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[TpoBeneH aHanW3 CYMECTBYIOIHX METOROB KaJHOPOBKH
npoduieil, NPOKATLIBAEMBIX B pa3BePHYTHIX Kaaubpax.
Paccmotpeno QopMmou3MeHeHHe MeTaala B DPasBEPHYTHIX
KaJqH6pax W H3/I0XKeHb OCHOBHI KaquGpoBKH B HHX. Ha oc-
HOBAHUH SKCNEPHMEHTANbHLIX H TEOPeTHUECKHX HCC/IefoBa-
Hul paspaboTaH MeTOX KaJHGDOBKH HEKOTOPHIX MpodHuaed ¢
NPUMEHEHHEM CHCTEM Da3BEepHYTHIX KajHOpOB.

Kuura npeaHasHaueHa AJAs HHXKeHEPHO-TeXHHYECKHX pa-
GOTHHKOB NPOKATHEIX LEXOB, HAay4YHO-HCC/IENOBATE/NbCKUX H
NPOEKTHBIX HHCTHTYTOB. MosKeT GBITb MOJE3HA CTYAEHTaM,
crienua/ d3HpyIOlHMCA N0 CcOpTOBOH mpokatke. Mun. 38.
Ta6a. 6. buba. 13 nass.
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BBEJEHUE

YBesnnueHne NMPOU3BOACTBA MeTajdJa SIBIASETCS OQHOH H3
Ba’KHEHIINX HAapPOJHOXO34HCTBEHHBEIX 3amad. [lHpeKTHBaMHU
XXIV cpesna KIICC no nsitTaseTHEMY MiaHy pPasBHTHS Ha-
ponnoro xoasifictea CCCP na 1971—1975 roam npegycmar-
puBaercs noBecTd B 1975 r. NpoH3BOACTBO TOTOBOrO NpPOKa-
rta go 101—105 MuaH. TOHH. ¥YBEJHYHUTH BBHIIYCK SKOHOMHY-
1ILIX BHAOB [IPOKATa, B NIEPBYIO OUepenb JHCTOBOrO MPOKAaTa,
XOJIOAHOKATAHOTO JIUCTA, THYTLIX H (PacOHHBIX NpodHUIeH,
1Iipoguaell BHICOKOH TOUYHOCTH, MNPOKATA H3 BBICOKOKAUECT-
BCHHOH W JIETHPOBAHHON CTaJH, Tpy6 M MeTH30B. [logHsTHe
00LLero ypoBHsi IPOU3BOJICTBA, pacllHpeHUe 00BeMa copTa-
MCHTA W NOBBILIEHHE KauecTBA TOBAPHOMH NPOAYKLHE METAJ-
JYPrUYeCKUx 3aBOJOB MOXET OBITb AOCTHUTHYTO NIyTEM BBO-
Jla B JAeHCTBHE HOBBIX MOIIHOCTEH, YCOBEpPIIEHCTBOBAHHSA
IIPOU3BOACTBEHHBIX IPOILECCOB, BHEADEHHs aBTOMAaTH3aIlHu
Il MeXaHH3allu¥, CO3MaHHsi U OCBOEHHS HOBLIX TEXHOJIOTH-
1eCKHX HPOLLECCOB.

Bomnpocr, cBsi3aHHbie ¢ KaJHOPOBKOH BaJKOB, B 4acT-
IIOCTH C NpPHMEHEHHEM CHCTeM pPa3BepHYTHIX KanauGpoB,
HMEIOT aKTyasbHOE 3HAaueHHe JJIA TeODHH M IPAKTHKH IIpO-
K4THOTO IIPOM3BOJACTBA. B cucTeMe pas3BepHYTHIX KaauGpoB
IIPOKAThIBAeTCH 3HAUHMTeJbHAS 4YacTh COpTaMeHTa HpPOdH-
Jeil: yraioBas M 3eTOBast CTaJjb, ILIBeJepbl, aBTOOOOMEI,
cucunadpiibie npoduan. CymecTByeT psii MeTOAOB KaJjub6-
DOBKHM NpoGHIeH, NPOKATHIBAEMEIX B Pa3BepPHYTHIX Kajaub-
pax. DTH MeTOAB MOTYT OBITh OObeJHHEHH B TPHU TIPYNIHL:
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PV pacdcr copint kanuGpos 1o TOPU3OHTANBHLIM TIPOCKILH-
HAL PURIAMCHTIDOBAHHLIM - yIJaM  PACKPBITHS  OJ0K
S)opacuer kaanbpoB N0 CperHel JHHHH U yriaM packpbi-
bl 1IOJI0K NPONOPUHOHAIBHO 06K aTHAM; 3) pacueT Ka-
AHGPOB MO MEeTOAY COOTBETCTBEHHOH mnoJock. HauBosee
PAacpoCTpAHEHHBIM Ha NMPAKTHKe ABJSETCA METOH pacyeTa
PasBepHYTHIX KasnuOpPOB 1O CpejHeH JHHHH, KOTOPBLIH HaH-
Goslee MOJHO OTpaxkaeT XxapakTep (hopmousmeHenus Me-
TaJj1a NpPH NpOKaTKe.

[TpousBoncTBeHHEI ONBIT M NpOBeNeHHbIE HUCCIeL0Ba-
HHUs TIOKA3BLIBAKOT, YTO OCHOBHBIM B pa3paboTke KaJHOpoBs-
KH NPOQHIsA C NPUMEHEHHEM CHCTEM pasBepHYTbIX Kasub-
POB ABJSIOTCS pacyeThl YWHPEHHS CPeAHHX JHHHU K CO-
OTHOWIEHHS KO3(P(PHUUMEHTOB BbICOTHBIX nedopmauuil B
S/EMeHTax Kanubpa. YuwupeHne CpefHHX JUHUE B passep-
HYTBIX KaJlUOpax He MOMKeT OLITb OTOXKLECTBJIEHO ¢ YIUH-
PEHUEM TIONOCLI, IPOKATAHHOI Ha IIagKol 60UKe, H paccym-
TaHO MO OOLIYHBIM (hOpMysTaM.

B uncrosom dacontom Kanubpe (yryosasi u 3etobas
CTajb, WBENIEPbl U T. II.) BEeNMYHHA YIIHPEHHS 3HAYHTEb-
HO TIpEBLILIAET BEJIHUHMHY YUIUDPEHHS] [PH [POKATKE [OJIO-
Cbl Ha TIIankol Gouke. YIUHDeHHe NOCTeNeHHO yGbiBaer,
NPUONHIKAACH K BeJHUHHE YUIIMPEHHS. HA TagKkoi Goyke
B TEPBLIX NPOopUAbHLIX KanuGpax. Ilpu nedopmaunu npo-
¢uast B passepuyTom Kann6pe Hapsiay c obxarueMm HMEIOT |
MECTO MOMepeuHblli U3ru6 U pPacTsKeHHE 3JMeMEHTOR npo-
¢uast npu ogHOBpeMeHHOM BO3meHCTRHH Pa3HBIX CKOpoOCTed
HpOKaTKu Ha sjaeMenTel npodunst. I[lpaBusbHeili pacuer
BBICOTHBIX HedopMauuii oBecneynBaer HOPMAaJIbHOE 3arnoJ-
HEeHHE YIJ10B npoduas.

Fnapa 1

OB30P CYLUECTBYIOLWMX METO4OB
KANMUBPOBKU BAJIKOB,
NMPOEKTUPYEMDBIX B PA3BEPHYTLIX KANMBPAX

Pacuer kaJMGpOBKH YrJ0OBOH CTAJH
110 TOPU30HTANBHBIM NPOEKLHUAM

PacyeTsl KaJHGPOBKH yIVIOBOH crTanan paspaboransl
H. Meuom, B. Il. Baxtuuoseim, . WM. CrapueHko H ap.
Kaxaeifi crnocob -HMeeT ¢BOH 0COOEHHOCTH, OJHAKO, 3a UCK-
JIOUeHHEM pacuyeTa B YHCTOBOM Kanubpe, BCA CepUSl Ka-
JHO6POB pPacCUUTHIBAETCA MO TOPU3OHTAALHBIM HPOEKUHSIM,
T. €. TOpPU30HTaAkHAas NpOeKUusl NOCJAeNYIOUIEro IO XOLy
NpOKaTKH KaJubGpa yBeJHYHBAETCS Ha BE/IHYHHY YUIHDCHUA.
CBsi3b MeKy BbICOTOH Kanubpa U IHPHHOH OTCYTCTBYeT.

Merod Meua

ITocTpoenre kaaubposku (puc. 1) HauWHaeTes C pas-
BepTKH uucroBoro npoduas. Wupuna NPEeYHCTOBOTO Ka-
aubpa TONYUaeTCsi B pesyspTaTe pPasBepTKH BePXHeH Jiu-
HUMA OYepPTAHHS UYHCTOBOrO NPOPHIA MHUHYC YIHIMpeHHe B
YHCTOBOM Kanubpe. 3a yuiMpeHHe B YHCTOBOM KajJdHOpe

KanuGpa
YIJIOBOH cranH no merony Mema H CTapdeHko

Puc. 1. TlocTpoeHHe Pa3BepHYTOro



NpHHUMAETCS] YIIHPEeHHe NOoJ0CH Npu MpOoKaTKe Ha TJlaaKof
fouke, yBeauuenHoe Ha 20—30%. Ilupuny ocTanbHbIX Ka-
JHOPOB ONpefeJdOT [0 HAHAeHHOH BeJHYHHE TOPH30H-
TaJbHOH MpOEKLUMH NPEAYHCTOBOro Kaaubpa, yMeHbluas ee
JUIST pYyTHX KaaubpoB Ha BeJHUHHY BNycka (yiIMpeHus),
T. e. Ha 2—10 mam, yuuTBIBAs", 4TO YMEHbBIIEHHE TOJIKHO
ObiTh OONbIR AASt NEPBLIX MO XOA4Y MPOKATKH KanuGpos.

Yravl packpuiTus nosoxk aas kaau6pos I, 11, I1I nporus
Xona npoKaTkH npuHATH no 90° a5 NMepBOro NpoUHIBHOIO
Kauaubpa 145—126° mas ocranabHbiXx KanuGpoB pasHOCTH
MeX1y YIJaMd pacnpejesdercsd pasHOMepHo. Hpyrue aJje-
MEHTBl NOCTPOEHHS KaaubpoB BUAHL Ha puc. 1. H. Men
IpOBeJ HCCIefOBaHHE TeueHUs MeTaana B pPa3BepHYTHIX
Kaaubpax yraoBoH CTanu, B KOTOPOM OBLIO YCTAaHOBJEHO
yBeJIMYeHHe YUIMPEeHUst B MecTax ruba npoduasa (yBeaude-
HHe Liara Hape3KW BMHTa C HapY:KHOH CTOPOHBI TPOQHIA
B MmecTe BbiruOa nosox). Mcxoms us storo, Mew pekomeH-
JyeT yBeJHUMBATH B YHUCTOBOM Kanubpe yunpeune Ha 20—
30% npoTHB YIIHPEHHS MOJOCH], TOJAYYaeMoOl MpH IpOKaT-
K€ Ha rjaikou Gouke.

Merod Crapuenko

Kak u no merony Meua (cMm. puc. 1), npeaudcrosoft
Kaqubp CTPOHTCS NMOCPEACTBOM Pa3BEPTKH BepXHeEl JHHHH
ouepTaHus yHcToBOro npo¢uns. [Ipusonsitcs npocThle ana-
JAUTHUECKHE 3aBHCHMOCTH TODH3OHTaNbHOH TNpOeKUMH Ka-
AUbpa OT yria PackpPLITHA MOMOK H JUIHHBL OJIOK:

B:b<cosa—|— Si““),
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riue B — ropusoHTaneHas npoekuus kanunbpa,;
b— HMUHA 0OAKW TOTOBOrO TPODHUNIA,
O— YroJl MEXJy TODU30HTANbI0 H BepXHeH JH-
HHeld ouepTaHus Kanubpa.

Yuwupenue onpeaensierca no dopmyne baxrturosa {3].
Yrabl pacKpeITUs NOAOK PEerAaMeHTHPOBAHLl U NPHHATHL NG
X01y npokatku: B Kamubpe 1—140° II—116°, I1I—100°,
IV—90°, V—90°. -
Hiupuna KaxIoro MocjAepyero nNpoTHB Xoaa NPOKATKH
Kanubpa yMeHbIIAeTCsl Ha BEJHUHHY

Ab = 0,05H,

rie Ab— yuiupenue;
H— BpicOTa 3azaBaeMOro B Kanubp packara.

Pekonengyerca NpoOKaTEBaTh W3 O4HOTO NPEIYHCTOBOrO
Kanubpa A0 HeTsipeX npoduiell YrioBo# cTaln pasHol ToI-
LIMKB], IPH STOM pacueT BeJeTCs, MCXOMASA U3 CpelHeapHb-
MeTHYecKol ToamuHel rotosoro mnpoduas. . M. Crap-
UEHKO 0cOB0 MNOAYEPKHBAET, 4TO CpeNM 4YacTH ChelHasu-
CTOB 1[I0 BONPOCAM KaJHOPOBKH CYIIECTBYeT IepeoleHKa
3HAUEHHS CTeleHH TOUHOCTH ONpejieseHHs BSAHUHHBL BO3-
MOKHOTO eCTeCTBeHHOIO yiupeHHus npu npokarke. OH cuu-
TaeT, UTO BEJMUYMHA VINWpenus MoKeT OHTb 3HAYMTENBHO
orpannyena. . M. CrapueHKO dBJSIETCS CTOPOHHHKOM
NpUMeHeHHsT yBesJHYeHHBIX O00KaTHH W COKDAIIeHHS UHCIa
NPONYCKOB IMPH TNpOKaTKe NpoQHed B pasBepHYTBIX Ka-
aubpax.

Merod Bbaxruxosa

B orauuue OT NpPHBENEHILIX paHee MeTOAOB, MNpPeJuHu-
CTOBOI KaJuGp [Jst YIJOBOW CTajsH IO 3TOMY MeTOLy o0pa-
3yeTcst NMOCPEACTBOM Pa3BePTKH CpejHed JHHHU YHCTOBOTO

.

Puc. 2. TlocTpocniie paspepnyToro xaanuldpa yrao-
BOK cTann no serony DBaxrtunosa

kanu6pa (puc. 2) [3]. Pamnyc passepTKi BHellHeH JHHHH
ouepTaHds NOJKH M BEICOTA KanuOpa BLIGHpPAOTCH B 3aBHU-
CHUMOCTH OT IJHHbLI MOJOK. [IpH HpoKaTKe B 3aKPLITEIX Ka-
aubpax BbICOTA Kanubpa cOCTaBJIACT

H — (0,35 = 0,45) % ,
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pamgMyc passepTKH O6oabIOH M MaJjioH MOJOK COOTBETCT-
BEHHO

Ra = (0,5 1,0)la; Ry = (0,5 = 1,0) 1.
[Ipu npokartke B OTKpBITHIX KannGpax

H = (0,25 + 0,35) %

’

rae
MOJIOK.

lgy lp — COOTBETCTBEHHO AJHHBLY GOJBLION M MaJof

Boicora kanubpa, yroJ packpbiTHs NOJOK U~ TOJAIHHA |

NOJIOK CBA3aHBl YPABHEHHAMAU:
I8 GOAbUIOH TOJKHU

B, =1, — 0,50 (1 — 1,41 siny) +
+ (R, + h) (‘*ﬂ — 0,00872¢. )_
SIn o

—cosa)

_[H+o,5h(1—l,4lcosv)]<] , ;
sin o

AJ9 MaJo#l MOJIKH
B, = l,,—O,Sh(l — 1,41 siny) +

+ (2R, + h) (ﬂ — 0,008723 ) —

sinf

/ A
— [H + 0,5 (1 — 1,41 cos a)] (ﬂ)
sin f :
rjae B,, By— ropusoHTanblple NPOeKUHH COOTBETCT-
BEHHO OOJbUIONH W MaJoH IOJIOK;
Y — YyroJ HakJOHa OHCCeKTPHCbl K BepTH-
KaJiu;
o, B —yran Hak/a0HA COOTBETCTBEHHO GOJMBIION
¥ MaJofl NOJOK K BepTHKAJN,
A — TOMIMKEA MOJIKH;
R,, R, — paguycel pPa3BepTLIBAHHA COOTBETCTBEH-
. HO 00JBLIOH H MaJioll NOJOK.

Yuupenue B xanubpax paccuuthiBaeTcs no Gopmyse
AR - AR
Ab — 1,15—( AR — AR

oH V RA 2f)’ (1)

rge  Ab— ymmupeHue B Kanuépe;

AR — 06K aTHe NOSOCH;

__

R — xaraomuii paguyc Bajka;
H — BricoTa 3ajaBaeMoff B Kaaubp MOJOCH,
f— xKoadduunenT Tpennus.

upuna kanubpa ymeHbLIaeTcs NPOTHB XOAa NPOKAT-
KW Ha BeJUUHHY YIIHpeHHs. YWIHpeHWe AN BceX KanauG-
POB PACCUHTHIBAETCS TaK K€, KaK M JJs NPOKATKH MOJOCH
Ha raankof 6ouke. B pa3BepHyTHIX Kanubpax He yUHTHLIBA-
eTcsl, ONHAKO, yBeJHUeHHe ylIHpeHus. IIns 3aKpLITBIX Ka-
JUGPOB yluHpehune, paccuuranHoe no ¢opmysae (1), orpa-
unupsaerca Ha 30—70%. Bricora xanubpa yObiBaeT OT
Kagubpa K Kanubpy Ha BeJHUYHHY MOJOBHHB 00XKAaTHA MO-
nok. Panuyc neperufa nosox:

JUIS1 3aKPBITBIX KaJHOpOB

r'=rq+ 1,2Ak;
JLJIs1 OTKPLITLIX KaJHODpOB
r’=rn + 2,4Ah,

r’ — nckoMelfl paauyc neperuba noJox;
r — panuyc neperufa moJoK B NpeAlIeCTBYOLIEM
Kanubpe;
Ah — ofkaTHe MOJOK;
1 — K03 dUIHEeHT BLICOTHOH aedopMalHH MNOJOK.

rge

B meromax Crapuenko u BaxTHHOBA B OCHOBY pacueTa
cepHd KaaubposB OepyT rOpPH30HTAJdbHYIO NPOeKUHI0 6e3
CBSI3W C APYFHMH napameTpaMu Xasudpa (uckJawouas 4H-
ctoBo#). [TogoOHbBIH NMOAXOL K pacyeTy He LaeT NpaBHJbHO-
0 3allOJHEeHHSl TIPOMEXKYTOUHBIX KaJuBpPOB, UTO MOXKeT
NPHBECTH K TMepeNnoJHEeHUIO KaaubpoB, o0pa3oBaHHIO 3a-
KaTOB H 3HAUHTEJbHOH BbIPAabOTKE BaJKOB IO LIHPHHE
PYUbsi HJAM K HEe3aIOJHeHHIO KaNHODPOB M0 LIUPHHE H MOJY-
"1eHHI0 BTOPBIX COPTOB M Opaka.

Hu B OXHOM M3 METOJO0B ie YUHTBLIBAETCA BJHAHHE H3-
rba M pasHOCTH CKOpOCTell B 3neMeHTax Kaaubpa Ha yBe-
JMUEHHe YITHPeHHs B KaJjubpax yIJOBOH cTanad, T. e. YIIH-
peHHe, TosyHdamliieecs B Pa3sBepPHYTLIXK Kasubpax, OTOX/AeCT-
BASETCA ¢ YIIHpPEHHeM [O0JIOChl, NPOKATAHHOH Ha TJalKOH
Ooyke. '

B merome CrapueHko He YUHTLIBAGTCH CBSI35H TOJUIMHEL
HOJOK C MX LIMPHHOI, cXxeMa pasBepThIBAHHS KalHOPOB s
cpasHOBOKOMH YIVIOBOH cTadk He coBceM yrauyHas. OObIUHO
NOPMAJbHEIM CUYMTaeTCs MPOKAT ABYX Da3MEpPOB YIJIOBOMH
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CTa/ll [0 TOJIHHE M3 OJHOTO IpPeJUHCTOBOro Kanubpa,
NpPOKaTKa Ke TPeTbell TOAWMHBL 3aTPYRAHUTENbHA 13-3a HO-
JYYCHHUA TOTOBOrO Nnpodu/aa Ha npejese N[O WHPHHE HOJOK.
Ilo s3ToMy xe Merony pekOMeHIyeTCs NPOKAaTBIBATbL O Ye-
ThIpEX TOJIUHH YIJIOBOH CTadud H3 OAHOTO MPEJUHUCTOBOrO
Kajaubpa.

B mMerone DBaxTHHOBa BBENEHO TMOHSTHE <«CMeElleHHe
BeplIHHEl yriaa» Ax, (cM. puc. 2), HCnoJb3yeMoe Npu pac-
NpefeNeHUd VUIHPEHUS MexAy Majsof ¥ GONbIUOH TOJKAMU
HepaBHOGOKOH yryioOBOH CTadH. TeopeTHueCKHMHU pacuyeTamu
H HCCACHOBAHUAMH YCTAHOBJEHO, YTO BEJAWUKMHA YUIMpeHnd
IJisl HepaBHOOOKOH YIrJIOBOH CTaJH IOJKHA PACIpelensTh-
€51 TIPOTIOPUHOHAJIBHO JJIHHAM IOJIOK.

Pacyetr kan1uGpoBk# yriaoBoi crainu
M0 METOLY COOTBETCTBEHHON MOJ0OCH!

Oruowenne b/h (puc. 3) npuHuMaeTcs 3a OTHOLIEHHe
CTOPOH PABHOBEJNHKOrO IpPAMOYIOJBHHKA COOTBETCTBEHHOH
nosiocwt [4]. Iedopmauus mosocel B Kaaubpe (ylwupenue,
of6KaTHe) pacCYUTBIBAETCS MO COOTBETCTBEHHOH IOJOCe,

<5 o ad _ (.
1§ -G /193
? L
& & Puc. 3. TlocTpoeHue pas3Bepuy-
< roro Kanubpa yraoso# craman
MO0 METORY COOTBETCTBEHHOI!
B 1070CH!
Y

1I0C/Ie HYEro NepPecuHThIBAaeTC Ha HMCKOMBIT 0poduib Ka-
aubpa.
U3 puc. 3 crenyer, 4TO

he 2 b= 2Bsinp -+ 2p cos p.

sinf ’

Torna
b 2Bsin®f —2psinfcos B
h d ’
rne b/h— oTHOUIEHHe XapaKTEpHCTHUECKHX pPa3MepoB.

s Beex xanubpos B=p; p = - /.

[o crewHambHON HOMOTpaMMe Onpejensercd OTHOUCHHS
3/d. Tlnomaab xanubpa onpeienneres 1a dhopMyne

F—od (B — ’7‘ cos |3> 4 210,5(p -+ d)F—0,50].

Oruomwenus R/d #u rjd mnisi BceXx KanubpoB NOCTOSHHLL. TTo-
KazaTeJb YIUIHDEIHsl COOTBETCTBEHHOH MOJOCLI onpepeaer-

cst o opmyae
807 _ éﬂ)
[E]f ! (Ah :

rie nasi yraosoit craan ky=0,425. )

[Ipumenenre MeTOJA COOTBETCTBEHHOM TOJOCH IS Ka-
ANOPOBKU YIJIOBOH CTaj SABJSAETCA He0CTaTOuHO 000CHO-
BAHHBIM M Me OTPAyKaeT CAOKHBIH XapakTep aedopMalyu
MeTa/lia B Pa3BepHyTHIX Kamubpax yriOBOM CTaJH {(uaru6
NpOGHIs, CKOPOCTHON PEXKHM, pacnpelrenenie BEJIUUHHDI
VIIMpEHHA MO NOoJKaM H ip.). B 970l METOAMKE OTCYTCTBYET
CBA3L MeKy BLICOTOM, LIMPHHOMH, TOJUIHHOM U yrIaMH pac-
KPLITHS TOMOK MPOdHIIs.

KOHCTPYKILHST YHCTOBOTO Kajaubpa M XxapakTep passepT-
Kl HepaBHOGOKHX NMOATOTOBUTEABHBIX KaJqnGpoB He mpuMe-
1IS110TCSI B NPAKTHKE KanHuOPOBKH.

PacueT KaJuOPOBKH YIJIOBOH CTAaNH
no cpeiaHeil JTHHUH

Merod HlTeprosa

AToT METOA OCHOBAH HA aHaJUTHYECKOM OIllpeleseHHI

¢pefuel JHHUKM NOJIOK B KaXKA0M Kaanobpe.
Tl KaxpOro Mpoxoja IPHHHMAIOTCH CHEAYIOUIHe KO-

S HALEENTH BLICOTHOW fedopmanun [5]:

TIpodunu Tlpodunu

GoNBIINX CPEJHUX H Mesl-

Kanubp PasvMepos KHX DasMePoB
UUCTOBOH & 1,07—1,12 1,1—1,2
YepHOBOH 1,6—1,8 1,8—2,2

Onpedesenue pasmepos npedLucTosozo kaaubpa. HOns
D aBHOGOKOH yIJOBOH CTaJH (puc. 4)
H=(04-005); R=(08~+ 0,95)/,

‘e [— nJuHa cpeaHeil JIMHHH TOJKH.
Jlast HepaproBOKON yrJIOBOH CTa/H (cm. puc. 4):



l l
a_.‘; R, =(L0+ 11)L,

H = (0,4 +0,45)

lg

(¢4
’

1
Cﬁ:tg_ﬁ5 tga:r; tgﬁ:~l—

B

1l

e X r P
Ty e o y

Puc. 4. Cxema Kk onpenenennio NPOEKUHII ANHHBLL CPefHer
JHHHM MOAOK Kaaubpa yriaosoii cranu [5]

rae  lo, [y — anana cpepmelt aunnu COOTBETCTBEHHO GOJMb-
WOH W MaJoH MOJOK YHCTOBOrO Kanubpa;

Ra, Rs — pamuych pasBepThIBaNKA CpenHell NHHHY co-

OTBETCTBEHHO GOJILWION W MaJoii [OMOK;
H,— BricoTa npemuncrosoro Kagubpa.

Bricotra H u yrim PaCKpBITHS MONOK & U B y6biBaiOT
TPONOPUHUOHANLHO NPUHATEIM 06KaTHAM B Kanubpax. Yiuru-
PEHHE Cpenner JHHUH Npoduas onpesensiercs no hopmy-
7€ (1) ¢ BBeZeHHeM B Hee KOs duuHenTa k, yunthipamoure-
FO BAHfNNE HAKJIOHA MOJOK Ha ylIHpeHHe:

Al., = kAD, (2a)

‘rne  Aly,— ywrpenue CPeNHeH JHHHH TOJOK.
Koadduuuenr £ ONpPENeNALTCS COJIaCHO pHC. 5.

Hns xanu6pos HEpaBHOGOKOI Yra0BOi cTadn obiee
YWHpeHHe, HalleHHoe 10 popmyse (2a), pacnpenensercs
PONOPUHOHANTLHO NJHHE TOJOK, IIPH 3TOM NpUMeHseTcq
Orpanuuende ymupenust ua 35—509,.

Hast paBHOGOKOH yriosol crany FOPU3OHTaNbHAS TDO-
eKLHS TOJOK

B=1—C(VT¥tgha— 1)+ R(th%—0,0175a).
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I1as  HepaBHOOOKOW YrAOBOW CTaJH TOPU3OHTAJbHASY
npoekiusa OOJIbIION ¥ MaJoH NOJOK OIpesensercsd COOT-

BCTCTBEHHO KakK:
B,=1,—C,(VT+ta—1)+

+Ro(2tg%—0,017450¢>;
By~ ly—Cy [y TT @ — 1)+
+ Ry (2t — 0017458 ).

. 2

4

3

2 " Puc. 5. 3aBHCHMOCTb Ko3(din-
[{HEHTAa, YuMTLIBAOLLErO YyHe-
NHYIEHHEe YUIIPEeHHs OT HaKJo-

Ha CTeHOK Kanuopa [5]
! I ] /
0 40 80 120

Yeon waxknoHa cmerHOK
xanuopa, 2pag.

Pannycst nepernfa noJOK HAXOAATCA NO (popmyJe
r' =rn + Ah.

B kanubpax, HMeWWHX pasbeM ‘CBEPXY, PajHyChl 3a-
KPYIIeHHI Ha KOHOAX M0JOK PacCYHTLIBAOTCS MO Gopmyse

[>:IXTHHOBA:
r=r+ Ah
% °
‘ Y \
o %
w 8 -

Puc. 6. Cxema ana aHaNUTHYECKOrO OMNpEAEJIEHHS N
NONOXKEHUS] HEHTPa TaXecTH Kanaubpa yriomoil cra-
ad (5]



e Ahs — oBuiee obxatde BO Bcex Kaaubpax, Kpome

B kanutpax, nmeroux pasbem cuusy, NepBOro ¥ TOCJeNHero; ‘.
" = Ah Ah,— o6xkatTHe B J1060M ITPOMEKYTOUHOM
= Ak,
- aubpe; .
1EXKYTOY
3uech r— pauyc SAKPYLIeHHs B npemuiecTsymoie (o U @gg— yrapl cruba B ABYX CMEXKHBIX NPOMEXY
Kanugpe; ' HBIX Kaaufpax.

Ah — o6xatue nosox.

Opnunara wentpa Tskecrn uagaoua Kanmubpa onpeped
MACTCS U3 BhIpaXKeHHs (pHC. 6)

Loz, !
2 — 2% -+ 323'

lep

Merod Yexmapesa

Ilo stomy METOLY DEKOMEHIYeTCS HHTeHCHBHDL pemm%
Ipoxatku. asi cpepnupx pasMepoB yraioBoi cranu K03-
(QHLUHEHT BLICOTHOI Aedopmaunun g Kanubpos 1—V co-

OTBETCTBEHHO paBen 1,3; 1,6; 1,8; 1,8: 1,8. Pacuer xamug- Pic. 7. Cxema Uekmapesa s MOCTPOSHNA 1 pacuera
pPOB BeAYT 1o CpeaHell JMUHUMU. YLHHPGHHG OnpefeasitorT 1o e £ pasBepRyTOro Kanwbpa YIJOBOH cTalu
$opmyne Yekmapepa [6]
- eCTBYIOT cJie-
Ab — 2bep Ak ’ Mexny paamepamu KaanGpa (puc. 7) CYLIECTBY
bep\1] 7 He 3aBHCHMOCTH:
<H+h)[l+(l+d)(ﬁ)] oy b x

OL=90—0,5(P, R= :sjna tga’
raie n— [I0KasaTeJib CTEIIeHU. 27

. 1 1 ’
[Tpu n=1 bcp<Rau— YSKHH odar nedopmaumn, npu n=2 x =b'coso -+ Rsina = H( — + Tg;) —v,
bep > Ro, — mrupokuit ovar nedopmanuy. st
Kosdpuunenrs k,  yunTBaOUHE BIHSIHHE HAaKJAOHA H=1b"sino + R(1 —cos a),
CTEHOK Kanubpa Ha yuupenne, PEKOMEHAYIOTCH Takue: ) 0 (b— by sina
ITpoxox I S 0,7—1,0 B = 2b cos o + ’
[MpomexyTounble npoxo- .
Abl .o 1,0—1,5 bsma__i
Yucrosoit npoxox . . . 1,8—2,0 . b o 2
Bennuuna YUIUPEHUs pacnpenessiercs NPONOPIHOHA -  sina cos &
HO RJHHE TOJIOK., _ a

H CTOPOHDLI
Pacuer gaemenrog Karubpa SaKpyryeHust yrja Kaaubpa ¢ BHyTpeHHel p

Fra—1 = FxMx—t,
Yravl cruba (yrasl mex g MOMTKAaMH) CBSI3aHEI Mew ] 5 -
CO6OH crenyio n(y aBHe ey- ) Y AC My—y—— KO3(ppHUNEnT 06K aTHA, 1€2KYTOUHBIX
AYIOUIUM ypaBHeHHeM: Fyy Tx—1— PaJIMYCLl B JBYX CMEXKHBLIX TMPOMENKY
Al x Ta
= — 90 == Kasanbpax.
(Px (px—l Ah}: ’ 5



,U,Jlﬂ HUXKHero Kpas NoJaku paguyc 3aprFJ]eHHﬂ
rx = rx—l—l + Ahx—]—l » HJIIH rx = O’th’

rae r., I — bammyc SAKPYTNEHHA C HHMKHEH CTOpOHHI
B ABYX CMEXHBIX TPOMEXKYTOUHBLIX KaJiU-
pax;
h,— TonuuHa nosok p X=0M KaJubpe;
Ah,11— o6xatie monok g (x+1)-om Kanubpe.
7151 BEPXHETO Kpas MOJNKH pajHyc 3aKkpyriaenus

roa Ahx+1 » W 1, = 0,354,

"¢~ PallyC 3aKpyrsieHHs ‘BepXHero Kpast ToJiku
B X-OM KaJuuGpe;
Ah,yy — 06xaTHe Mook B (x+1)-om xanu6pe.
Heitrpanbnas snnns Kasubpa coBMmeltaercs c JIMHUEH,
Aessielt nuomann Kanubpa monosam. dTtum ofecneyuna-

€TCS1 PaBEHCTBO KaTamuux pamunycon BEPXHEr0 WU HHXKHe-
[0 BaJIKOB.

rge

Merod Kyuko

Kaan6posky pasnoGokon YIIOBOM  CTasld NpPOM3BOAST |
C YYETOM 3ajauv KBaapaTHoi 3arOTOBKM B NepBhIil npo-
GuIbHBIT Kaau6p Ha pebpo (omHa w3 puaronasei 3aro-
TOBKH YCTaHaBJHBaeTcs BepTHKambHO). Pacyer Kasiubpos
OCYIUECTBASETCH 110 CpenHel nuHuMM [7].

