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NPEQUCNOSHUE

HenpepbIBHbIA NPOUECC COBEPLUEHCTBOBAHWA TexXHOnoruu w obopyao-
BaHWA ﬂpOKaTHbIX CTaHoB, UWWPOKOE anMeHeHME Henpepuaﬂoﬁ n 6ec-
KOHEYHOMU NpPoOKaTKwu, yBefnyeHne CKOpoCT v NPoU3IBOANTENLHOCTU CTa-
HOB, a TaKXe HGOGXOAMMOCTIb NOBbIUWEHUA TOYHCCTU U pPacluupeHmnA Cop-
TaMeHTa npoKara Tpe6yr0'r NOCTOAHHOI O pa3BUTWA METOAOB pacueta Kanuob-
pOBOK BafikKoB U CKOPOCTHbIX pPEXNMOB npoKaTKn.

COBepuJEHCTBOBaHMe TEXHONMOMMYeCKux pacyeTorB CO3AJET AONONHU-
TeNbHblE BO3MOXHOCTW ANA MOBbiWeHUA 3tdexT8H0CTM  npoyecca npo-
KaTKK1 W KavecTBa NpcAyKuuu, cnocobereyeT Co3pankid U BhicTpoMy oC-
BOEHUIO COBPEMEHHOIO NPOKaTHoOro obopy LoBaHWA.

B HacToAuee BpeMA WUPOKO n3iBecTHbIMKU K, NO CYTW Zena, eanHET-
BEHHLIMM 3HANUTMUECKUMMK Cchnocobamu pacveTa KanmbpoBOK Bankos u
CKOPOCTHbIX pPeXxUMoB Npu COPTOBOW MNpPOoKaTKe ABNAIOTCA METOAbl €O-
OTBeTCTBEHHOF! n anBeﬂeHHOﬁ NONOCLI, 8 TakKXXe MeTOA ONUCaHkKbIX NPA-
MOYTONbHUKOB. Cyu.lHOCTb 3TUX METOA0B 3aKNK43eTCA 8 TOM, yTOo npo-
KaTeiBaeman nonoca ¢ noboll KoHMWUrypauneid MonepevyHoOro CceveHwus rpu-
BOAUTCA K NPOCTOMY NPAMOYTOfbHOMY WM KB3aAPaTHOMY CEHEHWIO. Mpu
3TOM, COrnacHo MeToay COOTBeTCTBeHHoﬂ nonocsl, NRPAMOYrofleHoe ge-
YyeHne umMeeT TaKyl Xe, KakK U 'y NUCXOAHOMro ce4eHrA, naouwaanb U cocT-
HOWEeHUEe WUpuHbL U BbLICOTLI, a nNo Metoay ﬂpMBeneHHOﬁ nonnceut NPAMO-
YronbHoe v nexXoaHoe ceuveHun Npu paBHOﬁ rnfotaan MMelT OANHaKOBY1O
wupuHy, B cooTsetcTBuMM ¢ METOAOM ONUCAHHBIX NPAMOYroNibHUKOB pac-
YeTbl BbLINONHAKTCA ANA NOMNOCHI NPAMOYTONbHOIro nmbo KBagpaTHOro ce-
YeHUA, ONUCAHHOT O BOKpYT NCXOQHOTO npod)nnﬂ.

OnA 3Toik YCNOBHOW NOMOCbI C YYETOM COOTBETCTBYHOUMX NONpasoY:
HbIX KO:-)d)d.)MuMEHTOB paccynTbiBalOTCA Benuunibl BbITAXXKW, YWWpexuns,
onepeeHUA ¥ pasmepbl ceueHMit Nonocbl NO KNeTeM, Kak ecnn 6bl oHa
npokartbiBanace B rnagKkux BankKax. 3atem no HaﬁueHHb!M pasmepaM no-
NOChi ONpPeAENAOTCA Pa3MepPb! UCKOMBbIX kannbpos.

Cos.o,ane yKa3saHHbiX MeToa0B ABMNOCHL KpyniibiM warom B Hanpas-
fneHnn CoBepweHCTBOBaHWA pacyeTta KanMGpOBOK BanKoOB COPTOBLIX W“
npoBCNoYHbIX CTaHoB, 8 TOM 4ucne ¢ HENpepbIBHLIX, W cnocobeTBOBA-
no AanbHeAwemMy Nporpeccy nNpoKarhoro Npou3BOACTBA. OgHako umeH-
HO AnNA cay4yaRn HenpepblBHOﬁ npoKarky B HauwbonbLien CTENeHW BbIABU-
fOCh W HECOBEPLIEHCTBO 3TUX METOAO0B, KX TOYHOCTh, YK€ CTaBilan He-
,ﬂOCTaTO‘iHOﬁ ANA  coBpeMeHHOro ypoBHA Pa3BiuTUA COpTOBOFI NPOKaTKH,

I.UMDOKoe npumeHexHune MHOroBankKoBbIX HENPepbLIBHbLIX CTaHOB anA no-
JlyqeHnA CopTOoBOro npokKava npeabvABNAET neBblleHHbIe TpEGOBaHMﬂ K
TOYHOCTHU pacyeToB TeXHONOrnyecKnx napametTpes npouecca NpoKaTKH,
B TOM uucne KanubpoBKW Bankos. ITO 0b6ycnoBneHo TeM, 4TO KOMMNEH-
caunA olWwnBOoK B pacueTax KanubBpoBKW W3MeHeHMEM 3a30P0B Mexay Ban-
KamMun “ CKOpOCTeﬁ npueoaHbIX 3neKTpop.anraTeneﬁ Ha coBpPEeMEHHbIX
HENPepPbLIBHLIX CTaHax (C BbLICOKUMW CKOPOCTAMU NPOKATKKU K BonbNMm
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wacnovM KneTeil) ABNAETCA 4PE3BLIMANHO CNOXHOW 3apaueit n TpebyeT Bbi-

LOKOW KBanuuKaumm obcnyxusalolero nepcoHana. Kpome Toro, Takas
ﬂepe‘HaCTpOﬁKa CBA3aHa CO 3HAuYMTeNbHLIMWU NOTEPAMM NPOU3BOACTBA.
OcobeHHO BbICOKaA TOYHOCTL pacyeTa KanMBpoBKW BankoB Heobxoauma
AFA HENPEPbIBHLIX CTaHOB ¢ 06WMM NPUBOAOM, TaK Kak BO3HUKawlune
fIP¥ M3MEHEHUMU HACTPOUKW MEXKNeTeBble CuJlbl HEBO3MOXHO YMEHbLWNUTL
COOTBETCTBYIOIEA KOPPEKTUPOBKOM CKOPOCTHOTO PEeXMMa NPOKaTKM,
K8K 3TO AenaeTCA B CAYYae MHAMBUAYaANLHOro NPUBOAA.

VMe»w.y TeéM CTaHbl C OGLIMM NPMBOAOM N ONOMHLIM UCMNONHEHWEM Kne-
Telr B nochefHWe roflbl NOAYYMNIM LUMPOKOE pacnpocTpaHexve, B vacTHo-
CTW, YCTaHOBK2 YACTOBbIX BNOKOB Ha COBPEMEHHbIX NPOBOMOYHLIX CTa-
Hax no3BoMMNa NOBLICUTL CKOPOCcTb NpokaTtkyn ao 90 — 100 m/c. Kpome
TOrO, NMPoKaTHbie BNOKW HAWAW NpUMeHeHWe B AIUTEHHO-NPOKATHbIX arpe-
ratax ANA NPOM3IBOACTBA KaTaHKWM, COBMeLLalwWnX 8 OAHOM Henpepbis-
HOW “TEXHonormeCKoﬁ NVHUKM Npoueccbl NUTLA, NPOKATKU U CMOTKW O-
TorOU npoaykunn. Wnpokoe passuTme atoro cnocoba NpPoM3BOACTBA NoA-
1‘Btip>KAHET TOT thakT, YTO B HaCTOAWEe BPEMA BEeCh BbiNYCK antoMuHUe-
80U KATaHKWU B CTpade OCYWECTBNAETCA Ha NUTEWHO-NIPOKATHLIX arpera-
tax (NI7IA). Mpu 3Tom cywecTsylowan TeRAGHUMA pPasBUTUR NPOU3BOA;
CTB3 Karanku M3 ULBETHbIX METannoB npeanonaraetT AanbHenuiMin pocT
ancna NRA v ux npowssBoauTensHocTu. [enaloTcA Takxke TONBITKM pac-
NPOCTPaHATE 3TOT CNOCCE NMPOM3BOACTBA KATAHKW W HA YEpHble MEeTannbl.

HecoBeplueHCTBO CyulecrayiowmUx MeToa0B pacyeTa KanubpoBOK Ban-
KO8 B NpUMeHEHUN K MHOrOKNETEBbLIM HENPEPLIBHLIM CTaHaM CTano ove-
;v;f::um B_nepnop. co3laHra so BHUWMeTMawe nepBbix oTedyecTBeHHLIX

‘A ANA NPON3BOACTBA KaTaiKW M3 UBETHLIX METaNNIOB W CNaBoB.

OnbiT NpoMbiwneskoro BHeApeHnA nepsoro Takoro arperaTta nokasan
4TO0  IPOEKTHaA KanubpPOBKE BanKOB HYXAEETCA B CYWECTBeHHONM KOp:
HEKTUPOBKE, MpU4eM B YCIOBMAX NWUTERHO-NPOKATHOrO arperata Hapy-
LWEHNA Npouecca NNOKaTKN NOUBOAMAM K OCOBEHHO 3HAYMTENbHLIM Mo-
TEPAM NpousBoACTBa. VcripasneHwe kanuBpoBKM B NEpMol NycKa M Ha-
faakn noTpeGoBano aanTensHoro Bpemenn. OaHako i B pansHedwem
B npotecce 3IKCNIyavauMn HECOBEPIUEHCTEO KanuBpOBKM Bankos ‘laCTO'
ABNANOCL NPUYMHON HEY/OBNETBOPUTENLHOID KaveCTBa KaTaHKM W Npo-
cioes arperara.

JononnutensHuim  thaxTopom, nossnuaowmm TpeboBaHMA K TOMHOCTM
pacueToB KannbpoBKW BaNKOE NPOKATHLIX CTaHOB NUTENHO-NPOKAaTHbIX
4Tperatos, ABMAETCA HaNyue NMTOM 3arOTOBKW, He AONycKawwel MoAs-
EHMA CKONbKO-HMBYAL 3HAYMTENbHBIX MEXKNETEBLIX HATAXeHWd B nep-
.?.ib?‘/( KNeTRX CTaKa, NOCKCALKY 3ITO MPUBOANT K 0BPA30BaHUI0 MOBEPX-
HOCTHBIX TPewlvH v 6paKy KaTaHku.

TpyiarxocTn B 0CBOeHMM npouecca NpoKaTkW, a Takke 3afnadu, CcraA-
uive nepes BHWKWMeTmawem no cozpaHio WM OCBOEHUIO HOBbIX’ﬁo"‘I“G
HIONIBOAUTENbHBIX  NIUTEAHO-MPOKATHLIX arperatoB AnA npowar'so.a.u;.;a
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KaTaHKW C MHOFOKNEeTEBbIMU HEMPepLIBHLIMKW CTaHsMit, oByCnoBMNN He-
06X0AMMOCTb COBEPLUEHCTBOBAHMA TexHonoruueckux pacyeror. Ocobew-
Ho BaxHOW BGbina npobnema pa3paboTky KanUBpPOBKW BanKoB ANF CTa-
HOB C TpexBankoBbiMW Kanubpamu, MeTOAOB pacueTa KOTOLkiX B nuTe-
patype He UMeNoCh.

PaGoTa MO CO3AAHMIO HOBOFO MeTOA@ pacyeTa TexHONOIMYeCKMX Ma-
pameTpoB NpU COPTOBON NpOKaTKe HayaTa OHonee AecATA neT Hasaa. B
AanbHerlwemM MeTog NOCTeNeHHO COBEPLUEHCTBORANCA [0 Mepe Hakon-
NEHWA TPaKTUYECKOro ONbiTa WM 3KCNEepHMMeHTanbHbIX AdHHBIX 06 0COo-
6eHHocTAX AecopMaumm B Kanubpax. B ceoem owoiuatenbHOM suae me-
TOoA pacyeTa KanubpoBOK BanKOB ¥ CKOPOCTHLIX PEXMMOB NPOKaTKU
yCMewHo WCNofib30BaHbl MPU  CO3AAHUN W OCBOEHUN PRAA HENPepbiBHbIX
MHOTOKfIETEBbLIX CTAaHOB C ABYXBAaNKOBbIMU W TPEXBaliKOBbIMK Kanubpa-
MW ANA MPOW3BOACTBA KaTaHKW W3 UBETHLIX METaNang, @ TakKXe npu npo-
eKTUPOBaHUM CTaHOB ANA COPTOBOW W apMmaTypHow crtanu. Kpome TOro,
C VX NOMOWbI) BbIMONHEHbI PaboThl MO COBEPLISHCTBOBAHMIO KanubBpo-
BOK BafKoOB Ha NWTEAHO-MPOKaTHbIX arperarax, BBeAEHHbIX B CTpoW pa-
Hee, YToO NO3BONMNO TOBLICUTb WUX MPOU3BOAUTENLHOCTL Y KAYeCTBO Ka-
TaHKu.

MonoxuTenbHbIN  ONbIT  UCNOMBL30BAHUA M3faraemstx 3A4eCh MeTOAOB
pacyeTa KanMBpOBOK BankKOB W KWHEMAaTWMYECKWUX NapameTpoB fO3BONA-
€T HafeATbCA, YTO OHW OKaXYT NPAKTUYECKYID NOMOLbL CMeunanncTam,
3aHATLIM KOHCTPYUPOBaAHWEM W 3KCNAyaTauMen copToBbLIX U POBOMOY-
HbIX MPOKaTHbLIX CTAaHOB.

B paHHOW paBoTe paccmaTpuBalTCA BOMPOCLI PAcHeTa ToMbKo Haubo- |

nee U3BECTHbIX CUCTEM BbITAXKHbLIX Kanubpos, 8 TOM uucCne: CUCTEMbI
ALNYHBIX KanuMbpoB MPAMOYTIoOfbHUK -- KBaapaT, cucTem pomb — KBaj-
pat, oBan — KBaapar, oBan — KpPYr, a TakXe BCEX CYWECTBYHWUX Cic-
TeM TpexBanKoebix KanutpoB, a WMEHHO: CTpenbyaTtbii TPEYrosibHUK —
Kpyr, CTpenayaTbii TpeyrofbHUK — LWECTUYTONbHUK WU TPeYroflbHUK —
TpeyronbHuK. Cneayer OTMETUTb, 4YTO XOTA TaKue CUCTEMbl KanuGpos,
Kax pomb — pomb, WecTUyrofisHUKk — KBagpaT U HeKoTOopbie Apyruve,
3peck He paccmaTpMBalOTCA, OAHAKO MpeanaraemMei MOAXOA K pacueTy
KanubpoBOK BanKoB NPUMEHUM U AfA 3TUX CUCTEM Kanubpos.

i

I' n aral. OCHOBHBIE NMPUHLMNIbI PACHETA
KANMUBEPOBKW BANKOB NMPU COPTOBOW NMPOKATKE

B coOTBETCTBMM C M3NaraeMbiM 34eCb MEeTOAOM pacyeTa KannbpoBok
BARKOB peanbHad ¢opmMa ceYyeHWA MPOKaTbiBaeMOW NOMNOCbI He 3ameHA-
crcA Ha Gonee NpocTylo MpAMoyronbHyo nnb6o keappaTHylo ¢opmy. Pac-
4eT BCceX MNapameTpoB KanubBposSKW NPoOW3BOAWTCA ANA MNOMOCHI fAaHHON
KOHKPETHON KOH(Urypaunn, onpeaenAemMon COOTBETCTBYIOLLEN CACTEMON
rkanubpos. BuiBop v pacnpegeneHne BbITAXEK NMO0 KWHEMATHYECKWUX KO-
3G HOHUMEHTOB CKOPOCTM MO KMeTAM, a TakXe onpeaeneHue Heobxoawn-
MOFO YWCAa KneTeW B CTaHe OCHOBbLIBAETCA HA OUEHKE MpeAeNbHbIX 3Ha-
ueHun gecopmaummn B Kanmbpax.

B HanbGonee nonHom ob6beme pacyeT KannbpoBKW BaNKOB BbINONHA-
eTcA ANA NPOeKTAPYeMOro cTaHa, TaK Kak 34ecb HapAdy ¢ pasmepamu
KanubpoR U CKOPOCTAMU NPOKATKU NOAMEXaT onpeaeneHUro Takue na-
pamMeTpbl, Kak 4ucno pabounx kneTed ¥ AnameTpb! BanKoB, TWN NPUBO-
Ag  (obwuin, rpynnoBOM WNWM WHAMBKAYaNbHbLIA), KWHeMaTWyeckue Ko3ad-
hUUMEHTbI CKOPOCTU KNETEW B cny4ae obuwero npueoaa v T.4.

Pacuet KannbpoBKM BanNKOB OCYWECTBAETCA B Ccrieayksuieil nocne-
AOBATEIBHOCTHN
. BoiGop cooTBeTCTBYIOWEN CUCTEMBbI Kannubpos.

. PacnpepeneHve aecdopmaunn nNo KnNeTAM W onpegeneHne Yyucna KneTewn.

. PacueT nnowaan ceveHnA nonorel B KaXA0W KneTw.

. Pacuer pasmepoB kanubpos.

. OnpepeneHune KatawwWux gNamMeTpPoB U CKOPOCTEN MeTanna Mo KnNeTam.
flocne Toro kaK onpeaeneHbl BCe NapameTpbl KannbpoBKW, paccywTbi-

HAKT YyCUNWUR, AEWCTBYIOWME Ha BankKwu, KpPyTAWMWUE MOMEHTbI U MOWHOCTL

NPOKaTKU BO BCEX KMETAX CTaHa.

B 3aBMCUMOCTM OT TWMa CTaHa W ero NpuMBOAa NOPALOK pacyeTta Kanwb-
POBKM MOXeT mMmeTb cBon ocobeHHocTu. Ecnn ripn pacyete pacnpepene-
HuA  gedopmMagmMu No KNETAM W Npu onpeaeneHnn uwizna Kneteh B Kave-
ciBe Mephi aedpopmaumv NpuHUMaeTcR KO03(hhUUUEHT BbITAXKW, Kak 3To
nenaetcA o6sMHO NPU pacdeTax KanmbpOBOK BaNKOB HEMPEPbIBHLIX CTa-
OB € KHAWMBUAYANbHbIM NPUBOAOM KreTei, TO 3TUM CaMbiM OAHOBpEMeH-
110 TIONHOCTBLIO OMpeaenAeTcA U nnowaas metanna (F;) B AaHHOM Knevw.
PacueT CBOAMTCA K NPOCTOMY MEPEMHOXEeHWIO 3afaHHbIX 3HaYeHUW BbiTA-
MO BCEX NGCAEAYIOUWMX KneTen cTaHa BMAOTb A0 uucToBon knetn (A )
Ha nnoWanb NOMEepeHHNro CeYeHWA roToBOro npokara (F,n) Fi = )‘i+1 X
X .7\_,. v )\n . Fn. 3arem cneayeT onpegeneHwe pasmepoB Kanwbpos,
KaTalwmMx LMaMeTpoB W CKOpPOCTeW BpauleHwA BankoB, obecneynBamwiunx
CUIMOAEBHME 33KOHA NOCTOAHCTBA CEKYHAHbIX 06bEMOB METanNa no KNeTRMm.

PacyeT no n.3 umeeT caMOCTOATENbHOE 3Ha4yeHWe TONbLKO B TOM L:Ay-
4ae, eCAMN B KavecTBe Mepbl AedopMaLUn UCMONB3YIOTCA He 3HaYeHuA Hol-
TAXWEK, @ Kakue-TO Apyrue napameTpbi, Hanpumep, OTHOLWEHWA CKOpOC-

B WN -
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TeA BpalWeHWA BanNKOB COCEAHWX KNeTeW, Ha3biBaeMbie TaKXKe KWHemMaTwu-
4eCKUMK  KO3hpnuMeHTamMn CKOpPOCTU. 3TO Heob6xoAMMO nNpu  pacyerax
KanubpoBOK BANKOB HErpePbIBHLIX CTAaHOB € O6WWMM WM TPynnossim
npMBOAOM KNETe, HO MOXeT MPUMEHATLCA M B ClAy4ae WHAMBUWAYanb-
HOFO MPUBOJA, B 4ACTHOCTW, €CAW MpU pacyeTe MO 33[aHHBLIM BbITAXKAM
cyulecTBYeT OMaCHOCTE BbIXOAa NO CKOPOCTAM 3a nNpeaAenb: perynuposa-
HWA MPUBOAHBIX ABUraTenew.

HecMOTpA Ha oraenbHble OTKAOHEHWA, YKa3aHHaA NocneaoBaTeNbHOCTb
pacueTa CoxpaHAeTCA AnA BcCeX Tunos cTaHos. [MpuHuMnnanbHoe oTnMune
pacyeTa KanMBpOBOK HenpepbiBHLIX CTAaHOB ¢ OBWMM NpUBOAOM 3aKNIO-
yaeTcA B TOM, uTo ANA cobniopeHnA (10CTOAHCTBA CeKYHAHbLIX 06bemoB
MeTanna pacueTbi NAOWAAM CEYEHMA MONOCLI B KAXAOW KNeTW, pasmepos
Kanubpoe, KaTalUIMX AMAMETPOB M CKOPOCTeW MmeTanna no KneTtAm Aof-
JKHbI  BbINOAHATLCA COBMECTHbIM pelUeHWEeM COOTBETCTBYIOWMUX ypasHe-
HWUM, COCTaBMIEHHbIX ANA BCeX KNeTew crada.

1. BLIBOP CUCTEMBI BbITAKHbBIX KANTUEPOB

PacueT KanuBpoOBKW BanKoB BCEraa HaYMHaeTcA ¢ Bblbopa cucTeMmbl
KanuBpoB, ONTUManNLHOM ANA  AaHHLIX KOHMKPETHLIX YyCNoBuW. BobitAx-
lible CWCTEMbI, WCNONb3YEMBLIE NpU NPOKaTKe COPTOBOrO MeTanna wu Ka-
TaHKKU, OGbIYHO NOAPAa3AensAioT Ha CUCTeMbl C OAHOPOAHbIMMW Kanubpamn:

APAMOYTONLHUK — MPAMOYrONbHUK, pom6 — pom6, osan — oBan, Tpe-
YronbHUK — TPeyroftHUK M CUCTEMbI C 4epeayloLwMMucA Kanmbpamu.
K 3TOM rpyfine OTHOCATCA TaKWe CUCTEMbI, KaK TPAMOYFOMbHUK — KBaA-
paT, pomB — KBaapaT, IWECTUYrofbHMK — KBajpaT, oBan — KBappar,
oBan ~— KPylr M HeKoTopble Apyrve, a B CTaHax ¢ TPEXBankoBbIMW Ka-
AMBpaMKu  CcTpenbyaTblil TPEYrONbHUK — KPYr U CTPensb4aTsii Tpeyrone:

HUK — LLUECTUYMONIbHUK.

PacuetT KafoW w3 3TUX rpynn Kanubpos umeeT cBon ocoBeHHoCTH.
B BbITAXHbBIX CACTEMAx ¢ uYepeayloulMMuca kanubpamn Kaxaas napa Ka-
nu6pos, Hanpumep pombB W MOCReAYOUWMK KBaapaT unu oBan W nocne-
AYIOWMA Kpyr, AomkHa obecneynsaTb MONyYeHWe 4MCTOBOro WK, Nno Kpaw-
HeW Mepe, GNMAKOrO K YMCTOBOMY KBaapaTta unu Kpyra, 3to obcToATenb-
CTBO OBYCROBMAC NPEMMYLIECTBA CUCTEM C 4epeayrownmu  Kannbpamw,
rnasHbIMK U3 KOTOPbIX ABNAIOTCA:

BO3MOXHOCTb MONYyYeHWUs roTOBOro npodunAa u3 noboro nNpomexy-
TOYHOFO KBaApaTHOTO WNW KPYrnoro kanubpa, YTO YMeHbLIAeT 4YWUCNo
nepeanok U, CNEROBATENbHO, COKPALLaeT MPOCTOM’ CTaHa npu nepexo-
Aax Ha HOBLIM pa3mMep NPOKaTa;

nydlwive BO3MOXHOCTM KOHTPONA fPaBUNLHOCTM KanubpoBkM U Ha-
CTPOWKKW CTaHa no (opme CeveHMA MONOCLI NOCNe KBappaTHbIX WM Kpyr-
NbIX Kanvbpos.

Bnaropapa 3TUM NpevMYLLECTBAM BbITAXHbLIE CUCTEMbLI C 4epedytolm-

MUCA  Kanubpamu nonyuunu 6Gonee WUPOKOe NpPUMeHeHMEe B NPaKTuke
[pPOKaTHOrO MNPOV3BOACTEA, OCOHEHHO HAa COBPEMEHHbIX NMPOKATHLIX CTaHax.

OueBnaHo, 47O BbIBOP cUCTEMbI <anMBPOB B HYUCTOBLIX KNETAX non-
HOCTLIO ONpefenneTCcA 3afaHHOW (POPMOI KOHEYHOro npoaykTa (Kpyr,
KB8aapaT. WeCTUrpaHHUK Wn 7.4.). YTO e KacaeTCR BbITRXKHbIX CUCTEM,
16 BbIBOP TOM WMAM WMHOW W3 HUX 33BUCUT OT KOHKPETHBLIX YCnosumn, Ta-
KWX, KaK 3aflaHHbIA COPTAaMEHT, KOHCTPYKTUBHbIE 0OCOBEHHOCTU MpoKaT-
MOro CTaHa, pPasMepbl NPOKaATbiBaeMbiX CeYeHWA, NNacTU4HOCTe MaTepk-
ana v T.A. B ocHoBe BbIBOPa ONTMMANLHOW ANA H3HHLIX YCNOBUA cucTe-
Mbl KanubpoB NONKHA ObiTb 0BLEKTIIBHAA OLEHK3 ee AOCTOUHCTBA WU He-
40CTaTkoB. TakaA ouecHKa BO3MOXHE 6narofsps OrpoMHOMY MNpaKTude-
CKOMY ONbITY, HaKOMfEHHOMY B NPOMBIWINEHHOCTH B pe3ynbTate anu-
TeSILHOW 3JKCMNyaTauuu npoKaTHbiX CcTaHoB W paboTbl Mo coBeplleHCT-
BIBAHWIO TEXHONOIMW MpPOKaTKW. Huwe [AETCA KpaTKaA XapaxTepucTu-
wa Hanbonee YacTo NpPUMEHAEMbIX CUCTEM [BYXBanikKoBbIX W Tpexsan-
KOBbIX Kanubpos.

Cuctembs d8yx3anKoeeix xanubpos

Cucrema Aawuynbix Kanubpoe {pwc, 1) wucnonbsyerca anA NPOKaTKMH
MPAMOYTONbHLIX W KBaapaTHbiX cedeHn?. (OCHOBHbie ee MpeMMylLecTBa
Mo CPazHeHMIo CO BCEMI APYrUMK CUCTEMaMK, NPUMEHAEMLIMU ANA NPO-
KaTKy KBAAPATOB, 3AKMOMANTCA B TOM, YTO ANA TeX e CedeHni Tpe-
DyeTcA HanmeHslwar FnyGuwrz Bpe3z B Banku, Y4TO MOBLILAET UX NPOY-
HOCTb, @ Tak)Ke HauMeHbWwW yron 3axsaTa Npu Tex xe obxaTuAxX B Ka-
mbpe.

YKasaHHble MPeUMYILECTBA CUCTeNb! ALMYHLIX KanubpoB 8 Haubonb-
el CTEMeHW Peann3yIoTCA NEu NPOKaTKe KPYMHbIX CEMeHWH, Koraa pelua-
OLUMMU  HaKTOPEMU CTAHOBATCA NPOYHOCTL OBOPYAOBAHWA WU HAAEKHbIN
3axBat nNoMoCsi BaNKamu, 470 V¥ ONPEAENUNe 0GNACTs NPUMEHEHWA 3TOoWn
cucTembl. KpoMe TOro, npu npoKarke KpyrHbIX CeYeHWit B MeHbLLEeR cTe-
NeHW CKa3blgalOTCA HEAOTTATKW CUCTEMbl AUWWMHHbLIX KanuBpoB, FNaBHbI-
M U3 KOTOPBIX ABRANTCA NOBLIWEHHAA CKMOHHOCTb MONOCLI K CBOPa-
YMBAHUIO DK MNPOKaTKe, npuUYeM 3Ta CKMOHHOCTb MOBLIWIAETCA C yBe-
fIWteHNeM BbIMYCKOB, a TaK)e HepaBHOMepPHOE OXNaxAeHWe Nonoct! No
reyeHuK.

3T HEROCTATKXA NPOABRAIOTCA NpEXAe BCEro NMPU NPOKAaTKe Mankix
|
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Puc. 1. CncTema aWMYHLIX KanuBPOB NPAMOYIONEHUK — KBaAPAT




ceyeHnit. B 3Tom crnyuae noBbiilleHHaR NOTEPR Tenfaa B Yrnax cevyeHmA
He KOMMEHCUPYETCA BHYTPEHHUM TerinomM nonockl. Bmecte ¢ tem ysenu-
yeHue A0NYU MeTanna, uMAayuied Ha ywwupeHne, HabnioaaemMoe npu Npokar-
Ke ManbiX CevYeHWH, Bbi3blBaeT HeobXCAMMOCTL COCTBETCTBY!HLENC Yya3e-
NUYEHUA BbINYCKOB, YTO B CBOK O4Yepedb [OBbLILLAET BO3MOMHOCTL CBO-
pauvBaHMA NONOCHLI B Kanubpe.

CnenyeT TakXe OTMeTWTh, 4TO B AILWYHOM Kanubps, BCNeACTBME Ha-
AMYMA  BbLINYCKOB, HEBOIMOXHO MNONYYATh TEOMETPMYECKM fIPaBuibHbLIA
KBaApaTt, f03TOMY Mpu MPOoKaTKe KBaAPaTOs AuyHbie KanMbpbr ucnons-
3YIOTCA TOMLKO B 4YEPHOBbLIX KNeTAX; AankHenulas fpokKarka MpOoBOSWT-
cA 06blyHO B cuUCTeme pomb — kBagpar.

Cucrema pomb — xeadpar (pDuUC. 2) ApviMeHSETCA ANA NPOKATKKU ¥uc-
TOBOro KBafpaTHOro 1PodMnA, a TAKXKE B KayeCTBe BbITAXHOW, TakK Kak
NoO3BONAET NOFV4aTh 3HauMTensHele BbITAMKW. Kpome TOro, K AOCTOMH-
CTBaM CUCTEMbI POMG — KBAAEaT MOXKHC OTHECTA XOPOWYH YCTORYM-
BOCTb NpPOKAaTLIBAEMOW MONOCHI Kax B pombuyeckKom, TeK M B KBaapat-
HOM Kannbpax; 6onee BbLICOKOE, %em B ALLMuHLIX Kanubpax, KayecTso
noBepXHOCTHU MONOCHI.

HegocTaTKoOM CUCTEMbI RBNAGTCA BOMbLWMIA 10 CPaBHEHWIO C AILUWY-
HbIMU KanMbpammn Tol >ke NNOWAAM Bpe3 B BENKMW, YTO CHWXEET MX Npou-
HOCTb ¥ YXY/ALWaer 3axBaT NONCChI, B CBAZM C Yem CUCTEMa pomME ~ KBaa-
paT NPUMEHAETCA OBLIMHO ANA MEHLIIVX CeYeHUW, 4Yem Alln4Hbie Kanub-
pbl. Opyrnm HeaoCTaTKOM ABRAeTcA ObICTPOE OCTbI3aHWe nonocel B yr-
nax npotunA, NO3TOMY "B Ka4ecTse BhITAXHOK cucTema pomb — keap-
paT MPUMEHAETCA ANA MPOKaTKM QoCTaTOHMHO KpYMHbIX CeYeHMA, Tak Kak
3flece 3a c4eT 6BOnbILEro 3anaca Terna HepanHOMEPHOCT, OXNaXAeHMA
NPUBOAUT K MeHblUeil pazHuue TemnepaTyp no CceyeHnio nonochl. IT0
OrpaHuuvMBaeT ee NpPUMeHeHWE B KaYecTBE BbITF)KHOW 4YepHOBLIMWM Kne-
TAMW CcOpTOBbLIX cTaHoB. CucTema pomf — Ksapgpar 4270 NpuMeHAeT-
CA B KOMOUHAUMW C CUCTEMOWN AUMUYHLIX KanudpoB B NEPBbIX KNETAX
W C CUCTEMON oOBan -- KBagpaTos B Nocreayroigux «netax ctada. Kpome
TOro, OHa UCNOMbL3YETCR B HENPEPbLIBHO-2& GTOBOYHEIX CTaHaX.

Cucrema oean — keadpar (puc. 3] nossonAer nonyuute Hanbonb-
LWiMe O CPaBHEHWIO CO BCEMW APYrUMY CUCTEMaIMKM BbITAXKKWM 3 Kannb-
pax, uTO W NOCHYXWITO NPUYUHOW ee UIMPOKOTO NpUMEHEHKA Npu Npo-

Puc. 2. CucteMa Kanwbpos pomB — KBagpaT
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Puc. 3. CueTema kanubpoe cgan — KBappat

«4TKE MENKOro copta W KaTaHKu. [pyrvmy npenmyluectsaMu 3ToW cuc-
TEMb! ABAAKTCA  AOCTaTO4HO XOPOWAaR YCTOWMYMBOCTb MONOCLI NPU NPO-
KaTKe Kak B OBankHOM, Tak W R KBaAAPETHOM Kanubpe; 6Honee paBHo-
MEPHOE  OXNawABHME NONOCbI RO NepurieTpy, 10CTAraeMoe 2a cqet 0H-
HOBNEHWA MeTanna B yrnax npohura npu nonepemeHHom obxatum 8
0BaNbHOM U KBagpaTHOM Kanubpay.

OCHOBHOM HEAOCTaTOK CUCTEMb! OBaN — KBaApar 3aKo4aeTcA B He-
0OXOLMMOCTH MpUMEHeHNA KaHTYIOUUX MPOBOAOK, B TOM YUCAE Ha cTa-
ndX € YEepeAYWUMUCA TOPU3GHTaNbHbIMM 1 BEPTUKANbHLIMU  KNETAMM,
4TO  OFPAHWYMBAEET €€ WUCNONLIOBAHMEe CPABHUTENLHO METKUMU  Ccederu-
amn {06bIYHO ANA KBaZpaToB €O CTOpoHON meHee 50 mm). Kpome Toro,
3T0  UCKMOYAET BO3MOXHGCTL APUMEHEHWA CUCTeMbl OBaN — KBagparv
3 COBPEMEHHbLIX MPOKAaTHLIX BNCKaxX 43-38 Manoro PAcCTOAHMA  MEXAY
«<netAmun. K HegocTaTkam 370l CUCTEMbI KaNMBPOB OTHOCUTCA TakK>Ke
SHaUUTENbHAR HEPaBHOMEPHOCTE 8 PAacnpeACNeHUM Harpy3oK MeKay OBanb-
HLIM W KBaAPaTHbIM KanuBpamu.

Cucrema osan — kpyz {puc. 4} NpPUMEHAGTCA B YUCTOBbLIX KNETAX
CODPYOBBIX WU NPOBOMOYHLIX CTAHOB MNpW MpoKaTKe KPyrnoro npodmna.
2ra cucTemMa B KayeCTBE BbITAXHOM A0 NCCHEAHEro BPEMEHM ULIMPOKO
ne (PUMEHANACh M3-338 MEHBLIMX BbITAXHbLIX BOIMOXKHOCTEH MO CcpasHe-
HMIO C CUCTEMOW oBan -- KBaapar. [Apyrum eec HefoCTaTKOM ABIAETCA
MerbLUAA  YCTONYMBOCTL OBAfLHOW MCNOChi B KPYrnom kanubpe, yem B
KBagpaTHOM.

B 10 ke BpemAa cuctema ©Ban — Kpyr uMmeeT CBOM NPEUMMYLLECTBA,
TNaBHBIMIK M3 KOTOPbIX ABMAXTCA OTCYTCTBME HEOBXOAMMOCTU KaHTGB-
KK MOMOCbI B CTaHax C YepefytoUMUCA OPUROHATaNbHLIMW 1 BepTH-

- 0 |
- LFUF
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Puc. 4. Cncrema xkanuBpos oBan - - KPyr
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CUCTEMY 4epeaylWwmMxcA KanmbBpor (CTPenbyaTbli THCYI ONhiink Kpyl ),
b0 cucTeMy OAHOPOAHbIX TPeyrofeHbIX Kanubpos (Tpeyronoiinie 1pe-
YrONbHUK) ; Tpudem B 3TOM ciydae Mepej YMCTOBBIM KpyIHLIM  1<aiih-
POM AfIA MOBBIWEHUA TOYHOCTM TEOMETPUUM Kpyra MPUMCHNICTCH CIpesib:
4aTeift TPeyrontHbIn Kanubp.

Cuctema crpens4arsili Tpey20isHuUK — kpye (puc. 5, 6)  upumenner-
CA H& BCEX OTEYECTBEHHLIX JUTERHO-NMPOKATHLIX ATLCEaTax  1POXBAAKO-
BbIMi BfOKaMU, BLINYCKAILUX aMOMUHUEBYIO W MelHyi Karatky. Jlak-

HYI0 CUCTEMY KanuMBPOB UMET TaKKE MPOKATHLIE CTaHbl MW CUHO 00 -
KaTHbIX arperatoB dupmbl “KouTunnyce” {Wrannna).

O6biys0 B YepHOBBLIX KIETAX BMECTD KDVI X OPUMEHFIOTCH 1T I-
YyronsHsle Kanubpsl, B KOTOPbIX YCTOMMMEOCTE  TPEYTOMLHON NONOCHLE Bbl-
we BCNeACTEWE NOARMPAIOILETe J8HCTiBUA CTEHOK Kanubpa., Takan kKom-
BvHaupA  KanuBpoB HauBornee pacnpPoOcTPaHeHH oIl BapnaHT KanOpPoBKM
BaJiKOB HeMNpepbiBHLIX TPexBanKOoBLIX CTAaHOB., POnvMKoBEIE NpOBOAKW ye-
TaHABNMBAOTCA TONLKO fepeh KpyInsiMy  {LWIECTUYTONbHBIMKU)  Kanubpa-
MU ANA YAEDXKEHUA TDRYTGbHOMO CeYEHWR: nepef TPeyrofbHbIMU Kanubt-
pPaMu CTaBATCA Hanpasnsiowe THYS KRN,

OCHOBHBLIMW FPEUMYLLECTBAMW CUCTEMBI CTPENbYATLIA TPEYTrOfbHUK —
KDYT 1O CpaBHEHWUK) ¢ CUCTEMOR TPeYronbHUMK — TPeyrofbHUK ABAAOT-
€. BO3MOXHOCTb NGAYYEHUA KPYFOB PA3NWYHOro aguameTpa 6e3 gorion-
HUTENLHOW MNEpeEanku BanKoB: HoRbWAnA YCTOMUMBOCTb NPBOKEThIBAEMOW
nonocet 8 wKanwbpax: MeHbiUaA YTORUIEHROCTb 3aAHErQ KOHUE MONoCh!
B CNyvae ero CBannsBaHWA v3-32 HANUYMAR B cUcTemMe “'TeCHBIX' Kanmbpos
(Kpyrnbix, WeECTUYronbHbIX} W, CReNOBaTenbHO, MeHbLUaA ONacHOCTb 3a-
CTPeBaHuaA NOMOCHl B CTaNe,

B cucteme TpeyronbHMK — TpeyronbHUK (puc. 7) Kaxabll Banok ume-
eT rNagxKyl UWWIMHAPMYSCKYH TNOBEPXHOCTL. Tpu TakKMX Banka cocTas-
nAT TpeyronsHbit KanuBp. [lonepeyHoe cevsHue nNonockl, NpoKaTbisae-
MOW B cuUCTEME TPEYroNbHBIX Kanubpos, MmeeT 06biMHO hopmy Henpa-
BUNBHOI O WeCTUYToAbHMKA.

OcHoBHbIE NPEUMYLLECTBA CUCTEMbI TPEYTONbHUK -- TPEYTONLHUK Cile-
aywoume:

Gonee WWUPOKUE BO3MOXHBIM COPTAMEHT BLINYCKAEMOW KaTaHKKW, TaK

Puc. 7. CucTema Kanubpoe TpeyronsHtic — TREYTONbHUK — KpyT
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Kak noBoi TpeyronbHeld KanBp NP 3aMeH2 ero Ha kKpyrield, MoXer
PACCMATPUBATLCA B KAYECTRE YMCTOBOID;

BO3MOMHOCTb NEPETO4K# SRAKOR Ha AuameTp Snxadwien opeabiny-
Hen KAEeTW, 3 He uYgpe3 OOHY KneTy, KaKk 3Tc  He2oGxoAvmMo B chiyvae Ka-
ANBPOBKU CTPEMbUdTHIN TREYIONLHUK — KDY, 4TO 3HaudTensHo (Teope-
TUMECKN B ABd pasal yMeHtlluaeT Pscxos BanKos;

OTCYTCTBME pyubeB #a pafovuyx NoBeOXHOCTAX _ynpoulaeT M3rortosne-
HUE BanKosB W WX nepeTouky  {nepewnvupoBKK), Y4TG KpOMe CHUMEHWA
TPYAC3aTPas NO3BORAET MPWMEHATE saiKi © BbICOKOW TREpAOCTbID Noe-
BEPXHOCTU Vi, CRRACEBATENLHGO, NGBLICKTE UX CTOWIKICTY;

Gonee pasHOMEPHbIR KIHGE BINKCH, WY0 Takike CHOCOBCTBYET yeenwu-
YEHUID CPoKR MX chyKBui;

Gonea npocTan cHAPKE BADK
BaA perynupoBKa.

Cucremy Tpeyronbrny. — TOSYIDRBHMK ANA NPOKETKU CTaNbHOW KaTak-
KU npuMeHreT dupma Koo (OPFF) B TPEXEANKCAAIX MNPOBOMOYHBLIX
Bnokax.

Heekoneko net nazar so sHWWvervawe nposegeHa paora no usy-
YEHMIO UEAECOOBRAZHTCTA THIMMEHEHUR CUCTEMBI TPEYTONbHUK — TPeyrofib-
HUK NpU NpCKatTke anoMUHUEEoN M MeaHOW KaTaHKK Ha NUTeUHo-npo-
KATHbIX arperatax. [1osyviedibi2 [e3yisTaThl NOIBOAMNN 3HAYNTENLHO pac-
WHPWTL MApefcTaBneri G BO3MUMHOCTAX ¥ HEAOCTATHKax 3TON CUCTEMBI
kanmbpoB. OKazanoce, uYTo OCHOGHBLIM HEADCTAaTKOM CUCTeMbl TReyronb-
HUK — TREYIronbHWK SERRETCA MADXE3 yCTOMYMBOCTL NPOKaTbLIBaEMOW no-
fnocyt B kanuBpax. B cuasu ¢ aTum ofkaTUA B KAETAX AOMKHb! BbITb Ta-
Kumin, 4ToBbl He [ONYCKAThL 3aN0nHeHKe MeiannoM YIrNCcB TPeYTrONftbHMKA.
B NpoTWBHOM CRY4as HEBO3IMONHO NpeJOTBPaTWTh CBanuBaHWE NONOChH!
M nNpexae BCErO ee 3IFAHErO KoHUA 8 nocneayiouniem kanubpe, 4TO NpwsBo-
AUT K NepenonHeHuiy x<anubpos un nocnepyHuleMy 3aCTPeBaHWIO RONOCH!
B cTaHe, TpebosaHue 0BA2aTENEHOR He33NONHAHHOCTM METannoM Tpeyrofb-
HOrO Kanubpa 2 23HAYMTENLHOW CTEMEHM YMEHELLEET BbITAMHbLIE BO3IMOX-
HOCTU CUCTEMBI TPEYTONBHUK — TpeyronbHuk. Kpome Toro, 3Tz cuctema
Kanubpoe nMpeAbnsnfAeT NoBbileHHLIE TPEeBOBAHWA K KavyeCTBY NpOBOL-
KoBOWM apMarypnt, flpumesesmws cuctems! TPEYTONbHUK — TPEYroAbHUK
HA NUTENHO-NPOKATHLIX arperatax raruedoBano Co3faHUR  YCOBSDLUEHCT-
BOBAHHBIX TREXBANKCSL!IX MPOBOAOK EBMECTO LRYXPOAMKOBLIX, YCTAHOB-
nEHHABIX HA CTaHe,

Tpexponukoasie NPOBOGAKK SCRIGNH3YWTICA B HacToAWee BPEMA B Tpex-
BaNKOBOM fipoKatHow GRoKs nwTeline NOKaTHOro arpsrara, kanuwbpos-
Ka BanKoOB KOTOPOTs 8 MEDBLIX (MECTH HNETAX BLIIOMAHEHE MO cucTeme
TPEYTONbHUK -~ TpeyronkHuk, PacnonokeHWMe DONVKOB NPOBOAKU U Ka-
nvbp, 0BpPA30B2HKEbIA MK, TOBTOPRXT KoH(MUIypauuw kanubpa npeabi-
avien «netd. AuamMetps ponuikos  Bepibupatorce Fak, 4vobel Kanubp B
apoBenke Bbin Gonbiwe Kanubpa NPeRLAYILENA KAeTH Ha BEIWUUHY ynpy-

B 4 KneTy, Tak «ak He TpeByeTCA WX ote-
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ron gethopMauvmn Knetu npu npokarke. OAnA CO3AaHUA BO3MOXHOCTW Bbl-
KaTbIBAHWUA MOMOCLI MPOTUB X043 NPOKATKM B CNydyae BHe3anHoOW oOcTa-
HOBKW CTaHa uenecoobpasHO OAMH W3 POJIMKOB AeNaTh NOANPYXUHEHHbIM,
nMbo npepycMoTpeTb ero perynupoeKy B8 PapManbHOM HanpaBneHun, He-
NOCTAaTKOM CUCTEMb! TPEYFrONbHUK — TPeYFroNbHWK ABMAETCA TaK>ke Heob-
XOAUMOCTb NPUMEHEHUA pPONUKOBbLIX MPOBOAOK BO BCeX KeTAX CcTaHa.

B coBpemMeHHbIX MHOTKNETEBbLIX CONTOBbLIX U MPO23NCHHbIX CTaHax 06biy-
HO NPUMEHAIT KOMOMHAUMKM Pa3nUUHLIX BbITAXHbLIX CUMCTEM, MPUYEM Bbl-
60p KaKAOW U3 HWMX [JONMXKEH OCHOBbLIBATLCA HA 3HAHWM €8 BO3IMOXKHOCTEN
NPUMEHUTENBHO K AEHHOMY KOHKPETHOMY CNYYaG.

Cneayotimm  3TanomM pacdeTa KanubpoBKY BanKoB RBNHETCA pacnpe-
aeneHve aedopmMaumMyM nNo KnetAm (NNoNycKam) NpoKatHOro ctaHa. AToT
atan oAuiH M3 BaxHeWWwWX, ocobeHHO Npwn paspaboTKe TexXHOMOrUW AnA
NPOEKTUPYEMOro CTaHa, Tax KaK OT TOro, Kakas BefunHa Aethopmauum
6yaeT NpuUHATA B KaxaoM kanubpe, 3aBMCUT YUCNO KneTen B cCTaHe, MoL-
HOCTb NPUBOAHLIX ABuraTesied, ctTaBunbHOCTL fipouecca NPoKaTKW, Kave-
CTBO FOTOBOW NPOAYKUUU WU T.4.

2. PACNPEDENEHUE OEDOPMALUA NO KNETAM CTAHA

Mpu pacvetax KanuBpoBOK Bankos B KavecTBe Mepbi ged:opmaummn yaob-
Hee BCero NPUHUMATL BENMYMHY BbITAXKK B Kanubpe, Tak Kak nNpu 3ToM
Ccpa3y e ONpeAenAlTCA NNOoWagu MNOMepevyHoro CEeYeHWA NoNockl BO BCEX
knetAax cTaHa. OaHako NPU HeMpepbIBHOV NMpOKaTkKe 2aaBaTbCA 3Ha4yeHu-
AMW BbITAXKEK NPAKTUYECKK BO3MOXHO TONLKO B C/yvae WHAWBUAYANb-
HOrO NPWUBOAA KAeTel, HanuuMe KcToporo noasonAeT obecneynts Heob-
XOAWMble CKOPOCTU BPALLEHWA BanKoB KaXAao# Knetu B COOTBETCTBUW C
APUHATLIMM  3HAYEHWAMU BbITAXKEK W 33KOHOM MOCTOAHCTBA CEKYHAHLIX
06beMoB. B cnyuae ke obwiero vnu rpynnoBoro npuBoAa Knetel npuHa-
Thie BuITAXKKWU He BCerfa MoryT 6biTh peanu3osaHbl NOASCPOM COOTBETCT
Bylowmnx 3y6uaTteix nepeaad B NprBOAHOM peAyKTope.

PacnpepeneHne pedopMaunmm nNo KNeTAM HauuHaeTcA ¢ onpepeneHuA
BENUYMHELL OBLWeR {ey¥MpapHoi) BHITAXKN.

O6u13R BbITAXKKA B CTaHe paBHa

N = Fo/F (1.1)

ar
rae FO — nnowagb ceyeHwa 3arotoBku; F . — nnowaab ceveHnA roTo-
BOro npokara.

Nnowaab ceyeHWA 3aroTOBKM onpeaenAercA OBbIMHO NO 33aHHOW Ya-
COBOM NPOM3BOAUTENLIHOCTU CTaHa, CoPTaMeHTa, a WHOTAa K Tpebyemon
ANWiibi  rOTOBOM NpoAyKuMM. B cnyuae, ecnn pacuyeTel KanubpoBKW Bbi-
NONHAIOTCA ANA CYLIECTBYIOLIErO NPOKATHOTO CTaHa, NMpu BbiGope 3aro-
TOBKW HEOBX0AMMO YYUTbIBaTbL MpejesnsHble BO3MOXHOCTW CTaHa Mo MnpoM-
HOCTM W YCNOBMAM 3axBaTa, a TakXe MPOW3BOAMTENLHOCTL M PA3Mepsb) Ha-
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rpeBaTeflbHbiIX YCTPOUCTB W  XONOAWNbHWKA, ANMHY NOABOAALIMX W OT-
BOAALLNX POTLFaHroB U T.4.

B BbITAXHBIX cuUcTeMax C uvepeaylOWMMKMCA KanubpamMu Kaxaaa napa
KanubpoB paccmaTtpuBaeTcAd Kak 6bl COCTOAWEA W3 npeauncToBoro (npAa-
MOYTONbHOIO, POMBUYECKOOro, OBanLHOrQ, TPeyronbHOro) W YACTOBO-
ro (ksagpaTtHoro, kpyrnoro) kanu6pos. B cBA3W C 3Tum 3aech, HapAAy
Cc obuler BbITAXXKOW W BbLITAXXKOW B Kanubpe, UCNONb3yeTCA 4acTHAA CyM-
MapHaA BbITAXKaA, MpeACTaBnAwWad co6oM OTHOWeHMe Tnnowaaen uc-
XOAHOTO M KOHEYHOro B AaHHOW nNape KanubpoB KBaapaTta WNWM Kpyra.

WTtak, BenuumMHa 4aCcTHOW CyMMapHoW BbITskikW ana j-toroun (i + 1)-ro
KanubpoB paBHa

Apiivr = Fia/F =N A
rae A, A, COOTBETCTBEHHO BhLITAXKA B / -TOM npepuictoBom u (i +
+ 1) -om uncTtoBOM {KBaapaTHOM MKW Kpyrnom) kannbpax.

i+1 i+l

BennuunHa “)‘Z _Ha3bIBABTCA  CPEAHEN  BbITAXKON )\C%isi/v =
=V Ay P T \/)\l. . )‘i+1' Benvv.quHa oﬁmgw BbITAXKU Ay = )\E'cp , rae
A cp — CPEAHEe 3HaueHMe JacTHolA CYMMapHO# BbITAXKW B CTaHe,

05N
Aoop = VN, Aep e Xy,

Takum o6pazom, Tpebyemoe uUACNO KneTed B CTaHe MOXHO onpeje-
NUTb U3 BbipaXKeHun

N = 2IgAe/lg N (1.2)

3agaya ynpouiaetcA, ecnu pacveT KanubBpoBKM BanKoOB BbIMNONHAET-
CA ANA AeACTBYOWeEro npokaTHoro craHa. B atom cnyvyae uckomon se-
IMYMHOW ABNAETCA cpefHee 3HayeHWe 4YaCTHOW CYMMAapHOW BbITAXKMW, Be-
NUYMHA KOTOPOW oNpefenAeTCA BbIPaXeHUem

- 05
Npep = 2 N

Obwyto BbLITAXKY MO KNeTAM cTaHa uenecoobpa3Ho pacnpefenATb Ta-
KuM obpa3zoMm, u4To6bl B NepBbIX W MOCMEAHUX KNeTAX YacTHble CyMMmap-
Hble BbITAXKK 6GbinU MeHblie cpefHed BenuuuHbl. Heobxopumo Takike,
4ToBbl BO BCEX KNETAX MPUHATbIE 3HaueHMA Ay 6biNM MeHblle MaKcw-
ManbHO AONYCTUMbIX 3HAYEHWUHA.

Ecnn kanuBpoBka Bankos craHa npeacTtaBnAer cobol cucteMy OA
HOPOAHLIX Kanubpoe, 1o

N = lgAe/lg )\c , (1.3)

p
roe )\C — HeKOTOpoe cpeaHee ANA CTaHa 3HavyeHWe BLITAXKWM B Kanubpe.

_nA" HenpepeIBHbIX CTaHOB, WUMelWNX OBWWA WMAM FpynnoBoiA npu-

BO4, B TOM uucne ANA MPOKaTHbIX GNOKOB, KakK y»Xe ynomMuHanocb pa-

Hee, BMECTO BbITAXKKM B KNeTAX yao6Hee 3aQaBaTbCA BENNYUHOW KMHeEMa-
Tudeckoro koaddguumeHTa CKOpPOCTU KneTer, MNOHUMAA MoA 3TUM OTHO-

Xcp
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weHne CKOpPOCTeld BpalleHWA BankKoB AaHHOW W NpPeAblayuled Kneiuw. Tak,
ANA j-To KneTU KUHeMaTudecKWi KoacduumeHT cxopocTh Byaer paeeH
n,=n;/n,_,.

QuesunaHo, yTo AnA nepeon knetu n; = 1,0.

CymMapHbIn KO3h(MUMEHT CKOPOCTU B CTaHe Npu W3BECTHOW BENU4MU-
‘He o6wer BuITAXKK (Ag) MoXHO npubnuauTennHo onpeaennTs Cleay-
owum obpasom:

Mo = M -3 - Na =N (Re/Ny) - (D1/D), - (1.4)

roe A; — BbITAXKa B nepeon knetw; D,, D — anameTpbl Bankos B
BeplwMHe Kanubpa NepBoi W NocreaHen KNeT COOTBEeTCTBEHHO.

B 4MCTOBbiX NPOBONOYHBLIX 6fI0KaX BENNYMHA KWHEMAaTHMHECKMX Ko3dh-
UUMEHTOB CKOPOCTH, @ TaK>ke vaeanbHLI AnameTp BankoB 06GbMHO Npu-
HUMalOT OAMHAKOBLIMW ANA Bcex kneTeln. B atom cnayuae _cymmapubm
Koamcbwnem ckopocTn Bnoka MOXHO NpPeacTaBuUTe B BUAE 77 o =nn/n1 =
=7

MonctaBnAn 3Havenne 7o B (1.4) W cuntaA, 4TO BbLITAXKKA B NEpsOM
KneTu NpuBnU3MTENsHO PaBHa 7, NMOMYYMM BbipaXkeHue ANIA onpeaeneHnA
yucna knetei B 6noke

D,

N = Ig o =2 }/Ig7. ' (1.5)

Mpu pacrpeaenennn gedopMauMu nNo  KNeTAM cneayeT CcTpeMuTbeA
K COBMIBAEHUIO CMeAYIOLMX OCHOBHbLIX MPUHLMMNOB:

BbLITAXKA B KaXAoM Kanubpe AomMKHa ObiTb N0 BO3MOXHOCTW MakK-
CUManLHOM C Y4eTOM HasHayeHMA Kanubpa n HoMepa KneTu;

NPOU3BOACTBO 3aaHHOrO COPTaMeHTa MNpPoOKaTa AOMKHO OCYLIeCTBNATL-
CA NPY MUHWMAaNbHOM 4YWUCIle NEepeBaNnoK M NepeHacTpoeK CTaHa;

MOLLHOCTb MPOKAaTKU BO BCEX KNETAX AOMKHA ObiTe MPUMEPHO OAH-
HaKOBOW, 4Y4To cnocobeTByeT 6Gonee paBHOMEPHOW HarpyXeHHocTW obo-
pyAoBaHUA.

Takum o6pasom, B cooTBeTcTBUM ¢ TpeGosanuem n.1 Buibopy pexu-
Ma 06aTWW JomXkeH NpPeALlecTBOBaTh pacueT NPeaensHO AONYCTUMbIX fe-
dopmaumin B Kannbpax.

Benuuuna ponyctumon gedopmMaunu B Kanubpe 3aBUCUT OT MHOTMX
thakTopoB, rMAaBHLIMA W3 KOTOPbLIX ABAAKTCA MNNACTUYHOCTb NPOKaTLI-
BaemMoOro Mmarepuwana, nNpoYyHocTe 06opyaoBaHWA K MOWHOCTL NpUBOAA,
YCNOBWA 3axsaTa MoOMOCb! BanKamu, yCTOWYMBOCTb Monockl B Kanubpe,
TOYHOCTb FOTOBOrO MPOKAaTa, M3HOC Kanuwbpos.

BavAHWE NAAacTUYHOCTW MaTepuana Ha AOMNYyCTUMYIO BenuyuHy Aedop-
Mauum B Kanubpe oyeBMAHO — YeM MeHbile NNacTUYHOCTb, TEM MeHbue
aAecdopmaumm moxHo ponyctutb. OAHako, NOCKOMNBKY MNAACTUYHOCTL MHO-
rmx MeTannoB M CNiaBoB, KPOME XWUMWYECKOro COCTaBa, B 3Ha4YWTEstb-
HOM CcTefNeHM onpeaenfAeTcA TeMnepaTypou IpOKaTKKW, BAaXHO pachipeje-
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NATL BLITAXKKM TakuM o6pa3om, 4yTobbl MaKcMManbHO WCMONbL3OBaTh hak-
TOp MNONOXWUTENBHOTO BIUAHWA BBICOKMX TemMMepaTyp Ha NAacTU4HOCTb.
C 3TON TouYKW 3peHUA B NepBblX KneTAx, rge TemnepaTypa Metanna jo-
CTAaTOYHO BbICGKA, NpUHMMaKTCA Hanbonbwwne BuiTAXKU. B nocneayto-
UWMX KNEeTAX BbITAMKY CHWXAlOT B COOTBETCTBUM C YMeHbLLUEHUEM TeM-
nepatypb: NPOKaTKKW, NOCKOMbKY € YBenuueHWeM TeMNepaTypbl YMeHb-
waeTcA Be/IMYMHA CONMpoTuBAeHWA aecopmMaunu, TakKoe pacnpegeneHve
BbITRXEK obecneuMBaeT TakXe HaWMEHLLWWMWA pacxoj 3Hepruv npu npo-
KaTKe, a, cneaoBateNlbHO, U MUHUMANbLHYK CYMMAapPHYI0 MOLWHOCTL Npu-
BOAHbIX 3NMeKTpoasuraTtenen crtaHa. Kpome Toro, ¢ noBbitleHKeM Temne-
paTypbli NpoOKaTKuW 3a cyeT GONMBWOro CMATUA MNepedHero KOHUA NpU YAa-
pe O BafKW yNy4vtlalOTCA YCNOBWA 3axBaTa fOMOCbl BankKaMK, 4TO TakiKe
co3jaeT BO3MOXHOCTU NOBbIWEHNA 06XaTiA B NepBbIX KIeTAX.

finactuyHoCTb MeTannza » ee u3MeHeHWe B Npouecce NPOKaTKU AEXUT
B OCHOBe CaMbIX paHHWX MeTOAOB pacnpegeneHnAa gecdopmauvii nNo kne-
1AM (nponyckam) crawa. Metoa pacnpegeneHun o6atuia 8 COOTBETCT-
84K C nageHMem Temnepatype! fipokaTku 6ein npegnoxen J1.XKeszom. Co-
rnacHo 3aToMy MeToay aedopmauuu Mo kneTAM (nNponyckam) pacnpege-
RAOTCA M0 MWHEMHOMY 3aKOHY, NP 3TOM HavMmeHbulee o6)aTue HasHa-
4yaeTcA 8 MocfefHeM YUCTOBOM Nponycke, HanGonoiiee — B NepBOM.

B coorBeTcTBUM ¢ MeToAOM, npeanoxeHHbim E.Kupx6Geprom, koTo-
pbiit cuMTan, 4YTO NNAcCTU4HOCTL MeTanna nNpPRMO MNPONOPUUOHANbLHA TON-
wuHe MNonocs! B AaHHOM nNpoxoae, 06>XaTWA pacnpefenAloTcA No KNeTAMm
no napabosuueckomy 3akoHy. HauBonbwee oB6xkaTwe NpUHUMaEeTCA 34eCh
TaKxXe B NEPBOM Kanubpe, HauMeHblwee — B NOCNEAHEM YUCTOBOM kanubpe.

Mo cpasHeHnmio ¢ MetoaoM XKesa metod Kupx6epra nossonmer mMeHee
MHTEHCUBHO 3arpysuTb 4YUCTOBble Kanubpbi, YMeHbLINTL TeM CaMbiM UX
M3HOC U MOBLICUTb TOYHOCTL FoToBOro npocduna. OgHako 3TO uUMeeT u
oTpuuaTenbHblk athPeKT, TaK Kak NpUBOAWNT K Heo6XO0AMMOCTW cyulecT-
BEHHOI0 MOBbLIWeEHWA AedopMauMm B 4epHOBbLIX KNETAX, Y4TO He Bceraa
BO3MOXHO W3-3a COOBpa)keHW NPOYHOCTW OBOPYAOBaHWUA W YCNOBUI 3a-
xBara.

B konuuecTBeHHOM OTHOWeEHVMM 06 3ITU METOAa BeCbMa NPUGAMKEHHBI,
NOCKOSIbKY OCHOBbLIBaIOTCA Ha EAWHCTBEHHOM hakTOpe — NNacTUYHOCTM
npokarsiBaemoro Metanna. K Tomy Xe npu NpokaTKe Ha cOBPeMeHHbIX
HeNpepbIBHLIX COPTOBbLIX W NPOBOMOYHLIX CTaHax (aKTOP NAACTUYHOCTU
PEAKO ofipeAender AONYCTUMYIKO BennuuHy gedopmaunn B Kanubpe, 3a
UCKMIOYEHNEM, BbITb MOXET, CNy4YaeB NPOKAaTKu ManonnacTUYHbIX MaTe-
pnanoB  (oTAenbHble BbLICOKONErMPOBaHHbLIE MapKW  CTanu, HeKOoTOPbie
CMaBbl UBETHbIX METANNOB U T.n.}. 3To OBBLACHAETCA TeM, Y4TO NpU Bbi-
COKUX CKOPOCTAX MPOKAaTKW B COYETAHUN C WHTEHCUBHBLIMW 06XKAaTUAMU,
MPUHATLIMA  Ha COBPEMEHHbLIX CTaHax, NajaeHWe TemnepaTypbl NONOCHI
no AfWHe CTaHa He3HayMTenbHO, a CrnejoBaTeNbHO, BO BCEX KMeTAX Me-
Tann CoxpaHAeT BbICOKYIO MMACTUYHOCTD.
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CoBpemeHHbie cnocobbl pacnpeaeneHua o6XaTUIA NO  KACIIM  CTaH3
OCHOBLIBAOTCA Ha aHanuW3e npeaenbHbiX 3HayeHuWn pedopmiiyuu, obyc-
NOBNEHHBIX Pa3fNNYHLIMK haKToOpaMK, B TOM 4UCNE NNACTUMHOCILIO MPO-
KaTbiBaemoro Mmatepuwana. [lpw 3TOM, NOCKONbKY BeAUYMHA AOIYCTUMON
AehopmMaumnn B Knetu B 3aBUCMMOCTW OT ee HOMEpa, HAa3HAueHUH u [pyrux
NPUYUH MOXKET ONpefeNATLCA pasHbIMU (hakTopaMu, TO Mpu BLibGope pe-
XUMa 06aTtuii 06bIMHO WCXOAAT M3 TOro, Kakue (akToph! B JaHHLIX
KOHKPeTHbIX YCNOBWAX RABAAKOTCA onpeaenAwwMMK. Tak, ecnw  naac-
TUWYHOCTb MPOKaTLIBaEMOro MaTepuana He HABARETCA (AKTOPUM, NUMMU-
TUpYIOWUM 06XaTMA B CcTaHe, TO BeAWYMHA NPUHUMaeMbiX aedopmauii
B UYUCTOBbLIX KMETAX 33aBUCUT OObLIYHO OT TPeGOBaHWA K TOYHOCTU NPOKa-
Ta W U3HOCa BanKoOB, B TO BPeMA KakK B YEPHOBLIX KNEeTAX onpeaenAo-
WKMMM, KaK NPaBuno, ABNAIOTCH YCNOBUA 3axBaTta W Harpy3ku Ha Banku.
B octanbHbix knetAx haKTOpPOM, XapakTepusylwwWMm BelMuuHy ponyc-
Tumown AechopmMaumny, HapAAY C BbIWeECKa3aHHbIMKW, YacTO ABNAETCA YCTOW-
YMBOCTb MOMOCHI MpK NpokaTke* !,

MeTtoa aonycTumbix aedopmauuii, B 4acTHOCTH, NONOXEH B OCHOBY pe-
KOMeHaaunih no BbIGOPY pexvma obxatuin*? . 6.M.5axTuHos n M.M.UWrep-
HOB NpeanaratoT MONy4YeHHble Ha OCHOBE MPAaKTUYECKOrO OMbiTa TUMOBbIE
rpadhukn pacrpeaeneHuA BbITAXKEK MO KnetAM {nponyckam) anAa pas-
fIMYHBIX CnyYaeB NPOKAaTKKW, MPeAyCMaTpPUBAlOLLME CHUXEHWe O06XaTuit
B NepBbiX, Hanbonee HarpymeHHbiIX, U NOCNeAHUX YUCTOBLIX KNETAX CTa-
Ha. [pumeHUTENBHO K MpoOKaTKe MNoNOCbi NPAMOYrONbLHOrO CeuveHWA pas-
paboTaHbl crnocobbt ‘pacyeTa AONYCTUMbIX O6XKaTWU, UCXOAA M3 Npeaensb-
HbIX YCNOBWA 3axBata MOMOChI BankamMu, MOLUHOCTU NPUBCAHLIX ABU-
ratenev i NPOYHOCTM BankoB. YueT 3Tux (hakTOPOB 0OCOBEHHO BakeH Npw
Bblbope 06XaTU B 4epHOBLIX KNETAX CTaHa.

OueBnaHO, 4TO ANA ONTWMANLHOrO pacnpegeneHuA aedopmauvin Mo
KNeTAM CTaHa HEeOBXOAMMO YYMThiBaTh Takxke W Apyrue (hakTopbl, B TOM
yncne hakTop yCTOWYMBOCTU NONOChI B kanubpe.

W3BecTHO, 4TO YCTOWYMBOCTL NpoOKaTblBaeMoOW MONOCLI B Kanubpe,
Npyu NPouYMX PaBHbIX YCNOBWAX, 3aBUCUT OT COOTHOLLUEHWA MEXAyYy ee Bbi-
cotoh (h) w wmpuHow (b). Tpuyem BepoOATHOCTb CBOPAYMBAHWA MONO-
Cbl BOKpYl CBoeW MpoaontHoil ocu Gypet 7em Gonewwe, Yem Gonbwe oT-
Howenune h/b. Takum oBpasom, npegencHoe COOTHOWeEHWe pa3MepoB Mo-
nocel onpeaenAeT MakcumaneHyo (M3 yCroBMA YCTOMYMBOCTU) Benuuu-
Hy Aedopmaunmn B Kanubpe. B cuctemax Kanubpos oBan — KpPyr v CTpefb-
4aTbil TpeyrofeHUMK — Kpyr npo6bnema obecrnieyeHUA yCTOWYMBOCTU MNONO-
Cbl CYLLECTBYET TaK)Ke B Cl/iydae o4eHb ManbiX o6kaTuid, Korga CooTHO-

*1 B 33BMCMMOCTU OT BenuduHbl OBKaTwA, GOpMbi Kanubpos U COCTOAHWA NPO-
BOAKOBOW apmaTypbl haKTOp YCTOWYMBOCTU NOMOCLI. MOXET ObiTh ONpeaenAloWwnM
TaK)Xe B HEPHOBbLIX W B YUCTOBbLIX KMETAX,

*?  Baxtuxoe b5.11., Wrepnoe M.M. KanwbpoBka npokartHeix Bankos. — M.: Me-
Tannypruspaat, 1953.
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WeHMe pa3MepoB CeyeHWA MpPesuYUcTOBOrO OBana WNW CTPenbyaToro Tpe-
YyrofibHMKa 6nM3Ko K eavHWUe. DTO CBA3aHO C TPYAHOCTHIO YAEPXKAHWA
8 npoBoake 6nU3Koro K Kpyry npodunA, ocobeHHo MNpu Manbix Anamer-
pax Kpyra.

Mpu npoxkaTke B BbITAXHbLIX KanMbpax COOTHOLIEHWE pa3MepoB fO-
NepeyHoro CceveHMA nNOMOCLbl ABNAETCA BaXKHbIM NOKasaTenem, XxapakTe-
PU3YIOWMM He TOMNbKO ee YCTOMYMBOCTb, HO W BenW4UHY aecopMauvu,
MprueM B BbLITAXHbLIX CUCTEMAX C YEPEAYOWMMUCA Kanubpamu OTHO-
weHve h/b npepunctosoro npodunA OAHO3HAYHO oONpeaenAeT Kak Be-
nMunHy pedopMaumn B AaHHOM NPefYACTOBOM, TaK U Ty, KOTOPYH He-
06X0AUMO OCYLLECTBUTL B CReAylOLEM 4UCTOBOM Kanubpe. Tem cambim
BenuuMHa oTHolernAa h/b, HapAay ¢ YCTOWYMBOCTLIO, NPU NpOYMX pas-
HbIX YCNOBWAX onpeaenAeT yron 3axBaTa, Harpysku B KNETAX, TOYHOCTb
roTOBOrO nNpokaTa M W3HOC Bankos. BeoipaxkeHwAa AnA onpeaeneHWA Mak-
CMManbHbIX (M3 YCNOBWMI 3axBaTa M YCTOMYMBOCTM MONOCHLI) 3HAYEHWIA
BoiTAxek (Ay )} ANA pasnuuHbIX cucTem KanuGpos npuBeaeHb! 8
rn. V. dopmyna ANA pacueta MaKCMManNbHOW YacTHOW CYMMAapHOA BblI-
TAXKW B TPEXBANKoOBbLIX Kanubpax CUCTeMb! CTpenbyaTbii TPeYroNbHUK —
Kpyr ronyyeHa u3 ycnosua obecnedyeHnA nNpaBunibHOW GopMbl Kpyra.

AnA cucteM ¢ uepeaylowMMUcA Kanubpamu pacyet MaKCuMmanbHbIX
3HauYeHWt BbITAXKEK B Kanubpax W MaKCUManbHbIX YacTHbIX CYMMAapHbIX
BbITAXKEK, COOTBETCTBYKOLIMX NpefefibHOMY COOTHOLLUEHUIO pPa3MepoB Mo-
NepevyHoOro Ce4YeHWA NpoKaTbiBaemMoW NONOCbl, BbLIMONHAETCA NocleaoBa-
TeflbHO, HauYMHaA ¢ nocnegHerc 4YWCTOBOro kanvbpa, pa3mepbl cevyeHuA
nonockt B KOTOPOM 06blMHO 3apaHbl. Onpegenve MakcumanbHoe 3Haue-
HME YacTHOW CYMMAapHOR BLITAXXKW B nNocnegHei nape Kanwbpos, Haxo-
AMM NAolWafb cevyeHWA nonocel, NPOKAaTLIBaEMOW B NpeanocneaHedt nape
Kanubpos (F 2), KOTOPYI0 B 3TOM CNy4Yae MOXHO CUMTATb MaKCUmarnb-

n—
HO BO3MOXHOW .

Fn—2 - )\Emax, n -1 Fn' (1.6)
rae )\Zmax n_1 — MakcnmaneHoe 3HaueHue YacTHOW CYMMapHOW Bbl-
TAXKKW B NOCRefHeil nape Kanubpos; Fn — nnowaab CeYyeHWA roOTOBOrO
npokara.

Janee aHanorvyHbinM ©06pa3oM NpPoOBOAWTCA pacueT BeAWuUHLI Mak-
CMMAnNbHOW 4acTHOW CYMMapHOW BbITAXKW B npeanocrieaHen Mape Ka-
nMbpoB, a 3aTeM AfA BCex NpeabiAylIMX nap, A0 Tex MNop, Noka ceuve-
HWE NOMOChbI He NPEBbLICUT 3afaHHYK NAowaab cedeHWA 3arotoBku. [lo-
NyyeHHoe NpU 3TOM 4MCNoO nap KanubpoB onpeaenAeT TO MWHUManNbHOE
uncno kneteir (mponyckos), koTopoe TpeByeTcA AnA peanu3auuu 3adaH-
HOro 3HadyeHUA o6wen BbITAXKKW. Heobxoaumsie anA pacueta )\E max 3Ha-
YeHWA AMaMeTpPOB BafIkOB OPMEHTMPOBOYHO MOXHO onpeaennTb U3 COOT-
HOLUEHUA MexXAY AuameTpaMu BankoB W pasmMepamu NPoKaTbiBaeMbiX
KBajpaToB W KPyraeix npodunei, cCOCTAaBNEHHbLIX Ha OCHOBaHWWU aHanu-
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3a copTvameHTa ABﬁCTByIOU.lVIX OTeYECTBEHHbLIX COPTOBbLIX W TMPOBONOYHbIX
CTaHOB:

AuameTp paboumx Ban-

KOB, MM . . . ....... 250—300 300-350 350-400 400-500 500-600
Pazmepsl npokaThiBae-
MbIX CEYEHMUA, MM :

KPYFABIX. o v o v v 6 — 15 15-30 30-60 60- 100 60— 110
KBaAPaTHbIX . . ... 6 — 15 12—-30 25-50 50-80 60— 100

AnAa toro, 4To6bl BLITAXKW B Kanubpax 6binM MeHble NPeAenbHBIX,
YMCNoO KneTed NPOEKTUPYEMOro CTaHa uenecoobpasHO NPUHMMAaTL Ha Oa-
HY, nubo (B cCnyvae nNpuUMEHEHMA CMCTeMb! uYepeaylowmxcA Kanubpos)
ABe KneTu 6onbwe pacyeTHOro MWHWMAaneLHoro 3HaveHuA. flocne onpe-
AENEHNA YaCTHbIX CYMMapHbIX BbITAXEK ANA BCEX Nap KanuBpOB BbITAX-
Ka pacnpeaenAeTCA MexAay Kanubpamu KaxaoW napbl.

