHHBIX
neTajged MPoOU3BOIUTCS MOTPYKEHUEM UX B XOJIOJIHYIO Boay. Crenyer
NPEAOXPAHATH IITAMIIYEMbIE IETAIU, OT TOBEPXHOCTHBIX LAPAIUH U
TTIOBPEXKICHUN.

N3 cntonwl BeipyOaeTcs OO0JBIIOE KOJWYECTBO IJIOCKUX CIIOJSHBIX IJIACTUH
(puc. 211) c BecbMa TOUYHBIMU pa3MEpPaMU OTBEPCTUN U PACCTOSIHUAMH MEXKAY UX
OCSIMU, TOCTUTAIOIIUMHU 3-T0, a UHOTJA U 2-T0 KJlacca TOYHOCTH.

Tpebyemas TouHOCTH oOOecreynBaeTCss MPABWIBHOW KOHCTPYKIMEH U
KaueCTBEHHBIM U3TOTOBJICHHEM KOMOMHUPOBAHHBIX IITAMIIOB.

OCOOEHHOCTBIO KOHCTPYKIIMM INTaMIIOB Ui CIIOJBL SIBJISIETCS TMPEAEIbHOE
YMEHBIIICHUE JIJIMHbl MyaHCOHOB IIPM MAaKCHMaJIbHOM YMEHBIICHUU TOJIIIMHBI
BEPXHEH MAaTpHUIlbl, TyaHCOHOICPKATEIISI U BHITAIKMBATENSA, a TAKKE TPUMEHEHHUE
JIOTIOJIHUTEJIBHOTO ChEeMa CXKaThIM BO3JYXOM 4Yepe3 IITyLlep B BEpXHEH uacTu
mramna. CxaTblid BO3AYX MPOAYBAET 3a30pbl U OUMIIAET IITaAMII OT CIIIOJSHOU
TIBLIH, TIOBBIIIAS €T0 CTOMKOCT.

TOYHOCTh M3TOTOBJIEHHUS IITaMIla 0OECIEUUBACTCA PA3METKONM U CBEpJICHUEM
MAaTPHUIIbl U TyaHCOHOJIEpKATENIeH Ha KOOPIMHATHO-PACTOYHBIX CTAHKAX.

durypHble OTBEPCTHUSI B MaTpHIE IMOJIYYalOTCS IMYTeM IPOIIUBKA CHIPOH
MaTPHUIIbI 3aKAJICHHBIM ITYaHCOHOM.

125. TaBjieHre NPUKUMA MPU BHIPYOKE FeTHHAKCA M TEKCTOJIUTA

Tommuua maTepuana, JlaBiieHne npmKuma,
MM KIc/MM’
o 1 0,6 -1
1-2 1-1,5
2-3 1,5-2

[Ipn BBIpyOKE TreTMHAKCA W TEKCTOJHUTA TPUMEHSIOT OOJBIIYI0 BEIUYUHY
NEPEMBIYEK, YEM JIJI METAJIA, TaK Kak BcaeAacTBue xpynkoctu 9THX marepuaios

MaJIbIC TNCPEMbBIYKU PACTPCCKHUBAKOTCA W BBIKPAIIHWBANOTCA, INPUYCM HX YaCTHUIbI



NONAJAT B 3a30p MEXIY MAaTpPULEH W IIyaHCOHOM, BBI3BIBAsI IPEKACBPEMEHHbBIN

HN3HOC

mrraMiia.

B Ta0m.

126 u 127

IMPUBCACHDBI

OKCIICPUMCHTAJIbHO

YCTAHOBJICHHBIC BCIWMYMUHBI IICPEMBIUCK JJIA BBIPY6KI/I I[GT&J'IGIZ N3 T'CTUHAKCa H

TCKCTOJINTA.

3a30pbl MEXKIYy MaTPUIIEH U IyaHCOHOM IpPHU BhIPYOKe reTHHAKCA U TeKCTOoIuTa Oe-

pyTCsa MEHBIIICH BCJIMYMHBI, YCM IJI1 MCTAJlJIa, TaAK KaK BCJICACTBHUC XPYIIKOCTH

MaTepualia Cpe3 Mo TOJIIMHE MPUOOpeTaeT XapaKkTep CKoja.

126. IlepeMbIuky npH BBIPYOKe AeTajled U3 FeTHHAKCA, MM

BripyOka kpyribix neranen

BripyOKa npsaMoyronbHbIX AeTaneit

TommmHa
[Tepembruxu bokoBsle [Iepembruku bokossie
Marepuana, MM
MEXy ACTaIsIMU MIEPEMBIYKHU MEXIy AeTaIsIMU MIEPEMBIYKHU
Ho 0,5 1,5 1,5 2 2
0,5-1 1,5 1,5 2 2
1-1,5 2 2,5 2,5 3
1,5-2 2,5 3 3 3,5
2-25 3 3,5 3,5 4
2,5-3 3,5 4 4,5 5

IIpumeuanwne: 1. [llupuHa KPOMKH, 0Ope3aeMOM MArOBBIM HOKOM, OEPETCS PABHOW IMTUPHHE ITEPEMBIUKH.

2. Ilpu BEIpYyOKe meTajeii ¢ TOBOPOTOM IOJIOCH IIMPHHA TIEPEMBIUEK yBeInUnBaeTes B 1,5 — 2 pasa.

127. IlepeMbIYKH NPU BHIPYOKe AeTajiell U3 TEKCTOJIUTA, MM

BripyOka kpyribix neranen

BripyOka npsMoyroyibHbIX AeTaneit

Tommuna
IlepembIuku bokoseie [Tepembruku boxossie
Marepuana, MM
MEXKIY JIeTaasiMU MIEPEMBIUKHU MEXIY JeTaasiMu MIEPEMBIUKHU

1o 0,5 1,3 1,5 1,5 1,5
0,5-1 1,3 1,5 1,5 1,5
1-1,5 1,5 1,7 1,5 2

1,5-2 2 2,2 2 2,5
2-25 2,5 3 3 3,5
2,5-3 3 3,5 4 4,5

[Ipumeuanwue: 1. Hlupuna kpomku, oOpe3aeMoii IaroBsIM HOKOM, OepeTcsl paBHOM LIMPHHE TIEPEMbIUKH.

2. Ipu BBIpYyOKE AeTaseii ¢ HOBOPOTOM MOJIOCH! IIUPHHA NIEpEeMbIUEK yBeIrnuuBaercs B 1,5 — 2 pasa.




B tabnune 128 npuBeaeHb! SKCIEPUMEHTAIBHO POBEPEHHBIE 3HAUECHUS 3a30POB,
B IIpeieax KOTOPBIX IOJy4aceTCsl KaYeCTBEHHAs IOBEPXHOCTh CPE3a.

128. /IBycTOpOHHHE 3230pPbI IPH BHIPYOKE TMTEHAKCA M TEKCTOJIUTA

Tommmuua Munumanesblii | MakcuManbHbIN IBYX CTOPOHHUM 3a30D, MM, B 3aBUCUMOCTH
Marepuaa, JIByXCTOPOHHMH | OT BbIpyOaeMbIX AeTajieil 1 NpoOMBAaEMbIX OTBEPCTHM, MM
MM 3a30p, MM Jo 10 CB.10 1o 50 | CB.50 mo 120 | CB120 10260
Ot1 0,5 10 0,6 | 0,01 0,02 0,03 0,04 0,05
Cs.0,6-0,8 ]0,015 0,03 0,04 0,05 0,06
0,8-1 0,020 0,035 0,045 0,055 0,065
1-1,2 0,025 0,04 0,05 0,06 0,07
1,2-1,5 0,03 0,045 0,055 0,065 0,075
1,5-1,8 0,035 0,05 0,06 0,07 0,08
1,8-2,1 0,04 0,055 0,065 0,075 0,085
2,1-2,5 0,045 0,06 0,07 0,08 0,09
2,5-3 0,05 0,065 0,075 0,085 0,095

[Tpumeuanue: 1. Ha ueprexax mramna yka3plBaeTcsi MUHUMAIIbHBIN IBYXCTOPOHHUIL 3a30p,
MaKCHMaJbHBIN ABYX CTOPOHHUH 3a30p SIBJISIETCS CIPABOYHBIM IIPU U3TOTOBICHUH U IPUEMKE
IITaMIOB. 2. MakcUMalbHBINA ABYX CTOPOHHUH 3a30p Ha3HAYaeTCs 0 HauOOJbIIEMY
rabapuTHOMY pa3Mepy BHIPYOKH.

BripyOxa neraneit u3 CJIOUCThIX TNIACTUKOB COMPOBOXKIAETCS 3HAYUTEIbHBIM
NpY>KUHEHUEM MaTepHalia, B pe3ysibTaTe KOTOPOro Hapy>KHbIE pa3Mepbl JeTalu
MOJIYYarOTCsl OOJIBIIE pa3MEPOB MATPUIIBI, & Pa3MEPbl OTBEPCTUN — MEHbIIIE
pa3mepa nmyaHCOHa.

[Ipu BBIpybOKE O3 momorpeBa Mpy>KMHEHHUE PaBHO i reTuHakca 4%, a
st Tekcronuta 5%, OT TOJNIIHHBI Martepwia. [Ipu BepyOKke ¢ moIOrpeBoM
F€TUHAKCA M TEKCTOJIMTAa W3MEHEHHE Pa3MEPOB JIETalld OCIJIOKHSETCS YCaJIKOU
pa3MepoB AeTalIel MOCIIe OCTHIBAHMS MaTepuaa.

[Ipu BBIpyOKE HaApYy>KHOrO KOHTypa YycajJka JEeUCTBYeT B HaIpaBJCHUU,
MPOTUBOIIOJNIOKHOM  TIpyxkuHeHuto. [Ilpm mpoOuBKe oOTBepcTHil ycajaka U
NPYKMUEHUE HAIIPABIICHBI B CTOPOHY YMEHBIIEHUS Pa3MEPOB OTBEPCTHSL.
CymMapHas ycajika onpezaesscs 1no Gopmysam:

JUTSI BRIPYOKH HapY>KHOTO KOHTYypa

Oup =aL—0,

JUTSI IPOOWBKU OTBEPCTHS

Opme =CL+ 0,




II€ a U C - KOXPUHUIMEHTHl TEPMHUYECKON YCaJKH pa3MepoB; L -u3MepsieMbli
pasMmep A€Tald; Gy, - '3MEHEHUE Pa3MEPOB B PE3YyJILTATE YIPYTOro NPy >KUHEHUS.