Ywupenue kaxnofi moaku g Kannbpax st ueposno-
GOKO1 yraoBo# CTaJll pPACCYUHTHIBAETCS Mo thopmyae

Ab = 0,2Ah. (2)
B kanu6pax HEPOBHOOOKOM yIJIOBOH cTany yiupeHue
A1 60BLION MONKH:
Ab— 0,248 Lo | (3)
. lp
M1 MaJol noJku:
Ab = 0,208 Lo (4)
Q
3nech Ab— yunpenue NOJIKH;
Ah— o6xkartune MOJTKH;
la, Iy — cooTBeTcTREHHO IUTAHBL OOMBUION U Masof

NIONTOK B YHCTOBOM Kajubpe.

s paBHOOOKOH yrJiOBOW CTasu MpHU npoxamzaaroms:
KM Ha peOpo yros pacKkphITHS MOJOK BO BCeX KaiuGpax npbl_
st 90°. Jlas HepaBHOGOKOH YIVIOBOH CTajM YIJIBl Packp

' 0 130°.
TUS NOJIOK u3MeHsoTes or 90 1 ‘

Buicora kanuGpa H usaMeHseTcss B COOTBETCTBHH C H3
MeHEHHEM YIVIOB PACKPLITHS MOJIOK.

Metod Jlurosuenko

IDTOT METOJ OCHOBAH Ha AaHaJHTHYECKOM onpeneﬂe}énu
JUTHHBI Cpenﬂeﬁ JIMHVH MOJIOK B KaxaoM xanuope

. 8) 18]
<pHFC>eKZ)1\[f1e]Hp,yeTcs{ npuHaMaThL yron f B npeneaax ot 30 no

e N
45° Tlpu P=30° Benuunna R, = (1,5—2,4) ,anpu Pp=

cp
T

le
=45° peaununna Rep= (1,0 + 1,6) _np_ )

3necs R.,— pamuyc pasBepThiBaHHA CpelHell THHHA HO%KH;
\ I — IJIHHa CcpefHeli JHHHH YHCTOBOTO KaJjaubpa.
cp

KoopnyHaTta UeHTPOB paiHycoB
P ¢ s i
x =l sin r + Rcpco -~

Ulupuua xamubpa . _
B ZQ[ZC_H sin —Z— +Rep (cos - —sin q)) + 1, ] .

y ‘ re—
! L ' | ﬂ
M ] ]
AL e
: *\% @ \ ! 'y =
)y O 3 "
20./ o/ %
E—J C S 7 %"_Zr_'f"'"
L]Tgo r [/ a ?o _:i =
L‘ 0
[1/- f CZ/ [12 a
e 8

Gokoil y rann
Puc. 8. TTocTpoeuite ¥ OCHOBHLIE 3ieMeHTLI Kanifpa DaBHOGOKOI yrioBoi cra
o 10 MeTORY JIHTOBYEHKO
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Bepruxanpnas npoexuns xanudpa

o
1+ sin —

H = 0,5k + lewcos -+

¢/

2
+ Rep (cos © — sin —Z—) .

M3wmenenue yrsioB packpuiTHs NOJOK B Kajsubpax
an =90+ ax(n— 1),
IAe n— NOPSAKOBbIH HOMED pPacCUUTBIBAEMOro Kajaubpa.
Ipu n=7 o, = 8+ 10% npu n>7a,=5°
Pamuyc BHyTpeHHero sakpyrvieHus yrja Npu BepllxHe
Ry = RB,Z_1 Np—1»

n

sin

rie  Rp — papuyc BHYTpEHHErO 3axkpyriieHHs yraa IpH
BepLIMHE B 1-M KaauoOpe; '

Ry, _ —1T0xe B (n—1)-M xanubpe;

Ny—1— KO3 UUHEHT BRICOTHO! HeQOpMalHH NMOJOK B
(n—1)-m xaaubpe.

Ymupenue nosox paccuuthiBaroT no Qopmyae (1) ¢ yuae-
TOM BJAHSIHUS H3ru6a MOJOK B YHMCTOBOM H IepBOM (hacoH-
HOM Kanubpax. B 3akpeIThIX Kaqubpax IpefycMaTpHBaeTCs
CTeCHeHHOe yiuupenue. [[js HepaBHOOOKOH yIJIOBOH CTatu
ofllee yHIMpeHHe paclnpefensieTcs NpONOpPIHOHAALHO NJH-
HaM TOJOK. ¥TOoJ Hak/aIoHa OHCCeKTPUCHL B BeplUIMHe yrIJja
MOCTOSIHEH A5 BCcexX Kaaubpos. [Ipupallenne yriaoB packphl-
THUA DOJIOK OAWHAKOBO AJIsT MaJoi U OOJBHIOH IOJOK.

Merod Mepexuna

DTOT METOJ OCHOBAaH Ha OHpefeseHHH NOCAeLOBaTEeabHO
M3MEHSAIOIINXCSH YIJO0B &, ¢, U P, (puc. 9), ob6pazyeMbIx
KOHCTPYKTHBHBIMM TOUKaMH, pagHycaMy OuepTaHHs MOJOK H
JJIHHOH cpenHuxX AuHHE Tosox [9]. PasMepr kanuOpos Ha
pHC. 9 onpenesneHbl HA OCHOBAHHWH COOTHOLUEHHH:

Ly, = (0,15 +0,45)[,; R, = (0,5~ 0,75) I,;
L, = (0,15 +0,45)l,; Ry, = (0,5+0,75),,

3neck [, U l,— COOTBETCTBEHHO IJHWIbL GOJILLION H Ma-
JIOHl MOJIOK B YHCTOBOM KaJjiubpe.

18

BesHuKMHBl YIIMPEHHS NOAOK JIJIf 4HCTOBOTO M TpPeAtH-

CTOBOTO KaJHOPOB ONpeneAloTCa:

71759 BOJbLIOH TOJKU

g
Ab, = [0,550k + 0,01 (Ig+ Ip)] —2—;

ln+lb

Puc. 9. TToeTpoeHHe Da3BepHYTHIX KaJHGpPOB yrio-
BOM cTanHu 1O MeToay MepexkHHa

S5 MaJiod MOJKH

Aby — (0,558 4 0,01 (I - )] —2—.

Lo+ 1o
JIast Apyrux Kanaubpos yiikpeHHe Onpeienslor:

;L1 GOJBILOH MOJIKU
Ab, == 0,55Ah l_’— -, (5)

a+lb



A9 MaJiof MOJKH

Ab, = 0,550 —— (6)
a+lb
rie  Ab,, Ab,— COOTBETCTBEHHO ylIHpeHHE GOMbUIOH H Ma-
JIOH TIOJIOK;

l;, [,— COOTBETCTBEHHO MAMHA GonblUIOH H Majod
NOMOK B YHCTOBOM Kanubpe;
Ah — ofKaTHe MOJKH.
Jauma cpenueil JUHHH OJKH B IPELUACTOBOM Kanubpe:
L1 60J1bLUIOH MOJKH
l =] — [0,55Ah1 + 0,01 (l + 1 )]

cp a cpa

la + lp ’
ILJISI MAaJO# NOJKH
. Iy
1
lcpb‘ = lcpb, — [O,SSAhl + 0,01 ( la -+ lb)J L
COOTBETCTBEHHO JUIMHA CpeRHeH JINHHYT
GOJbINOH W MaJJoH MOJOK B LIHCTOBOM Ka-

aubpe;
Iep agy lecpb, — TO K€ B IPEAUACTOBOM kanubpe;
Ah, — 063caTye NONKH B UACTOBOM Kajubpe.

Jsivna cpeiHell JIMHMH NOJKH JJIs APYLUX Kanubpos
yMEHbIIAEeTCH Ha BeJHYHHY YLIHDPEHUS, ONpPEefeNAeMOro Mo

dopmynam (5), (6).
Paguyc BHYTPeHHErO 3aKpyrJeHdsi B NMPEJUHCTOBOM Ka-

aubpe

vie lepa,, kpo,—

2 [(R, —h 2 —R cosw—hrz
( b, 1) by 2

R, = :
" 1~cos'tl)$
) 2
rane Ry — paamyc BHYTPEHHErO 3aKpyriends B UMCTOBOM

Kaaubpe;
R,, — TO e B MPeNUHCTOBOM Kanubpe,

h,, hy— TOJIMHA TMOJKH COOTBETCTBEHHO B UHCTOBOM H

npejuYUuCcTOBOM Kanubpax,
@, - — yTJIBl COMacHo puc. 9.

Papuyc BHYTPEHHEro 3aKpyIJIeHHsi a1 OCTaJbHBIX Ka-

Jubpos

R RB nﬂn—l’

Bn n—1

1ae Ry — paamyc BHYTpPeHHETO 3aKpyIJIeHMs B 1-HOM Ka-
auépe; -
Rs,_, — paluyc BHYTPEHHEro 3axpyrienus B (n—Il-om
xanubpe;
Ms,_, — KOIPMHUUMEHT BLICOTHON AehOpMAlUNK  TOJKH

B (n—1)-om kanubpe.

Bo Bcex paccMOTpeHHBIX paHee MeTOZAX pacuera Kasauo-
POBOK YIJIOBOIl CTaJM HE NMPUBOJHUTCA COOTHOUIEHHE BBICOT-
noix pedopmaunit (1) B BepUIMHE yraa M MOAKax Npoduis.
BuinonHeHHe 3TOrO ONpefeseHHOTO COOTHOIEH s HeoOX oI -
MO IJIS YCTONUMBOIO IMOJYYEHHs BepPLIHHBI NPAMOTO yria
ita TOTOBOM IpoduJe.

B Mertone IllrepHoBa yBennueHre YyIIMPEHHs1 B pa3BepHy-
161X Kanubpax LIS BCeX Pa3MepoB YIVIOBOH CTa/jH B 3aBH-
CHMOCTH OT yIia PacKPHITHS TOJOK YUYHTHIBAETCH CHellH-
a41bHBIM Ko3(hdHruvenToM. Kak O6ymer moxkasano jnajee, Ha
OCHOBaHHK HCCJAENOBAHUE YCTAHOBJEHO, UTO 3TOT K03(pdu-
IIHEHT JNOJIXKeH H3MEeHSThbCH B 3aBHCHMOCTH OT pa3Mmepa yr-
JIOBOH CTaJId ¥ IHMaMeTpa BaJKOB CTaHa.

B merone Kyuxo yiuped#e NoJxH B KanuOpax omnpene-
asetes no opmyaam (2)—(4). Mexny TeM Henb3s MpH-
MeHATh A BCeX KaaubpoB OAUH M TOT ke KOIPHHUHUEHT
viuupenus. B nanunolt padorte nodyuyexo, yto IS YHCTOBOTO
Il NPeJYHCTOBOrO KaanbGpoB OH 3HAUUTENbHO OOJjblie, deM
IST MepBBIX 110 XOLY INPOKATKH NPOMUILHBIX Kaaudpos.

CuenoBaTtesbHo, Haubosee pALUOHANBHBLIMU, TPOBEpPEH-
HLIMH Ha NPaKTHKe, SIBJASIOTCA METOMbI pacueTa KajanGpoBOK
\[JOBOH CTasM, B OCHOBY KOTOPBIX IIOJIOXKEHA JJHHA Cpell-
weil guHue npotuns (meroaw Yexmapera, Kyuxo, Mepe-
nnHa, lltepuoBa, JluToBYeHKo). B aTHX MeToLax YuTeHO
VBeJHUYEHHOE YyIIWPeHHe cpeaHe#t JUHHH NpPOQHIA, OCHOB-
lnple mapaMeTpbl Kaaubpa CBfi3aHBl aHAJHTHUeCKOH 3aBHCH-
I0CTBIO, @ BeJMYMHA YIIUDPEHHS B Kanubpax HepaBHOOOKOI
VIJIOBOH CTaJH pacnpefensieTcs NPONOPUHOHAJNBHO ILJAHHAM
noJiok. MeTojpl pacyera KaAHOPOB YIJIOBOH CTajlH MO TOPHU-
JOMTQJBHBIM TPOEKLHMAM HaAO0 CYMTATh YCTAPEBIUUMH H
VTPATUBUIMMH NIDHMEHEHHe BCJEJCTBHE HeCOBeplUieHCTBa H
sHAUUTEbHLIX OMIHOOK, KOTOpBIE NPHBOAST K H3BECTHBIM
IDYAHOCTSIM TpPH OCBOEHHH INPOKAaTKM MNpoduielr YrjioBoH
CTaTH.
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Pacuer kannGpoBku wBeanepa
C NPUMEHeHeM Pa3BePHYTHiX KaJHGpOB

Merod Crapuenko

PasBepuyThifi METOX MNOCTPOEHHS KaauGPOB BKJIOYae
COefIMHEHHE ABYX Da3BePHYTHIX KaaubpoB VYIJIOBOH CTall
B OHH WBeasepHLit [2] [Ipu 3TOM yUCTOBOH W mpexuHCTO
BOH Kanubpnl HMEIOT 0co6yi0 KOHCTpVKIHIO (pHC. 10).

!

a

Puc. 10. [locrpoeHite pasBepHYTLIX IWBEMIEPHLIX KaalGpoB o MeTony
Crapuenko

22

O6xaTHe 1 ¥ BLITSKKY A DacCUMTHIBAIOT 10 (GopMynam

_ H F, B
n= W o
n4-1
Kanubp n A
YuctoBo# 1,05—1,3 1,056—1,25
ITpeAyncToOBOI . 1,10—1,50 1,10—1,40
[ToaroTOBHTENBHDIE 1,20—2,0 1,10—1,80

Yrael pacKpBITHS MOJOK NOCTOSHHBI H COCTABJAAIOT [Js
vagubpa [11—45° 1V—40°, V—32°, VI—20°.

Pasmepsr uncroBoro kanubpa onpeneasioTes 1o roToBO-
My PO ¢ yueTOM TeMIepaTypHOH YCaiKH ero IpH
ncrpiBaHHU (eM. puc. 10, a).

Pacuer npenuuctoBoro xaaubpa

TonmuHa NoJKH NpenquucToBoro kanuépa (cm. puc. 10, 6},

npepeaseTcs mo popmyae

Z(2 = iinb
1 fy—CcpeaHsis TOJLIHHA MOJKH B TNPEIYHCTOBOM Ka-
aubpe;
M1 — KO3 PHUUHEHT BLICOTHOH aedopMalHH B YHCTOBOM
Kajaubpe.

IHrpuHa NoJKH B NMPELUUCTOBOM Kajaubpe MeHblle, UeM
i 1ICTOBOM Ha BeJHYHMHY VIHUDEeHHs, OlpefessieMOro Mo
iparyse
byhy
Ab1: -
Aby; — ylipeHHe MOJKH B YMCTOBOM Kajubpe;
b, — WIMpHHA NOJKH B YHCTOBOM KamuOpe;
h, — TOJIIIMHA CTEHKH B YHCTOBOM KaJjaubpe;
D — HOMHHA/bHEI AHAMETP BaJjKOB CTaHa.

Pasmepn! CTeHKH TMPEAUMCTOBOro Ka/aubpa ONpeipessioT
noo6yo pasmepam noaku. KosdduuueHTsl BRICOTHOH He-
iopvaunK B YMCTOBOM M IPEAUMCTOBOM Kaaubpax coxpa-
0Tl OHHAKOBBIMH 110 BCEM 3JEMEHTaM NpPodHus.

PacueT mepBoro paaBepHyTOroO
WwBeJJepHOro kanuopa

'opH30HTaNbHAS NIPOEKUHS U PajHyC PasBepTKH MOJKH
{tar pric. 10, 8) COOTBETCTBEHHO COCTABJSAIOT:

b)::O:'SbZ(COSO:—I" jy RM:O)5D2 ;
. a B

sina

¢4
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rOpPH30HTANbHAS TIPOEKIHA CTEHKH
Iy = lg— Aly.
[Tpu pacuere nocienyomux pasBepHYTHIX KajuGpos [
MOCTOAHHO.
lopH3oHTanbHash NPOEKUHUs KaKAOH NOJAKH yOblBaeT OT
- Kannbpa K xanubpy Ha BeJUUHHY YIUHpeHHs. PacueT yumu-
peHHsi npousBoguTea no ¢opmyne (1). Kosdbduuuentrr o6-

KATHII /15 PA3BePHYTHIX KaNHOPOB OAMHAKOBLI TONBKQ IO
CTEHKe M KpasM MOJOK.

VIIUPEHHs ONPEleAAoT He 1o cpeseil NHHUK Kanubpa, a no
LopusonTagnpHoil npoexunn. llpu sTOM YyIUIHpelHe 3aBUCHT
'OBbKO OT TOJLIMHBI 3a4aBaeMoro B xajubp packata.

B mertone CTapyeHKO He YUYHTHIBAIOTCH CBA3H MEMAY KO-
,uunentaMu aedopmalnil B NOJKE, CTEHKE H yraax coe-
iHeHHS TOJOK CO CTEHKAMH, OTCYTCTBYIOT JIOXKHbie drauiinl
. IOArOTOBHTEJbHBIX Kannbpax. ITO MNPHBOAUT K HEBBIIOJ-
IIUHHIO BepIUMHbl NPAMBIX YIJIOB HA TOTOBOM npoduae.

Yrapl packpbiTHS MOJOK MPUHATHL MPOH3BOJILHO. Heo6-
LOAMMO JKe H3MeHeHHe YIJIOB PacKpbiTHA TOJIOK IO Kaano-

n—3
n=1 I /M TIPOM3BOANTH NPOTNOPIHOHAJIBHO OOKATUAM. Koucrpyk-
. hy ' L1 KOHTPOJIBHOTO MPeLOTAENOUHOTO KaanGpa npy;zg{g;ygrpg
A 00 J MeCTe pasbeMa .
rae 11— K03bPUUHEHT 06XKATHA N0 OCHOBAHWIO TMOJOKY ''OPA30BAHUIO yCOB Ha npoduie, B p

(hopMyabl A4S ONPefeNeHns HEHTPATbHOH JHHHA kaanbpa
/IOT HETOYHBIE PEe3yJbTaThl, MOCKOJIbKY OHH YUHTHIBAIOT
10MbKO TIOLLAAbL M IIMpHHY Kanaubpa, a He xapaktep pac-
npefedaedus MUIOUIAAM TO 3JeMeHTaM kaan6pa. Hanpumep
{)CTPOEHUE YHCTOBOrO UBEJJIEPHOrO kanu6pa Ne 12 mo
oMy Merony na ctane 600 CanguHCKOro Meranrypri-
LOCKOTO 3aBOJA NPUBEJO K TOJIOMKE IieeK H TpeoB BCIEL-
crpde  mosyumBlieficst 0OJbUION  pasHHLLl B CKOPOCTHAX
111 TKOB.

pPa3BePHYTLIX HIBEJJIEPHBLIX KaJHODOB;
N — K03 duunent ob6xkaTusi 1m0 KpasM IOJOK
CTeHKe, TPUHUMAEMbil B 3aBHCHMOCTH OT [1pOY
HOCTH BaJIKOB W MOLIHOCTH ABUraTe/s MpOKaT
HOTro cTaua B npepenax 1,60—1,80;
n— ob1ee yHCcaI0 $acOHHLIX LIBEJIIEPHBIX KATHOPOB
By W Ay — TOMIMHA 0O KpasfM ¥ MO OCHOBAHHIO MOJOK Tep+

BOTO O XOAY pacueTa pPa3BepHYTOro HIBeJIep
Horo Kanuépa.

Tlonoxenns: HeliTpanbuoil nunud kanubpa (puc. 11):
_CD"I"O,S[], 2' _¢,+015q

£H 111 ; " I y

rie @ u @’ — naowany, ykasaHHiee Ha pHc. 11. .
Pacuer pasBepHYTHIX WIBEAJEPHBIX KaAubpoB 110 MeTOLY
CrapueHko, Kak H [JJ7 pa3BepHyTLIX Kanubpos yrJo-

Merod Harokosuua

[Tpu pacuere 110 3TOMY METOAY [10] ncnonb3yioT Nepabie
(11 Kaaubpa o6biYHOH KaJHOGPOBKA C OTKPHITHIMA (raHua-

| cyuTasi NPOTHB XOJ4 MPOKATKH; KajgnHGp IV u nocneny-
illile — pa3sepHyToro THna (puc. 12,a—e).

Pasmepsl YMCTOBOrO KasuGpa NpHHHMAIOT paBHLIMH pas-

7 J¢paM FOTOBOTO MPOQH/IsS B rOpsueM COCTOAHHH C yueTOM
= |\Z > 1 {POKATKH Ha MUHYCOBBI JOMYCK. YKJIOH HapyXHbBIX TpaHeH
a1 W— q o wook 1,24%, ymupenye no CTeHKe MPOU3BOJIBLHOE. YKJI0H

I - = buc Cxema ansl ompese- lox npegunctosoro xanuépa 35%.
P4 KimnSpa no merony Crapien. Jlast xaaubpa 1V (puc. 12,a) NpHHUMAIOT CAGLYIOULHE
~— 1t __.J Ko COOTIOILIEHHS

Ro=(l=15)h H=(1+14)R; R= (0,4 =0,6)b;
C=(12+1L4R,
w0 R,— pajuyc pasBepTKH BHeLIHeH CTOPOHB CTEHKH,
H — BepTHKaJbHas MPOEKLHs MOJKH;

R— pamuyc pasBepTKH BHeLIHeH CTODOHBI MOJKH;
C— xoopannara uentpa papuyca R.

BOI CTaJH, OCYHIECTBJIAIOT MO TOPH3OHTAJNBLHOH TPOEKIIHH,
a Pa3BePTKH MOJNOK U CTEHOK — [0 BEPXHHM JHHUAM OQuep-
raHns xanuépa. B 3ToM cjiyyae BO3MOZKHLI NepenoJiHeHHE,
HJH He3aNoJHeHHe NPOMEeXYTOYHBIX KaaubpoB. Beanuuuy:
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a4 BEePTHKAJIbHBIE IIpOEKOHH IOJ0K H’, NIPOTHB XOja npoka

(73
Puc. 12, TTocTpoenie PA3BEPHYTHIN IUBEJIC
Muiokosnya

PHbIX KaﬂHGpOB o Meroay

KH, DAcCCUHTLIBAIOT B 3aBHCHMOCTH OT cCpeaHero obxar
NOJIOK:

(2 —a))+(a,—a,)

H/ jumali H —_—
4 ’
14
rne H' — BepTukasibuas OPOEKHUHS TOJKH B HCKOMOM K
aubpe;

Y1~ TO e B M3BECTHOM, MPEAIIECTBYIOIEM Kaaubp
@o — TO/MUNHA OCHOBAHHUS MOJIKU B HCKOMOM Kaaubp
@,— TO }Ke B H3BECTHOM, NpeMllecTBYIOLIEM Kananbp
@' — TOMIHMHA KOHUA NOJKH B HCKOMOM Kamaubpe;

@y —TO XK€ B M3BECTHOM, NpeAUIeCTBYIOIEM KanuGp

Paguyc narnGa BHYTPEHHHX CTOPOH MOJNOK HAXOLAT
BLIPAXKEeHHS

R:R - o + ay
B B 9

H

rae  R,, R, — COOTBETCTBEHHO DaiHyChl H3THGa BHYTpe

HUX CTOPOH NOJIOK B HCKOMOM H HU3BECTHO
MpealiecTByOIeM Kaaubpe.
Jlasi paauyca r CONpsiKeHHs MONKH CO CTEHKOH B pa
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pemkH, MuHorwe napaMeTpel  oUpefeseHb
JiimycK TMOJIOK B OTAGMOUYHOM Kajubpe COCTABJASET BCETO
12:4%, xoTs npuMensitoT Beinyck 10—15%.

CPIYTEIX Kanubpax COXPAHSIETCsl NMOCTORFHHOE OTHOLIEHHE.
=cornst.
L

Tonmuny cTeHkH, a TakxKe pa3Mepnl OCHOBAHHH MOJOK
HICARMSIOT MYTEM YMHOXMKEHHS HX Ha MpHHATHIE KO3PhH-
HTBL JeOopMaLHu: ‘

& = dk;

, d — COOTBETCTBEHHO TOJILIHHA CTEHKH B HCKOMOM H
U3BECTHOM IpEeAlIeCTBYIOIieM KaJjubpe;

ke— Ko3(pdunueHT 1ePOpPMAaLHH CTEHKH,

k,— ko3 puLHeHT neopMaLHU MOJKH.

/lnvba cpennedl AMHUM CTeHRU yObIBaeT OT KaJaubpa K Ka-
HOpY Ha BenHYHHy yinHpeHHs. COOTBETCTBEHHO HU3MEHSET-
i 'TODH3OHTAJIbHAS NPOEKUHS CTEHKH By.

BbicOTY JIOKHBIX QJaHUeB H pajgHyC 3aKkpyrvieHHs I.O-
il ONpPefedsioT KOHCTPYKTUBHO. YTJLI YKIOHA HAPYMKHBIX
Jrilel MOJIOK TIPHHUMAIOT KOHCTPYKTHBHO oT 66,6% B Ka-
mope VIII go 195% B xanu6pe V.,

O6was mupHHa pa3BepHyTOro Kajautpa B ybeiBaeT oT

ao = ao kn; aK = aK kn’

e d’

a11bpa K Kanubpy Ha BeJUYHHY Ha3HAYEeHHOTO YIIMPEHHS.

ITo cpaBHeHHo ¢ KanHOpPOBKOH € OTKPHITHIMH (JaHua-

ui npoxkarka meessnepa Ne 10 na crane 550 no naHHo# Ka-
mOpOBKe BMeeT CAeAYIOLIHE NIPeHMyILLecTBa.

Pacxon Bankos ymenbmaerca B 1,5—2,0 pasa u npu ne-

pesone K obmerdeHHoMy mBeadepy Ne 10 ypennunBaercs
I'OH3BOJHTENBHOCTh CTaHA NPH YMEHbIUEHHH Beca IOTOH-
noro metpa npoduns Ha 14%.

Pacuer xann6poBKu wWBeasepoB o Metony Hiokosuua
IpHUMEHEHHEM CHCTEM pPas3BEPHYTHIX KaauGpoB NPOU3BO-

111csl IO TOPH3OHTANLHON NPOEKLUHH, a He N0 CPeaHeH JH-

I, KaK B ¢aydyae pacuyera CTEHOK BCeX 1<any16p013; BE€JHUYU-

i VIIHDPEHUsl BO BCeX KaauBpax TPHHATA KOHCTPYKTHBHO.

JICYTCTBYeT 3aKOHUeHHBIH aHaJHTHYECKHH pacueT Kanuub-
KOHCTPYKTHBHO.

Merod Cregparnosa u Iporacosa

OTOT METOA NMOCTPOEHHUs Pa3BEpPHYTHIX KaJHOPOB IUBEJ-
'pa NOUTH He OTJIHYaeTcs or Meroxa Wuaioxosnua (Kaaub-
a4 M3 Pa3BepHYTHIX KasuOpPOB 1O MeTOny crubaHusa ¢
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npUMeHeHHeM KOHTPOJIbHOrO kanubpa). Pasinude 3aKiIio-
yaercss B YBEJHUEHHOI BBICOTe KaJWBpOB, T. €. B MeHbIIEH
‘pa3BepTKe TOJIOK, 3aj@BaeMblX B NPSIMOMNOJOYHBIH KaaHGP
(puc. 13), mpu 3TOM co3aaioTCs Gojiee OJATONPHUATHbIE YCF
JIOBHS IJIS 3aJayd [OJOCH B KaJaH6p. [TpuaaTeil Metol pacy
yeTa OCHOBAH Ha pPaBEHCTBE KOI(P(PHIUHEHTOB BBITSKKH M0
saementam npoduns [11]. OcHoBHLIMH B TOM ciyyae CUH

‘\L?og 1596 © o
R ) ] — % S
e 13 25/ R ‘\/ 138,50
S o~
(LQN %\‘ A
o~ 1
s | AR
>
'5.
= NS :g/ 137
S
(o3 N
j=2

Ig

4‘

A |
o 7; ;\ SR

b ]
Gy |

‘% =

2%

Puc. 13. TTogrpoesie PasBEPHYTHIX KanHOpoB IS luBenaepa Ne 16 no MeTOAY
é)TecbaHosa u IIportacosa
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TalTCs KO3 HUUEHTH BLITSKKH CTEHKH Kaaunbpa, KOTo-
pble BLIOMPAIOT, YUHTHIBAs YMEHbLIeHHe NJIACTHUYHOCTH Me-
tajsaa OT Kajubpa K Kaaubpy, a Takke NOJOKeHUe Kajaubd-
pa B Bajdkax (/s paBHONPOYHOCTH OOYKH BaJiKa Kajaubphl,
pacnojio’KeHHble Ha CepefHHEe BajaKa, HArpyxKawTCH MeHb-
e KpaHHHX) W M3HOC KaauOpoB. YIIHDPEHHe CTEHKU M TNO-
10K B Kasubpe NPHUHHMAIOT HAa OCHOBAHHH ONLITA NPOBEpPEH-
iIbIX NIpH paboTe Ha cTaHe KajauOpoBOkK. OCHOBHLIE 3JEMEH-
Thl KaJHODPOB ONpele/eHbl KOHCTPYKTHBHO C Y4eTOM OIbITa
paboTalMx KaJlu6pOBOK IIBedasepa € OTKPBLITHIMH (JiaH-
LaMH. '

Ilpu mpokatke wBeasepa Ne 16 no 3Tofi Kaaubpoeke Gbl-
1a JOCTHTHYTA TOBBIIIEHHAsT H3HOCOCTOHKOCTL BAaJIKOB,
BBICOKAS MPOH3BOAUTENbHOCTh CTAHA H 3HAUHTENbHO CHUXKEH
cpeiHHil Bec npoduas. Hucio npoxXomOB YMeHBLUIHJIOCH Ha
2, CHH3WJICS PACXOAHBIN KO3(PHUHEHT MeTania u3-38 yMeHb-
IIEHHS KOHIEBOH 06pe3H, BO3MOXKHOCTH HACTPOHKH CTaHa
[0 Mepe H3HOCA KaJuBpPOB W NPOKATKH LIBeJsepa B MUHY-
COBOM 110J1e AONYCKOB. '

Pacuer cepud KaquOpoB OCHOBAH Ha PaBEHCTBe KOIPPH-
LHEHTOB BBLITAXKKH 10 2JeMeHTaM npoduasd. BequunHa yuiu-
DEHHs] TOJNIOK H CTeHKH B3ATa 6e3 pacuyeTa, MO ONBITHHIM
AaHHBIM. Dojee pauMOHanbHBLIM HAJAO CUHTATb pacueT Ka-
/11BPOBKH aHAJHTHYECKHM METOJAOM MO CpeiHed JUHHH.