AHanus nipefenbHbIX COOTHOLWIEHUA BbLITAXEK BHYTPU AaHHOW Mapbt
ANA pa3dnNnuHbIX cucTem kanubpoe BbinonHed B Tn. V. C nomMouwbio ypas-
HEHWW, NpuBeAEHHbIX B 3TOM rnNaBe, oONpeAenAeTCA AMana3oH JonNycTu-
MbIX COOTHOWEHUA BLITAXKEK, B Mpeaenax KoOTOPOTrO AOSIHbi HAXOAUTb-
CA NpuHUMaemble 3HayeHUA BbITAXeEK B Kanubpax. Tlpn 3TOM BbITAXKM
B NpPepuncToBbiX Kanubpax KaxaoW napbt NPUHUMAOTCA 0fibIMHO paBs-
HbIMU WAW HeCKONbKO GONbWWMK, YeM B MOCNEAYHOWVX KBAAPATHLIX
wnu Kkpyrneix kanubpax. WckniouyeHnem aAsnAeTcA ripokaTka CTPoUTeNs-
HOW apmarypesl.

B sTom cnyyae pnA nyuwero sbinonHedwA pebep npodmnAa  BLITAX-
KY B UYUCTOBbIX KPYrnbix kKanubpax uenecoobpasHo PMpuHMMaTL HecKoNb-
KO Bonbwen, yem B NpegunCcToBLIX OBanax.

Mocne pacnpepenedns pedopMaummn nNo KneTAM cTaHa cnegyer obAa-
3aTeNbHO TPOBEPUTL MNPWUHATbIE 3HAYEHUA BbITAXKEK W3 YCNOBUA 3axsa-
Ta (B nepBylo ouepeab B 4epHOBbIX kneTAx)}. [nA HenpepoiBHbIX CTa-
HOB B O6GNOYHOM MCNONHEHWW MNPOBEPKY HAa MAKCUMansHbLIM Yron 3axsea-
Ta, KakK foKasbliBaeT ONbIT, MOXHO NPOBOAWUTbL TOMLKO ANA MNEpPBON Kne-
Tv 6noka. B nocneaywowmx KneTAx, BBMAY ManocTM MeXKNeTeBbiX Mpo-
MEXYTKOB, 3axBaT ofecrneyvBaeTcA MPUHYANTENLHOW 3agaved MOMOCHI
BaNKaMmn NpeabIAYWNX KneTen.

Bbibop 3HaYeHUA KUHEMATWHECKUX KO3MHUUMEHTOB CKOPOCTU ANA
HemnpepbIBHLIX CTaHOB ¢ obwuM NpMBOAOM KneTerd Takxke uenecoobpas-
HO BbLIMONHATL HAa OCHOBE pacyetTa npepaesbHbLIX 3H3YeHNn BobITAXEK., B
cooTetcTeMn ¢ (1.4) MakcumanbHas BenNWYMHaZ KUHEMaTWY4ECKOTD KO-
ahhrumeHTa CKOPOCTU 7 -Toi KneTu cTaHa ByneT pasHa

M max (D /D ))\I max ° (1.7)

Ecnu kanubpoeka BankoB craHa npeacraBnAeT coboil cucTeMy Yepe-

ayruuxca KaﬂM6pOB BenNUuuUnHy T], max MO>XHO NpeacTasnuTb B BUAC
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Mimax \/(D /D,+1) meax 1 (1.8)

rae D; _,, D, , — AvameTpbi BankoB No BepliuHe (i =1)-wn {/ +1)-Toro
KpYrnbix nubo KBagpaTHbIX KanubpoB; )\Zmax i1 MaKcumaneHas
BENUYMHA HacTHOW CyMMapHOW BbITAXKW B / -TOM npeauuctoBom n (i +
+ 1) -om unetoBom Kanubpax.

BenuuuHa KuUHeMaTUHdeCKUX KO3UUMEHTOB CKOPOCTU KneTeh He Aon-
Ha NpeBbIATh MaKCUManbHLIX 3HAYeHWA 7;, ONPeAEnAembiX Bbipaxe-
Huamn (1.7) nnn (1.8). B Tom cnyuae, ecnu koathduumeHT 1 NpUHAT
OAMHaKOBLIM AnA Bcex KkneTed crada (n; = const), ero BenuuuHa He
pomkHa 6b1Te Gonblle HauMeHblWero W3 3HAYEHMI M max + MOACUNTAHHBIX
us {1.7) vam (1.8) ana Bcex kanubpoB. Ecnu kanuBpoBka Bankos 6no-
Ka NpeacTaBnAeT cCUCTeMy oBan — Kpyr, a B cliyyae TpexBankosoro 6no-
Ka — CTPenbyaTblii TPeyronbHWK — Kpyr, To fpu 1; = const, Kak no-
Ka3biBaeT aHanu3, BLITAXKKA B OBanbHOM W TpeyronbHom kanubpax 6y-
[eT HEeCKONbKO Bonsweé, Yem B nocneayloulemM Kpyriom ()\,. > )‘i+1)'

MNpuuem pasHuua B BLITAXKKAxX GyaeT TeM 3HauUTenbHei, Yem Bonblie Ko-
athbuumMeHT 1 1 fNoWwaab CeY4eHNA MONOChL.

Huxxe npuBepeHsl 3HAYEHWA KWHEMATUYECKUX KO3((DULKWEHTOB CKO-
pOCTW HEeKOTOPbLIX AEWCTBYIOWMX NpoKaTHbIX Gnokos. B npoxarkeix. 6no-
Kax NUTeAHO-NPOKAaTHLIX arperatoB ANA MPOWM3BOACTBA KaTaHKW U3 LBeT-
HbIX MeTannoB n cnnasoB KoHucTpykumn BHWWmermaw npuHaThl cne-
AylOWME 3HAYEHWA KUHEMATUYeCKUX KO3I(dUUNEHTOB CKOPOCTW KneTen:

B ABYXBaNnKoBbIX Gnokax (cucrema kanmbpoe oBan — kpyr) n=1,25+
+1,3b (HMCTOBOﬁ wecTuknetTesoin 6nok 250) ;

n=1,41 + 1,51 (yepHosoit wecTukneTeBoit 6nok 350) ;

B TPeXBanKOBbLIX OAMHHAAUATU- W CeMHaauaTUKneTeBbiXx 6nokax (cuc-
TeMa KanuBpoB CTpens4aTbid TpeyronbHUK — Kpyr, CTpensYaThil Tpe-
YrONbHUK — LWECTUYTONLHUK, a TakXe TPeyrojbHUK — TPeyronbHuK —
B NepBbLIX KNETAX OAHOTO W3 arperatos) nn=1,26 +1,32.

B npokaTHbix 6noKax NWTeAHO-NPOKaTHbIX arpersToB ANA UBETHbIX
METannoB W CMaBoB, BbiNycKaeMbix thupMamu "“Caytyaiip” (CWIA), "Kon-
THuyc”  (Wtanua), “Kontupoa’ (OPT), NpUHATLI NPUMEPHO TaKue ke
BeNUYUHBLI KO3hPUUMEHTOB cKopocTed. YUucToBble HNOKU ANA NPOKATKK
CTanbHOW KaTaHkW npousBoacTBa ¢mpm Mopran’ (CWA), “Kpynn”
(®PT), "Cker” (FBP), "Kokc” (®PF) w apyrux umeloT HeckomnsKo
MeHbLUME 3HAYEHWA KWUHEMaTU4ecKUX KOIDMUUMEHTOB CKOPOCTM KneTei
(n=1,2+1,3).

MNpuMepsl BbiBOpa pexxuma o6xaTuin ANA NPOEKTUPYEMOro AencT-
BYIOLIErD HENPEPLIBHOTO CTAHOB Kak ¢ MHAMBUAYANbHbIM, TaK u obwum
NpMBOAOM Knevei npueeaeHsi B ra. VII.
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I'nasall YWUWPEHUE N ONEPEXEHUE
NPU NPOKATKE B KANMMEPAX

1. YWWWAPEHUE NPUA NPOKATKE

Mpu npokaTke cMewweHHbIn oBbeM MeTanna (sa cuer obxarmA Ban-
Kamu) pacnpefenAeTcA B NpoAonbHOM (Mo ocM NpokaTkk) w noneped-
HOM HanpaBneHuAX. [lockonmbKy npu nnactmyeckod aedopMaunn o6Gtem
AechopMUPYEMOro MeTanna MpaKkTUYeCKU He M3MEHAETCA, 3TO MOXHO Bbl-
paswTb B BuAe CrEAyHLIero ypaBHEHWA, Ha3blBagMOro YypaBHEHWEM Mo-
CTOAHCTBa obvema:

AV = AV _+ AVy,

rae AV - cMmelieHHbiii Bankamn obvem metanna; AV, AVy — obve-
Mbl METanna, CMeLLeHHble COOTBETCTBEHHO B MPOAONLHOM W MONepeYHoOM
HanpasneHnAX.

MonepeuHaa paedopmaumsa, BbI3LIBAOULAA NPUPAUEHME LUMPUHBE WNK
ywvpeHve Monockl, yBenMynBaeT 3aTpauMBaeMylo paboTy, HeobXoammyio
ANA NONyYeHWA roToBoro npodmnA, U TEM CaMbiM MOXeT 0KasaTk Cyuie-
CTBEHHOE BIIMAHME Ha TeXHONOrW MpoKaTKn u coctae 06opyAocsaHuA.
OcofeHHO BenMKO BnMAHME YylwKMpeHMA Ha KanubBpoeky Bankos. Onpe-
AeneHve BenmuMHbl NOMepeyHoW aedopMaumn ABNAETCA BaKHEMLLIMM yc-
Nosuem TOYHOCTM pacyeTa KanubpoBKK, T.e. COOTBETCTBMA PACUETHLIX
n (hakTUYECKNX pa3MepoB NpodmnA, a ANA HENPepLIBHOFO CTaHa — eilie
n cTabunsHocTM npouecca npokatku. [Mo3aToMy, HaunHaa ¢ pabot E.Bnac-
€a, A0 HacTOAWEro BPeMeHW BOMPOC pacnpepeneHnA pedopmaunun npm
NpoKaTKe HaxoAnTCcA B ueHTpe BHMMaHuA. Cpeawn Hambonee W3BECTHbLIX
pa6oT No paHHOMY BOMPOCY MOXHO Ha3BaTb 3IKCNEPUMEHTaNbHble uC-
cnepoBaHnA  yupeHnAa H.Meua, A.llneHne, WN.M.Masnoea, O.OMuke un
E.Maxanw, A.M.Hekmapesa npn npokaTKe YriepoOANCTLIX W NerMpoBaH-
HbIx cTanen, a Takxe B.Tadens n ®.AHke nNpu npokaTtke meau U anio-
muuna, UN.C.Ty6kvha u M.M.3noTHnkosa — npu npokatke mean. Bonee
nospaHumun  ABnAaTcA pabote H0.M.Hnxukosa, A.U.Mpuwkoea, B.H.Ce-
pebpanHukoBa u A.®.MensHnMKOBa M Ap., a TakXKe ucciefoBaHuA aedop-
MauuM NpuM Npokatke B Kanuwbpax, BbiNONHeHHble Bo ®penbeprckon op-
Hoi axkagemum (FOP). Hapaay c 3kcriepMMeHTanbHbIMU mccnenoBaHWUA-
Mu unmeeTcA 6Gonbwoe unucno paboT, MOCBALEHHLIX TEOPETUYECKOMY aHa-
nM3y 3aKoHoMepHocTen pedopmaumn npy npokaTke. Ha ocHoBaHUMM 3TUX
3KCNEPUMEHTANbLHLIX W TEOPSTUYECKUX WUCCNEAOBAHWUMA NOMYYEHbI MHOFO-
yAcneHHble opMynbl ANA ONpeAeneHUs ywwupeHuAa. B uucne Haubonee
M3BECTHLIX MOXHO Ha3BaTb copmyny Xesa, ybkuna, Tacdena n Cepna-
yeka, 3ubenn, Lennkosa, BaxTuHosa n ap.

OaHoW M3 cambiX MepBbIX 33aBUCUMOCTEN ANA pacyeTa YWWUPEHWA npu
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npoKaTKe ABNAETCA u3BecTHaAa opmyna Xesa, NPesnNOXXeHHaA UM B
1900 r.,

Ab = ¢ Ah, (2.1)

roe ¢ — ko3ddbuumneHT, 3aBMCAWMKA OT BWAA NPOKAaTbIBAEMOro Martepua-
na, pna cranu pasxstin 0,35.

dopmyna (2.1} npeanonaraeT NUHERHYID 3aBUCMMOCTL Mexay fpu-
palieHueM npuHbt nonocbi (Ab) u BenunumHon obxatua (Ah), npw-
YemM AnA ctanu no 3tol diopmyne yiwimpeHue nonocbt coctasnAeT 35 %
obxatuA, ocTanbHbie 65 % waer Ha yanuvHenue nonocel. OueBMAHO, uTO
dopmyna esa BectMa npuBnukeHHa, TaK Kak He y4nTbiBaeT BnwAHWe
APYrUX, He MeHee BaxHbIX, YemM obxaTve M BuA Matepuvana, (akTopos.
B HacToAWee BpemMA OHa NPeACTaBJIAST WUHTEPEC He C NPAKTHUYECKOW TOu-
KW 3peHWA, a cKopee B NNaHe WCTOPMYECKOM, KakK 3Tan pasBUTUA Hayu-
HOro NpPeacTaBnNeHUA o0 Npouecce NPoOKaTKy.

Mo Mepe pa3sBUTWMA NPOKAaTHOrO MPOM3BOACTBA W Yrny6neHwA 3HaHWA
0 npouecce NPOKaTKW W OCOBEHHOCTAX TeYyeHWA MeTanna B Bankax co-
BEpPLUEHCTBOBANIUCL (QOPMYNbl ANA pacyeTa YWUPEHWA W pocna wx Ao-
CTOBEPHOCTb.

B kayecTBe npumepa 6Gonee MO3AHMX BblpaXeHWA ANA pacuyeta yuwu-
peHWA Npu NpoKaTKe NpvBeaeM u3BecTHyt dopmyny 3ubena

Ab = ¢ (Ah/hg) !, (2.2)
rae ¢, — Kko3dduUumMeHT, 3aBUCAWMI OT BWMAA NPOKAaTLIBaeMOro Mmare-
pvana; ho — BbICOTAa NOMOCLI A0 NMPOKaTkwW; [ — ANWHA Ayry 3axsaTa.

dopmyna (2.2) nonyveHa B peaynbTaTe 06paboTKu AaHHbLIX, BbINON-
HEHHbIX aBTOPOM 3KCMEPUMEHTOB MO OCaXMBaHUIO W npokKarke obpas-
UOB M3 CBMHUA M MArkow crtanu. B paHHOM dopmyne, kpome o6xatuA
W BWAa MaTepuana, YyuuTbIBaeTCA BNWAHWE BbLICOTH! MPOKATLIBAEMOW f0-
nocbl M AMaMeTp BankoB — (haKTOpPOB, OKasbiBalOWMX, KaK MNoKasbiBa-
eT OfbIT, CYLLECTBEHHOE BO3AEACTBME HA BENWYUHY YLINMPEHNA.

B KavecTBe pAanbHeWwero 3tana CoOBEPLIEHCTBOBAHWA METoAa pacue-
Ta ylwiupeHws fpu NpOKaTKe MOXHO Ha3dsaTb (hopMyny, NPEANOXEHHYIO
A.N.UennkoBbim,

A 2 h h
Ab=2,¢c (| — 2 ) (L _ple _fi40p), (2.3)
b"a 2u Ah h, h
rae ¢,, ¢, - KO3(hMUNEHTBI, YYUTLIBAIOLUME BIMAHWE LWMPWUHbI U Ha-
TAXEHUA NoNocbl; K — KO3hMUUMEHT TpeHWA B 30He KOHTakTa nono-

cbi C Bankamu; A, — BbiCOTa NOnOCkHI Nocne NPoKaTKu,

Kpome yxe ynoMaHyTbix chaKTopos, T.e. 06xaTuA, BbICOTbt NMONOCHI
w anamerpa Bankos, copmyna {2.3) yuuTbiBaeT BAMAHWE Ha YyllupeHue
Ko3aphUuMeHTa TPEeHWA, LWMPUHBL NPOKAETBIBAEMOW MONOCbl U BEAUUYUHBLI
HaTAMXEHUA.

MHoroumcnernHbie  muccnegosanua  aecdopMauvn  Metanna npu  npoxar-
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Ke, a Takoke NPaKTUKA MpPOKaTHOroO MPOK3BOACTBA MO3BONWNMU  YCTaHO-
BUTb, 4YTO BeNUYMHA ronepedHon aecdopmauny onpegendAeTcA  cleaylo-
WMUMKN OCHOBHBIMW (haKkTOPaMn, NPUBEAEHHbLIMUN HUXeE.

dYopma u pazmeps! ucxoOHoU nosockl. Pacnpeaenenve aedopmaunn
fNpyM nNpoKaTKe 33aBUCMT OT COOTHOLWEHWA MeXAY wupuHoit (b} w anu-
HoW {/} 30HBI KOHTakTa Metanna ¢ Bankamu. OueBMAHO, YTO 4YeM Bofb-
we oTHoweHne b//, Tem 6onblie OTHOCUTENLHAA BENMYMHA CUN CONpO-
TUBNEHWA RNOMEPEYHOMY TeYeHWI0 M TeM MeHble RonepevyHana paedopma-
umA. B ceAan ¢ 3TUM BennuuHz OTHOCUTENnbHOrO ywwupenuA (Ab/bg) npwu
npokatke MONOC MPAMOYrONGHOTO  CEYEeHWA, WUMeLWKUX OTHoWeHue
bo/ho > 1, MeHbwe, yem npu Tex e 06xaTMAX NONOC KBaapaTHOro ce-
YyeHuA.

Benuyumna obwarua. WasecTHo, uto abconoTHoe (Ab) wn oTHOcUTeno-
Hoe (Aby/by) npurpaweHWe WUPUHBI NONOCLI 3@ CYET YLWPEHWA Mpu
npokaTke yBenMYMBaeTCA C pocTomM obxkatusa. CornacHo copmyne XKesa,
MEXAY YwupeHnem u o6KaTuemM MWMeeTCA fNUHelRHas 3aBUCUMOCTb. bBo-
nee nosgHWe WCCNEAOoBaHMA YCTAHOBUNUM Hanuuune 6Gonee CNOXHOW, Henwu-
HENHOW 3aBUCUMOCTU Mexay 3TUMW napameTpamu. flpu npokatke B Bbi-
TAXHBLIX Kanubpax ysenuueHve 06>kaTUA NpW NPOYUX PaBHLIX YCNOBUAX
npuBoAMT K YBenuuyeHwio 3anonHeHns kanubGpa meTannom, a 370 Bceraa
BefeT K YMEHbLIEHWIO AONM NornepeyHoM aecOpMauMm B CBA3W C BO3-
pactaHuem CcONpPOTUBAEHWA NONEPeYHOMY TeueHU MeTanna co CTOPOHbI
HAaKNOHHbIX CTEHOK Kanuépa.

HAuamerp eanxos. C yBenuuyeHnem pauameTpa BankoB pacTeT ANWHa
30HbI KOHTaKTa W, CNeAOBaTenbHO, YBENMYKBAETCA COMPOTUBAEHUE nNPo-
JONbHOMY TeveHuo MeTanna. B ceR3au ¢ atum BnuAHue anamertpa npo-
KaTHbIX BafKOB Ha YLWMpEHWe NpW NpokKaTke BNOMHe OAHO3HAYHO, a UMeH-
HO, uYeM OGonblwe aAWamMeTp BankoB, TeM NpKM MNPOYMX PABHBLIX YCNOBWUAX
Gonbwe nonepeyHas pAedopMauuA NPOKETLIBAEMOW NONOCHI. YMeHbLue-
HUEe BBITAXKWM NpW NpokaTKe B’ Bankax 6onbwero anameTpa oOTparkeHo,
B 4aCTHOCTW, B MW3BECTHOM CcpeAn NpoKaTyukoB adopusme: 'manbie Ban-
KW TAHYT, 6onbwine — KyloT"’.

Pazmeps! u gpopma xanubpos. Npu NpoKaTKe B BbITAXHbLIX Kanubpax
nonepewHaa aecdopmauuna, 6narogapAa noanuparcwemMy AeRCTBUIO CTEHOK
Kanubpa, MeHbwe, YeM Npu NpoKaTKe B rnaagkux Bankax. [lpu 3tom,
yeM Gonble Yron HakfioHa CTeHOK KanuBpa K OCW Banka M UX noanupa-
loWwee BO3AENCTBUE, TEM MeHblUe BenWYMHa nonepevyHci aedopmagmm w
6onbwe BbITAXKKA.

Tpenue mexdy npokarsieaemoii nonocod u eanxamu. Ywenswenve
WEPOXOBATOCT NOBEPXHOCTU MPOKATHbIX BANKOB, MPUMEHEHMe npu npo-
KaTKe PasNuuHbIX TEeXHOMOrNYECKNX CMa3oK, CHUXKAKOLWMUX TPpeHve B 30-

. . 9TO NpU YMEHbLIEHUN TPEHUA Kpu-
TU4ECKOE CeveHWe CMeLLaeTCA B CTOPOHY BbIXOAA U3 BanKoB, 30Ha one-
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peXeHWA yMeHbLUA2TCA M, CnejoBaTenbHo, YMEHbWaeTcA coNpoTtusne-
HMEe TeYeHWIo MeTanna 8 MPOAONLHOM HanpaBneHun, 4YTo U NPUBOAWNT B
pesynbTaTe K YBENMYEHUIO NPOAONBHOM U COOTBETCTBEHHO K YMeHblue-
HUIO NonepeyHolt aedopmaunn.

NpakTuka nokasbiBaeT, 4YTO 23hdeKTUBHOCTL NPUMEHEHUA TexHono-
rMY4ECKUX CMa3oK B 3HayuTenbHOW cTeneHW 3aBUCUT OT HaNWYwuA Ha no-
BEPXHOCTU MONOCb! OKaNUHbI W KayecTBa MNOBEPXHOCTU Bankos. Yem
rpy6ee oKanuMha M HMOHKE YMCTOTa NOBEPXHOCTU BanNKoOB, TeM MEHbLIE CKa-
3biBaeTCA NPUMeEHEHWe CMa3KW Ha YCnoBWA TPeHMA B 30HE KOHTaKTa u
TeM, cnefoBaTenbHo, MeHblue ee 3ddekTusHocTe. B vacTHocTn, wn3sme-
HEHWE KMPHOCTM 3IMYMbCUMKM, MPUMEHAEMOIR B KayecTBe TEXHONOTUYECKOW
CMa3Ku rpu NPOKaTKe KaTaHKW M3 UBSTHbIX METannoB W CNNaBoB Ha
NMTEAHO-MPOKATHLIX arperatax, 0cobeHHO 3aMeTHO cKa3blBaeTCA B MNO-
cnegHNx KNeTAX cTaHa, rae Ha NOBEPXHOCTU MNONOCbI NPaKThuyecku OT-
CyTCTBYET OKanuHa, a YNCTOTa MOBEPXHOCTU BankoB OOLIYHO Bhiwe, 4em
B uepHOBbIX &neTAX. WMEHHOo B 4YMCTOBbIX KMAETAX MOBLIWEHWE XUPHO-
CTU 3MynLCUKM Hambonee 4acTo NPUBOANT K MpobyKCOBKaM MNOMOCLI B
Bankax wn, Kax cneacteune, K ''6ypexkam’’ nonocel, B TO BpeMA Kak
NpoByKCOBKKW B 4YepHOBbLIX KNeTAx HabmoAalwwTcA KpawHe pejaKo, XOTA
BenuuyuHa o6XaTUA U yron 3axsaTa 34ecb ropasfo Bhiwe.

Temneparypa u ckopocts npokarxku., OBGWENPUHATO CUWTaTL, YTO BNU-
AHWE TemnepaTypbl W CKOPOCTM MNPOKaTKM Ha cooTHoweHwe aecdopma-
UM onpeaenreTcA TeM, B KAKOW CTeNeWyu WU3MeHeHue 3TUX napameTpoB
CKa3biBaeTCA Ha YCNOBMAX TPEeHWA B 30He KOHTaKTa meTanfa ¢ Banka-
mu. FloBepxHOCTHOE TpeHue B 30He paedopmaunn Npu roprAyen npokart-
Ke 3aBUCMT He TOMbKO OT LWepPOX0oBaTOCTU Bankos W MPUMEHEHUA Tex-
HONOMMYECKMX CMa3oK, HO W OT HanuunA, GU3uyecKMx CBOWACTB U TOf-
WHHbI CNOA OKAaNUHb! Ha MOBEPXHOCTU MONOCH!, YTO B 3HAYUTENBLHOW CTe-
neHW onpeaensAeTcA ee TaMMepaTypoi U ycnoBuAMy Harpeea (npoaon-
XKWUTENBHOCTL HarpeBa, XapakTep neyHoW atmocgeps:). WMeHHO BnuAHue
YCNOBMA Harpesa ABNAETCA, A0-BUAWMOMY, OCHOBHOW NpUYUHOW TOrO,
YTO 3KCMEPUMEHTANBHbIE JaHHble, NONYYEHHble PasfMYHbIMU  aBTopamy,
OTHOCUTENLHO BAWAHWA Ha ywwupeHne TemnepaTypbl NPOKAaTKW CTOAL pas-
Hopeuuebi. TeM He MeHee OONBWWHCTBO WUCCMNEAOBaHWW, a Tak)ke npak-
TUKa paboTbl Ha NPOKaTHbIX CTaHaxX MOKasblBawT, YTO ANA MHOTUX Ma-
DOK CTanu MOoBbiWeHMe TemMnepaTypes! B Npeaenax TemMnepaTypHOro WH-
TepBana ropAYeln MNPoOKaTK¥ MNPUBOAUT K YMEHbLWEHWUIO NoOMNepeYyHon pAe-
dopmaunn.

OKkcnepuMeHTanbHble MCCNEAOB2HUA BMWAHWA TeMnepaTypb: nNpoKart-
KW Ha YWWpenRue MeaW W anoMuHWA, BbINOMIHEHHbIE PasHbIMK aBTopa-
MU, I0Ka3anu, YTO A1 MeAu MOBbILWEHWEe TemnepaTypsl B. AWanasoHe
oT 700 zo 900°C npuBoAMT K YMEHLLWEHWIO YILIWPEHUA U, HaoBopoT, yliu-
peHue anidCMUHUA B AunanasoHe ropAved npowkatku (350 + 550°C) vyee-
NMYNBAETCA C POCTOM TeMMepaTypb..
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BnuAaHne CKOPOCTM Ha ywWpeHue TaK Ke, Kak U Temnepatypel, obyc-
NOBMEHO W3MEHEHMEM YCMOBUW TPEHUA MPU M3MeHeHWM CKOpPOCTM npo-
KaTKW: 4YemM Bbllle CKOPOCTb NPOKATKW, TeM MeHble CWMbl TPEHWUA Ha
KOHTaKTe ¢ BanKamu, a OTCI0Aa MeHbLIe W nomnepeuHan Aedopmaunn.

Bud npoxareieaemMozo marepuana. W3BecTHO, 4TO pasHble meTanibl
M Mapku CTanuM MMelT PasNnYHYyld CKMNOHHOCTE K yuwupeHwo. B dacT-
HOCTW, NerMpoBaHHble CTann YWWPAIOTCA, Kak npasuno, 6onblle, uYem
yrnepoancteie. YTo >Ke KacaeTcA UBETHbIX METanfoB, TO MO WUMEKUWMUM-
CA AaHHLIM Npu ropAvYed npokaTke (B Npegenax CBOMX TemnepaTypHbIX

AVanasoHoB) Meab YLIMPAETCA MNPUMEPHO TaK e, Kak yrnepoavcrtan
cTanb, a antoMWHWIA HECKONbKO 6onbwe, yem Meab. [lpnynHa 3toro AB-
NeHnA 3aKknouaeTcA B pasnuuuM  BU3NYECKUX CBOWUCTB Kak €aMoro Mme-
Tanna, Tak n cNOA OKaNWHbI Ha MOBEPXHOCTU MOJSIOCHI.

HecmoTpAa Ha uMelowmiicA B nuTepaType OBWWPHLIA 3KCNEpUMeEHTanb-
Hbll mMaTtepman wn o06unne pacyeTHbIX (HOPMYR, BOMPOC YWMUPEHWUA npu
NpoKaTke He MOXeT CYATATLCA W3yUYeHHbIM B CTeMeHW, AOCTaTO4YHOW AnA
pPelWweHnA KOHKpPeTHbIX 3afay MPoKaTHOro MpPOM3BOACTBA W, B 4acTHOCTW,
anAa pacyeta kannbpoBox Bankos. lNMpuunH 3aeck HecKonbKo.

Mpexae Bcero cneayeT OTMETUTb, YTO BONbWMHCTBO 3IKcChepuMeHTankb-
HbiX WCCNEfoBaHWKA M umelwmnxcA ¢GopMyn ANA pacyeTa YLIWPEHWA, B
TOM uncrie U NpuUBeLeHHbie Bblwe, OTHOCATCA K NpocTeAweMy cnyuarw
NPOKaTKM MNOMOCbI NPAMOYrOfbLHOrO CEYEHWA B TNaAKWX Bankax. JTO
obbAcHAeTCA He TOnbko 6Gonbwein NPOCTOTOW BLINONHEHWA 3IKCNEPUMEH-
TOB W aHanwn3a foflyYeHHbIX pPe3ynsTaTOB MO CPaBHEHWO € NPOKaTKOM
B Kanubpax, HO TakxXe u MeTOAO0NOrMYecKUM MOAXOAOM, B COOTBETCT-
BUN C KOTOPbLIM pacuyeT KanMbBpoB cBOAMTCA K pacyeTy Aecdopmauun yc-
NOBHOW MOMOCLI MPAMOYIOMILHOIO CeYeHWA, NPOKaTbIBaEMOW B Inaakux
Bankax.

Opyroe BaxHoe o0B6CTOATENLCTBO, 3aTPyAHANOWEEe MPaKTUYECKOE WC-
NoNb30BaHWE MWMEIWNXCA 3KCMEePUMEHTANbHBIX AaHHbLIX MO  YLIMPEHWUIo
B pacuetax KanubpoBOK Bankoe, 3aK/OYaeTCA B camMOM fMoka3laTene no-
nepeuyHor pecopMaunu, NPUHATOM B 3TUX nccnegoBaHuax. B 6GonbuivH-
ctBe paboT B KayecTBe Mepbl NonepeyHon Aecopmaumn nNpuHUMaeTCA

aBbcontoTHoe yuwwuperme Ab = by — by (rme by, by — wupnHa nonocsl
COOTBETCTBEHHO [0 M Nocne npokaTtku), nubo oTHOCMTEnNbHOE YyliupeHue
By = Ab/b,.

BennunHa abconNiOTHOroO WMNW  GTHOCWMTENLHOTO MPUPAWEHUA  WIUPUHbBI
nonocel MOXET CNYXWTb B KayecTBE Mepbl nonepeyHou aedopmaumnm
TONLKO ANA CAYy4as MNPOKATKW NOMOCbl MpAMCyrosnbHoro nubo kBaapaT-
HOro ceveHWA B rNagKUX Bankax, A4a W TO ecnn MpeanonoXnTb PasBHO-
MEpPHOCTb 3TOFO NMPUPALEHUA MO BhICOTE MONOCH. TONbKO B 3TOM chy-
4ae MPU M3BECTHBLIX WMCXOAHbIX Pa3Mepax Nonockl U BennunHe 06xaTUA
3HaueHnAa Ab n By OAHO3HAa4YHO ONPEAENAIT BeNUYUHY MONepeyHOn pe-
cdopmaumnn.
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B peanbHbIX YCNOBMAX YLIMPeHue Mo BbiCOTe NONocel He GbiBaeT pa.-
HOMEpHbIM W NOA BennunHOW b; nNoapazymeBaeTcA OBGbIMHO MaKcUManb-
HaA No BbICOTE Ce4YeHWA LWIMPUHA NPOKATaHHOW nonocekt. B 3atom cnyuvae
HU abconTHOE, HM OTHOCUTENbHOE NpPMpauleHue LWMPUHLI He MOTyT cny-
XUTb Mepon rnonepeyHor Aedopmauuu fgaxe ANA NONOC NPAMOYFONbHO-
ro n KBaApPaTHOrO CceYeHWUA, MOCKOMbKY OHWU 3aBUCAT He TOMbLKO OT Be-
nunHBI nNonepevyHon aedopmauuun, Ho M oT dopmbl BoKoBoN MoBepx-
HOCTU NONOCHI Nocne NpPokatku — ee 6oukooBpasHoCTK.

Mpu npokatke B kannbBpax npupawieHne wWUpuHbl Tem Bonee He Mo-
xeT ObiTb Mepoi nonepeyHon gedopmauun, Tak Kak B 3aBUCUMOCTU OT
thopmbl kanubpa W cTeneHW 3aMOMHEHWMA ero METAnnoM MOXHO nony-
YnTb 6Gonbliee YBeAUYEHWE LINPUHbLI TMONOCLI NPU  MeHbLUeW MonepeyHon
Aecopmaunmn, n HaobopoT. [Mo3aToMy B KauecTBe MNOKasatena YLUMPeHWUA
npaBufibHee WCMONL30BaTb He abBCoONKTHOE WNU OTHOCUTENbHOEe FRpupale-
HWEe WKPWHBI, @ BefIMYMHY OTHOWeHUA ob6bemMa MeTanna, CMeweHHOro B
nonepe4yHOM HaMpPaBfeHWHU, KO BCEMY CMeileHHOMY npu npokaTke o6ve-
My MeTanna. Hasoeem 310 oTHOweHue KO3I(PUUMEHTOM NONEPEYHOW Ae-
dopmMaummn, nan COKpPaweHHO Ko3I(hDOUUMEHTOM YUIMPEHUA C,,, KOTOPbINA
BblpaX<aeT He NPOCTO NPUPaELUeHne LUMPUHLI, @ AONK MonepeyHon aecdop-
Maumun B obwieid aechopmaumMm NpPoKaTLIBaEMOR NONOCH.

Takum obpasom, koadcmuneHT ¢, ABNAETCA Haubonee obuwelh dcop-
MOW nNpeACTaBneHWA YWWPEeHUA W B OTNW4Me OT APYrux nokasatenen
BCErAa OAHO3HAYHO oOnpeaendeT BefWuMHY MonepeyHon aedopmaumu npw
npokaTKe KaK B rnaakux Bankax, Tak v B Kanubpax, He3aBUCUMO OT
¢hopMbI U pa3MepoB NMPOKAaTLIBaeMOMK MOMOCHI.

OueBuaHO, 4TO nNpu nNpokaTke 6e3 MexKneTeBOro HatAxeHuAa (noa-
nopa) BenuunHa KO3thMULUNEHTE YWWPEHWA BCeraa HaxoAMTCA B nNpeje-
nax 0 < cy < 1: npn ¢, = 0 — ywwupeHue OTCYTCTBYeT, noJsioca umeer
MaKCUManbHY10 BLITAXKY, Mpu ¢, = 1 — Becb CMewWeHHbIN 0BbeM Me-
Tanna waet B ywwpeHue, BbITAXKKA NONOCbl OTCYTCTBYeT.

Benuunny npoasonbHoi aedopmaumm MOXKHO NpeacTasuTe kak 1 — ¢ .

CrneayeT ckasaTe, 4TO TaKoe NPEeACTABEHWE BeNUYUHBI MOMePeyHO M
AechopmMaumMmM Npu NpokaTrke He ABNAEGTCA COBEPUWEHHO HOBbIM. B uacT-
HOCTKW, COOTHOWEHUE MeXAy OObemMamMu, CMeWeHHLIMU B LIMPUHY W 1o
BbICOTe MONOCHI, paccMaTpuBanocb B KadecTse Mepsl ywupenua W.A.Tap-
HOBCKWM. OaHako nopobHbIX paboT cpaBHUTENLHO HEMHOrO W BLIFNAAAT
OHN CcKOpee WUCKNKUYeHNWEM u3 OBGWENPUHATOro nNpaBuna BbipaxkaTe MoMNe-
peyHyto aechopMaLMI0 NONOCLI KaK MPUPALLEHUe ee WUPUHBL.

B HekoTopbix pabotax B KauecTBe Mepbi NonepedHoN pAedhopmaumm
paccMaTpuBaeTCcA OTHOLUEHWE MNPUMPAaWeHUA LWWPUHLI 00MoCLl K oBxa-
Tmio Ab/Ah, HasbiBaemoe 06bIMHO MoKaszaTenem ywupenua. Mcnonb3o-
BaHne oTHoweHua Ab/Ah B KayecTBe Mepbl nofepeyHoW AechopMaunu
MOXHO CuuTaTe 0BOCHOBaHHLIM NpPW NPOKaTKe MONOCLI KBaapaTHOro ce-
YEeHUA B rNaAKUX BanKax, NpUYeM eCnu yuwMPeHWe Mo BbiCOTe MNONOCHI
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6ynet paBHOMepHbIM. TOoNbKO B 3TOM Cilyyae 3TO OTHOLUEHWE WUMEET on-
peaeneHHbid GU3UYECKUI CMBbICH, NOKa3biBaA AonNl NonepevyHou paedop-
Mauun B obutert aecdopmaumu nonocbl B Bankax. Bo Bcex ocTanbHbix
cry4anx npokaTtku nokasaten, Ab/Ah He oTpakaeT (aKTUYECKOro Co-
OTHOWEHUA MeXAYy fonepe4HoW M NpoaonbHow aecdopmaunaAmu. [lencT-
BUTeNbHO, fAaxe ANA npocTeiulero cnyvyas MNpoOKaTKW Nonocbl ApAMO-
YFONMbHOrO Ce4YeHUA B rnaagKux BankKax MOXHO nerka nopobpate Takoe
COOTHOWEHVME MEXAY €e iUMPWUHOM W BbICOTOW, fPU KOTOPOM 3TOT Mo-
Ka3aTens OKaxeTcA Oofble eaMHWULLl, YTO NPOTUBOPEUUT HU3NYECKD-
MY CMbICAY YUIUpeHUA Kak 4acTtu oblien sedopmaunu nonocel.

BenuunHa o06beMOB MeTanna, CMellaeMbix B NPOAOABHOM W nonepey-
HOM HanpasneHWAX, BCNeACTBME NOCTOAHCTBa 0bbema meTanna npw nnac-
Tuyeckon Aecdopmauvy, 3IKBUBANEHTHa COOTBETCTBYIOWMM WU3MEHEHUAM
nsowaar nNONeEpeyHoro ceyeHUA npokaTbieaemoW nonocel. OTcopa B co-
OTBETCTBMU C oOfpeaeneHvuem, nNpuUseleHHbLIM Bbiwe, Ko3(hUuUeHT yu-
peHnAa anA npocuna nobon KoHUrypaunn GyneT paBeH

¢, = AFV/AF, (2.4)

roe AFy — npupawgHWe NAOWaAyM MONEPEYHOrO CeYEHWA fONOCbl 3a CHeT
yuwmpeHna; AF — cmeweHHam npu NPoOKaTKe NNOLWaAb CEYEHUR MNONOCHI.

MNockoneKy NpU NPOKaTKe Bceraa MNPOUCXOAUT YMeEHbLUEHWE nnouLaav
Nonepe4HOro CEeYEeHUA MNOMOCbl 33 CYET BLITAXKW, TO NpUpalLeHue nNNOWa-
av AFy cneayeT paccmMaTpuBaTe B KayecTBE YCMOBHOMO, T.e. KaK MpeBbl-
weHre GakTUYeCKON NNOLLAAN CEeYEeHUA MNOMOCHI NO CPaBHEHMIO C TOW, KO-
Topylo umena B6bt nonoca nocne nponycka NpW OTCYTCTBUM NONEpeyHon
necopmanmn,

(lpupawleHve nnowaau RONOCLI 33 CYET YLIWPEHUA MOXKHO NpeacTa-
BUTL Kak

AFy = Fy — Fy:. {2.5)
CMeUJ.EHHaFI npy® NpoKaTKe Naowanb NONOCLI paBHa
AF = Fy — Foy, (2.6)
'r‘"h“""I/ZAF[ (
[S] ” —
’ // A g )
BB . CRNCr
o
V2fy \ IS
AN A £
2% )
J 5,mx ( Puc. 8. [ecdopmaunns npAmMoOyronsHon
NoNOCk) B FMNaf«<ux Bankax
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rae F,, F{ — nnowagy ceyeHUA NOMOCb! COOTBETCTBEHHO A0 ¥ nNocne
nponycka; Fgy — nnowaab ceYeHUA MONOCHI NOcne MNPOKaTKW Mpu oT-
CYTCTBUWN MnonepeyHon aedropmMauuu.

[pacuyeckn nnowaap ceveHuAa Fo, nNpeacTaBnAeT coboi nnouians
MeTanna, OrpaHUMYeHHYI0 KOHTypamu faHHoro kanubpa, a B MecTax, co-
OTBETCTBYIOWMX pa3beMam BafKoB, KOHTypamu UCXOAHOIO CEYEHWA.

AnA  MANOCTpaunMn BbilleCKa3aHHOMO  paccMOTpPUM B KayecTee nNpu-
mMepa NpocTedlniA cny4Yail NPoOKaTKW NONOCLI MPAMOYFONLHOrO CEYEHUA
B rnanknx Bankax {puc. 8). lMpuHumaem, 4To nonoca ceueHnem Fy =
= hobg 06XMMaeTcA 3a OAWH Npoxod Ao ceveHwa F, = h b, Torpa nno-
wanb ceveHnA Fo, 6HyaeT paBHa Fgy,; = FABCE = h,bg; cCMeLleHHaA
nnowaas Metanna AF = F, — FABCE = Fy — hibg; npupaueHue nno-

waam nonocki 3a CYeT YLIMpeHuA /_'&Fy = A,B,CE,~ Fagee = Fu
— hybg.

BenvunHa Ko3atdmumnerTta ywiupeHuAa

¢, = (Fy = hbo) [ (Fo — hybo}. (2.7)

{Ipeactasnenve ywmpeHur Kak fpupatieHne nnoulaaM ocobeHHo ynob-
HO MNpuU pacyerax KanUMBpoBOK HeNpepbIBHLIX CTAHOB. JTO CBA3aHO C He-
0b6xoauMOcCTbIO coBsiloleHUA B pacyeTax OCHOBHOrO YCNOBUA HenpepbiB-
HOW MpOKaTKU — 3aKoHa MNGCTOAHCTB3 CeKYHAHLIX 06beMoB MeTanna
no KNeTAM, Bblpa»aemoro 4Y2pe3 naowagu MonepevyHoro cevyeHwA npo-
KaTbIBaeMOW TONOChI.

2. ONEPEXKEHWE NP NPOKATKE;
ONPEAESTEHUE KATAOWNX ANAMETPOB

{IpeBbilueHUEe CKOPOCTU BbIXOAA MeETanna W3 BaNKOB Hal UX OKPYX-
HOW CKOpOCTLIO HasbiBaeTCR onepexeHnem. B coorseTtcTBuM C 3TUM Be-

NNYUHY OMEPEXKEHUA MOXHO NPeacTaBuTh Kak s = (v, — V ) /v, rae
V1 ~— CKOpOCTE BbIXOAa MeTanfia U3 Bankoe; vV, — OKPYXHaA CKOPOCTb
BanKos. '

Hapaay c yuwupeHuem ofiepexedue RABNASTCA TeM napaMeTpoMm, OT
TOYHOCTK ONpEAeneHnA KOTOPOro 3aBUCMT COOTBETCTBUE 334aHHOro  pe-
XUMa HaTAXeEHUA TOMY PEeXuMYy, KOTOpbld AelcTBUTeNbHO CcO3AaeTcA
B HeNnpepbiBHOM cTaHe BO BpemA paboTbi, a Takke coBMajeHWe pacueT-
HelX U (PaKThyecKnx BbiTAXEK B xneTAx. Kpome Toro, onepexeHwe, Tou-
Hee ero CcnocobHOCTb W3MeHATECA NOA AEWCTBUEM MEeXKNeTeBbix Mpo-
DONbHbIX cun, ABnAeTcA (AKTOPOM CamOBbIPaBHUBaHWA CKOPOCTER Me-
Tanna B CTaHe W, CneaoBaTensbHo, onpefenAeT 3amac yCTOW4MBOCTW MpoO-
uecca HenpepbiBHOW nNpokaTku. B cBA3WM ¢ 3TUM CTaHOBWTCA MOHATHLIM
To 6onbwoe BHWMaHWe, KOTOPOE YHenNsANOCb W YAENAETCA WU3Y4YeHWo AB-
NEHWA onepexxeHWA W CO3AaHWID CNocoBoB ero pacyeta MHOTMMW Ucchne-
poBaTenAMM Npouecca NPoKaTKu.

MNpu npokatke B Kanubpax ornepexeHue MeTanna ABIAETCA Benuuu-
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HOM MepeMeHHOM Mo tuMpuHe Kanubpa. JTo nNpoucxoAuT OTTOrO, 4TO
TOYKW Ha Banke MO nepuMeTpy Kanubpa WMetoT pasfinyHble OKPYXKHbIe
CKOpPOCTM B 3aBWCUMOCTWM OT paauvyca Banka B faHHOA Touke, B TO Bpe-
MA KakK MeTain B KaXKAOM MOMNepeyHOM CevyeHun ouvara gediopmaumu ABW-
KeTCA C HEeKOTOpPON cpefHeid CKOPOCTLID, BENWYWHa KOTOpPOW ofpeaena-
eTCcA YyCNnoBUAMWU MpokaTkn (aAnmameTp BankoB, BelWunHa o6xaTuA, BHeLl-
Hee TpeHue n T1.a4.). MMo3atoMy 3geck, B OYnMYmMe OT NPOKATKWU B FRagaKux
Bankax, npu pacyeTe CKopccTew Metanna yaobHee BMeCTO onepexeHUA
Nonb30BaTLCA MOHATUEM ‘'KaTalwiin AnameTp’’ unuv "‘KaTalowumin paguyc”,
nogpasymesas nof 2TUM paaMyC BpAaWEHWA HEKOTOPOW TOYKW, OKpYX-
HaA CKOpOCTb KOTOPOW paBHa CKOPOCTW BbIXC4d MeTanna wu3 AaHHOro
xanubpa. OueBMAHO, YTO KaTawWMWA pagnyc B 38EMCMMOCTM OT YCNOBMA
Aechopmaumm, GopMbi U pa3MeEPoOB TNPCKaTbIBaeMON Nonockl 1 Kanubpa,
a TakXXe BeNUUMHbI MEeXKNeTeBLIX CUNl MOXXeT ObiTb paBeH paauycy no-
6o Touku obpasywouwein kKanvwbpa, 6biTe Gonble paguyca Banka no 6yp-
TY MnuM e 6bITh MEHblIE HanMeHbLIero pajMyca Banka, cOooTBeTCTBY1-
wero BepwmHe kanubpa.

BenuuuHy Katawlwero Auamerpa Banka HaxoAuM COBMECTHbIM pelue-
HUEM YPABHEHWA PaBHOBECHA TOPW30HTaNbLHbLIX NPOEKUUNA BHELUHUX CUN,
AeACTBYIOLLMX Ha MeTann B ouare aedopmaunn, » ypaBHeHWA MOCTOAH-
CTBA CeKyHAHbIX 06bemoB. [puHMMaA BO BHMMaHWE, YTO MPOKATKA Ha
HEMpepbIBHLIX COPTOBbIX WM MPOBOMIOYHLIX CTaHax MPOBOANTCA TMNpU MU-
HMMAanbHbIX HATAXEHWAX, Hanuuue KoOTOpPbLIX Heobxoaumo ToOAbKO ANA
npeaynpexxAeHWA MNOABNIEHUA MEXKNEeTeBOro roanopa, pacyeT KuHema-
TMYECKMX WU CUAOBLIX MAPaMeTPOB MOXHO BbIMNONHATE UCXoAA W3 ycno-
Bui cBOBOAHOW NpoKaTKu, T.e. 6e3 MexKneTesbiX NPOAOLHLIX CHA.

Ecnu npeHe6peyb BNMAHMEM YLUVMPEHWA, TO MpW OTCYTCTBUM HaTAXe-
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Puc. 9. Cxema pelfcTBMA BHELIHMX CMN U OAEPEKEHUE MPU NPOKATKE B KanuBpe
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HUA ypaBHEHWE PaBHOBECUA MPOEKUMIA BHELLHUX CWUJ, AEUCTBYIOWMX CO
CTOpOHblI Banka Ha HanpasneHWe ABWKEHWA MeTanna B KOOpAWHaTax
X, vy, Z (pwc. 9), He3asucumo oT uucna Bankose, obpasyrowmx Kanubp,
umeeT BUA:

I (r,— p tgyp)dxdy —2 [[ 7 dxdy=0, (2.8)
S K SOH
roe Tx, px — KacatefnbHble WU HOpMaAfbHbIE HanpA>xeHNA Ha noBepXHOo-

CTW KOHTaKTa NOMOChbt C BanKamu.

MpuHUMaeM, 4TO B3aMMOAENCTBME MEXAY NPOKaTelBaeMol Monocon
W Bankamu B 30He gediOpMauMn COOTBETCTBYET YCMOBUIKD CYXOro TPEHWA,
T.e. TPEHWA CKOMbXEHWA MeXay Tenamu, NoBepxHOCTU KOTOpbIX He MNOA-
BEprawTcA cmaske. B aTom cnyvae B KaXAoW TOYKE KOHTaKTHOW noBepx-
HOCTM KacartefibHble HanpAXeHuA MpPonopunoHanbHbl HOPMAanbHLIM - KOH-
TAaKTHbIM HaNpPAXeHUAM

Ty= K Py
roe 4 — KoOhthMUMEHT TPEHWA Ha KOHTAKTHOW MOBEPXHOCTW Banka u
NpoKaTbIBaEMOW NONOCH.

KoathduruneHt TpeHnwA npu ropAded NpoKaTKe 3aBUCMT OT COCTOAHWUA
noBepxHOCTW BafkoB W NPOKaTLIBaEMOW MOSIOCLl, BMAA MPOKAaTbIBaeMO-
ro matepuana, HanuyuA CMa3KnW B 30HE KOHTaKTa, TEMNEpatypel M CKO-
pocTn npokatku. BenuuuHy kosatdmuneHnTa TpeHnA onpeaenAwoT nunbo
C MOMOWbI 3MMAUpUdecKUX copmyn, MMBO KMCNOMIL3YA UMEIOWMECA 3IKC-
NepUMEHTanbHble AaHHble.

WaBectHoW chopmynoli anA onpeaeneHwA KoadipuuneHTa TpeHWA MNpu
ropAved MnpokaTke YrnepoaucTon CTanu npu  Temnepatypax 60nblumnx
700°C aBsnaetcn dopmyna JkenyHaa, MNOAYYEeHHaA Ha OCHOBe aHanusa
OMbITHLIX AaHHbLIX O BJIMAHWUK TeMnepaTypb! MPOKaTLIBAEMON MNONOCHI
Ha BeNIMYUHY MpejentHOro yrna 3axeara.

dopmyna IkenyHaa:

u = k; (1,05 — 0,0005.¢},

rae k; = 1,0 — AnA cTanbHbLIX W YYryHHbLIX BanKoB C LuepoxoBaToW Mo-
BepxHoCcTbl; k; = 0,8 — aAnA rnagkux cTanbHbiX Bankos U3 oT6esieHHOro
uwyryHa; k; = 0,55 — anAa wnudoBaHHbIX CTanbHbIX BankKos; t — Temme-
paTtypa npokatku, °C.

Wl.Fenen pekoMeHayeT AnA onpefeneHuA Ko3aUUUEHTa TpeHusa npwu
ropAYell MpokaTKe cneaylolme BbIpaXKeHUsa, B KOTOPbIX, Kpome Temrne-
paTypbl NONOCLI, YYUTLIBAETCA BJIMAHWE CKOPOCTM MpoKatkn (v — cKo-
pocTb NpOKaTku, m/c) :

ANA CTaNbHbLIX BankoB

u = 1,05 -0,0005t — 0,056 v;

ANIA YYTYHHbIX BankoB

u =092 —0,0005¢t — 0,056 v;

ANA WNANHOBAHHBLIX CTANbHbLIX W YyTYHHbLIX BankKos
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p = 0,82 —-0,0005¢t —0,056v.

3T BbipaKeHMA AEACTBUTENbHb), €CSiM OKPYXKHble CKOPOCTM Bpaule-
HWUA BanKoB He npesbiWwaloT 5 M/c 1 TemnepaTypa npokaTku Gonee 700°cC.
[puHAe 32 ocHoBy thopmyny IKenyHAS, 5.MN.BaxtuHos u M.M.lltepHos
NPeAnOXUAN  yYNTbIBaTL BNWAHME CKOPOCTH NPOKATKU W xumudecKoro
COCTaBa CTAnW C NOMOWbLIO Ko3dbuumetToB Ko, k3.

YpaeHeHwe ans Ko3dduuveHTa TpeHWA B 3TGM CRyvae umeeT Cheay-
lowmi Bua: p = ki k ks (1,06 — 0,0005 t}.

XapaxTep wu3ameneHwa Koddduunenta k;, YulTbiBaOWero B8nWAHVe
CKOPOCTW NPOKATKU Ha Ko3hduunedT TPEHNA Npu CKOPOCTAX BonbLwKX
2 M/C MOXHO NpeACTaBuTbL B BUAE CMEAYIOLIEro ypPasHeHUA, NONy4YeHHO-
ro Y.3aHaepom

I’('_) = 0,4+0,690'2(2—V)-

3rHayeHna Ko3dduumeHTa k3, YYUTbIBaIOWEro BIWAHWE XUMKW4eCKoro
cocTaBa CTanu, NpuBeaeHRb) HUXKe:

Yrnepoaucteie, Cr1 ... .. .. e e e 1,0
NenebyputHbie, POT .., ... .. ... ... ... 1,10
.MepnutHo-mapTeHcutHble, WX156 .. ... . ... 1,30
AycTeHutrbie, XBH4T9 .. ... .. .. ... ... 140
AycTeHUTHbIE C BKTIOueHWeM deppuTa unu ne-
nebypura, 12X18HST. .. ... .... ceee ... 1,47
Qepputhbie, 1IX17H05 . .. ... ... ... ee.-. 1,55

pu ropr4eit NPoKaTKe UBETHbIX MeTannos 6e3 TexHONornyeckon cmas-
ki {Bankn OxNaxAalTCA BOAOH) senuuuHa KosdduuneHTa TPeHMR no
Aa@HHLIM Pa3NUyHbIX aBTOPOB HAXOAUTCA B Npeaenax: ANA MeAn W ano-
muhnA u = 0,42 +0,52; anr natynu g = 0,34 +0,45.

flpn ropAseld npokaTke ‘¢ 3aMynbcued KoachcruUeHT TPEHWA ANA MeAu
W anioMUHUA HECKObKG MeHblue v cocTasnaet 0,25 — 0,35.

Mpu npokatke B Kanubpax ANMHa AyrW 3axeata f  W3MeHAETCA Mo
wupuHe 30Hbl Aedopmauvn. MaxkcumansHan “annHa cooTeetcTByeT Ob6biy-
HO EBepwuHe xanubpa (MCKmioveHMem ABNAETCA MPOKarka KBaapaTa B
ouyantHOM Kanubpe), @ No Mepe NPUBAMNKEHUA K KPANHUM TOYKaM 30HbI
aAehopmaumn  ANUHA AYrY 3axXBaTa YMEHbLIAeTCH. XapakTep wsMeHehuA
NPOTAMEHHOCT AyrW 3axBaTa MO WWPWHE ANA BCEX CUCTEM BbITAXHbBIX
KanUBpPOB  BbIPAKAETCA CROXHLIMK  YDABHEHMAMM, HTO 3aATPYAHRET WH-
TerpupoBaHue ypasHennA (2.8). flpn sToM BhipaxeHnA ANA KaTAGLIMX
ANamMeTpOB NOMYHaTCA HACTONbKO TPOMO3AKWMU, MTO MPaKTUYECKW He-
NpUroaHsl ANA UCNONL30BaHNA B PacyeTax.

LnA ynpolleHWs pelueHnA ypaBHeHWUA (2.8) Bocnoneb3yemca Teopemoi
0O CPeAHEM 3HAYeHUW uHTerpana, B COOTBETCTBWM C KOTOPOW MpuHMMaem

I,=1,tg¢ = tg(a/2) = //Dcp,

rae & — CPeAHUWA NO WHpKHE 30Hb! Aedopmaumn yron 3axsara.
B KayecTBe CpejHEW LWMPWHBLI FOPU3OHTaNbLHON MNPoeKUUN 30HbI pediop-
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MAUWK ANR DPOCTOTBE NPUHUMAEM BeJMYMHY y(, NPeacTaBnALLY coBow
#OCUUCTY TOMKW  TePEeCEYEHMA  KOHTYPOB A3HHOrC U MNPeAbILyLUero Ka-
AMOPOB ApU HANCKEHWM WX ADYT Ha APYra B NIOCKOCTM BbIXOAA W3 Ban-
«oB  (pacyeT KOOPAMHAT Yy, Zp AAA Pa3NUuHLIX CUCTEM Kanubpos npu-
SEAeH B KOHUE FRankl) .

MpuHumasm TakoKe, 4TO KaCaTefleHble W HOPMANbHLIE KOHTAKTHbIE Ha-
TDRKEHNA  pacupefenalbl Mo ASIKHE W WWPMHE 30HBI KOHTAKTa PaBHO-
MEPHO, T,

ry = - =
Py pcp’ ‘X “ep M pcp‘
B 3ToM caysae B 3@BUCAMOCTV OT BENWYMHB! KaTalWEro AMaMeTpa
~ .
(3.} ypaerenne (2.8) npumer cnesyrowuit Bug:

scm D < .
< DV.; , TO
yK
Frdf — -4 L) - ( r =
ot oo V=271, 9 =C (2.9)
acnn DK = Dy” O
¥Ya
. ¢ 1 / - ~
I ‘ - - [ p— =
vo {1 PR Y2 71, ,dv=0, {2.10)
cp Q
f’)y,\ - BUAMETD BanKa B TOMKE C KOOPAWHATAMMU y¥,, Z, (CM. puc.

,.10 n'y — BMAHE 30Hbi ONEPEKEHNR,

DEAHION0  ATVHY  CODWEOMTANLHOWN  NPOEKUMM  OyTW  3dXBara MOXHO
TORACTEBITE B BUAE: [ = x/ﬁ\i?w [)P!,,.
fipu pacuevax KanuBPOBOK BAMKOB # PEOXIMOB HPOKATKN yAoOHee
nnsp;fmo?m&, He AUHRRHLIMK DA3MEePAMY, a@ MNOWAAAMYK ceveHuik npeka-
TBEEMOM MONOCHE K BEINYMHANIM BLITAXEK B KhetaAx, [loatomy uene-
;;'.f,‘,ﬁpapjm) BCNONEIOBETH 2TW KE MEPAMETREl W NPW ONPEAENeHVW cpep-
S0 oDXATHA B Kanubpe.

B COOTBETCTBUM ¢ 3ThMm cpearees OBMETHE OT OAKGrO Banka B Kanub-
fe2 BHIPAKEEN CRRRYIOWMM GhPa3om:

A = A ¥ {3

ah cp L_F/z.), A o Yo, .(211)
e AL - edHas Maa e
ae AF cMeiiedHas njlowanb MeTanna npu npokarke:; N - yucho san-
OB, OGpAsyoUMX KakbR; g - kKosdbudneHT, 3aBucAuMiA OT (OpPMEI

AHHOTO ¥ IpeARIYILero Kanubpa,
"":-*:,r':ww}ay Ko3guimumnenTa § onpeaennem Kak

i ¥
= J Al /T o) dy,

Vi G
s -
4t g — vaubonninan no wnpure Kanmbpa pAMHa AW saxeata: | — anu-
tRYPH 3EX83T3 B CeYSHWM ¥ — Vv, /y = +/Ah D d
V. vy

j=} . ~ oA

Bennuuny obxarua Ahy MOXKHC HalTy, VCMONb3YR ypasHeHua ofpa-
o {KoHTYpoE! REHHOTC W Npeabidywero Kanubpos. B koopauHa-
0¥ Y, Z {oa1, puc. 12 — 18) ofix@Tye 0T DAHGIO BaNKa B CEMEHUA ¥ — %
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6yaeT paBHO pa3HOCTW 3HAaYeHMW KOOPAMHaTel Z obpasyrwmx ABYX nocne-
AOBaTenbHbLIX KanMbpoB.

Tak anA / -Toro kanubpa Ahy’. =2; 4~ 2Z;.

OuameTp Banka 8 mecTe Kanubpa MOXHO NpeacTaBUTL B BWAE YPaB-
HEHMH‘Dyi =Dyj ~ 22/. , rae Dy; — naeansHbIA LnameTp Bankos B / -Toi
KneTu. Yo

BenuuuHy wnHTerpana J(/y//o)dy MOXHO BbIMUCIINTL OAHUM W3 NPK-

GnvKeHHbIX cnocoboB: Hanpumep, € Momowsle ¢GOpPMynbl NPAMOYronb-. |

HUKOB Nubo rpacoaHanUTUYECKUM criocobom.

3peck npouseepenne 2f8,y, NpeAcTasnAeT coBoOA CPeAHO  LUMPUHY
rOPU30HTaNLHON NPOEKUMM 30HbI KOHTAaKTa nofocbi ¢ Bankom 6e3 yue-
Ta ywupeHwA. BelpaxaA BenWuuHy CMeLlleHHOW nnowagn MeTanna B co-
oreetcTBUM ¢ (4.4), nonyuum crneaylowyte hopMyny AnA onpegeneHvA
cpegHen ANWHLI FOPU3OHTaNBHOW NPOEKUMW Ayry 3axBaTa NpU NpokaTke
B Kanubpe:

/FL(A—HD

I = co_
T TRy 2.12)

lNpumepHble 3HaveHWA Koathdmumnenta By, NONYYeHHbIE Ha OCHOBAHWU |
uMcnosoro aHannsa hopMbi (COHTAKTHOW MNOBEPXHOCTU (uncnuTens) npwm -
npokaTke B pasfuuHbix Kanubpax (3HameHaTens), npusefieHbl HWXKe: |

PoM6B/KkBapparT . . - ..o e e, .... 075
KeBagpaT/poMb ., . . ..........ciuer.. 0,75
Keagpat/oBan .............¢c.uvvue 0,85
OBan/KBaAPAT . . v v v vt e vt er e 0,85
OBaAN/KPYI ¢ v s vt et e v er e e e s 0,75
Kpyr/foean ........ e e e e 0,85
Kpyr/cTpenoyaTeiit TPeYronbHUK . . . . . . .. . 0,85
CTpenbyaTbii TPRYIrOABHUK/KPYF. . . v v . v. . 0,75
CTpensyathlit TPeyrofibH UK /LLUECTUY IO fbH UK 0,75

AnAa tpeyronbHeix kanuBpoB B cUCTEME TpPeyronbHUK — TPEYroNibHUK |

MOXHO npuHATe B, =1,0.

BenuivHy cpeaHero nNo wWvpuMHe 30HbLI AedopMauvK auameTpa Banka |

onpegenAeM Kak
Dcp = 05(D+Dyo),

roe D — puameTp Banka B BepluvHe kanwnbpa. y

Mpn npokaTke B8 KanMBpax NONOXKEHUE HEWTPANbHOFO CEYEHWA W3me-
HAGTCA Mo WUPUHE Kanubpa, T.e. KAXAOMY NPOAONLHOMY CEYEHWIO oua-
ra gecdopMaunM COOTBETCTBYET pasnMyHasa nNpPOTAXEHHOCTb 30Hbl ofepe- |
eHnA.  JIMHWA paBHbIX CKOpOCTEN NPOKAaTLIBAEMOro MeTanna v Banka |
npeacTasnAeT cobol KpuBYH, XxapakTep KOTOpPOA 3aBUCUT OT CbOprI‘
Kanuépa.
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(2.13) |

YpaBHeHME nUHUW PaBHbLIX CKOPOCTEW HaljemM M2 yCNOBUA MOCTOAH-
«TBa CEKYHAHbIX 06beMOB MeTanna B odare gegopmaunn

v, F = v Fy, : (2.14)

tne vy, Fi — cooTaeTcTBeHHD CHOPOCTb W MOWaAb ceyeHUA MONocsLl Npu
HelxoAe M3 BankoB, v; = R_ w; w — yrnoBaAa cKOpPOCTb Banka; V.,
F, — CKOPOCTb M NNCLIaAL METANNIA B CEYEHUN X — X.

Mpw x =/ony vmeem v = Ry weos vy , F, = F_, roe Ry, Y, — pa
AMYC Bafnka M HeWTpanbHbIA Yron B Ce4eHun y — Y, F'7 — nnowanp ceve-
HWA NPOKATLIBAEMOW Nonocsl npu x = / v

LA peanbHbix YrnoB 3axBaTa BennuviHa Cos 7, 6nu3ka K eauHuue.

Takum obpazom, npu x = /ony' nDUHAMaA cos 7, = 1, U3 ypaBHeHUA
{2.14) nonyuum
F
R =R —XL (2.15)
K y

OueeuaHO, MTO NPWU OTCYTCTBWUM YLUMPEHWA ypaBHeHWe W3MeHeHWA nno-
ILafin CeYEeHMA NONOCLl Mo AnMHe ouvara gecopmaunn paBHO3HAYHO ypas-
HEHWID W3MEHEHWA BbLICOTHLI NONOChI MW YPaBHEHWKD AYTW 3axsaTa. OT0
CNpaBeAsiMBO TakK)Ke W Npu NpokaTKe C yWMWPeEHWEM B TOM cfyudae, ecnu
cYMTaTh COOTHOLUEHUE MEXAy MNPOJOMLHOM W NonepevyHOW AecopMaunA-
MU NO ANWHE AYrW 3axBaTa NOCTORHHGLIM.

ﬂeﬁCTBMTEHbHO, npun ny=(-‘y‘ = const naowaanb nNonocbi B CeYeHUU
X — X MOXHO NpeaACTaBUTb KaK

FXZFO)(T'-CV(FO_FO)(), (216)
rpe FOx — naowapb Nonocbl B cedeHUWM x — X Npu OTCYTCTBMU yLuupe-

1mA; Fo — nNnowiaab Nonockl 40 NPOKaTKy.

MockonbKY G(pPU OTCYTCTBMM YIUMPEHUA YMEeHLLIEHWE NNowani cede-
1MA R[ONOCLI NO ANWHe ovara accopmaunii 6bino Gbl NPONOPLUOHANBHBIM
YMEHbLLEHWIO ee CcpefHew NG LWUPUHe kanubpa BulCOThl, YpaBHeHWe AYrW
:axsata 8 Kannbpe ¢ yvetom (2.11) MoXHO NpeacTaB1Th B BUAE

: 2
Fox= Fo +ch 2V Bo yol1 =V 1 — ﬁ—)-
cp
3aecs BenuuuHa xz/Fn‘zp < 1 u, cnepoBaTenbHO, C AOCTaTOYHOM TON-
HOCTBKO MOXHO CYUTAThb, Y4TO

2 2
ch 2ch
Otctopa ¢ yuetoM (2.12) ypaBHeHue pyru 3axpata NpuU OTCYTCTBUM

ViLUpeHHA ByaeT uMeTb Creayowmnii Bug,:

XI
2

Fox= Foi + AF2= Foy + (Fo — For) 2, (2.17)

ine Fg; — nnowapb ceyeHMA MNONOCLI MOCHE BbIXOA& W3 Bankos Npu c1-
CYTCTBUW YLLIUMPEHUA,
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B cooteetcTBun ¢ (2.4) nnowaak Fg; MOXKHO NPEACTaBMTL Kak
Fo1= Fl"AFyzFl—(Fo—Fm)cy'

oTcopa
Fo1= (Fy ‘-Focy)/ﬂ ‘—Cy)-

Mocne noacTaBHOBKW 3HaueHwint Fo, M Foq B (2.16) U HeoBxcamMbix
npeobpazoBaHuii NONyYMm ypaBHeHWe Ayrv 3axBaTa NpW NPOKAaTKe ¢ YLLM-
peHnem

Fo= Fi+ (Fo— F))(E/M?). (2.18)

Kak suaum, ypaBHeHWA ANA Lyrun 3axBaTta NpM NpokaTke ¢ NOCTOAH-
HbIM 10 anuHe okara paedopmauuvn  koadduumneHToMm yimpenna (2.18)
W KU OoTCYTCTBUU ywnpeHna (2.17) 3kBuUBaneHTHbI.

M3 ypaederua (2.18) npn x = lony nmeem

2

/
F=F7:F1+(F0+F1)_°7”_zl__

X

MoacTaBue croaa 3HaseHMe F7 u3 (2.15), nonyuum:

/D — D
/ =/ __K*L'
ony \ x- 1D (2.19)

LnAa cnyyan npokarkn NOnNoOcLl NPAMOYTONLHOIG CEYEeHWMA B NafKMX
Bankax nNpu OTCYTCTBMM ylMpeHuR, ypaskeHue (2.19) nerko npeoSpa-
3yeTcA B obweussecTHyo dopmyny onepexenun, npeanoxeHHyio [.0pes-
JeHoM. -

HenhcTBUTentHo, npn D =D, cy Owu = hoy/h,, I= \/(ho -~ h)R

VIMEEMD/D —1+s/\/1/(7\ )=\/hR/ony—R~/

ﬂocne I'IO.D,CTaHOBKVI 3Ha4YeHWA BXOAALUMX BeENUYMH B ypasHeHue (2.19)
nony4um copmyny onepexkeHna JlpesaeHa

= R vt (2.20)
h 1

B BBITAMHBIX Kanubpax COPTOBbLIX W NPOBOMOYHBIX CTAHOB M3MeHeHWe
AvameTpa Banka B MecTe Kanubpa coctaBnAer 06bIMHO HECKONbKO MPO-
UEHTOB ero BenuuMHBLI WU, CNepoBsaTeNbHO, HE BHOCA CKONbKO-HWByab 3a-
MeTHOW norpelHocTn B / ny+ AMamMeTp D B 3HameHaTene nepsBoW 4acTu
ypagHeHuA (2.19) MO)KHO 3aMeHUTb ero cpeaHuMm 3HaueHwem. 3To No3so-
nMT  cylecTBEHHO YNPOCTUTL WHTErpupoBaHue ypasHeHun (2.9), (2.10).
B atom cnyuae ypaBHeHwe AnA onpeaeneHWn NPOTANKEHHOCTWM 30HBI Ofe-
pe>keHun B6yaer umeth cneny»oumﬁ BMWA:

D
=/ - v
(}\-1)Dp 2.21)
Ovamerp Banka B MecTe kanubpa (D) onpeneNAeTCA  ypaBHeHUEM

obpazywwen kanubpa.
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MHoroobpasve OpM BbITAXHbBIX KanubpoB, NPUMEHAEMbIX MPU NPo-
KaTKe copTa W KaTaHKu, MOXeT 6bITb CBEAEHO K ABYM OCHOBHbIX ClyyaaMm.

flepabii cnyvad. B woopavHaTax y, z obpasylowasa kanubpa hpencras-
nAeT coBoil MPAMYIO NUHMIO, HAKNOHEHHY!O nop yrnom § K ocu y. B atom
CNyYae B ABYXBankoBOW KNetw umeem pombuueckuit nubo, npu f = 459,
kBaapatHblit kanubp. B TpexsankoBon knetun npu § = 30° umeem wectu-
YronbHbIN Kanubép.

YpaBHeHne obpasytowen pombudeckoro kanubpa nmeeT BUA:

D, =D+ 2y tg B, (2.22)
rae D — anamerp Banka B BeplumHe kanubpa (npu y =0).
Mpny =yo
D =D = D+ 2y, tgf. (2.23)
v Vo

Takum obpaszom, ecnm DK < Dy , BENUUUHY DK MOXHO NpeacTaBUTL
o
KaK

D, = D+2y, tg8b. (2.24)
[inA kBappaTHoro kanubpa (B8 = 45°) D,=D+2y; npuy =yo
D,= D, = D+2y (2.25)

o
Ona TpeXBanKosoro wiectuyroneHoro kanuépa (8 =30 )

D,=D+-2-y D
V3

Mpu § =0 umeem rnaaxkue {HexanubposaHHbIe) Bankwu. .

B ABYXBankKoBhIX KNETAX 3TOMY C/Iy4at0 COOTBETCTBYIOT nmmbo “Bouxa’”’,
nmbBo AwmuHble KanuBpbt, B TPEXBAaNnKoBbIX — TpeyronbHbie.

Bropol cnyvad. B koopauHatax y, z obpasytoilan xanubpa npeacTas-
nAeT cobon Ayry OKpy>XHOCTW paauyca Ros

YpaBHeHue 06pazytoien 0BanbHOro Kanwﬁpa nmeeT BUA

D, = D+2R ¢ (1—\/1——V——2 ); (2.26)
14 Roﬁp

=D+ -2y,
Yo J3

ANA Kpyraoro Kanubpa

—_—
D,=D+2r (1 —v1-4-), (2.27)
K
rae r, — Paauyc kanubpa. .
Mpn onpeaeneHun KaTawoWUX AWaMETPOB NPeACTaBNeHWe 3HaYeHUA
D B Buae (2.26) nubo (2.27) 3aTpyAHARET MHTerpuposaHue WU 3Haqu-
TenbHO YCNOXHAET BWA KOHeudbix thopmyn. Oamako 3anaqa ynpouJ.aeT-

CR, €CAM NPUHATL BO BHUMaHKeE, 4TO BeNWYnHa OTHOLIEHUA y /I?oﬁp < 1.
B aToMm cnyuae, UCNonNb3yA NpuSnvxkeHHY dopmyny
\/ R4 /Roﬁp R4 /2R06p
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noslyunm criefytollee ypagHeHne obpasyiowledt osBansHoro kanubpa

— 2 — 2
b, =D+ (v /Ryge). D, =D+ (/R q.). (2.28)

Kak nokasbiBaeT uncnoBam npoBepKa ANA  PeasibHbIX COOTHOLUEHWI
Pa3sMepoOB NPOKaTL(BAEMOW nonocst ¥ Kanubpa, NOTPELIHOCTb, BHOCK-
Mas NpU 3TOM B BeJIMYUHY Dy, HE npeBblwaeT Aonei npoueHTa. inAa xpyr-
NbiIX Kanubpos 3ta NOrpewwHOCTb HECKONbKO 6Gonblle, OfHAKO OWMu6GKa
B KaTawwem auamMerpe B 3TOM cJiydae TaKKe HesHayuTenbHa.

