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NMPEAHCJIIOBHE

B r. I'nusuue IMonbcko#t Hapoauoit Pecny6auku B UHCTHTYTE Me-
TaJNypruu Xejesa 25—27 uions 1963 r. cocrosics MexayHapon-
HBIH CBe3[ o KanuOpoBKe NMPOKATHHIX BAVIKOB.

B pa6ote cne3na mpudsaay yyacrue neneratsl CCCP, I[THP, I'1P,
YCCP, Benrpuu, Pywmbiaun, DBoarapuu, Hraauu, @pas-
uun, Aurnun, ®PT u IBemun, cpean KOTOPHIX HaXONMIHCh H3BECT-
HBle CIeMaJHCThl TPOKaTHOrO NMPOU3BOACTBA. Bcero Ha chesse OblaH
3acaymannl 21 goknag v 8 conoKaanos.

Ha 3akniounTenbHOM nJieHapHOM 3aceflaHud cbe3fa npod.

- E. Basan n pokT. n#xK. P. BycaroBckuii noaBesu HTOrH Che3xa, 0Co-

6eHHO MOJUYEPKHYB OCHOBHbIE TeOpeTHUYeCcKHe paboThl COBETCKOH HIKO-
Jabl ¥ npod. 1oKT. 3. BycaTtoBcKoro, KOTOpLE JONOJNHAIOTCA MHOTHMH
3KCIepHMEHTaJbHBIMH HCCNe0BAaHHAMH 3aBOJACKHX HHXKEHepoB (Ha-
npumep, pabotel Pyy no pacuery npocThlx KaJuOpoB M CO3LaHHIO
¢opMyan yWIHpPeHHSs, NTOATBEPXKAEHHBIX NPAaKTHKOMN).

B cGopHuke H3/10XKeHbl B HECKOJbKO COKpALleHHOM BHJe Haubo-
Jiee BaKHble JOKJajbl, COAOK/IaAbl H BLICTYIJEHHA.

B Hacrosiniee BpeMs Ha Ga3e TeOpMil INIACTHYHOCTH M NPOKAaTKH
C IUMPOKHM HCIIOJIb30BaHHEM 3KCIIePHMEHTAaJIbHOTO MaTepHaJsa co3-
JHAlOTCS TEOpPETHUECKHe OCHOBHI KaJMGPOBKHM NPOKAaTHHIX BaJIKOB ~—
OfHOro U3 HanboJjiee CMIOXKHBIX Pa3fesioB HayKH O NPOKATKe.

BecbMa #MHTepecHasi NOMBITKAa 0600IHTH HEKOTOPble TeOpeTHye-
CKHe Bonpochl Kaau6poBky Gbijia caenaHa B AoKnaze 3. Bycaroscko-
ro | (THTHP). [EEro paGoTbl no onpepejeHHio YIIMpeHHs, KaTaloMEro
paznuyca, pacyera NPOCTHX M (PacOHHHX KanuOpoB LIMPOKO H3BECT-
Hbl. Pa6orsl 3. BycaToBCKOrO NoJIOXKeHbl B OCHOBY psila MCCJ/Iel0Ba-
HUil €ro YYeHHKOB. '

Teopernyeckue OCHOBB KaMHuOPOBKH NMPOCTHIX npoduied C IUIH-
POKHMM MpuMeHeHHeM O6jieryaiouiux pacyer Homorpamm paspabora-
Hbl H JOJTOXeHbl ToJbckuM uccaenoBatenem K. Puitesem. B ero ana-
JIN3€e YHIMpEeHusl JaHa BeCbMa TOJOXHTeabHas olueHka ¢GopMy. YIIu-
pesusi coBerckux abropoB: A. 1. Uekmapesa, b. Il. baxrunosa,
M. U. 3aoTHuKOBAE.

HnTepecen onbiT kKaMHOPOBKM H MPOKATKH Ha HENMPEPbIBHOM 3aro-
TOBOUHOM craHe 3aBojna Hosa I'yra kpyrabix npodusaeit, B 4acTHO-
ctu TpyOHOIl 3aroToBKM AHaMeTpoM A0 150 mm. I1pu 3TOM He mpHMe-
HSIeTCS1 BTOPUYHBLIH Harpes. DTOT ONHIT NMOJIE3HO HCMBITATh Ha OTeye-
CTBEHHBIX 3aBOJaX.

OpurvHa/bHble MaTepHaJbl N0 PacyeTy M ONpeNesieHHIO pa3me-



8 NPEAUCIOBUE

poB Kaau6poB mpocToit GOpMbI MPEACTABJEHB B JOKJIaJe H3BECTHO-
ro ¢panitysckoro Kanubposuuka J)K. Pyy, npeanoxusiero eme B
1929 r. cBolo popmysry yurnpeHus. Pacyer Kaau6pos aBTOp npoOH3BO-
IHT NPH MOMOIUH I'PadUKOB.

OnbiT npokaTKM Ha IUBEACKHX CTaHaX H3J0XHJ uH3o6perarenb
npeuu3oHHbIX pabouux Knaereit D. Hopauna. O mokasan Bo3MOX-
HOCTH NOJIYYEHHSI BHICOKHX CKODOCTEH M BBICOKOM TOYHOCTH IIpOKa-
Ta (*0,1 mMm) Ha JUHEHAHBHIX MHOFOCTYNEHYAaThlX MPOBOJIOYHHIX H
MEJKOCOPTHHBIX CTaHaxX C MPHMeHEeHHeM JBYCTOPOHHUX OGBOIHEIX am-
napaToB. ABTOop Npeanoxun Tabauubl pJs pacyera KBaJpaTHBIX H
OBaJIbHBIX KaJau6pos,

3HauuTeNbHBIH HHTEpeC NPEeACTaBJSIOT NOKJAaabl Mo KanubpoBKe
¢dracoHHBIX npopuaeii. PeayabTaThl MHPOKOro HCCAELOBAHUSA NTPOKAT-
KM B pa3pesnbix KamuOpax novtoxkua K. Poitens. B ero noknane or-
MeyaeTcsl 3HaUEHHe HCCAeNOBaHMH COBETCKHX YueHbX. TeopeTnue-
CKHe OCHOBHl KaJu6poBKH (naHueBHX mpodusell u310KeHH B NOK-
aagax A. I1. UekmapeBa (CCCP), E. Jliogmru (ITHP), E. YHre-
pa (BHP) u np. Hoknan wranabsinckoro Kaanbposmuka ¥, Cynno
IO TeOpPeTHYeCKHM OCHOBaM KaiuOpOBKH yroJKOB CJlefyeT paccMart-
puBaTh, KaK 3asiBUJ aBTOpP, pa3BuTHEeM paboT COBETCKHX HCCJel0Ba-
tenel. B 3TomM noknane npuBeneHbl pacueTHble POPMYJbI H AaHHBlE,
BNIOJIHE ONpaBAaBlile cefs Ha NpaKTHKe.

HHTepecHo OTMETHTb, YTO MHOrHe JOKJAJYHKH YKasbiBaJu Ha
0co6yi0 BaXKHOCTb H3yYeHHs M3HOCa KaJHOpOB AJIS NPaBHJbLHOTO €ro
yuera npH KaaubpoBke, O6 H3HOCe BaJKOB Obl1 <CAesaH AOKaaj
unxK. 1. Heprepom (I'IIP), uccnenoBanusi KOTOpOro Ha MeTasJypru-
YeCcKoM 3aBoJie B I. Pu3a npogonxKaloT paboThl 10 H3HOCY, 1POBELEH-
Hble u ony6aukoBanHbie B CCCP.

Cwpe3n kKanuOpPOBLIMKOB NI0Ka3aJ, YTO BO BCEX CTPaHaX NMPOBOAHT-
Csl HayyHas M MPpakTHYecKas paboTa TIO H3YYEHHIO H YJIyUIUEHHIO Ka-
JUOPOBKH BaJIKOB AJiA NIPOKATKH pasHbix npoduneil. B psage cayuaen
JAOCTHTHYTHl NOJIOXKHTEJNbHbIE Pe3yJbTaTel B 0000ImentH 60JblIoro
NPOH3BOJACTBEHHOTO ONLITA M CO3[aHHH TEOPETHYECKHX OCHOB KaJaub-
POBKH H MeTOJOB pacueTa KanuGpoB. Boablioe BHUMaHHe ynenser-
CSl NPDHMEHEeHMIO HOMOrpamMMm M rpadukoB ajas objerdyeHus u ycCKo-
peHus pacyetoB mo KanuGpoBke. B CBfi3M ¢ 3THM ONBIT HCCIENOBa-
teseit [THP, ®pasunu u Ipyrux crpaH BecbMa noyuyurened. Hure-
PECHBl H3JI0XKEeHHble B HEKOTODbIX JOK/aanax KaiauOpOBKHM Dpsja crie-
LadbHBIX npoduaeit, npokatka Koropeix B CCCP mnoka He mpous-
BOJHTCS.

Marepunanbl cbe3fa KaluGpoOBUIMKOB NPENCTaBASIOT G0oJbIIOH
HHTepeC I CHelHaJHCTOB-KaJuOPOBIIHKOB, 2 TaKXe AJs IPOKart-
YHKOB, pPabOTaIOIIHX HA METaJJyPruyecKHX W MallHHOCTPOHTENbHEX
3aBojlax, B Hay4HO-HCCJIENOBaTeNbCKUX M yueGHbLIX HHCTHTYTaX.

Axad. AH YCCP A. I1. HEKMAPEB
Kano. texn, nayx A. A. HE®E/JOB

Mpog. dokr. unsx. 3. BYCATOBCKHHA
(Monurexuuyeckust uHcturyt, r. nusuue, [THP)

PA3BHTHE TEOPETHYECKHX OCHOB
) KAJIUBPOBKH BAJIKOB
B MOJIbCKOM HAPOLHONM PECNYBJIHKE

CyuiecTBylonmiye MeTOAR ONpeneseHus yiupeHns He obecneyuBas
0T JOCTaTOYHOH TOYHOCTH, HeOOXONMMOK NpPH pacyeTe KanauOGpoOBKH
nosoc. BenencTBue 3T0M0 aBTOP PELIMA M3MEHHTh MeTOIbI pacuera
YIIHPEHHSI U BBITSXKKH HCXOJAAl M3 YCJIOBHSl NMOCTOAHCTBAa o6beMa Me-
TaJaaa:

V,= const, BN ¢))
roe i — HOMep mpoxoja.

H3 310oro ycnoBus nonydaeM ciaenylomyio 3aBHCHMOCTb Ko3(du-
HHEeHTOB jAedopMaluu:

\ vBA =1, 2
rge v = hL — Koappuuuent o6xartus;
1
B = Z—’ — Koo puuMeHT YHIHPEHHUS ;
1
l F
A= —ll= F—‘ — K09 pULHEHT BHITIKKH,
1 2

Pacuer Bcex KaauGpoBoOK ¢ moMoLibio Ko3dduinesToB Jedopma-
UMM sBAfieTcsl MpocTedinM MeTonoM. Iloabsysce xoapduuuenTOM
BBITSKKH MOXHO TOC/NeJOBATENbHO ONpeNensiTh IJIOWAAH CedeHHdd
JJ1 BCeX TNPOXONOB HCXOAA H3 3aBHCHMOCTH

n
Fo=Fphdy = Fdl, )

a4 TakKXXe€ 3HaY€HHE CpEaHEro KOSQ)@’HHHCHTa BBITAXKKH

Y ES e

Hakoner;, 3aBHCHMOCTb (2) ABJISETCS AONOJHUTEILHBIM KPHTEPH-
€M OLEHKH NnpaBHJbHOCTH KaanbpoBku. Bo Bcex cayuasix, xorja
A > B, kKanubp pacCUHTaH NPaBHIbHO, 6€3 HePOU3BOAHTENBHOH 3aT-
paThl paboThl Ha Yype3MepHBIfl TPHPOCT IIHPHHBL NOJOCH. B mpoTuB-
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HOM clyyae Kajubp pacCyuTaH HeNpaBHIbHO. YIIHDEHHe noJayuyaercs
CAUIUKOM Oosbloe W €r0 NMPHXOAMTCA YCTPaHsTh dajbHeilleil Bbl-
TAXKKOH. Cayyau, B KOTOPHIX A = f§, aBTOP Ha3bIBaeT TEOPETHUECKHM
npenenoM penrabeapHoctd. M3 satoro caenyer, 4ro Bcerga Hajo cTpe-
MHTBCSA K TOMY, YTOOH! 4 > .

®opMyabl AJiS onpelelieHHs YUIHPEeHHSl H BHITAXKKH
noJjoc NPSIMOYroJbHOI0 CeMeHMs

Ha HavasbHOM 3Tane HcclefoBaHMil npobjeMy yNpPOCTHJH, pac-
NPOCTPAHUB WCCJIENOBAHHA HOKJIIOUHTENbHY Ha MSATKHE YrjepomH-
CThble CTa/H H OOLIYHBIE TeMIEepaTyphbl NPOKATKH. BuIM BBENEHHl NO-

h
Ka3aTequ (GOPMbl IOOCH B = . h—‘ J1 BAJIKOB €y ='Fl .
1

ITpuHMMas 3TH MOKa3aTelH M yNpOUIEeHHblE YCI0BHA MPOKATKH
(mpokaTKa NmPAMOYrOJNbHBIX MOJOC H3 MSACKOH YIJIEPOAHCTOH CTanlu
npu oOLIYHBIX TeMIepaTypax Ha raajkodl 60uke), MoJydyaeM ciaeny-
IOL{e 3aBHCHMOCTH YIIHPEHHS H BBITSXKKH:

B=f(v0utadi A= (vOuea)- (5)

Ilpu noMolu METOAOB CTAaTHCTHYECKOM MaTeMaTHkH OblIa 1ojy-
yeHa KOHeYyHasl 3aBHCHMOCTb B BHAe!

B=1v"", (6)
Tle TNOKa3aTeJab CTelleHH
0,556
W= 10—1 ,2696,w S‘W (7)
IMonwsysch ypaBHenuem (2), HaXOAHMM 3aBHCHMOCTb Koa(pduIiu-
€HTa BLITAXKH OT KO3(pHLHeHTa 06XKaTH:
A= Y(w_l). (8)
CeasuiBasi 3aBucumoctd (9) u (11), monyuaem dopmyay Kosg-
buuueHTa yHupeHus:
©

B=2'"" )
BeiBeaeHHble dopmyan (6) — (9) npuroansl B OCHOBHOM IJs
OGBIYHBIX C/1yYaeB NPOKATKH NPAMOYTOJAbHBIX ITOJIOC Ha IMIajKo# 6oy-
ke. O6GIKMpHble HCCMeNOBaHMs, TpoBeaeHHble P. BycartoBckuM, nos-
BOJIMJIH OTIpeJle/IuTh BJIMSHHE TeMMepaTyphl, CKOPOCTH NPOKAaTKH, CO-
CTOSIHHSA MOBEPXHOCTH BaJIKOB H XMMHYECKOr0 COCTaBa CTajM Ha YIIH-
peHue.
Beona xos¢pduuuentsr B popmyny (6), monyuaem 3aBHCUMOCTb
13 Koshduuuenta ylwHpeHnus B BUle

B = acdfy™" (10)

H \w
! Buipakenue Brga f = (—h-) 6u10 nonyveno A. @. TonosuumM, [Tepes.

PA3BUTUE TEOPETHYECKMX OCHOB KANMEPOBKW BANKOB B NHP 11

Kosdpduunent a, yuuTbIBalOWMA TeMNepaTypy NPOKaTKH, MpH-
HST paBHBIM 1,005 nag TeMnepartyp B npenenax 750—900°C u 1,000
s temnepartypbl 950°C u Bhle.

Koagp¢puuueHT ¢, yyuTHBaIOIHA CKOPOCTb MPOKATKH U B Ipe-
nenax 0,4—17 m/cek, onpenensiercss N0 ypaBHEHMIO

¢ = (0,002958 -+ 0,00341y) v - 1,07168 —0,10431y.  (11)

Koadduuuent f, yuuThBalomuii COCTOSHHE NOBEPXHOCTH 'H Ma-
TepHaJ BaJIKOB, NPUHAT paBHBIM 1,02 1 YyryHHBIX ¥ HIepOXOBaThIX
cTajbHbiX BajkoB; 1,00 — ansg oTGeneHHbIX M IVIaAKHX CTaJbHbBIX H
0,98 — n1na crajbHBX NIJIM(OBaHHBIX BAJKOB,

Yiuupenue aJsl pasjuyHbIX cTaedl YIUTHIBaeTcs KO3 QPHUHEHTOM

d, u noaToMy opMyaa yIIMPeHHs [JS JIETHPOBAHHEIX CTajlell HMeeT
BHL:

B=dy . (12)

KoadpdpuuueHT d 3aBUCHT OT 00XKaTHs, TeMIepaTypbl NPOKATKH
u Kosbduuuenra popmel. C. Konuesnu noasepruya rayboxomy aHa-
JM3y W CPaBHEHHIO 22 u3BECTHBIX (HOPMy/bl YIIMPEHHS H NPHINEJ K
BHIBOJLY O cJeaylomedl Moc/eJ0BaTeNbHOCTH JyylluX Gopmysn: IJke-
nyHna, 3notHukosa, Yekmapesa, Bycartosckoro. Ecau yuects cpen-
HIOIO MOTPEIlHOCTb, TO CKOPPeKTHPOBaHHas ¢opmysa Bycarosckoro
3aHUMaeT nepBoe MeCTO.

K. Putenis mpoaHanuanpoBas (popMynnl yllnpeHHs IKeayHAa,
3norHukoBa, Yekmapesa, BaxrunoBa u BycaroBckoro. Haunyumedn
dopmynoii sBasiercs dopmyna (6) Bycartosckoro. ‘Crenyer oTMe-
THTb, 4TO N0 Gopmyaam IxkenyHnaa ¥ baxTHHOBa yacTo NOJNyYalOTCH
pesyabrathl, koraa A < 1.

O6xaTHe H yHIHpEHHe NOJOC B CHMMETPHYHBIX KaauGpax

[pu npokaTke B MPOCTHIX KaJuOGpax BBENEHO MOHATHE CPelNHeH
BhicoThHl (pHcC. 1) hc=—];- u cpeaxero Koadduunenra o6xartus
h F. b

Vo= = =2 —, (13)
hex by F
Jnsi cHMMeTpHYHBIX Kanu6poB Gopmyna (6) uMeer BHA:

B =" (14)
he .
[TokasaTenb cTemeHH W, BKAOYaeT . Cwe =7, CPeAHHH
- C
b o
NoKasaTeJb BaJKOB H Sac =~ — CPeaHuil moKasateb dopmbL
(4

Cpenuuit neilcTByIOWHMA AnaMeTp BajKOB onpejeiseM Mo ypas-

HEHHIO .
D,= D,—h,, (15)
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()
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<5 ‘l

b

Puc. 1. Cnoco6 onpenenenns cpefliefi BHCOTH H CPEeIHEr0 KaTaloUIETO AuaMeTpa
IJs MPOCTHX KaauGpoB

)

N

T

b=aVZ— ;';{”- 37::
m=05; 6p=2,0
N , |
AN f ' [
- * ; ,
m=05; dp=2tg 2 m=057+0475
< & & §
22 1 l 3
Lb N ! b
=47 M5, G=10

Puc. 2. llpumepn ompeleneHnss m M Oc AJA PasTUUHBIX THTOB PO~
bunehr

PA3BUTHUE TEOPETMYECKUX OCHOB KAJIMEPOBKMW BASIKOB B NHP 13

rae Do — He#iTpanbHBIA AHAMeTD. '

Jaa onpenenenus cpefHero Koagbuuuenta obxaTtusa HeobxonH-
MO 3HaThb WIHPHHH by # b;. :

Tak kak b, HEH3BECTHO, HET BO3MOXHOCTH MCNOJNB30BaTh HOPMy-
asl (13) u (14). 3nauenne & onpexensieM no P. BycatoBckomy:

hc = mhuaxc» (16)

roe Ayaxe — Hanbogabllasi BLICOTa Npoduas;
m — xo3(pduLneHT, 3aBHCALMN OT THNA npoduasa (puc. 2).
IOns xoadduunenta m uMeercss psAa HOMOTPaMM.

OcHoBHble (OopMyJan [Jsl pacyeTa KaJdHOPOBKH BalKOB

Tak kak pacuer Kanu6pOBKH BajJIKOB BeAyT OT MeHbLIEro npogu-
Jas k Goabluemy, Ans Ucnonb3oBaHusa ¢opmya (6) u (8) A. BoiiTh-
JSIK BBEJI IOKa3aTeJsu:

hz ’ Fl
= — § =1,
w D hg
B pesyabTaTe OH nosyyua ypaBHEHHS:
E = 1,269 (e,) > °°%; (17)
A= T_(l—lo_5‘1'444) (18)

151 1pakTHYECKOro HCMOJb30BaHHS NOJNYYEeHHbX ypaBHeHH# Boii-
TBLISIK pa3paboras HOMOrpaMmy, MOJb3yACh KOTOPOH MOXHO OLICT-
po onpelennTb Heo6XxonHuMble 3HaueHHsl. 3aTeM OH pa3paboTal Mo-
Jenb norapudMHYECKON JHHeHKH, NMOJYYHBIIe# pacnpocTpaHeHue B
npoxatubix uexax I[THP u I'IP.

Cnoco6om, aHanornyHbiM cnoco6y A. Bo#rwnska, I'. Mionnep
paspaboTan MOIEJb CUETHOR JHHEHKM, NMOJYYHBILEH pacnpocTpaHe-
HHe B 3allafiHbIX cTpaHaX. BMecTo npumMeHeHus HoMorpammel A, Boii-
THUIAKA A5 peuwieHHa ypaBHeHus (18) 3. Orro paspaboran cyeTHyIO
JuHeHKY, N03BOJISIOMYIO PACCUHTBIBATb HCKOMble KO3 HUIHEHTH 06-
JAaTHA UM BBHITSXKEK.

Kann6poska mpocThix mpodmnieli M BHITAXKHBIX CHCTEM

IpuBenenuble POPMYJEI OTHOCATCH K CAyyasiM NPOKATKH NPSMO-
yroapHo#i mosocel 6e3 KantoBku. McnonbzoBanue popmyn (6) u (8)
npu kanu6poBKe B ciyuae KaHTOBKH NOJIOCH MoKa3aHo K. Poitenem.

[IpenBapuTenbHo ciielyeT onpefeanTh 3aBUCHMOCTb MeXAY cpel-
HeH u MaKCUMaJbHOH BHICOTaMH Kaxiaoro kajaubpa (cM. puc. 2):

L (19)

Puagci )
BeegeMm caenywouue 0603HaueHHS:

m; =
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hi, bi, &; — 1715 TOJNIOCHl B i-TOM: IPOXOJe;

h;, b, 6;— ana nojock B caenywumem i+ 1 npoxoge.

I1pA oTCyTCTBHH KaHTOBOK OG03HAaYeHHUS] He H3MEeHSIOTCH.

[1pn KanuGpOBKe Pa3nHyHBIX BBHITSXHBIX CHCTeM Ko3(dunuent
topmHl 8, BEIPA3HM B BHIE

R 20
ke,
rae b;.; — MakcumanbHasg WIHPHHA Noc/e i — | NMPOXoAa;
hc,_, — cpenuss BhicOoTa mocie { — 1 mpoxopa.

Ilpn kauTOBKe Ha 90° BHICOTa CTaHOBHTCS WIHPHHOM, a IOMPHHA
BbICOTOH, Torna b'i-y = fAwakc;_y ¥ A'i-y = biy.

Ecan u3BectHa cpeansist BHICOT2 10 KaHTOBKH, TO MaKCHMAJLHYIO
BBICOTY PaCcCYHTbIBaeM, HCIONbL3YS 3HAUEHHE M, YCTAaHOBJEHHOe JJst
JAaHHo# ¢opmbl kanubpa (cM. puc. 2).

B 3tux ycaoBusx

’
by
6:—-] = ‘h— .
1

»
[Toncrasnas emecto hc,_; # b, , 3HaueHHs, NoJyyeHHbie B | — |
npoxone, moJyuaem

. e
M = I — @1)

2 2
, _m_1byy B 1M

Uncso Heu3BeCTHHIX NPH KaaubpoBKe paBHO yucay npoxonos. Ec-
JIU M3BeCTHa OJHA2 H3 BEIMYHH B NAHHOM Kaaubpe, TO MOXKHO pac-
CYHTaTh OCTaJbHbiE, YCJOBHE BHTIXKKH 10 dopMyJe (6) moasoaser
[paccyuTaTh OAHY M3 3THX HEH3BECTHHIX, JoCTajbHble TIOJy4aeM H3

¢Gopmyasl (18):

wy
b= by_1B; = b\ ' %,
1

- 1 —w
hci = hc[_l'Yl =hi N ,

b, ,

—_— .
hcl—l

[Tocne nopcTaHOBKH HaXOAHM
1 +w;

8 = 8N T (22)

@opmyna (21) cBaspiBaer Ko3drpuuHeHTH (OPMB 10 KaHTOBKH
H nocie Hee Ha 90°. Ecan Mexnay npoxofamu i — 1 u i umMeercs Kah-

PA3BHUTUE TEOPETMYECKUX OCHOB KANIMEPOBKMU BANKOB B MHP 15

TOBKa, TO BMecTO §;—; B popmyne (22) noncrasnsieM NpaBylo YacTh
ypaBHeHHs (21) ¢ COOTBETCTBYIOIUHMH HHIEKCaAMH:

l+w1
l—w
A
8= ——n. . (23)
8;_ymy
[Ipu OTCYTCTBUHM KaHTOBKH
14w
1
8 =08i-1ht s
14wy 14w, + 1 +wn
n=66]:l .)\ll—w‘ ‘)\21—10: . )\n l_wnm’_l'l:zm:zl':Qm':IEQ. (24)

3Hak nMoKa3aTels CTeNeHH 3aBHCHT OT YHc/l1a KaHTOBOK Ha 90°
KOTOpPHIM GyjeT ellle nmogBepraTbcs NPYTOK Iocje paccMaTpUBaeMo-
ro npoxona. IIpn HeueTHOM uucJie KaHOBOK TPHHUMaeM 3HaK MH-
HYC, a PH YeTHOM — 3HaK IIIOC. ATO cefyeT U3 TOTO, YTO TIpH KaXK-
JO KaHTOBKE YHCJHTE/Nb H 3HaMeHaTeJlb MEHSIOTCS MeCTaMH B ¢op-
Myne (23).

Hnsi o6neryeHnss ¥ ynpoueHusi NpakTHYeCKUX pellieHH# Ha DHC. 2
npuBeneHbl 3HaueHHsA d.. Torga nocse BBeNeHHS 3THX 3HauYeHHil B
ypaBHeHus (19) — (24) noayyaem A/l pa3HbIX CHUCTEM:

KBaapar —OBaJl
1 4w, it wpy

omiN' T = hyy U (25)

0oBaJ — Kpyr
14w V4 wigy
1— T—
1,273%mN = gy T (26)
KBaJApaT — OBaJ — Kpyr

14 Wit 14 w1
1,273my T = Ny (27)
pO‘M6 _ p0M6 HJH KBajgpaT — KBajpar

l—wl

Pr—1

tg—% lg—=—=\ (28)

Jlns npakTHyecKoro npuMmeHeHus npuBeneHHbx ¢popmyn K. PH-
TeJb pa3paboTal COOTBETCTBYIOIIHE HOMOTPaMMBL.

OcHoBn KanuGposku daconnbix npoduaei

HccaenoBandem ¢aconnbx npoduneit A. Bolitbhiiak Hauan 3aHH-
Matbest B 1951 r. OH aHanu3upoBaJ TegeHHE MeTasla B HECKOJIbKHX
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CHMMETPHYHBIX NpoduasAX Ha ocHoBaHuH dopMya JleHans no cpele
HeMy KOO(M(HUHEHTY BBITAXKKH, a Takxke HCnoJb3oBaa dopmyay (6)
a9 npoduiefi co cBoGoaHbM ymupenueM u popmyay (8). B 1952 r.
A. BolTHasiKk 3aHHMaJICl TEYEHHEM METajjla B HECHMMETPHYeCKHX
npopuaax, NpHHUMas Te XKe NPedNOCHUIKH.

. [Maomanp ceyenmss npoduad,
NOKa3aHHOTO Ha pHC. 3, Jo mIpo-

= XY
Epy | { € g & F1=FA,+FB,+FC,-
— by, ba, by, = a mocjie npoxona
by F2=FA,+FB,+F(;,.
Ilpu kKaaubGpoBKe H3BECTHO
& g ceyeHue Fy u Bce pa3smepn ¢O-
Fag t Sals ‘f 82 1 |$'¢| craBasomux ero 3neMeHTOB.
HckombiM siBasiercst ceyeHne Fp
= ba, b b, by —  co Bcemu paamepamu ero cocTas-
2

JIAIOWIHX 3JIeMEHTOB:
Fa,, ha,, ba,, F,, hs,,
bs,, Fc,, hc,, bc,

(B 0611eM AeBATb HEH3BECTHBIX).

Tak kak MeXay IIOIaAblo CEYEHHSA H ee pa3MepaMH CyLIecT-
BYET 3aBHCHMOCTDb

Puc. 3. CxeMarTnueckni ¢acOHHbI
npoguab, cocToswMA H3 Tpex aJje-
merntoB: A, Bu C

Fr, = hyby,, (29)

YKCJA0 HEH3BECTHHIX COKpamaercd 10 MIECTH.
Mexay cOCTaBASIOLIMMH YacTAMH NPOGHAS CYLECTBYIOT AONOJ-
HHTEJIbHble 33aBHCHMOCTH:

MaFa, = Fa,
hgFp, = Fp, . T (30)
. heFe, = Fe,

JaBHo u3BectHa dopMyJsa ANA cpefHero Ko3d(pHUHEHTa BHITAXK-
K1 (pacoHHOro npodus:

v = Fo o factFatFo ot Fy,

w Fy Fa+Fp,t+Fe e+ Fy,

Ecau ¢aconnsit npoduap COCTONT U3 ABYX YaCTeH, TO MEXAY ero
YaCTHHIMM KO)QHLUHEHTAMH H CPeAHHM KO3()(OHLUHEHTOM BLITAXKKH
CYIIECTBYIOT CJEAYIoLlHe HepaBeHCTBa:

G2))

M > A >As; (32)
=~ )\cw =~ A\g; (33)
Mk < Ag. 34

PA3BUTUE TEOPETMYECKMX OCHOB KANMUBEPOBKM BAAKOB B MHP 17

Ipn nmpokaTke (pacoHHOTO NPOGu/s, COCTOALIETO U3 Tpex uacs
Tefl, MOryT OBbITH cleAYIollHe COOTHOWIEHHS YacTHHIX Ko3ddHuHeH-
TOB BHITAXKKH: '

)\A =~ )\B =~ )\c =~ )‘cw; (35)
.. A >hg >k (36)
Aa=Ag>lc; (37)

Hcnonb3dys 3aBucuMmocTH (30) u TOACTaBASA MX B GQopMyJay
(31), nonyuaem ¢opMyay I'ypeuxkoro ajs cpensero kospduuueHra
BLITSIXKKH (hacOHHOrO NMpoduf:

' Fala+ Fphp
A = ArAT BB (39)
w Fg,+ Fp,

WK Xe JJs npoduis, cocrosmero u3 N gactei:

I=N
ZFIR\I
by = —. (40)

c ==

Takum o6pasom, ¢ nomoibio Gopmyn (39) u (40) moxHO Hcxo-
IS 43 IJIONaJH CeyeHHs FOTOBOTO NPOodu/s MOAYyYHTb GopMyay Ls
pacyera cpefHero kK03(pdHIHEHTa BBITSXKM B AaHHOM KaJHOpe.

S1. Typeuku#t yCTaHOBHJ
Tak>Ke, 4TO e€C/JH YACTHHIE KO-
3 puLHeHTH BHITSXKKH PaBHBI
cpenHeMy KO3(p@HUHEHTY BbI-
TAXKKH (pacoHsoro npoduas,
TOrJa OTCYTCTBYET TeYeHHe
MeTasjia MeX1y 4acTsMH. J

[pu HepaBeHcTBe 3THX KO-  fx
3(ppuiHeHTOB NPOU3OHAET TE-
ueHHe MeTajila MeXJy yacTs- g,
My npoduns (puc. 4). 2

Kosnvyectso Merajaa, me-
peTeKapouero npw HEPAaBHLIX  Puc. 4. OnpeleneHue KoauuecTBa Me-
Koa(pHlHeHTaX BHITSIKKH, Ta/aa, MepeMeltaeMoro ¥s OJHOTO 3Je-
MOXXHO pPAacCYMTaTh, TNOJb3Yy- MeHTa npoduna B apyroi. Toukui KOH-

. TYp — BXOJAWIHA npodHab, TOMCTHA —
ACb O6LMMH POPMYTaMH: KOHEuHHIi TpPOhHIb
s An > Acw. .

£,

C A
F. =F N 1), 41
XN N!(A)\Cw ) ( )

2 3akaz 1034
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AAf Ae y > AN

)‘ -
F,y = Fu, (1- ” ) 22)

[Ipu 3ToM MEXAY KOJHYECTBOM MeTajja, MepeTekalolmHuM H3 0-
Ho#i yacTu npoduas B APYryloo, AO/KHO CYWIECTBOEATb PaBEHCTBO

=in=in' (43)

Ecau omenbHble yacTu npodu/isi NMPOKATHIBAIOTCA NpH €BO6OI-
HoM ymmpenuH (cM. puc. 3), To oBoGolHOe yuupeHue uyacreit A, B
1 C MOXKHO paccyuTaThb IO ypaBHeHHSIM‘

—_—w

Ba=1ya % Ba=15 %

Be=1c"s (44)
Bmecto popmyant (44) yno6Hee nmosb3oBaThesl GOpMYyaaMu:
wA wp w,
1— —w 1 —w,
BA = ).A N BB = )\B B; BC = )‘C . (45)

B 1955 r. K. Purens paccmorpen ¢opMysbl AJast onpeleneHHs
cpenHero KoapduunenTa BHITAXKKYA NPOPuis ¥ YyCTAHOBHJ, YTO Npa-
BHUJbHOH (opMY/JOH ¢ MaTeMaTHYECKOH TOYKH 3DEHHsl ABJAETCA
tdopmyna . I'ypeukoro.

B 1957 r. 3. BycaroBckuit paspaboTasn TeOpeTHYeCKHe OCHOBHI
Kanu6poBKH npoduield, cOCTOAIIMX H3 JABYX HJHM TpeXx yacre.

OnbiThl TIPOKAaTKH AOKa3aJu NPAaBHJILHOCTL TeOpeTHueckHx ¢op-
mysa. Ha 3aTom ocHoBaHuu MOXHO Obl1o HauaTb paspaborky ¢op-
MyJ 15 onpejeseHHHX THNOB Npoduiefi: VrJoBbiX, TaBDOBHIX 6a-
JIOK, lIBeJJIEPOB M JBYTaBPOBLIX 0aJIOK.

Bosbine n HepaBHBIE [/ OTAENbHHIX 3JeMEHTOB NPO(HJA BhI-
TAXKKHM IONYCKAIOTCA B NEPBLIX NPOXOAax, T. €. B YCJOBHAX, KOTIa
MeTallJl CHJIBHO HAarpeT, IJouiajip ceueHHss O6oJbliasg M HMMEIOTCS
GosbliHe 3aKpyrJieHHs1 Ha nepexojax M3 OJHOTO 3JleMeHTa K Apyro-
My. OTH ycaoBHa 06Jeryaior TeueHHe MeTasdaa. B mocaenHux npo-
X0lax MW GCOGEHHO B UHCTOBOM Kaaubpe, korda Metajsa 6ojee Xxo-
JolleH M TeMnepaTypa OTAEJbHBIX 3JIEMEHTOB pas/iMyHas, JIOILAAb
ceyeHus1 He6oJblIasi M OTHOCHTENBHO HEBEJNHKH 3aKPYIVIeHHs NpH
nmepexole OT OAHOTO 3JIeMEHTa K JpPYromy, nonepeyHoe TeyeHHe Me-
Ta/lla 3HaYyWTeNbHO 3aTpynHsercs. Ilosatomy cielyer npumeHATb
BO3MOXKHO paBHOMepHbie KO3 (HUHUEHTH BHITAXKH NpH pacyere
OTIE/NbHBIX 3JIEMEHTOB KaJubpa; npu 3TOM

Ma=~lp==hk .
w

B cnyyae npuMeHeHHSs HeDaBHOMEDHOH BHITHKKH  CJje-
nyer YYUTBIBATh BO3MOXKHOCTb nepenojHenuss  MeTaln-

PA3BUTUE TEQFETMYECKMX OCHOB KANUBPOBKU BANKOB B MHP 19

JOM  OTKpHITBIX  GaaHueB  (Aa>Ac,), KOpoOJeHHS  IUEHKH
(ha > hcp), 3allleMJIEHHS MeTaJsla B 3aKpHITHX  (JaHuax
(Aa > Ac,), HE32NOJNHEHMA OTKPHITHX MJH 3aKpHITHIX (JaHleB
(?\«B < 7\:c) .

Ecnu tonmuHa ¢anaHueB He3HayuTesNbHa, TO Jyullle TpefycMaT-
pUBaTh HX He3aloJIHEHHEe, YeM INepenoJHeHHe, TaK Kak Jerde Hpu«
6aBuTb MeTalJ, yemM y6aBuTb. Ilpu HepaBHOMepHO NPUHSATHIX
BEITIKKaxX CJeflyeT CTPEMHTbCS,, YTOGH TeueHHe MeTaJsla IPOMC-
XOAHN0 MeXJIy CMexXHbIMH 3JeMeHTamMu. Heldonyctumo cooTHomie«
HHe A4 > AB = Ac = Ap > Ag, T2k Kak HEBO3MOXKHO TEYEHHE Me-
ta/na u3 3aemedToB A u E uepes B u C.

K. Puoiresnb cunTaer, yTo npu xaaubpoBke (acoHHbX nmpodunei,
B TOM YMCJe H ABYTaBPOBbIX 0aJIOK, BCE 3JE€MEHTH JOJXKHbH HMETb
ONMH H TOT XKe KO3)(PHLUHEHT BLITAXKKH:

)\sz)\Az)\leCzl!%)\N.

B 3ToM cilyyae He NPOHCXOMMT TeYeHHS METa/la U3 OLHOro 3Je-
MEHTa B ApYro#, 1aK Kak OHH NMOJABEPraloTCsi paBHOMEPHOH BHITSXK-
ke, ManumHeli TakXe CTaHOBHUTCA HeOOGXOAHMMOCTb ONpeleNsTb KO-
3 ¢HUHEHTH YaC1HOH BHITAXKKH, TAK KaK OHM paBHLI CPEAHEMy KO-
3b]HIHEHTy BHITAXKHA BCEro npoduais.

Hdaa nByraspoBbix 6anok K. PoiTesn npumensier ypaBHeHHe

i—1
heTi = ‘/(xm +0,6)2+0,6 ("—1) — 0,6, (46)

Tle ypi — k03 dunueHT obxatus Qaanua;
{ — ouepeHOH NMPOXOJ;
1 — YHCJI0 NPOXOMAOB.

[IpenBapuresibHble ONLITHI U MHOTOYHCJAEHHbIE OCYLIECTBJECHHBIE
Ha NpakTHKe KaJiuGpoBKM Hoka3aju, uro Metron K. Puitena naer
XOpoIIKe pe3yabTaThl. B ocobenHocTH uenecooOpa3HbiM fABJAETCSH
€ro npuMeHeHue IJa KaNuOpoBKH npousiel, COCTOSAIMMUX H3 TpeX
3JIEMEHTOB ¢ PAa3JHYHHIMH INJIOWAJIMH CEYEHHS.

B nocnensee Bpems K. Pbitens 3aHuMaercs uccieloBaHHEM
pa3pe3Hbix Kaau6poB. B aTHxX Hcclen0BaHHSIX Mbl COTPYAHHUYaeM C
Hucturyrom kaau6posku s r. Pusa (I'IP), rae moa pykoBoacTBOM
nou. Holimana Beayrcs MccneloBaHHWS pa3pe3HBIX KaJHOPOB.
K. Poiteannp paspa6otan xaaubp, KOTOpbIii MO3BONAET 3aMepsATh MOJ-
Hble JaBJieHHsI H €T0 COCTaBJfIOLHe B 3aBUCHMMOCTH OT Pa3JIHUHBIX
KOHCTDYKIMA Kanubpa, ero IWIMPHHBI M IIHDHHH Pa3pe3aiolllero
rpe6us.

2*
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Karawiuue paguycsl ¥ HeiiTpaJdbHbIE OCH .
npu NpPOKaTKe B KaauOpax

KanuGpoBka BaJKOB 3aK/IIOYaeTCs He TOJNBKO B ONpelesleHUH
¢opMBl H pasMepoB NocjeJoBaTebHbIX KaJHOPOB, HO TaKkKe M B HX
NpaBHJbHOM pa3MelleHHH Ha BaJkax TyTeM OnpejelleHHs KarTaio-
IKX pajHyCOB U HEHTpPa/bHBIX OCEH.

B cBoeit pa6ote Mypckuii npuBoAuT GOPMYJH M pacyera Aua-
METPOB BaJIKOB COPTOBLIX CTaHOB NPH ONpPe/eJeHHOM BEPXHEM HJH
HUXHEM JaBJEHHAX ¢ YYETOM 'M3HOCa BaJIKOB.

Jnsi onpeneneHust CpPefAHEro Karalollero pajauyca BepXHEro
H HIDKHETO BaJIKOB aBTOD HACTOSLIEro NOKJIAana NpefJoXui GopMyny

R;,+R
ZpiRi-I"E(;{li) s

R.= . 47
¢ Z(s:+ pi) ¢
C yuerom BAHSIHHSI TPEeHMs 3Ta (OPMYJa HMeeT CJeNyIolni BUL:
R, +R
. EmRi+ 2 (—‘—2”—‘) ms;
R.= - (48)
X (ps + msy)

Ecnu B dpaconHoM kanubpe (puc. 5) NpoHCXONMT TeyeHHe MeTall-
Jla U3 OJIHOTO 3JIeMEHTa B APYroH, TO ero BIHMSHHE Ha BeJHUYUHY Ka-
TalOIMX PafMyCOB ONPENeNsioT_HOPMYJibL:

R
' N " T Ra, = ———7\'&—7\— > (49)
3 o & & & I3 o 1 A N
+_—__
AAp
r— P TP Pﬁ"’
8
U S N A N R
I HEFsE || Re=——2=5: (60
» 1 ? c B
4 et i -
o A )C)‘B
Ps
b ____Rg,
Puc. 5. ®acoureiit npodunp, cocroauui Re, = Ae—Ac (1)
43 saementoB A, B u C, noscHsaouui 14—

MeToZ, pacyeta 3. Bycatosckoro _)‘c)‘C

3nast Ra, R u Rc, MOXHO paccyuTaTh CPeIHHH KaTalouMj pa-
ndyc Bcero kKaaubpa no ¢popmyne

R.— FahaRa + Fp rgRp + Fe AcRe
e =

( FA: + FB: + FC:) )‘C

rae Ae — KO3 puuueHT cpellHeil BRITAXKKH.

. (52)
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Ecau e VUUTHIBATh TEYEHHs MeTallla 3 OJHOTO 3/IeMeHTa B APY-
roii, a Takxe NPHUHATH, YTO AaBJEHHe MeTa/la Ha BaJKH Ha OTJeNb-
HbiX 3JIEMeHTax Npodu/s OAHHAKOBO, TO MOXHO PaCcCUHTATb CPEIHHE
KaTalolHe paauyChi COOTBETCTBYIOIKX YacTeil MPoduJs no cienyio-
M popmynam (cM. puc. 5):

Ry + 2Ry + 5 (&#) +s: (‘w‘)

f1+patsi+ %
Rs + PR
Rp == L3583 TPy 54
5 Ps+ pe 9

Ry 4R Ry+R
PeRy =+ psRy + s3 (8_2—4) + 5, (_4;-—'1“)

= . 55
Re Pe+ ps + 3+ 54 ( )

JIlns pacyeta CpefHEro KaTaloulero paauyca Kaaumbpa cieiyer
rioacraButh Gopmyas (53), (54), (55) B popmyny (52).
IIpn npaBHJIbHO BHIGPaHHOH

HeliTpanbHO# OcH Kanubp noJ- Nl
eH HMeTb OJHMHAKOBble OKpYX-

(53)

Ra=

onpejeseHls NPaBUILHONO 110Ji0-
JKeHHsl He#TpanbHO#l ocH Kanub-
pa cjeayer MCIONb30BaTh Caely-
olne ypaBHenus (puc. 6):

Rs.c = RH.C =.Rc;

Hbl€ CKODOCTH BEPXHEro M HHK- / _'e l \

Hero BankoB. Hamumu Hccnefo- — R 1 —

BaHHSAMH YCTaHOBJEHO, YTO AN N 3.1 A
b ‘v

Puc. 6. Cxema uepHoBoro kanu@pa Typ-
6unHHON JONaTKH, MOMCHAIOWAA BHIpAB-
HUBaHHe MOMEHTOB IIPOKATKH H3MeHe-
HHeM MOJOXeHUsl HeliTpaJbHOH OcH Ka-

aubpa
Up.c == Uy,c = Ue.

B 3THX yCJaOBHAX
e+ e, =e=h, } (56)
e, = e, = 0,5k

MoMeHT BepXHEro BaJiKa AOVKEH ObiThb paBeH MOMEHTY HHIKHETO

BaJIKa:

MB = Mn = O,SM- (57)

Ha ocnoBanuu ypaenenuirt (69) u (70) nosyyaeMm cJenyioulyio

3aBUCHMOCTD!
Mg _ en =1 (58)

My - ep
OcHoBb KaJHOPOBKH BaJKOB HenpepbiBHBIX CTaHOB

Kanu6poBKa BaJKOB HEMPEPHIBHBIX CTaHOB ABIAETCS OMHOH M3
C4MBIX TPYIAHBIX, TAK KaK TPeOYET TOYHOrO ONpenesieHus] KaTaloulux
pPanauMycoB ¥ CKOPOCTEH NMPOKATKH B KJETAX.
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[MepBrie pa6oThl M0 KanMHGPOBKe HEMPEePHIBHEIX CTAHOB GBLIM OC-
HOBaHBI Ha JONYLIEHHH NOCTOSHCTBA WHPHHH moJocH. [To3aHee yaa-
JIOCh PacCMOTpPETL ovar AedopMalMH ¢ YYETOM BJIMSAHHSA YLUIHDEHHS
Ha NOoJdO2KeHHne HeﬁTpaJIhHOI‘O CeuyeHHs .

U3 ycaoBuil noCrosiHCTBa CEKYHAHOTO o6b€Ma NMPOKAaTHIBa€MOro
MeTa/nia HMeeM

hyboy = hobv, = hobo, = hybyo,, (59)
a nocJe noJACTaHOBKH H npeoﬁpaaoBaHHﬁ Haxoaum
v, = 21y, = Ao, (60)
Fx

B ¢opmynax (59) u (60) uuaexkc 1 OTHOCHTCS K BXOZHOMY ceue-

HHIO, a MHAeKC 2 k BhixoaHoMy. MHiekc x ompenensier npousBoJib- -

HYI0 IJIOCKOCTb B oyare faeopMmaliii, a HHIAEKC P — HeHTPasbHYIO
naockocTh. HIupuHy H BEITAXKKY B ouare AedopMalliy MOXKHO omnpe-
nenuth no popmynam (9) u (11).

VpaBuenue (60) MOXHO npeACTaBUTHL B BUJe

v, = Oy, (61)

3aBucumocth (61) Bbipaxkaer CKOPOCTb MeTaJJa B oyare jegop-
MAIHMH C YyYEeTOM H3MEHEHHs LIMPHHBI NOVIOCHL
U3 ypasuennit (59) m (61) moayuaem:

0 =051,B,= -, (62)
Fie
Bp =vp,"" (63)

dopmyna (62) onpenensier cBA3bL MEXIY BXOAHOH M BHIXOAHOI
CKOPOCTSIMH H CKOPOCTbIO B HEHTPaJbHOM CEYEHHH, TaK Kak
Up = U, cOS§, (64)

rne & — yron He#TpaJibHOTO CEUEHHA.
3TO ypaBHEHHe NO3BOJIAET CBA3aTh OKPYXKHYIO CKOPOCTh BaJIKOB
CO CKOpOCTbIO TeueHHs MeTaqJja. KoddpoduuueHT onepexkeHus

8, = %, (65)

Xwx

B BRIXOOHOM ceYeHHH OmepexeHue
s= -2, (66)

Ug

rIe ,
= IDsn -y jcex; (67)
w ’ ’

# — yucsi0 060pPOTOB BAJIKOB B MUHYTY.
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ITo BrhiBeneHHBIM (opMysnaM HosyyaeM omepexeHHe MeTanna c
yueToM yIIMpeHHs

hcos E: (%)w—l =Y _ S. (68)
hl U.w

B 1961 r. KonueBuu BuiBes1 GopMysy yria HeHTPaJbHOTO ceve-
HHUs ¢ Y4eTOM yIHpeHus Merajna. OH NpuHAN JUHEHHbIH XapakTep
HU3MEHERYs IIHPHHLL H MOJYYUI GopMyay

. __L . _l_ B*41 l—cosa
smE-ﬂ_lsma[I+B]/l+ 5 (1-{- )], (69)

fsina

rie f — Koa(ppuUHEHT TpeHHs.
ITocne He3HaUNTENbHBIX yNPOULEeHH)T GOPMYJia HMEET BHA:

-3/ ] o

K ¢dopmyne KoHHeBHY DNPHUBOLHT COOTBETCTBYIOIIHE HOMO-
rpaMMmBl.

ITo popmysiam (68) u (69) mau (70) MOKHO ONMpPEnENUTL CKO-
POCTH MPOKATKH BO BCEX KJETX. :

Jss HenpepHIBHO! MPOKAaTKHM cNpaBelJiiBa 3aBHCHMOCTh

Fp,= Fi“%én‘ s; = const, 71)

rae F; — BHIXOZHOe ceyeHHe MOJIOCH B i-TOM NPOXOJE;
U; — BBIXO/IHAs CKOPOCTb B i-TOM IPOXOZE;
D.; — cpenHuit xaTawumil 1HaMeTp B i-TOM NPOXOAE;
n; — 4icyo o60pPOTOB BaJKOB B i-TOM NPOXOJe;
§; — omnepeKeHue B i-TOM NPOXOAE.
W3 popmyaw (71) caenmyer, uTo Ha mpolecc NPOKATKH MOXHO
BO3/€fCTBOBaTh U3MeHeHHeM Tpex Beauuyun: Fi, De; u n;.
Vnpouaa ypasHense (71), monyuaem ofilee ypaBHeHHe B OVIe-
LylOlieM BHJE:

F;R.n; = const. (72)

Onepexenue ¢ ydeTom yurpeHus onpefensiem no ¢popmyse (68)
nocJe NOACTAHOBKM yIjla HeldTpaJbHOro ymia u3 ¢opmya (69) umau
(70).

IIpy npokamke ¢ HaTAXKeHHEM NOBHILAEeM BXOJHYIO CKOPOCTb B
caeayouyw Kierb Ha 1—3%:

vy = v; + v;(0,01 — 0,03) mm/cex }

v, =0, ,+ v,_, (0,01 —0,03) mu/cex (3)
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YpaBHesue (72) npH npokaTKe B KaJuGpax MOMYYHT cjedyOMHUi
BH/: _
FiR. 1S, = FyRoNsSy = F3ReaNgSa = F ,,R?nn,,s,, = const, (74)
raie R;— cpenumil KaTalouui paguyc kanubpa, paBHBIR
_& — Dy — hyc
2 2

HOns onpeieneHus MeXKJIeTEBOIO HATSKEeHHS HCXOAMM H3 Ko-
3(pdulHeHTOB BHTIKKYU

;\F = )\c,;
rpge F
A =1 7
= 75)
H
heg = ML gy DMt (76)
Rynasp Dagtysy

Cornacuo 3aBHcHMOCTH (75), KO3GGUIHEHTH BHITIXKKH U CKOPO-
CTH AOJKHBI ObiTh paBHBL. B cliyuae pasHMubl MeXAYy STHMH KO3(-
(HLOHeHTaMM BeJIMUHHY HATAXKEHHS HJIU JKe CXKaTHA MOXHO onpeje-
JIUTh U3 3aBHCHMOCTH

A =2y —h . (77)

ITpu nonyyennu oTpUIaTEJILHOFO 3HaKa MO BEIpaxeHHio (77) ume-
eTcsl HaTAXKeHHe, a MPH MOJYYeHHM NOJIOKHTeJbHOro 3HaKa — CxXa-
tHe. [locneanee cnenyer ycTpaHHTh COOTBETCTBYIOULHM U3MEHEHHEM
MJIOIIAAH CeYeHHs IOJOCH, CKODOCTH BpalleHHsl BaJKOB HJH 1Ha-
MeTpa BaJika,

B 1959 r. E. Ba3an paspaGoran rpadoaHaJHTHYECKHiT MeToJ
KanuGpOOBKH BAaJIKOB HENPEPLIBHOIO 3ar0TOBOYHOrO CTaHA.

B 1960 r. 3. OpxxexoBckuit ony6JHKOBaJ CKOPOCTHOH MeToJ, pac-
yera KanuOPOBKH BAJIKOB HeNPepLIBHOTO CTaHa NIpH NoMouiM Tab-
JIMLl OBAJIOB M KBajpaToB KupxGepra.

B 1958 r. f. HoBocesibckHii npou3Bes MIHPOKHI aHAJNH3 IPOKAT-
KH KpPYrJbiX npocgu/ell Ha MoJyHenpephLIBHOM CTaHe. ABTOp MpaBHJb-
HO paccyuTaJ/l OBaJlbHbie H KPyIVble KaJHODH H B pe3ysabraTte ObLIO
MOJy4eHO XOpolilee ‘KayecTBO npokaTta 6e3 3aKaTOB H MOPILHH.

JlapaeBre MeTaAja Ha BaJKH
H POJb JIOMOJHHTEJLHOT0 TPeHHs B KaauGpax

ITpu npokaTke npoduieis Goybuoro ceueHus HabJaonaOTcsa 3Ha-
yuTeNbHble NaBJIeHHs MeTaANla Ha BaJiKH, KOTOPbleé MOryT BHI3BATh
nonoMKy Bajka. IlostoMy kanuGpoBaHHble BaJKH Clefyer INpoBe-
PATb Ha MPOYHOCTD.
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B nocnennee Bpemsa B. Kyiika B conocrarieduy ¢ co6CTBEHHBIMH
aaMepaMH pacCMOTpeN MeTOAbl pasHbBIX HccaenoBarteneil Llesmkosa
u TonoBuna — TaryHoBa, Sxkenynna, Iemen, OpoBana — ITacko,
Cumca u Kyka. D74 HccieNoBaHUS M3BECTHBH B TeXHUYECKO JIUTeE-
parype. '

U3 panHblX puc. 7—9 caelyer, uTo, onpelenss cpeiHee yAeJb-
HOe JlaBJIeHHe MeTaJlJia Ha BAJIKH NPH NPOKaTKe MaJibiX KBaApaToB H
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Puc. 7. ConocraBiieline OMBTHBIX ¥ PACYETHHX AAHHEIX YOEJIBHOTO AaBJIEHHS
npu fipoxatke nojocsl 40 X 40 mu (¢ = 1100°C, v = 0,2 #M/cex, §uv = 1):

] — onuiTHbie pauHbe; 2 — mo ¢opmyne Llenukosa; 3 — mno dopmyne TonoBuHa —
TaryuoBa; 4 — no dopmyne Opoeana — Ilacko;'5 — no dopmyne Sxeaynwma; 6 — no
dopuyne Kyka — Mak-Kpyma; 7 — no dopuyne Tenen; § — oTHouleHHe

on /R pacu

Y3KHX MOJIOC, HEO6XONUMO YMeHbIIATh PACCUMTAHHBIE 3HAYEHHUS TaK,
uTOGH NPHGAHSHUTHCS K 3aMEPEHHBIM B ONbITE JJ/Is1 BCErO HHTEpBaJja
o6xaTuit. 3aMepeHHble 3HAYEHHs1 pacnoviaraloTcs Ha pPuc. 7 u 8 Hu-
JKe pacCUMTaHHBIX MO TeopeTHueckuM dopmynaM. Hanmenbmee pac-
XOXKJeHHe 3HaYeHHi nosayqaercs no ¢opmynam Lleaukoa u Oposa-
Ha 1J8 BCEro AManasoHa o0XKaTHi. DTO HOATBEPIKJAAIOT HaHeCeH-
Hble Ha PHC. 7 U 8 3HAUYeHHS] COOTHOLIEHHA KRon/Rpacs, OTHOCAMIKECS
K Jy4lIeMy TEOPETHYECKOMY METOHLY NMpH AaHHO#l TemnepaType. Pac-
XOXK/IEHUS STHX COOTHOIIEHHIi OYeHb 3HAYHTEJbHbl M yMEHbLIAKTCH
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NPH NPOKAaTKe y3Ko# noJjockl. [as nonoc 8, = 5 Habawonaerca 60ab-
IIas cXOAHMOCTb PACUETHBIX 3HAueHHH ¢ 3amepeHHbIMH, Hauayumiu-
mu apasiorca gopmyast LlenukoBa, 'omoBura — TsryHoBa u JOxe-
ayapa, o o6xatuit 50% pacyeTHble 3HAYEHHS HECKOJbKO BbllIe
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Puc. 8. Conocras/ieHre ONHTHHX H pacUeTHHIX JAHHHX YAEJbHOIO AABJEHHS
npu mpokaTKe mogocH 40 X 20 mm (t = 1100°C u v =02 #m/cex):

! — onbiTHHe AaHHHe; 2 — no dopmyne llesuxosa; 3 — no ¢opuyne losoBuna —
TaryHoea; 4 — no dopuyae OpoBasa — [Tacko; § — no dopumyae dKenyHaa; § — no
topuyse Kyka — Mak-Kpyma; 7 — no dopmyne eneu; § — ornowenne K, /K paca

3aMepeHHBIX, NP 6OJbHIHX 06XKaTHAX 3HAYHTEIbHO HHXe. DTO NOA-
TBEPXKAAIOT HaHeCeHHbIe HAa pUC. 9 COOTHOMWEHUS Ron/kpaca-

M3 Hamux 3amepoB ciaenyer, 4To Npd WIHPOKHX NoJoOcax IMosayya-
eTcs HaHAyYyllasi CXOAMMOCTb 3aMEPEHHbIX M PacyeTHHX 3HauyeHud.
JJs y3kHx noJsioc pasjiHuMs He3HaYHTeJbHbl BO BCEM HHTepBaJe
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o6xKaruil; A/ KBaADaTOB 3aMepeHHble 3HauYeHHs pacnojaralorca
3HAUHTEJBHO HHXKe BCeX PAacCYeTHBbIX 3HAYEHHI.

ITH pesyJbTaThl CJAeLyeT yYUTHIBaTh, MPOEKTHPYs KaJHOGPOBKH
JJisi IpOKATKH KBAaJpaToB, Y3KHX M IIHPOKHX NOJOC Ha IJIagKHX
BaJIKaXx.

Oco6eHHO BaXHBIM BONPOCOM A/ KaJMOPOBIUKOB MPH pacyeTax
JlaBJIeHHs] Ha BaJKH H MOMEHTOB MPOKATKH SIBJIAETCA y4eT BJAHAHHA
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Puc. 9. Conocrasneuue 3aMEPEHHBIX H paCYETHHIX AAHHBIX YZAEeJbHOrO naB-
JIeHH NpH mpokaTke moJock 100 X 20 mu (£ = 1100°C, v =0,2 m/cex,
Gw = 5)1
] — onuwTHHe aAaHHbie; 2 — no dopmyae llenukosa; 3 — no dopmyne TosoBuHa —
TaryHosa; 4 — no ¢opmyae OpoBana — [Tacko; 5§ — no opuyse DkeayHaa; 6 — 1mo
dopuyne Kyka — Mak-Kpyma;, 7 — no dopmyne lesey; 8§ — oTHOIleHHe Kon’K pacy

JIOMIOJIHUTENBHOTO TPEHHs, BbI3BAHHOTO OrpaHH4YeHHeM CcBOGOLHOro
yIIHpEHHS] B KaauOpax.

B 1960 r. E. Jlioarira npousses o0UIMpHble 3aMepHl BJAUAHUA J10-

NOJHUTEJNbHOTO TPEHHs1 B ALIHYHBIX KanuOpax. ITomockl ceueHneMm
30 X 30; 40 X 40 mm u 40 X 20 um npoKaThiBaJ® B 3aKPBITHIX Ka-
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6pax, a ceuendem 50 X 50 mM — B OTKpbITBIX Kannbpax npu obxka-
tusax Ao 40%. Temnepatypa npokaTkHu cocraBasaa 900, 1000 #
1100°C. s cpaBHeHHS Te )Ke 06pa3lbl NPOKATHIBAJH B TOM XKe Ka-
aubpe mocJje ero pacTOYKH -0 NMOJYYeHHsi CBOGOJHOrO VIIHDPEHHS.
3HaueHne Ko3duUHEHTA YUWIHPeHHs JJs KBajpaTa CTOPOHOM
30 mm Bes = 1,32, o151 ocTasbHBIX KaAHOPOB Pee = 1,28.

BansiH#e NONOJHUTENBHOrO TPEHHs Ha GOKOBHIX CTEHKAaxX KaJjub-
pPa Ha BEJHUNHY /laBJeHUsl YYUTHIBAJH KO3(H(ULHEHTOM MOBHILEHAR
NOJIHOTO JaBJeHHs (pHC. 10)

r— Porp 8
0= (78)

rae Porp — AaBieHHe NPH OTPAHHYEHHOM YIIHPEHHH;
Pcs——To0 Xe, npu cBOGOJHOM YINHUPEHHH.
IToxasaTenb, yUNTHIBAIOLIMA MOBLILIEHHe YAEIbHOIO JaBJeHHS
BCJIeICTBHE TPeHHs Ha GOKOBBIX cTeHKaXx KanHuOpa

Korp 79
KCB ’ ( )

rae Korp — CpellHee yleabHOe NaBjeHHe NPH OrpaHHYEeHHOM YHIHpe-
HHH;
K¢s — TO Xe, npu cBOGOLHOM YLIHpPEHUH.

HuxHuM 3HaueHneM nokasareneil @’ u a” asaserca 1,0 ans Bcex
c/yuaeB MPOKATKH €O cBOGOAHBLIM yiipeHueM. ITokaszatenu o’ u a”
JOCTHI 20T MaKCHMyMa MNpPH TOJNHOCTbIO OFPaHHYeHHOM VIIHPEHHH.
C u3MeHeHHeM TeMnepaTypel NoKaszaTenn a’ U a” H3MEHSIOTCA He3-
HauyuTeabHo. C H3MeHeHHeM 06XKaTHs 3HaUeHHs1 OKa3aTelel a’ u a”
M3MEHAIOTCSA MO KPHBBIM, NOCTPOEHHBIM /il MPeLeJbHBIX TOUEK.

Jns Hcnodib30BaHHS Ha NMPaKTHKe NMPHUBENEHHHIX rpacdHKoOB, OTO-
OpaxalolMX BJHsSHHE NOMONHHTENBHOTO TPEHHS Ha JaBJEHHe, cJje-
AyeT ONpelesUTh ACHCTBUTENBHYIO CTeNeHb OFPAHHYEHHs] YIIHPEHHs
B filiMYHOM Kaqubpe, O6JacTh MexKAy BepXHeit U HHMXKHell KPUBBHIMH
onpejeneHa npenenami ko3dpouurenta yunpenns 1,02 < g < 1,20.

3HayeHus MOKa3aTeJia AJisS BepXHeli KPHBO COOTBETCTBYIOT yC-
JIOBHSIM MOJIHOCTBIO OTPRHHYEHHOro yiIHpeHus u 0ojiee HHU3KUM TeM-
nepaTvpaM NPOKAaTKH, a VIS HHXXHell KPHBOH — MPOTHBOMNOJIOXKHBIM
yeaoBusiM, C Leblo ONpeieseHHss NPOMEXKYTOYHBIX 3HAYEHUH aJ9
HCCIeIyeMBIX YCJIOBHH NPOKATKH HalO ONPEAeNHTh BEJHUYHHY

! Ben

C (14 Bew)— Borp

Kos¢pduuneHt Bes A8 cBOOOAHOrO YIIHPEHHA HAXoAAT MpH NO-
MOILLH CYETHHIX JHuHeex AJs ¢opmya (6) nmu (9). Kosdpduuuenr
Borp MPH OFpPaHHYEHHOM YIIHDEHHH MOXHO PACCUHTATh HJIH YCTAHO-
BHTb N0 pa3Mepam Kaaubpa.

(80)

1100°C
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Puc. 10. 3naveHue moKa3aTeJs a’ B 3aBHCHMOCTH OT 06KaTHA M TEPeMeHHHIX 3Hauenui KO3(puLUHeHTa YWHPEHNS

NpH pasH.IX TeMmmnepaTypax
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Onpenenus nonpasBky C, clieiyeT paccuutatbh JAeHCTBUTENbHYIO
cTeneHb OrpaHUYEHHs! YIIHPEHHsS H3 NpeJieJbHOro YCa0BHS

1

B=1-1 n x=-Lc. @1)

¢ v

YMHOKas k03(h(HIHEHTH 00XKaTHSA, BHITAXKKH H yUIHDEHHS, NIPO-
BepsieM yCJOBHe NOCTOSHCTBa o6beMa

yBIC = 1.C. (82)

KaauGporka BaakoB GJIOMHHIOB

Kanu6poBka G/IOMHHrOB, 0COGEHHO COBDEMEHHBIX, Ha KOTOPHIX
NPOKATHIBAIOT KBajJpaTHble CAHTKH Maccol 6—8 m uaum nJockue
c/HTKH Maccoit 16—20 m, aBasercq Bceraa HEKOTOPDBIM KOMIIPOMHUC-
COM MeXAy KeJaHHEM COKPaTHTb YHCJIO NPOXOJOB H AOMyCTHMOIl
3arpyskoii aBuraresis. CoBpeMeHHOe pelieHde 3TOH 3aAayH NOJAYdC-
HO AJs GJIOMHHTOB C BajJKaMH, HMEIOIIMMH CPelHIOI TJalKYIo
yacTb 60uku. CTapeie mosbcKHe OJIIOMMHTH HMEIOT MJOCKHe Kaaub-
pBl Ha KOHIIe GOYKH, H 3TO HYXHO YYHTBIBaTH B porpaMmax obxa-
THH H IPOXOJOB,

IlepBble NMONBITKH NMPHCNOCOOJNEHHST HOBBIX METOJAOB KaJHOPOBKH
B COYETAHHH ¢ MPOYHOCTHBEIM pacueToM AJs Pa3JHYHbIX THNOB GJIIO-
Muuros paspa6oranu LI, Mypokuit B 1949 r. u 3. Arisxk B 1951 .
B naumux 6oJiee HOBBIX pellUeHHSIX cpeAHHe KO3(D(PHUHEHTH BBITSKKH
A5 MATKOH cTaJqH npuUHATH B npefenax 1,12—1,20. Dto npuMepHo
COOTBETCTBYET YHCJIY NpoxonoB 13—19 u cpennum abcomoTHEIM 06-
xKatuam 64—78 mm. JlonycTuMble MaKCHMaJIbHbie 06KaTHA paccyu-
THIBaéM MO YPaBHEHHIO

1
Ahuaxc = Dc (1 - V_l-i-_—f_’-) » ) (83)

rie [ — xo3dduuHeHT TPEHHUS,

3HaueHHs Ahmaxe MOryT gocturate 80—110 mm. Ilas npoBepku
AONMYCTHMOFO aBCOJIIOTHOTO 06XKAaTHA B 3aBHCHMOCTH OT MOIUHOCTH
ABHCaTeJIsl NPHMEHSIOT M3BEeCTHbEIe HOPMYJIbL.

Jla6opaTtopusa ropsueii npokatkn HMHCTHTyTa METANIyprHu xe-
ne3a noj pykosoictsom C. Banbl BhImo/MHMJa Ha 3aBOJAAax psan pa-
60T MO M3MEPEHHIO TEXHOJOTHYUECKHX H 3JIeKTPHUECKHX NapaMeTpoB
npouecca nmpoKaTKH.

DTH M3MePEHHs] BBIIOJHHAM Ha GuaiomuHrax tpuo 750 u gyo 800
C UeNbio onpeieseHHs CTeNeHH HCMOJNb30BaHHs O0O6OpynoBaHHsA H
pa3pabOTKH ONTHMAJBHON cHcTeMbl o6XKaThuii. B pesyabrare mpose-
IEeHHBIX HcesenoBaHuil Oblyia 06HapyXKeHa BO3MOXKHOCTb yBeJHYEHHSs
NpOM3BOANTeNbHOCTH GaloMuHra Tpuo 750; pacnpejenenue Kaiu6-
pOB Ha GOuKe BajiKa 3aTPYAHSJO MPHMeHeHHe GoJiee 3HAUHTENbHBIX
o6:xkaTtuii, oco6eHHO B HayaJbHLIX npoxoxax. AHanus paGoTel 6.io-
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MuHra ayo 800, neabio KOTOPOro GLIC YCTAHOBJEHHE BO3MOMKHOCTH
npokaTky Gosiee KPYNHBIX CJIHTKOB (Maccoir 3,5 r BMecto 2,5), noka-
3aJ, 4To GJIOMHHTr ofJlajaer AOBOJILHO GOJIbLIMM PE3€PBOM MOLLHO-
cte npuBoja. Ilepexon Ha KpynHble CIUTKH C TOYKH 3PEHUS MPOYHO-
cTH 06opynoOBaHUA ABJSETCS AONYCTHMBIM, OfHaKo Tpe6yeT 60Jb-
IO OCTOPOXKHOCTH M pabOTHl TOUHO MO 3aJaHHBIM OGKATUSIM,

[Tomo6ueiM 06pa3om npou3Besy aHaau3 paGorsl Gaiomudra 1000.
Ha Hem npoxarTbiBaloT 06bIYHO KBaApPaTHBE CAUTKH Maccoit 4,7—6 T
H JINCTOBbIE CJMTKM Maccoii 6 7. YCTaHOBJEHO, UTO AJs OOGBIYHBIX
CTUTKOB MOXXHO YBEeJHYHTh a0CONIOTHBle 00XKaTHA Ha OO0YKe [0
80 mm u B xaau6pax no 110—120 mm. CooTBeTCTBYIOLIME 3HAUEHHS
Ahyaxe AJS1 JIMCTOBBIX CJAHTKOB COCTaBAsiior 50 Mm i GOYKH H
80 mm nas xanu6pa, Pacnpefenus pauuoHadbHO OPOXOAB MO JOMY-
CTHMOH Harpyske ABHraTeJisi H BaJIKOB, MOXKHO <COKPaTHTb UYHCJIO
npoxoJoB Ha G6JioMHuHre 1o 15—17 njs KBaJpaTHbIX CAHTKOB. YCO-
BeplIeHCTBOBaHHeM paGOThl KaHTOBaTeNell M 'HaCTPOMKH BaJKOB
MOXHO MOBBHICHTb NMPOH3BOJACTBEHHYIO MOLIHOCTh 3TOr0  GJIIOMHHTa
no 1,5 MaH. 7 B roa. .

ITporpamma npokaTKu Haiuero HauGoJiee KPYNMHOro OJIOMHHra
1150 Ha meraauiyprHyeckoM 3aBofle M. JleHHHa mojaBeprasach, He-
CKOJIbKO Pa3 H3MeHEHWSIM ¢ I1eJIbIO MOBLILIEHHS NPOH3BOAHTENbHOCTH.
B HacTosiuee BpeMsi Ha OJIOMHHre NpOKaTHIBAIOT KBaJApaTHbie CJIUT-
K4 Macco#t 8 T u JucroBble Maccoi 16 7.

ITpensapurenbHble paGoTH MO YCOBEPLIEHCTBOBAHHIO NPOKATKH
cas60B mnpoussoiua B. JleckeBuu. B 1956 r. on moxkasan BO3MOX-
HOCTb COKPaTHTb YHCJIO MPOX0OAoB ¢ 35 10 17 npu npokaTKe JIHCTOBO-
ro cJMTKa Maccoit 8,4 7 ¢ yMeHbllIeHHEM 4ucjia KaHTOBOK A0 Tpex.
Paspa6oTannnit B. JleckeBHYeM MeToA MO3BOJIMA COKPATHTb LHKJA
npokartky Ha 20%, yTo B 3HAUMTENBHON CTENEHH MOBLIGHJIO MPOH3BO-
JUTENbHOCTh CTaHa,

B st0fi Ke paboTe Obla peilleHa 3ajJaya MO YCTPAHEHHIO HAKOM-
JIEHHs] MeTaJlJla B yrllax cedeHHs packaTa NpH NMpokaTke Ha pe6po.
[TponsBesenHble 3aMepbl KOHTypa GOKOBLIX CTOPOH casi6a BO BpeMs
NpoKaTKH MOKas3aJM HCrpaB/ieHHe BOTHYTOCTH GOKOBOI CTEHKH B Ha-
yaJbHBIX npoxoAaax. Bnaronaps 3ToMy B KOHEYHBIX MPOX0Aax MOJY-
YHJH BEPTHKAJbHYI0 OOKOBYIO CTEHKY NpoKaThiBaeMoro casba. Yae-

_ JIH4eHHe 06KaTHil ¥ COKpallleHHe JJIHTeNbHOCTH NMPOKATKH YJAyduLIH-

JI¥ TaKXe KayecTBO G/IOMOB H ¢160B. KOHTpOJMbHbEIE MEXaHHUECKHE
HCNBLITAHHSA HA pacTsaKeHHe W Ha YAAPHYIO BA3SKOCTb NOJIHOCTBIO 3TO
NONTBEPKAAIOT.

B panvhejiiiem B. JleckeBuu BHIMOMHHA MOA0OHBIN aHAaJH3 HAAS
310r0 XKe ONIOMHHra NpPH NMPOKaTKe JIMCTOBOrO CAHTKAa Maccoi 15 1
no nporpaMme, npeiycMarpHuBalowieii 19 npoxonos ¢ TpeMs KaHTOB-
KaMH. BbiiH npoHsBelleHbl 3aMephl HepaBHOMEPHOCTH aedopMauuu
GOKOBBIX CTEHOK MO METOJY aBTOpPa H OOHapyKeHO BpeiHOe BJHSHHE
ype3MepHbIX 06KAaTHii B MePBLIX JBYX NMpoxoaax Ha peGpo. Ycranos-
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JIeHO, UTO MaKCHMaJbHOe cCyMMapHoe o6xkaTHe 3a ABa NpoxoZa, AO-
nycTHMoe mnpH xopouleii Kaaubposke, cocraBasger 90—100 mm. IToc-
Jie BHeJIPEHHs 3THX YJY4YLIeHHH NPOH3BOAHTENBHOCTh GJIOMHHTA CO-
CTaBHJia OKOJIO 2,2 MJIH. T B TOJ,

Baaa, Jliogbira u Pem6anbckuil npoussenn B 1962 r. uccienoBa-
HHe TOro e GJI0MMHTa, 3aMepssi MHOTMe TEXHOJIOMHYECKHEe U 3Hepre-
THUYeCKHE mapaMeTphl MpH NPOKATKE PA3JHYHbIX THIOB CJIHTKOB. DH-
Jla yCTaHOBJIEHa BO3MOXKHAasl NPOH3BOAMTENbHOCTH GJIOMHHFA TPH
pa6GoTe ¢ MHHUMAaJbHO} May30d MeXJy CAMTKAMM NOCJe aBTOMAaTH-
3alli¥ YCTAHOBKH BepXHero Bajika. B smmx yc/ioBHsAx aBTOpPH OGHa-
PYXKHJIH BO3MOXHOCTb MOBLILIEHHS NPOH3BOAHTEJBHOCTH GJIOMHHIa
Ha 456%, T.e. Ha 1 MJH. T B rof.

[Ipo6aema mn3Hoca PYubeBBIX BAJKOB

H3Hoc BankoB, 0CO0EHHO pyYbeBHIX, NPUUHHAET KaJHOPOBILHKY
MHOro 3a60T. AHa/u3 NpOKaTKH, npoH3BelleHHbH A. BoiThuiskoM
B 1951 u 1952 rr,, mokasaJs, 4TO OTKDhiThle 4aCTH Kanubpa NOJMKHEI
npeaycMaTpUBaTh BO3MOXKHOCTh cBoOonHoro yunperus, Kaxnaoe
ype3MepHOe OFpaHHYEHHe yLIMPeHHsi 00s3aTeVIbHO BLI3bIBA€T MOBbI-
LIeHHBIH U3HOC Kaauobpa.

F'vpeuxnit B 1954 u 1958 rr. aHanu3HpoBaJ BO3MOXKHOCTL CHH-
JKCHHUSA 3aTpaT Ha SKCIJyaTaluio BaJKOB yJyuylleHHeM KaJHOpPOBKH,
npuueM rjaBHbiM 06pa3oM ero HHTepecoBas nofbop COOTBETCTBYIO-
IHX KaauGpoB cpejHEro Bajlka Ha TPeXBaJIKOBOM CTaHe.

Cnbipa u Preitens B 1961 r. npu aHa/iu3e pacxojna BaJIKOB Ha COp-
TOBOM CTaHe MPHULIM K BBIBOAY, YTO BMECTO OOLIENPHHATOrO MOKa-
3aTesisl pacxo/ia BaJlKOB

N

r= g Kelm,

P .

rie G — Maeca KOMMJIEKTa HOBLIX BaJIKOB JI0 ‘'MX NpPHMeHeHUs B IpO-
H3BOACTBE, K2;

P — xosnnyecTBO NMpOKaTa, NOMYYEeHHOFO HAa BaJjJkaXx JaHHOIO
KOMILJIEKTa, T,

cneayeT MpUMEeHSTh APYrofi nmokasaresb, 60jee COOTBETCTBYIOLIMI

JeHCTBATENbHEIM yCJIOBHAM paboThl Baska. Ilpu atom Heob6xomumo

YUHUTHIBATH MACCy U3HOLUEHHLIX BaJIKOB, HEMPHUFOAHHIX NI JajbHEMH-

uiell 3KCIJyaTallHHy,
Cobipa 1 Poitens npensoxunan ¢popMyay

(GB - Ga.u)+ (Gn - GH.H ) +7 (Gc - Gc.u)
Z = Ke/m, (85)
P
rae Z — noKasaTeJib pacxoia BaJIKoB, Ke/T;
Gy, Gy G — macca BepxXHEro, HHXKHEr0O M CpeTHEro BaJKOB
JIO IPOKaTKH, Ke;
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G, Gy, Gew— TO XKe, NOC/E MX HIBATHS M3 CAYKOH, K2
P —macca mpokaTta, monyyeHHOro Ha BaJKax AaH-
HOr'0 KOMIIJIEKTA, T.
B 1
bpaXeHHe —- (Ge — Geu) nNpHHATO MOTOMY, 4TO, KAK NPABH-

JIO, CpeHHi BaJIOK BbIHYXK€H NPOKAaTHIBATh B ABa pa3a GoJblile Me-
TaJJia, 4eM BEePXHHH M HHXKHHH BaJKH,

Ilpn nayuyennu H3noca kanu6pa Cnbipa NPUMEHHJ CBOEOGDPA3HBIIl
MeToll, ororpadHpys H3HOIUIEHHBIH KalHOp C HANOXKEHHBIM Ha He-

) 1 LB T~ \
. °7 /o-/
/

006 /
8 %

Puc. 11, 3aBucuMocTh H3HOCA BaJXOB cTaHa 280 Tuna
Moprana or niomaxH cedeHus NpodHAs, NPOKATHBAE-
MOM B pasHuX Kaaubpax:

I — KBagpaTHOM; J — OBAa/JbHOM; 3 — KPYI/IOM

0,009

floxasamens usnooa Bankob, Mijm

50 75 100
Nnowods cevenus npopuas. MM#

ro waGoHOM, 0 KOTOPOMY O6TauKBasH BaJKH. Beqnunua 3asopos,
BO3HHKIUHX BCJEJCTBHE M3HOCA BaJKa, NMOJYYHJach B BUMAE Pa3HO-
CTH ABYX IJoLiafeil;

f=1Ffo—1In

rae f» — naomanp mabsaoHa;
fp — nuTolIafb ceyeHHsT PYubs MOCJE H3HOCA,

3HaueHus fp U fp noMyyanH, yBequunBas GOTOCHHMKH M oOmpefe-
JIsist MX MaciuTao,

Ha ocHoBaHuH pe3y/nbTaToOB 3aMepa pasjHYHBIX THIOB KaJuGpOB
H yCJIOBHIl IPOKATKH GBIJIM NMOJYYeHE! IeHHble /1S NPOKATKH BHIBOAHI.

Ha puc. 11 nmokasan npuMepHHEI mokasaTelb H3HOCAa BaJKOB
TBepaocTbio 200 HB crana 280 Tuna Moprasa B 3aBUCHMOCTH OT
BeJIMUHMHBI IJIOIIAAM cedeHHs npoduisa. Ecau NpPHHATB, YTO H3HOC
KBajipaTHOro kaau6Gpa paBen efMHHIle, TO AJs OBAJbHOrO H KPYIVIO-
ro kaaubpop noayuen Kosgouuuent 1,13 U aas xpyraoro 11,24.

[ToBbiLIeHHBI/i H3HOC BO3HHKaeT B pe3yJibTaTe HepaBHOMEPHOCTH
06KaTHii H YaCTHHIX BHITAXKEK B OBaJIbHBIX M KPYIIHIX KaauGpax.
VBesnueHHe COOTHOLIEHHS UIMPHHBI K BHICOTE OBajia NOBBILIAET TaK-
e H H3HOC BAJKOB.
3 3axas 1034



Huxe. H. TEPJIAX
(Fepmanckas IlemokpaTtuuyeckas Pecny6suka)

KAJIMBPOBKA BAJIKOB BJIIOMHHTA
OJi MPOKATKH JIEFTHPOBAHHBIX CTAJIEM

IMpy npokaTke cneljMajbHbIX CTaJjJel ‘HAa OJHOKJIETEBOM NYO-pe-
BepcuBHOM Oatomuure 700 cieayer yyuTeiBaTh psii ocobeHHocCTelt,
He MMeIOlIHX GOJbLIOrO 3HAaYeHHs WIS MaccoBOTO IIPOH3BOACTBA
CTaJi MPH NpoKaTke Ha Goabwinx OGnioMuHrax. HanpHMep, B HacTo-
sllee BpeMs Ha 3TOM cTaHe NPOKaTHIBAIOT cranyd cBhiile 300 Mapok.
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Puc. 1. Hsmenenne copramesra GmomuHra 700:

1 — HeNEerHPOBaHHbBIE CTPOHTENbHbLIE CTaldH;, 2 — Jerupo-
BaHHble CTPOHTENbHBle CTaNH; 3 — LapHKONOAIHNHHKOBBIE
cTanH; 4 — cTan¥ AN KY3HEUHBIX 3aroTopoK; § — xKapo-

NpoYHHE M HepiKaBewllHe CTaly

IIpeuMyiecTBEHHO NPOKATHIBAIOT KOHCTPYKIHOHHEIE CTaJM, MapraH-
1I0BYIO CTafib, HeJIeTHPOBaHHbIE H JIeFHPOBaHHBlE HHCTPYMEHTAMbHbIE
CTaJIH, HepXKaBelolllHe | KapOoNpoyHble CTAJH, a C HellaBHero Bpeme-
HH Takxke H OnicTpopexyuyio craib. [IpeacraBiaeHne o copraMmeHre
craHa gaer puc. |. Boablioe xonnyecTBO npoxaThiBaeMblX Craneft
couetTaercd ¢ OOMMPHOH nporpaMMol NpokaTkH. Tak, cropoHa Ksaj-
paTHBEIX 3aroToBOK KoJeGaercs B npefenax 70—160 um. Kpome Toro,

npoKaTuiBaloT casi6ul wHpHHOH 150—250 mm w  TomwmuoO# 40—
100 s,
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Courku maccoit 900—1700 ke npeaBapHTeibHO HarpeBaloT B
IByX KaMepHBIX neyax o 700—950° C. JanbHeliiunii Harpes ocyuie-
CTBJISIETC B METOAHYECKHX Meyax.

Cran 060pyROBaH MaHMIYJSITOPOM c KPIOKOBHIM KaHTOBaTENEM
c mepefHeii ¥ 3anHeii cropoH. CpenHAs NMPOHU3BOAHTENBHOCTL CTa-
Ha B 1962 r. cocraBasiia 29 r/4. Ha Hee oKasniBaer oueHb GoJbLIOE
BJIMSIHME NPOKATHIBAaeMBbIil COPTaMEeHT; HalpHMep, NPy NPOKATKe 3a-
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Puc. 2. Kami6poeka Bajaxos Gaiomuura 700

rotoBkud 70 X 70 mm oHa cocraBaser TojbkKo 17—19 7/4. CKopdcTb
MPOKaTKH Koyebnerca B nmpenenax 1,4—3,5 m/cex. MoutHocTs ABH-
ratens craHa pasHa 1725 ker.

HMeercs ABa pa3nMYHBIX KOMIJIEKTa BaJKOB: MepPBLIil (puc. 2, a)
IJis MPOKATKH BCeX 3aroTOBOK, BTOpOi (pHc. 2, 6) AJas NPOKaTKH
c1560B H KPYNHBIX KBaJpaTHLIX 3aroToBOK (cTopoHo#t no 110 mam).
Kanu6psl HMeloT A0BOJBHO GoJbuive YKAOHH (8,5 u 12°) m Goablune
paadychl 3aKpyrJeHHil BBHAY Pa3JHYHOrO yIUHPEHHs NMPH NpOKaTKe
pasHbix craJjef.

ITocne MHOrMX mMcCclel0BaHHi YAANOCh 3HAYHTENbHO MOBBICHTD
o6xartus (taba. 1, 2). llnenne B cBoeil paborte npeinaraer obxa-
s 10—189%, B oTaenbubix coryuasix g0 20% npu yknoHe xanuGpos,
paBHoM 8—16°. [To amepHKaHCKHM JIHTEPAaTyPHBIM MCTOYHHKAM, VK-
JIOH CTEHOK KaJauGpop WHOrZA NpHHHMAIOT O 15°

Ha 6niomutre B Aocra (Mranus) B nepBbiX NpPOX0jax CIHAHTKH
MPOKAaTHBAIOT ¢ MalbiMH o6xamuamH. IIpu npokarke 6JioMoB
200 X 200 mm oHM HaxoasaTcd B npelenaax 5,3—8,3%, oanako B moc-

3'8



36 . H. TEPNRX

TABJIHUA {. PEXUM OBXATHM CIANTKA 347x347 mm HA BJIOMHHIE 700

‘% & Pasuepst O6xarue ‘% é Pasmeps O6karHe
8 ) x =
galz2s| M || % Jaajag| | m | %
3azomosxka 70X70 mum 5 15K 97x 106 30 | 23,6
I 1 281 % 360 66 19
| 2K I 236x370 | 45 | 16 | 6 | 16K 79x108 | 27 | 25,4
3 291X 250 79 |21,4)0 7 |17 84 % 85 24 | 22,2
9 4K 236 %250 55 }8,2 K
5 201 248 49 9,
6K 171 % 250 30 14.9 6 18K 76X 88 9 10,6
7 201 180 49 19,6 19K 72 %82 16 18,2
3 8K 161 ¢ 180 40 19,9 7 20K 66X 79 16 19,5
9 151 169 29 | 16,1 21 70X 70 9 | 11,4
10K 128 175 23 |15,3
11 136 % 140 39 | 22,3 Sazomosra 90x 90 mm
4 | 12K 111X 145 25 | 19,4 15K 96X 106 31 23,8
13 116120 29 (20,0 5 | 16K 84106 22 | 20,8
14K 96 127 20 | 17,2 17 90X 90 16 | 15,1

INNpumeuvanusn: 1. Byksa K o3HayaeT xaHTOBKY pacKata Ha 90° nocie co-
OTBETCTBYIOUIETO TIPOXOAA.

2. Ilna 3arotoBku 9090 mm npoxognt 1—14 Takme e, Kak AAs 3aro-
TOBKH 70X 70 mm.

JIeIHUX mpoxofAax o6xaTtue coctaBaser 10,2—23,1%. U3 cpaBHenus
BHJHO, YTO BO3MOXKHOCTH IMOBLIIEHHs NPOM3BOJHTEJIBLHOCTH CTaHa
H3MeHeHHeM KaJHuGPOBKH BaJKOB GbLIM MCIOAb30BAHB AOBOJLHO XO-
poto. ITpokaTka Besach ¢ cOXpaHeHHeM HEOOXOAHMBIX JONYCKOB
Ivis 3arotoBkH. Ciefyer OTMETHTb, YTO Ha 3TOM GJIIOMHHre NIPOHC-
XOMHT O4YeHb GOJbIIOH H3HOC OOKOBHIX MOBEPXHOCTEH Ka/MOGpPOB, Tak
YTO IS COXpAHEHHs XOPOLIEro Ka4ecTsa NPOAYKIMH ClefyeT npeayc-
MaTpHBaTh CMeHy BaJIKOB yXe uepe3 5—6 Aneit. Dro cmepxkuBaer
Npou3BOACTBO. B pesysnbTaTe H3HOCAZ BaJIKOB NOBBICHJHCH 3aTPAaThl
Ha | T npokara. ¥YjeabHeili K03¢$dHUUEHT pacXxofa BaJKOB MOJMyya-
ercs paBHbiM 0,53 ke/T.

CHayaja YHCJIO TPOXOJAOB MNPEAYCMATPHUBAJIOCH 3HAYHTENbHO
66abluM, HanpuMep 27 npoxonos ajs 3aroroBku 90 X 90 mm, a
npoxkatky 3arotoBok 70 X 70 u 80 X 80 mm ua OfHHX H Tex XKe BaJ-
Kax cuHTanH HeBo3MmoxHOH. [lo mpoekTy nmpomexyrounmij'packar,
npumepHo 260 X 260 mm, KaueCTBEHHOl CTaJH CIENOBAVIO MOZOrpe-
BaTb H 3aTeM NpPOKaTHBaTh 3a 37 NPOXOAOB B 3aroToBKy 70 X 70 mu;
Ans 3arotoBok 100 X 100 mm ¥ MeHblle NMPOKATKY NMPOM3BOAMJIM B
pom6uuecknx Kaaubpax. OueBuHO, 4TO TaKOi MeToa paGoTH mpej-
cTaBJ/aa Gosbllve 3aTPYAHEHHsl KaK NPH COCTAaBJAEHHH NPOrPaMMbl
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TABJIHLA 2. PEXXHM OBXATHUR CIIMTKA 260%260 sm# HA BJIOMHHTE 700

::: é, ) Pasmepu O6xarue ‘::: g Pasmepn O6xKaTHe
x 5] 4 s
gzl 2| 7 || % |safas | M| m| %
260 % 260 19 169%x159 | 15 | 8,1
1 245%265 | 15 | 5,0 20K | 154x164 | 15 | 8.9
2K | 230x270 | 15 | L1} , | 21 149%159 | 15 | 9.1
3 255x233 | 15 | 5.6 22 134x164 | 15 |10.1
1 | 4K | 240x240 | 15 | 5,9 23 119%x169 | 15 | 11.2
5 220%x246 | 20 | 8.3 24K | 105x173 | 14 | 11,0
6 200%252 | 20 | 9,1
? ‘8§X%5§ s 7‘2 25 157110 | 16 | 9.2
8 16526 20 |10, :
K 0 96 | 142%1s | 15 | 95
27 127x120 | 15 | 106
2 | S| 21 1 10| 38 s | ask| 12xis | 15 (110
' 29 115><1£5 1g 8.0
30K | 100%120 | 15 | 10,0
1 | U 161246 | 10 | 5,8 3IK | 105x105 | 15 | 12,6
12K | 151x249 | 10 | 6,2
13 234x158 | 15 | 6,0 4 32K 96* 9 | 8,0
14 214x166 | 20 | 85| B 33K 87 9 | 9.4
o |15 | 194x172 | 20 | 9,3) 6 34K} - 80¥ 7| 8l
16 174x178 | 20 [ 10,3 7 35K 75* 5 | 62
17 164 181 100 | 57 8 36K 70° 5 | 6,7
18K | 154x184 | 10 | 6,1 8 37 70 - | -

* CTOopOoHa KBajpara,

NpOKaTKH H OpraHM3aluy paboTbl, TaK W C TOYKH 3pPeHHs 3aTpaT H
NpoH3BOMMTeNbHOCTH. [1o9TOMY Mepen myCKOM CTaHa B SKCIIyaTalHio
Oblia paspaboTana KamubpoBKa, 151 KOTOPOH 3arOTOBKH KBajpaTHas
70 X 70 mm ¢ naockas Oblad He HYKHBl. C HakomjleHHeM ombiTa pa-
6OTH 3HAYMTENBHO YMEHBIIHIM YHCJIO MPOXOJ0B, TaK YTO CTAJO BO3-
MOXHBIM MPOKaTEIBaTh 3aroToBKy 90 X 90 mm u3 KOHCTPYKUMOHHOMH
ctaJid 3a 19 npoxo/oB, a U3 HHCTPYMEHTAJbHOM cTaau 3a 17 nmpoxo-
noB. B nepsoM cuyuae oGxumaau GaoMbl Maccoit 1400 xe, a mpwu
MpPOKaTKe MHCTPYMEHTaAbHO# cTanan — Maccoii 1000 xe. ITpu pacrou-
K& BAJIKOB MPHHSATO HHXKHee faBJleHUe 5 MM.