Brinyck BHELIHHX IpaHell NOJOK YHUCTOBOTO Kanubpa co-
craBaser Bcero 3,25%. B wacrosiee Bpems ycnemno pao-
TalT KaaHGpPOBKH ¢ BuinyckoM 10—15%.



Faasa Il
UCCIEAOBAHME MNMPOLLECCOB
DOPMOUIMEHEHUSA METANNA

B PA3BEPHYTbHIX KAJIUBPAX

VcclemoBatye yindpenks U KO3$(QUUHEHTOB BbICOTHBIX
pedopMalHii B 31eMEHTaX Pa3BepHyTOro KanuGpa npoBOAH-
J Ha KpymHocopTHBIX cranax 650, 600, 550, 500 u MeJaxo-
coprnpix cranax 300 u 280. st uccrefpoBaius BHPE3aIH

Puc. 14, OTmeuaTki TEMIJETOB OT packaToB Ha craHe 600 YraoBo# cranH
120X80X8 Mm

TeMIIeTEl pOQHUIell YII0BOKH M 3€TOBOI CTalH, LIBEJepa
M aBTOOBOLA OT CpejiHeli 4acTH packaTta [10c/je KaXaoro Ka-
nu6pa. [1poxkarky NPOU3BOAMJIH TIO CYLLECTBYIOILEH Ha cTa-
He TexHoJMOTWM. OTOOpaHHple TEMIIETbl ¢ TOPLOBOH CTOPO-
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Hbl MexaHnueckd obpabaTbiBanM C UHUCTOTOH IOBEPXHOCTH
Ag—2A ;. C obpaboTaunoil NOBEPXHOCTH NPOU3BOMHAH OT-
THCK npoduas Ha 6ymary. Ha 6ymMaKHomM oThneyaTke rpagu-
YECKHM CIMOCOBOM HAHOCHJIH CPeAHIo0 JAHHHD npodums. Hs-
MepsiNid AJUHY CPeZHEeH JIUHWH, TOJLIHHY TOJOK H CTEHKH,

o : ] I ] ] ) L )
o 16 18 20 22 24 26 28 30 4
la/h
30 4 2/ w,
20 -
101
0 | ; L i ! i 71 L ! !
12 14 16 18 .20 22 24 26 21 23 25 27 28 31 33
/ﬁ//l(p

Puc. 15. 3aBucnmocTs nokasaresss ywHpenus (AI/AR) or oTHOWeHHS ANHHBL Quara
npedOpMayHH K cpeaHeit BblCOTe (lo/hcp) B pa3BepHYThIX Kaaubpax yrnosoil cranu:

a— 120X80X8 ma; 6— 125X125X9 #a; & — 100X63X8 ss; 2 — 130X90X8 M
I — onbiTHas; 2-—no dopmyre TI'yGkuua; 3 — no dopmyae (8)

LAUHY OHCCEKTPHCHl 110 BepLIHHAM YIVIOB KaKJOT'0 OTHeuaTt-
Ka npopuas.

Jsist Bcex HCC/eIOBAHHBIX MPOQUIEN NOJAydYeHbl 3aBUCH-
MOCTH TOKaszaress yiinpenus  Al/Ah OoT U3MeHeHHS OTHO-
WeHus MJIHHB oyara pedopMalyu K CpelHedl ero BhCOTe
ln'hep . Ha puc. 15, 17, 19, 22 xpusas [ paccuntana no ¢ak-
THYECKON BeJHYHMHE VYIIMpEHUS CpelHell JHMHHH NpOodHIs,
KpHBas 2 ToJyueHa Ha OCHOBe pacuera yiuupenus o ¢op-
myse [ybxuna [13]

A = (14 50 (1 VRAR— 1) s (7)
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kpusas 3 no ¢opmyse (8). [Npexcrapaenn rpagUKH H3MeE-
HeHHs KO3()(HILMERTOB BLICOTHON AedopMalul B 3JeMEHTax
pasBepHyTOro Kanubpa 1o nNpoXoxam.

HccnenoBatue yinpeHus CpeaHHX JHHUMH
1 Koo hHUMEeHTOB BbICOTHBIX AedopManuii
B pa3BePHYTHIX KaAuGpax yrjioBoi cTaju

Ha crane 600 npokaTuiBan yrjaoBylo cTatb 120X80X
X8 mm, 130X90X8 ma u 125X80%10 mm. Ha puc. 14
MpeaCTaBJdeHbl OTIIEYaTKH C TeMIJIETOB YI/IOBOk CTa/H 120X
X 80X 8 mM ¢ HAHECEHHLIMH CPeLHHMH JHHHAMH. Peayib-
TaThl M3MepPEeHHll ITHX TeMIIeTOB U pacyeTHble NapaMeTphl
MPOKATKH MX AaHH B Tab. 1.

Tabnnuya l

3HaueHHe TEXHOJOTHYECKHX [apaMeTpoB INpH MNPOKATKe HepaBHOBGOKOH
yraoBoii cranu 120X80X8 s Ha cTane 600
(3aroroBka fgX bo=90Xx140 MM)

éﬁ
5 Al L
PRChe n * x ny . J
g 4 B Ah 54 3 h
1HE S IR AN NN
ggé < ; P 3| & _,‘*8 =
6,5 1,275/ 193,0(4,0| 1,5 1,835 1,44 90296 | 9,5(29,7 3,1
1| 7,7(1,360| 187,5/2,0|2,0 1,080 1,35] 90|294(13,5(32,2|2,6
11| 9,6/ 1.470 183,51 4,5/1,0/0,800 1,32 91]292|18,5]45,0|2,4
v | 13,8|1.540] 178,015,0(5,0|0,830| 1,24 981289(28,0(59,0 2,1
v |21,8]1,470| 168,0/7,0|4,00,690 1,29(113(283|42,0|67,0]1,5
VI |37,8]| 1560 157.0] — | — | 0,375 1,23 128(275|64,0|87,5|1,3
VII | 60,8 1,500 146,85 — | — | — — 185261 — | — | —

Ha crane 500 mpokaTbiBajJH yIaoBYIO CTajb 125X 125X
%9 mm (TOCT 8509—57) u 100X 63X 8 mm (FOCT 8510—
57). I'pacdhikn 3aBUCHMOCTEH ToKasarTess YUIHPEHUS OT H3-
MEHEHHsT OTHOLIEHUS AJHHbI ouara negopManud K CpeiHen
ero BplCOTe fAaHbl na puc. 15. Vamenenue K03(PGHUHEHTOB
BBICOTHbIX Ae(opMalinfi 1 yrjoB PacCKpLITHs NOJOK 1O npo-
xomaM ISt AaHHbIX MpoQuieil npHpefeHo Ha pHC. 16.
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Puc. 16. H3meneHHe KO3 dDHUIlEHTOB  BLICOTHLIX  AedopManiiil n
(/ — B noakax, 2— B yraax) 1l YIrlOB DacKpPLITHS ROJOK & B YIJOBO#
cTafnn:

a— [20X80X8 s, G — 125X80:X10 Mm

201

16

041

14 16 18 20 22 24 26 30 32 34 36
Zﬁ'/ hfﬂ

Piic. 17. 3aBHCHMOCTL MOKA3aTeas ywnpenns (AI/AR)  OT OTHOWIEHHS ANMHB!

ogara aedopayauni K cpenHed BLICOTE (lolhcp) B pa3BepHYThIx Kanubpax:

a — YIOBOH cTanu 36X36X4 ata; 6 — yraoBoH cranu 45X45X3 mat; /—onuiT-
Has; 2 — no ¢opmyae I'yGknia; 3 — no ¢opmyae (8)
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Ha cranax 300 u 280 npokareizann yrjaoByio CTanb 45X

X45%3 mm (FTOCT 8509—57) u 36X36xX4 mm (IOCT

8510—57). 'padukK 3aBHCHMOCTeH NOKA3AaTeJs YIIHPEHHS |

OT H3MeHeHHd OTHOLUEHHs [JHHBI odYara ne@opMauluH K
cpeaHell ero BpICOTE NpejcTasJ/ensl Ha puc. 17.

Auanusupys YyUIHpeHHe CPeLHHX JHHHH TPH NpOKaTKe
B pasBepHyThIX Kanubpax yrjosoit craid 120X80X8 xn,
130X 90X 8 mm, 125X 80X 10 mm, 125X 125X9 mm u 100X
X63X8 mm {(cm. puc. 15), HEOOXOAUMO OTMETHTb, YTO TO-
Kasarteap ywupenns Al/Ah nns cpefHel NHHHH B YHCTO-
"BhIX Kanubpax HMeeT MaKCHMaJbHOe 3HQuUEeHHEe M HAaXOJHT-
ca B npepenax 1,80—2,06. A6comoTHoe 06XKaTHe MOJKH B
3TuX Kaaubpax MeHblle, 4eM B APYIHX MPODHIBHBIX Kaan0-
pax. B npenuncroBnix Kanubpax NpH NPOKaTKe YKa3aHHBIX
npodusell mokasate/b yIIHpeHus cocrasader 1,0—1,47, a
B MOCJEAYIOIHX, IPOTHB XOAA IPOKATKH, NOCTENeHHO yObl-
BaeT K NepBOMY MPOGHABHOMY KaJaubpy. Ywupeuue cpef-

HHX JMHHI B pa3BepHYThiX KaJaubpax yrioBOH CTaju B He- |

CKOJIbKO pa3 BoJiblle YIIHDEHHs,, HaHJAEHHOrO Mo ¢opmyJe
LA caydast IPOKAaTKH NOJOC Ha BaJKax ¢ IJIaikol GOuKof.
To e, HO B MeHblled Mepe, HabJaOmaeTcsd NPH NPOKATKE
yrJoBoi paBHOBOKOH crann 45X45X3 n 36X36X4 mu

(cM. puc. 17), nokasateib YUIMDeHHS B YHCTOBBIX KanHOpax |

KOTOpOH Haxonxutcs B npenenax 1,40—1,78, a B mpen4ucTo-
Boix kaauGpax 1,0—1,48. 3arem on yOniBaeT K TepBOMY,
NPOTHB XOAa NMPOKATKH, NPOQUABHOMY Kanubpy. 3aech Tak
€, KaK ¥ [IPH NpoKaTKe yIJIOBOH cTaJu GOJMbUINX pa3Mepos,
(bakTHyecKoe YIIHPEHHe NPH NPOUHX PABHLIX YCIOBHAX IO-
JydaeTcs 3HAUMTENbHO Gosblle HalgeHHOro mo ¢Gopmynam
(7) mpuMeHHTEeNBHO K NMpPOKAaTKe TMOJOCHl HA BaJKaX C T/ai-
KOH 60YKOH.

AHaju3 faHHBIX H3MePEeHHH TeMMJeTOB TaKXKe NOATBEP K-
JA4€eT, YyTo ylIupeHdHe CPeJHHX JNHHHH TNOJOK YIJIOBOH CTa/H
pacrpeneasercs NPONOPLUHOHANBHO HX ATHHaM (6osblleH
NOJKe COOTBeTCTBYeT GOsibliaf 4acTb OOLIErO YHIHPEHHUs,
MeHbllIeH — MeHbLIAsa YacTh). Y CJAOBUA AeQOopMalliH MeTals-

Jla B pPa3BepHyTHX KanauGpax OTJIMUHEI OT YCJOBHH Hedop-

Malud MOoJO0CK Ha Bajkax ¢ rjaakoil 6ouxol. B passepny-
ThIX Kaaubpax, KpoMe 0GKaTHs MO BLICOTE MOJOK, [0J0Ca
MOJBepPTaeTcs MonepeyHoMy H3ruby, a CO CTOPOHBI BaJIKOB—
PA3TMYHOMY CKOPOCTHOMY BO3JEHCTBHIO Ha OTAEJbHBIE 3Je-
MeHTel npo¢uas. [lpu pacyeTe ywmMpeHHs CpelHel. JHHHH
A. T1. Yekmapes-[6], b. B. Mepexun [9], H. B. JlutoBuenko
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[8] u ap. pekOMeHAYIOT YUIMpEHHe, HalileHHOe NPH NPOKAaTKe
MOJIOCHl HAa BaJKax ¢ TIJAagKoH OOYKOH, KOppPeKTHpPOBaTb B
3aBHCHMOCTH OT HOMepa mnpoxoma (kanubpa). A. T1. Yek-
mapes [6] © M. M. UlrepHoB [5] peKOMeHAYIOT AONOJHUTENb-
HBIH KO3 (PHULUHEHT YIIUpeHUus no xanaubpam BbIOUDATb B 3a-
BHCHUMOCTH OT yIV1a PACKPBITHS MOJOK.

XapakTep 3aBHCHMOCTH, [peACTaBJEHHOH KpuBOH [
(cm. puc. 15 u 17), cBuleTeABCTBYET O TOM, UTO MOKa3aTedb
VIIMPEHHs CPeJlHeH JIMHHH YBeJUYHBAeTCsH NPONOPLHOHANDb-
HO POCTY OTHOLIEHHSI NJHHEl 0yara geopMalHu K ero cpef-
Heit Boicote ({z/hcp). Ho kpuBas 2, noayuennast no Gopmy-
ae T'y6kuna [13] o5 ciayuad NpoKaTKH MOJMOCH Ha BaJKax
C ryiajiKkodl G60uKOH, He MOXKeT OoTpa)kaTh M3MeHeHHe (PaKTH-
UEeCKOIo MOKasaTensl YIUMpEHHs cpeAHeli aunuH. TlosToMy
IJIST TIOJACUeTa BeJHYHHBI YIUHPEHHs CpedHell JMHUU B pas-
BEPHYTOM Kanubpe yryoBOH cTajsu peKoMeHayeTcs GpopMmyJsa

Al=A b *
[= bnn + klsz ’ (8)

cp

rae A/ — yumivpeHue cpejHell JHMHHH B Da3BePHYTOM Ka-
aubpe;
Ab,,— yuinpeHHe NpUBEAEHHON MOJOCH MIPH NMpOKaTKe Ha
BajJKax C rJaakoi Ooukol (ompenessieTcs Mo
C. U. 'ybxkuny [13)]);
k1— Koa(ppuLHEHT, yUUTHIBAIOWINE pa3Mep HpPOKaTHI-
BaeMoi yrjoso# cranm (k=1,2; 1,0 u 0,8 ana
GO/IbIINX, CPEAHHX KM MaJblX Pa3MepoB COOTBET-
CTBEHHO);
ky — ko3 duuvent, yuuThBaIOIHKY CTENeHb CTECHEHHS
yIIHUpeHHsa B xaaubpe (mas 3akpelToro Kanubpa
ky=0,7—0,8, nast OTKPHLITOTO — ko=1);
[,— navna ovara nedopMally NPUBELEHHON MOJOCH:;

H+4+h
hcp:%—cpem{sm BpicoTa ouara jaedopMauuy

IPUBEIEHHOM OJOCHI.

Kpusas 3, npueenennas Ha puc. 15-u 17, nonyuena no
dopmyne (8) mis ykasaHHbIX paHee npoduiel yraoBoil cra-
JH, KOrjla Rikg=1.

* Jlanee Gyfer noKasano, 4TO 3aBHCHMOCTb (8) CnpaBefnHBa NpH
nojcueTe YIUHPEHHs B PA3BePHYTOM Kaaubpe Aaa Jioforo npodu.is,

QA%
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PaccMoTpuM, Hacko/LKO COBNAZAIOT KPHUBLIE IS pas-
JUYHBIX PA3MEPOB YIJOBOH CTAJH, MOCTPOEHHbIE 110 ONBIT-
HBIM JaHHBIM H 10 GopmyJae (8).

Cranp yriosast 120 X80X8 mm (cm. puc. 15,a) — cos-
najende KpuBsplx [ H 8 YAOBJCTBOPHTEJbHOE (PaCcXOkKACHHE
10—15%).

Cranp yraosas 130X90X8 mm (cm. puc. 15,2) —
B YHCTOBOM KaJjubpe COBIAJEHHE YIOBACTBOPHTENLHOE, B
NOATOTOBHTEIbHBEIX KaauGpax KpHBas [ MPOXOJAHT rOpasio
HHXKe KpHBOH 3. HecoBmanenue M0OXHO OGBLACHHTDL TEM, UTO
B HCCaeAyeMOH KaquOpOBKEe B 3aKPBITLIX YEPHOBLIX Kaanb-
pax NMPpHHATO 3HAYHTEABLHOE CTECHEHHE YVIUHPEeHHS, YTO NOM-
TBEPKIAeTCS HAJUUNEM «YCOB» HA TEMIJIETAX.

Craanp yranosas 36X36X4 um (cM. puc. 17,a) —
Kpusnie / u 3 He coBnapawot. Pacueryasi xpupas 3 pacmo-
JoXxeHa Bollle ONLITHOH /. HecoBmanenne wmatnogaercs
T4KXKEe W B UHCTOBOM KaluOpe. 3HAUHTENbHOE HECOBIIAAEHUE
KpuUBBIX I n 3 MOXKHO OOBSCHHTH TeM, YTO DaccMaTpHBae-
MBI TPOQHIL HMeeT HeGOJbIIMe pa3Mephl, NMPOKATBIBACTCS
Ha BaJKax CPABHUTE/NbHO Majoro auamerpa. [losTomy Mens-
e ¥3ru6 npoduasa ¥ pasHHLa B BO3AEHCTBUH CKOPOCTHOTO
pexHMa Ha ero ajeMeHTbl. Jlis yMeHbIICHUs Pa3HoCTH pac-
YETHDLIX M ONBbITHBEIX 3HayeHuil [kpusble [, 3 (cm. puc. 17, a)],
Kospduuuent k; B dopmysae (8) caeayer OGpaTh MeHblUe
eaMHuULl, Hanpumep 0,8

B pesynbrarte ucciegoBaHus # aHaau3a YIIUPEHHS CPem-
HHX JIHHHH TOJOK YIJIOBOH CTa/ju IIPH NPOKaTKe B pasBep-
HYTBIX KaJubpax CjlelyeT OTMETHUTb, UTO IOJyuyeHHbIEe 3Ha-
UCHHS YIUHPEHUs CPCAHUX JHHHUHE B KaauGpax NMpH NOKATKe
yIJOBOI CTaNy NOoATBepkaatoT pekoMenpauuu A. I1. Uekma-
pea, b. B. Mepexkuna, H. B. Jlutosuenko u M. M. lrep-
HOBa O HEOOXOAHMOCTH YBEJIHUHTb pacyeTHble 3HAUEHHS
VIIHPEHHS JUi KaauOpoB YIJIOBOH CTaJH, MOJyUEHHbIE 110
H3BeCTHLIM (OpMyJaaM, NyTeM MNPUMEHEHHs ChelHa bHBIX
Ko3(pduLreHTOB AnaA Kaxporo kamnubpa. [ToaTeep:kpaercs
npaBUJABHOCTL peKoMmenjposanHoro A. TI. UYekmapernM,
b. B. MepexuunM, H. B. JInToBuenxo npuHuumna o pacrnpe-
JeJleHHN YUTHPeHUsT JIJIsl 1lepaBHOBOKOH YIJIOBOI CTaJ H MPO-
NOPLHOHAMBHO JJuHaM nosaok. Ilpemsioxkennas dopmyaa
(8) Bmosine mpuMeHHUMa RIS ONPEJEJNEHUS YIUIHPEHHs B Ka-
aubpax yraosoil craan. Tpn atom rkosduuuenrt 2, o Bro-
pOM uJieHe ee MPAaBOH UYacTH MO3BOJSIET YUYHTHIBATL pasme-
pbl IPOKAThIBAEMBIX NPOGHUILH YIVIOBOH CTaM.
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Koagpuyuenror goicornoli degpopmayuu
8 3AeMEHTAX Kaaubpa y2A080L CTAAU

BoJbIIKMHCTBO aBTOPOB A0 CHX NOP HEe NPHUAAIOT 3Hade-
i COOTHOHIEHHIO KO3((PUIHEHTOB BLICOTHBEIX Ae(opMalni
Il 3JIeMeHTaX Pa3BepHYTHIX KaJHOpOB YIJOBOH cTanH. Mex-

TeM B NpaKTHKe KaJaHOpOBKH NMpodHuJeld ¢ ApUMEHCHHEM
ClICTeM Pa3BepPHYTHIX KajgubpoB 3TH COOTHOLUEHHS PeryJnu-
[VIOTCSl ONpeJefeHHON BeJHUMHOH pajuyca neperuda B Me-
cte 06pasoBaHus BEPLUUHBI YIJIa.

Yyer onTHManbHOTO COOTHOILEHHS KO3((QHUUHEHTOB BLI-
coTHBIX gedopMaluil B sJeMeHTax KaJaudpa yrioBOi craqd
NcOBXO/IMM IS NOJyUueHHsi YCTOHUHBOTO BBIIIOJHEHHS Bep-
(IHIHBl IPSAMOro yIJla Ha FOTOBOM Ipodu/e. Yraosas crajb
[\[eeT Pa3HYI0 TOJNLIHHY MO CEUeHWI0 Npoduas (B MOJKAX
i BepHIMHAX YIVIOB), MO3TOMY IPOKaTKa e€e M3 3arOTOBKH
NBAZPATHOTO HJH NPAMOYTOJILHOTO CeUeHHH OyAeT CONpo-
HOZKIAATbCH HEPABHOMEpPHBIM O0KaTHeM DO IIHDHHE, T. €.
¢ pa3HbIMU KO3(GHIHEHTAMU BEICOTHON AedopMally B 1OJ-
NiIX W B BepluMHe yria npoduas. Bo Bcex xanubpax yrao-
KO CTanH B BepLIMHAX YIJIOB OTCYTCTBOBAJH 3aKpYyIJAeHHS,
r. e. ObLJI Jl@H NPOCTOP [JIs 3alOJHEHHS BepIIHH YIVIOB.

Mamenenne ko3(puuuenTa BLICOTHOH aAedopMaLHH 1]
HOJOK M BEPIIMHBI yIJIa, @ TAKXK€ YIJIBl PACKPLITHA TOJOK
IpHBefleHEl Ha pHc. 16. 3meck BO BCEX CepHUSAX TEeMIIETOB
VITOBOH cTaau KO3 (MUMeHTH BBICOTHOH HeopMaUuu 1)
NOJTOK M BEPHIMH yIJjia [JIsT YUCTOBBbIX Ka/JluOpOB MexXJy Co-
(0 paBHbl, @ B HEKOTOPBIX TEMIJIETaxX 1 IO BepLIMHAM Yr-
LI IPOMHUIS HECKOJbKO OoJibllle, UeM TNOJOK. DTO obecme-
nipaeT OoJee YCTOHYMBOE 3anoJiHeHNe BepLIMHBL yraa Ha
10TOBOM npoguae. B npenuncroBoM xanubpe yKazamuuble
no3h@UIONEATH Pa3HUHBL [0 yrJaMm 1 HeCKOJNbKO MeHbLe,
¢M B noJkax. B nocienyioliux (MpoTHB X0oja NMPOKaTKH)
Liaubpax 5Ta pasHHILA YBeJHYMBAETCS, LOCTHrasi MakcH-

Ma B nepBOM NpodHABHOM KaanOpe. Maxkcumalienas pas-
nia B Koa({HuUHEeHTaX BLICOTHOH AeopMall# B NEPBBIX
0 XOAy NPOKaTKKW (PACOHHBIX Kajgubpax JOCTHraeTcs 3a
¢ieT OOJBIIMX YIJIOB PACKpLITHS MOJOK M 60Jiee BBICOKOM
1eMIIepaTyphl TPOKATEIBAEMOTO MeTasa.

B uncTtoBoM Kanubpe, Tie CPaBHHUTENbHO HH3KasA TeMIe-
[ITypa MPOKATEIBAEMOH I0JOCH H MaJgblii yroJ pacKpbITHH
11110, OOBIYHO NIPH BBITIOJHEHHH KaJHOPOBKY HE JOMycKaer-
)l PA3HUILA B BEJHYHHE YyKa3aHHHX KO3(P(DUIUEHTOB BEICOT-
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Ho#t medopmauuu. Ha ocHoBaHMU pe3yNbTaTOB AaHHOIO HE
CJe[lOBAHHS PEKOMEHJO0BAHbl CJAeAYIOLlHe COOTHOLUEHHS KO
a(pPHULUHEHTOB BBICOTHEIX JedopMaluil B BeplUMHAX YIja
NOJKax YTIOBOH CTasH:

Howmep CooTHoteHHe Homep Kann6- CooTHoleHHe
KanH6pa Koaq;?g:,uen— ba KO3Q¥%IQ.LMQH-
I 0,0—0,05 A% 0,20—0,25
I1 0,0—0,05 Vi 0,25—0,30
11 0,10—0,15 VII 0,35
v 0,15—0,20

Hccnenosanne yilnpenusi CpeIHAX TUHUHR
1 K03(PULHMEHTOB BLICOTHRX NedopMavuil
B Pa3BEPHYTHIX Kaxubpax wiBesanepa

[To jauHOl MEeTONHMKE BBINOJIHEHO HCC/AeI0BAHHE YLIHPE
HHSI CPEIIHHX JUHUE W KO3(DPHUUHUEHTOB BLICOTHBIX Ae(Op
mManuit Ha crae 650 npu npokatxe weennepa Ne 16, Ha crd
He 600 npu npoxartke wBessepa Ne 12, na crane 280 npl
npokatxe npodpunsa Ne 8. -

Ha puc. 18 npuBenensl OTnevyaTkn TeMIJETOB OT PaCKa
ToB WBeanepa Ne 12 na crane 600. PesyabraTel H3MepeHH
3THX TEMIJIETOB H DacCyeTHblE NapaMeTpbl HPOKATKH HX [
Hpl B Taba. 2. Ha puc. 19 naubl 3aBHCHMOCTH TOKa3aTell
VIIMPEHHUsi OT H3MEHEHHs OTHOLIEHUS IJHHBI o4ara aedof

Ta6nuua

3HayeHne TEXHONOFMYECKHX NAPAMETPOB NPH NpokaTke weeanepa Ne |
Ha craHe 600 (3aroroBxa hoXbo=95X145 mn) 4

=
=2 A
x5 . - .
o8 E § 2 i: § My =1 3 3 = cp
s 2| - 3 = = . ol I 5 b
5QaQ =% o. o -~ ~ S 3 = -
FEEL | 21 o | 9| 4 3 3] & | LK
I 6,5(1,28| 205,5| 4,7| 0,20 4,3|1,28] 90|296,7| 7,1 18,8/ 2,69
11 7,7(1,24] 200,9| 4,8 0,40 4,0(1,21| 85296,1| 8,65/ 23,7| 2,74
111 9,6/1,44| 196,0| 6,0| 0,50 5,0(1,26| 90 |295,2| 11,71 35,2| 3,01
IV < 13,8/1,58] 190,0{ 10,5 0,25 10,0 1,33| 90[293,1| 17,8/ 48,4| 2,72
V |21,81,73] 179,5/ 10,5 525 | 0,0]1,39] 85 289,1] 29,8| 68,0/ 2,88
VI |37,8/1,61|169,0] 15,0/11,50|—8,0]1,39/100 | 281,1| 49,3| 80,2| 1,63
VII [60,8/1,56] 154,0] 9,0 — — | 1,41/114 | 269,6| 77,8 95,6( 1,23
38

Puc. 18. OtnewaTKM TemMnJeToB 0T pacKkaTtos wsenanepos Ne 12
Ha cTaHne 600

a
AR

26 13

Puc. 19. 3asncumoctn ToKasartens ywupenns (Al/Ah) oT (/)71'(}[{704

WeHNA AMURLI ouara pedopMaunn K cpejrell BmcoTe ylhp
) c

_ B DasBepHyTLIX Kaanbpax:
@ — wBeanepa Ne 12, 6 — npoduas Ne 8, /1 — ombiTHaRr, 2 — o
dopmyae Fy8kina, 3 — no dopmyae (8) nT
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Mallliki K CpefHell ero sbicoTe. Mamenenne ko3(p@uuueHTOR
BLICOTHBIX NedopMaldil H YIVIOB PACKPLITHS TOJOK NO MpPOs
xojam aas npoduiell wipesanepa npusegennl Ha puc. 20, 21

Anann3upys onpiTHble JaHHble O YIHPEHHIO CpeiHHX
JIMHUIT B pa3BepHYTHIX IUBeAJEpHbIX Kaaubpax, MOMKHO OTs
METHTb, YTO B HHMX TaK K€ KaK H IJis YIJIOBOI CTasH, Ha
OJ1I0210TCA BLICOKHE N10Ka3aTeNH YUIMPEHHs 1o Kaanbpamy
Jlaxke HECKOJBKO Bhlllie, UeM B KaJauOpax YIIOBOI CTaJH,
Hanpumep ana wBeasepa Ne 16 B UHCTOM [IPOXOJE
AlJAh=428, a aas yraoso# crani okosio 2. B uepHOBHIX
[IPOX0JaX OH IMOCTENCHHO MOHHIKAETCH K MepBOMY NpOdH/b
HOMY Kanubpy.

Has wBennepa Ne 12, xax u gaa wseanepa Ne 16, nas
6aropaercs yBeqHueHWe YUIUPEHHs CPeAHell JHHUH npodu
Jas. B umcroBoM KkanuGpe mnoxkaszarenn Al'Akh pasen 4,10
B NPEIYUCTOBOM — 2,53 U Jlajee IOCTENEHHO yMeHbilaeTcs
1o 0,265 B nepBomM npodusibHoM Kanuodpe. [lokazaTeas yuy
peHHS B 3TOM CJyuae 3/eCh YBCJIHUYEH [0 CPABHEHHIO C TO-
KaszaTeaeM YIUHPEHHS AJs1 VTJOBOH CTAAH, 3TO 0O BICHACTCH
66sbIinM u3ruGoM npodus iuBeasepa, 6ojsee HU3KOH TeM=
flepaTypoi ero NPOKATKH ¥ MeHblllell TOJWHHON 10JOCH B
OJHO3HAYHBIX NIPOXO/AX.

Ha puc. 19,a npuseneno usmenenvne Al/Ah B 3aBUCHS
MOCTH OT lyp/hey s mseanepa Ne 12. Buano, 4To KpHBLIe
H 2 He UMEIOT CXOZHUMOCTH, 2 CXOLHUMOCTb KpPHBRHIX [ 4 J
xopowas. Takum obpasom, no opmynae (8) MOKHO oIpe:-
HeJMHTb BEJMUUNHY YIUMPEHMsS CpeJHHUX JIMHWI 14 pa3Bep-
HYTBHIX ILIBE/JIEPHBIX KaJduOpPOB C [OCTATOYHOH CTENEeHDLI)
TOYHOCTH.