Cpennee 3HaUeHUs STUX BEJIMYMH MPUBEACHBI B Ta0J1. 129.

CTOMKOCTBH IITAMIIOB MTPU BBIPYOKE CIOUCTBIX IJIACTUKOB HEBBICOKAs U OOBIYHO
coctaisier oT 1500 o 2500 wit. 10 NepeToyKH.

Kak 0b110 yKa3aHO, Takue MaTepuabl, Kak TEKCTOIUT, (ubpa u reTuHaKe, Npu
BbIpyOKE HE€ JalOT YUCTOW TOBEPXHOCTH cpe3a. B cilydae MOBBIIIEHHBIX
TpeOOBaHMI K YKUCTOTE cpe3a JeTajedl M3 yKa3aHHbIX MaTepHaIOB MPUMEHSETCS
3aYMCTKA [0 HApPY>KHOMY KOHTYpPY. 3aUMCTKOM IITaMIl B Ps/I€ CIIy4YaeB JEJAeTCs
HOKEBOM KOHCTPYKIMM: IyaHCOH HIPEJCTaBJIIeT COOOM IIIOCKYIO aJOMHUHHUEBYIO
WIM MEAHYIO TUTACTHHKY, @ MaTpHIAa UMEET KIIMHOBYIO (HOXKEBYI0) (hOpMY C yIiioM
35-40.

JUia 3auncTku  (QuUOpHl MHOTAAQ MPUMEHSIOT MAaTpPHUIbl C 3aKpYIJIEHHBIMU

pexymumu kpomkamu ¢ = (0,1 - 0,2) s.



OOTsKKa HA TUPABINYECKUX MTPECCax

OOTspKKa Ha TUAPABIMYECKHUX Mpeccax MPUMEHSETCS IJI1 W3TOTOBJICHUS KPYIHBIX W3IEIHMA
HECIIO)KHOW (OpPMBI IyTeM OOTSITMBAaHHUS TOHKOJIMCTOBOM 3aroTOBKHM BOKPYT CIIEHUAIBLHOTO
00TspKHOTO MadsioHa (TmyaHcoHa). [t M3roTOBJICHHsI OOTSKKON JeTalield JBOMHOW KPUBU3HBI
UCTIONIB3YIOT CIIEUAIbHBIE THAPABINYECKUE TPECCHI.

CyIIecTBYIOT CIASAYIOMINE CIIOCOOBI OOTSIKKH.

1. Tpoctas ob1sxKa (puc.220,a), KOora MIOCKYIO 3aTOTOBKY 3aKPEIUISAIOT B 3akUMax A u B,
KOTOpBbIE 3aTeM cOmmkaroT. OKoHuaTenbHas GopMa JBOWHONW KPHBHU3HBI IMOIY4YaeTCs B
pe3yJbTare IBMKeHus myaHcoHna C BBepX.

2. OO0tsxka ¢ pacTshkeHueM (puc.220,0), B mporiecce KOTOPOM Kpasi 3arOTOBKH 3aKMMAlOT B
IUIOCKUX WIH (DUTYPHBIX 3aXUMaX W W3THOAIOT MO TOJHUMAIOIIEMYCS ITyaHCOHY C
OJIHOBPEMEHHBIM  pAcCTSDKEHHEM, OCYIIECTBISIEMBIM MEpPEeMEIIEHHEM 3aXKHMOB B
HaNpaBJICHUH, YKa3aHHOM CTPEIKOW. PacTspkeHHe NpPOM3BOIAT C LEIbIO TONTYYECHUS
OCTaTOYHBIX JeopMaluil U JOCTHKEHUSI TOUHBIX Pa3MEpOB JeTaliel, UMEIOIIHUX Malyio
MPOJOIBHYIO KpHUBH3HY (Oonbiioi pamuyc). TOYHOCTH JeTaneil Mo OTHOIIECHUIO K
nyancony coctasiser 0,5-0,7 MM npu ToimuHe aucta 1-2 MM u 1-2 MM Npu TOJIIHHE
mucta 3-5 Mm.

3. PasnmenbHas oOTspkka (puc. 220,B) 3aKitoUaeTcs B MPEIBAPUTEILHOM U3THOE 3arOTOBKH C
NocJenyomeil 00TSKKOM ee 10 MyaHCOHY NPH MEePEeMELCHUN 3a)KUMOB BHH3.

4. KombueBas o0TshkKka (pucto220,r) mpuUMEHSETCS TPH U3TOTOBJIICHUH JACTalled 3aMKHYTOU
dopmMBl U3 CBapeHHOM KOJIbLIEBOM 3arotoBku. DopmMooOpa3zoBaHHE IMPOU3ZBOAUTCS
Pa3zKUMHBIMU CEKLIMOHHBIMU ITyaHCOHAMH.

Kpome mnpuBeneHHbix Ha pucynke 220 cxeMm, CYIIECTBYIOT OOTSKHBIE TIPECCHl C
BEPTUKAJIBHBIM PACIIOJI0KEHUEM JTMHUH 32KMMOB U TOPU30HTAIBLHBIM JBHKEHHUEM ITyaHCOHA.
CymecTByeT 00TsKKa C JIBOSKOBBITYKJION U BBITYKJIOBOTHYTON KPUBU3HOM.

Crenenp nedopmanuu mpu  OOTsDKKE ompenensercss KodhOUIMEHTOM  OOTSIKKH,

NPECTaBISAIOMNM COOOM COOTHOIICHHE JJIUHBI PACTSHYTOTO y4acTKa K INEepBOHAYAIBLHOU

JUTMHE 3aTOTOBKH

Ko6=L/Lo,
JIJis alFOMMHHEBBIX CIUIABOB THIIA TypaatoMUHA KOI()(OUIIUEHT OOTSHKKH, ITOTyYacMbId B
onHy omepanuto, cocraBmsier Ko6 = 1,03-1,08, 4To paBHO3HAYHO HaWOOJIBIIEMY

OTHOCUTENbHOMY yJUIMHEHHIO 3-8 %. [Ipu OOTsKKE B HECKOJIBKO Omepanuil cyMMapHbIT
KOX(PUIIUEHT OOTSIKKH MOXKET OBbITh yBenmueH 10 Koo=1,12-1,14.

CriocoboM OOTSKKM H3TOTOBIISIOT AETANM W3 aJIOMHHHUEBBIX M MarHUEBBIX CIIJIAaBOB
TOJNIIMHOM 10 5 MM WM U3 HEpXKaBEIoLEeH cTald TOMMMHOW a0 1,5 MM, a Takxke u3
TUTAHOBBIX CIUIAaBOB. B mpolecce OOTSKKM MPOUCXOIUT CUIBHOE PACTSHKEHUE MaTepHala C
yTOHEHueM 110 6%.

Henocratkom a3toro cnoco0a sBIAIOTCA OONbIIME MOTEPH METajla Ha NPUIYCKU IS
3aXHMa JIMCTa 3aXBaTaMH, a TakXke HEe0OXOAMMOCTb MopaboTKH (OpPMBI MOJOTKAMH HU
KHSHKaMH.

B kauecTBe pa3BUTHS JAHHOTO CHoco0a SKCHEPUMEHTAIbHO ONMpPOOOBaHA OOTSKKA C
IPUMEHEHHEM BHOpalMii ONpPaBKH, OCYIIECTBISEMBIX OCOOBIMU 3JIEKTPOMEXAHUYECKUMHU U
rUIpaBIMyecKkuMu BuOparopamu. Yacrora Bubpanwmii 45-70 ru, ammiutyna konedanuit ot 0,2
10 0,8 MM.



37. TUBKA HEMETAJUVIMYECKNX MATEPUAJIOB

I'nbke moxBepraroTCs CIIOMCTHIE IIACTUKHU, 32 UCKIIIOUYCHUEM TeTHHAKCA, U OJIOUHBIE MJIaCTMACCHI
(opraHuyeckoe CTEKJIO, LEUTYJOWJ, BUHHUIUIACT M JAp.). W3 ciroAsHbIX MaTepuajoB THOKe
MOJIAI0TCS TOIBKO (DOPMOBOYHBIN U THOKUI MUKAHUT.

JluctoBas ¢gubpa Jierko BeIIEPKUBAET U3THMO B yBIaKHEHHOM cocTossHuU (10 10% BnaxkHoctu). B
JAHHOM CJIy4ae JOIMYCTUMO MECTHOE YBIIQ)KHEHHUE ChIpOW TpAIKOii 3a 1/2 4 10 rubkwu.

Jlyiga Menkux Aetasneil mpuMeHseTcs ruOKa B IITaMIax, a Ajsl KPYMHBIX — Ha THOOYHBIX MaIlIMHAX
JUTS MeTaJIa.

Ha puc. 212 npuBenena cxema ruOOYHOTO IITaMIIa 711 HEMETaUTMYECKUX MaTepUasIoB.
ToHKOMUCTOBOI TEKCTONMUT MoJBepraercs rudke nmocie Harpesa 1o 150—170" C. Harpes myuie
MPOW3BOAUTh MH(GpAKpaCHBIMU JydaMd B TedeHHe |—2 wMuH. OpraHudeckoe CTEKJIO
nonBepraercs Tubke mpu HarpeBe oT 100 IO 150e C u oxJaxIEHUW HAPYKHBIX CIIOEB -
Ha Bo3ayxe B TeueHue 10—15 c.