YucroBylo 06paGoTKy BaJKOB MPON3BOAHM HaKaTKOi (pHdpaeHu-
eM) npH MOMOLIM cheilHajbHOro poauka. Haceuky He nmpumensau.
HcnbiTanus Ha ocaaKy M TpaBieHHe He oOHapyXMJH La)Ke y BBICO-
KOJIErMPOBAHHBIX CTaJjlell HHKaKHX NOBEPXHOCTHBIX MOPOKOB, BhHI3BaH-
HbIX npHMeHeHHeM HakaTku. Kamu6pel Ne 1 u 2 HakaTaHBl DO Beeii
iwupude, a kaaubp Ne 3 o6pabaThiBaeTcss POJMKOM, LIMPHHA KOTO-
poro cocraBaser npuMepHo 35 mm. IaybuHa HakaTKM cocTaBaser



38 H. TEPRAX

npumepHo 1,5 mm. Pe3yabTaTe OoKasajHch HaCTOJABKO XOPOLIHMY,
4TO 3TH MeToJAbl 06pabGOTKH NPHMEHSAIOT TaKXe H AJS BaJKOB 00-
XHMHOM KVIETH cpefHecOpTHOro crana. Jlag 1ajbHefiilero yMmeHsblie-
HHS H3HOCA BaJKOB Cefiyac NPOHM3BOAAT ONBITH IO HamiaBKe GOKo-
BBIX NOBepxHocTell Kanu6pos Ne 3 u 4. ToT cnocob, pasyMeercs, He
HOBHIfl, OJlHAKO HMMEIOTCs HEKOTOpHle TPYAHOCTH, CBA3aHHbIE ¢ Me-
xaHuyeckoit o6paboOTKOil, KOTOpble, O4eBHIHO, mpeofosumel. Hamu
MCIIONb3YIOTCS BCe BO3MOXKHOCTH AJISI YBEJIMUYEHHS] CPOKa CJyKGb
BaJIKOB /10 MepeBaJIKH, Mo KpaiiHeil Mepe, B ABa pasa.

B Hacrosilliee BpeMsi OXJiaXKJA€HHEe BaJIKOB, KaK OHO NMPOH3BOJHUT-
¢Sl 10 CHX TIOP, HEJIb3Sl CUHTATh YAOBJETBOPHTeNIbHBIM. Ha GonbluuH-
CTBe CTaHOB BCe elle MPUMEHAT TPYOLl ¢ OTBEPCTHAMH, MOJaKOLLHE
GoJibillee HJIM MeHbllee KOJHUEeCTBO BOAB Ha BCIO G0OUKy Banka. Ox-
Jla¥KJeHHe BaJIKOB SIBJISIETC BO BceX ciydyasnX OJaronpHATHHIM AJS
KauecTBa MOBEPXHOCTH MPOKAaTa, U OHO MPHUMEHseTcs BO Bce GOJb-
meM Macwrrtabe, XoTs M BJeder 3a 060/ HEKOTOPOE YBeNHYeHHe H3-
Hoca BaskoB. OfiHaKo crefyer Jyylle, YeM 3TO AeaajNoch A0 CHX NOp,
YYHTBIBATh cnefndnueckde oco6eHHOCTH KaJuOpOB 1 YCJOBHH Npo-
KaTKH.

IIpuMenenne GopcyHOK AJs1 pa3GpBI3THBAHHA BOJAH B BHIE TOH-
KOTO AylIa AacT, BepOSATHO, GOJBIIYI0 3)(HEeKTHBHOCTD OXJIaX/eHHs
H B TO Xe BpeMs 6yler cnocoOCTBOBATh OXJaXKAEHHIO BCEro BaJIKa.
HeMmHorue HcciepoBaHHMs MOKa3bIBAIOT, YTO 3TOH 3ajauell Ccraju
Gosiblile 3aHHMaTbCS B HaXOAAT Haubolee npHeMJieMble PelIeHHs.

ABToMaTH3auHs paboTHl HAaXKHMHOTO YCTPOMCTBa Ha 3TOM CTaHe
H3-3a OOJIBLIOTO YHCNa peXMMOB 06xKaTuii (npuMmepuo 60) Becbma
3aTpyoHHTENbHA, XOTS Takoe MepONpHsATHe NMpHBeJo Gbl K MOBbILIE-
HHIO MIPOM3BOLUTENLHOCTH H JIYULIEMY HCIOJNb30BaHHIO Kaau6poBKU
BaJgKoB. ABToMmaTH3auus Gbiia 6b1 BecbMa JKeJaTedbHOH, ecad
yyecTb H3HOC BAJIKOB i HEOOXOAHMOCTb TOYHOTO COOMIONEHHS PeXH-
Ma ob6xaTHii. YUacTHuyHaa aBTOMATH3alUMs MO3BOJIH/AA OCTABHTh AJS
paboTbl IByX OHepaTOpOB BMeCTO yeThipex. KaHTywouiee u nmepeme-
llaiolee ycTpoiictBa B /ni060M oiydae He TpeGylOT yyacTusi 4veso-
Beka.

Cnenyer ormeruth OOJBLIYIO BAXKHOCThL XOpOIIerc Harpea Me-
TaJJa, YTO HMeeT 3HaueHHe /IS NOoJIyYeHHs: Heo6XOAHMO paBHOMeD-
HO#l TeMnepaTypHl NpH npokatke. Tak Kak Ha MHOTMX CTaHax uMe-
I0TCSl H3BECTHBIE AHCMPONOPUHH, TO OOCYKAeHHEe 3THX BOMPOCOB Ka-
JUOGPOBIMKAMH He SBJASETCA WM3JHLIHAM.

Hoxr, unx. P, BYCATOBCKHH
(MuctutyTr Metanaypruu xenesa, r. [nuBuue, [THP)

TEXHOJIOTHYECKHME ACNEKTblI KAJTUBPOBKH BAJIKOB

INpu xanub6poBKe BaJKOB riaBHOe BHMMaHHe oOpaliaior Ha MOA-
60p COOTBETCTBYIOWIMX (OPM OTAENBHBIX KaJuOpoB, 4TOOH MOJY-
YT NPaBHJBHBIA NPOQMJIL NPH BO3MOXKHO MMHHMAJBHOH 3aTpaTte
TPYZa W MaKCHMAaJbHOM NPOH3BOAUTENbHOCTH. [1poekTHPYIOILHfI Ka-
Au6pPOBKY CTapaercss NOAGHPAaTL TakHe NPOMEXKYTOYHblE KaJHODHI,
KOTOpble o0ecmeynBaloT Xopolllee 3aMoJHeHHe HX MEeTaJJIoM M Io-
JyyeHHe mpokaTa 6e3 moBepXHOCTHHX AedektoB. MHOrna npumens-
I0T cheiMajibHble YepHOBble KavlHOpH, CHOCOGCTBYIOLIME YAaJEHHIO
OKaJIMHHI, o6pasyiolleficss npH Harpese. B HekoTOpHIX caydasx NpH-
MEHSIOT JOHOJHHTEJNbHO YHCTOBBIE KaJuOphl, YIyYIIaIOUHe KaYecTBO
NMOBEPXHOCTH M3[eNUsi W JONYCKH Ha ero pasmephl. IIpn npokatke
YYBCTBHTEJbHBIX K H3MEHEHHIO TeMOepaTyphl Cravieil clelyer H30e-
raTp CHCTEM KasuOpOBKH, CNOCOOCTBYIOMIMX HepaBHOMEPHOMY OX-
JIaXKJeHHIO CeYeHus .

Sty ofliMe yKa3aHHs MCUEPNMBIBAIOT B OCHOBHOM NMpaBHJa, KOTO-
PBIMH PDYKOBOACTBYETCSl KaJHOPOBLHK.

Ham npexcrabinigercsi, 4TO npaBH/AbHAsi KaJAHOpOBKa AOJMKHA B
OGonbliell cTemeHH, 4eM 10 CHX MNOpP, YUYHUTHIBATh TeXHOJOTHYeCKHe
¢axTopbl, UYTO CHOCOOCTBYeT MOJYYEHHIO @pOKaTa  XOpOILUEro
KayecTBa.

Kanu6poBKa BaaxoB GAIOMHHIOB

Bansinue Merola kKanuOGpoBKHM M npexje Bcero noabopa uuciaa
nocJeA0BaTeIbHOCTH KaHTOBOK Ha Ka4yecTBO 3arOTOBOK Bcerjia GmIO
fipefIMeTOM JIHCKYCCHH H MccieJoBaHuH. Hapectno, uto maxe mpa-
BHJIBHO OTJIHTHIH CJIHTOK COJEPIKUT BHYTpeHHUe AedekTh. B camTkax
KUnsAlled CTan¥ MMEIOTCS NOAKOPKOBLle my3bipH. CyliecTByer MHe-
HHe, YTO B CJHUTKE HaAJexallero KauyecTBa Nosc NY3blpell A0JKeH
HAXOAHTbCsl Ha NIyOHHEe OKOJIO 25 mM OT NMOBEPXHOCTH, BTOPOH MNo-
AC my3blpeil HAXOAHUTCA B JOHHON YaCcTH CJIHTKA; HEHTPaJbHBE My3hl-
pU He HHTepecyloT NpokaTydka. XOPOWHH CVIHTOK KUOSALLEH CTasTH
IOJIKeH HUMeTh HAPYXKHBI{ YHCTHIA CJ0OH PABHOOCHBIX KPHCTAJJIOB H
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cerperaldio, NOBHILUAILLYIOCH NO HampaBJeHHIO K LEeHTPY CJAUTKA.
Cerperanus nosbILIaeTCs TaKXkKe 1O HanpaByeHHIO K FOJIOBHOH YacTH
CJIUTKA, M3MEeHsIST TOMLHUHY YHCTOil BHEIIHEeH KOPKH MeTaJlIa.

CIMTOK CnOKOJHON CTaJIM B OCHOBHOM He HMeer rasoOBblx My3bl-
peit. IlnoTHas KOpKa paBHOOCHBIX KPHCTAJJIOB Y Hero TOHbIUE ¥ Me-
Hee yuctas. CerperaTh HepaBHOMEPHO pacnpefeseHtl B nosce cTog6-
YaThlX M HEHTPAJbHBIX PABHOOCHBIX KPHCTauIOB., I 0/IOBHas1 ycanod-
Hasl paKOBWHA NMEPEXOJHUT HHOrAa B LEHTPaNbHYIO PHIXJoCcTh, CaNT-
KH CIIOKOHHBIX CTaJell, orauTble 6€3 HaZCTaBOK, MMEIOT YAJIHHEHHYIO
ycanouHyo pakoBHHy. CTDYKTypa CJAWTKa CHNOKOHHOH CTaJu 3aBH-
CHT OT XMMHYECKOTO COCTaBa CTasH, DTO H3MeHeHHe MpOsBIAAeTCH
npexje Bcero B KoJe6aHHAX TOJIIMHbL BHEIIHe#l NJOTHOH KOPKH
PaBHOOCHEIX KPHCTAJJOB K Pa3MepoB obsaacTy cTon64aThiX KPHCTAJ-
JIOB,

HoBO/MIbHO YacTO MpHMeHsieMble CAMTKH MOJYCIHOKOMHON CTaaH
HMeloT NMPOMEKYTOUYHYIO CTPYKTYPY. MeXaHHYECKH WM XHMHYECKH
3aKynopeHHbIe CTaNl¥ ABJAIOTCH B OCHOBHOM KUNALUMMH, OAHAKO
CTPYKTypa CJWTKOB 3THX CTaJieii He THIIHYHA AJS KHNfLEeH CTajlH,
0COGEHHO B I'OJIOBHOM YacTH.

Ha npakTuke CTPyKTYpHl CJAMTKOB 3HAUHTENbHO OTJIHYAKOTCH OT
paccMoTpeHHbIX. ITpokaTHblli Lex, mosyyass MeTasJl, MOXeT JIHLIb
B OOLIMX YepTax Ha OCHOBAHMM TEXHOJIOTHYECKOH HOKYMEHTAaluu
pasobpaThesl, ¢ KAKHM THIOM CTPYKTYPH H ee OTKJOHEHHSMH eMY
MPHUIIOCH HMeThb feno. B aTHX ycioBusix BO3HMKaeT BONpOC: B Ka-
KOH cTeneHH NMPOKaTu4HK MOXeT OKasblBaTh BHsSHHe Ha YCTpaHeHHe
HJIM JKe Ha yCHJIeHHe colepXKalliMxcsi B CIUTKe NedeKTOB? DTHUM BOMN-

pOCOM B HECKOJIBKO JAPYroM “HampaB/€HHH BrEPBHE 3aHHMAJICH-

I'. Muxau [1], a Teopernyecku ero sHauuteabHo passuin I1. A. Anek-
cauapos {2] u A. I'ypeuxnii. B wupokoM Macimtabe npakTHYecKHe
[ONIBITEL C MOJIOKHUTEAbHEIM Pe3yJbraToM Gblan BoinosHens B. Jlecke-
ByueM. I'. MuKaH yCTaHOBHJ, YTO KPUTEpPHEM mepexoaa OT BHIYKJO-

BOTHYTOH K BHITYKJIOH (popMe GOKOBBLIX rpaHeil CJINTKA NPH NPOKaTKe:

Ha GMIOMHHre MOXeT CJHYXKHTb BbipaiKeHHe

—hl: =2
V Ran
rae hy — BbICOTa pacKaTa nocje NpOXoAa;
Ah = hy— h; — aGcooTHOe 06KaTue;
R — pa6ounii nnamerp Bauka.

Ero wccnenopannsi nmoxasajd, 4YTO B BOTHYTOH 4acTH GOKOBOro
KOHTypa, BOJIM3U OCH, H Ha NMOBEPXHOCTH BHINYKJOCTEH CYHIECTBYIOT
pacTaruBalollie HanpsaXKeHus.

TeopeTHuecKye HccaeAOBaHHSl NPOBOILHJIKCH [MaBHHM 06pasom B
CCCP u pesyabTaThl Hx ony6aHKOBaHbl B psifie crateit' {3—6].

! B namuofi paGoTe Mbl HCHOJb30BaNH PE3YAbTATH 5THX HCCJIELOBAHMMA.

TEXHONOMMUECKME ACMEKTHI KANMEPOBKM BANKOB 4%

Msorye npokaTHbe LEXH IJTS NOMYYEHHS MAaKCHMAJbHO npous-
BOAHTEJBHOCTH NPHMEHSIOT He3HAYHTeJbHO OTVIHYalowuecs APYr OT
Ipyra cedyeHMsl CJHUTKOB W GJIOMOB.

Tak na Gmomunrax 1150 npuMensior caurku Maccoi 8,5—10 7.’
Ecan rtakoit 6iioMuHr paGoTaer Auis 3aCOTOBOYHOrO CTaHA, TO ce-
YeHHsl MpOKaThiBaeMbix GJIIOMOB KOJeG/IOTC B - npegenax 280 X
X 280 — 320 X 320 mm.

IIpn amepnkaHcKoHl xanuGPOBKe BaJKOB (NNOCKHiI Kaaubp Ha
cepefiHe ‘00uYKH BajKa, a PYUbH MO KPasiM) OGKATHS B MOCJETHHX
NPOXOAaX MNpH MPOKaTKe KBAaJAPATHHIX OMIOMOB KO/eGMIOTCA B Mpeje-
aax 40—60 mum. ITpu obxkatunm 40—60 mm Gnioma 280 X 280 mm

MMeeM omomermefl‘— =2-+16, a Gaioma 320 X 320 mm h _
{

= 2,3 + 1.8. Tlpn stom orcyrcTBY-

I0T YCJIOBUSA [/ XOpoulei CBapKu &0
HEeHTPaJILHOH PLIXJOCTH CJIHTKOB /o
CIIOKOHHOH CTanH, NpeXixe BCETO 50
TaKuX cTajel, XHMHYECKHMH cOCTaB /
KOTODBHIX 3aTpYJAHSAET cBapKy l. / s
Ilpu npokatke ciuTKOB Kums- g 40 "
el CTan®w B HECKOMBKHX TOCAEN- § R
HHEX [POXOAaX CYWECTBYIT XOpO- Xzl ot
e YyCJAOBHA IJs CBapK# LEHT- §
PaNbLHBIX M BHYTPEHHHX Ny3biped 3§ 0 /
Ronno#t 4acTH caurka. lLlestpanp- £ <
Hble NY3BIPH FOJIOBHOH YacTH CJAHT- ‘= 50 /0/
Ka UMeIOT GJIaronpusTHblE YCJAOBHA 4 ot—""T1. o[
LNl CBApKH JMillb B NOCHAEAHHX 2— /
3 npoxopax. 7
Ecaiw OGAIOMHHr npoOKaThIBAaeT 0 —oJ

685 600 !
TakKXKe cA0B JJS  HelpephBHOTO Tonuua ,f,‘,’,ﬁ’,,,,,, e

1] -
ggfﬁ?éﬁx%ﬁff’szon;zﬁg?;al (%l_’_{_ 6HepaBH0MepH0CTb nedopMauuu cnf-
OB B 3aBHCHMOCTH OT TOJILIHHBL
150 mm, a wWHPHHA COCTABJSET CAHTKA MO XOAY NPOKATKH NPH pas-
850—1500 mum. B stoMm clyyae BO- HBIX BeJHUHHAX MDEAWECTBYIOWNX
NPOC YCAOKHSETCS BCJAELCTBME He- peGposux oGxarui
paBHOMepHOCTH Aedopmaunn B peb-
POBOM MpoOXone.
Corsiaco B. JleckeBuuy (pHCYHOK), BJHSIHHE NpeaulecTBYIOuIei
HepaBHOMepHO# Jedopmauud B pe6poBomM KanaubGpe yCHIMBAeT He-

! AsTOp mpHBea 06XKaTws, KOTOPLe He THMHYHH AJS KOHEYHoro MepHoda Mpo-
KAaTKH Ha COBpeMeHHBX GMioMHHrax. OGBYHO NpHuMeHseMble o6:xkatua 100—130 mm
B KOHEUHOM NepHONe NPOKATKH 06eCneurBaloT YCIOBHS NS CBaPKH BHYTPEHHHX Ae-
dexktoB. Cm. A. A. Hedenos. Tpyan HTO UM (MarepHann koHdepeHLHH No pa-
6oTe GJIOMMHIOB OTEYeCTBEeHHHX 3aB0A0B). [luemponerpoBck, 1956, crp. 151—157;
A. A Hedenos u np., Cranb, 1963, Ne 5, ctp. 441—443, nep.



42 f. BYCATOBCKMH

paBHOMepHOCTL nedopMaluy npwu mpokatke miammsa. s oceBbix
yacreil (pacnoJioXkeHHbIX BOJH3H CEPeMHbl LIHPHHBI) NPH 06XKaTHH

30 mMm noayuaem mas casba 150 X 1500 mm oTHOwWeHHe —ll = 1,16

u pag casba 100 X 1500 mm —’-;l = (,78.

B 3ToM ciyyae CyLIECTBYIOT XOPOIIHe YCJIOBHS AJisi CBAPKH LeH-
TpaJbHOM DPLIXJIOCTH CJIHTKa CIOKORHOH CTajJH H OCEBBIX ITy3bipeil
TOJIOBHOH 4aCTH C/IUTKA KHIALIEH CTa/M.

I1pu HenpaBH/BHOH KOHCTPYKIHH NpeAlllecTBYIOLEro pe6poBoro
XasiM6pa MOTYT BO3HHKHYTb YCJIOBHSA, CNOCOOGCTBYIOLLHE BCKPHITHIO
BHYTPEHHHX My3bIpei TOHHOH YaCTH C/MTKA KHOALLEH CTaJH.

Hrtax, npu mpokaTke Ha paccMaTpHBaeMbiXx GJIOMHHTax C aMe-
pPHKaHCKOH KaJHOPOBKOH, KaK MPaBMJIO, CYLIECTBYOlHe YC/OBHA He
COCcOOCTBYIOT CBapke Ae(eKkToB CJIMTKA, PacMOJOXKEHHBIX B LEHT-
PanbHOH ero 4acTH.

Pacnosarasgs BO3MOXHOCTbIO KaHTOBKH ¢ 00eux cTopon paboueit
KJIeTH M He GYAy4YH CBI3aHHLIM C HEOOXOLHMOCTbIO OTPAHHUEHHS YH-
cJla npOXOJOB, KaJHOPOBIIHK MOXKeT YJIYYWIHThL KayeCTBO NMPOKaTHl-
BaeMbIX 3aroToBoK. [1pH 3TOM HMelOTCs BO3MOXXHOCTH AJis1 CBapuBa-
HHA NOJKOPKOBBIX Ny3blpeil CJAHTKA KHNAIIEH CTaJH HJIH XKe AJA
TIOBBILIEHHSI TMPOYHOCTH KOPKHM DPaBHOOCHHIX KPHCTAJJIOB CIOKOHHOH
crasu. KaauOpoBIHK MOXeT nog60pOM COOTBETCTBYIOILHX OGKaTHil
H KaHTOBOK pacCKaTa CO3/aBaTh GJarONpHATHLIE YCJAOBHSA AJS yCTpa-
HEeHHs 3THX OedeKTOoB.

M3 pesysnbraToB Beex mccjAelOBaHHH CJeXyeT, YTO Ha GJAIOMHHre
1150 HeBLIrOAHBIE YCJHOBH#I AJisi CBapKH He(eKTOB MOJY4yaloTcsl B
cioe ToaumkHoN okoso (1,3 <+ 1,5)Ak. CaenoBaTenbHO, IPH NpPOKaTKe
<JIHTKa FOJIOBHOM 4acTblo BIEpPel B NEpBOM Npoxoie OOKamHe IOH-
HO YacTH CJIMTKa AOJXKHO cocTaBaaTh 50—70 mm. Torma caexyio-
mee o6xaTHe nepel KaHTOBKOH, cocraBisiollee 40—60 mm, Oynert
TaK JXe cnoco6CcTBOBATh cBapke NedeKToB B HEMOCPEACTBEHHO 06XKHU-
MaeMO#l YaCTH CJIHTKA, He BLI3bIBasi HaJPLIBOB Ha BBHIMYKJBIX, CBO-
foaHO ywHpsiiomuxcss ero yacrax. OO6xarHe B nepBoM Npoxoae
TIOCJIe KAHTOBKH JAOJKHO ObiTh Ha 25—30 mm GoJsblie, 4eM B mpe-
AbIAYIIEM.

690 x 690
Jas cautka

750 x 750
Xy C He3HAUHTEJbHOH TpaHCKpPHUCTaJJIH3alHeH H NPOKaTLIBAEMOro
JOHHOM YacTblo BIepel, ciefoBaso Obl NPHMEHHTb BHIPaBHHBAIO-
uiee oGKaTHe rOJIOBHON YaCTH B mepBoM npoxoze 60 mam, a Bo BTO-
pom 70 + 100 mm. Ilocne kKaHTOBKH 06KaTHE TONIOBHOM YacTH CJAERY-
€T NpUHATL 80 MM.

CaenoBasio 66l Takxe 06paTHTh BHHMaHHE Ha NPHMeHAEMYIO elile
B HacTogilee BPeMsl B CTapbIX NPOKATHBIX lleXaX MPaKTHKY HaBapKu
'Ha NMaAKo#i yacTu 6OUKH BaJiKa BBICOKHX BBICTYNOB. BecCnopHo, uto

MM CIIOKOHHOM CTaJiM YUIHPEHHOro KBep-

TEXHONOMMYECKHME ACNEKTHI KANWBPOBKM BANKOB

3TH BLICTYMBl YJYUIIAIOT 3aXBaT MeTaJ/lJla BajiKaMH; OZiIHAKO OHH MoO-
TYT TakXe ObITb NPHYHHOH CepPbe3HbIX MOBEPXHOCTHHIX AedeKTos
</1560B. DTO OTHOCHTCSH TVIaBHBIM 06pa3oM K CAMTKAM KHOsIle# cTa-
JIM, a TaKXe K CAHTKaM CIIOKOHHBIX CTaJiell, OTIHTLIX B H3HOIIEHHbIE
# [JI0XO JIAKHPOBAHHbBIE H3JOXHHIILL

Kaau6poBxa BaJKOB UepHOBBIX KJered
NpH NpoOKaTKe JerHPOBaHHLIX CTrajel

CospeMeHHbIe OMIOMUHIM Ha MeETaJJYyPruvecKHX 3aBoiax Jeru-
POBaHHBIX CTajieH NMpelicTaBJAsIOT CO60H peBepCHBHbIE KJETH AYO C
duaMeTpoMm Bagakos 700 + 1000 mm.

B crapbix NpoKaTHBIX llexax, a TaKXe B PALE COBPEMEHHHIX Mpo-
KaTHBIX LIEXOB JIErHPOBaHHLIX CTaJsieH, TPUMEHSIOIWUX CHAUTKH MaJiol
Macchbl, YEpHOBLIMH KJETSIMH SBJASAIOTCA TPEXBAJKOBbIE OGXHMHbIE
KaeTH. KanHOPOBILKK HO/IXEH YYHTHIBATh HePaBHOMEPHOCTb Aedop-
MalKH N0 BHICOTE H IIHPHHE CJAHTKA.

[1pu mpokaTKe JierHpOBaHHBIX CTajlell HeXeJaTeJbHble TIOC/eICT-
BUS HepaBHOMEPHOCTH AeopMallHH JONOJHHTENBHO YCYryGJsioTCs
TIOHHXXEeHHOH NJIaCTHYHOCTBIO 3THX cranelt. IIpucanka merupyomux
3/IEMEHTOB, KaK MNpaBH/JO, NIOHHXKaeT CBapHBAaeMOCTb CTaJH, 4YTO B
CBOI0 OYyepellb 3aTPYINHSIET yCTpaHeHHue AepeKTOB CJUTKA.

Takum o6pa3om, A/ NpUMeHsIeMbIX TIPOrPaMM NPOKaTKU H 60Jib-
IUHX CeueHHH 3aroTOBOK HET XOPOWIMX YCJOBHIH CBapKH OCEBHIX Jle-
¢exroB. HepaBHoMepHOCTh fAedopManuu B HayaJbHBIX MPOXOAax
NIPH NpaKTHYECKH MpHMeHAeMbIX CAMTKax Maccofl 1—1,2 T U Henmpa-
BUJIbHOH KaJIHOPOBKe BLI3bIBAeT YacTO pa3fBOeHHe KOHIOB CJHTKA.

[loBblllIeHHOE CONPOTHBJEHHE JIerHpPOBAHHBIX CTajed mnaacTaue-
CKOH AedopmanuH cnoco6CTByeT HEPAaBHOMEPHOCTH AedopMallik 0O
wHpHHe. [IpH NMpoKaTKe Ha IIajKoOH YyacTH 60YKM BaJKOB OJIIOMHHTra
AyO B HadaslbHBIX NMpOXoJaX HeoOXOLHMO DeryiupoBaTh H3MeHeHHe
yIIHpeHHs KaHTOBKaMH. O6XaTHA mocje KaHTOBKH cJeiyeT noxGH-
PaTh C y4eTOM HepaBHOMEPHOCTH Ae(opMallHH 1O ILUHpHHE,

[Tpu npokaTke Ha GJIOMHHTaX TPHO C OIPaHHYEHHLIM YIUIHpeHHEM
YacTo KaXeTcsl, UTO HeT YC/JAOBHH AJil HepaBHOMEePHOH AedopMaluH
MeTaana. JleficTBHTeNIbHO, aHAJH3 JHHHIH CKOJIBXEHHS C YYeTOM 10-
MOJIHHTEJNbHOTO TPEHHS MO GOKOBLHIM CTeHKaM Kaaubpa NOKashiBaer,
4TO 3Ta HEPaBHOMEPHOCTh 3HAYyHTEeJbHO yMeHbWeHa. OgHaKo mpu-
Mep NMPOKaTKKH NpyTKa OblcTpopeXxylle# cTasy B KiaeTH 600, npuse-
IeHHBIH B pa6ote (7], mo3BoJisieT yTBepXAaTh, UTO 3THM BOIPOCOM
Henb3sl npeHebperars.

Yacro BeTpevatomuecs KaJROpOBKH BaJKOB ¢ BEPXHHM HJIH HHXK-
HHM JaBJIEHHEM HJIH Ke HeNpaBHJbHHI MOAGOp pabouHx AHAMETPOB
COCENHHX pyuybeB KaaubGpa SBJASIOTCA NPUUYHHAMH BO3HHKHOBEHHS
BTOPHYHOH BHITSXXKH. DTO NOHATHE, BBeJeHHoe T, annaqexom, obo-
3HayaeT CEKYHIHYIO Pa3HOCTb OKDYXXHBIX CKOPOCTeH COBMeCTHO pa-
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6OTalONHX BaJKOB. BTOpHUHAas BBITSXKKAa BHI3EIBAeT B NPOKaThiBae-
MOM MeTaJjjie HalpsiKeHHsl, KOTOpble CTAaHOBATCS MPUYHHOH BO3HHK-
HOBEHHS [IOBEPXHOCTHBIX Je(eKTOB 3arOTOBKH HJIH rOTOBOrO NMpoKa-
ta. CYHTAIOT, 4TO AONYCTHMOE 3HaueHHe BTOPHYHOM BLITSKKH He
10JXHO npesbiiath 70—80 mam/cex.

Kaau6poBka BajiKoB
JJs NIPOKaTKH roToBhX Apodunei

Ecau x npoduasiM npenbABasiOTCS ONpelefieHHble TpeGOBaHHS
0 MaKpo- H MHKPOCTPYKTYpe, TO KaJHOPOBIIMK MOXeT Hemo-
CPEICTBEHHO BJHATH Ha pacnpefesieHHe o6e3yriepoxXHUBaHHs U Kap-
6ua0B, paclmoNoXKeHHe JHKBAIMOHHOR O06JacTH W BeJHYHHY 3epHA
B CTaJH.

Tlpoxat, npeaHasHayeHHBIH NN H3TOTOBJEHHS H3/JeJHH, NOABEp-
KeHHbIX YCTAJIOCTHBIM Harpy3kam, HMeeT CTpOro OnpeleleHHYIO
raybuHy o6e3yraepoXXeHHOro CJOS.

[Ipu Harpese MerTansia B OGBIYHBIX HarpeBaTe/bHbIX neyax TPyAd-
HO TMOJIHOCTBIO NpeNOTBpaTHTh 00e3yriepokusaHue, [Toaromy coor-
BeTCTBYIOIIHM NOA00OpPOM KaJHOPOBKM H BeNHUHH BBITSXKEK ciaedyeT
CTPEMHTBCS YMEHbIIHTL MIYOHHY 00e3yraepoXeHHOro cjaos 10 A0o-
NyCTHMBIX npefenoB. AGCOJIOTHAs ToJIllHHA 06e3yriepoXeHHoro
CJIOSl YMEHBILAETCS NMPOTOPLHOHAJBHO BHITSXKKe. DTO MPaBHJIO 5B-
JISIeTCS MEPBLIM YCJIOBHEM AOCTHXKEHHS HONMYCTHMOH TOJILHHH 06e3-
yrJiepOXKeHHOTO ¢Jiost B roToBOM u3JennH. OHaKO cOOTBETCTBYIOILAN
CyMMapHast BBITSXKKa He TrapaHTHPyeT BBHIMOJHEHUS NpelbsBJjsie-
MBIX cTaHAapTaMHu TpeboBaHHi. Heo6xoaumo n3beraTb TaKuX CHCTEM
KaquOpOBKH, KOTOpDHE YTOHAAH Obl 00e3yrJiepOXKEeHHBIH «¢J0H B
ONHOH YacTH CeYeHHsS NpoOKaTa 3a CYeT YTOJIUeHHs ero B ADYyroi.
Ons BbinoJiHEHHA 3TOro Tpe6oBaHHA HEOGXONHMO NMPHMEHSTL CH-
cTeMy KaJHOpDOBKH, He NMPHUBOASILYI0 K H3MEHeHHIO (OpMbl Ipn
063KaTHH.

B npyTkax KMnsuleH cTajH, NpelHa3HaueHHbIX A/ U3TOTOBJEHHS
H3/leJIHA MEeTOJOM XOJIOAHOH BHiCajKH, TpebyeTcs LleHTpajlbHOe pac:
NMOJIOXKEeHHe JHKBALHOHHOH 30HH. B 3TOM c/ayuae CHCTeMa NpuMe:
HseMbiX KaJauOpoB He HMeeT GoJjbluoro 3waueHus. BaxkHo, onHaxo,
4yTOOBl pyubH OblLIH NPABHJIBHO 3aNOJHEHbl H He CMeIlleHH OJHH OT«
HOCHTEJbHO APYTOro.

B npoxkare H3 moumH BCex 3a3BTEKTOHIHBLIX M JeleOypHTHLIX
cTanell nMpHeMouyHble TpeGOBaHHS ONpeNeaslOT TOYHO AONMYCTHMbIH
6aan Kapbunos. B JeleOypHTHHIX CTaJfX 3TO CBSI3aHO CO CTPYKTY-
poli H coOTBeTCTBYIOIIHM mox6opom pa3MepoB cauTka., o cux nop
CYIIeCTBYeT MHEeHHe, 4YTO KauyeCTBO HHCTPYMEHTa, H3TOTOBJEHHOrO
M3 KOBaHBIX CJMTKOB 3THX CTaJjed, Jyyllle HHCTPYMeHTa, H3NOTOB-
JIEHHOTO M3 KaTaHbIX CAHTKOB. 3TO MHEeHHe OCHOBbIBAaeTCH Ha BO3-
MOXHOCTH A0BOJBHO cBoGoJHOro noaGopa ycjaoBHit KOBKH AJs obec-
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fleyeHHs] MaKCHMaJbHO OJHOPOAHOH AedopMalHH N0 CeYeHHIO Oo-
JIOCHI,

Ha ocHoBanuH anaiusa ycaoBui gedOpMalHH NPHXOLHM K BbI-
BOZYy, YTO W NPH MPOKaTKe TakKKe MOXKHO CO34aTh YCJOBHA Ledop-
MallHH, aHaJOTHYHble CYLIeCTBYIOIHM NpH KoBKe. Heo6X01MMO MHLlb,
uyTo6bl B Buifope pa3mepoB CAMTKOB y4acTBOBAaJ KanHGPOBLIHK, aHa-
JIM3HPYS NpeAsaraeMble eMy pa3Mepbl CJIHTKa C TOUKH 3PEHHS PaB-
HOMepHOCTH dedopMaluH. B 3TOM ciyuyae pa3paboraHHas KaJH-
6poBKa o0ecrmeynT MexaHH4YeCKOe H3MeJbueHHe 3epeH H NoJyyeHHe
MSITKHX, PacCesiHHBIX KapOuIOB B FOTOBOM H3[E/HH.

[1pu NpPOEKTHpOBAHHH KaJHODOBLIHK [OJ’KEH YYHTHIBaTb MOHH-
KEHHYIO CKOPOCTh PEKPHCTANJH3alHH CTAaJIH BCJEACTBHE 3HAUHTENb-
HOTO KOJIHYEeCTBa JIETHPYIOLHX 3JEMEHTOB H NOHHXXEHHYIO TeMiepa-
Typy NPOKaTKH.

[Ipu mpokaTke 3a3BTEKTOHIHLIX CTaJjiell MOXKHO MOJaraTh, 4YTO
BCe KapOuJbl Mepelllii B TBepAblH pacTBop. BesiedcTBHe MOHHXKeHHA
TEeMMepaTypsl ¥ BO3AeHCTBHA 00XaTHH IPOHCXOAHT HX NOBTOpHOE
BhilesieHHe. CaenyeT OTMETHTb, YTO BO3AeHCTBHe OOXaTHH [daXe
6He3 TOHMIKeHMs1 TeMIlepaTyphbl BbI3bIBae€T BbijejieHHe KapOu10B M3
TBEpAOTO pacTBopa. BhijenenHbie KapOuabl 00pa3yloT MeJKOAMC-
NepCUOHHbIE MOJIOCH!, BHIFOAHBIE AJSI TOTOBOFO M3fenust. Iloatomy
TEOPeTHYECKH ONTHMAJbHBIM METOAOM MpoKaTkH Obw1 Obl TakoH, NpH
KOTOpPOM BO BpeMs AetopMallii BBIAeAsOCh Obl 6oJiblloe KOJMHYe-
cTtBo Kap6unos. Has storo TpeGyercss 3HAaYHTeNbHOE IOHHXKEHHE
TeMiepaTypbl KOHLla MPOKATKH. DTO NOBJEKNO Obl 3a co00H 3HayH-
TeJIbHBI H3HOC KaauGpoB H HeOOXOZMMOCTb NPHMEHEHHSl 3JIeKTPO-
Asuratesell GoJbLIOK MOLIHOCTH B NOCAefHHX KaeTaX. Ha mpakrtuke
NPUMEHSIOT TOJNBKO MPOMEXYTOYHble pellleHHs, CBOASLIHECH K Mpo-
KaTKe C BO3MOXHO GOJIbIUIAMH O00XXaTHAMH H 3aMelJieHHBIM TeMIIOM
{IPOKATKH HJAM K NPOKAaTKe C HOPMaJbHBIMH 00XaTHAMH, HOpMasb-
HbIM TEMIIOM NpPOKATKH H C OXJaXKJeHHeM MeTa/ila nepej noc/el-
HUMH MPOXOXaMH.

Ilepshlii cnoco6 3akaloyaercs B NPHMEHEHHH BO3MOXHO 60Jb-
wHXx 06XaTHH B MPOMEXYTOYHbIX KajaHOpax BIJIOTb A0 MOATOTOBH-
tesnbHoro. Ilocsie 4MCTOBOro Kaaubpa HeoOXoxHMO GbicTpoe NMOBepX-
HOCTHOE OXJa)KJeHHe NOJOChl, 0COGeHHO nojioc auaMeTpoM Oogee
25 mm.

[Ipu HMCHOJb30BaHHM BTOPOrO MeTONa Nepel YHCTOBHIMH KaJuG-
pamu nosocy oxnaaxpair o 830—850° C. Caenyer, o1Hako, noM-
HHTb, YTO CyMMapHbIH KOO(MOHIHEHT BLITSKKH B 3THX MPOX0JAax 10J-
JeH 6bITb He MeHbille 1,3.

[Ipu nmpoKaTKe BBICOKOYMVIEPOLHCTHIX NMPYXHHHBIX JIETHPOBAaHHBIX
crajel, CKJIOHHBIX K rpadHTH3alHH, He NONYCKaeTcs HajHuHe rpa-
¢uTa B CTPYKType npokKaTa. B 3TuX ciyyasx KaJuOpOBUIHK J0MXKeH
VYHTHIBaTb BO3jeficTBHE 06XKaTHs, cnocOOCTBYIOIEro BbIAENEeHHAM
rpadura.
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B uepHOBHIX Kanubpax ciaelyeT NPHMEHSTb BO3MOXHO GosbiiHe
06>xaTus U BHICOKHH TeMN NpokaTKH. [To Mepe oxmaxpmenus npoka-
THIBA€MbIX MOJIOC CJIeflyeT YMeHbIIaTh 00K aTHS.

Tonbko Takoli MeToA Mpu cOOGMIOZEHHU BO3MOXKHO BLHICOKOH TeM-
nepaTypbl KOHIlAa TPOKATKH H NMPaBHJBLHOTO OXJaXXJeHHsS NpefoTBpa-
THT MOsIBJIeHHe rpadHTa B CTPYKType MeTaJsla.

Onpenenexnble TpeGOBaHHs [0 BeJHUMHE AEHCTBUTENBLHOrO 3ep-
Ha CTaJu NpPeNbABAFIOT K NMPOKATy M3 KOHCTPYKIHOHHBIX CTaJjeit
(u3menust NOABEPraloOTCA 3HAYMTENBHHIM JHHAMHUYECKHM Harpys3KaM)
H K NpoKaTy H3 (GeppHTHHIX CcTajell (U3LeNHdA NpeiHa3HayeHbl 11%
JanbHeHlllell nJacTHUYeCKOH XoJOIHOH OethopmanHuu),

PaspaGoTKa pauuMoHaJibHOA TEXHOJOTHH NPOKATKH fpodHiel B
IepBOM cJyyae BecbMa 3aTpyAHHTeslbHa. Kak mpaBuno, atu npodu-
¥ MMEIOT MHOrja OyeHb CJAOXKHYI ¢opmy. M3BecTHO, uTo pasmep
3epHa rOTOBOrO H3JeaHsl ABJAsSeTcs (PyHKUHeHd 06GXKaTHA H BPEMEHH,
MO0 HCTEYEHHH KOTOPOr0 OT MOMeHTa 06XKaTHS NPOHCXOAMT PeKpH-
CTaJ/IM3anus, a 3ateM pocT 3epHa. Uem Gosblie o6kaTue U MeHbllle
BpeMs AJifl PEKPHCTAJJIH3aLHH, TEM Meabye noJsyvaercs 3epHo. Cae-
AO0BaTeNbHO, B MOCJAEJHHX NPOXOAaX HAAO NMPHUMEHATb YBeJHUYEHHBIE
00XXaTHA TIpPH BO3MOXKHO HM3KOH TeMmepaType ¢ MOCHeLyIOUIHM ycC-
KOPEHHLIM OXJIaXK/IeHHEM. '

STOT MeToj moKa HempHMeHHM A/ ¢acoHHBIX npoguiern. Ilo-
3TOMY’ CJleflyeT IIPHMEHHUTb TaKyi0 CHCTeMYy KaJHOPOBKH, MPH KOTO-
poit B nocJeAHHX NpoXodax He Obl10o Obl TedyeHHS] METajJa H3 OJIHOMH
qacty Npoduas B APYryl0 H MOXHO 6bljio Gbl B NPeIYHCTOBOM U
4YHCTOBOM KaJauOpax npHMeHHTb 3HauuTeJbHble 06kaTHA. Beanuuna
00XKaTHsl OrpaHHYeHa JONMyCKaMH M H3HOCOM Kaaubpa. [lpu stom
cleAyeT HMeTb B BHJY, YTO TeMiepaTypa NPOKaTKH JaHHOTO Mpo-
¢uAsA noyKHA OBITh BO3MOXHO HH3KOH.

Bricokse miacTuueckHe cBoificTBa (eppUTHBIX CTajieH, a.Takxe
NpPOKaTKa U3 HUX B OCHOBHOM TOJIbKO HPOCTHIX mpoduneil ynpoinaer
3anayy Kaaubposimuka, OGBIYHO TeXHOJOTHYECKOH HHCTpyKuUueh yc-
TaHaB/JAMBAIOT Npelesbl TeMIepaTypel KoHlla nmpokKaTku. OfHako co-
6si01eHHEe 3TOH TeMuepaTypbl OKa3biBaeTCH MHOIAA HEeLOCTATOUHBIM
H CJY4aeTcsl, YTO N0 HEBBLISICHEHHHIM NMpPHYHHAM oOnpelesieHHAs map-
TH npodujeli uMeeT INPH HCOLITAHUSIX HEYNOBJETBODHTENbHbIE
MexaHHuecKHe cBoiicTBa. Ecam 6Gbl mpuH KannwbOpoBKe BaJKOB Obla
yYTeHw MEeXaHU3M DEKDHCTaJJH3allHH M pocTa 3epHa, TO moxobHHe
cayyad He MOIJIH Obl MPOHCXOIHTD.

H3BecTHO, 4TO CKOPOCTb pEKpHCTasJdu3anHH TeM Oojblle, ueMm
6osbiie 06kaTHe M BHILIE TeMmepaTypa. 3Has TedeHHe OGOHX NpoO-
IeccoB Y BeNMYHHY 06XKaTHHA B YHCTOBOM H NMpPeI4YHCTOBOM Kanaubpax,
KanuOPOBLIMK MOJXKEH COOTBETCTBYIOMHM 06pa3oM ycTaHaBJIHBATh
06)XaTHsl B UEPHOBHIX KasjuOpax W Npefesbl TeMNepaTyp NMPOKaTKH.
COTpyIHHYECTBO KaJuOpPOBILHKA C TEXHOJOroM Bcernaa obecreyu-
BaeT TpeGyeMble CBOfiCTBa FOTOBOrO NpoOKaTa.

.
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HanpsaxeHnda B roroBoM npoxkare

[Tpobnemoii BHYyTpeHHHX HaNpSKEHHHA B rOTOBBIX MPODHAAX NPO-
KaTUMKH 3aHA/AHCb OTHOCHTeJBbHO HejaBHO. [IpousBeneHHBle pa3Hy-
HbIMH MeTOJaMH 3aMephl IOKa3asid, YTO HampsKeHHS JLOCTHTaloT
3HAYHTEJbHOH Be/JHYHHBI U B HEKOTOPLIX CJHYYasiXx OHH JIHIIb HEMHOTO
MeHbllle npejiesia YHOPYrocTH AaHHOH cranu. MCTOYHHKOM 3THX Ha-
NpSKEeHUH SIBJIsieTCSl NMpOKaTKa W TJaBHbIM 06pasoM HpaBKa mocie
oxnaxaeHusa. Ha mpakTHKe H3BeCTHbl CJlyuyaH pa3pyLIeHHS CHJbHO
HCKPHBJIEHHBIX NpOobHIell Mocje HECKOJbKHX NMPOXOAOB yepes Apa-
BHJIbHYIO MallHHY.

3HayHTeNbHble HaNpsKeHHST OCTAlOTCA I10C/e NPOKATKH B MpO-
(GuAaX, COCTOSAILKHX H3 TOHKHX 3JIEMEHTOB, €C/AH npH AedopMalyu
TIPOHCXOIHJIO TedeHHe MeTaJjJia M3 OJAHHX YacTell B Jpyrue, ocoOeH-
HO NpPH OTHOCHTEJIbHO HH3KHX TeMIepaTypax KoHLla npokaTtkd, Ecau
TeMnepaTypa OKOHYaHHS NMPOKATKH JOCTAaTOYHO BBICOKA H BPeMS ee
BO3JefiCTBHS 3HAUYUTENbHO, TO HANMpPSXXEHHS MOIYT YMEHbLIAThCH,

B npoduanx, cocToAUX U3 TOHKHX 3JeMeHTOB, oxviaXialolllee
IeficTBHe BaJIKOB M BOJBI BbI3HIBAeT pPe3KOoe MECTHOe IOHHXKeHHe
TeMilepaTypbl. BcaeAcTBHe 3TOro HanpsXeHHs B 3JieMEHTaX MHOBbI-
HWIAIOTCA HACTOJBKO, YTO ropsiyasi 4acTb NPodHaAsA He B COCTOSSHHH
BhipaBHATH AeopManuio. Ha npaktiuke Habalonaercsi pa3jiHyHe Ha-
ApSI’KeHHH NpH paspe3Ke Ha TaBpbl ABYTaBPOBLIX 6aJsioK, MpOKaTaH-
HbHIX Ha yHHBepcalbHOM cTaHe. Ml3aMeHeHHeM HaCTPOHKH BaJ/JKOB YH-
CTOBOH KJETH B NpPeJuHCTOBOM U YHCTOBOM IpPOXOJaxX MOXKHO He-
CKOJIbKO YMEHBIIHTh CTpesy KPHBH3HBI paspe3aeMblX TaBpOB.

Hanpsixenus, coxpaHsolllHecsl B poKaTe MocjAe €ro MNpaBKH,
YAaCTHYHO CBfI3aHbl C TeYeHHEM MeTaJjia B YHCTOBbIX MPOXOAaX.
OnHako B 3Ha4UHMTeJIbHOH CTeNeHH -OHH CBfI3aHBl C PAachOJIOKeHHeM
yactelt poduas B YHCTOBOM KaauOpe M MOJIOKEeHHOM NpokKaTa Ha
XOJIOAHJIbHHKeE.

3Hast KOHCTPYKLHIO XOJOAHMJIbHHKA M NOJOXeHHe TpokKata BO
BpeMS OXJIaXKIeHHs, KaJHOPOBIIMK B 3HAUHTENbHOH CTeNeHH MOXeT
YMEHbIIHTL HCKDHBJEHHe IITAHT M BeJHYHHY HampsoKeHHH mocne
npaskH. B 3ToM cayuae oxsaXlIeHHHH npodHab NMPH NpaBKe Tpe-
GyeT JiHUIL YCTPaHEHHS NMPOJAOJbHONH KpPHBH3HBL. Ecau KannGpoBLiMK
pacrmosnaraer rHOOYHOH MallMHOH Mepel XOJOAU/JILHHKOM, TO OH B
COCTOSIHHH TaKXe 3HaUMTe/JbHO YMeHbIIHTb 00pasyloIylocs npu oc-
ThIBAHHH KPHBH3HY NpOGHIIA.
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IIpog. doxr. unxc. E. BA3AH, unx. E. MAEH
(Kpakosckast ropHo-meranaypruaueckas akagemus, [IHP)

KAJIUBPOBKA HENPEPBIBHBIX 3ATOTOBOYHBIX CTAHOB
C rPYNNOBbLIM NPHBOAOM

Kam6poBKka HenpepbiBHBHIX 3aTOTOBOYHEIX CTaHOB Tpebyer co6-
JIOeHUS YCJIOBHSA TMOCTOSHCTBA CEKYHAHBIX O0bEMOB:

‘ FlniDa = Ci’ (1)

rie F;—nuomaib nonepeyHoro ceyeHHs TOMOCH mocje i-Toro fIpo-
x0Ja;
n; —4ucyo 060pPOTOB BAJNIKOB i-TOM KJIETH;
Dy — axTHBHBI [UaMeTpP BaJKOB;
C; — KOHCTaHTa KaJHGPOBKH.

Pasmephl 1ByX SMUYHBEIX CMEXHBLIX KJeTeH HeMpepLBHONO CTaHa
CBSI3aHBl MeXJy co60#i B COOTBETCTBUH ¢ HOMODPpaMmoii 3. Bycaros-
cxoro (puc, 1), nocrpoeHHON Ha OCHOBE ero (OPMYJH YIIHPEHHUS.

Homorpamma no3BosisieT yCTaHOBHTb 3aBHCHMOCTh MEXAY KO3(-
(HIMEHTOM BBITSXKKH A H Koa(pduIHeHTOM 00XKaTus y JJs olpene-
JIEHHBIX HCXOJHBIX TapaMeTPOB, XapaKTepH3yeMblX BesinuuHok E, Ha-
30BEM

1r=hH0 ' @

¢du3HuecKuM KosddHUiIHeHTOM 06:KaTHs, 10 KOTOPOMY ONpeAeasioTcs
pasMepsl HCKOMOro Kasiubpa.

ITpeo6pagyem Bhipaxkenue (1) Tak, YToObn HailTW 3aBHCHMOCTb
MeXAy A H yx (KHHEeMaTHYeOKHH KO3(pHIHeHT 06KaTHs, COOTBETCT-
BYIOIHE YCJIOBHIO HeNPephIBHOCTH mnoJsiockl). Toraa HaHeceHHas Ha
HoMorpaMMmy BycaToBckoro Kpusas

Tx =Ff (N @)

B TOUKe TlepeceyeHHs ¢ KPHBOM, COOTBETCTBYIOILEH BblpaXkKeHuIo (2),
HaeT HCKOMEIe 3HayeHHS Ag H yo (pHC. 1, @), KOTOpHle TapaHTHPYIOT
3amoyiHeHHe KaJqu6pa H cobJiofeHHe ycamoBus HenmpepuiBHOCTH (1),
YTO NOBBOJISIET CIPOEKTHPOBATb MOKOMBIN KaJuOp F.

4 3akas 1034 '
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Ecan yyecTs HaTsKeHHe MOJICCbl MeXAY KaauGpaMH, TO KOHCTaH-
Ta KaJTuOpOBKH HUMeeT BHJ, :

; F
C,=Ct=[D,— EL] nF . (4)
X
OTKy/Ja CPefHSAA BbiCOTa Kannbpa
F "y k
Hx=B—:-=Dtx—a—;\—Da, (5)
o w rae Dix— upeanbunli  pHamerp
<3 88§ BaJIKOB.
E
J2F
15+

NN
NN

a6 .47" as ‘4
Puc. 1. HomorpaMmu ¢opmynu ymupenns 3. Bycatobckoro
‘ F
OGo3HAYMB MepefaTOUHOe YHCAO —— =k y A = % , moJlyyaeM
ny
M3 ypaBHeHHs1 (D) KuHeMaTHYeCKHil Ko3dduuHeHT 06KaTHs
H H N
’Yx == F- = ———-—-———-—-—-—’c . (6) .
) ¥ Dp—¢E EY D, '
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3nas TOUKy nepeceueHHs KpuBoH 8 unu 6 ¢ kpusoi 2 (oM. pac, 1),
noJyyaeM HCKOMBIE Pa3Mephl KaJauOpa:

F
B, = H AoYor )
F)\ +0,86r2
Hx = ‘—T . (8)

Ecnu Mexny xjaeraMu nonoca kautyercs Ha 90° To ¢opMynoil
(6) Henn3a mnoMb30BATHLCA, TAaK KaK KpuBas yy = fi(A) mo popmy-
Je (2) orobpaxxaerT 3aBHCHMOCTb

H
= —, 9
Y=g )

B cBA3M C 3TUM BLIBOLOM Yy — MPOH3BOMHLIN 'KHHEM aTHUECKH
K09(pPHUUEHT 06XKaTHS, KOTOPHI YUHTHIBAaeT YCJOBHE HENPEDPHLIBHO
CTH TIOJIOCHI.

OxonyaTeJbHEIH BHJ I'POHU3BORHOTO KHHEMaTHUECKOro koaddiu-
LxeHta 06X aTus J

[}
H_ L M08y o (10
TKI e e e B i — 3 .
By W (BAR

Touka nepeceueHHss KPUBHX yx1 H Yy, HAHECEHHBIX HA HOMOTpaM-

My, naeT HOKOMOe ipenieHye, CTOPOHEL HCKOMOTO TPSMOYTOJIbHHKA:

= Fiode, 11
H.=—7 (1

F 86r2
Bx=_ﬂ?.'_6'£, (12)

PaccmoTpum cayuyail, korna HCKOMBIH KaauOp Fy KBazpaTHHIH,
r.e. Koraa Hy = B, =A. BsoguM vy;— reoMeTpuyecKuii Kosddu-
IHEHT 06xxaTHs, KOTOPHIA obecneydBaer 3amnoJHeHHe KBaJpaTHOTO
KaJaubpa:

F,=)\F = A*—0,86r2, (13)
OTKyna
fo=-4 — LV F 10862 . (19
£ H, B *

[lepeceyenne KpuBHIX 7yg; M ys (CM. pHuc. 1,6) maer pelleHHe,
ofecneunBalomee NoJydeHHe 3aMOJHEHHOrO KBaAPaTHOTO Kaaubpa,
YcioBHe HeNpepLIBHOCTH: NIOJNOCH OGYyAer BHINOJAHEHO, eclH o (op-
Mmyne (5) mopbepeM COOTBETCTBYIOIIHU NHAMETp

D=2 +ekp, (15)
Yo e
4‘
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CTOpOHa HOKOMOIO KBaAPaTHOrO KaanGpa
A= % = Bh\To. (16)

H-§——wd

B'

)

Puc. 2. TlapaMerpu pomGuueckoro (a) u osaabuoro (6) kanuGpos

'

[Ipu mcmonb3oBaHWM 3TOMO MeTOZAa pacyeTa AJs OCTaJbHBIX Ka-
Au6poB, NpUMEHAEMbIX Ha HenpephBHbIX 3ar0OTOBOYHLIX CTaHAaX, Tpe-
6yloTcs HOBblE clrocoObI pacyeTa mJollafell poM60oB u oBajos. I1ao-
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wajb ‘poM6a MOXHO MpPENCTABHTb B BHAE CYMMbl mJollafell cMe-
menHoro pom6a Fy o u npsMoyroasuuka Fp, (puc. 2, a), 7. e.

F=F +Fu; (17)
Frp = Bs; (18)
H' —
Foe=2[F we—Fsmwn + Founxl = *B—
cosSi !
—rl2— -[—(l—:;;))n—-sincp : (19)
sin—

[Tnomanu oBana u pomGa MOXHO PaCCUHTHIBATh MO OZHOH M TOH
Ke popMmyse AMIIp C PA3IHYHBIMH KOIPPHUIMEHTAMH:

F,=B,;s+ B.k(H,—s)+ B2A. (20)

Hmes dopmyay naomaznu oBaia u pomGa, BEBEJAH GOPMYJB Ku-
HEMAaTHYECKOro H TeOMETPHYeCKOro Ko3dduuueHTOB O6KaTHA 14
BapHAHTOB, NpHBEdeHHbIX Ha puc. 3—b5. Hampumep, npu mpokatke
oBajla a4 pomba B KBaapare (puc. 3)

1 H 1 s A
TKI——;\—'—K'E'{Y_K'FH_IC]}_TYK' (21)

HapecTHole KO HACTOSIIErO BPEMEHH MeTOJbl, NO3BOJAIOLIHE Ofl-
pelenuTh pabounit JuameTp Kaidubpa, 3aK/AIOYAlOTC B 3aMeHe KOH-
Typa Kasnbpa Ha 'PaBHOBEJIHKHHA IIpAMOYTroJibHUK, B pesyabrarte no-
JydaeM cpenHuii pabounit nuamerp D; u cpefHioi BhicoTy hs [lo-
CAENHIOID MOXKHO ONpeJeJHTh NO YeThiPeM H3IBECTHHIM MeToLaM
Bpaukoro, T'onosuna, UerkmapeBa, 3. Bycartosckoro. 3Has cpen-
HIOIO BLICOTY U CPeAHHH pabouHil ZUaMETP, MOXKHO ONMPeNEaUTh Olle-
peXXeHHe II0 H3BeCTHHIM (GOpMyJaM H CKOPOCTb MNPOKAaTKH. ITH
cnoco6bl HMEIOT YHCTO NeOMeTPHYECKHH XapaKTep H {aloT pasHble
pe3yJbTaThl.

ABTOpHl pa3paboTanu HOBLII METOJ, YYHTHIBAIOLIKA OCOGEHHOCTD
¢bopMel Kanubpa, BAHAIOIEH Ha TeyeHHe MeTalja B HeM. Bula Hai-
IeH koapoHuuueHT K, moKasbIBalolki, Ha KaKyl0 BEJHYHHY CJeAyeT
yBeIUYHTh K03 duuueHT tpenus f, yToOnl npu 3aMeHe JI060ro Ka-
aubpa Ha NPSIMOYTOJbHLIH ObIJIM YUTEHbl LOTOIHUTENbHbBIE CONPOTHB-
JIeHHS UCTEeUeHHIO, BhITeKaollue U3 (GopMbl Kaiubpa, # OLIJIM NOJY-
YeHbl Te XKe BeJHUHHH HaBJeHHS JAA o0oux cayuaeB (I TIpsMo-
YroJIbHOTO H (hacoHHOro Kaaubpos), Ilpu pacuere ckopoCTH mpoKaT-
KH OyneM NVIb30BaThCs KOIGDHUIHEHTOM TPEHHS, COOTBETCTB VIOIIHM
He IefCTBHTENBLHOMY, a yBenuueHHoMYy B K pas.
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KAJIMEPOBKA 3ATOTOBOYHLIX CTAHOB C rPYNMOBLIM MNPUBOAOM . B%

MareMaTHuecKHM HyTeM Ha OCHOBAHHMH TE€OpUH 06pabOTKH [naB-
JieHHeM aBTOPHl BuiBeJH GOpPMyJibl JaBlleHHs st PacCOHHBIX H TJIO-
cKkux Kann6pos, Huke npuBefieHbl KOHeYHbIe Pe3yJbTaThl.

QopMysia JaBJeHHs TPH Ocalke Me'ra.n.na MEeXAY [MIHTaMH
OBaJbHOH (OPMH

bsla+l  ( bs \a+l
[_ =9+ __s-] B (—28- ) Gplb 2
Po=25]14 a1 H/ME, (22)

A=z () (3 e=i

€ = 0,85 — kK03 dHLHEHT, KODPEKTHPYIOINHA Y1ipPOIUeHHs NPH
BriBOZe hopMyant (22).
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Puc. 5. KanubpH cucreMH KBajpaT — OBaJ — KBagpat

4

dopmysia JaBieHus TIPH OCa/iKe MeXAy TIHTaMH NJocko# ¢op-
MBI:

Omh ([, Fo * 923
p=2 (L —1) wt @3)
Ha ocnosanuu gopmya (22) # (23) okasanoch BOSMOXHEIM NO-
JYYHTh KOIPPUIHEHT ]
K= _%q_ i‘?' (24)
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rae ¢ = 0,85 + 1,3 — koo HUIUHEHT, KOPPEKTHPYIOWHUHA pe3ybTaThi
BBIYHCJEHHBIX [aBJeHHH 10 AeHCTBHTENbHBIX;
MeHbIIHEe 3HaYeHHss OTHOCATCA K oOpasuaMm
MeHbIIUX pasMepos, a 6obinyie — K GOJbLIHM
pasMepam;
Po U Pyp— TEODETHYECKHE [aBJEHHS MJf OBAJbLHOTO H
OJIOCKOTO Kaanfpos.

Ilas comocTaBlieHHst pacyeTHHIX pe3y/lbTAaTOB HAllMX H paHee
YKa3aHHEIX aBTOpPOB OblIO mpoKaTaHO okodo 1700 ofpasuos 1pu
900 u 1200° C Ha BaMKax pa3nHuHbIX AuametpoB (147, 197, 297 un)
H NPH pPa3HbIX CKOPOCTAX BpalleHus Baakos (30, 180, 420 o6/muxr).

[TonyueHnule pe3yabTaThl MeHble Ha 2—69% pacueTHnix mo Bpan-
KoMy, BycatoBokomy u TonoBrHy u Ha 0,5—19% Gosbume 3aMepen-
HbIX.

Hux. C. KYXAPCKHHA
(Merannypruyeckuii 3asog uM. Jlenuna, Hopaa I'yra, [THP)

KAJTHBPOBKA HENPEPBIBHOIO 3ArOTOBOYHOI'0 CTAHA
CO CMEWIAHHbBIM COPTAMEHTOM

HempepbiBHble 3aM0OTOBOUHBIE CTaHbl, MOCTPOEHHBIE 3a (OCAEl-
HHe TOAH, OTAHYalTCA oT 0oJiee cTaphIX TJIaBHEIM 06pa3oM mocie-
J0BaTeAbHLIM PaCIOJIOXKEeHHeM KJeTel C rOpH3OHTaJbHLEIMI{ H BEPTH-
KaJbHBIMH BaJIKaMH, a TaKXe HHIHBUAYAJbHBIM NPHUBOLOM OTHENb-
HHIX KJIETeH,

[TocnenoBarenbHOe pasMelleHHe ¢ YepeloBaHHEM KieTel ¢ ro-
PM3OHTaJbHBIMH M BEPTHKAJbHBIMH BaJiIKaMH TIO3BOJITer OTKa3aTb-
¢l OT KaHTYIOWlelt apMaTyphli, HeOOXOAHMON AJi HENPEPBIBHLIX CTa-
HOB, COCTOSILUUX TOJBKO M3 KJeTeHl ¢ FOPH3OHTANbHBIMH BaJNKaMH, H,
KpoMe 6JIOMOB H KPYIVILIX 3aTOTOBOK, IPOKATHIBATb TaK¥XKe CJsAGH!
wHpuHOi 40 500 MM, MpHMEHSAT B KJeTAX C BEpTHKAJbHHIMH BaJKa-
MU pebpoBbie 00KaTUS,

PeryaupyeMubiit MHAMBHAyaJ bHbIN MPHBOA KJETell ympollaer Ka-
JUOpPOBKY BaJKOB H TIOBBOJISET pacnpeneluTbh OGXKAaTHA MO OTHeNb-
HBIM KJIETSIM ‘00/Iee PaliOHaNbHO, UeM 3TO BOBMOXKHO IPH CHCTEMaXx
¢ TPYNNOBLIM NPHBOJOM KJETEH.

HempepbiBHble 3ar0TOBOYHbIE CTaHbl YCTaHaBJHBAIOT OOLIYHO 32
GJMIOMHHIOM, YTO JaeT BO3MOXKHOCTb OCYWECTBHTb NPOKATKY 3aro-
TOBOK C OJHOTO HarpeBa.

OmHuM W3 HOBEHIIHX 3arOTOBOYHEIX HENPEpPLIBHBIX CTAaHOB SIB-
asietcs crad 850/730/530, cocTostuumit U3 ABYX FPYNM O MIeCTh KJe-
Tell KaXnas, XapakTepUCTHKa CTaHa npuBeleHa B TabJa, 1.

CopraMeHTOM CTaHa ABJAMI0TCA: 3arotopku 150 X 150, 120 X 120,
100 X 100, 80 X 80, 75 X 75, 60 X 60 mm, y3xue cAa0bl (MOJOCH)
100 X 250 + 130 X 400 mm u 3aroToBkh AnaMeTpoM 75—150 mm,
HcxoanpiM MaTepuasioM MPH NPOKATKe KBaAPAaTHHIX M IKPYIJBIX 3a-
roToBOK ABJAsioTcs GaioMbi 300 X 300 mu u maccolt 7,2—8,2 7, a npu
TIPOKaTKe MONIOC — casA6ul 240 X 350 + 300 X 450 mm u Maccoit 7,2—
85T,

Tlepen Bxomom Bo Il kneTb npoxaThiBaeMasi 3aroToBka KaHTY-
erca Ha 90° ¢ IOMOIIIBIO aBTOMaTHYECKOTO KaHTOBaTens ¢ Qoropede.
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TABJIHLA 1. XAPAKTEPUCTHKA HETMPEPBIBHOIO 3ATOTOBOYHOIO
CTAHA 850/730/530

% - . v
s S% | samon ax |54 [E2
g 25 £x2 | g8
I 2 Baakn EE 8 gsd §E
gl 3 B3 | 3p | 5z [E5e8lEE,
1 Q & B ©
gl = £z | 38 | B8 |FEE3|f8s
I | FopusoHtadpusle . . . . . . . 24, 8| 1200 | 850 0,55 | 1340
Il » e s s e+ e..| 5,6 1200] 850 }0,405) 1340
I II1 | BeprukaidpHete . . . . . . .. 55| 80| 730 0,57 | 1340
1V | F'opusosrameswee . . . . . .| 5,6 1200} 730 |0,775| 1340
V | BeprukanpHee . . . . . . . .| 5,5 800 730 |1,085] 1340
VI | lopmusoutaibume . . . . . . .| 76,6 | 1200 730 [1,50 | 1340
VII | Beptuxkambuee . . . .. . . .| 5,5 800 | 530 [ 1,57 | 1340
VIII | Fopusontadbile . . .. .. .| 5,5| 800 | 530 | 1,87 | 1310
11 IX | BepTHKadbHBE . . . . . . . . 56| 80| 530 ] 2,45 | 1340
X | Fopusonranbume . . . . . . .| 5,56| 800] 530 (2,92 | 1340
XI | BepThkaabube . . . . . . . . 55| 80 530 3,81 | 1340
XII | FODH3OHTANBHBIE . & & & & & . — 800 | 530 (5,2 | 1380

IToatomy Il kyeTs pacnosaralor Ha paccrosiuau B 24,8 » ot I kierw,
yToOLl OGecneuHTh CBOGOAHOE pasMellleHHe PacKaTa MeEXIY HHMH,
B Hacrosimee BpeMsi CO37aHB 3arOTOBOYHbBle HellpepbIBHble CTaHH,
1 xneTs KOTOPBIX MMEET BepTHKaJbHHle BaJdxH. [lpu Takolt cucreMe
pacnoJioxeHHs KJeTel KaHTOBKAa 3arotoBku nepen Il xierbio cra-
HOBHTCA H3JHIUHeH, H paccTosiHrHe Mexay I m Il wnersaMu cokpama-
erca 1o 5 s, Bbaaronaps sToMy cokpaluaercs BCA JHHHA {IPOKATKH.

B crenyiomux yerHipex KJAeTsaXx TepBOd CPYMML 3arOTOBKA He
NOABEPTaeTCsl KaHTOBKE, TaK KaK BepTHKaJbHble H NOPH3OHTAJbHLIE
BaJIK4 B 3THX KJETAX YepedyloTcs.

MMepen axomoM 8 VII xaeth ¢ BepTHKkadbHEIMU BankaMu (I kieTb
II rpynmel) 3aroroBKa NOABEpPraeTcss KaHTOBKe Ha 45° TakXe € no-
MOILbIO KaHTOBaTeJs ¢ ¢oropene, u fajee A0 OKOHUAHHS TNPOKATKH
OHa He KAHTYeTCS BBHAY YepelOBaHHS BEPTHKAJbHBIX H TOPUIOH-
TaJNbHALIX BaJIKOB B OCTaJbHbIX KJeTax II rpymnni,

B cayyae nmpokaTku NoJoch MPAMOYTOVILHOTO CeueHHsd KaHTOBa-
teab nepel Il kaerbio I rpynnsl cTaHOBHTCSH H3JHIIHHM Y MOITOMY
€ro crelldaJbHEIM MEXaHH3MOM OTOABHIaloT B CTOPOHY. [loTpebHocTh
B KaHTOBaTese mepex II rpynmnoi kjereit ornajaer Takxe Ipy H3Me-
HEeHHH CHCTEMbI KaJHGPOBKY 0BaJ — KBa&paT, B aToM cayuae kanTo-
BaTesb TaKpKe OTOABHraloT B CTOPOHY.

Ilepen xanToBaTeseM II rpynnel KJeTell HaXOAATCS ‘MaSTHHKO-
Bhie HOMHMILH, CJYXKallue NN o6pe3kH Ae(deKTHbIX NOJOBHBIX KOH-
LIOB NIPOKaThiBa€MOM 3arOoTOBKH; 3TH HOXKHHIBI CJAYXKAaT TaKike AJA

KANUBPOBKA 3ATOTOBOYHOIO CTAHA CO CMELWWAHHBIM COPTAMEHTOM 59

aBapufiHOTO pe3a B CJyyae 3aCTpPeBaHUS 3arOTOBKH B OJHOH M3 KJe-
teit Il rpynns, '

3a mocneadeii Kaersio 11 rpymnel jpacnosoxeHbl JeTyyue HOXK-
HUOB! [JIsi Pe3KH BHIXOJALIENr0 H3 Ba/KOB paOKaTa Ha 3aroTOBKH
naubon 6; 9; 12; 5; 7,5 u 10 m.

B iectd knetax | rpynnel rpoKaTHIBAIOT KBafpaTHblE 3arOTOBKH
150 X 150 u 120 X 120 mm (B cayuae HeOOXOOZHMOCTH BO3MOXKHA
TakKe TPOKATKa KBaJPaTHbIX 3arOTOBOK MPOMEXKYTOUHBIX CeYeHHH),
nosoch 100 X 250 + 130 X 400 mm u Kpyrisie 3arOTOBKH JHaMer-
pom 120—150 mm,

3aroroBkyu 120 X 120 mm mpeXHa3HayeHp A8 AadbHelure#l mpo-
katku Bo II rpymme B 3aroropku 100 X 100, 80 X 80, 75X 75 u
60 X 60 mm (TaGa. 2).

TABJHIUA 2, CXEMA KAJIMBEPOBKH BAJIKOB /1 TIPOKATKH 3AIOTOBOK
60X 60 Msx VU3 BJIIOMA 300X300 mu

) a '
Pa3 1 ] e - = =
xaMG;:? ax | e § E § a E”o g E
@ <1 ; 2 a” x
z Kaax6p E’ ,;§ E§ 5 s E: gé
= - ; @ L e
nol e |$E8E 88| Bl 5 | 25 |3%
] xZ £S5 |28 ]| » > X8 |ORy
1| Amuesmn {220 313 11,32|680 |80 |[I5 28° 709,4| 0,55
11 » 229 232 |1,30|665 |84 (11 29°157 | 402 0,405
111 » 158 |242 |1,391600 |74 |11 28°55’ 1402 0,57
IV » 162 167 1,411590 {80 |15 30° 402 0,775
A\ » 108 173 1,44]640 |59 |13 25° 402 1,085
VI » 120 120 {1,311626 53 |11 23°50° | 402 1,5
VI | Pom6uueckmit| 117 172 1,231472,5| 19,5 |12 21°10’ |352,11 1,57
VIII | Keagpatuwit { 129 | 133 |1,171467,3|20,3] 8,6 23°30’ |352,1| 1,87
IX | Pom6uueckuft| 89 |132,4|1,36(486,8(19,5| 9,1f 22°15° |352,1| 2,45
X | Keagparawit | 96 (100 |1,18(481,4|18,1(10,0] 21°45’ |[352,1] 2,92
X1 | Pomdmueckna| 72 |103,3|139496.1| 16,7 9.5 21°03° |3852°1[ 3.81
XII | Ksagparsut| 77,5| 79 |1,25(493,6(18,9| 5,4| 22°33’ |352,1] 5,2

KBaapamsbie 3aromoBku 100 X .100 um nmonyuator w3 VIII kaeru,
80 X 80 mm —u3 X xaeru u 60 X 60 mm —u3 XII kaeru.

3aroroBku 75 X 75 mm mosyvalor B X KJetH B Kanubpe, npe-
JycMOTPeHHOM JJis1 3arotoBkd 80 X 80 mm, omyokaHHeM BepxHerv
BaJlKa Ha 7 MM X ONyOKaHHeM BepxHero Baaka IX kieru Ha 5,5 mm.

Bcee mpopuii, Buixoasmue U3 VI xieru 1 npymnel, 3a uokioye-
HHeM 3aroToBok 120 X 120 mam Ans TpaH3UTHON IFPOKATKH, TOC]E
BHIJAYH Ha TIPOMEKYTOUHbLIH poJdbranr Mexay I u Il rpynnamu kie-
TeHl LJlennepaMH mepefaroTcsl Ha OGBOAHBIA POJIbBTaHr H Jaljiee Ha-
NpaBJSIOTCS K yCTaHOBJIEHHBIM Ha 3TOH JIHWHHH THABOTHHHBIM HOX-
HHLaM AJIs1 PESKH Ha TpebyeMble MJIHHBL
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B I rpynne xJereii IIPUMEHSIOT CHCTeMY SLIMYHHIX KaauGpoB
npAMOYyroJbHHK — KBaxpar, a Bo Il rpymme, ecli He mpOKaTHBAIOY
KPYTJbIX mpoduiel, — cHCTeMy PoM6 — KBazApar.

Cpennuit kosd@duUHeHT BRITAXKY B | rpynne kierel npu mpo-
KaTKe 3arotoBok 120 X 120 mm cocrasasier Acp = 1,36, a Bo 11 npyn-
e KJaeTell mpH NpoKaTke 3aToTOBOK 60 X 60 mm Acp = 1,22,

Kak BHAHO M3 CXeMhl KaJaHOPOBKH (pHC. 1), HHTEHCHBHOCTb 06-
skatus B 1 rpymne xJerTell OTHOCHTENBHO BhICOKasA. /i CpaBHeHHSs
MOXHO yKa3aTh, YTO Ha aMePHKaHOKOM 3alOTOBOYHOM HelpephiB-
HoM craHe 760/813 B I rpynme, cocTosiiieii W3 IIECTH KJeTeH, U3
KBafpaTHoH 3arotoBkd 230 X 230 mm mpOKaTbIBAlOT HaMMeHBIUHH
Kpyrabiii mpoduab nuaMerpom 115 su u kBaapat 110 X 110 mm, [pu
mpoKaTKe KpyrJoro mpoduas puaMerpoM 112 mm, niaomanb ceueHus
KOTOpPOTO MeHblle nJolllanu ceueHus kBanpara 110 X 110 mu, Ay =
= 1,31. Ha HenpepsiBHOM 3aroTOBOYHOM cTaHe 750/700 B JlopTMyH-
ne (OPI'), rae HauMeHbIUHH TIpOKATHIBAEMBIH W3 3aroToBKu 270 X
X 170 mm xBagpar uMeeT ceyerue 115 X 115 mm, Acp = 1,24 [1].

Ilpy npHMeHsIeMBIX OTHOCHTENBHO GOJILUIMX OOXKATHAX B Kie-
TX HENpepbIBHOTO 3aroToBoyHoro crana 850/730/530 kaaubphl moJ-
HOCTBIO 3allOJIHEHbl METaJJIOM, 2 MpPH IpoKaTke GoJiee XOJONHBIX
3aroToBoK (c TeMmeparypoii Huxe 1050°C) oHu Naxe mepenonHe-
HHI,

"Bosee yno6Ho, no-uauMoMy, Geiiio 6u uMeTs B I npynme BoceMb
KJeTeli BMeCTO LIeCTH H YBEJIMYHTb pPasMepbl HCXOAHOro Giaioma C
300 X 300 a0 350 X 350 mm, B stom cayuae B I rpymne kJerei
Aep = 1,30 m npu 3TOM yMeHbiIHJCa OB H3HOC BAJKOB, 2 yBe/HueHHe
celreHm[l2]6moma TI03BOJIHJIO Obl TOBLICHUTD TIPOH3BOLAHTENBHOCTD 6J110-
MuHra [2].

Cpennuil TeMn Ha HenpepLIBHOM 3aroToBOUHOM cTaHe 850/730/530
pU TIpOKaTKe KBaJpaTHO# 3arorosxku 60 X 60 mm w3 GmoMa Mac-
co#t 7,2 T cocrasaser 61 cex, a Ipu MpPoKaTKe CAUTKA Ha OJIOMHHIE
B ceyeHde 300 X 300 mm cocrasasier 78 cex. B cnryuae mepexosa Ha
6aioMbl 350 X 350 mm mpH HeH3MEHHON Macce CIMTKA CPeIHHH TeMn
npoKaTKU Ha GJIOMHHTe cokpatutcs ¢ 78 no 67 cex. Temnm mpokaTku
Ha GJIOMHHTe H B 3TOM cJydyae MeHbllUe TeMna NPCKAaTKH Ha Hempe-
pBIBHOM 3aPOTOBOYHOM 'CTaHe, CJiel0BaTebHO, YBEAHYEHHEe IO 11
ceueHHsi GJIOMGB JJi 3aroTOBOYHOTO HeNpEephIBHOTO CTaHa C BO-
ceMbio KJeTaAMH B | rpynne siBiseTcs BIOJHE BO3MOXKHLIM H IleJieco-
0oOpa3HbiM.

BoaMoXHast yacoBasi TIPOH3BOAHTENBHOCTh HETNPEPHIBHOIO 3aro-
TOBOYHOTO cTaHa 850/730/530 noBOMBLHO BEICOKas; MPH MaKCHMaJb-
HOH CKOPOCTH TIPOKATKH TIPOH3BOAHTENLHOCTE MOXET JOCTHYD 425 T[4,
Oanako BBHALY OOVIiee MEIJIEHHOro TeMila MpPOKaTKH Ha GJIIOMHHre
(B cpennem 78 cex) neHCTBUTENbHAS MPOH3BOAHTE/NBHOCTb COCTaB-
asier 332 /4, Tlpu yokopeHHH TeMNa TPOKATKH Ha OJIOMHHre [0

KANUBPOBKA 3AFOTOBOMHOIO CTAHA CO CMEWAHHLIM COPTAMEHTOM 61

:

722

o - I
= n”7
po \

)
I =
3 /1

R
<y \ i r;@%/‘
. 3 s

: m
% —{ 1% g
TNV

217 .
| L .
I S’Q—ﬂ azb—(ms)

i \

1324

Q’ w
AT R
s
| )
- |
6(13
=
SR?
196

—“ T3 [
- 7
N -3 _ |
% i‘& K
e S
= - Xz
Sy S PA_LSL /AL w P
B ya =
S N 7 (L T
|22 - Hed

Puc. 1. KannbpoBka BajKOB HeNpPepHIBHONO 3aroTOBOYHOr0 CTaHa
850/730/530 aas mpokatkH KBaIpPATHEIX 3aroTOBOK cropowoit 120, 137,
75, 80 u 60 mm:

I — XII — HoMepa KueTelt
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68 cex 3a cuer OJHOBPEMEHHON NPOKATKU nByx CJIUTKOB TIPOU3BO/M-
TeJIbHOCTDb ero cocTtasasier 382 7/4,

IloBbilleHHe HCNONb30BAaHHS TPOH3BOACTBEHHO! MOIIHOCTH He-
ApPepbLIBHOrO 33roToBOYHOTO cTaHa 850/730/530 Moxer OHITb HOCTHT-
HYTO TakxXKe yBeJHUeHHeM MaccChl HcxoaHoro Omioma ¢ 7,2 1o 8,4 7.

Meton Kasn6GpoBKH BaJIKOB ‘HelIpepbiBHOIO 3aromOBOYHOrO CTa-
Ha BhIGHpaercs B 3aBHCHMOCTH OT 3aJaHHOH MJISl CTaHa NPOTPaMMbl
npokatkd. Hanpumep, Ha HenpepbHiBHOM 3arOTOBOYHOM CTaHe
850/730/530, rae mpeaycmatTpuBaercsa mpokatka B I mpymme 3aro-
toBkH 120X 120 mnm u3 6miomoB 300 X300 xu, xo3pouuneHT obiei
BHITAXKKH 3apaHee 3aJlaH 3THMH pa3MepaMH.

AGcoaioTHEe 0GXKaTHS B NEePBbIX YeThipeX KJeTsX PacCuUHTHIBA-
eM MCX0Isl M3 MaKCHMaJbHO BO3MOXHBIX YIVIOB 3aXBaTa € YYeTOM
MHHHMAJIbHO AONYCTHMOTO paboyero AuaMeTpa BAJKOB dIOC/He HX
nepetroukn Ha 119%. M3 onpenenennbix TakuM oGpazom oGxKaTui
paccYHTHIBaEM YeThlpe MepBHIX Kaawbpa, ux mJowlagu 4 kodxpdu-
uneHT o6Iiel BHITAXKM Ans 3Tux Kiaeredl. KoadduuueHT BhITANKKH
B OCTaJIbHBIX JABYX KajubGpax pacouuTbiBaeM Mo ¢opmy.e

..

5—6 A
4
H pacnpelelisieM Tak, YTOOb C YYeTOM yMeHblleHHsS H3HOCA KaJjiu6-
pa VI kjetu obXaTtue B Hell GblJIO MeHblle npUMepHO Ha 10% 06-
XKaTHA B V KJETH.

B Tabn. 2 cxembl kanuOGpoOBKY M YIJibl 3aXBaTa NMOKa3aHbl A
HOBBIX BaJKOB ¢ MaKCHMMaJibHO BO3MOXHLIMH paGoOYHMMH XHaMeTpa-
MH, [Ipn MuHuMa/NbHBIX JHaMeTpax paboukX BaJKOB YIVIbI 3aXBaTa
6yayr Ha 1—1,5° Goasbiue.

Hns obecnedeHHs HajeXHOMO 3aXBaTa NPOKaTbIBA€MOil MOJOCH
Baaku I u Il Knereii uMelor HaBapKy no AHY Kaau6pos. B ocrab-
HbIX KJEeTAX HatBa'pxa HJ/IH HacewkKa BAaJIKOB He SIBJAETCSA HEOﬁX’OJIH-
MOH, TaK 'KaK 3aXBaT MeTaJjja ofeCneydBaeTcss 3aTaJKHBaIOLIHM
JejicTBHeM TIpeALIecTBYIOlIeH KJeTH.

YunthiBasg OGoJblive 00XKaTHS H COMNPOBOXKAAIOLUIHE HX 3HAUH-
TeJbHble YIIMPeHHS TNIPOKaTbiBaeMOH IMOJOCH, WIWPUHY AHa By B
ALIMYHBIX KaaubGpax NpPUHANH DaBHOH BbICOTe A TpejllIeCTBYIOLLEro
kanubpa, Takum e o6pazom mupuHa AHa pyuba I kaauGpa papna
wHpHHe 6aoMa. KpoMe 31oro, Ajs npejoTBpailleHus mepenoJiHeHHs
kaanbpa MeTaJJoM NpH TIPpOKaTKe BoJiee XONOKHON MOJIOCH KaJub-
pol [—V umelor Boinykaoe aso. llupuny pyussa y pas'qua Kaaubpa
PaCCUHTaJNd ¢ yYeTOM ymupeﬂua no ¢opmyae C. K. T'ybxuna

Ab=( )(fVR h——-——)A—h—.
H

Pamuyc 3akpyrienus no any pyuss a4s I u II kaau6poB npuHs-

Jau pasHoiM 0,5 TAyGHHB pyubsi, a B OCTaJLHEX Kaauwbpax 0,35.
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Panuyc 3akpyraenus GypToB mpuHsau fas | Kanau6pa pasnoim 0,35
ry6GHHBl Pyubsi, a AJisS OCTaJbHBIX Kaaubpos 0,30,

OrHocuTenbHO KaJu6poBku BaakoB Il rpynnbl kaerelt, cocros-
el U3 6 KiereH, caelyeT 3aMeTHTb, YTO CHCTEMY Ka.rm6poaxu on-
perenser copraMeHT mpokara. Kak sugso us puc. 1, 8 VII kaern
npelyCcMOTpeHa mnpokaTka 3arotoBok 100X100 #n, B X KueTH
80 X80 u 75X 75 mm u B XII 60 X 60 mm. Tax xak HCXOABBIA
kBagpat 120X 120 mm nocae IV kaeT u KBazmparthl B Tpex KJETAX
I rpynmel HMelOT 3apaHee OnpefeseHHbe pa3Mephbl, OCTaeTcs JHIIb
paccyuTaTh fPOMEXKYTOUYHBIE poMOHUeCKHe KaluGpbl MeXAy ITHMH
KBajJpaTaMH.

Onpegenenne pa3MepoB pOMOHUYEOKHX KaJuGPOB NpOu3BELEHO
no merony b, Il. Baxrunosa u M. M. lllteprosa [3]. [Taomazns npo-
MEXYTOYHOTO pomba

F=A.q,

!
rae A — cropoHa Bxojsero B poM6 KBagpaTa;
a —CTOpPOHa KBalLpaTa, MOJYYEHHOTO M3 poMOba.

Bricora pom6a
o [VRA=a —22].

1 F
rie R = —2-(D _T)_ BBIYHCJIHJIH Ha OCHOBAaHMH TPEABaPHUTENbHO

npHHATOH WHPUHE poMb6a b, cocrasasioulei
1,07 nmaronanu KBajpaTa, BXORSLIETO B
pom6.
OmnpenenuB BoicoTy pomba h, NeHCTBUTEJbHYIO WHUPUHY HaXoO-
JuM no popmyJe
_2F
h

Paanyc 3akpyriennss no AHy ppoMOHYECKOro Pyubs IIPHHHMAaeM
paBHBIM pajuycy 3akpyrieHuss pefpa KBaapaTa, BXOJAfLLEro
B pom6. Pamuyc 3akpyrienus pomba y pasbeMa KaJjubGpa npuHu-
MaeM paBHbiM 0,2 mupunbl pom6Ga.

3atem B pomOe TPOBEPSIOT yLIMPeHHe BXOASILErO B HEro KBaA-
paTa W ylWMpeHHe B KBajJpaTe, B KOTOPbIH BXOAUT AaHHBIH poMO.
B cayyae oTk/oHeHHII pa3Mephbl TIOABEPraloTcsi KOPPEKTHPOBKE,

KoncranTy xaauOpoOBKH BBIUHCJSIOT OTAENBHO AJA  KaXAoH
rpynnel KJeTeH HCXOAS M3 MAKCHMAaJIbHBIX CKOPOCTeH BpalleHHs
BaJIKOB TIOCJIEHUX KJeTel Kaxao# rpymnbl, Tak Kak ¢ yMeHbIUEHH-
eM CeuyeHHsT MPOKATHIBAEMOH TOJOCH OnepexeHHe BO3pacTaer, TO
NPH paBeHCTBe KOHCTAHT B KJETAX MeXIy HHMH obecneunBaercs
HEKOTOPOe He3HAUHTEJIbHOe HaTsKeHHe.

Oas 1 xjerH, He CcBSI3aHHOH € OCTAJbHbBIMH HenpPepPbIBHOCTBHIO
NPOKAaTKH, TIpHHATA GoJibluasi KOHCTaHTa KajauGpoBku C, uem AJs
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OCTaJIbHBIX KJaeTeil | epynnel, 4ToOH 00eCneunuTh HeOOXONUMBIH TEMI
TIPOKATKH.

¥
: > . s 31 Ha HenpepHBHOM cTaHe ¢ MHAHBUAYaJBLHBIM TPHBOJAOM OYeHb
L. i‘f o ? JIENKO BO BpeMsl MPOKaTKH HQNPaBHTb BO3MOXHBIE OTK/JIOHEHHSI OT
2 . - | ] © ) KOHCTAHTHl 'PETYJIHPOBKOH CKOPOCTeH BpalleHHs1 BAJKOB OTAEJLHBIX
T o _ o L— T ! ~ T KJerell uJH XKe H3MeHeHUeM HaCTPOWKH BaskoB. Ha HenpepbBHBIX
NS X 3 J CTaHax ¢ FPYNIIOBHIM TIPHBOAOM PETYJHPOBKA CKOPOCTH BpalleHHs
o i / 75° ] BAJKOB B KaXKJOH KJeTH HeBOSMOXHa. PeryinposaHue KOHCTaHTHI
36 |luss sl | 36 M3MEHEeHHeM HaCTPOHKH BaJ/IKOB TaKXe BECbMa OrpaHHYEHO, TakK
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15 %\1 = i Puc. 3. Kanu6poska nonocst 130 X 400 mm npu npo-
Jiig KaTke u3 cnsabos 300 X 450 xm:
<y # O:g\[ I — VI — nomepa Kierell
@/5‘_) 3
|\ e .
KaK H3MEHEeHHE CeYeHHs TPOKAThiBAeMOil NOJOCH TOBJEYET 3a CO-
o 2 8 6oii B COCENHHX KJeTAX, C OJHOH CTOPOHBI, HaTsXKeHue, a C Jpy-
™ rofi —HexXeJaTe bHbli TOMOP. ‘
> ITosToMy mpH KaauGpoBKe BaJIKOB HETPEPHIBHOTO CTaHa ¢ Ipyn-
3 ! NOBbIM [IPHBOJOM CJIEeLyeT YUHThIBATh ONepekeHue MeXAY KJAETAMH,
45° <} Caepyer TakXkKe YyuYuThIBaTH KoJieOaHusi TeMmueparypnl 6JioMa;
o3 KaK W3BeCTHO, IPH CHHXKEHHM TeMNepaTyphl IPOKaTbiBaeMOH THOJIOCH
539, 672 1539
St 2 onepexenue ypeaHuupaeTc. OnepexkeHue TIOBHIIAETCS TaKXKe 3a

175 CYeT yBeJHUeHHs TPeHHs B Kajamwbpax BcJelACTBHe HX H3HOca. KpoMe

Pu=. 2. Kanu6poska BajKoB ANS NPOKATKH HA HEMPEPHIBHOM 3aroTo- TOTO, KaK H3BECTHO, ONEPEKEHUE 3aBHCHT TAKXKE OT MHOTUX APYrHX

Bo i3oM crane 850/730/530 kpyrsioro mpoduas puaMeTrpoM 150 mm u3 ¢akTOpOB, HaNMpHUMep OT AHAMETPa BaJkKoB, 00XKaTHi mTO BHICOTE

Gmoma 300 X 300 sm: XHMHUECKOTO COCTaBa NPOKATHIBAEMOTO MeTalia. Bee ath daxTophl

I'— VI —nouepa xaereh H 0coOeHHO TakHe nepeMeHHble, KaK TeMIepaTypa MPOKAaTHIBaeMO#
HOJIOCH M TPEHHe B KaauOpax, BhI3BLBAIOT KOJeGaHHS ONepeXeHHs
MeXJy OTAeNbHBIMH KJIETSIMH, BCJEACTBHE Yero 4yacTo BOSHHKAIOT
-5 3akas 1034
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HapylUleHHs] KOHCTAaHThl HelpepuBHONA npokamku. OGBIYHO onepexe-
HHe Ha HelpePbIBHHIX 3arOTOBOYHBIX CTaHaX KoJgeGJjercs B npeje-
Jaax 3—59%, B HEKOTOPHIX CJAydasX 3TH KoJsebGaHus pocruraior 12%.

[Ipn xKaauGpOBKe BaJKOB HelpPePbIBHOTO 3arOTOBOYHOTO CTaHa
C MHAMBHAYaJbHHIM NPHBOAOM BO u30eXaHHe ONacHOTO TIOAMOpa
MeXKJy KJIEeTMH CJiellyeT B pacueTax NpelyCMaTPHBaTh HaTsSKEHHe
MeXJy KJeTsiMH B mpejenax 1—2%.

Ha puc. 2 npuBeenbl KaauOpel AUl TPOKATKH KPYTJIOH 3aroToB-
&ku guamerpoM 150 mm, a Ha puc. 3 — nogock cevendeM 130X 400 um.

JIHTEPATYPA

1. A, A Kopoanes. 3apyGexuble npoxaTHeme craibl. Mamrus, 1958,
crp. 115—124.

2. C. H. Ty6kun Teopus o6paGoTkH MeTa/UIOB JaBieHHeM. Meraanypr-
uspar, 1947, crp. 273.

3.B. II. baxtusnor ¥ M. M lliTrepnos Kamb6poska mpokaTHbX Baj-
KoB. Merannyprusnar, 1953, crp. 226—227.

Hux. B. BAULTHYEK
(Kynunukuit meranaypruueckuit kom6unar, UCCP)

KAJIHBPOBKA HENPEPBIBHOI'O 3ATOTOBOYHOIr0O CTAHA
C PASHOOBPA3HON NMPOrPAMMON NMPOKATKH

HenpepuiBHblii 3aroToBouHbii craB  KyHuuuikoro xkomG6HHaTa
uM. K. ToTBanbaa COCTOMT u3 12 KierTefi, pPacnOJIOXKEHHbIX B Tpex
rpynnax: iBe Kaetd B I rpynne, natb Bo Il u mare B 111, Kaeru II,
IV, VI, IX u XI uMmeloT BepTUKaJbHOe PacnoJioKeHHe BaJIKOB, OC-
TaJibHble — rOPH30HTAJLHOE,

B knerax I rpynnsl mpokaThiBalor 3aroToBku 150X 150, 180X 130,
150 X 170, 160 X 180, 180 X 190 m muamerpom 170 mm,

B xnersax II rpynnel npokathiBaloT 3arotosku 120X 140,
90110, 90 130, 85180, 85220, 90X225 u auamerpom 140 mm.