Has npopuns Ne 8 npusemeno namenenune Al Ak o
Li/ep (cM. puc. 19,6); xpuBast 2, MOCTPOEHHAs MO pacueTs
HBIM JaHHBIM (opMmynn ['yOkuna, He cOBIAfaeT C ONLITHOH
kpuBoit /. KpuBas 8, mocTpoeHHasi 110 pacueTHbIM JaHHBIM
bopmydasl (8), no xapakTepy CXOAHA C 3aKOHOMEPHOCTHIOR
NPEACTABACHHON IKCIEPUMEHTANbHON KpUuBo. OQHAKO B HE
KOTOpO# YacTH Ha KPHBOH 8 moJjiydaeTcsl 3aBLILICHHLIH 1104
Ka3aTeslb YIIHPEHWS MO CPABHEHWID C ONBITHBIMK JaHHDLIMH.
Hexoropoe HecoBnajenue Kpusbix / H 8 MOKHO OODBSICHHTH)
TeM, 4TO pazmep npoduns Ne 8 mo cpaBHeHHI0 ¢ pasmepa
Mu wseasgepos Ne 12 u 16 man, npopuaps Ne 8 npoxateiza
eTCsl Ha BaJKax Majioro AHamerpa, MpH 3TOM HabJioLaeTcap
MEeHBIIHI U3rUG MOJMOK ¥ MEHbIIAS pas3HHLlA B BO3NCHCTBUHS
CKOPOCTHOTO peXHMa Ha 3jeMeHTH npoduaa. Ilag TOre
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1700L MPHOAUINTL COBNajeHHe KPHBbIX I 1 3, HEOBXOAUMO
ko3 duuneHT £y B dopmyne (8) npunars pasHpiM 0,8—
01,85, 3aMeTUM, UTO MO BCEX CAydasx s NOCTPOCHUA KPH-
roit 8 no chopmyne (8) mias Bcex npoguieit B3gTo k=1,
[ToxazaTenb yiiHpeHHs cpenHedl aunnu npoduias Ne 8 B
''HCTOBOM KanuGpe coctaBiasieT 3,4, B mnpenuncrosom 1,56,
n kanubpe V—0,5, 4yTO 3HAUUTENbLHO BBLIlE er0 3HAUEHHI,

OTY4eHHLIX paCueTHHIM NyTeM MO OOBYHLIM (popMyJsam
120
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Puc. 21. VsseHenue KO3p-
(HUKEHTOB BBICOTHBIX Je-
dopmanuit M (/ — 8 mox-
Kax, 2— B yraax npogu-
n8) W YraoB O pPacKphl-
THS AOMKH M CTEHKH B
PA3BEPHYTLIX Kanubpax
npogunsg Ne 8

Puc. 20. Masmenenue xosd-
GUUKEHTOB BBICOTHBIX Je-
dopmauult N (/ —B noxa-
KaX, 2-—B yrnax mpocH-
AR) W yraa O pacKpbITHSA
NOAKH H CTEHKH B pa3Bep-
HYTLIX Kaaubpax wseane-
pa Ne 12, crau 600):

VIIMPEHHsl, OCOGEHHO B IIePBBEIX UETbIpeX KaiuGpax NPOTHB
voma npoxaTtki. McXonsi M3 BBILICH3J0XKEHHOTO, MOMXKHO OT-
METHTE CUeRyoliee:

1) ywmnpenne cpeareii JVHUM B pasBepHYTHIX LiBeJJIep-
HLIX Kasubpax 3HauuTeNbHO 6OJbLIE YIIHPEHUS TOAOC, TIPO-
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KaTaHHblX Ha BaJkax C IVMaaKoi#l OOUKOH, U He MOXKeT ObiTh
OnpenejeHo NO M3BECTHLIM (POopMyJsaM yUIHPEHHA, :

2) nnsi onpenesieHusl YIWHPeHHST B Pa3BEepPHYTHIX IIBeJs-
JIePHEIX Kaaubpax npuMenuma Gopmyna (8). Koapduunent
ky B 3TOH (opMyne MOJKeH NPHHHMATLCS B 3aBUCHMOCTH:
OT pa3Mepa UIBeAJepa; .

3) ylupeHUe cpeaHell JIMHUK B pa3BepHYTHIX Kajubpax
liBeJJiepa B OCHOBHOM paclpejessieTcsi NpONOPLHOHANBHO:
ITHHAM 3/1eMEHTOB NPOQUIs, Kak W A HePABHOOOKOH YT+
JIOBOH cTany.

Koaghpuyuentor goicoTHoll deghopmayui
8 IAEMEHTAX PA38ePHYTLLX WEeANePHbLX KAAUOpOs

[lpn xanuGpoBKe WIBEJIEPOB NO pPasidYHBIM MeTONa
COOTHOILIEHHe KO3((PHUIUEHTOR BBICOTHOH pnedopMalHH MOE
aJeMeHTaM KaauOpa peryaupyeTcsi BHICOTOH JIOKHBIX (uaHs
ues. OnrTuMmanbHOe COOTHOUIEHHE KO3 (PHIHEHTOB BLICOTHBIX
nedopMauHil B Pa3BepHYTHIX LIBEJJIEPHbIX KaauGpax HeoOs
XOOWMO [/ TOJyuyeHHs YCTOWYMBOrO BLINIOJHEHHST BEPILH-
Hbl MPAMOTO yIJa Ha TOTOBOM npoduie. Tak, Npu oCBOGHHH
KaauopoBku wmiBessepa Ne 12 ua crane 600 CanguHckord
3aBosa Onla OnNpofoBaH BapHaHT KaaHOPOBKM 0e3 JIOHHBI
¢daannes, Kak 310 pekoMennyer 1. M. Crapuenxo [2]. B pe:
3yJbTaTe TOTOBHIH NPO(GHAbL HMEJ HEBLINONHEHHE (YTAXKKY S
BHELIHHX BepPLUHH NPAMBIX YIJOB.

I'paduxu usmenenus k03(P(QUUHEHTOB BLICOTHOH Ae(op:
MalUuy B BEPUIHHAX YILJOB H CPeJHUX KO3(DPUIHEHTOB BhIs
COTHOH neopManHH MOJNOR U CTEHOK, a Takxke YIJOB pacss

ne@opMalU¥H IO4YTH COBNARAOT, a AJAd wBedgepa Ne 12 K
npodurs Ne 8 KoshpuLHEHTL BEICOTHOH gedopMalHu B Beps
HIHHAX YIJIOB HECKOJBKO BhILIe CPeJHHX 3HAaYeHHH K03D DU

AYIOIIHX Kanaubpax T4 KoahPHUUHEHTBH B yryaax MpodHJy
YMEHBIIAIOTCSl OTHOCUTEJBHO 3HAUeHHIl cpeanux Ko3hdhH
LUEHTOB BBICOTHHIX AedopMaluil nosoK u cTeHoK. Haubosp)
mas pasHula 3HaueHud KO3(P(PHULHUEHTOB BBLICOTHHIX AEPOP:

HLIX KaJaubpax, uTo AOCTHraeTca 3a cyeT OOJbIINX YIVIOE
PACKPLITHA MOJKH CO CTeHKO# ¥ 6ojiee BHICOKOH TeMnepa
TYpOIi POKATEIBAEMOTO MeTasLa.
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Hccanepopanne yiuupennst cpeRinx JHHRMA
B Pa3BePRYTHIX Kaaubpax
npoduJieil 3et u asroobona FA3-53

Buin mcemenoBan cneumadbuplil npoduas 36X 36X23 X
H8XTX6 mm u3 turanosoro crnasa OT-4 ua crane 300.
l(smenenne Al/AR oT [;/h, TnpencTaBieHo Ha puc. 22, a.
KpuBaa 2 pacmofioKeHa 3HAYHTENbHO HUXKE ONLITHOW KpH-

0 a 4 -
S5E T J . 3r
ok <ol
v 2 <
,5F \/ 1
i 0 [ | L [
I8 20 22 20 25 30 35
Zg/h[p

ic. 22. 3aBucHMOCTbh Mokazarteas yiwnpenusa (AI/AR) oT oTHOlIeHus AJTUHBL OYara
AedOpMAIM K CpeaHel BhICOTe (lomcp) B Da3BePHRYTBLIX Kanuopax:

a — aer 36X36X23X8X7x6 mau: 6 — aprooBona [A3-53

poit I, T. e. moxasaTesiH YIIMPEHHS NO Kajgubpam, moayueH-
lible pacueTHbIM NyTeM IO OOBIUHBIM (QOpMyJsaM YIUHpPEHHS
IIpM NIPOKATKe TONOCH Ha Bajkax C riagxkof 60UKOH, He ¢o-
OTBETCTBYIOT (pakTHyeckuM. Kpusas 3, noctpoennas mno pac-
USTHBIM AavHuiM GopMynrl (8), TakxKe pacnojoxena He-
UKOJIbKO HMXKe ONLITHOH [, 0AHAKO IO XapakTepy OHa IO-
LTOpSIET ONMbITHYI KpHBYW. Hecosnanenue xpupbix [ u 3
(OBsicHAETCA (PU3HYECKHMHM CBOHCTBAMM CIJIABOB THTAaHAa,
IIpOKaTKa KOTOPBIX COMPOBOXKAAETCST yBeJHUEHHEM YLUIHpe-
st 3a cyeT boukooOpazoBanus. s TOro uTo6bl KpUBEIE
[ v 3 coBmanany WiH UMesu GJAH3KYI0 CXOAHMOCTh, HeoBXo-
MO 4TOGHI B popmyae (8) xosduuueHt k; Gp Goablie
cAuHULbBL. B maHHOM cayuae Hano B3ATh Bp=2, YTO COOTBET-
¢TByeT NMPHMEPHO Y/BOCHHOH BeJUUHHE YUIHPEHHST CIIABOB
TiTaHa Mo CPAaBHEHHIO C YUIMPeHHeM, NOJYyYaloLluMCs TNpH
IIDOKaTKe PANOBLIX CTaJjiel Ha Bajdkax ¢ DJIafAKoH GOYKOH.

W3 npyrux npoduieii, NpOKaThBAEMbIX B Pa3BEPHYTHIX
naaubpax, A HCCJACNOBAHUS YIIHDEHHA CPefHeH JHHUH B
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pasBepHyThIX Kanubpax Opln B3AT Npoduib apToob0/d
'A3-b3. 3asucumocts IJAh o1 Al/he, mast 3TOro npoduis
npexacrasseda Ha puc. 22,6. Kax u nnsa npuBejleHHBIX pa-
Hee npoduaes, Kpupas 2 pacOosyiolKeHa 3HAUHTEAbHO HHIKE,
yeMm /; 3— coBllajaeT ¢ KpHUBOU / TOJDBKO B YHCTOBOM Ka-
Aubpe, B OCTaJbHLIX Kaaubpax OHa pachnoJoxkeHa BBILIE,
HecoBnajenne KpHBBIX MOMKHO OOBACHHTB TEM, YTO B 34-
KPBITBIX YEPHOBBIX Kanubpax OBIJIO MPHHSTO 3HAUHTENbHOE
CTeCHeHHe YUIMpeHus.

Bennuuua yuminpenust cpeiHeil JHHUH B pa3BEPHYTHIX Ka-
nubpax jpis npoduaeil apToofoma M 3eT 3HAUHMTENBLHO IIpe-
BBILIAET 3HAUEHHUs, NMOJYUEHHBIe PACUETHBIM NyTeM 10 (op=
MyJiaM Jid yCAOBUM NPOKATKY MOJOCH Ha BaJKax C IVIafKoil
6oukoil. C J1OCTATOUHOW TOUHOCTHIO YIUIHpEHHe B pas-
BepHYThIX Kanubpax aasg npoduiell 3er u aproodoga MoO-
JKeT ObiTh onpefeneHo nmo ¢opMyte (8) c npuUMeHeHHEM
COOTBETCTBYIOLIErO KOI(pduUHeHTa k) B 3aBHCHMOCTH OT
pasmepa npoduad.
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Faasa 11
OCHOBb! KANMBPCOBKHU BAJNIKOB
C NPUMEHEHKEM CHUCTEM
PA3BEPHYTbIX KAJIMBPOB

CopramenTt npoduaeil, NpOKATKa KOTOPLIX BO3MOXKHA
B Pa3BEPHYTHIX Kanudpax

[Tpokarxa mpoduseil B paspepHyThIX KaauGpax I03BO-
JIAeT YMEHbUIHTh TPeHHe B Kaaudpax, CHU3UTh PacXoj 3Hep-
IHH Ha TIPOKATKy M COKPaTHTb PAacXOj MPOKATHBIX BaJIKOB.
B passepHyThiX Kanubpax MOKHO NMPUMEHSITL yBeJUUEHHbIE
00 KaTHsi BCJIEACTBHE HAJHUHSI BePTHKAJBLHOIO HJAH OJU3KO-
ro K HeMy JIaBJeHHsl Ha MeTa/J CO CTOPOHbI BaJjKOB, YTO
103BOJIAET BECTH npolecc BoJsiee nHTeHCHBHO. [TosTomy mpo-
KAaTKa Npou/Ie B CUCTEME Pa3BEPHYTHIX KaJHODPOB siBJAsET-
cA Haunbosee pannoHanbHOH., OfHAKO He BCAKHA mpodHab
MOKHO TIpOKaTaTb C NPUMEHEHHEeM CHCTEM pa3BEepHYTBHIX Ka-
aubpos. K npoduasimM, npokaTka KOTOPbIX BO3MOXKHA B pa3-
BEPDHYTBIX Kanubpax, OTHOCATCS TakHe, rae B KaXKJI0H TOu-
Ke Iepexoja OT OJHOTO 3JeMeHTa K IPYyroMy COWIeHseTCs
He GoJsiee ABYX 3/aeMeHTOB. OOBLIUHO 3TH 3JEMEHTbl B CBOeM
CeUEeHHH UMelT (HOpMy NPSIMOYTOJbHBIX MW KAHHOBWIHBIX
noJioc (MOJKH) U NPAMOYTONbHBIX CTEHOK, COYNEHSAIONUXCS
MOJ NPSAMBIM YIJIOM. :

C nmpuMeHeHHEM CHCTeM pa3BepHYTLIX KaJuGpoB Mpo-
KaTbIBAIOT Npouau craau yraoeol pasHoBokoir (I'OCT
8509—57) ; cranu yraosoi Hepasuotokoil ([OCT 8510—57),
uiseanepos (I'OCT 8240—56), cranud aas WaxTHOrO Kpel-
aeHus (FOCT 5157—53), craau nJs OKOHHBIX M (POHAPHBIX
nepernjeros npompiitinenusix 3pauuit (FOCT 7511—58), cra-
Ju 3eToBOll ass xpebToBod Sanku BaroHos( ['OCT 5267—
63), mpensnepop ans sarowos (I'OCT 5267—63), seroBoi
cranu aas saroHos (FOCT 5267—63), cranu yrao06y.b-
6oBoit mua paronos (I'OCT 5267—63), cTanu crennaldbHbIX
npoduieir gad  cenbckoxossilctBeHHBix  mawud - (TOCT
12492—67), cranu gasg wnydatoseix ceail ([OCT 4781—55)
HLp.
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OGocHoBaHKe MeToja pacyeTa TONEPeyHON
M BBICOTHOH aedpopmauiil 8 pasBepHyTOM Kanubpe

[Tpu pacuere napameTpos pasBepHyTOro kKajaubpa Hau-
Gosiee BayKHO ONMPELENHTH MONEPEUHYIO (yuripesue) M Bbi-
coTHyio (06KaTHE 3JeMEeHTOB Npo(HA) nedopMallyH.

Ilepsonauansio nonepeunyto nepopmauHio B passepHy-
TOM Ka/HOpe pacCunTBIBAMM MO ero FOPU3OHTANBHON Npoek-
urd. Ilpu sTomM Benuunny yiinpenus Bcerna NpUHHMANU TO-
JOXKHTENBHOH. ONHAKO OINLIT MOKa3as, uTO OHA YaCTO He
COOTBETCTBYET PACCUHTAHHON 110 TOPH3OHTANBHOH NMPOEKLKH,
a MHOrja Jaxke mojyvaercs OTpuuaTenbHoH. B paseepuy-
ToM Kanubpe nonepeunas gedhopMalus NPaBHIbHO MOXKET
GbiTh ONpefesieHa JHIE MO U3MCHEHHIO AJHHDI CpejHeH JIH-
HHH [cp, KOTODAs TPH NepexOie OT Kaauopa K Kanuobpy us-
MEHACTCH TOJBKO Ha BeJHYHHY YIWIHPEHHsA. DTOT MeTO.H Ofi-
pelesieHus nomepeuHol nepopmMmauun cBOGOAEH OT HEJOCTAT-
KOB, NPHCYIIUX MPUBEAECHHOMY BbILIE, U BIOJHe OOBACHIET
NPHYHHY HHOTAE HAOJI0AaeMOTO OTPHLLATENBHOTO YU eH M|
NpH yMeHbIICHHH OOLIeH WUPHUHBL NPOQUJIS AJIHKA CpefHeit
JHHHH €ro YBEJWYHBAETCH B PE3yJabTaTe POCTA BBHICOTHI Ka-
nu6pa. Tlpu pacuere nonepeunoit nepopMaulMy N0 AJuHe
CpPelHel JIHHUM YUIHPeHHe BCerfa OYAET MOJOMKHUTEIbHBIM.

Hoanua cpenneil nrnun lep, B N-HOM pa3BepHYTOM Ka-

nubpe (puc. 23, A0, Oy B) onpesesiercs 1o ee AJHHe B mep-
BOM (UHMCTOBOM) KanuGpe /¢y B COOTBETCTBHH C YpaBHEHHEM

leﬂ, = lcpl_(A[l + AlQ + + Aln—1), (9)

e Aly, Aly, Al,_, — ywnpende CpegHHX JHHHI B CO-
OTBETCTBYIOLIMX Kaaubpax.

Hist ynoGeTsa pacyera mapaMeTpoB H MOCTPOCHHS Ka-
NUGPOB COCTABASETCA ypaBHEHUE AJIst ONpefeseHHs] AJHHEL
CpenHel JHHHH KaXA0T0 3JeMeHTa NPOMHAA (CTeHKH, NIOAKH
M JIp.) ¥ pelllaercst OTHOCHTENLHO FOPH3OHTABHBIX TIPOCKIIUI
B, u B, (cm. puc. 23). ’

I[TpokaTka mpoduis ¢ MpuUMeHeHHeM CHCTeM pa3BepHy-
ThIX KaJUOPOB OCYLIECTBJISETCH MyTeM NOCAeNOBATESLHONO
06:KaTHsl H H3THDA €ro 3jJeMeHTOB. B uucTOBOM Kanubpe
nosioca nyteM IubKH B COUETAHHH C HEGOJBbIIMM OGKATHEM
opopmisieTcs B rotosblii npoduab. B mpoliecce pacuera u
MOCTPOCHHS Ka/NMOPOB BaxKHO 00eCNeyTh NpPaBH/IbHOE IMO-
CJe0BaTeIbHO H3MeHeHne KOH(DHUTYPaUHH KaJauGpos 110 Bbl-
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core. [lpu 3TOoM B uepHOBBIX Kaaubpax onpeaessiouHMH
napaMeTpaMu SBJSIOTCS YIVIBI PACKPBLITHA CPeJHMX JHHUH
NOJIOK ., Y CTeHKH f,, BeicoTa kanubpa [, W paguyc ouep-
TaHua cpefHefl TMHUHA NONOK r, (cM. puc. 23). Hns npenun-
CTOBOTO Kanubpa yNoMsiHyThle MapaMeTpbl YCTaHABJAHBAIOT

Puc. 23. Pa3BepHyThll Kaaubp 3eTOBOH CTajd M ero
OCHOBHDBIE 3JIEMEHThI .

OTBITHBIM NYTEM, HCXOAS M3 YCJIOBHI MaKCHMaJbHO BO3MOXK-
HOrO pasBepThIBAHUSA NpodHJIS NPH OJHOBPEMeHHOM obece-
YeHHH YAOBJAETBOPHTENBHOIO 32aXBaTa NOJOCH BalKaMU H
MOJIY4eHHS NpH MPOKATKe YCTOMUHBBIX PasMEpoOB MPOHIIS.
Papnycel ouepTanus yyacTKa AYTH CPeAHUX JHHUHU MOJOK H
TOPU30HTAJbHbIE NPOEKLHH HX ONPeNesioTCS U3 ypaBHeHHUs
OJIMHBL CPENHUX JIMHUH MOJIOK. .

M3ameHeHWe yTJIOB DACKPLITHS CPEAHHX JHHHHA MOJOK
(cM. puc. 23) no kaaubpam OTAEIbHBIMH HCCAeJOBATEISIMU
[2] permaMeHTHPOBAHO HA OCHOBAHHH ONBITHBIX AaHHbBIX. JLpy-
rue HuccrenoBatenu [8] peKOMeHAYIOT 3TO H3MeHeHHe NO
apu(hMeTHUECKO! NTPOTPecCcHH. .

M3smeHeHye yrioB pacKpbITHR CPeNHHX JIHHHH TOJOK U
CTEHKH, a TakKe BHICOTHl B Kanubpe Hag0 OCYLIECTBJSTb
NPONOPUHOHANbHO OOXKATHAM, KakK 3TO . peKOMeHJyeT
A. T1. Yekmapes [6]:

an = ag — (Aug + Aas + ... + Adny), (10)

rie G, — YTOJ pacKpbITHs CpefHell JHUHHH
IIONKH B 7-HOM KaJaHu6pe;

Oy — YTOJ PAacCKPLITHA CpelHed JHHHH

NOJMKH B IIpeJUYUCTOBOM KaJjaubpe

(npuHUMaeTCsT  KOHCTPYKTHBHO);

Aay,, Ac,, Ao, — Tpupallenys 3TOTO yrjia B COOT-
BETCTRYIOIIHX Kaaubpax.
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[Tpupautenue Ac,, yriop packpbiThsi CpeAHHX JHHUI 1O-
JIOK B 71-HOM Kaaubpe onpenesasieTcst U3 ypaBHEHHs

[e4
Ao, = =2

Ak
n EAI’L ny

(11)

rae 2Ah— cymMma 06:xkaTuil NOJOK BO BCEX pPas3BEPHYTHIX
Kaaubpax (UcKJIOUasT YUCTOBOMH);
Ah, — ofxaTHe TIOJKH B 11-HOM Kasiuope.

Bricora n-oro kamubpa H,, T. e., BEPTHKAAbHAS IPOEK-
UHSI CpefHel JTUHHU NOJKH (CM. puc. 23), onpepensieTcd aHa-
JIOTHYHO YI1aM PacKpPLITHS CPeJIHHUX JIMHHUI NMOJOK:

H”:Hg—(AH2+AH3+.--+AH‘n—1)a (12)

rae H,— BbicoTa npeguucToBoro xaaubpa
(npuHUMaeTCs KOHCTPYKTUBHO)
AH,, AH;, AH,_,— npupauiesite BHCOT B COOTBET-
CTBYWILUX Kanubpax, onpene-

JseMOoe U3 BbipaKeHud

He

A, = SA

Ah, (13)

Papuycel 3akpyrieHuii KOHUOB MOJOK CJAEAYET H3MEHSTh
no xaaubpam Taxkxke NPONOpPUHOHAMbHO 00xKaTUAM. TOAMIH-
Ha JJONKH U CTEHKH ONpeJefsercs nyTeM NpeiBapHTe/IbHOTO
NPUHATUA PAAa KOXPOHLUHUEHTOB BLICGTHON aedopMalluu 1O
IPOX0jJaM B 3aBHCHMOCTH OT MOLI{HOCTH NIPHBOJA CTaHa, IpOou-
HOCTH M H3HOCOCTOHWKOCTH BaJKOB, IJACTHUHOCTH MeETaJsna,
(OPMBI MPOKATBEIBAEMOr0 NPOQUAST H ApP., T. €. JUI KaxJ0ro
KOHKPETHOTO CJyyast NPOKaTKH.

M5 yeTORUMBOrO NMOJyueHHA pa3MepoB Ha FOTOBOM Tpo-
(HIe HeOOXOAUMO B NEPBLIX ABYX (NPOTHB XOAA NPOKATKH)
Kanubpax NpHHHMATL paBHble KOIDMHUIUHUEHTH BBICOTHBIX [e-
(opMauHil B MOJKAX, CTEHKAx M BepIIMHAX yrjaoB. B nocne-
ayoouux (MPOTHB XOJa MPOKaTKH) Kaaubpax NpHHHMAaeTcs
NOCTENEHHOE HapacTaHHe pa3HoOCTH B BeJHUHHe KO pHUHEeH-
TOB BLICOTHBLIX AehopMauuil no sneMenTad npoduis (MoK,
CTEHKH, BEDLIMNL YIJIOB), KOTODaAs AOCTHTAeT MaKCHMAaMb-
HOTO 311a4ellds B 10caeHeM NpouasHOM Kanubpe.
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Onpedenenue KoaghpuyuenTos 8olcoTHbLY dehopmayuii
8 3NEMEHTAX Pa38epHYyTO20 Karubpa

HMsBecTHo, 9T0 acouHblil Mpoh AL HeJMb3st NOJYUHTL H3
KBaJpaTHOH MM NPAMOYroAbHON 3alOTOBKH, MUHYS TPOKAT-
Ky ee B NOATOTOBHTENbHEIX KaJauOpax, Tak Kak B 3TOM CJy-
yae He OyAyT BBINOJHEHBl BEPLUIMHLI €T0 YIJIOB. 3anoJHeHHe
MeTaJJIOM BepIUHH yIJIoB B Ka/aubpe 3aTpyaneno. as na-
J€KHOTO BBINIOJHEHHST BePIIHH YIryiOB B Kajaubpe M0JAHO
cOOJIIONaTbCsl ONpefesieHHOe cooTHOolIeHne K03 UIHEHTOB
BLICOTHBIX JeopMauMil y HHTEHCHBHO H He3HaUUTEJbHO 00-
KHMaeMBIX 3JIeMEHTOB NPOQHIs. DTO YyCJIOBHE aHANHTHUECKH
MOKHO DPeJCTaBUTh B BUIE YpaBHEHHH -

e — Ny = ¢, (14)
Ty.c— CPEAHHUIT KO3(P(hULHEHT BLICOTHOH HedopMaltu
NOJKY U CTEHKH Tpoduas;
Ny— KO3 PHUUMEHT BLICOTHON AedOpMalny BePLIHHDL
yria (onpemesisaercst Kak OTHOLIeHHe JUIHH GHC-
CeKTPUC YIJIO0B);
¢— K03 dHUIKNEHT, 3aBUCALIHA OT HOMEpa NPOXOLa.
Kosdduurents BbICOTHBIX AedopMauli My H 1, onpe-
neasores (puc. 24) U3 COOTHOUIEHUH:

rae

. NK

c'D A'B’
Mne = ) v Ny =

1
2 CD AB

B paborax [1—5) ue npunaercs 3HaueHHe COOTHOLICHHMO
K02 GULHEHTOB BBICOTHOH AedopMallu B 3JEMEHTAX pas-
BepHyTOro Kajaubpa. B mpaxrtuke kanubposKku mnpoduiedi
3TH COOTHOUIEHHS PeryJaupyloTcs B xanubpax yraoBo# u 3e-
TOBOH c€TajH, onpeleseHHON BeJUYHHOH papuyca Heperuta
B MeCTe 0Opa30BaHKHA BepPIUHHbBI yIJia MK YCTPOHCTBOM Clie-
LHMaJbHBIX JIOKHBIX (DJAHUEB B IUIBEJJIEPHBIX Kanubpax.

Mex 1y TeM y4eT ONTHMaAbHOTO COOTHOLIEHHSA BBICOTHBIX
JedopmManuil B 3jeMeHTaX pPasBepHyTOro kxanubpa BaxkeH
A5 TOAYUCHHSA YCTORUMBOTO BLINOAHECHHSA BEPHIHHB HPAMO-
ro yryia Ha roTooM Tnpodusae. PacoHHble TPOPHIH, TPO-
KaTblBaeMEBle B PAa3BEPHYTLIX KaaHOpax, HMEIOT Pa3HYIO TOJ-
IHIY B TTONIKAX M BEepIIHNHAX YIJAOB, NMO3TOMY NpPOKaTKa HX
(13 IPSAMOYTONBHON WM KBaIpaTHON 3aTOTOBKH CONPOBOXK-
naeTcst lepaBHOMEPHLIM 00KaTHeM 10 CeYelHo, T. €. BLICOT-
iiple Ko3(unuentol gedopMaliy B N0JKax, CTEHKAX 1 pep-
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WKHAX yIvIoB mpoduast nojyuaiotcs pasubimu. Mccienosa-
HHS KO3((PHUMEHTOB BBHICOTHLIX AedOpPMAaUMil B 3IeMeHTaX
npoduas (cm. ra. ) noxkasanu, 4To Ha GONBIUMHCTBE TEM-
JIETOB B MOJKAaX, CTEHKaX H
BeplUIMHAX YTJIOB &IA UHCTO-
ro xajgu6pa OHH PaBHbI HJIH
PA3HATCS HE3HAYUTEJABHO (CM.:
puc. 16, 20, 21).

B mpeaudcTOBBIX KaJaHb-
pax mnepedyucieHHble Ko3pdu- =
UUEHTH HEOAMHAKOBLI: B Bep- |
LIHHAaX YTVIOB OHH HECKOJMbKO &
MeHplIe, 4YeM B TOAKaX H &
crenkax. B nociaenyionux
MPOTHB XOAa IMPOKATKH) Ka-
nubpax 3Ta pa3HHUa YBeJH-
YMBaeTCsl, JOCTHrasg MaxCH- &
MyMa B MocseateM Kagubpe.

Maxcumanbsasi pasHHLA B BHICOTHBIX KO3 duuKeHTax:
nedopMalMu JOCTUTAeTCs IpHMeHeHHeM OOJBLIUX YIJIOB
. PaCKPBITHS MOJOK H Graropapst 6o/ee BBICOKO MJIACTHYHO-
CTH MeTaJsia.

Puc. 24. TlosicheHue pacyera Ko-

5¢hULHEHTOB BLICOTHBIX aedop-

MauHui B 3J€MECHTAX Pa3BepHYTO-
ro Kaaugpa

Ywupenue cpednux Auruil
8 passepryTolx Kasubpax

B passephyrom ¢acoHHOM Kkanaubpe moJjoca Hapsay €
o6rKaTHeM HCIBITBIBAET TONepeyHblil H3rub. MaoruyThie asne-
MEHTBL MOJIOK W CTeHKH HMEIOT [ONepeyHOe pPacTAXKeHHe,
pacmpocTpansiolleecsi BHE 30Hbl 1eOpMAlNH MeTaNIa, T. €.
BHCKOHTAKTHYIO AeQOpPMaALUIO ITHX 3JeMEHTOB. ;

BHexonTaxkTHan nedopMalks NoJOCH NPOHCXONNT BCACHS
cTBHME n3ruba MoJOoCkH NpH BXOAe B ouar fedopMauuH H BO3-
fefCTBYA XKEeCTKOr0 KOHUA NpoKaThlBaeMoll nosockl. Kpome
TOTO, 3J€MEHTbl Pa3BEPHYTOrO NPOQHISA NOABEPTAOTCS BO3s
NefCTBHIO HEPABHOMEPHOTO CKOPOCTHOTO peXkuma €O CTOPO
Hbl BaJKOB 13-32 PAa3HBIX BeJHUYMH KaTaLHX AUaMeTPOB
Ba/NKOB. DTO BeIeT K yBeJHUYEHHOMY YUIUPEHHIO CPeHHX JIH-
HHI B pPa3BEpHYTLIX Kalubpax MO CpPaBHEHHIO C yUIHPeHHEM:
NpH DpOKaTKe N0J0C HA BajKkax ¢ rnajxoi 60uKkoil.