Taknm o6pa3oMm, ypaBHeHWe oBpasylowed Kpyraoro Kannépa BypeT:

D =D+ {y’/r ), D, =D+ (y3/r ). (2.29)

y K Yo K

Mocne noactaHoBkKM 3HaseHun D w3 (2.22) awbo (2.28), (2.29) =
(2.21), a 3aTem 3HaveHms lony B8 ypasBHenve (2.9) wnu (2.10) w unTer-
PUPOBAHWA NONYYNM ClEAYIOWNE BLIPAKEHUA ANA pacyeTa KaTaloulero
AvameTpa Mnpu NPOKaTKe B BbITAXHbLIX Kanubpax.

Ana kanubpoes ¢ npamonuHeldrsimu obpasyrowumu
EcomD < .D, -
K Yo

. }
D"=1+i/i—ﬁ(A—1)(1—i’—)2_eetg23; (2.30)
D p? M Dcp D

ecnu DK > Dy0 -

D 3 D
K — 3 Yo 1 / cp
5=V = — =)V - 1) 2 1+

- cp
D
+ \/( _DK_ —

D
Yo 312
—D—) I°. (2.31)

PeweHne 3TOro ypasBHeHMA OTHOCHTENLHO D, /D MOXHO MONyYuTL C NOMOWBIO
MeToRa nocnegoeatenbHbiXx npubnwkennn. CNOXHOCTL BLIMMCNEHWUI KaTalOWMX Auva-
MeTpoB ¢ nomouwbilo BbipaxceHnii (2,30}, (2.31) 3axnwouaeTcA B Tom, 4TO nepea
HayanoM BbIYUCNEHMA HEW3BECTHO COOTHOWEHWE Mexay avametpamu D w D n,
CNEROBATENbHO, HEW3BECTHO, KaKoe W3 3TUX BbIP@KEHWIt ChelyeT WCNONL3OBaTh B
RaHHOM KOHKPETHOM cnyuae. [M03TOMYy nepBOHauanNbHO KaTalWHUA auameTp che-
AyeT paccunTbiBaTb € nomowblo sbipaxednA  {2.30), npeaBapuTensHo Onpeagenus
w3 (2.23) BsenwuuHy Dy /D. Ecnu B pesynbTaTe OKaXeETCA, YTO HahaeHHOe 3Hade-
HWe KaTalLwero p.uame'rp?a meHblie, vem D, (D /D < D, /D), To pacdyeT MOXHO
CYNTaTL 3aKOHYEeHHbIM, B cnyvae, ecnu D /b >K D, /D, %o pacuer cneayer npo-
ROMKATL € MOMOLWbIO BbIPaXeHua (2,31),'(ucnonbay!°a Ka4yecTee Ha4YanbHOro npu-
ONWKEHUR NONyuYeHHOe 3IHaueHwe DK/D. NoactaBus ero B nepeyto YacTb BbipaxkeHnn
(2.31), Haligem HOBOe 3HaueHWe KaTalwwWero AnameTpa. Cneaywuwee sblvucneHue
BbINONHAEM, NOACTABNAA B NPaByl0 4aCThb BHOBb  HAWAEHHOE 3HAYEHUE KaTalolero
Ruametpa u T.R. BbluucneHur nposogum RO Tex nop, NOKa pPasHUUA 3HAYEeHMN KaTa-
HOWEro AuamMeTpa, NONYYEHHLIX NPU AGHHOM W NpeAblaywem npubnumkenusax, Gyaer
MeHbllie UNK paBHa 3aRaHHOW NOrpPeLHOCTH,

MNpu NpokaTke B rNagKWUX Bankax (8 =0)
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D — D
/ =) =/ K.
on Dix -1
MoacTaBnAA aTo 3Hauenve / B ypaBHeHne (2.10) v nposeaa wHTer-
pvpoBaHue, NONyYnm:

.

D/D=1+-1-101-L L)z ‘ (2.32)
K 4 u D

3T0 BbipaXkeHWME MOXHO WCNONb30BaTL TaKXKe ANA NPEABApPUTESNbHbIX
pacyeToB KaTalowmMx AVameTpoB NpW NpokaTkKe B Kanubpax.

OnA nonoc npAaMoyronsHoro (KBaapaTHOro) cedeHwa npu npokatke
B rNagKux Bankax U AWMYHBLIX Kanubpax

A—1= hﬂbﬂ -1 = hObD_hl(b0+Ab)
hyb, hy (b, + AB)

roe CpeiHee Mo BbLICOTE NPUPALLEHUE LIMPUHBI NOMOCHI 3a CYET NONEPEUHON fe-
hopMaLMN MOXKHO NpeacTaBuTh Kak

Ab = AFy/h 1 = boAh cy/h 1

Otctona BbipakeHMe ANA KaTaowero AuameTpa ByneT MMETb  CNeayiouwmi
BUA:

D
K - 1+
D ah, (1 + ahe /h))

Ah (1 — cy)

(1 — X /Ahn//2D)?, (2.33)
u

roe Ah — BenwuuHa obxatna; Ah = hg — h.

Ecnu B (2.33) npeHebpeys ywupeHuem (cy = 0}, 6yaem umeTh:

Pe o qyh g 1 /Ah/D)*.

D 4h, u

Nerko npoBepuTb, 4TO [AaHHOE BbIPaXeHWe MOXeT BbiTb MONYy4eHo co-
BMeCTHbIM pelueHvem ypaBHeHuA C.Jxenyitfla ANA NPOTAXKEHHOCTM 30HbI
onpexxeHvA v dopmynel [ipesaeHa AnA onepexeHuA (2.20).

JInA kanubpos ¢ KpueonuHelHbimu obpasyrowumu

IInA oBanbHLIX U CTPENbYATLIX TPEYroMbHbIX kannbpos,

D / D
K=1+i Yo (1 ———)V(A—-1) 2, {2.34)
D m D chp Ro6p
ecnm DK > Dyo,
_,Di: 1 + Yo X
D D arcsin \/(Dyo - DD, — D}
D D —D
S Y A A—1) B —K_Ye ] (2.35)
x I g Dcp) \/( Roﬁp Ro6p
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[nA kpyrabix AByxBankKoBbIX U TpexBanKoBbIX Kanubpos,
ecnu DK < DYo ,

D : D
Ko 2 Yo gLy n—1) —<P .
D m D D, 4 ) re (2:38)
ecnu DK > D ,
Yao
D D arcsin \/(D,, — DY/(D_ -~ D)
Yo K
/ Dc D —-D
X[ - —L—)Ar—1) =S/« Yo {2.37)
“ Dcp " Ik
Npw D = D, w3 (2.32) ANA OBanbHbIX, CTPenbYaThIX TPeYronbHbix
M Kpyrabix Kanwg’p"os —
D
K = + — —_ -___I__ 2
5 1+04 A -1) (1 P ). (2.38)

BLIYMCNEHMA KaTalOWMX AMAMETPOB BLINONHAITCA B CheAyloiled nocneaosaTens-
HocTu. flepBOHaYansHO pacdeT NPOM3BOAUTCA C NOMOWBIO ShipaxceHuid (2,34), (2.36),
3aTem [leflaeTCA CPaBHEHWEe BhIMUCNIeHHOro 3navemwAa D, C BennumHoW awametpa by, ,
npenBapuTEnbHO HaiAeHHoW w3 eoipaequn (2.28), 12.26). B cnyuwae, ecnn D, <
< Dy,, PACHET CYWTEETCH 3aKOH4YEHHbIM, ECNU Xe D, > Dy, , AnA panbHeiduwnx pac-
yeTos mCRONLaylOTCR ypaeHeduA (2.35), (2.37) w BblMCneHWA NPOBOAATCA C nO-
MOWBLI0 METOAa MNOCNeAoBaTeNbHbIX npubBnumkeHunit, B kavecTse HavasnbHoro npubnu-
MEHWUA WCTIONBLIYETCA 3Hzwerue D, HalifenHoe paHee w3 (2.34) nubo (2.36). Toa-
cragnAA 310 3wavenne D, (D ') 8 npasyw ua?'r? ypasrenuin (2.38), (2.37), na-
XO[AMM HOBOE 3HaYeHUe KaTaoWwero Avamerpa Dg.p. B kayecTBe CnefyioLers npu-

6AMKeHNA MCnonbL3yeTcA BeNUYUHA DK, pasHan D“K) =’/1(D(2) + D(S?p)' Mpwu cne-
AYIOWei#d onepauMM BLINUCNEHMA B KauYecTBe nocneayioillero NpubnuxeHwR ucnons-
3yeTcA 3HauYeHume
D(f) = 1/, (DE(” + D(.J_’p ). v T.A.
BbiuucneHnwA NOBTOpReM A0 TeX NOP, NOKa 3HaYeHUA KaTaloulero AuameTpa AByX
coceHnUxX NPWUBAMKeHUn He BYAYT AOCTATOYHO BNn3KKU ApYr Apyry.

JnA ynpolleHUs BLMACREHWA KaTalowWero avameTpa B8 chiyyae, ecnu
ero BenuuuHa, HanpeHHar w3 Bbipaxewnn (2.30), (2.34) wnn (2.36),
okaxeTcA bonbllle guameTpa BanKka B TOYKE C KOOPAWHATaMu yg, Zg, T.e.
npwu DLO) > Dyo, MOXHO NOMb30BaTLCA KPUBLIMU, NPEeACTaBfieHHbIMK Ha
puc. 10 1 11. B 3ToM crniyyae BenuuuHy KaTawilero guameTpa onpepenaem
M3 BbIPaXeHNA

(0)

D D

—K = 4 (K 1)8, (2.39)
D D

rae D(g) — 3HayeHye KaTaloliero avameTpa, HahkgeHHoe B 3aBUCUMOCTHM
oT Gopmbl Kanubpa w2 Bbipaxenwin {(2.30) wou (2.34), {(2.36); & —
nonpaBoYHbin KO3thdULMEHT.
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dlrv ﬁ‘
2F
s
Z'Lh—-
i2r 15
i 1 i 12
10 2 b L b L
(@2)/(34,-5) w15 20 25 30 T35

B0/, -0
Fac. 10. Benuwuuda xoadpduuvenTta § ana KajiuBPOB ¢ NPAMOSIUHERHBIMKY 06pa3sycWUMK

Puc. 11. Bennuuna koadduumerta 8 pnna Kanuipos ¢ KPABONMHENHLIMM 05Pa3YI0LLIMMK

(é‘)Haqume KoathmumeHTa § B 33aBUCHMOCTW OT BeNv4UHLI OTHOLLIEHUA
D o D/ (D — DY u dopmbr anuBpa Haxoavm w3 rpadiMkoB, npu-
BefileHHbIX Ha puc. 10, 11,

3HayeHWA KOOPAWHAET Vo, 2o TOYKW NepeceyeHWs KOHTYPOB AaHHOro
M Npeabiaywlero KanubpoB Npu HanoueHwd WX Lpyr Ha Apyra B nNnoc-
KOCTU BbIX0A3 M3 BanKoOB HaxXxCAWM COBMECTHbIM pelleHneM ypasHeHWnit
oGpasyrowmx ‘kanmbpos.

Cucrema pomb — keadpar (puc. 12)

Pombuveckud kanu6p. YpaereHve oBpa3ylowiedt / -TOro pomMBUYECKOro
Kambpa umeeT BUS

—_ 1
z= 1/, hKi —ytg Bi. (2.40)

4

Puc. 12. K pacueTy KOOpAMHET ¥, Z, ANA KanuBpoas CUCTeMbl pOME — KBaapaT
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YpasHeHnue obpasyiowmx (i -- 1)ro n (i + 1)-ro xBaapaTHbIX Kanu6-
POB COOTBETCTBEHHO

z= 1/ hei_q1—Vi (2.41)
z= 1/ hivi—V (2.42)
MpupasHmBaA  npaBble yacTu ypaeHewun (2.40), (2.41). nonyyum
= Peici TG
Yoi = 2(1 - tg ﬁi)_' ‘L (2.43)
zo; = hei = Pi-1196; ‘
2(1 — tg ﬁi)

Keadparnsid (i + 1) kanubp. YpaBHenne obpasytowieil npenwect-
Bytowiero pombuyeckoro Kanubpa

z=(—21—hKi—y) !

tg BI.

C yueTom ypasHeHnna (2.42) ymeem

h .—h . .ta B,

— Ki Ki+1 i
Yoi = 0 13
0i+1 2(1 — 1g ﬁi) (
! 2.44)

Zoj+1 = Cis1™ Twi .

2{(1 — tg ﬁi)

Cucrema oean — keadpar (puc. 13)

Osansnsid Kanubp. OueBuaHo, 4To Yo; = /3 A
3ytolen / -Toro oBanbHoro Kanubpa

i1 YpaBHeHue o6pa-

Y
Yoiien
Zp; \
V. A
N A Robot

Y2hes
V2
7
]
5
U
"h'
Zptis1)

N st

/7/(([}1)

Pue. 13. K pacuery koopaunart Yo, Zo ANR kanubpos cuctemsl oBan — KBappart
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2 1 2 p2
y +(Z+Roﬁpi_ l2 hKi) _R06pi'

Otciona npu y = yo; = /s hi_,

+\/R2 —71/4 /7’?_1—-R

ogp

— = 1
Z = Zyj /2 hKi o6pi’ (2.45)
rae h ; — BbICOTa OBaNbHOro Kanubpa.

KeadparHsii kanubp. YpasHenna obpazytoumx (/i + 1)-ro ksBappat-

HOMO U NpeawecTByOWero oBaneHOro Kanuﬁpoa COOTBETCTBEHHO
— 1 .
z /2 h Ki+1 Y '

2 1 2 _ p2
2%+ (y+R06pI.— I h ;) —Roﬁpi'

Pewana ux COBMECTHO, NOy4YUm

. =05 [ Pivt * P R +
Yoi+1 = U, — 2 " Noepi

+  2R? R + hivr = P )21:
obpi ( obpi 2 LD
(2.46)

_ hKi+1 Ki
20j+1 = 0,6 [R06pi + - 2  ~

h . —h .
2 Ki+1 Ki 2
- \/2R06pi — Roppj ) 71

Cucrema osan — kpya (puc. 14)

OsansHbili kanubp. YpaBHeHue o6pasyiouwien / -TOro oBanbHOro kanubpa

2 2 _ p2
y +|:z'+-l706pi_ri] —R06pi‘ )
YpaBHeHue obpasyiowen npeasiaywero (i — 1)-ro kpyrnoro kanubpa
z

|

y

Puc. 14. K pacuety koopauHar y,, Z, AR Kanubpos cuctemsl oBan — Kpyr
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2
i—-1
Pewan YpaBHeHR COBMECTHO, Noy4Yum

P ezt =g

_ 2 2 . — .V
Yoj — \/r,._,'—zo,-, 20j —ii N

R . d? R .
X (2 —28pi_ _q _ ;;1 y/2 (——98Ri __ qy. (2.47)
r. z r.

1 : H !

Kpyaneid wkanubp, Ypasnenve obpasyiower (i + 1)-ro «pyrnoro ka-
nuépa

y o4zt =2

P+
YpasHeHve obpasyiowlen § -TOro oBansHoro Kanubpa
2 2 2
+ —r. = .
ly Roﬁpi rl] tz ﬁot’)p/

Pewan YpaBHEHUA COSMECTHO, NoNvyYum

f : ri, R
Yoirt = r; (2 —20RL _ TRl o qy/2(-00RL —!);T!
i r P l
! ! i I

b ¢ (48
20i+1 = Ty \/1 - ‘
i1 |
—l

Cuctema cTpensyYarThill TPEV20IbHUK —~ KPy?

Crpenswarstd Tpeyzosibtbil - icanubp  f{puc. 15}, Ypassenue o06pasyio-
uged § -TOro CTEensyaTors TPeyronwHoro Kammbpa
2 2 2
y o+ lz+Rogo; — il = Aigys-
YpagHerne OpEAbIAYILETO KPYInoro Kanubpa uMeetr BUA:

2

2 2 _
y -tz =Ty

Pewanr 3T ypaBHeHUA COBMECTHO, HalAeM
Yoi =\/rlf_~1 — 23 zoj =r; X
R . r? [ S
X (228l .y izl el gy, (2.49)
=

r r

i i i
Kpyanweid kanubp fpuc. 16). Kax BupHo 13 puc. 186,

Yoj+1 = I, sin oy,

i+

_ : L Foitl

the ;= Ie gy = T aresin eem—m——
3 3 7.
it
Orciopa
— . il . )’; it .
Yoi+1 = Ijyq sin (-—:3—— w ATESIN e {2.50)

£,
i+1

416

Yotirn

N

Puc. 15. K pacueTy KOOPAWMHAT Y, ;, Z,; CTPenb4atoro TpeyronsHoro kanubpa {cuc-
Tema CTpenbyYaThikh TPeyronsHuK — Kpyr)

Puc. 16. K pacueTy KOOPAUHAT ¥oit+1, Z4j+1 KPYTOro Tpexsankoeoro kanubpa {(cuc-
Tema CTPenbYaThif TPEYTrOfbHUK — xpyr)

_ . 2 i . ylg i+i_ ) =
Zoj41 = 7o, V1 = sin* (-~ — arcsin
i+1 3 r’_+1
: . Y' HE. . - -
= r.. . cos {(—— — arcsin Yoitl {2.51)
i+1 3 ,7[_+1

BenuumHY Yoj +1 HaXOAMM COBMECTHBIM pelleHnem ypasHehun o6pa-
ayowwux { + 1}-ro prrnorov'K,anMGpa W /-Toro cTpencyavora vpeyronb:
Horo Kanubpa B KoOpAMHATAX ¥y Z .

YpasHeHue o6pa3yiowen Kpyrnoro Kanubpa

)2 12 __ 2
y + z -—I'I.+1.

YpasHehve 06pasyiowieit cTpens4aToro TpeyronbHoro wanwuépa

y'2 + {2+ R g i — ri]2 = Réﬁpi .
Peutan 3Tu ypaBHEHUR COBMECTHO, HaRAEM
! 2 2 Tivy 2
yois1 = rpNrig/rl =28 g - — =) AX
]
X (Roépi _ ri)z. (2.52)
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Cucrema Tpey20/1bHUK — TPEy 20/TbHUK.

Kak BmAaHO u3 puc. 17, B TpeyronbHoM kanubpe npw npokatke no
cxeMe TPeYroNbHUK — TPEYroNbHUK NMeem

Yoi = AD tg 30° = (0D — OA)tg 30° =L (0, , — 1 d));
V3 2
_ 1
Zoi = —2—di . (253)
MNpn npokatke No cxeme TpeyronbHWk — kpyr (puc. 18} koopam-

HaTbl TOYKW nepeceueHnA ob6pasylowein AAHHOrO Kpyrnoro kanubpa c
obpasywouwier npeabiaywero TpeyronbHoro kanwbpa Haxoaum cnepyto-
wum obpasom:

ypaBHeHue obpasywowein (/i + 1) -ro kpyrnoro kannbépa —

2 2 _ 2

yorzt =i

ypasHeHne obpasyouen fpeabiAyLWEero TpeyronsHoro kanubpa —

z=dl.—y\/§T

Pewas 3T ypaBHEHWA COBMECTHO, Haitiem

2

;1 r.
Vorsr = L1, 11~V (— -1 (2.54)
i
1 r? o
Zoie1 = ooy [T+ \/3(-—’”;‘—— 1. (2.55)
i

Yotisy

2\
S~V

Puc. 17. K pacuety koopaunat Yoi.ZyjTPeyronsHoro kanubpa (cuctema TpeyronsHuK —
TpeyronbHuUK )

Puc. 18. K pacyety koopauHar Yoi+1.24j+1 KPYrnoro Tpexsankosoro xanubpa (cuc-
TeMa TPeYTONbHUK — TPEYroNbHUK — KPyr)
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3. PACHET CKOPOCTEN BPAILEHUA BANKOB HENPEPLIBHOIO CTAHA

Kak ysxe oTMeuanocb B npeAblAywled rnase, ANA HeNpepbIBHbIX CTa-
HOB C WHAMBWAY@neHbLIM NPUBOAOM KneTel i KayecTBe Mepbt Aedop-
rMaumn B kannBpe oBLIMHO NpMHMMAETCA BenuWuMHa BbITAXKWU. B 3atom
flyyae onpejeneHve CKOPOCTEN BpalIEHWA BankoB B KNETAX CTaHa AB-
NAETCA  3aKNKYMTENbHLIM 3TanoM pacyeta KanuBpoBKW W BLINONHAETCA
Hocne Toro, Kak HalnAeHb! pa3Mepst Kannbpos.

PacyeT cKopoCTel BpawWeHWA BankKoB BbLINOMHAETCA NOCNeAOBaTeNb:
143, HaynHaa ¢ NocneAHen KNeTU CTaka, CKOPOCTh BbIXOAA NOMOCH U3 KO-
10POW NpeanonaraeTcA M3BeCcTHON.

CKOpoCTh BpallleHWA BanKoB MOCNeAHen Knetw onpefensetcA no dop-
niy e

n = 60 Vn/ (m DK ). (2.56)

n

rae Vn, DKn — CKOPOCTb MNPOKaTKW W BeNMUNMHA KaTawuwero aunametpa
. 1ocnefHen Knetwn Cctada.

CKOpOCTb BpaleHnA BankKoB OCTanbHbIX Kneten onpeaenAeTcA wu3 yc-
"¢3UA NOCTOAHCTBA CeKYHAHbIX ofibeMOB MeTanna no KJ'IeT.FlM.

B cooTBetcTBUM € 3ITUM CKOpPOCTbL BpalWleHMA BankKos npennocnep.HeVl
L. et CTada onpeaenAeTcA Kak

60 Ya

”n—1 D

N ,

kn--1"n

(ne 7\n — BbITAXKA B flocnegHeh KneTn cTaHa.
Lna nmobon npeallecTByOWEN KNeTU NMeEM

60|/n
n = . (2.57)

i
ﬂDKi 7\” An—1 )\I.__.I

Mpu BbiGope pexumoB o6XaTwit ANA HenpepsiBHbIX CTaHOB ¢ obwum
1MBOAOM B KayecTBe Mepb! aedopmaumm 8 kanubpax yaobHee nNpuHK-
niThb HE BbITAXKKY, @ BenUYMHY COOTHOLWMEHUA CKOpPOCTeW BpauieHWA Ban-
1KOB COCEAHMX KNneTen WNW, WHaue, KuHemaTnyecku KoadduuneHT cKo-
pOCTA., BbITAXKKWM B KNETAX, a CneaoBatenbHO WM NNOWAAW nonepevyHoro
( PYUEHUA MPOKAaTbIBAaEMOK NONOCbI, ONpefenAloTCA B 3TOM crlyyae No nNpwu-
I ThIM 3HaYeHUAM KUHEMaTU4eCKUX Ko3@MUMEHTOB CKOPOCTH.

Ha ocHOoBaHWMM 3aKoHa MNCCTOAHCTBA CeKyHAHbIX o6bemoB meTanna
G0 KNeTAM Mpu HenpepsiBHOW NpoKaTKe Nnouwaab MeTanna B8 / -TOW KNeTu
ncH#eT BbiTh BblpaXeHa creayowmm obpasom:

D

- Ki+1
iz Py My — (2.58)
i
G Fi +1° M+ nAowaab MeTanna v KuHemMaTudeckun KoachdUuneHT
cKopocTu BankoB B {/ + 1) -4 knetw, Nyq =0 £/

BeitAaxka B {7 + 1) 4 knetn
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N = i Dj+s

i+1 FI'+1 ni+1 D (2'59)

w7

YDaBHeHMH ANA KaTawwux aAunamMeTpoB COARPMKAT 3HaYeHWUAR BbLITAXKEK
B KNeTAX, a TakK/Ke Apyrue napameTpbl, BejinitMHa KOTOpbIX 3aBUCUT OT
pa3mepoB U (OpPMbI KanBpOoB, B TOM Yvcne ANWMHA WU LLMPUHA 30HbI KOH-

TakTa MeTanna ¢ BaNKOM, AWAMETPbl Banka B sBeplinHe kanubpa n B Tou- .
Ke, COOTBETCTBYIOLWEW cpeAHeN LIMPUHE 30Hbl KOHTaKTa (Dcp). Takum |

0bpa3oM, anA onpeAeneHWA NNOLWAEAN CEYEHUA METANNA U BhITAXEK MO
KNEeTAM HefpepbiBHOrO cTaHa C OBWMM fPUBOLOM HeOBX0AUMO peluTb
CACTEMY YpaBHEHWI, COCTaBNEHHbIX ANA BCeX KMeTel CTaHa, BKIOYalo-
Wy 8 cebA ypasHeHMA ANA KaTalwWMX AWAMeTPOB, ypaBHEHMA ANA Of-

pPeaeneHnA pasmMepoB KanubpoB U KO3(MMDULUMEHTOB YWMUPEHUA, @ TaKXKe |
YPaBHEHWA, BbIpaXaloiwume MOCTOAHCTBO CEKYHAHbIX 06bEeMOB MeTanna |
No KneTAM. PelleHWe CUCTEMbI ypaBHEHW MOXXeT 6biTh HalgeHo ¢ No- |

MOLWbLIO MeToAa NocneAoBaTeNbHbIX NpUbnneHWA. Pacyet nnowanein metanna
OCYWUIECTBAAGTCA, HAYUHAA C NPEAYNCTORON KNeTH, ANA KOTOPOM

F = F —_._D" a

-1~ "nfpp :
K n—1

flpeanonaraetcA, 4To nNnowaae uucToBoro npodmnA (Fn) n3secTHa.

Moapobhee 06 ocobeHHocTAX pacyeTa KanMBPOBKW BanKoB Henpe-
PbIBHOIO CTaHa ¢ ofWWM NPUBGACM KneTen usnoweno 8 ra. 1V,

I'nasalll. 3KCNEPUMEHTANLHLIE UCCNTELOBAHWA
AEPOPMALLUN U PACYET YWWWPEHWUA NPU NPOKATKE

Hepoctatounan anA npakTUYeCKUX Ueneid M3IYYEHHOCTs OCOBEeHHOCTel
TEYEHNA MeTanna Npu MNpoKaTKe B BLITAXHbLIX Kanubpax, a Tak»e onpe-
AenAloulad poNb COOTHOLWEHUA Mexay MpoAoNbHOA U nonepedHon fe-

hopmMmaumaMy ANA  PacueToOB TEXHOMOTWYECKUX napameTpoB oBycnoBwnu |

HeO6X0AMMOCTL  MPOBEAEHUA  CMeuManbHbIX 2KCTEPUMEHTaNbHbIX Uccne-
AoBaHuA. 3T UCCNENOBAHWA ABNANWCL COCTaBHOM YacTblo paBoT no
fPOEKTUPOBAHNIO, Hanaake W  OCBOEHWIO HOBOrO NPOKaTHOro obopy-
AoBaHuA, pa3spabGaTbiBaemoro Bo BHWUWMermaue, w nposoavnuck nepu-
ORAWMYECKW B TeYeHWE HECKONbKWUX feT MO Mepe BO3HUKHOBEHMA B HUX
KOHKpeTHON HeobxoaumocTn. B  npouecce w“x wuayuyanuce ocoBeHHoOCTH
AechopmaumM  MeTanna npu NPokaTKe B ABYXBANKOBbIX W TPeXBanko-

Bbix Kanubpax W BAWAHWE HAa COOTHOWEHWE MEXAY NPOAONLHOM U Mo- |
nepesHol petopmauvent Takux akTopoB, Kak pasMepbl W hopma no- |
NEPEYHOrO CcevyeHWA 3aroTOBKW, BenMyuHa oO6xaTuA, dOpmMa M pasmepsi |

Kannbpos u T.a. lMocTeneHHOe HakoNfAeHWe 3KcNepPUMEHTaNbHbLIX OaHHbIX
MO3BOAUAO CYANTL O BAWAHWM pPa3fMYHbIX (GAKTOPOB HAa BENWYMHY nO-

nepeyHoi pechopmaumn npu NpokATKe W IOCAYXMNO OCHOBOW ANA pas-
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PaBoTKY  COCTRETCTRYIOUMX  3MIUPUYECKUX 33aBUCAMOCTER AnA  onpeae-
AEHUA yLIMDeHMA.

ViccnenoBarny cnefywwme Cnyvan NpoKaTKu:

NPOKATKA 33araioBOK  NPANMOYFOALHOrO ceuenuA B [NaAKWMX Bankax
W AYHSIX KanuEpax;

NpOKAaTKa 2aroTOBOK KHaApPaTHOfO CeurHa B MNAAKViX Bankax, AWUY-
HEIX, POMBUYECKNX W OBanbHbIX Kanubpax;

APOKATKA 38r0TOBOK KPYI{Oro Ced4eHMA B TNaAKWX Bankax W OBalb-
HbIX Kanndpsax,

ApOKaTKa 3870TOBOK OBaNbHOrO C2YEeHMA B KBAAPATHLIX W KPYrNbixX
ABYXBANKOBbLIX KanuBpax;

NpoOKaTKa 3arcTOBOK KPYFNOro Vi WecTUyronsHOro ce4eHnA B Tpe-
YEONBHEIX ¥ CTPENBYATLIX TPEYTONbHLIX Kanubpax;

APOKATKE 3droTOBOK TPEYTOfuHOTC CeYeHns B KPYMNbiX Tpexsanko-
BbiX Ka/inbpax.

OcHoBHas 4acTh wcenepesannii  aedopmMauun NpU npokatke 8 ABYX-
BAAKOBLIX KNIGTAX EsiNonHesa Ha nabopaTopHom cTave BHWWmermaw
ayo 250. Paebouas KNers oTaHa vmeeT ABa ropusodHTanbHbiX Banka HO-
MUHanRbHbiM  AvavieTpom 250 mnv, OCHAWEeHa MeXaHW3MOM PerynupoBkAH
BaNKOE ¥ BBOAHbLIMKW NpoBoAxKamu. KreTe 0pyvBOAWTCA OT ABUratena
MouiHocThiy 40 kBt sHonssTe PROiEHUA BaNIKOB MOMKET perynupoBarthb-
ca B npepenax ot Q087 go 0,435 m/e.

[NR RPOBEACHWA 3HOICIMMENRTOR W3TOTOENEHL! HECKONLKO nap pabo-
UMK BANKOG © Auiuudbiy, pomBudeckumu, OBanLHbIMK, KPYrNbiMU W
KBagpaTHein  wanuBpamu. UepoxoBatocTs NOBEPXHOCTU HOBLIX Bankos
B mectax wanmbpos w Ha “Hovke’’ coOTBeTCTBOBanNa uyucrote obpabort-
Ky pafioux Sanko8 NpoBONOuYHLIX cTaHoB. [lpokatky nposBoaunu Ha
HOBbLIX BankaxX W Ha Bankax < MenKumu TpewimHamu pasrapa. OaHospe-
MEHHO © Mpokatikoil 8 kneTts aye 250 dacts oBpasuos kpyrnoro ceve-
HUA NpoKaTeiBanw & rnagxux sanikax anamerpom 180 u 350 mm.

YwupeHue wnccsiegosans NpM NPOKATKE CTanbHbix, MeAHbIX WU anio-
MUHVeBsIX OOpasucB. [lpn Apoxatke MeAHbIX ¥ anioMUHMEBLIX 06pas-
UOB Ha BanKW 8 Kayecrse TeXHONoruyeCKoW cCMasku NOAsBanv 3MynbCuio,
XUMUYECKUI COCTEE ¥ kupHoCcTs (4 — 7 %) KOTOPOW COOTBETCTBOBA-
M IMYLCHM, NPUMESHREMOW Ha AWTerHO-NPOKATHLIX arperatax npu npo-
M3BOACTBE KaTaHKy K3 LEeTHbIX meTannoB. O6pasubt n3 cTann npoka-
toicanun (0,4 m/c) ¢ Boach.

OBpazuss  MpoxKatsiBony  OPK  pasnu4HeIX  TemoepaTypax, CoOOTBeTCT-
BYIOLUMX NPUMEDHO  KPAMHUM  3HaueHMAM  TemflepaTypHOTo  AWanasoHa
ropAdeil npokaTiku gawHoro matepuana. OBpasubi Nepea NPOKaTKOW Ha-
rpeBanu B 3NEeKTPUMeLKo HarpeBaTensHOW Meuy ¢ CUIUTOBLIMU CTepX-
HAMM M 2BTOMATUMECKUM MGAgepXaHWeM Temnepatypbl. 3Tum  obecre-
yuBanack CTadMNLHOCTH 3afasHOM TEeMMepaTypbl HarpeBa BCEX 3arpy’keH-
HbIX B Neyb oGpasucs aAaHnon cepyiv. OaHOBpEMEHHO B MNedb 3arpyxanu
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He Gonee Tpex —NATY o6pasuoB. TemnepaTypa NpPOKaTKK onNpeaenAnack
No TapvpoOBOYHLIM KPUBLIM oxnaxaeHuA. [nA NOCTpceHuA KPUBbIX OX-
NaxaeHna nNpeABapuTenstHO, Nepes NPoBeAeHUMEM 3KCNEPUMEHTOB Ha He-
CKONbKUX, OBbLIMHO [ABYX-TPeX 06pa3suax KaKZOro pasmepa € MNOMOLUBIO
OfTMYECKOrO0 NWPOMETPa WU  KOHTAaKTHOW Tepmor.apbl  ONpPeAenAnoOChH
nafieHue TemnepaTypbl Harpetoro obpasua Ha BO3AyXe B 6AUHWMLY SpeMeHw.

Temnepatypy 3amepAnn cpasy >ke nocrie n3snevequA obpa3ua w3 newu
vepe3 kaxable 5 — 10 ¢ B TeveHne 1 — 2 MuH B 3aBUCMMOCTW OT NNoO-
waan ceveHurn obpasua. B pansHedWweM nNpu nNpPoBeAEHWKM ONLITOB ANA
BCeX nNpokarsiBaemMbiX 06pa3suoB € MNOMOWb CEKYHAOMEPa W3MepAnu
BpeMA OT MOMeHTa wu3gnevyeduA obpasua w3 neyw O 3axBara ero Ban-
kamu. [lpn M3BecTHOW TemnepaType B nNeuu Temneparypa NpoKaTKu on-
peaenAnace Kak pasHOCTb MEXAY Temnepatypoil Harpesa M BenMYAHOW
nageHuA TemnepaTypbl obpasua 3a U3mepeHHoe BpewmA. [InA KOHTponA
Ha vactu o6pasuos TemMnepaTypy 3amepRIN HernocpeacTBeHHO nepep Npo-
KaTkoW. TemnepaTypy CTafbHbiXx W MeAHbIX o6pasuoB 3amepAann ¢ nNo-
MOULbI0 OfTMYECKOTO NWPOMeTpa; ANA K3MepeHWA Temnepatypel ano-
MWUHMEBLIX 06PaA3LOB MPUMEHANN KOHTAKTHYIO TepMonapy.

C camoro Havana .uccnefioBaHuid 6binG yCTaHOBNEHO, YTO NONYYSHHbLIE
3KCNepMMeHTaneHble AaHHble M0 YLLWPEHWUIO B 3HaYUTENLHOW CTENeHn 3a-
BMCAT OT MPaBWMNILHOCTM TOMIOXEHUA M YCTOWYUBOCTM NONOCk! B Kanub-
pe npu npokaTke, No3aToMy ocoboe BHUMaHWE B ONbITax YAENANOCh Tula-
TeNbHOCTU YCTAHOBKWU BBOAHbIX NPOBOAOK.

Pasmepbi nomepeyHbiX CEYEHUM WCXOAHbLIX W MpoxaTaHHbIX 06pa3uos
M3MEPASIUCL € TNOMOWbLI0 LWTaHreHUMPKYNA NpW  KOMHaTHON Temnepa-
Type B Tpex MecTax Mo AnuHe obpasua, a WMeHHO, B cepeaunHe obpasua
n B Toukax, oTctoAwux Ha 40 — 50 mm oT koHuos. Mnowaan ceveHwni
obpasuos a0 u nocne npokatku (Fy, F;) noacuuTeIBaNU Ha ocHOBE CpeA-
HeapuMETUYECKUX 3TUX TpeX U3MepeHnN.

[AnA uvactu o6pasuoe nnowaab TNMONEPEYHOro CevyeHUA nocne fMpokar-
Ky onpegenanach vepe3 BbITAXKY Fy; = Fo(l1//4). YT06b1 Mckntounte
BAMAHME KoHueBoro 3dgdeKTa, BLITAXKY OUEHWBaNW YyANUHEHWEM pac-
CTOAHWA MeXAYy PpWCKaMK, HaHeceHHbIMW Ha noBepxHOCTU obpasua Ha
pacctofHun 40 — 50 Mm oT ero koHuos. Takum ob6pasom, B KayecTee
ls, 1, npuHuManu He anuHy obpasua, a PACCTOAHMA MexXAy pUCKamMwh A0
¥ Nocne NpoKaTKu.

Kak nokasanu onbitbl, cnocefb onpegeneHMA NNoOWazu NonepevHoOro
ceyeHus o6pasua nocne MPoKaTKU 4epe3 BLITAXKY flaeT A0CTaTOYHO Ha-
fAeXHble pe3ynbTaTtel TONLKO B TOM CRyuae, ecnu obpasel, COXpaHAeT ycC-
TOMYMBOE NONOXKEHUe B Bankax B TeyeHWe BCero Nponycka, B TOM uYucne
¥ nocne BLIXOAA ero 3afHero KoHUa M3 BBOAHOW NpoBOAKM. B uactHo-
CTH, Takon cnocob pacueTa F | MOXHO C YBEPEHHOCTbIO NPUMEHRTL ANA
obpasuoB KpYrnoro ceveHua, crnocoBHbiX COXPaHATE YCTOWYMBOCTL NpH
NpokaTKe, KaKk B rMaAKuX Bankax, 7ak ¥ 8 kanwbpax. Bo Bcex ocrars-
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HbIX CnyYaAx, BcneacTBuWe CBanWBaHWA 3aAHero KoHua obpa3ua Mpu Bbi-
x0fle ero M3 BBORHOW NPOBOAKW, onpeaeneHwe nnoujaawn ceveHWAa obpas-
4a nocfie NpPoKaTky 4epe3 OTHOWEHWEe ANWH nNpueoauno K Gonbwum to-
FPEWHOCTAM npy  NoAcYeTe 3KCNEPUMEHTaNbHbIX 3HaYyeHUhW Ko3thduum-
eHTa YLLUUpEHUA.

Bona nonepeynon pedopmaunn 06pasuoB He3aBUCUMO OT KX pasme-
poB, (opMbl MONEPEYHOrO CeYyeRUA U KOHMrypauuu kanubpoe, oueHu-
Banacb € NoMouwlblo Ko3arumueHTa yrumpenna ¢ . PacuyeT oO/bITHBIX 3Ha-
YeHAN Ko3ththuuMeHTa ylWMpeHUA BbLINONHANNW credylowmnm o6pa3om:

AF, Fo— Fo,

c = -
v AF Fo_Fon

3HaveHnA nnowaaun F,; oNpeaenANM U3 COOTBETCTBYHIUMX Bbipaxe-
HWN, PpUBeAeHHbIX Aanee.

AHanus BO3MOXHOU NorpeitHocTn 0boux cnocoboB M3MepeHnA nno-
UiaiM  ceyeHna NPoKaTaHHbiX 06pasyucB NOKa3bIBaeT, 4TO WMMKW  MOXHO
NONb30BAaTLCA TONbKN B Cl/lyvae, ecnk. »6xaTne NC BbICOTE 3aroTOBKW
upeBbituadet 10 %. [lpr MeHowunx o0BXKATMHX NOrPEWHOCTb W3MepeHuA
f{ CTEHOBUTCA COM3MEPUMMOV C BERMUMHOM CMELLEYHOl npu NpokaTke
nfowlagnM  MeTansa, B pecynsTaTe uvero pe3ko Bo3pacTaeT owufxka npu
onpeneneHnn  aKcnepriMeHTanbHbIX 3HaueHMW Ko3duumeHTa yLrimpeHua
«,. Kpome Toro, npu o6xatmm Menbwe 10 % no atod e NpuumHe cTa-
HOBWTCA HEOBXOAMMbBIM yu2T (10Tepb MeTanna 8 OKanuHy Npu Harpese,
ftpuYem owunika 6bICTNO pacTeT ¢ yMeHblleHneM 06xKaTuA.

1. YWHUPEHHKE NPU NPOKATKE B MAAKUX BANTKAX,
AWWYHEIX. POMBUYECKNX N OBANbHbIX KANTWBPAX

UccnepoBaHus  nposBosunu  Npu  npokatKe 05pE3u0B  KBagpaTHoro,
NPAMOYTONLHOrO0 U KPYraoro ceYyeHMA w3 yraepoiaMcTon M XPOMUCTON
KOPPO3NOHHOCTONKON CTanu, Mean u anoMWHUA, AnuHa obpasuos 450 —
500 mm. Llenb nriccnegoBaHnA — un3ydyeHuMe BAWRHWA Ha EBCMMUHY Nonepeu-
HOA AedopMauin pasMepoB M (OpMel cedyeHUA 06paslLoB, BefnuUHbl 06-
#aTMA, AWamMeTna BanKoB, (GOpMbi KanMBpOB KW CTENeHW 3anofHEeHWA #X
METannom, TemnepaTypbl NPOKaTKW, uYMCTOTblI MOEEPXHOCTU BankosB W
npoKaTbiBaemMblx 06pasiyos, Bwa NPOKaTLIBAEMOro Matepuana. Pasme-
Dl AWWYHBLIX, POMBUYECKWX W OBaNbHbIX KanuBpoB, B KOTOPbiIX MNPOBO-
aunachk Npokartka, nokasaHbt Ha puc. 19, 20.

lIlpoxarxa cranu. B kavecTBe MCXOAHbIX 3aroTOBOK 6binv B3ATbI 06-
{:@5Uk! KBafpParHOro CeYeHWR co cTopcHow 12, 16, 18, 20, 25 n 28 mm u3
~ranu 45 n C13, npamoyronbHoro (Ao X by) — 16 X 25, 25 X 16, 40 X
X 26 vs ctanu Ct3 un kpyrnoro ceuyeHmAa amameTpoM 11 1 12 mMm M3 ¢Tanwm
¢X13 n 3X13, a Taxxe amametrpom 16, 20, 25 n 30 mMm u3 ctanm 20C,
45 un Cr3. Bcero 6biio npokaraHo csbiwe 600 o6pasuoe npu 1000 -
1180°C. Kpome Toro, wacte 06pa3uoB npokKaTdHa NpW TemnepaTypax OKO-
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Puc. 19. ®opma ¥ pasMepbl KaNUBPOB NPKU UCCNEAOEAHIN YILWpBeHuA

PombBuyecknit K1 K2 Al v K1 K2 K3
Kanvubp Kanuop
h prMM L 6.8 8.4 h pr MM 13 13 13
bp, MM ... 36,0 34,0 bomm .o 26 26 26
B, rpad . ... 21 28 O, PPER - - e 30 23 12
MM 3 5 Fy MM L 4 3 2
F
8 [
(4 él (\\:
gr ‘ ,‘:‘,i
- Puc. 20. Dopwis v PA3MEpbi 0HaMbHBIX
Kanwbpos npu MCCNeaosaun ywiupe
HUR, MM:
Kanubp . . . K1 K2 K3 K4 K5 K6 K7 K3
Ro6p' ....10,0 15,5 19,0 20,0 20,0 22,0 30,0 40,0
h proc 2,5 2,5 4,0 25 5,3 4.8 4,5 7.5
bp ....... 13,2 16,9 23,3 19.4 27,1 27,7 31,8 46,6

no 900°C, uto cootBetcTRyeT HIKHEMY 3H3YEHMI) TEeMNepaTypHOro uH-
TepBana ropAYen NpoKaTku CTanu.

AnA u3yyeHUA BAVAHWA KauecTBa MOBEPXHOCTW (IPOKATHIBAEMbIX OB-
Pa3uoB Ha BenM4YUMHY nNonepewHon gedopmMaunn 4acts OGPAE3LOB KBafpat-
Horo ceveHwA co ctopoHamu 16, 20 v 25 Mm uUMenu WnNOBaHHYKC NO-
BepxHocTb. Kpome TOro, 4acte KgafApaTHbiX GBPasHo= cO  CTOPOHOW
25 MM 6bina npokaraHa nocne NOMHOTO YAANeHWA C WMX MOBEPXHOCTH
CNoA NeYyHOW OKanuHbI, 06Pa3oBaBLencA Npu Harpese.

llpoxarxa medu u amomunua. Yiccrieaosanwa pedopmanyin npoBso-
AN NpU NpoKatke B rNAAKWX U OBanbiHbiXx Kanubpax oBpasuos Kpyr-
noro ceueHna anamerpom 10, 12, 16, 20, 25, 30 un 40 mm uz megn M1
w M2 v anametpom 10, 18 n 20 MM uz anKmMuHMA Mapok ATE u Al
MpokaTka MeaHbIx 06pa3uce ocyulecTBaAfack B puanasoqe of 600 ao
850°cC, anMuHWeBbIX obpasuos — oT 350 po 500°C. Beero 6uino npo-
KataHo 6onee 300 ofpasyos..
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B 3aBUCMMOCTM OT (POPMbI NOMNEPEeYHOTO CeYeHWA 3aroToBKU U Ka-
suBpa 3HadeHwA nnoulann F oy NOACYUTBLIBANM M3 CReAyHoumnX BblpaXxkeHUn*.

MpokaTka 06pa3uoB KBaApaTHOro U NPAMOYTOMBHOCO CeYeHUA:

B FNaAKUX BanKax v AWMYHLIX Kanubpax Foy; = h,bg, rae hy — BbI-
«.7a obpasua nocne npokatku; by — wwupuHa obpasua A0 NPOKaTKW.

MNpokarka o6pa3uoB KBaApaTHOro ceyeHuA:

8 pomMbuyeckux Kanubpax

(hKo - hK 1 ) :

2(1 — tg 8)

- 2

For= Fo — —2riltg 8- B),

‘ne h o — AwaroHans ucxoaHoro Keaapata; h,,, ry, $ — BeicoTa, pa-

JMYC 3aKpYFfleHUA M yron HaknoHa o6pasylouleit poMbuyeckoro Kanubpa;
B OBafibHbIX Kanubpax

) h
arcsin ﬁ+ Ro6p hov 1 —h3/4/?26p —
06p

Foi = 2stp
—ho (2R 5, — h1),
rae R06 — paguyc 06pasyiolleit oBankHoOro Kanubpa; fi, — CTOpoHa
exofHOro Keaaparta; h; — BbicoTa o6pa3ua nocse NpoKaTku.
lMpokaTka 06pa3yoB KPyrioro Ce4eHnA:
B rnagKux Bankax

2 2
2 . / d; d, dy
Fo1= Fol1 — =% (arcsinv/1 — - V1 - )1,
01 ol p o as p
roe do — AnameTp obpasua Ao npokatku; d; — BbicoTa obpasua nocrne
nNpoKaTKu;
B OBaNbHbLIX Kanubpax ,
2 . 2y, Roﬁp . Yo
Fo: = F(,{1 — — [arcsin - p aresin ——— +
n [} 0 05p

2y,
T @R, — a1

2
di 4Ry, —di= d;/d, 2
d, 2(2R .~ d,)

+

rae yo = 0,6do V1 — [
o6p

PesynuTaTtbl uccnepoBaHwit nNpusegeHst Ha puc. 21 — 46. AHanus nony-
YEHHBIX 3KCNEPUMeHTanbHbLIX AaHHLIX MO3BOMAET CAenaTth Cleaylwme
:>CHOBHble BbiBOAbLI OTHOCUTENBHO XapakTepa pacnpefeneHna aedopma-
{4 NPU Pa3NKUUHLIX CyYaAX NPOKaTKW,

1. B 3aBucumoctu oT ycrnosuiA npokatku nonepeuHaa pecdopMaumA
MOMXET COCTaBMATL CYLIECTBEHHYI0 4acTb OT CMelweHHoro obwema Me-
vanna. OcobeHHo 3HauuTenbHa AONA nNonepeyHoN aedopmauuvu npu nNpo-

* Boisoa BblpaXkeHuilt anA F,, B 3aBUCUMOCTA OT (HOPMbI CEYEHUA 3AroTOLKH
v kanwbpa npuseaen B rn. IV
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Puc. 21. Ywmupenue wkpyra guametpcm 10 mm (meab M1, M2} npwu 730 — 760°C &
FA3AKNX BanKkax 4MaMeTpPoOM, MM:

71— 180; 2 -- 240; 3 - 350

Puc. 22, Yuimpenue kpyra amametpem 16 mm (ctans Cr3) npu 1100 — 1150°C & rnaa- . ‘

KuX Bankax guamerpom 240 mm (7) 1 350 mm (2)

KaTKe B rnaakux Bankax. Tak, Hanpumep, Npu nNpoKaTKe Kpyra fgua-
metpom 10 mMm um3 mean M1 B rpnagkux Bankax agvametrpom 350 mm
(pnc. 21) pona nonepeuwHoit aecopMaumm pocturaer 74 % OT CMelieH-
Horo ob6bema, T.e. B 2,7 pasa npesbiltaeT obbemM MeTanna, nepemeiaemMo-
ro B NPOAONBHOM HanpaBfieHun. ‘

2. C yBenudeHuem p[uamMeTpa NPOKaTHbIX BanKoB AONA MOMNEPE“HOM
fedopmaumn npu npokatke Bo3pactaeT. Tak, fipu nNpokaTke Kpyra aua-
meTpoM 16 MM u3 ctanu CT3 B rnagkux Bankax amamerpom 240 mm
MaKCuManoHana BenuumHa KoadhdgmumeHTa yiumpeHna coctasuna 0,58 (pwuc.

22}, B 1O BpemMA Kak B Bankax Awametpom 350 mMm Npu Tex e ycno-

BuAX npokatku — 0,65. lMpu npokaTke MedHbix 06PA3UOB AMAMETPOM
10 MM yBenuueHune aunametpa sankoB co 180 ao 360 mm (cm. puc. 21)
npuvBeno K ysenuyeHnto kostdurumenta ywupedmna 8 1,2 pasa (c 0,60
o 0,74).

AHann3 nomy4YeHHbIX 3KCMEPUMEHTANbHbLIX AJdHHbIX OTHOCUTENLHO BU-
AHWA BbLICOTbI MCXOAHOW 3aroToBku (hy wnn dy) wn anamertpa npokat-
HbIX BanKoB MOKa3blBaeT, 4TO BO3AENCTBUE 3TUX (HAKTOPOB Ha Benuyu-
Hy nonepeyHoi aedopMaunMn vMeeT NPOTMBONOJIOXKHbI XapakTep, OA-
HAaKO B KOMWYECTBEHHOM OTHOLIEHUW OHO NPUMEPHO OZHO U TO *e. [Opy-
fMMK cnosamu, Mpupaudledue nonepevHol aedopmauny Npuw  yBenuueHnu
AWameTpa BaNKoB NPUBNN3UTENBHO PaBHO YMEHBLLIEHUIO €e MNPU TaKoM
e OTHOCMTENIbHOM YBeNWYyeHUW BbICOTHI WCXOAHOM 3aroToBku. Hanpwu-
Mep, Kak BWAHO W3 puc. 22, yeenuyeHue anametpa Bankos ¢ 240 no
350 mm, T.e. B 1,45 pasa, npuBeno K BO3pacTaHWI0 MaKCUManbHOW Benu-
YMHbI  Ko3thhUUMEHTa YWUPEeHUA €, NpuM NpoOKaTke Kpyra AuameTpom
16 mMm u3 ctanm 45 n C13 ¢ 0,58 ao 0,65, T.e. npubnusntensHo Ha 12 %,
a npyv nNpumMepHO TaKOM YBeRWYEHWM AMAMeTPa UCXOoAHOW 3aroToBku (c
16 Ao 25 MM) mMakcumanbHaa BenuumMHa KO3GUUMEHTA €. YMEHbLWKU-
nace ¢ 0,568 (kpusan 7, puc. 22) po 0,50 (kpusaa 7, puc. 38), T.e. Ha
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14 %. K 3TOoMy ke 38KMOUEHWUI0 MOXKHO NPUATKH, aHanu3mpyA pesynbrarel
NpoKaTku MeaHsiX obpasuos (cm. puc. 21, 27).

Takum 06pa3oM, pe3ynbTaTel NpPUBEEHHbIX 3KCREPUMEHTOB MoATBEP-
WASMOT CROXKUBLLEECA TMPEACTaBfleHMe O TOM, 4YTO B KauyecTse napameTpa,
XapaKTepu3yloulero CyMMapHOe BO3AeHCTBME YK&8a8HHbIX ABYX (DaKTO-
pPOB Ha BenuWumMHy nonepevyHoH RechopMaummu Npu npoKartke, MOXHO pac-
cmatpueats oTHoweHne D/ho,nm6o ANA 3arOTOBOK KPYFNoro ceueHus,
D/do.

3. CpaeHeHue pe3ynLTaTOB NpoKaTkin B rnagkux Bankax o6pasuos
¢ pa3nuyHoW thopMoOW nNonepeyHOro cedveHusA NOKa3sbiBaeT, 4TO AonA no-
nepeyHoir aecopmaumu 06pasUOE KBaApaTHOro CeyeHWA 3aMETHO MeHb-
we, yem obpasuoB Kpyrnoro cededmAa. Tak, u3 puc. 23, 24 BuaHO, 4TO
MaKcuMasnbHoe 3HaueHue koadduumeHTa ylMpeHWA NpU NpoKaTke Ksap-
pata 20 w3 ctanu Ct3 cocraBnaer 0,42, a anA kpyra AMaMeTpoMm 20 mm
B Tex e YCnoBuAX 3Ta BenuuuHa pasHa 0,65. [lonA nonepeuHoi Aedop-
MaLuuM Npy NPoKaTxe NPAMOYIONbHLIX 06PasUoB MPU MNPOYUX PaBHbIX
YyCNOBMAX ONpeAenfeTcA COOTHOLEHWEM LUPUHLL WU BbICOTb! (bo/h o)
WCXOAHOFO NPAMOYTFONIbHOrO CeueHWA: uem Gonblie oTHoweHne bg/ho,
TeM MeHblle A0nA nNongpedHoV pemopMaunu. Tak, CpaBHUBaA BeNUYUHY
ywMpeHua npu npokatke kBagpatos 16 X 16 mm u 256 X 25 Mm 1 06-
Pa3uoB NPAMOYrONbLHOro ceveHua pasmepom (hg X bg) 16 X 25 mm b:
25 X 16 mm (puc. 25, 26}, BMAUM, YTO YyBenuueHue WIMPUHbI UCXOAHOW
3aroToBKK € 16 20 25 MM MpUBOAMT K YMEHbIJeHWO AONU NonepevHOR
aedopmauumn ¢ 0,45 po 0,31, v.e. npumepHo 8 1,5 pasa, a ymeHbweHWe
wmpnHbl ¢ 25 MM Ao 16 MM — K yBeniyeHuio Aonu nonepeuHon Aedop-
mauum ¢ 0,38 no 0,50, r.e. npumepHo B 1,3 pasa.

by
0,50

g40

030 420 430 040 Ad/d,

220 ] | L] .
o g20 430 040 030 Ah/h,,

Puc. 23. YwupeHue 3arcTOROK Kg8aapaTHOrO ceueHwA (ctan. CT3, crans 45) B rnaa-
knx Bankax (D= 240 mm) npu 1050 — 115_0°C : )
7 — kesagpat 12 X 12 MMm; 2 — kBaapaT 16 X 16 mm; 3 — kBaapaT 20 X 20 mm; 4 —
kBaapat 25 X 25 Mm; 5 — kBaapaT 28 X 28 mm

Pue. 24. YwmpeHue 3aroToBok Kpyrnoro ceuedHuA (ctans CT3, ctens 45) B rnapkux
sankax (D= 240 mn:) npu 1100 — 1150°C, AMAMETPOM, MM
71— 16 Mmm; 2 — 20 Mm; 3 ~ 30 Mmm
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Puc. 25. Ywupetue zarotosok KBag
PaTHOro M NPAMOYIONBHOro ceueH
B rnapkmnx sankax (D= 240 mm) npu 1100 — 1150°C: un {orans Cr3)

1 — xBagpat 16 X 16 Mm; 2 — npAMoyroneHuk (A X ) 16 X 25 mm
Puc. 2B. YwupeHue 33roToBoK KBaapaTHOro W n
PAMOYrONLHOro -
1150°C {crans Ct3) B rnaakux sankax (0= 240 mm) : ceneran now 1100
7 - kBappat 25 X 25 MM; 2 — npAMOYronsHuK (A X b) 25 X 16 mm

4. Heszasncumo OT DOPMbl TNOMEPEYHOTO CEYEHUA W mMaTtepuana mexop-
HOW 3aroTOBKM BenuunHa Ko3aduumneHTa YIWIMpeHuA € Bo3pacTaeT ¢ ymeHL-
WweHMeM ee BbICOTbl. Tak, IpU nNpokaTke KBagpata 28 w3 cranum Cr13 B
rnapkux Bankax (puc. 23) pons nonepeuyHoW pAedbopmaumMu cocTaesmna
MakcumanbHo okono 35% ot cmeu.leHH‘oro" obbema, B TO BpemMA KaK ANA
kBagpata 12 npu Tex >xe YCNOBMAX 3Ta BenwuwHa pocturaet 51 %. Mpwu
npokatke kpyra avamerpom 40 mm m3 meau M1 B8 rnaakumx Bankax Ha-
nbonbwaA BenuuuHa nonepedHoW paethopmauumn coctasnrer 0,38  (pwuc.
27), a npu npokartke kpyra anametpom 10 mm — 0,66 %.

5. Hesasucumo oT GOpMbl NOMNEPEYHOr0 CEYEHUA WCXOAHbIX 3aroTo-

Cy
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Pue. 27. Ywupeuune 3arorosok KpYrnoro ceyeHus (
< meab M1, = °
B FNapKUX B8aNKaX AUAMETPOM 240 MM: # W2) mow 780 = Bs0"c

1—10MM; 2—- 16 MmM; 3 — 20 mm; 4 — 30 mm; 5 — 40 mm

Puc. 28. Ywmupenue kpyra avametrpom 16 mm (ctans 20) B rnagkux Bankax:
7 - 1100 ~ 1150°C; 2 ~ 900 — 950°C
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HOK  AOAA  ponepeyHoli AehopManyn npy Npoxatke B MNAgKWX Bankax
LEMNYIMBABTCA © POCTOM OBXkaTws, AOCTUFaR MaKCUMYMa npu oGKaTu-

110 BLICOTE 2aroTOBKM PaBHEiX 35 — 45 %; npw AanbHenwsm yeenn-
cHUM  OBXKATUA  BENUYMHA KOIFPMMUNEHTA YILIUPEHUR YMeHbludeTea, Ta-
LA xapaktep 3aBUCMMOCT¥ fonepedroh Aediopmaumnii OT 0GXarua  co-
LAHABTCA ANIA BCEX KCCIEROBaHH»X MATepHanos, OAHAKO anA MepHbIX
aNOMMHMEBBLIX ©BPa3u0B MaKCUMYM  YilKDeHus CcMeules B CTOPOHY
GELWAX  OBXATUN no cpapBHeHmoo © obpasuamm wmz cvanu. M3 puc. 24,
©7 BMAHO, Y4TO KOIDAMUMEHT YUIMpeHWA C(TasfibHbix 06pa3uoB AOCTUrE-

MAKCUMAaNbLHOMO 3HaveHyA npu ofwarmsax (40 — 45 %), a MedHbix
C anwMuHMEBbIX oBpasuoB — nou oGxatusax oxono 35 %.

6. MpoxaTka cTaneHbix OCPa3LOB fPU PANUUHBIX TEMRepaTypax fo-
(azana, 4TC M3IMeHeHue TemnepaTypbl NpoKaTku 8 Avanasore 900 —
1150°C HezHauUTeNsHO BRWAET Ha COOTHOLWEHWE MeXAy MOMepedyHcin u
iDONONBHOW  Acopmaumama.  Mpy noSsiUeHMn  reMnepaTypsl  Hpoxar-
i 0BpasyoB KPyrnoro CeYeHwWR diaMeTpoM 16 mm k3 cTanm 20 v ana-
seTpom 25 M w3 ctanm Ct3 ¢ 900 ao 1150°C {puc. 28, 38) aonA no-
/i2peYHOV AechopmMaumu ymeHbiamnack ¢ 65 ao 63 % v ¢ 57 po 50 % co-
OYBETCTEEHHO. [IpumepHe TexaA ke KapThHa HabnoAsnace Npu Npokat-
e UBPasLOB KBAAPATHOTO CeueHua paszmepom 16 X 16 mm us ctanu Cr3,
npokaTaHtbeix npu 900 u 1100°C. Yumpenne o6pasuoB u3 cranm 2X13
inme. 3B} npu TemnepaTypax npoxatku 900 wu 1050°C Takke okazanack
GREKTUYECKW OAMKEKOBbIM.

BanAHWe TemMrepaTyph! TPOKaTKU Ha  yulMpeHde Mean n 2JIIOMWHURA
LHonee 3aMeTHO, OCOBeHHO NpU TEMNepaTypax, COOTBETCTBYHLMX Bepx-
reMy Npepeny TEMMepaTypPHOrc wHTepBasia ropAdve’ MpokaTky 3Tux me-
rannoe. B uacTHOCTH, ANA MeAHLIX 0GPasycB nossilierve TemnepaTypbl
npokaTku ¢ 700 ao 8507C swiabimacT yMeHuiueHwe [AONM NONEPeUHON
sacopmauuy npubnusntensio Ha 7 — 10 %, B 7o BpeMA Kak B WUHTeR-
sane of 600 no 7007C BawAHke TemnepaTyps! H@ YLIMpEHUE 3aMeTHO
vieHble, YwwmpeHue amomunneseix oBpasucs & wntepsane 300 — 450°C
faKoke Mano 34BMCMT OT TeMPepaTypbl, OAHAKC NOBbilleHWe Temnepa-
iypbl Gonee 450°C BbI3bIBAET 3aMeTHOE yBenuyeHwe LONMWU NOMNepe4yHou
Aethopmanu.

7. NpokeTka 06pasuos8 ¢ PasnuyHblv KaYeCTEOM NOBEPXHOCTW He no-
«A3ana 3aMeTHOW pasHWUel B SeRwuvHe nonepeurow pedopmaumn. [o-
HUAMMOMY, 3TO ODBACHAETCA HanuuMem Ha ROBepxHocTh o0bpa3uos cnor
OKanMHbl, KOTOP&I? WM OnpesdenReT B GCHOBHOM YCNOBMA TPEHWA Me}Ay
QuAKaMM M nNpoKaTtbiBseMbIM - Metannom. Kaik noxazanu onblTel, none-
pesHan Aedopmaumns oBpasLoB, C NOBEPXHOCTY KOTOPbIX fnepea npoKat-
<ol GbIN yganeH cnoit NeYHON OKanuHb!, HeCcKofbKo Bonswe, vem o6-
$asyoB C OKanuHoOMN.

8. Kak w criepoBanc OXWAath, AO0JA rnofepedHod aecdopmaunn npm
npoKatke B Kanubpax 31 CYeT MPOTMBOZEACTBUR CO CTOPOHbI BOKOBbLIX
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CTeHOK Kanwbpa oOKa3sanacb CyLIeCTBEHHO MeHblie, 4YeM NPpuM MpokKaTke
B rnaakvx Bankax. MMpu 3Tom, uyem Gonblue cTeneHb cTecHeHWA Kanub-
pa, T.e. YEM MeHblLe COOTHOLUEHWE MEXAY €TO UIMPWHOM U BbLICOTOW, TeM
{Npu npouMx paBHbIX YCROBWAX) MeHbLLIE [ONR NONEPIYHON AedhopMa-
umMn. Wckniovenne npeacTasnrRer ciydvai NpokaTku obpasuyoB kBappat-
HOrO Cce4YeHUA B OBanbHbix Kanubpax c¢ obxatnAmn, mexbummn 15 %
(Ah/ho < 0,15). 3pecb aonA nonepeynol pehopmaumn Takad e Wnu
paXe Heckonbxo 6Gonblwie, Yem npu Tex xe oBkaTWAX B MaKnX Bankax
{puc. 33). 310 MOXHO OGBLACHUTL TeM, YTO MpL MNPOKaTKe B 0OBaNbHOM
Kanubpe KBaapaT MepBOHaYanbHO 06KMMAETCR He 1O TPpaHAM, Kak B rnap-
KUX Bankax, a No yrnam npodwuna, 4TO U Bbi3biBaeT yBeNVYEHWe Nonepey-
novi aedpopmaumn. Mpu Gonbuimx 0BMATUAX 3TO yBENWYEHWE NONEPE4HOW
AechopMaumMn  KOMMNEHCUPYETCA €€ MOCNEeAYILM yMeHbLUEHUEM 3a cueT
noanupatowlero AencTena cTeHok Kanubpa.

9. Mpw npokaTke B Kanudpax BAWAHWE BenUuWibl 0BXATHA HE COOT-
HOLUEHME MeXAy nonepeyHon W NpogonbHoW AeopMauuAmMU  3aBUCUT
ot dopmbl Kanwbpa. Tak, npu npokaTke NPAMCYTOibHONW 3aroTOBKMW
8 AWMYHbIX Kanubpax (puc. 29) BenuuuHa noflepeutoi  Aedopmaimu
B WCCAenOBaHHOM auanasone obwatun (Ah/hy = 0,2 — 0,4) mano 3a-
BUCUT OT BeNMUMHbI 06XKAaTMA W ONpejendeTcA B OCHOBHOM yrAOM Ha-
KJioHa BOKOBLIX CTeHOK Kanubpa (p): 4em meHblie yron Haknola 6o-
KOBBLIX CTEHOK OTHOCWUTENLHO BeEPTUKaNbLHOW ocu kanubpa, Tem mMedslie
Ko3thmumeHT ywunpenua. Kaxk BuaHO n3 puc. 29, oTHOCUTeNbHaA Das-
HWUA B BenuuuvHe Ko3dpuuneHTa c, B Kanubpax C yrnom ¢ paBHbIM 120
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Puc. 29. YwmpeHune 3aroTOBOK MPAMOYIOALHOIO cedeHUA (A X b) 40 X 26 mm lcrane

C13) npu 1130 — 1150°C 8 rnaaxwux Bankax {kpuBaR 7) u AWWUHBIX Kanub K
(2). K2 (3), K3 () pex. X

Puc. 30. Ywupenne xBaapata 18 X 18 mm (crans C13) npw 1100 — 1150°
weckux Kkanubpax K1 {7), K2 {2) P S07C & pomtu:
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Puc. 31. Ywupetve ksagpata 12 X 12 mm (crane C13) B rnaaxkux Bankax AunaMmet-
poM 240 mm (kpueaa /) wn osanbHOM kannbpe K2 (kpuearm 2) npu 1050 — 1100°C

Puc. 32. YwwupeHne keaapata 16 X 16 mm (ctans Cr3) npu 1100 — 1150°C 8 rrag-
Kux Bankax aguamerpom 240 mMm {kpuear 1) u osaneHbLIXx Kanubpax K7 (2), K6 (3),
K5 (4)
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Puc. 33. Ywuperne xeseapata 20 X 20 mm {ctane C13, cTans 45) an’ 1100 — 1150°C

B rna,;:u(ux BanKax awameTpom 240 MM (Kkpuear 7) u oBanbHbiX Kanubpax K7 (2)
v K6 (3) ’

Puc. 34. Ywuperne ksagpara 25X25 mm (ctane C13) npu 1100 — 1150°C & rnaakux
Bankax anameTpoMm 240 MM (kpuean 7) u oBanbHbix kanubpax K8 (2), K7 (2

n 30° pocturaer 20 %. B pomBudeckux v OBanbHbix Kanubpax BnusHue
06XaTMA Ha BeAMuMHy nonepeyHor pecdopmauumn 6onee 3HaYUTeNsHO.

10. Ywwpenune npit npokatke B poMbuyeckux kanubpax tem MeHbule,
yem Gonbwe Yron HaknoHa 06pasyowen K ropuaoHTanbHoW ocu kKanwG-
pa (Bf). Tak, npu opHOM W TOM e OBXKaTWM (AhK/hKo =~ (0,3) ponn
nonepeyHon AaedpopMaumn Npn nNpokatke B kanubpe K1 cocrasnmer oko-
no 40 % (puc. 30), a vo spemA Kak B kanubpe K2 — okono 28 %. C
pocToM oOf6XaTHAR AonR nonepeyHow pedopmauum 8 pombuueckom Ka-
nmbpe yMenswaeTcA, npwieM Tem 3HaynTencHee, yem Gonbwe yron .
Ha puc. 30 BmaHo, yto npu yeenuvexun obGxatun ¢ 0,2 po 0,35 senu-
wiHa nonepeuHod pedopmaumm npu npokarke B kanubpe K1 ymeHbusa-
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Puc. 35. Ywupenue xaagpata 28X 28 v (evans Orvl) ripw 1120 - 1160 OC B rnaakux
Bankax anameTpoM 240 mm {kpusan 7) v oBansuom kanubpe K8 (xpusan 2)

Pwc. 36. Ywupenue xpyra avemerpom 31, 12 mm  {crans 2X13, 3X13) B rrankux san-
kax {kpuaste 7, 2, 5} v osansHOM ranmtm K2:
7 — 11 Mm, QOOOC 2~ 11 amm, 1950° [oSC A N VIV JOO C 4 — 11 mm, 1050° C;
5—12 tim, Ho&’; -+ 12 mm, 1100°%C
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Puc. 37. Ywwupenue kpyra auametrpom 20 mm (crarne C13, ctane 45) npu 1100 — 1150°¢C
B TNapKUX BanKkax AuameTpcm 240Mm (kpusble 1,5) v osanbHbix kanuépax. Kpusbie
5, 6. 7 — 06pa3ust co wnndOBaKHO i NOREPXHOITEG!

B K7 {2 6),8 K& (3 7}, 8 K5 (4)

Puc. 38. Ywmpenve Kpyra avaMerpos: 25 My {cTans C13, crane 20) npw 1100 — 1150%C
B FM3AKUX BanKax Anametpom 240 mw {kpuisie 7, 2} M oBansHbIx Kanutipax:
7 —1100-1150°¢C; ; 2920~ JBOCC, 3--KB: 4d—- K5

ercA ¢ 0,5 po 0,3, unv na 40 %, a npu rex ke ycnoamnx B8 Honee TtecHoM
Kambpe K2 — ¢ 0,45 80 0,18, unn 8 2,5 pasa.

11. Mpu npokaTke B oBanuHeIX Kanubpax obBpasyos Kak Kpyrnoro,
TaK W KBagpaTHOTC CEUEHWA AONA MOFEepedHon aediopmauny TeM MeHb-
we, 4eM Gonbiuve ofxarve n Menswe paguyc obpasviouled kanmbpa. Tak,

npy npokatke Keagpara 18 X 186 sm u3 cranm C13 8 xanubpe K5 {cm.
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Puc. 39. YwupeHue Kpyra anamerpors 30 mm {ctane CT3, cTark 45) npu 1130 — 156°¢
B8 FMAAKWAX Banikax anaMeTpon 240 mm (kpusan 7) v oBanbHOM wanubpe K8 {kpusar 2)

Puc. 40. YwupeHune kpyra avamerpom 10 mm (meas M1, M2) npu 7580 — 780°%C s rnaa-
KWUX Bankax anamMeTpom 240 mMm {Kpueaa T) w oeasibHeIX Kanubpax:
K4 (2}; K2 (3); Kt (4)
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Puc. 41. Ywupenne kpyra auvametrpom 12 mm (meas M1, M2) npn 750 ~ 800°C s
rnapkux Bankax anametpom 240 MM (kpuBaa 1) 1 osanbHbix KanuGpax:
8 K4 (2); 8 K2 (3)

Puc. 42. Ywmpeuve kpyra anametrpom 20 1 30 mMm {meas M1, M2) npu 800 — 850°C
B FNaakux sankax anamerpom 240 MM 1 8 GBanbHeIx Kanubpax:
7 — B rnaakux sankax, Kpyr AnameTpom 20 mm; 2 — 8 K7, kpyr avametpom 20 mm:
3 — B K5, kpyr auameTpom 20 MM; 4- B rrapkix BanKax, Kpyr guametpom 40 mm;
5 — B K8, kpyr anametrpom 40 mm
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Puc. 43. Ywupenne kpyra Avametpom 10 mm (amtomunnii A7E) npu 370 — 400°C B
FAapkux sankax anamerpom 180 mm (kpusan 7) m guameTpom 240
W B OBanbHbix KanuBpax: P M {puzan 2)

8 K4 (3); 8 K2 (4): 8 K1 (5)

Puc. 44. Yiuupenue kpyra anametpom 18 MM {anomununin A7E} npn 380 — 420°C

B .l;ga?;)nx Bankax avamerpom 240 mm (kpuaan 7) u oBaribHbIX xanubpax 8 K7 (2):
. ;
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Puc. 45. Ywupenue kpyra auametpom 10 mm (aniomununit AQ1) npu 370 — 400°C s
rnanKux Bankax AuameTpom 240 mm (kpuean 7) W 8 OBanbHLIX kanubpax K4 (2};
K2 (3); K1 {4)

Puc. 46. YwupeHne kpyra anamerpom 20 mm (amomunnwia AAT) npu 400 ~ 420°C o

fRanKux Bankex AUaMeTpom 240 MM (kpuear 1) w B8 oBanbHbIx KanuBpax K7 (2);
K5 (3)
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puc. 32), Aonam nonepeuroil pedopmauuu npu obxatum 0,22 coctasnA-
et 35 %, a npu 45 Bcero 15 %.

WccnepoBaHuA nNokasanu, 4TO 4eM MeHbLle paanyc obpasyroileid Ka-
nubpa, Tem 3HauyntenbHeW BnWAHWME 06XKaTWA Ha BeNMYyMHY RNoNepeyHon
necdopmaunn. Tak, npu npokaTke o6pasuoB auvametrpom 10 Mm u3 anio-
muHua mMapkun A1 (cMm. puc. 45) B wannbpe K4 npu ysennueHnmn ob-
watui ¢ 0,25 po 0,45 sennuyuHa KoachdmumeHTa YLIWWPEHUA YMEHbLLIUach
¢ 0,62 no 0,52, T.e. npumepHo Ha 16 %, B TO BpeMA KakK ANA TOro xe
WHTepBana obxarTuh, HO nNpu npokatke B 6Gonee TecHom kanubpe K1,
yMeHbluesne koadinumenTa ywwupeHna coctaewno 6onee 50 %. AwHano-
rwyHaAa KapTWHa HabniopaetcA NPU NPOKATKe B OBanbHbiX Kanubpax 3a-
roTOBOK KBaApaTHOro CeYeHunA.

N3 cpaBHeHWA pe3ynsbTaToB NPOKaTKW B 0OBanbHbiXx Kanubpax obpas-
UOB KBaApaTHOTO W KPYTFNoro ceyeHud BWAHO, YTO MPW OAWHAKOBLIX Jin-
HeAHbIX pPaszMepax WX nNoNepeyHoOro ceveHuR (CTOpoHa KBaapaTa pasHa
IMameTpy Kpyra) ylwiupeHue KeaapaTtHeix obpasuos (puc. 31, 33 — 35)
8 Tex e Kanubpax npu Tex e obxaTuAX B cpeaHemM npumepHo Ha 30 %
MeHbLLe, YeM obpa3uos Kpyrnoro cevyeHuna (puc. 37 — 39).