B kaerax III rpynnel npoxaThiBaloT 3aroroBku 60X 60, 80X 80
90X 110 mm.

UcxonHbiM ceueHHem sBasiorcss Gaiombi 200X 220 mm.

Drta mporpaMMa TIpOKaTkKH 17 mpodusepasMepoB 3aroTOBKH
BBUIOJIHSAETCA HA OJHOM KOMIJeKTe BaJsikoB. [lepecrpofika Kiaereii
H peryJaupoBKa ynces oBOpOTOB ABHraTesdell Npu nepexojie Ha HOBBIH
npoduabL npoaosxaiorcs He Gosee 8—15 mun. B nporusHOM cay-
Yae CYMTAlOT, YTO CTAH SIBJIFETCS «HErHOKHM».

Kanun6poBka BaJKOB COCTaBJeHa Tak, YTOOb BbLIXONHOe CeyeHHe
3arOTOBOK Npelblayileil I'PYRIbl ABJASJAOCh BXOAHBIM CeYeHHEM AJs
nocjeaymouleii, To0 no3BoJseT XOpowWo Hcnoab3oBarh crad. IHupo-
KHil COpPTaMEHT BhI3biBaeT HePaBHOMEPHYIO Harpy3Ky mMPOKaTHHIX
KJeTell U gBUraTesiel, TaK KaK HEBO3IMOXKHO PaBHOMeDHO pacnpeje-
JuTb 0GXKaTus AJs Bcex NpoduiepasMepoB, H yMeHbillaeT BhIXOA-
HOe ceueHHe HcXOomHOoro Oaioma. Hanpumep, mpu Hacrpoiike craHa
Ha OJMH PasMep ¢ BHIXOXHBLIM ceueHHeM 3aroToBKu 60X 60 mm moc-
Je 11I rpynnbl BbIXOAHOE ceyeHUe U3 GJIOMHHIa MOXeT OHITh 3HAYH-
yuTenbHo Gogbwe 220X 220 mm. [lo yka3aHHLIM TipHYHHAM Xeqaa-
TeJIbHO TIO BOBMOMXHOCTH CY3HTb COPTaMeHT CTaHa.

B ra6aulie npeacTaBieHb KaauOpoBOUHble AaHHble AJs NpPOKaT-
&y 3aroToBok 60 X 60 mm.

5.
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TIPOKATKA 3ATOTOBOK 60X60 M
HA HENPEPHIBHOM 3AOTOBOYHOM CTAHE U3 BJIIOMA 220X220 #x

Pasmepsl 3 .
] o e 15 |3 ile B,
@ = |= d |5 3
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O6xuunas | Kpagpatamlt . . . . . 2201220 —| —| —|—'— | —
I I Ipamoyromenstt . . .| 170 230(1,24|660| 50 | 10 |25,5( 0,62
I Ilnockuit KBagpaTHBIR 180 180{1,21}660| 50 | 10 |25,5] 0,762
I Ipamoyroavuu®t . . .| 135 19011,27/650( 45 | 10 { 24 | 0,749
11 » .. .| 1351210} — 650} —{ — | — | —
11 I Inagkas Gouka . . .| 100] 198|1,29]650( 35 | 8 |20,5{ 0,995
1V Mpamoyromsuuft . . .| 107 | 156(1,19(660| 43 | 7 |23,5| 1,205
\Y I'nankast 6ouka , . .| 85] 160(1,22/650( 22| 5| 16| 1,5
1 Mpamoyrossundt . , .| 100] 97(1,4 {480] 60 | 12| 32 1 1,09
11 » .. .1 1071 7011,3 |480| 27| 7 {20,5| 1,495
111 I1I Tnagkas Gowka . ., .| 71} 80]1,32|480| 36 { 10|24 | 2,01
IV |Ipamoyromwuemi . . .| 78] 5611,3 1480 24! 7119 2,66
v ITnockuit kpagpar . .| 60| 60(1,21)1480| 18| 4| 17| 3,3

3aroToBKy 60 X 60 mm npokaTeiBalOT B simiuuHOM KaJaubGpe III
rpymnel. M3 mocneaHelt «kaeru III npymnbi 3aroToBka BLIXOLHT
naamMsa. OT AMaTOHaJbHON NMPOKAaTKH 3aNOTOBKH OTKAa3aJdHCh, yuM-
ThiBas 3afaHHyio Aas Il kaeru nporpammy U 0COGEHHOCTH Pe3KH
3aroTOBOK HOXHHLIAMH NpPH BbIXOAe U3 cTaHa. 3aToTOBKY 160X 85 mm
IT rpymnut 3agaior B I kaers III rpynnsl «Ha pe6po». 3T0 CBSI3aHO
¢ KoHcrpywuuell craHa, tak kak II u III rpymnn umeloT kaxnas
IO TPH KJETH C TOPH30HTAJbHBIMH BaJIKaMH ¥ TOJBKO TO JBE KJeTH
C BepTHKaJbHbIMH BadkaMu. Ilpu 3anave 3arotoBkH 160 X 85 mm
B | xaetsb III rpynnbr nyialuMsa KJA€TH € BePTHKAJbLHBIMH BaJKaMH H
MX JABUTATeNH TIONYYUJH Obl CAHMIIKOM OOJBIIYIO HampysKy; 3T0
TaK)Xe 3HauHTeJbHO YBeJIHUMBaJO Obl YrJibl 3axBara.

IIpuMeHeHHe nJOCKOH KaJHOPOBKH YNpOUiaeT KOHCTPYKLHIO
cTaHa, MOXHO HCNOJIb30BaTh YHHGHUUPOBaHHbIE BBOJAHbIE H BHIBOJ-
Hble NPOBOJHMKH, KOTOPhie He HY>KHO MeHsTb B Npollecce NPOKATKH
Bcero copramenta. Cran craHOBHTCsi THOKMM B paboTe; peryaupos-
Ka ero JJs MPOKAaTKH MO WIHPOKOH nporpaMme obJeryaercs.

Kanu6poBkH, npuMeHseMble Ha HenpepbiBHbIX 3aroTOBOYHBIX
cTaHax, ofmwen3Bectusl. OnHako clefyeT 3apaHee YyyeCTb Bce HX
NPEeHMYILECTBA W HEAOCTATKU, 'KOTOpHle MOTYT OOHapyXHTbCS B
npouecce NpokaTKH. Mcnoab3yeMble HaMH KaJHOPOBKH COCTaBJEHb
C YYETOM WIMPOKOro COPTaMeHTa H CTPeMJIeHHs CKOHLEHTPHPOBaTb
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NPOKATKY Ha ONHOM KOMIJIeKTe BaJIKOB, YTO SBJAETCH GOJMBLIWM
ApeMMyLIeCTBOM [Jisl IPOM3BOJCTBA,

I yepHOBO# rpynne U3 NATH KJeTeil Ha BaJKax pacmoaaralor
HeCKONBKO PsA0B Kaaubposkun A — E (pucyHOK).

Kaau6poBka psna A mpeiacraBiseT CHCTeMy AHAroHaJbHbIX
KaauOpoB ANsi NPOKATKH KBaAPaTHHIX 3aPOTOBOK (¢ MEPBBIM NJACTO-
BbiM KanuGpom. Pap b npeacraBasier fuaroHasbHYI0 KadHGPOBKY
aas Beex (nsaT) Kaereit. IIpu 3T0M 3aroToBKa BBOMHTCS B 1 KJaeThb.
s mpoKaTKM MpPSMOYTOJNBbHBIX M KBAaZPAaTHBIX 3aTOTOBOK MCIOJb-
3ylor psia B. Dt1oT psx nossoJsier paboraTh Npu aBapuu Ha ORHOM
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CxeMBl KaquGPOBKH BaJKOB 4epHOBOH TrpynnH Kiaerefi HeMpepbIBHOrO CTaHa:
1 — V — Homepa KaeTelt

u3 kaereit. [ MPOKaTKH KPYrJbIX 3aTOTOBOK HCMOJAB3YIOT psin I,
rie NPOKAaTHIBAIOT sIfileBUAHbBIE OBaJibl, YTO JaeT BO3MOXHOCTb
YCTPaHHTb 3aKaTbl B OTKPHITHIX MecraXx Kaauwbpa. [lpum npokarke
KPYTJIBIX 3arOTOBOK J1J/isi MPOM3BOACTBA TPYO HYXHO BO H30exKaHun
TIOBEPXHOCTHBIX NOPOKOB 'paboTaTh ¢ MHHHMAJBHEIM HaTsXKeHHEeM.
Jisi mMpOKaTKK MOJNOCH NPUMeHSAH psaa /[, KOTOPBIN MOJHOCTBIO OT-
BeyaeT TpedyeMbiM ycaoBusiM, Pan E cyXuT aJs mpoKaTKH ¢As160B,
OmHaKo caa0bl 10 HACTOsILEro BPeMeHH He TIPOKATHIBAJH.

He pexoMeHayercs B KJETSIX 3arOTOBOYHBIX CTAHOB C TOPH30H-
TaJIbHLIMM Ba/lKaMy NPHMEHsIThb KaHTYylollHe npoBoikH. KaHToBKa
MeTaasa JOJI)KHa NPOHU3BOAMUTHCH PabOTalOIIHMH BXOJIOCTYIO KaH-
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TYIOIMMH BaJKaMH, TaK KaK B 3TOM CJydae 3HAaYHTeNbHO yJyqiua-
eTcs1 MOBEPXHOCTb NPOKaThiBaeMbIX 3aroTOBOK l.

Ec/iu Ha HenpepHBHHIX 3aTOTOBOYHBIX CTaHaX HYXHO IpOKaTaTb
Kpyrilble 3aroTOBKM [Ji1 NPOW3BOACTBA TPYO HJAHM 3aTOTOBKM H3 Je-
rMpOBaHHOH CTaJlH NOBHILIEHHOTO KayecTBa, TO CJAeAYeT NPHMEHSAThb
CTaHH ¢ TMOPH3OHTAJbHBIMH ¥ BEePTHKaJIbHHMH BajlKaMH{ MJIH CTaHBI
¢ nocJef0oBaTe/bHBIM PAaCHoOJIOXKeHHEeM KJeTeil B CBOOGOJHBIM pacho-
JOKeHHeM packaTa MeXAy HHMH; B TOCJHeJHeM CJayyae KaHTOBKa
NPOH3BOAUTCS aBTOMATHYSCKHM KaHTYIOIIMM YCTPOHCTBOM.

Takue CTaHbl CTOSIT JelleBJe, TaK Kak COOpyXeHHe OGXKHMHBIX
KJeTefl ¢ BepTHKaJbHbBIMM BaJKaMH CTOMT gpoporo. Ilpu srom ycrpa-
HfieTCs TaKXe HaTAXeHHe, YTO SBJAAETCS OCHOBHHIM TpeboBaHHeM
OpH TPOKAaTKe KPYIJBIX 3arOTOBOK AJs TmpouaBoxctBa Tpy6. [lo-
clelHHe AOJKHB MMeTb 0e3yKODH3HEHHYIO NOBEPXHOCTb MPOKAaTa.
Ha BenpepbiBHBIX 3aroTOBOYHHIX CTaHaX cO CBOOOXHLIM pa3Melle-
HHEM pacKaTa MeXK1Y KJeTaMH npoille NepefiTH K TPOKaTKe APYroro
npoduaepasmepa.

Ilpu coopykeHun JMO6HIX BMAOB HENPepHIBHBIX 3arOTOBOYHBIX
cTaHOB cJlleayer o0paiaTbh BHHMaHHe Ha TO, YTOOBl KaJUOGPOBKH
6nl1M NpOCTHIMM, HO B TO Xe BpeMs ofecrneduBaJd 'HaJeXHYIO
NpoKaTKy. KoMIJieKT BaJKOB JOJXKeH TMO3BOJATH MPOKaThiBarb
BeCh COPTAMEHT W NMpelycMaTpuBaTh OBICTpHIH Mepexol C OLHOTO
npoguiepasMepa Ha Ipyroi.

! KauTymonye Ba/ikd pnepBble BHEApEHH Ha MaruuTOrOpCKOM MeTaJslIypraye-
CKOM KOoMGHHaTe MO npeajoxeHuio uuX. C, B, Mepexuna. Ilepes.

¢

Huox, X. PYY
(PpaHuy3cKOoe Hay4yHO-HCC/eJ0BaTeIbCKOe OOIIEeCTBO METaJlJIyproB)

PACUET YIHIHPEHHSA H CEKYHIHOIO OBbEMA METAJIJIA
NPH TOPAYEN NMPOKATKE

Bonpocami kaau6poBKH BaJKOB 51 3aHHMAIOCL B TeueHHe Bced
CBOeH 3aBOACKON JesTeAbHOCTH, HaunHas ¢ 1923 r. B 1939 r. muomw
Obisla onyb6aMKoBaHa HOMOrpaMma H (opMmysa AJa onpeneleHUs
yIIHpeHHs.

IMpunaraembie K NOKNIany rpaduky NpeacTaB/siOT UTOTH Aajb-
Helfieit paboThl K AAlOT GoJiee TOYHbIE Pe3yAbTaTHl, I03BOJSIONHE
HX HCNOJNb30BaTh JJIi PacyeroB YIIMPeHHs H CeKyHAHOro obbeMa
MeTaJJa.

YuiMpeHHe MeraJJa Jyylle BCero pacCYHTbIBATb METOAOM MNoOCJe-
noBaTenbHHXx npuOiamxennil. IlepBhiit pacyer Ha OCHOBe BhIGOpa
npeAnoNaraeMoro YyIIHpeHHsl AaeT pe3y/bTaT, COMepKalluii Heko-
Topylo ownbky. Koppekrupys BoiGpaHHOe ymIHDEHHe, JelaeM HOBLIH
pacuer M IOJyuaeM pe3y/bTar, CoAepXKaluii MeHbIuy0 OmuOKy.
CHOBa KOpPpPeKTHpPYsl YWIHPeHHe, NMOCJe TPEeTbero pacuera moJyuaem
LelCTBUTENIbHYIO BeIHYHHY YIIHPeHHs, PacueTHble Be/HYHHH cJe-
Iyer onpeletsTb ¢ GONbLIKUM KOJIHYECTBOM 3HAKOB TIOC/TE 3amMATOM.
CoBepiueHcTBOBaHHe KaJauGpPOBKM BCerja JKeJaTeJbHO, OLHAKO
peasH3alldsi 5TONC Ha NpPaKTHKe CBf3aHa C ONpe/eJeHHLIMH 3aTpa-
tami. [loaToMy HHXKeHep-IPOKaTIMK [OJXKeH pacno/ararb Bbl-
YHCJIMTEJNbHO MAalHHON, HO3BOJSIOUEH YJIYYIIHTL paCUeTHYIO
pabory.

[lpuMepaMu 3ajay, NpH peuIeHHH KOTOPHIX C YCNeXOM MOXKeT
6bITh MCHOJIb30BAaHA BbIYHCJAHWTENbHAS TEXHHKA, SABJAIOTCA Hanpu-
Mep, onpejieseHHe MUHHMAJbHONO KOHEYHOro ceYeHMsl ¥ MaKCHMaJb-
HOTO HAYaJbHOTO CeUYEHHS TPH JaHHOM YHCJle MpPOXOJ0B; BHIOGOD
ONTHMAaJbHOM (GopMbl KaAUOGPOB U MHUHHMAaJIbHOTO 3a30pa, rapaHTH-
PYIOUIMX TOJIydeHHe TPOKAaTa ¢ HaMMeHbUIMM KOJIHYECTBOM pPHCOK;
BO3MOMKHOCTb NOJIYUEHHS] IKATAHKH MaJioTO CeyeHHsl Ha BaJikax yBe-
JHYEHHOrO AMaMeTpa C 1eJbl0 NOBHILIEHHS TPOH3BOYHTELHOCTH
H Op. ‘ o
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Pacuer ywupeHHsi npu ropsiveli npoxarxe

Pasnnualor cienyione ciayyan npoKaTKd:

a) KBajpaTHas NOJIOCa MPOKaTbiBaeTcsl MJALIMs B MPSAMOYTOJb-
HOM, OBaJIbHOM BbITTYKJIOM HJIH OBAJIbHOM NJIOCKOM KaJubpax;

6) xBaapaTHas moJioca OGXHMaencsl Mo JAHaTOHaJNH B poMGuye-
CKOM KaJubpe;

B) TIPSIMOYTOJibHasi TI0JI0CA NPOKATHIBAETCS IIJIAIUMs B NpPSMO-
yTOILHOM, OBaJbHOM BHINYKJOM HJIH OBaJbHOM IJIOCKOM KaJjuGpe;

r) NpsSMOYTOJbHas MoJoca o6XHMaercs Ha pe6po B peGpoBoM
0BaJIbHOM HJH KPYIJioM Kaaubpe;

1) pombuueckas moJoca 06KHWMaeTcs N0 AMaroHajJH B KBajparT-
HBIX WJIH poMOHMeCKHX Kaaubpax;

e) OBaJbHasi BbINYKJiad HJH CIJIOWIEHHAs N0JIOCA TIPOKAThIBaeT-
¢ Ha pebpo B KBaJpaTHbIX, PeGPOBLHIX OBaJbHBIX, BHITIYKJBIX
OBAJIbHBbIX, KPYIJIBIX HJIH YHCTOBLIX LIECTHTPAHHBIX Kanaubpax;

X) Tosioca, BhlIeAINass 3 OBaJbLHOTO pPeGpOBOr0 WIIH OBaJbHOIO
BBINYKJIOTO, a TaKXe KPYTJioro KaJjuGpa, NPOKaTbIBaeTcs B OBaJb-
HOM HJM TJOCKOM Kaaubpe; noJoca NpOKAaThiBaeTcs TJIAIIMS B
IJIOCKOM KaJnuGpe.

ITpu pacuere ymupenus Al nocTynaem cieayioimuM o6pasoM.

OmpenensieM 8aJaBaeMyl0 TOJILIHHY

kS

l

]

rie S — Haya/JLHOe CeyeHHe;
[ — pavasnbHasi ero mHpaHa,
3akpyryieHuss yMeHBIIAIOT CeueHHe, YTO HeOOXONMMO YYHTHBATD.
3ateM 3anaeM pasMephl CeyeHHs, BHIXOASILEr0 H3 KaauGpa.
PaccuuTbiBaeM BBIXOASILLYIO TOJIHHY

= T »

rie L —mupuna ceuenus mocsie TPOKaTKH.
Heo6x0114M0 OTMeTHTh, YTO OKOHYATeJbHHE BeJHUYHHB OyAyT Hail-
JeHbl pacyeroM nO MeTOAy NOCJAeAOBATENLHOTO TPHOJHUKEHHS.

Passocts p = E —e ecTb cpesnee pacuerHoe o6xarue, Cpen-
HAH AMaMeTp KaiuGpoB Dy, KOTODHIjI HAa30BeM paCyeTHHIM JAHaMeT-
pOM, ompejensieM KakK Pa3HOCTb PacCTOSHHUS MEXAY OCAMH BaJKOB
D, u 3BaueHueM e: ’

D =Da—-e.

YwupeHue Al ompeneisieM B 3aBHCHMOCTH OT CJeAYIOLIHX TPeX
RO3(pHIHEHTOB:
E’ E’ E
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HTak

Al = p[f,(9) f2 (8) fs (W) &I.

3nauenne Koodduunenta f,(9) «f2(6) -f3(A) - £ MoxeT HaMeHATbCA
B OYeHb wHPOKHX mpeAenax (0,15—1,9).

I'pacduxu dynrwnit fi(9), f2(8) u fs(A) npusenenw na puc. 1—4.
Kpusbie fi(9) ¥ f3(k) oxBaThiBalOT BCe Clyuanm mpokamkh. Kpusbie
1a5 f2(8) MPHBENEHB! C YUETOM BAHSHHS HOPMbI KaJubpa B pasHbIX
C/yyasix npoKaTKH,

HekoTopble M3 5THX KPUBBIX AAIOT OTpHUATEe/IbHbie 3HaYeHHs
YLWUHDeHHs: [IPH OYeHb MaJbiX 3HAYeHHsX §; 3TO M3BECTHO MpH NpO-

fi (f} ‘
070

Va
660 —
650 - |
/
080 ]

L~
030 ,/
L]

00 Q15 020 025 G830 035 QW s 050 055 000
A
€
Puc. 1. Kpusas f;(¢) x pacuery ymmupenus

KaTke Kpyros Gosbiioro AuaMerpa, 3HaueHus f2(8) =0 (cM. puc. 3,
KpHuBasi ) OTBEMAIOT Pe3y/bTaTy, NOJNYYEeHHOMY IPH HCCHAELOBaHHH.
CyXenHe oBaJla npu TIpokaTke kpyra auamerpom 400 mm Ha cra-
He 850 cocrasuno 10 mm.

OcHoBHasi TPYAHOCTb MoOXeT ObITb NpH pacuere BHXOASAIIETO
CeyeHHs TPH TPpOKaTKe Kpyra HJH peGpOBOTO OBaja B TJIOCKOM
Kanunbpe. B atoMm cayuae npuBeneHHas HUXKe SMIIHpHYecKas dopmy-
Ja JaeT XOpOIlIHe pe3yJbTaThl IJisl pacuera Pajuyca r BHIIYKJIOCTH
GOKOBHIX rpaHeil MOJOCH], BbixoAslle#l H3 Kaauwbpa, B 3aBHCHMOCTH
OT paamyca R 3aKpyT/eHHS BXOASIIEro CeueHHs:

eficTBUTENIbHAST BXO ast TOJIIL HHA
r=0,293R + 0,58 & AAINEA TOML
Pacyetnas Bxomsmwas TouuixHa E

Jas onpenesieHHs paguyca BBINYKJOCTH GOKOBOH NOBEPXHOCTH
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B BLINYKJIOM OBajbHOM
Kot 0BaALHOR B BHI-

9
45
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6pe; 6 — KBampaTHOH B NJIOCKOM kaanbpe
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3 — xBaApaTHOR

yIUHpeHHs NpH MPOKaTKe MOJOC:
M kanu6pe (ana & < 25), no dbopmyne
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fa(6) =

2 — KBaApaTHOH B MJIOCKOM OBaNLHOM Kanu6pe;

20

% oBanbHOB B KpyraoM KaanGpe;

/

15
}— KBafpaTHOt B pomGuye

NYKAOM OBANbHOM KajH

Puc. 2. Kpusne f(6) x pacuety
4 — BHIYKJIO!

10

kanuépe;

A(0)
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Puc. 3. Kpussie f;(6) K pacuery ywupeuus npu npoxatke MoJoc:

! — poM6uueckoft ? KBalIDATHOM KaluOpe; 2 — mJockof oBaJbHOH B XBaADaTHOM KaJjaH6pe;

3 — BHINYKJIOA OBaJAbHON B KBAJpPATHOM KaJuGpe; 4 — MIOCKOR OBaJBHON B KPYrIOM ilild

BBINYKJIOM 0BaJbHOM Kaau6pe; 5 — BWNYkAOR OBaJbHOR B KPYIJIOM HJIH BHNYKJIOM 0Bajb-
HOM KanuGpe; 6 — npAMOYrosbHOR B BHINYKJIOM OBaJIbHOM KaJuGpe

f3(0)

1,15

'\-/'“:L: \

100
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075 \\

4*5.*75
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Puc. 4. Kpusble f3(A) K pacuery yuWIHPeHHs H HA4aJbHOTO AHAaMETpa



76 XK. PYY

NoJOCH r, MOJY4EHHOH NpM NPOKAaTKe KBaApaTHOro mnpodunas Ha
raankoii 60uke, cJeayer TOJAb30BaThCs (opMyJoH

r=h[ 076 + 2,02(4-) ——i ]

© o lg (0 18 + V51‘P1)
rle A — TOJIHHA NOJOCH MOCJE NPOXOAa;

— E—nh
61=D'—a'E_h‘3 =g
3Hast r, MOXHO DaCCUMTaTb CTPeNy COOTBETCTBYIOUIEH BhIYK-
JIOCTH, a TaKXe MJoIanb cerMeHToB Kpyra. Ilpu pacuere ceueHui
CerMEHTOB KPyra, ICOCTABJSIOUMX BBHITYKJOCTH, LeJiecoo6pasHo
NPUMEHHTb MpUOaHKeHHble (POPMYJIB, a TaKXkKe HCONOJNB30OBATh KpH-
BYIO MONpPaBOK !,

BoiGop 3HaueHMi K

[IpuBeseHHble pacueThl JalOT ‘Pe3YJbTaThl, B KOTOPbIX YUMTHIBa-
eTcsl H3MEHEeHHe YIIHDeHHs W He BO3HHKaeT OMAacHOCTh NepenoJiHe-
Hus kaau6pos. [lpuunsamy u3MeHeHHs YIIHDEHHs1 MOTYT OLIThL CHY-
yaflHag NpoKamTka NP HU3KOH TeMrepaTrype, NpoKaTKa B OueHb
M3HOWeEHHHX Kaaubpax, HakOHell, NPOKaTKa CnelliaJbHbBIX cTaJjed,
0OHAPYKHBAIOMIMX MEHbIIYIO HJAH GOJNbIIYI0 CKJOHHOCTb K YIIHpe-
Huo. Ilpy HOpMaJIbHBIX TeMmepaTypax NPOKAaTKH MOXHO MPHHATH
k=125 + 1,30 ana MATKHX M YIJIEPOAMCTHIX CIIOKOHHBIX CTajel;
k=130 + 1,40 ansg KOHCTPYKUMOHHBIX XPOMHCTHX, HHKEJEBHIX ¢
n06aBKaMH XpoOMa, KOPPOSHOHHOCTOHKHX, XPOMOMOVIMONEHOBBIX W
NOLIIMOHHUKOBHIX cTaneil; £ = 1,55 = 1,60 pas craneft, cogepxa-
wux 4% S;, u craneit, cogepxkamux 6osee 20% Cr. bBwio 6
OueHb XKeJaTe/lbHO JAaJjibHelilliee HccaenoBaHHe KoadduiuenTa K.

Ipu OTCYTCTBHM KOHKPETHBIX JAHHBIX MOXHO NpPHHATH K = 1 4.
B 3toM cayuae moayumM pe3ysabTaT, NPUTOAHbIH [AJI TPOKAaTKH
60JIBIIMHCTBA CTaNeH.

INps npokaTke KaraHKu ¢ 6OABLIOH CKOPOCTbIO B HEMNPEPLIBHBIX
CTaHaX, Tle paCKaT NPOXOAHT PacCTOsiHHEe MEXAY COCeHHMH KJjie-
TSIMH 33 BpeMsi MeHee OJHOH CeKYH/bl H TIOJy4aeT A0CTAaTOUHO 60Jb-
IIYIO BLITAXKKY, HEOOXOAUMO TIPHHATL AJs KodpduuHeHTa K MeHb-
Iee 3HayeHHe,

B ciyuae nmpokaTkH C OYeHb MaJioll CKOPOCTBIO (mOpsAAKa
1—0,1 m/cex) woabhdHuUHEHT K MOXHO YMHOXHTb COOTBETCTBEHHO

! TTompapousbiit ko3thGHLUUERT m Nnpy pacueTe NJIOWMAAK cerMenTa mo $opmyne
Sc =mSp = m? 0,388f2 |- %)2 (rme f—cTpena cerMeHTa, c—XO0pia) H3Me-

ugerca 8 npeaenax 0,9999—1,001. ITostomy KpuBas nonpawx He UPHBOJUTCS.
llepes.
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Ha 1,02 + 1,10. MeHblee 3HaueHHEe COOTBETCTBYET C/y4asiM NPOKaT-
KM JIPH BBICOKHX TeMTepaTypax.

Ilpun npoexkTHpoBaHUM KaJAHOPOB HeOOXOMMMO, BO-NEPBHIX, MpH-
HHMAaThb Takoe o6XKatue, YyToOHl yroJ 3axBsaTa B Kaiubpe Obli
menbie 21° (MakcuMmaJbHO R0 23°30° B HempepwIBHBIX CTaHax NpH
MaJiblx IOKOPOCTAX npokaTkd). [Ipu oTHOCHTE/IbHO GOJBIUHX CKOPO-
CTAX NPOKaTKH HeoOXONMMO NPHHHMATh YIVIHI 3aXBaTa MeHblle 21°,

M 1
40 O
oy
30 Qli‘d M‘
1 <
10 / 2 ==
W o
0 10 20 30 40 50 60mM

Puc. 5. Tpaduk, nokaswiBaiomuii pasjHude B BHTAXKKAX I0J0C
NPH NPOKATKE:

] — mo cHcTeMme pe6posoﬁ OBAJ — MOJI0CAa — KPYr; 2 -—— KBaJIPAT — OBAJ —
xBagapaT (xpyr); I — o6aacTb Hcc/emoBaHHft Ha craHe 260; /I — To iKe,
Ha craHe 340; /I — TO ke, Ha craHe 380

0cO0eHHO NPH NMPOKAaTKe OBAJbHBIX NOJIOC B OBaJbHBIX PebpOBBIX
Kaaubpax.

Ilpu yraie 3axsata 20° u ckopocTd 8 m/Cex mpoKaTKa npoXoauJia
HOPMAaJIbHO Ha HOBBIX BaJlKaX; B AajibHeHineM NOBHIUEHHBIH H3HOC
KaJu6poB 3aCTaBUJI Hac yMeHLIMTb yroJ 3axBata Jo 16° Ilpu
CKOPOCTH TIPOKATKH 6,5 M/cex peKoMeHAyeTcs YroJ 3axBara He
Gosbuie 18°30’. Ilpx npokaTke OBaJbHBIX OJIOC B KBaLpaTHBIX Ka-
aubpax yribl 3axpata HeoGXoAHMO yBeauuuth Ha 2°. I[Ipu ckopocTH
12 m/cex e nonmyckaercsi mpoKaTKa Npu yrae 3axBata Goabme 15°
B Kanubpax CHCTeMbl OBaJ— KBajpar.

Heo6x0nuM0O TakiKe OMPaHHYHTh OTHOWEHHe IUMPHHBL K TOJI-
IIHHe oBaJa (MM MOJOCH), 3ajaBaeMOoro Ha pe6po B pebposoil
O0BalbHH HJIH KBajpaTHuiii Kaaubp. Uro6bl u3bexkaTb acuMMer-
PUYHOTO YUIMpeHHs, OTHOWeHHe 3TO JOJKHO GbiTb MeHwe 3,2 npu
nmpokaTke B peGpoBoM OBaJbHOM KaauOpe u Medbule 3,3—3,4 npu
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fpoKaTKe B KBaJpaTHOM KajHOpe, ITO OTHOLIEHHe MOXHO TaKXe
BbIPa3MTb KaK UacTHOE OT JesieHHs IJIOLIaAM Ha KBajpaT TOJILIMHBI
0BaJla HJIM NOJIOCHL.

Ilpu BHIGOpe C€HCTeMHl KaJHOpPOB HeOOXOAMMO MOMHHTb, YTO
CHCTE€Ma BBIMYKJBH 0BaJl— KBaApaT RaeT HaHOOJBIUIYIO BBITSIXKKY;
CHCTeMa OBaJl — BHINYKJIbIE peOpoBOH 0BaJl 1aeT MEHbIUYIO BHITSIXK-
KYy; CHCTeMa noJoca — pe6poBOii OBaJ JaeT HAHMEHbIUYIO BLITSIX-
Ky. DTa nOc/leiHsis CHCTeMa KaJuOpOBKM SABJISeTCS, BepOSITHO,
HauboJiee pauuoHasbHOH. Ee npuMeHeHHe ynpolulaeT BaJjJKOBYIO ap-
MaTypy H HCKJIOuaeT 3aKJHHHBaHMe MeTaJjJla mpPH BXole B Kaaubp,
Ha puc. 5 MOXHO BHJeTh pa3JjiHYHbie BHITAXKKH B CHCTEMax 0BaJ —
KBajJparT M moJsioca — peGpoBoii 0Badl.

Pacuer CEeKYHAHOro o6bema NMpOKAaThiBAEMOro MeTaJJa

HasoseM HnauanbHbiM guamerp Dp, KOTOPHIH COOTBETCTBYET
CKOPOCTH BHIXOJa TOJIOCH M3 BaJiKOB ¢ ydyeroM onepexkeHusa. [Ilo-
clielHee MOXHO ONpele/iiTh KEPHOBbBIM METOAOM. 3aMepeHHHe
MeX]y KepHOBLIMHM OTHeYaTKaMH Ha OCTHIBIUeEH NoJoce PacCTOSAHUSA
HeOOXOAHMO AJIS clyyass Topsidell NMPOKAaTKH YMHOXHTb Ha Ko3p-
¢dbULHeHT TelJIOBOTO ‘pacuiupeHusa, papHuii npubiauxenno 1,01, Ko-
JIMYECTBO MeTaJjlia, IPOXOAAIIero MeXAy BajJkaMu 3a | cex, paBHO

V= aD,NS
60 '

rae N — uyucso 060pOTOB BaJKOB B MHHYTY.

Y1066 MOXKHO OBIJIO TOYHO YCTAHOBHTH 4McCJia 0GOPOTOB BaJsiKOB
OT/JeJibHbIX KJeTeil HenpephlBHOTO CTaHa C MHAMBHAYaJbHbIMH JIBU-
ratesissMH HMCX0Asl H3 NOCTOsIHCTBA OoObeMa NpOKaTbiBaeMOro Me-
TaJsJsia, HeoOX0AUMO yMeTb paccuutath Dp HAsi KaXAoro caydas
MPOKAaTKH.

Hna onpenenesus D, mpokartaau 77 o0pa3uoB B YCJOBHUSIX
cBOGOJHOH MpPOKATKY HAa HaKepHeHHBIX BaJKax.

YcjoBuss DpPOKaTKH OXBAarbiBalOT  cJAyyad C OTHOILUEHHEM

Dy, Dg—¢ ,  H+tht2e
= L= (rae ¢ = ——,

E E 4
Hasg TOJILHMHA 3ajaBaeMOr0 ceuyeHHs] W MHUHMMaJbHas TOJILMHA
BBIXOASILETO CeueHHsi B MecTe, Tle MeTaJJ NepecTaeT KOHTaKTHPO-
BaTh ¢ KaJauGpoM), H3MeHsOWHMcS B npeaenax 3,54—47,95. 3na-
yeHHe A H3MeHsercsa B mpefenax 0,324—1,703; HakoHen, CKOpPOCTb
aedopMauny NOpPH MPOKaTKe H3MeHseTrcs B npeldenax 1505—
187,3 cex—1.

Axanua pe3yJbTaTOB NPOKaTKH He MO3BOJIHJ OTHEJbHO BHISIBUTD
BJHSIHHe CKOpPOCTH AepopMauuHd, KauecTBa BaJIKOB, TeMIepaTyphl
npokatky B uHtepBate 1000—1100° C u mapku cranu. TeM He MeHee

a H u h—MakcuMadb-
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nocJeiine PakTophl yuTeHbl B O6LIeM, TaK KaK B PACYETaX HCNOJMb-
30BaHbl pa3sMepbl CeueHHil 40O Npoxoja H MOCJae Hero.

Ecau u3BecTHH pasMephl BHIXOAAWIEr0 M3 KaaubGpa ceueHus,
ONPE/Ie/IeHHOTO 3aMEpPOM HJH PacyeToM, JOCTATOYHO 3HAThb reOMeT-
pHIO Kanubpa, uro6nl paccuutath Dp ¢ R0CTATOUHOM TOYHOCTBIO.

[IposeneHHble HCC/eA0BaHHS OXBAaTHIBAIOT c/enyiolllHe CJyday
¢opMouaMeHeHus:

TIpOKaTKa 00pa3LioB KBaJpaTHOTO HJIH NPSIMOYTOJBLHOTO CeyeHHs
B NJOCKOM KaJjuOpe (4 obpasua);

TipOKaTKa 00pa3loB KBajJpaTHOTO CeYeHHs] B DPOMOHYECKHX
Kaaubpax Hau o6paslioB pOMOHYECKOTO CeYeHHsi B KBaJPaTHHIX Ka-
anbpax (6 o6pa3uos);

npoxkatka o0pasuoB KBaJpaTHOTO CedeHHs B OBaJbHBIX KaJuG-
pax (15 o6pasuos);

NpOKaTKa 06pasioB OBaJbHOTO BHIIYKJOTO CEYeHHs B OBaJbHHIX
kaaubpax (15 obpa3uos);

npokatka o6pasloB IJIOCKOrO0 HJH 3aKPYIVIEeHHOTO OBaJbHOTO
CeuyeHHs] B KBaapaTHbIX Kaaubpax (11 o6pa3ioB);

npokaTka o0pa3sloB OBaJbHOrO CeueHHsl B OBaJIbHBIX BBINYKJIBIX
WJIM OKpyrJeHHbIX Kaaubpax (25 o6pasuos);

NpoKaTka 06pa3iioB NPsSIMOYroJbHOrO CeueHHs1 B KPYTJOM KaJuob-
pe npu ob6xatuu 229%.

IlpuBeaem pe3yabraThl, 4T06b OOpaTHTL BHMMaHHe Ha BaX-
HocTb pacuera Djp. M3 o6mero umcna RpOKaTaHHBIX 06pasLioB
B 27 cayuasix 3aMepeHHOe Dy Gbljio 6osiblie pacCTOSHHST MeXAY
OCSIMH BaJIKOB Ha BeauuuHy 10 5,6%. B aToM kpafinem caydae npo-
KaTbiBajicsi o6pasell OBaJIbHOTO BbINYKJIOTO CeYeHHsl B OBaJIbHOM
wannbpe npu 6 = 25 u o6xkatun 47,2%, uTO COOTBETCTBYET yMEHb-
LIeHUIO CeueHHs Ha 329%.

Hans 13 u 27 o6pasuoB 3HayeHHe § M3MeHsJoCh B npejenax
7,75—47 u o6xartue B npejenax 14—39,6%, T.e. ymeHnbuenue ce-
yeHHs cocrasasnao 12,3—28,39%.

Pacuer HawanbHoro amamerpa Dj

Ceuenuss ropsuux o6pasunoB j0 npoxoja S ¥ nocje Hero § on-
pelenieHbl METOAOM B3BeLIMBaHHsl H MpoBepeHbl pacuetoM, Pacuer-
Bole (cpeiHue) tonuuHel E u e ropsyux 06pa3nos fo Npoxoaa H
nocjie Hero noJyuyeHbl JejdeHHeM S H S Ha JeACTBHTe/bHble LIKPH-
Hbl, onpejeJieHHble 3aMepOM OOBOJKH C YUeTOM TIONpaBKH Ha ycal-
Ky Merajna. Tax»Ke 3aMepeHH € YueTOM TIONPAaBOK Ha yCalky
MakcHMaJibHasi BhicoTa o6pasua H mepex TpOoX0IOM H MHHHMaJb-
Has BbicoTa i TOTO XKe NpyTKa mocJe npoxoja B MeCTe, rle npoka-
ThIBaeMblli MeTaJlJl nepecTaeT KacaThcs Kanubpa, Has pacuera Dp



80 . PYY

ompejefsieM CaelylOl(He BeJHYHHBI: CKOPPEKTHPOBaHHAs TeOPEeTH-
yeckas ToJillHHa oOpas3ua nepel NPOXOAOM

' HAh+4+2e
e =
4
CKOppEeKTHPOBaHHBIH TeOPEeTHYECKHH AHaMeTp KaaubGpa
’ _— _pte
D,- =D —¢,
CKOppeKTHPOBaHHOe 00XaTHe
/ p=E—¢;
OTHOCHTe/IbHas 1upHHa obpasua fepel NPONYCKOM
e
r=E
CKOPPEKTHPOBAHHbIA OTHOCHTEJbHbIH AHaMeTp
DI
E
Kot uuHEHT
3h
xX=—.
H
Torna

D, =D;+p'[f; (N 5 (8) f, ()]

Pyuxmus f3(A) Ta XKe, 4TO M UPH pacueTe yuMpeHHs (CM. puc, 5):

A) = .
B =525
Qyskuusa (puc, 6)
__4,684+5
s (8) = 395,33°

DyHKuA
fa(x) = Lg (0,832x3 + 0,632x 4 3,462 — 0,104x* — 1,822x%).

Ipaduxk dyskunu fy(x) dABAseTcd CUMMETPUYBBIM fpH X = 2
(puc. 7

ITpu mpoxkamke B nJjockom Kaaubpe A= H; x=3 u f4(x) = 1.

CaenyeT nOAYepKHYTb, 4TO NPH TIPOKATKE TOTOBOTO [KPYIVIOTD
npouas u3MepeHHe h 3aTPYAHHTENBHO, TaK KaK MeCTO Npekpaiie-
Hus KacaHHs MeTasJla ¢ KaauGpoM uacTo HeomnpelejenHo. Xopo-
WHe pe3yJbTaThl TIONyYeHH npH pacuere Dp AJsi TOTOBOrO KPYTJOro
Kaau6pa NPH NOJb30OBAHHH YNpOUleHHOH (opMmynaoi

D, =D, 4 pifs (M) /2 (9)],
rle ¢ 3aMeHeHO Ha e; D} sameHeHo Ha Dy; p’ 3aMeHeHO Ha p,
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0 npuHuMaercs Kak OpM pacyeTe YWIHpPeHMs, HO BhibHpaercs mo
CrnennasbHOH KpHBOil f5(8) Ha rpaduxe aJas pacuera onepekeHHs
(cM. puc. 6). B pesyabrare, mnpuBeleHHOM BHlIe, YCTaHOBJeHa

fs(0)

;_______4_————-'"“"—’ / ~
3 /k—f
//

3520 ke

30]15 -
! %
2
2510 Pt
L~ 4
S S S
4 50
50 55 60 65 70 75 4
75 80 85 90 85 100
46845
Puc. 6. Kpusste f5(8) = 5195, 331 PacieTa HaualbHOrO AHaMenpa K

OlepeXXEeHnA:

= 1,87 + 25, 1(8) = 05 + 23843; 2 — 8 = 25 + 50, fs(6) = 2,343 =
4 — 8=75+100, fs(8) =

1— 8
+3,1196; 3 — 8 = 50 =75, [s(8) = 3,119 = 3,4885;
= 3,4885 -+ 3,7102

BeJIHuMHa onepexkeHusi B npenenax 1,28—8,4%' seawuunst Dy uam

D;. Ham He ynanoch CBfi3aTh 3TH 3HaueHHsl € BeJHUHHAMH COOTBET-
CTBYIOUIMX BBITSXKEK.

Tlpumepnl pacuera ymupeHus

HonycTuM, uTO TPYTOK ONpPeleNeHHOTO KBaAPATHOIO CEUEHHSA
(puc. 8,a) nomKen OBIThL POKATaH C ONTHMAJIbHON BRITSKKOH B
H3BeCTHOM OBaJIbHOM KaJubpe (puc. 8,6) u uToOH JeficTBHTEILHOE
oOxaTie He NpeBHIIANO NOJOBHHLI BLICOTH KBajiparTa.

Hcxonsa U3 WHpPHHB OBaJbHOTO KanuOGpa 'MOXHO ONpexeauTb
MaKCHMaJbHYIO LIHPHHY 3aJaBaeMOTO IIPyTKa, TTPOKaTKa KOTOPOTO
He Bbi3oper 00pa3oBanus MopuiMH. Heo6xonuMo TaKXe onpeneiuTh
TOJILLIHHY OBaJia.

6 3akas 1034
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IMpuHuMaem kBaZpaT ¢ yIJoM NP BepiunHe 95° U CAEAYIOMWHMH
pasMepaMu B TropsueM COCTOSHHHM: JHAMeTp BUHCAaHHONO Kpyra
(cropoHa kBajapaTta) paseH 14,96 mm, 3a30p MeXny BaJIKaMH pa-
BeH 3 MM, BbicOTa Kaaubpa mo auvaroHanau pasHa 18,153 mm, uiu-

fr(x)

s /\

100

-

N

. NS

¢ 05 10 15 20 25
z=0
YT

3h
Puc. 7. Tpadux ¢yuxuun fq(x) B 3aBucuMOCTH OT X =—IT K pacuery
HAYaJbHOrO SHMaMeTpa H oNepexeHHs

° %
9554

o e 28,18 ~——y
”‘i * e 26,20 — 1 ;3.*
= L i
' % 75!
) ol Q
%/ =
'a e 1805 S &

Puc. 8, PasMepu ABYX KaaHGpOB CHCTEMBI KBajfpaT -— 0BaJj

puHa Ka/au6pa pasHa 18,05 mm, MUHHMAa/NbHAS TOMNIIHHA BHIXOASAILLE
ro ceueHHs B MecCTe, I'le METa/ll mepecTaeT KOHTAKTHPOBATbL € Ka-
aubpoM, h = 3,731 mm.

Ha ocHOBe 3THX NaHHBIX DacCUHTHIBaeM CeueHHe KBajApara,
paBHoe 213,8328 mm2,
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Pacuer maomaau ksaappaTHoro kaaubpa (puc. 9,a) npousBoauM
no ¢opMmynam:

R et

sino tga

1 ¢/
2tg-2— cos—2—

sina L a
sin —
L=—% qtg®:h=—2" —Lcos%;
P o ’ a
cos = sin—
1 o
b——é—LpCtg-2—'
[+ 4
& i t T = :
b 3 = &
T f \,\\\\\\\
] \
N4 + '
L -y
— f—— L —=
a Lﬂ 6

Puc. 9. Cxembl K pacyeTy MJollaJH KBaapaTHono {(a) 4 pe6poBOro OBaJbHOrO
(6) xanubpos

Pacuer naomwanu peGpoBoro oBajabHOro Kanu6pa (puc. 9, 6) BH-
noJHsieM no opMyaM:

MJIOINaAb ABYX BHIYKJAbIX CErMEHTOB paBHaA
r [_n_ (180 — a) — sin a] :
180
nJomaib ABYX Tpanelui paBHa

o
b2 — 4r2 cos? ?

[+ 4
2t -
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nJoans NpAMOyroJbHUKa b X b, rae
h— 11.4_ 2r

—or——t;

L a 1o &
sin — -_
2 €79

nJjgouiaasb lIByX 160KOBbIX CermMmeHTOB paBHa

2
= h(L—0b).

O6uras niouwanb kKanubpa papHa CyMMe COCTABJSIOMIHX,
OrpaHuuuM 3anoJiHeHHe OBaJa WHPHHOH 26,2 mm. VI3 npunaroro
yCNIOBUSA, YTO MaKCHMaJjbHOe 06XXaTHe B OBa/JbHOM Kalubpe paBHO

14,96
IIoJIOBHHE BBICOTbI KBajpara, noJjydaeM o6xKaTtHe, paBHOe

_

= 7,48 mm, 1 TOoNmwuHy oBana H = 7,48 mm. Otciona BeicoTa MOAb-
eMa BaJkoB cocrasaser 1,302 mm, a paccTosiHMe MeXAY OCAMHU BaJj-
KoB 341,302 mm. Ceyenne osasia cocrasnsier 153,476 mme.
OnpepensieM ymupeHue. PacuetHaa (cpeaHssa) ToaliMHa 3ana-
BaeMoro kBajpaTta E =14,293636 * un.
PacuerHas (cpeiHsis) ToJIUHHA oBana e = 5,857863 mu.
OnpenenseM

D, = D, — e = 341,302 — 5,858 = 335,444 wx;

o= ?” — 0,590176845;
S= D?f — 23,46806649;
A= l? = 1,046619628.

[To rpaduram (cM. puc. 1—3) naxoaum KospouuueHt fi(9),
f2(8) u f3(A). das Bribopa f2(8) ucnoanayem xpusyio 3 (cm. puc. 2),
COOTBETCTBYIOLLYIO CJydyalo MPOKATKH KBaJpaTa B BHIMYKJOM OBallb-
HOM KaJauGpe.

Ilpunumaem k=1,4. Toraa ywnpeHnue

Al= p-f(p)-f(8)-f(M)-k = 8,435773.0,799253525-2,12791046 -
-1,022236066-1,4 = 11,702 mm.
Pesysbrar 3TOT cpaBHHBaeM C 3ajaHHBIM yliHpeHuem 11,24 mm.
Pasuuua cocrasaser 0,462 mm.
Heo6xoauMo, caeaoBaTeNbHO, MNOBTOPHTL pacdeT, 3ajlaBasich

MeHblIHM OOXatueM. [IpuHHMaeM, 4TO TO/LIMHA OBaJja COCTaBJfET
7,70 mm BMecto 7,48 mm. HaxonuM cedyeHHe HOBOro OBaJjia, pasHoe

* Takas TOUHOCTH pacyeToB TOJNbKO I€JAeT HX TPOMO3AKHMH H He HMEET CMBIC~
aa, Iepes.

0,104.0,015
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159,240 mm2. Tlonyyaem pasmepnl oBana 26,2 X 7,70 mm BMecTO
26,2 X 7,48 mm n pacueTHyI0 TOJIHUHY e = 6,077863 mm. Pacuernoe
o6xartne paBHO 8,215773 mm.

Hosoe 3Hauenue
__ 8,215773

? = 14.293636

CootsetcrBerHo f; (@) cocraBaser 0,759069043.
OnpeznensieM yumupenne

Al = 8,215773.0,759069043.1,212791046. 1,022236066- 1,4 =
= 10,824 un.

CpaBHHBaeM 3TOT pe3y/bTaT ¢ 3aflaHHBIM ylupeHuem 11,24 ma.
Pasnuua pasna 0,416 um.

Pacnonaraa pesy.ibTaTaMH 3THX pacyeToB, MOXHO HMHTEpIOJS-
uHed onpeAeauTs ¢ GOJBHIOH TOYHOCTBIO TOJMLINHY, KOTOPYIO AOJMKEH
HMeTb OBaJ:

0,462 4- 0,416 = 0,878 mm; 7,70 — 7,48 = 0,22 um;
0,22.0,416
0,878
Hrak, cneayet NpHHATH OBAJ TOJILIHHOK
7,70 — 0,104 = 7,596 wmxn.
Hahgennoe ywupenne Al = 11,225 um. 3aganHoe yuiHpeHHe cO-

crasaser 11,24 mm u, caefpoBatesbHO, Hepoctaer eme 0,015 mm.
UnrepnomupyeM: 0,416 — 0,015 = 0,401 mum;

= 0,57478538.

= 0,104236, umu nocne oxpyrienus 0,104 mm.

0.401 =10,00389, uau nocne oxpyraenus 0,004 mm. OxoH-

YyaTeNbHO TOJUIMHA OBaJja paBHa 7,596 — 0,004 = 7,592 mm. [1punu-
MaeM oBas pa3mepaMu 26,2.7,592 um; S =156,41 um?. Oxpyrasem
NnoJlyueHHbie pasMephl WIHPHHBI OBaJa A0 7,59 uan 7,60 mm.

Ecan ‘Mbl xOTHM TOJNYyuyHTh GOJBIIYIO BBITAXKKY, TO HEOGXOAMMO
BbIGOpaTh ApYrofi OBadbHBI Kanu6p, ¢ 66abllel WHpHHOA. MeTonIOM
nocnenosareNbHBIX NPHOMHKEHUH HafiieM pasMepbl Kanubpa, obec-
NEeUYHBAIOIEr0 MAKCUMAJbHYIO BHITSXKY.
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MATEMATHYECKHH METOA PACHETA
BbITA)XXHbBIX KAJIUBPOB

HpmmmaeM caeAyonie ycJaoOBHbIE 0603HaYeHHUA:

F —nnomans nonepeuHoro ceve-
HHA npopHis;
bm — MakcHMasbHas WWHPHHA TPO-

y — Ko3hdHuHeHT 06XKaATHS;
¢ — yron pasBana pomba;
S — 3a30p BaJKOB;

buas; d — Ko3b}pHUUHEHT  MOTPEeIIHOCTH,
h, — MakcHMaJbHaf BHCOTA [OpO- paBHHl PBretcrs/Bpacy;
buas; W -— NOKa3aTeJb CTeneHH Qopmy-
/s — cpenHas BhicoTa mpoduns,; JIB YHIHDEHHS,;
8 —xo:—zq)cpuuuem ¢dopmbl, pas- W, — nokasatelb CcTeneHH GopMy-
Hutl b/hs; JIBl YIIMpDEHHS TPH 3HAYHUTENb-
m — Ko3HHUHEHT 3anoJHen s HBIX 063KaTHAX:
NPAMOYrOJ/IbHHKA; €y — KO3(pDHUHEHT BaJNKOB, paB-
0 — coornowenne Ko3hPHNHEHTOB uwit h/D;

dopMul, pasHoe Op/8q; H — nokasatens crenend ¢opMy-

A —— KO3(p®OUUHEHT BHITIXKKY, A 0JA  u3MeHeHHR (OPMHI,
— » YUIHPEHHS,; 14w

PaBHHIN

1—w’
IIpuMeyanune Huaekco, npuMensieMne B YCJIOBHHIX OG03HAYEHHAX, Cle-
AylolHe:

M — MaKCHMaJIbHKHH; § — CpefiHuii; 0 — HayalbHHH; p — NOCAE KaHTOBKH;
pp — nocsie MPOXOAa.

Merton xaauGposku

[Tpu xanuGpoBKe BaJNKOB NPHUMEHSIOT pasJjiHyHble CNOCOGHI KOJH-
yecTBEHHOH OueHkM Jgepopmauuu. HekoTopsle KanuOPOBILHKH HOJb-
3ylotcsl abcoMOTHBIM 00XKaTHeM NO BHICOTe (TOJILKHHE) H YIUHpe-
HHEM, JpYyrue — OTHOCHTEJbHEIM O00:KaTHeM H  YUIMDEHHEM,
TpeTbH — KO3pduLHEeHTaMH U T. A.

MHorouncieHHocTs 3THX cnocoGOB yKa3blBaeT, 4yTo Haubonee on-
THMaJIbHOE pelleHHe ellfe He HAHAEHO M 4YTO KaXKABIH H3- NpHMeHse-
MBIX cnoco00B HMeeT CBOM HeJOCTaTKH.

O61HM HeJOCTAaTKOM BCeX 3THX cnoco60B sABJAfeTCA TO, YTO BCE
OHHM MO3BOJIAIOT Oe3 3aTpyJAHeHH{l BLINOJHHTL TOJLKO YacCTh pacue-
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TOB, OCTajJIbHble BHIUHCJIEHHS, TakXe HHTepecyiollde KaaHOGpOBIUH-
KOB, OTHOCHTEJILHO 3aTpPYIHEHHI.

CTpeMsch YCTDAHHTb 3TH HeJOCTATKH, aBTOD LPEAJONHJ HOBBIH
MEeTOA KaJHGDOBKH C HCHOJb30BaHHeM Ko3¢p¢uuuenta PopMbl § H
njomwanyu ceyenuss F. Buia npuHAT rpaduueckuit cnoco6, No3BoJaAI0-
Uil MOMECTHTh Ha HeGOJIbIIOH NJOIafH 3HAYHTEJNbHOE KOJHYECTBO
HaHHBIX ¥ BO MHOTHX cJayyasx 006jieruaioluuii BHINOJHEHHE paCyeToB.

I'papuk noctpoen B JorapudMHueckoil cucreme koopaunar. Ha
OCH OpAHHAT HaHeceHnl Jorapu¢me F, a Ha ocu abcuucc — Jiora-
pubmh .

Flpunusro, aro

b
F=hpb,, 6= h—": .

B norapucmuueckoit cucreMe rpadHKH ypaBHeHHH, Onpefesio-
umx F u §, ABNSIOTCS TPAMBIMH JHHHAMH. JTO NO3BOJsET AONOJ-
HHTb Jlorapu(PMuUEcKyl0 CUCTEMY KoopAauHaT F-—§ ceTkolt mpaAMbIX
by — hg, KaXaas JHHHSA KOTOPOH OTBeuaeT ONpeleJIeHHOMY 3Haue-
HHIO by, HAU A

Takum oGpa3oM, CyLIeCTBYIOT JBe CBSI3aHHBIe MeXAy co6o# CHC-
TeMbl KoopAUHAT F — 6 ¥ bm — hs. KaxkaoMy 1npoduii0 COOTBETCTBY-
€T B 3THX CHCcTeMax oAHa Touka. Paonosaras aByMs npOH3BOJIbLHBI-
MH BeJuuMHaMM U3 uetbipex (F, 8, b u hs), MOXHO B NOCTPOEHHYIO
CHCTeMY BHHCaTh TOUKY, COOTBETCTBYIOILYIO OTpefeseHHOMY TpOgdH-
J10, H 6e3 KakKUX-1H60 JOMOJHUTENbHBIX BHIYHCJIEHHH NMOJYYHTHL IO
JuarpaMMe JIBe OTCYTCTBYIOUIHE BeJHYHHBL

CBA3b MeXJy CpelHell H MaKCHMaJpHOH BLICOTAMH BLITEKaeT U3
NPHHATONO MeTOfa 3aMeHbl NpOQHJs PAaBHOBEJHKHUM MPSIMOYroJb-
uukom. CoryacHo 3TOMY MeToay, naomans F u mupHHa b paBHOBe-
JIMKOr0 NMPSMOYrOJIbHHKA TaKde Xe, Kak y mpodpuasal, dtor Meron

BLI3LIBaeT HEOGXONHMMOCTh YUHTHIBATh KOIpdHIHeHT m = h—s

m
Ecau 1o XaHTOBKH 6blJ10 O, a mocje KaHTOBKH Ha 90° nMeeM

6;7, TO MEXIAY 3THMH BeJIHUHHAMH CyIllECTByeT caenylomaa CBA3b:
bmp o h 1

Ecau u3BecTHO m, TO MOXKEM «HNPOBECTH KaHTOBKY» H COOTBETCT-
BEHHO OTKOPPEKTHPOBATh BeMHUHHY Op; A 3TOH XKe BEJHUHHBI F
(Tak KaK KaHTOBKa He MeHseT IJIOLlaJAM CeyeHHs) HaxOAHM TOUKY

1
§p =-— TOC/E YEro MepejiBUraeM ee «BBEpX» (B cTOpOHY GOJIBLIHX
0

3HaueHHH O) Ha OTpe3oK, NPONOPUHOHAMbHbIA log m2.

! Meron npennoxen A, ®. Fomosunuim, oM. «llpokatkas, 4. II, III, OHTHY,
1934,
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Pacnonoxenre 3THX TOueK NMOKa3aHO Ha pHC. l.

ITocne mpoxoma moayuaeM ApYroi npoduie, KOTOPOMy Ha rpa-
¢HKe cOOTBeTCTByeT Apyras TOuKa.

VMeHbllleHHe NJIOMIAAH CeYeHHs rocje Npoxoia Npoduias O3Ha-
yaeT, YTO TOYKa, COOTBETCTBYKOLlas 3TOMy Tpoduiio Nocje NPOXo-
Ia, nepeIBHHETCH B CTOPOHY MeHBIUMX 3HaueHHit F (T. e. BnpaBo OT
OpAMHATH TOYKH A0 Npoxoxa). BceaencTsHe yBenHueHHs IIHPHHEI

& B
) a4, 8,
-
s
ﬁy mt /
P, 0 L p r4 // F

% Ve

b Q /

I

d, / | m?

Ay QL}L/_._.._..

Puc. 1. Kaan6posounsiii rpaduk B Jorapudmuueckux koopaunarax F — 6,
bm —hs. B 3almpuxoBaHHOM Y4YacTKe MOXHO HafiTH pasMephi ceeHHs
packaTta mocje nmpoxoja

NOJIOCH 3Ta TOYKA JOJIKHA NepeJBHHYTHCS NO HanpaBjeHHK 60oJib-
IWIMX IIHPHH, T. €. HaXOAUTbCA Hajd JauHHed. Caenyer o6paTHTL BHH-
MaHHe Ha TO, YTO PACCTOSAHHA MEXAY JHHHSAMH OTAENbHbIX HIHPHH
NpONOPUHOHANBLHE KO3(h(PHIHeHTaM YIIHDeHHS, 8 PACCTOSTHHS MexX-
Ly BhICOTaMH 00paTHO NMPOMOPIHOHAJNbHBI KO3 HUHEHTY 06KaTHA.
OTO BBITEKAET U3 JOrapHPMHUYECKHX 11KaJ JHATPaMMBL.

ITomemasn B Touke nmpo¢u/s A0 NpPOXOoAa Hayaja CHCTEMBI JiOra-
pH{MHUYECKHX KOOpPAHHAT, COOTBETCTBYIOUIMX IIKalaM CHCTeMBH
b—h, u HanpaBass OCH 3TOH CHCTEMBl COOTBETCTBEHHO OCSIM CHCTe-
Mbl b — h, a 3aTeM OTKJIaAbIBasi 3HaYeHUsa KO3DPHLHEHTOB 06KaTUA
M YIIMDEeHHs Ha COOTBETCTBYIOIMX OCAX, MOXHO ONpeleNHTh NOJO-
JKeHHe TOYKH nocJjie npoxoja B o6eux HHTEpecYIOLUIHX Hac CHCTEMaX.

Ha stom ke ocHOBaHHH AN KO3HUUHMEHTOB P M y paccTOSHHE
MeX/y ABYMs NOBEDXHOCTAMH COOTBETCTBYeT BeJIMUHHe K03¢duLH-
eHTa BHITAXKKH A. Onpenesds u3MeHeHHe 3HaueHHA KoddduiueHTa
dopMbl

H="o

3

noJiyyaeMm BeJIMYHHY, OTKAAJbIBaeMYI0 Ha OCH, NEPNEHIHKYAAPHOH K
ocd A. TakuMm o6pa3om, mojiyuaeM BTOPYIO JiorapH¢pMHUYECKyio ABO#-
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Hyl0 cucTeMy A—0 H B—'y B 6e3pa3MepHBIX KOOpAUHATAX; CJeldO-
BaTe/NLHO, €€ MOMHO UepeJBHHYTh B IPOH3BOJILHOE MECTO KaJjH-
GposouHOro rpadHka, coxpaHsas JMilb NapajilelbHOCTL COOTBETCT-
BYIOIHX oOceH.

ITpeanonoxuM, 4TO HaM H3BECTHA AOCTATOYHO TouHas ¢opmysa
yunpeHus. Takaa c¢opMyja ¢ MareMaTHYecKOjl TOUKH 3peHHA $iB-
JAeTCA 3aBHCHMOCTBIO MeXAy 'y U §, T. e. B = f(y). Tor dakr, uro
pasjiMuHble aBTOPHl NpHAAJNH CBOHM ¢(opMysnaM HeOAMHAKOBBIA
OKOHHYATeJIbHBIA BHJ, HHUEMY He MellaeT, TaK KakK BCerja BMeCTO
NpHMeHseMBIX B (opMyJ/ie BeJIHUHH AedOopMaLHi MOXKHO NO/JCTaBHTh
KoapduuueHTl B H y. PopMyny ylmHpeHHs MOXKHO, C/€IOBaTENbHO,
B OCHOBHOM H300pa3uTh rpauuecKH B BUJe NYuKa KPHUBBIX B CHCTe-
Me B u y. [IpeuMymiecTBa Takoro U306paxKeHHs] OYEBHIHEI.

Ipeanonoxum (cM. puc. 1), uro Kpussle A, Py, By u A, P;, By
ABAfIOTCA rpapukaMu GopMmysbl YIIHpeHUA s YCJOBHH, CyLLecT-
BYIOIUMX COOTBETCTBEHHO B Toukax P, u Py (1. e. Ana npodunedt
Py, u P;); uacte KpUBOH HHXKe TOUKM P sBIAETCS reOMeTpHYECKHM
MecTOM mpo¢guaesl, #3 KOTOPHIX nojgyyaercd npoduip P; KpuBas
Bblllle TOUKH P ABJAseTcs reOMeTpPHHYeCKUM MecToM npoduieli, noay-
yaeMbIX B 32JlaHHBHIX yCJlOBHAX u3 npoouas P. TeoperHuecku KpH-
Bble MOXXHO NPOAOJIKHTbL GeckoHeuHO B 06Ge cTopoHbl. Ha nmpakTuke
MBI OrpaHHueHbl 3aJlaHHBIM JHaMeTpOM BaJKOB, yIJIOM 3axBaTa, yc-
JIOBHSIMH BXOAa MpoHasA B KaJu6p, a TaKxKe NPOYHOCTHIO BANKOB H
MOIMHOCTBIO JBMraTens. Ecnd Tenepp HaHTH TakoH nmojyuaeMbld U3
npopuns P; npoduap Q, KOTOPHIA nocjie NMPOKATKH AaeT NpOdHIb
P,, T0 nocTaTouHO KpHBYIO 2 NepeiBHHYTh Ha DacCTOsiHHe m? BHH3
¥ Ha KpHBHIX / H 2 HaHTH TOYKH, paBHOyJasleHHBle OT OocH F u pac-
NOJMIOXKeHHble Ha NpsAMOH, MapananenbHol ocH Fo. IlepeaBuxkenne
KPHBO# 2 COOTBETCTBYET KOpDPEKTHpPOBKe npodunas Ha m? nocne KaH-
TOBKH.

B npuBefeHHBIX BhIlle pacCyXAeHHAX YCTAHOBJEHO, YTO BeJHUH-

Ha 6 u F opHO3HauHO ONpejesloT NpPOdHIL Ha KaaHOPOBOYHOM
anarpaMme. OnHaKO HeoOXOAHMO ellle ONpeJeIHTbh BEJNHUHHY M
JaHHoOro nmpo¢guns. Boliy BbiBefeHB GOPMYJBl AJs OTAENbHbIX TH-
noB npoduies (KBajpart, OAHOPAAHYCHBIA OBajll H IUIECTHFPAHHHK).
St GopMyanl paccuMTaHbl Ha OCHOBAHHH reOMeTPHUECKHX 3aBHCH-
Mocrefi. B peayabraTte BBOZa B 3TH (POPMYJ]El BeJHYHHHEl & Mojayde-
HBI JJI1 KaXKAOro THNa npoduas ¢opMmyasl Buna 6 = (m, s/hn);
KpOMe 3TOro, Obl/lH BBeleHBl H JpyrHe BeJIMUHHBI, HANpUMep @ AA%
poMOOB H osa.non;Tr IJ OBaJIOB; € == bh_a
m

3TO NO3BOJIHJIO NOCTPOHTH B CHCTeMe KOOPAMHAT M -— & NmyueK KpH-
BBIX, XapaKTepHBIX [Jid onpeaesneHHoro tuna npo¢puna. Tako# rpa-
¢uk npuBeleH Ha pHc. 2. KaXJaoMy NnpodHJI0 COOTBETCTBYeT Onpe-
IeseHHas o6jacTe cucreMbl & — m. Kaxpaasi Touka 3TOH o6JnacTh

AJis1 IEeCTUTPAHHHKOB,
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O/IHO3HAUHO ONpe/JensieT COOTBETCTBYIOIME BeIMUMHB § M m, a Tak-
e pasMepHble COOTHOLIEHHS NPOdHI.

Ecau mpunars Benuuuny F (HanpuMep, pacCYHTaHHYIO NO Ka-
au6poBouHoMy rpaduKky), TO HMeeM yXe BCe AaHHble [/ TOro,
yTOGH BHUEpTHTh QopMy npoduas. JInarpamma (puc. 2) naer
TaKXe yKa3aHHs, KaK noaobpaTb m B 3aBHCHMOCTH He TOJBKO OT
THNa npo¢ussd, HO TaKXe H OT ero BHAAa (XKenaTelbHO JM, HanpH-
Mep, UMeTh Gojiee INIOCKHH OBaJl MJM Xe Gojiee BHIMYKJBIH, KakKo#
yroJ1 pa3sajsa pomba NpHMEHHTb ¥ T. A.). JJuarpamMma cospaer Tak-
JKe B HEKOTOpOH CTeNeHH YCJAOBHS AJisi NPOBEPKH BO3MOMXHOCTH
NpOKATKH JBYX NpodHyed B OJHOM H TOM Xe KaaubGpe HaMeHeHHeM
BEIUYUHBI S.

I1pu ussectHOM onocoSe noabopa m CTAHOBHTCS BO3MOXHBIM
BEINOJIHEHHe JIOOLIX Onepauuil Ha Kaau6pOBOUYHOR AHarpaMMe THIa,
H306paKeHHOH Ha pHC. |, IpH yCJIOBHH, 4TO H3BECTHbI KpHBHe Je-
dopmauuy g Hu y.

CorjlacHO H3JI0XKeHHOMY Bblllle, KpHBble JAeopMau#H MOXKHO
pPacCcyYHTaTh Ha OCHOBaHHH Jilo6oH GopMysnl ywnpenusa. OQHakKo H3-
BeCTHble IO JuTeparype GopMyJsl BecbMa MHOFOYHCJEHHB H MO3TO-
MY lieJiecoo6pa3sHo BHOGDPATh JYUIIYIO H3 HHX,

BuinosnneHHoe KoHueBnueM comocraBieHHe (GOpMya ylIHpeHHs
" IyTeM CTAaTHCTHYECKOrO NpHBeJeHHs] 3HaueHMil MOrpeuIHoCTeH, BHI-
TeKalOWHX H3 3THX opMyJ, ykasbiBaeT, YTO HaWMeHbllHe norpeu-
woctd nator popmyasl C. dkenynaa, b. I1. Baxrunosa, A. 1. Uekma-
peBa, M. H. 3notHukoBa u 3. BycaroBckoro. JanbHefimui aHanus
no3BoJifeT BbIOpaTh HanboJee MOAXOAAILYIO H3 HHX. AHAJH3 3aKJIo-
yaercs B HccaefoBaHud QyHKuuu p = f(y).

QopMyabl YIIHPEHHA, NpeacTaBleHHble I'papHuyecKu B CHCTeMe
y — B, HMeloT BHA KpHBbIX. B cHcTeMe f—y mnocTpoeHa KpHBas

A=1; § == Dra KpuBas pasjesieT CHCTEMy Ha ABe OO6JacTH:

BJIEBO OT KpHBOH (pHC. 3—7) HaxoauTcs objaacts A > 1, a BnpaBo —
obaacte A < I.

HccnegoBande 3akiouaercss B NpoBepKe, NPOXOIAT JiH IpadHKH
tdopMyn yepes obaacts A < 1, nepecekaloT nH OCb H CYLIECTBYET JiH
MakcHMyM B oGaactd 0 <y < 1? Takoit aHa/M3 OTHOCHTEJNBHO TPY-
J0eMOK; NpHuBeneM ero pesyabtathl. Ha puc. 3 nokasaH rpaduk aas
¢opmynnl dkenynaa. Ha ocum abcuuce OTNIOMKEHB He BeJHMYHHBI
¢ = f(B), a Bennunns fac = f(p). Kak cnenyer us AuarpaMmsl, cy-
{IeCTBYIOT TaKHe KpHBBIE, KOTOpLIe NPOXOAAT yeped obuacts A < l.
Ciie0BaTe/IbHO, AJ15 ONpejesleHHbIX 3HaUeHHU €w, O ¥ | Mo dopMmyae
10Jy4aeTcs Takoe 6OJiblloe yIIHpeHHe, YTO AJHHA NOJIOCH JOJIXKHa
06A3aTeIbHO NOJBepraThC COKpaleHHI0. YacTb KpUBHIX HMeeT
MakcuMyM B obnactu 0 <y < l. lna ycnoBuil, npeicTaBisieMbiX
3THMH KDHBBIMH, NOBBHIIIEeHHe 06XKaTHs BbllIe 3KCTPEMAaJIbHOIO 3Ha-
4eHHs BbI3HIBAET TIOHHKeHHe ywiHpeHHA. Takum obpasom, ¢popmyna

»
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Puc. 2. Fpapuku 3aBucumoctd 8; —f(m) mns xBanpaTtHeix, pomGuue-
CKHX, OBaJIbHBIX, WECTHIPAHHHX U MPAMOYNOJbHHIX KaJanGpoB
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DKenyHaa faeT AJs HEKOTODBIX COUETAaHHi 3HAUEHHH €w, & M [ u-
3HYECKH HepeasbHEle pe3yabTaThl. [1of106HbIE pe3yabTaThl NOJYUYaOT-
ca ¥ no ¢opmyJie 3N0THHKOBA. KaK BHAHO M3 DHC. 4, yacTb KPHUBBHIX
nepecekaet obsacts A < 1.

Boasmoi uHTepec npeacrabaser ¢opMyna UekmapeBa (puc. 5).
KpuBbie 310ft $OpMyJaBl pacnojaraloTca MeXAy Ochio B H KpHBOM

¢ ! A !
o '} p-d o NERT
<@ \ﬁr ’\Q? 2 r A<l
?[‘ S \
Q S \a=/
T < /N"\\
2 —\
S £ & \
T(p225)6 S
5

0 1 e 0 ]‘=0.552 ! r

Puc. 3. Tpaduk (popmy.n.m yuI-

Puc, 4. Adanu3 ¢opMyasd yu-
perns C. Dkenynsa
2

peHnsi 3/10THMKOBA: 2. K. — rpa-
HuuHag KpuBad;, Orp = 0,0785 X

x1/ L — 0,438

2]

c = f(B) = achi Y={7y oy o

A =1 u HaxomsaTcs B o6GjaacTH A > 1, ykasbiBas, uTo 3Ta ¢GopmyJa
gaer OoJiee mpHeMJieMble De3yJbTAaTHl, YeM MNpejllecTBywuiHe ¢op-
MYJIBL.
. ®opmyna BaxTHHOBa naeT KpUBHE C MAKCHMYMOM B 06JacTH
0 <1< 1 (ua puc. 6 ykazana xpuBas / MakCHMYMOB), TaK 4TO NpH
JOCTaTOYHO GoJablUHX 06XaTHAX (MajbiX 'y) AdalibHeilllee NOBBbILIe-
HHe 0GXKaTHs BHI30OBET NIOHHKeHHe ymupeHHd. Tak xKe KakK ¥ no ¢op-
MyJe JKelyHAa, CyLUIECTBYIOT YCJOBHsS, NpH KOTOphHIX KpHBasi, H30-
Opaxaiomas ¢opmyay, NPOXOAUT yepe3 obaacTb A < L.

®opmyana 3. Bycarosckoro (puc. 7) naeT KpHBble KaueCTBEHHO
TakHe Xe, Kak ¢popMmyna Hekmapea. KpoMe TOro, CyimecTsyior no-
NOJIHUTEJIbHbIe JaHHBle, MO3BOJAIOIHE OLEeHHTh TOYHOCThL POpPMYJIH
3. Bycarosckoro. ITpod. 3. BycaToBckuil ¢ cOTpyAHHKaMu BHINOJ-
HHJM MHOTOYHCJEHHble OMBITH, Leslb KOTOPBIX COCTOsa B Ompefe-
JIEHHH TIONpPaBOK K ¢opMyse s crajedl pa3inyHbiXx Mapok. Pe-
3yJIbTaThl 3THX ONLITOB OBl NpeAcTaB/JeHHE B BHIEe JHAarpaMM COOT-
HOLeHH# HEACTBUTENILHONO KO3 dHIMeHTa YIIHPEHHS K PacueTHOMY
K03 (UIHEHTY B 3aBUCHMOCTH OT KO3(dHUHeHTa 06GXKaTHA:

d= ﬂneﬁcrs — f(T)

ﬁp acyer
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OnbiTHBE MaHHBle NpeACTaBleHbl Ha puc. 8. [lns 3HaueHH# y,
O/M3KHX K e[HHHIe, TOUKH YKJaAbBaloTcs B ob6aacta d < 1 unu xe
OdeHb ONM3KH K elMHHUE; /A YMEeHbIUAIOWUXCS 3HAUEHHH y OHU
mepeaBHraloTcs B 06JacTb

d>1. D10 cBumeTensCTBYET A .
i | anl
0 TOM, uTOo opmyaa 3. Byca- | 1Py
TOBCKOrO faeT BOAM3M y = | A 3 \ s
CJAMIIKOM GoJblive pe3ynbTa- 5 } v
Thl, & AJ4 00Jiee HU3KHX 3Ha- 1 . A<t
YeHHHd vy — CAMIIKOM MaJble \. \
\ \
Py N ’ X
A ‘,\ /B-L
v’ 7 AN
\ A<t
\ ! o 05 1 7
Puc. 6. I'paduk Qopmynn yumu-
penna B. Il. Baxrunosa:
1 — KPHBAA MAKCHMaJbHHX 3Haye-
Hult; A — xosddunuent lC>4()35;
—
5 — xoapduuuenr C =8_e=
,0 ’ . = 4,03.5; B —0'51(5079 d)HuHell?T c<
r < 4,035; =14 5 ( Tw - 1—
Puc. 5. Asanus ¢popMyss  ymm- i
penns A. Il. Yekmapena 251)

(HauMeHbpIIasi BepOATHOCTL MNOTPELIHOCTH CYIUECTBYET, MO-BHAHMO-
My, A5 037 <T\< 0’8)'

KpoMe Toro, aBTOp (OpMyJH TNPOBORAHJ ONBITHI NMPOKATKH CO
3HauMTeNbHbIMM O6xatuaMmu (y mopsanka 0,1). PesyapTatel 3THX
OITLITOB TaK Pe3KO OTJIHYANHUCh OT pacyeTHHIX JaHHBIX, YTO AJS1 3TOTO
JAHana3oHa O0GXKaTHH Wy pacCUUTHIBAEM NO Apyroit Qopmye:

W, = 10-3.457.8,.¢,0.96785,

Xon npemnosiaraeMoil AeHCTBHTEJNBHOH KPHBOH OTHOCHTEJbHO
pacueTHO# KpuBo#i mo dopmyne 3. Bycartosckoro nokasax B Jora-
pu¢MHUecKOi cucTeMe A — O (compsaikeHHOi ¢ auarpammoi f—vy)
Ha puc. 7, 6.

HOns cpaBHeHHs ¢opMys YLIHpeHHA TOCTPOHJAHM JAHarpaMmy
(puc. 9) npu €, =0,1 1 0,06; 6 =1u 0,6; f =0,5. PeaynbraTth Ha-
HeciM Ha AuarpaMmy B Jorapu¢muueckoi cucreMe A — 0 (u conps-
JeHHOH ¢ Hell B —vy). BrrOpaHHble BHAYEHHS &y, ) U [ OTHOCHTEND-
HO YacTO BCTPEYAIOTCA NPHU pacyere YIIHPEHHS [Jis BLITAXHBIX CH-
creM KaaubpoBKH,
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B ocxoBHOM aasa Bcex dopmys uem GoJsibmie & M &y, TEM MEHbIIE
B (KpuBBle NPOXOAAT B 0GJacTH NOHHKeHHBIX 3HaueHuil §). Enun-
CTBEHHBIM HCKJIIOUeHHeM sBisdercss GopMynaa DKenyHjaa, [Ihe NpH
3HauUTEeNbHEIX 00XaTHAX (Manblx y) HaGJIofaercs nepeceueHHe
KpHBHIX 2 # 3. 3aciayXuBaeT BHHMaHHA TOT (DakT, 4TO KpHBble A%

\
A\ =1 =_1 Iaya 22,

4 1 logA
a J

Puc. 7. Ipapnx dopmyan yumpenus 3. Bycatosokoro 3

KOOpJMHATAX:

a— B~y 6 — 1gh —1g A (cBasanHnX c cucremo#i lg B — g v);
! — pacuerHas KpuBafi; 2 — JjellCTBHTeJbHaf KpHRas

Bcex (opMyJ, 3a HcKatoueHeM ¢opMyanl 3. BycatoBckoro, BHauane
(ans GoJBLIMX 'y) HMEIOT KaueCTBEHHO OJMHAKOBBHIH BHJ: CHauaja
(BBIXOASA M3 TOYKH y = B = A=1) KpHBBle OTKJOHAIOTCS B CTOPOHY

Poeiems,

pgacy.
1

10

“9;,0 43 08 07 05y

Puc. 8. Pe3ayabraThi HCCIEfIOBAHHE YUIHPeHHA TNpH
npokatke cTand (Mo naHHeM 3. Bycatosckoro
n Kpusyapra)

BuicokuX 3HaueHufi . Kpussie A. Il. UekmMapeBa npoxoasT, TaKUM
o6pa3oM, no Bceit o6nacTH, mpeacTaBaeHHoN Ha puc. 9. OcranbHble
kpusruie C. dKeayHza, B. I1. Baxtunosa 1 M. H. 3n0THHKOBa B OIn-
pelesieHHOM MeCTe HMeIOT TOYKY neperd6a H OTKJIOHAIOTCA B CTOPO-
Hy MeHblinx BeauuuH f. KpuBele C. DKkelyHla AJA MeHbLIHX 3Ha-
yeHu#l § OTKJIOHAIOTCA CHJbHee, 4YeM [Ji1 6OJbIUMX (YTO BBI3bIBAET
B3aHMHOE IlepeceyeHue),
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Puc. 9. CpaBuenne dopMyn yuupenus:

B. II. Bax-

- ~— A, Il. YekmMapesa;

3. BycaTosckoro

+=— — — 3JIOTHHKOBA;

THHOBA;

—— e C, DKeNYHZAA;
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HauMenbinve 3HaueHuss faer dopmyna 3J0THHKOBa. Popmyna
3. Bycarosckoro jgaer B 0OLieM HeCKONBKO O60JibliHe 3HaueHHS,
3aTeM cJjelyioT (B NOpsJKe NOBHINEHHS 3HaueHHH) QopMyns YHek-
Mapesa u Baxtunosa. Popmysna DKenyHAa oOxBaTbiBaeT BClO 00-
JlacTh, He NaBas OAHAKO TakKHX OOJblIuMX 3HAayeHHH, Kak dopMmyaa
Baxrunosa.

IFpadukn ¢opmyan 3. BycaToBcKoro B NpHHATOM CHCTeMe fAB-
JIAIOTCA MPAMBIMH JHHHAMH. CllelyeT 3aMeTHTb, YTO AJs NPHHATHIX
3HauveHu#t d =1 M e,==0,1, a Takxke f = 0,5 xax popmyna DkenyH-
Ja, Tak ¥ B Goasblllell cteneHu (popmyna BaxTuHoBa faloT rpaduky,
npoxofsmHne uyepe3 obaacts A < l.

M3 aunanusa ¢opmyasl 3. BycaToBckoro cneayer, uro topma
KpUBOH B JorapudMuueckoit cucreMe A— 0 B Gosbllell CTemeHH CO-
rjacyercs ¢ AedcTBHTeNbHOCTBIO. PopMynbl DkenyHna ¥ BaxtuHo-
Ba JJiA YaCTO BCTpeuaeMbX 3Ha4deHH! & W &y, BHIXOAAT 3a Npejelibl
o6aactu A > 1. GopMyna 3n0THHKOBA JaeT CJAHLIKOM Y3Kui npejed
3HayeHHH (KpHBBIe CJHHILIKOM COCpPefOTOYEHbI IO OTHOWIEHMIO K KpH-
BbIM JApyrux ¢opmya).

Kpome Toro, popMmysbl dKenyHaa ¥ BaxTHHOBa no CBOeH CTPYK-
Type HEeNpHrOAHH /A RaJbHEHIIHX MaTeMaTHYeCKHX npeBpalleHHH
# pacueroB. PopMyas UekmapeBa H 370THHKOBA TaKXKe MaJio NpH-
TOAHBl AJs1 TpeBpalleHHH; nepsas BBHAY TOrO, YTO y COJAEPKHTCH
TaKXe M B NoKasaTesle CTelleHH, a BTOpas BcJeJCTBHe HeyAOGHOrO
coyeTaHua 2e,— 1 +'y. YuuTHIBaA 9TH TPYAHOCTH, B JajibHellleM
paccMoTpuM ¢opmyay 3. BycatoBckoro, HecMOTpsl Ha ee HecoBep-
1EHCTBO.

TakuM o6pa3oM, H3JOXeHHOe BhIle MNO3BOJSET MNPeACTaBHTb
KaJauGpoBKy B JorapumMuyeckoit cuctreMe F—§ M HOMOJNB30BaTh
¢opMyJBl yllHpeHHA NPH pacueTax, NPOH3BOAMMBIX B ITOH CHCTeMe.

Ha puc. 10 1 11 npuBejeHB AHarpaMMsl AJIfl THIHYHBIX, 4acTO
TMpHMEHsieMBIX CcHCTeM KajauOGpoBKHM (KBaApar — OBaJ; OBaJ —
Kpyr; KBajapaT— poM0; KBajpaT-— OBaJ—Kpyr; OBaJ — OBaJ;
poM6 — pom0), AMHYHBIX KaAHOPOB M [JA KajluOGPOBKH NOJOCOBOIO
XKesesa.

Ipu npoekTHpOBaHHU KaJHGPOBKH A NOJOCOBOrO XeJieda HC-
no/b30BaHbl TaK HasblBaeMble <KPHBLIE €CTECTBEHHOTO YLIHDEHHs»;
310 rpaduky GopMOH3MeHeHHS NMOJIOCOBOTO XKeJjle3a, NPOKaThiBaeMo-
ro U3 KBaJpaTHON 3arOTOBKH B BaJKaX NMOCTOSIHHOTO AHaMeTpa.

[IpuHATa npeAnochlIKa, YTO CyMMapHOe YILIHPEHHe A Onpeje-
JIEHHOTO CYyMMapHOro o6XaTHs NpH M3MEHEeHHH YHCJla NPOXOJO0B H3-
MeHAeTCcs He3HAuHTeJbHO M 3THM H3MeHEHHeM MPaKTHYECKH MOMKHO
npexeGpeyb. Takue KpHBble MOXKHO NOCTPOMTb Ha OCHOBAHHH OINbI-
TOB; B HalleM cJjyyae 3TH KpuBble ObIM paccuHTaHb no ¢opmy.e
3. BycatoBckoro npu y = 0,7 u npuBeaeHsl Ha puc. 12. Caenyer 06-
paTHTh BHUMaHHe, YTO 3HaueHHe § 1J151 HeKOTOphiX npoduneir (kpan-

MATEMATMUYECKUIA METOZ PACYETA BbITSKHbLIX KANUBPOB
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Puc. 10. Fpadpuku cMeXXRHX KaauGpoB pasHbIX CHCTEM:

a — XBaJApatr — OsaJ — KBaApar; 6 — keajgpaT — pomM6 — KBaapaT;
¢ — OBal — Kpyr — OBaJl; 2 — KBaApaT — OBaJ — Kpyr
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paT— Kpyr) ONpeAeNHNH B OTHOCHTEJBHO Y3KHX UpEAeNax, HO AJA
ApYyrux npoduseii ©X MOXKHO NoAOGUMpaTh B WIHPOKHX Mpefenax.
Ecin uMeeM ABa NaHHbIX npoduas (8XOAHOH M BEIXOTHOH) H
NpOEKTHPYEM JApyrHe NPOMEXYTOUHble NPOQHAH, TO A OLHOrO
NPOMEXYTOYHOIO CeyeHHs1 CyLIeCTByeT TOJMIbKO OJHO pellleHHe, T. e.

X I o A
¢ A ] A A b
&
2/ B = :
|
| g
ot ety A —J—Ai'f:r

4 2 3

4}-@1—% 6 %

Puc. 11. I'padukn, xapakTepusymoune NPoKaTky npodusei:

a — N0 CHCTeMe oBaJjJ — OBajX; 6 — NO cucTeMe pomG — poM6; 6 — B SAMHYHMX KaauGpax;

1 — KBajpaT 3a IBa NpoXoRa; 2 — KBaApaT 3a 4eTHIpe NpoXxoda; 3 — cXeMa PacnoJ0KeHHsS

auHult KaHToBaHHR (K); 2 — NO cHCTeMe KBaiapaTt — NPAMOYFOAbBHHK H3 JaHHOrO Ksaipata

B JorapudMHYeCKHX KoopiauHarTaX O6-— A; /I — kpuBas csoGogHoro ymupeHus; I] — obaacts
NPOKAaTKH NDPAMOYTOJLHHKOB H3 JaHHOTO KBaApaTa

3TO ceueHHe fBJgeTcs CTpOro omnpejesneHHbiM. OAHako anas Gonbuie-
ro KOJHMYECTBa MpPOXOAOB CYIIECTBYyeT HeKoTopas cBoGoma BbiGopa
NPOMEXKYTOYHBIX CeueHHH.

Ha 0CHOBAHHH 3aKOHA NOCTOAHCTBA 00beMa (hopMyJay yuIHpeHHS

B, = Tt—w‘
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MOXKHO npeo6pa3oBaTh C/eLylOIWHM 06pa3oM;
I+wi

1—ur;
— [
0,=); = iH,.
dopMysia ylIHpeHHs NO3BOJIAET PACCYHTATH pa3Mepnl HCKOMOro

npoduys Ha OCHOBAaHHH pa3MepOB OMNpeNesleHHOro IaHHOro npo-
buas.
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Puc. 12. 3aucmuMocts & or A M & Npu NpoKaTKe NOJIOCH M3 KBaJpara
Ha IyagKoil G0YKe 3a HECKOJbKO IPOXCIAOB'
A — npupocra ymupeHus He Ha6aonaercs

Ins caepyouero npoxona
0,,, =\t
i+1 = Bipr
Mexnay 0; u 0;, cymecTsyer 3aBHCHMOCTb, TaK Kak 3TH 00e Be-
JHYHHB cojepxKaTt 8::

8 3

__ _ppi, _ _pp+1
- b=, =2
oi oi+1
Ecau nocae i-toro npoxoaa HeT KaHTOBKH, TO
ppi T 6oi+l'
B cjydae KaHTOBKH CYUIeCTBYeT cJeAyiollasi 3aBUCHMOCTD;
1
§ . =—
01-*—1 appimiz 4
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CBA3bIBaOUIaaA ABa Nnpoxona. TTocae NOACTAHOBKH noJay4dyaem
1
m2nHy) T
i 1

)‘i+1 = (‘Smapp1+1

D710 ypaBHEHHe MOXHO pellHTh, NpHUMeHAs QopMyay Ans w.
[Monbaysce dopmyaoit 3. Bycatosckoro, nocje COOTBETCTBYIOIMHX
NOACTaHOBOK MOJIyYyaeM 3aBHCHMOCTb

l+°'444"’l
— - Wi
” W 80il'444m1 1,444;\‘ i—~1 )
it i .

WUrtak, MB nojyuunu ¢opmyay Aaa Ay Kak QyHKUHo 0o,
Oppit1, Mi, €v; H Ai JIA CHCTEMBI, COCTOANLEH H3 ABYX IIPOXOJOB.
D710 ypaBHeHHe AOBOJBHO TPYAHO PEIIHTH U NOITOMY PeKOMeHAyeTcs
NpHMeHATh rpaduueckue MetoAbl. Kpome Ttoro, CylLlecTBYyIOT [JHa-
rpaMMbl, paspa6oTaHHble Ha OCHOBAHHH 3TOH GOPMYJIbI, NO3BOJAIO-
IIHe DacCYHTATh Ai4; AAA ONpelejeHHOH CHCTeMBl KaJHGpOBKH.
®opMyJsly MOXHO HCNOJIB30BaTh NPH BHIYHCJEHHAX, BBHINOJHAEMEIX
nuppoBeIMH MalllHHAMH, rJe TPYAOEMKOCTb PacyeToB He SABJSAETCA
npo6aemoii. dopmyna, csssbiBalomas psAj NPOXOAOB, HMeET BHI:
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Ora ¢opMyna He HMeeT NPAKTHUECKOrO NPHMeHEHHUS BCJAEACTBHE
ee cnoXHOCTH. OJHaKO OHa YKa3nlBaeT, UYTO 3TOT MeTOJ KaJuGpoB-
KM MOXeT ObITb NpelcTaBJeH Kak rpaduuyecks, Tak H aHaJUTHYECKH.

C MOMeHTa, KOrjla Mbl YCTAHOBHJIM BeJIMUMHBI KaXXJOT0 BTOPOroO
CeyeHHs B ONpe/ieIeHHOM psafle KaauOpoB, a TaKXKe cXeMy NPOXOJOB,
Kaau6poBKa CBOAUTCH K BBIMOJHEHHIO ONpelesIeHHBIX PacCyeToB.

IIpomexyTouHble cedyeHHsi cJeayeT NOAGHPATb TaK, YTOGH OHM
HMeJu ONTHMaJbHBIE (OPMB  Aaa TpebyeMOH roTOBOH NMpPOAYKUMH
npokaTtHoro uexa. Creayer Takxke CTPeMHTbCS1 K 6oJiee paBHOMep-
HOMY pacnpefleIeHHIO BBITSXKKH, YUYUTHIBasA PAas3JM4HEIE THOH Ka-
JU6pOB. 31ech Hrpaer poJb TakxkKe BAHAHHE CXeMbl PaClOJOKEHHS
NPOKATHOTO CcTaHa, HeoOXOAWMOCTb TPYNNHPOBKH MNPOXOAOB MO
KJIeTSM, COPTaMeHT NMPOAYKUHHU U T. N. K coXaneHulo, 3T ¢akrophl
He yJAa/joch NOKa MaTeMaTHuyecKu ydecTh B opMyJiax.
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: Hux. 3. HOPJIHH]I :
(Pupma «Moprapacxammap», [liseuus)

[IBEACKHE METOAbI KAJIUBPOBKHU BAJIKOB
AJid JETHPOBAHHbBIX CTAJIEHA

Korza 30 ner Ha3apn aBTop Hauas paGoTaTh B NPOKATHOM LEXE,
KauecTBO MPOBOJIOKH /JIf1 KJaaNaHHbIX NPYXKHH OBIO HeyJOBJeTBOPH-
TeNbHLIM H3-3a PHCOK, BBI3BAHHBIX MEeCTHbIMH OJHOCTOPOHHHMH Iie-
penojHeHHAMH KaK B OBaJIbHBIX, TaK H B KBaJPaTHLIX BbITAXHBIX
Kaaubpax. IIpokaTHblfi cTaH GblJ OCHALIEH POJHKOBBLIMH NMOJLIMITHH-
KaMH 4 OOBIYHBIMH KYJauyKOBbIMH My({TaMH W HO3TOMY HNpHUYHHOH
NOPOKOB CYHTAJH OceBble NepeMellleHHs, BbI3BaHHble MydTaMu. On-
HaKO KOHTPOJIb, NIPOU3BE/IEHHbI/i HAa TOKapHOM CTaHKe NPH NMOMOLUH
MHHHMeTpa ¢ 3yOuarofi nepefavei, NpHJIOKEHHOrO K OGTOYEHHOMY
PY4blO, NOKa3aJ, 4TO OH He MepeNneHJMKYJspeH K OCH Bajlka M MMe-
eT OTK/JIOHEHHe Ha HEeCKOJBKO HecAThiXx AoJel Muaaumerpa. Ilocae
YCTpAaHEHHsl 3TOTO 3HAUHTEJbHO CHH3UJIOCH KOJHYECTBO PHCOK HA
TrOTOBOH NPOBOJIOKE.