Benuunua ylunpedust cpepHell JUHUH B PA3BEPHYTOM KA
anbpe onpenessietcs dpopmynoi (8).
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PaccmatpuBas pacnpenesenue yiupenus CpeLHUX JHHUIN
L 3JeMeHTax Pa3BEPHYTOTO Kaanbpa, 34eCh MOXKHO NPHHSATH,
1TO TOJIOCH CPeNHUX PA3MepPOB MPHU NPOKATKE HA BaaKax C
raaakol 60YKOH HMET OTHOCHTENLHO paBHOMEpPHOe paclpe-
eJieHHe YIIUPeHUs N0 LIMPUHE TOJAO0CH. DTO NOJOXKeHHe, Mo-
BHAMMOMY, CIPABEAJUBO H NPH NMpOKaTKe mpoduJsell B pas-
JEPHYTBLIX Kanubpax, nosToMy oflllee yIIHpeHHe cpeaHell JHu-
iux Al B pasBepHyTOM KaJuGpe MOXKHO paclpefequTb [0
3JMeMeHTaM Kaanbpa NPONOPUHOHANbHO NJHHAM CPeHUX JH-
M ero 3JeMeHTOB. DTO TOATBEPXKIAETCT TaKiKe paBeHCT-
BOM BBITAMEK OTAEALHBLIX 3/eMeHTOB Npoduas (pasmMepnl CO
IITPUXOM OTHOCATCS K HCKOMOMY KaJjaubpy, 6e3 IITpHUXA K
peobIAyLIeMYy 1O XONY pacyeTa):

Fa Fs Fe

roe F,, Fs w F,— niowane OTAeNbHBIX 3JeMEHTOB NpOdH-
a5, Beipaxasa nsomiainb KaKJAOro 3JeMeHTa Npopuis Kak
IIpOU3BELEHHE MJIHHBL CPeHEN NHHHY Ha TOJNLIHHY, MOJYIaeM

(lo— Al (ls—Alg)h  (lL,—Al) I
Ioh lgh Ih
I, cJIeioBaTebHO,
Al,  Alg Al
la ls lg ’
rae lg, s, {,— RJAWMHA CPEAHHX JIMHHI 3JEMEHTOB MPO-
huas;
Al,, Als, IA,— ywnpeuue Cpeinux JIMHHH 3J1€MEHTOB
npoguad.

Takoit BHIBOJ TNOATBED)KAAETCH HCCAENOBAHHEM YUIHDEHHA
UPeRHMX JuHHE Ha pafe npodunel (cMm. Taba. 1).

Taxkum o6pasoM, He3aBUCHMO OT GOpPMEL Npoduis, Npo-
KaTKa KOTOPOTO BO3MOXHA B pa3BepHYTHIX kaaubpax, pac-
1eT KanuOpOBKH MOXKeT OblTh BLINOJHEH MO ypaBHEHUIO, OM-
pefesIolleMy IJHHY CpefaHell JHHUH, B COYeTAHHH C
OTpeeJeHHBLIM COOTHOUIEHHEM KO3()(PHUHEHTOB BBLICOTHBIX -
AecopManull B 3MeMEHTaX pasBepHyTOro KaJnanbpa.



Fnasa IV
AHAJIMTUYECKHUHA METOL
PACYETA KANTMBPOBKM BANKORB
C NPAMEHEHMEM CUCTEM
PA3BEPHYTbHIX KAJIUBPOB

AHaMHTHYECKHE METOJ pacueTa KaauOpOBKH Ba/iKOB pas- .
paboTai Ha OCHOBE HKCC/JEJ0BaHHs NpoLeccoB hopmonsme-
HeHHs MEeTaJ/ja B JEMEHTaX pPa3BEPHYTOro xanubpa.

KanuGpoeka yrioBo# crann

CyiiecTByeT HECKOJIbKO CNOCO00B KajanGPOBKH yr/10BOM
CTAJH, HNpencTaBAeHHbIX Ha pHC. 25.

Kanudposku, ocHOBaHHLIE HAa CMUOAHUHM NPAMBIX NOJOK
(puc. 25, a), cudTaloTCs ycTapeBWIUMK M B HacTosllee Bpe-

Puc. 25. Cnocodel KaiuGpOBKI YraOBO cTam

M He NPHHHUMAIOTCS, TaK Kak B 3TOM ciayuae GopMbi Ka Hb
poB TpedyIoT Tiy6OKOro Bpesa B BaJIKH, YTO NPUBOMHT K OC:
nabaennio ux npoyHocTH. Kpome TOro, yBesHUHBAETCH Tpe-
HHE H HCKaXaIOTCA KPOMKH MOJOK, UTO yXYIUIAET BHEIIHHH
BHA rotoBoro npoduas. fIpokaTka yraogoil cranu B 3aKpbl-
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ThIX Kaaubpax ¢ pa3BepHyThIMH ToJKamu (puc. 25, 6) He
iMeeT yrkaszauuolx Hepocratkos. Ilo atomy . cnocoby BO3-
MOXKHO yCUNeHHe 006KaTuil, YTO COKPAalUlaeT KOJNH4eCTBO
npoxonoe. Kpome TOro, yMeHbIArOTCss Bpe3bl KalHOPOB B
BaJIKH H TpeHHe B Kaaudpax. Bce 3To mopwbillIaeT TEXHHUKO-
9KOHOMHUYECKHE 1T0KAa3aTeNH CTaHa.

KanuOposxa yr/ioBOi CTaau C NPHMEHEHHEM OTKDBLITHIX
1 peGpoBbIX KanubGpoB (pHc. 23, 8, 2) uMeeT nmepej ApyraMu
KaJubpoBKaMH HEKOTOPhIE NPEHMYILECTBa: pPeryJHpOBKOH
IIMPUHDBI TTOJNOCLI MOMKHO HCKJIIOUHTL 0Opa3oBaHHe 3ayceil-
leB, a CJeJ0BaTeNbHO, H 3aKaTOB Ha NpodHIe; HCIOIL30BA-
HHe OJHHX M TeX e KaaubpoB NJsi NPOKAaTKU HECKOJbKHX
CMEeXKHBIX Pa3MepOB YIVIOBOH CTaJH cOKpalllaeT Napk M pac-
XOJl BaNKOB.

K nepmocratkam kanu®poBKH YIJIOBOH cTaau co ¢BoOOI-
HBIM YUIHpeHHeM CJedyeT OTHEeCTH HeKOTOpbie 3aTDY/HEHHA
npu HacTpoliKe CTaHa, CBa3aHHble ¢ Ho/aee TOYHOH YCTaHOB-
KOl BBOASLLEl apMaTyphl, a TaAKXKe BO3MOXKHBIE Kosebanus
INHPHHBI TTONOK MO JJHHE packaTa B OTKPBITHIX Kanubpax.

Kanu6poska co cBOGOAHBIM YLWIHPEHHEM YCIELIHO NpH-
MEHSETCH Ha NOJYHENPEPBIBHBIX H HeNpephlBHLIX CTAHAX,
0BOpPYAOBAHHLIX BEPTUKAJBHBIMH KJAETAMK HNJAs IPOKATKH
CPeJHHX W MaJbiX Pa3MepoB yrJOBOH CTalH. DTO NO3BOJSET
KOHTPOJIMPOBATH LIMPHHY [OJOK B pPe6poBbIX Kanudbpax. Ka-
JubpoBKa, MpUBeHeHHas Ha puc. 25, e ABJSETCH YCOBEpPIIEH-
CTBOBAHHOH KaJfHOPOBKOH €O CBOGOANUBIM YIIHDEHHEM B CTO-
DOHY YBEJHUYEHHS] Pa3BEPTHIBAHHS NOJOK ¥ HCIOAb30BAHUSA
ero npeumyuiects. [Ipumenense 3Tol KanuOPOBKH BCTpeva-
eT 3HAaYHTeNbHbIE 3aTPY/HEHHA MPH 3ajaye CHILHO pa3Bep-
HyTOH MOJOCH B YHCTOBOH KasuHuop.

Jas npokaTku paBHOOOKOH VIJIOBOH CTaJH KCIOJB3Y-
I0T KaJuOpOBKY 10O AMaroHaiasHOMy Metonmy (puc. 25,0).
3nech KBajpaTHAs 3arOTOBKA 3aJaeTCs B NEPBBIA Npoduils-
Hbl#l Kanubp Ha pebpo (Ha AMAroHalb), uTO NO3BOJSET HUC-
MOJb30BaTh /A MOJYYEHHsT HYXKHOTO NPOGHUIR 3aTOTOBKY
MEHbIIEro pasmepa. DTy CXeMy NPOKATKH NPHMEHSIOT Tak-
JKe B TeX CJyyasX, KOorjga HeoOGXOAMMO MNOJyUdTb KPOMKH
npoust U3 YIJIOB 3aTOTOBKH (CJAUTKA) mAnsi oGecneueHHs
Gosiee BBICOKOrO HX KauecTBa.

K HegocraTkam aHaroHannHOrO METORA CJEAYET OTHe-
CTH: 3aTPyAHEHHS, CBS3aHHBIC C 3a7auel 3aroTOBKH Ha peb-
po, TaK Kak 3alaBaemas 3aTOTOBKAa HAXOLMTCS B HEyCTOM-
YHBOM MOJOMXKEHUH, yBesHueHne obuiero xoadduunenta me-
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dopmanun B ¢GacoHHBIX Kaaubpax; yBeanuexue o6pesH OT
nepejHero M 3afZHEr0 KOHLOB IOJOCH.

B, Bamnuex [12] npeasnoxun MeTon TNOJYUEHUA YIJoO-
BOH CTa/Jd MOCPENCTBOM pa3pe3aHHs B YHCTOBOM KaJaubpe
3eTOBOrO Npocuis Ha aBe yacTh (pHc. 25, €). DTo mo3Bos-
€T YIBOHTb MPOH3BOAUTENBHOCTb MPOKATHOTO cTaHa. OAHUM
M3 HENOCTATKOB YKa3aHHOTO METOAA SBJAETCA MNoJyueHHe
3ayCeHIEeB NpH NPOAOJNBLHOH pa3peske MOJOCH B YHCTOM Ka-
aubpe.

CxeMy KanuOpOBKH B KaxKAOM OTAEIbHOM Cjyyae BbIOH-
pPaloT B 3aBUCHMOCTH OT KOHCTPYKLHH TPOKATHOTO CTaHa,
L7151 KOTOPOI'o NPOEKTUPYeTCs HaHHAasg KaaubpoBKa.

O6wus ko3dpPuuHeHT neopMalUy IPUAUMAIOT, HCXOAA
W3 yCJOBHH BHINOJHEHHs yrsia npH BepluuHe mpodunsa. Ha
NpAaKTHKE YCTAHOBJEHO, YTO JJIs TOJYYeHUs] XOPOUIEro Bbi-
NOJIHEHHS] BEPIIHHBEI IPAMOrO yria Ha roTOBOM NpodHuJe He-
006X0AUMO OpaTb TOJNLHHY 3aTOTOBKHM, 3a7aBaeMOH B MHep-
Bblil NpOoHIbHBIA Kaaubp, B 4—6 pa3 6oJblle MaKkCHMasb-
HOM TOJIIMHB! TOTOBOTO npoduaa. HUem OGosbiie TOJMLIMHA
3arOTOBKH, TEM Jyyllle BBIIOJIHAETCS BEpLIMHA NPSMOrO yr-
Jna Ha rotopoM npoduse. OgHako upe3MepHOe yBesHUeHUe
TOJIILMHBL 3arOTOBKHM MNOTpebyeT yBeauueHHA UHCJIA [po-
tuabubix Kaaubpos. [losToMy yaiiie Bcero GepyT TOMLLUHY
3arotoBKkH B 6—8 pa3 60Jblle TOJNLUIHHBI NOJKH FOTOBOrO
npocduns. Ilpuuareiii oblwuil Ko3PpduLHeHT AedhopMaLHUH
pacnpejpesasieTcss Mo NpoxoxaMm COrjacHo OOLUMM NpaBHIaM
KaJaubpoOBKH:

B unctoBhix kamubpax:
nnst npoguaed 6oapwux pasmepos 1,10—1,15
JJIsi CPeIHMX M MeJqkux npodunieir  1,1—1,25
B uepHOBLIX KanuGpax:

st npoduielt GOJbIIHX Pa3MepoB
IJif CPEOHMX W MeJKuX npoduied

Unceao dacoHubix kanaubpos, onpepesaseMoe xoahHuH-
eHTaMH ReOpMaliH, HAXOLUTCSA OOBIYHO B npenesnax 5—7.
st MeJKHX pasMepoB YIVIOBOH CTa/H MOXKHO nMmeTb 4 da-
COHHBIX Kaaubpa. [lsns pacuera NpHHUMaeM CXeMy KaJjaub-
POBKH COTrJiacHo puc. 25, 6.
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Konerpyryus u pacder 4uctosoeo xKaiubpa

B uncropom kanubpe (puc. 26) npou3BOAHTCHA, MOMHMO
o6:kaTysi, BBIIPAaBJeHHe MOJOK NPOKATEIBAeMOH MOJIOCHL.
[TosToMy KOHCTPYKLHSI YHCTOBOrO Kajgubpa moaxua obec-
MEeYHTh HaJAeXKHbIH 3aXBaT pa3BepHyTOH MOJOCH U MOJyUe-

Puc. 26. UucToBOH KaauOp AN HepaBHOGOKON yraosoii
. cranu

HHE KaueCTBEHHOro Nnpokara. B uucToBOM kaaubpe Ans pas-
HOOOKOH YTJIOBOH CTaJH OHCCEKTpHCA COBHAlaeT ¢ BEPTH-
Kaabto. [las npeloTBpalleHHs 3axBaTa NOJOCH 6ypTaMu
BEpXHero BaJKa MNpexyCMOTPeHbl 3akpyraeHud. ToJilHHa
MOJIOK B YHCTOBOM KaJaubpe 0OLIYHO paBHa MHHUMAJbHOM
TOJIIHHE TOJOK NpoxareiBaemMoro npoduias. Hucrosele Ka-
JUOPBI BBIIOJHSAIOT OTKPBITHIMH, 3aKpbITbie KaJaHOpBI CIO-
cOBCTBYIOT 006Pa30BaHHIO «yCOB» HA TOTOBOM npoduJe, 3art-
PYRHSIIOT HACTPOUKY CTaHa, YTO BeIeT K I0Tepe ero Mpou3-
BOAUTENBbHOCTH. JIJIMHA noJoK kanuOpa oObIYHO paBHAETCH
HOMHHAJbHOA [JJIHHE TOJKH TOTOBOTO npoduas Iawc
10—15% na cBOGOAHOE yIINDEHHe U 3aKkpyrieHne GypToOB.
Jsst HepaBHOGOKOH YIVIOBOH CTaJlH MOCTpPOeHHE YHCTOBO-
ro kanubpa nonobHo paBHOOOKOH YIr/OBOJ CTaslH, HO 37eCh
6HUCCeKTpHCA TIPSIMOrO yrya MOKeT pacrnosaratbCs Kak Bep-
THKaJAbHO, TaK W HakJoHHO (puc. 26). Ilpu BepTHKasbHOM
pPacnooXeHnH OUCCEeKTPHUCHEl NIPAMOro yraa xanubpa mnoday-
4apTCsl HEepaBHBEIE BePTHKAJbHble MPOEKUHH II0JOK, BelLy-
Me K CO3[aHHIO 3HAUUTEJbHBIX OCEBBIX YCHJHI B BajdKax,
K BOCHPHSATHIO KOTOPBIX OObIUHLIE NPOKATHLIE KJETH He NpU-
cnocofaesbl. DTO BEAET K HCKAKEHHIO Pa3MepoB TOTOBOTO
npogpuasi. TlosTomy npHMeHSIOT TaKoe pacnosoKeHHe Uu-
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CTOBOrO HepPaBHOOOKOTO Kasaubpa yIJIOBOH Crand, KOTOpOe
HCKJIOUAeT BO3HHKHOBEHHE OCEBLIX YCHAHH B BaJKax, 3TO
BO3MOXXHO TMPH pAaBHBIX BePTHKAJBHBIX INPOEKUHAX 06enx
nonox. Torma OGuccekTpHca MpPsAMOTO yIJd PacroJgaraercs
noj yrJaoM Yy K BeDTHKadd (CM. puc. 26). Yrox y onpene-
JSeTCH U3 COOTHOLIEHHS -

tg(45 + ) = = |

rie A u B— COOTBETCTBEHHO JAJHHB OOJBILIOH ¥ MaJjol
TOJOK yTOJbHUKA.

Pacuder uucrosoro xanubpa Ha ropsaduil npo@nﬂb He
NPOM3BOAAT, MOCKOJNbKY OH SIBAAETCS OTKPBITBIM JJIsi YIIHpPE-
HHA TIOJOK, a TOJUIHHA II0J0K CBOOOMHO pEeryaHpyeTcs B
WHPOKUX Tpefesax DasABHXKEHHEM BaJKOB NO BEpPTHKAJH
/151 pPaBHOOOKOU ¥ IO HAKJAOHHOH OMCCEKTpHCe IJIs Hepas-
HOOOKOM yri0BoOH craqan. asa sToro B kpaliHux Gyprax BaJ-
KOB [PEeAYCMATPUBAIOT HEOOXOAMMble 3a30pel. Paanycel
3axpyrJyetns 0ypToB KaJauOpa BepXHero BajKa

r=(0,1=0,15)B; ry=(0,15= 02)A.

KOHCTpyKUUA U pACUCT pa3GepHYTHLX YepPHOBHLY
Kaaubpos das y2a0804 cTaAl

KoucTpykuusi pasBepTKy TOJOK ONPEAeAsiercs: yraamu
PACKPBLITHS MOJOK @ M f, BLCOTON kanubpa H u paamyca-
Mu R, u Ry, (puc. 27). B npenuncroBom Kanaubpe yron pas-
BepTKH nmojiox @=90°. Yros naxsona GUCCEKTPUCH OTHOCH-
TeJIbHO BEPTHKA/JAM Y MOCTOSHEH AJs BCeX KalHGpoOB.

B npemurcroBoM Kanubpe st YIVIOBOI CTajsu 60Jblioe

X\H-]mf"
— Az YA
o\ o /30 I
S N\=o, 4
\ ~ /f’ 0\ R‘\x/°< 1
Y -~
gt 2 i NN s 4 =
! Q,// AN ) {
X e BN
N VS <A
‘o /2 Flr 7 ff
/ 4 5 A/ v

Prc. 27. PasBepHYThii 4epHOBOH KaauGp ANR HEpaBHOGOKOIT Yr/OBOM cTavaH

o6

3HAUeHHe HIMeeT BeBOp BLiCOTH H 1 paanycoB R, u R,. Yc-
TAHOBJIEHO, UTO € yBeauuenuem ofmieil BLICOTLI Kaiubpa M
yMEHbIIEHHEM DAJMyCOB PASBEPTKH 100K  BO3pACTALT
yCTofiuMBOCTh NPOMUIS H CTAHOBUTCA MEHbIIE CMelleHue
yrya npu npokaTke B uHcTOBOM Kaaubpe. Kpome Toro, yBe-
JUueHHe o6liel BLICOTHI Kanudpa BeleT K YBEJHUEHHIO CHUJI
TPeHUs M, CJAe0BaTeIbHO, OCAABJEHHIO NPOYHOCTH BaAJTKOB.
Wwmeromunecs panusle [1—6] mo3BONAOT peKOMEHAOBATH
CAefyIOlHe COOTHOLICHHST JJIA BbICOTHI Kanubpa W paji-
YCOB pa3sBepTHIBAHUSA MOJOK:

IJsi paBHOOOKON YIJIOBOH CTasu

H=(04+045)4; R=(08=+1)A
1 A5 HEpaBHOOOKOMH YIJOBOH CTaH
H=(0,4+ 045)ATB L= (1= 1) A

Rb - (0’7 - O’S)B

Corsacuo 3asucumoct#t (9), cocTaBjifeM ypaBHeine
CPeMHUX JUHMI Majofl 1 GOJBUWIOH MOJOK PasBepHYTOro Ka-
aubpa:

Uist 60JBLWON ITONKH

A —-’LQ' 400144 — AC - “CB -+ AA 4 BO; - (15)
AJid MaJ IOH NOJAKH

B—é 40,0148 — FE+ ~ED + DO+ AB,  (15a)

rage A U B — cooTBeTCTBEHNO JAJHHBI OOJBLINX U
MaJoH MOJIOK,
0,014A u 0,014B — coOTBETCTBEHHO MONpPABKK JJHH 60Jb-
1o W MaJioH MOJOK Ha pasMep Mnpo-
($hHuad B ropaueM COCTOSTHHH.
Yinpenne GOMbINOH ¥ MaJoil NOJOK N-HOM KaJaubpe
COOTBETCTBEHHO PABHO:

AATL = AA] + AAQ T AAg + AAn—i; (16)
ABn = ABl -+ ABQ + AB;‘, + ...+ ABn_.i. v (17)

YpaBuenuamu (15), (15a) MOXKHO MONB30BATHLCA TOJNBKO
B cayuae rpauueckoro pacyera kaaubpa.

Hasi anaautuueckoro pacueta kagaubpa onpenessieM
rOPH30HTAJbHbIE TPOexLUun nonok B, u B, (cm. puc. 27).
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KoopauHaty X, HaXOAHM H3 COOTHOIICHHS
X =CT + F'T+ FK (18)
CorusacHo puc. 27,

CT = R sina; F'T 2L
a tga

FF = 2R}sin* & F'K = ONsin 7.
Taxum o6pasom, u3 ypasHenus (18) umeem
X, = R, sina -+ H' —2R,sin % 4 0,707hsin .
CaenoBarebHO,
X, = (Ra -+ —Z) sina -

h hYN . o
H + —- — 0,707 cos ph — 2 (Rn. + —) sin? —

+ 2 2

40,707k siny,
tg o

T€ BTOPOH YJIEH [aeT BEJHUUHY NPOEKUHH NPSMOTO yuact-
Ka neaku OB, T. e,

F'T=m.

CoBeplieHHO aHaJOTHYHOE BBIPAXKEHHE NOJyudeM Jd
KOOPIHHATHl X, H3 COOTHOLUEHHS: ‘

xp = ET" + F'K:

B Ay
xbi— (R,,—F 5 )sm[&—}—
noo hY B
H+7—0,707hcosc¢ﬁ2<Rb—}——2->sm2—

2
- te p

—0,707h sin v,

NpUYEM ONPe2ISIOUUM YIJIOM SIBJASIETCSA HE yroJ O, a yrod
f. TTpoexuunio GOSBLWION NOJNKH ONpENENseM M3 ypaBHEHHS

B, =x,+ AC.
Yyuactox AC onpenensieM u3 ypasHeHus (15):

AC — A— ’;— AA+0,014 A—OB—"CB,
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rge gyra CB —xpuBas uactb cpenneil JHHUA GOJBLIOH
NOJIKKM — PaBHa:

g (Ra+ 2 ) o
CB= 180 '
a
OB = FT = n =Hn
cOs oL CcOoS &
Cae10BaTeIbHO,
h/
H n(Ra—l_ 2 )(Z
Torpa )
h’ R(Ru+3’>a
By =x,+ Al‘;fAA—*-O,OMA—nr T

AHaJOrHuHO ONpefensieM NPOeKUHIO Majlok MoJKH U3 Bbl-
pakeHus

B pesyabTaTe ynpolleHHs MOJTyYeHHBIX dhopMyn nMeeM
A1 DOJbLIOH TOJKH

‘ h
B, = 1,014A~%—AA+[H+7—

. B . 1 o 1 )__

—0,7O7hcosv—2(Ra+ 7)5”1 2}(tgot sin &
B

_ﬂ(Ra‘I‘ 9

180
AAA Majol NOJAKU

>a - (Ra -+ %) sina 4 0,707 hsiny;  (19)

B, — 1,0143—% —AB+[H+—Z—0,707hcosv—

h
- Ryt | B
_2<Rb+%)5in2%}<{gﬁ*siiﬁ>_n<blsoz) *

+ ( R, - %) sinp— 0,707 hisinv. (20)
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Hns pasuoGokoit yraosou craaun y=0, a=p n B,=B,.
Torna BeipaxceHne A ONpepeeHust NPOEKIHH IOJAKH 6y IeT
UMETb BHJ:

- M M o(R P sine &
B=1014— 2 AA+[H+2 2(Rt 5 )sint 2] X

h
nR_}_—)a
: 1 ( 2 ’ R
4 _ [ h )
(tga sina> 180 T(\R-i— 5 )sma. (21)

Ypasuenns (19) — (21) cnpasegnusbl st Onpempese-
HMSL TOPU3OHTABHBIX NTPOEKIHH MOMOK JIIOGOTO pa3BepHYTO-
ro kajubpa yr/aoBoii cTanau. [1pu onpenesenud ropH30HTab-
HBIX TIPOEKLHA NOJOK Pa3BEpPHYTbIX KaJHGPOB YrA0BOM CTa-
JIM B 3THX ypaBHeHusx napamerpol 4, B, R,, Ry, R, v, h'—
HOCTOAHHBIE, T. €. OHM OCTAIOTCH HEH3MEHHLIMH IJsi JII0OOTO
passepuyToro xanuopa. Hpyrwe napamerpwt AA, AB, h,
o, B u H ABASIOTCS HepeMeHHLIMH H ONpeealoTes Kax-
OBl IO OTAEJNBHOMY YPaBHEHHIO.

Ywunpenue cpeannx anuuii noiok (AA u AB) onpene-
gasierest mo dopmyae (8) c nocaenyoluei pasbHBKOi ero
NPONOPILHOHANBLHO [JHHAM 10J0K:

AA = L[(1 + 50 (FVRAR — 2220

A—}—B’ H )\ 2/
T by VROE J; (21a)
hcp -
B [ ARN [ s Ak AR
AB = —~—— - ) _ Anhyan
B AM[(} S0 (1 y RAR A2
o
+hp VR (216)
hcp

raie A u B—- AJUHLI NOJOK;
Ah— obGkaTHe MOJKH:
H— tonuinya mnonku, 3agasaeMoil B Kanuop;,
f=Fk k,k(1,06—0,0005f) — 03 ppuuHeHT Tpenus;

rae R-—Karaiownii paguyc Bajakos,
R, — HOMUWABbHBI paguyC BajiKkos,
fy— xoapuument  crecHenus  yiIHpeHwud,
npudumaerca 0,6—0,8;
hep = Hah
-2
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k,— Koa(pPUUMENT, YUYHTLIBAIOIIUH pasMep
YEJA0BOR cranu. Huasi Manplx pasMepoB
ke=0,7—0,8; nns cpenHux pasMepos
k=10, Ina KpyOHBIX pPa3MepoB ko=
=1,2.

Tonwmuna noaxu /i nc Kaaudpam H3MEHSETCA COTVIACHO
HPHHATBIM UACTHBIM KO3(M(UUHEHTaM BBLICOTHON maedopma-
HEH.

Yrpl PacKpLITHA MOJOK O H [ H3MEHSIOTCS OT Kanauo-
pa X KaauOpy NpOIOPUHOHAIBHO O0KATHAM U ONPENEAAIOT-
v 1o ypapaeuusim (10), (11), rme

Qo = 45'%
[3” — BZ—(ABQ + ABs + ..+ ABn—i)y
1eCh

52 + ¥; Bn 3 Ak n
Boicora xasubpa H usMeHsercs 1O npoxoaaM Nponop-
I1I0OHAJIBHO 00KaTUAM Y onpefensieTcst no gopmynam (12),
(13); '
1151 paBHOBOKOH yrioBoil craan Ha= (0,4-+-0,45) A;

. . =\ A-FB
,L7Ts1 HepaBHOOOKOH yraoBodl cranu H,=(0,4'=0,45) 2r
PanuyC 3aKkpyrJeHHs BepLIUHB YIJia PasBepHyTOTO Kaaub-
pa

rg =n-—1, (22)
1/l 11— NOPSAKOBBIH HOMep Kaaudpa.

Panuycel 3akpyryeHuii ¢ BHYTPEHHEH CTOPOHBI CThiKa
HOJOK NpPeABApPUTENbHO PacCUMTBIBAIOTCS No dopmyae bax-
111110Ba

R’ = Ry + Ah, (23)

r1e R"— paanyc nepern6a noJiok B pacueTioM Kaaubpe,
R — pannyc neperufa 11040K B NpeabiaylueM Kasnub-

Benuunina R nposepsiercs M KOpPpeKTHpYeTCs 1O  (op-
vivie
Mn—"Ny =6
rie Mg MMy — KO3(QQHUHEHTHl BBHICOTHOH AedopMalin co-
OTBETCTBEHHO B NOJKAaX H yrsiax npoduis.

61



Pannycnl 3akpyrieHHss KOHLOB MOJIOK onpegesseM Ml
popmyne baxrtusosa. B kanuGpax, HMEIOLHX pPa3beM CHH
3y, paauyc 3aKpyryaeHus NpUHHMAOT 60Jblle paanyca mpes
Iblaywero (no xony pacdera) xajgubpa Ha BeJu4HHYy 0O
JKATHS, T. €.

"=r 4+ Ah.

B kanu6pax, HMeOIKHX pasbeM CBepXy, PaiHyC 3aKpyriaes
HHUS CJaelyeT NPHHAMATbL PaBHLIM HJH HEMHOro Gofbllie 06
2KATHS B NpelplAylleM Kaaubpe, T. e.

¥ = Ah. (25‘

[Tnowane kanmnbpos /s YrJaOBON CTalu ONpeaensercs IQ
dopmyae WrepHora ~ : :

F =~ 1,02([(}1)0, + lcpb)h

TIE lep g U lepp— MJIMHBI CPEAHHX JIMHHH GOJbLIOA H MaJlol
nonok. HefitpaibHasa nuHus Kanubpa onpenesnaeTcsl aHaJIHs
THYeckH [8].

IIpokarka pasHolx TOAUUHK
00H020 U TO2O e Homepa
yeaosod craau

HAas Maapblx HOMepoB paBHOOOKOH YIVIOBOH CTaJli
npegycMaTpuBaeTcs ABa pa3Mepa IOJOK MO TOJNIIHHE U Il
7 rtonuun nogok aas Gosslnx HoMepos (IOCT 8509—57)
Jlns nepaBHO60KOH yryiosoii ctain (IOCT 8510—57) coor:
BETCTBEHHO IPEAyCMAaTPUBACTCH OT JABYX 1O YETHIPEX TOJMS
LIMH TOJOK KaXX/0T0 HOMepa. :

Haunyuine ycioBus mJist TPOKATKH CO3[AKOTCS TOTAA
KOTZa AJIS KaXAO0H TOMUIMHBL YIJIOBOH CTalu MMEIOTCS OTS
Je/bHble uepHOBhie Kaaubpel. Ho 570 cBs3zaHo ¢ yBeanue

CUUTBIBAIOT A5 HUX OTHEJbHO NMPEIUHCTOBLIE, a HHOTAA
YEPHOBLIE KaJauOphL. f

Yem 6oablle TOJLIMHA NOJKH ONHOTO H TOTO K& HOME
pa yILJIOBOH CTaju, TeM KOpoue ero CPE/HAS JHHHUS. 3ro i
| CBOID Ouepesib, Kak caeayeT u3 ypasHenuit (19)— (21), npus
BOJHT K HeOOXOAUMOCTH HMeTb Aas npoduied ¢ Goabluol
TOJIUIMHON MONOK MPEIUYHCTOBblE KAAUOPbLI MeHblUeHd LWHPH

OObiuno B KaxK1oM NMPeAYMCTOBOM Kanubpe NpoKaTsl
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naeTcs He 6oJiee TPeX Pa3HbLIX TOJLIMH J@HHOTO HOMepa yr-
.i0Bo#i ctanu. [Ipu 3TOM pacuer Kaiubpa BeAeTCH Ha CPel-
1010 TOJLIKHY TIOJAKX. B nocjenymolieM yepHOBOM Kaaubpe
IHOrIa TaKxKe TMPOKATLIBAIOT MO ABEe-TPHU TONUIHHBI NPODHU-

Taﬂcmblf’

==
W

Puc. 28. Cxema HECKOJIbKHX

NPOKAaTKH
TOALMH YIJAOBO# cTaad B OAHOH Kaall-
6pPOBKE BAaJKOB

151 YIVIOBOH CTaJ¥, & B OCTaJbHbIX YepHOBBIX Kanaubpax —
10 YeTblpeX pasHBIX TOJWHH (puc. 28). B stoM cayuae npu
IPOKATKe TOHKOTO HPOMH/IS [OJKH AOJKHB I0NyuyaTbCd
HECKOJbKO MEHblle, @ NPH NMPOKATKE TOJCTBIX — HECKOJIbKO
fo/blile HOMUHAJbBHBIX pPa3MepoB. DTH OTKJOHEHHS AOJMKHDI
noJiyyatbcs B npegpesnax, ponyckaeMmbix ['OCTom nHa paH-
HLIH pa3Mep YIrJOBOH CTaJH. '

Kaaubposka 0aa npokarku yero80il cTaiu
€0 C80600HbIM Yuiuperuem

DTa KanHOpOBKA NMPOH3BOJIUTCA B OCHOBHOM TeM XKe CIO-
COBOM, UTO M CO CTECHEHHBIM YIIMPEHHEM B 3aKPBLITBIX Ka-
nubpax. 3Aech Ba)KHO MPaBUJABHO BHIOpATh OGHIYIO CXeMy
IPOKATKH, yBA3aB ee C KOHCTpyKUHeH cTaHa. Halle Bcero
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S
Pic. 30. Kanubposka yraosoit
cTann 75X75X6 Mmat 110 Amaro-
HaALHOMY MeToAy {npeaioxe:

na Kyuko M. H.)