12. Kak u crnepaoBano 0XupaaTh, UCCNeNOBaHUA MNOKAa3afu pPasNuuHyI
SKAOHHOCTL K YIIWPEHWIO pazHbIX MaTepuanos. Tak, ylWupeHue Xpomuc-
TbiX craned 2X13, 3X13 (puc. 36) Heckonbko Bonbuwe, 4Yem yraepoauc-
ibIX (ctans 20, 45, Ct3) v Ha 10 — 15 % Bblwe, yem 06pa3uoB TOro Xe
avametpa n3 meanw M1, M2 (puc. 41). CpaBHuBaA paHHbie, NPUBEJEHHbIE
Ha puc. 37, 39 n 42, Buaum, uTo ywunpenue ob6pasuoB u3 yrnepoaANCTON
cranm Ha 7 — 10 % 6onblwe, yeM MegHbIX 0BpPa3uoB TOro e Awamer-
pa U NPUMEPHO TaKOe >Ke, KakK YliMpeHue o6pa3ucB U3 antoMUHUA MapoK
A7E v AQl1 (puc. 44, 46). B To e BpeMA ylinpeHue MefHbIx obpas-
UOB NpW MOHWXeHHbIX Temnepatypax (puc. 40) Bcero Ha 2 — 3 % MeHb-
we, 4eM anioOMUHMEBLIX Toro e auametpa (puc. 43, 45). B obwem Ha
OCHOBaHWM MPUBEAEHHbIX ONLITOB MOXHO 3aK/t0YUTh, YTO pasHULAE B YLIMU-
pPeHUN MaTepuanoB, WCNOML30BaHHbLIX B AdHHbLIX WCCNEeAOBaHWAX, CpaB-
HUTENLHO HEBenuKa W HaxoautcA B npeaenax nopAaaka * 10 % oT ywwn-
PEeHUA yrnepoaucTon crtanwu.

2. YWWPEHUE NPY NPOKATKE B KBAAPATHbIX
W KPYTFNbiX ABYXBANKOBbLIX KAMTUBPAX

YacTe 0b6pasyoB, NpokartaHHbIX B8 FNagKUX Bankax M B OBanbHbIX Ka-
nmbpax, uCcNoOnb3oBanacb 3aTeM B KayecTBe 3aroTOBOK ANA UCCNeao0Ba-
HUA fAedopMauMn Npn MNpOKaTKe B KPYrAbIX U KBaapaTHbix kKanubpax.
MpokareiBann ctanetbie (Crans 45, C13) u meanble (Meab M1 u M2)
obpasubl B Kpyrnbix avametpom 8, 10, 13,2 n 21 mm u KBaapaTHbIx
Kanubpax co cTopoHoit kBagpata 12 u 16 mm. TemnepaTypa NpoKaTku
8 3aBUCUMOCTW OT ceuenuA obBpa3ua Haxogwnacb B nNpeaenax: AAA CTanb-
HbIX oBpasuos ot 1050 no 1150°C, ana mearbix ot 700 ao 850°C.
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Ocofoe BHMMaHWE NpW NPOBEAEHWW ONbLITOB YAENANoch obecneyeHnio
YCTOWYMBOro MONOXEHUA MpoxaTbiBaemMoi nonocki B Kanubpe Bo Bpe-
MA nponycka. 370 cBA3aHO C Tem, Y4TO B YCMOBUAX MONHOro UNM Moyt
NONHOrO 3anofiHeHMA KBaapaTHOro WM KPyrnoro kanubpa Merannom
. faXe He3HauMTenLHoe OTKOHEHVWe NOoNIoCbl OT BEPTUKANbHOro MonoXKe-
_HWA NPUBOAMT K CYWECTBEHHLIM MOTPELUHOCTAM MpuU onpeaeneHwn Be-
ANYUHB: nonepedHon Aedopmaumn. Tem He MeHee, HECMOTPA Ha Twia-
TeNbHYt YCTaHOBKY NPOBOAKOBOW apmaTypbl, B HEKOTOPLIX Cny4YaAx
HabNOLANOCh CBanNUBaHWE 33AHETrO KOHLA ONOCH! MOCAE BbLIXOAA €ro W3
BBOAHON MNPOBOAKM. OTO, €CTECTBEHHO, WCKJYMNO BO3MOXHOCTbL Onpe-
JeneHyA NAOLLEAM CedYeHUA 3ITUX 0oBpasuoB Yepes OTHOLWEHWE ANMH W CO-
OTBETCTBEHHO NOBLICUNO TpeboBaHUA K TWaTeNlbHOCTU WU3IMEPeHun paz-
MepoOB ONepeyHoro ceseHWA oBpasLoB Nocne NpoKaTky.

B npouecce WCCNEZOBaHUA U3yyanach 3aBUCMMOCTb  pacnpeaeneHuR
aedbopMalmMmn Npu npokatke OT BeNWYUHbI ofxkaTwA, pasmepos kanubpa,
CTENeHN 3anofiHeMWA Kanubpa MeTannoM W KpWBM3HbLI NMOBENXHOCTW Mo-
MepeuHoro CeyeHWA WCXOAHbIX 3aroToBOK, onpeaenAeMoil paguycom o0b-
pasytoweit osarnbHoro kanubpa, B KOTOPOM NpeABapuTefibHO NPOKaTaHbl
3aroToBKMU.

Kak W npu npokaTke B rNagkux Bankax W OBanbHbIX Kanubpax, an
MedHbIX 06pa3loB B KayecTBe TeXHONOTUYECKOA CMAasku WCronbL3oBalu
IMYNBCMIO, CTanbHbie 06pa3sibl NPOKaTLIBaNW C BOAOW.

B oTAnuMe OT WUCCNeaoBaHWF: NpoOKaTKWU B FNaaKux Bankax, ALLWMYHbLIX,
pomBuueCknx W OBanbHbIX Kanubpax, rae Npu YCTaHOBNEHWUN CBA3N Mex-
AY yluMpeHneM M o6>kaTMeM BeNW4MHa NoCNeAHero BbipaXkanach Kak Ae-
hOpMaumMA Mo° BLICOTE 3aroTOBKW, NPU NMPOKaTKe B KBAADaTHBIX W KPYyr-
nbIX Kanubpax B Ka4yecTBe Mepbl 06XaTWA NPUHUMAENOCh OTHoOLIeHne

Fo— Fo, AF

e = — = .,
FO FO
rae Fp, — nnowaab cedeHnA obpa3ua Ao NMPOKATKW; AF -~ cMmeleHHaA
pnoutagb MeTanna npu NpokaTke B [aHHOM KBAApPaTHOM W KPYrnom
Kanubpe.

370 CBA3aHO C TeM, 4TO BbicOTa NOMOCbl, BXOAAlUEW B KBagpaTHbIA
UNW KpYrnbiWA Kanubp, Kak NpaBWno, He paBHa LUWpUHE NpeALIecTBYto-
uiero pom@uyeckoro unu oBanbHoro Kanubpa u, cneposatenbHO, ABNA-
eTCA BefIUYMHOW HeW3BecTHOM paxe npu W3BecTHOW nnowlagn cedvewnn
nonacki. MMO3TOMY WCMONLIOBAHWE 34ECb B KawecTee Mepbl 06XatuR pe-
dbopMaumm no BbICOTE 3aroTOBKM 3aTPyaHWNO 6bl NPaKTUyecKoe nucnonb-
30BaHWe NONYYEHHbIX 3KCMEePUMEHTAnNbLHLIX AaHHbIX B pacyerax Kannb-
POBOK Bankos.

BenuunHa nnowaan Fo,; AnAa ob6pasuoB OBanbHOro cevyeHWA onpeae-
NANack U3 CneayloUnX BbiParkeHNUN

npu NpoKaTKe B KBaapaTHbIX xanubpax
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2
(2R06p +hK _hl) ];
NpU NPoOKaTKe B ABYXBANKOBLIX KPpyrabix KanVi6an

4R?
Foi = 08 d7 [+ —22P— arcsin —2—
K Roﬁp
o2z 2z, h 2R
— arcsin —— — ° I [ e6p _ 4 )]
d d? d, '

K

rae dK — AMaMeTp Kpyrnoro kanubpa;

2
hi (4R, —hl—df< /h))?

-h,)z

6p
2
di 4(2R

zg = 0,5d_/1 —
o6p

CreneHb 3anonHeHWA KBaAPaTHOrO WNWU KPYraoro Kanubpa mertannom
BbipaXkanacb oTHOWweHWemMm b,/b , rpe —

o bK L e Kannﬁpla_ o B b, WMPKUHE NPOKATaHHOro npo-

PesynbTaThl uccnepoBannii gediopmaunn npusepeHb) Ha pvc. 47 — 49.
AHANN3 3IKCMEPUMEHTANBHBIX AaHHBIX NO3BOAMN CAENaTh cneaytouime Bbi-
BOAb!:

1. PacnpegeneHve pedopmaumm npu npokaTke B Kpyrnelx U KBaapaT-
Hbix Kanubpax 3aBMCUT OT CTeneHw 3anonHeHWA Kanubpa meTannom, npu-
4eM 4em Oonblie 3aronHeHwe Kanubpa, Tem meHble pgonAa nonepeyHoON
Aepopmaunm. Hanpumep, npu npokaTtke B KBagpaTHOM kanubpe co cTo-
poHoit 16 mMm {puc. 49) npu 3anonHenun kannbpa Ha 90 % senuunna
Ko3(bhULMeHTa ylmpeHnA cocTasnAeT 0,20, a npy¥ NONHOM 3anonHeHnH
b1/b,_ = 1,0) okono 0,186.

2. NMpu oaHOM U TOM >ke 3amonNHeHum Kanubpa AonAa nonepevyHon pe-
opmMauun TeM MeHblE, YeM Gonblue pa3mep kanubpa. Tak, npu npo-
K&TKe MeAHeiX 3aroToBoK (cM. puc. 48) B kpyrnom kanubpe auamer-
pom 10 mMm BenuuuHa KoadbbuumMeHTa yLIMPEHMA npu bi/b_ = 1,0 co-
cTaBnAeT npumepro 0,30, a npu npokatke B kannbpe guametpom 21 mm
coctasnaer 0,18, T.e. yMeHbwaeTca Ha 40 %.

'3. Mpyu o6xatuAax Gonbwe 20 % (AF/Fy > 0,2) sAnAHWEe BenvuuHb!
0bXaTuA Ha nornepeyHyto AediOPMALMIO B KPYrnOM w KBAAPATHOM Kanub-
pe HesHayuTenwsHO. Mpu MeMbLUMX OGMATMAX BeNwYMME NoMepeyHol pae-
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Puc. 47. Ywupenue 8 Kpyrnbix kanubpax (crans Ct3; crans 45, 1050 — 1150° C, D=
=240 MM) guamerpom:
~10MmM; 2—-13,2MM; 3 — 21 mm

Puc. 48. Ywuperue B Kpyrnbix xanubpax (meas M1, M2, 700 — 850°C, D =240 mwm)
LWEMETPOM:
1—8mMmM; 2—10MM; 3—13,2MM; 4—21 mm
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20
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Puc. 49. Ywwupenune s KBaApaTHbIX
Kanugpax (cranb C73, cvans 45, 1100 —
1150°C, D= 240 mm) :
1 — kBappat 12 X 12 MM, 2 — kBag-
part 16 X 16 mm

hopMaumKn  yMeHbWAETCA € yMeHblueHWeM o6XaTuil. B paHHbIX OnbITax
He YAanoCb YyCTaHOBWTL 33aBUCUMOCTU MEXAY KPUBU3HOW NOBEPXHOCTH
OBanbHOW 3aroTOBKM W BeNMYMHOW nonepe4HOW aedopMauun B noche-
AywllemM KPyrsioM vnM KeaapaTHOM Kanubpe, XOTA Hanuuue TakoW B3a-
UMOCBA3M MOXHO npeanonarate. WcknwueHne cocrasnAer npokatka B
KPYyraeix Kanubpax 3aroToBOK, MpefBapuTenbHO fpoKaTaHHbIX B rnag-
KUX Bankax. B 3TOM cny4ae npu npounx paBHbIX YCNOBWAX AORA nonfe-
peyHON pechopmaumn Heckonbko 6Gonblwe, yeM npw npoKarTke 3aroTo-
BOK OBansHOro CeYyeHuA.

4. CooTHOWeHWE MexAy YLIMpeHUeM MeaHbIX GBpPazuoe M obpasuos
U3 YrnepoaucTon cTajM B KpyrnblX Kanubpax NpuU NPUHATLIX B ONbITax
YCNOBUAX npubnuantensHo Takoe e, Kak M Npu NpokaTKe B FNaaKWx
Bankax, T.e. ywuMpeHue MeaHbix 06pasyuoB HeCKONbKO MeHbLUe.
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3. YWUPEHUE NPU NPGKATKE B TPEXBANKOBbIX KANUBPAX

OkcnepumeHTaneHble MCCNEeA0BaHMA NPOBOAWNU B TPEXBANKOBLIX Kne-
tax 280 nuTeliHo-NnpoKaTHOro arperata MeaHoi kataHku. Wccnenosa-
nace pethopmauma cbpasuos kpyrnoro {(amamerpom 12 u 18 mm) 1 wecin-
yroneHoroe (amameTp Bnucanhoi okpyxkHoctm — 12 u 17 MMm) cedennn
u3 ctanu C13 u obpasucs Kpvrnoro ceusHua auvameTtpom 10, 18, 40 mm
w3 mMean M1 npu npokKaTKe B TpeyronbHbIX W CTPeNbYaTbiX TPeyrolbHbiX
Kanubpax. Mocne BsINONHEHMA COOTSETCTRYIOWMX M3MEPeHMA YacTb CTanb-
HbIX W MeAHbIX OBpPJ3UOB, NEOKAaTaHHbiX B TPEYFONbHLIX M CTpeneyaTbix
TpeyrofibHbix Kanubpax, NpoKaTbi3anu nocne NOBTOPHOro Harpesa B Tpex-
BaJIKOBbIX KPYrnbix Kanubpax anemetpom 8 u 12,6 mm. O6pasubl Ha-
rpeBany B rasoBOW flesn, TemnepaTypa Harpesa KOHTpONWMpoBanacb on-
TUYECKWUM MUPOMETDOM.

O6pasubl 40 M Nocne MNpoKaTKW WM3MEPANM TakK >Ke, Kak npu wuccne:-
AOBaHWAX Aecopmauun B ABYXBankoBbix knetax. OAHaKo, NOCKOMbKY
nonepeyHble CevyeHUs Npodmnen, NpoKaTaHHbiX B TPEXBanKoBbIX Kanwb-
pax, UMeT He ABE, a TPU OCU CUMMETDUW, ANA W3MEPEHMA UCMNONL3O-
RAaHO chNeunanbHoe YCTPOUCTEDO, NO3BONAIOWEE W3MEPUTL AnamMeTp OK-

DY>XHOCTW, BMNUCAHHOW B padHtloe ceyeHwe., WM3MmepeHune OCYLLECTBNANOCHL
C NOMOLBIO KHAUKATOopA.

Bennuura nsiowaan Fyy, 8 3aBUCUMOCTM OT (HOPMbI CEYEHWA - UCXOA-
HOW 3aroTOBKM W Kanubpa, onpeaenAnack M3 BbiPaXXEHUHN, NPUBEAEHHbIX
HYKe:

NpOKATKa B TpeyronoHoM kanu6pe o6pazuoB WeECTUYroNbHOro ceye-
HUA —

- N3,
Foy = ~=dj}
4 dl l
roe Jdo -- AMaMeTp OKPYXHOLTW, BMUCAHHCA B WCXOAHOE LWECTWUYIOofb-
Hoe cedeHye obpasua; d; — AMAMETP OKPYXXHOCTW, BNWUCaAHHOW B Tpe-

yronbHbl kanubp {(anameTp kanubpa) ;
npokatka B TpeyronsHOM Kanubpe n6pa3LoB KpYINIOrO CevyeHUA -

1

2
Foir = Foi1 — = (arcsin /1 — 2‘ - l\/1
™ dy a’

npoxarka 06pasuoB KPYrnore ceYyeHMA B CTPENnLYaToM TpeyronbHOM
Kanrbpe —

2y 4R?
Fo, = ‘-'0{1 - 3 larcsin A ;’Gp arcsin +
T d d
° 0 06p
2y,
+ = @Ry, — )]},
rre R g, — Panuyc o6pasyloiledl CTPenbvaToro TpeyroneHoro kanmépa;

69



4R gp~ @1~ (03/d)

2(2R ¢ - d,)

dl
Yo = 0,5do V1 — [— -
d,

NpoKaTKa 0B6pasuoB, NoNepeyHoe CeueHue KOTOPLIX NPEACTABAAET CO-
Goit CTpenLyaTelt TPEYronbHWMK, B TPexsankoBOM KpPYrfiiom Kanubpe:
2y, 4R Ve
Foi= a2 {1 — 2 [arcsin — —296P_ 4rcsin +
4 K w d
K o6p

2y,
dZ
K

+

2F,5, — di)1},

roe d; — OMaMeTp OKPYXHOCTW, BMWCAHHOW B NOMNEpPeYHGE cevyeHue wuc-
xogHoro obpasua (avameTp cTpenbyaTOro TpeyrofnbHorc Kanubpa, B Ko-
TopoM 6bin fipenBapuTeNbHO NpoKaTaH obpaseu) ; d‘< — AWaMmeTp Kpyr-
noro Kanmbpa.

Bennunny yf; Hagem w3 BblpaxeHna (2.52). Pe3ynbTaTbl 3Kcnepu-

MeHTOB, npuBeaeHHble Ha puc. 50 — b5, nossonAwT caenats cneayloune
BbLIBOALI :

1. B npegenax WCCNefoBaHHOrQ AWanasoHa o6KaTuii (Ad/dy = 0,15 + i

+ 0,30) BenuunHa nonepeyHoit pecdopmMaunn Npu NPoKaTKe B TPeyronk-
HbIX Kanubpax 3aroTOBOK KPYFNOrO M WeECTUYTrONLHOro CeveHWA TOWM
e nnowaan npubnuavtensHo oaHa u Ta xe (puc. 50, 51). MNpn 3tom,
KaK BMOHO W3 KpusebiX, usobpaxeHHbix Ha puc. 50 — 54, BenuuuHa 06-
KATWA  He3HauuTeNlbHO BAMAET Ha BenNuYUWHY nonepesHon pedopmauvu.

2. Mpu Npouux paBHLIX YCNOBMAX HONA MONepeyHoi aecopmauumn Npu
NpoKaTke B CTPeNbYaTbiX TPEYronbtbIX Kanubpax meHbWe, Yem B Tpe-
yronsHoix kanubpax. Kak BuaHo u3 puc. 52 — 54, pazuuua 8 yuimpeHuu
TeM 3HauuTenbHee, yem Bonswe BennuMHa 06XaTuA.

3. CpaBHeHue KpuBbLIX, NpeacTaeneHkuix Ha puc. 52 — E4, nokasbl-
BaeT, YTO NpPU OQHOM W TOM )jKe 06>KaTumn pasHUL2 MeXAY BENMYUHON KO-

Cy Cy
6.20 — N
- . 12
72 0715
015 — \ A\
! L ! L a0l I L e
q15 020 025 44/4q, oo o1 020 (25 4d/d,

Puc. 50. YwunpeHue Kpyra B8 TpeyronsHbix Kanubpax (ctans C13, ¢t = 1100 — 1150°C):
1 — 3arovoBKa anameTpom 12 Mm (D= 272 mm}, 2 — 3arotoska anametpom 18 Mm
(D= 268 mm)

Puc. 051. YwupeHue WeCTUrpaHHUKE B TPEYroNbHbIX Kanubpa~ {ctans Ct3, 1050 —
1150°°C}:
1—dy=12mm, D= 272MM; 2—d, = 17 M, D= 268 mm
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Puc. 52. Ywupenie kpyra asametpom 10 mm (meas M1, 720 — 750 C):
1 — B TpeyronbHOM Kanubpe, D= 274 mm; 2 — B CTPEbY3TOM TPEYrONLHOM Kanubpe,
D= 274 mm, Roﬁp: 16 Mm

o
Puc. 53. YwnpeHue kpyra anametpom 18 mm (mear M1, 800 — 850°C):
1 — B TPeyronsHoM Kanuépe, 1= 268 MM; 2 — B CTPENLY3TOM TPEYronLHOM kanubpe,
D= 268 mm, R06p'_‘ 30 mm

by [~ - ]
010k \
. )09
Cy b V4 /
1]
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/ 2
207 407+ .
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a0s L ) 1 L 005 [ TSN S W
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Puc. 54. Ywupenue Kpyra auamerpom 40 mm {megs M1, 800 — 85J7C) :

1 — B TpeyronsHom kanubpe. 0= 250 MM; 2 — B CTPeNnbYaTOM TPEYTOALHOM Kanubpe,
D= 250 mm, Roﬁp = 80 mm

O~y .
Puc. 55. YwupeHne 8 KpYrabiX TPexBankoBbix xanubpax {meas M1, 750 — B0OO C):
1 - B Kpyre auameTpom 8 mm; 2 — 8 kpyre avametpom 12,5 mn2

ahUUMEHTE YLUKPEHUA NP MPOKaTKe B TPEYrojbHOM M ATPENbyaToM
TpeyronsHoM Kanubpe Tem 6onbile, uvem 6onswe CTpej'lbanOCTb wanu6-
pa, T.e. 4€M MeHbille OTHOWEHWe paavyca ofipa3zytoliien Kanu_Gpa K pa-
AMyCY BNUCAHHOW B KArmMEp OKpyXHOCTW. Tak, npw Ad/dy, = 0,2 pas-
HULA B BenuuuHe KOIMMWUMEHTE YWIMPEHUA COCTaBNAeT nNpu Npokarxke
3aroToBOK auamerpom 10 mm oxono 23 % (puc. 52), a 3arotoBoK Am-
ameTpom 40 mm (puc. 54)— 30 %.

4. OcHOBHOW ocoBeHHOCTLIO fAedopmaumyt B TPexBankoBbiX xanmBpax
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no CPaBHEHWIO C ABYXBanKOBbIMW RBNAETCA 3HAYATENbHO MeHbLUAA Be-
nvumHa nonepewHoi Aedopmaumn. 3ra pasHUUE B yLIMPEHUM OCOGeHHo
BuUAHA NpK CpaBHEHUN pe3yNbLTaTOB NPOKAaTKW B KPYFAbIX ABYXBanko-
BbiX M TPexBanKoBbiX Kanubpax, (bOpMa KOTOPbLIX AaXe MNPy Hanuumu
BbINYCKOB NPaKTUYECKN OAHA u Ta e. Tak, Npu npokatke 8 KPyrnom
ABYXBankoBOM kanubpe auametpom 13,2 MM  3arotoBok M3 mean M1
{cm. puc. 48) BenuunHa KoaddMUNEHTa yWUPeHWUA NpU MONHOM 3anon-
HeHnn kanubpa wmeTansiom coctaBnAeT 0,24, a B 6nu3koM nNc anameTpy
TpexsankoBomM kanubpe auametrpom 12,5 mm (puc. 565) scero nuws 0,08.

5. Tak xe, Kak Mpu npokaTke B ABYXBankoBbix KannbBpax, ¢ yse-
N1yYeHWEM pPa3MepoB CceveHWA MpoKaTtkiBaemMoro obpasua BenuumHa none-
peuHon pedopmaunmu ymeHbwaetcA. Kak BuaHo u3 puc. 52, 54, koad-
GUUMEHT ywupesus npu NpokKaTke B TPeyronbHOM Kanubpa 3aroTOBOK
n3 mean M1 anametrpom 10 mm pasen 0,19 — 0,22, B TO BpemA kak npm
npoxkarxke Kpyra 40 mm paser 0,07 — 0,09.

4. PACYET YIBVPEHUA NPK NPOKATKE

JKcnepuMeHTanbHble MCCNEAOBaHMA gedopMauum, a TaKKe ONbIT OC-
BOEHWA W WUCCNEAOBaAHWA HeNpPepbIBHbIX MHOIOKNETEBbIX CTaHOB ANA NPO-
M3BOACTBA KaTaHKKM CO343NNM BO3MOXHOCTb BbIABUTbL OCHOBHLIE 3aKOHO-
MEPHOCTU TeYeHMA MeTanna npu MNpoKaTKe, 4TO MO3BOMIMIIO B KOHEYHOM
MTOre MonNyuYnTb AOBOMLHO MPOCThIe YPaBHEHUA AfA onpeaeneHns Benu-
uUMHbl nonepeyHon paedopmMaumu, COCTABARIOWME OCHOBY pacyeTa Kanub-
poBku BankoB. Hwke paeTcA KpaTkee onucaHWe Mevoaa MatemMaTtuve-
CKOW 06paboTku MonyyeHHbIX 3IKCNEpPUMEHTanbHbIX AaHHLIX W cocTaBne-
HMA ypaBHeHu panA ofnpeaeneHna ko3dwpuiumneHTa ylwvpeHuAa npu  pas-
SIMUYHBIX CNYYaAX NPOKaTKMW.

MNpu cocTasneHuu ypasHeHWW, OCHOBbL'BAlOLLMXCA Ha pe3ynbTaTax 3IKc-
NepUMEHTanNbHbLIX MCCNEAOBaHUA, HEOBXOAVWMO CTPeMWUTLCA K TOMY, uTO-
6bl 3TM ypaBHeHWA He TONLKO [OCTAaTOMHO TOYHQ MPeACTaBNANM 3Kcne-
pPUMeHTanbHble AaHHble, HO W YAOBNETBOPANM KPaeBbIM YCNOBWAM, Of-
peaenAeMolM  U3MYECKMM CMBICIOM WCKOMOIrQ fapametpa, B AaHHOM
cnyvae Ko3dbdmumeHTa ywupeHuAa, MOCKONbKY Toraa obnacte ux npu-
rogHocTu ByaeT MaKcMManbHOW.

B rn. Il ynomuHanocs, uTo 8 ycnoBuAx cBoBogaHOW wnu Bnu3kon K
cBOBOAHON NpPOKAaTKM, XapaKTEPHLIX ANA HenpPepbIBHLIX 3arOTOBOYHbLIX,
COPTOBbIX W NPOBONOYHLIX CTaHOB, KO3ddMUMeHT yuunpeHusa Kak napa-
MeTp, onpeaenAldunit QoNo “nonepedHort aedopmaunn B obwer pedop-
Mauuv NoNoChLl MPK NPoKaTke, ABNAETCA BCerfga BeNWYUHOW MONOXKUTEsb-
HOW U MeHbUIeW eanHMLbl, T.e. AOMKeH HaxoauTbcA B npegenax 0 < ¢ <
< 1. B coortseTtcTBMM C 3TMM HaubBonee ypobHoW dopmMot ypaBHeHWA
AnA  KodthdmumeHTa ywumpeHua ABNAeTcA runepbonuueckas dyHKuMa

¢, = 1/{1 + ), {3.1)
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NOCKONbKY B 3TOM CNyyae KpaeBbie YCNOBWA ANA € BbINONHAKTCA NPW
noBOM MONOXKUTENBHOM 3HaueHWM . JTO cyllecTBeHHo obnervaer noa-
60p COOTBETCTBYIOLUNX YHKUUKA, OTPaxalwwux BNWAHWE HA BeNUUYUHY
nonepesHoi gecdopmaunn  Kaxporo W3 pevctsyowmx  (akTopos. Kak
nerko NpoBepuTL, BenvuuMHa ¢ nNpeacTaBnAeT cobol COOTHOLWEHWE MeX-
4y npoacnLHOM 1 NorepeuHon Aedopmaunamu ¢ = (1 — cv)/c

[na Toro uTobbi OugHWUTL BNUFAHWE Kaxaoro w3 dakTopoB, Bce 3IKC-
NepUMeHTanbHble faHHble CrpynnupoBadbl Takum oBpasom, u4To BHYTPM
rpynnel NepemMeHHoW BenuuuHoW 6Gbin TONbKO TOT (HAKTOP, BNMAHWE KO-
Toporo aHanuanposanocs. [epexoAs K aHanuiy BIVAHWA MoCneayounx
haKTopoOB, 3Ta OMepauvA MOBTOPANACE NYTEM COOTBETCTBYIOWeN nepe-
FOYNNUPOBKYU IKCTePUMeEHTanbHbIX AaHHbX. [locne 3Toro AnA Kaxaow
rpynnel Aa@HHbLIX NOCTPOeHbI rpadimky, MNOKasbIBaloWMe XxapakTep 3aBy-
CUMOCTU  KO3thPUUMEHTa yimpeHna ot paHHoro daxTtopa. [MocneaHsn
ofiepaunR  aHanu3a 3aknwuanace B nogbope anA NONYYEHHbIX KPUBLIX
HamBonee NOAXOAALLUX YpaBHEHNIA.

B pesynbrate TaKOro aHanu3a 3 BCeW COBOKYMHOCTM AEACTBYIOLLMX
haKTOpOB yAanockL BLIAENWTL Te, KOTOPhle 0Xa3biBaoT Hanbonswee B8NU-
AHVE Ha BenuuuHy norepeyHon aedopmMaummn Gpyn MpoKaTke B FNagKax
Bankax. Takumy ¢dakTopaMn ABNAOTCA (hopma ¥ pasMepbl nonepeyHo-
'O CEYEHVMA WCXOAHOW 3arOoTOBKW, AWaMeTp Bankos W BennunHa o6xa-
TWA: BO3AENCTBME TEeMNeparypbi NPOKaTKV, KayeCcTBa NOBEpPXHOCTW Ban-
KOB ¥ MONOCbl, BWAa MaTepuana NpPoOABNAETCA B 3HAYNTENBLHO MeHbLIEN
cTeneHu,

MNpu npokatke B Kanubpax, KpOMe NepevyrcreHHbIX (akTopoB, B0ML-
woe BO3AeWCTBME Ha BennuvMHY nonepeuHor aedopmaunin OkKasblBaeT Ha-
nu4Me NoANUPaoLNX CUA CO CTOPOHBI BOKOBLIX CTEHOK Kanubpa.

KonuuectBeHHbIN aHanM3 pe3yneTatoB 3KCMNepuMeHTOB MNO3BONMN  yC-
TaHOBUTbL, 4TO dyHKuMo ¢ (3.1}, oTtpaxawuwy CcymMmapHoe BO3JeACT
BU2 BCeX 3Tux (hakTOpPOB, MOXHO NPeACTaBUTS B BUAE MPOU3BeAEHUA He-
CKOMbKKX YHKUMKA, KaxaaA M3 KOTOPbIX Xapaktepu3yeT BNWAHWE Ha
BENUYUHY NonepevyHOn AedopmMauri Kakoro-nnbo n3 daki1opos:

¢ = Ay, 02 V3 ¥a,

rae ¢, — MYHKUWA, XapakTepusyowan BNMAHWE COOTHOLWEHWA LUamer-
pa BankoB W B5ICOThI MCXOAHOW 3aroToBKW; ¢, — QyHKUNA, xapakTe-
pY3yIollan BRLiAHWE BenWYMHLI 06XatnA; Y3 — MYHKUUA, XapakTepwu-
3yl0ULaA BNWAHWE COOTHOLUEHMA LUMPWHLI WM BbICOTbI WUCXOAHOW 3arcTop-
KW, Y4 — QYHKUMA, XapakTepwsyiolulaa RBROMAHWE MOAMMPAOLLErc [eit-
CTBMA Ha npokaThlRaeMbil MeTann BoKoBbIX CTeHOK Kanubpa; A — He-
KoTopbin  KOIDDUUMEHT, 3aBUCAWMA OT BWIa NPOXATHIBAEMOro Marte-
pvana u TemnepaTypbl NPOKaTKU.

- Onyckaa Bce NpoMexyTouHble OMepauuy, cBA3aHWbie ¢ noabopom Ha-
nbonee noaxoAAWMX YHKUMA, OTPaXKalbWUUX BO3AEACTBYE OTAENbHbIX
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(G:@KTOPOB, TNPUEEAEM 34eCk JMWb KOHEYHbIE YPaBHEHWA ANA onpegene-
HUA BEMIUYMHL! NONepeyHon AedopMauui Npu NPOKarke 3aroTOBOK C pas-
NMMHOW  OPMOI  MONEPEYHOro CeYeHUA, NOAYYeHHble Ha OCHOBAHWUM 3Kc-
ePUMEHTanbHbIX UccnenoBaruin aedopmanim.

lMonepeynan degopmayua npu npokaTke & 2nadKux eankax

BenuunHy nonepeuroir pedbopmaumi npy npokatke B rnagKux Ban-
Kax 3aroTOBOK KBaApaTHOrO CEYeHUA MOXHO NPEeACTaBUTL B BUAe che-
AYOULEro ypagHeHuA .

&7 1+ Ah2(h +A1h Ny ’ (3.2)

° ° ] (4h 4, + D)
rpe ho, hy — BbicoTa nosocsl Ao M nocne npokatkn (Ah =hy — h,):
D — anametp Bankoa.

3necy ovHoweHue h,/{4h, + D) npeacrasnneT coGoit dyHKumMo v,
OTpaxcatollyto BAIUAKUE BbLICITHI WCXOAHOW 3aroTOBKWM W AuameTpa Ran-
KoB, a oTHoweHwe ho(ho + Ah} /ALK — diynkumio 9,, xapakTepusyio-
Y0 BAMAHUE BENUYUL bl OBXAETHF,

Okasanock, 4To ANA KBa&1PaTHLIX, APAMOYF U NHLIX M KPYTrnblxX 3¢-0-
TOBOK BUA (bYHKUMW ¢ He 3aBMCMT OT hOPMbl CEYeHWA 3aroTOBKMW, a
TaKXe OoT NpPOKarLIBaeMOro MareLMana U APyrux (akTopos NPOKaTKW.
B uyacTHoCTW, ANA 3aroToBOK KpPyrioro ceyeHns dyHKUMA Y, uMeeT BUA

w1 = do/{4dy + D),
rae dy — pnametp 3aroToBKM.

Uto e KacaetcA pyHKUWM ¢,, TO, KaK BAQHO W3 AaHHbIX, NpeacTas-
NeHHbIX Ha puc. 21 — 28, xapakTep KPUBbLIX U3IMEHEHWS BeUYMHLI None-
pevHon pedopmaumu oT ofkaTuA NpW NpokaTKe B rNagKWX Bankax 3a-
BUCUT OT (hOpMbl MOMEPEYHOTrO Ce4eHMA 3arOTOBKM W Buaa npokarblsae-
Moro Matepuana. llpu 3atom Bo3gelicTBMe maTepuana cKa3biBaeTCA B oc-
HOBHOM nipr 0b6xaTUAX, No BhICLTE 3aroTOBKYU npesbiwamwmnx 45 — 50 %,
“TO MOXHO OBBACHUTL Da3HOW CTENEHbK HaKNenz, KOTOPbI npuobpeTtaioT
PasnuuHble maTepuansl NP 3HaYUTEIbHBIX OBXATWAX U Hanuuue KoTopo-
M0 yMeHbLUAeT BENUYMHY MONEepeyHon peq.opMaumn. lockonbky Takwe
Bonbiune 06xaTMA Ha PoaKTMKe OBbLIYHO HE BCTPEYATCA, 3Tn MO3BONA-
eT B GhYHKUMM @) He yuWTuiBaThb hakTop "AMAHMA BMaa NpoKaTe.B32M0-
ro matepuana. Brnuanue diopmb! cevenua 3arotosku B Haubonblen cre-
NeHn CKazbIBaeTCA 1PN Hebunblunx (MeHee 25 %) obkatuax.

B wicTHOCTM, M3 onbiToB cneayer, 4to npu NnpoKaTke B rAagkwux san-
Kax 3arfoTOBOK KPYFNIOTD CEYEHWA 3aBKUCUMOCTL nafepedrol:  aedopma-
UMK OT o6XaTuA xapakTeprsyeTcA yHKuMel Buha ¢, = do/d - dyiAd,
rae d, — BblcoTa Nonocbl Nocne npowatku, Ad =d, — d,.

Takum o6pasom, ypaBHeHve ANA ORp=AeneHWUA BeNUYUHbI nonNepeyHon
Aehopmaumn npu Npokatke B8 rNALKWX BaiKax 3aroTOBOK Kpyrnoro
ceyeHuA ByaeT UMeTb CReayowWui B4R :
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¢ = : (3.3)

1+ 4. A 4o /o

3 4d,+D d, Ad
CpaBHUTeNbHLIN aH2nW3 3KCNepUMeHTaNnbHbIX 3HaYeHnd Ko3adbduyreH-
Ta YWWPEHWA NPU NPoKaTKe 3aroTOBOXK KBaAPaTHONO CEYEHWA W 3aroTo-
BOK TOW € WCXOAHOW BbICOTbi, HO UMEIOWUX PA3NUYHYIO LWUPUHY, MO-
3s0NUN  onpeaenuTe Bua GYHKUMKM, Y4UTLIBAOLLEN BNAMAHUE COOTHOLWeE-
HUA LUMPWUHBI U BbICOTLI NPOKAaTLIBAEMOW NOMOCLI Ha pacnpeaenexune .u.ev-
¢dopmaumin  npu npokatke. J[lnA  MccneaoBaHHOrO AuanasoHa 3HaveHWUW
oTHoweHun  bo/hy ot 0,6 ac 1,7 BAMAHME WMPUKHLI 3arOoTOBKW Ha Be-
nnumHy rionepevHod aedopMauuMM MOXHO NpeaAcTaBUTb yHKUWERA BuAa

3..——
93 = to/ho \ bo/ho,

rae hy, by — COOTBETCTBEHHO BbLICOTA U LIMPUHA 3arOTOBKM,
YpaBHeHve ANA onpeAeneHUA BeNWUMHbLI MoMepeyHon Aecopmaun4 npu
npoxatke B8 rNagKuWx Bankax 3aroTOBOK MPAMOVIONLHOMO CEe4eHWA umeeT

BUA

& = : - (3.4)
Y Ah, hotho + an) by 3 [y

1+
ah 4+ D Ahh, hy h,

BenuunHa koadduumeHTa A oTpaxkaeT BAMAHWE Ha BENWYUHY Mornepey-
HOW fedopMauvm COBOKYMHOCTU (hakTOPOB, TaKWUX, Kak BWA NpoKaTbiBae-
MOro martepuasa, Temneparypa MNPOKaTKKU, YCNOBUA TPEeHUA Ha KOHTaKT-
HOW MOBEPXHOCTU M Ap. 3HaueHuA KoddhduumneHtTa A, nosyyeHHbie Ha OC-
HOBaHMK HalKWX ONbITOB, NPUBeAeHbI B Tabn. 1.

OnA ctann u meam 6OMbLIME BENNYUHBI Ko3aththnumeHTa A, npuBegeH-
Hble B Tabn. 1, COOTBETCTBYIOT BOMLLIMM 3HAYEHUAM TeMiepaTypsi Npo-
KaTkn. [lnAa anoMuhHMA, HaoboporT, 6ONbLIAA BeNUYNHa Ko3dhuymeHTa A

Tab6nuual, IkcnepumesitansHbie 3HaYeHvA kKoddduumnenta A
ANA Pa3NUUKbIX MaTepUanos

Temneparypa Koadbduument
npokatku, C A

HaumernoBaHue Marepwana

lporxarka ¢ eodod

Yrnepoauctana crane {crane 20, 45, C+3) 950 — 1150 4,1—4,7

XpoMuUCTan KOPPO3UMOHHOCTORKARA CTaNb

(2X13) ........... e . 950 — 1100 3,7-4,1
MpoicaTra c amynscuet

Meas (M1, M2) . ... ... [N 600 — 850 45 - 5,0

Amoramnanin {A7E, AOT) ... . ... e 350 -- 500 ) 45 -—4,0
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COCTBETCTBYET MeHbLUMM U3 YKa3aHHbIX B Tabn. 1 3HayeHUAM Temnepa-
Typei. Kak nokasbiBaeT oOnbIT, B pacyetax KanuBpoBOK BankoB Npw Npo-
KaTKe C7anu u Mean ANA BCeX KJeTeld CTaHa MOXHO MPUHUMAaTL HanBoslb-
uine 3HaueHWA KoddduumeHta A, NOCKOfbKY No XapaKTepy BAWAHWA Ha
BEAWYMHY YLIAPEHUA yMEHbLUEHWEe Temnepatypbl MpPOKaTbiBagMol MNono-
Cbl MO KNETAM B KaxoOW-TO CTereHn KOMMEHCUPYETCA NOBbILEHUEM CKO-
POCTH NpOKATKMU.

Kak Bnano wm3 npueedeHHbix Ha puc. 21 — 28 rpadvKos, BhAMAHMe
06aTA Ha BeNMYMHY nonepedHol aedOPMaLNMK 3aMETHO CKa3biBaeTcA
TONbLKO Npu manbix (menee 20 %) u Bonblumx (BGonee 50 %) ero 3Ma-
veHMAX. B ananasore o6bIMHO NPUMEHAEMBbIX Ha NPaKTUKE BLICOKUX ae-
dopmaumii (0,20 < Ah/hy < 0,50) HeszasncuMoO oT opMbl M pasme-
POB NpoKaTbIBaEMOW MONUCLI M BWMAA MaTepuana wWameHeHWe Ko3dhhUum-
eHTa YWWDEHWA He NpPeBblaeT HECKONbKWUX NPGLEHTOB. 370 06CTOATESNb-
CTBO MO3BONAET YNPOCTMTL NONy4YeHHble YPaBHEHWA ANA  onpeneneHuA
Ko3dhbrumenTa YIWUPEHNA NNDW NpoKaTKe B FAaAKWUX Bankox, 3aMeHWUB
B HUX TeKyllee 3HaveHne dyHkurNM 06XAaTUA Ha ee cpeaHee ANA OaHHO-
FO AuanasoHa ofwaTwih 3HaweHuwe. B 3TOM cniyyae ypasHeHWA anA pacue-
Ta nonepe4yHoi Aedopmauuy npu NpoKatKe B FNagKWX Bankax 6yayT
MMETHL CReayowmn Bua :

ARNA 3aroTOBOK KBaupaTHOroO CevyeHuA

— 1

cy = : (3.5)
6Ah,
1T —
4h , + D
ANA 3aroToBOK NPAMOYFOMIbLHOIrO Ce4eHun
~ 1 .
cy = : ; {3.6)
6Ab 3. b
.’+ Q \/ 0

anh, +D " h,
ANA 3arotoBOK KPYraoro ceyeHwnn
1
3,5Ad,
4d, + D

c =
Y

(3.7}

lonepeynan degbopmayuna npu npokaTke & Kamnubpax

Ha ocHOBaHMM MHOrOMMCREHHbIX MCCNEAOBaHUIA npouacca nNpoKaTKHy,
a TaKXke BCEro WMelOUIEroCA NMPaKTMYECKOro ONbiTa K3BECTHO, 4TO Npw
MPOYMX PaBHLIX YCMOBUAX BesMuMHa nonepevHol AecOpMauvm npu npo-
KaTKe B BbITAXHbLIX Kanvbpax BCEeACTBME NOANMPAOLIErO AESWCTBUA CTe-
HOK Kanubpa meHblue, 4eM Ha raagkux Bankax. OTCTynneHWem oT 3Toro
oblWero npaeusia ABNAETCA MNPOKATKA KBAgpaTa B OBAaKbHbIX Kanubpax

AD

C MaJibiMn OBAaTUAMM (h < 0,153). B 3tom cnyvae BenuumHa none-
0

peuron pnepopmaupun (cm. puc. 33) MoxeT 6bITb  Aae HECKONLKO GOJb-

76

we, Yem npu Tex ke obxatwax B rnaakvx sankax. C npaKTuquKoE'n TOu-
KW 3peHUA BaXKHOW ABnAeTCA 06nacTh 60nee 3HAYNTENbHbIX obxaTui, Ko-
TOpble B OBanbHbiX Kanubpax o6bMAHO npesbiwaoT 15 %. Vl'lpu cocraene-
HUM ypaBHEHWR ANA ONPEAENEeHMA BefMYKHLI NonepeyHoi AedopMatnm
npu npokaTke KBagpaTa B OBanbHOM Kanubpe 37O OTCTynnieHue BO BHU-
MaHue He NMPUHUMANICh.

Hapaay c¢ d¢opmoi Kanubpa (akTOpoM, oNpeAenAlWUM  BeENUYUHyY
nonepeyHoi aedopmauMu NpM NpokaTke B Kanubpax, ABMAETCA o6xa-
The. Wckniovenue NPeACTaBNAIOT KBaapaTHbie U Kpyravle Kanubps, rae
BRVUAHME O6KATUA Ha COOTHOLIEHWE MexAy nNonepeyHon u MPOAOSLHOW
pecdopmaunamu  (npu AF/F, > 0,20) HesnauuTenbHo. 41O ke Kaca-
eTCA POMBMYECKWX, 0BaflbHbIX, CTPEMbYaThiX, TpeyronbHbIX Kanu6pos, TO
3necL BeNUYUHA OBXKAaTUA OKa3bIBaeT BeCcbMa CyLIECTBEHHOE BAUAHWE Ha
ywupeHue: uem 6Gonbwe o6xatve, TeM MeHblie AONA MonepeyHou .u.g-
dopmaumm. Mpu nNpokaTke B AWUYHBIX U TPeYronbHbIX Kanubpax BRW#H-
Hue o0b6watuA Ha BenuuuHy nonepeyHod AedopMauuy CcKa3slBaetTca B
MeHbLIeA CTeneHu.

Takum o6pasom, B oblem cnyyae dYHKUWA @4, XapaKTepuayloulan
ycnosuA npokaTtku B Kanubpe, 3aBucuT OT tdopmMbl Kanubpa, BenUUYUHLI
o6atma v nNpy nBbix 3HaYeHWAX BXOAALWMX NapameTpos AOMXKHA 6bITb
6onblie eanHULbI.

Ha ocHOBaHWW aHanu3a pPe3ynbTaToB NPOBeAeHHbIX 3JKCNepUMeHTanb-
HbIX WMCCNELOBaHWA MoMny4eHbl ypaBHEHKA ANA pacyeTa BenuuuHbi nomne-
peyHol pedopMaumn NPU NPOKaTKe B BbITAXKHbIX Kanubpax, KoTopbie
PACCMOTPEHbI HUXKE.

YwupeHue npu npoKaTKke 8 AWUYHbIX Kanubpax

MNgn ycnosuu, uto wmpuHa kanubpa coctagnAet 0,95 — 1,0 wmpuHel
3aroTORKY, BXOAAWeEN B Kanubp, BenuuuHy MonepeyHoin Aeopmauyu
MOXHO HalNTU U3 CreayloWwnX YPaBHEHWUN :

ANA 3arotoBOK NPAMOYroJibHOMo cevyeHWA
1

cy = ‘ (38)
6Ab Ah 3, b
1+ —2 1+ — ¢
4h 4+ D hi,tg v h,
roe D — pnametp Banka no aHy kanubpa; ho, bp — BbICOTA U WWPUHA
3arotosku; h, — BbICOTa MOMOCHLI NOCNE NPOKAaTKW; y — Yron HakJoHa

6OKOBLIX CTEHOK K BEPTUKANLHOW ocv KanuBpa (yron Boinycka kanubpa) ;
"ANA 3aroTOBOK KBaapaTtHOro cevyeHuA

c, = 1 — . (3.9)
h
1+ 880 Ly B2

4h ,+ D h tgyp
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Ywupenue npu npoxarxke keadpara & pombuyecKux Kanubpax

1

& = . (3.10)
Ve S0 gy asa (AR g 5y
4h o+ D K1
rae ho — AwaroHan, ucxodHoro keagpata; h,., — BbICOTa pombunue-
ckoro kanubpa 6es ydeTa 3akpyrneHus yrna npu BepwuHe KanuGpa;
Ah = hyo — hyy; D — pnamerp Banka no BepiunHe xanubpa: f —

yron HaknoHa obpasywwen kanuépa K NMHWKW pa3bema BaSKOB.
Buipaxcerne (3.10) nonyyeHo npu ycnosuw, 4o paAanyc 3aKpyrneHwa
yrna npu sepiimHe pombuyeckoro kanubps He npessiwaet 0,2 A ;.

Ywupenue npu npckarke € 08ansHeiX KamuiGpax

NpoKaTKa keagpara

_ 1
“ Ah h h) h - B
h, + A A
1+ o, felh, [1+125 A (~ )3
4hy + D Ahh, , 06p
rae h, — BbicoTa oBanbHoro kamubpa; Ah = ho — hy; D — auamerp

Banka B BeplivHe Kannbpa; Ro6p — paanyc obpasylowen kanubpa;
npokarka Kpyra

c, = !
4 —— ’ (3.12)
1+._4ﬂ__ dy \/i[‘l‘*‘ISA( -}31]
3(4d, + D) d, Ad Rosp
rAe d; — AWameTp BMWCAHHOW B OBanbHLIN KanWBp oKpy>kHocTn, Ad =
= d() - dl-

OuesnaHo, 410 NoHATWUA BoicoTa Kanubpa (A ) u anameTp BNWcaHHOR
OKpYxHOCTM (d)} ANA OBanbHbix KanMBPOB BLIPAKAT OAHY W Ty :Xe
BeJIMYURY M BbIGOP no6BOro U3 HUX ANA XapPaKTEPUCTUKU PasMepoB OBallb-
HOTO Kanubpa 3aBUCMT OT hOPMbI CEY2HWA 3aroToBKW. B uyacTHOCTW, Npw
MpoKaTKke KPYroB, pasmep MONEPeYHOro CEYEHUA KOTOPbIX XapaKTepway-
eTCA BenuYuHoW punametpa (dy), BblcoTy oBanbHOro wanubpa ypobHee
00603HauUTE Yepe3 AnamMeTp BMMCaHHOW okpyxHoctn (dy), a npm npo-
KaTke KBaapaToB -- 4epe3 h ;. Bce ckasaHHoe NONHOUTLIO OTHOCUTCA W
K MPOKAaTKe B MAAAKUX BanKax.

B cnyvae, ecnu oTHocuTenbHoe 06XaTue NO BLICOTE 3arOTOBKW MPEBbI-
waet 25 %, anA pacyeTa BeSIMYMHLI RoMepeyHon aedopmaunn Npu npo-
KaTke B OBafbHbIX Kanubpax MOXHQ MCMNONL30BaTh YNPOWEHHblE Bbl-
paxxeHuA, nonyyeHHsie u3 (3.5) u (3.7) :

npokatka keagpata (npn Ah/hgy > 0,25)

¢, = 1 ; (3.13)

BAM, ah
1+ 114128 A (——— )*}
4h,+ D noﬁpk
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npokaTka kpyra (npu Ad/dy, =2 0,25)

c. = ! . (3.14)

y
d Ad
1+§.'_si_°_. [1+15 A1—)?%)
4d, + D

H06p

UYncnosoil aHanui NOKasbiBaeT, 4io NPUM-HeHWe B pacyeTax Kanub-
poBOK ynpouieHHbix Boipaxenwit (3.13), (3.14) npu ycnosun, yto 06-
KaTWA MO BbICOTE 3aroTOBKW HaxOQATCA B nNpeaenax y<as3aHHOro awna-
nazona (Ah/h, = 0,25 — 0,50), npakTuyeckyn He CHWXaeT TOYHOCTU
BblYUCNIEHNA.

YwupeHue npu NPOKATKe & Kpyznbix U KeadpaTHbiX wanubpax

Kak BMOHO W3 faHHbiX, npeAcTaBnenHbix Ha puc. 47 — 49, Benn4uHa
nonepeyHoit nechopmaumMu Npu NPoKaTKe 3aroTOBOK OBANBHOTO CeYeHuA
B KpYrfibix W KBaapaTHbIX Kanubpax CylleCcTBEHHO 3aBUCWT OT pasme-
po8 Kanubpa W CcTeMeHW 3anofIHEHWA ero MeTaniom U Mano 3asucuT of
BenvunHbl obxatua (AF/F,), BO BcAKOM cnyuae, npu obxatuax Bonb-
wux 0,2, KoTopble xapakiepHbl ANA PeanbHbIX YCAOBWA NPOKATKW Ha
COPTO3bIX M NPOBOMIOYHLIX CTaHax. C NPaKTUYeCKOW TOYKW 3PEHNA, Hac
npexkae BCEro WHTepecyeT BenuunWHa nonepeyHoil pedopmauny npu non-
HOM 3anofHeHWW Kanubpa MeTanioM, NOCKONbKY WMEHHO W3 3TOro yc-
AOBWA ONPELENAIOTCA PasMepb! KBAAPATHBIX W KPYriibiXx Kanubpos.

Ha oOCHOBaHWMM aHanu3a pe3y/bTaTOB NPOBEAEHHBIX 3IKCMNEPUMEHTAb-
HLIX uccnedoBanuit (cm. puc. 47 — 49) nonydveHsl cneaylouwme ypasHe-
HWA AR ONpedeneHuA BenuuuHbl NonepedyHoin aecicpmauun NpuU NPOKaT-
e 3arOTOBOK OBajbHOI ) CeYeHUA B KBAAPATHbIX U KPyrnbix Kanubpax
npY NONHOM MW BAM3KOM K MOMHOMY 3aMOJTHEHMIO NX METanIoM:

ANA KBagpaTHeIX Kanubpos

c = L , (3.15)

Y 1+15Ahn /lan + D)

rae hK — BbiCOTa Kanubpa (h'< = h /2, h — cTopoHa ksaapata); D —

" avameTp Banka B BepwuHe Kanubpa;

AnA KPpyrabsix Kannf)poa

c. = L (3.16)
Yy 1+16Ad, /t4d, + D)

rae d_ — auamertp Kanunbpa.

YwupeHue npu npoKaTke 8 TPEX8ANKo8sIx Kamubpax

Bennunna nonepeiHoi fedopmauun MNpu Npokatke B TpeyroneHeixX
Kanbpax 3aroTOBOK LUECTUYTONbLHOrO N KPYrjoro cevyeHuA (npu Ad/dy =
= 0,15 — 0,30} mosxeT 61Tk NpesCTaBrieHd ypagHeEHUEM:

c, = 1 S— (3.17)
y 1+25Ad,/{4d, + D)
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3pect B caAydde WECTUYTOJILHOW 3aFQ0TOBKU dy — AUAMETD OKPYXKHOCTW,
BMNUCAHHON B WCXOAHbIFA LUECTUYTOMbHUK, ANA KPyrfoW 3aroToBKW — aua-
MeTp 33r0TORKMU.

Kak 6bi00 CKa3aHo Bbille, BeNuuvHa nonepeyHon Aehopmaunm g CTpenb-
4aTblX TPEYronbHbIX KanUBpax MeHbILS, YeM B TPEYroflbHbIX MApU Tex e
AMameTpax BankoB W MpOKaTbiBaeMbIX 3aroTOBOK, MPUYEM 3Ta pasHuua
TeM 3HaunTensHen, dem Bonblse obxatue u cTpensyatocTs Kanubpa. B
COOTBETCTBUU C 3TUM YpaBHEHKe ANA onpeaeneHUA BENUYMHbI rlonepey-
HOWM aedopmaurn Mpy NPOKATKe 3ar0TOBOK KPYFAOro CEYEHUA B CTpPesib-
4aTbIX TPEYrofbHbiX Kanubpax UMeeT cileLyiolnii BUA:

T T i 2540, 11+ 5A]Ad’/R2 V/tad, + D) (3.18)

“ ° o6p 0
roe Ad — obxaTtvne B kannbpe; Ad = dy — dy; d, — AnameTp BMNMCaH-
HOW B Kanubp OKPYXHOCTU.

OnA Kpyrneix TpeXBanKoBkix KaanmbpoB {cevyeHne 3aroToBKWU — CTPeEnb-
YaTbIW TPeyroNbHWK) npW NOMHOM 3anonNHeHun Kanubpa meTannom umeem

¢, = 1 . (3.19)

1+ QOAdK/(4dK + D)

Kak Buaum. ypasHerue (3.19) CcTpyKTypHO aHanorMyHo ypasBHEHUIo

ANA  pacyeTa nonepedHoil Jecopmauvn B ABYXBaANKOBbIX KPyribix Ka-

nubpax.
MonyueHHble ypasHeHWA AA OMpPeAeNeHVWA BEAWYUHBI RonepevyHown Ae-
dopmaumn  (3.2) — (3.19) peficTBuTEensHB ANA  pexxunvoB cBoBoAHON

unu 6au3vol K ceobogHoOW NpoKarkyu, YTO COOTBETCTBYET YyC/IiOBUAM fe-
(hopmauMM B COPTOBhIX M MPOBCNOYHLIX CTaHax. 3TW ypaBHeHUA COCTaB-
AAIOT OCHOBY pacyeTa paimepos KanubBpoB W npeaentHbIX 3HaueHWn Bbl-
TAXKEK LA PA3fAUUHBLIX BLITHKHLIX CUCTEM.

I'naegalV. ONPEAENEHUE PABMEPOB KANMUGPOB

Pacyetr pasmepos kanuBpoe 3zaxnouaerca B COBMECTHOM  pEeLLEeHUN
MONY4€eHHLIX B nNpeabiAyWwen rnase YpasHEHUI, XapakTepusylowmx pac-
npegeneHune vaed)opmau.m B NPOAONBLHOM U NOMNEpeyHoM HanpasBneHUax
N YpaBHEHWW, CBA3LIBAOWNX reomeTpuyecKue pasmepbl W dopMy Ka-
nMBpoB C© NapameTpaMu NPOUCXOAALLER B HIX Aechopmauuu.

Hesasucumo ot  dopmbi KanMbpa COOTHOWeHNe Mexay ero pasme-
pamMh W pasmepamu npoKatbiBaeMoW B HEM MONOCEI MOXKHO NpPeaAcCTaBUTHL
B BuAe CneAyiowlero ypasHenua (ana / -Toro kanubpa) :

Fui = 8F = Fp - 0F,, (4.1)

rae FK. — nnowaab Kanubpa; AFKI. — HacTb nnouwaau kanubpa, Ko-
Topad 6bina 66l ceO6OAHA OT meTanna Py OTCYTCTBUM yWwWpeHnAa; F, —
]

80

nnolWaasL NONEpeYHOro CEYEHUA MPOKaThIBaeMOW MONOCH); AFW. — npu-
palleHre NNOULaAN CeveHUa MOMNOCh! 3a CHET YLIMPEeHWA.

B cooTtBetcTBMM ¢ (2.4) BenuunHa AFW. paBHa

AFyi =c AFI.,
raec,; — K03 dULMEHT ylwmnpeHna B /-ToM kanubpe. lMockonbky pas-
HOCTb (FKI - AFKI.) npeactasnAer coboil npowaAb MNOMNEPEeYHOro ce-
YeHUA nONOCbI NPYU OTCYTCTBUM YLIMPEHWA, BENMYMHA CMELWLEHHOW Mno-

waan metanna BsLIPa3nTCcA, Kak

AF, = Fi—1 — (FKi —AFKI.), (4.2)
rae ,-J,”~‘| — A00aab ceYeHnA nonocbl Npw BbiX0OAE W3 npenbmymero
Kannbpa.

Otcropa AF . = ¢ ; [F, _,

y y (F; — AF;}]1. NoacTasnAn sHauerve
AF ;B (4.1), Bynem nmers

1 — A, .
F . _AF = —_"ifyi g (4.3)
Ki Ki 1"Cyi i

rae )‘i — BbITAXKKA B / -TOM Kanubpe.
MNoactaBue 3HaueHwWe PasHOCTH FK,. — AFK,‘ B (4.2) u Bbpaxas nno-

WiaAb CEeMEHWA NONOCbI, BXOAALLEA B / -Tbih Kannbp, Kak Fi—1 = )\IFI.,
nonyYnm
P |
AF., = — _ _F. . (4.4)
! 1 —-¢c¢., !
yi

No aHanorun c (4.4) BenuMuMHa CMELLEHHON NNOWAAW B CNeayIoLEM
(i + 1} -m kanubpe 6yaer pasHa
A 1

- _lit1” 45
OF = —H—Fp, (45)
yi+1
B yacTHOM cfyuae fpu MOAHOM 3aflofiHeHun Kanubpa MeTannom, T.e.
npu in =F; n3 (4.3) umeem
c (A, — 1)
AF = yi~i = f . (4.6)
ki 1—-—c ; !
yi

310 We BhipakeHne AnA nocneaywowero (/i + 1}-ro xanubpa zanuvwer-
CR B Buae:

aF = Syt m D (4.7)
Ki+1 1 - ¢ i+1
yi+1
Ypanuenwus (4.1} — {(4.7) HocAaT obuinit xapakTep W cnpaBeanuBel AnA

mobol cucTeMbl KanubpoB, a TakXke ANA CNy4YaA NPOKATKW B NaakKux
gankax. OHA ABNAIOTCA UCXOAHBLIMM ANA COCTaBNEeHWA YpaBHeHWH, CBA-
3H1BAOWMX  Pa3MEPHLI Kanubpa ¢ MapaMeTpaMu NPOUCXOAALLER B HeM Ae-
chopMaumu. ITU ypaBHEHMA nexaT B OCHOBE He TONLKO pacueTa pasmMe-
poB KafMbBpoB, HO W aHanM3a BbITAXHLIX BO3IMOXHOCTEN KakK OTAerbHOro
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Kanubpa, Tak W CUCTEMsl KanmBpoB B Uenom, npuseaeHHOro B ra. V.
YunTbiBaA, 4TO BWA 3TUX YpaBHeHWA 3aBucuT oT Giopmbl Kanubpos, cno-
co6 pacyeTa ux pasMepoB M NpeaensHbix aHavenmi BwTsXek (rn. V) pa-
€TCA OTAENbHO ANA KaXXAOW W3 PaccMaTpPUBaEMbiX 3AECHh BbITAXKHbIX CUCTEM.

AnA pa3sHbix cucTemM KanvBpoB 3aBACHMMOCTL MEXAY pa3mepammn Ka-
nubpoB w nNapameTpamu AedOPMaUUK  BbIPAXAKTCA NMB0 HEeNUHEWHLIMK
anrebpanyeckumu, NUBO TPaHCUEHAEGHTHLIMW YPaBHEHWAMM, pelleHvie Ko-
TOPLIX BO3MOXKHO TOMbKO NPuBRAMXEHHbIMKU MeTolaMn W TpebyeT 60Mb-
woro obvema BbiuucneHuin. B cBA3M c 3TUM  ANA KaXA0W W3 paccMoT-
peHHbIX cucTem mnpeanarawTcA Gonee npocTbie |:3;-,|pa>+<eva, nony4exHble
nyTem YWCMOBOFO aHank3a WMCXOAHbIX YPaBHeHW B LUIMPOKOM AWanaso-
He 3naueHWli BxoaAwmx napameTtpos. [lpu wucnonbsosBaHuk 3TUX Bbipa-
MEeHW# pacueTsl pasmepoB Kanubpos u MpeaenbHbIX BbITAXEK CBOAATCA
K BbINOAHEHWIO NPOCTLIX apUPMeETUIECKUX AekCTehN.

1. PACYET AWUUWUYHLIX KANTUBPOB

CuCTEMBbI RLMYHBIX KanuBpoB WCMONb3YITCA B KayecTBe BbITAXKHLIX
O6bIYHO B YEPHOBBLIX KNETAX COPTOBbIX CTAHOB NpWU NPOKAaTKe KPYIHbLIX

KBaApPaTHLIX U NPAMOYTONLHbIX Npodiunen.
Kak BuaHOo u3 puc. 56, nnowaps / -TOro AWMYHOMO Kanmbpa MOXXHO

NpeacTasuTb cneaylownm obpasom:

h?, s/’.
</
= + —_— 1 - t e
FKi hKibKi 2 i ?”) uv;
(4.8)
—a4r%; gy, — 1)L
rae A . — BbicoTa Kanubpa; bxi — wupuHa No AHy Kanwbpa; s; —3a
30p MKe’muy Bankamw; ri; — PaAnyc 3aKpyrneHua B yrnax Kkanubpa;
@, — Yyron HaknoWa 6okoBOW CTeHKW kanwBpa K BepTUKaANLHOU OCU
i
1 Y
(yron Beinycka) ; v; = T 2

Takum o06pa3oM, AnNA NOCTPOEHUA RAUWUYHOrO kanmbpa Heobxoanmo
3a4aTsCA PaaMycammu 3akpyrneHmit B yrnax kanubpa w y 6yptos ({ry;,

/7/((1-1) /71(1 /2 .
L 1/24F, 7 128
. f 9 Tai __/, ot Dot
I Yoy
—;: Ty ] ; 3 Hg ) 3 f—
= 7 & <
s
= J248Fy ' 2Ry
b )

Puc. 56. [lechopmaunA 8 kanubpax cuCTembl MPAMOYIOfibHUK — KBappat
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r2j), BENMYMHON 3a3cpa Mexay BanKamu, a TakKe MHOMA3 BENUYUHOM
BOrHYTOCTW AaHa Kann6pa (fl.).CnenyeT UMETL B BUAY, YTO OT BbIBGOpa aTux
napameTpoB B 3H3YWTENbLHOW CTeNeHW 3aBWUCHT CTaBuAsHOCTL npoiecca
NPOKAaTKNU U B KOHEYHOM cyYeTe NPOW3BOAMTENLHOCTL MPOKATHOrO CTaHa.

Tak, Hanuuue 3aKpyrneHUn B yrnax Kanubpa ymeHbWaeT KOHUEeHT-
paumMio  HamnprA>KeHWW, 3a CYeT Yero nOBbLIWAETCA [ONrOBEYHOCTH BanKoB,
a TAKXKE CHWXKAETCA tiepaBHOMEPHOCTh OCTLIBAaHMA (IPothMnA B yrnax u
Ha rpaHAX. YKasaHHble NoNoXuTeNbHble 3eKTLl ByayT TemM 3HauWTen.-
Hee, uem Bonblwe BennuuHa paanyca r ;. OAMAKO OAHOBPEMEHHO.C 3TUM
yBenuueHve r; BeAeT K YMEHbLUEeHWI0 YCTOWYMBOCTM NONockl B Kanubpe,
B pe3ynbTaTe 4ero NOBbIWAETCA BEPOATHOCTL CBANWBaHWA ee NpWU NpokaTke.

BesimumHa 3a30pa Mexay Bankamu v CBA3@HHaA C HWM rny6uHa Bpesa
8 BafiK1 BbiGUPAtOTCA 06bIYHO UCXOAA M3 HasHaveduA Kanubpa; vem 607b-
we rny6uHa Bpesa, Tem BbIWE YCTOMYMBOCTb NONOCLI B Kanubpe u Tem
Gonbwe MoxeT 6bITb BbicOTa 3apaBaeMoW B kanubp nonocel. C apyroi
CTOPOHbI, C yMeHblweHnem rny6uHbLl Bpesa NOBbLIWAETCA NPOYHOCTL Ban-
Ka 1 ynydwaetcA 3axsaT nonocbi. Kpome Toro, korga B Kanubpe ocyuwe-
CTBNAETCA HECKONbKO MPONYCKOB, 6ONbLIAA BeSIMYNHE MEXKBaNKoBOro
3a30pa No3BondAeT Nony4aTb U3 OAHOro Kanubpa nonocy pasfMYHOro no-
NEPEYHOr O CEeYEHWA.

CywecTBeHHOoe BO3AelcTBHE Ha NpPouecc MNPOKATKW OKasbiBaeT BOMHY-
TOCTb AHA KanuBpa, HanuuvMe KOTOPOro NOBbLIWAET YCTOMYMBOCTh MONOCHI
B Kanubpe; yMeHblIaeT BO3MOXHOCTb MEPENOAHEHUA NoCHeyoULero
AUWMUYHOr0 Kanubpa v OAHOBPEMEHHO MO3BONAET YMEHbLUUTL B HeM yrof
BbINYCKA, MTO TakKyXke MNOBblWaeT YCTOMYMBOCTL RONOCHi; obecneynsaeTt
bonee nNnaBHbLYA 3axBaT NOMOCbl BanKamW W, cnNefOBaTeNbHO, CHWXaeT
AMHAMWYECK Y0 COCTABMRIOWYIO Harpy3Kn Ha Banku Npw 3axeaTe.

YunTe!BaR, 4TO B AWMWYHBIX KanuBpPax MPOKAaTLIBAKTCA KPYMHbie ce-
YeHWA CO 3HAUUTENbHLIMKW OBXKaTUAMKM, B pel3ynbTaTe Yero obopyrpoBaHue
p2b0TaeT B YCNOBWAX BbICOKOrO YPOBHA Harpy>eHHOCTW, nocneaHee o6-
CTOATENbCTRO MOXKET WUMeTb ONpefenAiollee 3HauYeHne Mpu - NocTpoeHNK
AIWYHBLIX KanwbpoB. BmecTe ¢ Tem, HECMOTPA Ha yKasaWHbie NpeuMmy-
u(ecTBa BOMHYTbIX AUWMYHBLIX KANMBPOB RO CPaBHEHWIO C MANCKUMM, MPU-
MeHeHWe nX MOXeT 0KasaTbCR HeuenecoobpasHbiM BCNeACTBUE NOBbIWEH-
HbIX MOTepb Tena B yrnax ApodunA, 4TO CTAHOBUTCA OCOBEHHO cyulecT-
BEHHbIM DU HU3KWUX TemMrepaTypax NpoKaTKu.

Taxum o6pasom, paguycbl 3akpyrneHuhs, rnybuHa Bpe3a B Banku u
BOrHYTOCTb fAra Kanubpa AOMKHbI BbIGMPATLCA C YYETOM KOHKPETHbBIX
ycnosuin. M3 paHHbIX NpaKTUKKW, ANA NOCTPOEHWA AWMYHBbIX Kanubpos
PEKOMEHAYIOTCA CNeAyowMe 3HaveHUA YKa3aHHbIX NapameTpos :

paanycbl zakpyrnenwia r; = (0,1 +0,2) b r,=05ry;
3a30p Mexay Bankamu s = (0,1 +0,2) k.
BENNYMHA BOMHYTOCTM aHa kanubpa £ = (0,025 + 0,050) hK.
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MockonbKky BennMYMHY 3a30pa MexAy Bankamu, paguycbl 3aKpyrme-
HW B yrnax Kanubpa W BeNW4MHY BOrHYTOCTM BbIGMPAKOT B 3aBUCUMO-
cTn oT rabaputoB Kanubpa, pacyeT AWMYHbLIX KanubpoB 3akno4yaeTCA B
onpeaeneHnu BbICOTbI Kanubpa hK, LUMPUHBI b'< ¥ yrna BbINycka .

Hwxe wm3naraeTcA cnoco6 pacyeTa pasmMepoB ALMUHBIX Kanubpos Npu-
MeHUTENbHO K CUCTEME NPAMOYTONbHUK — KBaapaT, OAHaKo 3TOoT Cno-
o6 MOXHO NPUMEHATL W ANA APYTUX COYETaHWA AWMYHBLIX Kannbpos.

Onpepenenunio pasmepos KanubpoB AOMKeH MpeAwecTBOBaTL pacyer
NonepeYHbIX CevyeHUH NONOCbI MO KAETAM, NO3TOMYy 3HaYeHWA nnoulaaedn
MeTtanna B j-Tom npamoyronekHoM n 8 (i — 1)-w (i + 1)-m KsBaapaTHbIX
AWMYHLIX Kanubpax cuuTaem W3BecTHbIMU. PacyeT HauMHaemM ¢ onpepene-
HWA Pa3mMepoB KBaApPaTHbIX Kanubpos.

Mpu pacnpeneneHun BbITAXKWU MeXAy NPAMOYIONbHbIMM WM KBaapar-
HbIMU Kanubpamu B nocneaHux yaobHee 3apaBaTbCA He NAoOWaAAbO ce-
YeHUA NONOCbl, a8 CTOPOHO# KBaapaTta, KOTOPbI A0MKeH ObiTb NonyyeH
B A@HHOM Kanubpe.

Mnowanb ceueHUA nonocki B {i + 1)-M KBaapaTHOM ALWMYHOM KanuG-
pe C Y4ETOM 3aKpyrfieHWi B yrnax npotunA ONpefenAescA M3 BblpaXkeHWA

Fioy=hi, —086r} ;.. (4.9)

BoicoTa KBaapaTHOro AIMYHOro Kanubpa nNpUHMMaeTcA paBHOW CTO-
poHe NPOKaTbIBaeMOro B Hem keaapata, T.e. A . ., =h

AinA onpeaeneHuA wupuHel kanubpa (b ;. ;) ¥ yrna Beinycka (¢i+1)
paccmoTpum aedopmMauuio Npu Ipokarke 8 K(/' + 1) -m kanubpe.

Cmewlednan naowanb Metanna npu npokatke B (i + 1)-m kBagpart-
HOM AmM4HOM kanubpe (cm. puc. 56) paswa AF, , =F, — h . ,h .r;ae
F,. — nnowags MeTanna 8 npeablaywem / -TOM NPAMOYrofbHOM Kannb-
pe; hK,. ~— wupuHa 3apgaBaemon B (i + 1)-4 kKanubBp Nonockl, paBHaA Bbl-
coTe j -Toro kanubpa.