I'mbka neraneil M3 OPraHMYECKOTO CTEKJIAa OOBIYHO NPOM3BOIUTCS HA METAUTMYECKHUX,
JePEBSIHHBIX, TUIACTMACCOBBIX WJIM THICOBBIX OOJBaHaX (MyaHCOHAX) JIETKHMM HaXXUMOM PYKH C
IOPWKUMOM KpaeB 3aroToBKU CTpyOIMHamMu, oOuThIMH Oaiikoi. I[loBepXHOCTH 0OIBaHOB
TIIATETHFHO 00padaThIBACTCS U OOTITUBACTCS MATKON OaiKOi.

Pa3mepsl 3aroToBKU M 00JIBaHA JOJHKHBI OBITH B3AThI OOJBITUMH Ha BETUYHUHY TPUITyCKa IS
3aKMUMa KPOMKHU TNpu THOKe miau ¢opmoBke. letanmn oxmaxkaatorcs Ha 6omBane 1o 30—40° C u
COXpaHSIOT TNpUAaHHyI0 UM ¢opMmy. B ciyyae NOBTOpHOro HarpeBa H30THYTOH JeTanud B
CBOOOJHOM COCTOSIHMH OHA BBIPSMIISIETCS.

Bununnact noxsepraercs rudke npu Harpese 10 160—170° C, a nemrynounn — 1o 90—100° C.
['uOxuit MUKaHUT MOBEpraeTcs N3rudy 0e3 Harpera.



TexHOIOrus BBITSKKU KPYIMHOTaOApUTHBIX JIeTajlel CI0KHOU (POpMBI

TunoBeIMU prnHOI‘aGapI/ITHBIMI/I ACTATIAMH, MMOJTy4YaCMbIMU MCTOIOM BBITAXKKU
TOHKOJIMCTOBOTI'O METAJIJIA, SIBJISIOTCS TaK Ha3bIBaeMble OOJIMIIOBOYHBIE JETaId KaOUH U KYy30BOB
aBTOMOOWJIEH, JeTaIM MOTOIIMKIOB U MOTOPOJIJIEPOB U T. 1. DTH JIETaJIU OTINYAIOTCS CI0KHOU U
HECHMMETPUYHON MPOCTPAHCTBEHHOMN (POPMOI; TEXHOJIOTHUECKHUI TIPOIIECC X U3TOTOBIICHUS
UMEET HEKOTOphIe crienn(uiecKkue 0COOCHHOCTH.

[Ipu BEITSDKKE eTanei ClI0KHOW U HECUMMETPUYHOUN MPOCTPAHCTBEHHOM (OPMBI
BeJIMYMHA AeopMaIiuy MeTajlia pa3JinyHa B pa3HbIX MECTaX 3arOTOBKH.

Jly1st Toro, 9TOOBI 00ECTIEYNTh OYYCHHUE JIeTaIH CIIOKHOW MPOCTPAHCTBEHHOW (OPMBI U3
IUIOCKOM 3aTrOTOBKHM, HEOOXOAMMO CO3/1aTh Pa3HbIE YCIOBUS TEUEHUS METalIa 110 KOHTYPY
3aroTOBKH; HAa OAHUX y4aCTKax O6J'I€F‘-II/ITI) NEpEMEIICHUE METAJIJIa U3-IIOJ MPHUKUMHOI'O KOJIbIIA,
a Ha IPyTHX y4acTKax 3aTOPMO3HUTh €ro MyTeM MPUMEHEHHSI BHITSKHBIX MU TOPMO3HBIX pedep
M MOPOT'OB HAa MAaTPUILIC UIIN IMMTPHUKUMHOM KOJIBIIC. B OonpmmaCTBE CJIY4acB BBITSKHBIC IITAMIIBI
JUTSL KPYTTHBIX KY30BHBIX JleTasiell CHaOKeHbI OTHUM, a B HEKOTOPBIX MECTaX JBYMsS U Jaxe
TpeMsl psilaMH BBITSKHBIX pedep.

CunbHBIA TPWKUM U TOPMOXKEHHE 3aTOTOBKH YBETUYHUBAIOT CONTPOTUBICHUE TEUCHUIO
MeTaJl1a U3-1oa MPUKUMHOTI'O KOJIbLa 1 CHOC06CTBYIOT JydqmieMy OOTATMBAHHUIO METAJLIA T10
¢dbopMe myaHCOHA U pacTpocTpaHeHHIO Aeopmaniu 1Mo Beel miomaan 3arotoBku. [Ipu atom
MPOMCXOIUT OOJIee MOTHOE MCITOJIb30BaHHE TUTACTHYHOCTH METallIa B pe3ysbTare nedopMaiuu
CpeIHel YacTH 3arOTOBKH 32 CYET YMEHbBIIICHUS TOJIIUHBI MTOCIETHEN.

B Hauane nporiecca BBITSKKH JIETajeH CI0XKHON (OPMBI ITyaHCOH COTIPUKACAETCS C
3aroTOBKOM JIMIIb B OTJEIBHBIX MECTaX, a O0JbIlas YacTh 3arOTOBKH HaXOIUTHCS BHE KOHTAKTa
C pa6oq1/1M1/1 YacTSIMH IITaMmIa. DTo «CBO6OI{H3_$I» IMOBEPXHOCTH 3aroTOBKHU, MMOJABCPrasiCb
TaHTEeHILIMAJIHLHOMY C)KaTHIO, JIETKO 00pa3yeT rodpbl U BOJHBI MIPH BBITSHKKE. TaHTeHIIMATBEHOE
C)KaTUuC MOKXHO YMCHBUINTD NIYTEM 3HAYUTCIBbHOI'0 YBCIIMUCHUA PACTATMBAIOIINX HaHpﬂ)KCHHfI.

Ha puc.1 nokazano BiusiHEE BBITSDKHBIX pedep Ha pacrpe/iesieHne HanpsHKeHU BO
¢dnanne. CrionHbIe JIMHUA COOTBETCTBYIOT pacipe/IesIieHUI0 HaNpsbKeHuit 0e3 pedep, a
HITPUXOBBIE - PacTIpeIeTICHUIO HAPSHKEHUH B pe3yiibTaTe HATsSHKeHUs OByMs pedpamu. B
PE3YJIbTATC HANIPSIKCHUA TAHTCHIIUAJIBHOT'O CKAaTUA 3HAYUTCIIbHO YMCHBIICHBI.
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Pucynok 1 — Biusinue BHITSDKHBIX pebep Ha pacrpeesieHne HanpsbkeHui Bo ¢ianne (mo A/l
TommeHoBy)



[TpuMeHeHne BHITSHKHBIX pedep MPEernsITCTBYET BOSHUKHOBEHUIO TO(POB MIIN CKIIAZIOK
TaKXe BCJIEJICTBHE TOTO, 4TO peOpo, 00pa3oBaHHOE Ha (yIaHIle 3ar0TOBKH, 00a1aeT OobIeit
KECTKOCTbHIO U OOJIbIIEH YCTOWYMBOCTHIO HAa IPOJOIbHBINA N3THO.

ITpu BBITSKKE eTasielt cI0XKHON (GOopMbI MeTalI (JiaHIa OOBIYHO HE BBITSATUBACTCS
MOJIHOCTBHIO U3-T0] MPUKUMHOIO KOJIbIIA, @ OCTAETCs 10 KOHIIA BBITSDKKHU U B JalbHEUIIEM
ynansiercsi oopeskoit. [1o3TroMy B TaHHOM cityyae HE0OXOAUMO IMpelycMaTpUBaTh
TEXHOJIOTMYECKHE MPUITYCKH 3HAUYUTENIbHBIX Pa3MEPOB, UTO MPUBOAUT K HEXKEIIATEIbHOMY
YBEJIMUYEHUIO PAcXola MeTallIa.

[ToBbI1IEHNE BEIMYHUHBI PACTATUBAIOIINX HAIPSDKEHUM MPH BBITSKKE J1€TaJIeH CIOXKHON
IPOCTPAHCTBEHHOMN (POPMBI MO3BOJIET 3HAUUTENBHO YMEHBIINUTE YIIpyTrue AedopMaiiu nocie
BBITSIKKHA U B OCOOCHHOCTH TTOC)Ie 00pe3ku (piaHIia.

ACUMMETPHUYHOCTB U CI0XKHOCTb (DOPMBI JieTanel, 1 HepaBHOMEPHOCTh JieopMaluii o
Pa3IMYHBIM y4acTKaM 3arOTOBKHU HE MO3BOJISIIOT IPUMEHUTH JIJISl OLIEHKH BEJTMYMHbI
negopmanuu K03((GUIMEHTHI BBITSKKU LMJIHHAPHUUECKUX JeTaleH.

Kak mpaBuiio, BBITSDKKA IETaJeH CI0KHOM MPOCTPAHCTBEHHOW (DOPMBI TPOU3BOIUTCS 3a
OJIHY OIIE€pAaLIMIO U3-3a BBICOKMX TPEOOBaHUN K Ka4eCTBY MOBEPXHOCTH U HEJIOMYCTUMOCTH
NOSIBJICHUS HA HEU CIIE10B OT MpPEAbIAYIIEeH BBITSKKH.

BBuny 6onbiioro paznoo0pasusi GopMbl OOIUIIOBOYHBIX J€Tajei aBTOMOOUIIECH U UX
HENPEPBHIBHOIO U3MEHEHUS 10 HACTOSLIEr0 BPEMEHHU HE CO3/IaHO €JMHOI0 METOo/1a
TEXHOJIOTMYECKHUX pacyeToB. OHAKO B pE3yJIbTaTEe MPOBEACHHBIX UCCIIEI0BAaHUI BBITSKKI
ABTOKY30BHBIX JIeTaJIeil 1 HA OCHOBAaHUU 00OOIIEHUS MPOU3BOACTBEHHOTO OIIBITA CO3/IaHBI
COOTBETCTBYIOINE TEXHOJIOTMUECKNE PEKOMEHAINH.

C uenblo TUNHU3ALMU [TPOLIECCOB IITAMIOBKY Ky30BHBIX JI€Tajlel B psijae CTpaH
YCTaHOBJIEHA TEXHOJIOTHYECKas KJIacCU(UKAIUS CI0KHON MPOCTPAHCTBEHHOM (POPMBI.