B nanpHefiiieM ellle HECKOJBLKO pa3 Ha6JI04ajH BaJKH C KOCO-
Bpe3aHHEIMH pyuYbsiMH. 3aMepHJH BHITAXKHOH KBajapaT, NpHBELEH-
HbI Ha puc. 1. PesyabTaThl 3aMepoB NpeAcTaB/]eHbl B BHAE KpH-
BbIX, NOKAa3BIBAIOUIHX HEPaBEHCTBO CTOPOH KBalparta. KocospesaH-
HBlff KanuOp He NO3BOJAJ NMPaBHJALHO HACTPOHThL Bajku. O6Hapyxe-
HHe KOCOBpe3aHHbX KaJHOpoB Ha cTaHe 3aTpyAHHTelbHO. Chrenyer
NpHMEHATh KOHTPOJb PACTOYKH KaaHOpOB NPH NOMOLIH MHHHMeETpa,
NO3BOJIAIOUIETO YCTAHOBHTb JEHCTBUTEJLHYI0 <«KOCHHY» Kajaubpa.
B npokatHeix nexax Ha 370 06blYHO He O6GpallaloT BHMMaHHUA, NpH-
nHchiBas JeeKThl Ha NpOKaTKe OCEBOMY CHABHTY BaJKOB, Hempa-
BUJILHOH YCTaHOBKe JIHHEEK WJIH OCeBbiM MepeMellleHHSIM BaJlKOB,
BLI3BAHHBEIM My(pTami.

I1poBONIOYHEIA NPOKATHBIA CTAH COCTOMT W3 JBYX UEpPHOBLIX Kie-
Teit 450, cHaOXeHHbIX POJHKOBLIMH NOALIMNHHUKAMH, W TPYNNH H3
ceMH kaerel 220 ¢ POJHKOBbIMH NOJAINIHNHHKAMH M NPHBOAOM IIpH
nomouyu cucrembl Kpemepa. [Ins nepefaud KBaApaTOB NPHMEHHJIH
06GBOJKH, a OBaJbl NepelaBasJH BpyuHYlo. KBaJpaTHble 3aroTOBKH
87 X 87 mm u Maccoil 60 k2 NpOKaTLIBaAu B ABYX SIHYHBIX Kaaub-
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pax, 3aTeM B «TOJICTOM» H «TOHKOM» OBaJax H JaJjee B KanuOpax
cHcTeMB! KBazpaT — OBaJj. [IpeaudcToBOH OBaJs 3a BpeMs NpOXoja
ocaxuBajy Ha 0,2 MM AT KOMIEHCALMH MPYXHHB! KJETH OT 3HA4YH-
TeJIbHOTrO majeHust TeMiepatypbl A0 750—700° C Ha 3afHMX KOHIIax
AOJIOCHL.

[ToayueHHe NpPOBOJOKH 6e3 llapaniH COCTaBJS/IO H3BECTHOe 3a-
TpyaHeHre. Bo H3beXande J1aMNnacoB c/e0BaJ0 YBeJHUYHTb pajuy-
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Puc. 1. Kocoit Bpes pyubeB i Pa3HOCTb CTOPOH KBajpara

CHl BHITSIXKHBIX 0BaJioB. [loAB/IeHHe MOPILHH MOXHO [pefyNpenuThb
6GoJsiee uacToii cMeHON kanaubpos. [Ins NoJyyeHHs Npokarta Ges mo-
BEPXHOCTHBIX Ae(eKTOB HeoOXOZUMO OBJIO MNOBLICHTE KOHEUHYIO
TeMIepaTypy HpOKATKH.

IlIBenckHe NpPOBOJIOYHBIE W COPTOBbLIE NPOKATHBIE CTaHBl IJs Je-
THPOBaHHBIX CTaJjiefl, IOCTPOeHHble HJ/IH PEKOHCTPYHPYEMBIe B I0C«
JAefHeM JABajllaTH/IETHH, C IPOM3BOAHTebHOCThIO 10000-—100000 T
B TrOA TMpeAyCMaTPHBAlOT TNPOKAaTKy Kpyros AHaMeTpoM O -+
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-~ 100 MM U COOTBETCTBYIOILHE KBAaApaThl, IeCTHIPAHHHKH, BOCbMH-
FPaHHHKH H NOJOCH WHMpPHHONK A0 200—250 mm.

YuuTeiBasgd pa3Hoobpa3He Mapok CTajled, CTpeMHJHCb K paspa-
60TKe Ka/MOpOBKH, NO3BOJAIOIeNl ©Oe3 ClelHa/ibHOR IepeBalIKH
Ba/IKOB NPOKAaThIBaTh aBTOMATHHE, YIJEPOJUCTHE, KOPPO3HOHHO-
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Puc. 2. lllBeackan npenusHonHas KJeTb HeHANPSIXKeHHO-
ro tana (MoprapmexamMmap)

¢TofikHe (HepiKaBelolllie), MHCTPYMEHTa/bHblE, OBICTPOpeXKYyILLHe
H KapoCTOHKHE CTaJH.

BoamoxHOCTE NpOKaTKH NMo oAHOA KanubpoBke crajell PpasHbIX
MapoK C pas3/iMuHBIM yIUHpeHHeM M 00XaTHeM OOBACHSETCA Clle-
IHaNbHOH KOHCTpYKLUHel pabounx knaereél (puc. 2) crana. Haxum-
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Hble BHHTHI KJleTell HMelOT TOUHYIO YCTAHOBKY, HaBJieHd€ BOCIPHHH-
MaioT POJMUKOBEIE MOAIUMITHHKH M MepefaloT Ha BHHTHL. JKecTkoCTb
KJEeTH H MaJblil Nporu6 KOpPOTKHX BaJIKOB NMO3BOJIAIOT HMETh BecbMa
manyio XedopMalHuIo (MPYXHHY) ee npu npokatke. PeryaupoBanue
3a30pa MeXay BaJKaMH NMPOU3BOAMTCH YCTAHOBOYHLIM MEXaHH3MOM,
COCTOSILLIMM H3 HENOABHXKHBIX BUHTOB /, BHINOJHEHHBIX KaK OHO Le-
Jioe ¢ MOAYWIKaMH 2, ¥ HaXKHMHHIX raex 3, BpalleHHe KOTOPHIX OCy-
ILLeCTB/ASETCA C TOMOILbI0 KOMOHHHPOBAHHOTO peAykTopa 4 BpyUHYIO.
Ycuaue npoOKaTKH, BOCIPHHHMaeMOe BeDXHHMH TIONYIUKaMu 5, mepe-
HaeTcsl Ha HaXHMHEbIe Taliki yepe3 ONopHbie Kojblia 6.
HcclienoBande NpyXKHHEHHS] BAJKOB NPOKATHBIX KJeTel pasnHy-
HOlt KOHCTpyKUHH (Taba. 1), npoussenenrnoe BasxsucroM u Iepu-

TABJMIA 1. UICCIEIOBAHME TPYXWHEHHS KJAETEN
PA3HON KOHCTPYKUHU

O6was «npyRUHA» KJIETH, MM
Dasnenne ycrapepmelt ¢ naacT- ycrapesmieii! ¢ pojiko- | Hoso#! ¢ PonHKOBHMAI
npoxaTk ¥ MACCOBHIMH IO AWK THH - BoIMH MO AUIMITHEKAMHK o AUWIH THHKAMY
Ku (me) Kamu (D = 300 mx, (D =281 #m, (D = 282 M,
L e= 550 xuM) L =300 mn) L=2314 mm)

25 2,5 0,27 0,20 0,14

50 5,0 0,40 0,28 0,175

75 7,5 0,51 0,35 0,19

100 10 0,60 0,41 0,215
150 15 0,76 0,52 0,24
200 20 0,90 0,62 0,27

t TIpy>KHHa no onuTaM Banksucra ¥ leguna.

HBIM, TIOKa3aJ10, YTO €C/IH B ONpejesieHHOM Mpoxoje AaBJjieHHe BaJ-
KOB NpPH NMpOKaTKe YIJepORUCTON CTa/JH COCTaBJ/fieT, HalpHMep,
98 ku (10 7c), TO NpU IpOKaTKe JErHPOBaHHOM CTaju OHO Oyher
COCTaBJATb OK0JIO 196 k1 (20 7¢). Ha KieTH OOBIYHOH KOHCTPYKLHH,
OCHAILleHHOH POJIMKOBEIMH NMOALIMNHHKAaMH, pa3HHLa B nporubax co-
craBasieT 0,21 mm, a ans HOBOM KOHCTpyKUHH 0,055 MM M HeT Heo6-
XOXHMOCTH B ee KOMIIEHCALIHH M3MeHEeHHeM HACTPOHKH BaJ/IKOB.

HIeenckie cranbl HMEIOT YEPHOBBIE KJIETH TPHO CO CKOPOCTBIO
npokatkd 1,8—3,6 m/cex. C onpenesieHHOro cedeHHsI MeTaJja [0
06BOZIKe NepejaeTcs B CJeAylollylo KJaeTb. JlanbHeHlllas npoKaTKa
BeieTcs B 06BogKax. Ha MeJiKOCOPTHBIX H IIPOBOJIOYHBIX CTaHaX AHa-
MeTphbl BaJIKOB H YHCJIO HX 060pOTOB MOAOHPAIOT TaK, YTOOBI MpH-
POCT neTyI¥ He NPOHCXOAHJ] HJH Oblv1 04eHb HeGoabmuM. IIpumephl
- pacro/iozKeHHs LIBeJCKHX CTAHOB W CXeMbl NPDOKATKH HAa HHX MOKa-
3aHBl Ha puc. 3—5.
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Jlns nosydyeHHsl HaJeXKHOrO 3axBaTa NpPH NPOKaTKe aBTOMATHOM
¥ BLICOKOJIETHPOBAHHOWM CTaJli HeOGXOAMMBI HeGOJbIIHE OKPYKHBIE
CKOPOCTH YepPHOBHIX KJleTell, KOTOpble HeXelaTeJbHbl MJIs OOBIYHBIX
yraepoAHcThiX cTanelr. KannbpoBka noJkKHa TakXKe YYHTHIBATb BO3-
MOXHble KoJleGaHHs JIIHDEHHS, BEI3BAHHBIE PAa3/IMUHBIMH TeMIepa-
TypaMH NpPOKaTKH.

[Tocne ocBoeHHs NPOKATKH C NpHMeHeHMeM OGBOAHBIX amnmapa-
TOB Ha NPOKATHHIX CTaHAaX TPHO H TIEPeMEHHOe AYO KaK B BBHITSAXHBIX

503 ob/mun
w4 x8m

7,81
624 offmun

Puc. 3. Pacnonoxenue KOMOHHHDOBAHHOIO COPTONPOBOJIOYHOrO CTaHa H cXeMa
NPOKATKH KaTaHKH AUaMeTpOM 5 Mu (3lech H Ha NOCJelyIOIIHX PHCYHKax yKasa-
Hbl XMAMETPHl BAJKOB, CKODOCTH NPOKAaTKH, CEYEHHS NMOJOCH H BEJWHYHHA TETJIH)

OBasiaX, TaK H TIpeJ4HCTOBBIX OBlJIa CO3JaHa MOJHOCTBIO aBTOMaTH-
3HpOBaHHAs MpPOKaTKa MeJKHX npodujeli H KaTaHKH H3 TBepABIX
craneil. OXHAKO NpPOKAaTKa B YEPHOBHIX OOXHMHBIX KJeTAX He fB-
JISieTcsl ellle COBepIleHHOH.
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YepHoBag NPoOKaTKa

[IpokaTKy HCXOIHBIX 3arOTOBOK OJHOTO HJ/IM IBYX pasMepoB OCy-
IleCTBJSAIOT B CHCTeMe OBaJ — KBanpaT (pHC. 6) ¢ NpHMEHeHHeM
ABYX OBaJioB. [IpH CKOpOCTH Ha pOJIbraHre OKOJIO 3 m/ceK  TOHKHH
0Basi KaHTyeTcs H 3alaeTcs B BaJKH TNpH IOMOLIM ClelHaTbHOH

758 06/ HuH 640
250 k8m *200
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Puc. 4. Pacnonoxenne KOMGHHHPOBAHHOIO COPTONPOBOJIOYHOTO CTAaHA M CXeMa
NPOKaTKH Kpyraslx npodwaei auamerpom 10 mx

BBOZHOH KOpOOGKH. Takol MeTOZ MpPOKaTKH OYeHb IPOCT H HalexeH
B 3aBOJACKHX YCJIOBHSIX; MOXHO €ro NpHMeHATb [JJs 3aroTOBOK 10
100 X 100 mm. Tlpu ouenb TBepABIX CTaJIfAX, KOIAa 3aXBaT 3aTpyld-
HEH, CJelfyeT NPHMeHATb 3alOTOBKH MEHBIIHX pa3MepoB.

Jlnst 3TOr0 THMa KaJHODOBKH MPHIOAHBI 3aTOTOBKH C TOBEPXHO-
CTbIO, IIOATOTOBJIEHHO 3a4YHCTKO HaXNaYHBIMH KpyraMu; Ha 3aro-
TOBKaX, 3auHLeHHbIX BBIpDYOKOH HWJIH ra3OBHIMH pe3akaMH, HMe-
wux ray6oKHe KaHaBKH, MOTYT 006pa3oBaThbCs 3aKaThbl. Belio 6Bl XKe+
JIaTeJbHBIM [0 NPOKAaTKH B OBaJjie BHIPOBHSITb NMOBEPXHOCTb 3aroTo-
BOK IBOWHBIM NPONMYCKOM B AMAroHajJbHOM KajiuGpe. [Iis He 0cCO-

WBEACKUE METOAbLI KAIMEPOBKW BANKOB AN REFTMPOBAHHbBIX CTAAEH
928 pf/MuB
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Puc. 5, Pacnonoxenue KOMOMHHDOBAHHOTO COPTOBOFO CTaHa M CXeMbl NPOKaT-

KH KBaapaTHbix (15-#sM) M wecturpanusix (35-Mx) npodunei
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Puc. 6. Banku ¢ Kanu6paMy CHCTeMHE KBajpaT — OBaJ C JBYMS NOCJel0BaTe ] b-

HBIMH OBaJIaMH



® 54f

108 3. HOPAUHA

OeHHO TBepJALIX CIVIaBOB BblpaBHHBaHHe MOBEPXHOCTH MOXHO OCy-
LIeCTBUTb NPOKATKOH B SLIHYHBEIX KaJuOpax.’

UepHoBas nmpokKaTKa B ALIHYHBIX KanuOpax ¢ npuMeHeHHeM KaH-
TYIOUIMX AOCOK NMpejcTaBjieHa Ha puc. 7. [losyuennrle kBanpatsl mne-
penaloT B CAEAYIOILYIO KJleTb, Ile BpyYHYIO B AHAarOHaJ/bHBIX KaJHO-
pax npokaTelBalOT A0 HeOGXOAHMOrO pa3Mepa H mepefaloT B YHH-
BepcasibHyI0 CHCTeMY KaJIHOpPOB AJisi NMOJYYeHHS FOTOBOrO fpoduas.
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Puc, 7. YepHoBrie BAJKH ¢ NPAMOYrOJBHBIMH Kamubpamu

Ilpumenenne pyyHoro Tpylna—>3To Mepa [PeJOCTOPOMHOCTH
AN CTajleif, UMEIOIMIMX CKJIOHHOCT K H3ruby, BHI3HIBAIOLEMY
3aTpyAHeHHS MpH aBTOMAaTHYECKOH 4epHOBOH NpOKAaTKe B SIULHYHBIX
Kaaubpax.

B nocnentee BpeMs npHMeHSIOT KayaloLLyIOCs TIPOKATHYIO KJeTb.
DTO KJeTb TPHO, B KOTOPO# JaBjieHHe INPOKATKH BOCHPHHHMaeTCs
NOALIHIIHHKAMH. YCTaHOBKa KJETH B OCEBOM M BepPTHKAa/JIbHOM Ha-
NpaBJ/IeHHAX OCYILEeCTBJSIETCS TIPH MOMOLIH HanpaBJsOUKX CTaHHR.
Macca kieru, paBnast 22 T, ypaBHOBemeHa. [logbeM U onyckaHHe
KJeTH OCYIIeCTBJAAIOTCS OT JBHraTesisl NP NOMOIUH Tepefayd B Te-
ueHue 1,7 cex. -

3a ueTbipe npoxofa Gmombl 115 X 115 X 1080 mm npokaTHBaOT
B 3aroToBKH 78 X 78 mm. Ponuku poJibraHra HMelOT HanpOTHB Ka-
JUOpPOB BBIPE3bl, COOTBETCTBYIOIHe NpODHIID pacKaTa, a IHeBMa-
THUECKHEe DblYaru nepegBUraloT MOJOCY K CJeAylollell JTHHHH BBIpe-
30B Ha pOJIHKaX poJibranra. Us xsajpara cTropoHow 78 mm mpokat-
KOH depe3 JBa OBajla NOJIy4alOT KBaApaT CTOPOHO 50 mMm, OBaJ M
KBajpaT CTOPOHO#H 34 MM, mocje uero packaT IepefaloT K HOMHHU-
1aM s oOpe3KH KOHIOB, a 3aTeM Ha MeJKOCOPTHbI CTaH.
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Ilponecc npoxaTku ynpasasercss A8yMs ¢oTosnementamu. Korga
KOHell packaTa IpPOXOAHT MHMO (OTO3JEeMeHTa, YCTaHOBJIEHHOTO
NO3ajaH KJeTH, HAaCTynaeT peBepc POJHKOB pOJIbraHra, noibeM HJH
ONnyCcKaHHe K/eTH, KaHTOBKA NpOKaTa H ero BBeJeHHe B CJAeLyIOULHi
Kaau6p. HopmasabHylo pa6oTy KieTH Hapyliaer OKaJMHa W Hepas-
HOMepHHIH Harpes MeTa/Ja, B Pe3y/bTaTe 4ero MPOMCXOAUT HCKPHB-
JIeHHe pacKaTa B NepBbIX Npoxojax.

Taxko#t meToa NpoKaTKM HMeeT NPEHMYLleCTBa N0 CPaBHEHHIO C
aBTOMaTHYECKOH NPOKATKOH B SIIHYHBIX KaJHOGpax, rie HCKpHBJIEH-
HBI packaT MOXKeT 3aCTpATb B JiHHefKaX, OTKyAa JHIIb CO 3HAYH-
TeJbHBIMH TPYZHOCTSIMH MOXHO ero ocBoGoautTb. [0 cpaBHeHHIO C
PeBepCHBHOH KJIEThIO QYO Kadalollascs KJeTb TPHO objafaeT TeM
JOCTOMHCTBOM, YTO HMeeTcs AOCTAaTOYHO MeCTa AJs pasMellleHHs
BBOJHEIX U BbIBOJHBIX NPOBOJOK H MOXHO NpHMEHATh TpexdasHble
3JIeKTPOABHraTeNH AJsA NPOKATKH NPEeANOUYTHTENbHO C ABYMS CKOPO-
craMu (1,8 1 3,6 m/cex). I1o cpaBHeHHIO ¢ KJIeTbIO TPHO C Kayaio-
LWHUMHCA CTOJIaMH 3/eCh NPOKAT oJjiydaercs Gojiee poBHBIA. MoXKHO
TaKXKe YCTAaHOBUTb LIJENNepbl, KaHTOBAaTeJH H APYTHe BCIIOMOra-
TeJbHbIC YCTPOHCTBA. .

OueBnaHO, npuMeHeHHe KayalollleHcsl KIeTH TPHO NO3BOJMT OCYy-
1leCTBHTb MeXaHH3aLHIO U aBTOMAaTH3aLMIO Ipoliecca NMPOKATKH Ha
peiibco6aJioYHbIX H CPeXHECOPTHHIX CTaHAX.

IIpoxarka KpynHoro M cpeiaHero copra

UepHoBas NpoKaTKa KPYMHOTO H CpeJHErd COpTa OCYLLEeCTBJSET-
Csl B TIepBOfi KJieTH B OOBIYHBIX JHaroHaJbHLIX Kajaubpax c [AByMA
npoxofamMH AJisl yAajeHus okaauubl (puc. 8). 3aTeM 3aroToBKy Ie-
penaloT K IMOCJAeHUM KJeTsaM cpeiHecopTHOM JjuHuH. [Ipu npokartke
Ha 3TOH JIMHUH NOJydYaeTcs CTOJNBKO OKaJiHHEI, YTO Nepej Npenyuc-
TOBBIM OBaJIOM TaKXe CJAeAyeT NMPHMEHHTb ABa NpPOXOja AJAA yAaje-
Hua ee (puc. 9, 10). IlpenuncToBble OBajbl HOJKHEI HMeTh sfue-
BUAHYI0 popmy. [Insl odeHb GO/IbIINX pa3MePOB KPYTOB IPHMEHSAIOT
TaKXe Kajubphl, MOKasaHHble Ha puc. 11.

BoiTsizkHAA cHCcTeMAa KaJHOGPOBKH

ITpu npokatke ¢ 66BOLHBIMH anmnapaTaMH Ha LIBeACKHX CTaHax,
TIpOKATHIBAIOLIHX JIeTHPOBaHHble CTaJH, NPHMEHSIOT NPeHMyllecT-
BEeHHO Ka/IHODOBKY CHCTeMBbl KBaJgpaT — oOBaJj. QOZHAKO B OTAE/NbHBIX
cayuasx AJs yMeHblLIeHHs O00XKaTHs OBaJl 3aMeHsIOT pomGoM, a
KBafipaT Kpyrom.

[TpumeHeHMe CHCTeMbl OBas — KpYT J1s1 HOBBIX CTAHOB € 0cOOeH-
HO BBICOKMMH TPeOOBaHHAMH, NPEAbABAEMEIMH K KayecTBy MOBepXx-
HOCTH NpOKaTa, fBJseTcs AHCKYCCHOHHBIM. CTosb BbICOKHE Tpe6o-
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Puc. 8. Banxu ¢ AByMA NpAMOYroJibHbIMH KaJHGpaMHu [AJSi YAQJNEHHS OKaJHHbI
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Puc. 9. YuuBepcanbHasi Kanu6poBKa [Js NPOKATKH KPyramx npoduaed

CpENHHX JHAMETPOB

LUBEACKUE METOAbL! KAJSIMBPOBKM BANIKOB ANA AETMPOBAHMbLIX CTANER 111

BaHHA NPeXbABJAIOT K NPOBOJIOKE AJSA KJaNaHHBIX IPYXKHH H JerH-
POBAHHON CTaJH /il M3TOTOBJIEHHS GOJITOB,

ITIpumeHenne 06BOJOK MNpH MpPOKaTKe B BBITAXKHBIX Kaaubpax cu-
CTeMbl OBaJ — KPYT He npeicTaB/iser saTpyaHenuil. [lpu sTtoli cu:
cTeMe KaJHOPOBKH 0GXKaTHSI NOVIYUaOTcs HeGOJbIIHMH H Tpefyercs

Puc. 10. Yuupepcanbhas Kanu6pOBKa NJsi NPOKATKH KPYIJIbiX
npodunell GONbILIUX XUAMETPOB
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Puc. 11. TlpesuucroBofi W 4MCTOBOH KanuOpul AJS MPOKATKH

Kpyribix npoduned Goabluioro guaMerpa

MHOr0 NpoOXOXOB, YTO CO3JaeT BO3MOXKHOCTb BOSHHKHOBEHHS JedeK-
ToB. KpoMe TOro, Heo6XogMMO LepxkKaTb OBaJl B TeCHBIX NPOBOJKAaX,
4TO BHI3bIBaeT OOJIBIIOH M3HOC TPOBOZKOBBIX POJIHKOB M 4acTylo
CMeHy HX.

HccnepoBanus BHTSXKHOH CHCTeMbBl Ka/JuOpPOBKH OBaJ — KpYT,
XOTA U HeMHOrO4YHCJ/eHHble, [10Ka3aJ/H, 4TO NpHMeHeHHe ee He ofec~
NeyHBaeT XOPOLIYI0 NMOBepXHOCTb. I1pH Kaau6GpoBKe CHCTeMBl KBaz-
paT — OBaJ MOXHO MOJYYHTb OYeHb XOpOLIYIO NMOBEPXHOCTb NPH yC-
JIOBHH, YTO NPOKAaTHHIH cTaH OyxeT B XOpOLleM COCTOSIHHH.

IIpeumymiecTBa BHITAXKHON CHCTEMBl KaJdHOPOBKH KBajpaT —
0BaJl {I0 CPAaBHEHHIO C BBITAXKHON CHCTEMOH OBaJl— KpYyI INpH Npo-
KaTKe ¢ OGBOJHBIMH anfapaTaMHi 3aKJIOYaloTCA B BO3MOMXKHOCTH NpPH-
MeHeHHs OOJBIIMX 00XaTHH U MeHbLIero 4xcja NPOXOJAO0B, Jy4LIEM
COXpaHEHHH TelJja MeTaJssa, OOGJlerieHHH yxoja 3a [POBOJKAaMH,
JyylleM KayeCTBe NTOBEPXHOCTH NpoKaTa. [IpH npokaTke nmpoOBOJIOKH
AJs KJIanaHHBIX TPYXHH H NPYTKOB AJs OOJTOB KaueCTBO MOBEpX-
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HOCTH NPOKATa MOBBLICH/H JO TAKOH CTelleHH, YTO HeT HeoOXOAMMO-
CTH B KOHTpOJIe ero. ,

[TpokaTka npu nomoluy OGBOAHBIX annapaToB HayHHaeTcs C
OBaJja focJie KBajpaTa CTOpOHOR 48 mmu (puc. 12). HYrobm mauHa
npyTKa Gblia gocraTouHa nJs nepenauu u3 I Bo II xnets, TpeGyercs
sarotoBka Mmaccoi 120 xe. [Ipu saroToBkax MeHblueit Mmaccul (10
70 x2) npokaTka ¢ OOBOAHBIMH annapaTaMH MoXeT OBbITb HayaTa
JIHIIb TOCJe KBafpara CTOPOHO# 36 mA.

Ecan Macca 3arotroBku cocTasjisieT He MeHee 200 k2, TO MOXHO
HauaTh NPOKaTKy B OOBOJAKAax C OBaJjla nepex KBaJpaTOM CTOPOHOM

9550

1500 - t [ T
3 85 L)

Puc. 12, Bamxu ¢ BHTSXKHOR cuUCTEMON KannGPOBKH

45 mm, HO TOrAa AJifl NMpeJOTBpallleHHs BO3MOMHOCTH BO3HHKHOBeE-
HHUS DHCOK Ha OGBOJHOM anmapaTte CjlefyeT YCTaHOBHTb HanpasbJisi«
I0IlHe POJIMKH. [IpokaTKa ¢ OOBOAHEIM armiapaToM JOJIXKHa, Kak
NpaBHJI0, HAUHHATLCA BO3MOXHO paHblie BO H30eXKaHHE 3HAUHTENb-
HOro nepenajga teMmneparypel. Kpome Toro, Heo6X0AHMO CTPEMUTBCS
K IIpOKaTKe C BO3MOXHO OOJBIIMMH CKOPOCTAMH B UePHOBHIX KJie-
TaX. OfHAaKO NPH NpPOKaTKe KaTaHKH JHaMeTpoM 5—5,9 mm 3TO He-
BO3MOXKHO, TaK KaK NPHPOCT NeTJiH NPH Nepexofe Ha MeJKOCOPTHBII
CTaH NOJyYyaeTcs CJAHIUKOM GOJIbIIHM.

IlpupocTt nmeTiu M pasHHLla TeMmepaTyp IIpH MpOKaTKe 3aroToB-
ku 110 X 110 mm maccoir 194 ke u3 ctanu ¢ cogepxanuem 0,60% C
B Kpyrablil npoduab nuamerpom 5,5 mam rokasaHbl Ha puc. 13. Pas-
JHYHe TeMIIepaTyp nepefHero W 3ajJHero KOHIIOB, COCTaBJSIOLlee Ha
VIII kaets 75°C, yxKe nocie nsith npoxonoB (kaerb XII) cHusu-
aocek go 30°C, a B nocaennem npoxofe (kietb XXII) mpu ckopoctn
19,4 m/cex — no 20°C. C nosbillieHHeM CKOPOCTH KOHIAa NPOKATKA

LWBEACKUE METO/bl KASTMEPOBKWU BAJIKOB ANA JIETMPOBAHHbLIX CTANEA 113

yMeHblIaeTcsl NPHPOCT METJH MOC/Te TNPOMEXYTOUHON JIMHHH H TeM
CaMbIM yMeHblIaeTcs pa3/Hude TeMIlepaTypbl KOHLOB MpYTKa.

Ha puc. 14 nokasansl NpOJO/IXHTEJbHOCTb U TeMIepaTypa KOH-
la MPYTKa MpH NpPOKaTKe mpodHss OHaMeTpoM 7 MM H3 3arOTOBKH
maccoii 150 K2 HepxKaBeloue cTajiu, cogepxaulesi 18% Cru 12%
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Puc. 13. Tlpupoct nern ¥ TemmepaTypa NPOKAaTKU KaTaHKH AHAMETPOM 5,0 MM

800

(Ni + Mo), ¢ xoHeuHo#H CKOpOCTbIO npokaTkHu 19,1 m/cex. Temnepa-
Typa YHCTOBOrO Ipoxoja cocrasjsier okoso 1000°C. B nocnennux
KiaeTsix HabalopaeTcsl He NafieHHe, a NIPUPOCT TeMNlepaTyphl OT Telja
Heopmanuu.

Ho cux nop AJA NONy4YeHHs KBaJApaTOB MPOMEXYTOYHBIX pasMme-
pPOB NPHMEHSJIH ONHY HJH JBe CHCTEMBl KaJHOpPOB, He HCNOJAb3yeMBIX
IJis IPOKATKH KaTaHKU AHaMeTpoM 5 H 5,5 mm. Jlyuumme ycioBus
NIPOKaTKH MOXHO MOJYYHTb, €CJIH TOCJAeJHHH KBaipaT 3aMeHHThb
KpyraeiM ceyenueM. IlocjelHHH BLITSXKHOA 0BaJ 3aMeHSIOT BBITSK-
HBIM pomGoM. M3MeHeHHeM yrJia BepUIHHBI KaaHO6pa MOMKHO pery.u-
poBatb oGXxarTHe.

Ilpu npokatke npodunaeii guamerpom 12—28 mm XIII kaers, B
KOTOpO# NpOKaTbIBAIOT N1PeJUHCTOBOH OBaJsi, HMEEeT NPUBOL OT OJHOTO
9/1eKTPOABHIaTeNd, a YUCTOBAA — OT JPYroro, Tak 4T0 MpexXYHCTOBOI

8 3akaa 1034
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oBaJl Bcerjla ocraercs B 06BOJKe H He noasepraetcs BriGpocy. Iler-
Jas KoneGnercs B npepenax 150—200 mm 1 He TpebGyeTcss NpUMeHe-
HHS aBTOMaTHYeCKOro peryaHpoBanus. TakuMm 06pa3oM MOXKHO IpoO-
KaThlBaTb JlaXke OUeHb TBepAble JierHpoBaHHble cTanu. CylllecTByerT,
OJHAKO, ONACHOCTb, YTO OCTPBIN NepelHHH KOHEeIl MPYTKa MOXeT NO-
BpeauTh OGBOAKY, TaK Kak paccTosiHMe 10O Hee COCTaBJ/feT
OKoJIO 1 M.

Ipoduan nuamerpom n0 34 Mm NPOKATHBAKT TAK, YTO NpeayHC-
toBofl oBan u3 IIl Knetu HanpaBasIOT O6BOJHBIM annmapaToM MeX-
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Puc. 14. IlpupocT netsiu ¥ TeMnepaTypa NPoOKaTKH KPyrJyoro npoduas Aua-
MeTpoM 7 MM

Iy pasaBUHYTHIMH BajkKaMH IV kietH x ponHKaMm, 3ajamoliM B
XIV xnerb. Ilepennuii KOHell TIOJOCHl KAHTYeT BaJibLOBLIMK.
CpenHecopTHasl JIHHHS TPHO HCMOJAb3yeTcs 'KaK BHITAXKHAA A4
poKaTKH Mejakoro copra. IlonyueHHwli B Helt oBaJl uJAu KBajpar
HanpaBJsAOT Ha MeJKOCOPTHHIH craH. O6a ceueHHs OAMHAKOBO NpH-
FOJHEl, OJHAKO, IOCKOJBKY MOBEPXHOCTb OBasia GOJibllie MOBEPXHOCTH
KBajpaTa 3TOro e CedeHHsd, NMOC/AeAHHH OXJaX[AaeTCs MeHblIe.
ITepenoc npoxXomoB cO CPeAHeCOPTHOrO CTaHa C BaJdKaMM JAHa-
metrpom 470—550 mm Ha MeJKOCOPTHBHIH CTaH ¢ BaJKaMH AHaMeT-
pom 290—420 mm BbI3bIBaeT H3MEHEHHS 00XKAaTHS M YUIHPEHHS, 4TO
B CBOIO O4Yepellb IPUBOAMT K H3IMEHEeHHIO pa3Mepos kanu6pos. B caa-

LWBEACKUME METORbI KANIMEPOBKY BANKOB ANS NEFMPOBAHHLIX CTAAEA 115

34 C 3THM MpHBeJeHHble HAa PHC. 15 KpHBHe, NOKa3bBalOIHe pa3Me-
pbl CMEXHbIX KBaJpaToB, KOTOpble c/efyeT noabupath I/t TBEPABIX
¥ MSATKHX CTajed, MOTYT CJAYXHTb JIHIIb IJS OPHEHTHPOBOYHOIO BhI-
Gopa.

Taxum o6pa3oM, LA NOJyueHHs uanenuii 6e3 pHCOK H C y4eTOM
BbI6Opa BHIFOXHOrO HHTEpBaJa BPeMeHH A0 CMeHEl Kaiu6pos Halu
METOABl KaJHOPOBKH BaJKOB HanpasJ/eHbl Ha H3bICKaHHE ONTHMallb-
HBbIX o6XaTHH B KaKAOM Npoxoje u HaubOJiee panHOHa/NbHBIX COOT-
HOLIeHH# MeXAY TOJIUMHOH H IIMPHHOH OBaJIOB.

TpousBeneHHass CTaHXapTH3allisl KBAaJpaTHHIX M OBAJbHBIX Ka-
Ju6poB npeactasaeHa B Tab.. 2 4 3. OAMH H TOT Xe peXYLHA HHCT-
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Puc. 15. Tpapuk s BoGopa CMeXKHBIX KBaApaToB IpH
npokatke Markux (I), cpemuux (2) u TBepawix (3) craneit

PYMEHT MOXHO HCNOJIb30BaTb JJIf H3rOTOBJEHHs YHCTOBHIX Kasub-
POB H BBITSKHHX OBaJjioB. CTaHAapTH30BaHbl yIvibl paszBaga: 55, 60,
65...110°, Tak kak oBaJjibl ¢ OfUHAKOBBIMH yIJIAMH pa3Bajla HMEIOT
Ty Xe (OpPMY, MOXKHO JIerKO pPacCYHTaTb CeueHHe, HalpHMep
0,0557 - D? pns yraa pasBaJsa 75° npH 3a30pe MeXAY BaJKaMH, paB-
HOM Hy/0. 1o COOTHOMIEHHIO AHAaMeTpa W yrja pasdBajJa MOXKHO
YCTaHOBHTD, SIBJSIETCS JIH NaHHBI OBaJ TOJCTHIM HJIH TOHKHM OTHO-
CHTeNBbHO JPYrHX OBaJ/OB.

I1pu npokaTke JierHpOBaHHBIX CTajlell pajuycC BBHITSIKHOIO OBaJia
DO/iXeH ObiTh MHHHMAaJbHBIM, YTOOH KaJnGp MOr BbeipaGaTbiBaThCH
JIO MOMeHTa NOSIBJIEHHS PHCOK BCJeACTBHe 3akaToB. Hu B KoeMm cJay-
yae KaJubp He AOJIKeH ObIThb MepenojHeH. ITO cleAyeT OCOGEHHO
cob/00aTh NpH NpoKaTKe B 06BOAKAX KPYIMHBIX KBaJpaToB, TaK Kak
yCHJ/iKsl, BbI3bIBaeMble H3rHO60M KBaZpaTOB B OOGBOAKE, CTPEMSATCSH
IIepeMeCTHTb er0 Ha OJHY HJH APYryI0O CTOPOHY OBaJbHOro Kanaubpa.
B HekoTOpHIX ciaydasx MPHMEHSIOT TaKXe OBaJibl ¢ BHIMYCKAMH MO
KacareJibHON K Ayre osaja (puc. 16). JIo CHX nOp HX HNpHMEHA/H

£®
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TABJIHLIA 2. CTAHAAPTHBIE PASMEPBl KBALPATOB, msm TABJIHLA 3. CTAHRAPTHBIE PASMEPHI OBAJIOB, uu

S= 0,5, 1,0; 1,5; 2,0; 2.,5;

30, 3,5 40 50 b=0,608D

h=0,103D
Fo = 0,0857 D"

s—s, 0,7; 1,07, 143 1,78
2,14; 2,50; 2,85; 3,57;

Homep H Muowans
Homep Howa CTaHAapTHOTO D b h s—0 r Mm?
“Thoro. Se b A hy r ry e opaza €=0 npu s=0
KBaapaTa s=0
12,13/75 12,13 7,38 1,25 2,50 1,0 12,6
21 2,50 3,56 1,55 1,75 0,5 0,5 5.8 14,17/75 14,17 8,62 1,46 2,92 1,0 17,2
22 2,75 3,92 1,73 1,93 0.5 0.5 7'1 16,19/75 16,19 9,84 1,67 3,34 1,0 22,5
23 3,00 4,28 1,90 2,10 0,5 0,5 8,6 18,72/75 18,72 | 11,38 1,93 3,86 1,0 30,0
24 3,25 4,64 2,08 2,28 0.5 0.5 10,1 0,24/75 20,24 | 12,31 2,08 4,16 1,0 35,1
25 3,50 4,99 2,05 2,45 1,0 0.5 11,4 2,26/75 22,26 | 13,53 2,29 4,58 1,0 42,5
2 3,75 5,3 2,23 2,63 1.0 05 132 25,30/75 25,30 15,38 2,61 5,22 1,0 54,9
27 4,00 5,71 2,40 2’80 10 0’5 151 28,34/75 28,34 | 17,23 2,92 5,84 1,0 68,8
28 4,25 6,06 2,58 2,98 1,0 05 17,2 30,36/75 30,36 | 18,46 3,13 6,26 1,0 79,0
29 4,50 6,42 2,75 3,15 1.0 0.5 19,4 32,38/75 32,38 | 19,69 3,34 6,68 1,0 89,9
210 4,75 6,78 2,73 3,33 1.5 0,5 20,6 35,42/75 35,42 | 21,54 3,65 7,30 1,0 107,5
211 5,00 7,13 2,91 3,51 1,5 0,5 231 38,46/75 38,46 | 23,38 3,96 7,92 1,0 126,8
212 5,25 7,49 3,08 3,68 1,5 0,5 25,6 40,48/75 40,48 | 24,61 4,17 8,34 1,0 140,4
213 5,50 7,85 3,26 3,86 1.5 05 28,3 45,54/75 45,54 | 27,69 4,69 9,38 1,0 177,7
214 5,75 8,20 3,43 4,03 1,5 0,5 31,1 50,60/75 50.60 | 30,76 5,21 10,42 1,0 219,4
215 6,00 8,56 3,61 421 15 G5 ¢ 341 55,66/75 55,66 | 33,84 5,73 | 11,46 1,0 265,5
216 6,25 8,92 3,78 4,38 1,5 0,5 37,1 60,72/75 60,72 | 36,92 6,25 12,50 1,0 316,0
217 6,50 9,27 3,96 4,56 1,5 05 40,3 65,78/75 65,78 | 39,99 6,78 | 13,56 1,0 370,8
218 7,00 9,99 4,11 491 2.0 1,0 45'6 70,84/75 70,84 | 43,07 7,30 | 14,60 1,0 430,1
219 7,50 | 10,70 4,46 5,26 2.0 1.0 52,8 75,90/75 75,90 | 46,15 7,82 | 15,64 1,0 4937
220 8,00 | 11,41 4,81 5.61 2.0 1,0 60,6 80,96/75 80.96 | 49,22 8,34 | 16,68 1,0 561,7
221 8,50 12,13 5,16 5,96 2.0 1,0 |. 68,8 86,02/75 86,02 | 52,30 8,86 17,72 1,0 634,1
2992 9,00 | 12,84 5,51 6,31 2.0 1.0 77.6 91,08/75 91,08 | 55,38 9,38 | 18,76 1,0 710,9
2923 9,50 | 13,55 5,86 6,66 2.0 1,0 86,8 96,14/75 96,14 | 58,45 9,90 | 19,80 1,0 792, 1
294 10,00 | 14,27 5,80 7,01 3.0 15 92’3 101,20/75 101,20 | 61,63 | 10,42 | 20,84 1,0 877,7
295 10,50 | 14,98 6,15 7,36 3,0 1.5 102,5 106,26/75 106,26 | 64,61 10,94 | 21,88 1,0 967.7
226 11,00 | 15,69 6,50 7,71 3,0 1,5 113.3 111,32/75 111,32 | 67,68 | 11,47 | 22,04 1,0 1062,0
297 11,50 16,40 6,85 8,06 3,0 1,5 124.5 116,38/75 116,38 | 70,76 11,99 | 23,98 1,0 1160,8
298 12,00 17,12 7,20 8,41 3.0 1.5 136.3 121,44/75 121,44 73,84 12,51 25,02 1,0 1263,9
299 12,50 | 17,83 7,55 8,76 3,0 1,5 1485 126,50/75 126,50 | 76,91 13,03 | 26,06 1,0 1371,4
230 13,00 18,54 7,90 9,11 3,0 1,5 161,3 131,56/75 131,56 | 79,99 | 13,55 | 27,10 1,0 1483,3
23] 13,50 | 19,26 8,25 9,46 3,0 1,5 174,5 136,62/75 136,62 | 83,06 | 14,07 | 28,14 1,0 1599,6
232 14,00 | 19,97 8,60 9,81 3.0 15 1883 141,68/75 141,68 | 86,14 | 14,58 | 29,18 1,0 1720,3
233 14,50 | 20,68 8,95 | 10,16 3.0 1.5 202,5 146,74/75 146,74 | 89,22 | 15,11 | 30,22 1,0 1845, 4
234 15,00 | 21,40 9,30 10,51 3,0 1,5 217,3 151 80/75 151,80 | 92,29 15,64 | 31,28 1,0 1974,8
235 15,50 | 22,11 9,65 | 10,86 3,0 1,5 2325 156,86/75 156,86 | 95,37 [ 16,16 | 32,32 1,0 2108,7
236 16,00 | 22,82 10,01 11,22 3,0 1,5 248,3 161,92/75 161,92 | 98,45 16,68 33,36 1,0 2246,9
237 16,50 | 23,54 10,36 11,57 3,0 1.5 264,5 166,98/75 166,98 | 101,52 17,20 34,40 1,0 2389,5
238 17,00 | 24,25 | 1071 11,92 3,0 1,5 2813 172,04/75 172,04 | 104,60 | 17,72 | 35,44 1,0 2536,5
239 17,50 | 24,96 | 11,06 | 12,27 3,0 1,5 298,5 177,10/75 177,10 | 107,68 | 18,24 | 36,48 1,0 2687,9
240 18,00 | 25,68 | 11,41 12,62 3,0 1.5 316.3
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TOJNBKO Ha CPEAHECOPTHBIX CTaHaX, OJHAKO ClelyeT Ha HHX 06pa-
THTb OOJ/Iblile BHHMAaHHSA, TaK Kak IpH TIPOKaTKe Npoduaeldl MaJblx
pa3mepoB noJydyaercs 60/bIIOE YIIHpEHHe.

CaepnyeT TakXe pacCMOTpeTb CIJIIOMIEHHBIH # ABYyXpaAHyCHbIH
OBaJIbl, NpefcTaBaAeHHble Ha PHC. 17. MeHbliHe pagHychl CMeIleHbl K
MecTam HaubGosbliero u3noca. He Hck/104eHO, YTO B HEKOTOPHIX CJy-
Yasgx npHUMeHeHHe Takoi (opmbt
aact Jayumue pesyaptatel, On-
Hako 3Ta opMa He NpHTrOAHA
AJsl TPOKATHOrO CTaHa C LIHPO-
KOH mporpaMmoii.

OO6bluHO BBITAYHBAIOT KBAaj-
paTHbHe Kajaubpel ¢ HOBOJBHO
MaJiblM YIrJIOM y BEepILIMHBI, paB-
HeIM 91° Ecau 3toT yrom che-

Puc. 16. Osan ¢ npambiMu Bey-  nath paBHBIM 93° TO 6OKOBBIE

ckamu CTEHKH KaJubpa He aepxalu Ob

TaK XOpOLIO IOJIOCY H NO3TOMY

cienoBano Obl yMeHbIMTh o6xaTHe. BokoBble cTeHKH KBajipaTa
NpU NpoKaTKe HA OBA/JbHOM Ka/nubpe HOJXKHH ObiTb NepneHJUKY-

Puc. 17. Comowennsift (a) ¥ AByxpaiuycHuifi (6) oBan

JISIPHBl K TOPH3OHTAJIbHOH NJIOCKOCTH, HO He3HAYHTEJbHBIH HX Hak-
JIOH He MOXKeT ObIThb NPUYHMHOH BO3HHKHOBEeHHSA AedeKTOB NMPH Hpo-
KaTkKe,

Mbl aHaNM3HpOBaNH BO3MOXKHOCTh BHIGOpa yrsia y Bepuun 90°
1 dopmbl fHA KanubGpa, KOTOpasi COOTBETCTBOBAJa 66 dopme MeTall-
Jla B 3asope BaJIKOB {cM. puc. 18). Eciu 1npumeHsAOT INpPOKaTHLIE
K/ieTH ¢ HeGOJIBIIOH TNPYXKHHOH, TO MOXHO TOJYYHTb XOpOIlHe pe-
3yJbTaThl. YBeJWUHBaeTCs pajuyC CKpyrJeHHs BeplIMHbl KaJjubpa,
BCJIEACTBHE Yero M3HOC CJeAyIOUlero OBAJbHOrO KaauGpa CTaHOBUT-
ca 6oJee paBHOMEpHBIM; BMeCTe C 3THM OBaJ Jierye 3anoJiHser JHO
KBajpaTHOro Kaaubpa.

Bouabllioe 3HayeHHe AJS NpaBH/IbHOR paboThl Kaiu6pOB HMeEIOT
npoBoaKH. JlJsl BBITSXKHBIX OBaJOB OOBLIUHO NMPUMEHSIIOT POJHUKOBbIE
IPOBOJAKM C IHJIMHIADHUECKHMH POJIHKaMHM, B TO BpeMsl KaK BBOILHblE
NPOBOAKH AOJIXKHb HMeTb (opMy naHHOro omana. Takas npoBomka
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X0opoIo paboTaert, ec/in 0Bajl XOPOIIO 3anosHeH. J/1s NPeXUHCTOBLIX
OBaJIOB KaK ILEKH, TaK M POJHKH JO/IKHBE MMeTb GOPMy OBaJa.
Mpbl H30eraeM NpUMeHEHHS IJISi YHCTOBBIX OBAJIOB POJHKOB C
YIJIOBHIM py4beM H3-3a OLICTPOrO HX H3HOCA M NOTOMY, YTO HeGOJIb-
urMe NMOPOKH MOBEPXHOCTH POJIHKOB BHI3BIBAIOT G0JbliHe JAedeKThl
Ha NpoKare, YeM MPH NPUMEHEHHH PyYybeB OBa/abHON (opMmbl. [Tpume-
HeHHe POJIHKOB H3 TBepAbIX CIJABOB H 60JblUAs MOBEPXHOCTb KOH-

Puc. 18. IlpokaTka kBafipata ¢ CHM-

METPHYHBIMH YIVIAMH Puc. 19. Cxema poJanxoBoOfi NpOBOAKH

TaKTa packaTa H pOJIHKa C OBaJibHBIM py4YbeM CIOCOOCTBYIOT YBeJIH-
YeHHIO CKOPOCTH BpallleHHsl, B pe3y/bTaTe 4ero yMeHbLIaeTCs HaJH-
NaHde MeTa/lJla Ha POJIMKH. Y pDOJIHKOB U3 Gesoro yyryHa rnpu cKO-
pocTax 10 25 m/cek He OGHApYyXeHO CKJIOHHOCTH K HaJHIaHHIO.
IlpoBoaku nuast 60/1bIIMX KBAaApPaTOB BHINOIHSAEM NPEHMYLIECTBEHHO
POJIMKOBBIMH B COOTBETCTBHH ¢ ¢opMoil Kaaubpa, Kak 3TO NOKasa-
HO Ha pHc. 19. KBajgpar n0BOMBHO XOpOLIO I@HTPUPYeTCS] OTHOCH-
TeNbHO CepefMHBbl KaaHOpa He3aBHCHMO OT TOro, 3ajaercs JH OH
nJiawMs Ui Ha pebpo. Llesnecoo6pa3Ho uenbiTaTh NpHMeHeHHEe Ta-
KOil OpME! PONTUKOB [JiSl MEHBIUHX pa3MepoOB KBaLpaToOB.

Ilpu npokatke KpyrJblx npoduiel npHMeHSIOT OAHH NPeIYHCTO-
BOH OBaJl JJ/ifl JOBOJIbHO LIHPOKOrO AHanasoHa pa3MepOB, HampHMep
onas npodunaeli guamerpos 120—135 mm (puc. 20).

[1pu npokaTke KBaJpaTOB C OCTPLIMH yIJIaMH POMOHUECKHe ceye-
HH5i Be#yT ce0si B OGBOJKAX TaK e, KaK M COOTBETCTBYIOLLHE UM
oBaJibl, YTO BHpPOYeM Hab6J/104aeTcad B CJydyae NPOKATKH MJIOCKHX
npogusel, mecTu- u BocbMurpaHHukoB. Ha puc. 5 nmokasana cxema
HNPOKATKH LIeCTHI'PaHHUKA 35 MM Ha cpeJHeCOPTHOM CTaHe.

C/iienyeT OTMETHTb, UYTO K KaTaHHIM H3JAeJHSIM B HacTosllee
BpeMsl NpelbABJASIOT 6oJiee BbICOKHe TpeGOBaHHS 110 TOYHOCTH, JO-
NycKaM W KauyecTBY IMOBEPXHOCTH, ueM, HanpuMep, 10 ser Haszapn.
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OzHakKO B HacTOsilllee BpeMs CYILeCTBYIOT OOJiblIHe BO3MOXKHOCTH
CO3/aHHsI 3HAYMTENbHO JYYMIHX NMPOKATHBIX CTAHOB, KOTOpble OTBe-
YaloT 3THM TPpeGOBaAHHSM.

0 134 MM O 148mm
< 115X140MN ; R=96,15 MM © 139X158MM; R=96,15MM
@ 120mm @ 135mm

1
Puc. 20, Cxema npumeHeHMs OJHMX W TeX K€ KajiubpoB JJis NPOKATKH
Kpyrasix npotuneii guamerpoM 120—135 mm

, . Mus. I. XAH3EJIb
(Merannypruueckuit 3asoa «Benbgon», [IHP)

KAJIMBPOBKA IJi1 MPOKATKH JIETUPOBAHHOHW CTAJIH

Paccmorpennnle B gokaafe . Hopannana MeToAbl KaaubpOBKH
HMeIOT 0CO6YIO LEHHOCTb, €CIH CPAaBHHTb HX C NMPEXHHMH MeTona-
MH, NpHMeHsieMbIMH y Hac.

ConocraBuB 06a MeTona (MBeACKHHA U NPHMeHSABIIHICS Yy HAC AO
HaCTOSIIlero BpeMeHH Ha 3aBOfe DenbnoH), MOXHO YCTaHOBHTH
NpeuMyIllleCTBO OOHOTO M3 HHX M CAeliaTb TIpaBHJ/bHbIe BbBIBOJHI.

JJs xapakTepHCTHKH TeXHOJIOMMH U KaJHOpOBKHM BaJIKOB 3aB0.a
Beabnon paccMOTpPHM KpaTKO KalHOPOBKY AJIsi NMPOKAaTKH KaTaHKH
AHaMeTpoM 7 mm Ha ONHOM M3 Hamux ctaHOB. CTaH COCTOHT M3

, YepHOBOH KyieTKH TpHO 420 ¥ uucTOBOK rpynnsl 280 H3 IUeCTH Kie-

Tel (MATHL KjaeTelt ABOHHOe AYO, OXHa KJETb AYO).

IlpokaTtHasi MMHHS TNPHBOJHTCH AaCHHXPOHHBIM JBHraTeleM C
YHUCJAOM 0GOpOTOB, pery/aHpyeMblM JHUIb B ‘HeGO/MBLIOM JHamasoHe.
YMeHbllleHHe 4HcJaa OGOpOTOB B YepHOBOH KJeTH HJOCTHraeTcs C
NOMOLIBIO peMeHHOH nepenayd. CpefHsIs CKOPOCTb NPOKATKH B Yep-
HOBOIl KJjieTH cocTaBiser 1,7 m/cex, B 4YHCTOBOH TIpymnne KJjerei
5,1 m/cek.

CopTaMeHT CTaHa COCTOHT H3 NpOoQHUIeH, Pa3JHUHBIX N0 pa3Me-
paM H 1o MapkaM cTaju (yrJepoAHCThie, TOALIHITHHKOBEIE, GBICT)O-
pexylllHe HepiKaBelollle, KHCJOTOCTOMKHe H XKapOnpoyHLle CTajH).
Kpome Toro, Ha 3TOM CTaHe NMPOKATHIBAIOT ellle PEOCTAaTHYIO NpOBO-
JIOKY ¥ HeKOTOpble I[BeTHble MeTaJJbl.

Hcxonnble 3apoTOBKH HMelOT pasMephl 80 X 80 mm u maccy 40—
60 «2. [Ins BHICOKOKAaYeCTBEHHHIX CTajeH NPHMEHSIOT 3arCTOBKH €O
croponoi KBagpata 50—60 mm u maccoi 15—25 k2. B uyepHOBOH
KJIETH NpOKaTKa NPOH3BOAUTCS MO CHCTeMe Ka/IHOPOBKH KBajpaT —
nupamupa. 3arotoBku 80 X 80 mm B 3aBHCHMOCTH OT KauecTBa CTa-
JIM TPOKaTBIBAIOT 3a 4YeThipe IMpoXoJa B KBaApaTHBIX KaJaubpax
J0 ceyeHud 56 X 56 mm uan 3a 1weCTh MPOXOHOB A0 ceveHHsT 49 X
X 49 mm. danee no cucreme KaauGpoBKH poM6 — KBajnpaT — pomb

AOJYYal0T yepe3 INIPOMEXYTOUHOe ceueHHe 34 X 34 mm nupamuny
56 X 17 mam.
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3aroTOBKH BbICOKOKaYyecTBEHHOH CTaJH CO CTOPOHOH KBajapaTa
50—60 mm mpokaThiBalOT 3a 2—4 mpoxoda B KBaJpaTHbIX Kaauob-
pax 1o ceyenus 49 X 49 mm; 3aTeM B nOCJeLYyIOLIHX TpeX NPOXOomax
NO/Y4alOT CHJILHO CIJIIOMIEHHYIO MHPaMHAY.

OcHoBHOE pa3jiHyHe MeX1y YepHOBOH NMPOKAaTKO#l 3aroTOBOK M3
YIVIEPOAHCTOH H BBICOKOJIENHPOBAHHOH CTaJM COCTOMT B NOJYYEHHH
pa3HbiX NPOMEXYTOUHbIX KBaapaToB: 56 X 56 mm NJisi yriepoJHCTbIX
craneii u KBanpar 48 X 48 mm a5t BHICOKOIETHPOBAHHbIX.

Kanu6poBKa 4HCTOBOH rpynmbl KjeTel OCYUIeCTBJASIeTCH MO CH-
cTeMe KBalpaT — NMpaMHIa H KBajpaT — 0BaJ — KBafpar IJs BcexX
cTaJjel.

[MupaMuaa nepenaetcss H3 YepHOBOW KaeTH B | KJeTb YHCTOBOM
Tpynnbnl H NPOKAaThIBaeTCsd 32 YeThipe IpoXofa IO CHCTEMe KBal-
paT —mHpaMuia — KBajgpaT B nupamuny 34 X 9 mm. Crnenyouue
Ka/JHOpLl BBINOJHEHB! IO CHCTeMe KBaapaT— OBaJ — KBagpar. [lpo-
BOJIOKY NOJIy4aioT Ha YHCTOBOH JMuHUM 32 1] mpoxonos.

Bo Bcex mpoxonax npokaTKa NPOU3BOAUTCS BPYUHYIO C BhINyC-
KoM packarta. Packat 56 X 56 um (uau 59 X 59 mm) npokaThiBaloT
A0 ceuenus 12,5 X 12,5 mm 1o cucteme KBajapaT — nHpaMHIa —
KBajaparT, Aanee A0 AHaMmeTpa 7 MM IO CHCTEeMe KBajapaT — oBal —
KBajpar. i

AHanu3upys MeTonbl KaauOpOBKHM, NpHMeHseMble Ha 3aBOAE
BesbmoH W Ha IIBeJCKHX NPOKAaTHBIX CTAHAX, MOXKHO 3aMeTHTb GOJIb-
WY pasHUly B BeJHuHHax o6xartuit. KosadpuuueHTE BLITSXKH Ha
IUBEJICKHX CTaHaX 3HAYHTEJbHO MeHblle, YeM Ha 3aBojae benbjoH.
B mBenckux cucreMax KaaHOpOBKH KO3(PPHLHEHTH BBITAXKH KOae6-
JoTes B npenenax 1,22—1,35, a Ha 3aBoje DBeabnon B npeaenax
1,30—1,60.

OtHocHTenbHO GOsbliMe 3HAauYeHHS KO3(P(MHLUHEHTOB BBITXKKH
OODBACHAIOTCA NPHMEHEeHHeM NMHPaMHIAJbHBIX Kaau6poB, B KOTOPHIX
NIPOHCXOAHT OueHb Ooubllloe oO6xKatHe. OTHOLleHHe IWIHPHHH K
BHICOTe 3THX KaaubpoB cocraBasier 3,0; 3,3 u 3,75.

[IpumeHsieMble B IUBEICKHX CHCTEMaX BHITSXKHble OBaJbl C006-
IIAI0T MeTaJJy MeHbHYIO BBITSIKKY.

B xypHuane «Berg- und Hiittenméannishe Monatsheft»> npencras-
JieHa NOCJael0BaTeJbHOCTL NPOXOL0B NPH NPOKaTKe NPOBOJIOKH AHA-
MeTpoM 6 mm mo WIBeACKOH cHcTeMe Kanub6poBkd. OT ceuenus
34,5 X 34,5 no ceuenus 6,15 X 6,15 mm npokaTka TNPOHUCXOAUT 3@
17 npoxonos.

Ha 3apome benploH Te e pasmepnl NOJOCH TNOJY4alOT 32
13 npoxonoB. Ecau cpaBHHTb KaJuOpPOBKH, TO OKaXeTcs, YTO IIpH
LIBeICKOM MEeTOlle B OTHEJbHbIX MPOXOAax He NOJHOCTBIO HCIOJB3Y-
10TCS BO3MOXHBIe 00xKaTHAl, n03TOMY KOS(D(PHLHEHTH BBITAXKKH
MeHblle. [

[Tpu wBeACKOM MeTOxe KaJHODOBKH, OYEBHIHO, NOUIJIH Ha KOM-
NIPOMHCC MeXAY IUHDOKOH MexaHH3allHell W aBTOMaTH3alueidl npo-
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uecca TPOKAaTKH H BelHUYHHaMH o00xarusa. CucreMy Kanu6GpoBKH
MPHILJIOCH TIPHBECTH B COOTBETCTBHe ¢ TpeGOBaHHSIMH aBTOMAaTH3a-
HHH mpolecca NpoKaTKy H KayecTBa npokara. IIpuMeHeHHe CHCTeMBb
KBaapaT-— 0BaJ — KBajpaT NPH COOTBETCTBYIOLUIEM YMEHBIUEHHH OT-
HOLIEHHSI INHPHHBI K BBHICOTE OBaNOB O0eCeUYHBaeT NPOKATKY Kak
YIJIepOAUCTHIX CTaJel, TaK H JeTHPOBAHHBIX MO OJHOH M TOH Xe CH-
creMe KaauOPOBKH; KpOMe TOro, ycTpaHseTcsl OnacHOCTb o6pa3oBa-
HHA 3aKaToOB M naMmnacoB. [as obecneueHusi HOpMaJbHOTO TPOLEcca
NpOKaTKH (Jy4IIMX YC/JIOBHH 3aXBaTa) YMeHbIIHAH KO3(QHLHEHTHI
BBHITSIKKH. DTO NMPHBEJNO K yBEJHYEHHIO YHCJIA TIPOXOJOB, a BMECTe C
TeM H 4YMcJa KieTell.

IlpumMeHenne mupaMujajdbHBIX KaaHOGpOB ISl UePHOBOH NpOKaT-
KM MOXKeT BCJIe[ICTBHE BLICOKHX K03((dH1eHTOB BHTXKKH (1,4—1,7)
YXyAHUIHTbh KayecTBO NMpoKaTa. DoJbiine BHITSA2XKKH NPHBOAAT K YBe-
JIMYEHHIO H3HOCa KanHOpOB, YTO TaKXKe BJHSET OTPHLATENLHO HA Ka-
4ecTBO TIOBEPXHOCTH nmpokata. KpoMe TOro, npu BBOJe MHPaMHIA/b-
HbIX Npodusell B KBagpaTHble KaaHOGppl MOTYT 06pa30oBaThCs JaMna-
Cbl Jlaxke NPH CpPaBHUTeJNbHO HeOOJBLIIOM H3HOCE Kaaubpa.

3HauHTeNbLHO JyYlliHe pe3yJbTaTbl MOTYT OBbITh AOCTHTHYTHI, €CJIH
IJisl IPeaYHCTOBOrO Kanubpa npHMEHHTh OBaJNbHBIA Kanubp, a nJd
YHUCTOBOTO — peOpoBOH OBasbHBIH. B 3TOM ciayyae TakxKe NMOATBep-
XKIaeTcs NpaBHIIO, UTO A5l NOJNYUEHHS Jyulllelo KauecTBa FOBePXHO-
CTH CJeAyeT YMEHbIUHUTL o6XKaTHe.

B depHOBLIX cTaHax cJaelyeT NPHMEHATb SIUHYHble KaJHOPHI
TOJMILKO B TeX CJYy4YafiX, €CJH HMelOTCH TNPOBOLKH CKOJIbXKEHHA.
SliHyHblf Kanubp c BaJKOBOH apMaTypoH Ha mepensell H 3anHeit
CTOPOHAX KJIeTH He ofecneyHBaeT JOCTATOYHO XOPOLUEro KauyecTBa
npokarta, 0co6eHHO 18 cTajell ¢ Masol MJacTHYHOCTLIO (HanpHMmep,
deppurnbix craneit H25T, HI7T ¢ copepxannem xpoma 17—25%).
bes HagexHoOro ynepuBaHHs noJoca B Kanubpe cKpyuHBaeTCs HJH
BCseACTBHe OOMBLION TeHACHLHH €€ K YUIMPEeHHIO KaauOp mepenoJ-
HAETCH METalJIOM. \

Jlaisi IpOKaTKH CTAJH 3THX Mapok Gosiee HaiexXHO# Oblra Gvl cH-
cTeMa KaJaHOpOBKH KBajapaT — kBaapar. OAHAaKO 3Ty CHCTEMY
HeJb3sl CYHTaTh Hauayywel. IIpH npokaTke KHCJIOTOCTOHKHX H Ka-
'POCTOHKHX cTaJjiedf, a TakXe GbICTPOpPeXylllel CTaJH Yrjbl I10J0C
CJHIIKOM OBbICTPO OXJaXKJaloTcs, B pe3yJbTaTe Yero Ha HHX MOsBJSA-
I0TCSL PHCKH.

Ecnv npu Hcnonb30BaHMH CHCTeMBl KBajpaT — KBajpaT mocje
HECKOJIbKHMX IIPOXOJOB He NepedTH Ha CHCTEMY KBajpaT — 0Bal—
KBajparT, TO BO3HHKaeT 3HaUHTeJNbHAasl ONMAaCHOCTb Pa3pylleHHsd Me-
Taana. TO NOATBEpXKAAeTCs CJeldyolHM npuMepom. Ha yraax npo-
¢duneit co croponoit kBagpata 32—15 mm U3 OBLICTpOpeXYylIeHd CTaJH
¢ conepxanuem 189% W mnossasauce 6oavine puckd. IIpyTku npo-
KaThIBaJIH U3 3arotoBoK 60 X 60 mm no cucreme xKajauOpoBKH KBal-
paT — KBajapar. KauecTBO mpokaTa yJyylUIMJIH NpUMeHeHHEM B Nep-
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BBIX IPOXOjAX CHCTEMBl KBajpaT — MHPaMHAa HJIH KBaApart — OBaJ.

Ilns Bboibopa cucTeMbl KaJguOpOBKM YEPHOBOH Tpynmel pelnao-
muM dakTopoM sBAseTcss (KpoMme 06XKaTHS W KayeCTB2) BO3MOX-
HOCTh aBTOMAaTHM3allMH NpoLEecca NMPOKATKH.

KpynublM maroM B pellieHHH BONMpOca aBTOMAaTH3alMM Ipouecca
NPOKAaTKH Ha YEpHOBBIX KJeTAX sBJseTcs npeacrasiednas 3. Hop-
JHHAOM KJeTh TPHO. *

Ecau NOMHOCTBIO pellHTh 3ajnaudy OecnpensTCTBEHHOH Nepenayy
MeTaJlia OT OJHOTO MPOXojaa K NPYroMy, TO MOXHO CUHTaThb pelleH-
HBIMH H BONPOCH aBTOMATH3aUHH 4YepHOBOH rpynnel. Bui6op cucre-
MBl KaqUGpPOBKH 3aBHCHT OT BO3MOXHOCTH HaWJYyYyLIero pelleHHs
cnoco6a aBTOMATHUYECKOH Nepefayd MpPOKaTbiBaeMOH MOJOCH OT
OJHOTO mpoxona K apyromMy. Bo3aMoXHO, UTO BCce cBefeTcsl K CHCTeMe
KBaapaT — KBaJparT, XOTsd Jyulllefi KaXeTcsi cHCTeMa KBajapaT —
oBaJ.

JJ151 YHCTOBBIX JIHHUH B BHITSXKHBIX CHCTeMax OObIYHO NpPHMEHs-
I0T Kanub6poBKYy CHCTeMbl KBaapaT — OBaJn — KBajpaT. [IpumeHnenne
OBaJjla 3aBHCHT OT €ro napameTpoB (yroa pacTBOpa M OTHOLUIEHHE
LIHpHHBI K BbicoTe). BuIOOp KBajapaTa nJif ONpenesNeHHOro OBaja H
HaobopoT ompenessieTcsi NOBeleHHeM MeTasna B ouyare Jdeopma-
LHH.

O¢pdekTHBHOCTL KaaHMOPOBKH ONpenesieTcss BeJHYHHOH NPHHATO-
ro Koap@duuueHTa BLITAKKH B CHCTEME KBaJpaT — OBaJ, 3aBHcslle-
ro OT JHaMeTpa BaJjKOB.

JloCTOHHO BHHMaHHS ABJSETCA HOpMaJH3alus KajauObpoB cUCTe-
Mbl KBajpaT — OBaJl Ha 3aBofe Morgadshammar.

[IpuMeHeHHe KBaapaTOB H OBaJIOB C pa3JMYHBIMH YIVIaMH pac-
TBOPa 3HAYHTENbHO ynpolutaer paboTy KaaubpoBlIHKa. 3aBOAB HMe-
10T pa3paboTaHHble H NPOBEPEHHbIE TTapaMeTphl KaJuOGpOBOK, KOTO-
pble MO3BOJAIOT BuIOpaTh B 32BHCHMOCTH OT AHaMeTpa BaJIKOB HaH-
6onee npHeMJeMblH OBas 1Js ONpeleseHHOT0 KBaapaTa H Ha000poT.

B noknane d. HopavHpa npexncraBieHbl paHKH, Ha KOTOpPBIX
NMOKa3aHO M3MeHeHHe TeMIlepaTypbl MeTaJjia NpH IPOKaTKe KaTaH-
KH nuameTpoM & U 6 mm. Temnepatypa meranna nocsae nocjefHero
xona xosebsaerca B npenenax 950 u 1000°C.

Jlns nerdpoBaHHBIX CTaJell ¢ BHICOKHM COJEpPXKaHHEM YIJepoaa
TaKasl BbICOKas KOHeyHast TeMIepaTypa NMpOKaTKH He obecneuHBaeT
XOpOLIero KauvecTBa mpokKaTa. B CTpyKType NOJIIHNHHUKOBOH CTajH
OTYETJIHBO 3aMETHBI CJelbl LEMEHTHTA.

IMoHnKeHue TemnepaTypbl NPOKAaTKH B TOCJAELHEM NPOXOLe
no 800°C B pesynbTaTe COOTBETCTBYIOILEH TepMHUECKOH 06paboTKH
obecneynBaeT XOpOWYIO CTPYKTYPy (ILAPOBUIHBIA LEMEHTHT).

Cucrembl KanuOpoBKH, NPHMeHsieMble AJIsl KPYIJbIX NPYTKOB (Ha-
npHMep, yHUBEpPCaJbHas: KBaApaT — pebpo — YHUCTOBO OBajJ HJH
OBaJl — YUCTOBOK OBaJj), NOKa3aju XOpPOLIHe pPe3yJbTaThl 0COGeHHO
MpH NpoKaTKe MPYTKOB Gosbuwioro ceyeHus. ITpokaTkoii mo yHuBep-
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caJbHOM cHCTeMe KaJuOpOBKH JOCTHTaeTCsi XOpoullee KayecTBO IO-
BepxHOCTH Gnarosaps c6UBYy OKaJHHHL.

HrTak, MOXKHO CllesiaTh C/leAyIoLlHe BHIBOJH: .

1) BO u3bexaHue CHHXKEHHSA TPOM3BOACTBA HYXKHO, UTOOHI mpo-
KaTHBbIK CTaH AJS JIerHpOBaHHBIX cTajel obnapan 60abiuoil rabko-
CTblO, IpeAyCMaTPHBAIOIEH YacThle H3MeHeHHsl MNpOrpaMMbl Npo-
KaTKH;

2) cucreMa KaaubpoBKH L0/XKHA OfecmeynBaTh NPOKaTKy pas-
JIHYHHIX CTaJell HayHHasi OT yIJepOIHCTBIX H KOHYasl BbICOKOJIETHPO-
BaHHLIMH H BbICOKGK24YeCTBEHHLIMH;

3) mMpH ompeneseHHH CHCTEMbl KaJHOPOBKH He CJelyeT YXyAd-
f1aTh KayeCcTBO mpokata BbIGOPOM BBICOKHX KO3 OdHIHEHTOB BHI-
TSXKKH; ) '

4) #ns HaNeXXHOCTH 3aXBaTa MeTaJlJla BaJKaMH yI/bl 3axBaTta He
JOJXKHBI NIpeBbIIaTh CPeLHUX 3HAYEHUH;

5) KpyTAlHii MOMEHT JOJIKeH NepenaBaTbCsl BajJkaMH OT JBH-
raTessl yepe3 yHUBepCaJbHble COeJHHEHHS; BaJKH JOKHB HMeTh
POJIHKOBbIE MOJIUIHITHHKH, YTO YCTPAHSET LONOJHHTEJbHbIE CHJIbI, Bbl-
3biBalolllHe CABHI BaJKOB;

6) 3a30p Mexay BaJKaMH NOJIKEH OCTaBaTbCA MPaKTHYECKH IO-
CTOSIHHBIM; Pa3sHOCTb TeMIlepaTyp MeTaJjJla Ha nepegHeM H 3al-
HeM KOHI{axX NPYTKOB JO/XKHA ObiTh HEGOJbLION;

7) naa Toro ytoObl OTpaHHYHTbL KosneGaHHe TeMNlepaTyphbl MeTal-
J1a B HeOOMBUINX NIpejenax, cJleAyeT BeCTH NPOKATKy ¢ 60JbLIOH CKO-
pPOCTBIO M HeGOLILOH neTJeH.



Hux. X. TEJHH
(ABecra, llIsenus)

KAJTUGPOBKA BbITSA)KHbIX KAJIUGPOB
FTPA®HYECKHUM METOILOM

3. Hopaunn npencraBui OueHb HHTEpECHBI MeTOJ, Kalu6pOBKH
. LJIs1 IPOKATKH MPYTKOB M KaTaHKH. OCHOBAHHBIH Ha CHCTeMe OBaJ —
KBaapar. [IpepctaBusa OH TakXe rpadHk, N0 KOTOPOMY MOXHO BbIG-
paTh pasMepbl KBaapaTOB AJs CHCTEMH OBajs — KBajgpaT. Ha 3ToM
rpajuke Kosdpduunent K naer sHaueHusi, Heo6XoAHMble AJs1 pacue-
Ta BCEeX KBaApaToB no ¢opmynae

Shn_4 = K2Shn_2' (1)

Meron pacuera mpocteix KanuGpoB paspaGorad npod. I'. Baa-
kBucToM. On 3akmiouaercs B caenyioueM. ITocse kaxaoro npoxona
npokaThiBaeMas 1oJoca HMeet 06bIYHO xapaKTepHylo GopMy, a HHOT-
Jia 1aXe mocJje psja NocaenoBaTeJNbHEIX NPOXOJOB OHA UMEET Ty XKe
¢opMy, HO pa3JHuHble pa3Mepnl, BMecTo Toro utobnl Aja pacueToB
NPHMEHATb COOTHOLIEHHe CeYeHHiH, MOXKHO HCIOJb30BaTh COOTHOLIE-
HHE JIHHEHHBIX Pa3MepOB ceueHHH 0JMHaKoBO# (opmui, CooTHOMIe-
HHe JIMHEHHbIX pa3MepPOB MOXKHO ONpeNeNUTh N0 KPHBBIM, IPH COCTa-
BJIEHHH KOTODBHIX YYTeHbl OCHOBHBIE (paKTOPHI, CONYTCTBYIOLHE TOPS-~
yefi NpoKaTKe cTasu. TakuM o6pasoM, st KaIHOPOBKH HCIO/b3YyeT-~
¢ rpaduyeckuii MeTOxn.

PaccmatpuBaemsiit rpadpuueckuii  MeTop Jiyyile BCEro OnHcarb
Ha NMPHMEDHOM pacueTe AJIsi CHCTEMBl OBaJ — KBajlpar NpM NpoKat-
Ke KaTaHKH AuamerpoM 6 mm u3 3arotoBku 50 X 50 mm BHICOKOYT-
JIepOAHCTOM cTanu. JlnameTp BaJKOB 4YHCTOBOH JIHHHM paBed
300 mm, yepHoBO# 500 mm. [Inst KaNHOPOBKH HCIOJB3YIOTCH YEeThI-
pe pa3mMyHBIX rpaduka (LJAg NPEJUHCTOBOro OBasa, 3HaueHust Ko,
IJs1 BBHITSIXKHOTO OBa/jla ¥ KBajapata). XOn pacuera KaJauHGpop cJie-
aylomu# (Ha puc. 1 mpuBeneHsl (popma KaauOpOB H pa3Mepsl HX):

1. Topauekatanbie pa3Mepbl paccUHTHBAIOT No HopMmy.e

dy, = Kd, = 1,012.6,0 = 6,07 mn, 2
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rae d,— nHaMeTp XOJIOAHOH KaTaHKH.
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Ilo rpaguky ans npepyucToBoro osasna (puc. 2) 3asop Mexnpy

BankaMu cocraBJaser s = 0,55 mxm.

2. IpenoTnenouHslit KBagpaT onpeneasior no d¢opmyae (3), a
sHauenue Ky Mo KpuBo# (pHc. 2) it mpeYUCTOBOTO OBaJa; -

Sy, = K,d;, = 1,082.6,07 = 6,26 mn.

@)

Puc. 1. ®opma u 0603HaueHHe Pa3MepoB KaiHOPOB CHCTEMBI:

@ — OBaJl — KBaapaT; 6 — KBaApaT — oBaJ — peGboBOR OBAJS — OBAJ — KDYT;
BepcanbHOR

8 — yHN-

3. OcranbHBie KBajapaThl paccuHThiBaioT 10 dopmyae (1)
[(puc. 3)]. Oas ykasanuol cranu onpexpeasiem Kodpdumuent Ko, B

JAHHOM CJiydyae 1o KpHBO# 4 (TOJCTBbIH OBaJ).
[Toctennuit KBaapat npubJHKaeTcss K pasmepam
50 X 50 mm.

3aroToBkh
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4. OnpepensieM nJoumanH BCex Kaau6poB B ropsiyeM COCTOSIHHH.

[lnowans kpyra

nd? o7
A — _ "' — %607 _ 289 muut. 4
hn | )
[lnomans KBaapara ¢ y4eTOM 3aKpyrJeHHi YIJ0B
A =K,Sp _ =094.6,26"=368 ma’, 6)
n—2 n—2
280 409 450
260 108} 40
240 10 \ 350
\ X
i‘z,zo 0 1061 \ 21300
E ; ' \\ \\ / Sp1 E
x x L NN _ 2'50 “
;;2;00 3 105 N 7 \\ % S §
=3 ] ’ L n
gv,&o T A g =4 — 2008
T s>~ ST Y
’ 03 |7 . 7(;' !
.-/ /',
"W 10 s 100
1 0,50
w10 5 0 15 20 25 30 35 40

Auaremp vucrmoB020 Kpy2A020 APOPUAR, NN

Puc. 2. T'padukn ans BbiGOpa 3a30pa BaJKoB,
kosd¢uunentos Ko aas ksaaparoB u Kq ki K;

JJis OBaJIOB
1,50 3] .

~ Z Puc. 3. 3aBucHMOCTb MeXjy CTO-
< b 1 Y poHoft kxBajpata Si M Ko3(pdHUHEH-
S 130 Z 5] 4 Tom K, npH pacueTe KBAADATHHLIX
:3:. ’ - Kaau6poB  CHCTeMHl  KBajapaTr —
3-!,20 oBaJ,

8 1 — 5 — npoKaTKa DPa3fHUHEIX cranaeft
5 110 (! — HH3KOYriepOAHCTas CTalb, 5§ — BhH-

5 0 15 20 25 3 3 &
Cmopowa Kbadpama Sp, N

COKOJNErHpoBaKHan)

rie K; = 0,93—0,98 (meHblllee 3HauyeHHe BhIGHpaeTcss JAJisl MaJviklX
KBaJpaTOB) YUHTHIBAET 3aKPYlJEHHS. :
PacuerHble 3HayeHHs npuBefensl B Taba. 1.

5. Onpenensiem pasmepbi npeiyHcTOBOrO oBasa. Ero nJjomans
paccuuThiBaeM no ¢gopmyJe

A =Ky 4, A, ,=096)289.36,8=31,3 uut. (6)
Hnst 3TOTO THNa NpenuHCTOBLIX 0BasnoB Koadpduunent Ks = 0,96.
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IIlupuny oBasa nonyuyaeM mo npuBepeHHO# GOpMyJie H MO pHar-
pamMme K7 10Js1 NpefYHCTOBOIO OBaJia (CM. pHMC. 2):

dyp_y = KV Ap,_, = 2,28/ 31,3 = 12,75 mn. )

dopmy oBana onpenensiem no gopmyae (7) u no rpaduky mis
npeNyHCTOBOrO 0BaJia, a TOJLHHY OBaJsa no popmyie

dhn_] . 12,75

Ks 2,58

BbICOTy H WIMPHHY pY4Ybs NPEAYHCTOBOrO OBaja HAXOLHM MO
rpaduky H ¢popmyaam (9) u (10).

Rppy = = 4,95 mum. )

%0 10— 0% 450
380 9 0% &
~N A
m ¢ ~J 087 3%
£ » M3 <
gdlg 7 1% £ 200 %
H & /./ K g @
303 6 e 0% 3 290 8
g "’“\ “‘ ”
W05 T == a3 200
* % N A
4% 4 4,;'- ) 4% 150
. .\F'\gg
100
e 35 w5 22 25 N 3 e
Cmopono xbadpama S, nocmynaioue2y
8 olas,

Puc. 4, I'paduk ana pacyeTa BHITAXHLIX OBAJIOB
IOpH TpOKaTKe YIJePOAHCTHIX W HHU3KOJIETHPOBAH-
HHX crajed

3asop MexAy BaJkaMu coctapiser § = 0,70 mm, ray6una pyubs

h o5 465-0,70
Sn—1 " 9 - 2

= 2,13 mum, ©)
INHPHHA PYUbs

by =2V h(dy—h) =21 213 (12,75 — 2,13 = 9,50 wm. (10)
6. OcrajbHble OBAJB pacCUMTHIBaeM no ¢opmyae (11), BeiGupas
Kospduunents Ks U3 rpaduka aast oBana (puc. 4):
dy = K?V Ay, =387 V42,6 = 25,25 um;

h o ftns _ 28,25
bns — K, 5,5
3a30p Mex1y Baikamu coctaBaser s = 1,10 mm.
Q 3akas 1034

= 4,69 wmn.
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Fay6uHa pyuybs
b = fao1 T 4,59—1,10
“n—3 2 2
lupuna pyubs

by = 2Vh,(d,—h)=2V1,75(25,25 — 1,75) = 12,82 mau.

Jlannble 1J1s1 APYTHX OBaJIOB CBeJeHH B Tabjulry,
8. OnpenensieM pa3Meprsl KBajpaTHbIX KaJauOpoB. Yriul y Bep-
IMHB XKaau6poB BuiGUpaloTes B npenenax 92,5—90,0°,

= 1,75 mm.

88 145 u5 450
ws 140 ——= ‘-/< _f_’ W0y 400
S =
P :
g 135 4 3 335 % 350
g oS / 2 g
: iz 130 20830 ¢
3 s . b o
00 31,26 —925 5 2005
o ] S
s| .- S
§ 408 g 120 HE - —> 920 § 200
N, q
.~ g
4 1,15 a5 = 150
s \‘\"L " §
o 110 9107 0,

5 10 15 20 .25 »n »
Cmopona nbadpama,mm

Puc. 5. luarpamma AN pacueTa KBaApaTHHIX KaauG-
poB  [xoadduinent K(z omn )e]ne.neﬂ no xpusoH 4
pHC.

Pasmepbl kami6pa HaxoAMM NPH NOMOIUM BeJHYMH, 3HauyeHHs
IJ151 KOTOPHIX N aHbl Ha rpadukax puc. 5.
Cropona kanubpa (cM. puc. 6) cocrasaser

1,10

s
Siny = ST = O T gy = B0
) cOos 2 Cos 2
[nryGuna pyubs
hs,_, =S, cos—;— = 5,50 - cos 92525 = 3,81 mn.

Mlupuua pyubs

. . 9295 ,
b, _, =25, sin —;i = 25,5 « sin ~=- = 7,93 .

Jlanuple 0,151 KBaapaTOoB npHBelneHH B TabuMlie ¢ YU€TOM CTaH-
LapTH30BaHHBIX KBaJpaToB.

KANMEPOBKA BHITAMHBIX KANMEPOB FPA®UYECKMM METOAOM 131

Kak coo6uiun 3. Hopaunj, mBenckue KaquGpoBIUUKH pa3pabo-
TaJy CTaHJapTH30BaHHble KaJAHODB! A/ KPYroB, NPEAYHCTOBLIX OBa~-
JIOB, KBalpaTOB M BLITSKHBIX OBaJIOB. [IpHMeHsist npuBeldeHHbIE CTaH-
A2pTH30BaHHBE KaJHOPBI, MOXKHO OUeHb JIETKO PAaCCYUTATh KAJHOPbk
cuCTeMBbl OBaJl— KBajpat. MMesi ompepenenHble pasmepel KPYINIO~
ro MpyTKa B ropsiueM COCTOSIHHM, CTOPOHBI M TJIOILAAY KBaJApaToB W

[ Py

7
§ - /4‘
% o = 102° %
!IN‘
, s 3 9%
~ 8
2
1
0 1 2 3 4 5 ] 7 &
Jasop s, 04 . -

Puc. 6. I'pacdux aas pacyera KpaApaTHbIX KaJHO-
poB NpH ZaHHOM 3a30pe MeXAy BajJKaMH H H3Be-
CTHOM Yyrje pa3Bajia pyuhs

HaxoJs 3a30p MeXJAy BaJkaMH U3 Ipa(HKOB, MOXKHO HCNOJb30BaTh
TabJHIy CTaHAaPTH30BaHHbIX KaJHOPOB H TOJYYHTb COOTBETCTBYIO-
IHe Kaaubpul ¢co BceMu pa3Mepamu. HoMepa cTaHaapTH30BaHHBIX
KaJu6poB npuBeleHbl B Tabauue .

s oBasnoB cylelyer ONpeleHThb LFHPHHY, 3230p MEXJy Bal-
KaMH M WHPHHY pyubs, 4TOObI HAHTH COOTBETCTBYIOILMI HOMEpP CTaH-
JIapTH30BaHHOTO OBAJIbHOTO KaJubpa.

Caenyer OTMETHTDb, YTO HECMOTPS Ha KaXyUlylocsl CJ0XKHOCTb
rpauyecKkHii MeTOJA NpPH HEKOTODOM ONbITE MOXHO HCIOJNb30BaTh
aas GelcTpblx pacyeros. s cravieit APYrHX MapoK W APYPHX THIOB
APOKAaTHBIX CTAHOB JIETKO H3rOTOBHTb HOBBIE IPa(HKH,

dopmyabl, IpHMeHsIEMble TIPH pacyeTe:

dy, = Kd; 1y

Shn_2 = Kyd,,; @)

Shn_s = KoShno ‘ 3)
ndy?

Ann= 7 &)

! Cm. paHHbIfl c60pHHK, Aokaan O. Hopnuuaa.

9®
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X. TEAMH

PACUYETHBIE RAHHBIE (B #x) KAJIMBPOBKW CHUCTEMBEI OBAJTI-KBALPAT

Howe Howmep
mpo. | Sp 4 | b | 4n a s | bs | By | e Ss | s
xojna xanan6pa
n — | 6,07t — | 28,9/0,92 |0,56) — | — 6,0 — 1 —
n— 1 — |12,75| 4,95| 31,3(0,85 |0,70] 9,50/2,13|5,7—6,2| — | —
n— 2| 6,26 — — | 36,8]0,865}1,10( 7,93| 3,81 213 5,50 1,05
n— 3| — |25,25] 4,95 42,6(0,86 |1,10112,82/1,75[25,30/60| — | 1,2
n— 4| 7,26 — — | 49,5{0,83 (1,20 — | — 216 6,25 1,4
n—5| — |29,8 | 5,42| 59,6|0,815({1,20{15,3 {2,11{30,36/60] — { 1,35
n— 6| 8,78 — — | 73,110,805{1,20] — | — 220 8,00 1,2
n—7| — |36,6 | 6,65 90,8/0,783]1,30(19,0 |2,67]|38,46/60] — | 1,5
n— 811,06 — —|116,0(0,785(1,25} — | — 224 10,00{ 1,4
n— 9| — [46,9 | 8,53/148,0(0,75 |1,35124,9 {3,50(45,64/65| — | 1,4
n—10]14,38| — — {198,010,77 |1,50| — | — 230 }13,00] 2,0
n—I11} — |61,0 J11,10{256,5(0,72 |1,60(32,7 |4,75]60,72/65| — | 1,6
n—12119,27] — — 1366,0(0,756]1,70] — | — 240 (18,0 1,8
n—13| — |825 |14,8 |471,0]10,716(2,0 (44,1 |6,40]|80,96/65 — | 2,2
n—14126 40| — — 659,010,765 2,1 — | — 249 125,00 2,0
n—15 — 110 }20,8 [ 880,0(0,70 {2,4 | 63 9,21106,26/70) — | 1,8
n—1636,17| — — {1255 10,76 2,5 — | — 268 [34,00] 3,0
n—17| — 144 |28,8 {1647 10,70 |3,0 | 82,2|12,9(141,68/70 — | 3,2
Iipumevanne. 3arotoBka 49,6X49,6 mm.
2 .
Ahn—2 - K“Shn—2’ ®)
Ahn—l = Ks VAhn ’ Ahn—2; (6)
dhn—l = K7 }/-Ahn—l; (7)
dy -1
Ky = h ’ ®)
"’n—-l
hh —S
_ n—1 .
hsn—l - 9 ’ (9)
bsn—l = 2Vhsn_l (d, — h 1); (10)

(1

Mep. unx. E. JTIOABITA
(MucrutyT Metannypruu xenesa, Iusuue, [THP)

METOAbl PACUHETA KAJIHBPOBKH
®JIAHUEBBIX NMPOPHIIEN

B BoimosiHseMblX 0 cux mop paborax Mo KajauGpoBke dJanie-
BbIX nmpodHJedl NOKa He yAanoch HaWTH TAKOro mpocToro crnocoba
pelienus, yToOb! CTaJO BO3MOXHBIM Y/OBJETBOPUTENbHO CIIPOEKTH-
poBaTh KanubpoBKy 6e3 HeOOXOMMMOCTH NOCHeRYioule#i KOPPeKTH-
POBKH €e Ha OCHOBE OMBITOB. DTO OOBSACHAETCS TEM, UTO MPH TNpO-
KaTKe NpoQHJs OTAeJbHbE €r0 3JeMEHThl NMOABEPraloTcs passiud-
HBIM N0 XapakTepy AedopmaimaM. OcoOEHHOCTb TCYEHHS MeTaJla
MOXXHO NPEACTAaBHTb B 3aBHCHMOCTH OT DpacmpeleieHHsi CKOpocTed
N0 OTHeJbHBIM TOYKAaM CEYeHHs HCCaelyeMOoro npoduJs, HanpuMmep
1ByTaBpoBoil GankH, lllefika aToro npodu/s nojaBepraetcs 06X aTHIO
INBYMS BaJKaMH OJHHakoBOro auamerpa. OTKpHITHIN ¢Jakew orpa-
HHMYEH C OAHOH CTOPOHBI BaJIKOM MaKCHMaJbHOTO AHaMeTpa, & ¢ Apy-
rojfi CTOPOHLl — BAJLKOM MHHHMAJBLHOTO JHaMeTpa, Torla KaK 3aKphl-
Thlfi (pJ1aHel OrpaHHYeH OAHUM BajIKOM MHHHMMAJbHOLO [guaMeTpa.
[losToMy OkpyXHasi CKOpPOCTb, siBAsiiOLlasics (PyHKUMEi nHaMeTpa
ADH MOCTOSIHHOM uMcJjie 060poTOB, OyAeT pasJAuuYHON AJs KaxKIOro
H3 TpeX OTHEJbHEIX 3JE€MEHTOB.

Kpome Toro, Bonpoc ycoxHseTca NocaeA0BaTeNbHOCTbIO fedop-
Mally OTAeJbHbIX 3J1€MEHTOB NpO(dHJs BO BpeMsi NPOKATKH, NPOUC-
X0Jsille#i B TakoM NOpsiKe: 6okoBoe o6:XKamue (JaHlEB, YMeHbLIe-
HHe HX BBICOTHI H O6XKaTue IIeHKH.

Ilpn paccmorpenuu TeueHHsi MeTa/la B 0aJOYHOM Kaaubpe
06BIYHO AeJifT NpOHAL HA HIeliKy, 3aKpbIThle H OTKPBITble (hJIaHLEL.

Hedopmauusa mielky 3aKal04aeTcsi B YMEHbIIEHHH €€ TOJIILHHEI,
a takxe B ywupeHHH, OTKpbiTble (aaHlLBl NOABEPralOTCs 3HAYM-
TeJbHbIM G0KOBHIM 06:XKaTHsIM, BbI3bIBAIOUIHM YMEHbIIeHHe pa3MepoB
N0 TOJMIIHHE H MHHHMAaJbHBIH NPUPOCT 1O BbicoTe. 3akpHTHE (PaaH-
bl nonBepralTces 00XKATUAM, BBI3HIBAIOUWHM YMeHbINEHEHe HX BbI-
COTHI H HE3HAUNTEJIBHOE YMEHbIUEHHEe TOJNIIHHBIL.

Takoe npeactasJenye 0 nponecce gegopMaluyu Mu cruTaeMm o64-
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3aTeJbHLIM NMpPH BCeX METOAAx pacuera KaJuGpoBOK (jaHIEBHIX
npoounen. :

ITo pedopmanuu 3aeMeHTOB 6ajlOYHOro mpouis B JHTEpaType
@MeloTca pasnnuHble MHenHsl. Tak, Kupx6epr [1] onpepensier Besu-
4YHHy GOKOBOTO 00XKaTHfi 3aKpHITOr0 (uaHua no dopmyJe

’ ag
aO -_ aa = ﬁ [

U3 sToil popmydsl caenyer, uro KupxGepr ponyckaer npuMene-
Hre GOKOBBIX 00XKaTHH Jaxe JJA BecbMa TOHKHX ¢JanueB. Boko-
Boe o6GxaTHe 3akpbiToro ¢uanua KupxGepr HaspiBaeT KOCBEHHBIM
o6xxatHeM. B npotuBonosnoxHocts eMy JKes [2] He pasauuaer 60ko-
Bble 00XaTHs OTKPBITOrO H 3akpelToro ¢wianues, MHaue nogxogut K
sroMy Tacdenb [3], HasbBaOIIMi KOCBEHHBIM 00XaTHeM sBJeHHe
©0K0BO# nedopMaiHi OTKPHITHX (psanueB. OcanKy 3akpbITHX (JaH-
ueB Tadear Ha3biBaeT HEROCPENCTBEHHHIM 006K aTHEM.