Mpene6peran 3aKkpyrneHuem yriaom Keagpata U NPUHMMaA BO BHUMa-

_ 2
HWe, YTO B 3TOM cnydae Fi = )\i+1 hxi_+1' nmeem
h .
AF, = F. (1 ——— . ki (4.10)
i+1 i h .
i+1 Ki+1

AnAa obBecneyeHMA HafEXKHOrC 3axBara W YCTOMYUBOro MNONOXKEHWUA no-
nocbl B kanubpe Ha OCHOBAHUM NPAKTUYECKUX ABHHbIX PEKOMEHAYIOTCA
cheAylowiMe COOTHOLWIEHUA MeX Ay LWWMpUHON kanubpa M WKMpWHOW 3apa-
BaeMoi B 3TOT kanubp nonocbi:

ANA NPAMOYTOoNbHbIX Kanubpos bxi = (0,98 +1,0) hKI._1;
ANA KB3APATHBIX AWUNYHBLIX Kannbpos b ;. = (095+10) A ;.
Npunuman ana npoctoter b, = h . . b iy = h; v noacrasnan

B (4.5) 3Hauenue nnowanu AFi+1' nonNyuyum ypaeBHeHWe, CBA3biBaloLlee
pasmepbt (i + 1) -ro KBagpaTHOoro AWMYHOro Kanubpa c napameTpamu
Aedopmaumn
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R TN h

Ki+1 1

(4.11)

_ Ki+1®
Cyi+1
BuipaxkeHue ANA onpeaeneHA Ko3ddUUMEHTA YWUPEHUA NpU NPoKaT-
ke 8 (i + 1)-M KBagpaTHOM AlMuHOM Kanwbpe B cooTBeTcTBUU c (3.8)

6yAner uMeTb CNeAyOWUA BUA:

wa:
6Ah . h./b. Ah.
L BT LT SRy LI ES W § Sy

Cyi+1 ab, + D h 19
i i+1 i+19 ¥

rne bi' hl. — BbICOTA W WMPUHA NOAOCHI, BXOAALLIEN |'3 (i + 1)-n kanubp
(hi = hK,.); DI.+1 — pauameTp Banka no aHy (i + 1)-ro kanubpa;
ahi = by — By

fipn npokaTke NO cxeMe MPAMOYFONbHUK — KBaAPaT BbICOTA W WM-
puHa MPAMOYrOMbHOM Monocsl Mocne /-Toro kanubpa 6nusku no Benu-
uMHe COOTBETCTBEHHO CTopoHam npeabiaywero (/ — 1}-ro u nocneayto-
wero (/ + 1)-ro kBagpatoB; pasHuua Mexay Humu obycnosneHa Tonb-
KO Hanuuvem ylmpeHna. IJTo noseonAet 6e3 ywepba ANA TOYHOCTU Bbl-
uncnesuii KoadguuMeHTa yluMpeHA NpuHATL B8 (4.12)

hi =i = Pjeqe By = b =y
B arom cnyuae

h. Ah, _—

P _1 i+ A — 1
b, Jie h v z

4 z i+1

U BbipaxkeHne ANA Ko3ddduumeHta ywmupenna B8 {7/ + 1)-m kanubpe 3anu-
LWeTCA B OKOHYaTeNnbHOM BUAE KaK

8A 11+ +/(VAg — Mitg 0 ,,)

c....= 1/[1+ 1. (4.13)
yi+1 6
{4 \/)\E+ Dip1/hipqd Vv Ay
MoacTaguB 3HaveHue ko3dgruneHTa C,j+1 B YpaBieHue (4.11), no-
nyuum .
N (Njyyq — 1)(4\77\E+D.+1/h.+1)\/)\2
bKi+1 - hKi+1[1 - : - : 1. 414

BA (1 +/(VAg — 1)tg ¢,

Yron Bbinycka Kanubpa ¥;4q 3aBUCUT OT BeNMUYUHLI nonepe4yHon ge-
thopmaunm ¥ MoxKet BbITb HaraeH U3 COOTHOWEHMUA

AF .. . > AF (4.15)

Kki+1 yi+1°
Mnowaas «anubpa, o6pa3oBaHHaA BbiNyCKaMW, paBHa AF'<

= _1 p2
= 2 Mkiv1 19940

i+

MpupaweHve nnowaan rPonepedHOro cevyeHWA NONOCHLI 33 cueT Yilu-
peHnAa B cooteeTeTeum ¢ (4.4) MOXHO NpeacTaBuThL cneayowmum obpasom:
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A 1

AF . = ¢ = i+1 2
yi+1 yi+1 AFi+1 = Cyi 1-c¢ Ki+1
yi+1
MoactasnAa 3HaueHun
AFKi+1 " AFW.+1 8 (4.15), nonyuum cnepy-

tollee CoOoTHoweHue ANA yrna seeiNycka:

c .
tge; =20\, —1) —wit1
i+ 1 M . (4.18)
yi+1
n -
noan;w NpoKaTke B AWMYHBIX Kanubpax o6biyHO He CTPEMATCA UMeTh
" ro 3anonHemua kanubpa METanNoM, Tak Kak 370 MoBbIWaeT onac-
Bgcrb nepenonHeHuA kanubpa u obpasoBaHuA 'namnacos”’ a8 Takxe npwu
uT ’ -
npgdmn: 3aMETHOMY, 0COBEeHHO Npu 60 MbLINX BbiNycKax, OTKAOHeHUo
" OT KBaApaTHoro {npamoyronsHoro) . Kpome toro, nocpe kamn-
OBKW MNpu Npokatke B cneayiouem Kanubpe TakaAa nonoca 6yner umetn
MOBLILLEHHYO CKNOHHOCTL K CBanuBaHWIo B MOMEHT 3axBarg
MoxHo 3HauuTenbHo YNPOCTMTL pacveTbl u npu atom rapaHTuposarb

HeronHoe 3anonHeHue Kanwﬁpa METannom, ecnu TaHreHc yrna Bblnycka
onpepenAaTs n3 BbipakeHnA ;

c .
= +
g9 = 20, = 1) 1—_\“—— . 4.17)
, cy/'+1
r —
ae Cyis KoathhnumeHT  yiuupenua NPU NpokaTtke TOM ke NOOCLI

B rNankux sankax Toro »e auametpa.

Bbipaxenue pna KoadbuumenTa  ywmnpennna npu npokarke Monocki
npnmoyroanoroo CeYeHMA B rnagkux Bankax onpeaenum uz  (4.13) .
Py . . = 90% (rnaakue Banku) umeem: . '

c' = 1

yiri 1+ BAIA/N, + D, /h.. ) o h (4.18)
. S S LT VAR

OACTaBuB 3HayeHne Ko3 nyune !
paxxeHune anA pac’qua TaHrefccg L;Fn:TaB:I‘IYIiYE:(a BK (:1 7) ore . or
Kan”ﬁpa: BaaparHoro AWKNYHOro

& —

Vg — D,
9901 T T My = D@ r L (4.19)
C yyetom (4.19) evipaxenve (4.14) npwmeT+cne,uy|ouJ,m7| BUL:
_ /Ne — 1
Pairt = Mjor M =tgg, 2004y 2227 1y (4.20)
9 541

Onpegerive B )
p i ennunHy tg Pj+q W Moactasue ee B (4.20), waiineni wn-
PWHY KBaAPaTHOTO AWMYHOrO Kanubpa.
Bobic ]
) oTa (hxi) W WKMpKUHa (bxi) MPeAbiAyWero /-Toro npAMoyrons-
oro kanubpa onpeaenntica pasmepamun (i + 1)-ro u (i — 1) ro keag-
paTHbIX Kanubpos: hxi = b iv1- 0 = h 8
. Ki+1' ki Ki—1°
Yron suinycka ¥; HalAeM W3 COOTHOLLEHNA
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AF ;= AFW. . (4.21}

MNpupawenne naowaau J7-toro KanuBpa 3a CYET BhINYCKOB pPaBHO

1
AFKi = = hii tg ¢;, NpwpaileHue NAOWAAN NONEPEYHOTO CeyeHuA
nosaGCh! 33 CYET YILIUPEHUA AFyi = ¢ AF,..
CMmelleHHan nnowaas Metanna B cootsetcTeun ¢ (4.4) pasHa
J\i -1
AF . = ¢ . —— F,.
! it —¢ . !
yi
MoacTaBnAem 3HayeHma AFKI. 7] AFyi B8 (4.21) c yvyeTom

Fi  _  Fich

2 2
h i i bja

i+1

n nonyyumm
C .
tgy; =20, (N — 1) —L—.

V24
BenuuuHy koadibuumeHTa yiunpeHnAa nNpu NpokKaTKe NOAOCbl KBagpaT-
HOrO CevyeHWA B ALMYHOM Kanubpe Hailaem w3 Bbipaxkenus (3.3). B cay-
yae paBeHCTBAa WAeanbHbLIX AWAMETPOB Bankos B /-Ton u (i + 1) % kne-

TAX, MOXXHO CYUTaThb Di = Di+1 , TOrpa
1 . {4.22)

1+8A11 + V(VAg — 1) tg w;l/4+ D (/b \/7\_2)

Cyi =

AnA Toro uToBbl obBecneunTs HeMNosIHOE 3anofHeHWe /-TOro npAMo-
yronbHoro kanuépa MeTannoM, TaHreHC yria BbiNyCKa MO aHanoruv ¢
KBaApaTHbIM ALUUYHLIM KanMBpoM onpeaenfemM Kax

c' .
tgy; = 2>\I.+1 ()\I_+1) —Y—” . (4.23)
1 - cyi
KoacbdmumeHT yiuvpeHna npu npokaTke TOW Xe NGAOCbl B FNAAKUX
BanKax auametpom D; | Hainem w3 (4.22); npn p; = 90°

c'. = 1

i —
Y 14644+ D, /h; VX 3)
loactaBue 3To 3HaveHue KoadhuumeHTa c;,i B ypasHeHue (4.23), no-
AiYYMM 1OCRe COOTBETCTBYHOLWMX npeo6pasoBaHWidi BbipaXkeHWe anA onpe-
NeNeHNA TaHIeHCa yrna BbINyCKa / -TOro NPAMOYronbHOro Kannbpa

L.
tgyg, = —— N, (O —1) @+ —1 ), (4.24)
34 it1 i ",-+1\/7§
Boipaxxenun (4.19), (4.20), (4.24) no3BonAwT NPU WN3BECTHbIX 3Haue-
HUAX BbITAXKKKW ONpeAennTb BCE HEeOBXOAWMbIE Pa3Mepbl ALMYHBLIX K-
mmbpos. B cucTeme nNPAMOYrofibHUK -— Ksagpar pasMepbl NPAMOYronb-
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HbIX KaﬂMﬁpOB, a CNnefoOBaTenbHO, U NNOLLaAM CcedeHus MeTanna B HMX,\

NPaKTMYeCKn npeAonpeaenieHbl pasmepaMy NpedblAyiulero u nocregyto-
lero KBaapaToB, YTO HEOBXOAMMO yuywuTbIBaTb NPU pachipefeneHun 4act-
HOW CYMMApHON BBITAXKN MeXXAY KannGpamu.

3HaueHMe BLITAXKW B NPAMOYTONbHOM Kanubpe, obycnosnemroe nNpu-
HATLIMWU COOTHOWEHNAMU Pa3MepoB NPAMOYTIONbHbIX W KBaApaTHbIX AlLNY-
Hbix Kannbpos . A . ~ 7

p (hK, b ivy by h 1) Hakdem cnepylownm 06-

pa3om.

Mnowaas nonepedHoro ceveHWs nonockl focne /-TOro NPAMOYrOfb-
Horo Kanubpa cooTBeTcTByeT

Fi = byjur Mjq tey; (F

i-1 bKi+1 hKi—1) =
b .
= Ki+1
F,_qle. + e (1 —cyi)].
Ki—1
C yuetom (4.11) w Toro, uto A; ,, = A, /X;, Nonyuum cnepyroilee ypas-
HEeHWe ANA ONPEeAeNeHnA BbITAXKW B NPAMOYIrONbHOM Kanubpe

Fisg _ NAz Ut VAg (1—c ;)]

7\,. = . Y/
£y eV g+ (1 —c )11 -
11 —¢_...)
. i+1
—_—rirl - (4.25)
Cyi+1)

Taxum 06pasom, BbITAXKa B NPAMOYronsHom kanubpe 6yaeT Tem
6onblwe OTNUYATLCA OT CpefHeit (\/7\2), Yem Gonblue pasHuua B Koadgu-
UMeHTax ytiMpeHuAa [A3HHOro M fOCNeAyloulero Kanubpos; npu ¢ . =

Cyj+q UMEEM A, _ VA v

Ananns ypasnenwit {4.13) u (4.22) nokasbisaeT, 4TO pasvuua Mexay
K03 huumneHTammn ¢ j W €y j4q 33BUCUT OT BeNUUMHBI 4aCTHOW CYMMapHOI
BbITAXKKW M Pa3HULbi s Avamerpax sankos D, n D, |

B cBA3u c Tem, 4To petuenune ypaBHeHnﬂ (4 25) — 3afa4a AOBONLHO
TPYAOEMKaRA, OTHOWeHWe 7\ I\/7\ MOXHO _OonpeaenATb W3 rpadmka Ha

1020
1015

1010

Puc. 57. K pacyeTy BbITRXKM &8 NpamoO-
yroneHom xanubpe cucTeEMb NPAMO-
YrONbHUK — KBaapaT:
1 — npu Di+1/hKi+1 =3; 2 - npwm
D 4/h ;41 =10

1,005

1000

puc. 57, nonyueHHoro peluenuem ypaeHenua (4.25) npw paznnudbix 3Ha-
UeHUAX 7\2 U OTHOLIEHWA Di+1/Di = 1 MAn C NOMOULLIO Cleayloulero npuv-
6NMKEHHOTO ypaBHeHWA, MOMlYYEeHHOro NyTemM 4YMCNOBOro aHanusa ypas-
HeHun (4.13), (4.22), (4.25),

—A—"_——= 14 Ziv1 (\/7\ —1)? \/-ﬂia (4.26)
Vg 15D; hiq
Takum 06pa3oM, BbiTAXKA B nochledyloulem KsBaapatHoM kanubpe
6yaert paBHa

D
\/_/[1+ Wx, -1V hi” 1. (4.27)

i+1

2. PACUYET KANIMEPOB CUCTEMbBI POMBE — KBAOPAT

Cuctema KanubpoB pom6 — KBaapaT NPUMEHAETCA B TOM Cliyuae, ecnwu
TpebyeTcA NONy4YUThL YUCTOBOW KEaAgpaTHbIM npodmns. Kpome Toro, cuc-
Tema pom8 - KBaapaT WMCMOMNb3YETCA TakKXe B KayecTBe BbITAXHOWN CHC-
Tembi, npuvem oObIMHO MpW fNpoKaTKe KPyNHbiX ceueHnid (oBbiuHO A0
KBagpaTa 150) .

Paamepbr KBaapaTHbiX Kanvbpoe BbIBMPATCA MCXOAA U3 NONHOrO
3anonHeHnA wnx MeTtannom. Ecnov nnowaau Metanna 8 kanubpax onpede-
NeHbl, TO MpWU M3BECTHOW cTopoHe KBaapata (h) BbicoTa KBAAPaTHOro
Kanubpa C y4eTOM 3aKpyrneHwn B yrnax Oyaet paeHa

h! = h\/Z-083r, (4.28)

rae r, — pPajvyc 3aKpyrieHwid B yrnax KeafpatHoro Kanwbpa.
3akpyrneHna B yrnax pomMOuWyYecKMX W KBaApaTHbIX Kanmbpos Bbi-
NONHAIT TY e PONb, YTO U B ALLMYHBLIX Kanubpax.
Mnowaaes ksagpaTHoro Kanubpa c y4eToM 3aKpyrneHWA Yrioe pasHa

F.=h?>-043r7-05s7 (4.29)

rae s — 3a30p MeXAy Bankamu 1o pebopaam,

06biuHQ NpuHumatoT r <024, 50,145,

Paguycbi 3akpyrneHmit y BypTos [enalTcA HecKonbko 6onbuwinmu,
yTo6bl Mn3b6exaTb MoABNeHMA ‘‘noape3oB’”’ B cnyyae nepenosHeHUA Ka-
nnbpa.

BbicoTa 4ACTOBOro KBaapaTHOro Kanubpa BbibWpaeTcA C y4eToMm Tem-
nepaTypHOro paclMupeHuAs MeTanna WM BenuuMHbLE A0NYCKa, onpeaenAemoro
FOCTom nnun TY.

hl = (1,010+1,018) {in, ., — (0508 A]VZ-083r,},
rae h — HOMMWHaNbHLI pa3mep CTOPOHbI NPOKAaTbIBaEMOro KBaApa-
Ta; A — MWHYCOBbIA AOMYCK,

MockonbKy yMeHblUeHWe pa3MepoB NpoKaTbiBaemoro npodmna, scnea-
CTBME Yy4eTa MWHYCOBOTO [OMYCKAE, B KaKOW-TO Mepe KoMfeHCUpyeTcA
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X YyBenuyeHWeM 3a CYeT TeMrepaTypHOTO PacliUpeHns, pa3mepbl YUC-
TOBOrO Kanubpa 4acTO NPUHUMAKOTCA PaBHbIMW HOMMWHANLHLIM  pa3me-
pam npocunAa
;P —
By = h,owV2—-083r;.

K
Takum 06pazom, NpU UIBECTHLIX 3HAYEHWAX nNnowaged metanna no
KNeTAM onpepeneHne pa3MepoB KBaapaTHbiX KanubpoB He npepcTa-

BUT 3aTpyaHeHWW, u pacyeT cucTeMsl pomMb — KBagpaT cocTouT B onpe-
feneHnn pa3mepoB pombudecknx kanubpos. lMpu 3TOM cneayetr ROMHWUTS,
4TO pa3smepsl pombuiyeckoro kanubpa aomkHbi obecnednBaTb nonyvyeHue
Tpebyemol nnowapn Mmetanna He TOAbLKO B8 GaHHOM pomMbuueckom, HO
M B nocnepyiowemM KBagpaTHoMm kanubpe.

Mnowags 7 -Toro pombBuyeckoro kanubpa c yvyeToM 3aKpyrneHun a
yrnax kanubpa (r;;) v 3a3opa Mexxay Bankamu (s,.) paBHa

1
Fui = 5 WhZ; —st)ctg B, —2ri; (tg B — ), (4.30)

K

— BoicotTa Kanubpa; f; — yron HaknoHa obpasywowen kanu6-

rne hxi ;

pa K ocu Banka.

Mockonbky BenUunHbl §; VW I 1j NDUHUMAIOTCA B COOTBETCTBWW C pas-
Mepamu NpoKartbiBaemoro npodunA, pacveT pombuueckux Kanubpos 6y-
BeT 3aKNn4aTeCA B OnpeAeneHWM ABYX NapameTpoB: BbICOThbI Kanubpa
hK,. W yrna HaknoHa obpa3sylowei kanubpa k ocu Banka 6I. .

OnAa onpepeneHuA BennuuH hK,. n ﬁl. paccmoTpum aedopManmio nono-
cbi B pombuueckoM wu nocneaywowem (/ + 1)-Mm KBagpaTHOM Kanubpax.
Ecnu npeHebpeub 3akpyrneHuamu yrnoe kanu6pos, TO BenWYMHa CMe-

WweHHOW nnowaan metanna (puc. 58) npu npokaTtke nonocel kBaapat-

z)

Yoi

|

(=Y

N |
= s E
W8 N
s X
=~
ol 1adfy,
\§\ g\ A ﬂ / 4 .
| NS

7R R N Y
Vb ’

Puc. 58. Jedopmauva 8 pomGuteckom Kanubpe, cucrema pom6 — weanpat

90

HOFO CeYeHMA B J-TOM pombuueckom wanubpe MOXeT BbiTb BbIPAXKEHA
cneayouium oGpasom:

4F 28c. ap = Pxizi Z M)

AF. = = . = )

! Bco 21— tg g;)

rae h ;4 — BbICOTa MPeAbIAYUIETO (i — 1)-ro ksagpatHoro kanubpa

iy = P V2. ,

NosctasnAs 3Hauenne AF; B ypaBHeHue (44) w BbIp@XAA MNOWAAL
ceyeHMA fONOCHI Fi = h:i_1/2?\,., ronyuYAm ypasHeHue, cBA3biBaloulee
reomeTpuuecKkue pa3nmepbl pomBuueckoro Kanubpa ¢ napameTpamu Npo-

VNCXOARALLER B HEM Aedopmaunm

(77

— R 2 N, — 1
(1 —h i /h 9 i ’ @.31)
1 - tg 6 A e )
rae 7\,., ¢ . — BbITAXKE N KoadduMUKHeHT YWNPEHIA B i -Tom pombuue-

6/i
CKOM Kanubpe.
Eile 04AHO YypaBHEHWE HaWaemM un3 YcrioBuA HeoBXxoAKMMOCTM fonyye-

HUA KBaapaTHOro npodmnAa B8 nocnedy:owem i + 1)-m KBagpaTHOM Ka-

nnbpe.
3t0 yenosue B cooTeetcTann ¢ (4.7) Buipasutca Kax
C .
= = yixrl . -1V h2
AFKi+1 AFyi+1 201 - ¢ ..4) ( i+1 ) i+l (4-32)
yi+1
rae ’\i+1' Coivr ~ abTANKa v koagduumeHT ywmpenua 8 (F + 1)-m

KBagpaTHoM Kanubpe.
W3 puc. 59 BugHo, 4To npnolsanb AFK
Ay:owmnm obpazom:

i+1 MOXHO npeaACTaBuUTbL cne-

Yoiien

Y20k

+

i

ol

Z

B AL

N - y

b ! g
2

T hes _]

Puc. 59. Jechopmauus B KBaApaTHOM
Kanwbpe, cucrema pomb — KBampey
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L h"—’) 2
AF = =4 al b i+
K,.+1—4FACB—4—2-—AB-CD= .
2 (1 - 19 ﬁi)
NoacTaBmB 3T0 3HaueHue AFKI+1 8 (4.32), nonyunm ypaBHewxue, cBA-

3biBalolllee  reomeTpuuyecikme pasmepbl pom6u4eckoro Kammbpa ¢ napa-
MeTpamu nzcbopmau,nn B nocneaytowem (/ + 1)-M kBagpatHom kanwBpe

(1~ X2 .

Ki+1 — yi+1
)~ tg 8, -
9 6 V=i

Onm Toro, ytoBbl yNpocTUTe pelueHue W adanus NOMYYeHHbIX YpaBHe-
Han  (4.31), (4.33), BeBepem 6GespazmepH biii KkoadduuneHT d/’ paBHbIN

Vi = hyi/h i (4.34)

Koachdnument xl/, XapakTepulyer pasHuuy Mexay wupuHow (i + 1)-ro
KBaapatHOro kanubpa v WMPUHON BXOAAWeEH B HEro NoOnOCHI, paBHoOW
BbiCOTe npeAliecTsytowero pombuyeckoro kanuépa. KoadbduumenT . Bce-
raa pomkeH 6biTb MeHble efuHWUbI (tl/ < 1,0); atum obecneumsaerca

3axBaT nonocbl BanKaMu wn BO3M0)KHOCTI: yWWpeHNA B KBagpaTHOM Ka-
nnbpe 6e3 o6pasoBaHnA “namnacos’’.

(A 1)

i+1

(4.33)

BuicoTa pombuyeckoro Kanubpa 6Hes yyera 3akpyrneHuMn B yrnax paBHa
;= hi V2, (4.35)
rae h,.,r1 — CTOpOHa NOCNEeAYIoUWEero Keaapara.

linpuHa pombuyeckoro Kanubpa b, ; = hKI./tg 6/..

C yueTOM 3axkpyrneHuin BbicoTa porbuyeckoro kanubpa onpeaenfAercA
no cneaytouwein chopmyne

!

hl'y=h  —2r; (—S‘T - 1. (4.36)

Paauyc 3akpyrnedwin B yrnax pombuuyeckoro kanuwbpa (r ;) obbiuHo
NPUHMMAETCA PaBHbLIM pagnycy B yrnax nocneaylowero Ksaapara.

Nz npakTuyecKMX [aHHbIX W3BECTHO, 4YTO YylUWpeHWe B KBaapaTHOM
Kanubpe nNONOCbI POMBUYECKOro WU OBaNbHOrO CeYeHWA NPUMepPHO OAWHa-
KOBO. 3TO A4aeT OCHOBaHWe WCNONL30BaTb ANA pacyeTa KoaduumeHTa
YLWWPEHKWA €, ., B cUCTeme pomb — kBagpat ypaeHeHue (3.15).

C yverom (3.15) u (4.34) ypasHenna '(4.31), (4.33) nocne Hecnox-
HbIX Npeo6pa3zoBaHWii NPUMYT CrieAyOWWA BUA:

(1 - ¢ ) ¥
tg g, = 1 - S ALES'7 LR . )2, (4.37)
i_1 }\E
v, = 1—\/—(4+ YL, =1 (1 ~tgB,), (4.38)
hKI+1 !
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rue Ay — 4acTHaA CyMMapHam BLITAXKA, )\E = F, /F. . = thI._1/

i—1 i+1
/h?

+
Eén;qm{a Ko3thdmumeHTa ywmnpeHnA B pomGuyeckom Kanubpe onpe-
nenAetcA ypasHeuuem (3.10). Mpueegem ero K Buay, 6onee yaoGHomy
ANA pacyeToB KannwbpoBOK.
Mpu paBeHcTBE uAeanbHbIX ANAMETPOB. BANKOB AUAMETPbLI Di " D,.+1

6nm3ku mexay cobow, 4to nossonAet 8 (3.10) npunate D; = D, Be-

i+1°
NNYUHBI AhK/hK, ¥ h <o MOXHO NpeacTaBuThb Kak

AhK - h|</”—1 1= "/}‘E

hKl hKi ‘v'/l

hko = hKi—1 = hKi+1 \/)\E
Takvm o06pa3om, ypaBHenue ANA Ko3athpuuMeHTa ywwpeHuA Npu nNpo-

KaTke B pombuyeckoM Kanubpe 6yaeT UMeTb Ceaytowvi Bua:

= 1

Cyi = }\ .
3A

1+ {1+ 354 (

4+Di+1/h v A v

Ki+1 z 1

- 1)3t933i]

(4.39)

C yyetom (4.39) ypasHenua (4.37), (4.38) conmepxaT nBa Heu3secT-
HbIX: KO3(uumeHT ‘pi' XapaKTepu3yIoWniA BbICOTY POMOUYECKOro Ka-
nbpa, n tg BI.. Pasmepbl pombBuuyeckoro kanubpa onpenenAilOTCA NyTem
COBMECTHOIO peLUeHUA 3TUX ypaBHEHWA,

Nockonbky {4.37), (4.39) npeactTaBnAlT cOGON cACTEMY HeNUHen-
HbIX YPaBHEHWA, pELIEHWE 88 MOXHD HaWTU OAHUM U3 NPUBIMKEHHLIX
cnocoboB, HaNpUMep C MOMOLLLI0 METOAA NOCNEAOBAaTENbHbIX NPUGNVXKEHUN.

MNpu M3BECTHBIX 3HAYEHUAX BLITAXKEK ()\E, )\I.), OTHOLUEHUA /+1/
/h g4y W KO3BDMUMEHTE A peweHune BbINONHAEM B crieaytolled nocne-
DOBaTeNbHOCTH.

MpuHumMmaem B KauecTBe HavyanbHOro HeKOTOpoe 3HauveHue tg B v npu-
tg B, = (tg B; )(0) onpegenAem un3 (4.38) HauanbHoe 3HaveHue Ko3d-
dmumeHTa \]J BoiuncnAem npu tg B - (g B ) 0, ¢/ tll(o‘ cHavana
K03CbeMU.VIeHT ywupeHna ¢, . u3 Bblpa)KeHMH (4.39), a 3aTeM noLcrase-
nAaAa (tg ﬁ ) {0) xlx(o) " HavmeHHoe 3HaueHve C ;. B NPaByto 4acTb ypas-
HewnA (4. 37) HaiinemM HoBoe 3Hauenwe tg f5; (tg ﬁ ) 1) Nocne atoro
cpaBHUBaeM MeXay coboW npuHAToe K BbwucneHHoe 3HayeHUA tg ﬁ n,
ecnn pasHoctb (tg ﬁ y (3 — (tg ﬁ ) {O) Gyper 60m=u1e 3ap,aHHow norpew-
HOCTHW, BbIYUCNEHWUA nOBTOpHeM npu tg §; = (tg B ) B TOW >ke nocne-
0BaTeNLHOCTN, 4TO W Ha npep.bmyw.eﬁ onepauuu BblMucneHui, Pacuer
npofomKkaem A0 Tex NOp, NOKa pasHuLa 3HadeHun tg BI. , NONY4YeHHbIX Npu
AZHHOM W NpeablayweM npubnuskeHuax, Byaer meHblwe wnn pasHa 3apaH-
HOW NOTPEeLUHOCTU BLIYNCIEHUNA.
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Hpw  pewienun ypasiicamii MeToaom  NOCReRoBATENbHLIX NPUBAVKEHUI
OLBEM UHIMUCIEHWM 33BUCUT OT BEAUYMHE! NPUHATOW MOTPEWHOCTW ANA
UCKOMbBIX BENWYUH, B [AHHOM Cllyuae AnA tg 6 , W 3To obcToATenLCTBO
HeOBXOAVMO YuuTbIBaTE NpW BuiBOPE TOYHGCTU pacueta. OuesuaHo, yTO
TOYHOCTL pacvera He AOMKHA Bbith HWA CAMWKOM ManoW, HU CAMWKOM
BLICOKOW, TaK Kak B 3TOM CNny4Yae [LNA PelleHWA ypaBHEHWI notpebo-
Banoce Gbi HeoBocHoBaHHO GORLLIOE YMCNO UTepawy:ii.

Ucxopm 13 TOMHOCTU Hapeskn KamiGpoB, NPWUHATOW anA COPTOBLIX
“ MPOBONOMHLIX CTaHOB, KOTOpaA VBLIMHO cooTRETCTBYET 6 -~ 7 Knaccy
no OCT 24.001.27-78, norpewiHocTs BbMUCAEHNA yrna Haxnoqa obpa-
3ywouieit pombuieckoro Kanubpa K ocu BINKO8 MOWET GbiTb NpUHATA
pasHoit

Itg 6" — g p!"="| < 0,002,

Yucnoean nNpoBepka NOKa3pIB2eT, YTO MOrPEWHOCTL BhIMUCTEHUA KO-
achuimenTa d/,. npu 3TOM COCTaBuT

ol —yln=2 < g001.

Bpyrum  BaxHbiM  (haxTOPOM, ONPENENAOWMM  O6BLEM  BbIHUCIEHN
NpY  peleHUn ypasHeHuil METOAOM WTepauni, ABAAETCA BLIGOP Hayasb-
HbIX 3HAYEHW WUCHKOMBIX KOpPHeW. Yem Bnmme K MCTUHHOMY 3HAYEHWIO
KOPHA BbIGPaHO HavanLHoe NPMBIMIKEHUE, TeM MeHbLue notpebyeTcA BhI-
YNCAUTENLHOW PaBoTet.

B uactHocTn, anAa ofNpemeneHWA Ha4YanLHOrO 2HAYeHWA tg 13 npu pe-
weHum ypasHenun (4.37), (4.38) moxHOo pexomeHmoBaTh cne.uyeomee
BBIPAKEHNE, TIONYYEHHOE C NOMOLLLIO YMCHOBOIO @HANW3A 3TUX YPABHEHWN:

(Ae—1)°
= 0,46 . T
9 f = VI ¥ o e
X { Di+1 36\/2— 2 }‘,“+1 ”\';4_1 - 1) . 14.40)
h i AL Ap (A - 1)

pu paseHcTBe BblTﬂ)KeK 8 POMGUYECKOM U MOCNefyioUleM Kueaapat-
HOM kanubpe ”\1 = /+1 \/( ): g
Ao~ 1)

- 046 . ‘*z )
9 Bi AL (a4 + 4)2 At X
D.
x ( i+1 + 362\/?\2:!.’ (441)
hxi+1 )\‘

Kak nokazana npoBepka, pasHULa EeNUUWH th HalfeHHeIX U3 ypas-
Henunit (4.37), (4.38}) n ¢ nomowso Bblpd?KEHVIﬂ (4 40), 8 WMPOKOM fMna-
na3oxe B)(OD.F!UJ,VIX napameTpos ()\ + 20; D,H/h i 41 5 -
+ 20; A = 3,5 +6,5), ve npesbiuaer 1 — 2 %. Takum oSpasom, Bbipa-
xkeHne (4.40) MOXKHO WCNONBL3CBATL HE TONLKO ANA HAXOXAEHUA HAuans-

TO0 3HayeHuA yina ﬁ,. , HO N B Ka4YecTBe CaMOCTOATENbHOM dJOpManl, Y10
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3HauMTeNsHO ynpouiaeT pacueT pombuueckux kanubpoe. [ledcTBUTENBHO,
onpegenue u3z (4.40) Benuuuny tg B M noacTaBuB ee B YpaBHeHwe
(4.38), cpasy Haxoaum Koacbcbnu,uem \}/,, a creposarensHo, W BLICOTY
pomMbuueckoro Kanubpa.

Mpn A = 45, 4To COOTBETCTBYET Cfly4ald NpoKaTku yrnepogmcTou
cranm npn 1100 — 1200°C pasmepbl pOMBMMECKUX KAnMBPOB MOXHO
onpefennTbL n3 cneayroumx Bblpa)KeHMﬁZ

(Ag — 11° Djs1
tgf. = 1/(1+ { p + .
! 157 (A5 + 1) it
2 A (Ai+1—1) . (4.42)
+ 18 1;
A% A (A= 1)
: D.

g, = 1-024v/ 1+ — )y, =1 (1 —t9 ;). (4.43)

wi+1

PesynbTathl pacueTa 3HaueHUM yrna BI. n Koathtpuumenta \1//. C NOMOLW;bHO
ypaBHeHwﬁ {4.37), (4.38) npu pasnUuHLIX BeNMYUHax OTHOLUEHUA
/h M YacTHOW CYMMAapHOWM BbITAXXKKM NpeaciasneHsl Ha puc.
6(')+161 Kk+a|< BMAHO M3 rpathmxoB, yron ﬁ M BbicOTa pOMBUYECKOTO Ka-
MMBpPa yMEHbLIAKWTCA ¢ YBENMUeHWeM Ay OTHOLueHMH :+1/h Wi+
3aKmoMUTeNtHLIM  3TANom sbmmcneHwﬁ ABNAETCA npoBepKa nonyueH-
HbIX pesynbTaToB. [lpoBEpKa OCHOBLIBAETCA Ha TOM, YTO NNoOWags pom-
6uyeckoro kanubpa Npu HaWAEHHLIX 3HaueHUAX Koadhuunenta t!/l. “ yrna
6,. AOMXHa BbiTb HGojsiblue MNKM, B KpaWHem criyvyae, paBHa Nnowiagu mervan-
na B kanubpe, T.e. in = Fi' ‘
MoacTasnAana cioga 3n1aveHue FKi n3 (4.30) M BbipakaR NnNouiagb Mme-

A
b 2
= = = ne
Tanna F,. KaK Fi Ai+1 Fl.+1 = —h K (j+1)+ flony4Mm ycnos
1
pi, 2pad Vir
40| ag p
30 081
2
20 o7}
J
10 o6l 1 [ L
w1820 A W16 18 20 &

Puc. 60. 3vaueHwA yrna B; B 3aBMCUMOCTA OT BENUYMHBI Ay W OTHOWEHWA D; ¢/
/h pq (A= 4,8): o

1 o0 Dy 4 7B 4 =5; 2= B Djyq/hcigq =107 3 = npn Djpq/h 41 =20
Puc. 61. 3HaueHuA ko3dduunenTa Y; 8 3aBUCUMOCTU OT BesTudnHb! Ay ¥ OTHOWEHMA

0;11/h i 11 (A= 45):

- h =20
1 —npu D5 44/ g1 = 5 2 —rpn D;14/h ;e =10; 3 —npu D; 1 1/h i+
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NPaBUNLHOCTW BbINOJIHEHHbIX pacyeToB (BenuuuHamu ry;, §. npeHebpe-
raem)
1 > )‘i
" tgp; = - (4.44)
i =
B uacTHOM cnyuae, npu 7\,. =7\,.+1 = \/7\2
tg B,
! > 1

Vi Vg

3. PACHET KANUBPOB CUCTEMK! OBAN - KBAAPAT

Cuctema kanubpoB oBan — KBagpaT MCNONb3yeTcA O6GbLIYHO TONbLKO
KaK BbITAXKHaA, TaK KaK fpPUMEHeHWe OBanos 3aTPYAHAET NonyYeHue
yrnos KeBaapaTa B MecTax pa3bema Bankob. [103TomMy Npu NpokaTtke KBag-
paTHbIX Npothuned B KauecTse MPEAYNCTOBLIX BMECTO OBanbHbIX NpUMe-
HAIOTCA pombuueckne Kanubpbi. Tem He MeHee Npu onpejeneHWn pasme-
POB KBaAgpaTHbIX KanubpoB, B TOM 4WCNe 4YepHOBbLIX, KaK W B Clly4yae CMC-
TeMbl pomb6 — KeaﬁpaT, 6yaeM UCXOAWNTL W3 YCNOBWA NONYYEHWA B KaX-
AOM U3 HWUX MPaBUNBHOTO KBaAPaTHOro NpodunA.

NockonbKy MNpu WM3BeCTHbIX 3Ha4eHWAX NnNouLaaed meTanna no Kne-
TAM pasmepbl KBaApaTHbIX KanuBpPoOB nerko HalWTu ¢ NoMowbid Bbipa-
xennin  (4.28), (4.29), pacuetr cucTteMbl oBan — KBaApaT CBOAWMTCA K
onpeaeneHvio pa3MepoB OBalnbHbIX Kanubpos.

OBanbHbih  KanuBp npeactaenAeT cobol  reomMeTpuseckyto  durypy,
06pa3oBaHHYl0 ABYMA KPYrOBbIMU cerMeHTaMW OAWHaKOBOro paauy-
€a, CNOXXEeHHbIMU CBOMMMW OCHOBAHWAMMW.

MHorpa Bmecto oBanbHbIX ynoTpebnAKTCA Kanubpsbi, 6iM3kne K HUM
no dopMme, Takue, KakK: NNOCKWE OBanbHble: ABYXPaAWyCHbie OBaNbHble
(annnnTtuueckme) u 1.4. OueHb 4acTo, XOTA W He Bcerga, NPUMeEHeHWe
3Tnx Honee CNOXHbIX M0 KOH(MUrypaunwn Kanwbpos Bbi3b!BaeTCA He npe-
UMywecTBamn ux Gopmbl, 8 ABNAETCA, NO CYTW Aena, MOMbITKOW KOM-
NeHCMPOBaTb HETOYHOCTb pacueTa KanuBpPOBKM COOTBETCTBYIOLLEN KOp-
PEKTMPOBKON (POPMbI KanubposB.

Nnowaas /7-Toro oBanbHOro Kanubpa € y4eTOM 3a30pOB MeXpy Ban-
Kamu . (s,.) onpeaenAeTCA CREAYIOLNM BbipaXKeHNEM :

b,
= 2 in —2.L . —_
FK,, 2R06p aresin —— : bpi (Roﬁpi
obpi

—hoi) tbys; (4.45)
rae h i’ bpi — COOTBETCTBEHHO rny6uHa u wKpuHa pyysA Kanubpa (Bpe-
3a kanubpa B Banku) ; Roﬁpi — paanyc obpasyouwein kannbpa.

3aeco

2h,; = hy;— s

96

R ,
- 6
b= (h ;—s)Va ——22el— 1. (4.46)

wi = 5i
Ecrm Benuuuna 3asopa mexay Bankamu Hesenuka, To NAoWaab i -Toro
oBanebHoro kanubpa {(cm. puc. 62) MoxHO NpeacTasuTL B Buae yABOEH-

HOW MNOLWAAN KPYroBOro cermenta (paawyca Roﬁpi v BbicoTbt 0,6 A )
4R _ . b . «
Foi = O,Shi,. [—‘2’69’— arcsin —____
wi 2R 56p i
b . 2

Ki ( Roﬁpi - N1,

hKi hKi

rae hK,., bK,. — COOTBETCTBEHHO BbLICOTA W WKMPWHA OBanbHoro Kanubpa.
LinA ynpouwieHWA nocneayiowmx BolYUCNEHWIn BBeaemM 6e3pa3MepHbIi KO-
achbbrumeHT, pasHbIN

i

R .
a, = 0_;’675"_ . (4.47)

4 Ki
KoadidmumneHt @ ; MOXHO paccMaTpuBaTb B KaueCTBe NOKasaTenA OBasb-
HOCTM Kanubpa. [leWcTBUTENnbHO, npu a,= 1 oBanbHbIN Kanubp cTaHo-
BUTCA KpPYrnbiM, a Npu @, = ©° npeBpallaeTCA B rnagkyio “Gouxy”.

!
C yuetom (4.47) wmpnHa W Nnowaab OBanLHOro KanuBpa BbIPa3ATCA
KaK

bKi = hKi \/28i -1

V2a.,—1 e
S e, =12, — 11, (4.48)

a;

B pacyetax, Me TpeByiowMX BbLICOKOW TOYHOCTWU, NNOWAAb OBAaNbHbLIX

~ 2 2 .
FK,. = 0,6 hK,. [a,. arcsin

: Y2
yﬂl‘_l/zﬁt-/
P4
/
. %‘/H/MFL
Vadfy;
A C <
N
- €% 8
L]
0 -
4 £ | ]
—
R o
Puc. 62. [dedopmaumAa 8 o0BanbHOM
xanubpe, cucteMa oBan — KsappaT O
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KanMbpoB MOXHO onpegenATs TakKKe U3 cneayioulero npubnXeHHOro
BbIPAXEHUA:

FKi

PasHuua 3HadeHun F j+ MONYYeHHbIX U3 BolpaxkeHun (4.48) u (4.49),
B wHTepgane 1,5 < a; < 5 HaxoauTcA B Npeaenax 1%

Taknm 06pasom, pasmepbl ¥ KoH(Wrypauwa oBanbHoro kanubpa non-
HOCTBIO XapaKTepu3ylTcA ABYMA NapameTpamn, a WUMEHHO BbICOTON Ka-
nvbpa h i ¥ BefMunHOW Kodthuuventa a ;. PaccmoTpum  aeopmanunio
noNocLl B OBanbHOM W Mocfiefy loLLem KBdnpaTHOM Kannbpe.

V3. puc. 62 BMAHO, 4TO BEAVUMHY CMELIEHHOW MAGUIaAM mMeTanaa npu
npokaTKe NOMOCLI KBagpaTHOro Ce4eHWA B /-TOM OBanbHOM Kanuépe
MOXHO NPeACTaBUThL creayiownm obpazom:

AF, = F;_ =4 ggce = Fimi —4F 450 * Foace):

T'— 1. (4.49)

rae

h.
1 . i—1 1
Fagc™ 3 Roﬁpl arcsin —2 — i (Roepr ~
obpi
-- (0,5 hK,. — 0A)];
F _ Mzt o4, 0a=Tlxi _ 4B =
OACE 2 ‘ 2
ho . h?
- Ki — R (1 _ \/1 _ i—1 )
obpi
2 P 4Ro6p i
Takum o06pa3om, nocre CoOOTBETCTBY OLWNX npeobpasoBaHuil 6yaeMm |
nMeTh: o ]
2
v _Vagp
AF, =hi_ 11— ;:— aresin
z aj \U, v
7\ VRN
—a; + L= (a,.—1), (4.50)
Vv 22y 2a% v} Vg
roe 11/ KO3 (PUUUEHT, XaAPAKTEPU3YIOWNA  PasHALY MeXXAy LLUMDUHOW

(i + 1) -ro KBaapaTHOro Kanubpa M LWMPWHOK Bxoasuied MONGChI, PaB- |

HOW BbICOTE / -TOF0 OBaNLHOro Kanuﬁpa,

b= b e @51

Moactasnaa B (4.50) 3HaveHwue AF us Buipaxenns (4.4), " nonyuum
ypasHeHune, CBA3blBalOLLEE reomerpnquKue pasmepsi OBanbHOTO Kanué-
pa ¢ NapameTpami NPOUCXOAALLER B HeM AedOpMaLm

Vi e i e

2 .
a; arcsin —+ a .
! ai \L’i\/z , \L’ V2 232, ‘:’7
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2., -

- @, =1 . v i 4.52
¥ ! Y (462

k i yi
rae )‘i' €yj - BbITAXKaA u KO3(PhULMEHT yLIMPeHUA B oBanbHoM Kanubpe.

Eule o4HO ypaBHeHMe MORYYMM K3 YCAOBMA MOAHOIO 3aNONHEHUA Me-
Tannom nocnegytowero (i + 1) -ro keagpatHoro kanubpa.

Npu nonHom 3anonHexun wetannom (i + 1)-ro kBaapaTHoro kanubpa
cornacHo (4.7) vmeem

h? c. . (A, - 1)
— —~ _Kit1 | Zyi+1 i+t
AFKi+1 AFyi+1 2 1 c (4.53)
vi+1
_I/13 puc. 63 BuaHO, 4TO nnouwiagb AFK,.Jr1 MOXHO NPeACTaBUTL Kak
S 41T Y psc = 4 (Fage — Fagp)
3anech
7
F - of +1 1_ .
ABC 2 ( > hivr = Yoier)s
F = 0,5R% . arcsin —2if'  _
ARD obp/ . 05 0;+1[ﬁ06pi -
obp/
hKi
e 2T

C yyeToM 3HaueHwik A
- \5/1) wh nnowaneit F o~ u F Agp W vcnonssya  (4.47)
nocne npeobpasceaHnii 6yneM UMeThb

2z
— 2 0/ +1 1
AFjer = 0Bh G I—2la, + —— 1) -
i i
22 . F
2 . [YAA
— d . arcsin ————
i PR b (4.54)
i "k
Mo
JICTABUB  3HaYeHUe AFKi+1 B (4.53), nonyunm ypasHenue, cea-
z
Youien |
144F.,
N
& s //446((“,}
B
Puc. 63. fedopmauns B sag-
paTHoMm kanubpe, cuctema 0 0 j AlD ¢
oBan — kBagpar - /‘/Zﬂn g
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3blBalculee pasmepbl oBanbHOro Kanubpa c napameTpamu  gedopmaunn
B NocfleAyioweM KBagpaTHOM Kanubpe:

2z . 22z
+ . i
— ¥ g+ 1) —a? arcsin —2F1 =
h . ! v, ! a;h
K i . [ Y
o Cyini W = 1) (4.55)
2 _ ’ .
Yi 1= ey
rpe )‘/+1' c yitl BbITAXKA W KO3(hUUNEHT ywUpeHUA B KBaapaTHOM
Kanubpe; y0,+1 . Zoj+1 — KOOPAUHATLI TOYKW NepecedeHnna 06pasytonx

KBaAPaTHOrO M MPeAbIAYILEro OBAfNbHOrO Kanubpos NPy HanoXeHun WX
ApYr Ha Apyra 8 NMIOCKOCTU BbIXOA@ MONOCHl U3 BankoB.
W3 BbipaxeHusa (2.46) c yyetom (4.47), (4.51) umeem:

2z,;
#:1_[3/-}___1 \/Za _ai+L_1)2]_
h Ki ? Wi \11,-

Kak nokasan aHanus eouipaxenwnin (4.50), (4.54), nnowaau AF; n
AFK,.+1 c GOonbWON TOMHOCTBIO MOryT 6bITh MpeaCTaBNeHb! B BUAE cne-
AYOWNX NPUBNMIKEHHBIX 33aBUCUMOCTEN

V2, A
AF. = F, 0.5h2 - z ); (4.56)
i i v 12 (a; — 0,2) ¥}
[ I [
(1 —y)?
- 2 i 2 _ 2
AFKI+1 05/7 T‘ (1 +a_ 1 W,) ]. (4.57)

i i

MorpelwHocTe BbuncneHun AF; n AF, ;j+1 C NomolLio (4.56), (4.57),
paxke npu  camblx He6naronpmHTHb|x COOTHOWIEHNAX koathpuumneHToB a;,
1,(/I , He npesbiwaeT 1 %. ,

NoacTtaBus 3HayeHUA AFi M AFKi+1 cooTBeTcTBEHHO B (4.4) n (4.7),
nonyyum Gonee NpocThie anrebpandeckue YpaBHEHWA, MCNONbL3OBaHUe
KOTOPbIX BMECTO TPaHCUEHAEHTHbIX ypaBHeHuin (4.52), (4.65) nosso-
NAeT cyulecTBeHHO obnerynTe pacyeT ko3dddnuneHToB a; U 11/,.

A Vv A 1 —c .A;
z — . yi°i__ =0 (4.58)
12 (a; - 0,2) ¥; vz N U= )
LD APPSRl B £ 3 B £ B L
=y = (1-4) 5 P 0. (4.59)

Cyi+1
BennunHa koadduumeHta ywmpeHna B osanbHoM Kanubpe onpege-
nAeTcA ypaBHennem (3.11). B GespasmepHbix napamertpax a; n 1[/,. BbIpa-

»xeHue anAa Cyi 6ynetT MeTh cneayownin Bua,

Gy T 1/{1 +

100

A2 -y V2iAg) [ + 1004 (VAgly; V2 - 1)7/a}]

_ — . i }' (4.60)
(4 + D; V2/h kitq VAg) 1=y, \/—277\2) ¥ V2irg
rae D,. — AMaMeTp Banka B BepLUWHe j -TOro OBansHOro Kanubpa.
Ecnu BenuunHa o6)kaTuA B oBanbHOM Kanubpe HaxoAWTCA B WHTep-
sane 0,256 < Ah,./hl._1 < 0,50, T0 K03(hHULMEHT YILIUPEHUA MOXHO OnN-
peaenuTb ¢ NOMOLLLIO YNPOLWEHHON hopMy bl

= 1/{1 + 64 [1+
D. -
4+-’_\/_2_
hKi+1 AE
VX, :
+100 24— (—2—1)3]}. (4.61)
aal \piﬁ -

3HaueHne koacduumveHTa yiumpenna 8 (i + 1)-M kBaapaTHOM kanubpe
onpeaenseTcA ypasHeHnem (3.15). YuuTbiBaAa HeBonbluyio pasHUly B Bbi-
coTe OBafbHOrO W NOCMeAYHLEro KBagpaTHOro kanubpa Mo cpaBHEHWUEO
C AMaMeTpOM BanKoOB, MOXHO, B CNyyae PaBEHCTBA MAeanbHbIX AWAMET-
poB Bankos, fpuHATE D, = Di+ Takum o6pasom c yuetom (3.15),
(4.60) ypasHennn (4.58), (4. 59} cofjepaT TONbKO ABAa HEU3BECTHbIX,
a WMEHHO, UCKOMble KO3(NUUEHTB! a; un 1,(/ PelieHne ypaBHeHWA MoO-
WET ObITb BBINOAHEHO C MNOMOLLbIO Me'rdna nocnep.oBaTeanblx npu6nu-
KEHUN,

Mpuseaem ypasHewna (4.58), (4.59) k Buay, yaobHomy ana pewde-
HUA METOAOM uTepauui, ANA Yero 3aMeHUM WX Ha IKBUBANEHTHLIE YPaB-
HeHnA Tuna a . = f1(s;, V;) m ¥ =F(Y, a).

C yyetom (3 15) nonthM

AE
a; =02+ e ; (4.62)
A 1 —-A;,cCc .
1297 (1~ —2— . Lyl
VN2 A=)
b= 1 V14 B @y oy
i al. 154 B it i+1 :
(4.63)

Pewenue ypasHenun (4.62), (4.63) suinonHAem B cneaytouleid nocne-
DOBaTeNbLHOCTH,

Bbibupaem HavanbHoe 3HavyeHue Ko3addUUUEHTa a; (0)) wonpua;=
= a '} us ypasHeHna (4.63) Haxoaum HavanbHoe 3HaquMe K03¢)¢muu-
eHTa \L npu4eM B KayecTBe HAuanbHoro npubnvxeHnA AnA a; MOXeT
6bITb ﬂpMHFlTO mo60e nonommenbnoe uncno 6onsluee eanHULbI.

Danee npun a; = nv= 1,(/? BbluMCAUM cHavana us (4.60) ko-

101



acpduunenT yiwmpenun € j+ @ 3aTeM, NOACTABNAR HaWEHHOE 3HayeHWe
Cyi v l[/(,p) B ypaBHeHne (4.62), nonyumm HOBOe 3HaueHWe ko3cduun-
enta a, (a (,. ). CpasnuBan mexay coBon npuHAToe (a .’} w HalaeH-
Hoe 3Haueva @; W, ecnv pasHocTy a; (0)_ a; Olokawerca ' 60nb|.ue 3afaH-
HoM norpeLuHocm noBTOpAemM Bbmwcneﬂuﬂ npm a; =05 (a 'y a; 1),
Bbmucnenua npoaonxaem ao Tex nop, noka pa3Hocn, ME‘)K.?.Y n,ByMﬂ co-
CeaHuMU NpubnvkeHUAMKU KoadduumeHTa a; (a,. }6ynet meHs-
e UNn paBHa 3aQaHHOW MOrpewHoCcTy.

B cooteeTcTBMM C TOuHOCTLIO, MpUHATOM npy Hapeske kanubpoe cop-
TOBbIX W TNPOBONOYHLIX CTaHOB, norpe«.uuocn: pacueTa Ko3thhnumeHTa
@, Moxer 6biTb NPUHATA paBHOM a; in) _ a (, V<o 01,

flerko nposepute ¢ nomou.uno ypaBHeHnA (4,63}, 4To TOYHOCTb BbI-
‘W‘ICI‘IEHMH Koacb?uunema lP, 6ynet B 3TOM cnyvae He wmeHee 0,001, Te.
g \m g n=1h < 0,001,

Obvem Bbmmcneuuﬁ MOXHO 3HauYUTeNbHO COKPATWTb, eCNWM HayanbHOoe
3HaueHne KoadduumeHTa a; onpepenATe W3 CNeAywOWero BblpaxeHus,
IONYYEHHOTo € NOMOLWBIO YUCNOBOro aHanW3a ypaBHeHWi (4.62), (4.63):

D,
2+ i+ —
h . (Vra—1)2
ai:1+28'5 wi+l . \/E
1+ A }\E
(A — 1)
X 0 (4.64)
(A; = 1)
Mposepka nokasana, 4To B LWMpPOKOM uwanasoHe 3HayeHWn napamer-
poe aediopmaumnm (A, = 12 25; A /N7 = 0,95 +1,05; ,+1/hK,.+1 =
= 5 +20; A= 35 + 55) norpeLuHocn BbIMUCNEHUN KO3 dUUneHTa

a; ¢ nomouwpio Bblpamenun (4.64) couzmepuma c TouHOCTBIO, NPUHATOH
ANR a; npu peweHun ypasHenuin (4.62), (4.63). 3To nozsonaeT wucnons-
3oaan> (4.64) anm onpepenexua Pa3MepoB 0BanbHbIX KanWMBpPOE BMECTO
ypaBHeHuA (4.62), uTo cyuwlecTBeHHO ynpoliaeT Becsk pacyeT Kanubpos-
KW Bankos.

3asepwatowm 3TanoM ABnAeTCA npoBepka NONYYEeHHbIX pe3ynbTaToB.
Mposepka OCHOBbLIEAETCA Ha TOM, uTO NMNOLWaAb OBaNbLHOrO Kanubpa npw
HANABHHLIX 3HAYEHUAX KO3UUMEHTOB (a ll/) AomxHa BbiTe Honblie

Wnu pasHa pacquHow nnowaan metranna B AaHHOM Kanmﬁpe
F=F,

K/
3To ycnoeue MoxkHO WHTEPNPETUPOBATL CneaylOWwUM 06pasom: Haii-

AeHHOe 3HaveHwe KoadduuMeHTa a; BonxHo bbb Bonbwe HekoTopoW
MWUHUMANLHOW  BENUYUHDI, onpeuenﬂemoﬁ ns YCJ'IOBMH rnonHoro 3anon-

HEHWA oBanbHoro kanubpa metannom, T.e. npu F FK,,.
Mnowage MeTanna B oBanbHoM Kanubpe npeACTaBMM Kak
= = 2
i )\i+1 i+1 /+1 (hKl+1/2)‘
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Puc. 64. 3HavyeHuA Ko3ddUumeHTa a
wnA D; y 4/h ;4q (A= 45): B
7 - an DI+1/hKI+1: 5 2 — npun Di+1/hKi+1 = 10; 3—an Di+1/hKi+1 =20

i 8 3aBUCMMOCTW OT BefIMHYUHDbL }\z U OTHCLWe-

Puc. 65. 3Hauenun koachduumenTa \IJ B 3aBUCMMOCTU OT BefinunHbl }‘E U OTHOLWe-
HWA D; L 1/h (A = 4,5):

l+1 Ki+1 _
f — npu D +1/hK,+1 = 5, 2—npun Di+1/hKi+1 =10; 3 — npm Di+1/hp<i+1 =20

Boipaxkaa nnotwaas oBansHoro kanubpa B coorsercieuu ¢ (4.49),
nonywm npu F, = F . cneayloliee BbipaXeHWe ANA OMPEAENEHUA MU-
HWMAanNLHOr o0 3HaYeHWA Ko3UUUEeHTa OBaNbHOCTU

/ min

a. . =0,0583 (1+2 Ji1 )2:
vi
TaKMM 06pa30M YCJ'IOBMEM npoeepKM 6Y118T cneayiotlee HepaBeHCTBO:

> 0,0583 (1+2 1 )2, , (4.65)
lIJ,

3HaueHuA  koaddmumeHToB a; 1 Y, MOACHUTaHHblE U3 vypaBHeHMﬁ
14.62), (4.63), npu pa3nuyHbIX 3HAYEHWAX YaCTHOW CYMMAapHOW BbITAXKW
M OTHOWEHNA DI.H/hK,.Jr1 nokasaHel Ha puc. 64, 65. lfls rpagmkos BuA-
HO, YTO NpW OAWHAKOBOM 3HAYeHWW YaCTHOW CYMMAapHC: BBITAXKW C yBe-
NUYeHUeM OTHOLLEHUA D /hm+1 BO3pacTaeT KO3IhUUAEHT a; U YMeHb-
WwaeTcA BeNWYKMHA Koad)cbuuueHTa l[/ 310 03HavaeT, YTO NpU TOM Ke Be-
nuurHe >\ oBanbHble Kanubpsi B ‘IMCTOBbIX knetAx 6yayT umeTb Gonb-
Wy OBaanOCTb, T.e. BENWYUHY OTHOLIEHMA LWMPUHLI K BbICOTE OBana

(bKI./hK,. }., 4uem B 4epHOBBIX.

4. PACHET KANUBPOB CUCTEMbI OBAN — KPYT

Cuctema kanumbpos oBan — Kpyr NpUMeHAETCA B NepPByK Oyepedb AnA
npokatkn Kpyros. flpu 3ToOM B uUenAXx 3KOHOMWU BpeMeHn Ha nepesan-
KW W YMEHbLIEHMA pacxofa Bankoe KanubpoeBky 06bMHO CTheMATCA Bh.:
NOMAHUTL TakUM o06pa3oM, 4To6bl UMETb BO3MOXKHOCTb NOMYYaTb FOTORHINA
npouns 13 n6oro NpoMexyTouHoro Kpyrnoro kanubpa. OTtcioma npu
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W3BECTHOW Naowaau prrajiﬂ) AnameTp Kpyrnoro kanubpa onpepe-
NUTCA Kak d,Jr1 = 1,13 \/F/'H'

AnA yMeHbuIEHWA OMacHOCTU NONafaHWA MeTanna B 3a30Pbl MeXAY
pebopaaMn BankoB W 06Gpa3oBaHMA Ha NOBEPXHOCTW NPOKAaTLIBAEMOI
nonocbl AedeKTOB B BUAE 3aKaTOB, MOAPE30B W 3ayceHUeB, HeoBxoau-
MO, 4TO6bl WMPUHA Kpyrnoro Kannbpa 6bina HeckoNbko Gonblue ero Bbl-
coTst (pnameTpa). B cmA3m ¢ 3TUM Kpyrnsle Kanmbpsl, n B Nepsyto ove-
peAb 4epHOBole, OBbLIYHO BLINOMHAIOTCA He B BUAE NPABUNLHOIO KPyra,
a kpyra c BokoBbiMK Bbinyckamun (cm. puc. 66). O6biyHo BbINyCckU pe-
NATCA No NMPAMON, KacaTentHOW K obpa3syolen kanubpa.

UmpuHa Kpyrnoro kanubpa ¢ NPAMBIM BbLINYCKOM pPaBHa

b, = d/cos ¢, (4.66)

wwupnHa Bpe3a Kanubpa B8 Banku

bp = dfcosy —-stgy, (4.67)
rne ¢ — yron seinycka (p = 15 + 30%); s — 3a30p MEXAYy Bankamu.

Ouvametp uucToBOro Kpyrnoro Kanubpa onpefenreTcA ¢ YY4eTOM TeMm-

NepaTypHOro paclMpeHnuA MpoKaTbiBaeMoK MONOCbl M MHUHYCOBOro A0-
nycka d,. = (1,010 —~ 1,015) [dHOM — (056 +0,8)A] (roe A — muny-
COBOW AONYCK) WKW NPUBAMXEHHO 'MPUHWMAETCA PaBHbLIM HOMMHANbHO-
MY AWaMeTpy NpoKaTeiBaeMoro Kpyra (dK = dHOM) .

Nockonsky onpeaeneHne pasMepoB KpyrnelX Kanubpos He npeacrTas-
nAeT TPYAHOCTW, pacyeT KanuBpoB CUCTEMLI OBan — Kpyr, Kak u pac-
CMOTPEHHOW paHee CUCTEMbI OBan — KBaapaT, CBOAWTCAR, MO CYWeCTBY,
K OflpeAeneHni0 PasMepoB OBanbHbIX Kanubpos.

PaccmMoTpuM pedopMauumio nonocCbl B8 /-TOM OBankHOM W nocneayto-
wem (i + 1) -m kpyrnom kanubpe.

Kak BuaHOo u3 puc. 67, cMelwleHHyto NnowaaL MeTanna nNpuv NpoKat-
Ke MONOCbl KPYrnoro ceyeHwA B /-TOM OBanbHOM Kanubpe MOXHO npea-

CTaBUTL KaK AFi = 4FBAE = 4(FCAE - FCBE)’ rae
by L
wy
_}‘P )
-
&
bk Puc. 66. Kpyrnsin aByxsanko-
- BoiAd Kanubp
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Puc. 67. [edopmaunn 8 oBanpHom kanubpe, cucTema osan — Kpyr

Puc. 68. Jedopmaunh B Kpyrnom Kanubpe, cuctema osan - Kpyr

. y r
= —_ = [ i o of — R .Y
Feae = Foae = Foce = 05 Ir;_, arcsin ;i YoiZoi);
i—
Feopg = F = 0,5 [R? jin —2!
CBE — FO,BE_ o,ce = % { oBp aresin ———
obpi
- y()i (Roﬁpi +Zo,‘ - ri)].
C yyeToM 3HayeHWi NAOL.anen FCAE " FCBE nmeem
: R? , ,
Y .y
AF, = 2r,?*1 {arcsin ——— — ,,Oﬁp' arcsin — — +
Ti-1 i—1 06pi

Voili R .
of T i ( o6pi -1].

2 r.
Ti-1 i

MoacTaBnAA 3HaueHue cmeweHHON nnowaam AF; B BbipaxeHue (4.4),
flONYYUM ypaBHEHWe, CBA3bLIBalOWee reOMETpUYeCKWe pa3mepbl 0BanbHO-
ro kanubpa ¢ napaMeTpamu Npoucxoaswen B Hem aecopwmauuun. [nA
yAO6CTBA NOCNEAYIOWMX BbIYUCAEHWIA 3aMEHUM WCKOMBbIE BenuunHb! d; 1

RoGpi Ha GespasmepHbie KO3MDDULMEHTSI @ ; U wi,r,ne
= = 4.
a; = Rogp;i 1080, ¥ = d;/d;, (4.68)
B okoH4aTensHOM BUAE Byaem UMeTs
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. Voi w; 2 . Yoi \/}\2
arcsin - - a;aresin —— - —=— +
Tic1 Mg Ti-1 o 7Y
v Yoi b4 A, — 1
== @, -1 =— —1— (4.69)
Vg rig 2 A —c ;)

rae yo; — abcumcca ToukW FlepeceyeHUA 06DPasyiolWmMX OBanNbHOTO W Mpe-
Abigywero Kpyrnoro kanuépos (cm. puc. 67).
U3 (2.47) ¢ yyeTom (4.68) NONYHUM :

(2 }‘E 2
v o2 a; - 5 1)
o = Vi1 - }\' . ! _ , (4.70)
ri_q 5 4(a; — 1)
rae A, €,; — BbITAXKA ” KO3(phUUMEHT YLLIUPEHUA B 7 -TOM OBanbHOM
kanubpe.

Ewe oaHo ypasHenue, cBA3bIBalOllee pa3mepbl OBanbHOro Kanubpa c
napameTpamu aedopmaummn, Halhfem w3 ycnoeua HeoBxoaMMOCTU nNoay-
4eHuA Kpyra B nocrneayowem (/i + 1)-m kpyrnom kanubpe. Ecnu npu-
HATb ANA MPOCTOThI, YTO KPyravle xanmbpbi uUMeloT GOpPMY NpaBuALHO-
ro Kpyra, 3to ycnoBue ByfeT PaBHO3HAaYHO YCNOBUIO MNONHOFO 3anofiHe-
HUA UX METanNIoM Npu npokarke.

Mpu nonHom 3anonHeHwu kanuBpa metannom cornacHo (4.7) umeem

- _ 2 Cyi+1
AFr<i+1 - AFyi+1 LS I D\i+1 -1 1_Z—C+_1 (4.71)
yi

Kak BuaHo u3 puc. 68, wactb nnowaan (i + 1)}-ro kpyrnoro kanmé-
pa, KoTopaAa npu OTCYTCTBMU NoNepeyHOR pecopMauvmn 6Gbina 6bl CBO-
6oAHa OT MeTanna, MOXHO NPenCTaBUTb Kak

AF iv1= % gea = 4F cpa — Fogg).

rae
F =F — F = 05 (r2, . arcsin =21 _y z );
CEA OFEA OEC ! i+1 riet oj+170/+1""
)
F = F — F = 0,6 [R? arcsin Zoitl
CEB 0,E8 0,EC ! obpi R .
obpi
~ Zoi+1 (Roﬁpi tVYoie1 T r[)]_
Takum obpasom, nmeem
2
z . R 7 IS
e 902 aeecin Zeitt _ Robpi o . Zoi+1 |
AFKi+1 =27, {arcsin - : arcsin
i+ e RoGpi
o Zoivn"io Fospi gy,
r2 r
i+1 1
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MoacTaeue HalgeHHoe 3HaYeHWe NNOLWEAN AFKi+1 e Bblpaxenne (4,71},
fiocne COOTBETCTBYIOWMX MpeobpazoBaHmMii NOAYYMM ypasHeHue, CBA3bI-
Balolee reoMerpudeckue pasMepbl 7 -TOro oBanbhHoro kanubpa c napa-
meTpamu gedopmaumny B NOCNEAYIOLIEM KPYTNoM kanubpe:

arcsin —2it1 _ 52 Y? arcsin Zoj#1 1 +
i+ b T+ a; ¥
z . c .
+ Y LY ek MY ;=1 = o _Cyitl Ny — 1), (4.72)
i+1 2 Ty
rne \..,, € — BBITAXKA U KO3M@UUMEHT YLUMPEHUA B KPYIIOM Ka-

i+1° “yi+1
nnbpe; Z0i41 opAvHaTa ToYeK nepeceyeHnA 06pPa3yloWNX OBanNbHOrrO

u nocneaytouwero kanuépa (cm. puc. 68) .
C yyetom (4.68) suipaxeHune (2.48) npeo6pasyetcAa K Buay:

1 2
(2a; — 5 — 1)

2
id . (4.73)
4(ai -~ 1)?

Zoit1 1 — 2

Py VAR

KoathmumenTbi ywmpenna and  osanbHoro (¢ ,.) v nocneayowero
Kpyrnoro kanubpa (¢ i+1) onpeaenaiotcA  BoipaxeHnamu (3.12) unn
{3.14) wn (3.16). fpusenem Buipaxenua (3.12), (3.14) k suay, Gonee
YAOBHOMY ANA UCMNONb30BAHUA NPU pacyeTax KanmbpoBOK BAaNKOB.

Bennunny (dy/d)) \/do/Ad) n Ad//?06p AnA j-Toro Kanubpa MOMXHO
NpPeAcTaBUTL Kak

do , do _ VA

d,  Ad v V1 - v Ry
Ad - Fi—qT 9 _ NMAgly -
RoGp Roépi U’5'3i

BbluNCNEHNA MOMXHO HEeCKOSIbKO YNPOCTMTL, 2CNK NPUHATL BO BHUMaHWe,
YTO AMameTpbl BanNKOB IC BRPLUMHEM [aHHOTGC OBanbHOrO U NOCNEAYH-
LWEero Kpyraoro Kanubpoe NpuU paBeHCTBE MAeanbHbIX AMaMeTPOB BankoB
6nuskn mexay cobor no sennuynHe. CunmtanA, yTo D,. = Di+1' Bblpa)keHWA
(3.12) n (3.14) 6yayT MeTb creayoWmMin BUA:

cyi=1/{1+—4—~ A — X
3 4 + Di+1/di+1 Vs
N/ Jrhu 7
X —I  [1+120-4 (—2——1)3]f; (4.74)
Vi V1= 9 /NN 2% Vi

Ad.
I_=0,25+0,50

i—1

npu
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cyi=1/311+ 3.54 1+
Diy1/dj4q Vrg

VA
+120 A (—E 1)3]}.
ay Y

C yuetom (3.16), (4.74) ypasHewnn (4.69) w (4.72) copepaT aBa
HEU3BECTHbIX MUCKOMBIX napaMeTpa — KO3(pPUUNEHTb! a;, wi, BENMYMHA
KOTOPbIX ONPeaenurca fyTemM COBMECTHOrO peweHnsa ypaBHeHWA.

PeweHne Haxoaum C MOMOULLI0 MeToaa MOCMeaoBaTenbHbIX Npubnu-
>KEHWIA, ANA vero 3ameHAem ypaBHennA (4.69), (4.72) Ha 3kBWBaneHT-
Hble ypasHeHwA Buaa a; = fi(a;. ¥,), l[/,. = fa(q;, l[l’-). Xopowan cxo-
AUMOCTbL BblYMCNeHUW NONy4aeTcA, ecny UCXOAHbLIE YypaBHEeHWMA nNpeacrta-
BUTL B BMAE:

VA y . v, y o
a; = £ laresin —— + L. ol (5. —1) -
i Tich  NAy  Tioy
<—¢.“
A, y . \/7\_
_r . _I“-‘I__— ]/arcsin Y ——2;— R (4‘75)
2 2\;(1~cyi) ri_q @ ;v
———>
ll/,-z L\/[arcsin Teit1 +ll/ o+l (ai_.l) _
3 Ti e
Tl el )1/ Zoil
soa a1 T arcsin —/* | (4.76)

i+ Vi Tie

PeweHwe ypasHeHwit (4.75), (4.76) ebinonHAemM B cneaytouwen fo-
cnepoBsatentHOCTU. BoibupaeM HavansHoe 3HaYeHUe WCKOMOTO Koadhdn-

uMeHTa a (a .0) Wonpua,= a’’ u3 ypasHeHuA (4.76) , ucnonsaya
Bblpamenue (4 73), Takxke c AoMoWwbI0 MeToaa FIOCﬂeAOBaTeanbIX npwm-
6nvKEeHUIt HaxoAWM HauafibHoe 3HauyeHue koadbuumenTa Y. (1}/ . No-
cne 3Toro Npn a, = a ? " llf, = ll/? BbluncnAem uz (4.70) M (4 74)

3HaYeHuA yol./r]._1 W C,; W, NOACTAaBNAA 3aTem HanjeHHbIe BEnUYMHGI
B npasyt 4acTe ypasHenua (4.75), nonyynm Hosoe 3HaueHwe koaddu-
uventa a; (a ). CpasHusaem Me>4<f1y co6ou NPUHATOE U BbIYUCHEH-
Hoe 3HBHEHMFI W, ecnyu pa3HoCTbL (a 0} okamerca 6011bUJe n1p -
HATOW NOrpeLwHOCTHN, BbIYUCIEHUA noe.opﬂeM npu a; = 05(a ))
0 NONy4YeHWA HOBOIO 3HaYeHWA KO3ahduureHTa a;.

Pacyer npoaomkaem a0 Tex Nop, MOKa pasHOCTs MeXay ABYMA co-
ceAHMMU NpubnmkeHWAMN ByaeT MeHblle WNW paBHa NPUHATOW Morpew-
HOCTW BbIMMCNEHWW. BenuumHy nMorpelwHOCTH MOXHO NPUHATL Takon e,
Kak W MNpu pacyeTe OBanbHbIX Kanubpos B CUCTeMe oBan — keagpar. Cxe-
Ma anroputMa pacyeTa pa3mMepoB OBanbHbix Kanubpos B cucTeme oBan —
Kpyr npuseaeHa Ha puc. 69.
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Pac. 69. Cxema anropwurma pacuera pasme
POB OBafibHbIX W CTPENbYATLIX TPEYronbHbIX
w«anubpoe {cuctembl: oBan — Kpyr, cTpenb-
YaTbIit TPEYrofabHUK — Kpyr)

PacuyeT pa3mepos O0BaNbHbIX Kanubpos B
cucTemMe oBan — Kpyr c MOMOLUWbLID TPaHC-
LieHAEeHTHbIX ypaBHeHui (4:75) (4.76) mB-
NAETCA BecbMa TPYAGEMKOW 3ajaved W
NpaKTUYECKU OCYLIECTBUM Nl C MNOMO-
weio 3BM. OaHako 06bEM BbIYMCNEHWN
MOXHO  CYLWECTBEHHO  COKpaTuTh, . ecnu
pacyeT  HayanbHbIX 3HayeHnn <o3tnum-
EHTOB &, llll. BbINOMHATL C NOMOUIbLIO Che-
YIOLLI.MX BbIP@XXeHWiA, NOMYYEHHBIX MyTem
YMCMOBOFO aHANW3a WCXOAHBIX YPaBHEHUA

(4,75), (4.76) : lal(zl (@ a2
200 D44 | Hem
s = 14200 10+ —itl)x

i 25 + 3A 94
— o

X(JAE 1)2 Arr g ) . (477)
/;\E+1 7\./.(7\/-—— 1)

3, a,~ 1 D.
g, = 1-0383y ——— - L\, — NP+ )P (478
a; A i+1

B yacTHoM cnyuae, npu 7\/_ = Nyq = \/7\2

a;, = 1+-2%_ (10+ Oier_(Mam )2, (4.79)
25 + 3A dl'+1 \/;\24.1

Kak noka3zana npoBepKa, B LUMPOKOM AMana3oHe 3HaueHWid napamer-
pos aedopmaumn (A = 1,2 +25; N /A, = 0,95 +1,05 D; 4/d; 4 =
= 5 +30: A= 35 +55) senuunbl KOIQHUUNEHTOB 4;, l[/i, BbIYKCIEH-
Hute W3 ypasHennit (4.75), (4.76) wn (4.77), (4.78) , npakTuuecku co-
BnagatoT. OTo No3BONAET WCNONL3OBaTh Bbipaxkenua (4.77); (4.78) B
KauecTBE CaMOCTOATEeNbHBLIX opmys. B 3ToM cnywae cHavana w3 (4. 77)
unn (4.79) onpeaenAeM BenuuuHy KoadduumneHTa 3, a 3aTem, 0NOA-
CTaBNAA HallleHHOe 3HaweHne &, B (4.78), HaxonuM BefIMYMHY KO3h-
dmymenTa u.l/ Nocne 3Toro onpeuenﬂeM BbLICOTY (anameTp) u paaunyc
oGpasywmeM oBanbHOro Kanubpa d Ll/ d,+1, Roﬁpi = 0,5a i d,..

PacueT pa3mepoB KanubpoB 3aBeplUaeTCA NPOBEPKONR NONYy4eHHbIX
pesynetatoB. Kak wm anA cumcTemel 0oBaf — KBaapaT, OH@ OCHOBLIBaeTcA
Ha TOM, Y4TO MMOWAAbL OBafbHOIrO Kanubpa nNpy HalAeHHLIX 3HAYEHUAX
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Puc. 70. 3xaueHuA KoadduuueHta a ; B 33BRMCMMOCTH OT BeNUYUHbl Ay u omomé
HUR D; L 4/d; 1 q (A= 4,5):

I +1/90 +1
T —nmpw Dpyq/djyq = 5; 2 — npu D;yq/d;q = 15; 3 — npn D; ;. 1/dj+q1 = 30

Puc. 71. 3nauenun ko3dduuveHTs V; 8 33BUCUMOCTU OT BENUUUHLI Ay U OTHOWE-
wuA D; 1 4/d; 4 1A = 4,5):
7 — npwm D,-+1/d,-+1 =5; 2 — npu Diyq/djyq1=15; 3 — npu D,-+1/di+1 =30

ko3t duumneHToB a;w \l/, IomkHa 6bITe Bonbie AW paBHa nnowaan me-
Tanna B pgadHom Kanmbpe, T.e.