B CIIIA Kom#uTeT 1Mo mTaMIryeMOCTH pa3padboTalt KiiacCuUKAIHIIO IeTalei mo
TEXHOJIOTUYECKOM CI0KHOCTH (hOpMOOOpa30BaHUs. Y CTAHOBJICHO 7 TEXHOJIOTMYECKHUX TPYII,
WITIOCTPUPOBAHHBIX puMepamu etaneil. [lepsas rpymnmna — geranu, Uu3roToBisieMble THOKOHM 1
0TOOPTOBKO#, BTOpasi — THOKOMW C HETTYOOKOM BBITSDKKOM, TPEThS, YSTBEPTAS U MATAST —
rI1yOOKOM BBITSKKOW JAeTaneld pa3iudHOro napaMeTpa, mectas U ceibMast — BHITSDKKOH ¢
MHTEHCUBHBIM CKJIaZIKOOOpa30BAHUEM.

TexHonmornyeckast CJI0KHOCTb J1€Talei OLICHUBAETCS BEIMYMHON OTHOCUTEJIBHOTO
YAJIMHEHUS B HauoOosee 1e(opMUPyeMOM yU4acTKe 3arOTOBKH. JTa OIIEHKA HEe 10CTaTOYHO
npaBuwibHas. Tak Kak MpH BBITSDKKE JAeTalel CI0KHON (POpMBI BO3HUKAET HE OJTHOOCHOE, a
JIByXxocHoe pacTsbkenue. Kak mokazan A.J[. TomieHOB, B 3TOM cilydae CO3/a€TCs OBBIIIIEHHAS
YCTOMUMBOCTH JIACTHYECKON ehopMaIiy, OCyIECTBIIEMON IPU 3HAYUTEIbHOM YMEHBIICHUN
TOJIIIMHBI MaTepHaia. B pe3ynbrare KpuTHUecKas BeIMYMHA HHTEHCUBHOCTH JeopManuil, npu
KOTOPOU MTPOUCXOIUT NMOTEPS yCTONUMBOCTH, B /IBA pa3a BhIILIE, YEM IIPU OJTHOOCHOM
PaCTsKCHHUU.

Heckonbko nHas kinaccu@uKanys, OCHOBaHHAs Ha OIbITE Pa0OThI OTEYECTBEHHBIX
aBTOMOOWMIIBHBIX 3aBOIOB, pa3pabotana B.B.CepenbeBbiM. OHa comepkut 7 rpynmn u 12
HOJTPYIII aBTOMOOHMIBHBIX JeTajeH, OTIMYAIOIINXCS PA3IMYHOM CI0KHOCTBIO (POPMBI U
0COOEHHOCTSIMH ITOCTPOEHUS BBITSKHBIX IIEPEXOJIOB.

[TocTpoeHHe BBITSKHBIX MEPEXO0B JIsl KPYIHBIX JeTajel CI0XKHOU (HOopMBbI
IIPOU3BOJUTCS B CIEAYIOLIEH MOCIEI0BATEIBHOCTH

1. ompeneneHue MONOKEHUS I€TAIN B LITAMIIE;
TEXHOJIOTUYECKasi KOPPEKTUPOBKA (DOPMBI JIETAIH B BBITSYKHOM IIEPEXOJIE;
OIIpE/ICTICHUE BEJINYMHBI U PACIIOIOKEHUS TEXHOJIOTMUECKUX MPUITY CKOB;
orpeiesieHus: JOPMBI U PACIIONOKEHHS TEXHOJOTHUECKUX BBIPE30B — OKOH;
BbIOOp (POPMBI IPHMHKUMHON MOBEPXHOCTH BBITSHKHOTO IITAMIIA;
YCTaHOBJICHUE KOJIMYECTBA U PACIIOJIOKEHUSI TOPMO3HBIX pedep (MOporoR) ;
orpeJiesieHue crocoda (PUKCaIMy BBITSXKHOTO TIEPEX0/1a B BHITSHKHOM LITAMIIE.
HpI/IBe,I[eM KpaTKHe yYKa3aHUs 110 HTalaM IIOCTPOCHMS BBITSKHBIX IIEPEXO0B.

NO U AL



Tonoocenue demanu 6 wimamne NOIKHO OBITH ONTUMAIBHBIM U JIOJDKHO YIOBIETBOPSITH
CJICAYIOUIMM yCIIOBHSIM: OCCIIPEIIATCTBEHHBINM BXOJ TyaHCOHA B MATPHILY; MOJTY4YCHHUE BO3MOYKHO
MEHBIIICH TTyOWHBI BBITSDKKH, YBEITMUSHUE TUTOIIAIN COTPUKOCHOBEHUS ITyaHCOHA C 3arOTOBKOM,
JUTSL 9eT0 HE0OXO0IMMO, YTOOBI IPUKMMHASI TIOBEPXHOCTh MATPHIIBI COOTBETCTBOBAJT HIKHEH
MIOBEPXHOCTH ITyaHCOHA; OTCYTCTBHE TIEPETSATUBAHIS METAJlIa Yepe3 BEPUIMHY ITyaHCOHA Ha
JPYTYIO CTOPOHY; PABHOMEPHOE paclpe/IeICHUE TaBICHUS TIPUKUMHOTO KOJIbLIA HA MATPHILY.

Dopma 8bIMANCHO20 nepexoda NOIHKHA TI0 BO3SMOKHOCTH TIOJTHOCTHIO COOTBETCTBOBATH
dopme roToBoit netanu. B ciydyae HeTOCTaTOYHO TEXHOJIOTHYHON OPMBI ieTaiu B popme
BBITSDKHOTO TIEPEX0/1a JIOJDKHBI OBITH ITPEyCMOTPEHBI HEKOTOPBIE N3MEHEHUS, YTy YIIAfOIIHe
ycioBus opmooOpazoBanus. C 3TOM LeIbI0 OTJAEIBHBIM Y4acTKaM MpUIaeTcs MOJI0KEeHHE,
HanOoJiee OIaronpUsATHOE IS BBITSDKKH, @ TAK)KE IPOU3BOAUTHCS CMATYEHUE PE3KHUX TTEPEX0/I0B
(OpMBI TOBEPXHOCTH ITyTEM YBEITHUUCHHS PAJNyCOB 3aKPYTIICHHS (€CIIU 3TO HEOOXOIUMO).

Benuuuna u pacnonosicenue mexnonoeuueckux npunycko8 3aBUCIT OT TpeOyeMOH CTeTIeH!
TOPMOYKCHHUS 3aTOTOBKH I1OJT IPUKHMOM, OT (DOPMBI U PACTIONIOKEHUS TIPUKUMHOM
MIOBEPXHOCTH, OT YCIIOBHIA BHITTOJIHEHHS TTOCIIETYIOIIEH 00pEe3KH.

Ha puc.2 npuBeneHbl pa3iuvHbIe CIOCOOBI MOBBIIICHUS! HHTEHCHBHOCTH TOPMOXCHUS
(1aH1Ia 3arOTOBKHU IO/ IPHKUMOM:

® YBEJIMYCHHUE yCWIHS MPKUMa (puc.2, a);
e yBeJMYEHUS MUPHUHBI (Pranna (puc.2, 6);
® TPUMEHECHHE BHITSDKHBIX (TOPMO3HBIX) pebdep (puc.2, B);
® TPUMEHCHHUE MEPETHKHBIX MOPOToB (puc.2, T).
ITepBrlii crioco6 Hanboee pacpocTpaHeH, HO He BCET/Aa JOCTHTAET LEJN; BTOPO CIIOCO0

IPHBOJIUT K ITOBBIIICHHOMY pacXoJly MeTaula; TPETHI U YeTBEPTHIH criocoObl Hanboee
1es1ecoo0pas3Hebl.

BenuunHa TeXHOIOTMYECKOTr0 MPUITYCKa 3aBUCUT OT YKCIIA BBITSXKHBIX peGep U IpU OTHOM

pebpe nmpumMepHo cocTaBisieT okoio 30-40MM Ha CTOPOHY, IPH ABYX psaax pedep — okoso 60-70mMm
Ha CTOPOHY, MPH TpexX psaaax pedep — okoio 80-100mm Ha cTopoHy. OHAKO BETUYNHA
TEXHOJIOTUYECKOTO MPHUITYCKa B 3HAYUTEIHHON CTENICHH 3aBUCUT OT MOJIOKEHHSI IMHUN OOPE3KH U
BO3MOXHOCTH pa3MEeLEHHs PEKYILIEH ceKuu 00pe3Horo mramna. B oTaenbHbIx ciaydasx
Ype3MepHasi CII0KHOCTH (POPMBI IITAMITYyEMOH JIeTalld MPUBOJUT K HEOOXOAUMOCTH 3HAUUTEIILHOTO
YBEJIMYEHUS TEXHOJIOTMYECKOT0 IIPUITYCKA.
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PI/ICYHOK 2 — Pa3au4HbIe CIIOCOOBI YBCIUYCHUA HHTCHCUBHOCTU TOPMOKCHU (bnaHua 3aroTOBKH
nmoa nNpuKNUMOM.



IIpumenenue mexnono2u4ecKux 6bipe306 BbI3bIBACTCA HEOOXOAUMOCTBIO OOJIEIYUTh
o0pa3oBaHNe MECTHBIX YIITyOJCHUI WIN BBICTYIIOB IyTeM MEPETATUBAaHUS METalIa OT CEPEeIUHbI K
KpasiM 3aroTOBKH. OOBIYHO BBIPE3Ka OKOH IMPOU3BOAUTCA OJHOBPEMCHHO C MECTHOM BBITSDKKOM
nocie Hadana (hopMmooOpazoBaHus. TexHONMOrnYecKre BhIPE3bl WIIM Ha/Ipe3bl AETIal0T B MECTax
3aroTOBKH, MOJICKAIIUX YAAJIEHHUIO, U paclojaraloT 0KoJio HauboJiee HalpsyKEHHBIX YYacTKOB
negopmupyemoii 3arotoBku. Cienyer ocreperarbes 00pa3oBaHus roppoB U pa3pbIBOB Y3KHX
OKOHHBLIX IMPOEMOB, AJId 4€TO JIYUlIC ACIaTh HC OJJUH, a ABAa UJIU TPH BBIPE3a.