Mruenue Mertua {4) cxonno co Barvisgamu Kupx6epra. Mery cuu-
TaeT, YyTo OTKphIThle (aHlbl MOTYyT Ae(DOpPMHPOBATLCA TOYHO TaK
JKe, Kak luefika, TOrfa Kak ajsa G0KOBbIX 06:KaTHii 3aKPBITHIX (aH-
LeB OH yCTaHaBJHBaer AJHHHBIA psiy KO3 GHUHEHTOB.

Ilynne [5] B cBoux paborax JoKaszan HeOOXOAHMOCTb NpHMeEHE-
HHA 002KaTHH B 3aKpbITHIX (aHUax.

Cxonunbl Takxke Barasaas Tpuukca [6] u Tadens. TpuHkc cuuTa-
€T, YTO 3aKpbIThlil (1aHel, MOXKeT NOJBepraThCs JHllbL OcajKe, TOT-
Ja KaK yMeHblleHHe LUMPHHBI 3aKPBHITHIX (JIaHIEB MOXET MPOHCXO-
JHUTh BCJEJCTBHE TeueHHsT MeTasa u3 ¢uaHua B IERKY.

Xotpd u Hans [7] nonyckawoT npuMeHeHHe GOKOBLIX 06XaTHii 3a-
KpBITBIX (JaHLEeB, CUHTas, OJHAKO, UTO BeJIHUHHA HX He MOXeT
6biTh paBHa BesHuHHe OOKOBbIX 00XKaTHil, MpUMeHSleMbIX IJS OT-
KpHITHX (praHIEeB. )

M. C. MyrtbeB {8] B CBOHX pacCyXIeHHSIX NpPeICTaBASET B3TJIAIbI,
cxonHble ¢ MHeHHeM Metua [4]. B npouecce M. C. MyTbeB pasaunua-
eT OTKpbITbie (aHLbl OT 3aKPbITHIX, AJMSI KOTOPbIX NPHHHMAeET pas-
Hble K03 duunents Aedpopmaunu. B. I1. Baxrunos [9] pekomeHngyer
NPOEeKTHPOBaTh KaJlHOPOBKY C pasjHYHBIMH Koa(ddulHeHTaMu ne-
¢dopmanuH OTHeNbHBIX 3J1eMeHTOB, B CBfI3H C UeM OH YCTaHABJIHBaeT
YHCJIO MPOXONOB U KO3(POIHUHEHTH MeX1y HHMH *.

Hs storo kpatkoro 0630pa ciaeiyeT, UTO KpOMe pasjHuyus B
TPaKTOBKe H BeJHYHHAX OCHOBHBIX MapaMeTpoOB CYLIECTBYeT 3HauH-
TeJbHOE PAacXOoXKJeHHe BO B3IVIA1aX OTHOCHTENLHO ONpeleneHHsl Koc-
BEHHOTO H NpAMOro (HemocpeiacTBeHHoOro) o6xatuil. Ha ocHoBaury

* YrBepX/JeHHe aBTOpa OWHG0OuHO. B ocHOBY MeToaa Kaau6GpoBku GaJjioH
B. I1. BaXTHHOBHIM MOJOKEHO YCJHOBHE paBeHCTBa KoabdHuuedtoB AehopManyun
3JIEMEHTOB, T. €. kg = k3 = kw.CM. B. 11, Baxturos u M, M, lllrepnos. Kaan6-
POBKa NPOKATHHX BankoB, Meraunyprusaar, 1953, crp. 557, llepes.
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aHanu3a (GOpPMYJHPOBOK MBI CUHTAEM, UTO KOCBEHHHIM OGKaTHeM
#eoOXOAHMO Has3biBaTh GOKOBOe 0GxaTHe, BHI3LIBAIOLlee YMeHsblle-
HHe pasMepa no TOMIUHHe (JaHLeB M mpupocT yliupenus. Hemo-
CpeICTBEHHBIM 00XKaTHeM ClelyeT HasblBaThb 06XKaTHe, BHI3LIBaIOLLEe
yMeHbllleHHe pa3Mepa Mo BHICOTE, HO He BBI3LIBalOllee YLIHPEHHS.
OTciona TakXe BHITEKAeT, YTO B 3aKPHITOM ¢daanue umeercs Goxo-
Boe ob6xarue.

HauGoslee XapakTepHoii BeJHYMHON n1060# KamHOPOBKH SIBJISA-
ercsi K03 dHUHeHT BHTAKKH. [Ipy KaanGpoBKe cl0XHbIX NpoduIei
‘YR06HO HCIOJB30BaTh KO3(ppHLKHEHT 06ulell BoiTSXKH. OQHAKO ero
BEJIHUHHA MOXeT TOJbKO TOrja OBITh NMOKa3aTesIbHOH, KOT'a Bce
sneMeHTH Oyayr aHedopmu-
poBaTbCsl B OJHHAKOBOH cTe-
nend. Tako#t cayvahi npu Ka-
au6poBke ¢uaHueBb¥ NpodH-
Jeit He HabJaioxaercs, IO
KpafiHeii Mepe, B NepBHEIX NPO-

xonax. Beuny atoro kospdu- ¢ §
LHEeHTbl BBITSXKKH He0o6X0au- /_
MO onpenensitb JAJs OTHAeNb-
HBIX  3JeMeHTOB npoduns. 7 %,
[Mpeanaraemoe pnenenune npo- \_
¢unsa Ha mweiky U QuaHubl He- P

2

JIOCTaTOUHO AJS OnpefeaeHHs 2
YacTHHX KO3((HUHEHTOB Bbl- Puc. l. denenne npopuasi AByTaBpoBoil
TSXKKH, TaK KaK B 3TOM cCJy- Ganku:

uae HeOOXOAMMO TOYHO Ompe- @ = "o Bhosoi 6 — mo Tagemo; & — mo
AeJUTb TPaHHUBI OTAENbHBIX

3JleMeHTOB npoduis.

Ha npakTtHke npuMeHsIOT ciefylolliHe cnocobul jJejeHHst (uaan-
ueBsix npoduieit Ha anements: 1) no Bposo [10], 2) no Tademo [3],
3) no Kpawmepy [11], 4) no JI. I. CokosoBy [12].

Bposo neaut mpopuap Tak, uTo lleHKa pacnpocTpaHsercss Ha
BCIO IIHpHHY npoduas (puc. 1, a). B npotuBonosoxHocTs emy Ta-
¢enbp HasbiBaeT MWeHKo# 4acTb NPOQHIA, COdepKalLylOCS MeXAy
AByMsi GaaHUaMH, pas3fiejsisi NocJaelHHe 1O HEUTPaJbHOH OCH mpo-
¢una (puc. 1, 6). Kpamep npeinaraer npunsath Aasi GuanueB pas-
deseHue no Tadenio, a ans wefiku no bposo (puc. 1, 8). B 3TOM
ciyyae 4acTH LIeHKH no WIHpHHe GJaHUeB B pacyeTaX YYHTHIBAlOT-
ca aBaxnawl. JI. JI. CoxonoB Ha3biBaeT lUefKOA YacTb Npoguas, co-
mepxallylocss MeXny IAByMs GuaHuamu, BoBce He pasienssi (JaH-
ueB Ha yactH (pHuc. 1, 2).

[TpakTHueckoe npHMeHeHHe JI060r0 M3 NpHBeleHHBIX Cnoco6oB
pasneneHust npodHas He MO3BOJASIET TOUHO ONpeleuTh KO3pduilnen-
Tbl YacTHbIX Jepopmaliuii, Tak KaK He yAaJoCb [0OKa YCTAHOBHTh
TOUHOrO B3aUMOJEHCTBHS OTHENbHEIX 3JIeMeHTOB npoduns. Kpome



136 £. NIOABITA

TOrOo, 0CO6eH‘HO B HayaJapHblx MNPOX0JAaxXx NMPOHCXOIHT TedeHHe HeKO-
TOPOTO KOJIMYecTBA MeTaljia U3 OJHOrO 3/eMeHTa npoduas B Apy-
roi.

HccnenoBanus asTopa

AHanvu3 npaKTHYECKHX pe3yJbTaTOB MHOrMX KaJHOPOBOK MOKa-
3aJl 3HAYHTEJbHBIE PAcXOXIeHUs B KanubpoBKe ¢aaHueBbIX npodu-
Jel pasubix pasmepoB. Cienyer cuHTaTh OLUMGOYHBIMH Te METOJHI,
KOTOpble OJHHAKOBO NOJAXOAAT K KannOpoBKe ¢uaHLeBbix npouiei
MasblX U GoublIMX pa3mepoB. IlpH nmpokarTkKe 3THX npoguiei pas-
Juyue BoITeKaeT M3 ocobeHHOCTeli JedopMallMy MeTalja B paspes-
HbIX KannOpax ¥ pas/MYHOTO B3aHMOMAEHCTBHUS LUeHKH H (PJaHLEB B
nocaeAylOWHUX Kanuopax.

Hamu 6bin npounaBefieH nof6op Ko3(dHUMEHTOB BLITAXKKH COOT-
BETCTBEHHO BeslHudHe npodunsi. Pacnpenenenue yactHeix Ko3ddu-
LHEeHTOB BHITAXKKH NpeJCTaBJeHO Ha pHcC. 2.

Oas 6oapiiux npodunel, niomans cedeHus lIeHKH KOTOPHIX cO-
craBiaser Gosee 50Y% Bcero ceueHHsi, KOS(pPUUHEHTH BHITHKKH
GdaanueB HeMHOro OoJblue, 4yeM KO3(PQH{IMEHTH BHITSXKKH IHEHKH.
DTa 3aBHCUMOCTb NpeACTaBjeHa HePaBeHCTBOM A¢g > Acp > Am, UTO
rapaHTHDYET OT YTAXKH BbICOTY (dJaHUEB B NOCHAeAHHX Kaaubpax.

Oas cpeauux npoduieil B nepBbIX NpOX0JaX, B KOTOPHIX IIO-
mais cedeHusi (paHUEeB 3HAYHTENLHO TpeBHILAET MJIOLAdbL Cceuye-
HMS LIeHKH, NPHMEHAETCS YCIO0BHE A > Acp > Agp. Ilo Mepe BripaB-
HHBAHHUSl Pa3jIMuHsl B TeYeHHH MeTa/sia B Liefike H (QJIaHLAX MBI MO-
JIYYHM TOUKY TlepeceueHHsl, HayYMHAas C KOTOPOH Ay > Acp > Am.
B stroM cayyae Ko3(ppHLHEHTH BBITSAKKH (pJ1aHLEB HOMKHBI MHHU<
MaJIbHO TNpeBBIIIATL AaHAJOTHUHBlE KO(PGHLUMHEHTH s LleHKH, YyTO-
OBl MCKJIOYHTb TONEpeyHoe TeueHHe MeTasana. [as npoduneit Hau-
MeHbIIHX pa3MepoB, IJIOMIaAL CeyeHHd (JiaHLEeB KOTOPbIX 10 BCEM
npoxosam (3a HCKJIOUeHHeM NpeJ4YHCTOBOTO W YHCTOBOTO) MeEHblile,
YeM LUEHKH, Aw > Acp > Ag. s ABYX nocjaedHHX NpOXOJ0B pac-
npeleneHe Ko>h(HUHEHTOB BHITSKKH CJeRyIOllee:

)‘q) > )‘cp > )‘m-

Has Toro uto6ul K03 PHIHEHTH CIPOSKTHPOBAHHEIX KaaHOPOBOK
COOTBETCTBOBaJIH YKa3aHHbIM KDHBbIM, HeOOXOJHMO BBLINOJHHTHL He-
KoTophie ycjoBusi. [lpexnae Bcero, nedopmalivio jeMeHTOB npodu-
Js cieflyeT yBsisaTh ¢ KO3(pPHULHEHTaMH BBITSXKKH LIeHKH, OTKPHITO-
ro M 3akpbiToro ¢sanues. B namux paborax 310 6bJ10 pelueHO cie-
aytoumum obpasoM. Ilpunumaem nenenue npopuas no bpoeo, nona-
raeM, 4to NOMepeyHOe TeyeHHe MeTaJJa, HanpaBJjieHHe KOTOPOTo
onpeiensieTcsl COOTHOIIEHHEM KO3(D@UIHEHTOB BHITSXKKH 3J1€MEHTOB,
NPOHCXOAHT B YyacTKax LIeHKH, IUHPHHA KOTOPbIX paBHa IUHpHHE
¢aaHLeB y OCHOBanHs, TakHM 06pa3oM, B 3aBHCHMOCTH OT Hanpas-
JIEHHA pacCUHTaHHOe KOJHYECTBO IMepeMelllaeMOro MeETaJJa BbidH-
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TAOT H3 IJOLIafM CeueHHS LIeHKH uiau GaaHLa H CKJIaAbIBAlOT C
ioiaabio uanueB wiu Welky, a5 mwefiku o6XaTHA NPHHATHE DO
apudMeTHyeckoit nporpeccHd. B saBucHMOCTH OT pa3mepa mpoduis
yCTaHOBHJIH 3HaUeHHsl O00XKaTHH njs 4HcTOBOro Kanubpa. {ns Bbi-
Gopa KoapduuHenToB JdedopMaluH LledKH B Kanubpax MOXHO
HCIOJIb30BaTh NPOTpeccuio Bula:

C,=C,+(n—1)Z

A
13
'y l AA
f—‘. > &
’lz - -
i >~
"I ! # ¥ Y ¥ u.7@
N2 xanubpo
a
A .
I A ;7
18 / 9 ,[
18 A1 18 "
17 7 17 Z
16 Auls % 4
’ 5( 16 7
. / g 15 4
/
2 ol ‘l \.
S ] LA
L= 2 : s
| g pi
g el ug” | \

"l T @y Y ewwa | I BN Y ERW

N xapudpo
] (]
Puc. 2. Paonpesenenue yacTHeIX Ko3()(PHUHEHTOB BHITHIKKH
6anoK:

a — GonblIMX PasMepos Ag> }‘cp> A+ 6 — cpeaHMx pasMmepos

Ap > Acp > Am Aas I—VI Kanu6pos u Ay >Acp> hg ana VII—

& WaNHOPOB; 8 — MaJHX DasMepo Ay >A.n >Apy Aaa 1 #
II xanu6pos u Ay >Acp> A..pmm I11I—VII kanu6pos

3navenus kosppuuuentoB pedopmanun C; H PasHOCTH NPOTPECCHH
Z npuBeleHsl B Taba. 1.

PaccuutaB ywwupenue, WHPHHY H TOJNIUKHY WIEHKH B OYEPELHBIX
NpoxoJax, BeIYHC/ASEM ee MJOILalb CedeHHs:

w = hn.bn

I'4
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TABJIHUA 1, KO3¢PUUHEHTDI NEGOPMALIVH C,
U PA3HOCTHU IPOT'PECCHM Z Al PACYETA LIEAKYW IMPOSWIEHR

HowMmepa 6ay0K, uIBeJIePoB

'6,5| 8 | 10| 12 |4| 16| 18| 20| 22| 24 | 28| 30| 32|24 36| 40
Benmunna C,
1,03

1,12| l,lOl 1,08! 1,07I 1,06[1,06l 1,05{1,05|1,05 1,03|l,03‘1,02]1,02]1,02'1,02

BeJsuunHa Z
0,36 | 0,30| 0,20| 0, 16| 0, 14| 0, 13I 0, l2l0, 1 IIO, 11}0, 100,09I0,07|0,0GI0,0GI0,0GI0,0S

H KO3((PHUHEHT BHITSXKH

n—1

3arem onpefensieM Ko3¢@uLHeHT BLITSXKKH Bcero npoguad. I1po-
BelleHHbIH aHaJH3 NOKa3aJs, YTO 3Ty BEJIHYHHY MOXHO NpeicTaBHTb
B BULe QYHKUHH

A .
Mo _f (),
P
rme [— HOMEep pacCMaTpHUBaemoro npoxopa.

Iast OThICKaHHA 3HAYEHHS Am/Acp BHIIOJNHUAH 2HAJIHU3 3HAYHTeE/Nb-
Horo yucna pabotatomiux Kaauwbposok. ITonyyeHnHble 3HauyeHHs OT-
IOejpHo ANsi b, 7, 9 n 11 npoxonos HaHeC/aH Ha J0OrapHPMHUYECKYIO
cuctemy Koopaunat. Ha ocu abcuucc HaHec/d JorapugMbl 3HaYeHHH
i/n, roe [ — HOMep paccMaTpHBaeMOro nmponycka, 7 — 4HcJa0 IpOXo-
noB Oe3 pa3pesHoOro.

YcranoBineHHble ypaBHeHHSI IO3BOJIH/IH IOCTPOMTh ‘KpHBHIE
(puc. 3), onpelnensiiouiie COOTHOIIEHHS Aw/Acp MO OYEPERHBIM NPO-
X0JlaM B 3aBHCHMOCTH OT COOTHOWeHHs i/n. Ilo 3THM ypaBHeHUSIM
paccuMThHIBaeM 3HaueHHs Ko3(pdHUHeHTa cpepHedl BHITSIKKH 1O OT-
JeJIbHbIM NPOX0JaM.

Ha'ocuoBanun npeo6pasosannoit gpopmyant I'ypeuxoro [13] pac-
CUHTbIBaeM 3mayeHHe KO3(pdHiHeHTa BHITAXKKH aaHLeB
7*cpn__l_m_l) (an + Fd;n)—‘kmnpmn

n—(n—1) - Fq,

Ay
n

Takum 00Opa3om, ycTaHOBJIEHbl 3HAaUeHHS, KOTOpHle TO3BOJSIOT
NOCTPOHTb KpHBble KO03(h(HIHEHTOB AedOPMALHH H YyCTAHOBHThL Ha-
UpaBJeHHs BO3MOXHOTO NOMNEePEeYHOro TeUeHHs! MeTaJa.

Ocraercs paccunTaTh pa3Mepsl (aaHueB. [das 3T0ro no koag-
duuHenTy BHTXKKH 000Mx (aaHLeB U KoaddHUMeHTy cpefHell Bbl-
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TAXKKA Npoduas onpefensieM Ko3(PQUUHEHTH BHTAXKKH 3aKPHITOrO

¢ananua.
ITocne onpefenennsi 3THX 3HayeHH# no dopmyse
F — )‘4’3-n+(n—l)Fd)n
d)On 92
onpeiensieM IJIOWAAH CeYEHHS ——
OTKpDHITHIX (aHueB. PaccuHTh- =
BaeM TONEepeyHoe TeyeHHe 1O
dopmyne
= | ¢ o
F = 2a Sl
xp A\ g ) !
N
Ha 3ty BeqHunHy KoppeKTHpyeM . T -n;~ n—
IVIOLIaAb CEYeHHs TpexX dAeMeH- ¢ t
.T0B npouas. BeicoTy OTKPHTHIX R
¥ 3aKpBITHIX (J1aHLEB onpenes- ~ < <
eM TakK, YTO NpPUHHMAaeM YMeHb- f
lieHHe BLICOTHl 3aKpHITHIX (1aH-
n i a1
e . «
14 L‘t;
3 R S T
x =
b 7,
12 7 :
i %"\ 4 «
10 ‘%([QMV & !
49 7 [
) L
G 02 03 04 05 05 07 Q8 09 10n =g,

Puc. 3. T'pabwux 3aBucuMocTH Awm/Acp  Puc. 4. O6GoaHauenue pasmepos 6anode
oT ifn Aas GalOK H LIBeNJiepOB HBIX Kaau6pos

ueB B Tipenesax 5—7 MM, a APHPOCT BHICOTHI OTKPHITHIX (praHLEB B
npexenax 0,3—2,0 uu. Pasmepnl no BoicoTe (p1aHuUEB paccuHTbiBaeM
nooyepeHO, HAYHHAsL OT YHCTOBOro ‘Kanubpa (puc. 4).

UsncroBo#t Kaaubp:

hoy = A,

’ ’ d
g = oy = by — 22

[IpenuncroBoii Kaaubp:

h(n—l)a = hno;
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’ d
— n—1_,
h("_l)s = h(n_|)3 + D)

1

h(n_])o = hn3 "I— Ah,
rie Ak — BeauuMHa OCajKM 3aKpHITOro (JaHIa.
d

. —1
Bin—1)y = Bin—1)y — —— .

2
Ilono6HBIM 0Opa3oM pacCYHTBIBaeM BLHICOTH (hJIaHlEeB AJS OC-
TanbHbIX KanubpoB. IIlupuny ocHOBaHMil (uiaHleB pacCYMTHIBAEM

N0 cpenHelt MX WHpHHe. [I1s 3TOro IiowlajH ceuyeHus Qaanues
JIeTUM Ha HX BBICOTHI:

o= Fd’o v = Fd’s
o - A ’ 3 - ’ .
hO ha

ITocne onmpenenennst 3tHX
¢daanueB no gpopmysam
8n—13e_ _ Din—ys fn—1)q

ap, b n, t,,5

3HayeHui paccuuTeiBaeM LIHDHHBI

IMocaie onpenesieust WHPHHBI NPOBEpSieM, BHINOJHAIOTCS JIH Clle-
AylolllHe YCJOBHS 1J KO3(PHUIHEHTOB:
IJs 3aKpbITOro (anua

A(n—1), bin—t1w | .
a < b ?
iy 3 n 3

3
AJA OTKpPBITOr0 (l)JI anua

b
(n—1)
> b 2.
° 0 n, o
Ecau 3tu YCJIOBHSI HE BLIIIOJIHEHDI, KOPPEKTHPpYyeM pacCCUHTAHHLIE
3HaueHHs.

Takum o6pasom paccuHThHiBaeM Bce KaJjuOpbl, 3a HCK/IIOYeHHEM

paspe3Horo, ajga KOTOpOro npoHM3BOIHJHCEL OTAEJbHBIE HCCaeAOBa-
HHA.

a(n—‘)a

Gn

AKCcnepHMeHTaAbHBE JAHHBIE

Jns onbiTOB NpUMeHHJH TpH Kaaubpa, pasmepbl KOTOPHIX HpH«
BelleHbl Ha puc. 5. Ilenblo 3KcnepHMeHTOB OblI0 yCTaHOBJNEHHE BJHA-
Hus Kos(pdHLHeHTOB nedopMalHu LIeHKH Ha H3MeHeHHe pa3MepoB
¢aanleB H 000CHOBaHHE NpPHBEJEHHBIX B NOKJale MOJOXKEHHH.

JJisg AAJIOCTpalHH BHITOJHEHHBIX ONBITOB Ha pHC. 6 NOKasaHH
TEMILIETEl CepHH A, a Ha puc. 7 TemmieThl cepud B. Pasmepnl 1em-
AJIETOB H pacCYHTaHHble KO3 HUHEHTH NpHBeNeHH B TabJ, 2.

TABJIHIA 2. K CNNEPUMEHTAJIbHBIE JAHHBIE
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Puc. 6. Temnaern

L) .
~
-
'G‘
=)

cepun A (cM. puc.b)

METOAbl PACYETA KANMBPOBKU ®JIAHLIEBBIX MPO®UNER

B cepun A xo3dp¢uuneHTH ne-
¢opMaluy HeAKH OblJH 3HAYHTENb-
HO Bbllle aHaJOrHYHBIX K03 dn-
uneHtoB ¢uanues. Hecmorps Ha
3T0, He 00HapyXeHO yYpe3MepHOro
yMeHblleHHsl 3aKpHITBIX (JaHUeB,
a NpHpOCT OTKPHITHIX ¢uiaHueB Npo-
HCXOAHJ B OOBIYHEIX mpefenax. Oc-
HOBHIBasiCb Ha 3TOM, MOXHO YT-
TBEepKJAaTh, YTO B KaJjubpax, B Ko-
TOPBHIX IVIOIaAbL ceueHHs (JiaHIeEB
6oJblile nJOLlagH CeYEHHS OCTalb-
HOH YacTh mpoduis, 3HaYHTEJbHO
Gosblue Ko3pduunenTs aedopma-
LHH LlefiKH He HApylUalOT IpHHS-
Toit cxembl HAeopMmauuu. [lpeny-
CMOTpeHHble 60KOBLle 06XKaTHS OT-
KpHThIX (aanLeB (kaaubp II) nos-
BOJIMIM NOJYYHTh 3afaHHble HX
pa3smepbi.

B sakpuiThix daanuax Bo II ka-
Jubpe MoJyyeHO NpeAyCMOTpeHHoe
yMeHblleHHe  BBHICOTH  (JaHIa,
a B I1I xanuGpe 3HauuTeIbHOE 006-
XKaTue WeHKH NPHBEJIO K YMeHblle-
HHIO Ha 2 MM,

B cepuu b onbiTe!l npon3Bonuau
B yeThipex Kajaubpax, B KOTOPhIX IO
CPaBHEHHIO C cepHell A YMEHbIIHJIH
Kos(pduunents AedopMauuu uiei-
KH M OTKPHITHIX Quanues. OpHako
HHTEHCHBHOCTb JedopMalHy meHKH
BCe-TaKH OCTaBaJjach 0OoJiblile, 4YeM
¢aanues. [TonyyeHHbie pe3yJabTaThl
H B 3TOM cJay4yae MOATBEPAHJIM pa-
Hee NpHBelleHHble BbIBOLBI.

BokoBrie 06kaTusi ¢uiaHUeB NO
CpaBHEHMIO ¢ cepuel A Obl/IM MeHb-
e, YMeHblIeHHe BHICOTHI 3aKphi-
ThiIX (JaHleB NOJYYHIOCH B 3afaH-
HbIX npefienax. ONHaKO MPHPOCT OT-
KpHITHIX (JAaHueB okasajcs 060Jb-
WIMM B pe3yJbTaTe 3HAYHTEIbHO
MEHbHMX O00XKaTHH B OTKPBITHIX
¢baannax u weifike. ITaowanu ceue-
HHH COBNAajalOT ¢ pacCYETHLIMH.
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Axademux Axademuu naayx YCCP A. II. YEKMAPEB
(3aB. xadenpoii 06pabGOTKH MeTaJJIOB AaBJeHHEM
JnenponeTpoBCKOro MeTaJJypryyeckono
HHCTHTYTA)

METOA KAJIMBPOBKM IABYTABPOBbBIX BAJIOK

HccnenoBannio nedopManuy MeTajdJa H MeTOAaM pacueTa Ka-
JAu6pOB /1 NPOKAaTKH (uiaHueBhIX NpodHJell B TEOPHH K NMpaKTHKE
NPOKATHOrO NPOM3BOACTBA yAeasieTcsi 60Jblioe BHHMaHue. [IpakTH-
Ka NpOKAaTHOTO NPOHM3BOACTBa MOKa3biBaeT, YTO CyLIeCTBYIOLIHE Me-
ToAb W GOpMyJabl AJs pacyera (aHle-
BHIX KaJHOpPOB yacTo He Jal0T HaleXHbIX
JaHHBIX H He OTPaXKaloT MHOTHX (aKTo-
poB u ycJoBuil, TpeOylOlINX ydyeTa NpH
KaJaubpoBKe.

[Mpouecc npokaTkH BO (JaaHIEBHIX

KaauOpax siBJIsieTCH BeCbMa CJAOXKHBIM H }
ellle HeJOCTATOYHO H3YYEHHLIM. --
PaccmorpuM xapakrtep AedopMauuu S-—d
MeTaJJsia B ABYTaBPOBOM Kaaubpe B yc- --
TaHOBUBLIeMCsl npolecce. [flosoxenue I f

packara B Kaaubpe onpenessieTcs u3 yc-
JIOBHSl paBHOBECHS KOHTAKTHBIX CHJI; NPH
3TOM HeOOXOJHMO YUHTHIBATH BO3MOX-
Hble NIpU MJAACTHYECKOH JedopMaluy H3-
rubbl 3JeMeHTOB NPOQHJA K NepeTeKaHHe
MeTaJna H3 ORHOTQO 3JeMeHTa B ApPYroil. 2 piv!
B nByraBpoBOM KaauGpe ¢ npsaMoii uiefi- e bi —m]
KOH MNoJioXKeHue npoduasa onpenensercs
NOCTOSIHCTBOM OCH LIEHKH, a NPH H30THY- | sy
TOH uIefike HEKOTOPHIM ONpeJedeHHBM N 0.5ABi+1
XapakTepoM ee mepernGa M HEKOTOPbIM  pyuc 1. Hanoxenue nocaefo-
PaiHyCoOM €ro LHeHTpa. BaTenbHbIX ABYTABPOBHIX Ka-

Ha puc. 1 npeacraBieno HanoXeHHe nu6poB
IBYX TmocJie[loBaTe/bHbIX KaauGpos.
rae

¢: — nJaouiais OTKpeiToro (paadua i-Toro Kaaubpa;

g, — MIollaAb 3aKPHTOro GJaHua i-Toro Kanubpa;

10 3akaa 1034
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¢it1 — TMJOLWaAb OTKPHTOro (GJaHua nmocienyoulero kKaanbpa;
g;,y— TJIOWAanL 32KPHITOr0 (JaHUa nocselyiollero Kanubpa;
AB;4) — ylipeHHe B NocaenyolieM Kaaubpe.

[Mpunumasn aBa ¢aaHna (BepXHHH M HUXHHA) M HaXoAALHICH
MeXAYy HHMH YYacTOK, ABAAIOIIHACS NpOI0JXKeHHEeM LIeAKH, KakK pac-
TOJIOXKeHHBI ! Ha pe6po nos0coo6pasHbI 31eMeHT, HMeeM KO3 dHUIIH-
€HT BBITSIXKKH (paHLeB )

9; +q; +4d;b;

ip1 + g1 + 4 (0; 0,588, 1)

B uncautene ypauenusa (1) dib; u B 3uamenarene diy(b: +
+ 0,5 AB;y;) sBAAIOTCA NJIOWIAASIMH Y4ACTKOB, CJYKallHX IPOLOJ-
JKeHHeM IUefiKH H BXOASILIMX B NJ/IOLIAJb BEPTHKAJALHOIO I10JI0C006-
pasHoro sjeMeHTa. Kak Hamu 6blJIO YCTAaHOBJEHO paHee, 3alITPHXO-
BaHHasg nuoliank wWefiku i 4+ |1 xaaubpa, Bxojslllas B 3HaMeHaTe/ b
Beipaxkenus (1), o6pasoBasach U3 MeTajsa (uaHLEeB 3aJaBaeMOro
i-TOrO packara.

Hns onpefenenus koxpduiHeHTa BHITSKKH WMeHKH UWHPHHOH
B; — 2b; neo6x011MO B34Th OTHOLIEHHE 3aJaBaeMOi TJIOLIAAH K Bhi-
XOAsillell, YUUTBIBasA, 4YTO K MOMEHTY Hauaja o6XaTus UWeHKH Ka-
Ju6p N0 WKpHHE 3aMOJHEH H MeTa/ls lIeHKH He MOXeT MOJY4uThb
3HA4YHUTEJbHOTO YVIIHpeHHS, KO3 UIHEHT BHITAXKKH MOXHO NPHHATh
KaK OTHOllleHHe 3a1aBaeMOH TOJLIHHBI K BbIXOASALIEH:

. 2
I (2)

HauMenbliee neperekaHue MeTasnna B Kanubpe, 06yc/a0B/IeHHOE
HepaBHOMEPHOCTBIO Jeopmallud B pasiHYHLIX dJeMeHTax npoduas
no asnvHe odara Jedopmauun, 6y1er, NO-BUANMOMY, IIDH PaBEHCTBE
¥030PHILHEHTOB BHITSIXKKH BCeX 3JeMeHTOB npodunsa. Ha npakruke,
OJHAKo, IJi Jyulllero 3anonHeHHsl GQuaHlleB B MNOCJEZHUX TO XOAY
NPoKaTKH Kanubpax NMPHHHMAIOT KO3 (UUHEHTH BHTAXKH ¢JaHueB
6oJblile, yeM 1IEHKH,

O603Hauas cooTHOlIeHHe KO3(P(HIHEHTOB BHITAXKKH (yaHueB u
wefiKK yepe3 R, Ha OCHOBaHHWH BbipaxeHuil (1) ¥ (2) HamulueM BhI-
paXeH¥e 117 Ko duilveHTa BHITAXKKE [ + 1 kaaubpa:

Bip1 = ,q' My =k 3)
Gip1 + 9541 +dG; + 0,588, ,) dip1
ITpeoGpasoBriBasi BbipaXeHHe (3), nojayuaem
di — : di-l-l (ql + q[ ) . (4)
k(G yy + 9441 +0,5d; | AB; ) — (1 — k) (dy b))

Takum o6pa3oMm, mONyunusau BripaKeHHe (4) [Jsa onpeaeneHus

TOJILLKHBI 1eHKH NMpeablAyllero no XoAy NpOKaTKM Kaaubpa. Brpa-

(1)

. (Pi+1)¢ =

(Pit1)w =
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WeHHe (4) MoXKeT ObIThb Npeo6pa3oBaHO A5 ONpeAeNeHHs TOJLIHHb
IefiKH nocJefyiolilero Kaanbpa, ecin pacyeT KaJauOGpOB IPOU3BOAHTE
HO XOAY HPOKAaTKH.

CrpykTypa BhipaXKeHus (4) MO3BOJIsSIeT 3anmKcaTh ero B BHIE, IIPH-
TOLHOM I/ ONpefe/eHus: TOMIIHHL WefiKH Pa3pe3Horo Kaaubpa:

d, @+ q;) 5)
K (g, +4; +0,54,8B,_. ) —(1—K) d,b,
B Bhipaxenuu (5) 0603HaueHHs ¢ HHIEKCAMH p OTHOCATCH K pas-

pE3HOMYy, a C MHIeKCaMH r K YHCTOBOMY Kanu6pam. Benuunna AB, .,

npeAcTasJisieT oblilee ylIHpeHHe BO BeeX Kanubpax, KpoMe pa3pesHo-
ro (or II nmo uncroBoro Kaindpos BKAOuuTeNbHO). Koapduuuent K
npencTaB/ser npousBeseHHe KO3(DPHUUHEHTOB £ 1/ OTAeJbHBIX Ka-

JuGpOB:
K=ty kyenk, (6)

Ecain B nepBBIX M0 X04y npoKaTku Kaaubpax k<1, a B nocsaeaHux
k>1, To BesnunHa K MOXeT ObITh OJH3KOH K elHHHILE.

B uacTHeix cayyasix npu £ = 1 Bolpaxkenus (4) u (5) ynpoua-
IOTCS:

d, =

dyy1 (9 +4;)
,
it + 911 +0,5d, ABig
d, (g, + qp)
9, + qr + O'SdrAB2+r
B BoipaxkeHusax (4’) u (5’) misA NByTaBpOBHIX 6aJOK OOGBLIYHO HMeeM
9%=9; Q1 =% =9 949,=49,

B yca0BHAX NpOH3BOJCTBA YHCJO NPOXOAOB Ha CTaHe, a cJelOBa-
reJIbHO, H YHCJ0 KaJu6poB ycTaHaBJAMBAeTCs HCXOAS H3 COBOKYITHO-
CTH KOHKDEeTHBIX YCJOBHH; MOLIHOCTH NPHBOJHOrC ABHrares, Mpoy-
HOCTH M H3HOCOCTOHMKOCTH BaJIKOB, TeMIepaTypbl MPOKaTKH, YCJAOBHA
3axBaTa, MapKH CTaJ4, KauecTBa NpoKara H T. 1.

B npakTHKe 4HC/I0 MPOXOJOB JJIfi TOrO MJAH HHOrO (JaHLEeBOro
npoduas sasnsercs 6osee HIH MeHee YCTAHOBHUBLIMMCA H H3MeHseT-
cfl B CPaBHHTeJbHO y3KuX Tipellesax. Ha puc. 2 npeacrasied rpadpux
1151 Bei6opa uKcsa QJaHleBLIX Kaau6poB (BK/II0Yasi pa3pe3HOi) HpH
OpOKaTKe ABYTaBpOBLIX 6aJ0K H WBeaaepoB. [1o stoMy rpaduky Mo-
*KeT OHITb BbIOpAaHO B yKa3aHHBbIX [pejesax TO WIH HHOe YHCJIO Kas
Au6poB, NpHYEM MHHMUMAJbHOM (HHXKHef) rpaHHIB OYepuYeHHOro IOo-
Ns1 peKOMeHJAyeTCs NpUAepXKUBATbCS NMPH Hau6OJee GJarONPHATHBIX
yca0BHAX (MOILUHLIA JBHraTe b, BbICOKas TeMIepaTypa NpoKaThiBae-

MOro MeTaJlJ1a, XOpOILEE ero Ka4yecTBo H T, /.), a BepXHeil — npH mpo-
THBOTIOJIOXKHBIX YCJIOBHSX.

10*

di=

; )

d, =

Y]
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B nactosiliee BpeMs B CBSI3H C yJyullleHHeM KayeCTBa CTajH Ha
MHOTHX MeTaJlJJyprHuecKHX 3aBOAaX, a TaKXe C yBeJHYeHHEM TeMIIe-
paTypbl M CKOPOCTH NPOKATKH, MOBHILIEHHEM H3HOCOCTOMKOCTH BaJ-
KOB H JApyruMi (akropaMu HaGaiofaercs BNOJHE NpaBHIbHAS TEH-
JeHIlHs K COKpALIeHUIO YHciaa TPOXOAOB MPH npoKaTke QaaHUEBbIX
npoduaen.

PaccMOTpHM rOPH3OHTA/IbHOE YLIMPEHHEe MeTalJa BO (J1aHIEBbIX
KaJau6pax (ero HHOTAA Ha3bIBAIOT YUIHPEHHEM wetikn). TlpakTHKa
3aBOJlOB [OKa3blBaeT, 4TO 3TO

yIIHpEHHe MOXeT HaXOLHTbCH B 100
BeCcbMa LUMPOKHX Npelenax MpH 80 p
JOCTaTOYHO  YIOBJIETBOPHTE/Db- £ 1 ,®$
HBIX pe3yJbTaTax paGoThl cTaHa. ﬁ a0 @\
3
x
E 5 ‘g_ 40 !
< 3 2
gn 4 ‘@ AN
s @ \\ 20
x
xn e \\\ 0
S Q\&V 0 20 30 40 50 60
89 NN N¢ Ganox u wlennepol
s b
S \\ Puc. 3. Tpadux ansa BeGopa
§7 yiuupeHuss B (acOHHBEIX Ka-
> s Jubpax npH FLpPOKaTKe IBY-
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KOHCTPYKIMH paspe3Hbix KaldHOpOB cKa3biBalOTCA HAa TOM, YTO NDH
OJHHX M TeX Xe pasmepax MJf noJaysakpbiToro kanaubpa rpebyercs
3aroTOBKa MeHblUeH INHPHHBI, HO 60oJbllIefi BLICOTHI, YeM A1 3aKphl-
TOrO.

s onpefienieHus yoIMHEHUS H YTAXKKHA (yaHueB B 6aslOYHBIX
Kanu6pax npelsoXeHbl pa3jiHuHbie MeTOABl u (opMynasl. OaHako
No/Jb30BaHHE UMM He MOXET [aThb BIOJHE HaAeXHbIX pe3yJbTaToB,
TaK KakK YBEJHYEHHE YTAXKKH H

yAAHHeHHe 3aBHCAT He TOJbBKO p
OT CKOpOCTHBIX (aKTOpPOB mpo- e
KaTKM, Ha 4To OblJO- YyKa3aHO -
ewre [pym-T'pxumaiino, u 3a-
HeMasAmoIero JefcTBUS 3aKpHl-
TOro ¢aaHlla, HO H OT CTeleHH
OrpaHHueHHs] TOPH3OHTAJBHOIO © O
yunpenus B kaaubpe. Has yue-
Ta NOCJAeJHEr0 He NpeAJoXKeHO
KaKux-1u60 MeTod0B U (OpMY.JI.
B Hacrosuiee BpeMsi NPUXOAHT- | |-«
Cl pEeKOMeHIOBaThb MNOJIb30BaTh-
csl MPaKTHYECKHMH JaHHBIMH: IO 1 &
YTSIKKe B 3aKpbITHIX (aHLax B 0
npegenax 5—8 Mm u mo yiJHHe-

1
by -

HHIO B OTKPHITHX 0—2 Mu (66/1b-

Puc. 4. Cxema K oflpejie/IeHHIO pa3Me-

10 20 30 s 5 &

Nefaaox u wgeMepad

Puc. 2, Tpaduk gas suGopa

upcaa  acoHHslx Kaaun6pos

NpH MpoKaTKe ABYTABPOBHIX
6ajlok H BEJNIEPOB

TaBpOBHIX 6anox H BeaJe-
poB:

I — o6nacTb CYMMAapHOro ymu-

PeHHA BO BceX Kaaubpax, Kpome

paspesHoro; 2 — ymdpeHue B

paspesHOM Kaaubpe (HHIKHAR JH-

HASl AJA 3aKPHITOTO, BePXHSNNA AR

- MONY3aKPHTOrO pa3apeaHmx  Ka-

nH6pOB)

B cayyae cHABHOrO OFpaHHuYeHHs yuiupeHus Oymer HaOMIOAATHCS He-
CKOJIbKO OoJiblllee yBeJHYeHHE BBICOTH OTKDHITOrO (JaHUa M MeHb-
urasl yTAXKKa 3aKphiTOro ¢Jaua.

Ha ocHoBaHHM JaHHBIX XOPOIIO paGoTaIOIHX KAJHGPOBOK BHIGOP
ylIHpeHHs BO ¢aaHlleBbX Kaaubpax AJs NpoKaTKH ABYTaBpOBHIX Ga-
JIOK H 1IBEJVIEPOB MOXHO PeKOMEHJ0BaTh NPOH3BOAUTL NO rpaduky,
NOKa3saHHOMY Ha pHuc. 3. 3Jecb BepXHHMH JHHUAMH OTDaHHUEHO TIOJe
ofuiero ylIHpeHHs BO BceX GulaHIUeBBIX Kaaubpax, KpoMe paspesHo-
ro, ¥ HHXHHUMH JIHHUSIMH — T10JIe YIIHPEHHS LJs pa3pe3HOro 3akphi-
TOrO ¥ NMOJY3aKPHITOro KaJH6poB.

B 3axpbiToM Kanu6pe yllHpeHHe MeTaJJa OrpaHHYeHo, H AJs
JIyullero 3anoJHeHus (uaHies oHO BbiGHpaercsi OGBIYHO HEGOBIUINM,
B nosysakpbiToM Kanubpe 3HAUHTEJIbHOIO OrpaHHUYEHHsS YIIMPEHHS
He/Ib3sl JOCTHYb M3-32 BO3MOXHOCTH BBITEKaHHsI MeTaJ/la B 3a30p,
pacnoJOXeHHBEIH Ha cepelHHe BHICOTH Kajiubpa. 3TH 0COGEHHOCTH

mHe UHDPH MPHHUMAIOT AAS poB duaHueR paspesHoro KanuGpa
64ab11HX HOMEpOB 6aJIOK).

Hauboaee ynaunoit Ham mipeAcTaBisieTcs: HUXKecJeAyolias MeTo-
IHKa U nocjeloBaTeJIbHOCTh pacyeTa (psiaHIleB.

Hanoxum ¢aaHubl uMCcTOBOro M paspe3Horo Kajaub6poB Tak,
yTo0Obl COBNajaJH HX OCHOBAHHS W BHeIUHHe FPaHH (UX YKJOHB H
3aKpyr/eHHsl B pacyeT He IpHHHMaeM, TaK Kak Ha pe3yJabTaTax pac-
yeTa OHH MaJo cKasbiBalorcs). ITocTpoenus u Bce 0603HaueHHA NpH-
BeleHbl Ha pHC. 4.

Buicory ¢aaHna ynctoBoro KaauGpa A npHHHMaeM 1o pasmepam
FOTOBOFO NPodHIS C YIeTOM TeMIEPaTYPHOR yCcaJKH H MUHHMaUIbHBIX
q0nyckoB. 151 onpeleseHust BbICOTH (paHLeB pa3pe3Horo Kaaubpa
HeoOX0qHMO (NpeIBapHTENbHO YCTAHOBHB YHCJ0 KaJuGpoB H yepelo-
BaHMe OTKPBITBIX M 3aKpHITHIX (praHUeB) BoIOpaTh BeJHYHHB yIJIHHE-
HHS ¥ YTAXKKH (JaHReB 8 kaaubpax.

Bricora ¢JaHueB pa3pe3Horo kanubpa

hp =h, + ZAhyr - z“Ah'yzun ()

rae ZAhyr — o0uias yTsKKa B 3aKpHITHIX QJaHuax;

ZAhyp — oblllee yATHHEHHe B OTKPLITBIX (dJIaHLaX.

Yraxka (paaHueB B pazpe3HoM KanubGpe B BbipaXeHHu (7) He
yuuteiBaetcsl. CiielyeT UMeTb B BHAY, UTO NpU OOLIENPHHATOM Yepe-
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JIOBAHHH 3aKPHITHIX H OTKPHITHIX (JiaHLEeB KaXAbill HeYeTHbIA NPOTHB
X0la NpPOKATKH Ka/iu6p MMeeT OTHOCHTEJIbHO TOPH3OHTaJLHOH OCH
Kanu6pa cHMMeTpPHUHYIO GOopMy (MM TMOYTH CHMMETPHYHYIO, eCJH
yIJMHEeHHe M YTSAXKa BO BceX KanuOpax WM B nmapax NpHHATH He-
OLAMHAKOBLIMH).

IMocae HanoxeHHA yaHileB NPOJOJNXKHM HX BHYTpEHHHe TpPaHH
L0 nepeceyeHHs B KOHCTPYKLUHOHHOH Touke P. IlpuMeM LeHTp Koop-
auHat B Touke O H 0603HauUM KoopAuHATH TOUKH P uepe3 e u C. Ux
3HaUeHHs ONpeeNsoTCA N0 YpaBHEHHAM:

e}-b, _ e + bp (8)
tg o, tgop
OTKyIa
bptga, —b,tga, (9)
tgop —tga, !
rue
tga, = by—a, : tgap= _bp_——_ap_' (10)
h, hy

Jaa nonp3oBaHHs npHBeleHHHIMH BHIpDaXKEHHAMH HeOOXOLHMO
3HaTb 60Jbllioe H MaJjioe OCHOBaHHA ¢JaHLUa paspe3Horo KaJaubpa.
Beauunna Gosblioro ocHoBaHHsl bp MOXKeT OLITh BhiOpaHa B 3aBHCH-
MOCTH OT paHee HaHIeHHOH HMCXOJsl M3 IIHPHHBI PA3pe3HOTO KaJHOG-

pa Bp:
b, =BB,. (11)

Kos¢pduunent p moxer 6uiTh Kak Gosee 0,5, Tak H MeHee, YTO yc-
TaHaB/JMUBaeTcsd MO YCJOBHAM 3axBaTa B pa3pe3HOM Kaaubpe (cM. HH-
e NpUMepHHH pacyeT).

W3 puc. 4 HeTpyaHO HAATH BeJIMUMHY MaJOro OCHOBaHHA (aaHua
pa3spesHoro Kaaubpa:

b
b" — (hy—h)tga,. (12)

r

[Tpu NpHHATOM NMOCTPOEHHH OCHOBAHHS 3aKPHITHIX H OTKPBITBIX
¢naHieB H3MEHAIOTCSA HEOAHHAKOBO. DTO O6bACHAETCS TEM, Y4TO 3a-
KpHITbIH JiaHell yAJHHAETCA, XOT H Ha He3HAYHTEJbHYIO BeJHYHHY.
B pesysibrarte 3TOro npH ONHHAKOBO# moumaau ¢JaHUEB OCHOBAHHA
3aKpHITOro ¢JiaHUa HeCKOJbKO yBeJHUHBAIOTCS, 8 OTKPHITOrO YMeHb-
alTcs MPOTHB TeX BeJIMYHH, KOTOpble ObliM Obl IPH OAMHAKOBOM W3-
MeHEeHHH BBICOTHI 060MX (paaHIeB.

YkasanHoe 06CcTOATEILCTBO sIBAsieTcsl GJ1aronpuATHbIM AJs Ga-
JIOYHOrO Npodus, Tak Kak pacluiipeHue 3aKpHIThIX (paaHLeB cnocob-
CTByeT Jy4YIeMY BXOXIEHHIO NpOAABJIHBAEMOro MeTaJjJja, a B OT-
KPBITHIX ¢uaHlax npoHCXORMT ycusaeHHas pedopMmauus 3a cuer 6o«
KoBoro o6xatus.

a,=a,
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Ha6aioneHus nokasblBaloT, YTO B Npouecce paGOThl H3HOC Y4acTH
pPyYbsi, COOTBETCTBYIOIUI OTKPHITOMY GJaHLy, Oojee HHTEHCHBEH,
0co6eHHO y OKOHuYaHHusA (1aHlla, yeM H3HOC pyubsl 3aKPLITOro ¢uiaH-
ua, oco6eHHO Y AHa ero. DTO NPHUBOAUT K MOCTENEHHOMY YTOJIIEHHIO
OTKpHITOro (JaHlla H MeHee 3HAYHTENbHOMY YTOJILUIEHHIO 3aKPBITOrO
¢daaHLa, YTO HebJaronpHsATHO CKa3biBaeTcd Ha paGore KanuOpoOB.

B Tex cayyasx, Koria yKasaHHbIfi H3HOC OPHBOXHT K 3HAUHTeNb-
HOH yTAXKe (JaHueB (OT 3aKJHHHBaHHS B 3aKPLITOM (¢uiaHlie Ka-
aubpa yToJIEHHOr0 OTKpLITOro ¢yiaHua moJochl), LedecoobpasHo
NpPH KOHCTPYHPOBAHHH OTKPHITHIX (WIaHLlEB HEMHOTO YMEHbIIHTb HX
MaJloe OCHOBaHHe NyTeM YMeHblleHHsi OpAHHaThl C KOHCTPYKTHBHOH
TOUKH P, DTO npuBeleT K MeHee ONACHOMY YBeJHYeHHIO HHXKHEro oc-
HOBAHHsl OTKpHITOTO (Pa1aHLa.

[Tnowane ¢aanHua paspesHoro kaanbpa

g, = 0,5h, (a, + b,). (13)
O61wuit k03¢ dullHeHT BHTAXKKA (PaHIEB OT pa3pesHoro Kajaubpa
K YHCTOBOMY OINpefiesisieTcsl IO ypaBHEHHUIO
o
(r2:r)o = ek (DR RNV (W P (14)
r

Ilpn Bu6panHHOM uHcaAe KaJuOpPOB u TIOJNYYEeHHOH BeJHYHHE
(1 o.,) ¢ HeTpydHO TIOLGOPOM HalTH PAA YacTHHIX KO3(ulHeHTOB
BHITSIKKH QaaHLeB (u:)gp, TPOH3BeJeHHe KOTOPHIX AaeT (Ko, )o. IIpH
3TOM K03((UUHEHT BHITAXKKH B YHCTOBOM KaaubOpe (ur)p BHIOHpAIOT
B npedenax 1,08—1,14. MakcuManabHble KO3(GHUHEHTH BBLITAXKH
NPUHUMAIOT [JIs1 epBLIX, HHOrAA cpedHUX (0OBIYHO U3 yCJIOBHH paB-

HOMepHOH 3arpy3kH NPHBOJHOIO ABHraTeJss cTaHa) Kaau6pos.
Beipaxenue (14) nossoJiser ONpeneauTsh NJOWAAH (aaHLIeB Beex
pOMeXYTOUHLIX KaJHOpOB, YTO JaeT BO3MOXHOCTb BOCHOJb30BaTLCA
BhipaXkeHueM (4) AJA HaXOXKAEHHS TOJNLUIMH LIeKH BO BCex Kanaub-

pax.
Ins pacyera pasMepos «pyiaHIeB NPOMeXKYTOUHBIX KaJubpoB cay-
}Kart GopMyJIbi:
tga — 05(ai+b)+e . (15)
¢ c—o05n @
b;=Ctga, —e; ai=—%;”——b,.

i



Axademux Axademuu rays YCCP A. II. YEKMAPEB
(3aB. kaenpoit 06paboTKH MeTaJJIOB daBJeHHEM
JIHenponeTpoBCKOTrO MeTasJyprayeckoro
UHCTHUTYTA)

PACYET PABMEPOB PA3PE3HOIO KAJIUBPA
H HCXOAHOH 3ATOTOBKH

Bricokas TemnepaTypa MeTa/iia NO3BOJSIET HMeTh B pa3pe3HOM
KajqubGpe MaKCHMaJbHO BO3MOXHoe o6xkartwe. Douablias npedopma-
UM MeTajsa NMO3BOJISIET U3 NPAMOYTrOJIbHOH 3aroTOBKH ObicTpee mo-
JY4uTb (PacOHHBI YepHOBOH MPOHJIbL Kax TiepBoe NpHOJIHXKeHHEe K
KOHeyHOMY IByTaBpoBoMy npoduiio. ITostomy cdopma u paszmepnl
pa3pe3Horo KajauGpa HOJKHHI BbIOHpATbCS M3 YCJIOBHH HX COOTBET-
CTBHA TOTOBOMY NpOGHII0 H MakcHMaJgbHO# Jetdopmauun. ITocaex-
HSA ONpeJesisieTcs H3 YCJIOBHI 3aXBaTa B HauaJbHbifi MOMEHT rpe6-
HSIMH BaJIKOB, KOTOpble OOBbIYHO HaceKaloTCA IJs1 yBeJHYEHUA AOoNy-
cKaeMoTO yriia 3axBata g0 35—38° (nmpu HeGO/BLIOH CKOPOCTH 3a-
XBaTa). YJyullleHHe 3aXBaTa [IPOHCXOIHUT TaKXkKe OT YTO/LIeHHs Liel-
KH NIpH yOa4yHO BhIOpaHHBLIX 3aKpyr/JeHHsIX MeCT Nepexofa U3 ¢uas-
ueB B WefKy.

Ipu BuiSope $HopMbl ¥ pa3mepoB pa3pe3HOro Kaaubpa HCXOnAT U3
ero WUHPHHBI U NOJYYeHHBIX pacyeTOM BeJHYHH BbICOTHl OTKPLITOTO H
3aKpHTOro ¢aaHiueB U TONLHHB WeHKH. a9 onpeleneHHs TOJLIH-
Hbl (JaHIeB BHauaJje 3aJal0TCA pa3MepOM HHXHero HX OCHOBaHHS.
Jns kpynHbiX 6aJIOK BeJHYUHY HHXKHEro OCHOBaHHSA NPHHHMAIOT
GoJsiblile MOJIOBHHBI IIHPHHLL Kanubpa (0,55—0,65), uto maeT nepece-
yeHHe BHYTpPeHHHX rpaHeil ¢uaHueB BHe welKH. [ 6an0K Majabix
pa3mepoB, Ha060pOT, HUXKHee OCHOBaHHe (JlaHlla BHIGHPAIOT MeHblle
MOJIOBHHBI WIHpHHBI Kaaubpa (0,35—0,45). Cpeanue pasmeps 6ajok
3aHHMAIOT TIPOMEXKYTOUHOe TIoN0XKeHHe, [Ipn TakoM mocTpOeHHH pas-
pe3Horo kKaaubpa M COOTBETCTBYIOLEM 3aKpeNJIeHHH MeCT CONpsxKe-
Hus ¢JaaHIeB | Wefiky NpOBepPKa M0 yrJay 3axBara Tpe6yeT MeHbIIMX
KOpPEeKTHBOB pa3MepOB OCHOBaHHUA (haaHLeB.

Hns BbiOOpa yIIHpeHHs B 3aKpLITOM H NOJNY3aKPHITOM pa3pe3HbiX
Kaqubpax aBTOpoM npensoxeH ! rpaduk. Ha ocHoBanuu atoro ompe-
nenseTcs UIMpHHA 3aTOTOBKH Bi.

! Cu. nacroammfi ofopuuk, nokaag A, Il. Uekmapesa, crp. 145.
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OnpefliesieHHe BBHICOTH 3aTOTOBKH TpeGyeT yueTa YTSIXKKH BHICOTHI
¢aaHueB, BoI3BaHHOH HepaBHOMepHO# Jedopmauuell MeTassia B pas-
pe3HoM KaauOpe. BHauane HaifiieM BBICOTY 3aroTOBKH [JS NoJy3a-
KpbITOrO pa3spe3Horo Kanubpa (puc. 1). O6o3nauum uepe3 Hy BbICO-
Ty 3arOTOBKH, HeOOGXOAMMYIO IJf 3amnO/IHeHHs pa3pe3HOro kaaubpa
BeicoTol0 Hp. Pa3obbeM Mbic/eHHO 3aro-

TOBKY BepTHKaJbHbIMH CEYEHHSIMH Ha ™ 8 "18”'25"["8"_'j
TPH YacTH: ABe KpaWHHX LWIHPHHOH B, u | . { 4 o
cpelHio0 lIHpHHON Bo— 2B,. Pasmep !
B, BbIO6pan Tak, YTO MeTasJ cpejHel 4a- 1 ”{ HEE
CTH HIeT Ha 00pa3oBaHHe CpellHel YaCTH o i Tl
pa3pesHoro Kaaubpa wHpuHoit By — 2ap, < : -t‘-': ~
a MeTaJJ1 KpaliHuX YyacTedl COOTBETCTBEH- i Ah
HO ofpasyeT 1Ba KpaHHHX BepTHKaJb- b
HbIX NpAMOYroJIbHHKa LIHPDHHOM Qp H BbI- N
coroii Hp. Ilpu sToM ycaoBuu Ko3dpdu-
IIHeHTH BLITAXKKH yacTell OMHHAKOBHI; 8,
HoBy _ _Ho(Bo—2Bg) (1) 2 5 q;
Hypap hc(BP—2ap)‘ ’ . "l "C" p ~2ay~= Qp~
HC. 1. XeMa K onpepgenae-
OTKyH.a H.a.B HHIO BbICOTHI 3ar0'roml<)nnn.na
B, = pPTp 0 2) pa3pesHoro kanubpa

4 ’ 4
B! + 2a, (H, — h;)
rae b, — cpelHss BeICOTa cpefHeil YaCTH pa3pe3HOro Kaaubpa.

EcrecTBeHHas (uacTHasi) BHITSXKKa OpedHeHl YacTH 3aroTOBKH
6oJibllie, Y4eM KpaHHHUX YacTeH, KOTOpble NOABEpraioTcs yTaXKKe (NpH-

HYAUTENbHOH BHITXKKe). [IpHMeM, UTO YTAXKKa OTHOCHTEIbHO OJHHA-
KOBa MO BHICOTE H UIHPHHe (JIaHUEB, T. €.

Mo _ Ba
Hp ap ’
OTKYZAa
Hy= LBaflo 3)
%

IMoxcrasasia BeipaxeHue (2) B paBeHCTBO (3), moayyaem
H2B
Hy = N . — (4)
Bk, + 2ay(Hp— k()

3HaMeHaTeqb ypaBHeHHs1 (4) mpedcTaBiaser co6oil TIIOMANbL CeYeHHs
pa3spesHoro Kaaubpa gp. B urore nmonyuyaem ¢popmyay A. I1. Uekma-
peBa:

2
Hg - By .

9

H, = (5)
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dopmyaa (5) daetT MHHHMAJbHO HeOoOXOXHMYIO BHICOTY 3aroToB-
KH npH cBo6oxHOM (UJIH GIM3KOM K cBoOGoaHOMY) yuMpenuH. Takas
¢dopMysia npuroaHa Npu ONpeleseHHH BbICOTH 3aroTOBKH JJisl pas-
PE3HOro MoJy3aKphiTOro Kadubpa MAH IAs 3aKphHTOro Kanaubpa ¢
60/bIIHM IIPOCTOPOM Ha YIIHDPEHHE.

Bripa3um K03 (HLUHEHT BbITAXKKY Yepes3 pasmepbl KpaHHHX 10J0C
JI0 IPOKATKH H [0c/Ie Hee:

__ _HoBy 6
B (6)
VunteiBas pasenctso (3), rlo.nyqaeM Ko3(pQuLHeHT YTAXKKH BhI-
COTHl (J1aHLEeB ‘ .
ky = —H—o = V;'— (7)
p

dopmynoit (7) MOXKHO BOCNOJbL30BaTbCSA AJS ONpefeJeHHs BHICOTH
(GJaHUeB B NMOJY3aKpLHITOM pa3pe3HoM Kaaubpe GJIOMHHra npH He-
CKOJILKHX NMPOXOAax B OJHOM Kamaubpe.

[Mocko/BKY p = ———, HMeeM
9o
Hy=H l/ HoBo
p , % ’
orcioja
2
H, = HZB,

9p ]

Takum nytem ¢opmyay (5) moayuua M. C. MyTbes.

Haiinem BBICOTY 3aroTOBKH AJisl 3aKpPHITOro pa3pe3Horo Kajaubpa.
Ha ocnoBanuu IKCIIEPUMEHTAJAbHBIX NaHHBIX MOXHO NPHHATH, UTO,B
HayaJjie oyara Aedopmalmyu paspesaiouiye rpeGHU, NIPOHHKAs Ha He-
GoJbllylo ray0HHY B 3arOTOBKY, OTTECHSIOT Ge3 BHITSXKKH 00:KHMae-
MBI MeTaJlJ1 B CTOPOHBI JO COPHKOCHOBEHHS ¢ GOKOBLIMH CTEHKaMH

Kanubpa. [TostoMy MoOXHO 3amucarthb
q' = Hy(B,— B,). ®

Ilpu nanpHeiilieM BHexpeHHH rpeGHell BaJdKOB B 3aroTOBKY INpo-
HCXOIUT TOJbKO BBITSIXKKA Me€eTaJJa, TaK Kak Ka.)mép 3aloJIHEH IO
wxpuHe. Koag¢uiueHT ecrecTBEHHOH BHITSXKKH cpeliHefl yacTH
Ho(Bp'—2a)—'Ho(Bp‘—Bo)= Hy (Bo — 2ap) (g)

gp—2Hpap qp — 2Hpa,

Pe =

Koadduunent obuiesi (ycpeaHeHHOi) BHITSXKKH B Kaau6pe ompe-
nesieTcsl M3 BbipaxKeHHs
o 2ng +Mags  _ HoBy 10
P‘c"— - ’ ( )
2¢1 + G2 p
Tae uy, uz B 4, §o— KO3(PHUUEHTHL €CTECTBEHHON BHITAXKKH H IJIO-
maAu KpaiHell u cpenHell yacreil.
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Ilpu cBOGOAHOM YIUHPEHHH BCJEACTBHE BbIDABHHBAHHS BBITSMKY
H3 cpelHell yacTH B KpailHHe INepeTeKaeT MeTasaia
Aq=q2(”* —1). (1)
e
INoncrapnss us U3 ypaBHenHusa (9) u u. u3 ypasHenusa (10) s
BuipaxceHue (11), Haxoaum

Hg (B — 2ap) g 2a (BoHp — qp)
= (g.— 9H 0 PP ]| =2 (12
(Qp pap) [ (9p— 2Hpa,) Ho B, :I B, ¢ )

IIpn Haki/iOHe CTEHOK pa3pe3aloliero rpe6Hs H CBSA3aHHOTO C HX
BHelpeHHEM B 3aroToBKy OOKOBOro o6:xaTHs M3 IIeAKH BO (paHLbl
6yneT neperekaTb MeTaJsna

Hy—
p— du Aq. (13)

o= B = e+ By — 20

KoagpouumeHr 2 npencrabiasieT OTHOlIeHHe BepTHKAJbLHOH MpOEK-
uuH rpeGHs K cyMMe ero BePTHKaJbHOH W FOPH30HTAJBHOH IPOEKLHH.
DTO OTHOILIEHHE, XapaKTepH3yiollee CTelleHb HaKJIOHAa rpeGHel, nos-
BOJISIET YYECTh KOJIHYUECTBO MOCTYNAIOLLEro U3 cpeHeH yacTH 3aroToB-
KM MeTaJia BO GaaHUbl. TOT MeTaJJ YaCTHYHO KOMIIEHCHPYeT yTAX-
Ky BBICOTH H IUHPHHBI (aHueB, NOABEPraloUIUXCS NPHHYAHTENbHO
BLITSKKE OT W) A0 M-

[IpuHuMas BO BHHMaHHe BeipaxceHHe (3), HaXOAUM KOJIHYECTBO
MeTaJyia, HAylllee Ha NpHpalleHHe BLICOTH (JaHIleB, MOABEPrHYTHIX

YTAXKKE:
Ag, = 0,5kAq. (14)
[Ipoucxonsiiee 3a cyeT 3TOr0 U3MeHeHHe BHICOTH (pJ1aHIIEB
0,5kAq
Ahy= —— 15
® 4a ( )

Takum o6pa3oM, BbICOTa 3arOTOBKH [JIsl 3aKPHITOr0 pa3pe3Horo
Kaaubpa '

- Hy = Hy + Ahy = o | 9ah,, (16)
Vi
rae ' p—— BBICOTA MeTa/jia B pa3pesHOM Kaaubpe co CBOGOIHLIM

yIIHpeHHeM, onpefenseMas o ¢opMydae (5).
W3 ¢opmya (16) u (5) umeem

H, = H l/ ByH, l/ BoHo 0. 25kAq)

Hy= B (Hp___o_v%_’féq_)z, (17)
b a

rie R u Ag omnpefensiiorcs u3 BbipaxeHuit (13) u (12).

OTKyla
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Pacuer xaau6posku oGaerueHHoil AByTaBpoBoil Gaakn Ne 24

PaccuutaeM KaJduOGpOBKY JAJs1 NPOKAaTKH J[ABYTaBpOBO# 6aJjiKH
Ne 24 Ha crane 1yo Dy = 800 mm. PasMepb! xoa08H0r0 npoduas 6aJ-
KH Ne 24 u ponycku npuHaTtsel no F'OCT 8239—56, yk/oH BHyTpeHHeH
rpaHu NoJok gomnyckaercs He Gosee 12%. IToab3ysick rpaduKkoM, BbI-
6upaeM BOCeMb (JaHLEBbiX KaJuOpoB. YYHThIBasg H3HOC BaJKOB
H lleseco06pa3HOCTh NPOKATKH Ha MHHYC, a2 TaKiKe TeMIepaTypHYIO
ycalky npocduas, npuMeM pasMepbl YHCTOBOTrO Kajaubpa:

lupura (BoicoTa GaJkH)

B, = By = (240 — 2,5) - 1,012 = 240,3 mm =~ 240 mm.
BricoTa (IIHpHHA TNOJIKH)

H,=Hg= (115—2,0)- 1,012 = 114,4 um =114 un.
CpenHas ToJHHa (JIaHLeB

t,=1tg=(9,5—03).1,012 =93 unm.
TonuuHa wedxH
d,=dg=>5,6-1,012=5,7 mm.

Bricora ¢aanua

b= hy= 114,0—5,7

= 54,15 mm = 54,0 mm.
BoJblioe ocHoBaHue ¢uaHua
b, = by =1ts+ 0,5hstg 9g =9,340,5.54,0.0,12=12,56 mun.
Maunoe ocHoBaHue (JaaHua
a,=ag=2g—b;=2.93—12,6=06,1 un.
Iaomwaar monmepeyHoro ceueHus ¢JaaHia
Gor = Gps = lhg = 9,3 + 54 =502 mu?
[Tnowans monepeyHoro ceueHus YHCTOBOro Kaaubpa
Q, = Qs = 4g4s + Bedg = 4 - 502 +- 240 - 5,7 = 3375 mm2.
OTHowleHHe ocHoBaHuii ¢JaHUa

g 8L 0,49
be 12,5 T
YumupeHnne npenpapuredbHo BoibupaeM no rpaduky !: aas pas-
pesHoro Kanubpa AB = 5 mm; A5l OCTaJIbHLIX KaauGpoB ZAB; 3 =
=40 mm; obmee yuupeHHe ZAB;..g = 45 mm.

! 3nech 1 gafslie HONONLSYIOTCA PHCYHKH U GOPMYJsl M3 fokAanoB A, Tl Uex-
MapeBa HACTOSIIETO OOGOPHHKA.

PACUET PA3MEPOB PA3PE3HOTrO KANMEPA M MCXOAHOW 3ATOTOBKM 157

IllvupuHa 3aroToBKH
By = Bg—ILAB1 g =240 —45 =195 mn.
[IInpuna paspesHoro kaaubpa
B, = By + AB, = 195 4+ 5 = 200 ws.
B toM cayuae, ecqiu npoOH3BOAHJIOCH OKpPYIVIEHHE IUHPHHBI 3aro-

TOBKH, ylIHpeH#e B 6aJOYHbIX Kanubpax (KpoMme paspe3Horo) cieny-
€T ONpefeJHTb OKOHYaTeJbHO:

AB2+8 = Bs _ Bl'

Bei6upaeM yTsxKKy Merajaa B 3aKpHTHIX (uaHuax 6 mmu u yajan-
HeHHe B OTKpHITHX ¢uaHuax 1,0 mm.

TABJIHLA 1. BbICOTA ®JIAHLEB

BuicoTa diaBues B Kaaubpax, ax

dnanou
I It ITl Iv A% Vi VII | VIII
Bepxumit . . . . . . 68% | 69** | 63* |Ba** | 58* | 59** | 53* | 54**
Huxamit . . .. . . 75** | 69* | 70** | 64* | 65** | 59* | 60** | 54*

* 3akpuiTuie QAAHNN.
** OTKPbITHE (hIAaHIbL.

B ta6a. 1 npuBeseHa BbICOTa QJaHLEB Bcex KaauGpoB € yyeToM
yepeOBAHHS MeCT pa3beMa BaJKoB. B uncToBoM Kaaubpe OTKPHITHIM
¢JaaHLeM sBJsSETCA BEePXHHH, 3aKPbITHiM — HHXKHHH.

Bosbinoe ocHOBaHHe OTKpbITOro ¢uaHua paspe3Horo kaaubpa
NpHHUMaeM

bl == O,SBI = 0,5 . 200 - 100,0 MM,
Mainoe ocHoBaHHe TOro e (aaHua
a, = %‘.bl = 0,49 . 100 = 49,0 mn.
8
ITnowane nomepeyHoOro ceueHHs OTKPBLITOro (JaHua
4 .
gor= 2Ly = DED 75— 5500 war.
Yroa HakJOHa paspesaioliero rpebHs
tgo, = e _ 10049
i hy 75
KoopauHaTel KOHCTPYKLHOHHOH TOYKH
bitgeu—bstgns _ 100-0,12—125-068 o ..
tg @ — tg s 0,68 — 0,12
C=Ltbs _ 62410 _ 1563 4.
tg Ps 0,68

= 0,680.
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ITanowage 3akpbiToro ¢uaHna paBHa MJOUIaJH OTKPBITOro:
Gp1 = g1 = 5590 mn®.
Cpeanss ToJIHHA 3aKphiTOro ¢uaHua

t) = o1 550 _ 890 mu.

h 68
Yroa HakJOHa paspesaiolliero rpe6Hs
tgo = 1 _ - _820+82 _ g799
C—0,5h 156,3—0,5 - 68
-
1 -
Y f\f
— ——  —— N
-— b, ’T Puc. 2. Paspesnoit kanu6p
al
] a,

Boabliioe ocHOBaHHe 3aKphITOro (paHua
bi=Clger—e=1563.0792—6,2=113,0 mn.
Majnoe ocHOBaHHEe 3aKphiTOro (paaHila
a; =2t —b =2.82—113 =51,0 un.

TommuuHa weldKH pa3pe3Horo kKajaubpa

_ 2q41dg . 2.5590-5,7
1 9gys+0,5dg%AB, 4 2-502+0,5-5,7- 40
Jas obecrnieueHHs 3aXBaTa NOJOCH BaJKaMH NPHHHMAeM TOJILIHU-

Hy UIeHKH C y4eToM 3aKpyrJeHus rpebHa  paBHO#  (pHC. 2)
4, =120 un.

O6uas BricoTa Kaaubpa
H,=h, + hi+d, =754 68457 =200,0 nn.

[Myowanr nonepeyHoro ceueHus: paspesHoro kaanbpa Q; c yue-
ToM 3akpyrienuil paBHa 34000 mam?.

s onpenenesuss BHICOTHI MCXOAHOH 34arOTOBKH HCNOJb3yeM
dopmyant (13), (12) n (17):

b Hp—d, _ (200 — 120) _
T (Hp—dy)+(Bp—2d) (200 — 120) 4 (200 — 100)
Ag = 20 (BoHp — Gp) _ 100(195 - 200— 34000) _ opp) . 2.
B, 195

= 57,0 M.

.
* »
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o=
a

9o
_ 195 (200__ 0,25-0;(1)4-2560

B, (H __0,25kAq )2_
,— N

34000
INpunumaem Ho = 230+220 mm.
KospduuueHT BHITAXKHE B pa3spe3HoM Kaaubpe
220 - 195 - 0,98

= 0 799 0,5 _ 194,
gl 34000 1,2

Yron 3axBata B HayajbHbIi MOMEHT
220 — 120
———— } =133,
750 — 120
3axBar ofecneuwBaeTcss HacCeUyKo#l rpeGHell BaJsiKOB.

yl‘OJI 3axBaTa 1o ycpelIHeHHOMy 06)Ka'rmo IIpH yCTaHOBHUBLUEMCA
l'IpOU.eCCE NIPOKATKH
G 34000

Hy —— 220 —
®, = arc cos 1——B ) —arccos [1——— 20| _ o3,
Dy — d, 750 — 120

Pacyer npomexyTounbix KaauGpos
O6muii kKo3p¢ulUUeHT BHTIXKKA BO ¢u1aHuax
5590
9 — 22— 11,12.

Ges 502
Bri6upaeM Ko (ulHeHTH BHITSXKKH BO (JAHIAX MO MPOXOAAM:

)2= 222 mm.

o, = arc cos (1 —

EP‘M:—B =

Dpgoss = Pooligs * * * Poriios = .
=1,55.1,58-1,55.1,48.1,38.1,27.1,13 =11,12,
OnpeaesnM nuowans MONEepeyHOro: cedeHHs ¢iaHUeB MO Mpo-

X0naM:
Gp7 = Gpsbgs = 502 « 1,13 = 566 mm?;

G = Gorirgr = 566 + 1,27 = 720 mm%;
gys = 720 - 1,38 =992 mm?;
Gpa = 922 . 1,48 = 1470 mm?;
ggs = 1470 - 1,55 = 2280 mm?;
Gy = 2280 - 1,58 = 3600 '.qu;
Ggn = 3600 - 1,55 = 5590 mm?.
O6wuit Ko3(pPHLHEHT yMeHbIUEHHS TOJIUMHH LIeHKH

=4 510 _ 10,00

K N
O6wuii K03QQHUIHMEHT YMeHbLIeHHA TOJIINWHL WIeAKH MeHblle
obulero Ko3(p@uuueHTa BbITAXKKH (raHUEeB BCJEACTBHE TOro., HTO
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yacTb Metajyia U3 QJaHUeB NepexoiHT B lUelky (3a cuer obpaso-
BaHHA 4YacTH WIeHKH H3 (uaHles).
IMpuHuMaeM Aad wWedkw pan koapduuueHToB 06KaATHA:

NN + ++ Nys = 1,56 - 1,65 . 1,62 - 1,46 - 1,36 - 1,24 - 1,11 = 10,0.
OnpenensieM TOJIIMHBI LIEAKH B KaJjaubpax:

d 57,0 36.7 36,7
=l = T MM, dy = —— = 23,7 us;
dz T 1'55 ’ 3 ,5
p= L = 15,6 um; dy =120 =107 wm;
= 07,7 _ 78 um; d,= T3 6,3 mu
1,36 1,24
=23 =57 um

Yumpenue B kKaauGpe NpUHHMaeM [pPONOPILHOHAJBLHBIM Aedop-
Mauuu weliku! u obuiee ylIupeHHe pacnpenenseM, NMOJAb3ysAChb OT-
HOCHTEJILHBIM MpMpalleHHeM AJuHbl ek, CyMMa BeJH4YHH OTHO-
CHTEJIbHOI'O NpHpalLleHHs [IJUHBI 1UeHKH paBHA

0,55 + 0,55 -+ 0,52 -+ 0,46 + 0,36 - 0,24 4- 0,11 = 2,79.

Kos¢pduuneHT nponopuHoHasbHOCTH
me—2Boss 40 _ 44
Zp—1Nors 2,79
YinpeHue 1m0 NpoOXogaM:
AB,=m(p,—1)=14,4.0,55 =79 un;
ABy; =14,4. 0,55 =79 mm; AB,=14,4.0,52=7,4 am;
AB;=14,4.0,46 =6,6 Mm; AB;=14,4.0,36 =53 mn;
AB;=144-0,24 =3,3 mm; AB;y=144.0,11=16 mn.
lupuna xanu6pos
By, = B, 4+ AB, = 200 4 7,9 = 207,9 mm;
B; = 207,94+ 7,9=2158 mm; B,= 2158474 = 2232 um;
By = 223,24 6,6 = 229,8 mm; By = 229,84 53 = 2357 mx;
B, = 2351 + 33 = 2384 mm; By=238,4-116=240,0 mn.

OnpenenuM pasMepni OCHOBaHHil (aaHIles.

" ! MOXHO TaKXKe NPUHHMATbL YIIHPeHHE JIPONOPHOHANLHHIM Jepopmanua
JIaHLEB.
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Il kaaubp. B stoM kanubGpe OTKpLITHIE K 3aKpLiTHIE (JIAHLBI OOH-
HakoBbl. Cpenuasi TonwvHa (aaHua

g = —— = ——— = 52,2 mm
hy 69
Yros HakJOHa BHyTpeHHell CTeHKH (aHua
tyt+e 52,2 4+ 6,2
tgg, = —* =

— = 0,480.
C —0,5h, 156,3—0,5 . 69

Bouabluoe ocHoBaHue (paaHua
b,=Ctgo,—e= 1563 .0,480 — 6,2 = 68,8 wn.
Majoe ocHoBanne ¢puanHua
ay=2t, —b,=2 .52,2— 688 = 35,6 mm.
111 kaaubp. CpenHsisi TOJNILMHA OTKPHITOro (JaHua

hy 70 ’
Cpennsisi TOJIIHHA 3aKpbITOrO (JaHia

= 20 369 ua.

t, =
Yron Hak/jOHa BHyTpDeHHell CTEeHKH 3aKpbiToro ¢JaHua
, 36,246,2
g, = 6505 65 — 040
BoJibllioe OCHOBaHHE 3aKpHITOro ¢uiaHua
b, = 156,3 - 0,340 — 6,2 = 46,9 wmn.
MaJioe ocHoBaHHe 3aKpeiToro ¢aaHua
a; =2-362—46,9 =255 mm.
Yron Hak/IOHa BHYTpDeHHefl CTEHKH OTKpHITOro (puanua
thbte _ _ 32,6+62 _ 0,320,
C —0,5hs 156,3—0,5 - 70
Boabliioe ocHoBaHHe OTKpbITOro (uaHua
by=Ctgo;—e=156,3.0,320 — 6,2 = 43,8 mn,
Manoe ocHoBaHHe OTKpBHITOro (JaHua
g = 2ty — by =2 .32,6 —43,8 = 21,4 mum.
1V Kaaubp. CpenHsas TtoamiuHa daaHues

’ 1470
t4 = t4 =T= 23,0.

tg oy =

Yron HakJOHa BHYTPEHHHX CTEHOK (JaHIia

. 23,0 46,2
tge, =tgg, = 156,3—0,5 - 64

= 0,234,

11 3akaa 1084
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Boabmioe ocHoBaHHe (aaHLeB
b, =b; =156,3 - 0,234 — 6,2 = 30,4 mx.
Manoe ocHoBaHue (haHLEB
a,=a,=2.230—30,4=1506 un.
V kaaubp. CpenHas TOJILMHA OTKPHITOrO ¢haHna
to= 22 153 mm.
65
Yroa Hak/nOHa BHYTPeHHeH CTEHKH OTKpPHITOro ¢uaHua
15,3 4-6,2
tgos = : : =0,174.
8% = "Ts63_05.66
Boabwoe ocHoBanue oTKpeiToro ¢uiaHua
by =156,3 - 0,174 — 6,2 = 21,0 wmn.
Manoe ocHOBaHuHe OTKPBITOrO (JiaHua
a;,=2.153 —21,0=94 un.
CpenHssa TtoJsilMHa 3aKpeITOro ¢uaHua
P 992
5 58
Yron HaknoHa BHyTpPeHHeH CTEHKH 3aKpbITOro ¢uaHua

17,1462 _ 183
156,3—0,5-58 '

Boabuioe ocHoBanue 3sakpeiToro ¢ianng
b, = 156,3 . 0,183 — 6,2 = 22,4 um.
Manoe ocHoBaHue 3aKpwiTOoro ¢iaHna
a;=2.17,1 —224 =118 um.

VI kaaubp. Cpenusisi TOMLMHA daaHNeB

= 17,1 mm.

t6=fé=—5—= 12,2 MM.

Yroa HaknoOHa BHYTPeHHHX CTEHOK JaHua

’ 12,2+6,2
9= tges= 156,3—0.5 . 59

Boabioe ocHoBanue (uaanues
bg=b;=156,3.0,145—62 =165 mn.
Manoe ocHOBaHHe duaHieB
@, =a;=2.122—165=7,9 muxn.

= 0,145,
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VIl kasubp. Cpennsigs TOJIIMHA OTKPHITOrO ¢uaHuna

l,= 566 _ 9,4 mm.
60

¥Yron Hak/10HAa BHyTpeHHeH CTEHKH OTKphITOro duiaHua
9,44-6,2

tgo, = . . = 0,124,

€% = 5%,3—05.60
BoJblioe OcHOBaHHe OTKPBITOrO (aaHua

b, = 156,3 - 0,124 — 6,2 = 13,1 max.
Masoe ocHoBaHHe oTKpeITOro (aHna
a,=2.94—13,1 =57 mn.

CpenHas ToJlLiMHA 3aKpHITOro (aHuma

=566 _ 10,7 wmn.
53

7

VYroa HakjJoHa BHYTpPeHHeH CTEHKH 3akpeiToro (uanna
, 10,7+6,2
tger = 156,3—0,5 - 53 = 0,130.
Boabiloe ocHOBaHHWE 3aKPLITOrO (JaHIa
b = 156,3 - 0,130 — 6,2 = 14,2 ma.
Manoe ocHoBaHMe 3aKpBITOro ¢JaaHua
a,=2.107—142= 172 mn

PesynbTaTsl pacuera cBelleHbl B Ta6i. 2. KoadguuneHTsl BHITIK-

TABJIHLA 2. TABIWLIA KAJHEPOBKHW OBJEMYEHHOM
JBYTABPOBOM BAJKH, 24

. 52 Q L™ g o OTKpuiTHE (AAHIH 3akpuiThie GAAHUE

2 |88 |8 |3z |83

[2d gu g é g_g, X b3 ' §
ol 8 [EE L | % |Eg | P lsl|et| % lex |}
s|E2 |88yl e |2 [B5.] S gz ls| 5 |ge | s
g 35 EU¥ = ; 53 % £ £ v & .Eng gg
€| 8% | geo| & & g . 2 £3 | =8 S | &8, 58
s | S | 28| A% | €3 |Sed| 2 | g2 | 88 | 4 |e8sx]| 3%

— ]44000| 195 |220 — — —_ — — —_ —
(l) 1,24 |34000}200,0| 57,0%| 5590 75,0 [ 100,0| 49,0 | 68,0 113,0] 51,0
2 | 1,55 |22030]|207,9} 36,7 3600 | 69,0 | 68,8( 35,6 | 69,0 | 68,8 35,6
3 | 1,55 |14230(215,8( 23,7 | 2280 | 70,0 43,81 21,4 | 63,0 | 46,9 25,5
4 | 1,52 9360}223,2] 15,6 1470 | 64,0 | 30,4| 15,6 | 64,0 | 30,4 15,6
5 | 1,47 | 6430(229,8] 10,7 992 | 65,0 | 21,0] 9,4 |58,0| 22,4 11,8
6 | 1,37 47101235,1| 7,8 720 [ 59,0 | 16,5 7,9 | 59,0 16,5 7,9
7 1,95 | 3760 238,4| 6,3 566 | 60,0 | 13,1 5,7 ] 53,0 | 14,2 7.2
8 l:12 33751240,0( 5,7 | 502 | 54,0 | 12,5| 6,1 540 12,6} 6,1

* C yuetom 3akpyrnenus 120 um-

11*
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KH B KaquGpax OmnpefensiOTCs JeNeHHeM MX Tuomageil. STH Koad-
(dHIKEeHTHl ABJIAIOTCA N0 BeJMYHHE TPOMEXYTOUHLIMH MeXAY Koad-
¢unMeHTaMH BHITSAXKKH ¢JuaHUeB H KodpoulueHTamMun o06xaTHs
LIEHKH.
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Puc. 3. Kanu6pnl nast npokaTku ABYTaBpoBo# Ganaku Ne 24

Pacuer 3akanuuBaetcss nocTpoeHHeMm Kaau6pos. PacueTHas Ka-
nnbpoBKa npuBeJieHa Ha puc. 3. Paauycel 3akpyrieHus B kaau6Gpax
8LIOpaHbl MO NMPAKTHYECKHM JaHHBIM.

Mep. unx. K. PBITEJIb
(UHcTutyr MeTanaypruu xenesa, I'nusuue, I1HP)

HCCJIENOBAHHE NJE®OPMALHH METAJIJIA
IPH NPOKATKE B PASPE3HOM KAJINBPE

Pa3pesHoit kanu6p umeer Go/bloe 3HAueHHE JJA TNPOKATKH
(dnaHueBblx npoduaei, Tak Kak paspessdeT MOJOCY NPAMOYTOJbHO-
ro ceyeHds Ha wefiky u ¢uaHub Gyayilero JByTaBpa UJH LIBeJJIE-
pa. 3HaHHe jnedopManuu MeTrajaja B paspesHOM Kaaubpe mo3Boss-
eT NPOeKTHPOBATb MNOCAeAYIOIlHe Kaaubphl Tak, 4TOOH TeueHHe
MeTalla MeXJy OTHAeJbHBIMH YacTAMH Npodu/s 6bI0O MHHHMAaJb-
HBbIM, uTO O6ecneunBaeT 6O/bLIIYI0 BEPOATHOCTh MOJYUEHHsT XOpolue-
ro roToBOro npoguag.

UeM MeHee yIOB/IETBOPHTENbHO 6YAET CIPOEKTHPOBAH pa3pe3Hoit
Kaaubp, TeM Gosee 3HAUHTENLHHIMH OYyAyT pPasiuuus MeXIy 3aiaH-
HbBIM H JefiCTBHTENbHO MOJYyYeHHbIM mnpodusaeMm. Beaencrehe storo
BO3HHKAaeT HeOOGXOAHMOCTb YCTPAHATb 3TH DPa3/HuMs B OCTaJbHBIX
¢daconHbIXx Kaaubpax, YTO OTpPHLATEJLHO OTpaxaercs Ha pabote
BCEeH CHCTeMbl KaHOPOB H MOXeT AaXKe NMPHBECTH K €€ HApYILUEHHIO.

Tak Kak TeopeTHuecKOe OnpejeseHHe TeUeHUs MeTajaJa B pas-
pe3HoM KanuOpe BecbMa CJIOXKHO, BOCNOJb3yeMCS 3SMIHPHYECKHM
nyTeM, NOJOXHB B OCHOBY ONbITHble 3aBHCHMOCTH MeXAy HEKOTO-
pPHIMH BeJHMHHAMH pa3pe3Horo Kaaubpa.

B nutepatype uncio pabor mo paspesHoiM KaaubGpaM BecbMa
orpaHuyeHo. IIpoeKkTHpysa pa3pesHble KaauOphl, o6pallialoT BHHMa-
HHe Ha BBICOTY ceuyeHHs 3aroTOBKH, 00eCneuHBAIOUYI0 NMpPaBHILHOE
3anoJiHeHHe Kaaubpa, IUMPHHY 3arOTOBKH H CBSI3aHHOE C HeH yumupe-
HHe, a Takxke (OpMy H yroJ pasBana paspesawnliux rpebHelt (HO-
Keit) Kaaubpa.

BricoTa 3aroroBku

o cux nop Haubosee MHUPOKO pa3paboraH Bompoc mnoxGopa
BLICOTHI CEUEHHSI HCXOMHO!N 3aroToBKH. CyluecTBYeT HeCKOJNbKO ¢hop-
MyJ H METOJOB pacueTa BHLICOTH (pyaHIa, KOTOPYI0 MOMKHO TMOJY-
YHTb B JaHHOM KaaubGpe U3 AaHHOH 3aroToBkH. C Lenabl0 BO3MOXK-
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HOCTH aHaJH3HPOBATL H CPaBHHUTb 3TH (HOPMYJsl HX NpeobpasoB:an
Tak, yTo6Ll B SBHOM BHJAE OblJIH NpPeACTaBJieHB NepeMeHHbE Ys, Ya
W JpyrHe napaMeTphl, NPHHATHe B HacToseHd paborte.

hs

ha

hs

e e —— S———
.

—

Puc. 1. PasMepn pa3pesHOro KaauGpa u 3drOTOBKH:
x,,— xo3dduuHenT YTSKKH ~ 32KDHITOTO 1a paspesHofi YacT# — 3aKpHTOM;
*  ¢naxna, pammmit halh,; F,— nnowann ceveHHA 3aroTOBKH;
¥ — yroa HakjJoHa GOKOBLIX TIpaHell; F.—To xe, paspesnoro npoduus;
A — k09 DHIHEHT BHTAIKKY; Vg — k03D OHUHEHT ofxaTia ¢nanna no
k,— BrcoTa paspesnoro npoduas; Bhicote, pasmwht h, [ho,

b — mupuHa paspesnoro npodus. in — ko9 PHUHeHT 06XaTHA IWeHhKH, PaBHHA
h,— Bucora 3aroTOBKH; h ., [ho;
n 01

hy— BucoTa orKpurTOTO haaKua; B — xoaddbuument  ymHpenus,  paBHHA
h,— BricoTa wefkH (B HanGoMee TOHKOM p/bo;

MecTe); 8y — xoaddunuenr dopmu, paBunf bo/hg;
hz— BHICOTA 3aKpHTOrO GJaHua; Gg— cPenHAX IWHPHHZ (rarueE C ONHOH
by — INHPMHA 3arOTOBKH; CTOPOHH NpodHASA;

b,— WHPHHA Da3peaHoro Kaau6pa Y KoH- € — KosdpuLHeHT IUHPHHW ¢aaHIeB, paB-

Huﬂ2as/b,,

Meru [1] npuHHMaeT pasHOCTL MO BHICOTE KaaubGpa W 3aroToB:
Ku paBHOH 7—209% BBIcOTH Kaaubpa:
1

=Tt @

Tosnbuseiiaep u Hanb [2] npuHHMalOT pasHOCTL MO BLICOTE 3aro-
TOBKi H Kaaubpa paBHOH 5—10 mm:
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(5 + 10 mn)
o=1— 820, @
ho

IIpn pacueTe BBHICOTHI 3arOTOBKH MOXKHO TaKiKe HCNOJb30BaThb
dopmyasl Aaa ko3bdulluedTa cpefHeil BRITHKKH. [l 3TOTO HCNOJb-
3yloT 06biyHO opMynanl Tadens unu JleHana u HeKOTOpHIE ApPyrue
aHaJIOTHYHOro THNa.' 3Tt (GopMyJsl ZAIOT pPe3yJbTaThl, OTJIHYANOLIHE-
CA OT JeHCTBHUTEJbHHIX 3H34YeHHH, TAK KaK OHH He BBITEKAIOT H3 3a-
KOHa TOCTOSIHCTBA 0o6beMa.

M3BecTHO!i u uacTo nmpuMeHAeMOH sBasieTca dopmyna DKenayH-
Ja 1as onpeneneHHs BbicOTH ¢aHueB. OHa OCHOBaHa Ha pacuerte
yIIHpeHus cpefHeii 06:XKuMaeMOH YacTH 3aroTOBKH. DKelyHA pac-
CUHTBbIBaeT yiuupeHue mo ¢opmynae JKesa, npuHuMas Kos3punHeHT
npu Ak paBHuim 0,25 (JKe3 npuHuMaet ero paBhsiM 0,3):

Ab = 0,25Ah, 3)

YTO B COUETAHHH C TOYHBIM JeseHHeM nmpodHu/s HAa YacTh JaeT Kax-
JAOMY pa3pe3HOMY KaJu6Gpy OJIMH pasMep BbLICOThHI 3arOTOBKH:

1 b
ho =4Fss( - Fo ) + hssa (4)
55 p
rae Fss — IVIOIaaAb CeYEeHHUs cpeJIHeﬁ 4aCTH pa3pe3Horo
npoduas;
F
hy = b—’ — B C/lyyae acHMMETPHHM DAacCUMTHIBAETCS KaK CyM-
r

Ma BBICOT Cpe/lHeH OTKPBITON M 3aKPHITON uacTeH;

hss — cpelHsasi BbICOTA TVIOILAAM CeyeHHs, paBHas

Fs + fa .

bs bo
HIuputsl b, u bp— 3TO paccTOSHHA MeXAY TOUKaMu, OnpefeseH-
HBIMH Ha OYePTaHHH (pJaHUEB BHICOTAMH h; u hox. Henenune npoduas

Ha YacTH M NPpHMeHeHHnle 0603HaueHHsT TPHBeJeHsl Ha pHc. 1.
®opmyna dkenyHpa B dopMe, comepxamedl ys H yn, BeCbMa

CJIO2KHA: ( N 5
_ - 4%, _
"S_T"( b )(4603(1—8)‘—(1—%) 1)’ ©)

Huarpamma 3T10it dopMmyabl npuBefieHa Ha puc. 2. Mmeem y,=0,
ecau yn = 0 Han -

Tu=48,[1 —B(1— )] + 1.