Grn 27 92
>T-a

© 90100

Puc. 29. Kanu6poska yraosoi

crann 50X50X5+6 mm ¢ uc-

NOJIb30BAHHEM KaJuGpoB co
CBOGOIHBIM YIlMpeHHeM
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LA THOPOBKH CO CBOOOAMBIM VIIHDEHHEM HPUMEHAIOT Ha
CNPepbiBHEIX CTaHAX O NPOKATKH MaJblX pasMepoB yIJo-
cofi ctanu. Ilpumep ucmonbzoBanusi KanubpoB co CBOOOA-
HLIM YIIMpEHWeM [JIS TOJYYeHHs YIJIOBOH CTajfH NPUBENeH
na puc. 29.

Jnsa npenynpexaeHHda H3MEHEHWS pas3MepoB I[OJOCH,
OCTYNAIOLIEH B YACTOBON Kaauobp, npefyucTOBON, a uHorna
wa MAH TPH Kanubpa, NpeAuIecTBYIOLIMe YHCTOBOMY, Bbi-
HOJHAIT 3aKpuiTeIMH. HeM Oosblile B KanuOpoOBKe 3aKphbl-
TLIX KaJAuOpoB, TeM Jierue NMPOHCXOAHT HACTpOHKa Ha Mpo-
puap ¥ ycroiiunsee padoTaeT CTaH, HO TeM B MeHbLIeH
cTefleHH MCIOJDb3YIOTCS NPEHMYyLlecTBa KaJuOpOB €O CBO-
OOAHBIM YIIHpeHueM. YCTPOHCTBO Uenolt cepun (Bosee
/IBYX) OTKPBITBIX KaJduOpOB 3aTPyAHSIET KOHTPOJb LIKMPHHBI
Il CHMMETPHUYHOCTH NPOQHATA MU3-38 H3MEHEHHS YIUHPEeHMs.
Adag yenewrHo#t paGoTel KaaubpoBKU €O CBOOONHBIM ylIKpe-
HHeM Hano INPaBHAbHO PAaCHOJIOXNHUTh PeOpOBEle KanuOpbl.
Heo6xoaumo, yrobpl NOCJedHHH MO XOAY NPOKaTKH pebpo-
BOIT Kaaubp, B UEAAX JAYy4LIETO KOHTPOJIA LIHMPHHBL, OBl
DACMoM0OXKeH BO3MOKHO OJIHXKe WM NpPEJuIecTBOBal 3aKphi-
ThIM KanubpaM, OKOHUATENbHO ONPEeReNsIOIUM HIUPHHY
npoguas. Pe6poBble Kanubpul AONXKHBI He CTUGATh, a JHILb
00 HMaTb NOJKH Npoduas no wHpuHe. [TosroMy nocaenuuit
o XOAY INpoKaTkH pebpoBoi Kaaubp AOJNKEH HaXxo-
nuThCS He Gunxe HoMepa 1Y oT uucrosoro Kasnubpa. Hem
G0Jbllie MKMPHHA NOJOK IOTOBOTO NMpOMHIS H YeM OHH TOHb-
e, TeM AaJbllie OT KOHUA NMPOKATKH LOMKeH OLITh NOC/Ien-
mi# pe6posoi kanubp. [lo aroll mpuunHe KanubpoBKU CO
CBOOOAHBIM VIIHPEHHEM OUEHb DEAKO INPHMEHAIOTCA s
NPOKATKH KPYNMHBIX Pa3MepOB YIVIOBOH CTaJH.

Kaaubposka yearosoil craau,
npedycmarpusarouias 3adary 3a20TO8KU
8 JuaeOnaALHOM NOAQINCEHUL

Bo03MOXKHBI BAa BapHaHTa KaJaHuGPOBKY O 3TOMY METOLY:

1) obpiuHas xanubpoBKa CO CTECHEHHBIM YUIUPEHHEM B
PasBepHyTHX Kajaubpax c 3apaueit B Nnepsbl NPOoGUIbHBIH
Kanubp poMOHUECKOH UM CXOMHOH ¢ Hell MO (opMe MONOCHL.
[Tpu 3ToM B UeNAX yBeJNHUEHHs YCTOHNUMBOCTH 33a1aBaeMOTO
pomOa, nepBble ONHMH-ABA Kajubpa KanuOpOBKY KOPPEKTH-
pytorcs, Ilupuna nepsbix NpodUAbHBIX KanubpOB HAXOMUTCS
rpadUuecKHM NyTeM, NOCPEACTBOM MNOCTPOEHHst HeoOXOomH-

5—1010 6o



MOW AJIHHBl CPeJHell JIHHUHK NOJOK. ¥TOJM PacKpPBITHS NOJOK BenuuHHbl 00:KaTHH, KaTalOUIHX pajuyCcoB, CpeIHHX TOJ-

nepBLIX ABYX NPOMHIbHEIX KaaubpoB H TYNOH Yroa 3agaBae- LHH PacKaToB IO KaJII/IﬁpaMpepeM u3 Taba. 3 (cm. ctp. 70).
MOro pomba MO BO3MOXKHOCTH GepyT OAUHAKOBBLIMH HJIH Yiuupenue cpefRUX JHHHHA NOJOK PacCuHThiBAEM n: (b(())p_}
6JH3KHMH Mexay coboii. Pasmepsr pomMGuueckoro kaiudpa wyaam (21a) n (216), rae xosdpduunents k=1, k=0,

HaXOJAT KOHCTPYKTHBHO; ) -

2) npokaTka yIJIOBOH CTaJH M3 KBaApaTHOH 3arOTOBKHU
C MOCTOAHHOH BLICOTOH H MOCTOSIHHBIM YIJIOM pasBepTKHU IO-
7oK, paBHbiM 90° BO Bcex Kanubpax. B oTsiHuke OT 06bIUHOA |
KanuGPOBKH CO CTECHEHHBIM yUIMPEHUEM, 3eCh, KaK H B niep-
BOM Ciydae, MepBblit MPOGUNbHBIH Kanubp KOpPeKTHPYeTCHd
¢ UeJsiblo 6oJiee YCTOAYHBOH NMPOKATKH KBAApAaTHOH 3ar0TOB~
Kd. KOHCTpyKIMA KaaHGPOB, paCCUMTAHHBIX N0 3TOMY HDHH-
uuny, npeacrasJiena Ha puc. 30.

KannOGpoBka Nmo AHArOHA/JbHOMY MeTOLY IJIsi HEPaBHO- |
GOKOBOH yIJIOBON CTaJiy, BCACACTBHE HELOCTATOUHO YCTOHUH-
BOTO IOJIOXKEHHA 3aTOTOBKH B [IepBOM NPOGUNLHOM Kaaubpe,
NPUMEHAETCST PELKO. i

[ pumep pacuera karubposxu
HepasroboKol yerosold craru 125 X80 X8 mm
das crana 600

Pacuer nponsBoauTCsA NPOTHB XOAa MpokaTkH. [Ipusuma-
eM 7 NIpOXOJ0B. .

UncroBolt Kaauobp :
Yrapl HaKJIOHa GHCCEKTPHCH NIPSMOrO Yrjaa ¥ H Packpbl- |
THS MONOK o U H: .

A 125 o
tg (45 —y) = T 1,564; v=12,33%
a = 90°—(45° + 12,33°) = 32,67
p = 90°—(45° — 12,33°) = 57,33". _
OcTanbHble pasMepbl YHCTOBOTO Kanubpa ocoboro pacue-
Ta He TPeOYIOT U NPHUHUMAIOTCA KOHCTPYKTHBHO (pHC. 31).

PasBepHyTnle YepPHOBBIE KaadUuOph

HPHHHMaEM CAenyroLlne KOS(b(bHLLHeHTbI BbICOTHOH Ae- i Puc. 31. Kaan6poska yrnosoft craiti 125X80X8 s
dopmanuu noJok mo npoxoxam: 1,22; 1,33; 1,44; 1,50; 1,50;
1,55; 1,40. OnpenenseM napaMeTpsl pasBepHyThIX Kaau6pos: |

b 150

(309 cTeCHeHHs YIIMPEHH ANA PasBeplyThIX Kanubpos, B

Hy—=0,44 548 _ 45 . R, =0,72-125 — 90 sm; QUCTOBOM Kamubpe kp=1).
2 G Kaaun6p L: .
: 1,8 sor 1o b ,
Ry = 0,7-80 = 56 mnm. a1 AA—}—AB:(l+§73><0,35V296'1,8“2‘>9—,8+



V961,88 ‘
-+ 5.9 = 4,14 nnu;
A= 4142952 nu;
(1251-80)
B=—9_ 414—162 un.
125 4- 80
Kaauo6p I
AA+AB:< 432 )(0341/295 32—7)31_’;+\
+OJ:K§§££4:&4MM
11,4
A= 5 44297 um: AB——20_.44-17 un,
125--80 125480 .
Kaau6p III:
5,75 503 E.E 75 __ 5,75, 5,75
AA-+AB = =22.1(0,3312 2
+ (1+ 75)( 3VIBEETE—2F) 20
o7 V298,85, _ 6,06 wn:
15,87
A= 15 6,06=33 mn; AB = —C 606236 mun
125-1-80 25—}—80

nrT I

Bricoty KaJm6pa N0 MPOXOJAaM PacCUMTbhIBAEM IO ypaB-
neHuam (12), (13).

Bricotra kanubpa y6niBaer ot kanubpa K Kaaubpy npo-
MOPUHOHAILHO OOXKATHAM:
xaaubp 11

H,=0,44 w — 45 mm;
Kanuop I11

Hy=45—* .39 439 un:

82,2

kanuop IV

Hy=1432— % 575 — 40 un

82,2

HT. I

03

Yrabl pacKpeITHA [OJOK ONpPEeAensH N0 YpPaBHEHHAM
(10), (11), npu 3TOM yrost Y NOCTOSHEH A1 BCEX KAAHOPOB.
Kaunu6p H: yrapt packppliTua OepeMm Takue e, Kak H
B YUCTOBOM Kaaubpe, T. €. ag=232,67° B.=57,34°.
Kaanu6p I

oy = 32,67° — 297 39 _ 31 33°,
82,2

’

32,67°

B = 57,33° — .3,2=56°,
Kaaubp IV:
oy == 31,55° — 2287 5 75 997,

By = 56° — 32267 5,75 = 53,67°.

nrT A

['opu3oHTasibHBIE TNpPOEKUHH TOJOK pPacCYUTHIBAAH N0
ypasrenuam (19), (20).

Kanu6p II:

Ba: 1,014125—%72,52_%_ [45_{_9',8__

—0,707.9,8.0,977 — 2 (90 + ) 0 0784] <— - L) —
0,64 0,54
3,14 (qo+9;8) 32,67°
O 2 ’ 9,8
180 + (90+ 7)X

0,54 -} 0,707.9,8.0,2136 = 110,76 mn.

By=1,014.80 — % 1,62 [45 +9—’8—
—0,707-9,8-0,977 — 2,0 <56 T
8\

023]( ! ) —
1,56 0,841
3, 14<56+ J57 33°

_ (56—1— )084—

180
—0,707-9,8-0,21 = 57,44 mn.
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Kaaué6p II:
B,=1,014-125 — i — 12,52 - 2,7) +-

+[432+—_07o7 13. 0977—2(90+ )0729]><

13
(L—l—j_BM(QO—r 2)31 33

0,61 0,52 180
+<90+ )052+o707 13.0,21 = 109,64 mu:

-+

- 1,014-80—— — (1,62 + 1,7) + [43 2 + L

0,707-13. 0977—2(56+ ‘”)022}(1782_m\_

3,14 (56 + ?> 56
— = + (56 + )o 829 —

—0,707-13-0,2136 = 55,6 mm

g 7T I

Pacuer 3azoTosKU,
sadasaenod 8 nepsolii npopurorelil Kaiubp

[Hupuna 3arcTOBKA onpenensercs W3 ypasuenuin (19),
{20), rae Bce yrJbl ¥ paguych! paBHBL HYJAIO!

TMapameTpsl KaAubGPOBKH A8 TIPOKATKH HEpasHOGOKOM

1]

(3arotoBka fig X Ui

Homep ranaub- AB 5 ! A B
<o Mpotar- 0 | hows ) 8l o o, rpan.| P20 | By
KH)
| |
I 1,22 8,0 | 2,52 1,62 —
1l 1,33 9,8 2,70 | 110,76 32,6 1,70 | 57,44
1l 1,44 13,0 3,30 | 109,64 31,2 2,36 55, 60
v 1,50 | 18,7 | 4,15 | 108,61| 29,0 | 2,70 | 54,80
v 1,50 28,1 4,20 | 108,00 '25,0 2,68 | 54,70
VI 1.55 42,2 4,30 | 109,30 19,5 2,77 55, 1)
Vil 1,40 65,5 3,00 | 111,151 10,0 1,90 | 54,87

B, —1,014.125 —_S_ (21,57 4 3) = 98,4 mu:

B,=1,014.80 — 2 (13,83 4- 1,9) = 61,39 ux.
2

Ofwan wupHHa 3aroTOBKH
B = Bs+ By =984 + 61,39 = 159,79 mx.
Hrak, npunnmaem 3aroToBky pasmepoM 92X 160 ma.

Pacuer paduycos 3axpyerenuti noiok

Panuycel neperu6a mo/sok onpenensior rpaduuecky, ajd
Yero M3 BbipaxKeHHa (14) moaydaroT pasHOCTb KO3 duuHeH-
TOB 06KATHH B MOJKAX U yraax Io NpoxojaM. 3aTeM mOJy-
YaloT KO3(QQUUHUEHTH BBICOTHBIX NedopMaluil B BeplUHHAX
vryioe. [1o naiiieHspM K03 dHIHEHTAM BEICOTHBIX LedopMma-
1 HaxOMAT OTPe3KH OGHCCEKTPHUC YIVOB neperuba mosioK no
xanubpam. [Tocne storo nyrem nopfopa paguyca CKpyris-
I0T KPUBble OUepPTaHHH HHXKHHUX CTOPOH MOJOK C KOHIOM 6uc-
cexTpHuchl yraa. [IpnusTeie k03pHHUIHEHTH BHICOTHBIX fe(op-
MaUufl B yraax KaJuOpOB M MOJKAX LipHBedeHH B Tab.j. 3,
a KOHCTPYKLUS 3aKpyrJaeHH# nepernfoB NOJOK Ha puc. 31.

Panuycsl 3akpyriaeHuil BepIInH YIJIOB KanauGpoB onpepe-
JAOT H3. BRIpakKeHH# (22), a KOHLOB IMOJOK CHH3Y — U3
ypaBuenus (25), cBepxy — 0o ypaBHeuuio (24).

PesynbpTaThl pacyeToB HapaMeTPOB KaJuOpPOBKH YIJIOBOH
cranu 125X 80X 8 mm npusenennl B Taba. 3 u wa puc. 31.

Tabanuua 3

yraosoi ctanu 125X 80X8 msm na crane 600

92X 160 mn)

1 .

Fpﬁa’u- H, mm ﬂy RK’ ot [1:; :E’H /rw/w R, s ) £, pa ‘ A
— — 1,22 1 296,0 2,59 0 3,7 | 11,0 | 1600 1,21
57,3 1 45,0 | 1,31 | 295,1 2,69 1 3,5 | 14,5} 1966} 1,30
56,0 | 43,21 1,33 | 293,5 | 2,58 2 4,01 25,0 12540 1,40
53,6 | 40,0 ( 1,32 | 290,6 2,22 3 9,5 | 38,0 | 3540 1,45
50,0 | 35,0 | 1,22 | 286,0 1,80 4 110,0 | 48,0 | 5120 1,45
44,3 | 27,3 | 1,31 | 279,0 1,50 5 18,0 | 51,0 | 7400 1,46
33,0 | 14,5 ] 1,29 | 267,3 1,07 6 24,0 | 58,0 {10800 1,29
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A

[Topo6ro yrsosoil crasm, KaanbpoBKa 3€TOBOH CTajH
PACCYHTLIBACTCA METOAOM YPABHEHHH AAMH CPEAHIHX JHHHI
H ONpeJe/IeHHbIM COOTHOLICHHEM KO03()(hHUHEHTOB BbiCOTHBIX
AedopMauuii B 3aeMeHTax npoduas.

Kanndposka zerceoii cranu

Pacuer u koncrpyuposanue
“uCT08020 Karubpa (puc. 32, a)

Kamubp koHCTpyHpyeTcst OTKPLITEIM Ge3 Orpanndens
YWHpPEHHs, MOAOGHO TOMY, KaK 3TO JlefaeTca NpH Kaqubpos-
Ke yrioBo# cranu. llnpuua cTeHKH paccauTHiBaeTCH Ha pass
MEp B rOpPAYEM COCTOSITHHH, T. €. '

hy = 0,014A.

Puc. 32, KOHCTPYKUHS pa3BepHYTBIX KaJHOPOB 3eTOBON CTaan

s

72

Yroa OTKJAOHEHUS GUCCEKTPUCH! OT BEPTHKAJAU Y ONpefe-
JISIETCSl U3 BBIPAXKEHHS

h .
tg (45 +7) = . (26)

Pannycol 3akpyryieHnil NPHHAMAIOT IO TOTOBOMY NPOQHU-
Jio. Of1yo WHPHHY Kajaudpa ONpeaensioT KOHCTPYKTHBHO.
B Banxax uHCTOBOH M ueDHOBOH KJeTell TPH NMPOKaTKe 3e-
TOBBLIX NPO(H/IEH BO3SHHKAIOT 3HAUUTENbHEIE OCeBble YCHAMA.
st KoMneHcauMH CABHTA BAJKOB YCTPAWBAIOT ONOPHBIE KO-
nycel ¢ ykaonom 10—159%. OceBble yCHIHS B BasKax NpHBO-
IAT K YTOHEHHIO CTEHKH, MOITOMY B UHCTOBLIX Kaaubpax
TOJIUIMHY CTEHKH PacTauHBaIOT Ha IJIOCOBOH NOMYCK.

Ocranbuble TapaMeTphbl YHCTOBOTO Kaaubpa nmpencrasiie-
Bl Ha puc. 32, a.

Pacuer u KOHCTpyuposanue pasgepHyTsix 4epHO8bIX Ka-
Aubpos

Hna wamuépa 11 (puc. 32, 6) npuHuMaem BLICOTY Ka-
aubpa

Hz = (0,6 +0,65)b,

rie b — WupHHAa MOJKU TOTOBOTO MPODHAS.
¥Yros pacKkpuITHS DOJAKH

Bg = 450 —+ 2’Y
Yros packpbiTHS CTEHKH
Qg = 450 —_— 2\).

Hpyrue napameTpsl pazpepHyTHIX KaJHOPOB onpelesseM
pacuerHniM nmyreM. CornacHo ypaBHeHHio (9), cocTasasem
ypaBHeHHe cpefHell NHHHUH NMOJAKH {pHC. 32, 6):

40,0146 — % — Ab,="AC+CO,

rue
vAC="B. co= 9K __,
180° cos (90 —B) ’
OK=H—CD; CD =r—rcosPp=r{(l—cosB)
HJTH

OK = H —r(l —cosB);
CO — H—r(l—cosﬂ).
cos (90° — B)



YpaBleHue cpeaHell THHUH NOJKH NPDHHUMAET BHA

b40,014b6— Ab, = wp  H—r{l—cosP)
’ 180 cos (90 — B)
M3 aroro ypaBHeHHs onpeessieM
1,014b~_ﬂ — Ab, — N E—
;— 2 cos (90 — B)

af 1 —cosf
180 cos (90 —P)
Pannycel pasBepTku rpaneii:
BepXHEll MOJKHA
n=r—<; (29)
HYXKHER

r2:r—f—%. (30)

TopusoHTanbHas NpoeKUHs CpelHelt JHHUH TOAKY

By =rsinf +[H—r(1 —cosf)]tg(90°—B). (31) .
[opr3oHTaNbHYI0 NPOEKUHIO CpeiHell IHHUH CTeHKH onpe- ‘;

AeJAI0T U3 YyDABHEHHS CpeHell IMHUK CTEHKHU:
00" = h + 0,014h — Ak,
U3 tpeyronbvuuxa EOO’ umeem

B;, = 00’ cos q,
uiy .
By = (1,014h — Ahy)cos a. (32)
BepTuxajabHYO NPOCKUHIO ONpelensieM H3 BbIPaXKeHHH: .'
OFE = (1,014h — Ahx)sinq, (33)
Abp = Aby + Aby 4 Abg + ... + Abay, (34)

rae  Ab,— cyMMa yUWMpeHH# CPeXHHX JHHHH TOJIOK B Tpe- o

JUBI Y LHX Kannépax

Ah, — cymma yurnpeHni CpefHHX JHHUH CTEHOK B 1pe-

ILIAVIIHX Kaanbpax, T. e.

Ahy = Ahy + My 4+ Ay + .+ Ay, (35)

YpasHennsa (26)—(35) cupaBemyuBbl a4 J1060I0 YEPHOBO-
ro xanu6pa 3etoBo#l cranu, rae Ak, Ab, B, H asnsorca

[epeMeHHbIMY BEJIHYAHAMH.
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(28)

YIINpeHUst CPeHUX JHHHUH TONOK U cTenoK (Ab, u Ah,)
onpeneasiorcs no gopmyae (8). Ilpu stom obuiee yumupe-
HKe pacnpenessercs NPONOPUHOHAMBHO pasMepaM MOJOK H
CTEHKH B I'OTOBOM npodmne T. €.

=g (L VRS -
+ by ijd ] | (36)
=t ) e
4 by ky VhR:‘j ] (37)

Bricota kanmubpa HaMeHseTcs 10 NPOXOLAM IPONOPLHO-
HaJdbHO OOXaTHAM M onpemessieTcst no Qopmynam (12),
(13), 1. e.

H, = Hy—(AHy + AHs 4 ... + AHpy), (38)
rae - '
H; = (0,6 = 0,65)0,
a
1,
— Ad,,. 39
M =S e &)

Yraisl pAaCKPLITHS TOJ0K BH CTEHKH O H3MEHAIOTCA OT Ka-
anépa K Kanubpy NPONOLKHOHANBIO 00KATHSM NOJOK H CTeH-
Ky H onpenenasiores no ypapsewuam (10), (11), 1. e.

on = 02— (Aag + Aoz + ... + Aan-1), (40)
rape - . .
- ay = 45 — 2v;
' Ao, = 22 Ad,: (41)
3 Ad .
Brn = Po— (AP2 + ABs + ... + APn—1), (42)
rne
[32 = 45o -+ QV
11 .
_ B p
AB, = S, d,.
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Yrosm y Anst BCeX KanHGPOB MOCTOSHHbBIH.
Panuyc 3akpyraeHus BepIllkn YIaoB

re=n—1,

rie n — NOPSAKOBLIK HOMep Kaaudpa.
Pannyc 3akpyr/enusi B MECTe COeJIHHEHUSI OJAKY CO CTeH-
KOH NIpeiBapHTEbHO PACCUHTLIBACTCS 10 YPaBHEHHIO

R =R'n + Ad,

roe R’'— pajuyc CKpyrJeHus B OpeablayileM Kanuope;
R — uCKOMBIH pajHyc CKPYTJIEHHS; ,
1) — KO3 QHLUHEHT BBICOTHOH nedopMauull B JAHHOM
KaJjaubpe;
Ad— o&rKaTHe B JlaHHOM KaJauope.
ITocse aToro Bemnunta R nposepsieTcst # KOPPEKTHPYETCS
[0 CAeNYIOUeMY YPaBHEHUIO:

Noe — Ny = G,

rae Moo, Ny— KO3OUUHEHTH BLICOTHLIX AedopMauui 1o
IIOJIKe CO CTEHKOH H B yryiax npoduas.

3aKpyracHus KOHLOB MOJOK ONpefensioT 1o Gopmyae

BaxTtunosa. B xanubpax, HMeIOWHX pa3beM CO CTOPOHBI,

TAE HA FOTOBOM NpOQHIe HMEeTCHd 3aKpyIveHHe, paauyc

2aKpyrJaeHHs NPHHHMAIOT PABHBIM 00KATHIO, YBEJHUEHHOMY
Ha paiumyc 3aKpyrL/ieHHs B MHCTOBOM Kaaubpe, T.e.

r=r+ Ad.

C npoTHBOHOMOXKHBEIX CTOPOH pajHyc 3aKpyrieHUsd cie-
JAyeT MPHHUMATL PABHLIM HJIH HEMHOro OOJIblIe BeJHUYHHDBI
o6ykaTHa B NpelblayuieM Kaaubpe, T. e.

r = Ad.

[Tnowanp 3eToBLIX KanHGPOB ONpENERIOT MO HOpMYyJIe
lteproBa

F=1,02(2lcpn+ lepc)d,

roe  lep.g M lep.c— AJTMHBL CPeIHHX JHHWUH MOJKH H CTEHKH,
d— rojuHa npoduas.
Hefitpanpnyto annuio Kanubpa onpenessioT aHajuTHUC:
cku [8].

- Kosddrunentsr BbICOTHOH Hedopmaluuu B KaauGpax 3e-
TOBOH CTaJH ONpeAeNsioT TaK XKe, Kak W B Kaaudpax yrJo-
BOI crasu. a5 cpepHHX ¥ KPYNHBIX npoduaell NpuHHMAIOT
5—7 NpOXOMAOB, MJas MeJKHX 4.
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Hpumep pacuera Karubposku 3eTos0i crasu Ne 8
oas crana 500 (puc. 33, Taba. 4)

[TpuMeM craenywomive Ko3hduuuenTsl 06KATHH TOJOK H
CTeHOK Ias xanubpos: [—1,25; 11—1,35; TI1—1,45; IV—
1,55, V—1,60; VI—1,60.

Kanudtp I (uuctoBoll)

[upura crenxu

hy =80-1,014 = 81,1 s,

LIHPHKA NOJKH
by =65-1,014 = 66 unm.

Yroa HakJoHa GHCCEKTPHCHI IPSMOro yrja K BepTHKAJM
(y) onpenenseTcsi U3 BbIPAXKEHUS

tg (45° +7) = o ¥ = 50° —45° = 5°.
Ywupenye cpeanell JHHUH CTCHKH

Ahy 8—0{(1 4 ;—z) (0,351/1,5-247 _‘_'5>L5+

T80+ 65.2
 Visoar )
T 6,75
yLLIHpeHI/Ie CPEJIHeﬁ JIHHHUH TTOJKH

65 1,5 —+—a= 1.5,1,5
Aby=—"T""-— = 247 — 2y 2P gy
by so+65.2[<1““7,5)<0’351/1’5 7 ) 1

J*;] 133 .
6,75

Kanudop I
Yroa1 HAagMOHAa CpejHell JHHHH CTEHKH K TOpPH3OHTA/H

ap = 45°—2.5° = 35°.
Yros HaKJOHa cpeJHell IMHHH NOJNKH K BEPTHKAJH
2 = 45° 4 2-5° = 55° '
Bricora kaaubpa
Hy;=0,6-65 =39 s,
['opu3oHTadbHas NPOEKUUS CPeLHel JHHHH CTEeHKH
B, = (1,014.80 — 6 — 1,63) cos 35° = 60 mm.
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Paguyc pasepThIBaHUA CPeAHEH JHHHH NOJKH
- 3,9
cos (90 — £5)°
1 — cos 55°

6
1,014-65——7— {,33 —

f —
2 3,14.55

180 cos (90 —55)°

= 32,1 mm.

FopusoHTanbHast IpoeKiHs CpeaHei JHHHE MOJKH
B, =32,1sin55° + [39 — 32,1 (1 — cos 55°)] X
X tg (90 — 55)° = 43,9 mm.

YiunpeHnue cpefHell JHHHA CTEHKH

M= s | (o) 0

61 V'2,6-246,2
X(IO ];+ 8 — 8___,9 ]:1,75}4/‘4.

Puc. 33. Kaau6poBka 3eT0BOM craan Ne 8
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MapameTpbl KainOPOBKHU ANS MPOKATKH 3€TOBOH cTanun Ne 8

1

lomep kann6- I’
xgia(%?;:i- M d Ak, mn| By M4 |, rpag. | Ab, mu | By ##
KH) l
1,25 6,0 1,63 — — 1,33 —
I% 1,35 7,5 1,75 60,0 35,0 1,43 43,9
111 1,45 10,1 2,15 60,0 33,0 1,75 44,3
v 1,55 14,6 2,56 60,2 30,0 2,08 47,1
Y 1,60 22,7 2,37 61,0 24,0 1,93 48,2
VI 1,60 36,4 2,50 62,5 14,5 2,03 51,4
VII

YLuupeHHe Cpem—xeﬁ JJUHUHU NTOJKH

65 [ 2,6 s 2,6y 2,6
—_® {128 /034)2,6-946,0 — 20 26
be 80+65-2L(1T10 1)( v 2,)10,1

»

1V 2,6-246,2

)

--0,8 J = 1,43 mm
U T. L
Mrak, pasmepr 3arOTOBKH:
Bricota 58 um (Tabd.n. 4),
wupuna By =064,6—2,56+ (54,48—2,03) =167 sm.
Koucrpykiiua xaJu0poB NpuBefeHa Ha puc. 33. ;
PesyabTaTet pacueroB napaMeTpoB KaJHOPOBKH 3€TOBOH
cranu Ne 8 npuBesietnl B Tabs. 4 1 Ha puc. 33.

Kanu6poeka waeJsiepos

Cyl1ecTBYIOT TPH MeTOAa Ka/JHODOBKH IIBe/1epOB:

1) GanouHplit, IpH KOTOPOM HCHOJB3YVIOT OOLIHE YEepPHO-
Bble KaauOphl AN IPOKATKK 6a/l0K H LIBeNIepOB;

2) KanubpoBKa LIBeJJEPOB C OTKPLITHIMU (hiaHlaMH IpH
yBeAHUEHHbIX BBIIYCKAX;

3) xaaubpoBKa HIBeJJePOB C NPHMEHEHHEM CHCTeM pas-
BEPHYTHIX KaJHOPOB.

Ilpu 6as0uHOM MeTOLE KaJHOPOBKH HOCTHUrAETCS HCIIOJb-
30BaHMe OOILIMX 4YePHOBLIX KaJHGPOB AJ17 NPOKATKH 0anox
H LIBeJJepPOB, UTO yMeHbllIaeT HOMHHAJbHBIH MapK BaJjKoB.