Buvibop chopmul npusicummoti nosepxHocmu blmANCHO20 UMAMNA TIO3BOIISIET YMEHBIITUTD
FJ'Iy6I/IHy BBITSAKKHW, CHU3HUTDb BEJIMYUHY TCXHOJIOTMYCCKOTO IMPUITYCKa, CO34aTh IUIABHBINA U3rH0
3arOTOBKH NPH MPHKUME €€ K MaTpHIle, OOJIErYUTh YCIOBHSI OOTSKKH 3ar0OTOBKHU 1O opme
IIyaHCOHa.

JU1st IpaBUIIBHOTO PELeHHsI JAHHOTO BOIIPOCca HE0O0X0AUM OOJBIION MPOU3BOJCTBEHHBIN
OIIBIT, pPCKOMCHAYCTCA MPUMCHCHUC TUIICOBBIX MOI[CJ'ICI\/JI.

Konuuecmeso u pacnonoscenue mopmosnvix pebep 3aBUCHT OT CTENEHU CIOKHOCTH (POPMBI
BBITSTHBAaEMOM Jc€Talld 1 HCO6XOI[I/IMOCTI/I CO31aTb Y4aCTKH C MOBBINIIEHHOM MHTCHCUBHOCTBIO
TopMOXxeHHUs (nanua. HazHaueHue u pa3indHble criocoObl TOPMOXKEHHS ObUIH NPUBECHBI BhIILIE
(puc.2).

[TpuMeHeHne TOPMO3HBIX pedep MPH BHITSDKKE AeTanel CloKHONW (OpMbI TIO3BOJISIET
3HAYUTENIBHO PACUIMPUTh UHTEPBAJ PErYJIUPOBKU yCUINS IPUKMMA, B TO BpeMsI Kak B IITaMrax 0e3
TOPMO3HBIX pebep JOMyCTUMbIM HHTEpBa PETYJIUPOBKH YCHIINS MPHUKUMA BECbMa MaJl U TPAHUYUT
HJIM C BOBHUKHOBCHHUEM MOPIIHH MU CKJIAAO0K, UJIN C pa3pbIBOM.

®dopma 1 pazmepbl TOPMO3HBIX pedep OyayT pacCMOTPEHBI HUXKE.

B nocnennee BpeMs pa3paOoTaHbl cIOCOObI pEryIMPOBaHUS YCUIMS IPUKUMA B
pas3IMYHBIX MecTax MpHKUMaeMoro (iaHua.

Ha puc.3 nokazaHo ycTpoHCTBO BBITSYKHOTO LITaMIIa C PETYJINPYEMBIMU 110 BBICOTE
CTOMKaMHU 1, ¢ MIapOBBIMM T'OJIOBKaMU U MOJANSATHUKAMHU, HA KOTOPbIE YCTAHABIMBAETCS paMKa U3
MHOTOCJIOIHOM (paHeps! 2. DTa paMKa SBISETCS JIACTHYHBIM IMPHKUMOM — CKIIAIKOEPIKaTENIEM,
HO3BOJISIFOIIUM M3MEHSTh YCUINE IPUKHUMA.
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Pucynox 3 — BeITSKHON mITaMI C peryJIupyeMbIMU TPUKUMHBIMU CTOMKAMU.



HemocraTkoM 5keCTKOTO MpHKUMa ¢ TOPMO3HBIMH peOpaMu SIBIISCTCS MPAKTUICCKU HE
U3MEHsAeMas HHTEHCUBHOCTh TOPMO>KEHUs (hIaHIla Ha BCeM MPOTsHKeHUU pabodero xoaa. OnHako
1eIecoo0pa3Ho, YTOOBI K KOHITY BBITSHKKH TOPMOXKEHHUE (uiaHIa ObUTO 00J1ee MHTEHCUBHBIM, YEM B
Hauane nporecca. C 3Tol 1eNblo MPUMEHSIOT AOMOIHUTENbHbBIE YCTPOHCTBA, MTO3BOJISIOIIHE
YBEJIMYUTH TOPMOXKEHHUE K KOHITY pabodero xoxa (puc. 4).
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Pucynok 4. Cnocobwi ygenuuenus ycunus npudxcuma K Konyy pabouezo xooa: a — npu
NOMOWU KIUHOB020 YCMPOUCMEa, 6 — npu NOMOWU NHeBMAMU4eCKUx
YUTUHOPOB, 8 — KPENIeHUe ONOPHLIX CIMEPICHEU
Cnocobvl ukcayuu 8bIMANCHLIX NEPEX0008 8 0Ope3HOM wmamne BIUSIOT HE TOJBKO Ha
BEJIMUMHY TEXHOJOTHYECKOT0 MPHUITYCKa, HO U Ha (OPMY BBITSHKHOTO TIEPEX0/1a, KOTOpast JOJIKHA
o0ecTieunTh HAIeKHYIO (PUKCAIMIO Ha BCEX MOCIEIYONNX TIepexoaax 0e3 3aTpaT H3IIUIIHEr0
BPEMEHH Ha yCTAaHOBKY U yJaJIEHUE IITaMIIOBKH.

CymecTByIOT /1Ba crioco0a (PUKCany BBITSHDKHBIX TIEPEXOIOB CI0XKHON (OPMBI: (PUKCALUs
10 OOKOBBIM CTEHKAM WM PeNbe(HBIM YYaCTKOM MEPEXO0I0B M (PUKCAIUS M0 TEXHOJIOTHYECKUM
OTBEPCTHUSM, MPOOWBAEMBIM HITH TIPOKATIBIBAEMBIM TIPH BHITSDKKE. [1epBbIii criocod 6oiee yodeH u
00Jy MPHUro/IeH MPHU aBTOMATH3AIMH IITaMIOBKH. BTOpoii crioco6 Gosiee ToueH, HO TpedyeT
00JIbIIIEr0 BpEMEHH U HEY00€H MPU aBTOMAaTH3alluH IpoIiecca.

C uenbto ynpouieHus pa3padoTku (JOPMBI BBITSXKHBIX TEPEX0I0B IS IeTanel CI0XKHON
(OPMBI H3TOTOBJISIOT THIICOBYIO MOJIENb BBITSHKHON MaTpuIlbl. [1o Mojenmn oTpabaThIBaOT BCe
MIEPEYUCIICHHBIE BBIIIE TEXHOJIOTHYECKHE BOMPOCHL. [Tocie 3TOro BhIMOMHIETCS YePTEX BHITSKHOTO
nepexo/a, Ha KOTOPOM TPOCTABIISIOT pa3Mephl U PUKCHPYIOT (OPMY TEXHOJIOTHUECKUX yUACTKOB
TUIICOBOM MOJENU. DTOT crocob obmagaeT O0bIIeii HATMISIIHOCTBIO M 00JIerdyaeT HaX0XKIeHUE
MPABIIIHOTO PENICHHS TEXHOJIOTUICCKIX BOIIPOCOB.

[Tpumepsl MOCTPOCHHS TEXHOIOTUYECKUX MPOIECCOB U (DOPMBI BBITSXKHBIX TEPEX0JI0B IS
KOHKPETHBIX aBTOMOOMJIBHBIX JICTAICH MTPUBEICHBI B CIICIIMATIBLHON JTUTEpaType.

3acnykrBaeT BHUMaHue cnocod «Jewelformy mraMmnoBku U U3rOTOBICHUS ITAMIIOB U3
JIETKOIUIABKOTO CIIABA <«JIKYIIUT» ¢ TemrepaTypoi tiasienus 70°C s neraneit aBTOMOOMITBEHBIX
paauaTopoB U JIp.

[Tomumo ombITa, HEOOXOIUMOTO TSl Pa3pa0OTKHU TEXHOIOTHYECKHUX MPOIIECCOB BBITSHKKU
JeTanei cioxHoM GopMbl, OONIBIIIOE 3HAUCHUE UMEET HayIHBIA aHAJIU3 MPOIIECCa BBITSHKKH,
MO3BOJIAIOIINN YCTAHOBUTH BEIMYMHY BO3HUKAIOIIUX HAMPSKEHHA, N30€kKaTh 00pa3oBaHus
Pa3pbIBOB WM UHBIX AE(PEKTOB U NMPaBUILHO BHIOpATh METaI C HEOOXOAUMBIMU MEXaHUYECKUMU
CBOWCTBaMH.

Jlnig BeIOOpa MeTaia ¢ HAauiIy4lIMMH MEXaHUYECKUMH CBOMCTBAMU JIJISl BBITSXKKU
3a/IaHHOM JIeTalld HE0OXO0JUMO UCCIIeIOBATh HAMIPSHKEHHO-1e(hOPMHPOBAaHHOE COCTOSTHUE,
BO3HHKaIOIIEe B mpoiiecce (opMooOpa3oBaHUsI.

[Tpu BBITSDKKE eTaNielt CIIOXKHON (POPMBI MOTYT BOSHUKHYTH TPU BU/1a HANPSHKEHHOTO
COCTOSTHUSI:

1. HampspKeHHOE COCTOSIHME, OJM3KOE K OJTHOOCHOMY PACTSKEHUIO;
2. NIBYXOCHOE€ pacTsDKEHHUIO UM OJM3KOe K HEMY;



3. PpACTSDKEHHE CO CKATHUEM.

HanpsixeHHoe coctosiHue, 0M3K0€ K OTHOOCHOMY PACTSKEHUIO, OKa3bIBACTCS CaMbIM
HEeOJaronpUsITHBIM, IOCKOJIBKY B ATHX YCIOBHUSIX METAJJI BbIJIEP/KUBAET MEHBIIIE KPUTUUECKHE
negopMaluy 1o CPaBHEHHUIO C IByXOCHBIM pacTshkeHHeM. B aToMm ciydae o nmpurogHoctu
MeTaJljla MOXHO CYJIUTh IO Pe3yJibTaTaM MCIBITAHUHM Ha OJTHOOCHOE PacTsLKEHUE.