F.=Fp

K/
Ecnu noactasuTbh croAa 3HavyeHue NAoOWIagM OBansHoro Kanuépa w3
(4.49), a nnowaab Mmetanna Fi BbIPa3nNTb Kak

Fi =Ny Fion = N (n/8) d?

i i+1 " i+ i+1
TO nony4Ynm HepaBeHCTBO, cobmoneHue KoToporao ABAAeTcH obA3zartenb-
HbIM yClOBMEM MPaBUIILHOCTU BbINOMHEHHbLIX pacyeTos

11}\.+1 2
a; 2 0,0583(1 + _’2_ )= (4.80)
]

Ha puc. 70, 71 npeactasnesbl 3xaveHmA ko3 nuneHTOB a, w,l/l., noa-
cunTaHHble n3 ypasreHuin (4.75), (4.76) Npu pa3fnuyHbIX 3HAa4YEHUAX 4acT-
HOW CYMMAapHOW BbITAXXKWU U OTHOWEHUA Di+1'/di+1‘ Kak suaum, npu
OLWHAKOBOW BenWuMHe A5 KOIDQUUMEHT 0BaNLHOCTWM pacTeT C yBenude-
HUEM OTHOLWIEHUA D,.+1 di+1' a BenuunHa KoadduumeHTa l}/l yMeHb-
waeTtcA. Takum obpd3om, nNpr oAMHAKOBOM pacnpegefneHun mMexay Ka-
nMbpamMn  yacTHOW CYMMBPHON BbITAXKW OBanbHble Kanubpbl B YUCTO-
BbiX KNeTAx, Kak u B cucteMe osan — KeaapaT 6yayT vumets Honbuwee

oTHOWeHWe ocel (bK,. /'d,. }, 4em B 4epHOBbLIX KSETAX CTaHa.
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Pacyer pazmepoe 3a20T06KU Onint AUTEUHO-NPOKaTHO20 azpezata ([11A}
¢ 08y X8a7IKO8bIM BIOKOM

BonblWMHCTBG M3 paboTalowmMx B HACTORULEE BPEMA MUTENHO-NPOKaT-
HbiX arperaTtoB ANA NPOW3BOACTBA KaTaHkK, B TOM uucne BCe oTe4ecT-
geHHbie JIMA, ocHawieHbl POTOPHLIMKM  (BpallaiolumMucA)  KpucTanaunsarto-
pamMu, uTo ofycnagnuaaeT cneunchnyeckyd KCOHPUMypauud ceveHuA 3a-
rOTOBKM, 3aKfIOYAOLLYIOCA B HaaAWyuKn yikjoHa BOKOBLIX rpaden aAnA obec-
fevyeHrWA BbIXOAa ee W3 KpucTanniusatopa. B cBA3n ¢ 3Tum nonepeyHoe
cevyeHve zarotoskm ana JMMA ¢ aByxBankoBbiM cTanoM (6nokom) wvme-
eT BWUA Tpaneuumyw ¢ TMNOCKMM MO0 33KPYIAEHHBIM HUXKHUM OCHOBaHuem
(puc. 72). KanuBpoBKa BanKos KakK OTEYECTBEHHbIX, TaK wn 3apybex-
HbIX ABYXBankoBbix cTakos B coctase JIMMA sbinonHAeTcA Mo cxeMe oBan —
kpyr. Mpuuem neperi Kanubp AenaeTcA OBaNbHbIM.

Mpy NpUMeHEHMN POTOPHOro KpPYCTannu3aTopa tenecoobpasHo B rep-
BOW KNETU CcTaHa WiMeTb [OPU3OHTanNLHOE pacnofioxeHwe pabounx Ban-
KOB. OTO BbI3BaHO HeOBXOAUMOCTBLIO MNepBOHaYanbHOro 06XxaTnA  HUK-
HEeld 4acTM §NNTOW 3arOTOBKW, OCRABGneHHoW JeNCcTBvieM PacTAMMBaOLIMX
HanNpAXeHU, BO3HMKAWLWNX NPW pasrubasnn 3aroToBKM B MOMEHT CXO-
na ee ¢ Korneca kpucTannu3satopa. [lpn 3ToM, Kak foKassbiBaeT onbiT, 4em
Gonbliie OPMaTUE W 4YEeM PaBHOMEpPHEE OHO MO wiupuHe 3aroToBKW, Tem
MeHblle BEPOATHOCT: OBPa3oBaHUA TPeilMH Ha NoBepxHOCTW nonockl Npw
npokatke B nocnegyoumx kneTAx. C 3TOA e uenbio Npu HacTporke
ctaHa cneayeT wu3beratb MOABMEHUA B NEPBbIX KAETAX MeEXKNeTeBbIX
HaTAXXeHNA, 0COBEHHO MeXxay Nepsoi U BTOPOW KNETbIO.

Pacuet TpaneuMeBUAHOW 3aroTOBKW ocyuleCcTBnAeTCA Nocne onpepene-
HWA pa3mepos KaﬂMGDOB M nNnowiaien MeTanna BO Bcex KneTAax, B TOM
yncne U B MepBON KIETW, ANA Yero B KayecTse. 3arotToBKuW, Kak nepsoe

ﬂpMGﬂM)KEHME, NPUHNMaAEM Kpyr, C TOW XKe, YTC W 3arotoBkKa, nnoLuagsto
cevyeHuA,

b —_~_UL___ <
[N | y —
~a A ——
N A
. o
-~ R — ~
/ <
T3 'ZT_‘ —+
| T
[ o
foth—— _____dﬁ‘_ ~
— b T

Puc. 72. K pacuety 3arotosku ana Ji[A ¢ BBYXBaNKOBLIM CTaHOM
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Avametp Takow ycnoBHOW 3aroToBku HypeT paseH
do = v L Fy,
u
roe Fq — nnowaab CeYeHWA 3aroTORKK, -ONpeaenAemMad 3afaHHOW npous-
BOAWUTENLHOCTLIO arperara.

Kak nokasbiBaeT onsIT, BeAurunHa nonepevHod apecdopmauvu B NepBOM
oBanbHOM Kanubpe npu nNpokaTKe TpaneuveBUAHCH 3aroToBKW npumep-
HO TakaAa e, KaKk W MpU NpoKaTKe KPYrnoW 3aroToBKW pasHoOW nno-
waau. Takum o6pazom, aAna nonydyeHWA B NepBOoM Kanubpe pacueTHow
naowaan MeTanna Heob6xoauMo, uTOBbl CcpeAHAA WUPWHA Tpaneuvesua-
HOW 3aroToBkW 6Gbina nNpubBnU3nUTeNnbHO paBHa guameTpy paHee NPUHATO-
ro B pacuyeTe paBHOBEAUKOro Kpyra, T.e.

a, + b, T

by = —= \/T Fo. (4.81)
rae a;, by — COOTBETCTBEHHO LWMPUHA BEPXHErO W HUXKHEro OCHOBAaHWA
3aroTOBKMU.

MNnowagb cedeHWA TpaneuweBULHOW 3aroTOBKW, ecnu npeqebpeus 3a-

- dotb,
KPYrneHUuAmMu yrnoB y OCHOBaHUWA, pasHa Fy = ——2- h,.
2

MoacTtasnAaA 3HadyeHne Fy B (4.81), nonyuyum TO COOTHOLLEHWE MeXAy
CpefHei WWPUHOW W BLICOTOW 3aroTOBKW, KOTOPOE HeoBX0AWMO, 4TOBb!
nnowaas Metanna B NepeomM Kanmbpe cooTBeTCTBORBaNa pac4eTHoOU

(@g +bg)/2=1,27. (4.82)

OnbIT nNOKa3biBaeT, YTO 3TO COOTHOLUEHME MOXHO WMeTb B npegenax
1,25 +1,30.

Ana obecneyennAa 6GecnpenATCTBEHHOrO BbLIXOA3 3arOTOBKW U3 KPuUC-
Tannu3latopa Heob6xoaAuMO, yTo6bi yron HaknoxHa GOKOBbLIX CTeHOK 6aM-
AaXa KpucTannusaTtopa 6bin He menee 10 — 129,

Mpuruman § = 11° (tg § = 0,2), umeem

8o — bo)/2hy = 0,2, (4.83)

Pewan ypasHeHuAa (4.821, (4.83), coBMecTHO HaxoZWUM pa3mepbt Tpa-
fleuMeBUAHON 3aroTOBKW ANA NWUTeWHO-NPOKAaTHOro arperata ¢ AByxBan-
KOBbIM CTaHOM ao = 1,31 \/Fo; by = 095 /Fg: ho = 0,89 /F,.

Mnowank ceyeHWA 3aroTOBKMW C YYETOM 3aKpyrneHuit yrnoe npu tg f§ =
= 0,2 6ypet pasHa Fo = i’%bL ho —0,27r2.

Papuyc 3aKkpyrnenuit yrios oBuiyHO NPUHKUMaETCA pPaBHbLIM

r,= (0,15 +0,25) hy.

Mnowanb ceweHuAa 3aroTOBKYW BCeraa MeHblue NNOWAAN BbITOYKU 6aH-
AaXa KpucTannusatopa BCNeACTBUWE YCaAKw MeTanna npu KpucTannusa-
uuKW, cocTaBhRAWeENn aAnA mMean n anoMuHuA oxkono 2 — 3 %. B coorser-
CTBUM C 3TUM TNy6uHY BBITOYKW Banjaxka KpucTanfausatopa cnegyeT Ae-
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faTe HECKONbKO GOMNblie pacyeTHOW BbiCOTel 3aroToBKM hg = (1,02 =+
+1,03) hy.

5. PACYET KANTMGEPOB CUCTEMb! CTPENLYATHIA
TPEYTONbHUK — KPYI

Cuctema cTpenbuaTeit TpeyronbHMK — Kpyr Haubonee wupoko npu-
MEHAETCA NPW NPOKATKE KPYroB Ha CTaHaX C TPexXBanKoOBbiMM Kanub-
paMn U ABMNAETCA, MO CYWeEeCTBY, aHanoroMm cuctembl oean — Kkpyr. flo-
3TOMY YpaBHEHWA ANA pacyeTa pa3MepoB KanubpoB 3TUX ABYX CUCTEM
BO MHOFOM CXOXM MeXay COBON.

Kaxk 1 ANA ABYXBANKOBbIX Kanu6poB, NPU W3BECTHOW MIOWAAM Kpyra
(F) avameTp Kpyrnoro Tpexsankosoro kKanubpa 6ynert paBeH d = 1,13v/F.

[AnA  yMeHblieHUA BO3IMOXKHOCTU MNEPENONHEHUA KPYrAbiX Kanudpos
MeTrannoMm u o0BpasoBaHWA Ha Monoce MOAPE30OB W 3aYCEHUEB WWPUHY
Kpyrnoro kanubpa, T.e. pa3mep Mo pasbeMy BankoB, cneayeTr Aenatsb
Heckonbko 6onsbwe anametrpa kanuBpa, T.e. Kanubpe! BbINONHATL He B
Buge NPaBUMLHOINO Kpyra, a Kpyra ¢ 60KOBbIMW BbINyCKamMu, KOTOpble
06bIMHO penaloTcA o nNPAMOIA, KacaTenbHOW K ob6pa3syowein Kanubpa.
Yron BbINycKa 06bIMHO NPUHUMaETCA paBHeiM 20 — 25°.

WupuHa kpyraoro TpexBankoBoro kanubpa ¢ MPAMbIM  BbINYCKOM
(puc. 73) paBHa

K 2 cos ¢
z Yoi
Iy 1/6AF;
8 A YBFy
=
L
AN
k\-
a7 X
0
Y24y /A@\ Y
o)

Puc. 73. TpexsanKoBbin KPYrnbin Kanubp

Puc. 74. [ecdbopMauyur B cTpens4aTomMm TpeyronbHoOM Kanubpe, cUCTeMa CTpenbuaTbiid
TPEeyrofnbHUK — Kpyr
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LiMpWHa Bpesa Kanubpa B Bankwu

b= Y3 .9 ¢ cos (60° — ) (4.85)
P 2 cos ¢

rnybuHa Bpesa Kanubpa B Banku

h, 5 d1 2o0s 7 ) > sin (60 @), {4.86)

rae ¢ — yron BbINyCKa; § — 3a30p MeXAy BanKamu.

Takum obpasom, onpegeneHne pasmMepoB Kpyrneix Kanubpos npwu
M3BECTHbIX 3HaYeHWAX BLITAXKEK B KMETAX He npeiCTaBnAeT TPYAHOCTW,
M pacyeT CUCTEMbI CTpeNnbyaTbid TPeyrofbHUK — KDYr MpakTUYecKWn 3a-
KMKYaeTCA B HaXOXAEHUM Pa3MepoOB CTPenbyaThix TPeyronbHbIX Kanub-
poB. OueBMAHO, 4YTO pasMepbl KaXAOFrO CTPENbLYATOro TPEYronsHoro Ka-
nMépa AoMKHLI 0BecneynTsb MNoNyueHve TpebyeMon nfoutaau Metanna B
HeM caMOM, a Takyke MofydyeHne Kpyrnoro npocunr B NOCNEAYHOLLEM
Kpyrnom kanubpe.

PaccmoTpum pedopmaumio  Metanna B CTPenbyaToM TPEYTrONbHOM U
nocneaylowem Kpyrnom kanubpax.

Kak BuaHo u3 puc. 74, npowafb /-TOro CTPENbYaTOro TPEyronsHoro
Kanubpa Ge3 yyeTa 3a30pOB Me>AY BanKamu pasHa

Fui= 8 oge = 8Fg e +F gg). (4.87)
- 1 _ (LE)?
rae F o, g = TOL-LE— 2—\/?.
- 1 p2 . _LE  _ LE _ LE
Free = ) ’qoﬁpi aresin R o6p1 (Roﬁpi ry * J3 Vs
roe R06 ; — Paawyc o6pasyrower Kanubpa.

Mo aHanorvm C oBanbHbIM Kanubpom o0bosHaunum A 06 I/rl. =a;.

MoacTaBnAA 3HayeHUA FOLE 7] FLBE 8 (4.87), nonyuum

F .= 3r%[a%arcsin —LE— — LE (3. —1)].
L 4] ] 1 airi ri 1

BenvuuHy L E onpeaenum U3 ypaBHeHuWA

2 _ LE
(LE)" = (r; _?)(ZRoﬁpi_ri+\/§‘)'
Orcropa
b . 2a. — 1
LE= N N3 g S [V1ra 1]
2 4 I {a, —1)*

Takum 06pa30M, MCKOMbLIMU BefiMunHamMM ANA pacyeTa pasmMepos cTpenb-

4yaToro TpeyronbHoOro KanMGpa KaKk v aAnA OBanbHOro, ABAAKTCA Auna-

meTp Kanubpa d; n papnyc obpazytowen kanubpa R

3
MNnowaae Ce‘leHMﬂ cTpensyatoro Tpeyroanoro KaJ'IM6pa MOXHO on- §
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peaenuTh Take ¢ MOMOLLLIO Creayiower NpubnuxxeHHon dopmynel:
2, 5 271
FK!' = I"; (ﬂ + 2 E_ITT ) (488)

Kaxk nokasana u4ucnobad npoBepka, BO BCeM AauanasoHe BO3MOXHbIX

3HavYeHW Ko3hbuumeHTa a; (ot 1 po ° ) norpewHOCTs BbiYUCNEHUIA
in c nomouwbio BhipakeHus (4.88) wHaxoautca B npeagenax *+ 1,1 %, uTto
No3BORAET WCRONLIOBaTE €ro B pacyetax KanuMbpoBOK, MNPaKTUYeCKW He
fIHOCA MPU 2TOM OLMBKU B KOHeYHble pPesynsTaTsl.

CMmelleHHas nnouiafges MeTanna npyv npokKaTKe Kpyra B /7 -TOM CTpenb-

uaToOM TpeyronbHoM Kanuépe (cm. puc. 74) 6yaeT paBHa

AF, = 6Fgop = 6(Fpcn —Fpgal
rae

2 . Yoi 1 z .
DCA '2 i1 arcsih r—-———]— - ? in o7 *
i —

-1 g2 . Yo 1
Frea 2 R a6pi 3Csin P > Yoi (Rogpi = 77 *2oi)
o6 pJ
Takum 0Opasom, CMeWeHHas Nnowags metTanna
2

Yoi re, y .

AF, = 3r 2 larcsin —— — 22— arcsin —2L  +
/ -1 ri_y L 1 a.r,
f— 1 — 1 1

-+ Oi i e I
- a;, — 1]
i—1

OTHoweHe A[AHAMETPOB CTPeNbLYaToro TpeyronbHoro wanubpa K Aua-
METPY NCCASAYIOULEro Kpyrioro kanubpa obosHayum yepes l,’/l. di/di+1 =
= ..

dTCIOAB OTHOLIEHKUE

ri/r_y = b A (4.89)
rae ri_1 — AgunameTtp npeasbiayuwlero Kpyrnoro kanubpa.

MoacrannAA 3HaueHue AFi B (4.4), nonyuum c yuetom (4.89) ypas-
HeHue, CcenasiBalouwlee pasmepbl 7 -TOFO CTPeNLYaTOro TPeyronbHoro Ka-
nmbpa ¢ napameTpamy pechopmanm

Y UH Y. VA
arcsin —— — a? ~L__arcsin el . E 5
Ti-1 > i i1 Vi
y . Y. A, — 1
+ __er _ . -_.I___ (al —_ 1) = r__ , (490)
rl'—1 \/}\E 3 }\i(1—L‘yi)
roe yo; = abcuncca TOYKM nNepecedeHWA 06pasyloWMX CTpeanaToro Tpe-
YrosibHOro 1 NPeAbiAyUIero Kpyrnoro kanubpa (cm. puc. 74); ,C. . —

yi
BLITAMKA W KO3MMMUUMEHT YUWNPEHUA B / -TOM CTPENbYaTOM TpeyroanOM
Kannbpe.
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Kak v pna oBanbHOro Kanu6pa CuncrtemMbl oBan — Kpyr, oTHoweHuwe

>

wg (28,-—7———1)1
A

| ) : <
af — \/1 _ i i -
f,_1 b 4(ai—1)

Ewe oaHO ypaBHeHWe ana onpeaeneHnA kKoadoduumeHToB a; wu tl/,. Hal-
AeM W3 YyCroBMA NONHOMO 3anofMHEeHMA MeTannoM Kpyrneix kKanubpos.

AnAa nocneaywwero (/ + 1)-ro Kpyrnoro TpexBankoBoro kanwbpa
3TO YCiiOBMe BbIPAa3UTCA TaK Xe, Kak u ANR ABYXBanKoBOro, B BuAe:

AF .. = AF.. = ard (A, —1) —yi*tl

Ki+1 yi+1 i+ —c .
yi+1

M3 puc. 75 BuaHo, 4TO nnaowagb Kpyranoro kKanufpa, KoTopas oKa3sa-
nack Obl He 3aMoNHeHHOW MeETannoM Mpu NpokaTKe 6e3 YWWPEHUA, MOX-
HO NPeACTaBUTL CREeAYWUM 06pa3om:

AF 141 = 8F oy = 8Foem = Foco = Foce)
roe
_ 1 . CD .
Foem— Focp = T(Fmarcs.n —£2 _—0D-cD);
i+
_ 1 2 - cD .
Foce = - [Roﬁpi arcsin rI cD (Roﬁpi ~r; +0D)].
- obpi
OTcrona ,
— 2 . cD 2 .12 . cD
AFKi+1 = _3r,.+1 [aresin - a; 11/,. arcsin - X
i+1 i+1
X 1 —+y €2 (3, —1].
v Ti+1

BenwvunHy oTHoweHWA HainaeM u3 BbipakeHnA (2.52)

Ti+1

Yoi,
/VMFM
~ B
S
3 |2
Puc. 75. JlehOpMaUKA B KPYyrnom Ka
nubpe, CHCTOMA CTPeNbHaTLIn TPBYronk:’
g HUK — Kpyr
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[2a;

i~ (1/w,?) - 13)2

4(ai - 1)?

o _Yoitl _ 4 _y2
Ti+1 Ti+1 v i
Nocne noacTraHoBKK 3HaueHWA AFK,.+1 B (4.7) nonyuum ypasHeHue,

cBA3bIBalOWee pa3Mepbl CTPenb4aToro TpeyronsHoro kanubpa c napa-
meTpamu fgecdopMaumm B nocneaywoweM (/i + 1)-M Kpyrnom kanu6pe:

y' . y .
arcsin —2/ 1 _ al 11/,? arcsin —f+¥1 .1 +
i+ Tist 2 Y
vy . A, — 1) e .
+ My (5, 1) = & M yirl (4.91)
r. ! ! 3 1—c_.
i+1 yi+1
roe A, c BLITAXKA W KO3IMMUUMEHT YLIMPEHUA B KpPYTrioMm

. +17 Tyitd
(i + 13 -M kanubpe.

Taknm o6pa3oM, pasmepbi cTpenbyaToro TpeyronbHoro kanu6pa, Bbl-
paxaemsie KoadduumeHTamn a,, tl/,., onpeaenAeTcA NyTeM COBMECTHOro
peweHnA ypaBHexun (4.90), (4.91).

Kak sugum, ypasHenuAa (4.90), (4.91) no cdopme aHanorvuHbl cooT-
BETCTBYIOWMM ypaBHeHWAM (4.69), (4.72) anA pacueta pa3mepoB OBalb-
HbiX KannbpoB B CUCTeMe OBaf, — KPyr, OTAWYAACb OT HUX TONbKO Be-
NMMUHOW NOCTOAHHOrO0 Ko3dduUiMeHTa B NAPaBoOM 4acTU WM 3HaYeHWn Ko-
3hHUUNEHTOB  YLLINMPEHUA Cy;j W €, j4qs KOTOPbIE ONPEAENAIOTCA ypaBHe-
HuAamu (3.18) v (3.19).

Ecnu npunate, 4o D,. = Di+1 YPaBheHWE AnA oOnpeAeneHUA Koag-
UUMEHTa YIIMPEHWA B CTpenbvaToM TpeyronbHom Kkanubpe ¢ yyeTom
(4.68) 6yaer umets BuA:

c = 1/{1 + 254 ,
yi — {14
4_+ 0741791 44 \/}‘}:
A
A _ z 2
M el bl 3 (4.92)

AnA pewenna ypasHenwit (4.90), (4.91) ¢ NoOMouwWSK0 MeToaa nocne-
AOBATENLHLIX MPUBIMXEHWA 33aMeHAeM WX Ha JIKBUBANEHTHLIE ypasHe-

HUA BuAa a; = fi(a; ¥), ¥ = fa(a;. ¥;). C yuetom (3.19) 6ynem
UMeTh:

. ceee—>
Y v. Yoi
a; = 2 v/ [arcsin —L— + 1 ol fa; —1) —
o Tiz1__ Ny rjq
A — 1 y . VA
—_g- }\'(_J/arcsinL—z; (4.93)
it ey fic1 2 Y% :
Y, v, T
Y = 1 Vlaresin =¥l 4y Teitl (o q) _
8 r. L 2 I
i i+ it1
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&c—o - S

.

D, )
T + : Yoi
-\, — 1) (44 ~—L*1 Yy /arcsin ——titl (4.94)
2704 . a; v, r ‘ ‘
i+t1 i 7P TP

YpaBHenna (4.93), (4.94) PeaoTCH B TOW e nocnefof<ienLHoCTH,
Kak u ypaedenna (4.96), (4.72) npu pacuere Pa3ZMEpOB 0R3iLHbIX Ka-
nwbpos. [TorpelwlHocTy BbIMUCREHUA KoahbuuveHTos a,. ¥. B cooTseT-

. i {
CTBMM C NPUHATON TOUHOCTHIO W3FOTOBNEHMA BAanKoB KASTEW C Tpexsan-
KOBbIMU KannmbpamMn MOXHO NPUHATS TakoM e, Kalk 4R GUCTEM® oBan —
Kpyr.

PeweHme TpaHcueHgeHTHbIX ypaBHenuit (4.93), (4.94) tpebyer 6Gonb-
Woro o6bvema BbLIMUCTIEHUI U CYIYECTBEHRO YCNOXHART BeCb pacysT Ka-
nuBposky BankoB. YTo6ei ynpoctuTs BbIYMCNEHUA, HaYaNbHBLIE 3HAYEHWA
Ko3ahhuumeHToB a;un ¢/I MOXHO ONpefenATb € NOMOWLBIC CREAYIOWNX

E(;Zlgax(eunﬁ, MONYYEHHbIX NYyTEM 4YACNOBOFO aHamM3a ypaBHeWW (1.93),
94)

D,
8, =1+013 (20 + / =L ) (A - 0,55} X
Ty y = '
x 41 joq = 17
A; (}\’.—1)’

h {4.95)

3,48 ,— D; 7
¥ = 10035 VT (=17 ey — it (46)
i i+1

B vactHom cnyvae, npu )\’. = )‘i+1 = \/)\—E—

D,
2; = 1+013 (20 ++/ —*1—) (A — 055)*.
i+1
Mpu onpepeneHnn HavanbHbIX 3HaveHUA Ko2atbuumeHTOoB a;w y'/l c
nomMoulbio BbipaxkeHun (4.95), (4.96) uyucno HeobBxoauMuIX ANA peule-
HuA ypaBHeduin (4.93), (4.94) wurepaumit coKpawaeTCA A0 ABYX-Tpex,
YTO B 3HAYUTENbHOW CTENeHN YyMeHbluaeT TPYAOeMKOCTL BbiYUCHIEHWH.
Uncnoear npoBepKa, MPOBEAEHHAA B LUIMPOKOM [MWANA30HE 3HAYEHWUA
napameTpoB aedopmaiin ()\E = 12 +20, )‘i /?\,._'_1 = 095+ 1,05, A=
= 3,6 +~ 55, Di+1/di+1 = 5 + 30), nokasana, 4To NOrpeWHOCTb BLIMUC-
neHWH KO3GUUNEHTOB a, 1]/1. C noMouiblo BoipaKeHun (4.95), (4.96)
He npeBbilaeT HECKONbKMUX MPOUEHTOB. JTO NO3BONART WCNOAL3OBATHL
WX HE TONLKO ANA HAXOMAEHMA 3HA4YEHU a(‘,.o‘, ‘\U(? , HO M B KayecTBe
CaMOCTOATENbHbIX NPUBAMKEHHDbIX (OPMyn ANA pacyeta PasmMepos CTPenb-
4aThIX TPeYronbHbiX KanubpoB BMECTO MCXOAHbix YypaBHennd (4.93),
(4.94). OnbIT NPOEKTUPOBAHWA U OCBOEHAA NMUTEWHG-NPOKaTHbIX arpe-
raToB C TPEXBanKOBbIMW HenpepsiBHbIMKW CTaHaMW NOKa3bBaeT, YTo Tou-

HOCTL pacueTta KaﬂVI6DOBKM BAaNKOB B 3TOM Cny4yae Bnontie AO0CTATOYHAa .

ANA NPaKTUYECKUX uenew.
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PeaynbTaTel pacyeTa KO3(hPUUMEHTOB a; U xIJ, C NOMOLLLK YypaBHe-
Hui (4.93), (4.94) npepctasneHsl Ha puc. 76 v 77,

Pa3HOBUOHOCTLID KAanNWOPOBKW CTPenbuyaTblidl TpeyronbHuK — Kpyr As-
NAEBTCA CUCTEMA CTPenbYaTbil TPeyronbHMK — LWeCTUYronbHuK, npume-
HAeMaA o06bIYHO B uYepHOBbLIX KneTAX. [IpeMmyLlecTBO WeCTUYTonbHbIX
KanubpoB MO CPaBHEHUIO C KPYrNbiMW 33aKNIONEETCA B 6onblieid ycToM-
YMBOCTM B HUX TPEYronbHOW MONOCb); Kpome Toro, obneruaeTcA 3axseart
NONOCH! BaNKamu, 4To 0coberHo BawHO ANA NEPBOW KfeTwu cTada.

PacueT KanMBpoBKW (WECTUYIONbHUK — CTPEeNbuYaThlii TpeyronbHUK —
KpYr BbINONHAETCA B pABa 3rana. flepRoHaYanbHO PacCUUTLIBAIOT MUCXOAA
V3 npeanonoXeHWA, 4To KanubBpoBKa BankoB MNPOKATHOTO CTaHa BO BCex
KneTAXx npeactaBnAeT coboil cuCTemy CTpenbuaThld TPeYronbHUK — KPpyr,
MeTo4 pacueta KOTopoi usnoxed Boiwe. locne 3Toro AnA knetei, rae
BMECTO KPYrnbiX MpeAnNoOnaraeTcA MPUMEHATb WeCTUYronbHele Kanubpbl,
AenaeTcA OONOMHUTeNbHbIN pacye?, KOTOPbIA OCHOBbLIBAETCA Ha TOM, 4TO,
6naropapA 6nu3ocTn OpMbl U pasMepoB LUBCTUYIONbHOTO W Kpyraoro
kanubpa, BenuyuHeI YWWPEHWA, KaTalwllero AWameTpa, a cnejosaTentHo,
VM PacyeTHOW nMoWAAN MeTanna B8 HUX, MOXHO CYUTATh OAUHAKOBLIMWA.

Nnowaas (i + 1)-ro wectuyronsHoro Kanubpa c¢ ydyeToM 3akpyrne-
HAA B yrnax W 3a30pOB MeXAY BanKamu MOXHO MpeAcTaBuTb B Buae:

= 3 42 2 _ 2
Friin= Aszu”.H -0,16r3,,, ~ 0435/,
rae du”.+1 — OuWaMeTp BMWCAHHOW B WECTUYTrOoNbHbIA Kanubp OoKpyXx-

a;
Vi

70 899

50 0497

70 495

10 1 ! ] 083

—1 | -
P RETRETIY TNTERNT AN

Puc. 76. 3HaueHuR KO3M(UUMEHTE @ ; B 33BUCUMOCTU OT BeNMYKHLI Ay 1 OTHOWeHWA
D; 14/d; {A; = Aj4q, A= 4,5):

i+t17% +1 i i+1 _

17 — npu D’~+1/d’+1 = 5; 2 — npu Di+1/d'-+1 = 15; 3 - npu D’-+1/d"+1 =30

Puc. 77. 3naueHus Ko3duuneHTa Y; B 3aBUCUMOCTU OT BenuuMhel Ay v OTHOWeRHMA

D; y1/dj1q (Aj = Ajyq), (A= 45):
7'—— np’u Di+1/di+1 = 5: 2 — npu Div+1/d,‘+1 = 15: 3 — npu D’-+1/d’-+1 = 30
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HOCTW (AMaMeTp LWecTUyronsHoro kanubpa) ; r,i41 — Papnyc sakpyrne-
HUIA B yrnax WecTMyronbHoro kanubpa; § — 3a30p Mexay Bankamu.
Mpu nocTpoermn LWECTUYrONbHOTO Kanubpa MOXKHO MPUHATH

si+1 = 0205000 54 = 004
. = 2
C yyerom 3roro nnowaab FK,.+1 6yaer pasHa Fm'+1 0,855 dm,H.
M3 ycnoBuAR nNONHOro 3anofHEHWA wWeCcTUYTonbHOro kanubpa MeTan-
nom (FKiH = Fi+1) NONYYNM cCreaytouiee BbiPpaXKeHMe ANA onpede-
NeHWA ero AvaMeTpa NpW WU3BECTHOW MNIOLWAAW PAaBHOBENMKOCO KpYyra

dyjeq = 1.08VF, = 0964, ,,
rae d,+1 — pacyeTHbIW anametp (7 + 1) -ro kpyrnoro kanuépa.
WupuHy v rny6uxy Bpe3a B Banku CTpesibuaTbiXx TPeYroNnsHbix Kanué-

POB MOXHO HAaWTW C NOMOLLbIO CREAY IOWMUX 3aBUCMMOCTEN ;

bo; = 2NVh (2R g — h ) {4.97)

r Wi+l

i
hp, =
1~ 2s,/d: /3
-1 - 12 rJ
a; + 3 - 25;/3/d;
Mocne BbiNONHeHWA pac4eTOB pa3mMepoB Bcex wkanuBpoB cneayer npo-
sepka. Heobxoaumo, 4Tebbl Nnouwaab KaXxaoro cTpensyaToro kanubpa
FK,, BRIYUCNEHHAR Ha OCHOBE HanaeHHbIX U3 ypasHerun (4.93) n (4.94)
3HaveHun kKoatdhduuneHToB a; v tl/l., 6bina 6onbwe WUNKW, NO KpankHen mepe,
paBHa NNOWAaAK MeTanna B8 AAHHOM Kanubpe (FI.), NOACYMTaHHOK B CoO-
OTBETCTBMM € NPUHATLIM pacnpegesieHVenm 06XaTui N0 KAETAM CTaHa,
T.e. 4TObbI FK, = F,.
MoactaBnAA B 3TO HEepaBeHCTBO 3HaveHWe in n3 (4.88) wn npeacraenan

(a; +3—2s;,/3/d;) [1 -

m '

)2]. (4.98)

A
- 2 — 2 i+t

F,. Kak F,. = )‘i+1 i, = 7r; T NONYYNM B OKOHUYATENbHOM
{

BUAE cfeaytoulee BbipaXeHWe ANA NPoeepKU Ko3dMu4MeHTOB a; u tl/l
2 2 45—1 ’

tl/,- (1 —Ta__) >>\,+1. (4.99)

i+1

Pacver pazmepos 3a20T08KU NATUY20MbHO20 CEYEHUR
OnA nuTrelHo-NPOKAaTHLIX a2Pe2aros8 C TPEXBaNKo8bIM BIIOKOM

B cnyuae, ecnn nepeaA KneTb CTaHa, BXOAAWETO B COCTaB AUTEWHO-
nNpokaTHoOro arperava AnNA MNpow3BOACTBA KATaHKW MMeeT TPEXBanKoBbIK
WwecTuyronbHeln  kanubp, 3aroToBKa nocie KPUCTannuiaTopa AOMKHA
MMeTb He TpaneuneBuAHYto, a nATuyronsHyto dopmy (puc. 78). Mpwn 3Tom
ANA Toro, 4to6bl O€ecneunts CUMMETPUYHOE 33aN0oNHeHWe BCEX Nocieayo-
WX TPexBanKoBbIX Kanubpoe, HecbXOAUMC WMETb CUMMETPMNMHOe 3a-
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Puc. 78. K pacuety 3aroToBKu NATK-
yroneHoro ceyenunA ana JIMA ¢ Tpex-
BaNKOBbLIM CTAHOM

nonHeHve nepsoro kanntpa. U3 puc,
78 BuAHO, 4TO ANA BbINONHEHUA
3TOr0 YCAOBMA HYXHO, 4TOBbl Npw
DPUHATOM COOTHOLLEHWU pPI3IMEpOB
3aroTOBKW W €€ PAacnojioXeHWH B
xanvbpe, KoTopoe ONpeAenAeTcA
paBHOBECMEM CWN, AENCTBYIOWINX CO
CTOPOHBb! KAaXADNro BanKa, wUMmeno
MeCTO Cneayiollee paBeHcTBo: -
OA=08=0C=ry.

OnA  onpeaeneHnAa o,  BOCMOMb-
3yemcA ypasHeHuem (4.6), koTopoe
anA  nepBoro kanubpa B cay4ae
NONHOIO 3anMonHeHWA €ro meTannomM 6GyaeT UMeTh BUA

T (A, — 1) £

M= o

y1

W3 puc. 78 suaHo, 410 ecnu npeHeBGpedb 3330poM Mexay Bankamw,
To npu OA = OB = OC nnowaas AFK1 MOXKHO nNpubnu)keHHo nNpeacTa-
BUTL Kak

AF

{4.100)

K1 KEL ~

G’
~ 3F = 3/3 (—&1 —r))2,
Vv 3

rae dLu1 — fnametp nepeoro Kanubpa.

MoacraBnAR 3TO 3HaveHme AFK1 g (4.100) w npoBeaA Heobxoanmble
npeoBpa3oBaHMA, NONy4YUM Cnedyioliee ypaBHeHne ANA onpeaeneHnA napa-
MeTpa # g
d c
—wl 1 0,70V(\, - 1) —1— . (4.101)

3 - cy1
WupKuHa BepxHero ocHosaHkA 3aroTosku GyaneT pasHa (cm, puc. 78}
ag=BC+2-15r,tgf= ro+3 (1++/3tgh).

OnAa BecnpenaTtcTBeHHOro BbiXOAa 3arOTOBKW W3 POTOPHOro KpucCTan-
nM3aTOpa, Kak YXe OTMeyanoce paHee, HeO6XOANMMO MMETL YKAOH 6oko-

rFo =

BbIX CTEHOK BaHpaxka nopAaxa § = 10 + 120, Npunuman 3vaueHue tg f =
= 0,2, noNy4vM WHUPUHY BEPXHErO OCHOBAHWA 3arOTOBKMW:
asg= 2,.33ryg. (4.102)

BerieacTeue BePTMXKarshol CMMMETPUM 38roTOBKM NAOWaab MeTanna
B NEPBOM Kanubpe MOXKHO NPelCcTasnTs creaytouimm obpazom (cm. puc.
78) :
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Fi=Fo— (AF +24F)) (1= ¢,q), (4.103)

rae Fo — nnowanb ceveHnn 3arotoBku; AF,, AF, — CMeuweHHble Mno-
Wann mMeTanna cooTBETCTBEHHO OT HMXHero u 60KoBOro Banka,

Ha ocHoBaHun aHann3a oOpMblI MOMEPEYHOro CeYeHUA NONOCH! Mocne
fnepBoOW KneTW, NPOBEAEHHOre Ha NUTEWHO-NPOKATHLIX arperaTtax ¢ Tpex-
BaNIKOBbIMW CTaHaMWU, NMPOKATLIBAIOWMX KATAHKY U3 3aroTOBKU MATUYTONb-
HOrO cevyeHWA, Monoca Npu NPOKaTKe B MNEPBOM LWECTUYTOALHOM Kanme-
pe 3aHMMaetT TaKoe TMONoXeHWe, NMPU KOTOPOM WMEETCA NpUMepHoe pa-
BEHCTBO NNOWafed MeTanna, CMeweHHbIX KaXabiM M3 Bankoe, obpasy-
owKnX Kanubp, T.e. AF; ~ AF,.

Kak BuaHO w3 puc. 78, BeNMYMHY CcMelleHHOW MnowaaM metanna ot
G0KOBOro Banka MoXHO NPUBANXKEHHO BbIPA3UTL KaK

AF, ~ F 0= LM MN=-1_ (LM)?,
2 LMN 3 2\/3( !

rae LM = AM — AL = 2> _ (d‘”—.l—ro)\@'.“
2 V3

C yuetom (4.102) nonywum LM =29 ry — 0,96 dy, rae d; — pna-
METP Kpyra, paBHOBENWKOro MepBoMYy WeCTUYronbHoMy Kanubpy. OT-
croga AF, = 0,27 (3r, — dy)2.

MoactasnaA 3HayeHuwe AF, B (4.103), nonyyum ypasHeHwe gnAa on-
pefeneHnA BbITAXXKU B NEpeOM LeCcTUyronsHOM KanubGpe npu NATUYrofnb-
HOM (hopme CeyeHUA 38roTOBKU:

A1=1+(3;—:’—1)2(1—cv1). (4.104)

MoacrasnAA 310 3HaveHue A; B ypaBHeHue (4.101), nonyyum

_ 1+ 0,7 Ve 4
ro= —Y __d,. {4.105)

1,8 + 2,1 ch1
MpyuHumaem, yTO NpU NpouYnx PpaBHbIX YCMNOBUAX BelM4UHA Ko3gdu-
UMEHTOB YIWWPEHUA B TPexXBanKOBbiX LWeECTUYTONbHbLIX ¥ pPaBHOBENMKKUX
KPYrnbix Kanubpax oavHakoea. Toraa B cooreercTsum ¢ (3.19)

— 1
c,q = - .
Dl
1+ 90A/(4 + —)
dl
rae D, — pvameTp Banka B BepWVHE PABHOBENUKOro KPyrnoro Kanubpa.
Onpepenve 7o, a 3atem u3 (4.104) — BenuuuHy BLITAXKYU B NEpBOM

4
Kanubpe {A;), Hahpem nnowiaps ceveHna 3arotoBku (Fo = - din)

1 u3 (4.102) wupuHy BepxHEro 0CHOBaHMA.
Mnowanb CeyeHNA NATUYrONLHCHW 3aroToBku npu y = 90° pasHa
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a, + b ; bl
Fo = -"—2—°- ho + =2~ 0,215 72,
rAe I, — P&aiMyC 3aKDYINEHMR Yyraa v HIHKHEr0 OCHOBAHWA 33aroTOBKW.

Kak mnokaszan onNeiT paboTbl, ASIA YMEHbWEHWA BEPOATHOCTU MOAB-
NEHMA TpeWwMWH Y HWXHEro OCHOBaHWA 3aroTcBKi Npu npokaTKe B nep-
BOW KneTu uenecootpasHo Papanyc 7, BbIICNHATL NPUMEPHO PaBHLIM [a-
AWYCY 3aKpPYrAEHUA YrnoB nepscro Kanwbpa; npu s, =0,2 dy:

a,+ b 13 H . .

Fo = -2 ho + -t - 0,086 di. (4.106)

CooTHOWeEHWE MEXKAY LUMOWHONM BeEPXHEero W HWKHEro OCHOEAHWA 3a-
roToBKU oOMNpeaenseTcA yrnomM HaknoHa cTeHok 6akpaxa kKpucTannuia-
Topa 8, npu 3 = 11°

80 T B = 0,2h). {(4.107)

Pewas vypagHennn (4.106) w  (4.107) cosmecTHO, Halgem oOCTafb-
Hbie pa3mepbl 3aroTOBKN:
HINPKMHA HVXKHEFO OCHOBaHWA

P Ge 2
b = 291 r3 - Fo —0,0082 ¢%;
BbICOT3 TpaneumeBUAHOW YacTh 2aroTOB KU
P ~ w .
ho =25 {ag — bo),
061138 BLICOTA 3aruTOBKY: C Y4ETOM 3aKDYT NEeHUA
¥ " -
ho™= hy + 71_1,0 ~0474r = 25ay ~ 25y — 0,083 d;.
C y4eToM ycagku meTanna npy Hpucrannuiaumv rnybuHa BbITOYKW
BaHpaxa KpucTannu3iatopa faomkHa ObiTb #a 2 - 3 % 6onbule pacyet-
HOW BbICOTh! 3arGTGBKU.

6. PACHET KANUBPOB CUCTEME! TPEYFOJIBHUK — TPEYTONbHUK

CucTema KanwbpoBs TPeYronbHWK — THeYroflbHuK NPUMEHAETCA B Ka-
YECTBE BHITAXKHOW NPY MPOKATK? K&ETaHKV B KJIETAX C TPexXBamaKOBbIMWK
wanuBpamu. Kalke yxe ynomyHanock paree, NonepeyHoe CEYeHue nosock!,
NPoOKaTLIBAEMGIt B CUCTERME TPRYrofibMbiX KanuépoB, umeeT ¢hoOpMy He-
NPaguiLHOrO WECTUYTGILHUKA,

PaccmoTpum  gedopmauio ACNOCH! WSCTUYTONBHONO CeYEHWA B cuc-
TemMa TpeyronoHuix kKanniGpos. {inowasdb / -TOro TPexsanKosoro Tpeyrons-
Horo kanubpa (puc. 78} paswa

Fop= 32 107 -2, (2.108)

Ki 4 J i
rae di — AMaMeTp BAKUCAHHOM B Kanubp OKpy>kHOCTW (AvameTp Kanm6-
pa) ; §; — 3a30p MeXAy 3anKamu.

Bennuunna 3zazopos mexiay Bankamu BbIGUpaETCA € y4YeTOM TOUYHOCTH
W3rOTOBMEHMA BaNKOB W BO3IMGCKHOCTM WX pPaAUAnNLHOM peryaupoBKu B
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Puc., 79. [edopmauuns B Tpeyrose-
HOM Kanubpe, TpeyroneHUK — Tpe-
YTONbHUK

knetn. Tlpu 3ToM 3a3opbl uenecooBpasHO NpuHUMAaTL NO BO3IMOXHOCTH
MUHUManbHbiMKM, TaK KaK B 3TOM cnydae ofnervaeTcA KOHTPOAb Kaue-
CTBa M3roTOBNEHUA M YCTAHOBKWU BankKoB B KNeTH.

Mnowaab TpeyroneHoro kanubpa, KOTOpPaR oKa3sanack 661 cB060AHON

OT MeTanna Npu oTCYTCTBMM nonepevyHomn Aedopmainn

— d.
— i—1 2
AFKI.—\/3 (d; -—2—) .
Ecnu B Bbipawernn (4.108) npeHe6peub BenW4YMHOW 3a30pa MexAay

BanKamMu BBMAYy €ro ManocT¥ Mo CPaBHEHWIO C AWameTpoM Kanubpa, 6y-
aem numetb F . = 3v3 d?
i 4 I
Takum 06pa3om, pasmepbl TPeyronbHOro Kanuépa onpenesnAloTCA eanH-
CTBEHHBLIM NapaMeTPOM — AMAMETPOM BMUCAHHON OKPYXHOCTU d; .
NoactaBnAn 3Haewun F . n AFKI. B (4.3), nonyusm ypaBHeHue,
CBA3LIBAIOUIEE pPa3Mepbl ABYX COCEAHUX TPeyrofbHbix Kanubpoe c na-

pameTpamu pecdopmaumn:

F. m 1 —c. . d. d?
—L = /3 Y (4L -1 ). (4.109)
di 1 4 T-c; X 91 9 _q

nﬂOLLI.aD.b ceyYyeHHUA NONoOCLbI B8 i'TOM KanMGpe Bbipa)kdeM 4epe3 nNnno-

WwaabL paBHOBESIMKOro Kpyra

- 7 2
F; = Tdnpi , {4.110)
rae dnpi — [OWAMETp Kpyra naoLaaso Fi {(npuBeaeHHbIN pnameTp).

[nA  ynpowleHWA focneayrUwnx BbIMUCNEHUA BBeaeM 6e3pazmepHbIN
napaMeTp «, PaBHLIA OTHOLUEHWMIO [WameTpa AAHHOIO TPeyronbHOro Ka-
AMbpa K NpUBEAEHHOMY AWMaMeTpy fonocsl B nocnedylouwem kKanubpe
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d, d d
a = =1 4, = ! a = a=1
I__1 i d ’ * “n—1 d ’

npi npi+1 npn

oTCcroaa
— ~ 4 ‘

di—1 % _19%pi T % \/T FI '
di = 0t/ dnpl+1 = 0[i \/ FI+1 ’
................ e e e e e (4.111)
L dnpn* e \/_Fn ’

MoacTaBnAA 3HaueHuA F, ] d,_1, di w3 (4.110) v (4.111) B ypas-
HeHne (4.109), nocne cooTBeTCTBYOWMX NpeobpazoBaHUA NOMNYUYUM

| S— 1—c . A
@ _1= VN, 2-V3-—% - 1. (4.112)

I — 2
V31— cyi) o

O6bl4HO B NpPOKaTHLIX BrOKax ¢ TpexBanKoBbIMU Kanubpamun sHaue-
HWA KWHEMaTUYECKUX KOIMMUUMEHTOB CKOPOCTU COCEAHUX KreTed Npu-
HUMAIOTCA 60 pasHbiMU, AM60 6M3kMMKU No BenuuuHe. B aTom cnyvae
BbITAXKKW B COEAHUX Kanubpax, a CneaoBaTenbHo, U KoIUUNEHTHI O
Takke ByayT uMeTb BAn3KMe 3HaYeHUA.

Ecnu B8 (4.112) npuHAaTh ®;_4 = @, Nony4m creaylowee ypasHe-
HWe ANnA onpeaeneHWs KoadduuneHTa « i -TOro TPeyronbHoro Kanubpa

AL (1 —c , A;)
@ = 135/ L S 2 . (4.113)
{4 \/)\I._H = Ny D —c )
B cootserctBun ¢ (3.17) BenuuuHa KoadMuMeHTa YLIWPEHUA NPH
npoKaTKe MNOAOCHI LIECTUYTONBHOrO CEYEHWA B j-TOM TPEyroNbHOM Ka-
nmBpe 6yaer paBHa
- 1
Cvi Ad,
1+ 25 1=

2
. +D.
4d1v—2 DI
Npeobpasyem ero k Buay 6Gonee yao6HOMY ANA NPaKTUYECKOTO WC-
Nnonb3oBaHWA NPU pacyeTax KanMBpoBKWM BankoB, NPUHUMAR BO BHUMa-
HWe, 4TO ANA CUCTEMbl OAHOPOAHbIX KanMBpoB, B TOM 4Yucne ANA pac
CMaTpMBAEMOW CUCTEMbI TPeyrosibHUK — TpeyrofibHWK, Cnpaseanvso Co-

OTHOWeHKne
d, = d,__2/\/ NN

C yuyeTOoM 3TOrO nNpwU )\, = A

;_q Bopaerue (3.17) Gyaer uMmeTh BuA:

v
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- 1
c, ;= . 4114
vi 1 254 (@.114)

+
4 + Dl./d,. }‘i

rae D,., dl. — COOTBETCTBEHHG DMAMETP BANKOB W AMAameTp Kanubpa i -Tow
KNeTu.

DnAa HenpepbiBHOro ctaHa ¢ obwum NPUBIAOM xneTeld BefiyrHy Bb!-
TAXKM B 7-TOM KanubBpe 8 nepBoM NPUbNM*EHiiM PAOXKHO NPEACTaBUTH
B BUae:

D, D, — 4,
N oo — = n; ———— '7_—:.
Di_s Do — djvm;
rae m; — OTHOLWIGHUE CKOPOCTEA BPAUIEHWA BANKOB DaHHON ¥ Npeablay-
1.
- 1 ~
wei knetn (n, = — ): Dy — waeansHbld AnameTp BANKoR, paB-
1

i—1
HbilA YABOEHHOMY PacCTOAHWUIO OT OCHU BaNKa A0 OCU NPOKATKK.

OueBuaHO, UTO B8 TOM Cnyuas, echyv OTHOLUEHUE AMaMETPOR D,./d,. > 1,
YTO XapaKTepHO ANA HUCTOBbIX MPOBONOYHbIX BNOKOE, BENIMYWUHE BbITANC
KW NPaKTUYeCKKU paBHa KUHEMaTUYeCcKoMy Ko3hhUUMEHTY CKOPOCTM KNeTw.

Mpw )\’, = )‘i+1 = 6ynem umete
n, (1 —¢_. %)
o = 1,35/ oYl -, (4.115)
(4 \/ﬂi - 7?1'_‘ 1) {1 - Cy‘,-t
rae c . = 1
Y 254

]

 —
4+D,./di'q,.

Nocne packeTa KO3MPULNEHTOR &, MCMOosb3yA  Bbipaxenna (4,111},
ONpefenAeM 3HaueHWA GWAMETPOB BCeX TpeyronbHelXx Kanubpos. Bel-
paxenve (4.115) MOXHO wucnonb3oBaTh ANA NpPeaBAPUTENLHOro onpe-
LEeNEHWA [UaMeTpoB TPeyroNbHbix KanubpoB npu pacyeTe KanubpoBKu
BaNKOB HenpepbiBHLIX CTaHoB ¢ o6wum npuesopom. (loapobree of oco-
6eHHOCTAX pacyeTa KanMbBpOBKM BaNKOB CTaHOB - ¢ 06WKUM  NpUMBOAOM
M3NOXEHO B <OHUE FNaBbl.

Nocne onpeaeneHwuna pasmepoB KanubpoB wn BbIGOP3 BenNVuUUHL! 3330-
poB MEXAy Bankamu Cneayet nposecTv NposepKy pacueroB.. Heobxo-
AMMO, 4TOBbI ANA BCEX TDEYFOsibHbIX KanuGpoB BbLINOAHANOCL YCOBWe
FKi > Fi' MnM, ucnons3ya swsipaxeHne (4.108), ycnosue nposepku 3a-
nuweTCcA 8 BUAe

~. I 4 _ 2
d; > v—=—F, +s7. (4.116)
3/ 3
MNpumep pacueTa KanUMBPOBKY TpReyIGNEHUK — TPeyroNbHUK gaH & rn. VII,
Ecnu 3aroToBKOW ANA nepsol KneTH © TREYTronbHbIM Kanubpom AB-
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Puc. 80. Dedopmadun xpyra B8 1pe-
YrONeHOM Kanubpe

NAETCA KPYF, ANAMETP €ro W BENWYKWHY BLITAXKW B nepsom Kan:ibpe
HaxXOAMM CNEAYIOWMM 06pa30:,

BenmyuHa CMELLEHHOW Nnollaau MeTanna npM poiKaTke Kpyra 8 rpe-
yronbHom kanubpe (puc. B0) pasHa

,AFl = 6(Foap — Focs) = —:43-—(1(2, {arcsin /1 ~
a4, , . di
RGN
90 0 0

roe dy — p,uameT’% 3aroToBKY; dy — AMAMETD NEPBOTO THeYronbHOro Kaime-
pa, dy = oy vV = Fa.
w

MoacTaBnan 3navenve AF, B (4.4), nonydum ypasHeHue

. . di d, 42 n A, -1
arcsm\/‘l——2— e VA L T . W . (4.117)
d; d, d? 3 A (3 —cy1)
roe Ay, Cyq — BbITAXKA u Ko3ththuumeHT yiuMpeHUA 8 nepeom KanuBpe;
A = fo - T 45
£, 4 F,

AnA cnyvan npokatku kpyra e TpeyronsHom Kanubpe BeniMuuHa ¢
onpepenaeTca sbipaxenvem (3.17). v

Takum obpasom, ¢ yvetom (3.17), CYUTAA, YTO AWaMeTp NepBOro Tpe-
yronsHoro kanubpa v nnowags MeTania B Hem ONpPEAENeHbl paHee, ypas-
HeHue (4.117) copepwut agHy HEU3BECTHYID BENWUYMHY — d,. PelLueHme
ypaeHeHun (4.117) wmoHe HalTu ¢ NOMOUWLLI0O METOAE NOCAEAOHATENb-

HbIX NPUBNMKeHWA, ANA 4ero npecBpasyem ero, BbIAeNMUB B neBoil yacru
MCKOMYIO BeNUuuHY.

B pesynbTate nonyuum
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F
dO=Vi. 1 (‘4-118)
m — 2 _—T
3 . a4, d3
1- = (1 - ¢yq) {arcsin/1 i Z\/I -Gt
B kauectBe HauanbHoro MNPUBAVXEHWMA MOXHO NPUHATL dy = d(g) =

4
= \/T F 1. Buiuncnaem npu dp = d(g),cuauana KO3HOUUMEHT YUMPEHUA

Cyq ¥ BbipaxeHnAa (3.17), a 3atem, nNOACTaBNAA 3HaYeHMA d(%‘)n C(S; 8
npasyto yacTe ypasHeHuA (4.118), HoBue 3HaueHWe AMaMeTpa 3arOTOBKMU —
do(d(f))). MonHOCTbIO NMOBTOPAA. BbMUCNEHUA NpU oy = do(”, nony4aem
HOBOE 3HaueHwWe AuametTpa — dy = d (2,). BriswcneHWA nipoponkaem A0
Tex Nnop, NokKa pasHAua MexAay cocegHMMMU NPUBNUIKEeHUAMM d(g)— d!,”‘"
6yaeT MeHblle WAM paBHa 3aflaHHOW norpewHocTy. MorpewHocTs Bbiuucne-
HUA MOXHO NPUHATL, WUCXOAR M3 A0NYCKAEMOW BENHYUHbLI OTKAOHEHWA
AnameTpa Kpyrfon 3aroTOBKM B COOTBETCTBvin ¢ Aencteviowumm FOCTom.

Mepexoa OT TpeyronsbHoro K 4YMCTOBOMY Kpyrnomy kanubpy npea-
CTaBnNAeT ONpefeNneHHY CNOXHOCTb M MOXET BbINGAHATLCA NO-Pa3HOMY.
B wacTtHOoCcTW, Ha npokaTtHOM 670Ke OAHOro U3 OTEYECTBEHHBIX JIMTEWHO-
NPOKaTHbLIX arperaToB anMUHWMEBOM KaTaHKW flocne pAfa TPeyroNbHbLIX
KanubpoB nepes nNpeauUCTOBbLIM  CTPeNbYaTbiM  TPeyronbHUKOM UMEeTCR
NPOMEXYTOUHbIA KPYIrNbld Kanubp ¢ HeckoAbKO 6OAbUMIMKM, YeM Y Yuc-
ToBOro Kpyra, 6okossiMu Bbinyckamu, MNpu 3ToM OTHOLWEHWA CKOpPOCTEN
BPAaleHWA BanKoB Bcex KneTeW 6noka (n), B TOM 4uCne nMCTOBLIX, Npy-
HATLI OAMHakoBbIMKW. B TO ke Bpema tmpma Kokc 3Ty 3agavuy pewsaet
MHaye, fpepycMaTpuBaA MEXAY MOCREAHAM TPeyronbHbIM M YUCTOBbLIM
KPYribiM Kanubpom  NpoMexyTouHbin kKanubp B opme CTpensyaToro
TPEYronbHUKaE W NPUHMMAR B ABYX MOCMNEAHUX KMETAX MEHLLUUE, YEM B
OCTanbHbIX KNEeTAX, 3HaYeHnA Ko3adpuuneHta 7.

Pacqer pazmepoe 3a20To8K! TpPaneyueauoHO20 CeYEHUR
OnA nureldHo-npokarHe20 azpezara (f111A) ¢ TpexeanKkossimu 6noKamu

Ecnn NNA wumeer kpuctanmusarop poTopHoro Tuna, a kanubposka
Bankos 6noka npeacrtasnAeT coboW cuCTeMy TpeyronbHbix Kannbpos,
TO Haubonee paunoHanLHON ABRAETCA TpaneuyMeBUaHan (OPMa CevyeHuA
33arOTOBKW, HO C APYTMM COOTHOLUEHWEM BLICOTb! W WWPWHbLI, 4eM Npwn
aByxsankosom 6noke. BaxHbIM npeumyuiecTBomM TpaneuveBuaHON 3a-
roTOBKW NO CPaBHEHWIO ¢ NATUYTOMLHOW ABAAETCA ee MeHblWaA BbICOTA
npy TOW e nnowaaw nonepevHoro cedvenusn. Bcneacteue atoro aedop-
MaumMn PacTAXKEHWA, BO3HUKAIOWIME B HIKHER 4acTW CeyeHnwA Npu pasru-
6e 3aroTOBKM B MOMEHT BbIXOAA M3 KpucTannusatopa, GyAyT MeHbiuen
BENWUMHbI, YTO CHWXXAeT BEPOATHOCTb OBpPa3OBaHWA TNOBEPXHOCTHbLIX Tpe-
wuH. C atoil xe uenwo uenecoobpasHo umeTs Nepaylwd KneTe 6noka c
HMXKHUM FOPU3OHTANbHLIM BanKoOM.

Paccmotpum  pechopmaumio  3aroTOBKM  TpaneyUeBMAHOFO C8ueHMA B
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TpeyronbHom kanubpe {puc. 81). YT06L1 0BecneynTb CUMMETPUYHOE 3a-
nonHeHne MeTannoM BceX MNOCNeAyloWUX KanubpoB cTaHa, B TOM uucne
U YACTOBOrO KPpYra, Cneayer vUMeTb CUMMETPUYHOE 3anofiHeHWe Nepsoro
Kanubpa, anA 4Yero Heo6xoaMMo, 4TOBbl NMpM NpokKaTKe B NepBOM Kanwé-
pe obecneunBanock (cM. puc. 81) paseHcTBO:

OA= OK= ON= r0=-%9—.

BenvuuHy ry HaxoAMM aHanoOrMyHO TOMY, KaK paHee ONpPeAenfAnvchb
AVaMETPbl  TPeYroNbHbIX KanubpoB; B COOTBETCTBUU C  BbIPAXKEHUEM
(4.109), (4.110) 6yaem umersb:

1-7e F
ro=05d (2 -v3—-4.— "1yl iy (4.119)
° i e A cy; i
rae Fy, Ay — nnowagb MeTanna M BuITAXKAa B NepBoM kanubpe;, d; —

AvameTp nepeBoro kanubpa.
Koadpuumnent ywmpewnAa B nepBoM Kanubpe npubnvkeHHO onpeae-
nvum no thopmyne

c,, = 1

1 '
M 1+ 254
4 +—D-L
np
rae dn — AWaMeTp Kpyra, Nnouiaab KOTOpPOro paBHa NNouwiaan 3arcToBKHU.

Hanaem cOOTHOWEHUA MeXAy BENMNUHOW 7o W pasmMepamM 3aroTOBKW.
N3 puc. B1 BMAHO, 4YTO WMPUHY BEepXHEro OCHOBAHWA 3aroTOBKU MOX-
HO NPeACTaBUTbL Kak

ao=2(MN +AM tg )= 2rylcosB+ (1 + sin B) tg B].
Kak u anA aByxsankoBbIX 650KOB, yron HaknoHa 60KOBbIX CTeHOK

BaHfaxa KpuUCTannuaaTopa ANA OBECNEYeHWA BbLIX0AA 3aroTOBKU AOMKEH
66176 He Menee 10 — 12°.

V] A
b~ 4
/ A \8 ¢
3
—] 1
% i
l M ‘ o
] A
Puc. 81. K pacyety aarovos- / \\
KW TPaneueMaantHoro ceveHun N3 L S
anqa JINA ¢ TpexBankosbim 4
cTaHOM
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Mpu 8 = 11° (tg § = 0,2), umeem
aog=242ry,. (4.120)
WupnHa HWXKHEro OCHOBaHMA 3aroToBkWM by = ao — 2ho tg [}
= 242r, —0,4h,.
BbicoTy 3aroTOBKM HailaeM, WCXOAA M3 TOro, 4YTO MNNOWaAb 3aroToB-
KU M3BeCTHa, TaK KaK 3afaHa NpoM3BOAUTENbHOCTL arperara.
Mnowaab ceveHuA 3arotoBku npu tg § = 0,2 6yneT pasHa

Fo = ao;'bo h0—0,27f:, (4.121)

rAe r, — papuyc 3aKpYrneHWiA yrnoB y HWXHEro OCHOBaHWA 3arQTOBKW.
05bNHO npuHumaetca r3 = 0,2 hy. )
NoacraBnAA 3HauyeHUA @, bo M r, s (4.121), nocne npeobpasosaHun
nony4YuM BbipaXkeHne ANA onpep.eneHMﬂ BbICOTbI TPANELUNEBUAHOW 3arOTOBKM

ho= 5747001 -+/1-0158). (4.122)
[}

C yueToM YCapKu MeTanna Npu KPUCTaNnn3auuuv niowaab BbITOUKMU
6aHAdKa KpucTannmsaTopa AOMKHA GbiTh Ha 2 — 3 % Gonbiue pacyeTHOM
naowaaun 3aroToBKHM.

MNpokaTka TpaneuuMeBMAHCOA 3arOTOBKU B TPEYrofbHOM kanubpe cBA-
33aHa C ABYMA CYLLEeCTBEHHbIMU HEAOCTaTKAMMK:

NNOXOW 3axBaT BCNEACTBME TOrO, 4TO COMPUKOCHOBEHWE C 60KOBbIMM
BaNKaMu NPOMCXOAMT MO OCTPbLIM Yyrnam 3aroToBKW, YTO CYLLecTBeHHO
orpaHWYMBaeT BennuMHy O6XaTUA B NEpBOW KneTW W penaet Heo?xonu-
MbIM YCTaHOBKY nepea CTaHOM CReuvansHoro 3aaalowero YCTpPOMCTBa;

60nbilaA CKNOHHOCTL 3aroTOBKM K CBanuBaHWIO B MOMEHT 3axBaTa,
yTo TpebyeT 06A3aTeNbHOW YCTAHOBKMU MNepea NepBON KNeTbid pPOAMKO-
BOW apmaTypbl. 3

InA onpeaeneHuA MaKCUManbHOW M3 YCNOBUWA 3axBaTa BbITAXKW B
nepBoM Kanubpe HalAeM COOTHOLWEHWE Mexay BenuuuHod obxatna oT
6OKOBbLIX BanNKOB U pa3mepamun 3aroTOBKMW.

Kak suaHo u3 puc. 81,

Ah, = NI - \_/-5(3_0__’4_’41_) =3@ao—i(id, _

2 2 2 NED 4 2 2

— ho + Ah,y). (4.123)

AHanu3 (hOPMbl MONEPEYHOro CeveHUA NOMOChl Nocne nepsoro Kanu6-
pa, NPOBEAEHHbIA Ha pALE NWTEAHO-NPOKATHLIX arperaTtoB ¢ Tpexsan-
KOBbLIMW CTaHaMK, WMEIOWMX 3aroToBKY TpaneuveBMAHOro cevyeHwuA, Mo-
Kazan, 4To NpW nNpoKaTke B TPeyronbHOM Kanubpe C HWKHWUM TFOPHU3OH-
TanoHbIM BanNKOM 3aroToBKa 3aHWUMaeT B HeM Takoe MofoXeHue, npu
KOTOPOM WUMeeTCA clieayiouwee CooTHoweHue 06xaTuid OT HWkHero U 6o-
KOBbIX BanKos

Ah =05 Ah,.
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C yyetom atoro uz (4.123) nonyyvm
Ah, = 02W/3ag +2hy — 3d,). (4.124)

OnbIT noka3eiBaer, 4TO HaAEeXHbIA 3axBaT TpaneuueBUAHON 3aroTo.-
KW B TpeyronbHoMm Kanubpe 6e3 NpUMeHeHMA 3aaalowiero ycTpoucTsa
OCYLLECTBNAEGTCA NPU yrnax 3axeaTa Ha Goxoablx Bankax He Gonee 20°..
Takum 06pa3om, MaKcuMansHoe o6KaTne 0T GOKOBLIX BafKOB 6yp.eT pPaBHO

Ah 3 max = 0,5(1 — cos a ) O, = 0030,

rae Dy — anameTp Banka B NepBOR KneTu.

MoactaenAn B8 (4.124) npu Ah, = Ah,max 3Havenma ag, hy w3
(4.120), (4.122), nonyuam ypaBHeHWe ANA OMpefeneHUA MaKCUManb-
HOro 3 yCNOBWUW 3axBaTa 3HaYEHWA BLITAXKWM B NEPBOM TPEYroNbHOM
Kanubpe ¢ HWXHUM TFOPM3OHTaNbHLIM BajKOM B Cfyyae, eCN /3aroToB-
Ka UMeeT cedeHne TpaneuneBUAHOW GopMmbi:

D, + 20d
1-(1,36 - ———+L
F, 76,6 r,

)7].

BenuuuHy ro onpepenfem us ypasHenua (4.119). Pacyer pazmepos
3aroTOBKM M MaKCUManbHOW BLITAXKKW B MNepEOM Kanubpe MOXHO yn-
POCTUTb, He BHOCA CKOMbKO-HUBYAL 3aMeTHOI NOrPeLHOCTH, €CNn B Bbl-
paxeHun (4.119) npenebpeub BenUuuHOI NONepeuHoIt AediopMaunn BBMAY
ee mManoctu. B atom cnyvae B (4.119) BenmumHa 1 — ¢ ., A/ (1 — ) =

= 1 v BbIpaxeHne AAA ONpeAENeHUA BENYMHLI I ¢ 6yne1’ MMeTb cnep.yro-
LKA BUA:

= dy(1 —+/0,75 —

Aimax =

Fy

ATy
V3 gt

7. OCOBEHHOCTU PACHETA KANUEPOBKU BASIKOB
HENPEPBIBHbLIX CTAHOB C OGIUM NPUBOZOM KNETEA

Pacyer wanMbGpOBKW BankKoB HenpepbiBHLIX CTaHOB ¢ OGLWMM NPUBO-
AOM MO CPaBHEHUK CO CTaHaMW C WHAMBUAYaNbHbIM NPUBOAOM KNeTei
MMeeT cBov OCOBEHHOCTU. JTO CBA3aHO C TeM, YTO B CTaHax ¢ 06WMUM
NPUBOAOM BeMUUYUHLI BLITAXKEK B KNETAX He 3aAaloTCA, a onpeaenAloTcA
B COOTBETCTBUM C MPUHATBIMU 3HAYEHUAMMU KHUHEMATHUYECKUX KO3tu-
UMEHTOB CKOPOCTM KneTed. [OCKONbKY B YPaBHEHUAX ANA pacyeTa pas-
MEpOB Kanubpoe (UrypupyroT 3HaYeHWA BLITAXEK B KNETAX, UX peLue-
HAe BO3MOXXHO NUiLL COBMECTHO C YpPaBHEHWAMM, ONpeAeNAWMMKU Be-
NUYNHY BLITAXKU B Kanubpe. TakuMu ypaBHeHWAMWU ABNAKTCA Yypas-
HeHUA TMOCTOAHCTBA CeKYHAHbIX 06LEMOB MeTanna no KHeTAM W ypas-
HEHUA ANA KaTalWWUX AMaMeTpoB.

PacyeT BbINONHAEGTCA C MOMOLWILIO METOAA NOCNEAOBATENbHLIX NPUGIN-
WeHuin. B kauecTBe HavyanbHOro NPUBIMMXEHUA BBLITAXKA B KaXA0OW KNeTwu
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33 UCKIIOYEHNEM NMEPBOV NPUHUMAEETCA PaBHOW KWHEMATUYECKOMY KO3MhU -
UNEHTY CKOPOQCTH, T.e.

A = n = — .
n
4§ n—1 Mi-1

BbiTAXKa B nepBoﬁ KfeTn CTaHa onpenenAeTCA U3 BbipaeHUA:

F
Ay = 2 .
Fn MaMp_q = M
rpe Fo — nnowaab ceyeHWA 3aroTOBKW; F_ — nnowaab CEYEHWA roTo-

n
BOro npocuna.

[anee pacuer Ocyu.l,eCTBnFHOT B, TOW e MNOCReAoBaTeNbHOCTH, KakK M
ANA HENpepbIBHOTO CTaHa ¢ MHAMBUAYANbHLIM MPUBOAOM, rAe Benu4uHbI
BbITAXKEK MO KfETAM 33afaHbl, TO eCTh ONpPeAenAIoTCA pa3mepsi Kanubpos,
BeNMYMHA KaTawWwux paunameTpos. [locnegHelh onepauueit BblMMCREHWUIA
ABNAETCA OMpeAeneHWe € NMOMOLWbLID YpaBHeHUA (2.59) yTOuYHEeHHbIX 3Ha-
YeHWA BbLITAXEK B KnetAax (A ;) }. Mocne aToro pacyeT B TOW e nocne-
[OBATENbHOCTU MOBTOPAETCA MPU BHOBb HaWAEHHbIX 3HAYEeHUAX BbLITAXEK
(x; = i ) u Tak go Tex nop, NOKa pa3HMLa B BENIMYUHAX BLITAXKEK
ABYX cocefHux npubnmkennid 6yaneT MeHblle WAW paBHa 3afaHHOW Mo-

fpewHoCTH. ﬂOCTaTOqHOﬁ ANA NPaKTUKKU TOYMHOCTBLIO BbIMUCAEHUWA ABNA-
€TCA Pa3HOCTb:

Afm Afm=1) = 0,001.

Korpa pacuer KanubpoBKW BankoB BbINONHAETCA BPYYHYIO, TO ANA
YMeHbLUEHUA obbema BbIYUCTEHWA ero uenecoobpasHo BbLINONHATL B He-
CKONMbKO WHOW MOCNEeAOBaTensHOCTM: B 4acTHOCTH, €CNKU KanubpoBKa Ban-
KOB CTaHa npeAcTaenAer cobBoW cucTemy oBan ~ Kpyr, pacueT ee npo-
M3BOANM cfliefyownmM obpasom:

1. TpMHMMaA B KadyeCcTBe HavafbHbIX 3HAYEHWUI BLITAXKEK B KAETAX
BEJIMYMHLI  KUHEMaTHHeCKUX KoadibuuMeHToB ckopoctu (1), Haxoaum
Nnolwaan cevyeHMA metanna B Kanubpax B HauyanbHOM npuBnukeHuu. Pac-
YeT BbINOJIHAEM MOCNeA0BaTENbHO, HAYMHAA C NPeAYUCTOBON KNeTU:

F(O)

=n,F,:
(0) — .
Fn—2- 77,,_1 77,, Fn’
........ . (4.125)
(0)_
Fio'= My Mjap 1,
F(O)_

M2 M3 ... M, Fn,

rae £ — nnolwane ceyeHnA rotosoro NpotunA.

2. OnpepenAem HavanbHble 3HaY4eHWA AWAMETPOB BCEX KPYrNbiX Kanué-
poB (nepebitt KanMBP — OBanLHLIN) :
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(0) 4 (o)
a%l \/ F

d’l(O) = \/TT_ F(20), - dl(-?1) = \/ F(O) o).

PN I

a Tak)ke pnaMeTpoB BasfiKOB B BepLUUHAX KPYrnbix KaﬂMﬁpOBZ

i _ 0) - (0
p'9 = p, - d'P, .. 019 = p, —g'%),, .00, = D, — a!
3. NoacraBnAA COOTBETCTBYOLLME 3HAYEHUA AUNAMETPOB d“.” D(O) B

i+1° 7i+1
eoipaxerne (4.77), nanaem npu A, | NN = W Hagaanble 3Haue-
HUA Ko3athduuneHTos a; AnA Bcex OBaanbl); Kanuﬁpos(o()a (i) ). )
\ 4. W3 BobipakeHnA (4 78) npna; = a';, d,,=d 71,0, =D;

jrq = Tj4q Haxoaum Haqaanble 3HayeHMA Ko3dduruMeHTOB 11/ (11/(0) )

5. Onpep.enneM BbICOTY OBaflbHbIX KanubpoB WM AnameTpbl BanKkos npu
BepLUMUHAEX

(0)= 4(0) y{0) (0} 40} 4(0) (0) 40
d{%= ¢ P af®) . g I S
— 0 0) _ (0) (0) _ (0)

0'9= p, — df ’, DI.( V= b, — d!?, .., D!% = D, — ai%,

6. Wcnone3yA ycnoBUE NOCTOAHCTBA CEKYHAHbIX 06BEMOB MeTanna,
onpeapenAem nnaowaan, ceMeHMA Nonocni, NPUHNUMAR, 4YTO KaTalouwue anamer-
pbl BO BCexX KMNeTAX paBHbl AnameTpam BankKosB B BepLUNHAX KaﬂMGpOB

- plo) _
DB = D0;7 Dy = Diyy).

Takum o6pasom, 3HaueHUA nNnoulanei ceueHuAa metanna B Kanubpax

8 NepBOM Npubnu>keHUn 6yayT OnNpeaenATbCA YPaBHEHNAMMU:
D

F“) - F(O) n .
n—1 -1 D 1'
n_
(M _ g0 20 .
Fn—2_ Fn—2 D, _, ’
_________ _"_‘ (4.126)
F(1) - F(O)

rae D4, ..., D,, . Dn — AWameTpbl BankoB B BepluvHax kanubpos nep-
BOWM 1 BCex NocnefyloLmMx KneTel, Bkntouan yuctosyto (D).