Hepocrarkom 6asouHoro Merona BJASIETCS TO, UTO B0Jb-
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TaG6numna 4

crave 500 (3arotoBka hyXbo=>58X 167 MAL)

1
Porpam. | ryosm | ey, ss |y, mm | H, mm RK‘ MM Ny | F, um A

h_cp

— — — 247,0 (1,22 | 2,85 | 1230 | 1,22 °

55 32,1 123,3(358 39,0 246,2]1.32| 2.82 | 1500 | 1,31
52 | 31,6 ]26,6|36,6(37,0] 245,0|1,35| 2.70 | 1980 | 1,40
47 [ 36,5129,2 43,8 | 33,5 | 242,7 | 1.35 | 2.38 | 2780 | 1,49
38 140,01 28,6|51,3[27,0| 2387 1.35! 1.77 | 4160 | 1,55
23 | 62,0 | 43,8 (80,2 | 16,5 | 231,8 | 1,30 | 1.50 | 6440 | 1,46

liHe 06KaTHA JIOKHBIX (IAHLEB B YEPHOBBIX Kaanbpax Bbl-
SbIBAlOT HEpPaBHOMEpHYI AedOpMauui0 BCero npoduis M
YBEJIHUUBAIOT DACXO/A 3HePTHU TpH npokarke. [Ipumenenne
KaauGpoB ¢ MaJblM BBIIYCKOM (He Gosee 3%) NPUBOLUT K
OBICTPOit BBIPaGOTKe KanuBpOB MO INHPHHE, 4YTO BeseT
K GOJIbIIOMY PAacXoiy NPOKATHLIX BaJKOB.

Kann6poska wIBesnepoB ¢ OTKPBITHIMH bnaunamu npu
YBEJIHYEHHDLIX BLINYCKAX YMEHbLIAET CheM CTPYXKKH 10 gHA-
MeTpy GOUKH Ba/JKOB NIPH NMEPeTOUKaX W AOMYCKaeT, 110 Cpas-
HeHHIO ¢ 6asouHbBIM MeTOHA0M, OoJjee 3HEepruyHoe o6xKaTue
BO BCEX YEPHOBLIX KaJauGpax, 4To COKpaIlaeT YUCJIO APOXO-
OB NpH NpPOKAaTKe.

K Henocratkam panHOro Metoma cieayeT oTHeCTH HaJu-
4Me r1yGOKHX BPe30B B KaNHODAX, OTPAHHUMBAIOLMX TPOY-
HOCTb Basika H BO3MOXKHOCTb HHTEHCH(MHKALMU Tpoliecca
npoxaTk. Hannuue GosbLIOH Pa3HOCTH B KATAIOWIHX MHa-
METPAX IO CEYCHHIO KanuGpa MPHBOIUT K YBENHUEHHIO BLIpa-
00TKH KanuGpOB W YBeJNHUEHHIO PACXONA SHEPLHH Ha npo-
KaTKy. '

Bce ykasannwle negocratku yerpanensr B MeTome Kasane-
POBKH IIBENJIEPOB C NPHMEHEHHEM Pa3BePHYTHIX KaJHGPOB,
KOTODBIH HMEET CAefYIOUHEe NPeUMYLIECTBA: BO3MOKHOCTD
MHTeHCH(HKaUnK nponecca AedopMauuy Merassa; COKpa-
HEHHE yHCna (PacOHHBIX KaJubpoB; BO3MOKHOCTb NPOKATKH
uIBeJiepa MO MUHYCOBBIM NONYCKaM; NpH IlepeToykax BaJ-
KOB Ka/Gpbl BOCCTAHABIHBAIOTCS [I0JHOCTBIO 110 IABI0HAM:
CHH?KEHHE CTeNeHH H3HOCa Ka/JHOpOB 3a CueT yMeHbUIeHHS
PA3HOCTH OKPYHHLIX CKOPOCTEN NO CeueHHio Kaaubpa; Go.ee
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paBHOMepHbIH pexuM Aedopmallu MeTaslla B Pa3iuIHbIX
3JeMeHTax Kanubpa; 3HaYHTETbHO MEHbUINE PACXOL NMPOKAT-
HBIX Ba/JKOB; YBeJHYeHHEe IPOH3BOLHTENLHOCTH CTaHa 34
cueT COKpalieHHs uYHCla MepeBajok BaJKOB H HACTPOEK
cTaHa.

K HemocraTKkaM MeTO[a KaJHOPOBKH IUBEJJIEPOB C TNpPH-
MeHeHHeM Pas3sBepHYTHIX KaJuOPOB MOXKHO OTHECTH JIHUIb He-
KOTOpOe 3aTpyAaHeHHe NpH 3ajaye pasBepHYTOH MOJOCHL B
Kanuop, Te TPOUCXOLHT ee cBepThiBanne. OHAKO Ha NPOU3-
BOLMTENBHOCTb CTaHa 3TO NPaKTHUECKH He BJIHseT.

B nocaenHee BpeMsi LIS NPOKATKU IIBE/JIEPOB HAYAJIH |
NPHMEHATh YHCTOBbIE KaJIUGPBI C BHIIYCKOM HapyXKHBIX Tpa- |

yeit mosiok mo 10—159%. Do yayullaeT NOBEPXHOCTh NOJOK,
N03BOJISIeT MpOKaTaTh MNpOodUAL Ha MHHYCOBble LOMYCKH,
YMEHbIIAeT Pacxoj BaJKOB. ’

B macrosiliee BpeMst 6a/104HbI METOR KaJUGPOBKH WIBEJ-

JlepoB NOYTH He NpuMeHsercs. DoJbHioe pacnpocTpaHeHHe '
uMeeT MeTOj KaJWOPOBKM IUBeJJIEPOB B OTKPHITHIX (IaH-
Ilax C yBeJHYEHHBIMH Bbllyckamu. MeTon KaJuOpOBKH C MPH-

MeHeHHeM CHCTeM DPAa3BepHyThbX KaJuOpOB HAUHHAET BHEM-
pATbCS B NPOH3BOJACTBO U BHITECHSTH B MEPBLIX.

[TpokaTtka MiBeaJgepa C NPUMEHEHHEM CHCTeM pasBepHy-
TbIX KaJHOpPOB OCYLIECTBISIETCS, nogo6GHO MpOKaTKe YrJOBOH |
CTaJH, IMOCPeACTBOM MOCTENEHHOro o6xatust U cruGanus

3JeMeHTOB ero H3 NpSIMOYToJIbHOH 3ar0TOBKH. [Ipu sToM Ha-
PALY ¢ TUOKOM, 3JeMEHThl NpodHIs NOJIYyYaloTca U 3a CHer

(popMoH3MeHeHH s (IUTaMIOBaHHS). DIeMeHTHl INTaMIOBaHHS ¢
npeo6aanaioT B OCHOBHOM B MEPBHIX MO XONY NPOKATKH Ka-= g

nubpax. dneMenTs THOKH MPOGHIS OCOGEHHO APKO BbIpaxKe-
Hpl B MOCJe HHX KanauGpax. OnHako B 11060M pa3BepHyTOM
Kananfpe UMerOT MeCTO THOKa W WTaMIIOBaHHe.

ByayT paccMOTPEeHB! IBa THNA KaJHOPOBOK IIBEJIEPOB €
MpHMEeHeHHeM Pa3BepHYTHIX KanuGpOB: KaauOpoBKa C KOH-
TPOJBHBLIM KanuGpoM i Ge3 KOHTPOJLHOrO KaanGpa.

[IpuMeHeHue KOHTPOJBHOTO Kaanbpa rapaHTHpyeT Moay-
JeHHe NOJMOK NPODUIS ONpeNeseHHOMH IHPHHbI, YTO 0COGEHHO

BAXKHO NpH BHEAPEHHU KaJHOPOBKH C MPHMEHEHHEM Pa3Beps
HyThIX Kanu6pos. OnHAKO HajHude Kanubpa ¢ npaMbIMH
nonxkamu TpeGyer ray6OKHX BPE30OB pyubeB B BaJKH, KOTO-
pble YMEHbIIAIOT NPOYHOCTb BAJKOB, INOBHINAT TPeHHE B
xanubpe u TpeByloT yeTpoiicTBa GypPTOB CPaBHUTENBHO 605b-
IWHX AHaMeTpOB.
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Kaaubposka wsesrepa
6e3 npumenenus KOHTPOLbHO20 Kaiubpa

Kaxnefi pasBepHyTHIH Kanubp LuBessepa NpeicTaB/iseT
KaK Obl COeiMHeHHe IBYX Da3BepHYTHIX Ka/J1HOpOB YIJIOBOH
cranu. Uucropoll Kaiubp TakiKe pa3BepHYT 3a cyeT H3ruba
CTEHKH, OObIUHO YKJIOH HEH3OTHYTHIX MOJIOK K BEPTHKAJH CO-
craBasier 10—159%. CpepTriBaHHe NpoKaTaHHOrO NpodHJs
OCYLLIECTBJSETCS B XOJOJHOM COCTOSHHH Ha pOJIHKO-Ipa-
BHJILHOH MAallIHHE [10 OGbIYHOH TeXHOJNOTHH NPaBKH.

Bubop xoapbuunenrTron nepopmMaluu

B nessix nony4eHus roToBOro npoduisi ¢ XOpouo BhINOJ-
HeHHBIMH BepLIHHAMH YIJIOB PEKOMEHIYeTCs TOJLIHHY 34aro-
TOBKH NPHHHMATb He MeHee, ueM B 8—10 pa3 Hoablie cpef-
HeH TOMIIUHBI TOTOBOTO Npodus:

H = (8+10) (#)

rae H— ToJlMHA 3aTOTOBKH;
{— TOJILIMHA NOJKH IO cpefHell YacTH;
d— TOJILIHHA CTeHKH.

KostddHuurneHTs BLICOTHOH AeOpMallUM peKOMeHAyeTcs
6paTth AJs YepHOBBIX KaJAMODPOB aHAJOrHUHBIMH C YEPHOBBI-
MH Kaaubpamu yIJIOBOH CTaJu, a A/ YHCTOBOrO Kanubpa
HECKOJIbKO MeHbUle KO3 {UUHeHTa BLICOTHOH medopMaiuu
LIS YHCTOBOro Kaaubpa yrioBOH cTamlu:

Koadbdpuunenr
Kanu6p BBICOTHO#
AedopMaLuH
Hucrosok:
GosiblINE  pa3Mephbl 1,07—1,10
cpefHHe W Manable pasmepst 1,10—1,15
UepHoOBOH:
GoJiblliHE  pa3Mepbl . 1,3—1,6
cpeiHHe W Majble pasmepn 1,4—2,0

KonnuecTBo (pacOHHBIX KaJHOPOB A8 MEJIKHUX Pa3MepoB
weesnepa Gepercss 4—>5, st CpeHUX U KPYIHBIX 5—7, LA
0c060 KPYNHBIX PasMepoB 10 9 KaauOpos.

Pacuer u XOHCTPYHpPOBaHHE UHCTOBOTO Kajaubpa NpoH3BO-
JIHTCS, COMJIAaCHO 3aAaHHBIM pasMepam npoduas (puc. 34, a).
Beinyck HapyxHbIX rpaHell NOJOK ycraHasnueaercs 10—
15% sa cuer u3rnba ¢TeHKH. . ' -
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MecTto naruba creukn odopmsasercs paiHycoOM, PaBHbLIM
wHpuHe cTedky (R=h). Pa3Mepnl N0JOK U CTEHKH pacCyH-
TLIBAIOTCH C YYETOM yCaaKH Npogus MPH OCTHIBAHHH.

Ha puc. 34, 6 nokasan uucTOBO¥ pa3BepHYTHIA KaaHOP C
BuimyckoM nosiok 10—159%. B orauyue oT yryioBO# cTafH,

»

f 1t

3

r * f
) t"T
s i

J " Bl |

~

-3

H
B
»
e tKL-—

In
Puc. 34, KOHCTPYKUMS DasBepHYTHIX LUBEIMEDHbIX KaauOpos ©Oes

KOHTPOJNbHOTO Kanuopa

YHMCTOBON LIBE/JIEPHBIH KaauOp HMeeT OrpaHHYeHHOE YIIH-
peHye MOJOK, HOCKONBKY, KaK 0Kasaja NpaKkTHKa NpPOKaTKH
uBe/1/IepoB, 6e3 OrpaHHyeHHa YIIUPEHHs BO3MOXKHE KoJeba-
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HHsl INHPHHEl NMOJOK, BBIXOLSLHe 3a [pefejbl MOMYCKOB.
O6bluHO UIMpHHA NOJOK B KaJuOpe ycTaHaBauBaercss GJIH3-
KO¥ K IJIIOCOBOMY IOTYCKY, 4TOOBI MPeaynpenTh BbIXOI[ IIH-
PUHDBI NOJIOK 34 [IJIIOCOBOH Npesien.

[IupuHa noAKH

by = 1,014b + 0,757,
rae 7

T — ponycTuMoe HONOXKHTEABHO® OTKJAOHEHHE 110 NpHU-
He TMOJIKH; PalHyChl 3aKpyrJeHn

7 Ri=R;r1=1 R =
[IHPUHA CTEHKH )
hy = 1,014k cos .

Pacuer u koucrpyuposanue ueprosoix Kaiubpos

KOHCTPYKUHA PA3BEPTKH MOJMOK W CTEHKH OTpeflensieTcs
CJAEAYIOUMMH f1apaMeTpaMi: YIIOM PacKpbITUS MOJOK B, BbI-
cotolt kanubpa H, yrioM pasBepTKH CpemHEH JUHHH CTEeHKU
¢, PamHyCOM pasBepTKH CPenHeH JMHHH TIOJNKH r U paauy-
COM pasBepTKH cpenHedl JUHHH cTeHKkH R (puc. 34, 8). B ot-
Auyne OT KanuOpOBKM yIJOBOH CTanH, r — NepeMennbiil pa-
ANYC, a R — 1OCTOAHHBIE PaAHyC JJIA BCEX UEPHOBBIX Kanaub-
poB. Bce npyrue napamerpsl kanu6pos — nepeMeHHbIE.

Ha ocHoBe MpoBepeHHBIX Ha MPAKTHKE JAHHBIX [ Mep-
BOTO Pa3BEPHYTOTO LIBEJJEPHOrO KaduOpa (mpeaylcToBOro)
MPUHAMAIOTC CJAeNyIoliMe MapaMeTphbl: BricoTa Kajubpa
Hy= (0,6—0,65) b; yron passeptku noaku Pe==65% paunuyc
pasBepTKH cTeHkH R=1,25h.

Jpyrae mapaMeTps! pasBepHYTLIX KajJuOpoOB onpeness-
IOTCA PACUETHBIM NIyTEM.

Coramacuo 3asucumoctd (9), cocTapiaseM YypaBHeHHE
cpeAHell JIHHUK NOJAKH (puc. 34, 8):

b—%+0,014b—Abn:“’AC+ co, (43)
rie
vac="PB. co—_ 9K __.
180° cos (90 — B)° ’
OK=H—=—CD; CD =r—rcosB® = r(l—cosB)®
Hian



; Yiuupenue nas n-ro Kasnubpa cocrassser
HIH .
OK=H— /(1 — COS B), Ahn = A/ll —+ Ahg + .. Ahn_j.
Toraa o H —r (1 — cos B)° YpasHenus (45) — (48) cnpaseanussl ans aw6oro pas-

BEPRYTOrO WBENEPHOro Kanubpa, rue Af,, Ab,, B°, r, o u
H SBNSIOTCS NepeMeHHBIMH BeJTHUHH 2 My,

Yupenne cpeptell JMHHUH NONOK B CTeHKH (Ab u Ah)
onpenensercs no gopmyie (8). [onyyennas peqnunna YIIH-

cos (90 — B)°
Beipaxenue (43) npuHuMaer BHA

b—L 40,0146 —ap,— By Horlocoof) oy

— PEHHs pacnperenseTcs NPONOPUHOHATLHO Pa3MEpPaM MOJOK
180 cos (90 — ) U CTEHKH N0 LWIHPHHE, T. €.:
OTKyJ1a , AR, —— A\ AK
a o fh— .[<1+_cp)( Ray, — o | s
10146 — o7 — Abu— (30 — p)° (45) 2b +h H “/ °p o ) T
r = ’

aip 1 — cos p° .

= - 7 i RAR

180 cos (90 — B)° " 4 klkzl/ cpJ; 49)

5 hCp

rae b— mupuHa NoJKY;
d’— TOJILMHA CTEHKH, _
Ab, — yilHpenue TMOJKH B MNpeAbLIAYLIIHX KaJubpax:

b Ak, S Akl ) AR '
Ab:?b+h[(l+ Hp)(fV/RAhw_‘_E&> =+

,! H
Aby = Aby + Aby + + Abn. ] ) VRAh;p
Panuycel pasBepTKU BHYTPEeHHEN M BHEIUHEH I'paHell Ho- + Ry ——P | (50)
JIOK Ly t‘! cp
P (T o P r+lOT K. 3 rae b n h— cOOTBETCTBEHHO mHHBI THONOK M
1 - - T ’ 2 e ? _.
: 2

CTEHKHU;

-

Ap — Ad A

ropr30HTa/bHadg NpoeKUuHA cpezmeix JAHHUH TTOJKH p T — CpeaHee oOxKaTHe [NOJIKH ¥ CTEHKH,

By =rsinp -+ [H 4 r(l —cosp)°] tg (90 —B)°.  (46) j rae  Ad u Al— oGxaTue crenkn u nonKH;

I - H H
Yros pasBepTBIBAHMS CpelHel JHHAH CTeHKH (o) onpe H o HetHa  cpennan Tonmma saxasac.
JeIAeTCs N0 yPaBHEHHIO CPeJHEH JIMHHK CTEHKH, COCTaBJIECH- 5 !

MO} 3aTOTOBKH;
rue H. v H,— ronuuna crenxu u NMOJIKH 3a-
ZaBaeMOH MOJIOCHL;

HOMY TaKKe Ha OCHOBAHMH 3aBHCHMOCTH (9): /

1m%*%—MfJ@,

% 1 [="kikyki(1,06—0,0005/°) — kosdppuiment TpeHus,
oTKyAA 0,5+ d) )
¢ R=R,— =% araouwmii pamuve orpeje-
90(1,014/1—70——Ah,1) ’ i 2 HiHH panuyc (onpen
o= — . - 47 JIAETCS MO CpefHel TOJIIHHe
mR npoguisy,
lopusonTanbHast NpoeKUUs CPeIHel JHHHH CTeHKH rie R, — HOMMHAJbHLI pPAHyC BaJKOB CTAHA:
_ . 48 ! — ToNnwHHA NOJIKH:
Ri=2Rsina, (1 d— TOJIIHHA CTeHKHU
rae h— wHpuKa credxy; . 0,5 (Het H) 0.5 ((+ &)
‘fo— TOJIILHHA OCHOBaHUS NOJKH; hep = ct n2 :
Ah, — yHmiypeHHe CTeHKH B NpeAblAyliuX KaJHOpax.
. 87
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k, — Ko3hdUUHeHT cTectieHua yiupenns; £y =0,6 + 0,8;
ky— K05(hHUUMEHT, YUHTBLIBAIOUINI pa3Mep LIBeJIepa;
I8 Manbix pasmepon k=07 —+ 0,8; mias cpenHux
pasMepos ko=1; nns KPynHbIX pa3MepoB ky=12.

Yrael packpeITHs CPEAHHX JHHUI TOAOK B H3MEHSIOTCS

OT KasH6pa K KaianGpy MpoNOpPUHOHATBHO 00XKATHAM TOJOK
n onpeaeasiorcs no ypasuenusam (10), (11), 7. e.

Bn = B?'(ABQ + ABS + ..+ Aﬁn—l), (51)
rae : B, — Yros packpbiTHs [OJKH B 71-HOM
Kanauope;

Py~ Yros packpLITHS NOJKH BO BTOPOM
Kanubpe (IPHHHMAETCS KOHCTPYK-
THBHO paBHBIM 65°);
AP, APs,..., AP,—1 — COOTBETCTBEHHO INpHpAallleHHe YT-
JIOB PACKDBITHSI MOJIOK BO 2, 3.
(n — 1)-HoM KaJaubpax.
B2

AB,= A At,—- npHpallenHe yrjaa packpPeITHs MoJ-

KH B n-HOM KaJsuOpe.
SAt — cyMMa 06KaTHil NOJIOK BO BCeX pas3BepHy-
THIX (HCKJIIOuast YHCTOBOI) Kanubpax;
At, — o6xatue TOJKH B 1-M Kanubpe.
Bricota kaaubpa uaMeHseTcsl 1O MpoxojaMm IPOMNOpHHO-
HaJlbHO 06XKATHAIM H OMpejessieTcss MOAOGHO yraaM pacKphl-
THA noJoK no gopmynam (12), (13):

Hyp = Hy— (AH; + AHs + .. + AHuy), (52)
rae
Hy = (0,6 —0,65)b;
Hy
— 2 Ag 53
A, = o7 Adw (53)

rie Ad,— o6xaTne CTEHKH B 71-HOM KaJHOpe.
Paauyc sakpyrseHus BepUIMHBI YT

re =1, (54)

rie n — NMOPSAKOBHI HOMep Kaaubpa.
Panuyc 3akpyrieHHs B MecTe COeIHHEHHS MONKH CO CTeH-
KOi1 ¢ BHYTPEHHEH CTOPOHBI

R/ = R”ﬂcp, ‘ (55)
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riue R — paauyc sakpyriaeHus B NpeablaylieM Kkanubpe;
Nep — CPEAHHA KO3 HUHEHT BLICOTHOH jpedopMauuu
B ONpenessieMOM Kajaubpe.

Jloxubie GaaHUbl

[To xoncTpyxuuu npejcrapasoT coboil cBoeoOpasHy
TPEeyroJbHyn Gopmy.

OcHoBHOE Ha3HayeHHe HX — [OJydeHHe XOPOILEero BhINoJI-
HeHHs BeplUHH YrJjoB HA roToBOM mpoduie. Becb pacuer
JOXKHBIX (JaHUeB CBORUTCH K INOJYUYEHHIO COOTHOLUEHHS
K09} QULHEeHTOB BBICOTHBIX nedopMaunuil B sJjeMeHTax pas-
BEPHYTOrO LIBEJJEPHOTO KaJqubpa no ypaBdHenuio (l4) u
puc. 24.

3aKpyr/jeHnust KOHIIOB MOJIOK ONpPeReNsIOTCs Mo POopMyJie
Baxtunosa. B xanubpax, UMelOlINX 3aKPYTJICHUS CHH3Y, Da-
IMYC 3aKPYIVIeHHs NpHHHMaeTcs 60oJbllle pajudyca YHCTOBO-
ro xKanubpa Ha BeJHWUUHY 00XKaTHS B NpPEAbIAYIIEM Kaaub-
pe. T. €.

r=r + Aty (56)
rae  Af,— oGKaTHe KOHILA MOJKH.

B kanubpax, HMelOLUX 3aKpYIJAEHHs CBEPXY, pPaluyc 3a-
KPYIJIEHHS CJEAYeT NPHHHUMATh paBHBIM HJAH HEMHOro 6OJb-
e 06:KaTHA B MpeAbIAYIIEeM Kanubpe, T. e.

r = At (57)
[Inomans wiBesjiepHBIX KajguGpoOB ONpeAeaaeTcs MaaHH-
MeTDHPOBaHHEM.

Helitpanbuas nuuus Kaxj0ro xannbpa onpeaessaercs mno
meToay JlutoBuenko [8].

Pacyer xaaubposku weesrepa Ne 12
6e3 npumerenus 8 CUCTEME PA3GEPHYToLX KAAUbpos
KOHTPOAbHOR20 Kaaubpa Oas cTana 600
(puc. 35 u taba. 5)

[TpurumaeM cienymoouie Ko3QGHLUHAEHTH BLICOTHBIX J€-
¢bopmauMii COOTBETCTBEHHO AAd MNOJKH M CTEHKH Kajaubpa
1—1,14; 1,14; 11—1,30; 1,30; I11—1,40; 1,47; IV—1,58; 1,65;
V—1,70; 1,80; VI—1,50; 1,70, VII—1,42; 1,70.

Boablas HepaBHoMepHOCTb fepOpMalHH MTPAXOIHTCS Ha
NepBLle 110 XOAY MPOKAaTKH KanHOpBl, B KOTOPLIX MeTaJJ
UMeeT CPaBHHTEABHO BBICOKYIO MIACTHUHOCTD.
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kA

Tabnuupa b

Napamerpul KanuGPOBKY AJA NPOKATKH iBeatepa MNe 12 (6e3 KOHTPOALHOrO KanHuOpa) Ha crase 600
(3arotoka byXhy ~87X159 mm)

Homep Kajau6- ' iotaA B,, B 7, H. Ac, R.,. b F,

x%?la( lIIPpOOTKHaE;. e tf{M AMI; ?(}A’L rp%u. Mn ,wz,u Nk ,tnKu Yo | an M,&b‘t, s | TPan | | M e | hep | M '
KH)
1 Lial asliao] — | — |i4] 7.7 114] 5.00] 1,18 10.2]0080) — | — | — | — | 0.75|297,0{1,15| 2,25|1330] 1,12
11 1.30| 5.5|2.55(108,0(21,1|1.30| 8.5|1.30| 5 92 {qﬁ 11.6(1.18]33,27|65,0|28,8| 32 | 2.07|296.5|1.31| 3 10| 1490! 1,27
i Va7| 701035411055 |20°6| 1,401 11,0145 7.70|1.35] 15,0]1,63(32,50(63,0|27,8| 31 | 3,93|295,5|1,25| 3,10/1900| 1,43
IV 1,65110,5 (4,92 102,6(20,0| 1,58 | 15,5 | 1,68 | 11,20 | 1,48/ 20,3 2,27 |83,00/59,0127,7] 29 | 7,901293,5)1,43| 2,8212720) 1,50
v 1'80]17'3]5 821 93'1|10°1|1.70|24.5 (1790 18'80 | 1’50 30,0|2,70|34,38|51,5|30,0| 25 |14,60|289,5|1,48| 2,30{4080 | 1,60
VI 1'70(30°0(5.03| 92'7| 1870|150 |41 01 64|36 00| 1 37| 45.0(2,32|36,25|38,0|38,5| 18 [20,75(282,2|1,30| 1,68 |6530| 1,45
VII 1,70|51,0|4,42| 87,7|17,0|1.,42|61,5|1,50| — |1,50] 61,5(2,04|37,70|21,0(61,5| 10 |30,756|271,9)1,30) 1,27]|9500| 1,41

2l
HYeprosoie karubpot
Yucrosod karubp I Kaau6p II

Buicora kanubpa Hy=0,615.52=32 mm; yron passepTkh

Brinyck HapyXKHBIX rpaHell nojok npuunmaem 10%. Pa- " . .
Y Py P P ' lo | CpemHHX JUHHI NONOK [e=065° pamuyc pasBepTKH cpenHef

IAyC 3aKpyrienus usruba credkn R=h=120 mx. Ulnpuna

crenkn — 1,014 0,995 - 120=121 mn | anan crerkn R=1,25-120=150 su (nocTosmes ans peex
lnpuua noskn 52 - 1,014+ 1,5= 54,2 . | UepHOBEIX KanuGpoB).
TOJILLLI/IHbI CTEHKH Y II0JIOK, a TaKKe BCe pafHyChl 3aKpyr- Pazmyc PasBCPTKH TOMKH ONPENCAAEM TIO (bOpMy.TIe (45)
JIeHHs MpHHUMaTca HoMuuaapHeiMu nmo T'OCT 8240—56. 1 ola52 — =8 4 6o 92 '
YuiMpenne CTeHKH M NOJOK ONpexnessercs no gopmysaaMm | ] ' cos (90—65)°
(49) —(50): ‘ fa = 3,14.65 1 — cos 65 =288 i,
YWHPEHHE MOJIKH 180 cos (90 — 65)°
Ab, — 52 | - 0.75 0 4l/m_ 0,75 & YIIHPEHHE CTEHKH
17 120 4522 ( 7 )( ’ ’ ’ 2 ) 120 2,07 s sar T —
By = — 20— (1 + 2 ) (0,39 V2,07 -296,5 —
075 V 0,75.296,9 ] —0.69 s ozl V—
7 6,62 ’ ) o 2,207 ) z’g; __i__ 0,8 w:l — 2y55 MM’
YVUIHpeHHe CTeHKHU ’ ‘
) yIIHpPeHHe TONKH
120 0,75 N ST Ty 52 2,07 5 AT R
Ah :—[(1—{— ) 0,4} 0,75-296,9 — Aby— ——— ( - )(O 39y 2,07.296,6 —
1 190 4-52.9 ) 7 ( b ba 120 +- 52.2 b+ 9,07 )\’ Ve, ’
0,75\ 0,75 , 1/0,75.296,9 | _ 2:07> 2,07 | 58 V/2,07-296,5 ]: 1.18
_ 5 ) - + 6 62 J:]’49 MM, . 5 9,07 ~+0, s , MM,
90 91
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3 p30/75

c

Puc. 35. KaauGpoBka wBennepa Ne 12 B chcremMe pa3sBepHYTHIX KanuGpoB 6e3 npHs
MeHelinst KOHTPONLHOTrO Kanufipa

Topu3oHTaNbHYIO NPOEKIHIO CpelHel JUHHHK NONKH OlNpe-
neaseM no gopmyane (46):

By = 28,8-0,906 + [32 — 28,8 (1—cos 65°)]tg (90—65)° =
= 33,27 mnm,

VI'0J1 pasBepTKH cpenHell JHHHH CTeHKH onpenenseM no ¢op-
myne (47):

. — 90(1,014-120 —10,2—1,49)
2 3,14.1,25.120

[opusoHTanbHasd NPOEKUHS CpeHEl JUHHUH CTEHKH Oll-
penenasiercs no gopmyse (48):

B,, =2.120-1,25sin21,15° = 108 m#n.

Kanu6p II. Beicotry kanu6pa onpepensem no gpopmy-
Jge (52):

= 21,15°,

Hy=32— %2 95— 3] un.

78,5
Yron pasBepTKH CpeHell JHHNH MOJKH ONpeneIdeM Mo

tdopmydae (51):

65

[33 - 657 78, '2,5:63 .
YiupeHue CTeHKH |
120 3,93 _
ARy 22V , _ B
"= 0w [(1 T )(0,38 )/5,93-295,5

93\ 3, 3,93-295,
38 >393 40,8 V 3,93-295,5
2 13 1

YHIHpeHHE TNOJIKH

} = 3,54 mn;

52

T 1204522 {\ +

: 3'1“;3 ><O,38 1/3,93.295,5 —

)9 > » * 3
3 3) 393 g V/3,93-295,5 1,63 an
2 ) 13 11
pajuyc pa3BepTKH CpeiHel JHHUH MOJKH
8 I
1,014.52 — 42 —1,87————903. P
ra= cos (0 —=63° _ 974 MM
3,14:63 1 —cos63°
180 cos (90 — 63)°
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FOpI/I3OHTaJIbHa${ ﬂpoel(ul/lﬂ Cpeﬂ,Heﬁl JJUHUHK TIOJKH
Bbz = 27,8.0,891 [31 —27,8(1 — cos 63°)] tg (90 —
—63) = 32,5 mxn;
YrOJl pas3BepTKu CpefHell JHHHH CTeHKH
90 (1,014-120 — 10,2 —
= ’01:;1, 1142?1,2;?1’220 =2 —20,6°
FODH30OHTaJbHaY IIpDOEKUHA CpeﬂHeﬁ JHUHHH CTEHKH
Bh, = 2:120.1,25.0,3518 = 105,56 mm.