ITpu ABYXOCHOM pacTsDKEHUH 110 MEPE BBITSKKU 00pa3zyeTcs yTOHEHUE MeTala.
Benmuunbl KpuTHdeckux nedopmManuii, mpu KOTOPBIX MTPOUCXOIUT pa3phIB METaIa,
ONIPEACIAIOTCA M0 PE3yNIbTaTaM T'HIPOCTaTUYECKOIO UCIIBITAHUS Ha IByXOCHOE PACTSKEHUE.

Kak nokasanu uccnenoBanusi, Juisl yCHEIIHOTO TEUEHUS Ipoliecca HE0OX0AUMO, YTOOBI
METaJul, UMes JOCTaTOUHYIO MJIACTUYHOCTb, 00JIaiall XOpOoLIei CIOCOOHOCTBIO K YIIPOYHEHHUIO.

Pactsxenue co cxxatueM sisiercs 6osee 0maronpuaTHbiM. OJHAKO BO3SHUKHOBEHHIO
C)KMMAIOIINX HAMPSDKEHUH MPUBOAUT K 00pa30BaHMIO CKIa0K. TakuM 00pazoMm, pacTsKeHue co
C)KaTHUEeM MPAKTHYECKH HE TI03BOJISIET TOTYYaTh JAe(opMariy OOJbIIeii BETUYUHBI, 9Y€M TTPU
JByXOCHOM PACTSKEHUH.

B Uncturyre mamuHoBenenus AH CCCP pa3paboTtana npuBoanMasi HIKe METOIUKA
OTpeieNIeHUs] HANPsKEHHO-1e()OpMUPOBAHHOTO COCTOSTHUS, BO3HUKAIOIIETO NP IITaMIIOBKE
nerasneii cioxxHoi opmel. [1o 3T0# MeTouKeE 11O BeTUUMHAM JeOopManii, U3MEPEHUN Ha
JeTajsIX C MOMOIIbIO KOOPAMHATHOM CETKHU, MOACYUTHIBAIOT (MJIM HAXOJAT 10 TabJIuIam)
3HAaYCHUsI MHTEHCUBHOCTH Je(OpPMaliii M HANPSOKEHUH B OMACHBIX MecTaX. 3aTeM, 3a]1aBasiCh
K03(pPULIMEHTOM HCIOIBb30BaHM [UTACTUYHOCTH METalIa, BEIYUCIAIOT KPUTUYECKHE 3HAUCHUS
WHTEHCUBHOCTH HANPSHKCHUN U 1e(hOpMAaInid, II0 KOTOPHIM BBIOMPASTCSI METAIUT HAJIEKAIIIETO
Ka4yecTBa WU MPOBEPSIETCS NPUTOAHOCTh paHee BBIOPaHHOTIO MeTala.

Pacuer HanpspkeHHO-1e(hOPMUPOBAHHOTO COCTOSTHUSI BEIETCS CIIETYIONIIM CITIOCOOOM.

Ilepen mTaMIoBKOH Ha MIOCKYIO 3aTOTOBKY METOJIOM LIETKOrpaduu HAHOCUTCS CETKa B
BUZIEC OKpy>kHOCTEeH muamerpoM 20 Mm. [ociie mraMmoBKH OKPYKHOCTH IPUHUMAIOT (OpMY
IITUIICOB WU OKPYXKHOCTEH OOJNBIIEro JUaMeTpa.

N3mepuB macmTabHOM JUHEHKOW ocH 3muiicoB Liu L2 , moAgcunuThIBaIOT
norapupmMuueckue aepopManuu

L,
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ITo norapudgmuueckum aepopmanusM orpeaesiseTcss MHTEHCUBHOCTh AedopMariuii
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B npusenenHoii popmyiie €; U3 ycloBUs IOCTOSIHCTBA 00bEMa BbIpa)KEHA Yepe3 IBE

apyrue nedopMauu & 1 &, .
“ *
HanpsokeHHO-1e(OpMUPOBAHHOE COCTOSHUE XapaKTEPU3yeTCs BEIMYMHOW M
*
m =(¢g +2¢,)/(2¢, +¢,)=0,/0/,
IJe O, U O, - IJaBHbIe HOPMaJIbHBIC HAIIPSHKCHUSL.

* E3
IIpyu m =0 nmeeT MECTO OJTHOOCHOE PACTSIKEHUE, IPU M =] NMPOUCXOIUT PABHOMEPHOE

* *
JBYXOCHOE pacTsbkeHue, mpu 1 ( m ) 0 — HepaBHOMEpHOE JIByXOCHOE pacTshKeHue, mpu m = -1 —

o * *
YUCTBIK CABUT, 4 IPU M < 0 - PaCTAKEHUEC CO CIKATHUCM. HOJ’IBSYHCL SHAYCHUCM M , OIIPCACIIIIOT

KPUTUYECKYIO HHTEHCUBHOCTB Jle(opMaluii AJ1s JaHHOTO HANPSHDKEHHOIO COCTOSHUS 10 popMyIie,
BBIBEJICHHOM U3 yCJIOBHS IIOTEPU YCTOMYUBOCTH,
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TAC N — MOKa3aTejib YIPOYHCHUS, OHpCI[GJ'I?IeMI)If/'I I10 pe3yJibTaTaM HCIIBITAaHUI Ha OJHOOCHOC HJIN
ABYXOCHOC PACTSKCHHC.

k3
ITpu ogHOOCHOM pacTskeHuu npu m =0;



g =n; & =-05n; & =-0.5n

TIpy IByXOCHOM pacTsKeHHH Mpu m =1;

g =n; & =n; & =-2n.

Ortcrona ciemyer, 4To pH ABYXOCHOM PACTSHXKEHUH BO3MOXKHAS HAUOOJIbIIAsi KpUTHYECKAs
nehopmMalys pacTsDKeHUS B 1Ba pa3a OoJblile, 4eM IPH MIPOCTOM PACTSHKEHUHU, a HanOOoIbIIIas
norapudmraeckas nedopMaiisi YMEHBIICHUS TONIIUHBI B YETHIPE pa3a OoJIbIle, 9eM MPH
OJTHOOCHOM PaCTSDKCHUH.

I[J'I?I o0eryeHus PacuCTOB COCTABJICHBI BCIIOMOT'aTCIIbHBIC Ta6J'II/IIII)I, IIOACUYUTAHHBIC HAa
3NIEKTPOHHO-BBIYNCIUTEILHON MalllMHE, 10 KOTOPHIM, 3Hasl BEIMYUHBI oceif auuncoB L, u L,

HaXOoJ T COOTBETCTBYIOLIME UM Jlorapupmudeckue nepopMalvu & U &, , HHTCHCUBHOCTb
neopMaliy &,, a TAKXKE 3HAYEHUS M U &, 0€3 KaKUX-TH00 BBIYMCICHHIA.

Jlnst onpenesieHusl MHTEHCUBHOCTHU HalpsDKEHUH B JaHHOHM TOUKE O, 110 U3MEPEHHBIM
negopmanusaM HeoOX0JUMO UMETh TpauK 3aBUCUMOCTU O, = T, (&,) TOro MeTaja, U3

KOTOPOT'O MITAMITOBAJIach JACTallb C HAHECEHHOU ceTKOM. I'paduk CTpouTes 1Mo pe3ysibrataM
THUAPOCTATUYCCKOI'O UCIIBITAHHUA HAa IBYXOCHOC PACTAXKCHUC.

Taxum oOpa3om, pe3yJabTaThl UCCIIEOBAHUS IO3BOJISIOT KOJIMYECTBEHHO OLIEHUTH
CYILIECTBYIOIINHI TEXHOJIOTMYECKH MPOIIecC, BBIICHUTD MPUYMHBI OpaKa MPU BBITSIKKE, a TAKXKE
000CHOBAaHHO KJIaCCU(UIIMPOBATH KOHCTPYKTHUBHBIC (DOPMBI OOJIMIIOBOYHBIX JCTAIICH.



2. llItaMIt moCTIeIOBATENBHOTO ACHCTBHS IS BRIPYOKH M POOUBKH (PHUC.5) COCTOUT U3
HIDKHEH U BepXHeH IUIMThI, KOTOpPbIE LEHTPUPYIOTCS MEXLy cO00M IBYMs HalpaBIsIOLIUMU
KOJIOHKaMH, 3alIPECCOBaHHBIMU B HUKHIOIO TUTMTY IITaMIIa ¥ IByMsl HAIIPaBJISIOLUMU
BTYJIKaMH, 3a[IPECCOBAHHBIMU B BEPXHIOIO IIUTY IuTammna. K HukHel mmre 6 6ontamu M12
KpEenuThCs MPOOMBHAs MaTpUILIA, KOTOpask Ha MOCJIEIHEN CTaquu MpoIecca ITAMIIOBKH CITYKUT
BbIpyOHOM MaTpuueil. LlenTpupoBanue MaTpullsl Ipou3BouTcs 4 mrudramu tuamerpom 12
MM. Taxoke Kk HHKHEHN muTe kpenarcs 3 OOKOBBIX NPUKUMA, YTOMAIOLIUN YIIOp U )KECTKUM
cbeMHHMK. K BEpXHEH muTe mramna KpernuTes IyaHCOHOIEPKaTeNb, KOTOPBIM OIIMPAeTCs Ha
KOJICHHYIO IIPOKJIAJKY, & OH HEMIOCPEACTBEHHO YJEPKUBAET 2 MPOOUBHBIX U BHIPYOHOM
nmyaHCoOHBI. LleHTpupoBaHue myaHcOHOepKaTens BblnosHsaeTcs 4 mrudramu nuamerpom 10
MM. {7151 KperieHus: BepXHel MINTHI K MOJI3YHY Mpecca NPeayCMOTPEH XBOCTOBHUK, KOTOPBIT
KPEMUTHCS K BepXHel muTe mrammna oontamu M12.