Onpefenvs nnowagu CcedeHWA MeTanna, Halaem BeNUUYUHY BbITAXEK
B Kanubpax. [Jlanee pacyeT nNpOBOAUTCA B CNeAylolend nocneaoBartens-
HocTWU. TPy AaHHBLIX 3HAYEHWAX BbLITAXEK ONpeAenAloTCA AMaMeTpbl Kpyr-
nbix kanubpos (d;, ;) u AuameTpel Bankos (D,,.), 3atem u3 (4.77),
(4.78) wnaxoapAaT BenM‘lMHbI KO3hMUMEHTOB @, U Y, M ONpenenAioT pas-
Mepbl OBanbHbIX Kanubpos. [Jlanee w3 soipaxenun (2.34), (2.36) onpe-
AenAeTCA BenuuuHa KaTalowux AWaMeTpoB BO BCeX KieTAX WU U3 ycro-
BMA NOCTOAHCTBA CeKYHAHbIX 06bEMOB MeTanna — HOBble 3HaYeHWA NNo-
uianei cedeHMA MeTanna W BbITAXKeKk B Kanubpax. YpaBHeHWA anA pac-
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YeTa nnou,apen Metannat BO BTOPOM NpuUBNUXKeHWM GYyayT WMeTb cneay-
IOWKA BUA:

. (1)
D

(2) _ ~1(0) K n

Fn_1 = F

=1, 0) '
K n—1
F.(2)= (.0) D n .
i i pl1 (4.127)
K i

D
FI{2) = plO) "k n

(1)
DK1

OnpepeneHne pasmepoB OBanbHbIX KanuMBpoB ¢ NOMOLLbIO YpaBHEHWUi
(4.75) wn (4.76) BBMAY WMX OTHOCUTENLHON CNOXHOCTM ULenecoobpasHo
NPoBOAUTL Ha 3aKMIOYUTENLHOM 3Tane pacyeTa.

¥YKazaHHaA nocnefoBaTenbHOCTL pacveTa KanubpoBKWM BankoB Henpe-
pbIBHOrO cTaHa ¢ obwum npuabnom coxpaHAeTcA AnA nobon cuctembi
yepeayrouwmxcA Kanvbpos.

HailpeHHble B COOTBETCTBUM C M3NOXKEHHLIM Bbile METOAOM 3Haue-
HWA NNowlafied MeTanna NO KNETAM W pasMepbl KanubpoB cOOTBETCTBY-
10T pexxumy csoBogHoi npokaTku. Ha- npakTuke onTUManbHbIM ANA He- . -

NpepbiBHbLIX COPTOBLIX U MNPOBOMNOYHLIX CTAHOB CHYUTAETCA peXuM C He-

GonblUMM HaTAXKEHWEM MeXay KNeTAMM, Hanuyuve KOTOpOro npeaynpex- -

RaeT TMOABNEHME MeXKNeTeBoro noanopa, co3faBad TeM CaMbIM 3anac
YCTOWYMBOCTM npoueccy nNpokaTku. B craHax ¢ uHAMBMAYanbHbIM NPUBO-
AOM HeoOXOAWMbBIN PEeXMM HaTAXKEeHWMA B CTaHe OBbIMHO OCYLUEeCTBAAETCA

COOTBETCTBYIOWEN KOPPEKTUPOBKOW CKOPOCTeH MPUBOAHLIX ABWUraTenci.. .

B cnyuae e ob6wero nNpuBofa BenNUYMHA MEXKIETEBOrO HaTAMXEHWUA MO-
YKEeT perynupoBaTbCA TONbKO U3MEHEHMEM HAacTPOMKWU KneTel. Tak, yMeHb-
LileHWe pacTBopa BanKoB B NEpPBbIX U yBENWYeHWe ero B NOCAEAHUX Kne-
TAX NPUBOAMT K pOCTY HaTAXEHUA B cTaHe WU, HaoBopoT, Mpu yBenuye-
HUU pacTBopa BanKoB B NepPBbIX KNETAX CO3AR3OTCA YCMOBUA ANA NOAB-
NEHWA B NONOCE MNPOAOALHLIX CXUMAKOWKUX HanpAxeHuun. Ecnu kanub-
pPOBKa BanKoB cTaHa NpeacTaBNAeT CUCTEMY uepeayrWMUXCA Kanubpos,
HanNpumMep o0Ban — KPyr.unM CTPenLuyaTbil TPeyronbHUK — Kpyr, yBenu-
YeHWEe MEXKNeTEeBOro HaTAXEHWA MOXHO ROCTUMHYTb TaKxe MyTem yBe-

NINYeHUA pacTBOpa BanKoOB BO BCeX KrneTAX, UMellnxX Kpyrnb'e KanMprl, ’

33 UCKIIOYEHWEM YUCTOBOW. 3a3opbl MeXay BankKamu B 3TUX KNETAX Bbi-
CTaBNAOTCA HECKONbKO 6GONblie pacyeTHbIX, TaK uyTo6bi BbICOTA KPYrio-
ro kanubpa 6uina 8 1,02 — 1,03 pasa 6onbwe pacueTHOro AMameTpa Kpyra
B AaHHOW KneTtu. [InA co3naHWUA HaTAXEHWA B nocneaHeit nape kKanuépos
cneayeT TakK)Xke HECKONbKO YBENMYUTL MO OTHOWEHUID K pacyeTHOMY pac-
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TBOp BankoB npeauuctoeon knetu. lMepumyulectBo TaKoro cnocoba Ha-
CTPOMKW CTaHa, KpPOMe NpOoCTOTbl, 3aKNIOYaeTcA B CO3AaHWMM AONONHU-
TenbHOW rapaHTUW OT MepenonHeHUA Kpyribix Kanubpos Metannom. [au-
HbIi CcNOCco6 HAcTPOWKW yCNEeWwHO NPUMEHRETCA Ha OTEYECTBEHHbIX NWUTewr-
HO-NPOKAaTHbLIX arperatax C ABYXBalKOBbIMW W TPEXBaNKoOBbLIMW CTaHaMW.

8. ONPEAENEHME Yriog 3AXBATA B KAJIMBPAX

Mocne Toro Kak pa3mMepbl KanubpoB HaWleHbl, LenecoobpasHo B Ka-
yecTBe 3aKMIOYMTENLHOW CTaauMM pacyeTa KannbpoBKW BankoB NPoOBECTH
pacyeT yrnos 3axpara B Kanubpax C uenbio NPOBEPKM HaAEXHOCTHU 3a-
XBaTa nonocbl Bankamu. W3 npakTUKW M3BECTHO, YTO HaAeXHbIN 3axsaT
nonock! NpyM NpoKaTke B cucTemax KanubpoB oBan — KBaapaT v oBan —
KpYyr, a Takxe B KNeTAX C TPexXBankKoBbIMW Kanubpamu MOXHO OXuAaThb,
ecnn yrnbl 3axearta He npesbiwatT 20 — 22°, [InA cuCTEMBI AUWMYHBIX
KanubpoB M cucTeMbl PpoM6 — KBaapaT 3Ha4YeHWA MpeaenbHbIX YrNoB 3a-
xBaTa Heckonbko Gonbwe (ao 25°).

PacyeTr yrnoB 3axBata Npu NpoKaTKe B Kanubpax MOXHO BbINOMHUTH
C NOMOLLbLIO BbIPAKEHUA, NPUBEAEHHBIX HUXeE.

Cucrema npamoy20/1bHUK — Keadpar

Yron 3axsata B NpAMoyronbHomMm Kanubpe
hi_q4=h h,
a; = arccos (1 — % ) & arccos [1 — —*1 X

X (Vg - 11; (4.128)

yron 3axpaTa.B KBaapaTHOM Kanu6pe

b, — h,
+
«. ] i+1 ),

j+1 = arccos (1 —

Di+1
MNK, BbIpaXKan BbICOTY NPAMOYTrONbHOW NOJNOCH!I Kak bi = Fi/hxi gFI./hi.+1 P

a,

h.
;41 = arccos [1 — i1 Ny — 11, (4.129)

i+1
npu A; = 7\,.+1 uMeeM o; = 0.
Cucrema pomb — keadpar

Yron s3axBata B pombudeckom Kanubpe c y4yeTOM MONHOro 3anosHe-
HUR MeTannoM KBaapaTHbIX KanubpoB paBeH

h . - h h .
i—1 ki) = arccos [1 — —X*1 X

I I
X(VAg =y ). (4.130)
Ecnn npeaAcTaBUTb BbLICOTY NONOCH! p0M6W4e0KOI'0 CeYyeHVUA npun BXopae

o, = arccos (1 —
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B MOCNEeAYHOLWMUA KBaapaTHbIiA Kanubp B BUAe b, = 2Fi/hn<i' nonyynm
creaywuiee Bbipa)keHWe ANA ONpefeneHWA yrnoB 3axBaTa B8 KBaApPaTHbIX
Kkanubpax

b, — h .
a,,, = arccos (1 — ! Kit1) = arccos [1 —
i+1
h A,
_ U ki+1 ( i1 1]. (4.131)
Di+s v

Cucrema oean — keadpar

Yrael 3axBata B OBaNbHbIX KaJ'WI6an, YYuTbiBaA NONHoe 3anonHeHwue
meTannom KBaapatHbIX KaﬂMﬁpOB, HaxoavM U3 BbiparKeHUA

h f—1" 2z44
o, =arccos (1 — ————— ), (4.132)
Dy, — 22z, .
rae 2z¢; — BbicoTa oBanbHoro kKanubpa B Touke C (cm. puc. 62),
BenwuuHy zo; HaAem u3 Boipaxenna (2.45), wnu, npuHuman Bo BHU-

MaHue, uYTo (h21;—1/4ﬁgﬁpi) < 1 W, CneaoBaTenbHO, MOXHO CYWTaTb, YTO

2 2 2 ~ — h2 2
VR ospr (1= hi_114R g, ) = Rog; (1 ~h; (/B8R g, c nomowsio
cneaylowein NpubnukeHHon GopMynbl:

20;=05h, —h?_,/4ah,.
Yrnb1 3axBata B KBaapaTHbIX Kanuﬁpax

b= K i+1 )

« = arccos (1 —

i +1
i+1

BbicoTy oBanbHOro npodvnA npu BXxoAde B MOCMeAYOWWHA KBaapaTt-

Hbik KanuBp HaxoAWUM, UCMONL3YA WM3BECTHYI NPUBNMKEHHYIO topmyny

AnA nnowaav osana (F, = 31 h;b,)

b’. = 3Fi /Zhi ,
orciopa
h A,
a, ., =arccos [1 — —K[*1 (3 . i1 g5, (4.133)

i+1 4

i+ ¥

Cucrema oean — Kpyz

Yrnbl 3axBaTa B OBanbHbIX Kanu6pax MOXHO HaUTHU ¢ MOMOLUbLIO Bblpa-
WEeHUNA
di_,—d

a; = arccos (1 — L. (4.134)

i
MpeactaBnAa BLICOTY oBanbHoro npotwuna npv Bxoae B {/ + 1) -t kpyr-
nbid Kanubp Kak bi = 3Fi /2di' NONyYuMm crieayiolee Bbipa)keHue ANA
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pacyeTa yrnoB 3axsaTta B Kpyrnbix Kanuﬁpax

d A,
=arccos [1 — L1 (3x __i¥1 _ q). {4.135)

* Divy 8 %

%

Cucrema cTpensyarsill TPEY20NMbHUK — KpY?2

an npoKaTke B naHHOﬁ cnucTeme Kanlﬂﬁpbl NPaKTUyeCcKn MNONMHOCTLIO
3aNO0NHAKTCA MeTannom (KBK Kpyrasie, TaK W cCTpensyaTble Tpeyronb-
Hbie KanMprl), NO3TOMY BenNUYUHY YIrnoB 3axBaTa MOXHO OMpeaenATb
W3 CNeAYOWMUX BbIPAXKEHUN:

ANA CTpenbYaThbIX TPeYrosbHbiX Kanubpos

d. — d,
a; = arccos (1 — =1 iy, {4.136)
i
ANA Kpyrabix kanuépos (cMm, puc. 75)
2{A0 —r., ,)
@, . = arccos [1 — i1 =
i D;
9 i+1
FF i ™ Yivr
= arccos (1 — ). (4.137)
Di+
lWnpuHy cTpenbyaToro TpeyronbHOro Kanubpa Haxoaum M3 BhipaXXeHUA
_ V3 2a;_4
bKI' = 4—dl' (al. - 1)[\/1 +4—(5T1—)2— 1]-
1

Cucrema TPEy20NLHUK — TPEY20LHUK

(pvHMManA BO BHUMaHMe, 4TO YiUWMpeHUe NONOCbI NPU NPOKaTKe B TPex-
BanKoBbIX Kanubpax He3HayuTenbHO, BeNMYWHY Yraa 3axBata B TPEyrofb-
HOM Kanubpe MOXHO HaWTWU C MOMOLLLIO BbipaXkeHUA

d. ,— d-:
i=2~ 9 ). (4.138)

D;

@ = arccos (1 —

I nasaV.NPEAESIbHBIE 3HAYEHUA BbITAXEK B KAJIMBPAX

[AnA noBbIWeHNA MPOU3BOAUTENLHOCTH MPOKaTHOrO CTaHa, CHWXeHWUA
3HEProsaTpaT W YMEHbLWIEHUA KOJIMYECTBA MEXaHMYECKOro W 3neKTpuye-
ckoro obopyaoBaHuA Heobxoaumo, 4ToObI AedOpMauuA B KaxaoMm Ka-
nubpe C yuyeTOM ero HasHauyeHWA Gbina NO BO3MOXHOCTM MaKCUMaNLHOW.
Moatomy BsIGOp pexuma o06XaTUh B CTaHe AONKEH OCHOBbLIBATLCA Ha
3HaHWW rMpepenbHbIX AedOpMauMiA, AOMYCTUMBLIX B8 AaHHOM Kanubpe npwu
A3HHbIX KOHKPETHbLIX YCIIOBMAX,

Kpome ycnoBui 3axsaTa, NPOYHOCTH O6GOPYAOBAHUA M MOLWLHOCTU MpK-
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BOAHLIX 3NeKTPOABUraTesnield, BaxHbIM (akTopom, oONpeaenAlOUM Be-
NMuMHY aonyctumon aedopMaumn, ABNAETCA YCTOWYMBOCTL NOMOCHI B
naHHOM Kanubpe. PakTop yCTOMYMBOCTU PEAKO BCepbe3 PaccMaTpuBaeTcA
8 pyKoBOACTBaX Mo Kanubpoeke BankoB, HO BCErAa Y4ATLIBAETCA Ha
npakTuke. [oCKOAbKY NpU MPOYMX PaBHBLIX YCNOBUAX CKNOHHOCTb MO-
NoCbl K CBOPaYMBaHWI0 OTHOCWUTENbHO MNPOAOJILHOW OCW 3aBWUCWUT OT CO-
OTHOWEHWA pa3MepoB ee MOMEepPeYHOro CEeYeHWA, npeaesnbHoe COOTHOLLe-
HUEe MeXAYy LUMPUHON W BbICOTOM NOMOCbI ONPeAenAeT MaKCUMAINbHYIO,
C TOYKW 3peHWA YCTOWYMBOCTM, BennumHy pedopmaumn, B uacTHoCTH,
ANA OBa/LHOW MNOMOCLI B KayecTBe YCNOBUA eg YCTOWYMBOCTU nNpwU npo-
KaTke B KBagpaTHOM WM Kpyrnom kanubpe o6biMHO NPWHUMaETCA CO-
OTHOLLEHWE BbLICOTHI K LUMPUHE MOMOCHI PaBHLIM WUAW MEHLLLMM ABYX.

fipenensHoe cooTHowenve h/b = 2 onpepenAeT MaKCUManbHyio, ¢
TOMKW 3peHUA YCTOWYMBOCTW, BENNYMHY YacTHOW CYMMAapPHOW BbITAXKH,
QueBMAHO, YTO A2AHHOE COOTHOLIEHME pasMepOB O0BANLHOIO CEYEHWA B
KayeCTBe KPWTEPUA YCTOMYMBOCTWM NONOCHLI MPU NpPoKaTKe ABNAeTCA Be-
JIMYMHOWA B 3HAYUTENbHOW CTerneHn ycnoBHOW. M3 npakTuKuM Kn3BecTHO,
YTO NpWM XOPOWO OTPEryNnupPoBaHHOW NPOBOAKOBOW apmaType BC3MOX-
Ha nNpokaTKa Monoc OBafbHOrO CEYEeHUA C OTHOLIEHWEM BbLICOThI K LUM-

puHe 3HauntenbHo Gonbwe AByX. Tem He MeHee ANA YMeHbileHWA Be-
POATHOCTU '‘CBOPAYNBAHWA’ MNONOCbI W MOBbIWEHWA CTabUNbLHOCTM Npo-
uecca npoKaTky cneayet CTPEMUTLCA K BbINOMHEHUIO 3TOrO ycCnosuA.

Jpyroi npobnemoi, KOTOPaA BO3HWKAET MPK pacyeTe BbITAXHBLIX CUC-
TeM C uepenyoumMMuca kanubpamu, ABNAETCA pacnpejefieHe 4acTHOM
CYMMAapHON BbITAXKU Mexay Kannb6pamu AaHHOW Napbl, Hanpumep Mex-
Ay OBanoM v MOCNEAYIoWMM KB3APAaTOM WM KpyroM (cucTemsl oBan —
KBaapat, oBan — Kpyr), pomBom u nocneaylowuMm keaapatoM (cuc-
TemMa pomM6 — KBaapaT), KOTopoe, KaK Yy>ke ynomuHanocs B rn. 1, gon-
»KHO o6ecreynBaTb NONyYeHMe B KaxaoW nape KanubpoB KBaapaTHOro
vwnn kpyrnoro npocdwuna, MNocKonbKy BbINONHEHWe 3TOr0 YCNOBWA BO3-
MOMHO TONbKO B ONpeAeneHHOM, CTPOro OrpaHWYyeHHOM AuanasoHe co-
OTHOIIEHWI BbLITAXEK B YMCTOBOM (KBaApaTHOM, Kpyrnom) wu npeasic-
T0B0M (MpAmoyronbHoM, pom6uuecKoMm, OBanbHOM, CTPENLYaTOM Tpe-
yronbHoM) kanubpax, ANA NpaBUNbLHOIO PacnpeaeneHUa BbITAXKW MexX-
ay Kanubpamu Heob6xoaumo 3HaTL rpaHMUbl 3TOrO AManasoHa.

Ecnu 0B03HAUYUTL BeNWUUHY MAKCUMANbHOR W MWHWMANbLHOMA BbITAX-
KW B /-TOM nNPeaYMcToBOM Kanubpe COOTBETCTBEHHO 4epes kimax 7]

A'min' YO ANA A3HHOW BENWYUHbI 4acTHOM CYMMapHON BbITAXKHK (7\2)
[

npeaAensHble 3HaYeHWA BLITAXXKW B NocneaytowleMm 41UCcToBOM Kanuﬁpe

BbIPA3ATCA KaK
Ay X _ )

A, L —— . =
+ ‘ i+1) max )
(i+1) min A max { N imin
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Otciona npenenbHbie COOTHOWEHWA BbITAXEK B KaXA0W nape Kanub-
poB ByayT paBHbt

2
= Ki max — }‘imax .
max ’
A (i +1) min Ax
2
5 . = _timin _ _Mimin
min A A
(i +1) max =

Takum obpasom, AnA onpeaeneHwA aonNycTumoro AnanasoHa COOTHO-
LWEHNA BbITAXKEK B KakAOW nape KanubpoB AOCTAaTOYHO onpeaenuTb 3Ha-
yeHWA MaKCUMaNbHOW WM MWHMMAanNbHOW BLITAXKW B MNPeAYnCcTOBOM Ka-
nvbpe. B pacuyerax KanmbpoBoK Bankos onpeaeneHve 3HayeHuN kimax 7]
>\imin NOMXHO NPeAlecTBOBaTL PacnpefeneHnio BbITAXKW N KNeTAM.

Danee uanaraetcA pacuet nNpeAenbHbIX 3HaY4eHUN BLITAXEK B Kanub-
pax, a TaK)xe MaKCUManbHbLIX M3 YCNosWA 3aXBaTa K yCTORUMBOCTH NONO-
Cbl YaCTHbIX CYMMapHbIX BbiTAXXeK ANA Hanbonee u3BeCTHLIX CMCTEM Bbl-

TAXHbIX Kanubpos.

1. CUCTEMA NMPAMOYIONbHUK — KBAJPAT

MNockonbky AWMYHBIE KanMBPLI NPUMEHAIOTCA rnaBHbiM 06pasom npu
NpoKaTKe KPyNHbix ceveHUW, aKTopamMKu, OrpaHWYMBAOWUMU O6XKATUA
B 3TOW cucteme Kannbpos, HapAAy C yCTOWYMBOCTbIO NOMOCHI, ABAAIOTCA
06bI4HO yCNIOBWA 3axBaTa W Harpyska Ha sanku. OCTaBnAA B CTOPOHE
Takve haKTOpbl, KaK NPOYHOCTb 06OpYAOBAaHUA M MOLUHOCTE 3MEKTPO-
NPYBOAA, MOCKOMbKY WX MOXHO YYeCTb TONbKO MNPUMEHUTENLHO K KOH-
KPeTHOMY CTaHy, pacCMOTPUM 3aBUCUMOCTb MeXiy MaKCUManbHbIM yr-
fIOM 3axeata W NPeAenbHOW BENWYMHOW YaCTHON CYMMapHOW BbLITAXKKU B
cUCTEME NPAMOYIONbHMK — KBaapar.

Mpn npumepHoMm pasBeHcTBe 06xaTuil B /7 -TOM NPAMOYrofibHOM W no-
cneaytowem (/i + 1)-M KBaApaTHOM AWMYHOM Kanubpe, 4To ABNAETCA
XapaKTepHbIM ANIA AaHHON CUCTEMbI KanMBpPOB, W AVMAMETPOB Bankoe B
i7Tolh v (i + 1) knevAx, yrnbl 3axBata B HUX Takxe ByayT npumMepHo
oAvHaKoBbIMU. [lnA  onpeaeneHUA MaKCHMManbHOW BeNMUMHBI  YaCTHOMN
CYMMapHOH BbITAXXKW MO YCNOBUAM:3aXBaTa JOCTaTOYHO NPOAHANU3UPO-
BaTb YCNOBWA 3axBaTa TONLKO B OAHOM W3 Kanubpos AaHHOW Napbi, Ha-
npumep B (/i + 1) -M KBaApPaTHOM ALMYHOM kannbpe.

Benuuvna obxatnA B (i +71)-M KBaapaTHOM AWMYHOM kanubpe paBHa

BAhig=b;—h iy (5.1)
rae b; — 8bicoTa nonocel Npu Bxoae 8 (/i + 1)- Kanubp, paBHas WUpK-
He 1ONOCLI Nocne NPOKaTKWU B / -TOM NPAMOYronbHOM Kanubpe; hKI.+1

soicota (i + 1) -ro kanmbpa, pasHan CTOpOHe MPOoKaTbIBaeMoOro KeBaapata
(hKi+1 - hl+1)'
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Ecnu cuutaTh ywwmpeHue nonockl B / -TOM NpAMoyronbHom U (i + 1) -m
KBaAPaTHOM Kanubpe pPaBHOMEPHbIM O BbLICOTE, BENWUYMHY b; MOXHO
NpeacTaBuTh Kak

AF;
b. = h . +——c. .,
i Ki—1 h . vi
Ki
rae AFI., cyi -~ CMeI.I.LEHHaFl nnoma,qb MeTanna U KoadduuueHT ywupe-

HWA B /-TOM Kanubpe; h — Bbicota (i — 1)-ro xkBagpaTHoro

M i -TOro NPAMOYronbHOro Kanuﬁpa '?h 1= hi—1) .
BennunHa cMewweHHOW B / -TOM Kanu6pe nnowiagM Metanna pasBHa
AF, =h%* _—h . h, .,
i i-1 wi i—-1
oTctoaa
h .
- Ki—1
b= hg_ 1+ (== — e T (5.2)

)
Benuuuny A . waiidem, NpUHAB yluuperue B (i + 1)-Mm kanubpe paB-
HOMEPHbLIM MO BLICOTE NOAOCHI.
B arom cnyuae

Ki Ki+1 h yi+1 Kit+1

h .
- —X . -h . )ec

i wi+1’ Tyi+1’
Ki+1
oTcioaa
— 1
h i b; - (5.3)
1+ (—— — 1) Cyit1
Ki+1
MpuHumanA Bo BHUMaHUE, YTO
hiz1 _ hi_ Ve
b, h. '
wi+1 i—1

w3 BbipaxennA (5.2) ¢ yuetom (5.3) Haxoanm
1+ (\/ -1 ec Cyi Cyi+1 JAE

1 —A

1

z cyi cyi+1
MopcTtaBnAR 3HaueHue bi {8 (5.1) n Bbipaxan BenuunHy 06XaTuA B
(i +1)-m xannbpe kak

Ahjoy = Dppy 01 - ),

rae D, , — avameTp Banka no AHY (i + 1)-ro xkammbpa; o, — yron
3axBaTa, NONyYWM ypaBHeHWe, CBA3LIBAOLEE BENWYMHY YacTHOW Cymmap-
HOW BLITAXKMW ¢ yrnom 3axsata 8 (i + 1) -m kanubpe.

[nA cTann npeaenbHeIMM yrnamy 3axeaTa npu NpokaTke B ALUYHBIX

cos a.+1
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N

xanubpax 06bIMHO cuuTatoTcA 22 — 250, xoTA 13 NpPaKTUKWU M3BECTHO,
yTO B Cnyvyae CMATWMA MepefHed KPOMKW MONOChI U Manol CKOPOCTU Npo-
KaTKKW Yron 3axsaTa MoXeT AOCTWraThb 30° u 6onee.

MpuHUMaA B KavecTBE MaKCUMankHOro yron Qi) max. = 23°, nony-
YAM Crieayiollee ypaBHeHWe ANA MaKCUMansHo# W3 YCNOBMWA 3axBaTta 4acT-

How cymmapﬂou BbiTAXKKW B CUCTeMe NPpAMOYTronbHUK — KBaapat

A )1+

Zmax1 Emax1 yl+1

D,
=[1+008 L (1 -2
' ”i+1

te i \/)\E max1)]2' (54)

BenuuvHy Ko3hhUUMEHTOB YLIMPEHUA B NPAMOYrONbHOM W KBaapart-
HOM ALLMYHOM KanuBpax Haigem u3 (4.22), (4.13) npu 7\2 = )\Zma“.
TakuMm 06pa3som, MaKCUManbHaA BENWYMHA YaCTHOW CYMMAPHOW BbITAXKM
onpefenReTcA COBMECTHLIM pellenvem ypasHeHuin (4.13), (4.22), (5.4).
PeleHWe MOXHO NONYUYATb C MOMOLLBLIO MeToAa NocneaosaTtenbHbIX Mpu-
6nvmKeHUNA,

Ecnu npeHebpeub ywuvpeHnem NONOCLI Npu Npokatke (Cyi = Cyiar T
= 0), BbIipaxeHue ANA onpepeneHnA Ay - . GyaeT nMeTb Cneaylowiui BUA:
D,
= —i*1 2 {5.5)
AEmax1 (1+0,08 )

i+1

BbipaxxeHne (5.5) MOXHO ucnonb3oBaTh ANA ONPEAENEHWA HaYanbHOro
3Ha4eHUA )\2 max1 NPV PeleHny ypasHeHuA {5.4).

OpyruMm daKkTopom, orpaHuuuBaiowmm obxatve B Kanubpax cucTeMbl
NPAMOYrONbHUK — KBaapaT, ABAAETCA YCTOWMMBOCTbL NPAMOYTONbHON
foNoChi B KBaApPaTHOM ALWWYHOM Kanubpe, 3aBUCALLAA NPU NPOYUX PaBHBIX
YCNOBUAX OT COOTHOLUEHWA €e BbICOTbI U WUpUHbL. W3 NpakTUKW u3BecT-
HO, YTO YCTONYMBOE NOMOXEHWEe NPAMOYrONLHOW NONOCHI MOXHO OXMAATbL
NpK OTHOLLEHUN ;

b, /hi < 1.4, {5.6)

rae h; — wupuHa nonocel NpU BXoae B (/ +1) -4 kanubp, pagHaA BbICOTE
npeablaywero NPpAMOYronbHOro Kanwépa (hi = hxi ).

[INA KpynHbIX CeYeHUH COOTHOLLEHWE Pa3MepoB MNONOChl MoXeT 6biTh
Heckonbko Gonbwum. Tak, nNpu npokatke Ha 6GNIOMUHre cuMTaeTeA, 4To
COOTHOLUEHWE MEXAY LMPUHOW U BBICOTOW NOMOCHI Nepes KAaHTOBKOW He aon-
XHO npesbiwats 1,7 (b /h <1,7).

BenuquHa b onpeAenHeTCH ebipaxeHmem (5.2). B npeaensHoM cnyyae npu
h, = b, n,4 6yAeM MMeTh

h .
b.=—L_1(1—c )[1+\/1+56__Y—] {5.7)
! 2 ey i)’ ‘

BennunHy h, HailaeM u3 BoipakeHna (5.3) npu b,., =14 hi
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h . 1 - . .
hi _ Ki+1 Cyit1 [\/1 +5,6 __CMT ~1]. (5.8)
2,8 Cyit (- cl i)

MoacTaBnAA 3HaYeHUA b,. " h,. w3 (6.7) n (5.8) B ycnosue (5.6),
nonyuum nocne npeobGpa3zoBaHUA creayloulee ypaBHeHWe ANA MaKCUmanb-
HOW YacTHOW CYMMapHOW BBLITAXXKW M3 YCNOBWMA YCTOWYMBOCTM NPAMO-
YronbHO# NONOCHLI B KBaapaTHOM AWMYHOM Kanubpe

_ (1 —cyi+1)’[J1 + 5,60y,.+1/(1 - cw.H)2 — 1]
Z max2 . - T, . {59)
cyisr 1 — e )7L+ T+ 86¢ /11 —¢c %)

Mpu oTcyTCTBUM YIUMPEHWA, NMOCKOJILKY B 3TOM cnyyae b, = h,._1,
hi = h, j+1 BenMuMHa ?\ % max2 6bina 6bl paBHa KBaapaTy OTHOLUEHWA
paamepoa 3arotoBKM, T.e. A 1,96. KoacdhdumumenTbi ywnpeHnua

2
Halngem u3 Bblp&)KEHal:ﬁ (4.22), (4.13) npwm ?\ =A

ﬁl yi+1 Z max2’
cne noactaHoBku B (5.9) 3HaueHui KoadimumeHTOB cy/. ne ., Be
nMunHy Ay MOXHO Ofpefe/vTL COBMECTHBIM peLieHUeM  ypaBHe-

Huit  (5.9), "1319) (4.24) ¢ nomolbi0 MeToaa MOCMeAoBaTenbHLIX npu-
6nmxeHnin. B kauectBe HaanbHOro npuBnuxeHwA AnA A

o < max2 MOXHO
NPUHATL A > max2 = 1 ,96.

BenuunHy npeaenbHbIX 3HaYeHWM 4acTHOMW cymmapHou BbITAXKKWA B CUC-
Teme NPAMOYFONbLHWK — KBaApaT ¢ AOCTAaTOMHOW ANA NPaKTUYECKMX ue-

nel TOYHOCTBKD MOXXHO HAWTUM TaKdke W3 CreAyloWwuX BbIpaXkeHuin, nony-
YeHHbIX TNyTeéM YUCNOBOro aHanM3a WCXOAHLIX YpaBHEHW nNpu pasnuy-
HbIX 3HAY€HWAX OTHOLUEHWUA D,.+1/h,.+1 ¥ KoadduumneHTa A,

N3 ycnosuA 3axeara Nonochbl BajlkaMu

D.
A = (1 +0,08 —A i1 455 yy?, (5.10)
Z max1 ( 25+ A (hi+1 A )]

N3 ycnosuA yCcTonynMBOCTU NOMOCLI B Kanubpe
9+ L1

: = _ i+t v 1
Asmax2 = 196 —0,14 A (5.11)
Takum o6pasom, B 3aBUCMMOCTH OT pasMepOB MOTIEPEYHOFO CeveHWA
nonoce! U AuameTpa Bankos, AO0NYCTUWMaR BerW4yMHA 4YacTHOW Cymmap-
HOM BBLITAXKKKU B cucTemMe KanuGpoB NpAMOYronbHAK — KeaapaT onpe-
fenfretcA nmbo ycnoBuAMKM 3axBata, nn6BO YCTOMYMBOCTBLIO MPAMOYIONb-
HOW nonocbl B KeBagpaTHOM AWMYHOM KanubBpe. Kak BuaHo w3 puc. 82,

— 0 —

n = /h) =
pU o oy 23 n»(bl/h,) 1,4 To4Ka NepecevyeHnA KPUBbIX 7\2 max1
T max2’. B KOTOPOW 37U haKTOpbLI PAaBHO3HA4HBLI, COOTBETCTBYET OTHO-

D

LUeHUIO VSN npumepHo pasHomy 4,5,
i+1
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Puc. 82. MaxkcumanbHble 3HaYeHUA Atnas
YacTHOW CYyMMApHOW BbLITRXKKW B CMUC- 20
TemMme KBHHGDOB APAMOYFONbHUK —
xBaapar (A= 4,5)

78

L6

L4

1 1 i H 1

2 4 § 8 Dufhu

310 o03Hayaer, 4TO ec‘nu BeNiMYNHA OTHOLLEeHMA AnaMeTpa Bankoe K

Dj 1
CTOpOHEe NPOKaTbLIBaEMOr0 KBaapata MeHblue 4,5 (h—+1—- < 4,5), 10
i

onpeaenAowuM akTopom npu Buibope obxatuii B Kanubpax MOXHO cYn-
TaTb YCNOBWA 3axBata W NpuHUMaeMble 3HauyeHUA 4acTHON CYMMapHON
BLITAMXKKW AOMKHbI 6bITh MeHble A B Tom cnyuae, ecnn OTHO-

= max1”
Di1
weHue ——— > 4,5, NpuHUMaemMbie 3HaYeHWA ?\E AOJHKHBI 6bITh MeHb-
i+1
we ?\2 max2”®

2, CUICTEMA POME — KBAAPAT

[AnA onpeneneHna npefenbHbIX 3HaueHWA BbITAXKN B poMBu4eckom
Kanubpe Bocnonb3yemcA ypasHeHnamu (4.37), (4.38), cBAsbiBalowvmu
pasmepbl Kanubpa ¢ napametpamu gedopmaumnu. OueBuaHo, 4TO NpU AaH-
HOM 3HaYeHUM YaCTHOW CYMMAPpPHOW BLITAXKW BbITAXKA B [ -TOM POM6M-
YeCKOM Kanubpé AOCTUIHET MaKCMMaNbHOrO 3Ha4YeHMA B crnyvyae MonHo-
ro 3anofHeHMA Kanubpa MeTanniom, TaK KakK janbHedulee YBenvyeHve
06xaTnA 8 pombuyeckomM Kanubpe npuBeaeT K ero NepenosiHeHuio.

Takum 06pa3oM, MaKCMManbHaA BbITAXKKA B pombBudecKom Kanubpe
6yner pasHa

F. F.
Nomax = —d=1 - _i—1

i Kf
MoacTaeue 3HaueHwe nNOWAAWM pomMGuueckoro Kanubpa us (4.30) w
BbIpaXan Nnouiaab npeablayulero Keaapara Kak
— 1 42
Fi -1 hKI+1 )\E’
nonysum npu s =0, r, =( ypaBHeHue:
A
)\imax - e tg 6i : (5.12)
l ~
BenuunMHy MaKCUManbHOW BLITAXXKU B pombuyeckom Kanubpe Hair-
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A€M COBMECTHbLIM pelseHueM ypasHenua (5.12) w ypasHenun (4.37),

A
(4.38) . KOTOpble Npw )\,. = )\’.max " )‘i+1 == B6YAYT uMeTb cne-
AYOLUWNA BUA: i max
. A, (1 — ) v,
.tg B,’ =1- /I max cy[ (1 __r )2, (5.13)
}‘imax -1 \/XE
1 i1 A :
Y =1-026v-" (4+ ) ( —1)(1-tgB;). (5.14)
A ki+1 )‘imax

KoadypuumeHt ywmpeHua s pombuueckom kanubpe ¢,; onpeaenvm
13 BbipaxkeHua (4.39). PeweHne ypaBHEHUHA MOXeT 6bITb NOAYYeHO C
NoMOULLI0 METOAA NOCNeAoBaTENbHbIX NPUBNNKEHNNA.

B kauyectBe HavanbHOro npuﬁnwmenuﬂ ana A MOXHO MNpPUHATL

I max
(0)
)‘/max \/)\2
NoactaenAem 3To 3HaueHne X, 8 ypaBHenna (5.13), (5.14) u

I max o
pewaeM wnx C MNoMowbid MeToAa nocheAOBaTeNbHbIX ﬂpMsﬂM)KEHMM TaK

Xe, KakK npu pacyeTe pasMepoB pomBUYeCKUX KanubpoB, OMUCAHHOM
B rnpeabldyweid rnase. [locne TOro Kak BbIMUCNEHWA 33aKOHHeHbl, 3Ha-
yeHuA tg B, \l/ noactasnaem B (5.12) un nonyuaem HoBoe 3HaveHue
,ma)( gaauusaem MexAy coBoN BbiMUCNEHHOE (A,maxp) U NpuHA-
voe (A0 )} 3HAYEHMA MaKCUMasIbHOM BbLITAXKM M, €CNM UX PasHOCTb
6yaer I'IpeBbIUJaTb NPUHATYIO NOMPeHOCTb BbLINWUCNEHWIA, pelieHue npo-

AOJSIXKaEM MpW CREAYIOWEM 3HaYeHun )\Imax = )\imax. Mpuyem, ecnu oka-

(0) (1)
XeTcA, uTo )\,maxp> )\,max BbIYUCNEHUA MOBTOPAEM nNpu leax <

< o HaoB6OopoT, ecnn A, < alo nputumaem Af1) >

i max p i max* imax
> Ai(g)ax‘ Pacyetr npoponxkaeTcA A0 Tex NOp, NOKa PasHOCTL Mexay 3a-
AAHHBIM U BBIMMCNEHHBIM 3HAYEHUAMU MAKCUMANBbHOW. BbITAXKUA He 6y-
fAeT NpeBbiwaTh NPUHATON NOrpPeLHoCTH.

BenuunHy makcumanbHoW (Npu paHHOM  3HaveHWy Ay ) BuITAXKU B
pombuueckom kanubpe MOXHO -Tak>ke ONpeAeNnTb W cne.qyrow,ero Bbl-
PaXeHUA, NONYYEHHOro C  MOMOLUBIO  YUC/IOBOFO  aHann3a YPaBHeHui

(5.12) — (5.14), B WWPOKOM AManNasoHe 3HaYeHUi BXOAALLMX NapPaMeTPOB
D,
(>\E= 1'4+2'0’ i+l _ 5+20'A = 3’5 _:_5'5):
h Ki+1
= A — 3 A
Yomax = U1+ 355 5o WAz = 131VAL. (5.15)
Ki+

Npwv pacueTe MaKCMManbLHON BLITAXKM C NOMOLILIO ypaBHeHui (5.12)
(5.14) Buipaxenve (5.15) mMoxHO wucnonb3oBaTh ANA onpefesieHUA Ha-
4aNbHOrO 3HaYEHUA BESIMUUHBI A,

lmax
O'-IEBM.QHO, YTO MAKCUMaNbHOW BbLITAXKKE B pOMGM‘leCKOM Kanu6pe
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COOTBETCTBYET HamBonblIaA NpyW AAHHOM 3HaueHWn Ny BenuuMHa yrna
B Mo mepe ymeHbweHnA yrna B BbiTAYKKA B pombuyeckom Kanubpe
npn Ay = const Gyaer YMEHbI.ua'!'bCFl M AOCTUIHET MUHMMANbLHO BO3MOX-
Horo 3.4aqem4ﬂ npu yrne BI., pPaBHOM HEKOTOpPOMY NpefenbHOMY 3Haue-

HUIO0 B/mln' BennunMHa KOTOpPOro onpependeTcA M3 YCROBUA YCTOWMUBO-
CTH NMONOCLI NPV NPOKAaTKe.
A
YpasHenua (4.37), (4.38) npu A = A min - 7\,.+1 T B; =
— * X { min
_Bimin NPUMYT Cneaylowmni Bua :
— 1 .
)\imin - 1 - ¢ . w ' (5.16)
1T -2 - L)
1 =19 6 nin >
1 Di 1 Ay
Y =1-026vV- 4+ ) ( - N0 —tgb ;) (517)
A N ) 3 imin
ki +1 imin
B cucteme pom6 — KBagpaT yCTOMYMBOCTL KBagpaTa NpM nNpoKaTke

B pombuueckom kanubpe, Kak u- pomba B nocnepylollem kBaapaTe, 3a-
BMCUT OT pa3HOCTM yraoB pomBuueckoro M kBaapaTHoro kanubpa. Yem
MeHblle Pas3HOCTb YrnoB, Tem 6onblie yCTOMYMBOCTL NOMOCkl B Kanubpe.
O6bluHO ycnosuem, obecneyusaloliMM  YCTOWYMBOCTL MNOAOCHI NpPU  Npo-
KaTke B Kanubpax cuctemMbl poM6 — KBaapaT MPUHATO CYUTATL BbINOA-
HeHWe cfieflylowero HepaBeHCTRa:

o ~ 26, < 30°.

Otciopa Heobxoanmo, 4106 b [31. = 30° unu 27i <1200,

KoHeyHO, 3TM BenuuuHbl yrnoB pomba B KayecTBe KPUTEPUA YGTOM-
YMBOCTA NOJOCHI ABNAKTCA NPUBNM3UTENBHBIMW WM CAYXKAT fiMWbL OpPHWEH-
TMPOM MpU pacnpefiefieHnn BbITAXKEK M pacyeTax pombuyeckuUx Kanut-
poB. Tak, Hanpumep, M3 NPaKTUKU M3BECTHO, YTO HANMYME MPOBOAOK
No3BONAET NPUMeHATL pombBuyeckue Kanubpbl C yrnom npu BeplunHe
pasHbiM 130° u Gonee.-

Bbibop MuWHUMManNLHOW BenWuYMHbI yrna Bi 3aBMCUT OT pasmepos no-
nepeyHoro cevyeHuns MpPoOKaTbiBaeMoOW MoNockl. Tak, Npu nNpokaTtke Kpyn-
HbIX CevYeHWI, Korpa ‘‘cBopayvBaHue’” nonocsl B Kanubpe moxeT npwu-
BECTM K Cepbe3HOW aBapvM Ha CTane U 3HAYUTENbHbIM NOTepAM Npoun3-
BOACTBA 3a CYeT BbIHYXAEHHOro NPOCTOA, yron B B pOMOBMYECKOM Ka-
nvbpe uenecoobpasHc NPUHAMaTbL He MeHee 30°. ﬂpm npokatke 6Gonee -
MeNnKuUX CeYeHWW, rae BONPOC YCTAaHOBKM ‘Ha cTaHe COOTBETCTBYIOWEN
NpoBOAKOBOM apMaTypbl peiwaetcA Dornee npocTo, pombuyeckune kanub-
pbl MOTYT umeTs Bonee ocTpble yribi (BI. < 30°). 970 nossonut yeenu-
YUTb BbITAXKHbIE BO3MOXHOCTU CUCTeMbl pomO — KBaapaT, KOTOpbieé CHU-
MKaTCA C yMeHbLUeHWeM CeveHUA npokaTa.

Ecnn B KavecTBe npefenbHOro MUHUManNbLHOTO yrna B NPUHATD ﬁ:mm =
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= 30°, MONYYAM cneaytouiMe ypasHeHWA ANA OnpefeneHuA MWUHWUManbLHOM
npyu 4aHHOM 3HaueHuu >\E BbITAXKU B pombuueckom kanubpe:

N min = : 7 ' (5.18)
1-237 01 —¢_,) (1 - —2=)2
Cy, \/)\_E
D. A
g, = 1-034/1 (1+ 1 y(—EZ— —1). (5.19)
! A 4hKi+1 Aimin

KoaddmumeHT ywupeHra B pombuyeckom Kanubpe npu Bi = 30° 6yager
paBeH

¢, = ! : ) (5.20)
3A Vip s
1+ [1+67A4(—— —1)%]
as Div1 /1 i
h . A
wi +1 z
YpasHenuAa (5.18) — (5.20) pewawTcA C NOMOUILID MeToAa NOCNeAo-

BateNbHoIX nNpuGAMKeHni. B KayecTBe HayanbHOro 3HaYeHWA WUCKOMOW
BENINUUHBLI A, MO>XHO NPUHATL

imin
kl((:I'ZID = \'/)\_L‘
3atem u3 ypasHeHua (5.19) npwu >‘1m|n = 7\/(21)m Haxoaum Koadm-
UMeHT ll/l = l[/(?) , @ uz (5.20) npu ll/ ll/(O) Koacbd:mu.ueHT yLIMpeHuna
Cyj- flocne 3toro w3 ypaBHeHUA (5.18) onpeaenAeM HoBoOe g?auenue
MWHUMASIBHOW BbITAXKHK >\lmm - . Ecnn pasHocTb >\lm|n p T~ )\imin oKa-

xercA BHonbue anHHTOM norpewHoCT, BbLIYNCNEHUA NOBTOpPAEM B TOW
Xe nocneaoBaTeNnbHOCTU, 3aAaBanACb B KavyecTBe CJ'IGLI,Y'OLU.GI’O,HDMGJ’IVI)KGHMH

_ ()] (0)
)‘imin = Nmin = \/>\I min p A; i min-*

BbiuucneHnAa npoaosmxaem A0 Tex NOP, NOKa pasHUua Mexay RPUHA-
TbIM U BbIYUCIEHHLIM 3HayeHUem )\imin 6yaeT MeHblwe WM paBHa 3apaH-
HOW NOTPeLHOCTH.

PacueT mMuHMManbHON BenuuuHLI BLITAXKUM B pomGuyeckom Kanubpe
MOXHO CYWEeCTBEHHO YMNPOCTUTL, eCnnU ANA onpeaereHnA HavyanbHOro 3Ha-

YeHuA )\,mm Nnonb30BaTbCA CAEAYIOWUM BbipaXKeHMeM, MNOfIYYEHHbIM ¢
NOMOLLIBIO YACAOBOro aHanu3a ypasHenun (5.16), (5.17):
1+ 6t 3, D, A, — 1)2
A .. =1+165 gﬁlmlf‘l \/ i+1 (\/ b)) . (521)
Imin !
A + 20 h wi +1 )\E
— anO
B yactHOCTH, npu BI min = 30
3 D,,, (VAsn—1)2
Nomin =1+ 737 ) —i*1 z (5.22)
A+ 20 h Wi +1 )\2
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TouHocTe Bblpaxenud (5.21), (5.22) nossonAeTr ucnonL3oBaTb WX
He TOfIbKO ANA ONPeAENeHU’ HauyanbHbIX 3HAYEHUN >\lm|n' HO KW B Kaue-
CTBe CaMOCTOATENLHLIX (hopMyn.

Mpy pacnpepeneHMn YacTHOW CYMMapHOW BbLITAXKK Mexay pombuue-
CKWUM W NOCMEAYIOWNUM KB3APaTHLIM  Kanubpamn Heo6xoaumo, 4ToGbi
BenuMunHa )\ 06R3aTentHO Haxoaunack B WHTepsBane oT >\lm|n a0 >\lmax
fMpn atom qu 6nnxe BenuuuHa >\ K MaKCUManbHOMY 3HAYeHUo, Tem
Gonbliie cTeneHb 3anoJsIHEHWA pOMGMHeCKOFO Kannbpa metannom (npwm
)\'. = )\lmax WMeeM NONHoe 3anorfiHeHwe) w yron B/, Tem, cnepoBarenb-
HO, Bbille OyaeT YCTOWYMBOCTb NOMOCHLI Kak B POMBUYECKOM, Tak W B
KBagpatTHOM Kanubpe M, KpoMe TOro, B 3TOM Cfly4ae MaKCUManoHO WcC-
No/b3YOTCA BbITAXMbIE BO3MOXHOCTM CUCTeMbl poM6 — ksagpat. Yumn-
TbIBaA, OAHAKO, 4YTO fpK )‘i = >\imax CywlecTByeT ONAcHOCTb nepenon-
HieHMA pombuyecKoro Kanubpa MeTansioM, BbITAXXKY B HeM NpUHAMAOT
HECKOJIbKO MeHbLUe MaKcUMajsibHoW. OB6bIMHO 3HaYeHWA BbLITAXKKW B POM-
6uyecKOM K nocriefyrouleM KBaapaTHOM Kanubpe BbIGUPAOTCA OAWHA-
KOBbIMMW )\I. = >\i+1 \/)\E. CteneHb 3anonHeHnA pombuueckoro Kanub-
pa ™metannom (puc. 83) 3aBUCUT OT COOTHOLIEHWA BLITAXKEK B Kannub-
pax AaHHOW napsi — uyemM Gonble OTHOLWEHWe >\ />\ 410 TEM 6onble cre-
neHb 3anonHeHnA. JlaHHoe o6CTOATENLCTBO yKaauaaeT, B 4acTHOCTW, Ha
TO, 4TO NPU BbLIGPAHHOM COOTHOLWIEHUW BbITAXEK B Kanubpax Henb3A npo-
M3BOMbLHO 33A3aBaTbCA CTENEHbI0 3anonHeHWA pombudeckoro Kanubpa.
3To OTHOCUTCA He ToAbKO K cucTeme poM6 — KBaapaT, HO U KO BCEM
APYTUM CUCTEMAaM BbITAXHbIX Kanubpos.

Mpn naHHOM COOTHOLLEHUM BLITAXEK, Hanpumep B Cryyae WX paseH-
ctea (puc. 84), cteneHb 3anonHeHWA pombuueckoro kanubpa Gyaet Tem

100[ /,lz{ok‘
098
0395+
0%+
090+
094 [ ( 1
l ! § 7 52
.99 0 101 4/ VA Dir b,

Puc. 83. 3aBucumocTb cTenenu 3anONHEMMA POMEMYECKOrO Kannépa meTannom or
LOOTHOWEHUA BLITAXKEK B POMEUYECKOM W NOCMEAYIOLIEM KBaapaTHOM KanuGpe
(DI+1/hKI+1 =10, A= 45)

Puc. 84 3aBUCUMOCTL CTENEHV 3aNCRHEeHWA pombuyeckoro kKanubpa merannom npu
)\ = Aj4q OT pasmepos KsaapaTHbIX Kanubpos (A = 4,5, Ay = 1,69)

147



A Puc. 85. lNpeaencHible 3HAYeHWR BBITAX-
KM B pomﬁmecxom wanubpe npyu
L6 Bimin = 25° Djy1/h jvq = 10,
A= 4,5)
14
¥4
0L 1 I\ i 1 !
14 16 18 20 22 A
D.
i+1
MEHbLUe, YeM 6onbiue OoTHOoWeHne ——— |
wi+1

Ha puc. 85 npeactaBneHsl BbIMUCNEHHbIE C MOMOWbLIO YPaBHEHNI {5.12) —
{5.14) u {5.18), (5.17) 3HaveHnA NpeAenbHbIX BbITAXEK B POMEBNYECKOM Ka-
nAnBpe NpW pasnuyHbiX BennunHax Ay. W3 rpaduikos BUAHO, 4TO pa3Huua 3Ha-
YEH W MaKCUMAaNbHOM U MUHMMAaNbHOW BbITAXKEK C YBENUYEHWEM YaCTHOU CYM-
MapHOI BbITAXKKW YMEHLLUIAETCA W NPU HEKOTOPOM 3HauyeHWn )\ aTu Kpw-

8bte nepecekaroTcA. OueBMAHO, Y4TO TOYKA TepeceveHUA KPUBbIX )\,max 7]
)\,mm 6yner 0OTBe4aThb CAy4awd NOMHOrQ 3anofHeHWA MeTanfnom pombu-
Yeckoro kanubpa ¢ yrnom )\ pPaBHbIM Bimin' a cooTBeTCTBylOWee e
3HaueHue )\ 6yaer MaKcumaano AONYCTUMOW C TOYKWM 3pEeHMA yCcTon-
YUBOCTH nonocu BEJIMYMHOW YACTHOW CYMMApPHOW BbITAXKW ANA AaHHOW
napol Kanubpos.

Mpu pacnpepeneHun no KnetAM cTaHa obuweil BbITAXKKK Heobxoaumo,
4T06b1 B KaKAOW Nape KanMBpPOB 3HaYeHWEe YaCTHOW CYMMAPHOW BbITAX-
KW YAOBNETBOPANO HEPaBEHCTBY )\E <Ay max”

OueBnaHo, 4To ecnv B Kakon-nMbBo nNape KanuMGpoOB NPUHATAA BenUYmn-

Ha AL, oKaxeTcA 6onbwe, 4Yem A BbIYMCAEHHAA W3 YpaBHEHUA

Z max’

(5. 23;2 (5.25), To B AaHHOM poMBuuecKOM Kanubpe pacyeTHoOe 3Ha-
yeHne yrna B 6yaet meHblie f3, min®

U3 ypaBHeHMn {5.12) npud B,mm MmeeMm

Ao = A =1 2 vr.

z Zmax /max

tg BI min
Bhipakan oTcloaa 3HaveHue A, v noactasnAA ero B (5.13), (5.14),

f max
nocne npeoGpasoBaHuu nonyyvum cneaywouwme ypaBHeHvA aAnA  onpeae-

NEHWA MAKCUMaNbHOW BeNMYUHLI YaCTHOWM CYMMAPHOW BbITAXKW B CUC-

TeMe KanubpoB poM6 — KBaapaT NpW MPOKAaTKe C MOMAHbLIM 3anonHeHw-
em MeTannoMm pomMbuueckux Kanubpos ()\,. = )‘i max) .
2
= l‘bi cta BI min
£ max - (5.23)

1=~ VU = W )N DT~ tg g )
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D.
o= ——026\/— (4+7’_,+11—) (Wl ctg B in — 1) (1 —
= 198 min)- (5.24)

Koad)dmumeHT yumpeva cy,. onpepenAeTcA Bblpa)KeHMeM (4.39), B
KOTOPOM )\ B

YpaBHeHVIFl (5 2§fx (é24) pewaloTcﬂ C NOMOWBI MeToaa nocnepo-
BaTenbHbIX NPUBNMKEHWA.

CHayana w3 ypasBHenua (5.24) npu 3afaHHbIX 3HaYeHWUAX yrna B,.m.m,
Ko3dduumeHTa A U OTHOLWIEHMA D 1/h i +1 TaKxke Metogom nocneno-
BaTeNlbHbIX NpuUBnuXkeHUn HaxOAMM BeNMUYMHY KO3dhurumneHTa \l/ 3atem,
3a0aBaAch HaualbHbIM  3Hau€HWEM MAaKCMMAasnbHOWM YacTHOW cymmapHou
BbITFl)KKM )\(O)max M WUCNONb3yA NONy4YeHHOE 3HauyeHue KoadduumeHTa

onpeaenAaeM w3 (4.39) BennunHy koadduumMeHTa yLIMPEHUA Cyi-

1

r‘OACTaBnFleM HanaeHHble 3HAYeHWA 11/ ne ;. aTakke A ¥ max B MPpaByto
(1)

yacTe ypaBHeHwA (5.23), HaxoaMm HoBoOe 3HaueHue )\E max 0 Ermx).

[anee npun )\Emax = )\E“n),ax n3 (4.39) Haxoanmm HOBOE 3HayeHne KO3ID-
dmumerTa €, ;8 M3 ypaBHeHWA (5.23) — cneaytowee 3HaYeHUe MaKCH-
ManbHOW YacTHOW CYMMAapHOM BbITAXKKM M T.4. BbluncneHnA npoaonika-
eM A0 Tex nop, NoKa pPa3HOCTb 3HauYeHWM )\E max MPW ABYX nocneposa-
TenbHbIX NPMBNMXxeHUAX GyaeT MeHblUe WM PaBHA 3afaHHOW NOrPeLiHOCTH.

MockonbKy 3HayeHWe MaKCUManbHOW BbITAXKKKW B pOMBUYECKOM Ka-
mmbpe 6nM3ko K cpeaHen (\/)\E) BeNM4YMHY MAKCUMAanbHOW YacTHOW CyM-
MapHOU BbITAXKKWU Npu A, = = \/)\E TaK)Xe MOXHO onpejenATb M3
ypasHenwi (5.23), (5.24).

YT06bl YNpPOCTUTb BbIMMCNEHWA, PAacYeT BENMUMHbI MAKCUMANbHOW 4acT-
HOW CYMMapHOW BbITAXKKU MpHK )\,. £1 )\,.+1 MOXHO MpPOBOAWNTL TaKxe C
NOMOLLIO CNEAYIOWEro MNPUBIVIKEHHOrO BbIPAXEHWA, MOMYYEHHOro ny-
TeM YuCNoBOro aHanusa ypasHeHun (5.23), (5.24):

)\i+1

2
N -1 0,07(1,3 + A) ‘ (5.25)
Z max 8 Di+1
" 3
A 9 Bimin
wi+1

Mpoeepka nokasana, 4TO B WCCMIEAOBAHHOM AManaioHe BXOLAWMX na-

pamerpos (B; .. = 26+ = 30°, D ,+1/h ;49 = 5720,A= 35+ 5,5)

pa3Hunua B BeﬂVI‘IMHaX )\ x HaWAeHHbIX C NOMOLLbLIO WMCXOAHbIX Yypas-

HEHWA W BbIpaXKeHWA (525) He TnpeBbillaeT HECKONbKUX NPOUEHTOB.
B uwacTHOCTW, AnA cnyvaA NpokaTku yrnepoaucTon cTanu npn 1100 —
1200°C (A = 4,5) BEIMYMHY MAKCHMManbHOW YacTHOW CYMMapHOW BbITAX-
KN MOXHO OMNpeAenuTs U3 CNeAYHOUWNX BbIPaXeHWA
npu 8. = 30°

imin
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. =14 12,2 i
¥ max '
124 Dy q/h ivn
— og0
npu 6imin 25
N . 23,2
Z max
12+ D; 478 yq

3HaYeHNA MaKCUMaNbHOW YacTHOW CYMMapPHOA BLITHXKW, HaWAeHHbie
vz ypasuenun (5.23), (5.24), npeactaenenbl Ha puc. 86. U3 rpadmka

BMAHO, YTO BenuyuHa >‘2 max YMEHBLIAETCA C yeenuyeHuem yrna §.

. Hn
I min
OTHOWIEHUA Di+1/hxi+1‘ Takmm ofpasoM, uyem bBonbwe [ONYCTUMBIN

yron Bimin M MeHblle CTOPOHa fIPOKAaTbIBaEMOro KBaapaTta, TeM MeHb-
WwaA BenuuvHa 4acTHOW CYMMapHON BbITAXKW MoXeT BbiTb NPUHATA AnF
AaHHOW napbi Kanubpos.

BenuunHy MaKcUManuHoi 4acTHO CYMMAapHOW BbITAXKWU W3 YCROBWI
3axBata nonocel Bajfikamn B poM6UYECKOM U KBaApPaTHOM Kanmbpax MOX-
HO OoNpejenuTbL CReayownM obpasom:

MaKcumanbHoe 06XaTue B / -TOM pOMBUYECKOM Kanubpe paBHO

Ak, = h =B = B VA =),

i Ki—1 Ki

anHMMaﬂ naeanbHbie AnamMeTpbi BaANKOB B pOMGM‘lECKOM n nocne-
AywouieM KBaapaTtHOM Kanu6pe OAUHAKOBbLIMK

D; = D yq +hiyqg 1 =4, ‘

a
Ah,. = Di (1 —cosozl.),
nonyuum
Bj 44
Ag= M+ ——— (1 -cosa;) — (1 — ¢ )cosq,]°.
Ki+1 ! !

MNpuHuMaa B KayecTBe MaKCMManbLHOro yrpa 3axsaTta yron o, = 25°
. ima '
nonyuum BbipaKeHue ANA MaKCUMaNLHOW YacTHOWM CyMMapHOM di;bnﬂm(u

U3 yCNoBWiA 3axBaTa B POMEUYeCKOM Kanubpe

Almu
22
201
7
18
16} ?
Puc. 86. MakcumancHble aHaveHus
L4l Y3CTHOM CYMMApPHOMN BLITRKKK 8 CUCTe-
] L | Me Kanubpoe pom6 — kmagpat (A =
4 8 /4 w 20 = 4,5): P :
s /Pt 1= Bimin = 25% 2 = B = 30°
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"

D,
A = [1+000 L1 _

2 max
wf+1

~091 (1 -y,) 1% (5.26)

Ona  onpeaenexnA 7\2max ypasHenne (5.26) Heobxoanmo pewaTs
COBMeCTHO ¢ ypasHeHuAmn (4.37) — (4.39) npu Ay = Ay . v npu-
HATOM COOTHOLUEHUW BBLITAXKEK B POMBUYECKOM W nocneaylouiem Keap-
paTHOM Kanu6pax. PeileHWe MOXHO HailTU c NOMOLWbLID METoAa NoOcneao-
BaTenNbHbIX NpUBNMKEHNA.

Ecnu npeHebpeys ympeHuem (B aToMm cnyuae tP,. = 1,0), 10 BenuunHa
MaKCUManbHON YacTHOM CYMMAapHOW BuITAXKW Kak ANA pPOMBMYEcKUX,
Tak M ANA KBaApaTHbIX Kanubpoe Npu 0 ax = Qit1) max 25° 6yner
onpeaenATbCA BbipaXeHUeMm:

_ Dj 44 2

K):max = (1+0,00 —h—’——— |

Kk (7i+1)

370 BbIpAKEHUE MOXKHO WUCNONL30BATL ANA HAXOKAGHUA HAYANBHOMO
3HaueHnA Azmax NPY peweHnn YKa3aHHbIX YPaBHEHWNA.

OnpeaeneHWe YrnoB 3axBata B KBAaAPaTHLIX Kanubpax ¢ y4eTom yiuiu-
peHWA BCTpevaeT TPyAHOCTU, CBA3aHHble C TeM, 4TO B poMbuueckitx Ka-
IMBpax B CRy4ae UX HENOSHOTO 33NONHEHWUA MeTannoMm, HalTV LWNPUHY
nonock! W, CnenoBaTenbHo, BenAnuyMHy o6xkaTwA B nocneaytloulem Kseaa-
PaTHOM Kanubpe MOXHO TONbKO NPUBNU3NTENBHO, Kak, Hanpumep, 310
6bin0 caenaWo npu BeiBoae ypasHenuAa (4.131). OnA aHanu3a npenenb-
HbIX 3HAYEHWIA BBLITAXKEK 3TO YpaBHEHWE MOXKeT OKa3aThCA CAWMWLIKOM He-
TOYHbIM.

MosTomy, NPUHUMaERA BO BHWMaHMWe, 4TO NPW PaBHLIX BLITAXKAEX Yrnbl
3axBaTta B pomMBuyeCKOM K NocneaylouleM KBaapaTHOM kanuépax npwm-
MEpHO OAMHAKOBbI, B TaKXKe TO, 4TO B cWCTemax pomb — xBaapat 06b14-
HO A; = 7\i+1, MaKCUManbHbie 3HAYeHUA 4acTHbiX CYMMApPHbLIX BbITAXEK
AONYCTUMO ONpeaenATL W3 yCNOBWI 3axBaTta NoSOCH TOMLKO B8 pombu-

yeckMx Kanubpax, T.e. NYTeM COBMECTHOIQ pelueHunA ypasueHuit (5.26),
(4.37) — 14.39).

Beugy Toro 4TO. pewweHue CUCTEMb! M3 4eTbipeXx ypaBHeHWA npeacTaB-
nAeT OOBOMLHO TPYAOEMKYH 3apadvy, BeNYnMHY MaKcuMansHOM u3 ycno-
BWWA 3axBaTa YaCTHOW CYMMapHON BbLITAXXKW B cUCTEMe Kanmbpos pom6 —
KBaapPaT MOXHO TakXKe HANTU, UCMOfb3yA Cnepytoilee BbipaxeHue, nony-
YEHHOE YMCNOBbLIM aHaNU30M MCXOAHbLIX YpPaBHeHWN npu 7\I. ':"7\,.+1_

D.
)\Zmaxz + 16+ A (5+_L)2_ (5.27)
2800 Ao
3. CACTEMA OBAN — KBARPAT

BoITA)KKa B O0BafbHbIX Kanuépax B NpeAenax NPUHATON BENNYMHLS
YacTHOW CYMMAPHOW BbITAXKKW AOCTUTHET MaKCUManNbHON BeNWUYNHbLI NpU
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NONHOM 3anonHeHMW Kanubpa merannom, T.e. npu F, = in' B atom
Ny L= A, =F,
cnyvae )\I A/max F/—I/FK

MopactaenAA ciona u3 (4.48) 3Hauenue nnowaaw osansbHoOro Karmébpa

FK/' W BbipaXaA NNowWaib BXOAALLEro B OBaNbHbIM Kanubp KBappara Kak
Fi_y=2s-05h2,

Ki+1’
NONYyYUM YpaBHeHVe ANA MaKCUMANbHOW BbLITAXKY B OBaNsHOM Kanubpe
V2a ;-1
A, =Ng/ V] [a} arcsin ——— — (a, —1)\/2a -1]. (5.28)
a

1 max
/

Ana onpepeneHnA MaxkcuMansbHOW BbLITAXKYU ypasterue (5.28) neo6-
XOAUMO pewarb COBMeCTHO ¢ ypaBHeHuAmu (4.62), (4.63), wovopble

npu )‘i = )\imax u >‘/‘+ = A /)‘/max GyayT nMeTL creayouwmin By,
VA 1 —c . A,
=02+ /12¢7[1 - —= . yi imax_ . (5.29)
\Diﬁ Ai max (1 _cyi)
_ 1 1 8 4. Pit
Y; =1 - —a, [V1+1- (4 + ) X
2 d a. 15A h .
i ki +1
)‘E .
X(—=2——-1) —1]. (5.30)
}\i max
Koapduument yumpennAa B oBanbHom Kanubpe ¢ . ofnpedenAeTcH
ypagHenunem (4.60). Pewenne ypasnennin (5.28) — (5.30) Haxonmm c

MOMOWEID MeTofa focfenosaTenbHbIX npuﬁaneHm E Ka4ecTBe Ha4anb-
HOrQ NpUBNUMXKEHUA aNA 7\ i max MOXHO MPUHATL ?\I max \/)\

HanbHefiwmne BbluncneHnA Ko3atduumeHToB a; v llJ,. npyu AaHHOM 3Ha-
YeHUn A u A. i max i max POV3BOAUM C NOMOLLEIO ypaBHeHun (5.29),
(5.30j, peLuan MX B TOW e [ocnesoBaTenbHOCTYW, Kak WM NpW pacyere
pasMepoB OBanbHbIX KanMBpOB CUCTEMLI OBan — KBaApar, OMUCaHHOM
B Npeaslayilien rnaee.

Mocne toro, kak senuunHbl KoadduumenToB a;, \,bl. HanaeHbl, NOACTaB-
nAemM uUx B ypaBHeHuWe (5.28) u onpe.uenﬂeM COOTBETCTBYIOWYIKO 1M
aenwwmy MaKCUMansHON BbITAXKM, CpaBHHBBEM mMexay CcoBoW NPuHA-

Toe (?\/max) ¥ BbluncneHHoe (A, 3HAYeHUA MAKCUMANbLHON Bbl-

i max
TAXKW W, €CNN PasHOCTb )\ max p (70)8 6yder 6onbwe 3apaHHOK no-
FPeWwHoCcTH, BbHUCNEHUA nOBTOpHeM npy HOBOM 3Ha4yeHuM A,max Mpu
3ToM AnA obecnevyeHUA CXOAMMOCTM BbIYUCNEHUN 3Haqenue MaKCMMankb-
HOM BbITAXKWU Npu chneayowem npubanxkeHuu (J\Imax) cneayet 8bibnu-
PaTh B COOTBETCTBUM CO CMEAYIOWMM NPABWMIOM: €CNN BbIYNCNEHHOE 3Ha-

YeHME MAKCUManNbHOW BbITAXKK (A, ) OKaKeTCA MeHblue, yem Npm-

i maxp
HATOE NPU HavanbHOM NpPUBANKEHUN ()\(O)X), HeobxoanmMo npuHUMaThL
(1) (0) 0y ]
A'max ~ ANmax Y. HaoGopor, npu )\,maxp > N max Heobxoaumo, uto
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6o A1) < )\(0) ax- BuiymcneHuAa nNPOROMHKaEM A0 Tex Nop, noka pas-
HOCTbI mMae);Kny I'IDMHﬂTbIM M MONYYEHHLIM B AaHHOM npUGAWXKEHUU 3Ha-
yeHMeM MaKCUManbHON BbITAXKYW GyaeT MeHblie 3afaHHOW NOorpewHoCcTH.

OyeBuaHO, 4TO Npu MONHOM 3anNONHEHUM OBAaNLHOFo Kanubpa metan-
oM  KO3hUUMEHT OBanbHOCTH WMMeeT MWHWUMAMLHO BO3M0>KUHYPO npu
A@HHBIX YCJIOBWAX BENYMHY (al. = almm) TaKk KaK fafbHewtlee ero
YMeHbLEeHWe nNpuBeaeT K TNEPenonHeHuto xammbpa. (o mepe ysenude-
HuA  KoadduumenTa a; BLITAXKE B OBaNbHOM kanubpe (npu ToW xe
4aCTHOW CYMMapHOWN anﬂmxe) GyAer ymeHbUaTsCA W Npu &, = (npo-
KaTKa KBadpata B [Nagkux Bankax) [OCTUTHET MVIHVIMa.ﬂbHOFO 3HaueHuA.

Mpu a; = ° CMelwleHHaA NoWaAL MeTanna pasHa AF, =F,_, — hh, 4.

foacraBuB 3HayeHne AFI. B (4.4), nonyusm ypaBHeHME ANA MWHU-
ManbHOW BLITAMXKY B OBanbHOM Kanubpe
_ 1 ] {6.31)
+ l__ v 2 (1 — ¢ .)

Cyi N yi
\/AE

imin

Boipaxernue {3.2), onpepgenAlowee BennunHy Ko3dduuneHTa yliuvpe-
HWA €, . NPW NPOKaTKe KBAApaTa B FNagKux BanKax s dhopme Honee yao6-
HOM A/1A BbIYUCNEHUA A, 6yner umerb BUA:

i min

. = 1
yi —5 .

1+A(2—v\/—)/(4+—' \/——)V\/—“"

1 Ay ‘g

—— — . ‘z K (5.32)

-3 .
— ‘1’/‘ \/T
Mpn a; = = Beipaxenne (4.57) npumert sua:

=y’
- 2 i

AF ;4= 05h2, - v

MoactasnAA 3To 3RaueHune AF i+l B (4.7), noayuum c yuyetom (3.15)
ypasHenve ANA KoaduuvenTa

%:1—0,26\/—;- (4 + Pi+1 } ¢ 'z - 1). (5.33)

Ki+1 )‘imin

BenuuuHa MUHUMaNbHOW BLITAXKY ONpeAeNAeTCA COBMECTHBIM pelle-
Huem ypaBHenun (5.31) — (5.33). PeweHne MOXHO HaNTK C NOMOUWILIO
MeToAa nOCcCrneAoBaTenbHbIX Npubnukernin. Kak u npn pacvete Mmaxcm-
ManbHOM BbITH)KKM B KayecTBe HayanbHoro NpUBnueHWA AnA A. MO»-

i min
HO OPUHATH A/mm = 7\2.

MoactaBuB 3HayeHue 7\‘21)'“ B NpaByto vacTb ypasHenun (5.33), onpe-

AenNMM BenuuuHy kKo3dduunenta ‘J/I., a 3atem u3 (5.31) nonyunm HoBoe
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3HaYeHWe MWHUMAaNLHOW BbITAXKHK (}\ImIn p). Mocne 3toro cpaBHWBaem
Mexay cobol NPUHATOE M BLIYNCNEHHOE 3HAYEeHWA MUHWMANbLHOW BbITAX-
KW U, ecnu pasHoCTb )\ iminp ~ ?\”?“n 6yaet 6onblie NPUHATON norpetd-
HOCTH, pacueT HOBTopFIeM npu HOBOM 3HaYeHWUW MUHUMANbLHOW BbITAXKKWK

A, pasHoM +/ A Aol in - BbMUCNEHWA NPOAOMkKAEM A0 Tex nop,

imin’ Imln im
NOKa pas3HoCTb 3Ha4YeHUH MMHMMaﬂbHOM BbITAXKW B COCeAHUX l'lle6.l'IM-

XeHuAax 6yaeT MeHbwe NPUHATOR NOrPeWwHOCTH.

Takum o6pasom, onpesesms u3s (4.60), (528) — (5.30) senunuuny
makcumaneHoit, a m3 {5.31) — (5.33) — MMHUManNbHOW BbITAXKKW, HaW-
JeM TOT AManasoH BbITAXKEK B 0BanbHOM Kanubpe, B npegenax KoTopo-
O NPU [AaHHOM 3HAYeHWM YaCTHOW CYMMApPHOW BbITAXKKW obBecneunsaet-
CA NonyyeHWe KBaapaTHOro NpodwnA B NOCNeayoLieM KBaApaTHOM Ka-
nubpe.

UYucnosol aHanua ypaeHewmi (5.28) — (5.30) u (5.31) — (5.33)
fioKas3an, 4TO B LUMPOKOM AManasoHe BXOAAWMX B YpaBHeHue napamet-
poB (}\E = 15+27 A= 35+55, D,.H/hK,.+1 = 5 + 20) npeaensb-
Hbie 3HaYeHWA BLITAXKWA B 0BanbHOM Kanubpe onpep,enmoTcri B OCHOB-
HOM BENUYMHON YaCTHON CYMMAapHOM BbITAXKW U OTHOLeHnA D /h
W Mano 3asucAT OT senuuuHbl KoddgdmumerTa A.

B pesynbTate aHanu3a WCXOAHLIX YPaBHEHWA MONy4eHbl cReayoume
BLID@KEHUA ANA ONpPEeAeNeHNA MAKCUManbHOW W MUHUMANbHOW BbITAX-
KU B OBanbHOM Kanuépe

i+1

WAy - 1)° Di+1 x_-
Nmax = 11+ s (7 + : NV (5.34)
Ki+1
- 8,5 .
imin = 01— b1 )\/7\ {5.35)
60 + L1
hKi+1

OTciopa npefentHble COOTHOLWLEHWA BLITEXEK B OBanbHOM M nocfe-
AyoileM KBaapaTHOM Kanunbpax 6yayT paBHbi:

A, D,

i _ 1 3 +1 2
() max = [T+ = WA= 12 7+ 2,
P+ Ki+1

A,
el T L1 m—
A, min D,
i+1 60 + i+1
hKi+1

Ha npaxkTuke npu pacnpefeneHUn BbITAMKKU MEX/AY OBaNbHLIM U KBaj-
paTHbIM Kanubpamu o6biuHO NPpUHMMAEETCA }\ > }‘1+1

Ha puc. 87 paHwbi pesynbTatel pacqua MaKCUManbHbIX M MWUHUMAafb-
HbIX 3HaYeHUM BLITAXEK B OBaNbHOM Kanubpe. Kak BuauM, amanasoH
BONYCTUMBIX 3HA4eHWNA BbLITAXEK B O0BanbHOM Kanubpe yBenuuuBaeTca
C POCTOM YacTHOW CYMMApHOM BbITAXIKU,
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Puc. 87. NMpenentHbie 3HaYeHWA BBITAXKN B CBANLHOM Kanubpe CUCTEMbI oBan —
keaapat (D, 4/h ;1= 10, A= 4,5}

Puc. 88. CreneHb 3ancriHeHuA 0BaneHOro Kanubpa MeTGNNCM B 33BUCHMOCTH OT

COOTHOIHUEHWA BEITAMXEK B OB3anebHOM n nocneavwouem KBagparHOMm Kanwﬁpe
(DI+1/h Ki+1 = 10, A = 4,5)

Wiz puc. 88 BMAHO, 4TO CTerleHs 3anofiHEHWA oBanbHOro kKanubpa me-
TANNOM OMpegendAeTcA COONTHOLWEGHMENM BbITAXEK B OBAaNbHOM W nocne-
AYOLWEM KBagpaTHOM Kanubpe; np4a 3Tom dem 6onblue OTHOWeEHUe
)\ /A, j 41+ TeM 6Oriblue CTeneHb 3aNONHEHKUA 0BaNbHOTO Kanubpa.