Pacuer pasmepos 3aecorosku, sadasaemoi @ npoghune-
Houll Kaaubp [ ‘

¥3

Hlupuny 3arorosku onpenensem u3 ypaBHeHus (9):
lip, =1, — 20b, — AR,

rae lcps—ﬂanﬂa CpelHell JHHHH BOCLMOTO KaJaubpa,
T. €. IWHPHHA 3aTOTOBKHY;
lep, — IJIMHA CpPEHHEl NHHHH CeIbMOTO Kaaubpa;
Ak, 2Ab, — YIIHPEHUe cpeHel JHHUU CTEHKU U TOJOK B
CelbMOM Kanubpe;
Zcp7 - 2[cp.n, +[cp.c,’
rie lepn, — LJIAHA CpeHeN JMHAU NOJKH B kanubpe VII;

lep.e,— TO Ke JJIsl CTEHKH,;
Iy, = 52-1,014— 478 — 10,79 = 39,53 s,

Lp.e, = 120:1,014 — 10,2 — 22,44 — 88,45 un.
Ly, = 239,53 1 88,45 = 167,5 mn;
lp, = 167,5—2.2,04 — 4,42 = 159 yn.

Pasmepnl 3arotoBKH cocTaBaT 159X 87 s

Pajuycel 3akpyrieHuii B Mecte COeIMHEHHS TNONKH €O
CTEHKOH C BHEUIHEH CTOPOHEI OMPEAesAoT No bopmyne (54),
a ¢ BHyTpeHHeil cToponsl no (55). Paguycn 3aKpyIIeHH
HOJIOK CHU3Y OmpesensioT no gopmyae (56), ceepxy no (57).
Pesynbratel Beluncaenuit npuBeneHs Ha puc. 35 u B TabJL. 5.

JloxHble puanubl KOHCTPYUPYIOTCS TPEYTONbHOM HOpPMBI,
paccuutauer no gopmyse (14) u npusemennt Ha puc. 35.
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Srmow

=0, —

i

Kaaubposka wigesrepa ¢ npumeneruem 8 cucreme
pAa3BepHYTHLX KAAUOPO8 KOHTPOALHORO KAAUODA
(puc. 36, a—3)

Yucrtosol kaaubp I (puc. 36,6) paccuurhiBaercs
TaK Xe, KaK U B KanuOpoBKe mmBensepa 6e3 KOHTPOALHOIO
kaaubpa.

Hlupuna noaxu

b, =1014 +0,757;

iHpHHA Kaaubpa
hy =1,014Ah cos ¢,
pajHychbl 3aKpPyIJIeHHH KOHLA IOJKH 7| =r; B MECTe COelH-

HEHHS MOJKH co crenkoll Ri=R. .
O6wuit u yacTHble KO3phuuHeHTs nedopMalufi NPUHU-
MalpTCcAd M3 KaauOpPOBKH WiBeJJepa 6e3 KOHTPOJNBHOTO Ka-

=
P
~y

()

0% 15,

Puc. 36. KUHCTPYKIHUS DPa3sBEpPHYTHIX LUBEJIEDHBIX KaJHOPOB ¢ KOHTPOAwAbIM
KanHepom

aubpa, uck/aodad KOHTpoabHbll Kanu6p 11, roe otcyTersy-
eT 00>KaTHe KOHUOB TIOJOK.
Bennunna ymwupeHus noJok H CTEHKH BO BCeX KaauGpax
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onpenensieTca Tak ke, Kak H B KaaubpoBke 0e3 KOHTPOJb-
Horo kanub6pa, no dopmyaam (49)—(50), uckawuas KOHT-
ponpHetil Kanubp Il (puc. 36,8), rue mNOAKH He HMEIOT
VIIHPEHHd, a YUIHpeHHE CTEeHKH ONpelensieTcss Takxke [0
tdopmyae (50).

I1pedqucrosoli KonTpoabHbll Kaaubp []
OcHOBHOe Ha3HauyeHWe — KOHTPOJb LIMPHHBI [OJOK.
[TpumMenseTca KOHCTPYKUHS Kaaubpa HOJY3aKPLITOrO THIA

(puc. 36, 8).
Pagnyc paspepTku cpenHeil JUHHH CTeHKH R=1,25A.
Yros pasBepTKH CpPeAHEH JMHHH CTEHKH ONpee/IsieTcs
U3 ypaBHEHHS CpejHeil JHHUH

2aR%: 1 014h —t, — Ah,,
360
OTKYOa

90 (1,014h — fo — Ahy)

Uy == .

nR
rOpI/ISOHTaJIbHaH l'IpOQKLU/lﬂ CPEI[HQI:l JIMHHUY CTEeHKH

B, = 2Rsina,.

[opusonranbHas u BepTHKAIbHAS NPOEKIIHU CPeLHEl JH-
HHH TIOJIKH COOTBETCTBEHHO:

d
B, — (1,014b — —Ab,) cosp,

Hy— (1,014b — % —Abl> sin B,

Ons kaaubpa 11 npunumaem f,=70°,

Koad¢uilneHTH BBICOTHOHR AeOPMALMH BCEX 5J€MeHTOB
Kaaubpa | paBHbl Mexay cofoil, MO3TOMY pas3Mephl CTeHKH
M MOJIOK IO ToslluHe B Kajaubpe Il nosyvaor ymMHOXKeHHEM
VKa3aHHbIX TOJMHUH Kaaubpa | Ha xosdHLHEHT BHICOTHOM
nedopmaunu B Kanubpe I.

. Kanuép Il

KoHcTpykuus: creHka, pa3pepHyTras paguycom R=1,25A,
nonku npsaMee (puc. 36, 2).

¥YroJt pasBepTKH CpelHEH JIMHHUH CTEHKH ONpeelsieTCs U3
VpaBHEHUS cpelHell JHHHUU:

1,014h — £, — Ahy — Ahy = 2 ZR% :
360

96

OTKyJHa

(1,014h — to — Ahy — Ahy) 90
3 7R .
opusoHTanbHasd NPOEKIMS CPelHEH JHUHUH CTEHKH
R, =2Rsina,. |

B xouTposbHOM Kaaubpe NOJKH OOXKHMaIOTCH IO UIH-
pHHe.

BesuunHa o6:KaTUs TOJKH ONpene/seTcs W3 YCJaOBHA
paBeHCTBA BEITSIKEK B CTeHKe M nojxax. IlpH 3ToM KOHLLb
nmoJoK B Kamubpe Il He ob6xumarTcs BO u3bexanne
06pa3oBaHHs «YCOB» B paszbeMe Kajaubpa, MOITOMY 1O TOJ-
INHHE OHH JeJaloTCsl PaBHBIMH HJH Ja)Ke TOJIIHHA KOHILA
nonky xanuopa IlI Heckosnbko MeHblle, UeM TOMLIUHA KOHUA
nosku kaaubpa I, 1. e.

b= (1= 091 .

Kospduunentel nedopMallid OCHOBAHHUS MOJOK H CTCH-
KM paBHBl Mexay coboil:

£ d,
oo

Op 2

B kamuGpax Il wu IIl npunumaem paBHBIE BBITSIK-
KH 3JIeMeHTOB Tipodusas. V3 atoro ycnosmsa onpenesnsercs
wHpHHa noaku kanubpa III Iy, (puc. 36, &):

_ foz -+ tK; . to, -+ ll{_1 [ -
m, 9 =N, 9 ng?
[ feth
m, n'_Z tos _}_ tK; n,?

rae [n, ONpenesnsieTcs W3 yPaBHEHHs CpPEeAHEH JIMHHM:

[ =10140— fL 2 _Ap
2 2

Torna

t f /
e (10146 — ap, — B — L),
i 2 2

Ky

YTON pa3sBepTKH CpeqHeH JIMHHE MOJKH yOBIBAET MPONop-
uHMoNafbHO O0KATHIO NMOJKH BO BTOPOM KasuGpe, T.e€.
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Napamerpyl xannBposkn nasm npoxatku wsenaepa N M
(3aroToBxa hoXbpw

HaMelz KaauG- p N
pa (mpoTHB s Ah, B,, o, t, t
xonaxr;[;oxa'r- e M| mm M’fu rpap. | M| sk | Mix e Mo
I 1,151 4,712,06(151,0 | — |[1,15( 8,0(1,15( 5,0(1,1
1I 1,291 5,412,43|146,0 | 21,4 | 1,29| 9,2|1,00| 5,7|1,20
111 1,43] 7,014,25|143,4 | 21,0 |1,38|11,0|1,56| 5,7]1,80
v 1,65(10,0(5,00140,0 | 20,5 | 1,48|15,2|1,66} 9,0(1,4l
\% 1,75|15,5(6,60| 1350 | 19,7 | 1,56|22,5|1,80]|15,0]1,48
VI 1,80127,117,301129,0 | 18,8 |1,59/35,2/1,81|27,0/1,48
VII 1,80(49,0|7,15|122,3 | 17,8 | 1,57|56,0|1,80(49,0|1,40
B2 A
=, — —— Af,,
B3 [32 3 Af 2.
['opusonTanbhas npoekuus cpeanel JHHHA TOJKH
lo, 1 d d d
B =[nL—K—2<1014b—A ——‘——2>—|——3 cos
b3 2 ) 3
to, F b, ! 2 2
BepTukanbhas npoexuusi cpemdeil JHHHH TOJKHU
b -t
mzmlLﬁ@m%_M—ﬂ_ﬁwlim&
to, e, 2 2 2
Panuycwl 3akpyrnenus 6ypToB y pazbemMa Kaiu6pa npH-
HHMAIOT KOHCTPYKTHBHO; BBINYCK HHXKHero pyubsi 10—15%.
Kanu6p IV ‘
Koucrpykuus Kanubpa — pasBepHyTble NMOJKH H CTEHKH

(puc. 36,0). Pacuer mapamerpos KaJiu6pa INpPOH3BOLHTCS
nogo6HO pacueTy pa3BepHYTHIX Ka/lHGpOB B KaqHGpoBKe 63

:

KOHTPOJIBHOrO KaJaubpa.
ITpunnmaem cnenylouine napamMerps:
BbicOTa Kaaubpa Hi=(0,60—0,65) b::
YroJl pasBepTKU CpelHell JHHHH NOJKH P¢=65
panHyC pasBepTKHM cpefHeH JMHUH CTeHKH R=125h;
pajanyc pa3BepTKH CpeaHEeH JHHHH NOJKH

LEY Hy

o= 9 U3 cos (90 —By)°
Ba 1 — cos Py !
180~ cos (30 — By)

98

TaGannab
KOHTPOJMbLHBIM Kaaubpom) Ha crane 650

<220 mum)
1

Ab, | By, \ . H, R, |™ i F,

MM M[?“ rgall- ;m MM nCP ,;(M Ny hcp MMm2 A
.0]0,83] — | 84,0 — — |1,151359,5(1,23| 2,71 | 1800 1,12
61 — [21,1170,0] — |58,0!1,291359,111,30! 3,02 | 2020 1,28
,411,70124,5| 68,5 — |62,2]1,40|358,2]1,26! 3,32 | 2560 1,38
,412,00(45,9 65,5(43,0!40,0|1,51|356,6(1,32| 3,02 | 35401 1,42
0(2,64|47,1| 60,0|45,0(36,61,65(349,0|1,40| 2,60 | 5000 1,50
,512,92|50,2| 49,5(48,3|30,6|1,69|344,4(1,39| 2,05 | 7500 1,60
,012,87]50,0) 31,0(60,0)20,0{1,68(337,2|1,33| 1,55 |12000| 1,56

FOPU3OHTANbHAS NPOSKLHS CPEIHEH JHHHHU TTOJTKH
B, =r,sinB, + [H,—r, (1 —cosf,}] tg (90 —B,};
rOpPH30HTAIbHAS NPOEKUHUST CpPefHell JHHHH CTeHKH
B, =2Rsina,.

Yron pasBepTKH cpejHell NUHHU CTeHKH OMNpejessercs
M3 YpaBHEHHS cpejiHell MUHUU:

2nRaoy

—t,— Ahy — Ab, — ARy — ~

1,014h — fy — Ay — Ahy — A st
90 (1,014h — ty — ARy — Ahy — Ahy)

4 T R

ITapamerpnt nocjeRylOULIHX pasBepHYTHIX KaauOpoB,
RKJI0Yas pas3Mep 3arOTOBKH, PACCUHTHEIBAIOT NOAOOHO Ka-
1uBpoBKe 6e3 KOHTPOJIBHOIO Xanubpa.

Pacuer karubposru wsearepa Ne 16 ¢ npumeneruen
8 cucTeme pas3sepHyToLx KAAUOPO8 KORTPOAbHO20 KAAUbpa
Oas crana 650 (puc. 37, Tabn. 6).

IlpunnmaeM caepyomue Ko3Q(ULIKEHTH BBICOTHHIX He-
(opmalLui o nosKaM M creHkaM ans kanubpa [—1,15; 1,15;
11-1,30, 1,30; III—1,38; 1,43; IV—1,48; 1,55; V-—1,57;
1,75; VI—1,59; 1,80; VII — 1,58; 1,80.

Koadduunenrsl BEHCOTHBIX AedOpMalHil OCHOBaHHH U
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Piic. 37. KaauGposra wsennepa Ne 16 B cucTeme Pa3BePHYTHIX KaalGpon ¢ npH-

100

MEHEeHHEM KOHTPOMbHOTO Kaaibpa -

LOHLOB TOJIOK, & TakkKe cpefinHe KO3(P(PHIUEHTH BBICOTHBIX
sedopmannii no kaaubpam npuserensl B Tabua. 6.
Kanué6p I
Beinyck napy:Kubix rpaueil nosox npuHumaem 10%;
pamnyc 3akpyraeHusi cTeHKH R=h=160 mu;
wmHprHa cteHKH 1,014.0,995.160=161 su;
mupuHa noaku 64 -1,014+0,75-2,5=66,8 sms.
TonamvHa cTeHKH M NOJOK, a TAKXKE BCe PAIHYChl 3aKpYT-
‘teHHIt TpUHMMaiOTCs HoMUHaabHbIME 10 TOCT 8240—56
YuupeHue cpefiHeil JHHHH CTEHKH

160 0,95 CaE
A= ————— ’ 41 0,95.3595 —
160+ 64.2 [<1+ 7.4 )(O’ 1/0,95359,5
_ 0,95) 0,95  1/0,95:350,4 }::2,06 o
o | 7.4 6,82
VioHupeHnue CpeIlHEIjl JHUHHHU TI0JKH
64 0,95 PSR
Apy= ———M ’ .359.5 —
T [(1+ - )»(0,4 1/0,95-359,5
0.9 ) 0,95 | 1/0,95-359,5 ] _ 0.83 nn.
2 ) 7.4 6,82
Kaaué6p II

Papuyc pasBepTKH cpeiHefl JHHHH cTenkn R=1,25X
X 160=200 mm ocTaeTcs TNOCTOSIHHBIM [IJs BCeX NOCJIenyIO-
IIUX Kaaubpos

YroJl pa3BepTKu CpeaHell JHHHH CTEHKH

(L,014-160—11)90 _ o 4o,
3,14.200 T
ropHu3oHTanbHad NPOEeKUUd Cpe}meﬁ JHHUU CTEHKH
Ry, ==2-200sin21,4° = 145,96 mn.

Oy =

NToJs1 pa3BepTKH CpellHell JHHHH MOJKH NpuHAMaeM f, =70°,
[opu3onTaipHas MPOCKUHA CPEAHEH JHHUH NOJAKH

Bb, =(1,014.64 — 24— 0,83) cos 70° = 21,1 un;
BoicoTa Kaaubpa

Hy=(1,014-64 —2,4—0,83)sin 70° = 58 mx;
UIHPUHA TIOJTKH

l, =1,014-64—24—0,83—27 = 59 nm;
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ylIMpeHue cpelHell JIMHHU CTEHKH

160
Ahy— — 2 B
T |- 64.2 [(l + )(0 39V'1,7.359,1 —
7 ) L7 Lo V1'7'359T1 ] 243 m.
2/ 9 8,15
Kaaugp Il
Yrosa pasBepTKu cpelHel JHHHUH MOAKH B3=70— 8(7)06 "
=68,57% s
ITHPHHA TOJKH
| = 1,295 2751265 59 635 uu;
: 5,754 16,4

FOpI/I3OHTaJIbHa${ HpOGKHHﬂ Cpe}lHeﬁ JI‘I/IHPII/I MMOJIKH
B, = (63,5 4 %) c0s 68,5° = 24 5 mu;

BHICOTA Kanubpa :

Hy— (63,5 4 —;> sin 68,5° = 62,2 ma;

YroJl pasBepTKH cpelHeil JHHUH CTEHKH
oLy = (1,014.160 — 11 — 2,06 — 2,43) 90 — 21°,
3,14-200
FOPH30HTAJIbHAST POEKLHS CpefiHell JIMHUH CTEHKH
B, =:2-200sin21° = 143,36 mnu;

yuihipenue cpenHeﬂ JIMHHAH CTEHKH

160 3,6 T IO
foem — -2 2% YV 038136. 9 __
57160 - 64.2 [(H_ 12,6 )(O V'3,6-358,
36 > 36 | 03 V/3,6-358,2 ] —4.95 s
2 ) 12,6 10,8
ylIHpeHue CpefHell MONKH
64
Abpee — 22 ——}({0,38 2—
87 160+ 64.92 [( - 126)( V/3,6-358,2
36\ 36 V363582 | _ o,
2 > 12,6 ’ 10,8 } ’ ’

102

Kanub6p 1V
Bricora kanu6pa H,=0,625-64=40 un;
yroJl PasBepPTKH CPelHel JHHHH MOJKY

B, —685— 0 .36 =655
80,6

paguyc pasBepTKH CpejHel JHHUH NOJKH

63 5+l_1 TR
;o ’ 2 ’ cos (90 — 65,5)° — 43 um
¢ 3,14.65,5 1 — cos 65,5° ’
180  cos (90 — 65,5)°

POPH30HTAbHAS TPOEKUUs CPeJHell JIHHHH NMOJKH

B, = 435sin 65,5° + [40 — 43 (1 — c0s 65,5°)] tg (90 —

—65,5)°=4595 un;

YrOJl Pa3BEPTKH CpeaHell JMHHH CTEHKH
90 (1,014-160 — 11 — 4,49 — 4,25)

3,14-200

FOPH30OHTAJbHAS NPOEKIHSA CpeAHelt NTUHUH CTEeHKH

B, = 2:200sin20,5° = 140,08 mx;

YLUIMPEHHE CpelfHed JIHHUH CTeHKH

—20,5°

4

160 6,4 —
A= 160 840 (0,37 16,4-356,6 —
ha 160 4 64.2 [<1+ 19 )( ,37V6,4-356,
/6 4.356 6
__64> 4o, ]6,4356,6]:5MM;
) 15,8
VUIHDEHHE CPeIHEeH JIMHHY MOJKH
64 : —
& 6.4 1. _
7 [( 1 )(0 371/6,4-356,6
6,4 VG 4.356,6
- ) ] MR Sl B = 2
5 ) +0,8 55 ] MM,
Kanunép V

Yros pa3BepTKH cpejHell NHHUH CTEHKH
1 . — 11— — ).
5:( ,014.160 — 11 — 8,74 — 5).90 —19,7°,
3,14.200
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TOpH3OHTAbHAsI NPOEKUHRA Cpellied JHHUH CTeHKH
Bhs = 2-.2005in 19,7° = 135 mn;

YroJl pasBepTKH CpefHell JIHHHH TOJKH

70
Ps=65,5— 6,4 = 60°;
80,6
BbICOTa Kaaubpa
Hy = = 36,6 mu;
pajHyc pasBepTKH CPefHel JHHUH [OMKH
7
63,5 —1,7—2-+ ——%
o 2 cos (80 — 60)” 45 ym-
® 11-60 1 — cos 60° N ’

180  cos (90—60)°
FOPHU30OHTaJIbHas npoexuud CpellHefI JHUHUHW NOJKH
Bb5 = 45sin 60 4- [36,6 — 45(1 —
— cos 60)] tg (90 — 60)° = 47,1 mm;
YLWHpEeHHe cpem—xeil JHHUWU CTEHKHU

160 12,1 -
Ahg— 160 9,1 .
*7 7160 + 64.2 R T a )(0,37V12,1 349
20y 12, Vig, 1349 |
2 ) 31,17 +082—5J = 6,6 un;

YUHpeHHe cpeﬂHen JIJHHHUU TI0JIKH

64 ‘ 12,1
Ab. — . i
5 160 - 64.2 [( EleTarey 31,17

)(O 37112,1-349 —

/

12,1 12,1 V12,1319
8 A A R
2 ) 31,17 +0 25 64 .
Kanuép VI
Yron pasBepTKH CpenHell JHHUH CTEHKH
1,014.160 — 11 — 13,74 — 6, .
o = ¢ D% _ 18,87

3,14.200
TOPH30HTAJbITAA TPOEKLHS CpejHell JIMIIHY CTeHKH
B, =2-200sin 18,8 = 129 mxu;
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VTOJT PA3BEPTKH cpem—xeﬁnnﬁnn TIOJIKH

-12,1==49,57;
BbIcOTa Kaaubpa
Hg = 36, 620 . 12,1=30,6 un;
80,
pafHyc pa3BEepPTKH CPEAHEH JHHUU TOJKH
63 5-{—l 3,7—2,64 30,6
- 2 cos (90 — 49,5) 48,3 .
3,14:49,5 1 —cos49,5°
180 cos (90 — 49,5)°

'OpHU3oHTaJbHAA NPOEKUHA cpenﬂeﬁ JIHHHH TOJIKH
B, = 48,3sin49,5 - (30,6 —48,3(1 —
— €05 49,5%)] tg (90 — 49,5)° = 50,23 s,
VUIKXpeHHe cpeﬂHeﬁ JJUHHH CTEHKH

160 / 21,3 e
A= ———— || 1 ! 0,36/ 21,3-344 4 —
& 1604 64.2 l( - 52,5)(’ V2, ’
213 ) 2,3 o8 V21,3-344,4J 73
2 ) 52,5 41,83
| VIIHpeHHe CDelHell JHHUH NOKH
64 21,34/ S
- - ’ 0,37 32.344.4 —
Ab 160 -+ 64.2 [(H' 52,5 )( V'21,32-344,4
; /o1 39.344 4
21,32 ) 2,3 g Vot 32 344,4] —92.92 un.
2 | 52,5 41,83

Kanutp VII
\MTOJ pa3BepTKH CPeAHEH JHHUM CTEHKH
(1,014-160 — 11 — 20,34 — 7,3) 90
T 3,14-200
FOPH30HTANbHAS NPOCKUHA CPefaHeH JUHHA CTCHKH
B, =2-200sin17,8" == 122,28 nua;

=17,8° .

VIOJI pa3BeEpPTKHU Cpeﬂ,Heﬁ JIMHHH IIOJKH

B,=49,5— 21,3 = 31°;

)
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BBICOTA KaJaubpa

Hy = 30,6 — —2

21,3 = 20 mam;

pajnyc pasBepTKH CPCAHCH JIHMHUH TIOJNKU
20
cos (90 — 31)°
3,14.31 I — cos 31°
180 cos (90 — 31)°
FOpI/I3OHTaJIbHaH MpoeKuusa cpenHeﬁ JUHHHU TIOJKH .
B, = 60sin31 4 [20 — 60 (1—cos 31°)] tg (90—31)°=50 MM

yuIupeHue cpeliHell JHHHH CTEHKU

Aby— 180 “1 n
106 -+ 64-2

35,5 35,5 V/35,5.337,2
2 | 88 70,25
yliupeHue CPEI[Hefjl JIUHUH TTOJKH

7
63,54+ —- — 6,34 —2,92 —

rp= = 60 mu;

%) (0,35 1/35,5-337,2 —

+0,8 } =7,15 mn;

64 35,5 15 5.337 O
e : 35,5-337,2 —
Ab, FEa {(1+ = )(0,351/ 5,5733,
) 555 4 0g VIS | g7
2 88 70,25

CunenoBaTesnbHO, HeOOXONHMO BHIGpATh caedylollye pas-
MepBl 3arOTOBKHU: BEICOTY 88 mam mminpuny 2(54,74—2,87) +
+123,86—7,15=220,45 mm. OkoHuatenbHble pa3Mephl 3a-
rotoBkd 220X 88 mm. KoHcTpyxuusi KaaubpoB NpUBeieHA
Ha puc. 37. Pacuer TOJLUH TTOJOK U CTEHOK, a TaKXKe pasMe-
POB JIOXKHBIX (PIaHLUEB U PaJHYCOB 3aKPYIJeHUH B 3JeMeHs
Tax kanubpos npuseneHsl B Taba. 6 u Ha puc. 37.

Ilpokarka weessrepa 8 pa3sepHyToM HUCTOBOM KAAUGPE

Ha MHOrHX MeTajypruuecknx 3aBOfax MpH IMPOKATKe
LIBEJJIEDOB MPHMEHSIOT YMCTOBBLIE KAJHOPH], HMEIOIIKE Bl
NyCcK BHewHux rpaueit nosok or 1 no 3%. HemocraTtkom ux
ABJSIETCA MaJjasi CTOHKOCTb KanuGpos, oTKos OypTOB H3-38
MOBBILIEHHBIX GOKOBBIX JaBJCHHH B MOJKAaX, HU3KOEe KayecTs
BO TIOBEPXHOCTH MOAOK (3afaupel U uapanuusl). Kpome toro,
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OrpaHH4YeHa BO3MOMKHOCTL YMeHbIUEHHsT TOJUIMHBL TOJIOK,
4TO 3aTPyAHSAET HoJydyeHHe Npoduis ¢ MUHYCOBHIM AOMY-
CKOM B TeYeHHe BCero nepuopa paborsl kaaubpa, 6oJbWOf
CheM MaTepHaja BaJka 10 JHaMeTPy [pH DEMOHTAX YUCTO-
BEIX BaJIKOB H 1.

Ha psime mpoxaTHBIX cTaHOB B Hacrosiliee BpeMsi NpH-
MEHEH M YCIEWHO 3KCIJAyaTHPYeTCs Pa3BepHYTLIH YHCTOBOH

Swnon 1y 4

e6

Puc. 38. PassepuyTnift uMcToBO/ kanuOp nas wsennepa Ne 12

Kaaubp /s wBesasepa. YKJOH BHEWHHX TpaHell NoJoK B
pasBepHYTOM UHCTOBOM Kanaubpe npocruraer 10—I159 3a
cyer u3ruba CTEHKH MO Ayre € PaXHyCOM, PaBHLIM JJIHHE
CTEHKH TpOKaTbiBaemMoro wmsessepa (puc. 38). I[lpaska
1poduIs NPOH3BOAHTCSH B XOJOLHOM COCTOSHHHM Ha OGbIU-
I{BIX POJIHKO-TIPABUJIBHBIX MaLIMHAX MO OGLIYHON TeXHOJO0-
THH TIPaBKH.

ITpumenenre pasBepHYTOrO UYHCTOBOrO KaJubpa 3HAUM-
T€JbHO MOBBIAET TEXHHKO-3KOHOMHUECKHe 10Ka3aTesu pa-
GOTHI MPOKATHOrO CTaHa NPH NpPOKaTKe WiBeasiepos. Hanpu-
Mep, mpokatka wsessepa Ne 12 Ha auHeliHoMm craHe 600 B
'IHCTOBOM Da3BepHYTOM KasuOpe ¢ BHIYCKOM BHELIHHX rpa-
neft monok 10% mnpoTuB panee npuMeHseMOro BoilycKa 2%
'l0Kasana yBeJH4YeHHe CTOHKOCTH Kanubpa B 1,5 pasa, a
CbeM MaTepHalla YHCTOBBIX BAJKOB IIPH ePETOYKAX YMEHb-
ingcs no guamerpy B 1,0—2 pasa. Kpome TOro, yuctoBoi
PasBEPHYTHI Ka/nubp N03BOMMI MNOJNYyYaTb TOTOBLIE NPoO-

J[)HJII: B MHHYCOBOM NOJIE JONYCKOB ¢ 3KOHOMHEH MeTtandd
3—5%.
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00 ucnosib3oBanuu rpaduueckoro meroaa
B KaJMOPOBKe BAJKOB
C IPHMEHEHHEM CHCTEeM pa3BepPHYTHIX KAJHUGPOB

Paccmotpennblit Bhillle aHaJgHTHYeCKHE MeTOJ pacuera
KajquOpPOBKH LIBeJJepa, YIJIOBOH KW 3€TOBOH CTA/TH, OCHOBAH-
HBII Ha pacueTax gedOpMalMy CpefHeli JHHAK U COOTHOLIE
HHI KO3 QUUHEHTOB BHICOTHON AepOPMALUH B 3JaeMEHTAX
PasBepHyTOro KaluGpa, MOXKeT ObITh B NPUHLHNE [DHMEHEH
LI pacueTa KajduOpOBKH M NDPYTHX NpoHJIeH, IMpoKaTKa
KOTOpBIX BO3MOXKHA B pasBepHyTLIX Kajguopax. [ljst 3Toro
AHaMATHYECKHI pacyer gedopMauudl cpeaHel JHHMH KaxK-
AOTO KantuOpa 3aMmeHsiercst rpaduueckuM, T.e. PacCUUTAaH-
Has mo popmynam (8), (9) miuHa cpexHel JHHHH TpadH-
UeCKH HAHOCHTCS Ha KaJubp, 4eM M ONpelessieTCsl WIKPHHA
Kanu6pa. VsMeHeHHe BBICOTBI KaiuGpoOB H YIJIOB packKpbl-
THS TIOJIOK PaCCYHTLIBAETCH MO TPUBEIEHHOMY paHee Me-
toay (cm. ra. III).

o —

10.
I
12,

1
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OrnaBnexMe

0630p cymecrsylomux Me'ronos Kaﬂuﬁposxn Ban-
KOB, TPOEKTHPYEMbIX B DA3BEPHYTHIX Kasanbpax
Pacuer KanuOpOBKH YrJIOBOH CTadH IO ropHsoH-
TaJbHBIM  NPOEKUUAM

Pacyer xanuOpoBKH yrioBok craau o MeTOﬂy co-
OTBETCTBEHHOH I10JIOCHI .
Pacyer raJgubpoBKH YILJIOBOMH crami o cpenHeu
JIMHHH

Pacuer Kaﬂnéposxu LUBeJIJIepa c anMeHQHHeM pas
BEPHYTHIX  KanubpoB

Hceneposanue mpoueccos ¢opmou3meﬂeuuﬂ MeTas-
Ja B Pa3dBepHYTHIX Kaaubpax .
HccnepoBadne ywHpeHHs CpeAHHX JHHHH u Koacb-
qmuneﬂros BLICOTHLIX AedopManuil B pa3BepHy
THIX Ka/aHOpax YLJIOBOH CcTajdu .
Hccneposanye ylIHpEHHs CPelHHUX TuERE W Koacp
(HLUHEHTOB BBHICOTHBIX Aedopmaunit B pasBepHyTblx
Kanubpax wsesepa

Hccenepoanne YUHpeHus cpeuuux AHHHI B pa3
BEPHYTHIX Kajudpax mnpodumseil 3eT u aBToOoDOAA
['A3-53
OcHoBbl Xa/MOPOBKM BAJKOB ¢ OPUMEHEHHEM CH-
CTEeM pPa3BepHYTHIX Kaaubpos

CoprameHnT mpoduJeif, npokaTka KOTOprX BOIMOK-
Ha B Pa3sBepHYTHIX Kajanbpax

O6ocHoBaHWe MeTOZa pacuera nonepeqﬂon i Bbl-
COTHOH nedopmaunil B pasBepHyTOM Kanaubpe
AHaauTHuecKHi MeToA pacyeTa KaJauOGPOBKH BAJKOB
C MNPHMEHEHHEeM CHCTEM pPa3BepPHYTHIX Ka.nuﬁpoa
Kann6poska yr/ioBoi cran .o .o
Kanu6poska 3eToBOi CTanty
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06 ucnonb30BaHUH rpaUIecKoro MeTona B KaaHo-
POBKe BaJKOB C HIPHMeHEeHHEM CHCTEM Pa3BEepPHYTHIX
Kannbpos S
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