[ramn ycranosnen Ha npecc K1 1428 ycunuem 630 xH, xox nmonsyna 80 mm. Ilonoca
nojaeTcs A0 yTomnarouiero ynopa. [Ipu xoae noisyHa BHU3 IPOUCXOIUT MPOOUBKA KPYTIIBIX
OTBEPCTHU U yAalleHUE OTXOJI0B B IIPOBaJIbHbIE OTBEpCTUs MaTpulibl. [Ipu Xozae moyisyHa BBEpX
10JI0CA € ITyaHCOHA CHUMAETCSI CbeMHUKOM U IIPOTAJIKMBAETCS 1O BTOPOrO YTONAIOLIETO YIIOPa.
Jl1s ieHTpUpOoBaHUs TOJIOCH] B LITAMIIE NTPEAYCMOTPEHBI CIIEIIMAIbHBIE BHIPE3bI HA TI0JIOCE,
KOTOpBIE COBIANAIOT C KOHTYPOM BBICTYIAIOLIEN YacTu ynopa. IIpu noBTopHOM X01€ non3yHa
BHU3 [IPOUCXOUT MPOOKBKA OBAJILHBIX OTBEPCTH. Jlajiee MpOUCXOAUT yAajIeHUE OTXOA0B Yepes
IIPOBaJIbHBIE OTBEPCTHUS MATPULIBL, X0 IIOJI3yHA BBEPX U CHATHUE MPU 3TOM IIOJIOCHI C ITyaHCOHA
KECTKUM ChbeMHUKOM. Ha mocnennem stane mrTaMrnoBKH MOJI3YH OISITh OITyCKaeTcs BHU3,
IPOM3BOJIUTCS BIpYyOKa Hapy’>KHOTO KOHTYpa Aetanu. [Ipu 3ToM roToBas Aetanb NpOBaINBACTCS
B OTBEPCTUE MATPUIBL, @ M10J0CA C [TyaHCOHA CHUMAETCs] ChbeMHUKOM. JleTanb mrammyercs 3a 3
X0J1a mpecca.
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PucyHnok 5.- Cxema miramia rnociaei0BaTeIbHOro JEHCTBHUS.



IITamMnoBKa 3J1eKTPOruapaBJIndYecKuM paspsaaom [29; 71]

Hapsny ¢ B3pbIBHOM IITaMITOBKOM MOTYy4YMII TPUMEHEHHE cIoc00 (POPMOBKH BBICOKOBOJIBTHBIM
AJIEKTPUYECKUM pa3psioM B BoJe. B ero OCHOBY MOJIOKEH 3JIEKTPOTUAPABINYECKH 3 (eKT,
OTKpBITHIN coBeTcKkuM n3obperarenem JI.A FOTkunsim [191].

OHeprus, HeoOXoaumasi AJsl 3JIEKTPUYECKOro pas3psiia, HaKalUIMBaeTCs B BBICOKOBOJBTHOU
KoHAeHcaTopHO# Oatapee (35000-40000 B). Hakomnennas sueprust (ot 30 mo 120 xJIx) co3maer
MEXJly AJIEKTPOJIaMi MTHOBEHHBIN pa3psia aiautenbHocThio 0,00004 ¢, BBI3bIBAIONINM YIapHYIO BOJIHY
B )KUJIKOCTH, KOTOpasi 1e(OpMHUPYET 3arOTOBKY.
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Puc. 222. Pa3nuuHble crocOObI AIEKTPOTUAPABINIECKON ITAMIIOBKH

DnexTporuipaBivyeckas IITaMIOBKAa HMEET psAJ HPEUMYIIECTB Iepe]] B3pbIBHOU
LITAMIIOBKOM:

1) mydmas ynpaBiasieMOCTh IPOLIECCOM 3a CUET BapbUPOBAaHUS KOJMYECTBA HMMIIYJIbCOB U
MECTOPACIOIOKEHUS Pa3psAIHBIX KOHTYPOB;

2) BO3MO>KHOCTb U3MEHEHMSI SHEPTUU UMITYJIbCA;

3) BO3MOXXHOCTb OCYILECTBIIEHUS] MHOTOKPAaTHOT'O Pa3psAHOTO UMITYJIbCa;

4) pa3melieHne AEKTPOruAPaBINIECKIX YCTAHOBOK B IIPOU3BOACTBEHHBIX TIOMEIICHUSX;



DNEeKTPOruIpaBINYECKON IITAMIOBKOW OCYIIECTBISIOTCS CIIEAYIOIINE OINEpallu: BbITSDKKA,
aucToBast OpPMOBKaA, OTOOPTOBKA, PACTsKKA IMOJIBIX JAeTayned, MpoOMBKa OTBEPCTUH, pa3BajbIIOBKa
TpyO B TpyOHBIX JOCKAxX M T. II.

HITamrnoBka NMPOU3BOAUTCS Pa3IUYHBIM CHOCOOOM: WJIM B OTKPBITOW eMKocTH (puc. 222, a),
WIM B 3aKpbITOM o0beme (puc. 222, 6 u B). bonee nmpou3BOAUTENBHBI 3JIEKTPOrHAPABIMUECKHE
YCTaHOBKH C HIJKHEM PacIlOIOKEHUEM 3JIEKTPOoJIoB (puc. 222,r).

B nocnenneii cxeme uisl yBEJIMYEHHUS] HCKPOBOIO MPOMEXKYTKA KOHIIBI AJIEKTPO/IOB COEAMHEHBI
IPOBOJIOKOM, MHULMPYIOUIEH paspsii, YTO MO3BOJIAET MPUOJIM3UTH 30HY pas3psjia K 3aroToBKE WU
YBEIMUYUTH pabouee laBieHHE. JTH YCTAaHOBKU MO3BOJISIOT IITAaMIOBATh JeTanu pasmepom ao 2000
MM, TOJIIIMHON 70 3 MM.

[Ipn mwtamnoBke Aeraneil M3 IUIOCKUX 3aroTOBOK B KayeCTBE OTPHUILATEIBHOTO 3JIEKTpOAa
MOXET OBITh MHCIOJb30BaH 3a3€MJICHHBIH KOpIIyc ycTaHOBKM. llpm mtammoBke paeraned Tuma
000JI04€EK MOJIOKUTEIbHBIN 3JIEKTPO]] IOMEIIAETCS BHYTPU 3arOTOBKH, @ B KAUECTBE OTPULIATEIHHOTO
JIEKTPOJIa TAaKXKe MOXKET MCII0JIb30BaThCs KOPITYC YCTaHOBKH.
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Puc. 223. TunoBas ocHacTka ajis npecca Y gap-12”

[Tpy mTamMnoBke KpyHMHOrabapUTHBIX JeTallell 1es1eco00pa3HO NMPUMEHATh MHOTOKOHTYPHYIO
CXeMy paspsja.

VYCTaHOBKM JJIs1 IUTaMIIOBKM BBICOKOBOJBTHBIM 3JIEKTPUYECKUM Pa3psAAOM COCTOAT U3
UCTOYHUKA MUTAHMsI, BKJIIOYasi BBICOKOBOJIBTHBIN TPaHC(HOPMATOP C BHIIPSMHUTEIBHBIM yCTPONUCTBOM,
KOH/ICHCATOPHOI OaTapeu, IIApOBOTO pa3psAAHMKA M TEXHOJIOTMYECKOH YCTaHOBKH, COCTOSIIEH W3
MaTpHIIbl, IPHKUMHOTO YCTPOICTBA, 3JEKTPOI0B, BaKyyM-Hacoca.

ITIpu paspsiike OOMKHA CTPOrO COONIONATHCS ONpEAETICHHas MOJSPHOCTh: ocTpue (1),
wiockocTh (-). Ilpu oOpaTHON HOJSAPHOCTH pa3ps] HE CONPOBOXKIAECTCS 3JIEKTPOTHAPABINYECUM
s dexTom.

B CCCP ocBoeHO mNpOU3BOACTBO TaMMbl KPYIHBIX 3JIEKTPOrHIPOUMITYJIBCHBIX IPECCOB
moaenei [121'-25, I12I-60, TI2I'- 100 u I12I'-150 ¢ 3anacaemoit sueprueit 32; 60; 112 u 150 x/Ix, a
TaKke HeOOJbIINe 3JIEeKTpOorujapaBauueckue mnpeccel “Ynmap-127, T1220 ¢ 3amacaemoil sHepruei
paspsaa 10 xmx um mpeccel “Ynmap-20” ¢ osHeprued paspspa 20x/x, npeaHasHau€HHbIE JUIS
IITAMIIOBKHM HEOOJBIINX JeTalIeH.



Haubonee mnepcrneKTMBHO NPUMEHEHHE  AJIEKTPOTUAPOUMIYJIbCHOW  IUTAMIOBKU  JUIS
U3TOTOBJICHUSI KpymHOraGapuTHbIX Aetaneit — pasmepamu oT 400 x 400 go 1300 x 1800 mm.
DJEeKTPOTUAPOUMIYJIBCHOM  00pabOTKEe  MOABEPTaloTCsS  pa3id4yHble, B~ TOM  YHUCIE
TpyAHOAE(HOPMUPYEMbIE METAJIJIbI U CILIABBI.

Ha puc. 223 npuBeneHa TumoBas OCHacTKa mpecca “Ymap-12”: ans IITaMIOBKU IUIOCKOM
3arotoBkH (puc. 223,a) u g TpybuaToi 3arotoBku (puc. 223,6). OcHacTka mpejacTaBiseT coOoi
B3pBIBHYIO KaMepy, 3al0JIHAEMYI0 BOJIOM, BBIMOIHSIIOIEH POJIb IIyaHCOHA.

VY napHast BoJIHa CO37]a€TCsl eHEpTuei 3JIeKTPUUECcKOro paspsa.