Jaa uHTepecylolux Hac 3HaueHHHt JpuarpamMma TnepeceKaeT B
IBYX TOYKaXx OCb Yn, @ HMEHHO AJ8 Yy, = 0 H B TOuKe y, > 1. Kak
caefyeT W3 AMarpaMMbl, CYLLeCTBYIOT Takue 3HaueHuUs €& H 8o, A4
KOTOpBIX Y, > 1 npu y, < 1. B obuieM mMakcumMyM ¢(yHKUHH Haxo-
auTcA B 06J1aCTH Yy < 1; T. €. GoJIbIHE 3HAYEHHS Y, AT MEHbLIHE
3HAYeHHs ys. YBequuyeHHe O BbI3biBaeT MOBHIIIEHHe 3HAYEHHS Ys, a
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NPHPOCT 8o — YMeHblIEHHE ys. BeielcTBHe TaKoro Xoma KpHBbIX
GopMysa TOMBKO B HEKOTODBIX C/ydasx AaeT XOpollHe Pe3yJabTaThl.

AHanu3upys TeueHHe MeTa/a MexXJAy HeoGXuMaeMbIMH (JaH-
IlaMH H CHJbHO O6GXHMaeMoii WefiKof, a TakXe yaJuHeHHe (JiaH-
IIeB, BLI3BAHHOE 3HAUHTEJBHON BHITMXKKOH Ileiikn, M. C. MyTbes [3]

BbIBeJ1 YNpOIleHHYI QopMyay:

L ~o065+4+035°2,
Vs ’ Fr .
]’5 . /5’!,05
13 ———d=g7
Ll 12 N\ ¥ —— 405
N
L SN D0
=08 Y
" \“/{/\- \
s //{ﬁmt
sl ,,/xmas \‘\
1Y/ \\
i \ \&\\
g6 1, 5/ \\ \\\ s
14 7 A
" I[l,! \ \\\\MLB
gs "l \ \\\\( il
N N -
073 , \\ \\\k\ X‘
g2 \/‘ Nﬂk\\‘
w zle’\\ \{: \| \\\\
NN o}\\

0 4z av G5 08 10 1Z 14 16 18 20 22 2% 26 2p

Puc. 2. I'padpuk x dopMyne Dkenynxa
KoTOpas mocje COOTBETCTBYIOINUX NMOACTAHOBOK NPHHUMAET CJelyio-
LIHA BUA:
Vs [0,35v; — 88 (1 —0,65y)]
B(1—3¥)(1—0,65v5)

'paduk stoit dopmyant npu g = 1,05, mpuBeneHHbli Ha pHC. 3,
aBaserca napabonoil, ocb KOTOPO# napaJiiensHa OCH yn,. OHa mepe-
CeKaeT OCb ys B TOuKax y =0 u

Tn=
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8

Ys= 0,35 10,6508

pag ye =1

1—9p

B(1—49)
OTo BhipaKeHHe MeHblUe €IMHHIBI JAAd BCEX 3HAYEHHH B, TPEBbI-
AKX eAHHULy. F3 aToro cienyer, 4To CymecTBYIOT TaKHe 3Ha-
ueHHd yn < 1, ana KoTophix ys > 1. 3T0, KOHEUHO, HENOCTATOK pac-
cMaTpuBaeMoH (OpMyJbl, ONHAKO CJAeAyeT MPU3HATh, YTO ANS NpU-
MeHSIeMbIX Ha NpaKTHKE 3HAYEHHH Yy, 3HaueHHd v, < l.

Tn=

.Is
O T —
g9 Dt
ag/J;/)( i
/////‘ =5]
s a7
//// //
A "
f
| ‘ ’/ 04 T’ {
W\ \ 43
\
\:\ \ %2
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\\\1\
- 0

Y =02 03 68 05 06 07 a8 0.-'3 ’ﬂ]‘a
Puc. 3. T'paguk x popmyne MyTbeBa (ynpoureHHO#)

dopmysa BaxrunoBa [4] paspaGoTaHa Ha OCHOBaHHH aHaJH3a
BRIHYK/JIEHHOTO YMJHHEHHS (JIaHIEeB CHJIBHO 06XKaTol LIeHKOH:

(2+2=50 ) thbr—F)
hy = by — 20 + &
° 1,5 (b -+ b)) ”

rie a— TonmuHa (aaHua y OCHOBaHHSA;
b — toqmuHa (uaHLa y ero KOHNa.
IlTocne mpeo6pa3oBaHui moJydaeM
_ ¥l —H+p+1
= T e —0)+8+1
310 ypaBHeHHe MPEACTAB/SET MYYOK NMPSIMBIX JHHHH, IepeceKkao-
muxca B Touke 1,0 (ang yo =1, ys = 1). dasa y, = 0.
1+8
LOB(1—9)+B+1 "

Ys =
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[pu nosbilleHHs O HAaKIOH MPSAMBIX Bo3pactaer; npu ¢ = 1
bopMysa CTaHOBHTCS HE3aBHCHMOH OT yn. [l mpHMeHsieMbIX Ha
npakTHKe 3HaueHHil O U B Bcerga y, < 1. B 3toM oTHowenuu ¢op-
MyJa [aeT JorHuHble pedyapTaThl. ['paduk, orobpakawoomui ¢op-
MyJay, npuBeleH Ha puc. 4.

CyiecTsyeT elle OAHH cnoco6 nmoabopa BHICOTH 3aroToBKH. OH
3aK/i0yaeTcd B BbIOOpe BBICOTHI Ha OCHOBaHHWM pfla 3HaueHHH 00-
KaTuil WeldKU B ZaHHOH KanuGposKe. [{1a 2TOro yallle BCero MpH-
MeHsioT KpuByw Kupx6epra mocsienoBaTeqbHOCTH 0GXKATHH LUEHKH.

‘7‘."; =10
a9 5 =
2 =
S
g7 = \
s CE T
9=
85

0 of 42 g3 a4 85 a5 &7 08 69 Up

Puc. 4. Tpaduk x ¢opmyne BaxTHHOBa

IIpu maHHOM roToBoM mpoduJe H AaHHOM YHCJE TPOXOAOB, TIpHME-
HAAS B KAXK/JIOM M3 HHX NOCTENEHHO NMOBHIAIINHECS (CUHTAs OT KOH-
Ila MPOKATKH) NO 3aJlaHHOM KPHBOH 06GXaTHs lIeHKH, PacCUHThIBa-
10T TOJILIHHB! LIeeK; MPOAOJNIKAS pacueTH 3a NMpefesaMH Paspe3Horo
Kanubpa, MOJY4YaloT BBICOTY 3arOTOBKH.

Arot cnocob (mpuMeHsieMblil TakXKe u MeTuoMm anis npenJoxKeH-
HOTO MM MeTOAa pacnpefieneHHs 06XKaTHH IUeKH TO OTHEJbHBIM
NpoxoJaM) JAaeT 3HAYEHMs, He CBfi3aHHbie ¢ BeanyuHod ¢aHues,

dopma paspesHoro rpedGHs

DTOT BONpoC B JHTepaType OCBelleH BecbMa HepocratouHo. Cy-
IIEeCTBYIOLHE JaHHble CBOAATCA K KOHCTaTHPOBAHMIO, YTO BeJHYHHA
yria passaJga, XapakTepu3ymwlas rpe6eHn, H3MeHdeTCs B npeneaax
45—60°, npuuyeM BBIGOpP €€ MPOM3BOAMTCA B 3aBHCHUMOCTH OT COOT-
HOlUeHHs1 pa3MepoB 3aroToBKH. Ilpu BoiGope yraa pasBana ciaenyer
0o6paTuTh BHUMaHHe Ha OBICTPBIfi H3HOC OCTpHIX rpebHell; Tynoii
rpe6eHb CH/IbHO BJIMSIET Ha YMeHbleHHe BBICOTH (JIaHIEB.

Ouepranue npoguas rpe6Hs npHHHMaeTcss OGLIYHO B BHJE AYrH
Kpyra HJH Xe yyacTka napaboJibl, HO MPH 3TOM OTCYTCTBYIOT pPeKO-
MeHJauuH, MJs KAaKoro yria rpeOHSl nMpUMeHeHHe TOrO HJH HHOrO
npopunsi rpe6Hs 6O/see PpauUHOHAJBLHO.
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Yuupenne

Bennunna ywmupeHusi onpenensieTcs WHPHHOM MO IHY H HaKJIO-
HoMm OOKOBBIX rpaHeil kanubpa. Hakion npuHuMaior B 3aBHCHMOCTH
OT HaKJIOHAa ¢JaHNeB B caeAyOmuUX mpoxoaax. OmHako, eCaH BO
BpeMs TPOKaTKH Habuionaercss ObICTPHIH H3HOC GOKOBOHM TPaHH Ka-
Jubpa B obaacTu uieiikH, 0603HAYAIOIIKA, YTO MPHHATO CJIHIIKOM
6osiblIoe OrpaHHYeHHe YLWIHPEHHS, TO CJAEAYeT YBEJHUHTb LIHPHHY
JHa HJM YroJ HaKJoHa GOKOBBIX TrpaHeill Kaaubpa.

[liupuny no aHy Kanubpa MPHHUMAaeT PaBHOM HJIM HECKOJbKO
MeHbllleH IHPHHB 3arOTOBKH [Js o0ecrneueHHs XOPOILUEro 3axmaTa
NPOKATBHIBAEMOH MOJOCH BAJKaMH H ee YCTOHYHBOCTH BO BpeMs Tpo-
KaTKH. MaTemMaTHuecKHX 3aBHCHMOCTeH, OTMpeRe/fOIUX YIUHPEHHE
B paspe3HOM Kauaubpe, B juTepaType He COLEPKHTCS.

JaBneHusi 1 KpyTdillle MOMEHTHI, BO3HHKAIOLlHe TMPH NMPOKaTKe
B pa3pe3HOM KaJaubpe, paccMOTpeHB! MOKa B 0fHO# paborte [5]. ABTO-
Pbl ONKCHIBAIOT B Hell ONBbITHI MPOKATKH B CHMMETPHUHBIX Pa3pe3HbIX
kanubpax, Ilpumensnu gBa THua rpeGHefi: mapabosHYeCKHH H TIOC-
Kuii. OceBble YCHJIMS H3MEpsiJIH TPOBOJOYHBIMH TEH30MeTPaMH Ha
Bblpe3aHHLIX cerMeHTaX OokoBbix rpaHell Kaaubpa. B kaaubpax
NPOKATHIBAIH 06paslbl MPAMOYrOJLHOrO CeYeHHS pasHYHON LUHpH-
Hbl H BbiCOTH. OIHOBpEMEHHO C OCEBbIMH YCH/IHAMH 3aMepsiiH Tak-
Xe JaBJieHHe HA HaXXKUMHble BHHTHl H KPYTAI{He MOMEHTHI.

Iis ompenejieHUs NMOBEPXHOCTH KOHTaKTa MeTaajaa ¢ OOKOBHI-
MH rpaHsIMH noJydanu Hexokathl. Bcero 6b1o npokartaso 70 06-
pasuos. Haiizena onpenenenHas npsiMoIMHelHasi 3aBUCHMOCTbh MeX-
Iy OCeBbIM H BEPTHKaJbHHLIM MaBieHueM. [IpAMble auHHUUM uMelOT
PasJHyHbil HAK/JIOH B 3aBHCHMOCTH OT Kos(dduuueHTa GopMul H pas-
MEpOB 3arOTOBKH.

HccnepoBateny, H3yyawilue gBjeHHe paspe3aHus MeTaJ)a, CBs-
3bIBAIOT OJHOH (PYHKILHOHAJbHOH 3aBHCHMOCTBIO Ys C Yn, 0o, B, U
Kpome TOro, menasuch TOMNLITKH ONPeNeaHTb COOTHoiueHue Py/P,
B 3aBHCHMOCTH OT Tuma KaauOpa.

Ilpexnonoxum, 4T0 HaM H3BecTHa OQYHKUHA Vs (yn, Oo, B, ©).
Bo3MOXHO /M Ha ee OCHOBAHHUW OJHO3HAYHO CNPOEKTHPOBATL pas-
pesHoi npoduab? OKasbiBaeTcs, YTO HET, TAK KaK MH He pacmnoJa-
raeM JIaHHBLIMH, IO3BOJISIIOLIMMH ONpeldeNdThb, Kakas yacTh (JaHua
6yner GOpPMHPOBATLCS 3aKPBITOH, a KaKasd — OTKPLITOH YacThbio Ka-
aubpa. IToaTomy He06XOAMMO YCTAHOBHTbH 32BHCHMOCTbL INyOHHEL
3aMOJIHEHHS 3aKpHITON yacTu Kaaubpa (KoapgpHUHEHT X;) OT ya, Oo,
p u 9. TlosnesHo TakXe 3HaTh AaBJeHHS MeTalsa Ha BaJKH H Kpy-
TALHEe MOMEHTb Ha 006OHX BaJKax.

Oas c6bopa Heo6GXOZMMOro 3SKcNEPHMEHTAJNLHOrO MaTepHana
NpOU3BeJH ONBLITH 0 NMpoKaTKe 06pas3lLoB B pa3pe3sHOM KaJaubpe.
Hns 3THX onbiTOoB 6bIIH CNPOEKTHPOBAaHBI BaJKH cO COOPHBIMH Ka-
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aubpamu U3 KoJjell, obpasylomux G0KOBble IPaHu H pa3pe3aloiuii
rpe6eHb. :

Ha puc. 5 usobpaxkeHn BaakH co c6opHbiMu Kaaubpamu. Boko-
Bble B3aMMO3aMeHsieMble KOJblla H3roTOBJEHH B TpeX BapHaHTaXx,
OTJHYaIOLIKXCA APYT OT APyra 3HaueHueM yria. BaaumosameHsieMbl-
MH 4BJSIOTCA TaKxKe W rpebuu. Jlag HHX H3rOTOBMJHM BOCEMb KoJell,
npoduaIH KOTOPLIX MPHBELEHB! HA puc. 6. [lna rpebHs npuHaIM napa-
6oaMuYeCKyI0 KPDHBYIO, yMeHbllag ee B npomopuuu 1:2,5. Ogun 4

! 2 3
/ L/ /
/- / ~ /
J
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N
/
¢ '
7 KN
7 )
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3 8 s\
N7
1 N\ %
6 //5
Puc. 5. CocraBHof paspe3Hol Kanu6p:
I -- BepxHee ONOpHOe XKO/abHO, 2 — BepxHHft rpeGeHb;, 8§ — CTepKeHb BepX-
Hero Bana, 4 — HaXHMHble KoOJAblla; 5§ — cCTepKeHb HHMKHEro BaJjKa;

6 — QOHCTAHIHOHHOE KOJNbLMO; 7 — HUIKHHA rpeGeHb, 8 — ONOpPHOe HHXKHee
KOJbNO; § ~ H3MepPHTelbHOe KOJBRO (AN 3aMepa OCEBOrC JaBJleHHS)

TOT XKe rpe6eHb MOXeT ObITb YCTAHOBJEH Ha BePXHeM HJIH HHXKHEM
Bajke., Pa6oramoiue COBMeCTHO rpeOHH, HX JHAMeTPhl H YIJH ¥,
NpH, KOTOPHIX OHM paboTanu, OTBeyajH pa3HLIM BapuHaHTaM. Kax-
bl BapuaHT Obl1 TPEACTaBJeH Ha BajKkax OOLIYHOrO JIHameTpa
340 un, a Takxke auamerpoB 380 u 420 mm. MexXAy KoJabllaMH ycTa-
HaBJIHBAJH NHUCTAHUHOHHBIE TOJYKOJbIA, MO3BOJSIOIIHE H3MEHHUTh
IIHPHHY Kanaubpa (BeauuuHy B).

Has uccnenoBaHuil ucnons3oBany o6pasuel ua craan Ct.0 gau-
Hoit 200 mm pasnuynoro cedenusi. O6pasubl HeGOMbIUMMH MAPTHAMHU
(no 4—8 wrt.) HarpeBaau B raszoBoil meun go 1170—1200°C. 3o
cnoco6CTBOBANO X OTHOCHTENLHO OBICTPOMY HarpeBy H He3Hauu-
TeNbHOMY OKaJjHHooOpasopaHuio. BoO BpeMs NpoKaTKH 3amepsa/y
JlaBjieHHe MeTaJjla Ha BaJIKH, MOMEHTH HHXXHero H BepXHero Bai-
KOB, TNpPOROJbHOE [aBJieHHe (HA CTeHKH Kaaubpa), a TakXkKe CKG-
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pOCTbL BpallleHHs ¥ BPeMsi MOJHOTO o6opota Badka. Kpome Toro,
3aMeps/i TaKxke H MyTb, MPOXOAUMEIH NMepefHHM KOHIOM o6pasua.

HccnenoBanus npousBOAMIM YeTHIPbMS CEPHAMH AJS Pasjuy-
HBIX 3HaueHH# dp (B KaXKJOH Cepuu 3HAUEHHA O, UMEJU HEKOTOphie
Kosie6anus, BbI3BaHHble He3HAUHTENbHOM pas3HHIel B pasMepax 3a-
TOTOBOK). B Kaxmoii cepun 8, MPHUMEHSIH HecKOabKO map rpeGHe-
BLIX KoJlell; U3MEeHs/IH AHaMeTP BepxHero rpeGHsi H yros HakJ/OHa

13 15 8 22
13 15 18 22
N
126 30 3 L a0
26 30 J5 40

Puc. 6. TIpopuau paspesaiomux rpebuert

60KOBBIX CTEHOK. 11 KaX a0 napel rpeGHell MPOBOAWVIH OTBITH TIPH
pPa3HYHbIX 3HAUeHUAX B M IO ABA-TPH OOXKATHA IJA KaXIOro P.
Hdansa naHHOrO Yy, MpOKaThIBaNMH 3—5 (B CpenHeM ueThipe) 06pasuo..
B o6uiem npoxkartaau 683 o6pasna, 4acTb K3 KOTOPHIX OblIa HCKIIKO-
yeHa U3 06paboOTKH pPe3y/bTaTOB H3-32 Pa3IMYHOrO pPoia AedeKToB.

OtoGpaHHble TeMIJIETH MJaaHAMeTpHpoBaau. s Kaxkaoro o6-
pasua paccudTaJH 3HAaYeHHS Ys, Yn, B, Oo, Xz U A. O6pasusl crpyn-
NHPOBANW TaK, YToObl KaXKJAas rpynna cojpepxkana AaHHbie O TpO-
KaTKe 06paszioB M3 3arOTOBOK TPH &y = const U Aas oxHoro Habopa
rpebHeil. Pasnuuiie B 3HaueHHAX P YYIH NyTeM pasjeseHHs BCErc
MHTepBasa KaXHOH Tpynmbl Ha TPH YacCTH.

Ha nepsom sTame aHanu3a 3ajaua cocTOsiJla B HAxXOXK/AEHHH
ceMefiCTBa KPHBLIX, XapaKTepusywllux objsacts pa3zbpoca H3MepeH-
HbIX BeJHYHH 1Jas BceX rpynn onbiToB. CilenoBaso HAHTH ABA TaKHX
ceMefcTBa AJIS Ys U AAs X,. [Ipu 3TOM Hamo OBLIO YYMTHLIBATBH, UTO
KpuBble 148 Yo = | HoMKHB Aath X; =0 u y; = 1. 3aBucumocTts x,
OT yn OMpeJeJser Jyulle BCErO NMy4YOK NMpSAMBIX, MPOXOASIIUX yepe3
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yKka3aHHyi0 Touky. Ily4ok 3THX mpsMbiX NpHBejeH Ha pHC. 7, 6.
KpHBble, TNPHHATHIE /5 ONHCAHUS 3aBHCHMOCTH MeXIY Ys H Yn,
npuBeleHsl Ha pHc. 7, O.

MarteMaTuuecKoe ONMHCAHHE KPHBBIX ys = [(yn) BeCbMa CJOXHO,
TaK Kak ys YBeJMUHBaeTCs M/ MaJsblX 3HaueHHH y, C HX TOHHXKe-
HHeM. DTOT POCT 4acCTO HAaCTOJBKO BEJNHK, YTO JOCTHraeT 3HauyeHHI
vs > 1.

VKasaHHOe Bblllle SIBJEHHE BbI3BAHO, KaK TMOKa3LiBaeT OCMOTP
TEMIJIETOB, TIOBOPOTOM He TOABepruyBuleiics nepopMauuHd YacTH

—0p
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Puc. 7. 3aBUCHMOCTb Ys U Xz OT Ya, O u B

pebpa (yraa). I'peGeHp BbI3bIBaeT He TOMBLKO pasjefeHHe MeTaJja
3aroTOBKH, HO TaKXe H YaCTHYHOe BIABJHBaHHe ee TNOBEPXHOCTH
(puc. 8). D10 BAaB/IHBaHHE CTArHMBaeT BCIO PeGpoByw (YrJ0BYIO)
YacTb MO HAaNpaBJ/eHHIO, MEPNeHAHKYJIApPHOMY OCH Kaaubpa. 310
sIBIeHHe B COYETAHMH C BO3MOXKHBEIM TeyeHHeM MeTaJla BBepX
BC/Je[CTBHe BbIXKMMaHHA rpe6HeM BhI3LIBAeT NMOBOPOT YIJIOBOH ua-
CTH NpoH/is 3aroTOBKH.

Ilo cux mop Mbi paccCMaTpPHBAJH TOJNLKO CBSI3b MEXIY Ys WIH X,
H yn. i3BeCTHO, OHAKO, UTO y; M X, ABJAIOTCA TaKxke (QyHKUHeH

UCCNEAOBAHUE A¢®OPMALUMU METANNIA B PA3PEIHOM KAJIMEPE 175

Apyrux BequuuH. FI3 onbITOB clefyeT, YTO 3KCMEpPHMeHTalbHble TOU-
KH PacnoJiaraloTcsi B KaKOH-TO 3aKOHOMEPHOCTH MO OTHOLUEHHIO K f.
BoJabluuM 3HaueHUAM B COOTBETCTBYIOT MNpeHMYyLleCTBEHHO OoJee
BLICOKHME 3Ha4YeHHS X,; N0 OTHOLIEHHIO K ys HaGJjionaeM o6paTHOe
siBjieHHe. DTO AaeT OCHOBaHHE KOHCTATHPOBaTh, YTO BJHSAHHE B He-
3HAaYHTEJbHO H C MOBLIIIEHHEM B pacTeT X, H CHHXKaeTcs ys. Dosee
3HAUMTEJbHOE BJAHSHHE HA 3TH 06e BeJUYHMHBI (X, H Ys) OKasbiBaer

Puc. 8. MexaHH3M TIOBOPOTAa <«YIMOB» Ha KOHIAX
OTKPHTHIX (JIaHlUeE ¥ TeMIJIeT NpoKaTasHoro oG-
pasua

8o. DTO BAHSIHME MOXHO HabOJI0OAaTh, CPaBHHBAss MeXAy coO6OH OT-
JdejbHBle Tpynnbl o6pasuos.

Takoe conocrasieHHe npuBedeHO Takxe Ha puc. 9. Touku Ha
rpadukax 3TOro PHCYHKa SIBJAAIOTCA MeCTaMH TNepeceueHHs JHMHHI,
OrpaHHYHBAIOLIKX 06/1aCTh OTHAENbHLIX TPYyMNMN, C OPAHHATOH v, = 0,2
Ias x; 1 ocbio yo = 0,0 119 y;. DTH BeHUHHBI HAHECeHH Ha OCH
a6Gcuuce puc. 9, a Ha OCH OpPAHMHAT OT/NOXKeEHH 3HaueHHs &p. Yucaa
NMPH TOYKAX — 3TO BapHaHTH HaGopoB rpebHell. Bepxuue mpepesnnt
0603HauYeHbl TOYKAMH, HHUXKHHE — KpecTHKaMu. Toukd, o6o3HaueH-
Hble HOMepaMH [—§&, ONMUCHIBAIOTCA HEKOTOPHIMH KDHBLIMH, TpHBe-
JNeHHbBIMH Ha pHuc. 9. [Ins x; NPHHATH TpAMBble.

W3 rpadukoB puc. 9 caelnyeT, YTO COOTHOLUEHHe IUHDHHBI rpeb-
HSl U IUMPHHBl 3arOTOBKH BOOOINEe He BJHSIET WJH Ke OYeHb HesHa-
YUTENLHO BJIMSET HA X, H ys IJsA rpeGHelt mapaGoJUYeCKOro THNA.
Kpome TOro, BHAHO TakXKe, YTO X, MOBBIIIAETCA C POCTOM &y Benn-
YHHA Ys MOBBILIAETCH C POCTOM &y TOJBKO JO ONpeAeNeHHOro mnpeje-
Ja, a 332 3THM TpelenoM yMmeHnbwaercsi. I'paduku Ha puc. 9 umelor
HEeCKOJbKO KpuBhiX. Ha 3TH KpHBble, Ha OCHOBaHHH 3KCHEPUMEH-
TaJbHBIX AAHHBIX, HaHeceHn! 3HadeHus B ot 0,9 xo 1,1. Kpome Toro,
3TH KPHBblE TIepeHeCeHbl B COOTBETCTBYIOILEM MacuiTabe Ha puc. 7.

3T0 MO3BOJIET PACCUUTATb X; H Ys HA OCHOBAHHH pHC. 7.

B 3axk/loueHue cienyeT o6paTHTL BHHUMaHHe Ha BJHsHHe H3Me-
HeHus araMertpa (TOukH 7 U 8) u yraa v {(touku 9 u 10). Us puc. 9
clelqyeT, UTO H3MeHEeHHe IHAMETPOB, NO-BHIHMOMY, He BJAHSET Ha X;



176 K. PHITEND

H ys (TOraa Kak BJIMSHHE yIJa v Ha X, H Y BIOJHEe OTYETIHBO BHJ-
HO). YMeHblUeHHe v BbI3bIBA€T MNOBLIIEHHE Ys M yMEHbIUEHHE X..
HeMHOrouync/1eHHOCTs OMBITOB HE NMO3BOJIAET KOJHYECTBEHHO OTpe-

0 AEJUTb 3TO BIIMSHUE,
1 OnucaHHbie HOCTELOBaAHHS
13 9 NO3BOJIWJIH rpaduueckH H306-
12 Pa3uTb 3aBHCHMOCTb X; H Ys
IR OT Yn. Ilpu 3aaHHBIX yn, G0, P
n 254 :.}5\‘— H v BO3MOXeH Toabop cooT-
0 vt ) e n BETCTBYIOIUMX 3HAUEHHH 5
9 4 £ X; U Ys.
~ 7 Iy - M~ N P
51 7]4334 NN Xon pacuera caenylomui:
w 8 /30? 7 E‘Z" J‘T
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g e P N POBKM TIDHHHMaeM  BBICOTY
Qb AN baaHUeB U TOJIIUHY IIEHKH
Sl divaw; paspesHoOro Kaau6pa;
4 1 J}”' 2) 13 CBf3M BeJUYHH B H v
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o S| 1377 i - H Vo
S L o%Er % LA~ 4) mpoBepsieM, TOJYYEHO
s LANT Y gl LA J¥ TIO TPHHATHIM H PacCUH-
N7 - 045 | — 4.5
s Bl ~ 6% TAHHBIM Y5 H Y, OLHO 3HAuE-
S g9 BAWY Sl T 3+ :
T AT T Hue ho; B cayuyae oTpuuaTENb-
= 7’* iq"‘l\ lz 0 HOTO pe3yJbTaTa MOLBEPraeM
01 Lol 9 KOPPEKTHPOBKE HCXO/IHble Be-
JIMYHHBL,

Pue. 9. 3aBuouMocTs y: # X: OT O H 5) pPacCUHTBLIBAEM X; (CM.

B H(“;‘”:O";%gﬂ %e;’f’wp:}ﬂfge‘;“;‘ *z puc. 7) M ocrasbHble BeJNHUYH-
e ¢ Hbl M CTPOUM KaJjubp.

TakuM o6Gpasom, pelueHa 3ajaya NPOEKTHPOBAHHUS pPa3Pe3HOro
Kanmubpa ¢ mapaGoaHuecKHM rpe6HeM Ha OCHOBAaHHH PE3YJbTATOB
OMBITOB.
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Hux, E. PPEMEJIH

(MHcTuTyT Xann6pOBKH BAKOB HHXKEHEPHON IIKOJbI
no MpokaTke H Meraaayprud, r. Pusa, ['[IP)

METOJA PACHETA
BAJIOYHbIX U IUBEJNVIEPHBIX KAJIUBPOB

O dopmousmeHennn B0 ¢aaHueBbIX Kaaubpax

IMpn npokaTtke 6a/iOK H LIBe/JIEPOB HCXOXHOe KBaApaTHOe HJH
NPAMOYroJsHOe ceueHHe NedOpMHPYeTCs B MeHbliee ceueHHe COBEp-
IIeHHO HHO# reoMerpuuyeckoii ¢opmui. I3 3Toro BmiTEeKaer, YTO
yMeHbllleHHe BbICOTH! C€YeHHS MPOMCXOAMT HEOJHHAKOBO H B HeM
BO3HUKAIOT 30HbI ¢ Pa3HOH BBITAXKKOH. Ecan 6bl 3TH yacTH ceueHHH
NPOKATHIBANH H30JHPOBAHHO JAPYr OT JAPYra, TO UX JJHHbI GblaH
6bl pasauuHel. OAHAKO CBS3b YacTefl NMPOGHJIS TMPUBOAHT K BHIPAB-
HUBAHUIO UX AJIHH U B3aMMHOMY BJIHSIHHIO UX APYT Ha Apyra.

CJieacTBHeM 3TOTrO siBASeTCA PA3JHYHOE YIIMPEHHE OTAeJNbHLIX
yactef npodpuna. Ecan aneMeHTH npoduas, noapepraiomuecst 60b-
meMy 06KaTHIO, COCTaBAAIOT GOJbINYIO YaCTh BCErO CEUEHHs TpodH-
Js1, TO OHH YBJIEKalT 3a co6oii 3JeMeHTHl, MOABepralouecs MeHb-
neMy 06XKaTuio, B Pe3yJbTaTe Uero MoJy4yaercss ycajka MOCAeIHHX.
Ecau, nao6opor, 6oabiyio 4acTh ceueHHs nNPOQHAS COCTABAAIOT
3JeMeHTHl, NoJBepraollyiecs: MeHblleMy 063KaTHIO, TO OHH NPENATCT-
BYIOT BBITAIXKKe APYIHX 3JeMeHTOB, nojiBeprawimuxca 6onaplieMy 06-
KaTHIO, H NMOCJEAHHE YBEIHYHBAIOTCH MO MHpUHe. TOHKHe 3/1eMeHTH,
uMelole GOMBLIYI0 BHITAMXKKY, He B COCTOSIHHH DPaCTAHYTb OCTaJb-
Hble 3J€eMeHThl, H TMO03TOMY OHHM MNOJYYalT BOJHHCTOCTb. JlJas TOH-
KHX 3J€MeHTOB (HampuMep, MWIeHKH) Helb3sd NpPEAyCcMaTPHBaTh B
nocjaeAHHX Kaaubpax OGoJbIIOH BHITAKKH.

Hasa pacuera pa3MepoB Kaaubpa ObIM TNpeLJOXKeHb pasHble
MeTOAb. ABTOPbl 3THX METOXOB MNPENOCTABASAH KaJdHGPOBIIMKY
6ospIIYI0 HAM MeHbIUYI0 cBoGoAYy B BriGope 06xKaTHil, KOTOpHIE, He-
XO[s1 H3 TPOQHUJs YHCTOBOrO Kanubpa, MLOMKHBI MPUBECTH K MPSAMO-
yronbHOH (hopMe 3aroToBKH.

Has npodunei, u3BeCTHBIX TOA Ha3BaHUEM HOPMAJbHBIX, GBUIK
yCTaHOBJIEHbl Ha NPaKTHKe ONpeleNieHHble 3aBHCHMOCTH MeXAy 06-
12 3aka3 1034
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XXaTHeM M AJuHOK ¢uaHua uuctoBoro npoduns. OO6buHO mocae
onpefie/ieHHss yMeHbLIEHHS WHPHHB LIEeHKH, HCXOJAS H3 YHCTOBOTO
Kaaubpa, onpeaensiii pa3Mephl ceyeHHsI 3arOTOBKH.

‘B 3aBHCHMOCTH OT YHCJa NPOMEXYTOYHHIX KaJHOPOB MOXKHO
6b110 BHIGpaTh pa3Mepn Ilefiku U ¢aaHnes. Ilpu stom TOT QaKr,
yto I kanu6p Mor ObITh He 3aNOJIHeH MeTa/JIOM H BCJeJCTBHE He-
CKOJIbKO YBEJHUEHHOro o6xxkaTHsi (yaHNeR MOri1a INPGHCXORUTH
ocajika MOCJHENHHX B 3aKPHITBIX Kajubpax, He BHI3biBad 0coObIX
onaceHHH.

ITonyuats HeOOXOAHMYIO AJNHHY (JaHLEB B YHCTOBOM Kaaubpe
yaaBanoch 6e3 ocobbix 3aTpyaHeHud. OAHAKO NPH MOJYYeHHH He-
o6xonumoit aauHE (QJIaHUEB TOHKOCTEHHLIX TNpOGH/Aei BO3HUKAeT
pan TpyndHocTed. Llenecoo6pasHo B mepBbIX NPOXOAaX MNONYYHUTH

. OTpefiesieHHbI H3OLITOK AJHHBL (J1aHILEB MPUMEHEHHEM peryJaupye-
Moro paspesHoro KanuOpa. Ecau Takok BO3MOMXKHOCTH HeT, TO B 3a-
kpbiThix yactax II u III xanu6poB He caemyer 06KuMaTh (aaHub.

H3Hoc BaJsikoB

H3Hoc BaJKOB HenmocpeACTBEHHO CBfI3aH ¢ KaiaubpoBkoil. OxHa-
Ko 6osbluoe 3HaueHHe HMeeT KauyecTBO BaJgkoB. Omnpenenenue H3-
HOCa BaJKOB TO3BOJISI€T CYIHTh KaK O KauyecTBe BaJKOB, TaK H O
KanubpoBKe. VIMelolmuecs B OOBLIUHBIX NacmoOpTax BaJKOB AaHHbE O
KOJIHYeCTBe NPOKaTaHHOrO MeTa//a MeXAY NMepeTOYKaMH H BeJHuH-
He CHSITUS AUaMeTpa TpH TepeTouke elle He XapaKTepU3YIOT H3HO-
COCTOMKOCTb BaJKOB H OTHdeJbHbIX KaJau6poB.

Haa onpefeneHHs H3HOCA BAJKH YCTaHABJMBAIOT APYr HaA ApY-
rOM Ha TOKapHOM CTaHKe WJH Ha CTeHJe B KJEeTH TakK, KaK OHH Ha-
XOMATCSA NPH NMPOKaTKe. 3aTeM NMOCPEACTBOM 30HAA H3MEPSIOT 3a30-
pbl MeXAy BajJKoM H 1abnoHoM. B 6GamouHbIX M IUBeJNJIEPHBIX
Kamubpax XapaKTePHHIM SIBJISIETCS MGHOC OTKPHITHIX M 3aKPHITHIX
¢GaaHueB. 3Hasd YKJIOH (JaHLEB, MOXHO ONpENENUTh BETHYHHY
cbeMa 10 JHaMeTPy BaJKOB.

Panpine xanu6poBkH 6ajlouHBIX M LIBeJJepPHbIX npoduaeir xa-
PaKTepH30BaJHCh TeM, YTO (aHUbl OblJH pacrnoNoXKeHbl TNOYTH
BEPTHKAJbHO K TJIOCKOCTH NMPOKAaTKH. YKJIOH BHYTPEHHHUX IpaHnei
¢bnanueB cocraBagn npumepHo 20%, sHewnnx 3Y%. Ilpu cpemnem
ugHoce 0,6—0,7 xx Ha 1000 r mpokata A5 BHy1peHHEH Y BHeELIHeH
rpaHeil ¢aanua noayvaercss cveM 10—I14 mm.

Ha pennuuHy chbeMa MOXHO BJIHSITH U3MEHEHHEM yKJoHa (aH-
ues. Kak a/1s 6anouHbIX, TaK H [Js WIBEJJIEPHBIX KaJHGPOB MOXKHO
YBEJHYHTD YKJOH (pJIaHLUEB M NPH TOM Ke H3HOCE YMEHbIUHTh BEJIH-
unHy cbema Ha 30%. YkioH ¢uaHueB 4HCTOBOro kajauGpa no jo-
nyckaM He JAOJXKeH mpeBoaTe MakcuMyMm 1,69%. HMs-za manoro
YK/IOHa MPH TEPETOYKe BAJKOB MPOHCXOAUT pacCUIHPEHHE YUCTOBOIO
Kanu6pa. B pesysnbrate yMeHblUCHHSI BENHYMHBI cbeMa L/ YepHO-
BbIX KaJHOPOB ¢ GOJIBLLUIHM YKJIOHOM YBENHUYHBAETCH CPOK CAYKOLI
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BaJKOB. MoOXKeT CHy4HThCSH, YTO AONMyCTHMas BeJHYHHA CbeMa elle
He OyfeT AOCTHTHYTa, a AONyCK MO IUMpHHe npoduas Oymer npe-
Boied. Cpok cayXObl BaJKa B 3TOM caydyae Gyfer OOYCJIOBJEeH Yu-
croBuiM KanubpoM. Ecou HeoOGxoaumo eie 6osee yBEAHYHTb CPOK
cayxObl BaJKa, TO CIedyeT HCKAThb NYTH, NO3BOJSAIOLIHE YBEJHYUTh
yKJIOH (J1aHNa YHCTOBOrO KajHOpa M NPOM3BECTH [OMOJHHTENbHbIH
u3rub npoduag.
O0pa3upl coBpeMeHHbIX KaJuGpoBoKk GajoK M uWBeJJEpOB

Huxke mnpepcraBieHbl HEKOTOpbie KaaHOpOBKH 6ajouHBIX H
IIBe/JIEPHBIX Npoduel, B TOM yHcsae ¢ 60NbLUIHMHE YKJIOHAMH ¢JaH-
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Puc. 1. Crapas kaaubpoBKa wiBesJepa

eB. Bce Kanu6poBKH B HacTosiulee BpeMsi NMPHMEHAIOT Ha IPOH3-

BOJCTBE.
Ha puc. 1 npencraBneHa crapas Kaaub6poBka useasiepa. Ilpea-

12%.
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cTaBleHHasi Ha pHC. 2 HoBas KaJiHOGpOBKa ILIBeJJepa BLIMOJHEHa
B OCHOBHOM no Mmetondy, npeajoxendomy H. M. Crapuenko. Hepno-
CTaTKOM ee fABJSETCH TO, UTO pa3BepHyTas (popMa KanubpoB 3aHH-
MaeT MHOro MeCTa, HO 3TO B KaKOH-TO Mepe KOMIEHCHPYeTCsl He-
6O/IbIIMM YHCJOM KanauOpoB.

Ha puc. 3 mpeacrapneHo cpaBHeHHe KO3(GMHUHEHTOB BBITSXKH
ob6enx Kaau6poBOK. B nepBbix yeThipex NpoxoAax B 3aKPHITHIX PyUb-
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Puc. 2. Hosaa xaan6poBKa iiBeJJepa

IX NPUMEHHJAH 3HAYUTeNbHO GoJibline BHITSXKKU. O6XaTHe B 4HCTO-
BOM Kanubpe HeOoJblIOE, TAK KAK MOXKHO OblJIO OXKHAATH, YTO BCJIEN-
CTBHE INIOYTH BEpPTHKAJbHOTO NoJOXKeHHs ¢(aaHueB norpebyercs
60J1biLNE CbeM MeTaJsJla BajikoB, YeM B UePHOBBIX Kaau6Gpax ¢ 6oJib-
HIHM YKJOHOM ¢JraHIleB.

Ilpu nepBo# onbiTHOH NpoKaTKe 06HAPYKUIH, YTO NOJKH MO AJTH-
He He 3aNOJHANUCh M PAAMychl 3aKpyrVeHHs MexXAy ¢JaaHuamMu H
meiKoli Oblax 60abMIMMH. [INis yCTpaHEHHS] 3TOTO YBEJHYHJIH TOPH-
30HTaJbHble nMpoekuuw ¢aanues I—III KaaubpoB u MecTa cru6os
(conpsxeHul wWeiku ¢ GaaHUaAMU).

Bropas onbiTHas npokatka TOATBEPAMJA NPaBHABHOCTH NPOBE-
JEeHHbIX MepONpUATHH.

METOA PACYETA BAJIOUYHLIX W LLBEANEPHBIX KANUEPOB

BHenpenune HoBoll ‘kanu6poBKH
MOBLICWJIO YaCOBYI  HpPOH3BOJM-
TeJbHOCTb CTaHa, IO3BOJHIO Ile-
peiiTu Ha oObiuHble HesJerHpoBaH-
#ble BaJKH H3 CEPOro uyryHa BMe-
CTC CTaAbHBIX O0XKHUMHBIX BaAKOB U
JOCTHYb YBeJHUEHHA CPOKa CJAyX-
65l YMCTOBHIX BaJKOB Ha 65Y%.

Ha puc. 4 moxasana xanu6pos-
Ka wmBesajepa ¢ 6osbUINM YKJIOHOM
¢aaHues. XapakTepHbIM [IJf Hee
IBJISI€TCS nepreHIHKYASIPHOCTD
(aaHUeB K 1IefKe,

Onpenenenne nJuowagei 3Je-
MEHTOB npodHu/Is NPOH3BOAUTCS HC-
XOAS H3 BBITSDKKH B YHCTOBOM Ka-
au6pe. 3Hag MWIOWaAb H JJIHUHY
urefiKH, HaxXOMHUM  ee TOJILIHHY.
HdauHa ¢aaHueB BO BceX KaJauo-
pax coxpaHsieTcs  OJZHMHAKOBOH.
3Has njoliaas (aaHUa, HalIeH-
HYI0 N0 BHITSIKKE, H ero AJIHHY, NO-
JayyaeM TonwmHy ¢Gaanua. O6xka-
THe TO Kpalo (¢aaHlla @ TNpUHHH-
MaeM Ah, a 0 OCHOBAaHHIO b OHO
paBHO kAh. KosddunueHT £ BoOH-
paeM H3 TeOMeTpHYecKoro psna
HJIH TaHHBIX NpakTukd. B npujo-
xKeHuu | mpuBeneHb GOpPMYJHl ANA
pacueta pa3MepoB npoduJs.

Takum crnoco6oM NMPOH3BOAHTCA
Kannb6poBKka wBeasepoB No 14—
18. C 1960 r. mo 3To# KanuOpoBKe
npokaraad npuMepno 85000 r
1WBeJ1epoB. B Tabnule npuBeleHb
IaHHble KaMHGPOBKH AJs LIBeJe-
pa Ne 16.

Hapsangy ¢ noemimieHHem uaco-

BOH MpPOM3BOJHTENLHOCTH Ha 15—
209, 3HAUUTEJBLHO  YBeMHYHJICH
CPOK cayk0bl BaJKOB.

Panee mBeanep Ne 30 npoka-
THIBaJH B TpexX Kjaersx 3a 11 mpo-
xoJtoB. [Ipu nepexose Ha HOBYIO IO-
Jypa3BepHYTYI0 KaaubpOBKY HC-
TIOJIL3YIOT TOMBLKO [Be KJEeTH H 4HC-

NAHHDBIE PACYETA BANIOYHBIX U IUBEJIEPHBIX KAJWBPOB IO METOLY MIOJJEPA-®PEMEJI
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JIO MPOXOA0B YMEHbIIEHO 10 CEMH. HpH 3TOM IIOBBICHJACh HacoBaf
NMpOH3BOAHUTENIbBHOCTb, YMCHBUIEH ITAPK BaJKOB, HX H3HOC U BpEM4A ne-
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Ne xanudpa
Puc. 3. KosddHUHEeHTb BHITAXKKH B LIBEJJIEPHBIX
kanubpax:
! — no HoBoit Kanu6GpoBke; 2 — no crtapo# KanuGpoeke
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Puc. 4. Kanu6poska wsennepa ¢ GoAblWuM YKAOHOM (JaHles

peHactpoilku. C 1962 r., koraa 3Ta Kanau6poBka Gblja BHeJIpeHa B
Npou3BOACTBO, NpokaTtaHo 7000 r mBessepos.

Ha puc. 5 u 6 nokasano npumetensie GOJbIWKX YKJIOHOB (hiIaH-
LeB M/l CTapOil U HOBOH KanHOPoBKH 6asouHbiX npoduaesi. Kaan6-
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Puc. 6. Hosas kaau6ponka ABYTaBpOBOil GajK

Puc. 5. Crapas xanuGpoBKa ABYTaBpOBOH Ganku
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pPOBKa IpPOH3BOAMTCA IO TOMY 3Ke MeToly, YTO H s wBensepa. Ha
puc. 7 npuBegeH rpaduk Ko3(pGhHIHEHTOB BLITSXKKWH JAs YKa3aHHBIX
Kaan6poBok. PacuetHrle (opMyasl npuBeleHsl Bo II npuiokeHuu.

A =

150 ! %1 \

'y " I X

A 13 /

T 2 TN TN
130 \A R \

c { , N 1/ \‘\‘ ‘ N—
o NaihN
100! g

I I B ¥ v W w W & X X
Nexanudpa

Puc. 7. KosdbdHuueHTH BHITAMKKH B GaJ0YHLIX
Kaanbpax:
I — no HoBo#t Kanu6GpoBKe; 2 — MO CTapoi Kanubposke

ITPHJIO)KEHHE 1.
®opmyabl aas pacyera ! wBeanepHoro xaau6pa (puc. 8)

Pacuet weiiku:

. an—l |
)‘s = — an—l = )‘stn;
Fsh
M=l —lyy: oy=1,— AL
F
Sn_l = St .
lu—-l

Puc. 8. Cxema x BeiBOAY (OpMys NJjsi pacueTa IUBeJ-
JlepHoro KaJaubpa

Pacuer ¢wuaHies:
)

! OGosnauHM 3nech u JaJjiee HOMeP pPacCUHTLIBAEMOro KaauGpa uepes n—1, a
HOMED NpenbIAYIIEro Kaaw6pa, CYHTas OT UHCTOBOTO, uepes n.
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fa_1 = f, ==const; a,_, =a, -+ Ah;
b1 = by + kAR; Ah——_l_[h._(a +b)]
- n—1 = Up ) = I+k fn_l n ) |-

Hcxons u3 umcroBOoro Kajaubpa kKosdduuueHTs! £ onpelnensior
chefyolluM ob6pasom: .

ko= kn1=7-6 koo=m1-c%
p—1/"3

kn_s=mn-.03 By = 'Ch; ¢ ,
n—3 =1 n—h =1 '_ V ;

rie p — 4YHCAO 3aKPHITHIX KaJHOpPOB.
Kos¢¢duuueHT n NpuHUMaOT caefylolluM o6pasoM:

Ne mpodunis . . . . .. .. <14 14—26 >26
L/ 1,2 1,3 1,6

MPHJIOKEHHE I
dopmyant aas pacyera 6ansouHoro Kaaubpa (puc. 9)

Pacuert wmefiku:

an 1 = )\San N

ln_] = lﬂ - Al;

Sp—1 ==

Puc. 9. Cxema K BuiBOAY Dopmya
ILas pacdera 6anouHoro Kaaubpa

A
fon_l =fgn+k +?s; As:sn—-l_sn;
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- 2F0n—l
Ao,y = Qg On—1 i Qop_y-
0n—1
Pacuer 3akpbiToro ¢aaHua:
On_l . .
)\fg':——}:-_—‘ an—l =)\ng0",
&n
fgn—l = fon;
g, | = Go,+ Ah; by, | = bo, + kAR
2F
1 gp
= — | ——— —(a b .
Ttk |ty (%n +bo,)

Buibop ko3pduumuenTa £ ykasaH B I mpuaoxkeHuH.

Hoy. A. A. HE®EJIOB

(3aB. kadeapoi mpokaTku IIHempona3epXKHHCKOIO
MeTaJIlypruyeckoro 3asoja — Bry3a, YCCP)

O METOHOAX PACYETA KAJIHBPOBKH
ABYTABPOBBIX BAJIOK H LIBEJITEPOB

IIByTaBpoBble 6a/Ki U LIBeJJIephl OTHOCAT K KJaccy ¢aHUeBbIX
npodusesi, KOTOpble, KaK H3BECTHO, XapaKTePHU3YIOTCSA JeMEHTaMH,
OCH KOTOPHIX pacrojoeHbl 06LIYHO nof yriaoM 90° kK coeauHsionlelf
HX YacTH. DTO BbI3bIBAeT HEOGXOAHMOCTb NMPHMEHATh CHELHaJbHble
NpHeMb! KaK JJis pacyeTa KaiuOpOBKH, Tak W AJs1 HaHOoJiee palHo-
HaJIbHOTO pAacnojoXeHHs NPOodHJAs Ha BaJKax.

ITpu npoekTHpoBaHHH KaJHOPOBOK AJs1 MPOKATKH GaNOK H HIBeJ-
JIepOB TOJb3YIOTCS Pa3JUYHBIMH METOAaMH, B OCHOBY KOTOPHIX IO-
JIOXKeH OQMH OOWMi npHHUHN: obecneyeHHe paBeHCTBA Ko3dduuH-
€HTOB BHITSIXKKH B 3JeMeHTax npoduas. PanuonajJbHOCTD TOTO HJH
MHOTO MeTOda onpelessieTcsl Npexje Bcero TeM, HaCKOAbKO COOJI0-
JlaeTca YKa3aHHbIH NPHHLUKN B NTPaKTHYECKHX KaiHOPOBKaX, KOTODHIE,
KaK NMpaBuJIO, Bceraa HecKOJIbKO OTJIHYAIOTCA OT pacyeTHuiX. [1puun-
HOH 3TOTO pacXOXJeHHs SABJSETCA TO, YTO MOCJe pacyeTa HJH B Npo-
necce pacyeTa B KaanHOPOBKY BHOCSITCS KODPEKTHBHI, yYHTHIBaloLIUe
KOHKpeTHble, MeCTHble OCOOEHHOCTH CTaHa H TPOKAaTKH Ha HeM.
K TakuM oco6eHHOCTSIM OTHOCHAT: THIN CTaHa, CKOPOCTb NMPOKaTKH,
TeMnepaTypy HaudajJa H KOHIa NPOKAaTKH, 3aKOH H3MeHeHHs TeMIe-
paTypsl (a cJaenoBaTeNbHO, H MJACTHYHOCTb) 3JEMEHTOB NpodHad
NO XOAy MNpOKaTKH M Ap.

OTH KOPPEKTHBbLI NO3BOJSAIOT IMOJYYHTh PaBEHCTBO KO3 ¢uuHeH-
TOB BHITSIAKKU 3JIeMeHTOB Npo(duJid, HeCMOTPA Ha pasjudHble OTKJO-
HEeHHs OT WJeasbHBIX YCJOBHH Mpoliecca NPOKaTKH, KOTOPble O6bIU-
HO NMPHHHMAIOTCA NpH pacyeTax. OfHAKO NPH KaJauGpOBKe KPYIHBIX
6aJIOK yC/IOBHe PaBEHCTBa BHITSXKEK 3JeMeHTOB NpoduJis He Bceraa
BBHINOJIHSAETCHA.

BaxHoe 3HaueHHe MUMeeT TaKe paclo/oxeHUe KaJauOpOB Ha
BaJsIKax, NpuiaHue Kanan6pam uanueBrx npoduseit Takoil ¢opmsi,
KOTOpasi aeT BO3MOXXHOCTb BeCTH MHTEHCHBHO NPOKATKy H B TC Xe
BpeMsl HMETh MHHHMaJbHBEIH PacXoJ BaJKOB H 3JEKTPOIHEPTHH.
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Bce 3T0 B COBOKYMHOCTH H OnpejesieT pallHOHaAbHOCTb TOH HIH
HHOH KanuOGpOBKH. :

MoryT 6biTh Cly4aH, KOTAa BBHITSKKH 3J€MeHTOB Npodmas pac-
npelensioTcss HePaBHOMEPHO: K03(GHIUHEHT BLITSXKKH IIEAKH MNpo-
¢uvia Goaplle KO3dduLUHEHTa BHITSXKKH (GJaaHlLeB: Py > Ny HIY,
Hao60OpPOT, Wy > Wm. B NMEPBOM cllyyae €CTECTBEHHOMY YAJIHHEHHIO
mwefikd OyAyT NPensiTCTBOBaTh MeHee Ae(opMHpyeMblie (aHIbl, OKa-
3biBasi JONOJIHHTENbHOE CONPOTHBJAEHHe IIPOAOJbLHOMY TEYeHHIO.
B Takux ycJOBHSX NoJydyaeT pa3BHTHe BbIHYXKIeHHOe ylIHPeHHe, W

w.

b
?
L

a

Puec. 1. CxeMH TeyeHHs MeTa/ula B Pa3jHUHbLIX
cayyasix MpOKaTKH BO (JaHuesbix KannGpax:

a — Wy >y 6 — By > By

[I03TOMY 4acCTb CMeIIeHHOTo o6beMa MeTaJJja Nno BhicoTe Oyner me-
pemellaThCcsi B WIMPHHY, T. e. BO daaHusl. CTpeMieHue mefKH coo6-
ILHTh MPODUAW cBOH KO3(PUIHEHT BHITAXKKH NPHBOAHT K yIJHHe-
HHIO MeHee JedopMHpyeMbIX 3JeMeHTOB (¢paaHueB), YTO MOXKeT
NPOUCXOAUThL TOJBKO 3a CUYET YMEHbLIEHHs HX cedeHHS.

Tak kak ToamuHa saHueB onpegenaseTcs pasMepaMu Kanubpa,
TO NnoJydeHHe NpoduaeM Kakoii-1o oblleil cpelHel BHTAXKKH obecre-
YHBAETCSI B OCHOBHOM 3a CYeT yMeHbleHHsl BBICOTH (hjIaHIes,
T. €. 3a c4eT ux yTaxkku. Cxema TeueHuss MeTajla B 06aJIOYHOM H
LIBEJVIEDHOM Kaanbpax NpH PacCMOTPEHHOM COOTHOIIeHHH KoaddH-
uyeHToB JAedopManuyu nokasaHa Ha puc. l. KoneuHnlii pesysbrar,
T. e. M3MeHeHHe BricoThl (pJlaH1eB, OyJer OnpelessiTbCH COOTHOLIEHHU-
eM o6beMa MeTaJljla, CMENleHHOTO U3 IIeidkKH Bo ¢JaHus, U 06beMa
MeTaja, HOYUIEro B YTSXKKY.

ViameHeHHe BrIcOTH (pyiaHIleB onpefensieTcsi He TOJABKO COOTHO-
IHeHHeM KO3 (HIHEeHTOB BBITAXKKHN M¢ H Mm, HO H BEJHYHHOHA compo-
THBJIEHHS NPOLOJLHOMY TE€UEHHIO CO CTOPOHBI MeHee edOpMUPYeMbIX
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daanues. Hem Gosbuie conpoTH/enye ¢aHUeB MPOLOJLHOMY Te-
4eHHIo, TeM GOJbLIHI 06bEM MeTajsa NepeMelllaeTcsl B NMONEpeYHOM
HanpaBJeHHH K3 IIeHKH BO (1aHlbl H TeM MeHblle H3MEHEHHe pas-
MepoB nociefHuX. C JOCTAaTOYHOM CTENEeHbI0 TOYHOCTH MOXHO INpH-
HSATb, YTO BeJIWYMHA CONPOTHBJEHHS NMPOJOJBLHOMY TeUeHHIO OINpee-
JIIeTCS COOTHOLIEHHEM TVIoLlaZedl MONepevHoro ceyeHHs QUiaHIEB M
weiiku. Uem Gonee mMaccHBHBI (JlaHubl, TeM MEHbUIUM H3MeHEHHSM
OHU TNOJBEPTaIOTCSl NMPH TAKHX YCAOBHAX IPOKATKH.

Ecan xosdduudent BHITAXKH OnaHueB GoJbuie KosgpdHuHEHTa
BHITSKKM IUEAKH (g>>Wm), MPOHCXOOMT O6paTHOE siBJAeHHe: pas3-
BHTHE BBIHYXJAEHHOIO yLIHpeHHS
BO (JaHIAX, TeHIeHUUS K IpH-
pOCTy HX BbLICOTHI, HECMOTPsI Ha
Tepexoj Merajja H3 ¢aaHleB
B weiKy. Takoe nepemelileHHe
MeTaljla B IIeHKY HexXeJaTelb-

HO He TOJbKO C TOYKH 3PEHHS cO-
XPaHeHHsT pa3MepOB 3JIeMEHTOB
npopuns, HO H C TOYKH 3PEHHs a o

H3HOCa KaJuGpoB. p s H
HC. . €3aM0JIHEHHe 3aKPLITOI'0
Ilpu pacuere kanuGposok ¢nanua W mepenoJHeHHe OTKPLITOro

ABYTaBPOBLIX GalOK  BaXKHOE  (g) y yesumonHeHue (yTAKKa) OTKpEI-
3HayeHHe UMeeT COGJIOIEHHE Toro tsasma (6) B 3aBHCHMOCTH OT
BEPTHKAJILHOTO paBHOBecHS XapakTepa feopMauny ¢uraHues
¢nanues. B ocHOBHOM BoO Bcex

KaJu6pOBKaX B OTKPBITHIX PyubsaX KO3dduiHeHT 06:KaTHA Ha KOHLE
taanna Bcerja Gosabiie, yeM KoddduuueHT 006KaTHs TOJIIHHBI
¢daaHna y OCHOBaHHA. B TaKux yc/ao0BHAX TOJydYaer DasBHTHE
BbIHYXKEHHOe yIIMDeHHe W HMMeeTCsi TeHIEHUHs K YBEJIMYEHHIO Bbl-
COTbl OTKPHITHIX Gd1aneB. OJHAKO ONHOBPEMEHHO B OTKPHITOM PyYhe
BO3HUKAIOT BepTHKaJbHble CHJIBL, -KOTOphle CTPEeMSATCS HalnpaBHThb
TeyeHde MeTassa B OTKPHITOM (p/aHle B CTOPOHY HaHMMeHblleH Ae-
¢opMauHH, T. e. B CTOPOHY 3aKphITHIX (JaHIeB.

Ecnu BepTHKaaAbHBI NMOANOP CO CTOPOHBI 3aKPHLITHIX (JIaHLEB
OKaXKeTcsl HeJOCTATOUHBIM (HAmpHUMep, MPH Ay < 1, Agp > 1) !, TO
OTKpBITHIE (JIaHLbl MOTYT yMeHblIaThcs MO BHICOTE, HECMOTpPS Ha
pPa3BHTHe BHIHYXKAeHHOro ywupeHus (puc. 2). Ilpu Hanuuuu Heob-
XOZHMOTO noanopa (MpH Aza > 1, HO Asa < Agp > 1) MOXKHO NOJYYHTH
NIPHPOCT BBICOTHI OTKPBITHIX ¢iaHueB. Ecau 3akjuHHBaHHe MeTan-
Jia B 3aKPHITHIX DyuYbsiX BeJHKO (NPH Agq >>Agp > 1), TO MPOUCXOAHT
He3aloJIHEHHEe 3aKPBITHIX pyybeB M IepernojiHeHHe OTKPHITHIX.

M3 paccmoTpeHHBIX Tpex cjayyaeB HanWboJee palHOHAJbHBIM
C TOUYKHW 3DEHHS CTOHKOCTH BaJIKOB SIBJAFETCA MEDPBbIH, TaK Kak IO

! 3neck A o6o3znauaer Kosdduuuent o6xatus JaHies no toauruHe. Muaek-
Cbi: 3 — 3aKpbiThlil daHel; 0 — OTKPHTHIH (saHeu; a — kKowen ¢aaunua; b — oc-
HOBaHHe Gaanua.
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Mepe H3HOCA KaJHOpOB OTKpPbIThHe diaHlbl 6yAyT CTAaHOBUTLCS MOJ-
Hee. [TocTynas B 3aKpeIThie PyubH, OHH OyAyT co3faBaTbh Bce 60Jb-
1Ml BepTHKaJbHBIA NMOANOD OTKPHITHIM (piaHIlaM, co3paBas GJaaro-
NpPHSATHble YCAOBHS IJAA NPHPOCTA HX BBHICOTHL.

B nocaentve roAbl B 'CTaHJapTax Ha ABYTaBPOBbIe GaJKK M IIBeEJ-
Jepbl MPOH3OIIJIH H3MEHEHHA: YyMeHblIeHbl TOJIIAHB CTEHKH h
¢aaHLeB NpH OJHOBPEMEHHOM YyMeHbIIEHHH BHYTPEHHHX YKJOHOB
¢aanueB. T0 B CBOIO ouepellb BbI3BaJIO CylleCTBEHHble H3MEHEHHS
B pexkuMax AedopMalHH MeTajJsa NPH NpokKaTKe 6ajoK H wIBesJe-
poB ¥ ocoGeHHO B npuMeHsieMblX ¢opmax Kanubpos. Ilpu mpokat-
Ke ¢JaHueBHX Npoduiell coOoTHOleHHe MeXAY BepTHKaJbHbIM 00-
JaTHeM IIedKH H GOKOBHIM o6:xkaTHeM (pyaHa moAuHHAETCS onpele-
JIEHHO! 3aKOHOMEPHOCTH:

Mhg = A, tg,

rae Ahs — GokoBoe oGxkaTHe (aHUa;
Ahy — BepTHKaJbHOE O6GKaTHe MLIeHKH;
¢ — Yyroi HakJoHa BHYTPeHHell rpaHd ¢aanua.

Hapywetne 3Tofi 3aKOHOMEpPHOCTH HeXKeJjlaTe/bHO; KaK INOKa3h-
BaeT OMNBIT, yBeJHUYeHHe GOKOBOro 00XXaTHs CBEPX HOPMLI NPUBOIUT
K HepaBHOMEpPHOCTH fedopmaunu ¢JaHIeB OTHOCHTEJNbHO IIeHKH I
B pe3yJbTaTe K NMOSIBAEHHIO NPOAOJbHOA BOJHB Ha KpoMKax ¢Jan-
ues (puc. 3).

Tak xak BemHuMHa 60KOBOro o6XKaTHsa onpefeseHa ¥ 3aBHUCHT
TOJNBKO OT BHYTPEHHEro ykJoHa (aHIeB, OHa OrpaHHYMBaeT yBe-
JiHYyeHe BePTHKAJIbHOrO 06KaTHS H ¢ YMeHblIeHHEM YKJIOHA TpebyeT
Bce GoJbllero yucsaa KaadGpoB A/s MOJydyeHHs TOTOBOTO Npodus.
B cBA3M ¢ 3THM Ha MeTaJaJypruyecKHX 3aBOAax NPHMEHSIOT pas-
JIHYHBIE TIPHEMBI, 1103BOJSAIOIIHE B KaAH6pax yBeJHYHTb YKJIOH dJiaH-
IIEB M, '¢C/IeJlOBaTeJbHO, BECTH MHTEHCHBHYIO NPOKaTKy, HMETb YAOB-
JIETBODHTENbHbIH TeMIePaTyPHbIHl PeXHM H YMEHbIUHTb PacXoj
BaJIKOB.

PacnpocTpaHeHs chaenyioliue NpHeMbl: 1) pasBoOpOT OTKPBITHIX
¢daaHues GaJloK M IIBeJIEPOB MNPH COXPaHeHHH NPSIMOJHHEHAHOCTH
Wefiku; 2) yBeJnYeHHe YKJIOHA BeJeICTBHe mepern6a IIeHKH NpH
COXpaHEeHHM NepNeHAHKYJSPHOCTH (uiaHleB K Wefike (Ha OCHOBe
Mmerofla Cauka); 3) yBejauueHHe YKJOHA BcleldCTBHe Ieperu6a meil-
KU U OTTHOa OTKpHITHIX (pJlaHUeB; 4) NpHMeHeHHe KOCODPacloioXKeH-
HbiX (HaKJAOHHEIX) KaJu6poB. XapaKTepHOe pacnoJioxKeHHe KajanO-
poB mpHBeleHO Ha puc. 4. BTopoii u TpeTHH MeTOABl MOJBL3YIOTCH
Hau60Jbllied pacnpOCTPAHEHHOCThIO.

Jlaa yBenHuenus CTOMKOCTH KaJauOpOB YHCTOBOH KJE€TH NPH Mpo-
KaTKe WIBeJJepoB npHMeHsoT aABa crnocoba. Ilepswiii 3akniouaercs
B TOM, UTO Pa3Mepbl UHCTOBOro npoduiass B pasBepHyTOM BHIE MNO-
JIyYaloT B YePHOBOM KJETH, a YUCTOBAas KJETb CJAYXKHUT TOJBKO [Js
Toro, uTo6bl NpHAaTh npoduaio Heobxomumyio ¢opmy, T. €. BhNpa-
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BHTbL ero. [pyrofi cnoco6 3akjioyaeTcss B TOM, YTO H3 YHCTOBOH
KJIeTH BBIXOAMT NpOo¢uabL B Pa3BepPHYTOM BHJe (BcjaelCTBHe H3THOA
1Wefiku), a JoNpaBKy NPo¢uIA Nocje ero OCTHIBAHHA HA XOJOIHJIb-
HHKe IPOM3BOLAT Ha NPaBUJIbLHOH MallMHe CO CHeLHaNdbHbBIMH MpPH-
}KHMHBIMH DOJAHKaMH.

[Tpu npokaTke 6aJox IUHPOKO NMPHMEHSIOT 4YHCTOBbIE YHHBeEp-
caJjibHble KJIeTH; HMeeTCsl OMBIT NPOKATKH WIBEJJEPOB B YHHBEPCAJb-
#oil KieTH. IIpoduan, npokaTanHble B YHHBEPCAJbHOH KJETH, HMe-

= P
0 5= o 72
a J « 8 2 ~

o0

L

_/
S
5

o/og
DLg

160 160 l
berrr—

d

Puc. 4. XapaxTepHoe pacmonoxeHue 0anoyHbX KaauOpoB, NpHMeHseMoe
Ha 3aBojax:
a — 6e3 orru6a daaHues; 6 — c oTrH60M (aHUEB; 8 — C H3ru6oM meHKH

H 6e3 orruba ¢aaHues; 2 — ¢ uaruboM meitlkH H oTrHboM daaHues;
@ — HAK/JOHHOe PAacCNoJOXeHHe Kaau6poB

10T Gosiee BBICOKYIO TOYHOCTb H MeHblHMe KojeGaHHS Pa3MepoB IO
JAJiMHe pacKaTa, 4eM NPOGHIH, MPOKaTaHHbBIE B OGLIYHOM YHCTOBOM
Kanubpe.

Hcxolg U3 M3/I0XKeHHbIX NMOJOXKEHHH MOMKHO clejaTh DSIA 3aMe-
yanuil mo pokaaay E. Jliogbira.

ApTop mpepnaraer auddepeHUMpOBaHHBIE MOAXON NPH KaauG-
poBKe 6a/loK MaJjblX, CPeJHUX U KPYNHHIX pasmepoB. B wacTHocTH,
peKoMeH/lyeTcs NPH NPOEKTHPOBAHHH KaAuOGPOBOK 6aJIOK KPYIHBIX
pasMepoB NPHHHMaTh KO3(GHUHEHT BBHITIXKKH (JaHIEB HECKOJbKO
6oapuwinM, yeM wefiky. Takas pekoMeHZauus sBAsSETCs BIOJHE JiO-
THYHOM, NPaBHJbHOA H YUHTHIBaeT OCOOEHHOCTH TeueHHsl MeTaJJa
B KanuOpax npuw NpoKaTke KPYynmHeIX G6aJiok.

Ilns onpelenenns KospdulueHTa 06xkKaTHs LIefiKM NpU pacye-
Te KaJHODOBKH ABYTaBpOBO#l Gajiky aBTOp NpejJjiaraer MOJb30BaTh-
csl 3aKOHOM apU(MeTHUECKON NPOrpeccHy BHA

Co=1+@n—1)z .
rle 2z — pa3sHOCTb MPOTPecCHH.

AnajioruuHble cnocoGbl ycnellHO NMPHMEHSIOT Ha HEKOTOPbIX 3a-
BOJax; TeopeTHuecKHe pa3paboTKW 1O HHM HMeloTcsl B paboTax
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H. U. Kyuko. OnHako cjellyeT OTMeTHTb, YTO BeJHYHHA Pa3HOCTH
nporpeccHy B JaHHOM cJy4ae 3aBHCHT He TOJbKO OT pa3mepa Mnpo-
¢uasi, Ho U B O4yeHb OOJbLWIOH CTENeHH OT THNA CTaHa, CKOPOCTH
NPOKaTKH, KOHCTPYKIMH pabouHx KJeTeil, T. €. oT ¢akTOpOB, omnpe-
IeJsAIOUHX TeMIepaTypHbIA PeXHM INPOKaTKH, MJacTHYecKHe CBOH-
CTBa MeTaJsJa M0 XOAy NMPOKaTKH H JOIyCKaeMoe [aBjieHHe Ha BaJl-
Kd. B ¢BA3H ¢ 3TUM pa3sHOCTH NPOTpeccuH, NPHMeHsieMble B pacuye-
Tax KaauOpOBKH AJsl JIMHEHHBIX CTAaHOB, HENPHTOAHBHI JJs pacuera
Koa¢odunuentos jedopmanun B KaaAHOPOBKaX AJs 3HT3arooOpasHbiX
M HenpepuiBHBIX cTaHOB, H Hao6opot. [IpuBeneHHsle B noKaame Ka-
JUOPOBKH BAaJIKOB He YUYHTHIBAIOT NMOCJAENHHX AOCTHXXEHHI 3aBOJOB
B COBepUICHCTBOBaHMH (OpM O6ajouHbIX M LIBeJJIepHBIX KaJHOpOB.

®opMyJHPOBKH OTHOCHTEJNHHO GOKOBOTO W BEPTHKAJbLHOIO 003Ka-
THH (HJIH, KaK HX Ha3blBaeT aBTOP, NPAMOTO H KOCBEHHOrO 06:KaTHii)
He coBceM ypnauhbl. Kak 6blI0 MOKa3aHo Bhillle, IPH GOKOBOM 06XKa-
THH B 3aBHCHMOCTH OT YCJOBHH JedopMaunuy MoxKeT OGbITb NPHPOCT
BbICOTbl BEPTHKAJbHOI'O UJIH HAKJAOHHOIO 3JeMeHTa, T. €. YUIHpeHHe,
OTCYTCTBHE NMOCJEAHEro WJAM Jaxe yTAXKa; BepTHKaJabHOe o6rkaTHe
BCerJa CONMPOBOXKJAeTCs YIIMPeHHEM, ecH MNocjelHee clelHaJbHO
He OrpaHHYHBATb.

Ilpod. 3. BycaToBcKuil BblcTynHJ ¢ OOIIHMPHBEIM M OYeHb COLep-
XKaTeJbHBIM JOKJIaJ0M, B KOTOPOM DaccMOTPEHbl OCHOBHbIE MpoGJe-
Mbl TIPOKATKH M KaaubpoBku BaakoB. CpaBHeHme GopMya yHeAbHO-
ro [1aBjeHHsl C SKCIepHMMEHTaJbHbIMH JaHHBIMH TMOKa3blBAeT 3HAYH-
TesibHbie pacxoxkaeHHd. TouHble pe3yJbTaThl JaloT (POPMyJbl, OCHO-
BaHHble Ha pelleHiy AUGdEpeHIHaJbHOr0 ypaBHEHHA IPOKAaTKH C
yueToM ocobenHocTell ouara jgedopmauuu. OnHO# M3 NMPUYHH MOJY-
YEHHOTO ABTOPOM PAaCXOXIEHHS] B PACYETHBIX JAHHBIX MOXET CJy-
JHUTh NOJCTAHOBKa HENDaBHAbLHBIX 3HaUYeHHH Ko3(pdullHeHTa TPeHHs
B pasjauyHble GOopMysibl, 0CO6EHHO B IIOJIyYeHHblE Ha OCHOBE pelleHus
ypaBHenua Kapmana. OTo npexie Bcero OTHOcHTCH K (dopmynaMm
A. U. LenukoBa u OpoBaHa, Y KOTOPHIX NMPHHAT Pa3Hbiil 3aKOH Tpe-
HHUS, T. €. {x = [pPx U {x = [o Bor. Eciu moacTaBuTh B GOPMYJHl 3Ha-
yeHHs KO03(p(PHIHEHTOB TpPEHUS B COOTBETCTBHH C MPHHATHIMH 3aKO-
HaMH TpeHHusl, TO pe3yabTaTel pacyeToB G6GyAyT OoJee TOYHBIMH
H PacXoKJeHHs] MeHbIIHMH.

13 3akas 1034
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(MuctuTyT Kanu6GpOBKH BaJIKOB MHXKEHEPHOH LIKOJbI
0 MPOKaTKe M MeTaaaypruu, r. Pusa, I'[IP)

PA3PE3HbBIE KAJINBPbI

Uncrutyr kaau6posku MHKeHepHoii WwKoaw r. Pusbl 3aHuMaeT-
cd HCCAelOBaHHAMH pa3pe3Hblx Kaaubpos c 1960 r. Ilas uceaeno-
BaHHH MHCTHTYT HMeeT OMNbITHYIO NMPOKaTHYIO KJjeTb. BepxHuil Baaok
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Puc. 1. KasuGpoBannbie Bajku naGopaTopHoro crana 300

peryaupyioT BpyuHyilo. MouHocts nBHratensi paBia 60 k8T, cKo-
pocTh MpoKaTkd paBHa 0,5 M/cexk.
Basnku umelor aauny 6ouxku 250 mm u nuametrp 300 mm. Kou-
IJIEKT OMBITHBIX BaJIKOB MMeJ TPH pa3HbiXx Kaaubpa (puc. 1).
Kamu6p 1 — 3akpuiThiit paspesnoii. [ny6una Bpesa u dopma pas-
pe3nbix rpebHell OJMHAKOBLI BBepXy M BHH3Y. YKJOH COCTaB/ser
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6% u cyuraerca HOPpMaJbHBHIM AJS Pa3pe3nblx KanHOpPOB 3TOro pas-
mepa.

Kanu6p Il — 3akphiThlii paspe3Hoil ¢ YKIAOHOM GOKOBBIX CTEHOK
159% nans npoKaTKH MIBeAJepHbXx npoduselr. Bepxuuii paspesHoir
rpe6eHb ry60KO MPOHHKAeT B 06XXHMaeMoe ceyeHHe.

Kanu6p 111 — OTKpHITHI/, CHMMETPHYHEI OTHOCHTEABHO JIHHHH
NPOKATKH; YKJIOH CTeHOK Kaaubpa pasen 129%. B stom kaaubpe Bo
BpeMs ONBITHOM NPOKAaTKH 00pa3oBa/nch GOJbllMe 3ayCeHUHl.

3aroToBKH H3roTaB/JHBa/Jd Ha Ky3HEYHOM MOJIOTe U3 KBajpaTHO-
TO ceyeHHs] CTOPOHOM 5D mM.

[lepetoukoit Ba/JiKOB MOJMYYHJM NATb BaPHAHTOB OYepTaHHil Ka-
JHOpOB, OTMeYeHHLIX Ha puc. | uudppamu I—5.

Harpes 3arotoeok po 1000—1100° C ocyuiecTBasiin B rasoBoil
neud, [TIpu npokaTke oT mojoc Bcex Kanu6poB OTOHpadd TeMILIeTHI
M H3TOTOBJISIM OTTHCKH JJIsS ONpefesenus naowmany. asiaende npo-
KaTKH M3Meps/ii MecJ03aM{d H 3alHChiBa/IM Ha IVIEHKe OCLHJJOrpa-
¢a. PesysabTaThl 3KcnepHMeHTOB NpelcTaBjeHbl Ha rpagukax. Ha
pHc. 2 npeicTaBjieHbl KpHBble 3anojHeHusi Kanubpos /[, 1 u I1,2*
N0 3KCMEPHMEHTAJNbHbBIM AaHHBIM M NAHHBIM Pa3jIMYHBIX aBTOPOB,
NpelJoXKHBIIMM (POPMYJBl AJ14 ONpeAeseHHs BbICOThI 3aTOTOBKH.

Kanu6p /7,1 3anonnsiercss npu o6XKaTHH NPSAMOYTOJBHOIO ceye-
HUA BbICOTOH 47 MM ¥ LWIHPHHOHN 45 mMm wau BeICOTOH 51 MM U mwUpH-
Hoit 40 mm. Hauayumine 3HayeHHs WHPHHBI 3arOTOBKM IJs KajuG-
pos /1,1 naxonsarcs mexny 39 u 45 mm.

CnepoBatenpio, mwHpuHa 6uioMa B = Byaxe— (3 +9 mm), rae
Byake — MaKcHMagbHas WHpHHA Kaau6pa. Takas 3aBHCHMOCTb INpPH-
rogHa ajas Kaaubpos I1,2; 11,3 u 11,4. Ha puc. 3 npeacrasJeHbl
KpHBble 3amoyiHeHHs KaaubpoB [/, I—4. Xota nJollazn Kajau6poB
NOCTOSIHHO TMOBLINAIOTCA OT MepBOTO K YETBEPTOMY BapHaHTaM,
KpHBLIe He PacnojaraloTcs Tak, 4ToGbl 6oJbllieli MJomany kaaubpa
COOTBETCTBOBaNO GoJabllee oGxkuMaemoe ceueHue, [IpuumHa 3TOrO
3aKJjloyaercsl B TOM, YTO H3MeHseTcs He TOJbKO opMa paspesHOro
Kanubpa, HO M BBITAXKKa LIeHKH MO OTHOWIEHHIO K CYMMapHOH BhI-
TAXKe. DTo AOKa3blBaeT, yTo Kaxlas ¢opMma Kaaubpa HMeeT CBOH
0CO6EHHOCTH., '

Ha puc. 4 npeacrasienbl KpuBble Aas kanau6pos /, —4. Kax Obl-
JIO OTMEYEHO, Y 3THX KaJHOpOB IyOHHA Bpe3a BEDPXHEro H HHXKHETO
paspe3Hbix rpe6Heil OfHHAKOBA, ¥ Kaau6poB /, /—3 obxKaTue HIeHKH
octaercs NOCTOSTHHBIM. Takum o6pa3oM, AAsl 3THX KajauGpos H3Me-
HSIeTCA TOMbKO UX (popMa, UTO BhI3BIBaeT H3MeHeHHe IJIOIlaiH Ka-
aubpa, a clelI0BaTeNbHO, H BHITSXKKU (pHc. 5). B otinune oT Kpu-
BHIX AJsa KanaubpoB [/ Gonblioro pasjMuds MeXAy KDHBLIMH 18
Kanubpa / He o6HapyxkuBaerca. CueloBaTesqbHO, BausHHe Gopmbl
pa3pe3HblX KaJHOPOB BecbMa He3HAYHTENbHO.

* Apa6ckue uHGLH — HOMepa BapHAHTOB,
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CeueHHsi 3arOTOBKH, KOTOpble CJelyeT TMpPHHATb, OTJAHYAIOTCH
APYr OT Apyra He3HauuTelbHO. MOXHO Takxe OTMETHTb, YTO 60Jb-
ueMy 3aroJiHeHHIO Kalu6pa Fy = 1580 mm® (nnsa xaau6pa /,3) ue
COOTBETCTBYeT GoJiblliee ceYeHHe 3arOTOBKH. JTO OODBSCHSETCS TEM,
YTO WHpHHA OGXKHMaeMOH IeAKH YMEHbIUAEeTCs OTHOCHTEJbHO LIH-
punbl kanubpa. CieloBaTedbHO, B BHITAXKKY YBJeKaeTCs MeHbluee
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Puc. 2. Kpusnbie 3anonnennsi xaan6pa Il no sapuanram Ne 1 u 2:

a — pa3MmepH Kaaubpos; 6 — pe3yabTaThl ucCaenoBaHui: | — SKcMepHMEHTaNbHBIE KpH-
peie; /I — mno dopmyne Tadenn; I/l — no dopmyne Baxtusosa (mepso#t); [V — no
dopmysne BaxTuHoBa (BTOpo#l); V — no dopmyne dkeayHpa; VI — no dopmyne MyTre-
sa, VIl — no cpopuﬂyne Jlenana
N

KOJIMYeCTBO MeTasaa (pJaHla, yem npd 6ojee IIHPOKOM DPa3pe3HOM
rpebue.

Y Kanu6poB ¢ CHMMETPHYHBIMH TPeOHAMH NpH 3a1aHHOM BbITAK-
Ke 06XUMaeMoe cecueHHe MoxKeT ObiTh HailjeHo no KpuebiM. llupu-
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Hy GJioMa cJIelyeT [IPH 3TOM NPHHHMATL MeHbllle WHPHHE KaaH6pa
Ha BeaHYHHY B = Byawe— (5 + 10 mm).

Hanpneiiine Mcc/efoBaHusl NOKa3asH, YTO TeMIepaTypa B Npe-
nenax 1150—1000°C He oTpaxKaeTcsi 3aMETHO Ha 3aNMOJNHEHHH pas-

pe3HBIX KaaubpoB. 2

YcnoBusi 3axBata B Ka-
aubpax / u I 6blin pasnuy- \
HbIMH. B kanubpax / c He- ©
60JBIIMM YKJAOHOM  CTEHOK \
(6%) nouTH Bce 3arOTOBKH 58
NIPHXOHIOCH BTaJAKHBATh. \|
Hao6opor, Goabwiofi yKJIOH \<3
creHok (15%) xanubpoB /I § s
BJIHSET Ha YCJAOBHA 3axBata 3
GnaronpusTHo.  3arotokn § | \
3axBaThIBaJiHCb XOpowo Ja- . % \
Ke mpH GoablIHX O06XKaTHAX. 3 \ \
ITo BennunHe  3anoaHeHus '§ 5
daannes kanubpa / MoXHO S \ ) )
YCTAHOBHTb, YTO  HHXHHE & ~(_ \ i
¢aanubl, nojBepraeMmie mps- S 50 <
MOMY OOXaTHIO, 3aMOJHSIT- = \ 2
csl Xyxe, ueM BepxHue c 0o- | N
KOBbiM 06XKaTHeM; 3TO u3Be- 48 >
CTHO TaKXe€ U H3 NPaKTHKH. \ \5

CpaBHHuM pe3yJabTaThl HC- 46 .
c/elOBaHHKil, BBIMOJHEHHHIX B N
HuxenepHoit wkoae, ¥ Prite- !
JeM B Muctutyre Merananayp- 44 L

38 40 42 4 45 4B
. Wupuwa Bxodawed nonoco!, MM

Puc. 3. Kpuebie 3anonneHust xaaubpa

rud XKenesa ([THP). Poirens
NOJYYUJ 3aBHCHMOCTH AJS

OTHOWIEHHH Il no Bapuanram Ne 1—4:
__ h, __ ks I —Ne 1, F=1220 aa? A = 1,66 + 1,73
Y= B 0= 5 2 — Ne 2, F =1265 ma? hg= 173 ~ 175
r 0

Ap= L77 = 1,979, § — Ne 3; F, .= 1325 mm?
6 ’ BN v Fg f
rae h,—BelcOTa  3aKpHITOrO 0 /oo = 00 ™" Tty FEC a5 wnt

¢daanua; A= 1,46 =+ 1,52
h: —BBICOTA Kaaubpa;
hp— » 6aoma.
O6a otHoweHnUs1 npeicTaB/jieHbl B (PYHKLHH OTHOLIEHHS
— hn
To=

rie h, — ToJMWKMHA LIefKH.
ITpu aTom dyHKuus ys = f(yn) BecbMa CJI0XKHO CBA3aHa C OTHO-
h
IIeHHEM Yn = -~ .
ho
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198 . @©. TODMAH \
CeMeiicTBO KpuBbIX 3TO# (yHKUMH HMeeT GoJiblioe MoJie pacces- "6“" Ys > II/’ISTO O3HaYaeT, YTO BbicOTa KajauOpa GoJbllle, yeM BLICOTA
uusi, Gosbwee, yeM y GYHKUuU X, = f(ya), TaKXKe 3aBuCslle# OT aioMa. Vccaenoanust B I. Puse NOATBEPXKIAIT 3Ty TeHIEHUHIO.
s , z ’ Hanpume%, NpH wupune 610Ma 44 mm moAyYuau AAs Kanaubpa I1,2
= — ) l N .
Yn no " mpH Yy = == 0,81 BenuuHHy Yy, = 58—05 = 0,37; nas kanubpa I/, 1
7/ mpi ys = S22 _ 0,84 3naueHue yp = 4.5 _ 0
50 — / PV =355 = Vo= a5 O3
T, ' L1 1,2 L3
B 29— 2 18
/P
—  b4r
s I
2N K v IS A
L = <
b2 \ 29— = 25 8
\ \ 432° a £70° 457°
| 60 N N/ 60
2 N ) 2 X
u;ts& \ X \\ \(’
% XNV 58
=5 I \ S
o R \ \ ' - >\
R \ 8 \ /
g S 96 N
50 ‘S 54 N S N
6 A e RN : g N\
o 8 1 = & 54
3 R g \
N33 9 3 .
|2 5o | Lupura adagaeri rosocs!, AN\ ! 25 R
25 3B % e N\ ‘s PR g AN
=2 7-1—=4<21__ N N\ i S \
45 48 AN N i 50 \
N |
AN .
» 50 46 L~ N | 48
o 1 P 36 387 40 420 bk 4
= > L~ ! Wupuna Bxodueis noAocs!, MM
4 44 > o / 'l d’
o, ‘/ o
N4 ‘.‘: L ZZ>_,/ | Puc. 5. Bausinde GopMBl pa3pesHbix KasHGpPOB
— 42 e J' Ha HX 3aNOJHeHHe:
= ) - ; 6 — :
s e T | Bm xapudpa 5 § = fopus rysgueli 8 o peaytenarat ucercsonand:
45 —= 6 . Kaau6p 1,2; Fy = 1450 mm? A = 1,55+ 1,53; 3§ — ka-
a au6p 1,3; F, = 1580 ma? A = 1,42

Puc. 4. Kpusnie 3anonnenns kamu6pa 1 no sapuanram Ne 1—4:
a — pasMmepn Kaaubpoe; 6 — peay/AbTaThl HcoaeRoBaHufi: [ — sKcnepHMeHTaNbHES
Kpuseie; /I — wo gopuyne Tadeas; Il — no ¢0£Myne Baxtunosa (nepmo#t); IV — Ora TeHIeHUHs TOHATHA, TAK KaK ¢ yMEHbIIeHHEM TOJIIHHK
no dopmyne Jkenyuga;, V — no dopMyne MytweBa . o
nlefiky naollaab Kaaubpa, KOTOPYI HYIKHO 3aNOJHHTH, MEHbIIE MPH

Belpaxenue ys = f(yn) NMOKa3hbBaeT, H4TO C YMEHbIIEHHEM Yy NOCTOSIHHOj BhIcOTe KanauGpa. [1pu mocrosiHHO# mupHHe 6JaiOMa BbI-

3HayeHUe ys; YBeJUUMBAETCs BMeCTO TOro, 4ToOnl yMeHbmaTbes. Ec-
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COTa €ro MOXeT YMEeHbIIHTbCA. DTH HallH HccelOBaHUSl NMOATBep-
KAAOT HceaefnoBaHHd VIHCTHTYTa MeTaasypruu XKejesa.

OxHako Ha NpakTHKe BBICOTY GJIOMa He INPHHUMAIOT MeHbLIe
BRICOTHI KaJubpa, Tak Kak Kaau6Gp He Oymer 3amonHed. BoJabioe
3HayeHHe uMeeT ¢opma rpebHsi. Ecau rpeGeHb oueHm IIHPOK, TO
NPOJOJLHOM BBITAXKKE MOABepraercs 60Jbllee KOJHYECTBO MeTaJda,
yeM npu Gosee yakom rpeGHe. Bmecre ¢ TeM o6xaTHe Mo BHICOTE
YBEJIMYHUTCS, YTO MOKA3BIBAET XOJ KDHBBIX.

$1 He MoOTry NOJIHOCTbHIO NMPHCOEIHHUTHCS K BhIBOAY PriTens o Tou,
YTO Yy, C YMEHbIIEHHEM Y, YBEJAHUHBAeTCs M UTO 3TO sIBJieHHe BLI3bI-
BaeTCs BJAHsIHMEM HenpoaedopMHpoBaHHbIX GoKOBHIX yacrted. Mccae-
JOBaHHA He MOKa3blBaIOT NepeMellleHUs MeTajaja Bo (JaaHubl. 310
ClleflyeT BBLISICHHTb NMyTeM BBeJeHHS IITHPTOB B pe3pe3Hoii Kaaubp.
BausHue apyrux ¢aKTOpoB Ha 3anoJHeHHe KaJHOPOB, KakK HampH-
Mep oTHOLIeHUs LWIHPHHH Kaaubpa y ¢JiaHLeB kK 06:KaTHio Mo IMHPH-
He W T. 1., HeJb3s TOYHO YCTAQHOBHTb M3 De3yJbTaTOB OMNLITOB B
r. Puse. .

PaccMOoTpuM HcclleoBaHUS pa3pe3HbX Kaau6poB Ha 60JbILOM
JKCnepHMeHTaldbHOM cTaHe! VHxeHepHoi mkoabl B T. Pu3a.

Dby usrotoBieHsl Banku auaMetrpom 406 mm ¢ paspesHbiMH Ka-
aubpamu, yBeauueHHbBIMH B Macwtabe 1:1,88 no cpasHeHuio ¢ Ka-
aubpamu Ha BaJKax 3KCnepuMeHTaabHoro craHa 250. Hano npose-
PHTb BAMsiHMe MaciuTa6Horo ¢akTopa Ha 3anoJiHeHHe KaJHOPOB.

B ucciepoBanusax MHCTHTYTa MeTannypruu Xesnesa HCXOAMIH H3
TOTO, UTO Hal[eHHEle 3aKOHOMEPHOCTH MOFYT ObITh IlepeHeceHHl Ha
paspe3Hble Kaaubpul Jai06oro pasmepa. McxolHele 3arotoBKH AJs
ucclefoBaHuii Ha 00JbIIOM CTaHe ONpeJeJUAH MO KPHBbIM 3anoJ-
HeHHs1, TIOJNyUeHHbIM JIJisi MaJjloro CTaHa, H YBeJHYHJH COOTBETCTBEH-
HO Mactuta6 1:1,88. Ileppas onbiTHas mpokatka B Kaaubpe I/, [
nokasana (puc. 6), uto npu ucxonHoi 3arotoske 90 X 83 mm (Ao X
X bo) 3anonneHue Kaaubpa GblJIO yAOBAETBOPHTENbHBIM. [IpyxKune-
HHe BaJjKa COCTaBASJO 55 MM, Tak UTo TOJIIIMHA lUeHKH Oblaa He
25 mm, KaK npeanosaraiocs, a 27 ma.

Buisla coefnana mOmnbITRa HalTH cedeHHe 3aTOTOBKH JJISl 3TOTO
Kaau6pa no AaHusimM Pritens. Mb noJayuuiu pasMepPhl  CEUEHUS
83 X 73 mm. I1pu 3TOM CceueHHH 3aTOTOBKH KaJHOp Obl1 HE3aNOJIHEH-
HeiM. HemocTatkoM HOMOTpaMM SIBASIETCS, KAK MHe KaxeTcs, TO, YTO
IJIA 3anojiHeHHss Kaau6pa onpenessieTcsi TOMbKO OAHO CedeHHe 3a-
FOTOBKH, B TO BPeMs KaK BHICOTOH M IIMPHHOH Mbl MOXeM BapbHpO-
BaTh M 10Jy4aTh, TAKMM 06pa3oM, HECKOJbKO HCXOIHBIX CeYeHHH.

OnbiTHAasi NMpoKaTKa He Oblla 3akoHueHa. McciaenoBanus mpuiu-
JOCh Ha HEKOTOPO€ BpeMs NPeKpaTHTh, TaK KakK H3-3a TPYAHOI'O 3ax-
BaTa B CTaHe BO3HHKJAH CHJbHble yjaapbl, NPHBOJsIHE K INOJOMKe

! XapaKTepHCTHKa STOTO CTaHA NpHBeneHa B Joknane Hofimauua (cM. Hacros-
uwk c60pHUK).

PA3PE3HbIE KANMEPLI 201

NpefOXpPaHUTEJbHBIX YCTPOHCTB. Mbl npeanosaraeM MpPOJOJIKHTH
5TH MCCAEJOBAaHUsl Ha CPeJIHECOPTHOM cTaHe B I. Puse.
Paccmorpum cnoco6Gel pacuera pa3dpe3Hbix KaaHO6poB. Hro6wi
ONpefeNUTh TOYHOCTL HauboJjiee H3BECTHHIX METOJOB pacueTa pas-
pe3HbIX KaJuOpOB, Mbl MOMECTHJIM Ha AMarpamme (pHuc. 4) KpHBhie
3amnosiHeHHs, onpefeseHHsle No Ikeaynay, Tademato, DBaxTtuHosy,
HlIrepHoBy u MyTeeBy ans Kanu6pos I, I u 2. [To Tadeanro, noiyua-
I0TCs 1 Kauau6pos /, ]—3 cAHIIKOM BBICOKHe 3arOTOBKH, KOTOpble

- 90
[ ——— — - 90
] I ! ] r— e ——— ﬂ‘
R ~
N~
| i
| |
i IS =
| |
|
| l | |
L —————— 1 D [
. 67 -l ‘ 67
a ]

Puc. 6. O6BoJKH WaGJOHOB H TEMIIETOB, IPOKATAHHLIX HA GOJLIIOM 3Kcre-
PHMEHTaJbHOM CTaHe:

a — Kaau6p 1, 3a30p BaaKoB 5,5 mM; 3arOTOBKa pasMepaMu hy = 90 mm, by, = 8 mm,
HcclegoBaHHe aBTOpa; 6 — Kaaubp 1, 3asop BaiakoB 4,5 MM, 3aroToBKa pasMepaMH
hy = 83 Mm, b = 73 MM, ucclenoBaHue PriTens

He 3axBaTbiBaloTca BaakaMu. las kaaubpa /,4, Hao60poT, KpHBble
PacCIoJNIOXUJIUCh HUXKe onbITHRIX. [To DKeayHay, nosyvarores s Ba-
puaHToB 1 M 2 cauiKoM GoJiblive 3aroTOBKH, a JJisl BapHaHTOB 3
u 4 canmkom Madasle. ITo BaxtuHoBy — llTepHoBy, 3amojHeHHe MO
BapuaHTy | nosyuaercs nmpu WHpHHe B Npenenax 43—44 mm u npu
BbicoTe 52,4 mm. JlJis BceX APYTHX-BAPDHAHTOB O0XHMMaeMble CeueHHs
TaKXe O4eHb MaJbl.

Ecau  paccmoTpeTh  KpUBYIO  3alloJIHEHHS  KaJau6poB Mo
M. C. MyTbeBy, TO NPHXOAHTCS YCTAHOBHTh, YTO OHA JaeT A Npak-
THKH HeBeDHble DesyabTaThl. [lo 3THM KpHBBIM MHOJydaeTcs, YTO C
yBeJMueHHeM BbICOTHl OJliOMa yBeJMuMBaeTcs W WupuHa ero. Ha
3TOT HeIOCTATOK yKa3aJ yxe PhHiTens.

B oueHke cnocofoB pacueTa CyLIECTBYeT HeKOTOpas HeyBepeH-
HOCTb. B AHTepaType HET TOYHBIX HAHHLIX O TOM, NPeAYCMOTPEHHl JH
cnocobel pacyeTa AJAs CHMMETPHUHBIX WJH HECMMMETPHUHBIX KaJjHG-
POB HJIH 1711 T€X H JPYTHX.



Hux. ¥. CYIIITO

(3aBon dupmel Puat, Utanus)

TEOPETHYECKHME OCHOBbBI KAJIUBPOBKH
PABHOBOKHX W HEPABHOBOKHX YI'OJIKOB

Yronok ABaserca Haubojee crapbiM npodpuieM. Beiinon [1] yxa-
3biBaer gaty ero noasiaenus — 1810 r. Kak u a5 xpyrux npoduanei,
CYLIECTBYIOT pa3Hble MeTOoAbl KaJuGpoBKH yroakoB [2]: pasBepuy-
Thbiff, TIONIypa3BepHYTHIH, MJIOCKHH (HepasBepHYTHIi).

3HayHTebHO yBeJHYHJIHCh TpeGOBaHuA norpebuTtenedf, npeab-
ABJsieMble K pa3MepaM, TIPOYHOCTH M KauyeCTBY YIOJKOB, pacluupd-
eTCq NPOM3BOACTBO OGJIErYyeHHBIX YrOJKOB H3 CTa/JM NOBLILIEHHBIX
MeXaHHYeCKHX CBOHCTB. IIpuMeHeHHe HenpepbIBHBIX CTAHOB, a Tak-
JKe HeoOXOLHMOCTb YMeHbIIeHHSI 1O MHHUMYyMa BDEeMEHH CMeHbl Ka-
JUOpOB M nNepeHacTPOHKM — BCE e  TNOBbIIUAeT TpeGOBaHH,
npenbsaB/aseMble Kk Kaaubpoke. Kaau6poBka yroakoB Xopolio pas-
paboraHa coserckuM Kaau6posutukoM B. I1. BaxrunoBmiM (3]

ABTOp Ha OCHOBaHMH TEOPETHYECKHX H NMpPAKTHYECKHX HCCJed0oBa-
HUH TNpeAJIONKHJI CBOM MeToA KaaHOPOBKHM YrOJKOB. IJTOT JOK/1a]
clleqyeT cuutaTth pasBHTHeM Metoja b. I1. Baxtunosa.

PaBHoGokue yroJiku

UuctoBo#t kanubp BHINONHAeTcAd 0e3 3aMKOB (OTKPHITEIM). ITO
N03BOJ/IAET ero HCNOJAb30BaTh IJ/15 YrOJKOB Pa3HOil TOJIIMHEL, & Tak-
Xe pasHOH A/MHHBI NoJioK. TakuM 06pa3oM, OAHH H TOT XKe Kajau6p
MOXKET C/YKHTb JJs f1pOKaTKH yroaxoe Ne 65, 70, 75. HeftirpasnbHas
ochb paccuutaHa anaa yroaxa Ne 70, yro ob6jeryaer Heo6X0oAuUMYIO
HAcTPOHKY CTaHa A/ BO3MOXHOCTH NPOKaTKU ABYX APYTHX YIOJKOB
C XOpOIUHM BBHINOJHEHHEM YIVIOB M MOJy4YeHHeM ONMHAKOBLHIX pa3Me-
pOB TIOJIOK.

Pacuer npeguncToBOro xKaaubpa

IlpaxTHKa noKa3aJja, YTO cHCTeMa H3THOa MOJOK, NpelJoXKeHHas
b. 1. BaxTHHOBHIM, $IBAAETCH TIPOMEXYTOYHOH W3 NPUMEHSEMBIX
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CHCTeM M ONTHMAJbHON C TOYKH 3peHHS NOCTOAHCTBA 06:KaTHA B YH-
cToBOM Kanubpe M yRoOCTBAa HacTpoiiku craHa. [To HallUM HaHHBIM,
Hauayuliie pe3y/abTaThl NOMYYalOTCsd, ecad NMPHHATh (puc. 1) H =~
~04LuR=06L, rie L — aauua noaxku. 3Has AJAHHY H TOJILH-
HY MOJKH YHCTOBOTO NpOoQuJIsA B XOJNOAHOM COCTOSTHHM, MOXHO onpe-
JenuTh NJIKHHY cpeflHeil JUHHH

hy

Lop=1L,—~.

Tak Kak yucTOBOH Kaau6p BEHINOJHEH Ge3 3aMKOB (OTKDBITHIM),
yIIHpeHHe omnpejensieM B (YHKIUUH CeueHHS MPeAYHCTOBOro Kauaub-

[
450
0
. 45
ac __,U;B‘J g £
= Cal
) / ; .
I o
CIN} | b7 -

Puc. 1. Toctpoenne pasBepHyTOro YIJ0OBOro Kaau6pa

pa. Uto6bl paccyuTaTh rOpH30HTANBHYIO TPOEKLKIO U NMOJOBHHY IIH-
pHHBI KanuOpa, MOXKHO BOCNOJIb30BaThCA '(GOpMy/aaMHu:

B, = L —0,393h 4 0,044R — 0,414H (1)
. B,=L,+ 0,1071 + 0,044R — 0,414H. (1"
3aTteM Heo6X0AMMO HAayepTHTh CONpSKeHHEe NOJOK BHyTpu. Mcnosb-
3ysl KO3hpHUHEHT O0O6XaTusg —, NojJydyaeM TOJMIMUHY NOJKH ks =
= hs,L, a Takxe pajuyc r = 1—"31—4—’1‘
Y 0,414

Pacuer npeaniaymux KaauGpoB

Yro6bl ONnpenenidTL HCXOAHOe CedeHHe NPAMOYTrOoJbHHKA, HeoO-
X0J1¥MO YMeHblliaTh OT Kanu6Gpa K Kanubpy 3HayeHue H, onpenenss

Hy=H—t e t=TlAh.
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Panuyc usru6a moJjiox u yroa 90° npu BepluinHe OCTAlOTCH NMOCTO-
AHHBIMH Jaf BceX Kaau6pos, Ilo 3Tomy crnocoOy Ha OCHOBe 3a]1aH-
HOTO yllHpeHMs ONpejpensieM MJAHHY L, cpelHeH JIMHHM H IUHDHHY
kKanubpa no ypasHeuuwo (1) uau (1”). Heobxoaumo, onHako, 3a-
MEeTHTh, YTO (POPMYJH 3TH CNPABeAJNHBLH NPH YCIOBHH, €CJAH Yroa
a = 45°, I1pu HenpephBHO YBeJHuYHBAMWLleHCA TOJILHHE H yMeHbLIa-

G

- ‘6’0
o h soo.-—-
[ ’
Xy
+ /’ g
= 90° A A g
} 8
AN
i L D nl
[TL*D?=LM /
Bot

Puc. 2. CxeMa K NMOCTPOEHHIO YTJI0BOro Kajaubpa

omiefica H mosryuaeM ycaoBue, NOKa3aHHOe Ha PHC. 2 npu yrie a <
< 45°, YcnoBue mpuMeHuMOCTH GopMyabl (1) cBA3HBaeT 3HAYEHHUSA
"R, Huh

AD' =CD—A"C=CD— AC . cos45° =

R I}

BD’=OD’—OB=H+%_.h§_=H+%(1_1/2—)'
3ateM pJa
A0 <BD; (R+4)(1—XL)<H+2(1—v2)

HAHU

@

H>R(1- ‘/f)+h 2,
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4YTO MOXHO TaKxKe NpeACTaBHTL B BHUIe
H > 0,293R - 0,35354
H B OOCTaTOYHOM leflﬁJlH}KEHHH
H>0,3R - 0,354, @)

Orciona nonyyaeM HOBYIO (GOPMYJY, KOTOpas NMO3BOJISAET PACCUHTATh
TOPH30HTAJ/IbHYIO NPOEKUHI0 By B Nm1acToBblx Kaaubpax:

H < 0,3R 4 0,35A.
H3 puc. 2 nonyuaem:

‘D' = CD—CDsin45° = (R +1\(1— X2); 0B=hnYZ
A'D' = CD CDsm45_(R+2)(; 4 ) 0B~ 1YL,
BD'.—:OD’——OB:H—{-_Z_(l_l/”Q_);

AA'=A'B=A'D'_BD'=R(1_L/22_)+Lﬁ_y;

2 2
AH = A — AN = ACsin 45" — AN = R(YZ — 1)+ H;
sing = AAT _ R(2Z—1)+H _ 0414R+H . )
CD R—i——h— R_*__,f_
2 2

OKOHYATeNbHO MOJAydaeM
Bo=L, + H—R(a—o,414)a—a_’2‘_. @)

[IpupasHsaB BolpaxeHus (1) u (4), MOXHO 3aMeTHTb, YTO OHM
HIEHTHYHBl NpH yrie o = 45° u paBeHcTBe (2):

H=R(1- ‘/f)+h’/4—2-.

ITpu nomomn dopmyn (1) u (4) MOXKHO paccyuTaTh BCe KaJHOpHL.
ITpoBepka noKasasa, 4TO NMOCTOSIHCTBO yrJia BepuiuHbl (90°) aBad-
eTcsl Haumyyllleft rapaHTHell PABHOMEPHOCTH 06XaTHA.

HepaBHoGokHe yroaku

Ona uucroBoro Kaaubpa OGucceKTpuCy yrsiia NpH BeplUHHE TPO-
¢huaa pacnosaraioT NeprHeHIAHKYAAPHO JHHHM NMPOKATKH, YTOOHl MO-
JYYHTb PaBeHCTBO NMPOeKLHH o6enx NOJOK C iLleJbl0 yCTpaHeHHs oce-
BOTO AaBJeHHA BanakoB. [ Hauayuliero CONpPSXKeHUS TOJNOK YIJibl,
06pa3oBaHHble BEPTHKAJBIO C NOJKAaMH, COCTaBAAIOT (puc. 3):

L =i; ac = 37°% oy = 53%
Lo 3
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Lo 8. 4 — 33030 o — 56°307
C 2 ’
L
—L—=i; de = 31°% oy = 59°%
c 3
L
L= y O = 26° 30’, AL = 63° 30,
Le

B stom cayuyae yucToBO# Kanubp BHINOJHAeTCA OTKPHITHIM. s
MPOKAaTKH yroJika ¢ Gosiee TOJNCTHIMH TOJKaMH B TOM Xe Kajaubpe
J0CTaTOYHO NPOU3BECTH BEPTHKAJbHOE NepeMellleHue BaakoB. [Ipn
OTCYTCTBHUH OCEBOTO YCHJ/IMS BaJIKOB /4 3TOro He CyLLeCTBYeT HHKa-
KOTo mpenaTcTBHSA. B sToM cayuae, oueBHIHO, HE/Ib3sl NMPOKATHIBAThH

R |

Puc. 3. PacnonoxeHnue HepaBHOGOKOTO YroJka B YMCTOBOM
Kaaubpe

B OJHOM H TOM Xe KaauGpe npoduiad C pasHoil AJHHON TOJOK.
O6s3aTeNbHBIM fBJSETCA TakKXkKe, yToGbl FOPH3OHTANbHAS NPOEKUHS
KaXJOH TMOJKH paBHA/NAaCh COOTBETCTBYIOILEH IIHPHHE B NMPEIYHCTO-
BOM Kanaubpe.

Pacuer npeayHcToBOro ¥ NpeAbLIAYIIHX KaJaHGPOB

Jna pacuera npepuucToBOro Kaaubpa Heo6xoaumo GucceKTpHCy
yrjiia NpH BeplllMHe pacnoJjiarath NepneHAHKYJASDHO JHHHM NPOKAT-
“L .
KH. an OTHOIUEHUH IJUH TOJOK I <2 NoJay4awTcsa HauJdyuliue
c
pesyabTaThl, BO3MOXHO NpUMeHeHHe pe6poBoro Kaaubpa u obaerya-
eTcs 3ano/HeHHe NepBHIX KaJHOpOB.
PacueTnl BHIMONHAIOTCA 119 AJHHHOM M KOPOTKO{l NOJOK KaX-

noro kaau6pa. Pamuyc 3akpyraeuuss Ry = 0,6 Ly wau R, =~ 0,6 L.,
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nas H,, npuHumaercs cpeiHee 3HaueHue Hp = wiu Hy, =

H +H
2

=0,2(Ly + L.). 3Has cpenHye IIHPUHBI MOJIOK, MOXKHO PAaCCUHTaTh
rOpH30HTaNbHble NMpPOeKUHH, MNoJab3ydack ¢opmyaod (1) uau (4).
Kaau6poBka paGoTaer XOpOlUO, eCi¥ B NPeIYHCTOBOM KaaubGpe
(puc. 4) obecneyusaercs ycioBhe Be; 2> X oy 4 Bo,> X o, . Kor-

Jda TaxKoe YCJOBHE BLINOJAHACTCA B NPEIYHCTOBOM Ka.rm6pe, B Ipe-

Xog, Xoe

R

Puc. 4. Pa3pepuyTHi1 HepaBHOGOKHH YroJok

¢

Ablaylux KanuGpax pasmepbl onpefensiiotcs Mcxoid uad H, mocro-
fHcTBa R M yrjia npH BeplidHe. Brlpaxas ykasaHuble yciOBHS aHa-
JIHTHYECKH, NOJyyaeM:

Xo=FL+ LK = Rtg%—l— Hctga = Rtg22°30" +
-+ Hctg45° = 0,414R + H,;
L—0393h + 0,044R —0414H > 0,414R+ H,

OTKyza
L —0,393—0.37R
1,414

H (5)

Ilepexogs x npokaTke 6GoJee TOJCTHIX Npoduaeli, Heo6X0AUMO
He3HAUHTEeNbHO U TNOCTENEHHO M3MEeHSTh 3HaueHHe R, yBenuuusas R.
H yMeHblias Rp.
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Pacyer YWHPEHHS

s onpeneseHHs INHDHHbI CPelHel JHHHK TpeJYHCTOBOrO Ka-
nu6pa HeO6XOMMMO PACCUHTAThL NPENnoJaraeMoe ylinpeHue Aba:

Lm = LmF i AbA.

Ucnoassys ¢opmyay 3. Bycatosckoro p =y, onpeienum Ko3¢-
¢uunent P, NpUHUMAA WHPHHY b = 2L,, nns paBHOGOKHX YTOJKOB
unu Ly + Ly, 005 HepaBHOOOKHMX. UTOGH ynpoOCTHTb pacuer, MOX-

HO B HallieM cjyyae MPHHATb B MHOXHTeJe CTeleHH § = Tb‘ BMECTO
—b_l_ 1.
Ry

3nauenus, HalileHHble N0 3TOMY crocoly, OTHOcATCA K Npokar-
Ke ¢ onpefefeHHHIM CpelHHM o6xaTueM. B Hawmem ciyuae, KOraa
pabouyde NMOBEPXHOCTH BaJKOB HAKJOHEHH noj yriom 45° x JHHHH
NPOKaTK¥, HeOGXOJHMO YBEJIMUYHTb pacyueTHOe yIIMpeHHe NS Iial-
Koii 6ouku. Ha 310 ykaspiBaer M. M. IllTepnoB {5], KoTophiit B 3a-
KJAIOUeHUH MHTEPecHOro aHanu3a DeKOMeHAyeT KDHBYI NONpaBoy-

Horo Koa(rpuuneHTa B 3aBHCHMOCTH OT HakJoHa noJjok. Mcxons u3”

Hallero onuiTa npuMeM & = 2,5 A5 YKCTOBOro Ka/iubpa u 3HaueHHs
k= 1,5—2,0 naa npeabiaymux KaauOpoB; NPHHHMaeM TaKXe BO
BHHUMaHHe OrpaHvyeHne YIIHPECHHA,

PaccunTbiBaeM [efCTBUTENbHOE YIUHDEHHe

AbA aeficr = Abpac'x . k.

Tak Kak yulHpeHHe PacCyHTaHO AJad obuieil wHpHHB Kanaubpa, He-
06X01MMO ONpENeNUTh yIIHPEHHe KaXa0H U3 noJjok. B paBHOGOKHX
yroJIKax, O4eBHIHO,

Ab
A pefict
L,=Lpp————

2
J1s yronkoB HepaBHOGOKHX HeOOGXOAMMO pasjenuTh oflliee ylIHpe-
HHe B 3aBHCHMOCTH OT JJHHBI KaXXA0H NOJKH:

L
Ab, = Ab —_t
L A pefict LL+LC
L
Abe = Ab —c .
C 'A pelict LL+-L,C

Kpas noaok

Haa ycnewxoit paboThl KaJHGpPOBKH HeOGXOAHMO I[paBHJALHO
OnpeleNuTh TOYKY OTKPHLITHA Ka/aubpa, BeJHUMHY BHINYCKa W paju-
ychl 3axpyriaeHnil. B ciyuae, Korna 4ucTOBO# Kanu6Gp BHIMOJHSAETCS
OTKPBITBIM, NPEJUYHCTOBOH Kaaubp [OJIKeH OTKPbHIBAThbCA BBepXy
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(puc. 5). Paauyc r npuHHMaeM HCXORsl H3 rotoBoro npoduas. 3a-
TeM ero NOCTEeNeHHO yBeJlH4YMBaeM OT Kaaubpa K kaauGpy mponop-
LUHOHaJbHO Bo3pacranuio k. IlpepmectBylomue KanuGpe HeoGxoau-

e

4

)
Puc. 5. IlocnepoBaTenbHble YIIOBBE KaauOphl

MO OTKpDHIBATb NONIEPEMEHHO BBepX U BHH3. COIIacHO NpaKTHYECKHM
JaHHbIM, BCEra Jyullle HMeTh MeHblin# Bhnyck (3°) mnas kKaaubpos,
OTKPHITBIX BHH3, H Goabwuit (6°) mng KanaubpoB, OTKPHITHIX BBEpX.
14 3axas 1034
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PeGpoBoit kaauGp '

OnuchiBaemas cucreMa Ka/OGpOBKH BCJAENCTBHE BBEICHHS Ka-
JIMGPOB, 0C2KHBAIOIKX TIPODHUIb, NO3BO/AET YMEHBIIHTL YHCJIO TIPO-
MeXYTOYHBIX KaJAHODOB Ha fABa WM MaKCHMYM Ha TpH Kaaubpa.
B xanu6pax, npealliecTBYIOWIHX peGPOBHIM, MOXKHO NOJYYHTb ABa
WM TPH pasMepa MOJOK CMeXHHX npodunedr, Hanpumep Ne 65,

. 70, 75.
3_ -—22—7-18-] s Ilpeumymiectsa HpHMEHeHH.ﬂ pe-
poBOro Xajaubpa cienylouue:

s ! I 1) rapadTHpyeTrcs 3anojiHeHHe
B nocjaefyolX Kaau6poB naxe B
8 cayyae pas3HOro YUIMpeHHa (no

pa3IHyHbBIM MpHYHHAM);
o . ! 2) yMeHbIUaeTcsl YUCJAO NpoMe-
ﬁv XYTOUHBIX KaJubpOB, 4TO B CBOIKO
< oyepenb NO3BOJSAET JYy4llle HCHOJb-
R 30BaTh Napx BAJKOB W YMEHBIIHTb
HX CpeIHHH nHaMeTp NpHMeHeHHeM

~ OTKDBITHIX KaJHOpOB;

3) oGaervaercs BLINOJHEHHE
BEPLUKHKH NpOdUIS;

4) BO3MOXHO  HCIIOJb30BaHHE
OTKPHITHIX KaJu6poB MAJs mojyuye-
HHS YTOJNKOB C NOJAKaMH, 6JIH3KUMYU

- 10 pa3Mepam.

B cayyae npokaTKH HepaBHOOOKHX YroJIKOB TakXe Hano obecre-
YHTb CHMMETPHYHOCTb YIJla TIPH BepllliHe OTHOCHTeJbHO TrOpPU30H-
TaJbHOH MJaockocTH (puc. 6). Urobbl paccuutath Kanubp, npeinie-
CTBYIOLLHil peGpoBOMY, HeoOXOAMMO TNOCTYNHTb CjaeAyouHM obpa-
3oM. HIupuna B, paccuuThiBaeTCs B 3aBHCHMOCTH oT Ko3dpuuueH-
Ta BBLITAXKH By = A+B,, rae A= 1,06—1,10. Beauyuuet R, H n
h onpenensiem Tak Xe, Kak ¥ Aas pe6poBoro Kaju6pa. UTo6H Bhl-
No/MHeHHe BepWIHHB yria ObIO HAWNYYIIKM, CleldyeT NPUHATL 3Ha-
yenue yrsia 100° Bmecro 90°. Bo usbexanue mojydeHHs 3ayceHueB
Heo0X0AHMO NPHHAThL Y BEPLUHHBI MOJKHK 7 = 1,3 a, rle a — WHpHHA
6ypra pe6posoro Kanu6pa. Ha puc. 7 nokazaH Kaau6p, npealiecTBy-
1o pe6poBOMy, NOKa3aHHOMY Ha pHuc. 6.

Cuutaercss HOpMaJbHBIM NpHMEHEHHe OIHOro peGpoBoOro KaJjausd-
pa. Kaau6phl, npealiecTByiolliie pe6pOBOMY, MOryT OhiTh OOLIHMH,
YTO BO3MOXKHO TIpH GO/IBILOM pafuyce COTPSXKEHUS NOJOK Yy BepLiu-
Hbl. BO3MOXHOCTL HCNO/Ib30BaHHA PeOPOBHIX KaiHOPOB 3aBHCHT OT
oco6eHHOCTeH NMPOKATHOTO CTaHa. Y HenpepbiBHBIX CTAHOB C BepTH-
KaJIbHBIMH KJIETAMH €ro MOXHO IIDHMEHSITh NMOYTH BO BCEX Cayyasx.
Y crana JuMHeHHOTo WM 3Ur3aro06Gpa3HOro THUINA MOXHO NPHMEHSATb
pebpoBoii Kanubp B cayyae, Koraa JJHHa CTOPOH He JIpeBhbluaer

Puc. 6. Pe6poeoit kamubp
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Ly + L. << 150 mm, Tak KaK B IPOTHBHOM cJjy4ae GyIeT NpeBbIlIEHO
nonyckaemoe OTHOWeHHe b/h.

-

T
&

| G S S Y 57&,373
? h‘ _)/ ‘% ) ")! El
2] 45 I ¢ 7 |2 ’
120

Puc.’ 7. IlnacroBuii yrioBoh HepaBHOGOKHE KanuGp

Onpenenenye HeilTpaabHOM ocH

MoxHo cuMTaTh, YTO HauGoJee TOUHBIM METOJOM HaX0XJIeHHA
HeliTpa/bHOM NUHUK aBAseTcs MeTon [ans. Beirsixkka pacnpepens-
ercsi J10CTaTOYHO PaBHOMepHO IO IUHpWHe KauauGpa, uro o6seryas
eT pelleHHe 3aJauH.
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(MHcTHTYT MO Ka/inGpOBKe BAJKOB HHXKEHEPHOH LIKOJIbI
no NpoKaTke M MeTaJaaypruy, r. Pusa, I'’/1P)

rora4Asi NPOKATKA CNELNHAJIbHBIX NMPOPHUJIEN

HHnxeHepHas wkoaa B I. PH3e UMeer NpOKaTHYIO -1a6opaToOPUIO
C ABYMSA NPOKAaTHBIMH YCTaHOBKaMH: MaJjiof ¥ GOJbIUOH.

Manas ycraHoBka mnpeacTaB/fieT co00f peKOHCTPYUPOBAHHYIO
KJIeTb Jy0 XOJIONHOH TPOKATKH C Ba/jkaMu avamerpom 300 mm u
AaHHOM GoukM 250 mam, ‘MomHOCTbIO aBMrateds 60 k8T u CKOpPOCTbIO
npokaTtku 0,5 #/cex. Tak Kak anuHa GOuUKH BaJIKOB HeBeJHKa, NpH-
MEHSI0T Kanu6poBKH, NO3BOMSIOILKE NPH COOTBETCTBYIOILEH HACTPOH-
Ke BaJIKOB NPOU3BOJHTh HECKOJIbKO MPOXOJOB B OAHOM KaJjaubpe.-

Boabmag ycranoBka COCTOHT H3 4epHOBOH KJETH AYO C BajJKaMH
nuamerpoM 350—500 mm, pauroft Gouky 900 MM M UHCTOBOH KJETH
oyo ¢ Baikamu auamerpoM 450—550 mm u mauHoit Gouxku 1500 miu
1000 mm, a Takxe c Baakamu auaMerpom 300—500 mm u maxHOMH
6ouku 1000 mm. ,

Bo3aMoxHOCTL TTPOKATKU Ha BajKax ¢ OOuUKOH pas3iMYHOH AJIMHBI
JocTuraercsl nepeMelieHHeM CTaHHHBI YUCTOBOH kaeTu. Iloche Kax-
JOro NpOXOja MeTa/ll Mo KayawllieMyesi CTOJdy TPaHCHNOPTHpYeTCs
Noj KJIETAMH Ha CTOPOHY 3ajJayH. YCTaHOBKa NDUBOAMTCHA HBUraTe-
JieM TIOCTOSIHHOTO TOKa MOIIHOCTbIO 520 K8T; CKOPOCTb MPOKATKH KO-
nebaerca B npeneaax 0—10 m/cex.

DTH [OBe YCTAaHOBKH OGC/AYXKHBAlOTCA Ta30BOH U CeJMTOBOH
HarpeBareJbHbIMH neuyaMH. Mmeercs xoMmiexkt npubopoB AJNA H3-
MepeHHsl JaBJeHHs NPOKATKH, KPYTAILIUX MOMEHTOB M ADYTHX napa-
MeTpoB. Kpome Toro, B MJ1aBH/AbLHOH Meyd FOTOBAT U3 CBHHLIA HCXOA-
HbI MaTepuaj /g HCCIeNOBaHHM.

TpeGoBanus norpeduteneli 1 BO3MOXKHOCTH CTAHOB,
NPOKaTHBAIOWIHX 0cobbie NMpoduau

B03MOXHOCTH MCTOJB30BAaHHA CTAHOB [J4 NPOKaTKH OCOOBIX
npoduaeli clegyeT paccMaTpUBaTh NpeXAe BCero B CBA3M C JAOMY-
CKaMH Ha pasMepbl 9Tux npoduieil. Hekotopble npotuin HeBo3-
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MOXHO TpOKaTaTh '6e3 PEKOHCTPYKLUM ONOP M JPYTHX 3JeMeHTOB
YHCTOBO# KjeTd. [las mpoduieli, nogBepraomuxcs NocaeAyomen Ka-
HGPOBKe BOJIOUEHHeM, Goubllice N0/ie JOIYCKOB O3HAUAET YBeJHue-
HHE YHC/IA MPOTSKEK C COOTBETCTBYIOULEH TIPOMEXYTOUHOH 06pabot-
KOH.

Kak npaBuio, TpeGoBaHHS, mNpeNbABAfeMble K PasMepaM
0coGBIX Mpoduaed, Bblllie, yeM AJs OOBIYHBIX NpodHJIell; 3TO BHAH-
BaeT AONOJHUTE/NbHble 3aTPYAHEHUS NPH MX H3rOTOBJEHHH.

Kpome HeoGxomuMbix IONYCKOB, Ha KOTOpHle GOJbLIOE BJAHSHHE
OKa3blBAIOT BUJI U pasMephl 3J1eMeHTOB npodwu.s, s KaXXJAOro npo-
KaTHOro CTaHa WMeeTcsl MHHUMaJbHas TOJMIEMHA, MaKCUMaJbHas IIH-
prHa M MaKcHMavlbHas BbICOTA i(pJaHLeB TMPodHUs; NocjaeIHdaa onpe-

Nel Ne2 N23 =

13

pie]

25 26 < b ——t
a ' 6 - 8
Puc. 1. Pasanydble BapuaHThl Kaaubpa TOPMO3HOTO KyJaKa Aas NMPOKATKH

nonydabpukara ¥ AajbHeflleli NPOTAKKH:

a — Ne 1, 3arotoBKa 16 X 23 mm; 6 — Ne 2, aarotoBka 20 X 21 MmM; 6 — Nu 3, 3aro-
TOBKa 22 X 22 mm -

JIensercs MaKCHMaJ/JbHO AONYCTHMbIM Bpe3oM B Baaku. Yacro pas-
Mepbl MCXOHHOM 3aTOTOBKM oOrpaHuuuBalor. Bce aTo onpenenaser
HaubonblIMe U HauMeHbinHe npoduan. Kaaubpel A0MXKHE YMeTb
VKJIOHB (BLIMYCKH) Ha OOKOBBIX ICTEHKaX, OJHAKO NPH NPOTATHBAaHHH
npobuas uyepe3 OYKO 3TO BhI3HIBAaeT 3aTpydHeHus. B cBs3u c 3THM
CTPEMATCH YKJAOHB JefaTh BO3MOXHO MEHBIIHMH, HO IIOSIBJISIETCSH
ONIACHOCTb 3allleMJIeHHs INOJIOCHl B PYYbSIX M OKOBLIBAHHSA BaJKOB.
Kpome Toro, ¢ yMeHbLlieHHeM YKJOHOB yBe/JHYHBAeTCs CbeM MeTal-
Ja no JHaMeTpy BaJKOB NpH OOGTOuKe.

Ha puc. 1 mokasaHbl TpH pas3viiHyHBIX Kasubpa AJAS TOPMO3HOTO
Kynaka [5]. Kaau6p Bapuanta Ne 1 umeer GONbIIH{ BHIYCK H NO3-
TOMY M3-3a HepaBHOMEPHOH TO/NLIHHbI HepalHOHaJleH AJs NOC/Aeny-
oulel NpoTsaXkH. Kpome TOro, mioxo BLINOJHeHbl OOJIbIiHe pagHycCH
npodu/sA, TaK Kak NpH 3anoJHEHHH Kaaubpa BO3HHKA/Na ONacHOCTb
NOSB/JEHHS J1aMIIacOB B NPaBOM pasbeMe Kaaubpa. Kaaubp BapuaH-
Ta Ne 2 winpe, Tak UYTO MMeeTCs JOCTATOYHHIf MPUNYCK NO pajHycam
A5 TpoTaxKH. OgHaKo H3-3a HeOOJBIIOr0 YKJIOHA c/eBa YBeNHUH-
BaJOCh 3allleM/eHHe packaTa B pyube, BOBHHKATH TPYAHOCTH C
BepXHell HampasJ/fiolLell NPOBOAKOH NpH NpoKaTKe H O0Pa3oBLIBA-
auch aamnacel, TlostoMy paspa6ortanau BapuaHT Ne 3 ¢ pazbeMOM TO
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nHaroHaJu, DToT cnocob obecneuus napaaviebHOCTb 60KOBbIX cTe-
HOK M XOpOIWIO BBLINOJHEHHBle 3aKPyrJeHHs.

Yacro st NPOTAXKKM ObLIBalOT HEOOXOAHMMBI UeDHOBBIE nponbn.nn
¢ BO3MOXKHO Gojiee OCTPHIMH yIJaMH, UYTO BO3MOXHO JIHIUIb {IpH
OYeHb XOpOLIEM 3amoJHeHHH KaJaHOpOB, T. €. NpH TOYHOH KaauGpoB-
Ke. 2T0 TaKxke ABJFETCH YCIOXKHAKLIIEM (pakropoM, TpebylOmHM
HOCTOSAHHOTO HaGJ/IIOleHHA ¥ KOPPEKTHPOBKH B MpOliecce NPOH3BOA-
CTBa,

Ilpu npoxarke MOJHPOBAHHOrO MpPOGHAA JaeTcs ONHHAKOBLIA 1O
BCeM CTOpOHaM NpHUNyCK (puc. 2,a), COOTBeTCTBYMWOIIMI $opMe npo-

P2
3
a )
Puc. 2. TanyTuil (kaaubGpoBaHHHIN) W NPOKATAHHbLIA

npoguIb:
a — o6bluHbIft gonycK: I — mnpoKaTaHHWA npoduap; 2 —
yucTOBOR NpoduAb noche KajaHGPOBKH; 6 — JAONYCK C yde-
TOM PaBHOMepHOro ofxartua (npoduiab pasjgefeH Ha yyacT-
KH, nedOpPMHDYWOILIHECH PaBHOMEPHO)

KaThiBaeMoro, Kaau6pa. C TOukH 3peHHs paBHOMEepHOCTH OOKaTHH
NO NJAOCKOCTAM IIpH MPOTSXKKe 3TO HeBepHo. Jlyuwas ¢opma npo-
KaTbiBaeMoro npoguJs, yuuThiBaouias aegopMauHIiO NMpH NPOTAXK-
Ke (puc. 2,6), cBf3aHa C AOMNONHHTEJIbHHIMH NPOU3BOACTBEHHBIMH
TPYAHOCTSAMH. .

IpeanochIKH AJst NMPOKATKM 0OcoObiX npoduneit
H3TrOTOBJIIEMbIX B HeGONbIUIMX KOJHYecTBax

[Ipu npokaTke HebOJbIIMX KOJHYeCTB 0cOObIX TpOodHJIeil HeoG-
XOAUMBl NPEANOCHUVIKH, CYLIeCTBEHHO OT/JMYAIIIUXCA OT HpeAnocH-
JIOK A/NS NPOoKaTKu oObluHblx npodunael. Tak, npumepHo Ha 1000 T
ocoOblx npodusieil KoaXKeH ObITE TNpPEeJyCMOTPeH X0TH Obl OLHH, a
Jyulile 1Ba BaJbleTOKapHBIX cTaHKa, npa paborte B TpH cMeHbl. Ec-
Ju B TIPOTpaMMy BBOJMTCA MHOro HOBBIX npodHJeil, To HeoOXOIHM
emie OJMH TOKapHBI CTaHOK /A NOCAelylolliled Hape3KH H Koppe-
KTHPOBKH KajJuOpoB nocjie nepBoii npoGHoit nmpokatku. Ciecapu:
INaOOHIIMKH H BaJblleTOKapH AOJXKHE paboTaTh OYeHb TIiaTelb-
HO, TaK KakK HeboJibliiHe OTK/AOHEHHS OT 3aJaHHOH KaJuOpPOBKH MOTYT
BHI3LIBaTh 3HAUUTe/bHble H3MEHEHHA TeYeHHs MeTasia,

Hu B ®oem cnyuae He clefyeT HelOOLeHHBAThb PaboTy mo H3ro-
TOBJIEHHIO Ba/JKOBOi apMatypul. [lna Kaxaoro kanubpa Heo6X0AHM
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Ha0op BBOAHBIX HHeeK H HECKOJbKO HaGOpOB BEIBOJIHLIX MPOBOJOK,
Tak 4yTO Hapsjy €O SHAYWTENBHBIM TADKOM BAJKOB HYXHO npeny-
CMaTpHBaTh TaKOil Xe 3anac BaJkoBoii apmartypnl. Bcero atoro mer
y OGbIYHOTO CTaHa, TaK 4TO NMPOKaTKa HeOO/bIIOH NapTHH 0GCOBBIX
npoguJieil cBsizaHa c 3aTpyAHeHHAMH. TakK KakK K TOYHOCTH pas-
MepoB, OcTpoTe pebep M AONMYCKAM OCOGLIX NpOdH/aeld NPeLbAB/IA-
I0T NOBbILUEHHble Tpe6oBaHKA, BHIBOAHBIE NPOBOJKH HCIIBITHIBAIOT
GoJsbluylo Harpy3ky. HenpaBuibHas moAroHKa MPoOBOJOK HEH3GEXKHO
BeleT K OKOBBIBAHHIO U NOJOMKe Bajkos. CJjeqoBaTe/bHO, TIOCTOSH-
Hblfi KOHTPOJIb 3a HANpaB/AIOLIMMH NPOBONKAaMM Ha CTaHe Heusbe-
XKeH.

Has ynpoluieHuss NpokaTKH HeOOXOAMMO NPeIIOKHTh NOTpebH-
TeNSIM COCTaBUTh YHH(HKALMIO W CTAHAADPTH3AUHIO OCOGBLIX Npodu-
jefi. TuNuYHBIE NpHMep MOXKHO NPHBeCTH 3 06JacTH TPOKaTKH
okoHHopaMHeIx npoduaeir B TJP. BwMecro npexuux mpoduiei,
npefcTaB/ieHHbIX Ha pHC. 3, MO HOBOMY CTaHAApTy HMEIOTCH TOJbLKO
TPH NPOKATHBIX MPOGUASA ¥ OAWH THOOYHBIA. DTO, KOHEUHO, Goabluoe
ofJierueHne, BHITOJHO H3MeHHBILee NPOH3BOICTBO MEJIKOTO COpTa.

3aKa3yuK N0JKEH NOMOTaTh MPOKATYHKY M3MEHATh H YNpOLiaTh
npoduaH. TakuM NpUMepOM H3MeHeHHs npoduis, BHIBBAHHONO 0CO-
6eHHOCTAMH TPOKATKH, ABJAETCSA 3/EKTPOLIHHA 1/ KPAaHOBOTO NMyTH
(puc. 4). TlpoxaTka craporo Tnpoguas NpoHCXoAuaa ¢ GoabLIHMH
TPYAHOCTAMH, TaK KaK BaJKu uMeau 60JIbllOe OceBOe CMelleHHe, B
3aKpHIThIX (JaHUaX BCAEJCTBHEe 3aKIHHHBaHUS NMPOHCXOZHJIH OKO-
BbiBaHHE M NOJOMKH BaJKOB, (pJlaHUbl TOJYy4YaJHUChb HEOZHHAKOBOH
IAJMHBL H J1aCTOYKHH XBOCT 3a4acTylo GblJ NJIOXO BLIMOJHEH.

Vismenennniit npodunp umeer 6onee KOPOTKHe H ToJcThle (JaH-
Opl ¢ O0JBIIHM YKJIOHOM, 0o6JeryaiolinM ocBoOoXJeHHe Kajaubpa,
H Gosee TOJACTYIO LIEHKYy. DTO 3HAYUTeJbHO YHNPOCTHAO TIPOKATKY
Ha HallleM IBYXKJETEBOM CTaHe 0e3 CHHXKEHHS IKOHOMHYHOCTH NPO-
duas.

Oco6bix npeanochbIOK TpeGyloT Mpodu/aH, H300paXKeHHbe Ha
puc. 5. Cxoby ans y6opoqnb1x MaliKH, H306paXeHHYI0 Ha pHC. 5, q,
noJy4yaloT NepHoAHYeckoll TIPOKaTKOH, a oCb, MOKa3aHHYIO Ha pHC.
5,6, — B 0COGBIX KOBOUHO-MPOKATHBIX KJETHAX,

I'Ipoﬁ.nema NJ1aHHPOBAaHHA NPOH3BOACTBA OCOOBIX npocpmeﬁ no-
Ka He peilieHa. Pacuer no ofueli macce (T) MpoKaTaHHON NPOAYK-
IlHY SBJSETCSA, BO BCAKOM Clydae, HeBepHbIM. Jlyullle TIpDOH3BOAHTL
pacyeT B MeTpax C (IByMf-YeTLIPbMs CTENeHAMH TPYAHOCTH MJIA NPo-
duaelr ¢ onuHaxkoBoit Maccoit 1 noe. M. -

ITpokaTuuk BbIHYXKIeH [Js1 BbIIOJHEeHHUs NJiaHa OTKa3blBaThCSH
OT CNOXKHBIX npoduieit ¢ Hebosbuioit Maccoli 1 noa. m u cTpemurcd
noJsiyyaTh 3aKasbl Ha OoJiee TAXKeNyl0 NPOAYKUHIO ¢ NPOCTHIMH yc-
JIOBHSIMH NMPOU3BOACTBA,

Crenywolllell cymiecTBeHHOH NpemnochlIKOA sABAsercd KaTajori-
3alHud TNPOH3BOJAMMBIX O0coObiXx npoduneir. Ilocrosnno monosnse-
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Puc. 3. OxoHHOpaMHble NPOGUIH:
@ — CYWecTBOBaBIlHe paHee; § — N0 HOBOMY CTAHXAPTY
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Puc. 4. HWsmesenne GopMH CTa/bHOrO OCHOBAHHA [JiA TOKONPOBOAALIEH
IIHHE KPAHOBHIX myTed:

a — o6wuA BHA WHHBL, J — MeJHasA IIHHA, 2 — 3aXHMHble HaKJAaZKH H3 GDOH3H;
3 — crajsbHOe OCHOBaHMe; 6 — cTapuifi nMpodH/Ib; 6 — HOBHHA npoduab
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Puc, 5. Tlepuoauyeckuii H KOBOYHO-NPOKATHHIH NPOGHIH:

a — naacTHHKa uenu; J—rotopaf QeTanb; 2 — NPOKaTHbI NPOdHIb;
6 — ocb rpy3oBHKa
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MBI KaTauior MOKa3blBaeT 3aKa3uHKy COpPTaMeHT M obJjeruaer co-
cTaBJ/leHue 3aKasa. :

He cnenyer 3a6piBaTh GOJIBILYIO HCCIeAOBATENbCKYIO paloTy,
NpeALIeCTBYIOILYI0O TYyCKy B TIPOM3BOACTBO 0coObIX mpoduien.
Boasirofi Bkaajg BHOCHT Hami MHcTHTyT Kaan6poBlHKOB, pabora-
IOIKHH B TeCHOM KOHTakTe ¢ NPOH3BOICTBOM. bes sTofi moMoluu
npeanpuaTHe HMeJqo Obi 3Ha4YHTeVIbHble NOTIOJHHTEJNbHBIE DPacXOfbl
Ha TIPOEKTHDOBAaHHe H HCCA@OBaHHE, YTO YBEJHYHJIO OBl CTOMMOCTb
npokaTta. 3aTpaThl Ha NepBOHauaybHOE O60pyIQBaHue (BaJKH H ap-
MaTypy), a TakxXe 3aTpaThl Ha HCCJIENOBAHHA A0 OCBOEHHS HOBOTO
npou/sa MpOH3BOLCTBOM OCYILECTBJAAITCA NOTpebHTeneM.

Kaau6poska ocolbix npoduaeit,
OCHOBaHHas Ha KajuOpoBKe OOLIYHBIX Npopuaei

Psan oco6uix mpoduaelr MoxXHO KaaubpoBaTh, HCXOAS M3 H3BeCT-
HBIX MeTOAOB H KaauOpOBOK OOGBIUHBIX MpodHaeH.

B HuxenepHo#i mIKoJe B . Pu3e CTyleHTH-NPOKAaTYHKH AOCTATOY-
HO 3HAKOMATCH C KaAU6poBKOH 0OBIYHBIX npoduaeir. MoXHO ¢ yI0B-
JeTBOpEeHHeM OTMETHTb, YTO OKOHUYHBILIHE HHCTHUTYT TIOC/E HECKOJb-
KHX JIET COOTBETCTBYIOLEH NPAKTHKH B OTHOCHTE/JbHO KODOTKHUH
CPOK MOPYT caMM paspabaTbiBaTh Ka/JUOPOBKH 1J1s1 NPOKATKH OCO-
6bix npoduiei.

Croco6 pa3busku npoduieit Ha cocTaBHble YacTH NpejJarais
crapble Macrepa Kaaubpoku Bposo, Tadenp u Kpamep (puc. 6).
f1 nokasaa, yro pa3buBka «pJaaHLeBblx npodHuIell o cxeme puc. 6,2
Gosee 1enecoobpasna u ‘Go/bllle COOTBETCTBYET ACHCTBHTENIbHOCTH.
Ha puc. 6 3tor npuHUMN npHMeHeH K npoduiaio GOKaJOBHAHOM
IIaxTHO# cToliKH. MeHs 06panoBaJio, 4TO TAKOH XKe NPHHIHI MPHHAJ
coBerckuit Kaaubposuwuk b. M. Hlym {2] ana kaaubpoBku obaer-
yeHHOH WiaxTHOH cToiikU (puc. 6,e). ’

Ocob6oe BHUMaHHe CaelyeT YIeJUTh BHGOPY NpPaBUAbHOrO pexH-
Ma obxkaruit. TlocrenHue aBa kaaubpa A0MKHB! peryJHpoOBaThCA He-
3aBHCHMO OT ApPYyrux Kaau6pos. [losroMy B nociefqHeli kJeTH cTaHa
TPHO HX PACNOJaralT OTIEJbHO.

Oco6eHHO 3aTPYAHHTENBHO U3-3a HEOJHHAKOBOH BHITAXKH Olpe-
IeJleHHe UIHPHHBI OTAEJbHHIX yacTeit npoduaa ¢ yueToM HX B3auUMO-
neiicTBHA. 1o BO3MOXHOCTH CleAyeT [/ KOPPEKTHPOBKH NPHMeHATh
ocaaky Ha pebpo. Kaxubifi Kaaubp cjaelyeT KOHCTPyMpOBaTb Tak,
yToOBl 32XBaT NpOUCX0AHa Ge3 3aTpydHeHHHl H He OBLJIO 3aKJAHWHH-
BaHHA MeTa/l/a B pyubsfX.

PaccmoTrpum B ofmiux Yeprax npaBu/ia KaawOpOBKH OOLIYHBIX
npoduieir, KOTOpble B KaKOH-IHGO CTeNeHH HCNOJAB3YIOTCH Mg Ka-
au6poBKu ocoObix npoduneit, [Ipn npokaTKe NOJOCH MIHPOKO HC-
noJb3yloTesl 0caaku (puc. 7,a). Ocagka no3soJisieT KOPPeKTHPOBATh
ownOKky KanubpoBKH, uTO OCOOEHHO BaXKHO AJafA 0COOLIX fipoguaed,
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TaK Kak 31eCh TPDYAHO YCTaHOBHTb LIHDHHY TIOCTe KaXIOro npo-
XoJa.

Kanu6poBKy yrioBbix npoduieir, npOH3BOLUMYIO 10 reOMeTpHye-
ckum cootHowennsm 1. M. Crapuenxo {3] a1 npoduis, umelouero

A
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D

Puc, 6. Pa36uska npoduis:
a — no Bpoeo; 6 — no Tadenio; 6 — no Kpamepy: ¢ — no Hoiima-
HY; 0 — maxTHaf cTo#ka (6Goka/JOBHAHWA npoduas), TOAP; e — co-
BeTdKan maxrtHas crofika CBIT 17

Bug 6aGouxku (puc. 7,6), MOXHO [I€DEHeCTH Ha 3eToBble NpOdH/IH
(puc. 7,8). T1Bu sTom uaa Beex 3eToBblx Kann6pos aunus AB ocra-
eTcs MOCTOSIHHOM, a Mpoekuuy B u H onMHakoBH 1/s Ka)Kaoro ka-
aubpa.

Hnsi ocobbix npoduiefi 4acTO NPHMEHSAIOT pa3pesHblie KaJuOGpH
(puc. 7,2). HyXHO mOMHHMTB, YTO, KaK NpaBUJIO, OHH He 3aMOJiHA-
torcd. OnpeneneHue CTeneHH 3amnOJHEHHs SABJAsSETCH TPyAHOR 3ajla-
yeft., Jlng s1oit nean B MHcTuTyTE MeTaNNyPTHH XKese3a B I. [uBu-
ue {ITHP) u y Hac B HMHCTHTYTe NPOBOAATCA CHCTEMAaTHUYECKHe HC-
C/eLOBAHHS.

Ha puc. 8,a npuBegeHn Tpu cnoco6a KajubpoBKM KOpHITOOGpa3-
HBX MiBe1epHbX npoduneli: oObluHBIH GanoyHbBI, pa3BepHYTHIA
(Bug 6abouxu) {4] v pa3BepHyTHi ¢ u3ruboMm creHku. IIpakTtHue-
CKOe M TeopeTHYeCKOoe pa3BHTHe NOC/AeqHero .cnocoba AaHO HHXK.
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®pémeneM B ero paGoTe, BHINOJHEHHON B MHMKEHEDHOH LIKOJIe
r. Pusa,

Kaxnbi us 3Tux 'cnoco6oB UMeeT OBOH NpEeUMylLecTBa H B KaX-

AOM C/yuae HCIOJb3YIOT pe6poBOH NMPOXOX A TFapaHTHH NOCTOSIH-
HO# BbicOTHl (p1aHILeB.

Ha puc. 8,6 nokasana cxema KaJHOGpOBKH TaBPOBHIX npoduieil;
IuaroHa/lbHOe NOJOXKeHHe B 0O0XHMHON KJeTH M Mpoxoinl Ha peGpo
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Puc. 7. Tunoseie KaaubpH JJs NPOKATKH:

a — MOJOCH; 6 — YrJoBOTO NPOGHAA; 8 — 3eToBOro Npoduis; 2 — paspes-
HOlt KanHGDp

B YHCTOBOM Kaaubpe ciepyer cobaiogath npu KanubpoBKe BCeX
npogu/aei 3TOr0 BHAA.

Tlpu npokaTke oco6bix npodu/eil yacto NPUXOAUTCA NPHMEHATH
KaJuOp A/ PasroHKH ¢uiaHueB (puc. 8,8), KOTOpHH npu HebGOJb-
mom 06XKaTHH MO cepegure H 0oJblIoM NO KpasAMm dopcupyer obpa-
30BaHHe (uiaHueB, J{ns KaJiuGpOBKM pelbCOB B HacTosllee BpEMf
QTKasalHch OT Takoro Kajubpa BcaelcTBHe 60/bLIOH HepaBHOMeEp-

FOPAUAS MPOKATKA CMEUMANBHBIX FIPOOUNEN

Puc. 8. Tunosnle KanuGpoBKY AJIA NPOKATKH:

a — wBeMtepoB; 6 — TaBpOBHX npodHael; 8 — npoxod ANA paaroHKH dJaad-
ueB

221
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HOCTH BBITSDKKH, OfHAKO AJis1 0coObiX mpoduaeii Takoi cnoco6 ssas-
eTCsl NPHEeMJIEMbIM H JOBOJIBHO PaClpOCTPaHEHHBIM.

[Tepexoas x KanubpoBKe npoguielt, NpeacTaBAeHHOR Ha pHUC. 9,
cleflyerT cka3aTb 00 ONpeJeJieHHH BHITSOKKA (J1aHUEBHIX Npogueil.
Ceuenue npouns AeJUTCA Ha COCTaBJSIOUIHE 3JIeMeHTH (puc. 9, a)
¥ jgedopmupyercs B COoOTBeTcTBHe ¢ puc. 9,6. Bepxnuit o6xumae-
Mbiit (paHell A JOJIXKeH JIerko BXOOUTb B pyyelf H €ro BeICOTa HOJXK-
Ha ObiTh YMeHbllleHa. HuXHHI OTKpBITHI ¢uaHen G0KOBbIM 06GXKa-
THeM yMeHbllaercs no TtoautuHe. Ilefika C nedopmupyercsa nps-

AN
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Puc. 9. Kanu6poBka tnaHueB u onpefejeHHe BHITAXKEK:
a — npyraspoeniit Kaau6p; 6 — dopMoHsMeHeHHe daaHUEB; 8 — 3aMOK 1O

AHAroHalM; & — BOJHHCTAs meHKa

MbiM 06XKaTHeM MeXIy MapajJefibHbIMH TOBEPXHOCTSIMH BaJKOB.
BHITAXKH BRIOHPAIOT TaK, YTO6B! 3aKPHITHIH {JaHell He 3alleMJsJICA
(Aa < Acp), WI€HKa (GOpMHpOBasachb B IEPBHX mpoxoiax (Ac>
>Acp) M UTOGBI B MOCJAEIHHX TPOXOAAX BHITAXKKa ¢iaHUeB Oblia
GoJiblue BHITAXKKH LIefiKH BO H3OGeXKaHne ee BOAHUCTOCTH (Ac << Acp).
Kpome TOTO, PeKOMEHAYeTCS MPHMEHHTb Pa3beM MO AHACOHAJMH AN
¢opcupoBaHHONO (POPMHPOBaHHS (PJIAHIEB H BOJHHCTYIO LIEHKY A
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*

yMEeHblIeHHs] 3alaBaeMOro TONEePeyHoro CeyeHHsl MOJIOCHI M YHCJa
npoxonos. IIpuBenemM npuMepr KaAu6GPOBKH 0COBHIX Npoduaeii.

Ha puc. 10,a nokasansl Kanu6pbi KoJOCHHKA, NMPOKaTKa KOTO-
poro csa3ana ¢ GoJbIUMMH TPYAHOCTAMH. UepHOBbie Kau6pe —
3aKpbIThiE, YHCTOBOH Ka/JuOp TaKXKe 3aKPLITHIH, HMEETCS DETyJHpY-
eMblll pe6poBOfi KanuOp, KOTODBIN MOATOTABJIHBaeT CKOC OGOKOBBIX
KDOMOK.

YnaotHenue gns araogent (puc. 10,6) umeer KanuGpoBky, Ho-
nobuyio nonoce. IIpeanocaennuit — peGpoBoii  Kanu6p aonyckaer
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Puc. 10. Oco6nie npoduau, OCHOBaHHHE Ha KaJHOPOBKe MOJIOCH C OCajgKoi
Ha pe6po:

a — KOJOCHHK; 6 — YNJIOTHEHHE AJA arJoJieHT

PeryJIMpOBKY IIHPHHBI (hJ1aHleB, a c/IelOBaTeNbHO, H 3aN0JHEeHHS YH-
cTOBOrO Kanubpa. ITOT Npoduab ycneluHO MpoKaThiBajcs Ha 60Jb-
oM onuitHoM craHe. IIpenycmorpennasa 8 111 xanubpe ana cMmasku
KaHaBKa ciaBjuBaetcs B pebpoBoM Kaaubpe. DTo BBI3BIBAJO OnNa-
CeHHsl, YTO B YHCTOBOM Kanubpe MOTyT nosaBHTbcS 3aKaTel. OfHaKo
3aKaThl He NOABJANUCH, TAK KaK PasMepbl KAHABKH XOPOWIO COOTBET-
CTBYIOT YCJOBHSIM NMpoKaTku. MICXo@HyI0 3aroToBKy ceuyeHueM 65 X
X 65 mm 3agapTr B 1V Kaaubp Ha AuaroHasb. MccienoBanusi moka-
3aJ4, 4TO 3aroToBka ceueHueMm 70 X 70 mm CAMIIKOM BeJHKa.
[TpoBoiKOBasi apmaTypa npeAcTaBisana coboii BBOIHbie H BbIBOI-
Hble JHHeAKM H CBapeHHble H3 TPeX uYacTell BbIBOJAHbIE HANpasJ/fAlo-
mue npopoaku. Kanu6pw 1V, I u I umeror xaXasifi no oAHOH Hall-
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paBJsiiolLel TIPOBOJKe IJIst IeHKH U MO JBe MPOBOAKH A/ (JaHIeB,
a Il kanu6p uMeeT OfHY HaMpaBJSIOWIYIO TIPOBOAKY IJIsl LIEHKH H
OIIHY A5 (JaaHLEB,

Hackonpko BHIFOJHA 0cafika Ha pe6po AnS NMOJYyuYeHHs XOPOLUEro
3anojiHeHHs1 KaauGpa, HAaCTONBKO TPYLHO CO3LaBaTh KaJHOPOBKH
s IPOKATKH NMOJOGHBIX moJjoc mpoduieil 6e3 ocaldkd, TaK Tak
Ansa Takofi cXxeMbl HeOOXOAHMBI TOYHbIE LIMPHHBL. YCTaHOBHTb HX
BecbMa 3aTPYIHHTEJNLHO H3-3a HeOAUHAKOBOTro 00XaTHs B Da3fiHy-
HBIX YacTAx Ipoduis.

Passnuuaior JBa BapHaHTa:

1. HefictBuTeNbHOE yUHpeHHe B KaauOpe OoJblue, YyeM NpOEK-
THpYeMoOe, TOrJla ero Hy>KHO yMeHbWHTb. B 3TOM cayyae npu Heol-
XOAMMOCTH MOXHO paboTaTb ¢ He3anoJHeHHbHIM I kKamibpom, a mo-
crefHue KaauOphl 3aNoNHATL. Takoe MeponpuaTie obbiyHO cebs on-
paBJbIBaET.

2. JleficTBUTE/IbHOE YIIHDEHUE MeHblUe 3alpoeKTHPOBaHHOrO, Ka-
JUOpbl He 3aNMOJNHAIOTCA H MpaHH mojyyaiotcs naoxuMmu. Hekoropyio
KODPEKTHPOBKY MOXKHO BHECTHM TIEPETOYKOH CTOPOH Kanubpa uepHo-
BOH KJIETH C YMEeHbLUEHHEM YKJOHOB H PajHyCOB. 3HauuTejbHbie
KODPEKTHBbH HEBO3MOJXXHBI, TaK KaK KaJHOpPbl 3aKpbiThle. JTOT CHaY-
yajl, Korja ylIHpeHHe HeJOCTaTOYHO, ABJSIETCS 3HauHTeJbHO OoJee
CJIOXKHEBIM.

Ecau mpu mpokaTke nonepeuyHoro saxkuma (puc. 11, a) nossas-
I0TCS JlaMnackl, TO cJeAyeT yMeHblIMTh oOxartue. Ecau Xe B Ka-
au6pax I unu Il npoucxonut HezanoJHEHHE MO LIHPHHE, TO HaH-
JYUIIHM MEepONpHSATHEM ABJAETCA yMeHblUeHHEe YKJIOHA U PajauycoB
B UepHOBHIX Kaaubpax.

JloHHOe KosbLo OHAOHOB A/ MoJoKa (puc. 11, 6) Gwuio 3amnpo-
€KTHPOBAHO TaK, 4YTo 6o/bllHe U HepaBHOMEepHble 00:KAaTHA NOMKHBI
OblIH NPOHU3BOIHTBCS B NMEPBHIX KaJubGpax, KOTJa MeTala elle co-
XpaHseT BbICOKYIO TeMnepaTypy. Takas ¢opma kKanubpa obecneun-
BaeT OLHOBDEMEHHO HOPMAJIbHYIO NMPOKATKY MpodHuas B CAeLYIOUINX
npoxonax. I1pu npokatke storo npoduns o6HapyXuJaoCh, YTO HAeii-
CTBHTEJbHOE YBeJHUeHHe LUMPHHBI B TIOCHAENHHX Kaaubpax Obl1o
60JbIIHM, YEM TIDHHATOE, H TMO3TOMY 00pa3’OBBIBAJUChL JlaMIachl.
H3meHeHnue pa3mepoB HCxoiHOH 3aroToBkd c ceueHus 30 X 30 Ha
24 X 24 mm XOTS W NPHUBENO K He3anoJHEHHIO MPOMeXKYTOYHbIX Ka-
JUOPOB, KaK NMOKa3aHO NMyHKTHpOM Ha puc. 11, 6, Ho nano xopowuh
yucToBO# npodmwin B | xanubpe. Pelaioliee 3HaueHHe UMeNO, KpPo-
Me TOr'0, COOTBETCTBYIOIlee MOJOXEeHHe BBOJAHON NMPOBOAKH, YTO TO-
3BOJIWJIO TIOVIYYHTb XOpOlllee NpaBoe 3aKPyrjeHHe B YHCTOBOM MNpoO-
xoJe.

ITpu npoxaTke ropH30HTANbLHOM UIMHBL AJS YePTEXKHON MALUHHBI
(puc. 11, 8) no nmepBoHavYaJbHOH KaNHGPOBKE YHCTOBOH KajauGp He
3anonHanacs. Ilpuynna 3TOrOo — HeJoOCTaTOYHOE 3amoOJIHEHHE YepHO-
BbIX KaJubpoB. Y MeHblUeHHe YKJIOHOB M PafuyCOB XOTH H TIDHBENO
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Puc. 11. Kamb6poeku ocobuix npoduieil, ocHOBaHHHe Ha NpoOKaTKe NOJOCH 6ed
ocaiKH Ha pebpo:
4 — mnonepevHH# 3aKHM; 6 — NOHHOE KOALUO ANA GHAOHOB, 8 — TOPHSOHTAZbHAs IIHHE
15 3akaa 1034
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K HEKOTOpQMY YJYYIIEHHIO, OlHAKO HeoOXoauMasi WIMPHHA BCe XKe
He Obuia nosyueHa. CaefyiolluM MeponpusTHeM Oblla KaHTOBKa
npoduas nepel 3apaveit B V Kaau6p, 4TO TakXe Jajo HeKOTOpoe
yayulleHue, OZHAKO 3T0O He OblIO BCe e XOPOWHM pelleHHEM.
BTopas cxeMa c pa3MepaMH Xajgu6poB, o00603HaueHHbLIMH Ha
puc. 11, e unppamu B ckobkax, mpesycMaTpuBaia npexne BCero
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Puc. 12. Yraoebie M 3eToBble 0cofble Npoduiu:
a — G6GOpTOKOJbLO; 6 — 3eTOBMA ocobmit MpoduaL

Gosee WIWPOKHH 4epHOBOH KanmuibGp ¥ OAHHAKOBOE TIOJIOJKEHHE Pasb-
eMa Kaau6poB VI u V aas xopoiuero 3amo/iHeHHS B UEPHOBBIX MpoO-
xopnax. Takasa kanu6poBKa npuBesa K YCNEIUHOMY pellleHHIO 3ajayH.
OpnHa H3 MHOTHX KaJuWbGpOBOK 0cOGbIX Npoguiel, oCHoBaHHas Ha
KanubGpoBKe YroJKOB, MOKa3aHa Ha pHC. 12, a. 3To 6GopT-KoAblo
11 obopa rpy3oBuka. SicHo BHAHO, YTO 3dech NpeobaafaioT KOHCT~
PYKTHBHBlEe JHHMM YraoBHX mpoduaei. To ke MOXHO ckasaTb O
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3eTOBOM npotuse, npeicTtaBleHHoM Ha puc. 12, 6. ITocrosuHas
JauHus AB saBasietcss kKak Gbl xpeGToM cxeMbl, BepTHKajlbHbie H ro-
PH3OHTAJILHBIE NMPOEKIHH BCeX KAJIHOPOB ITOYTH OJHHAKOBHI.

ITpokatka oco6bix mpoduiel, KoTopbie HaHOMHHAIOT Pa3pesHbie,
XapakTepH3yeTcs 3HauyuTeJbHbBIMH TPyIAHOCTAMH. Kak u3BecTHO, co-
CTaBJIeHHe CXeMbl JJIs pa3pe3HblX Kajaub6poB 6ajoK, WIBENIEPOB H
ApYyrux (plaHLeBhIX Npoduael pacueTHHIM NMyTeM sBJseTcs Hepas-
peluMoil 3ajauefi, IOITOMY KalHODOBIIUK PYKOBOACTBYETCA HHTY-
HTHBHbBIM 3HaHHeM TeueHUs Meranna. Bo BCsiKom cayuae, oH HoJ-
*eH yMeTb OnpelesuTh, HaCKOJNbKO OydyT 3amonHeHb (JiaHlUeBbie
pyubHu BCJAEACTBHE 3HAuuWTeNbHO OoJsblledi nedopMamuu iiefKH.
K coxaneHuio, elle HetT HafeXHbX GOpPMya AJsA pacuera STHX Ka-
JH6POB XOTSI MHOTHE 3aHHMAIOTCS 3THM BONPOCOM.

Bonbuoe BausHue Ha 3aTioNHeHHe OKasbiBaeT (popMa pa3pesHo-
ro xanubpa. Y3 puc. 13 BuaHO, YTO NpPH NPOKaTKe KOPLITHOTO MpO-
¢unga (puc. 13, @) u KanatHoro wkuBa (puc. 13, 8) ocanka ¢aan-
neB GoJbille, yeM y koBma (puc. 13, 6) uan npoduns Ne 27 (puc. 13,
2), Tak KaK y TepBLIX NOABepraiollascs [aBJEeHHIO TOBEPXHOCTb
IeHKH 3HauMTeNbHO OoJjbllle MOBepXHOCTH GuaHueB. ¥ npoduas
Ne 27 ¢dnanHubl MOYTH He OCaXKMBAIOTCA, TaK KaK WX MOBEPXHOCTb
3HauHTeNbHO 60Jblle, YeM NMOBEPXHOCTh IUEHKH; OHH 3aJep>XHBAIOT
yAJHHEHYe IIeHKH M BbI3bIBAIOT 3THM TepeTeKaHHe MeTajja BO
thaaHbL

JByraBpoBbiit Ipopuar (puc. 13, d) ana sneKTpHYecKOH Npo-
MHULIEHHOCTH (pacnopHble AeTasu TIPW H3rOTOBJEHHH IBHraresei)
Mbl He CMOTJIH MOJYYHTh Tropsiyedl NpPOKAaTKOH, TaK KaK He ynajoch
YJAYYIIHTL 3anoJHeHHe (JaHUeB, TPHMEHsSI COOTBETCTBEHHble uep-
HOBble KaaubGpel. Merans u3 ¢uaHueB YXOXUT BMecTe ¢ ILIeHKOM.
OpHako MOXHO NpOKaThiBaThb NMPUOMHKeHHBIA TIpoduJb, a 3aTeM
NOJABEPraTh €ro MexaHuuecko# o6paboTke.

Hanpasaswomyio ana cefiga (puc. 14, a) jayume Bcero Kanu-
6poBaTh, ONUpascCh Ha KaauWGPOBKY IIBeJEpHOro npoduns. 3akpyr-
JIEHHS] BHYTPH (pJ1aHla ClefyeT BHIOAHSAThL MeXaHuueckol o6pabor-
KoA. MOXHO mpoKaThiBaTh 3TH yrayOJeHuss HAYePHO B PasBEpHYTOM
Kanubpe Twna 6ab0ukd, ONHAKO MBI 3TOr0 JeJaTb He MHITaJHUCh.
31ech YMECTHO BCIOMHHTbh MacC/AfIHYI0 KaHaBKY Ha JeTajd IJ1s arjo-
JNeHTH (cM. puc. 10, 6).

HlaxtHasa croiika CBIT 17 (puc. 14, 6) nMeeT cPaBHHTEJNBHO €O
cXeMO¥M 1] IBeJJEepPHOro nmpodmuas oco60 BLINONHEHHbiE KOHIIBI
tnaHues.

Banka cneunanbHoro HasHaueHus (puc. 15, a) ¥ 60KaJOBHI-
Hbii npoduab (WwaxTHas cToHKa, puc. 14,6) mpokarbiBalOT aHa-
JIOTUYHO ABYTAaBPOBHIM mpoduasaM. OuepTaHHs TeMIIeTOB NOKasa-
Hbl MYHKTHPOM Ha wabjoHax. HesanonHenne MeTanjoM cOXpaHseT-
cs 10 mocaeNAHHX Kaau6pos. Bokanosuaneii npoduns monoben ABY-
tasposomy npoduaio Ne 12 (I'epMancKue npoMblllJIeHHble CTaHAAD-
15*



228

X. HOAMAHH

6 -
|
P

s
:
I

-2

a
r ; Mgy
¥ :% I =%
=t 24,5 268

G
W4
e

L eyl |
i :{;L ! TY q\jﬁ

wy
-~
)
=
=)

—

|

50
47
47
é
12—

2
2
™~
Lt

-

Puc. 13. Ooco6ule npoduau, HUMeOWHe CXOACTBO

15
d

¢ npoduamu,

NPOKATHIBAGMBEIMH B pa3pesHHX KajuGpax:

a — KOPHTHHN npoduab; 6 — Kosm 18; 8 — KaHAaTHHH IIKHB; ¢ — Ae-
Talb I/ TPHKOTAXHEIX Mamuu; @ — wmajanit aAsyTaBpoBmit 0co6uift npo-

buan
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ol — DIN), kak 3T0 nokasaHo Ha puc. 15, 8. Kanu6poska ero 6ni1a
He6e3yKOpH3HEHHOH ¥, KpOMe BCero npouero, Bajku paboranu ¢
oceBbIM cMellleHHeM. He Obina corsiacoBaHa BBITSXKAa B Pa3JHYHBIX
Kaaubpax, H (paaHLUbl NJIOXO 3aXOAWAM B BajJkH. Ha ocHoBanuu
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Puc. 14. Oco6rie npotduau WBeANEPHOrO THNA:
a — Hanpasasomas aas cefiga; 6 — maxTHaa crofika CBII 17

NpoBeAeHHbIX UCCNeOoBaHuil Gblna yayyiieHa KaaubpoBka, B pe-
3yJabTaTe Yyero ObLIH MOJAYUYeHbl XOpollie NPODHIIH.

Ins paspeaHnix KanuOpoB LIBeJNJIEDHBIX M IBYTABPOBHIX NPO-
¢unell ucmonb3yercs onbiT KaaubpoBKu (aaHueBbix npoduneir. Ha
puc. 16,a nokasan F-o6pasHuifi npopuab. M3-3a Goabmux TpyAHO-
cTell, CBA3aHHBIX C BHIMONIHEHUEM 3TOTO Npodu.s, MOTPe6HOCTb B KO+
TopoM coctasaana okojo 1000 7 B rom, oTKasbiBaJuChL OT €ro npo-
KaTKH Ha OOBIYHBLIX CTAHAaX M NPOKATHIBAJNH JBa YIJIOBHIX Mpoduas
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Puc. 15. Ocobbie npoduau ABYTaBPOBOro THMA:

a — Ganowka CHenuajabHOrO HasHauyeHnd; 6 — OGOKaJAOBHAHMH  TpoO-
¢uabp n, AMA cpaBHeHHs, 6anka Ne 12; 8 — moc/eAHHe YeThipe GOKaso-

BHIOHNX KaJauGpa
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Puc. 16. Ocobuie npoduau ¢ HeOAHHAKOBHIMH (aaHUaMH:
a — F — o6pesHui#t npoduan; 6 — OKOHHOpaMHWA npodHAbL
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¢ mocJaeAyoollel HX CKJAenkoi unu ceapkoil. Uto6bl 3aMeHUTh 3TOT
criocob Goslee 3KOHOMHUYHBIM, HAMH B HAacTOslllee BpeMs TOArOTOB-
JIeHa ONbITHas npokatka F-o6pasnoro npoduns Ha 60JbIIOM OHBIT-
HOM CTaHe 1O NpuBeneHHOH cxeMe. Ecnu BO3HUKHYT 3aTpPyAHEHH:
npH 3asauve B V Kanubp, caepyer Mmexay IV u V xanubpamu nome~
CTHTb PebGpoBo#i Kanubp S, npu moMmoly Koroporo 6yAyT ROCTHI-
HYTHl HeoOXoNMMble pa3Mepbl lleiikH, puaHUa H (VIaHUEBOrO BHI-
crymna. Kanu6p VI BeInosiHsiercs TakXke peGpOBBIM.

WnTepecHbiM mpoduseM paccMaTpuBaeMOro BHAA ABJASETCH
OKOHHOpaMHBIH npoduas (puc. 16, 6). M3-3a ray6unsl Bpesa 60 mm
ero Hy>XHO Ob1o Obi mpokaTbiBaTh Ha cTraHe 500. OpHako u3-3a
HeGoabLUION MOTPeGHOCTH 3TO HEIKOHOMHYHO. [l TpoKaTKH Ha
MEJKOCOPTHOM CTaHe HYXXHO HMeTb BO3MOXKHO Majyilo TIayOuHY
Bpe3a. Ha puc. 16, 6 nokasaHo pellleHHe C HHTEPECHBIM MOJIOXKEHH-
eM 3a30pa, KOTOpoe BHI3bIBAET JIHIIL He3HayHTeJbHoe ocaabienue
BankoB. O6cayKHBaIOUUH NepcoHas JNO/KeH TIlaTe/lbHO 3alaBaTh
packar B KaJuOphI.

B NpOTHBOMOMIOKHOCTD IUBE/JIEPHBIM U IBYTABPOBEIM NpPOGHISAM
TaBPOBHIH MTpouIb HAXOAUTCA B BaJKe TOJbKO OJHHM CBOHM (QJaH-
LIE€M, YTO BHI3LIBA€T OCeBOE€ CMelleHuwe BaJKOB. [103TOMY OTKpHITHIH
thnanen noayuaercs 6ojiee TONCTHIM, YeM HYXKHO; OH 3aKJHHUBAeT-
cs B clefyouleM Kaaubpe, riie JoJAXKeH NMPOKaTHBAThCA Ha pebpo.
DTO MOXeT BHI3BaTb OKOBLIBAHHE BAJIKOB HJIH JPYyrHe HenoJaiKu.

Ewe Gonbiuue 3aTpyAHEeHHS BHI3BIBAIOT 0coOble TaBpOBble TPO-
¢nau. OxkonnopaMuseiil npoduns T35 (puc. 17, 6) mocne HEKOTOPHIX
HCCIeNOBAHUN [J5 NOJNYYEHHS COBEPIUEHHOH KaanOpOBKM CMOIVIH
MpoKaTaTh JMHLIb NPH TIOCTOSHHOM KOHTPOJE MOJOXEHHA BAaJKOB H
NpPOBOAOK H yacTOM OTGOpe TeMIIETOB OT KaXjoro kajaubpa.

Ha puc. 17, 8 noxasan npodpunp ana aBro6ycos. ITocne MHorux
OnbITOB 6blN1 pa3paboTaH KOMIJIEKT BaJkoB (puc. 17, 2) ans Manoro
onbiTHOro craHa. McxonHasi 3arotoBka NMpHHATA ¢ pasmepamu 28 X
X 28 mm. Bckope mocse 3Toro Ha craHe AJs ocolwix npodunei sa-
Bora Opapyd sToT mpoduapr mMpokaThiBamM Mo KaauGpoBke, H30-
OpaXeHHON Ha puc. 17, 2, ¢ yueTroM HakomleHHoro ombita. IlIpo-
CTaBJeHHBEIE Ha 3JeMeHTax Npodpuasas KoapuuueHTH BHITAKKH
(puc. 17, 0) noKaspiBAIOT, YTO T€UEHHE MeTajsa MPOHCXOAUT BCETAA
OT WIeHKH K (aaHLy, cAeRoBaTeNbHO, (pIaHUbl He MOTYT HH 3aK/IHU-
HUBATbCA, HU 00pa3oBbiBaTh JaMnackl. B nepBeix kanubpax V u
IV wefika ywupsiercs cBoGoiHo u uaHibl elle He BaNOJNHSIOTCA.
Bo Il xanu6pe npoduib B OCHOBHOM rOTOB, TaK YTO WHCTOBOI NpoO-
XOJ, ero TOJIbKO MOJHPYeT H H3rubaer KOHel WIEHKH.

Ocob6enHo GoJsbliKe TPYAHOCTH Bbi3Bajla NPOKaTKa TOKOMPOBO-
Osulel UIHHBL A5 KpaHOBRIX nmyTefl (puc. 18). OnbiTHas npokaTka
moKa3aJja HeOOGXOAMMOCTb U3MeHeHHA (opmbl npodunas. Ho u us-
MeHeHHe (opMbl Mpodunsa U npucnocobyeHHe ero K Hauemy 60Jb-
UIOMY ONBITHOMY CTaHY He 0Ka3aJoCb 3aKOHYEHHBIM pelieHHeM.
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Puc. 17. Tasposnie ocoGbie npoduiu:
a ~— CMellleNHe Ba/JKOB NPH NPOKaTKe TaBpOBHIX npoduiedt;
6 — okoHHopamHui#t T-35; 8 — npoduabp ans asToGycocTpoe-
HHUS; ¢ — KOMIUIEKT OTBITHEIX BaJIKOB Ans aBTOGYCHOrO mnpodu-
as; 0 — pacnpenelenHe Bu'r;mek fpH MPOKaTKe aBTa6yCHOro
npoduas
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OnbiTh ¢ HCIONB3OBaHUEM pAla Kaaubpos VIB, V6, IV—I He nanu
XOpOLIO BbIPAaXXEHHOIO JIaCTOYKHHA XBOCTAa Ha KoHUe Wlefiku. [lo-
clefHuil, OLHAKO, HOJXKeH Oblsl ObiTb TOYHO BHIMOJNHEH AJs HacaiKW
MenHO# roJioBHON uacTH. IlpuunHy Heyaauu OGHAPYXKHIH B TJI0XOM
sanonHenuu VI kanmu6Gpa. ITocne KOpPEKTHPOBKM pa3MepPoOB  KajiH-
6pa VIB, a TakXe npuMeHeHHs AUATOHAJbHONO NPOXOAa KBajpara
cropoHo#t 38—39,5 mm ¥ H3OTHYTHIMH TPaHfAMH yAaJ0Chb NOJYYHTb
XOpOLHHA ApodHIb.

Kanubpbl VIa u Va ¢ Gojee wiupokuMu (paaHuaMH OKa3ajuCh
HeHyKHbIMH. Pe6GpoBoit npoxox [Va mexay IV u V kanubpamu cie-
AyeT NPHMEHATb JIMIIb TOTAa, KOTAAa 3aTpylHeHa 3ajlaua B Kaau6p
IV. B mameMm cayuae storo He HabaioAanocb. IIpu npokarTke c He-
3HAYHTEJbHO yBENUYEHHOM CTOpOHOM KBajaparta (40 mm) ot KanubGpa
IV otkononcsa xycok. ITo ycroBuaM pa3MeuieHws Ha OouKe 3TOT Ka-
JuGp Obl TONBKO ONMH Ha BaJKax. B KauecTBe 3aMeHbl NPHMEHHWIH
pe6GpoBofi Kanubp IVa. Dta KanubpoBka JKaja TakkKe XOpOIHe pe-
3yJNbTaTHL.

UmncroBbie Kanu6pet [a ¥ 16 ¢ pa3aHyHbIM PACNONOKEHHEM Pa3db-
eMOB cpa3y xopowo cebs 3apekoMmengoBasd. Ciepyer, 0fHaKo, OT-
MeTHTb, YT0 Kanubput I u Il 6biiiM pacnosnoXeHH Ha Bajkax Koco,
uro6pl 00J€rYuTh BBIXOJA packatra. OG6UieH3BeCTHO, YTO TaBPOBHIE
NPOQHUAH CKIOHHBl K 3aKJHHUBAHHIO.

Ilo crapeiMm kanubpoBkam aas o6pasoBanus (JaHUEeB MNpHMe-
Haau 6oablioe o6:xaTHe TMOCEpeAHHEe H MO KpaAM. DTOT cnocob ua3-
3a 3HAYHTeAbHOH HepaBHOMEPHOCTH 00XKaTUA He ABJSAETCA HAeallb-
HbIM pellleHHeM Jug Kanubposiuuka. OpHako aasa npodwisnei, mo-
IoOHbIX TMpHUBeJEeHHOMY Ha puc. 19, @, oH HeoGxoaum Aas obpaso-
BaHHA (JaHLEB.

Ha puc. 19, 6 moka3agel Kaaubpel JJs TNPOKATKH IMOJIOCHOTO
npoduns. B xanubpe IV 6oabmioe o6xaThe cnpaBa No3BOJSIET Ha-
yaTh (popMupoBaHHe (JaaHLeB, TOHKHX B YHCTOBOM Kajaubpe; dJaaH-
LeBble BBICTYNBI ellle, KOHeYHO, He 3anoaHsiorca. Kanubput I u 1
npeJHa3HayeHbl AJ15 pa3roHa ¢uaHueB; 31ech UMeeTcs GoJblloe 06-
JXaTde (pJ1aHLUEB H NO3TOMY Macca cepAleBUHBbl 3acTaBjaseT (uaHel
BhIHYXAEHHO yuupatbcd. B peGpoBoM kanubpe BHITAXKH MOYTH
ONHHAKOBHI.

Oco6rle TPYAHOCTH CBsI3aHbl C BbIMOJHeHHeM (JaHLEeB B KaJauob-
pax I—IV (puc. 19,6), xkoropble BHayaJe IJOXO 3aNOJHSAJHKCh.
Paspe3 no mupuHe 3tToro ajeMeHTta B | Kanubpe He mpuHeC 3HAYH-
TENbHOTO yJayuuieHusi, dto Habmiopansocs B Kaaubpax III u II
H YHCTOBOM, Tle NpaBbifi (JaHell He TI0JyYa] HYXKHOH IIHPHHBL
IMpoduap ocraBajcs HeCHMMETDHYHBIM, NOKA BaJKU OHIM riajiKu-
mu. Ilocne HekoTOporo BpeMeHH paboThl CTaBlIHe IEPOXOBATHIMH
BaJIKH YBEJHUHBAIOT YUIMPEHHE W NMOJydYaeTcsl XKenaeMblil NpodHib,

Jnsa kanubpoBKu wapHHpHOTO mpodmia (puc. 19, 8) ¢ ceMbio
NpOXOAaMH Mbl TaKXKe NMpHMeHseM KajauGp AJs Pa3roHKH (JaHUEB.
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Puc. 19. Kanu6pn ans pasrouku ¢JaHueB AOPH NOJYuYeHHH OCOOBIA
npoduaeii:
a — mnpoduau: ! — nernesot; 2 — curypunit; § — nomocumit; 6 — noJioc-
Hult npodunb, 6 — IMAPHHDPHEIA JaHCT
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CneunanbHas KaJHGpoBKa oco6ux npoduaen

PaccMorpum KanubpoBku 0cOGHIX npodwselt, koTopble He 6a3u-
PYIOTCA Ha H3BECTHHIX CMoco6ax KaauOpoBKH OGBIYHBIX Hpoduied.
Pasymeercs, B 3TOM cllyyae B OCHOBE JIeXKaT HayuHble NPeRLNOCHIIKH,
HO BecbMa CYIleCTBEHHYIO DOJIb HIpaeT MHTYHIHUS KaJaubpoBUIHKA,
ero OmbiT H 3KCNepuMeHTajbHble JaHHbie. OueHb BaXKHO NMPaBHJIBHO
pa3buTh NPOQHIb Ha SJEMEHTH H ONPEAENHTh HX BHITAXKKY.

B kauectBe mpumepa paccMOTpHM KanmubGpoBky GopTKoJablLa
10” (puc. 20, a). Temnaersl nmokasdaHbl MYHKTHPOM Ha 1wabJoHaXx.
Ocobo#i TPYAHOCTBIO ABJASETCS Ta, YTO BCe KaJduGpbl — OTKPHITHIE, H
TIpUMEHHTDb Pe6POBOH TPOXOJA HE MPEACTaBJAAETCS BO3MOXHLIM. Pas-
6uBKa Npoduas Ha 3MEMEHTHl elle B M3BECTHON CTeNeHH BO3MOXKHA
no IV kanu6pa.

OnHako Tpu NMpoKaTKe HaKoHeuHuKa (puc. 20, 6) 3TO0 yXKe He-
BO3MOXHO. DTOT npoduib Ha BHA He 0COGeHHO caOXHbiA. OpHako
ero NMpoKaTKa OKa3ajach CJOXHee, yeM Kakoro-iau6o HMHOro mpodu-
a4, IlepBaa kaanbpoBka (puc. 20, 8) nana KoHeuHBIH NpoduIb B
COOTBETCTBHH ¢ pHC. 20, 2 € 3aKPYIJOHHBIMH KPagMH. DTOT Npoduisb
He 6bln1 mpuHAT. Ha ToM e xoMmjeKTe BajJkoB Obl1 BpesaH Ka-
au6p mo puc. 20, @ u 6ol HcnpoOOBaHEl BCe BO3MOXKHHIE BapHaH-
THl BTOpOIl U nepBoit KanuOGpoBoK. Bee BpeMs noayyanuch npoduau
C OCTPBIMH KpasiMU H C JlaMnacaMH C OAHOH Wau ¢ o0eux CTOPOH
(pue. 20, e).

Ha ocHOBaHHH 3THX AaHHBIX NMPOKaTaJu MOJelb B MacumraGe
1:1,33 Ha MasOM ONBITHOM CTaHe NO KaJauOGpoBKe ¢ HECHMMETPHU-
HbiMm BoipedaMu  (puc. 20, o). PaccrosHue MeXAYy BepUIHHAMH
B Tpex Kanubpax OfHHAaKOBO. DTa KanHOpPOBKA Jaja Te JKe Pe3yfb-
taThl. [To HeM3BeCTHHIM NPHYHHAM MpPH OJLHHAKOBHIX peXuMax 06-
JKaTH# YHCTOBBIE NPOGWIH NOJNYYAJHCh PA3JHYHBIMH.

Tak kKak Obina cpoyHasi moTpeGHOCTb B 3TOM Tpodmie, Bbi-
6pany MepBbIil CMOcO6 NMPOKAaTKH — € JlaMIacaMH, KOTOpbie yAafsd-
Ju MexaHuyeckuMm nyreM. IlanbHefiuas npoxaTka Ha 6oJabluoM
ONMBLITHOM CTaHe NMPOBOJAW/ACH TIO KaawOpoBKaM, MOKAa3aHHLIM Ha
puc. 21.

Pan xann6pos 1—VII xoTs # npuBesn K HEKOTODBIM yJy4lleHH-
AM, ogHako B IV kanubGpe o6pasubl 4acTo CKPYYHBAJIUCh, 0COOEHHO
B TOM cJlyyae, eca¥ 3aflaBaeMbifl KoHel| Obla BBINOJHEH He TOYHO.
O6pasen 3amemasacsa B JeBoM 3azope. Kpome Toro, uMena Mecro
nojapeska H pucku. Ilocneanue ciaenyer oTHeCTH 3a CYeT TPOBOJOK
B pa3JHYHBIX Kanu6pax. Pasmepsl noJjok rotosoro npoduns 44,2 u
37 mm us craau Cr.3 monmyuuth 610 Ju6O 3aTPYAHHTENbHO, JHOO
BOBCE HEBO3MOXKHO.

IMocne MHOTHX HCC/HELOBAHHH B PasTHYHHIX KOMOHHAIHAX A
craau ¢ copepxanueM 0,459% C yaoBreTBOPHTE/bHbIE PE3YJabTaThl
noJyyeHb MpH npokatke B Kanubpax lla, I1lla, IVa, V, VIa, VIL
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Kamu6p Va ¢ yyryHHBIM BeDXHHM BAJKOM 0Ka3aJCsi HEHYXXHbIM, TaK
%z KaK BaJKH moJydanu Goablioe oceBoe CMellleHue H YAApSAaUCh APYT
o apyra. ITpunsara 6nna 3aroroBka 45,8 X 45,8 mnm.
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8 — mneppas KaauGpOBKa; & — NPOodHAb ¢ 3aKPYL/EHHLIMH TPaHAMH,

€ — npoduar ¢ NamMnacaMy’ ¥ — KaaHGPOBKA AR NDPRKATKH MOAESHPOBAHHOTO NPOdhuan

Puc. 20. Ocobuie npoduam

Puc. 21. KoMIJIeKT ONHTHHIX BaJIKOB AN NMPOKaTKH HAKOHEYHHKA

JHTEPATYPA

1. H. Neumann, Zerlegung der Profile in Teile beim Kalibrieren von
I — Stahl 2. Zeitschrift «Neue Hitte», 7 (1962), Heft 8, S. 480—486.

2. B. M. S chum. Kalibrierung des Leichtprofiles SWP 17 fiir den Gruben-
ausbau, Zeitschrift «Stahl in Deutsch», 2 (1962), Heft 3, S. 859—862.

3. D. 1. Startschenko, Klappkalibrierung der Formprofile, Metallurg-
isdas, Moskau, 1952

4. O. Miiller, G. Beier. Die Anwendung der Schmetterlingskalibrierung
fiir U — Profile, Zeitschrift «Neue Hiitte» (1960), Heft 9, S. 543—548.

5. H. Neumann. Lehrbriefe fiir das Ingenieur — Fernstudium, Lehrbrief
Kalibrieren 7. Herausgeber: Ingenieurschule fiir Aufbereitung und Hiittentech-
nik Unterwellenborn, als. Manuskript gedruckt, 1958, Zwickau.

a — GopTkoabuo 254 mm (107); 6 — HAKOHeuMHHK;

¢ — BrOpas KaauGpoBKa;




Hux. E. YHTEP

(Meraaaypruveckuii koM6unat «O3n», BHP)
FOPSIYASl NMPOKATKA CNEUHAJIbHBIX NMPO®HUIIEN

B kaxpom ciyyae cneunabHeiil npoduas Tpebyer ot Kaaubpos-
IUHKA CrenHaJbHOro peweHus. Ecan cnennajpHbie npodHad He-
3HAUKTEJbHO OTKJOHSIOTCA OT OGBLIYHBIX Tpo¢uJeH, To yalle BCEro
MX NPOKATHIBAIOT HA ONHHX H TexX XKe craHax, OpHako TpyAHocTeH
IIPH 3TOM BO3HHKAaeT He MeHbllle, YeM NPH NpPOKaTKe CJAOXKHBIX NPO-
¢dusell HA cnellHabHBIX CTaHAX.

ITpoexTpoBanue KaJHGPOBKH NPOMCXONMT 3HAYUTENbHO NpOlle,
€C/li HOBbIi Npoduab NpucnocoOuTh K KaauOPOBKe Kakoro-iau6o
obulyHoro npodpuis. Mcxona u3 3KOHOMHYECKHX 'CooGpaxeHHH, mpH-
MeHHJIM TOYTH HA BCeX CTAHAX HECKOJbKO UEPHOBBIX BHITSKHEIX CH-
CTeM KaJauOpOBOK, KaXnasd M3 KOTOPHIX CJHYXHT JJf INpPOKaTKH
HeckoabkKHX npoguaeit. ITosromy HeoOxomumo, uTobnl KaauGpoBKa
cneuuanproro npoduas Obla npHcnocobseHa K OAHOH H3 cyulecT-
BYIOIIHX UEpPHOBLIX BHITSKHBIX CHCTEM KaJHOPOBOK A/l yMeHbllle-
HHSl 3aTpaT BPEeMEHH IIPH MNepecTpPoHKe W [IepeBajKax BaJKOB.
BcnencrBue 3TOro cayyaercs, YTO KaJHOpOBKa OKa3biBaeTCs NpH-
cnocolJeHHOM K cyllecTBYIOLIEH cHCTeMe NPH MeHblueM WJaH 60Jb-
IleM HecoGJiofleHHH OOIMX mpaBuJ KanuGposkw. Masoe oTkiaoHe-
HHe OT 3THX TIPaBHJ He CKa3biBaeTCs OTPHUATeNbHO Ha (opMHpoOBa-
HHKW rotoBoro npoduiga. OXHaKO, KaK IOKa3biBaeT OILIT, C TEYEHHEM
BpeMeHH INpOKaThiBaeMH#l nmpoduab MOXeT HMeTb HENOCTaTKH.
IlpuunHaMH 3THX HELOCTATKOB Yallle BCEr0 MOTYT OBITh OTHOCHTE/b-
HO 6O/bLIOH H OYeHb HepPaBHOMEPHbIl H3HOC ‘BAJKOB HJIH TPYAHO-
CTH 3axBaTa MOJIOCHl B KakoM-an6o Kaaubpe.

Tako#t canyuait HaGmiogasncs nNpH TpoKaTKe 3eToGpasHOIO Mpo-
¢una ansa crpourenascra (puc. 1). dauTenbHoe BpeMs 3TOT Npo-
¢uab MpoKaThiBAMU U3 HoJOCH 78 X 24 mm, NOJYYEHHOH Ha YEThI-
pPeXKJeTeBOM HempepbhiBHOM craHe. UucToBasi JUHUA COCTOHT U3 Mt~
TH KaeTed: | Knerp — TpHO, TOCHEAYIOIIHE KJIETH — MepeMeHHOe
LYO.
[Ipotunb, xXOTOpHIT 3aKa3biBajd OOBIYHO B MaJIOM KOJHYECTBE,
He moayyanca 6e3 G6paka. [Ipu npoBepke KanmGpOBKH OOHAPYXKHJH
omwH6Ky B I ¢paconnom kKamiGpe (OTHOCUTENBbHO NMpeRbIAYLIENO Nps-
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MoyroabHuka). KanuGpoBka BbINOJHEHa NPHHIHNHANBHO TakK, Kak
3TO nokasaro Ha puc. 1, a. O6xaTue cocrabasio noutu 50% u no-
ABJAOlIeecs OCEeBOE NaBjeHue OLLIO HAaCTOJbKO BENHKO, YTo 60KOo-
Bble BHHTH He MOIVIM yaepKaTb BaJKH. B pe3yabraTe mosy4yanocsh,
yTO cepeamHa npoduns Guna ToMllle, a MOJKH KOpoue, YeM Mpeay-
CMOTpPEHO KanuOpoBkoil. B nocnenymollinx Kananb6pax Bce 3TO ycy-
ry6asanoch ¥ B pe3yibTaTe AJHMHHAsA nojaka Oblla He BHINOJNHEHa, @
KOpOTKasl NepenoJHeHa, cepefHHa Obla ToJllle, YeM MpexTosara-
Jaock. I1py 3TOM YHCTOBEIE.BaJIKH YacTO JOMAJIHCh.