1 HAKATHBIE U KPOMKOI'MBOYHBIE OITEPAIIN
K aroit rpynne oTHOCSTCS cienyroiue BUibl padoT:

l)HaKaTHBIG, KpOMKOSaFI/I60‘IHBIe M 3aBUBOYHBIC OIICpAllMH, BBIIOJIHACMBIC HA

HAKaTHBIX CTAHKAaX TOPU30HTAIBHOTO TUIIA (3UTMAallINHAaX );

2)06p€3HBI€ OoIcpalnmru, BbIITOJIHACMBIC Ha CIICHUAJIBHBIX 06p€3HBIX CTaHKax,;

&)
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Puc. 1- Otrubka Gopra Ha OTOOPTOBOYHOM CTaHKE (@) U HA POIUKOBOMN
MaiHae (0)
3)HakaTKka pe3pObl HA TMOJBIX W3AEIHUSIX, BBINOJTHSEMAas Ha CHEIHATIbHBIX

pe3bOOHAKATHBIX CTaHKaX B psfe CIydaeB B OJHOW MOTOYHOM JIMHUU CO

MTAaMIIOBOYHBIMH aBTOMAaTaMU,

4)3akaTtouHble PpabOThl (COCAMHEHUE JIBOMHBIM IIIBOM), BBIIOJIHSEMbIE Ha

CIICHHUAJIBHBIX 3aKaTOYHbLIX CTAHKAX U aBTOMaTax.

D )
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Puc. 2 - KOMIUIEKT pOJMKOB JUIsi HAaKaTHOTO CTaHKa (@) M 3aKarka
COEIMHUTENBHBIX IIBOB
Ha puc. 1, a wuszoOpaxeH cnocod oTruOku Oopra ma OTOOPTOBOYHOM
BEPTUKAIBHOM JIBYXIIIMUHICIBHOM CTaHKe, Ha puc. 1,0 — oTrubka 6opra KpymHOU
JIeTay Ha ClielUalbHON POJIMKOBON MaIIMHE C HAKIIOHHBIMU POJIMKAMHU.

HakaTHbie 1 KpOMKO3aruOO4YHbIC CTAHKHU (3UTMAILIUHBI) TPUMEHSIOTCS TJIAaBHBIM



00pa3oM B >KECTSHHYHOM MPOU3BOJCTBE JJIsl HAKATKA BCEBO3MOXHBIX OYpPTHKOB,
YCTYIOB, OTTMOKM KPOMOK H T. TI.

Ha puc. 2, a npuBeneH KOMIUIEKT pOJIMKOB JUIsl HAKATHOT'O CTaHKa, a Ha puc. 2, 0
— cnoco0 3aKaTKW ABOMHOTIO I1IBa HAa IPOCTHIX HAKATHBIX CTAHKAX.

Ha puc. 245 mnokazanel cnocoObl OOpe3kH HEPOBHOTO Kpasi BBITSHYTHIX
HWIMHAPUYECKUX JIeTajell Ha HAaKaTHBIX M CIELUAJbHBIX OOpE3HBIX CTaHKaX: Ha
puc. 245, a — c KpeIuieHreM pa3KMMHOM ONpaBKoM, Ha puc. 245, 6 — ¢ TOPIIOBBIM

IPHKUMOM 00pe3aeMoil eTanu.

Puc. 4 — Hakarka pe3bObl IpH MOMOIIM HAaTPOHA M POJIMKA



Puc. 6 —Hakarka rogpupoBaHHBIX TpyO HpH MOMOLIM IIHCKA U

NaTpoHa C POJIUKAMU

HakaTtka (BplgaBivBaHu€) pe3bObl HA MOJBIX H3ACTUSAX MOIyYMiIa IIMPOKOE
pacupoCTpaHEHHE KaK METOJ COCIMHEHHs JIMCTOBBIX IITAMIIOBAHHBIX IETAJICH B
pa3IUYHBIX IITAMIIOBAaHHBIX KOHCTPYKLMIX. B HacTosdlee BpemMsi HakaTKa pe3bObl
Ha TOJIBIX JIETAlsX IPUMEHSETCSI B OCHOBHOM B  3JEKTPOTEXHHUYECKOMN
IPOMBIIIJIEHHOCTH — JJIsl HAKATKU TaK Ha3bIBAEMOU 3JEKTPOTEXHUUECKOU pe3bObl
U B IPOU3BOJCTBE IMPEIMETOB LIMPOKOTO MOTpeOIeHUs (pe3epByapoB, KPBILIEK,
OaHOK U T. I1.) — JUIsl HAKATKH MEJIKON COEMHUTEIbHON PE3bOBI.

[lepBriii TuN pe3bObI mpumenHsieTcst s auametpos 10; 14; 27; 33 u 40 mm u
uMeeT KpymHbId mar pe3posr: 1,8; 2,8; 3,6; 4,2 u 6,3 MM. Bropoit Tun pe3nObl

npuMeHsieTcs A1l uzaenuii auamerpom 10 100 MM U3 TOHKOTO JTMCTOBOTO METasia



(0,24—0,35 MmM) 1 MM MeTTKHi miar pe3sost (0T 1 g0 1,5 Mm).

CymiecTByloT TpH crnocoba HakaTku (BbLAABIMBAHUS) pPe3bObl Ha TMOJIBIX
U3JIETUAX:

1) HakaTka TpW MOMOIIM MATPOHA U POJIMKA Cpa3y MO BCEH IIUHE Pe3bObl

(puc.4);

2)HaKaTKa [OCPEICTBOM METYMKA U HAKATOYHBIX POJUKOB (pHC.5);

3)nakatka TOMPUPOBAHHBIX TPyO MpPUM TOMOIM IITHEKA U TaTpoHa C
MEPEMEHHBIM I11arOM BUHTOBOW JIMHUU (pHC. 6).

[lepBblii crOCOO NPHUBOAUT K CHUIBHOMY YTOHEHHIO Marepuaiga, a HOTOMY
MPUMEHSIETCS TOJBKO JUIsl HAKATKH MEJIKUX pe3b0. luamerp posrka MOXeT ObITh B
JIBa, TPY WJIM YETbIpe pa3za OoJblIe JuaMeTpa MmarpoHa, BCIEACTBUE YEro0 YacToTa
BpallleHUsI pOJIMKaMHU OBbITh BO CTOJIBKO € pa3 MEHbIIE, a pe3b0da Ha pOoJIMKe
JIeJIaeTCsl ABYX-, TPEX- WJIM YEThIPEX 3aXOAHOMU, JJI TOTO YTOOBI YIJIbI HAKJIOHA
BUHTOBOM JIMHUU OCTAJIUCh OJIMHAKOBBIMH. Jl1si OOJierdeHust CHATHS JAeTalv
NATPOH J€JIA€TCA MEHBILETO THaMeTpa.

[Ipn BTOpOM crHoco0e METYMK C HaJeTOM Ha HEro 3aroTOBKOM HMEET JBa
JBIDKEHUM  BpallaTEIbHOE M IOCTymareapHoe. HakaTka —ocyiuecTBisercs
MIOCTETIEHHO TOCPEJACTBOM BJABJIMBAHUS JBYX HAaKaTHBIX pOJIMKOB (puc. 5).
CHATHE JeTany NPOUCXOJUT IMYTEM IEPEMEHbI BpAllleHUs] METUYHUKA C MPSAMOIro Ha
0OpaTHBIN X0/ U 3aTOPMOKEHHSI (CBUHUMBAHUS ) I€TAIH.

[To Tperbemy crnocoOy HakaTka MPOMCXOAMT MPU OJMHAKOBOM YacToTe
BpallleHUs IIHEKa M MaTpoHa C POJMKAMH, Bpalla€MbIX B OJIHY CTOPOHY,
3aroToBKa MpU 3TOM MEPEMEINIACTCS, a UMEET MOCTYNaTeNIbHOE JBUKEHNE (Ha puC.
6 — cieBa HampaBo). 3aroToBKa JIOJDKHA OBITh HAaKaTaHa IMOJHOCTHIO, MHAYE ee
HEJb3s CHATH CO LITHEKA.

3akaTka COCIMHUTEIBHBIX IIIBOB TPUMEHSETCS TJIaBHBIM 00pa3oM B
KECTSIHOYHOM IPOU3BOJICTBE M KOHCEPBHOW MPOMBILUIEHHOCTH ISl COEIMHEHUS
JIBOMHBIM ILIBOM JIOHBIIIEK U KPBIIIEK ¢ OOKOBBIMU CTEHKaMU COCY/I0B, KOPOOOK U

OaHOK KpYTJI0i IPsIMOYTOJIbHOM M OBaJIbHOM (DOPMBL.
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1 - MyaHCOH nepsol 8bLIMSIXKKU , OH Xe - CKnadkodep xamesibs 8mopoli
8bIMSTKKU ;

2- MyaHCOH 8mopoUl  8bIMSIKKU ;

3 - cknadkodepxxaménb Nepeoli 8bIMSIKKU |

4 - mMampuya nepeol 8bIMSIXKKU;

5 - mampuua emopol 8bIMsKKU.

Puc. 7 — lllTamM11 U1d BBITSDKKU

HlramMn st BBITSDKKKA (pUC.7) COCTOMUT W3 BEPXHEW M HHMXKHEW IUIUTHI,
KOTOpBIE COEAMHSAIOTCS MEXJy COOOM KOJOHKAMU W LEHTPUPYIOTCS BTYJIKaMU
KOTOPBIE 3aIIPECCOBAHBI BEPXHIOIO ILIUTY .

K HmwxkHell mumre OonTaMu KpEnmUTCs KOHTEWHEP B KOTOPOM HaXOASTCS
OaHJ@XUpOBaHasi MaTpUla NEPBON BBITSDKKU 4, KOTOpas pacloyiaracTcsi MaTpuLe
BTOPOM BBITSKKH 5. Best 3Ta KOHCTPYKIIMS HAKPBIBAETCS KPBILIKOM U (PUKCUpyeTCs
K KOHTEWHepy O0NTaMH.

K BepxHe#l MIUTe KpEenUTCs MyaHCOH NEPBOM BBITSKKM | M IIyaHCOH BTOPOM
BBITSDKKHM 2. [lyaHCOHBI KpensTcs IpU NMOMOIIM ITyaHCOHOAEPKATeNs, KOTOPBIM B
CBOIO OUY€peIb 3aIPECCOBAH B BEPXHIOIO IUINTY.

CbéM aeTanyu npoOUCXOAUT IPU NOMOIIH ITyaHCOHA MEPBOU BBITSIKKH.

IIGTEU'II) YAAIACTCA KIICIIAMMU. 3a OJHH XOJ IIpeCCa INTAMIIYCTCA OOdHa
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