Hosas kanubpoBska (puc. 1, 6) mpeiycmaTpuBaja ceMb (pacoH-
HBEIX KajnuOpoB. OgHako 310 Tpe6GoBajo CHeUHaJ bHOH KaJHOpPOBKH
YepHOBO! HENpEpHIBHOA TIpPYNNbl KJeTeH, B KOTOPOH H3 3arOTOBKH
80 X 80 mm moayuyaau 3arotoBKy 48 X 48 mm. TpeGoBanoch yBe-
JHYeHHe YMCJa YEepPHOBHIX KaJMHGPOB Ha OOHH. JTO H3MEHeHHe
YMEHBUIWJAO TPYAHOCTH NPOKATKHW, HO OTPAHHYMJIO- IPOrpaMMy Mpo-
KaTKH B HenpepeiBHOHM rpymme kaered. Kamu6put VII nu VI
(puc. 1, 6) uMmeloT Takyio GopMmy, 4TOOH MOXKHO OBIIO MEXAY HHMH
npuMeHuts 06Boaku lllenda. 3amaua packaTa B YHCTOBYIO KJeTb
ocylllecTBJIIeTCS BPYUYHYIO.

ITpu oGBIYHOJ NpPOKAaTKe YAaCTO OTHOCHTEJNLHO NPOCTHIe MPOGHIIH
NPUHHMAIOT 3a ChelHajbHbIe, eclH 3aKa3aHHas NapTHA OYeHb Ma-
Ja WK npoduIbL HMeeT CnenHalbHOoe HadHayeHHe. TakuM npHMepoM
M3 Halleil NTPaKTHKH MOXKET CAyXHTb WwBeanep 40 X 20 mm (puc. 2).
Stor npoduabr BHauaje GbUI OTHECEH K OOBIYHBIM, TaK Kak TIOTpe-
6uTeNb HE CTABWJ Mepef leXOM HMKaKHX ClelHaJbHbIX TpeGOBaHHH.
BBuay ero oco6oro HasHaueHHs 3TOT NPOQHAb Ha3BaJH CNeUHaNb-
HbIM M pa3paboTanu IJisa Hero ocobyio Kaau6poeky. [lo3dxke Bhsic-
HMJIOCh, YTO 3TOTO JeJaTh, He caenoBano. belna npeaycMorpena mpo-
KaTKa mpoduns B ceMH ¢acoHHbIX KaaubGpax wu3 mojocH 59 X
X 22 mm. Bonbuioe yncno ¢acoHHBIX KaJuOpOB NpHBeao K  Helo-
cratkaM. OJHH H3 HHX — 3TO OOJbliIMe TeNJOMOTEePH, NPHBOAHBLIHE
K HepaBHOMEPHOMY 3anoOJHEHHIO KaJauOpoB, TaK Kak ylIHpeHHe pac-
KaToB No AJNHHe ObLIO HEOOHMHaKOBO. I[pyroii HemocraToOK — MaJble
06:XxaTHsa B OTHeJbHBIX Kanubpax, H3-3a 4ero packaTt He HMea [0-
cratoyHoit ycroiiuuocTH. HesanonHeHue kanu6pa no WHpHHE BHI-
3bIBAJI0 H3MEHEeHHe pa3MepoB ¢iaHLUeB RO NaHHe HiBeanepa. [Ipu
3TOM OJHAa INOJIKA TIoJlyyajach C NepenoJiHeHHeM, a Apyras He Obl-
Ja BeIMONHeHa, Ha rotoBoM packarte GbIIM TakXKe y4aCTKH C XOpO-
HIHM BRIIIOJIHEHHEM O0OMX TOJOK. B HOBOH KaauOpoBKe npuMeHe-
HO TOJMBKO 4eTbipe ¢(acoHHBIX Kanubpa M B3SITO MJOCKOE HCXOTHOE
ceuennie 54 X 20 mm, uro obGecneyuyio MOJYUEHHE TOTOBOH NPOAYK-
IIHH B COOTBETCTBHH C TpeGOBaHHAMH.

Heo6x011M0 OTMETHTb, YTO LEHHOCTb jJa)ie HauJayullel KaJiu-
6poBKH MOXeT OLITb CHHXXEHa, eCJIH BaJKH He HMelOT COOTBETCTBY-
jolllero KayectBa. PaccMOTpHM AJIs mpHMepa NpPOKaTKy TaBpHKa
40 X 40 mm c BBICOKHM pebpom. M3-3a BrIcOKOro pe6pa TaBpHK OT-
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HECJH K CrenHaNbHbiM npoduasm. Hecatku jser s1oT npoduas mpo-
KaThiBaJIW Ha NMOJYTBEPAbIX HHCTOBLIX BaJKaX C Maljoil NpoH3BOLH-
TeqbHOCTBIO. Hanbonblue 3aTpynHeHHs nosyyanuch H3-3a BaJIKOB.
OHn yacTo noManuch, XOTS 06XKaThe B YHCTOBOM Kaaubpe GbLio
HeboJbloe.

Bepxuufi BaqoK B YHCTOBOM KJeTH Obln HenpHBOAHHIM. Ecnu me-
XK1y BajJKaMM He HAaXONHJICSl PackaT, TO HIXKHHH BaJOK YBJEKaa
BEPXHHH, €1Ba €ro KacasiCb, YTO CONPOBOKAAJIOCL NOBpeKICHHEM
pyubsi HHXXHEro BaJKa. 3aTPyAHeHHs GbLIM yCTPaHEHHl NPHMEHEeHH-
€M BaJKOB M3 OTGENEeHHOro UyryHa, 4TO YIBOMJIO CPOK CayXOH
BaJIKOB.

B noknage X. Holimanna! paccMaTpuBalOTCs yNpoLleHHA OKOH-
HOpaMHBIX npoduaeil ¢ TOYKH 3PEHHS FKOHOMHUHOCTH INPOKATKH.
IMomo6ublit cnyuait 6611 W B Hamedt npakTuke. Ha puc. 3 nao6paxe-
Ha crnenxasbHas Kajqu6poBKa npoduas ABYTaBpHKA, TpefHa3HAUEH-
HOro 1Jsa o6pyuet K 6Goukam.

Brino npokataho yernipe BapHaHTa npoduns ¢ HeGoMbILOH pas-
HHIeHl pa3MepoOB: ABa C HEOAHHAKOBBIMH OCHOBaHHAMH 40 X 30 X
X26 u 40X 32X 28 mm v nBa C CcHMMeTpPUUHBIMH 29 X 26 H
30 X 25 mm. Hanbosee pauroHaNbHBIM NpH3HAH BapHaHT C pasMe-
pamu 29 X 24 X 4 mm. Kannb6poBka ero 3anpoeKTHpOBaHa ¢ OT-
KpHiTHEM NO NHaroHaJu. 3aroTOBKO# caykKuiaa noaoca 39 X 22 mm.

[1pu npumeneHnu >To#f KanMMOGPOBKH He OBLIO aBapuit W3-3a 3a-
KJHHUBAHHA 3aKPHTHIX (JIAaHLUEB, YTO NPOHCXOXMJIO INPH CTapoh
Kanu6poBke o6biuHoro tHna. HaxknoH M nosoxenne kanu6pa OTHO-
CHTEJIbHO JTHHHH NPOKAaTKH TPEOYIOT HE TOJBKO TILATEJbHOCTH B BHI-
Gope KOHCTPYKIUMH BHIBOIHLIX NPOBOJOK, HO M B HX ycTaHoBKe. Ha-
KJIOHHOE MOJOXKeHWe Kannbpa BHI3BIBaeT CKPyYMBaHHe pacKarta NpH
BHIXOJE H3 HEro M B Cjydyae OTCYTCTBHS TIDOTHBOAEHCTBHS CKPYYH-
BAaHHIO CO CTOPOHBI MPOBOAOK pacKaT OCTaBaJscs OBl Nocje NPOKATKH
CKpPYYeHHHIM. B NaHHOM cjyyae r/iaBHBIM Ha3HaueHHeM BBIBOJHBIX
NPOBOROK SIBJISIETCS BHIDaBHMBaHHE PacKaTa.

Heo6xonuMo o6paTuth 0cob0oe BHHMaHHe Ha GOKOBOE KpelJeHHe
BaJIKOB, TaK KaK H3-3a HaKJOHHOIO MNOJOXeHHS KanuGpa NpOHCXO-
JIWT TepeMelleHre BaJKOB B HanpaBJeHHH OCH.

PaccMOTpHM ellle NpOKaTKy BHICOKHX TaBPHKOB (puc. 4 u ).
TitarenbHas HacTPOiKa BAJKOB U HeNpephIBHBIH KOHTPOJIb ee SIBJs-
I0TCS HEeNpeMEeHHBIMH YCJOBHSIMH YCNEIIHOM NMPOKAaTKH 3THX Tpodu-
aeir. TIpn 3TOM TakKKe BeJMKa pOJib BBIBOAHBIX NMpPoBOAOK. Heobxo-
IumMo, 4To6bl mMpoBogKa ¢naHuUeB 6blna CJlerka CKOWEHa CBEpXy
AN yMeHbLIeHHs BO3MOXKHOCTH OKOBBLIBaHMS BaJjKa. 3HAuMTeJbHO
obaeryaer NpoKaTKky 3THX npodunelt npuMeHeHHe HUXKHEro Hasje-
Hus. [IpenMylllecTBO HMXXHero AaBJeHHS OCOOEHHO 3aMeTHO IpH

! Cum. nacroswuit c6opuuk, crp: 212.
16*



244 E. YHFEP

FTOPAYAA MPOKATKA CMEUMANBHLIX NPO®GUNEA 245

rnyGoKo Bpe3aHHBIX (JIAHUEBLIX PYYbAX, TadK KakK MPH 3TOM YMeHb-
1aerTcad NeHCTBHTENbHHH AHAMETp HHXKHEr0 BaJKa.

[TpumeHnsiemMass y Hac KaJu6GpoBKa OT/NHYAETCs OT KaJaHOGpOBKH,
npeacraBaeHHoli B noknage X. HofiMaHHa, Tak KaK HaMH HCHO/b-
30BaHBl OTKpPHIThie KaauOpsl. Panee MbBl NDHMEHAJH 3aKpHIThle KaJlH-
Opbl, OXHAKO NpH 3TOM OblI0O MHOrO 3aTpynHeHud. HMsHoc Baakos
6bls1 OOJMIBLION BCJIEACTBHE 3HAUUTENLHOTO TPEHHS Ha 3aMKaX. B pe-
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105

435

3y/sbTaTe H3MEHs/ach TOMIIMHA OTKpHITOro (saHua, KOTOPHHA B
283 crenyollleM Kanubpe BXOAMI B 3aKPBITHI pyuefl M TaM 3aKJHHH-
BaJics.

Puc. 3. Kaau6poska nsy-

TaBPOBOTO

npoduas aas

obpyuelr 29 X 24 X 4 mu

Puc. 4 Kanubposxa TaB- posoro

puKa 30x30X4 mum

Puc. 5. Kamubposka taB-
npopuas 75 X
XTOX8 mm

[TpencraBiesHble KanHOPOBKH 00ecneyHBAlOT BLINONHEHKe (aaH-
IeB W NMO3BOJISIIOT NMOJYYHTh BbICOKOKAUeCTBEHHBIH TOTOBBIH NpOGHIb,
O6e kanu6pOBKH TABPHUKOB SABJSIOTCA NpPHMEpPaMH NPHCNOCO6JeHHs
Kaau6pOBKH K CYLIECTBYIOLIMM YCJOBHAM. B npeiacraBieHHOA Ha
puc. 5 kann6poBke nmpenycMoTpeHo Gosblle Ha ONHH NPOXOX, UYeM
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310 Tpebyercs, TaK Kak B MepBOH KJEeTH, B KOTOPOH BLINOMHSAIOTCH
npoxofsl Ne 7 u 6, umelorca o6sonxu Illenda.

[TonoGHoe MOMOXKeHHe BO3HHMKAeT NpPH NMPoKaTKe TaBpHKA 75 X
X 75 mm. Ceuenne, noayuaemoe u3 VIII xanubpa, MOKHO Henmocpen-
crBenHo 3afaTh B VI KanuGp. OnHako B CBS3H € T€M, YTO TOJBKO
¢ nepefHeill CTOPOHBI KJeTell HMEIOTCA LIJenmnepbl, BHIHYXKIeHb Obl-
JIi B NEepPBOH KJIETH NpelyCMOTPeTh ellie OXHH NPOXOA.

Ha puc. 6 nokasanbl KajuGpOoBKH ellle HOeCKOJBKHX NpodHeil.
KOTOpble SABASIOTCH CNelHaNbHBIMH NpodHASAMH, HO KanubposBKa
BaJIKOB IJIA HX NPOKATKH TIPOCTas.

Mrorouncnerabie npodusH, KOTOpble 'paHee NMPOMU3BOLHIH TOJb-
KO TPOKAaTKOH, NOAYYaAIOT METOROM T'HGKH B XOJOZHOM COCTOSTHWH
H3 TOJIOC HWAM BbixaBanHBaHHeM. HecMoTps Ha 3To, MHOTHE cilellH-
aJbHbIEe MPOPHAR, BEPOSATHO, elle NJIHTeNbHOEe BpeMs GYRyT noay-
4aTb NMPOKATKOH, MO3TOMY HeoO6XomHMO 3Ty o6aacTh MPOKAaTKH H
KanHODOBKH U HaJjiee Pa3BHBATh.

Huw. IX, MAK JIAYXJIAH

(CranensnaBusnbHoe obuiectBo Enn6u-®ponunrem, Auraus)
KAJIUBPOBKA CNEUHAJABHBIX MPOPUIIEN

Banouynbift cran

BatoMel a8 craHa myo mocrynator ¢ Gaiomuura 1050, Ha Koro-
POM TIPOKATHIBAIOT CAHUTKH Maccoit 4 u 6 7. [locne o0pesky KOHIOB
NOJIOCY pa3pe3aloT Ha YacTH, AJHHA KOTOPHIX 3aBHCHT OT Ha3Hauye-
Hus 6J1I0MOB.

Hoxxnuubl cnipoeKTHPOBaHHM A/ pesku ceueHui 1o 16 500 cm?
NpH MakcHManibHON wupuHe 560 mm. HaubGoabias anuxa 6JaioMa
paBHa 7600 mu.

Bualomb nepen noxaueil K cTaHy Ayo HAarpeBalOT B MeTOXHYECKOH
neuHu.

Danounnit ctan nyo 770 ¢ aawdoit Gouku 2260 mm cocTouT H3
PACNIOJIOKEHHHIX B JIMHHIO TPeX KJeTel Ayo: 4epHOBOM, NMOArOTOBH-
TeJbHOH M YHCTOBOH.

MoinnocTb nBHraTeas paBHa 3678 ka7, a uica0 060pOTOB B MHHY-
Ty paBHo 0—50—140. ‘

Bce kaeth ¢ o6eHx CTOpOH OOGOPYHOBaHB MAaHHMYJAATOPaAMH H
miJiennepamH.

CopraMeHT cTaHa BKJAIO4YaeT IBYTaBphl, TaBphl, LIBEJJEpH, NO-
JIOCHI, paBHOGOKHE W HepaBHOGOKHE YTOJKH. NOJ0cO6Y/ab60BbIE, YI-
n06yab00OBEIE 'H 3€TOBBle MPO(HIH, a TakXke IINYHTH, OalliMakKH
TPaKTOPOB H APYrHe cleliHajbHble NPOdHIH.

Hexoropeie npotduay npokaTLBalOT TOJbKO B YHCTOBOH KJETH,
a 3aroToBKy noJayualor B npeavncrosoil. Ipyrue daconnsle npodu-
Ji TIPOKATHIBAIOT B ABYX KJeTAX, a caMmble Goabline (acoHHLIE
npoduIH B TPexX KAETAX.

IlporpamMMy npokaTkH YCTaHaBJIHBAIOT TaKylo, 4TOGH! NepeBaska
HHKOrja He ITpoH3BoLMJachk Gojee ueM B IBYX Kaersx. [Tocne nepe.
BaJIKH Tpex KJeTeil Ha3HAYalOT MPOHUIb, KOTOPHIH MOKHO NMPOKATHI-
BaTh B ABYX HJAH oOdHOH KkJaeTH. [IpH MNpoKaTKke B ABYX KJeTAX
NpOBOASAT NepeBaJKy YepHOBOH KJeTH. [IpH Bcex mepeBankax 6pychl
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KpelJleHusl OCTaloTCsl; 3aMEHAIOT TOJNbKO NPOBOJHbIE KOpOOGKH 1 Npo-
Boaku. CpenHssi NPONOJKHTENBHOCTL NEPEBANKH OAHOM KJIETH paBHA
46 MuH.

Kanu6poBka BaJKoB

B kauecTBe NpHMepOB KaJHOPOBKHM BbIOPAHLI YeTHIpe ClHelHalb-
HBIX npodHas.

JKere3nodopoxcnolld weesrepublii npodure (puc. 1) cuMMmerpu-
YeH OTHOCHTENbHO BepTHKaJbHOH ocH. Ero duaanub Hanpassienbl
noa yraom 90° X ropH3OHTaNbHOH MNJIOCKOCTH, MMO3TOMY NPH paspa-
60TKe KaJHOPOBKM 3Ty 4acTh Npoduas caeayer OTrubarthb.

T'ycenuunvtii npoguare (puc. 2) He nMeer Kakofi-nu6o ocu cuM-
Merpu#, Ero MOXHO npokaThiBaTh B IOJIOXKEHHH, MOKa3aHHOM Ha
pHC. 2, uan BrictynaMu BBepx. HM3aru6 npoduns Heo6xomuM AnA
dopMHpOBaHHA BhICTYNa 0GOMMM BalJKaMH, YTO yno0Hee TIPOH3BO-
IOHTb B OTKPHITOA 4acTH kanaubpa, yeM npH OOJBLIOM duc]e HPOXO-
OB B 3aKPBITOM pPY4beE.

Heo6xonuMo 06paTHTL BHUMAaHHE, KaK M B OCTaJbHbIX KaJaHO-
POBKaX, Ha uepeflOBaHHE MeCT pa3beMa BaJKOB, UTOObI TNpeRymnpe-
IHTb BO3MOXHOCTbL NEPENOJHeHHs KaauOpoB MeTaJjlJIoM.

ITorocobyarvbosoii npogure (puc. 3). Cnocob KaauGpPOBKH 3TO-
ro npouas OTJIHYaeTcs OT cnoc¢o6oB, MPHMEHEHHHX B ABYX Tpelbl-
AyIUX caydasXx. B oriuune ot (acoHnelx npoduaefi, pasMeph
CEYeHHs KOTOPBIX NOJKHBL coOM0aaThCA, nojJoco6ynsboBHIE npo-
tHAb MOXKeT NOCTABJATECA O Macce | noe. M, KoTopas ROCTHraeTcs
H3MEeHEeHHeM TOMILUHHEL MJIOCKOH YacTH mpoduas. ItoT ¢dakrop GulA
NPHHAT BO BHHMaHHe NpH BHGOpe pacmoiiolKeHHs Kaau6poB Ha
BaJkaXx. HeoGbluHON siBAsieTcs NpOKaTKa npoduias TakKOro THHA ro-
JIOBKOH BBEDX. '

Kanu6pel BHOpaHH Tak, YTOGH YaCThb MOJIOCH C ceyeHueM, Mou-
TH PAaBHOBENHKHM CEUEHHIO TOJIOBKH, H3O0THYThL C LENbIO NOJYUeHHS
NOYTH CHMMETPMYHOro nepsoro npoxomal. Montax KaanGpoB
MeCTONoJIOKeHHe pa3beMa BaJKOB NPeNyNnpeXRaloT NepenojIHEHHE
KaJuOpoBR MeTaJJIoOM.

HInynrosas ceasa (puc. 4) — npodHAb, HaCTH KOTOPOTO HMEIOT
dopMy, HCKIIOUAIILYI0 BO3MOXKHOCTbL €ro NOJHOTO COTPHKOCHOBE-
HHMS C OLHMM H3 BaJKoB. BcaenactBue 3toro npoduab MMeeT orpa-
HHYEHHYIO BLITAXKY B YHCTOBOM Mpoxoje. DTUM NpoduIb OTaHYA-
eTcsi OT nonocobyab6oBoro u ryceHnuynoro npoduneir. XXenesnono-
POXKHEIH 1IBeJJIep TaKXe OrpaHWYeH BecbMa HeOONLIIMMH Ko3¢odH-
LIHEHTaMH BBITSKKH, OLHAKO NPHYHHA 3JieChb HHAafA: B NapajsefbHO-
cTH ¢JaHLEB, MNepPHeHTHKYASIPHBIX K TFOPH3OHTAJNBHOH NJOCKOCTH.

1 Ananornynnift mpueM G6ua apeanoxer 8 CCCPnpod. . HU. Crapuenxo, Hep.
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168 |
Puc. 2. KanuGpoBka rycenuunoro npoduaa (6ammaxa)
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Puc. 3. Kanu6poeka nosoco6yn6080fi cTanu (WHpHHa 343 MM; TOMUMHA TOJKH
13,7 MM, MUHMMANbHASA TOMUNHA 12,4 MM, MAKCRMaNbHAR TOMUUHA 17,5 mm)
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HOro WRYHTOBOrO Npodus

Puc. 4. KaaubpoBka seto6pa3s
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(Ipodorrcenue puc. 4)
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Crnemyer cunTaTh HEHOPMAJIbHBIM, €CJIH PacosNoXkeHHe npoduas
B BaJKax MHOE, YéM MOKa3aHO Ha puc. 4 (3amkom BBepx). OnHako
3TOT NPO(HIb MOXKHO B M3BECTHBIX npelenax TOBEPHYTb BOKPYT
HeATpPaJILHOH TOYKH B HaNpaBJeHHH, O0OpaTHOM IBHKeHHIO 4acoBOH
CTPeJIKH, U B 3HAUMTEJbHO MeHbllUeH CTeneHH — B NPOTHBONOJOXK-
HOM HamnpaBJeHHH.

[Mpu noxbope kannGpoB ObLIO NMPHIOKEHO MHOTO YCHJAWH, YTO-
6Ll MONYYHTb NIOUTH CHMMETPHYHLIH nepBH#l Kaanbp, B KOTOPOM MpO-
KaTKy BeXyT B ABYX /M 4YeTbipeX MPOXOXax, Tak Kak Tpebyercs HX
YeTHOEe YHCJIO.
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Hux. A. MAKOMACKH

(O6benunenne Meraanyprau xenesa u cranu, ITHP)

O KANNTUBPOBKE HECHMMETPHYHbIX NMPOPHIIEHA

k. Mak-Jlayxian npemxcTaBHN HaM HECKOJbKO OYeHb HHTe-
pecHbBIX KaauOpOBOK, H3 KOTOPHIX MO IBYM KaJwOpOBKaM IMocje He-
Gonblioil KOPPEKTHPOBKH pa3MEpOB NMpPOH3BOAAT npokatky B Iloasb-
me, COOTBETCTBYIOLIME NPOGDHAH NPOKATHIBAIOT B AHIVIHH Ha Tpex-
KJETeBOM DeBEPCUBHOM KPYHMHOCOpTHOM craHe 860.

I'naBHas auHuA ctana 860 cocrout u3 GMIOMHHrA U TpeX JuHed-
HO pacrnoJioXXKeHHBX kJjetell. [IpuBox uepHOBON JHHHM pacnosoXer
Ha CTOpOHe, NPOTHBOIOJOXKHOA NPHBOAY GMIOMHHra. 3TO pacnono-
JKeHHe HIEHTHYHO pacroJIoXKeHHI0, KoTopoe OyleT wMeTb Hall pe-
BEePCHBHEII CTaH Ha MeTaJMIyprHYecKoM 3aBoje WM. J[3epXHHCKOro
nocnae nperycMOTPEHHON MOXEPHH3ALMH.

3acayxuBaeT BHUMaHHS yCOBepllleHCTBOBaHHe aHIJIHHCKOrO npo-
KaTHOTO CTaHa, Bhipa3uBlleecss B A00aBJeHWH [IBYX YHHBEDPCAJb-
HBIX KJeTeH, YTO MO3BOJAeT TPOKAThIBATh ILHPOKONOJOYHbIE [BY-
TaBpoBbie GaNKH. ITH 3KOHOMHUHBIe npoduau HaxOAAT Bce O6OMb-
mwee pacnpoctpaHeHde (B AHravu paboTaioT ueThipe CTaHa TaKoOro
tuna). Tak Kak IIHPOKOMOJIOUHbIe ABYTaBpOBble 6anku GyLyT, He-
COMHEHHO, M3TOTOBJHBATh K Yy Hac, TO Obl0 Obl OYeHb KenaTeJbHO
06CyanTh KaauOpoOBKY H cnocoOBl NOJYy4YeHHs TaKXKe H 9THX Npo-
dunei.

[NpemcraBaenHas KaaubGpoBka o6nanmaer Toi 0co6eHHOCTBIO, YTO
npodHIH NPOU3BOAAT H3THOOM NoJoKk HaH 1ieek. OcobeHHO HHTepec-
HOM sABAseTCA KaauOpoBKa BecbMa HECHMMETPHYHOH moJs0co0yib-
GoBoii cranu. KanuGpoBka HauMHaeTcs ¢ COBEpLIEHHO CHMMETpPHY-
Horo kKaaubpa, NONOOHOrO TOMY, Kako# OOBIYHO TIDHMEHSIOT H&JaA
wBe/Nsepa, a KOHEYHyl0 (popMy moay4almoT NPOKaTKOH Ha TIJaJKoh
Gouke c mocaenyiouumM H3rdi6om noaku. [Ipu cpaBHeHHH C KaJju-
6poBKkoli nono6Horo 6ynb60BOro npodHAS, KOTOPHIH NPOKATHIBAIOT
Vv Hac Ha PEeBEPCHBHOM CTaHe MeTaaJypruieckoro 3asona um. [sep-
JKWHCKOT0, Hal0 OTMETHTh PallHOHAJLHOE PacNojioXKeHHe YHCTOBOTO
Kannbpa OTHOCHTENLHO JIMHMH NPOKAaTKH, nNokasaHHoe JIxk. Mak-
JlayxnaHoM.
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Ecnu o6cTosTenbcTBa NO3BOJAIOT, TO PEKOMEHAYeTCs pacnoja-
ratb Kaaubpbl Tak, 4yToObl raBHas och npoduas COBNajfana C JH-
HHEH NMPOKaTKH.

XoTs Takoe pellleHHe H CBA3aHO € HEKOTOPbLIMHM TPYAHOCTAMH B
H3TOTOBJIEHHH BaJIKOBOH apmatyphl (0cOGeHHO HanpaBJsIOIIMX NPO-
BOJOK), OLHAaKO OHO oGecneyHBaeT YCTOMUMBOE MOJOXKeHHe NpodH-
A 6e3 BePTHKAJbLHOIO AaBJIEHHs W SABJAsAETCA Gojiee MNpPaBHJbHBIM.

Ecan npumMeHnseMoe y Hac nojsoXeHue Kajaubpa OTHOCHTEIbHO
JUHHH TIPOKAaTKH ONpPaBAbLIBAETCH, TO TOJNbKO MOTOMY, YTO TOJLIHMHA
npoduas cpaBHHTeNbHO BeaHKa. OIHAKO COMHHTENbHO, 4TOOBI MPH
TaKOM pacnosioXeHHH 6oJiee TOHKHA npoduab BoOOLIe MOXHO OBLIO
npokaTuiBaTh. Kak 060cHOBaHHe MOell TOUKW 3peHHs s MOry yIo-
MSHYTb O KanuOpOBKe aBT00GOdA, KOTOpPas He MO3BOJAJAA HANEXKHO
BecTH npokatky. lllefika npoduns Guina pacnosokeHa napaJsesbHO
OCH NpOKaTKH. JIullp mocsie TOro Kak ToJioxeHHe npoduns usme-
HHAM OTHOCHTENBHO JHHHH NPOKATKHW, CTANO BO3MOXKHBIM MPOKATHI-
BaTb Mo 3Tol KamiGpoBke. OKoHYATENbHBIH NpOdHIbL NOJAYYAOT XO-
JOXHOH ($HOPMOBKOIL.

Bropo#t npoguab, KOTOpHIA NPOKATHLIBAIOT H Yy Hac,— 'yCeHHY-
Hulfk Tpak (6ammak). IIpu npokaTke ryceHHyHOro Tpaka no aH[JIHi-
cKoll KanuOpOBKe mepBhie KajHOpPH HAMOMHHAIOT PEJNbCOBLIE, a TO-
TOBHIfi NpOQHAb NONYYaIOT H3rHOOM M NPOKAaTKOH B pebpOBHIX Ka-
aubpax. Hauwa kaan6poBka 3Toro npoduias, NpoKaThIBAEMOro Ha
MeTaNJaypruueckoM 3aBofe HoBOTKO, OCHOBbIBaeTcs Ha OOLIENpH-
HATHIX cooOpaxenusax. B xanu6GpoBke uMeercs OXHMH peGpoBOH Ka-
an6p. OnHako peGpoBOH TIPOXOX OYeHb TPYAHO OCYIIECTBHTH NPH
pa6oTe BpyuHYyl0. B CBA3H C 3THM TNpeACTaBJEHHYI0 KaJHOPOBKY
cJefyeT CYHTaTh Jyuyllled.

B nmonosHeHHH CleayeT OTMETHTb, YTO OUEHb BaXXHHIM SIBJAAETCS
npaBUJIbHOE pacrpeneneHne Meraaja Bo Il kamuGpe, tak kak mne-
peMellleHHe MeTajljla CjleBa HanpaBo W Hao6OpPOT B mOCAeRYIOLIHX
Kaaubpax BecbMa 3aTPYIHHTeNbHO B Jaye BooOllle HEBO3MONKHO.

Kanu6poBKH OBYX OCTaNbHHIX mpoduaell TakxKe oyeHb HHTepec-
HEl M OCHOBHIBAIOTCS Ha mOcTeneHHOM H3rube nosoxk npoduas. Oco-
GeHHO JOCTOMHa BHUMAHHS Kaau6GpoBKa LINYHTOBOIO NPOdUMA.

Takum o6pasoM, Bce npeacraBiendbie [x. Mak-JlayxnaHom
KaJHOGPOBKH NOCTOAHB BHHMaHHA M HX MOXKHO DPEeKOMEHIOBaTh AJIA
HpPaKTHUECKOTO HCNOJb30BaHHS.
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Huo, @. BJEXA

(Tpsxuneukuh meranayprudeckuit 3asox, UCCP)
KAJIHBPOBKA )KEJIE3HOOPO)KHBIX PEJILCOB

PaspuTue Kene3HOLOPOXKHOrO TpaHCmOpTa TpebyeT npHUMeHEeHHs
8aroHoB '60/bLWOM Ipy30NOLbeMHOCTH, YTO CONDPOBOXKAAETCA YBEJH-
YeHHEM JaBJeHUs Ha OCb H CKOPOCTH ABHXKeHus 10 150 xm/4 u Go-
Jee. Bo Bcex cTpaHax Mupa HILYT NYTH Aas oOecneyeHus HaleXHo-
CTH pabOTH pENbCOB C YyUETOM NOBBILIEHHbIX TpeGoBaHuH. ITH 3a-
Naud pellalT NOBHULIERHEM Macchl 1 noe. m penbcoB, yCOBEPIIEHCT-
BOBafHeM NPOGHIA, yJaydyllleHHeM XHMHYeCKOTO coCTaBa CTald R
npHMEHEeHHEM TepMH4eCKOH 06pabGOTKH peJbCOB.

XUMHYECKH COCTAB CTaJH /IS DeJbCOB He HMeeT MeXJAyHapon-
HBIX CTAaHLapTOB H 3ABHCHT OT 3a]aBaeMblX MEXaHHYECKHX CBOMHCTB,
a TaKdKe 10T TepMHyeckoli 06pabGoTku. C LeJRI0 yAyULUIEHHS KaueCcTBa
pPe/IbCOB CTPEMATCA K YBEJHYEHHIO NPHPOIHOH TBEPLOCTH BCEro ce-
YeHHs MOBLILIEHHEM COJIepXKaHHsa yrjepoda M MapraHua WM Jeru-
poBaHHEM XpOMOM ¥ BaHaLHEM.

B noxkname paccmaTtpuBaercsi KanuGpoBKa peabcoB P-50. Ith
peNbCHl TPOKATLIBAIOT I'M1aBHLIM 06Pa30M Ha 1yO-PeXePCHBHEIX TpeX-
yeThIpeXKJaeTeBhiX craHax 800—900, cranax tpuo 750—850 u xowm-
6MHHPOBAHHBIX CTaHaX (Hanpumep, cTaH 3asojia [epn).

Peabcu #BAAIOTCH aCHMMETPUYHBIMH TIPOGHIAMH OTHOCHTENLHO
BepTHKaJNbHOH ocH. Pacrnpenenense MeTanna B ero a/JeMeHTax He-
PaBHOMEPHO: HUMEIOTCH pPeJbChi, B KOTOPHIX MJOLAlb CEYeHHS ro-
JIOBKH DaBHa NJOWAaAH CeYeHHsi MOJOWIBH, H DeJbCbi, B KOTOPHIX
nJouanb CEYeHHs TOJIOBKH PaBHA CyMMe IJIOLlajed ceyeHHH LIeHKH
M TMONOWBH. B cBA3H ¢ 3THM NOOMTbCH BCeria OIMHAKOBOrO 00-
XaTHA BCeX 3JEMEHTOB peJibCa HeBo3MOXHO. Hambonbliee o6xatue
NPHXOAHTCH HA IUeAKy, A8 TOJOBKH H NONOIIBH penbca OHO
MeHbLIe.

Meroa kanuGpoBKH pelbCOB 3aBHCHT OT pacnoJoXeHHs H 06o0-
pPyloBaHHsl CTaHa, TEXHONOTHH NPOH3BOACTBA H BCMNOMOIaTesIbHOTO
o6opyroBaHus. 3alayasKaan6pOBILKKA COCTOUT B TOM, 4yTOObl Npa-
BHJIbHO YCTaHOBHTb YHCJO NPOXOJOB B UEPHOBOH, NMPEIUHCTOBON M
YHCTOBOM Tpynmax KJeTed CTaHa, a TakXe OnpeleauTb 06xXaTud,
tdopmy u pasmepn! KaauOpo. TIpaBuiabHas Kaau6poska oGecneyut
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B pe3ynbTaTe HeoGXOAHWMbE pa3Mepbl NpodHIs B Tpenenax LOmyc-
KOB, a TaKXe MaKCHMaJbHYIO NPOH3BOJHTENBHOCTh CTaHa C YYETOM
TpebyeMoro Kavectaa.

Bennunna obokaTHsa JOJMKHAa 'YCTaHABIMBATLCA C YYETOM 4HCJA
fIPOXOJOB, TeMIepaTypbl H CKOPDOCTH NIPOKATKH M MJIACTHYECKHX
CBOMICTB NPOKaTLIBaeMOro MeTaJla. B mepBHIX npoxolax reMnepary-
pa MeTaJjia Bhillle H CONPOTHBJAEHHE ero dedopManny MeHbie, [Tos-
TOMY 00K aTHs B HHX JOMKHBI ObITh ‘OONBIIHMH, €M B TIPELYHCTOBLIX
H YHCTOBBIX mpoxoAax. [lnnHa mpokaTa TakXXe OKa3biBaeT BJHAHAE
Ha KaJnOpoBKy: uem OHa 60Jblle, TeM (60JblIe Pa3HOCTb TEMNepa-
TYDP MeXIy TnepelHAM H 3aXHHM KOHLAMH # TeM ‘6OJblle pa3iHuHe
pasMepoB o6oux koH1OB. ClefyeT yCTaHOBHTb TaKXe ONTHMAJbHYIO
TeMnepaTypy KOHIA TMNPOKATKH, TAK KaK OHa OKa3biBaeT 60JbiIOe
BJMSIHHE Ha KOHEUYHYIO CTPYKTYPY H KauecTBO NOBEPXHOCTH PEJIbCOB.

H3BecTHble ‘MeTOAB KaNHOPOBKH DeTbCOB MOXKHO pasfeviMThb Ha-
IBe OCHOBHHIe rpynnbl. K mepBofi rpyniie OTHOCSATCA CTapble METOIb!
xanu6poBku (puc. 1, @), Bropas rpynna (puc. 1, 6) xapakrepu-
3yercs npHMeHeHHeM pa3pe3HbiX KaJHGpOB.

flepBas rpynna meronoB kaan6posku (puc. 1,a)

Tun A. DToT THN XapaKTepeH TeM, UTO pacKaT He KAHTYETCH.
3aeck Het pebpoBoro Kanuwbpa, NO3TOMY NnpopaboTka Meraaia MoLOo-
LIBH ¥ ee NPOYHOCTb HexocTaTouHbl. TIpH NpokaTKe peabcop C MHIH-
POKOH NONOLIBOH C/AelyeT ONacaTbCsl NJIOXOTO 3aMOJHEHHs ™acTeR
KaauGpoB, 00pasyloOmHX MOLOWBY peabca. OT Takol KaJuGpPOBKH
0ObIYHO OTKa3LIBAIOTCH.

Tun B. 910 O6biYHBIH €N0CO6 KANWOPOBKH, 1O KOTOPOMY MOKHO
HOJYYHTh JOCTATOUHO IIHPOKYIO NOLOWBY pesbca H JY4IYIO npopa-
60TKy MeTaJvia. ['naBHble ocH KaauOGpa mapadsielbHbl OCAM BaJIKOB,
NO3TOMY :0CEBble JaBJICHHS HEBEJHKH H H3HOC OMOPHBIX MTOBEPXHOC-
Tell TakKe MaJy. Pe6poBble KanHGphl 3an0AHSIOTCA XOPOLIO, IO3TOMY
MOJKHO TIDaBHJIBHO NOLOGpaTh 00KaTHA. 3aKpbiThie KaJHOGDH pac-
MOJIO2KEHbl TONepPeMeHHO B BEpXHeM H HHXKHeM BaJsikaxX. Heo6xozuMo
BLIOHPATh NMpPaBHAbHBIA YKJIOH POJIOBKH ‘PesJbCa H TIOLOLIBH C yue-
TOM O6KaTHs ¥ YHWIHPEHHs MeTa/lvla, 4yTOOH MpH NpoKaTKe He ObLIO
C/UIIKOM GOJBIIOT0 H3HOCA GOKOBLIX CTEHOK Kanubpa.

Tun B. lns o6pa3oBaHHs AOCTaTOYHO MIHPOKOH MOJOIIBH penbca
NpPHMEHSIOT ABa pebpoBHIX Kanwbpa. B kaaubpe, npeniiecTsyiowueM
pe6pOBOMY, BHIIOJNHSIOT yrayOaeHHe IJs 06pa30BaHHS LIEHKH pelb-
ca. Ilostomy crenyiomue pe6poBhe KaaiuOpbl 3aMOJIHEHH XyXKe, HaB+
JieHHe A IpopalGoTKHU MeTaJjsa B HanpaBJeHMH duefiku mpoduas
3HAYHTEJbHO MEHbllle H, KpOMe TOro, B «popMYIOLIHX Kaaubpax mo-
ryT 0OGHAPYXKHTbCS OKpLIThie NOpOKH. OcTajbHble KanuOphl NMOAOGHLI
Kanu6paM NpeXblAyHIero THna. Jra Kaiu6poBKa ycTapeJa.
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264 ®. BAEXA

Tun I'. Tlo BeINONHEHHIO BTa KaJHWOpoBKa moaobHa KaanGpoBKe
tuna B. Oxnaxo B I u Il kanu6pax He fenaioT yray6aeHHs AJs LWeH-
KH peJibCca, B pe3yJbTaTe 4ero B peGpOBHIX KaJuwbpax MOJy4aloT XO-
pouiee 3anosHende (kaaw6pm III, IV). B pe6posom xanubpe III
4acTh MeTajjla OThessieTCs NJOCKMM KJIMHOM CHM3Y AJsi o6pa3oBa-
HH$ MOJOLIBHL peJbCa.

Tun /I. Ilocae pe6GpoBoro kaau6pa (opMupoBanue npopHIs OCy~
{IeCTB/AETCA B HAKJOHHO pacloNioXKeHHbIX xaaubpax. [Mas ocy-
{ecTBNeHHs GOJBILUIOTO NPAMOTO JaBJIeHHs Ha MOJOIUBY peJbca ee
H3ru6GaloT B OTKPHITOH YacTH Kaawbpa. B Takux kannbpax nosayuaior
JyYwrylo npopaborky MeTaJjsla B MecTaX KacaHus WeHKH § noaoul-
BB, DTOT CNoco6 NPHUMEHSIOT /s IPOKAaTKH TsXKeJblX PeJabcoB ¢ 6o-
Jiee LWIHPOKOM NMOAOWIBON NPH MHHHMAJbHOM YHCJe MPOXOJOB (CeMb)
B GOopMHPYIOIIHNX Kaaubpax.

Bropas rpynna MeronoB Kaau6posku (puc. 1,6)

Tun E. B nepsom npoxoje NPUMEHSIOT KJIHH Ha BEPXHEM BaJKe,
DTO NPHBOLUT He TOJBLKO K Jyuluell mpopaGoTke MeTasjla NOAOLIBLI
peJibca, HO M K M3MEHEHHMIO HanpaBJleHHsi MEPBHUHBIX KPHCTAJJIOB
(oHM He GYAYyT ¥MeTh BEPTHKAJbHONO HampasJeHHS, KaK y PebCoB,
npoKaTaHHBIX MO Kaju6poBkam TthHna A — D). B nepBbix gByx mpo-
XOJax TPOHU3BOAMTCH mpsaiMoe obxartHe nogowsu. Crenyioiue uep-
HOBbLIe KaJHOpPbl paclnosioXKeHbl JHATOHAJbHO C LIeJbi0 MHTEHCHBHOMN
npopaGorku Meraana. Kaaubpol V—VII pMeloT 06bIUHYIO KOHCTPYK-
uHi0. ITa KaJuGpPOBKa HMEET MHUHHMaJbHOE UHCAO NPOXOLOB (CEMB).
. Tun )X. Kanu6poBka nMeeT Tpu PeGPOBHIX KaJauGpa, H3 KOTOPHIX

-1 u Il aBasgioTcs paspesHbIMH 105 Jywiledl JpopaGOTKyY MOLOLUBLI H
roJIoBKH pebca. OcrajbHble yepHOBble KANUOpH (IV—VIII) umeror
JHaroHaJbHOe pacnosoxeHne. Pe3ybTaThl NpoKaTKH MO BTOH ®ajnu-
OpoBKe XOpOllHe.

Tun 3. B xannGpoBke NpUMeHeHH 4eThbipe peGpOBLIX Kaaubpa,
M3 KOTODbIX TepBbie TpPH — pa3pesHble. [locaeayloune KanwGpel
HMEIOT AHaroHaJbHOe PacnoJioKeHHe.

Tun H. dta xanu6poBKa B MPUHLHKIE NOX0XKa Ha KaJUGPOBKY
tuna 3. ITo maredty Ne 917062 ona gonxHa GBIThH BHINOJHEHA Tak,
gTo0Ll Ha npodHe He NOJyyaJuch 3akaThl. BJirarozapsi BOJHHCTOR
hopMe TONIOBKH KaNnubpoBKa JoJiXKHA obecneyuTh JYULIYIO NpOpa-
60TKy MeTaJvia. UepHoBble KaJuGphbl MOKa3aHbl HA PHC. 2.

Ha puc. 3 npencrasnienbl ABa- 4epHOBbIX Kaau6pa. Kaaubp 1
BHINOJIHEH C TPSMBIMH BBIMYCKaMH mojomBhl penbca (2,3%). Us.
rud MOJOUIBA PeJIbCa, KaK 3TO IIOKa3aHo BO 11 xanuGpe ¢ GonpiIMM
YKJOHOM (B OTKDBITOH yacTH KaJaubpa), He Naj XODOUIMX pe3yJ/bTa-
T0B. DTOT CNOCO6 Ha MpakTHKe cebs He onpaéjla.n

KoHerpykuHs npefuucTOBbIX KaJHOpOB HMeeT HOJNBLIOE BIAHAHHE
Ha NpaBHJIbHOCTb (YOPMBI WHCTOBOTO NPOdHIAS B npefenax LOMyCKOB.

KANMEPOBKA JHENE3HOAOPOMKHLIX PEALCOB
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Puc. 2. Yeprossle kaanbpb no nartes-
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Puc. 3. KayuGpoBka nogolussl penbca:
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Puc. 4. PacnosioxeHne NpefuucTOBOTO Kaaubpa
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266 ®. BNEXA

HMeetcs nBa BapHaHTa BLINOJNHEHHA NPEAYHCTOBLIX KaJaHOpOB
(puc. 4). Tlo nepsomy BapHaHTy (pHc. 4, @) Kanaubp 3aKpHIT y ro-
JIOBKH M y NMOJOIWIBBI peJibca B BEDXHEM BaJiKe M OCeBOe NaBJieHHe
paBHO PaA3HOCTH AaBJeHHA Ha ToJIOBKY M nojowsy. Ilpn mpasusn-
HoM BbIGope 06XaTHsi obecneunBarOTCs XOpOIIHE pe3yabTaThl Npo-
katki. CTOMKOCTL WHCTOBOTO KaJHOpa Ha HeJeTHPOBaHHBIX BasKax
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e o—— ——-%
N
1825 N
a —
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Puc. 5. PacnosoxeHnHe 4HCTOBOrO Kanubpa

cocrapaser B cpeadeM 400 T npu npoxkatke peascoB P-50. ITo BTOpo-
My BapuaHTy (puc. 4, 6) npeAuuCTOBbIe KaJuGpbl HMEIOT AHaroHadk-
Hblit Bpe3 ¢ ykJoHom 3—15%.

Ha puc. 5 npeacrasneHo ABa BapuaHTa [KOCOTO PacCMmOJOXKEHH:
4UCTOBOrO Kajubpa. IlepBHifi BapHaHT — ¢ HeDOJBLIIHM HaKJIOHOM
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Kanubpa K TOPH3OHTAJBHOH OCH (pHC., 5, @) — JONYCKaeT CHMMeT-
pHYHOE HeGOJbIOe PACKPLITHE Y I'OJIOBKH peJbca. Bropoit BapnaHT
(puc. 5, 6) c GoabtiuM ykJaoHoM (xe 12Y%) MOXHO NpHMeEHATH
TOJBKO B TOM CJTyyae, ecqd (GOJbLIOE PACKPbITHE y TOJOBKH peJsibca
He MelllaeT COXPaHEHHI0 NMPaBHJbHOH (OpPMBI.

Ha puc. 6 npepcraBneHo HeOKONBKO CXeM MOHTaXa BaJiKoB:
a) npokaTka MO ycTapeBlleMy CHOCOOY OCYLIeCTBJSETCS B LIECTH
KaJaubpax 6asoyHoro Tina; '6) Kaau6poBKa, XOPOIIO ONpaBlaBllas
ce6s Ha mpakTuke Gjarogaps yaoO6CTBY HACTPOHKH CTaHa; B) 1Ba
BapHUaHTa KaJHGPOBKH: Gosiee CTapHlli 32 ceMb npoxoaoB nmo Tuny E
H yJydyilieHHbI} 0J1arofapsi NOMEIEHHI0O Ha MecTe NepBOro IJOoCKOoro
KaJuGpa JBYX pa3pe3HblX peGpPOBLIX KaJuOGpOB H NMJOCKOT0 KaJub-
pa; r) kanuGpoBka peabcoB P-65, uMelouas 18a pe6poBbIX M NMATh
JHaroHaJbHbIX KaJaWwbpoB; I) KaJuWGpoBKa JAJs TNPOKAaTKH peJbCOB
P-65.

XoTs npoKaTKa pesbcoB ¢ OJHHM HarpeBoM TpeGyeT MeHblie Npo-
H3BOACTBEHHLIX 3aTpaT, ONHAKO MPH BTOPHYHOM HarpeBe BO3MOXKHO .
yJyunleHHe NOBEPXHOCTH 3aTOTOBKH; 3TO yCTpaHsieT NMOBEPXHOCTHHIE
TMOPOKH FOTOBOrO NpodHis W yJayulllaeT NPolLecc NPOKATKH, TaK KAk
IIPH paBHOMEPHOM BBICOKOM HarpeBe yMeHBIIAETCsi H3HOC KaJnOpOoB
M JOCTHTAlOTCA fosiee y3KHE HOMYOKH.

Jnst pekOHCTPYHPOBAHHOTO CTaHA HaMH BbIMOJHEHa HOBas Ka-
an6poBka peabcos P-65 (puc. 7—I10). Banku nmepBoft kjieTHn uMeOT
MJIOCKHH B ABa pa3pe3HblXx pebpoBuix kanubpa. Takas kanubpoBka
T03BOJISIET IPHMEHHTh BBICOKYIO 3arOTOBKY, 3adaBaeMyio B I pa3spes-
Holt kanubp, UTC HMeeT pellaioliee 3HAUCHHE 1JI yMEHbIIEeHHs B0Jo-
COBHH ‘Ha TIOBEPXHOCTH PeJbCOB. UeM XyXe KaueCTBO NMpPOKaThiBae-
MOTro MeTaJJna, TeM adexTuBHee 60ablIOe 06XKaTHe ero N0 BHICOTE.
Cneayer OTMeTHTb, 4TO Ha NOsiBJIeHHE BOJIOCOBHH TaKXXe OKa3blBaceT
BJMSHHE TOBLILIEHHE TEMNEPaTypHl Hayajla npokaTkd. boJasiuoe o6-
JaTHe W BbICOKas TeMmeparypa Croco6CTBYIOT CBapHBaHHIO BOJIO-
copuH, IlpnMeHeHne GONBIIMX OOXaTHiH TOBBIIAET TaKXKe TPOHIBO-
JIUTENBHOCTb OJIOMHHIOB.

B 3akpbiToit yactH pe6GpoBoro kaaubGpa NMpH €ro pacuere YUHTLI-
BalOT YIIHpeHHe MeTaana. JT1o Aesaaercs AJs TOTO, YTOObl H3bexaTb
Bonbioro u3Hoca '6okoBbix cneHok. Bo Il peGpoBom kaanbGpe Tak-
2Ke NpelyCMaTpHBAIOT ‘GosblIoe 06XaTHe. ITO IeNaloT s paspy-
UIeHHs TIepBHYHOH CTPYKTYpbl MeTaJ/la B BEDXHUX CJOAX.

Bcero B 310t kanubpopke HMEIOTCS TPH peGPOBLIX H LWIeCTh NJac-
TOBBIX KaJHOGpPOB, KOTOpble O6ecnednBalOT PaBHOMEPHOE 3aNOJHeHHe
nopowBel (BBepxy, sHu3y). Ha puc. 11 nokasaHa cxemMa xaJHGpOBKY
penbcoB, NpUMeHseMast Ha 3aBofe I'epu.

B noknapme paccMoTpeHbl pas3iHyHble Coco6bl KaJAuGPOBKH peJib-
COB, OJHAKO BOMPOCH KaJHOPOBKH pelleHbl 1aJeKO He IOJHOCTHIO.
Ha pasBuTHe KaJuOGpoBku 'GYyAyT BAUATH Bo3pacraloiue tpebosa-
HUf, IpeqbABAAeMbie K peabcaM. [IpocThie cnoco6bl KaJHOPOBKH €
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OOHUM pa3pe3HbIM KaJHWGPOM M C MHHHMAJBLHBIM YHCIOM (CEMb)
ZIPOXOJ0B XOTH H ileslecoobpa3Ho NPHMEHATh C TOYKH 3PEHHs NpPOH3-
BOACTBA, ONHAKO OHH HE OTBEYAlOT NOBLIUIEHHHIM TpeGOBAHHAM,
KOTOpble Temepb NpelbsBJSIOT B KayecTBy pesabcoB. Heob6xoaumo
NPUMEHSATh TakHe CIOCOOBI KaJlMGPOBKH, KOTOPble COOTBETCTBOBAJH
Obl He TOJILKO NMpPOHU3BOJACTBEHHBIM TPeGOBaHHAM, HO H TPeGOBaHHSAM,
TMpelbsBJSEMbBIM K KauecTBy pesabcoB. Ha ocHoBaHMH npou3BoacT-
BEHHOTO ONbiTa YCTAHOBJEHO, UTO AJs MOJY4YeHHS XOPOIEH CTPYKTY-
PEI MeTaJlJjla peJbcoB, 0COGEHHO B TOJIOBKE pesbca, JOCTAaTOYHO MpPH-
MeHSTb TPH pe6poBblx Kanubpa ¢ GONBIINMH O6XKATHAMH.

PanunonanbHocTs KanuGpoOBKH CJeJyeT paccCMaTPHBATh HE TOJb-
KO C TOYUKHM 3pEHHS KayeCcTBa IIPOAYKILHH, HO TaKXe yYHTbIBATh Pac-
xon Baaxos. [Ipu GoJablueM Ccpoke cayXObl KaJuGpOB yMeHBILAETCs
YHCO CMeH KaJHOpOB B Mpollecce MpokaTKH. ITpousBoaHTeNbHOCTD
cTaHa NOJKHA COOTBETCTBOBATb MPOM3BOIAHTENLHOCTH BCIOMOraTe/b-
HBIX €0 YCTPOHCTB (NMHJ, XOJOAMJbHHKA, NPaBUJIBHOH MalIMHBI
H T. A.), 4To6bl TIpu paboTe OHH He OrpaHHYHBAJH TNPONYCKHYIO
cnoco6HocTh. Ecan 310 'ycnoBHe He BLIMOJIHSETCH, TO BCE CTapaHH1
KanuOpOBIIHKA MOBBICHTH NMPOHIBOAHTENbHOCTb cTaHa Oyayr Oec-
IOJIE3HBI.

H3-3a orpaHHYeHHOCTH BpPeMeHH B JAOKJale He TpPHBeIEeHO OIH-
CcaHue KOHCTPYKIHi KaJnbpoB, cnocoOOB BLINOMHEHHS B pacyeTa HX.
Haxe B onHOH ¥ TOH XKe CTPaHe, HO Ha Pa3/HUYHHIX 3aBOJAX KaJus-
POBKH OTJHYAIOTCH APYTr OT Jpyra. 10 0GBbACHAETCS TEM, UTO MHe-
HUA KaJHOpPOBILMKOB MO STOMY BONPOCY pas3jIM4Hbl; OHH peInaior
OJHHAKOBble TIPOGJAEMbl MO-PA3HOMY Ha OCHOBAHHH COGCTBEHHBIX Ha-
6110 1eHH#l U MMEIOLIerocsi TeOPEeTHYEOKOr0 H MPAaKTHUEOKOro OTBITa.

Huxc. 1. BOHKOBCKHH

(ButkoBuukuit MeTannypruyeckuit koM6unar, YCCP)
HOBAAl KAJIHBPOBKA PEJILCOB

HanGosiee BaXKHBIMM MMOPOKaMH, BCTPEUAIOUIMMHUCH NPH TIPOKATKE
PeNIbCOB, ABMAIOTCA PHOKH 110 CepeJiHe NATh. DTH PHCKH 4acTo NMpH-
BOAAT K MOJOMKaM penabcoB. ITo maHHBIM onyOJHKOBaHHBIX PaboT,
PHCKH NOSIBJAAIOTCA TaM, Iie BO BpeMs NPOKATKH PacKPbIBAlOTCH ra-
30Bble Ny3blpH. BO3HUKHOBEHHIO PHCOK M MOJOMKaM GJarOIpHSATCT-
BYeT CTPYKTypa MOmnepeuHoro ceueHusi penbca. OHa B CBOIO Ouepelb
3aBHCHT OT CHCTeMBbl KaJHGpPOBKH, N0 KOTOPOH NpPOKATHIBAIOT peJib-
cbl. Jlyyime Bcero NpHMeHsATh KaJHOGPOBKY ¢ OGOJBIIHM YHCJIOM Peb-
POBHIX KaluOpOB, B KOTOPbIX nojpepraerca 06paboTKe nepBUYHAsA
JAEHIpHTHasi CTPYKTypa MeTaJlla,

OO6bruHO NMpUAEPIKUBAIOTCSH MHEHHS, YTO KaJHGPOBKY TaKOTO TH-
na HeJb3si IPUMEHNTh Ha CTAapbiX CTaHaX, TaK KaK TOrAa TpylHo 6y-
JeT COXpPaHHTb NPEXHIO TexHoMoruwo. OAHAaKO MBI IPHMEHHJH HO-
BYI0 KaJHOpPOBKY MAJsi TPEXK/JEeTeBOTO PEBEepCHBHOrO CTaHa C [Ha-
meTpom Baakos 900 mm u puauHo# 6oukn Baakos 2300 mm.

Ilo crapoii kKannOGpoBKe pesbCOBBIE KAJUOPB MOHTHPOBASHM Ha
BaJiKax IBYX KJeTeH, Tak KaK TPeTbs KJeTb TpeaycMaTpHBajach
IJIsl IPOKATKH, Kpyriblx npoduseit. Takoe pewenue ynobHo Ans 3a-
BOJa, TaK KaK JIPOKATbIBAIOT NONIEPEMEHHO PeJibChl H KPyrjble mpo-
¢uan, yro obecneynBaer HeoOXOAHMOE OXJaXK[IeHHe DeJbCOB Ha
XOJIOAHJbHHKE.

INpexuas CeMHNpOXoAHas KaJHOpOBKa Obllla BHINOJIHEHA Tak,
YTO Ha BaJikaX TepBOH KJeTH OblJX pa3MellleHH YeThipe Kaanbpa,
u3 kotopbix III u IV 6btm  ay6aupoBaHHBle, 2 Ha BajKaXx BTOPOH
KJ1eTH — Ay6anpoBaHHble Kaauwbpel V—VII, Ueprosbie sanku Mexny
nepeToukaMu npokateiBaau 1500—2000 r Metasnsia, 4MCTOBBIE —
150—200 7. IlapTus npoxkatku cccrasasana 400—600 7. Takum 06-
pa3oM, YHCTOBbE BaJKH Haxo ObJIO MEHsTh IDH-uUeThipe pa3a, B TO
BpeMsA KaK YepHOBble BAJKH MEHSJH TOJbKO OAMH Das.

Ha 6onbliom KoMHuecTBe MpPOKAaTAaHHBIX peJibcOoB ObIIH OOHapy-
KeHbl PHOKH M TpemuHbl. [TosTomMy nepewn Ha KaJauGpOBKY C je-
BATHIO NPOX0OAaMH U TpeMs peOpOBLIMH KaauGpamu. UnctoBole Baj-
KH OCTAJHCb NMPEXHHUMH, a YepPHOBLIE M3rOTOBHJAH HoBble. KanuGpu
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IV—VI HoBoit KanuGposkn #aeHTHUHH KanuGpam I—IV npexueit
Kaau6pOBKH; HOBbIE BAJKH HMEIOT 1O OfHOMY Kanubpy V u 1V, mo-
3TOMY CPOK uX CJAYXKGb! cHHKaeTcs Ha 50%. HecmoTps Ha 370, CpOK
cnyX6bl BaJKOB LOCTaTOYeH [Jist MPOKATKH PeJbCOB OIHOTO 3aKasa,
a GoJbllMe 3aTPaThl Ha BaJKH Ha | T MPOKATaHHBIX PeJbCOB KOMIIEH-
CHPYIOTCS JIYYIIHM HX KaueCTBOM.

Hosas kanu6poBka npelycMaTpHBaeT NOJyyeHHe B TpeTbeH K.le-
TH KPyIMbiX npoduJefi, YTo feJaeT nmporpaMmy NPOKaTKH Ha crase
Gonee THOKON W MOBbIAeT KOPMHUIIHEHT UCNOJBL30BAHMS CTaHA.

Hekotopble cnenuasucThi MpHAEPXKHUBAIOTCH MHEHHS, YTO NOBEPX-
HOCTHBIE TIOPOKH MOXKHO YCTPAHHTb YBeJHYEHHEM BLICOTHl 3arOTOB-
&y 1o 400 mm. OnHaKo TPeXK/eTeBOMi peBEPCHBHLIH CTaH MOXeT pa-
OoTaTh Ha 3aroToBKke BhIcOTOH 300 M,

[Mocne ucnbiTaHUS HOBOH KaJMWOPOBKH HCCJIeLOBaJH Tpexie
BCETO MaKpPOCTPYKTypy HamboJjiee 4acTO BCTPedaIOLLUXCH TIOPOKOB
M TOJIYYHJIH TNOJIOXKHTeNbHble pe3yabtaThl, [IpoBenn Mexanuyeckue
HMCIBITaHUsE. B OT/AHYHE OT PesibCOB, MPOKATAHHLIX MO NPEKHHM Ka-
JUOPOBKAM M WMEBIUHX H3JIOMbI, peJbChbl, MPOKaTaHHble MO HOBOH
KaJaunOpoBKe, NIpeTepneBa/li TOJBLKO H3ru6.

XoTst Mbl He MOXKEM C YBEPEHHOCTbIO YTBEPKAATh, UTO ONMAaCHOCTh
MOJIOMKH TOJAOIIBEl pPeJbCOB YCTPaHEHa, OJHAKO HCC/eN0BaHHs I0-
Ka3blBaIOT, YTO pe/bChl, IPOKATaHHbIE N0 HOBOM KaJUGPOBKE, BJS-
Iorca 160Jee CTOHKHMH.

PesyabTathl cnyKO6bl peJbCOB B IIyTH B HaJjbHeHleM IO3BOJAT
ClleJ1aTh OKOHYaTeJNbHLIE BBIBOALl O NMpEUMYIlecTBaX HOBOH KasuG-

POBKH.

Hux. . HEPTEP

(MHCTHTYT MO KaaH6GpOBKe BaJIKOB
MHXKeHeDHOH LIKOJIbI O IPOKaTKe u MeTaanypruu r. Pusa, I'IP)

'HCCJIELOBAHHE H3HOCA BAJIKOB

Hccnenosanne m HCIOJb30BaHHE 3aKOHOMEpHOCTell M3Hoca BaJ-
KOB UMeeT AJ4 NNPpOKATHLIX CTAHOB GoJibllIOe 3HAYEHHE, CucreMarti-
YeCKHe 3aMephl H3HOCA B TIpollecce €ro HapacCTaHHs — TpPyJoeMKas
pabora. Jlo HacTosiulero BpemeHH MMeeTCss MaJlo NaHHBIX {0 H3HO-
cy. PocT nponssomuTebHOCTH TIPOKATHBIX CTAHOB, yBEJHUHBAIOIIHE-
Ca TpeGOBaHHSA K TOYHOCTH NPOKATa M NEPeXol Ha NPOH3BOJACTBO
TOHKOCTeHHLIX TPOQHJeH TpeOYIOT 3HAUUTENbLHO 'GOJbIIEr0 BHHMA-
HHS K H3HOCY BaJKOB.

B pesyabrame aHaau3a xapakTepa M3HOCa KaJHGpOB, a TaKXe
NpOBeleHNs: Ha OCHOBE ero KOPPEeKTHPOBKH KaJHOPOBKH H yCJOBHH
TIPOKATKH MOXHO JOGHTbCS MOBBbILIEHHST CTOHKOCTH BaJKOB H GoJee
TOJIHOTO HX HCHoJb3oBaHHA. ONHOBPEMSHHO YBEJHYHTCH I1POH3BO-
JUTENbHOCTb JIPOKATHBIX CTAHOB ‘H MOBLICHTCS TOYHOCTb pa3MepoB
npoxarta. Pe3yJibTaTel McCleI0BaHHS M3HOCA, MPOBENEHHOIO B NpO-
KaTHBIX LeXaX, OyAyT HCNOJIb30BaHbl TakXKe Ha BaJbleNHTeHHbIX 3a-
BOJAX C LeJbIO YJIyUlleHHs] KayecTBa BaJikos !,

TpuuMHBI M3HOCZ BaJIKOB

M3Hoc BbI3bIBAaeTCA PAJOM COBMECTHO AeHCTBYIOLMX (haKTOPOB.
®opMa Kaau6pa M MepeMeHHble YCJIOBHS NPOKATKH SBJAIOTCH (aK-
TOpPaMH, MMEIOLIHMH pelllalollee 3HAYeHHE Ha BEJHYHHY 'H3HOCA.

Ha sennunHy u3Hoca BJHSIOT: KauecTBO BAJKOB, CONPOTHBACHHE
.nnacryuecxoﬁ debopMalny NPOKATLIBAEMOTO MeTalla, pexum 06-
XaTHH, CKOJIboKEHHE MPOKaThIBAEMOro MeTaJjljla 1O BaJlkaM, MPOAYK-
Thl HCTHPAHHA, OKaJIMHA ¥ BOASHOM Map, TenJoBas Harpy3ka nosepx-
HOCTH BaJIKOB.

HepasHoMepHOCTL M3HOCA BLI3BIBAETCH HEONMHAKOBOH paboTOl
TPpeHHsi B Da3HbIX MacTAX Ka/aubpa, pasauyWeM TeMMepaTypbl Ha

! HiccnenoBanHIo M3HOCA IPOKATHBIX BAJIKOB MOCBSALLEHA CMELUHANbHAS MOHO-
rpadus A, I1. Uexmapesa u P. A, Mawxosuesa «H3Hoc NpoKaTHHIX BAJKOB®, Me-
Taaayprusaar, 1955,
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NOBEPXHOCTH NIPOKATbIBAEMOr0 Merajsja, HepaBHOMEpHO#l TBep-
JOCTBHIO NOBEPXHOCTH Ka/JnwbGpa, MONMEpeYHbHIM TeyeHHWeM MeTaJJa,
BLISHIBA€MBIM HEOJHHAKOBBIMH YaCTHRIMH KObDHIHEHTaMH BHITHX-
KH B OTJAeJNbHBIX HacTax kasrwbpa M Ap.

OmnpenenuTb cTENEHb BAHAHHS HA H3HOC KaXJONO M3 YKa3aHHBIX
$aKTOpOB 3aTPYAHHTENBHO.

H3Hoc ¢acoHHbIX KaauGpoB

Onunm H3 ¢ aKTOpOB, BHI3LIBAIOIIMX HEPAaBHOMEDHOCTb M3HOCA,
ABJAeTCss pab6oTa TpeHUs. TpeHHe BO3HHKAET BCJAENCTBHE CKOJIbIKe-
HHs TPOKAThIBaeMOro MertajJa B Kanubpe. Mcxoms H3 BHITAXKKH U
ONepeKeHuss MOXKHO PacCUMTaTh
CKOPOCTb CKOJIbXKEHHUR XapaKTrep-
HBIX TOYEK NOBEPXHOCTH NpPOKa-
ThIBA€MOr0 M€Taj/1a OTHOCHTE/b-
HO COOTBETCTBYIOIIMX TOUEK BaJ-
koB, Bénnyuna 3to#t ckopocTH,
OTHeCeHHasl K CeueHHAM BXO0Ja H
BbIXO[a M€TaJl1a, XapaKTepHU3yerT
paboTy TpPEHHST CROJbXKEHH,

Pacnpenenenue paGotel Tpe-
HHs, NOKa3aHHoe Ha pue. |1,
oueHb HepaBHOMepHoe. Beaencr-
BHEe 3TOr0 HEPABHOMEPEH H H3HOC
Kaau6pos. Hauboabwasi pabora
TpeHHs Habaw0AaeTcs NpPH mpo-
KaTKe YroJIKOB Ha Kpasix TIOJIOK,
a TIpH NpOKaTKe IIBEJNJIEPOB H
6as0K Ha KoOHUAX «baaHLEB.

HpyruM  dakropoM, - BbI3HI-
BaIOIlHM HepaBHOMEDHHIH M3HOC
dacoHHBIX Kaaubpos, ABJAsETCA
HEONHHAKOBasi TBEPAOCTh TIO-
BepxHoctu xaaubpa. Ilpu pac-
TOYKe KaAubpoB Ha TMAIKHX OT-
6emeHHBIX  YYTYHHBIX  BaJkax
TBEPAOCTb IMOBEPXHOCTH Kanub-

Puc. 1. Pacnpenenenne paGotet Tpe- Pa YMEHbLIAETCA C yBeJHUEHHEM

HHA CKOJMILXKEHHA B pasiuubbix ¢a- TJaAyOuHbl Bpesa. B pesysbrate

. yr;;:l:'::m *6(34_1_"‘111’::;; voro, | YBE/MUMBAETCS M3HOC 3aKPLITOM

e — Ganommore PTO0'%  yact kaaubpa (puc. 2).
Ilpu mcnosb3oBaHMM BaJKOB
H3 OTOE/IEHHOTO YYTryHa ¢ TOTOBBLIMH KaJHOPaMH MOMHO NOJYYHTH
B 3—95 pa3 GOJbIIYI0 H3HOCOCTONKOCTb BaJKa, YeM TNPH_  HCNOJb30-
BaHHH BAJIKOB, OTJUTHIX C [MafAKoH GOUKOH,

UCCNEAOBAHME M3HOCA BANKOB 277

TpetbuM ¢akTOpOM, BJHSIOWIMM Ha H3HOC KaJaubpa, ABJIseTCA
HeoJHHAaKOBasi TEMIIepaTypa Mo KOHTYPY NPOKATEIBAeMOro npodHis.
A. I1. YekmapeBbiM 1 P. A, MawKoBIEBHIM YCTaHOBAEH 3HAUUTENb-
HbIJ nepenaj TeMNepaTyphl: NPH NPOKaTKe IIBeJJepa PasHHLA TeM-
nepatyp cocraBua Ha ipaanue okoso 30°C U Ha crenke oxoso 62° C,
a npu npokaTtke G6anxku Ha Ppaanue okono 20°C # Ha cTeHKe TOJMIIIH-
Ho#t 4,5 MM okos0 '102°C.

Ha konuax «pnaHueB n 8 cepennHe CTeHKH NpodHJs NpH TIOHH-
XKEeHHO! TeMIlepaType MCTHPaHHE YBEJHYHBAETCS BCJAEICTBHE JOBbI-
ileHus comnporusieHus dedopmauun. MapectHo, uto npu nanednH
treMnepaTtypnl Ha 150—200°C compoTtusaeHue nedopMauuHu yBe.H-
YHBAEeTCS NOYTH B [Ba pa3a.

OxnuM u3 raaBHBIX (aKTOPOB, BJAHSIOLMX HAa HepaBHOMEPHHIH
H3HOC KaJuGpOB, SBJAETCH HEPaBHOMEDPHAs BLITAXKKA OTAENbHBIX
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Puc. 2. 3aBucuMOCTb M3HOCAa KOHTAKTHOA NJOWaXH
OT TBePAOCTH a3 HMYHBIX 30H BaJjKa:

I — m3HOC; 2 — TBEPROCTb JINTOTO OTGEJeHHOro YYryHa;
3 -— xoJiHUecTBO cepolt cocTaBiRioMmER c-rp;'xrypu; I — or-
GeeHHnit caoll; /I — nepexoaubt ciolt; Jfil—cepuifi ayryd

yacreit ceuenus mosochl. TIpn KaAuGpoBKe HHOrAA Heu3OeXeH BhI-
6op pasHblx KO3(dULHEHTOB BBITSKKH AJs OTIEeNbHbIX yacTeH mo-
Jocbl. B pesysbrare nosiBasercs nomepeyHoe TeyeHHe MeTasJa, Bbl-
abiBalollee u3Hoc Kaambpa. OnHako nmpu xopouleii KaJHOpOBKE 3TO
HeGJarONpHsTHOE SIBJIEHHE MOXXHO OrpaHHYHTh. HepaBHOMEepHOCTb
BBITSXKKH B KaJuGpe 3aBHCHT OT yKJOHa (pJaHlleB H H3HOca Npel-
illeCTBYIOILHX Kaau6pos. Ecan, HanpuMep, nMpokaTka HayMHaeTCs B
HOBOM YHCTOBOM KaJuGpe C ‘HCINOJb30BAaHHEM YyXe H3HOLIEeHHOro
NPEIYHCTOBOIO KaaubGpa, TO HepaBHOMEPHOCTb BHITAXKKH B UYHCTO-
BOM Kanubpe HensbexHa.

Paccmorpentble (hakTopel SBJSIOTCS IMIaBHHIMH NPHYHHAMH He-
paBHOMEpDHOro M3Hoca ()acoHHBIX KaJuOGpPOB H NEHCTBYIOT COBMECT-
HO C (haKTOpaMH, BHI3LIBAIOLINMH PaBHOMEpPHBIN H3HOC.
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H3Hoc daanueBbX KaauGpoB

3aMepsl M3HOCa Ha MeTaJJyprHYecKOM 3aBoje B I. Puse Oblan
nposefeHsl npu mpokaTke wBeasnepa Ne 10. Insa sepxHero u HuxKHe-
ro pyubeB KaXKAOr0 BajKa H3LOTOBJEHH CleLHaJbHbe WaGa0HbI,
NPH NOMOLIH KOTOPHIX TOYHO ONPenefsioT MpodHIb HIHOWEHHBIX
pyubes.

H3noc MaMepsii Ha YHCTOBBIX BaJkaXx (pHc. 3), HMeiollUX JBa
uyucrosbix (VII), npepuucrosoii (V/) u npemuecTBylOUIHH KOHT-
poabublit (V) kanu6pui, Msmepurenbuoie mabaonsr (puc. 4) ycra-
HaBJIMBAJH B PYUbsiXx NOCJIE PACTOYKH BAJKOB [JI5 MPOBEPKH MX NPU
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Puc. 3. Bankn uHCTOBOR KJeTH CPeJHECOPTHONO CTaHa MeTaJ1ypruyeckoro 3a-
. BoAa B r. Puse

noMollln mymna c¢ royHocteio 0,05 mm. 3arem waGadHbl ycTaHaBIH-
BaJlu B PYYybAX NOCJe KaMNaHHH BaJKOB H C TOH K€ TOYHOCTBIO
L1ynoM HM3MEpPA/LH H3HOC B Pa3/JHYHbIX MeCTaX Kaaubpa.

[lpu npumMeHeHMH STHX WaGJOHOB HEO6XOAMMO, YTOOH BYPTH
He CTaymBaJIiCh H He HcTHpaJuch. Jns 3TOro 3a30p Mexiy kpai-
HUMH 6ypramu (pHc. 3) Obla cielaH MeHblwie (6 mm), deM Mexny
NPOMEXYTOUHbIMH (6,5 mMam).

Ha ueprex kamn6pa HaHocuIu BenuuuHy uaznoca. Ha puc. 5 no-
Ka3aH H3HOC OBYX YHCTOBBIX KaJWOGDOB: JIEBOTO [OCJE MNPOKaDTKU
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310 7 u mpaporo nocje mpokatku 418 7. Banxu u3roTOBMIEHB H3
oTOe/leHHOTO MYyTryHa CHelyIOlero XWMHYEeCKoro cocrasa: 3,339% C,
1,229% Si, 0,66% Mn, 0,28% P, 0094% S, 0,21%. Cr, 0,36% Mo,
1,16% Ni.

Teepaocts Basnxos papHa 455 HBR. Pacnpenenenue H3HOca B
o6Goux xaiaubpax oauHakoBo. IIpHuHHON CHJBHOrO H3HOCA C HapyXK-

Puc. 4. Ia6aosasl A 3aMepa H3HOCa BaJKOB:

a — AAA uBe/JlepHHX npeguHcroBoro VI ¥ uucroporo VII xaaubpos (cM. puc. 3);
6 — naA LUBETEPHOTO KOHTPOJIBHOTQ KajauGpa V

HO# CTOpPOHBbI KOHIOB ipJIaHIEB, Ile TBEPAOCTb BaJKOB Oblja BbHICO-
KOii, sABJsieTcA GOJbIWasg PaboTa TPEHHs OKOJbXKEHHS H NpPoKaTKa
XOJIOAHBIX KOHLOB ¢aaHueB. He3naunreqbHbI H3HOC HHXKHEro BaJ-
Ka To uieiKe MOXHO OGBACHHTb €r0 60o/bllel TBepLOCTHIO NO CPaB-
HEHHIO C TBepROCThIO BepxHero Banka. MMelomuiics Ha weiike Bepx-
Hero BaJIKa MaKCHMYM H3HOCAa — BTO pe3yJbTaT DasHHIlL TeMnepa-
Typ CepelMHbl H KOHLlA IIEHKH.

Boabmofi H3aHoc Ha BHYTpeHHell CTOpOHe oOcHoBaHus (JaHueB
TPYAHO O00BsACHUTh, EcaH yyeCTh XapakTep H3MeHEHHS TBEpLOCTH
U paboThl TPOHHS OKOJIbXKEHHS, TO U3HOC JOJXKeH ObITh GONbLIIAM HA
KOHLaX pIaHLEB, YeM y HX OCHOBaHHH !,

! INoBblIeHHBI H3HOC Yy OCHOBaHMA (JanueB 6Ll BLIIBAH, N0-BHAHMOMY, MO-
NepeyHbiM NepeMelleHHeM MeTasia B Kamubpe. [lepes.
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Usnoc V u VI kanu6pos nokasaH Ha puc. 6. CHAbHBIH H3HOC
ocHoBaHHs (aaHues VI kanu6pa Bbi3BaH, NO-BUILUMOMY, HepaBHO-
MepHOcThIo AedopMaunu. B oTkpuITHX ¢uranuax VI xaawbpa mnpo-
HCXOAMT GoJapilas ocagxa. Heob6xoiuMo HECKOJbKO MOBBICHTb 0Ca1-
Ky B V xanuGpe Ge3 ypequueHns fepopMaliun JOXKHOro (rania.

Puc. 5. Benuunna #sHOCAa YHCTOBOTO IIBE/IPHONO KaauGpa:
a — aesoro; 6 — mnpaporo

Cnenyer o6CTOATENLHO H3YYUTDh MPHUYHMHBI H3HOCA NPENYHCTOBBIX
KaJM6pOB, TaK KaK MX M3HOC MMEeT pelaiolliee BAHSHHE HA H3HOC
YHCTOBRIX KaJuOPOB.

Hamn 6b121 3aMepeH TaKk)Ke H3HOC CTaJbHBIX BAJIKOB. DTH BaJKH
10 CpPaBHEHHIO C BaJiKaMH H3 OTGeJeHHOro YyryHa oOKa3ajHCb Ha
809, Gosiee H3HOCOCTOMKHMH. B CBsi3u ¢ 3THM npexnoJsaraercs Gosee
IIHPOKOE HCIOJb30BaHHe CTAJbHBIX BAJKOB Ha CPeJHECOPTHOM CTaHe.
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Puc. 6. BennunAa u3noca LIBeJJIePHHX KaJHGPOB:
a — V KouTpoabHoro; 6 — VI npemauHcTOBOro

CrasibHble BaJKH HMeNH cJAelylolnii xuMuyeckuii cocras: 2,07% C,
0,64% Si, 0,59% Mn, 0,026% P, 0,033% S, 0,76% Cr, 0,13% Mo,
0,84% Ni. -

Teeppoctb BankoB paBHa 400—450 HBR.

Pe3synbtartsl 3aMepoB H3HOCa NOKa3aJH, YTO yBEJHYEHHE CTOHKO-
CTH KaJu6pOB MOXHO TMOJYYHTh He TOJBKO YJAyyllleHHeM KayecTBa
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BaJIKOB ¥ NpUMeHeHHeM '60Jlee H3HOCOCTONKHUX MaTepHaJsoB JJs Bal-
KOB, HO TaKXe M yJydlleHHeM ycJoBHi gedopMaunu Merajja B Ka-
Jaubpe.

W3 npuBejeHHbIX HaHHBIX ACHO, UTO Ha OCHOBe yyera H aHaju3a
pe3yJibTaTOB 3aMepa H3HOCA, IPOH3BeNeHHBIX 3a GOJbLIIOH mepHOl
BpPeMEHH, MOXKHO yYMEHbUIHTb HJH JlaXke YCTPAHHTb BJHSHHE HeKO-
TOPHIX (PAKTOPOB, BbI3LIBAIOLHX H3HOC.

ITpu onenxe u3Hoca HEOGXOMAMMO YYMTHIBATb Pa3HHLY TeMIepa-
TYpbl NMPOKATHIBAEMOro NMpPOQHJS B pPa3HbBIX YacTsX, HEOXHHAKOBYIO
TBEPJOCThb BAJIKOB MO NepuMeTpy Kaaubpa, pabory TpeHHA OKOJbXKe-
HUA ¥ HEPAaBHOMEPHOCTb JedopMalnuy Meranana B kaauGpe. AHaaus
3THX COBMECTHO AEHCTBYIOIUHX (PAKTOPOB NMO3BONHT yCTAHOBHTb, 32
CUeT KaKHX H3MEHEHHH KaJHOPOBKH BAaJIKOB MOXKHO NOOUTHCSH yBe-
JIHUEeHHst CTOHKOCTH KaJHuOpOB.

+ Cneayer o™™MeTHTb HEOGXOLUMOCTb HENPOPHIBHEIX 3aMEPOB H3HO-
ca B mpoilecce paboThHl BaJKOB, HECMOTPsi Ha 3HAUHTeJbHble TPYI-
HocTn 3aMepoB. Mccnenosanue n3HOCa HaNO OpraHu3oBaTh Tak,
yTOGbl 3aMepbl ¥ OLleHKa HX pe3y]bTaToB TPeOOBaJH MHHHMAJLHON
3aTpaThl BDEMEHH.

MoOXHO peKkoMeHI0BaTh NPH NMPOBEIEHHH HCCJeJOBaHHA CJAeNyIO-
e MepONpPHATHS:

1) 3amepnl M3HOCa 3anHCHIBaTh He B TabJaHIBl, a AN HArASLHO-
CTH HEemocpeIACTBEHHO Ha yeprexe Kaaubpa;

2) o6Hapy>XeHHble NPH MOMOLLH 1aGJOHOB HETOYHOCTH 0OpaboT-
KH Ba/IKOB HaHOCHTb TaKXXe HeNoCpPeACTBEHHO Ha yepTexX Kaadbpa,
yTOObl 3TO MOXKHO OLLJIO yuecTb NMPH OnpefesieHUH H3HOCA;

3) xapaxTep H3HOCA [OTIOJHATb OLEHKOH IIOBEPXHOCTH KaJanbpa;

4) ecqH HMeeTcs HEOKOJNbKO YHCTOBLIX KaJHODOB, TO AJs KaX-
JOro M3 HHX U3TOTOBJSTL OTJEJbHBIH AGJOH;

5) xpoMe OOGBLIYHOrO Llyna, MPHMEHSTh AJA H3MEPEHHS KOHIOB
dnaHIeB 320CTPEHHLIH AIyT;

6) npu u3MepeHMH yCTaHaBJuBaTh WUaGJOHBl B Kanubpe Tak,
49TOOBl H3HOC ipaaHIUeB Obl MOPOBHY NOJAeJeH Ha 00e CTOPOHHI; M3-
MeHeHHe GOKOBOrO KpenJeHus aGjoHa IJs BbSICHEHHS, Kakod H3
(¢aHLeB H3HOIWIEH CHJbHee, IBJAseTCs CAHILKOM CJOXHBIM H He 005i-
3aTeJbHbIM;

7) 06a3aTebHO YCTaHOBHTD, KaKO# H3 ABYX YHCTOBBIX Kaju6GpoB
paforaJs nepBbM; 3TO HeOOXOAHMO 3HAThb, TAK KaK [Js BTOPOro HHC~
TOBOIO KaJHOGpa BCIeLCTBHE M3HOCA TMpeNiecTBYIOUMX Kaau6poB,
ycJaoBusi paboThl H3MEHAIOTCS;

8) pekoMeHAyeTCs TOYHAS 3alHCh KOJHYECTBA NMPOKATAHHOIO Me-
TajJa B KaXIOM KaquGpe M paBHOMEDHOE HCMOJb30BaHHE BCeX
YUCTOBBIX KaJHOGPOB; YacTo CAyyaercs, YTO ONHH KAJHUGP HCMOJb-
3yloT Goviblie JPYroro, YTO NMPHBOAHT K GOJbIIeMY yMeHbLIEHHIO
JAHaMeTpa BaJIKOB NPH NepeTouKe;
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9) Heo6X0AMMO PACCUHTHLIBATH BEJHUHHBI IiEPETOYKH BAJKOB H
JONyCKaeMOro pacliupeHHss KaauGpoB M ccobllaTh 3TH BEJHUHHBL
TOKapIo,

Takum o6Gpa3oM, yMeHbIIEHHe M3HOCAa U BeJHYHHBl NePeTOYKH
BaJKOB — 3T0 06A3aHHOCTb He TOJbKO KaJHOpPOBLIHKa, HO U 0OC/y-
JKHBAIOIIETO NepCcOHaja CTaHa, KOTOPbIH JOJMXKEeH <CIOocOGCTBOBATh
TMOBBIIEHHIO CPOKa CJYXKOHl BaJKOB.

HU3Hoc MPOCTHIX KaXnGpoB

Ha o6xuMHBIX cTaHax NPUMEHSIOT KOBaHLIe H JIUThle CTaJIbHbIE
BaskH. V3 (pakTopoB, BHI3LIBAIOUIHNX H3HOC OGKHMHBIX BaJIKOB, Iep-
BBIMH CJleJlyeT Ha3BaTh XHMHUUYECKHH COCTaB BAaJKOB M HX TENJOBYIO
Harpy3ky. bosbluas TenjoBag Harpyska OBEPXHOCTH BaJIKOB Bhi~
3BIBAETCH HX MECTHHIM HarpeBOM H INOC/EAYIOUIHM OXJaxKIeHHeM
BOLOH. MecTHbiii Harpes MoXer pocrurath 700—800° C, 8 1O BpEemMa
KaK TeMIepaTypa IOBEPXHOCTH BaJKa BCJEXCTBHE OXJNaXXIeHHS He-
MHOTO NpeBbilllaeT TeMIIEPaTypy ceplueBHHb. BeaeacTBre B5TOro Ha
TMOBEPXHOCTH BaJIKOB 00pa3yeTcsi CeTka pasrapa.

JoxazaHo WHOTOKPATHO, YTO JIETHDOBaHHLIE BAJKH MEHbIle MOM-
BepXKeHbl pasrapy, ueM HeJerupoBaHHbie. CTa/bHbie BaJKH HeOG-
X0AHUMO Tepe] IIPHMEHeHHEeM MOABepPrHyTh TepMHueCKo# o6pabormke
JJis yMeHbIIEeHHs MX OKJOHHOCTH B pas3rapy, KOTOPhIi Hepemko
MOKeT OBITb MPHYMHOH MOJOMKH BaJKoB. IKOBaHLIe BaJKH CTOAT 10-
poro, MO3TOMY B HallMX NPOKATHHIX 1leXax yallle NMPHUMEHSIOT JHThIe
BaJIKH.

OxsaxKAeHHI0 BaJKOB BOJA0H He0OX0JUMO yaeauTh GoJbiuee BHH-
MaHue, TaK Kak [PH HeAOCTATOUHOM M HepaBHOMEDHOM OXJaXIeHHH
MOZKHO YMEHBIUHTb HX JOJIOBEYHOCTb. PeKOMeHIyercsi QBYyCTOPOH-
Hee OXJaXJeHHe BaJKOB C JOCTaTOYHLIM pPacCTOSAHHMEM BOXSHBIX
Tpy6ONpPOBOLOB OT GOUKH iBaJLKa, UTOOL H36eXaTb MECTHOTO OXJaXK-
Aenus. Ilpu BoI6ope oxJaxAeHHs (pJaaHUeB Kaaunbpa HEOGXOAMMO
VUMTHIBATh BJAHSHHE HX OXJIaXAeHHS Ha yIIMpPeHHe MeTaJjla.

Ons 3amepoB M3HOCZ KaawbpoB OOXKHMHBIX CTAHOB MOXKHO Tak-
Ke UCNo/b30BaTh WabaoHE. B pabote coBeTckux aBTOpoB ! Hemoss-
30BaHO CrellMalibHOe YCTPOHCTBO, KOTOPOe BhbluepuHBaeT JNeHCTBH-
TeNbHLIH Mpoduab Kaanbpa Ha 6ymaxno# sedte. TIpn npokatke no-
J1I0C HaubOJbIIHH HM3HOC NOJY4aeTcsi OKOJIO Kpaep BC/HAENCTBHE pas-
HHIbI TEMIepaTyp MeXAy cepelHHOH M KpasgMH NPOKaThIBAeMOM MO-
nocel. Ilpu mpokarke cyrymku 200 X 10 mm pasHuua rtemneparyp
cocraBuaa okoJyo 25°C.

BansiHue HepaBHOMEPHOr0 M3HOCA MOXKHO YUYeCTb NpPH PacTouke
Kanubpa, Jejasi ero ¢ Weblo yBeJWUeHHS CTOHKOCTH HEMHOrQ BOT-
nytoiM. HepaBHOMepHOCTh H3HOCA KANUOPOB BBI3LIBAETCS HEpPaBHO-

! CmM. cuocxy Ha crp. 275.
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MEpPHOCTBLIO pacnpelle/ieHHs BbITAXKeK B KaauGpe. Hanpumep, oBasb-
HbIfi KaauGp MMeeT HanOoJbIINi H3HOC B MecTaX KacaHHs KBaapaT-
HO# noJsiochl ¢ BaJkaMmH. s npocTix KainwGpoB HepaBHOMEPHOCTh
M3HOCA N0 OTHOIIEHHIO K aGCONIOTHOMY H3HOCY He Mrpaer Go/bmon
pOJIH, NMOSTOMY 3aMephl H3HOCZ NIPH NMOMOILM WaG/JOHOB MOXKHO He
npou3BoXUTh. JocTaTrouHo 'Oyner ofuiel OUEHKH MX H3HOCOCTOMKO-
ctu. TlocseHsiss B BHIe OTHOINEHHS PacXofa BaJIKOB K KOJHYECTBY
NPOKaTaHHOIO MeTal/Ja Heo6XoluMma NJs NJaHHDOBAHHS H pacuera
3arpar. llenecoo6pa3no yuuTbIBaTh pacxol BaJKOB, BbI3BaHHbIH
MOMIOMKaMH, ¥ HOPMaJIbHBIA pacxol, BCAeACTBHE H3HOCA.

Jns oleHKH M3HOCA BaJIKOB DPEKOMEHIYeTCsl NMOJb30BaThCH cle-
AyIOUIMMHE NOKa3aTensMu: 1) koauuecTBO mpokara (T), OTHeCeHHOe
K YMEHBIIEHUWIO 1uaMeTpa (MM) IIDH NepPeTOUKe BaJKOB; 2) pa3HOCTb
Macc HOBBIX (mepel YKJaJnKOH B KJeTb) M CTapblX BaJsiKoB (mocJe
IepeBalKH), OTHEeCEHHAs K KOJUYECTBY Npokara (T); 3TOT nokasa-
TeNb pekoMeHnoBaH npod. Bycarorckum B 1960 r.; 3) mokazartesan
onpenessioT no popmyde

_ A
q Dy !
T
rie A — npou3BOJHTENBHOCTb BaJKOB, — 100;

G — Macca 1 noe. » npokara, ke;

Dy — katalomuit Juamerp, M.

B wBencKolt JuTepatype npeloxkeH MeTOd OnpeleneHHs M3HO-
ca KaJauGpoB NPOBOJOUYHBIX MPOKATHHIX ¢cTAaHOB. AOGCOMIOTHBEI H3HOC
H3MepSIOT TyOHHOMEPOM, a pacnpele/ieHHe H3HOCA ONpelelsiorT
TIpA TIOMOLIM OJIOBSIHHBIX ¥ CEPHBIX OTIEYaTKOB. DTH METOLbI, O1Ha-
KO, He NPUTOJHBI AJS HenpepEiBHLIX 3aMepOB.

B 3akJioueHHe OTMETHM, YTO HMEIOTCH OOJBIINE BO3MOXKHOCTH
JUIS1 CHHXKeHHS M3HOCa BaJKOB HalUMX NMPOKATHHIX cTaHoB. Jas 3To0-
ro Heo6X0IMMO CHCTEMATHYECKH H JIPABH/IbHO H3MEPSITh H3HOC M Olie-
HUBAThb NMOJIyYeHHbIE Pe3yJbTaThl. 3aTpaThl Ha 3aMepbl HM3HOCA
okynaiorca 06narofaps HCNONb30BaHHIO Pe3yJbTaTOB 3aMepoB /s
yJAy4lIeHHs] Ka4eCTBa BAJKOB, YCJOBHH NPOKATKH H KAJTHODOBKH, UTO
MPHUBOJHT K YBEJHYEHHIO CTOHKOCTH KaJHOpPOB, CHUXKEHHIO BPEeMEHH
Ha NepeBaJKM BaJKOB M YBe/JMUYEHHIO TOHHAXa MeTaJjJa, NpokartaH-
HOTO KaXIblM BalkoM. Tpebyemble pe3yJbTaThl MOJy4aloTcs, OXHA-
KO, TOJIBKO TOrZa, KOTA2 PYKOBOACTBO 3aBOJda NOHMMaeT 3HaueHHe
HMCCJAeJOBAHHA M3HOCA BAJKOB M OKa3biBaeT COOTBETCTBYIOLLYIO 110-
moub. B nocnenHnee Bpems Ha psame cranos ['JIP cryaenThi-3aounu-
KH NPOBOJAAT HCC/Ne10BaHHS H3HOCA BaJKOB JJs CBOMX AHMJIOMHBIX
ipabor. HeobxoaumMocTh HCCJAeL0BaHUS H3HOCA BaJIKOB HEOLHOKpar-
HO OTMeyajach B MpPOrpaMMax HalllHX CBe3J0B N0 KaJubposke
BAJIKOB.
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