I'Ipu BbiGOpe BEAMYUHbI YACTHEIX CYMMAapPHbIX BbITAXEK Heobxoanmo
NPUMHUMaTL BO RHMMAaHWE YCTGUYMBOCTL OBANBHCW MNOMOCh! NPU MNpPoOKaT-
Ke B NoclieAyloueM KBagpaTHOM kanufpe, KoTopada nNpu NPoYMx pas-
HbiX YCNOBUARX 3aBUCUT OT COCTHCLUEHWA BLICOTbI U WKWPUHbI OBaNbLHOTO
ceyeHnA. B KauecTBe YCIIOBUA YCTOWYMBOCTU OOBLIMHO FPUHMMAETCA cne-
AyKOLLee COOTHOLWEHUE MEXAY BbiCOTOW U LIMPWHOW oBansHOTO RApodwunAa:

b;/h; <20. (56.36)

MpenensHoe cooTHowenne pasmepoe (b;/h; = 2,0) onpepenmeT mak-
CUManbHYI, C TOYKWM 3PEHMA YCTOMYMBOCTM oOBanbHoro nNpodunA, senu-
YUHY YACTHOW CYMMaAaPHONH BbITAXKKW. -

Mo>HO NpeaAnonoXkuTs, 470 B 33aBUCMMOCTU OT COOTHOWEHWA BbITA-
EK B OBanbHOM K MNOCREeAYioLIeM KBaApaTHOM kanubpe AnA AOCTUXKe-
HWA OBaNbHOW NONGCOW NPeAeNn-HOTO COOTHOLIEHUA pPa3MepoB  TOTPedy-
€TCA PasfInYyHaA BeNWU4YMHa Y4aCTHON CYMMAapHOW BbITAXKW. [lnA TOro utobsbi
onpeaennTb, nNpu KakuMx YCNosuAX A[ONYCTMMas 4YaCTHAA CyMMAapHan Bbl-
TAXKa 6GyfeT WMeTb MaKCHMManbHyl BeNWYMHY, PaccMOTpUM ABa Kpai-
HUX BapuaHTa pacnpejsiieHMA  YaCTHOW CYMMApPHOW BbITAXKW  MEXAY
OBaNbHbIM U KB3APaTHbIM Kanubpom:
npwm )‘i = )\imax’ 7.e. NPM NONHOM 3aNCNHeHWM MeTanNoM OBanbHO-
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ro Kanubpa; B 3TOM cnyuae NpwW AaHHOM 3HaYeHWUN 7\ BbITAXKKa B OBanb-
HOM Kanubpe AOCTUFHET MAKCMMAfbHOW BeNWYUHLI, B TO BpemMA Kak B
nocneaytowlem KBaApPaTHOM Kanubpe oHa 6yZeT MUHUMANbLHOWM;

npv )‘i = )\imin’ T.e. NPM MUHUMENbLHOW BbLITAXKKE B OBanbLHOM Ka-
nwbpe » MaKCcUManbHON — B NOCNEAYKLWEM KBagpate.

OueBUAHO, 4TO NpU NOMHOM 3aMONHEHWW LUWPUHA MOMOCLI BygneT pas-

Ha WIMpWHE OBanbHOro Kanubpa (ARA NPOCTOTbI BENWMYMHONA 3a30pa Mex-
Ay BaNKamMn MO>XHO NpeHebpeub) b; =b = hKI.\/2a,. -1
Moactaenas 8 (5.36) ato 3Haquwe b i’ MONYY4M 3HaueHue Ko3dh-

dvuventa a, = 2,5, Npu KOTOPOM COOTHOLIEHWE Pa3MEPOB OBANLHOrO
npocunA p.ocmraeT NpeaenbHOro 3HaueHuA (b /h =2,0).
MnowanL oBanbHoro kanubpa npu. a,; 25 Haigem w3 BbIpaXXeHUA
(4.48)
— 2
Fri 1.4h, .
BbITAXKa B 0BanbHOM Kanmbpe npu Fi = FKi wa; =25
)\ =\ - Fi—1 — A g max 1
f max
FKi 2,8 \p;
AE max 1
Mpyw a, = 25, = )\Zmax1 na = 7\,.max = EYYIES ypaBHeHun
{(4.62), (4.63) nocne npeoBpasoBaHUi NPUMYT CNEAYIOWUI BUA:
A B 2,8 v}
¥ max1 v, N7 N . (5.37)
cyi+_'__(1_c S - —Zmax1
y 2
VA% moxt 278 4]

g = 1—0,791 /1 + 2213 (44 p“’ ) (2,8 y2 — 1) — 1. (5.38)
i A . 1
Ki+1

KoadihuumeHT ylupeHnA B oOBanbHOM Kanubpe Cyj Hanpem w3 Bbipa-
werua (4.60) nubo (4.61), npua,; =2,5n Ag = )\E max1-

BenwuuHa )\ onpeaenAeTcA coamecmbuw pelweHmem YpasHe-
Hun (5.37), (5. 38rs| METOAOM NOCNefoBaTENbHLIX NPUBNMIKEHUIA.

IOnAa 3toro u3 ypaBHeHuA (5.38) npu AaHHbLIX 3HaYeHuAX Koadu-
UMeHTa A U OTHOwWeHWA 0, +1/ho<p+1' Takxe C NOMOULbLI MeToda uTe-
pauvia, onpeaenfAem CHauana BenuunHy kKo3toduuneHTa ¢/ 3aTtem, 3apa-
BaAcb HayanbHLIM 3HaueHWem A npu HarWgeHHOM 3HavyeHWUH lP- 7]

10) X max1’
szaﬂ = kzma’d, a;= (5 onpeuenﬂeM 3 (4.60) BenuuuHy Koad)-
UuMenTa  ylwMpeHuA ¢, (y Hanee, noAcTaBNAA 3nHaueHwA |,
= 3 {0} = (0)
Ay max Afmax1 Y € i = €y; B NPaBYi0 4aCTb YypasHeHnA (5.37),
Haxoanm Hoeoe 3HayeHMe MAaKCUMaNbHON YaCTHOW cymma HOW BbITAX-
Ku Ay max1 (?\Emax1). Mocne storo mpu Ay ., = A): maxi W Ha-
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AGHHOM paHee 3HavyeHUN Ko3ahbrumeHTa x[/ HaXo4WM HOBOE 3HavyeHue

- A1) (1)
, a 3arem u3z (b.37) npmu Cyi = Cyi ¥ 7\2 maxi = AEmax1

cnepylouiee 3wadenne Ay .. BbluncnenmAa npoponkaem po Tex nop,
noKa pasHOCTb 3HaueHWn Ag nax1 PV AaHHOM W npeablAyLlem npnbnu-
XeHnAX 6yneT MeHbiie MAN PaBHa 33afaHHOW MO PELHOCTW.

[nA onpeaeneHwWna BenuuUHbI MaKCUMAfbHOW YacTHOW CYMMAapHOW Bbl-
TAXKKU ANA APYroro KpaWHero criy4as pacnpefeneHuA ee Mexay 0BanbHbIM
W NoCReAylouLMM KBaapaTHbIM Kanubpom, T.e. Npwu 7\/. = Nmins G =
npuHMMaem nonepevyHyw Aedopmauuio Npyu NpokaTke KBeaapata B rnaa-
KUX Bankax paBHOMEpPHOW No BbicoTe ceuyeHuA. B 37oM cnvuae wmpuHy
NPAMOYrONLHOM NOMOCLI Ha BbIXOAE W3 BankKoB /-TOW KNETU MOXHO Npwu-
HATb PaBHOMN

b, = Fi/hi .
MoactaBuB 3TO 3HayeHue bi 8 (5.36), nonyunm
bi = Fi - Fi+1 A max2 — rs max2
2 2 2 2
hi hi. Aimin hK(f+1) \U,- 2‘D/' Aimin
OTciopa BenuuuHa BLITAXKKU B / -TOW KNeTn npu bl./h,. =2wna;, =
6yner paBHa:
A .
Aimin - Z max2
4 \p?

MoactaBue 3TO 3HaueHue lem 8 (5.31) n (5.33), nonyuum npm 7\
= 7\E max2 CTeAywUlne ypaBHeHuA AnA onpenerenwn MaKCUManbHOW uaCT-
HOW CYMMapHOI BbITAXKMW B Clyvae, ecnu 7\ A,

imin-®
a4y
)\E max2 L e — (5.39)
) eyi * - yi) Vi \/2/\/A2max2
D;
g =1-026 \/— 4+ 1) @4ay] — (5.40)
hK[ +1

‘3HaveHne KO3thMhUUMEHTa YLIMPEHUA cy; Hailaem u3 BbipaxeHna (5.32)
nmbo (3.5).

BennunHy A max?2 HAMAEM MYTEM COBMECTHOTO PELUEHWA YpaBHEHWiA
(5.39), (5.40). Pewenve BbINOAHAEM C MNOMOLWbIC MeTOAa MOCNEAOBa-
TenbHbIX Npubnuvxkenui. Chavana w3 (5.40) naxoavm senvuuHy kosadtdm-
UMeHTa \bl., a 3atem u3 (5.39) Takke MeTOAOM wTepaunih — 3Hauexwe

A

T max2’
Kax BuaHo v3 puc. 89, Ha KOTOPOM MpeACTaBneHbl 3HAYEHUA 7\

As max2: TMOACHUTaHHbIE M3 YpaBHEHuiA (5.37), {5.38) n (5.39), (840)

NpYU PasnuUHbIX 3HaYeHWUAX OTHowleHwAR D +1/hK,H, NOMYCTUMaA Benu-

YnHa YACTHOW CYMMAEPHOW BbITRAMKKM npu )\,. i max BCEraa 6onblue,
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Pnc. 89. lMpeapenbHele 3HayeHuA vacT-
HOW CYMMEPHOW BbITAXKKKW B cucTemMe
oman — keBagpat {A = 4,5)

1.4 il i {
2 10 15 Diuy M

yem npu X = A min- TaKum 0Bpa3’om, C TOMKM 3GEHUR MaKCUMAanbHoro
WUCMONbL30BAHMA BLITRXKHLIX BO3MOXHOCTEN CUCTEeMbt 0Ban — KBaapar
uenecoobpasHo UMeTb COOTHOWEHUE EBbITAXKEK )\i N g > 1. BenuuuHa
MaKCUMarnsHO AOMNYCTUMONM YacTHOW CYMMApPHOW BbITHXKU  yMeHbLIaeT-
CA € YyBenuMYeHMEM OTHOiLEHUA Di+1/h\<i+1 M yMmeHbweHveMm Ko3du-
umeHTa A.

BennyuHa yaCTHOW CyMMAapHON BBITAXKW B8 CUCTEMe OBan — KBaapaTt
UMeeT He TONLKO BEPXHWIA, HO W HWwkHWA rnipegen. [lpuuem B oTanuue
OT Takux cuctem Kanmbpoe, Kak oBan —- KPYr unu CTPensuathid Tpe-
YroNbHUK ~ KPYr, i€ MWHWMaNbHaA BenuunHa Ay ONPeAenAeTcA BO3-
MOMXHOCTAMUW IPOBOAKOBON apmaTtypbl obecneynsaTtb yCTOM4YMBOE MONO-
eHWe OBajsibHON WMAW TPeyronbHOW NONOChl B KPyrnblx Kanubpax, B cuc-
TemMe o0Ban — KBaApPaT HWXHWA Npeaen 4acTHOW CyMMapHON BbITAXKM,
HapRAY C 2aTum daKTopom, onpelenreTcl HeebxoAMMOCTbKY 3anonHeHuA
YyrNoB fipy BeplumHax KBagpaTHoro kanubpa. Jto ycnosue TpebyeT, 4To-
6bi WMPUHAa Nonocki Nocne OBanbHOro Kanubpa 6bina Sonblie WA, NO
KpailHeil mepe, paBHa BLICOTE NOCNeAyiLero KeaapaTHoro Kanubpa, T.e.

>
bi/’hxi+1'

Yto6bl BLIABUTH BNWUAHWE COOTHOLUEHWR BhiTAXEK B 0BanbHOM ¥ KBajA-
paTHOM Kanudpax Ha ACNYCTUMYI0 MUNUMENBHYIO BEJIMYUHY YACTHON CYM-
MapHOW  BBLITRXKKW, PaCcCMOTPUM, KaK W fpWU onpeaeneHun A aBa
KPalHKX CNy4an:

1. flpy MakcMManbHOM COOTHOWEHUK )\i/)‘i+1'
MoNHEHUN OBaNLHOIrO Kanubpa meTanniom (Fi = FKI.,

2. Tipu MUHMManLHOM COOTHOWeHUM N /N, .., T.e. npu A, = N min:
a. == °°, YTy COOTERTCTBYET CIy4al MPOKaTKU KBaAapaTa 8 rfnaakux Bankax.

i
Ecnn npexebpeds 3a3opamu mexay Bankamu, 1o npu F, = F . umeem

b, = b =hKI.\/23

—1>
i i 1=h
Otciopa, nockoneky h = Ll/.hK,.H MUHUMAENbHOE 3Hauehue KO3d-

Z max’

T.e. Npun nNONHOM 3a&-

A=A ) -

i Ki+1°
Ki i .
CbMLlVIeHTa oBanLHOCTN, NpU KOTOPOM  AGCTUraeTcA 3anonHeHne yrnoe
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npu sepwmHax (i + 1)-ro kBaapaTHoro kanubpa, fyrer pasHO a; =
=101+ (2]

B cfiyyae NOMHOTO 34MOAHEHWA METanfoM /-TOTO O0BaNbHOTO Kanu6-
pa BbITAXKA B8 Hem 6yAeT MaKCUMManbHoW NpU A3HHOM 3HAYEHWN )‘2 "
paBHOWM

2
N = Fica ki
; — ‘imax
! Fyi 2F i )
rae F,; — nnowanb OBankHoOro Kannbpa.

Z min’

O7crona

A 2y,

N = .___';“ax [ +1}z,.2)2arcsin——1' -
1

1
T minl = 4 v 2

-2y, =y ]. {5.41)

Ana  HaxoxaeHuA Ay min] YPasHenve (5.41) creayer pewars cos-
Me::THO c ypasugHMﬂMM»(4.62), (4.63), B KOTOpbLIX B 2TOM cny4ae a,=
=1+ (1/1[/,.)], Ay = As min ¥ )\,. = )\,. max- YUMTbIBaA, 4TO B paH-
HOM CnyYae WUMEKTCA B BUAY Manbie 3HaYeHWA AedopMaumn, uenecoob-
pasHO BblpakeHHe ANA Ko3PUUNEHTA YILMPEHUA WCMONL30BaTh B BUAe
(4.60). YpaBHeHWA pewialoTcA € NOMOLLLI0O MeToaa HOCMef0BaTENbHbBIX
NpubnuxkeHwii. TTOPAAOK BbIYMCNIEHWIA TaKOW >e, Kak W Npu pacuerax
)\E ax1” .

TOM Chyuae, Korha A; = >\imin W, CNeaoBaTenbHo, @ ; = °° LWNPUHY
nonocsl, NPUHUMEA YylIWpeHWe KBaapaTa fnpu NpokaTke B FNagKuWx Bankax
PaBHOMEPHbIM NO BbLICOTE, MOXHO NPEACTAaBUTL KaK

F. }‘ZF A h

b, = i— it = z . wit1
; — .
hl‘ }‘imin hi }‘imin 2 ‘pi
B npepenbHom cnyyae npu b/,., = h Wi+ (puc. 90) nmeem
= . = 2
)\E )\E min2’ )\imin )\2 min2 2 1',/i :

ey

4

T

Puc. 90. K pacuety MuHumansHon vact- he
HOW CYMMAapHOW BBITAXKW B cucTeme I3
kanubpos oBan — kBagpar -
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MoacTaBnAA 3HayeHUA 7\ 7] 7\Im n B (5.31) n (5.33), nonyuum cne-
Aylowre ypaBHeHWA AnA onpep.eneHuﬂ MUHUManNbLHO AONYCTUMOW BeNu-
YAHbI YaCTHOW CYMMAapHON BbITAXXKW NPU MWUHUMANLHOM COOTHOLUEHUH

BbITAXKEK B OBanbHOM U nocneaytollemM KBaaApaTHOM KanMGan (7\' =

=X . ):
I min
A = 24 (5.42)
L min2 — ¢ :
e Cyi * - cyi) i Vi \/7\2 min2
D
=1 ——026\/— (4+—"2—) @2y — (5.43)
ki+1
KoaghmumeHT yLInpeHus €,; Haxoanum n3 Bblpaxenna (5.32) npu
x =
z

Z min2’
Ypaerenma (5.42), (5.43) pewaloTcA C NOMOUD METOAa MOCNeno-
BaTenbHbIX NPUBNMMKeHMHA, NOPAAOK BbIMACNEHUA TaKOW ke, Kak npu on-
peneneHvUM BENMUMHBLI Ay ..

PeaynbTaTbl pacyeTa 3HauYeHun >\\~ ming ¥ )\2 min2 {(pnc. 89) noka-

3bI1BAKOT, 4TO MAKCUMANbHOMY COOTHOLUEHUIO BbITAXEK )\ /)\ 17 T.e. non- -

HOMY 3anonHEHMI0 MeTannoMm oBanbHOro Kanubpa, COOTBeTCTByeT Hau-
MEHDBLLAA BefUYHa AOMYCTUMOW YacTHOW CYMMAapHOW BbITAXKKW. Takum
ob6pa3om, ¢ y4YeTOM pe3ynbTaTOB paceTra 7\2 max1 Y 7\E max2 \PucC. 89)
AMana3oH AONYCTUMBIX 3HayeHW YacTHOW CYMMapHoW BbITAX kKW ByAer
HaMBONbLIUM MPU NPOKaTKe C NOAHLIM 3anofiHeHUeM OBaNLHOMO Kanub-
pa metannoMm. [pu yMmeHbLLEHUM COOTHOLLEHUA 7\1.,/7\1.+1 AWNanasoH Ao-
NYCTUMBbIX 3Ha4eHWA A, YMeHbLUaeTCA.

O6vem BbNMCﬂEHMM Mpu pacueTax 3HaueHud Ay oo Ay oo, As max2:
A$ min2 MOXHO CYWECTBEHHO COKPATUTh, eCv ANA OMPeAEneHvs Hauanb-
HbIX 3HaYeHWIA WUCKOMBbIX KOPHEA MCMoNb30BaThb ChefyloulMe BbIPaxeHUA,
HalaeHHbe C MOMOLLBIO YACTOBOTO aHaNU3a UCXOAHbIX YPaBHeHMWN

) =14 32(2+A4)° . (5.44)

’

Z max 2
(20 + D; 4/ B jeq)

7\}: min 1+ 157 +4) . (5.45)
30 + Di+1/hK/'+1

Ecnu pacyeT He TpebByeT BbICOKOW TOYHOCTM, @ COOTHOLLEHWE BbITAXKEK
B OBaNbHOM MW NOCNeAylouleM KBaapaTHOM kanubpe HaxoaAuTcA 8 wnHTep-
pane 1 < A/, < )\/2max/)\‘>‘ BoipaxeHuna (5.44), (5.45) moxHo wmc-
nonbL30BaThb .unn onpefeneHnA AoNycTUMOro AuanasoHa 3HayeHun npe-
NeNbHbIX YacTHbIX CYMMapHbIX BbiTAXKEK B CUCTEMe OBan — KBappaTt Bme-
CTO NCXOAHbIX YPaBHEHWA.

Mpu BLIGOPE W pacnNpeAeneHU NO KNETAM YacTHbIX CYMMapHbIX Bbl-
TAYEK HeoBxoAnMmo, 4To6bl X BenuuuHa Gbina B Mpedenax aToro auana-
30Ha. HeBbinonHeHue 3Toro ycnosuA npusepeT nnB0 K YMeHbIUEHUIO YC-
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TOAYMBOCTM OBANbHOW NONOCHI B KBaapaTHOM KanuBpe, ecnm Ay > A
nn6o, ecnn 7\ <A

Z min’
Hax xBa.qpaTHoro Kannbpa.

L max'
MOXXEeT BbI3BATb He3anonHeHue YFJ'IOB B BepwN-

4. CUCTEMA OBAN — KPYTI

AnA aHanusa npefenbHbIX 3HAYEHUN BLITAXKKU B Kanubpax CUCTEMBbI
OoBan — Kpyr Bocnonb3yemca ypasHennamu (4.75), (4.76),cBA3bisaw:
WnMK pasmepbl KanubpoB ¢ napameTpamMn NPOUCXOAALEH B HuX aedop-
mauun,

Kak # anA éuctemb: osan  — KBaapaT, BbITAXXKa B oBanbHoM KannBpe
I'lpl:1 NaHHOW BenNWYMHe YaCTHOW CYMMAapPHOW BbITAXKU ByAeT MaKCUMBNb:
HOI1 B cnyyYyae NONHOro 3anoNHeHWA ero MeTannom

A= N, =F, /JF .. (5.48)

i i max i—1 Ki
Mcnonb3y92(4.48) M BbIpaXaA nNnowaab nNpeabiAyLero Kpyra kKax
F; 1 = mrig 7\2, NonNy4YuMm ypasHeHWe ANA MAaKCUMAaNbHON BbITAXKW
B OBanbHOM Kanubpe:

2_8,- -

N max = TAg/247 la Farcsin - (g — 1)V/23;, = 1]. (547)

I max
B
BennunHy MakcumanbHOW BLITAXKKW HaAMAeM COBMECTHbIM peweHuem
ypaBHeHMﬂ (5.47) v ypaBHenwnit (4.75), (4.76), rne B 3TOM cnyuae )\ -
= leax, 7\:+1 A /}\lmax YpaBHeHWA PpelaleTca ¢ NOMOWbIo Meroau
nocneaoBartenbHbIX npuﬁnumenuu B kavectBe Hauaanoro nprb nuxeHun

ANA MaKCUManbHOW BbITAXKKW MOXHO NPUHATL 7\ im = )\E.
ax

HayanbHble 3HavennA Koacbdmuuemoa a,m ll/ HakaeM U3 ypaBHEHWW
{4.78), (4.79) npwu 7\ Ny = \/X_ B .qaaneMweM nocneAcBaTe k-
HOCTb ' BbIMMCAEHUIA Ta e, YTO W NMPuU pacyeTe MaKCUMANbHOW BbITAMKW
AnA cucTemMbl oBan — Keaapar.

OueBnaHO, 4TO NONHOMY 3aNONHEHMIC OBanNbLHOro Kanubpa MeTannom
COOTBETCTBYET HaumeHbllaA BeNuWYuHa koaddpuumneHTa osanbHocTw, C
yBenuyeHnem KoadduuneHTa a; BbITAXKAa B OBanbHOM Kanubpe npu
'TOM >Ke 3HaYeHWW 4acTHOW CYMMApPHOW BbLITAXKKU YMEHbLU3ETCA W npw
a, = o (4To cooTBETCTBYET cNyualw NPOKaTKU KPyra B rNagkux Ban-
Kax) AOCTUrHET MUHUMANbHOro 3HaYeHWA.

Mpn a; = o, A, =\, . u X, 7\ /A, ypasHenna (4.69) wn (4.72)

I imin i+ imin
NPUMYT CneayoWwmii BUA :

Y2 v, 2

arcsina/1 — —L — —L_ /1 — Vi o
7\2 \Y 7\2 AE

= _ Nimin =1 . (5.48)

2 2 (1 ' .
imin - cyi)
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arcsin V1 —¥7 — ¥, V1 —¥] =
SO S S} 7S T (5.49)

2 }\i min 1- Cyvi +1

NpusBesem ypaBHeHUA K B8WMAY, YAOGHOMY ANA pelleHWA MeToAoM Mo-
cnefoBaTensHbix npubnuxenun. C aton uensiwo u3 (6.48) Bbipasum Be-
AMYUHY MAHUMAnNLHOW BbITAXKKM N, ., a u3 (549) — koadbrumedTa

min
\//,.- nocne noactaHoBkn B (5.49) 3HaueHuA Cyi uz (3.18) nonyuum:

’ it
2

v
Aimin = 1/[1 - ,"i (1 _Cyi) (arCSin \/1 - TIE—— —
: v
Jio V- " (5.50)
Xy As
[ - _ Ty L
Y = \/1 = [arcsin /1 — 7 ”™
X (— A _1)(4+D_"+‘_)]_ (5.51)
. . d.
/ min i+t1

KoathdmumeHT ywmpexuna Cyi ANA cfiyya”R nNpoKaTkn Kpyra 8 rnaa-
KUX BanKax ONpeleNAeTCA BbIpaXeHWeM:

4 \‘/-}\
c.. = 1/(1+— A : = ). (5.52)
vi 3 Dj 11 —
I
4 + — \pi\/'] -
dipq VAs Vs

BeAuunMHY MUHMMAanbHON BbITAXKKUM B OBanbHOM  Kanubpe cuctems!
OBan — Kpyr HaxoAvWm COBMECTHbIM pelleHuem ypasHeHwih (550} —
(5.562), koTopoe BbIlONHAEM B CAeAyOLWeN NOCneAoBaTensHOCTY.

MNpuHumaem Hauaanoe 3HaYeHWe MUHUMAaNbLHON BbITAXKKM >\( )

npu >\ min = >‘: g’m n3 (4.78) Haxoaum BenuumHy KoatbdmumeHTa l?/ B
Hauanbnom npu6aneHm1 BeipaxeHue (4.78) npwm a; =  6yner umeTb BUA
D. A
v = ) 212
4di +1 }‘i min

>‘/(21)|n \l/ \I/(O) HaxoAMM
HOBOE 3HaveHue KoahdmuueHTa \// (\[/“i) W, ecnn pasHocTb x,b(” \l/(?)
oKaxeTcA 60nblue 3aaaHHOMN norpeu.lHocm BbiunCNeHnA Koacbcbwu.vnema

v nosTopAem npu A, . = ?\l(g)m; Y = Y, (xp“) + \p(O) ) v TaKk Ao
Tex nop, noKa pasHAUa 3HaveHun Y an COCEAHMX npm6nn>«eHMﬂx 6y-
et MeHbLle unn paBHa 3aﬂ,aHHOM nOl'peLIJHOCTVI Bbl‘lMCJ'leHVlM ﬂocne 370~

ro nNpu HaWAeHHOM 3HaueHun Ko3hhUuneHTa \//l n3 (5.52) onpepenaem

3atem u3 ypasrenna (5.51) npu A.
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Pwc. 91 MpeaensHele 3HaYEHMUR Bbi-
TAMKH B OBANLHOM Kanubpe; cucTe-
ma osan — wpyr (D;,4/djyq = 15
A= 4,5)

]

i J
2 16 18 20 27 A,

BEMMUMHY  KOI((UUMEHTA YLIMPEHWA C . W, NOACTABNAR 3HAYEHURA \,’/,.;
>\imin = kir?‘m Me,; = € 8 NPaBylo yacTb ypasHeHuA (5.50}, Haxo-
AUM HOBOE 3HaueHUE MWHUMANLHOR BbITAXKKM A, Ecnu pazHocTb

>\itrz'm)in—" >\l(r(')n)m
BbIYMCAEHMA NOBTOPAEM NPKU HOBOM 3HIYEHMIM ?\
_>\(2) l/ (}\(0) + A (1) )

rmin I min imin

PacyeT 3akaHuyuBaeTcA, KOrAa pPasHUUA 3HayeHWUN k:m. NONYYEeHHbIX
Ha [aHHOM U NpeAbAyLiem 3Tane BbiuMcneHui, HyAeT MeHbule WK pas-
Ha 3afiaHHOW norpelwHocTH. flocne onpeaeneHvA mMakcumanbHoit (4.75),
(4.76) v muHumanbHo (5.5) -— (5.52) BLITAMKW MOXHO HalTu TOT
AMaNasoH BLITAXEK B OBanbHOM Kanubpe, B npeaenax KoToporo npu
RaHHOW YacTHOM CYyMMapHONM EbITAXKKE BO3MOXHO NOMYy“eHMe Kpyrno-
ro npodunA B8 Nocneaykiuem Kpyrnom kanmbpe. OT pacnpeaeneHns Bbi-
TAXKKU MeXay OBa/bHbIM U KPYrabiM Kanubpom 3aBUCAT PaIIMepbl u
cTeneHb 3aMofiHeHMA OBaNbHOIO Kanubpa meTannom.

Pe3aynbTaTbl pac4era NpefenbHbix 3HAYEHMIA BLITAXKEK B OBanbHOM Ka-
nmbpe ¢ nomMowbto ypasheHun (4.75), (4.76), (5.47) v (5.50) — (5.52)
npeacTaBfieHb) Ha puc. 91.

YuuToiBan, 4TO onpepefieHye BefiMYMHBI MAKCUMaNbHOW W MUHUMA3Nb-
HOW BBITAXKKWA CBR33HO C BbINONHEHWEM TPYAOEMKUX BbIUMCIEHWA TpaHC-
UEHAEHTHbLIX YPaABHEHMWI, CAEfaH WX uYUCNoBOMN aHanna B LIMPOKOM aua-
nasoHe BXOAAWMX B ypasHeHWe napameTpoB (A, = +2,5; ?\ /)\ =
= 091 +1,10; b, ”/d/,r1 =5+30; A= 35 -45) AHanms not(aaan,
YTO 3HauYeHMA Maxcumaanou M MUHUMAnNLHOW BLITAXEK B OCHOBHOM
ONpPEAENRIOTCA BENWHWHOW 4YacTHOW CYMMapHO BbITAXKW W Mano 3aBu-
CRT OT BeNUUUHLI KoahduuneHTa A ¥ OTHOWEHUA D/.+1/dl.+1.

B pesynbTate aHanuiza nNofy4YeHsbl CRefYHWME BbipaXeHWA ANA ofnpe-
NeneHUA nNpefenbHbIX 3HAY2HUI BbLITAXKYW B OBanNbHOM KanubBpe cACTEMBbI
oBan — Kpyr:

>\imax =[1+01A (V)‘ - 1)2]\/X;2 (5.53)
Nimin = 3VAL/ 2+ VA5). (5.54)

Takum 06pa3zom, COOTHOILEHWE BbITAXEK B OBaNbHOM M NOCNERYLWeM
KPYriom Kanubpe [1oNMXHbI HAXOAUTLCA B AWanasoHe:

imin

oKaxevtca 6onbile NPUHATOW ﬂ()l‘peLUHOCTM ana \/mm

paBHOM >\ =

min’ imin
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- 9 <l <[1+01A (WA, —1)?]?

2+ A

WcnonbzoBanne BuipaxkeHun (5.63), (5.54) anAa onpeaenewna Havanb-
HbIX 3HaYeHUN MAKCMMaNbHOW W MWHMMANbHOW BbITAXEK NPU pelleHUy
ypaBHenuin (4.75), (4.76), (5.47) »n (5.50}) — (5.52) naeT BO3IMO>KHOCTb
3HaYNTENbHO YNPOCTUTH pacyeT 7\I max ¥ 7\imin.

Mpu BbIBOpe BeNWYMHBLI YAaCTHOW CYMMAapHON BbITAXKW ANA CUCTEMbI
oBan — Kpyr HeoBXOAWMO NPUHUMaTL BO BHUMaHWe YCTOMYMBOCTL OBanb-
HOW Monockl fipM NPoOKaTKe B MOCAeAYilLeM KpyrnioMm kanubpe. Kak u
ANA CUCTEMbl OBan — KBappaT, B KayecTBe YCMOBKA YCTOWYMBOCTM OBafb-
HOW nonockl OBLIMHO NPUHMMAETCA CNeayiolee COOTHOLIEHUE ee nUHeWn-
HbIX pasmepoB (ANA yaoBCTBa M3NOXKEHWA BbLICOTY OBanbHOrO Kanubpa
BbIpPa)kaeM yepe3 AMameTp BMNUCAHHON OKPYIXKHOCTWU) :

b; /d < 2. (5.565)

,[l,nﬂ TOro qTo6b| YCTGHOBUTb, NPW KAaKOM COOTHOLIEHUN BbLITAXKEK B
OBanbHOM W NOCNEAYIOWEM KPYyrnoM Kanubpe AonycTtumaa BenuunHa
' 4aCTHOI CYMMAapHOR BbITAXKU Gyaer HauBonblueit, paccMOTPUM, No aHa-
NOTUK C CUCTEMON OBan — KBaApaT, ABa KPaWHUX CNy4aA:

NpoKaTtka ¢ MAaKCUMarbHON BLITAXKKOW B 0BanbHOM Kanutpe (7\i

i

- 7\imax' a; al m|n) .

ﬂpOKaTKa C MUHUMANLHON BbLITAXKOW B OBanLtHOM Kanu6pe O\I =
= = 00

A min- 9 ).

BuiTAXXka B oOBanbHOM Kanubpe 6yaeT MaKCcUManbHOW NpU NONHOM
3anonHeHWn ero metannom. B atom cnyqae WwupuHa nonocsl ByaeT pasHa

wnpuHe Kanubpa b d V2a

Otcropa npu b /d = 2 WMeem a = 2 5

W3 ypaBHeHUA (5 47) npun a; ‘2 5n 7\ = Ay max1 NONY4UM
A

— 2
Z max1 =178 AI max l'bi' (6.56)
Bennunna makcuManbHOW YacTHOM CYMMAapHON BbITAXKK 7\L max1 H&
XOAUTCA COBMECTHLIM petlexnem ypasHenua (5.56) u ypasHenun (4.75),

(4.76), rne B 3TOM cnyuyae NPUHUMAETCA: a;= 2,5; 7\I. kimax, 7\E =

ZAE max1-
YpaBHeHMFi pewarTcA C¢ NOMOLULLID MeToAa nocneaoBaTelibHbIX npv16-

NWXXEHVI B cneaylouweil NocnefoBaTenbHOCTH.

(0}

3a11ae|v|(c(:;|) HayanbHbIM 3HAYEeHWEM BeNWU4YUHBbI 7\E max 1 (7\Emax1) n
lmax (A lmax , NPMYeM B KauyecTBe HayanNbHOro NpubnuxeHua ans Almax
MOXHO NPUHATH:

(0) _ 100 2 0y
7\i max [1+01A (\/AE max1 =17 \/7\2 max1-
= 3 (0) - {0y -
3atem npu Ay A5, maxi’ i \/7\E max1 Y @ = 2,5 n3 ypasHenna
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(4.78) Haiipem 3HauyeHue KoadchuuneHTa “Di B HayanbHOM nNpuBnnXeHUn

3 D,
w(?): 1-0,32 \/;2 (\/X(O) _ 1)2 1 +_;+1_)2’

Zmax1
i+1

a n3 (4.74) HavanbHoe 3HauyeHue Ko3thuumeHTa yLIMPeEHUA Cyi- B panb-
HelLeM MOCNeaoBaTeNlbHOCTL BbIYMCNEHW aHaANOruMyHa nNPWHATON Npu

pacueTte 7\E max1 GNA CUCTEMbI 0Ban - KbaApat. Apyrum npeaenbHbIM
cny4yaeM ABNAETCA MNPOKaTKa € MWHUMaNbHOW BbITAXKKOA B OBaNnbHOM
Kanubpe, 4TO pocTuraercAa npwu a, = . Mpu 3atom BbITAXKKA B Nocne-

ayouwem kpyrnom kanubpe ana p.aHHoro 3HaueHWA Ay, ByneT HambonbLuen.
WvpuHy nonocki nocne npokaTku Kpyra B rnap,KMx Bankax npeacra-
BUM Kak

b = b/ cp Fi /di‘
B 310M cnyuae
2
bi - F}. _ m dl 1 _ ” }\E
) 2 2
di di 4>‘lm|n dl+1 \p 4>‘lmm‘l’l

MNpy npesenbHOM COOTHOWEHUU pasmMepoB NONOCHI (b'./dl. = 2) 6yaem
nMmeTb

7\2 = 7\2 max2 = % 7\imin ‘}/; (5.57)

[OnA onpeaeneHwA BenWYUHbLI MaKCUManNbHOW YacTHOW CYMMAapHON Bbl-
TAXKU ypaBHeHuWe (5.57) Heo6XxoAMMO pelwaTh COBMECTHO C YypaBHEHM-
amu (5.50), (5.51) npu 7\E = 7\2 max2* YpaBHeHWA pelLaioTcA MeTo-
OOM  NOCNEeAOBAaTENbHbLIX NPUBNMXKEHWW:  NOCNeaoBaTeNnbHOCTb  BblMUCHE-
HUA TaKaA >ke, KakK Mpu pacyeTe 7\E max2 QA CUCTEMbI OBan — KBaapar.

CpaBHeHWe 3H&YeHUN 7\“ max1 Y Mg max2: MOACUNTAHHBIX B LINPOKOM
AMaNasoHe  3HaueHUMn axop.nmnx B pacyeTHbie ypaBHEHWA MapameTpos
(hy = 1,2 =25 D/+1/d,'+1 = 5+ 30; A= 3,5 + 5,5), nokasbiBaer
(pvc. 92), uTo BenuuMHa [NONYCTUMOW YaCTHOW CYMMApPHOW BbITAXKKU

focTuraet Haubonblero 3Ha'ieHuA npu MaKCUManbHOW EbITAXKKE B OBafb-

HOM KanuGpe. [pyrumy cnosamu npu N, = A, B MaKCUManbHoi
Al/ﬂﬂl
225
200 R
W75
/Iz'maxZ
Pue. 92, MakcuMmanbHble 3HaueHWR 150 i | I i
Y4CTHOW CYMMAapHOW BLITAXKY B Cuc- '
Teme KanubpoB oBan — kpyr (A = SO 4
= 4,5) Troy [ Gres
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CTEHEHN Peanm3yioTCA BbirAmHbIE BOIMOKHOCTY CACTEMbI OBan — Kpyr.
Ganako cnepyer umets & BUAY, 4TC NPy npOKaTKe € NOAHBLIM WNKU 6/ma-
KAM K nonHomy 3anondeHwenm osanbHoro Kannbpa npoucxoaut WHTeH-
CUBHaA noTepa Tenna B yrnax oeanbHoro npedunA u, kak cnepctewe,
MOBLHUEHHBIA U3HOC KPYTABIX Kanubpos. Kpome Toro, Takoi osan nme-
ET TOBLILIEHHYIO CKNGHHOCTE K CBaNUBaHuo & Kpyrnom kanmbpe, u B
3TOM cCilyuae pa@ke He3HAYNTENLHOE MWaMeHeHWe YCNOBUA NpoOKaTKKM Mo-
XET NPUBECTU K nepenosiHeHuo Kambpa v MoABMeHNK NOBEPXHOCTHbIX
LedexToB Ha nonoce, .

Ha npakTvke B oBane u NocnenylemM Kpyre 4acto NpPUHAMalOTCA
OANHEKOBbLIE BBITAXKKM. B 3Tom chywaec paxe Np¥ ManeiX CeYyeHUAX no-
Nocel pacyeTHaA cTeneHb 2anofiHeHus OBanbHOro Kanubpa cocTasnAer
nopsaka 90 — 95 %, 4o MpeaoxpanAeT Kanubp oT cryvaithoro nepe-
NOMIHEHWA, B YO Bpemsa Kak BbITAXHbIe BOIMOXHOCTW cucTemu ocTaloT-
CA  KOCTaTo4HO BbiCOKUMU. OBanuHbIi; npotune umeer B atom Criyyvae
6onee nputynaeHHpe YITibl, 4TO MOMOMMTENBHO CKa3biBaeTcA Ha yCTol-
HMBOCTI NOMOCHI B Kpyramix armbpax u ymeHbluaeT mx n3Hoc. AHannz
YpaBHeuud (4.76), (4.76) NP PaanuuHbIX OTHOWeHUAX A, /. noka-

ii+1
3bIBAET, uTO cieNeHb 3anonHeHus OBanLHOTO  Kanubpa meTannom npu
Ay = const BO3pacTaer ¢ yge

MYeHMEM BLITAXKKW B OBasibHOM Kanubpe.
Bennuuny MaKCUManbHOW 4acTHO CYMMAPHOH BbITHXKU B cucteme
0Ban — Kpyr npu kpabiHyx ZHAYEHUAX BLITAXIKW B OBAJILHOM Kanu6pe
MOXHO HallTh uz creaywumx BLIDOKEHUA, NONYyYeHHbIX ¢ TOMOLLbIO YUC-
NOBOro aHanu3a UCXO[HbBIX YPaBHeHW

npu )\i = )\imax
_ 0,31{24 + 1}°
A, B R
> max1 Di+1 4 ’ (5.58)
i - Ol
944 3
npu ), = >\i min
B 1,5 + A4 {5.59)
)‘2 max2 — 1t D.
0312+ 11
i+1

Mpu nwbom apyrom pacnpenentHny BbITAXKWA MeXAy O0BafbHbIM ¢
nocrefylowMmM  KpyrnbiM  ikanuBpom 8 npeaenax AONYCTUMOro anana-
30Ha COOTHOLWEHMN ?\i /?\I.H MaKCHMalibHan BEeNWYMHa 4acTHOW cyMmap-
HOW BBITAXKW 6YAET HAXOAUTLOA © WMHTEepBane oT ’\2 max

AnAa cnyvas npokatku YFAEPOANCTON cTanun npu 1100 — 1200°C Buipa-
weHus (5.58), (5.59) 6yayT umers BUA:

npm )\,. =

fmax
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A . = 14— 3100 : (5.60)

~-

Z max1
(40 + —1*1 )2
i+1
npu >\1: imin
A =1+—20 (5.61)
Z max2 Di+1
12 +
d

i+1
Ecnu TpebyeTcA umeTh Bofiee TOYHbIE 3HAYEHWA MAKCUMAaNbHbIX qac:-
n -
HbIX CYMMapHbIX BoiTAxek, Bbipaxenuns (5.58), (5.59) moxHo Mcnc;nb
30BaTh MPU  PELEHUN WCXOAHLIX YpPaBHEHUN ANA onpejenieHnA Hay

HbIX BENUYUH A maA

T maxi Z max2°

5. CUCTEMA CTPENMbYATLIA TPEYIONIbHUK — KPYT

PacyeT npepenbHbix 3HaYeHUN BLITAXEK [NIA CUCTEMBI TpeXBaHKOBb;X_
KanubpoB cTpenbyaTbii TPEYronbHUK — KPYr, KaK W PacCMOTPEHHbLIX P
Hee CUCTeM ABYXBanKoBbix KanubpoB oCHOBbLIBaeTCA Ha MCI’IOHb:éOBaHMZ
YPaBHEHWW, YCTaHaBNMBAOWMX CBA3bL MeXAy pasmepamu Kir;u p;:ﬁw
napamerpamu gediopmaumun  (4.93), (4.94). Tax xe, kak 4 p B
YeCKUX W OBafibHLIX KanuBpoB, MaKcuManbHan BLITAXKA B CTpenHmj1
TOM TpeyrofbHoM Kanubpe NpU AaHHON BefMYMHE YacTHOW cymmaapnns-
BLITAXKKM 6ByAeT COOTBETCTBOBATbL CAYYA0 MNOMAHOro 3anofiHeHNA K
pa meTannom, T.e. Npu Fi =F .

Ki
F.
i—1
A=A, = =1
i max
! FKi

UcnoneayA anA F . Boipaxenne (4.88) u soipaxan F, | kak F, | =

= )\ —Tr— d2 nonyyum ypaBHeHWe ANA MaKCUManbHoON BbITAXKKWU B cTpenb-
3 9+1

YaTOM TPeyrofbHoMm Kanubpe

A= lizie 'z . (5.62)
i max 3.
i F i v o1+ 2 i+ )

! LI

\ HeobXxoauMo pe-
Jina onpepeneHns BennuuHb )\’. 3T.0 ypaBHeHMeA o 7\11 *go-
WnTb COBMeCTHO ¢ ypasHeHuAamu (4.93), (4.94) npu ; i max”

atbbuumenT  ywmpenna €,; B CcTpenbyatom TpeyrofbHoMm Kanubpe Haii-
Aem u3 Beipaxenusa (4.92).

PeiseHve MoxeT 6bITe BLINONHEHO C MOMOLULLIO mMeToda nocneposa-
TeflbHbIX NPUBAMXKEHUA B TOM e NOpAAKe, Kak NpPU BbiYKUCNEHUN >\im:_1x
ANA CUCTeMbI OBan — Ksaapar.

Kak u ana osanbHbIX Kanubpos, KOIMUUNEHT OBaNMbLHOCTH a, npu
NONHOM 3anonHeHWM CTPenbLYaToro TPeyrofibHUKa AOCTUTHET MUHUMANb-
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HOTO ANA AAHHON BeNUYUHbI >\ 3HaueHun, TaK Kak npu MeHbiiem @ ; npo-
M30MAeT nepenonHeHue Kannﬁpa meTtannom. MMpu noctorHHOM 3Haqum1
4aCTHOW CYMMapHOW BBLITRXKWU YBenuuenve KoadpuumeHTa a; npveeper
K YMEeHbLUEHMIO BbITAXKW B CTPENb4aTOM TpeyronbHOM Kdnuﬁpe W npu
@; = ©°°, 4TO COOTBETCTBYeT Cly4al0 NPOKAaTKW Kpyra B TpPeyronibHOM
Kanubpe, BbLITAXKA CTAHOBWTCA MuHUManbHoOW. Mpu a, = oo, >‘i :>\/m|n'
7\,.+1 A />‘/mm ypasHenna (4.90), (4.91) 6yayT umeTb cneayowmi
BUA:

y? v, VES
arcsiny/1 — —L - L /1 - i =
Ay \/}\E Ay
m 7\imin -1
= = , {5.63)
3 Aimin (1~ cyi) .
arcsin /1 — Ve v V1 - yi=
C, . A
=1 Yy (—=— —1). (5.64)
3 V=cCyivt Nmin

BoipaxkaAn u3 (5.63) 3HaueHune A. i mins @ V3 (5.64) woadduumrenta \,(/
c yyetom (3.19) nonyuum cnmemy ABYX YypasHenuid ansa onpe.ueneHMﬂ
MWHUManbHOR BbLITAXXKW B TpeyronbHom Kanubpe:

2

v
= 3 :
A i = 1701 = = (1 -c;) (arcsin /1 — —— —
o)
)1 (5.65)
\/>\ 5>
l,l/,. = 1 [arcsin v/ 1 —l}lz-
SN —
D. A
__m 1+ i+1 )¢ z - 1)), (5.66)
184 4d, P
i+1 i min
Koadpdmument ywnperun €,; "P¥ npokaTKe Kpyra B MNOCKOM Tpe-
yronsHom kanu€pe (a = o) Haihaem u3 BbipaxeHus (3.17).
YpagHennn (5. 65) (5.66) pewaloTcA ¢ nomowbld MeToaa Nocneno-
BaTenbHbIX Npubnmkennit. TpuHumaem HeKOTOpoe 3HayeHwe A/mm B Ka-
YecTBE Ha4anbHOro NPUBNMKEHUA KU Npu >\ A =2l a, = % us3

1 min mi 1
(4.96) Haxoaum HavanbHOe 3HauyeHue Koad)(buu,ueHTa \L B AanbHewem
NOCNEeAOBATENbHOCTb BLIYUCNIEHMIA TaKaA e, Kak Npw pacque MWHKManb-
HOW BBITAXKW B OBankHOM Kanubpe B cucTemMe 0Ban — Kpyr.
Yncrnosol awanmz ypasHenuin (4.93), (4.94), (5.62) u (5.65), (5.66)
B LLMPOKOM AWANa30He 3HAaYeHWit BXOAALUMX NapameTpoB (>\Z =13+20;
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A= 35 +55; D/+1/ feq o 5 + 30) nossonun nonyunTb Npubnu>keH-
Hble BblpaXkeHWA, KOTOpble AAKT BO3MOXHOCTE CYLLECTBEHHO YMNPOCTUTH
pacyeT MAaKCUManbHOW W MUWHMMANBHOW BBLITAXKKW B CTPenbvYaToM Tpe-
yronsHom kanubpe
5{A + 5} (A, — 1)? _
— z .
A= [1+ 1 VA (5.67)

I max :
AL (25 + i

i+1
A min = 0,965 V2. (5.68)
Takum obpaszom, npu pacnpegeneHnuu ’\): Mexay Kanubpamu paHHoOW
napbl COOTHOLUEHWE BbITAXEK B CTPENnbY4aTOM TpeyronbHOM W MocneAayto-
LieM Kpyrnom kanubpe AOMKHO HaxoAWTbCA B WHTepBane
A, 5(A +5) (VA, — 1)%
093< —L <1+ z 1%.

i+ Pit1

x; (25 +
i+1

Mpu pacueTe npeaenbHbIX BbITAXEK C MOMOULbIO UCXOAHbIX ypPaBHeHWA
BblpaxeHna (5.67), (5.68) MO)KHO ucnonL3oBaTk ANA onpefeneHwA Ha-
YanbHbLIX 3HAYE€HWW BbLITAXKEK O\/max' :(r?x)m) 310 3HaunTeNnbHO YMeHb-
1aeT 06beM BbIYUCTIEHWUN.

Ha puc. 93 npeactaBneHb! 3HayeHns MaKCUMaNbHOM WU MUHUMarbHOW
BbITAXKW B CTPENbYaTOM TpeyrofsHom Kanubpe, NOACYUTaHHbIE U3 ypas-
HeHuin (4.93), (4.94), (5.62) n (5.65), (5.66) npwu pasaMyHOM 3Haue-
HUW 4acTHOI CYMMapHOW BbITAXKW. C ysenuueHuem Ay KpviBbie A, "

>\imin cOnMKaloTCA WM TouKa nepeceseHUA KpPUBbIX 6y.qu LOOTBle;'nCaTXBO-
BaTb nNpeaelbHOMY MaKCUMMallbHOMY 3HA4Y€HWIO YacTHOW CYMMapHOW Bbl-
TAXKW B CUCTEMe CTPenbyaTbiil TPEyrofibHMK — KPYr Mpu AaHHbIX 3Ha-
YeHUAX KoadduumeHTa A 'm OTHOWEHUA Di +1/di+1"

Takum 06pa3omM, 4YacTHaA CyYMMapHas BbITAXKA AOCTAraeT MaKCu-
ManbHOW BenW4MHBI NPU &, = °° 1 NONHOM 3aNONHEeHUM MeTannom Tpe-
yronbHoro kanwbpa.

BbiTAXKKA B TpeyronbHoOM Kanubpe B 3ToM cnydyae 6yneT pasHa:

- 2

A = A - F/'—1___ As max T 9i+1 = 0.605 As max

1 I max FKI 3 \/3 d: \‘);

Ucnonb3ya 370 3HayeHue >\I max’ "3 (5.65) npwu >\, min >‘/ max’
>‘z = >‘E max 1 % = °° [I0SIyYUM Crieaylouiee ypasHeHue ANA MakcuMmans -
HOW YyacTHOWM cyvmapHou BbITAXKN

!
\ _ 1,654 y?
X max —_2
v?
1—i(1-—c-)(arcsin\/1————’ -
m vi A
2 max
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Puc. 93. TpeasentHbie 3HAUGHMA ELITAXKNA B CTPENbYATOM TpeyronkHom Kanubpe,
CUCTEMA CTPeNbYaThIA TPEYronbHUK — Kpyr (Di+1/di+1 = 15, A= 4,5)

Puc. 94. MakcvmanbHbie 3HAY4EHMA YACTHOH CYMMapHOA BLITAXKW 8 cucTeMe Ka-
nubpoB cTpenbyaThlil TpeyronbHuk — Kkpyr (A = 4,5}:
1 —npua; = o 2—npmai= 5,0

v 0 . (5.69)
-t J1 - —
v }‘Z max }\2 max

Jina onpeaeneHuA )\E ypasHeHue (5.69) nomkHO pewsaTtbcA CO-

magx
BmecTHO ¢ (3.17) wn (5.663, B KOTOPbIX ?\z = ?\z max" YpasHeHuA pe-
WalTCA C MNOMOWBI0 MEeTOAd NOCNeAoBaTentHbiX MNPUBNMKEHUA, nopA-
[OK BbIYWCNIEHWA TaKOW »Ke, KakK npu pacuere A ANA  CUCTeN:bI

Z max
oBan — Kpyr W osBan — kBagpaT. HauanbHoe 3HayeHne ko3aduumeHTa
l,’/l. MOXHO onpefenuts U3 BbipaxeHna (4.96), koTopoe npwu )\E :)\Emax’
a=°mn ?\i = ?\i max 6yaeT UMeThL BUA:

Y. = 1—0,035 a\/A‘—z 4+ «D'_“_)2 (1,654 Y — 1.
it

3HayeHWA MaKCUManbHOW YacTHOW CYMMAapHOM BbITAXKW NpW a;= o
B 3aBUCHMMGCTU OT BENUYUHbI OTHOILBHWA Di+1/di+1 n koachuumneHTa
A (puc. 94} nokasviBaeT, 4YTO TEOPETHMYECKW BbITAXKHbLIE BO3IMOMXHOCTK
CUCTEMB! CTPenbYyaThid TPEYFrONsHUK — KPYr A0CTaTOMHO BbLICOKW, faxe
noO CPaBHEHWID C CUCTEMAMMW [ABYXBankoBbiX Kanubpos, ocobeHHo npu
npokaTke MenKux cevyeHWA. B AeACTBUTENBHOCTM Xe peanbHO AOCTUXKM-
Mble 3HAUEHWUR BLITRXKEK B TPEXBANKGBBLIX Kanubpax 3HaEYUTENbHO HuXe,
TaK Kak npokaTka C NONHbIM 3anofiHeHWEM NNOCKOro (al. = o) Tpe-
yronbHoro Kkanubpa metannom ofnagaeT pRAOM HeAOCTaTKOB, FNaBHbi-
MW U3 KOTOPLIX ABNAIOTCA:
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NNOXas YCTOWYKBOCTb TPEYTrOfbHOrO npodMnA € OCTpbiMKM  yranamm
npwn NpoKaTke B KPyrnom kannbpe;

TPYAHOCTU TMONYYEHUA MPaBWILHOrO Kpyrnoro npoguiA, Tak Kak pga-
K€ MpU HOPManLHOM 3anofiHeHWW MeTannoMm Kpyrnoro kanubpa Ha no-
BEPXHOCTU MOMOChI MMEKTCA TPWU MNPOAOSLHLIX MNNOCKWX Y4YacTKa, coOoT-
BETCTBYIOWME MECTaM Pa3beMOB BanNkoB;

CMIIbHOE OCTbIBaHWe MeTanna B yrnax TpeyronbHoro fnpocuna u, Kak
cneacTBue, MAOXOW 3axBaT MOMOCLI B KPYrnbiX Kanudpax, NoBbILEHHbIA
M3HOC BanKoB.

OnbiT paBoTtsl NWTERHO-NPOKATHLIX arperaTtoB ¢ HeMnpepbIBHbIMKU TPexX-
BanKoBbIMU cTaHamu (Gnokamu) nokasbiBaeT, 4To M36exaTb yKasaHHbIX
HEIOCTATKOB MGXHO, €CMM BbITAXKA B TPEyronbHOM W MNOCfefyloWem
KpyrnoM kanubpe NpuMepHO OAMHAKOBE, a TpeyrofibHble Kanubpbi UMe-
10T AOCTAaTOYHYI0 CTpens4aTtoctb. B uacTHocTh, onbiT pabotel JITA ¢ Tpex-
BankoBbIMW 6BnoKamMn NOKa3biBaeT, 4TO KaTaHKy AGCTAaTOMHO Kpyraon
topmbl {6e3 NpoaonbHbIX acCoOK) MOXKHO MONYYMTL MPK a;=>5.

Ecnu B KavecTBe MakcUMManbHOro ¢ TOYKW 3PEHWA KayecTBa reomer-
PUM Kpyra 3HaYeHuA KoadhduuWeHTa OBaNLHOCTW MPWHATL @, = 5, To Be-
NIMYUHY YACTHOW CYMMaEpPHOW BbITAXKKKW, COOTBETCT3YHOUlYI0 3TOMY 3Ha-
YeHno KO3IthduuMeHTa a; Npu )‘i = )\imax, MOXHO YCMIOBHO CYMTaTb MaK-
CMManbHO AOMYCTUMOW ANA CUCTEMb!I KanubpoB CTpensyaTbid Tpeyrofib-
HUK — KpYT.

BennuMHy makcCuUManbHO BbITRXKU B CTPenbyaTOM TpeyronbHOM Ka-

nnbpe Haiinem ns (6.62). NMpna; = Bu i, =A, _ vmeem
A
- Z max

AnA onpeaeneHWA BeNWMYMHLI MAKCUManNLHOW 4acTHOW CYMMapHOW Bbl-
TAxkW ypasHeHue (5.70) pewaem coemectHo ¢ (4.93) u (4.84) npwu
a;= 5 )\i_)\imax n )\2‘, :?\E max®

BuipaxkeHne pnA kKo3dduuMeHTa yuwiupeHus B CTPenbyaToM Tpeyrofb-

Hom Kammbpe npn a; = 5, Ay = Ay 1ax DYBET MMeTh Crieayiowmni BhA:

¢, = 1/{1+ 25A 1+
4+0;,4/d; g VA

Z max

+08A (i}‘fﬂ"- 1)2]}. (5.71)

!

YpasHvenna (4.93), (4.94), (5.70), (b.71) pewaoTcA MeETOLOM MO-
crnefoBaTenbHbix NPUBNMKEHNA, NOPANOK BbIMUCAEHUWA TaKOW Xe, Kak npu
onpegeneHun )\E max "PY )‘i = 7\i max CMCTEMBbI OBan — Kpyr.

Honyctumoe 3HauyeHMe MAaKCUMANbHON 4YacTHON CYMMApPHON BLITAXKN
MOXHO HaWTW TaKXe W3 Cclelylwero BbipaXeHUA, MONYYEHHOro nyTem
YACNOBOFrO aHanusa ypasHenwin (4.93), (4.94), (5.70), (5.71).
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_ 4+ A 2)
A =1+5 . (5.7
zmax 35+ Dy 1 /d;yq)

lNpoBepxa noka3sana, 4To pasHuua 3HaueHwi )\z max: MOACYNTaHHBIX
C MNOMOLUWbIO MCXOAHBIX ' ypasHeHwit U BbipaxeHuwa (5.72) g pananasoHe
3HaYeHWI Di+1/di+1 = 5+ 30, A= 3,6+ 5,5, Ay = 1,2 +1.9 cocras-
NAT HeCKONbKO NpoueHToB. B cnyuvae, ecnn TpebyetrcA 6onee sbicokad
TOYHOCTL, BbipaxeHue (5.72) MOXHO wWCNonb3oBaTL NpU peleHUn ypaB-
HeHuii (4.93), (4.94}, (5.70), (5.71) ANA BbIMMCNEHWA HAYaNbLHOro 3Ha-
yeHuA A max”

U3 puc. G4 BWAHO, YTO peanbHble BbITAXHbLIE BO3MOXHOCTM CUCTEMBI
CTpenbyaTblid TPeYrofNbHWK — Kpyr 3H3auUUTeNnbHO MeHblie TeopeTuyecKmn
[ONyCKaeMbIX.

6. CUCTEMA TPEYIOfibHUK — TPEYIONbHUK

Mpu BbIBOpe W pacnpenenernn BLITAXKKY B cucTeme TPEYronbHbIX Tpex-
BankoBbIX Kanubpos crnefyer uMeTb B Buay cneaytouiee HenpemeHHoe
ycnosue: obxaTuA B KNeTAX A0MKHbI GbiTh TakuMu, 4tobBbl MeTann He
3anonHAN yram KanubpoB. Takum 06pasoM, nonepeyHoe ceueHue nono-
Cbl, TPOKaTLIBAEMOW B TPeYrofibHbiIX Kanubpax, AOMKHO 6GbiTh He Tpe-
YFONbHBIM, @ WeCTUYronbHbIM, B NPOTUBHOM Ccryyae HeBO3MOXHO 6yaner
NPEAOTBPATUTL CBOPAYMBAHME MONOCHI WM OCOBEHHO ee 3afHerc KOHUa B
nocneaywowem kanubpe, 4TO npuBeAeT K NepenonHeHW:o Kanu6pa, no-
fAIBJleHWI0 Ha nonoce "'ycoB'' u 3acTpeBaHUo nonockl 8 ctare. OuyeBnaHo,
uTo TpeboBaHne o6A3aTenbHONW He3aNONHEHHOCTM TPeyrofibHbIX Kanwk6-
POB B 3HAYMTENbHOW CTENEHW YMeHbLUAET BbITAXKHbIE BO3MOXHOCTWK CUC-
TEMbI TPEYIOMIbHUK — TPeyronbHuK.

JKcnepuMeHTanbHble  WCCneaoBaHUA NPOKAaTKNW B TPeYrofbHbIX Ka-
nubpax, nposepeHHble BHUWmMeTmaw Ha pPAAe NWUTEeWHO-NPOKAaTHLIX ar-
PeraToB antoMWHUEBOW W MeAHON KaTaHKW, NO3BGAWMIM YCTaHOBUThL, 4YTO
YCTOWYMBOCTL MONOCHI B Kanubpe 3aBUCUT OT COOTHOLWEHNA CTOPOH Luec-
TMYronbHAKa, 06pa3yloWlero nonepeyHoe cedeHWe MONOCHL. Okasanocs,
YTO YCTOWYMBOE MOMOXeHWe Nonochl 8 Kanubpe, B ToM u4ucne w ee 3ap-
HEro KoHua, MOXHO ofecrneunTs B TOM cnyuae, ecnu B KaXaA0M Kanub-
pe OTHOWeHWe HauboNblUe! CTOPOHbLI LUECTUYrONBHUKA K HanMeHbLLIeN
{puc. 79) 6yaet cooTsetcTBOBaTH HEPaBEHCTBY ;

BC/AB < 2,0.

Ecnu npuHaTte B kauectiee NpeferntHoro otHoweHue BC/AB = 2,0, To
BbITAXKY, obecneunsaloulyo nonyvewue s TPeyronbHOM kanubpe uwecTin-
YroneHoro npounAa ¢ Takum COOTHOWEHMEM CTOPOH, C TOYKWU 3peHuA
YCTOWYMBOCTM NOMOCHLI MOXHO CYUTETS MaKCMManbLHO BO3MOXHOIA,

Takum o6pazom, npu )\i = >\imax {cm. puc. 79) umeem
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d.

i

e

AB = —14—A,CI=

rae d. — anameTp / -TOro TpeyronbHoro kKanuépa.
\ ] A YywupeHne CUMMeET-

Nnowaab metanna 8 7-Tom Kanubpe, npuHumaa y
PUYHBLIM N PaBHOMEPHLIM MO BbICOTe ceveHunn, ByaeT paBHa:

" 271 2

Fi= 23 1d} - (aB)*] = 1,055 d] .

AnA cuctembl 0AHOPOAHBLIX Kanubpos, B TOM uucne AnA paccm/a;pva_—
BAeMO CUCTeMbI TPeYroNbHUK — TPeyronbHUK, MOXHO NPWHATL d; _,/d,;
=a/A,.

I -

MNpu npeaenbHOM COOTHOWEHWM CTOPOH LUECTMYTONBHOMO CEYEHWA Mo
Nnockl B TpeyronbHOM Kanubpe

i - (5.73)
_Idl—_ = \/>\i max®

v 3 a3HOCTb
MoacTtaBnAs HapeHHOE 3HaveHue Fi 8 (4.3} u Bbipaxaa p
— . KakK
FKi AFKI K

d, )
F .~ AF =\/—3_—d,? [3-- (2 - L= )7,

Ki Ki 4 di

nonywm c yuetom (5.73) cnegytowee ypaBHeHWe AnNA onpeaenennsa Mak-
CUMafbHOM BbITAXKK B Kanubpax CUCTEMbl TPeYyronbHUK — TPEYrofbHUK

1 —c . A;
A = (2 _\/3 —2.44 yi i max )2. (5.74)
I max 1 — Cyi
MNpn )\I. % >‘i+1 Bbipa>keHne AnA Ko3dduuneHTa yWUpeHUA B Tpey-

ronsHomMm kanubpe Gyaet nmets 8uUA:

c .= L ) (5.75)
vi 254

4+ Di/di }‘imax

1+

BenuunHa >‘i onpeaenAeTcA COBMECTHbIM pelleHuem ypaBHe‘H.Mvﬁ
(6.74}, (5.75) ¢ nomowbLlo MeTOAa NOCNeAOBaTENnbHbIX NPUBAKKEHNNA.
Bbluucnenna nposoaum B cneaytolwem nopaagke. fpuHumaem B KauecTBe
HaYanbHOro HEKOoTopoe 3HaueHue A.max M Npv 33faHHLIX BenNuuYnHax
Di/di n koatddmumedta A Haxoaum u3 (5.75) BenuuuHy ko3dduumenTa
yWwupeHua ¢ ., a 3aTem, NO/ACTaBNAA B NMPaByt0 4acTb YpaBHeHWA (5.74)

(0) ank-
: = X, HaxOAWM HOBOE 3HauyeHWe MaKcuM
3HaueHue iU leax leax, on
Hoi BbitAxkm A1) . B Toi ke nocneaoBaTenbHOCTW MOBTOPAEM Bbi-
1 max
=l 0 Tex
= A 1 TaK panee. PacuyeT npopomkaem A
uncneHuA npu A, A max il p

nop, NokKa pa3Huua 3HauYeHuU >\imax’ HaWAeHHbIX NpU p,aiiHOM 1 npeabi-
Aywem npubnuxeHnax, GyaeT MeHblUe Mnu paBHa 3afaHHONA norpewHocTy.

Hapaay c ypaBHewnamu (5.74), (5.75) BenuuuHy MaKcumanbHoI 8bl-
TAXKN B Kanubpe CUCTEMbl TPEYTrONbHUK — TPeyronbHUK MOXHO HaWTu
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Puc. 95. MakcuManbHble 3HaYeHWA BLITAXKKN B Kannbpax cyvcTeMbl TReYronbHuK —
TPeyronbHuK

Puc. 96. PacyevHble BbITAXKHBIE BOIMOKHOCTM PA3NUYHBIX CUCTEM kanubpos (A =
= 4,5):
1 — cuctema oBan — KBagpaT; 2 -- cucTemMa OBan — KPYr: 3 — cucTema pom6 —
KBaapat npw §; .. = 250; 4 — cvucTema CTpenbyaTblil TPeyronbHuK — Kpyr; 5 —
cucTema poMm6 — KBagpaT npu Bimin = 300; 6 — cuctema NPAMOYIrONbHUK — KBaapaT

U3 cneayouiero BbIPaXKEHUA, MOMYYEHHOTO € MOMOLWbIO YUC/IOBOrO aHa-
fM338 3TUX YPaBHEHWIA NPU pasNUYHLIX 3HAYEHWAX NapamMeTpoB A u Di/di

2
Nimax = 1+ 2824 - (5.76)
1A + Di/di
BuipaxeHue (5.76) MoxHO WCMONb30BaTh Takke AN BbINUCHEHWA Ha-
YasbHOrO 3HauYeHUA ‘\imax npu peweHun ypasHeHun (5.74), {5.75).
CpaBHeHWe BbITAXHBIX BO3MOXHOCTEN CUCTEMbI TPEYrOfbHUK — Tpe-
YFONbHUK 1 CUCTeMbI CTPefbYaTbiii TPeyronbHUK — KPyr NOKa3kBaeT

(cm. puc. 94, 95), 4yTo B 3TOM OTHOWEHWM HW OAHA U3 3TUX ABYX oOC-
HOBHbIX CUCTeM TPEXBanKoBbIX KanMBpoB He WMeeT CyluecTBeHHOro npe-
MMYULECTBA Hag ApPYron.

YpaBHeHnA AnA onpefeneHns MaKCUMAanbHbIX 3HAYEHWI 4YaCTHbLIX CyM-
MapHbIX BbITAXXEK MOTYT 6bITh WCNONb30BaHLI ANA CPaBHEHWA BbITAX-
HbIX BO3MOXHOCTEM pAa3nuuHbIX cucTeM Kanubpos. Kak BuaHo w3 puc.

96, rpe npeacTasneHbl pe3yRbTaThl pacueTa 3HAYEHMWI Ay max B 33BMCU-
MOCT# OT BENUYUHBI OTH ] . .
bl OTHOLWEHUA D/+1/d:+1 (D,+1/h Ki+1)' BbITAXHblEe

BOIMOXHOCTU pasHbIX CUCTEM KaNMBpPOB pPasNMyHb! M BO3pacTaloT ¢ yBe-
findeHneM nNONEpeYHOro ceveHWA NpoKaTbiBaemMoW nosockl. Flpu atom oT-
NIMYNTENIBHON  YepTO CUCTEM TpexBanKoBbIX KanubpoB ABNAETCA MeKb-
WaA  3aBUCUMOCTb  BeJIMYUHbI MaKcUManbHO AONYCTUMON aedopmaumm
OT cevyeHWA npokaTbiBaeMon nNonockl. Hanbonbiive BbITAXKW B  Kanub-
pax ponyckaet cuctemMa osan — kBagpaT (kpusam 1), HauMeHbluMe —
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cucTema AumYHbLIX Kannapos (kpusas 6). BbITAkHEIE BO3MOXHOCTA CUC-
TeMet pomMG — KBafDaT OnPeAenATCA 3HayeHMeM yrna (3., NPUHATOrO
8 KayecTse MuUHUManbHoro {(Kpuesbie 3, 5): npu Bimin = 30° BbITAMX-
Hble BO3MOXHOCTU CWCTEMbI pPOoME — KBappaT MPUMeEpPHO Takue Xe, Kak
y cUCTeMbl NPAMOYrofbHUK — KeaapaT. Cuetema oBan — Kpyr v ee 3K-
BMBaneHT B KfeTAX C TPeXBankKoBbLiMKW KanuGpamu CTpenbyaTbin Tpey-
ronsHUK — Kpyr (kpuebie 2, 4} pnA foONoc Masnoro M CpefHero ceve-
HU4 06ManavT NPUGNIM3MTENBHO OAMHAKOEBLIMU BbiTAMXKHBIMUA - BO3MOX-
HocTAMK. TakuMm o06pa3oMm, ABYXBanKoBLIE U TPEXBaNKOBble YUCTOBbIE
NPOBONOYHbie 6NOKM, B KOTOPbIX 0OBBLIMHO NPUMEHAIOTCR 3T CUCTEMBI
KanuBposB, ¢ 3TOW TOYKKU 3PEHUR NPUMEPHO PaBHO3HAaYHbL.

I naea V. PACYETH KANKGPOBOK BANKOB
U KWHEMATUMECKWX NAPAMETPOB NMPOKATKHU

PaccMoTpUMM  HecKONeKo NpUMepoER pacyeTa KanuBpoBOK Bankos wu
3HEProcUNOBLIX NapameTPos NPOKATKWU NO  WU3NO0XEeHHbIM Bbille METO-
nam. 3apnauy 6GypeT craBWUTL B camom obwem BuAe, 3afaBanchk TOMNLKO
pasmepamMu roTOBOry MNPOKAaTA W WCXOHHOW 3aroTOBKWU, CKOPOCTLIO Bbl-
XoAa nosocbl U3 NocnejiHed KNeTd cTaHa, HayanbHOW TeMnepaTypon 3a-
rOoTOBKW, a TakxKe BENUYAHOW MAeaNtHbiX HMAMETPOB NPOKAaTHLIX BankoB.

1. CUCTEMA AIIWYHLIX KANKWBPOB

flpumep. BbINONHKTL pacyer KeNMBPOBKW BaNKOB ANA NPOKATKWM NONOChL! KBag-
patHoro cevyedus 120 X 120 mm u3 3aroToBku pazmepom 200 X 200 mm, maTepnan —
ctane 45, cuctema KanubpoB NPAMOYTONbHWK —~ KBAADAT, WAEafibHbIA gnameTp Ban-
KO8 BO Bcex kneTAx 750 mm,

Tpebyetcr onpeaenwsb HeoBxoauMoe uynucso nponyckoB (kfaeTen), nnowaam
CeYeHUA MeTanna B KakAoM kanubpe, pasmMepsl Kanubpos,

Pacuet BbINONHAEGM B Cnefylouiel NocneaoBaTensHOCTH.

Onpeaenaem obulyto BbITAXKY A = (200/120)% = 2,778.

OnAa onpeaeneHna HeoBxoAumoro uucna kneted {nponyckos) c¢ no-
Mowiblo  BbipaxeHunit  (5.10), (5.11) Halgem BenuuMHY MakKCUMAanbHbIX
DONYCTUMBIX 3HAYEHWH YacTHOW CYMMApPHOW BbLITAXKU B KaXhon nape
KanubpoB — NPAMOYronsHWUK, KeazgpaTt. PacyeT BbinonHAeM NpPOTUB xo0Aa
NPoKaTKy, HayuHaA € NOcNeAHerc KeaapaTtHoro kanubpa. BennuuHy Ko-
athduumnerita A ANA YrNepogmcToli cTanu npuHMMaem pasHoin 4,5,

MakcumanbHan  BenudMHa YaCTHOM CyMMapHOW BbITAXKW B nNocnep-
Hel nape Kanubpos 6yaeT pasHa:

U3 YCNGBUA 3aXBaTa NOMOCk! Bankamu

Asmax = 1+008 %2 (830 . 552 4 7g;

7.0 120 4,5

M3  yCNnoBWA YCTOWYMBOCTM NPAMOYFONLHOA NONOCbI B NOCMieAHEM

n-mM KBaApaTHOM Kanubpe
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- 0,14 - 14,25 _
EZmax 1,96 — Iy 1.63.

A

Takum o6pa3om, MakcumanbHas BenuuyvHa 4acTHOM CYMMapHOW Bbli-
TAXKWA B nNocnegHer Nape kanuBpoe onpegenAetcA Ycnosuem YCTOWUM-
BOCTM, M MaKCMManbHaA ProuiaAb cevyeHUA npeawecTsyiowero (n —2)-ro
KBaapata byaer paBHa:

F,_,= 163120 = 23470 mm*> {153 X 153 mm),

AHaNOTUYHO HaxXxOAUM 3HAYEHWA MAKCUManNbHbIX YaCTHLIX CYMMapHbIX
BbITAXKEK B MpeallecTBy!lollen nape KanibpoB NpAMOYronbHUK — KBaapaT:
13 ycrnoaua 3axsaTa NoNochkl RanKamu

= 1+0,0514 (297 4 5—'3—) =1,60;

Z max 153 4,
M3 yCnoBWMA YCTOWYMBOCTA nonocbl B (N — 2)-m KBagpaTHOM kanubpe
= _12 9 = M
7\2 max 1,96 — 0,14 —6'—— 1,66.

AnA pannoA nNapbl KanubpoB onpeaenAlWnMKU Npu BbiBope Benuuw-
Hbl gecdopMaunyM ABNAKOTCA YCNOBUA 3axBaTa; MaKCUManbHaA nnouaasb
cevyeHUA npeawecTBYOWEro Keaapata Gyaet pasHa Fn_4 = 1,60 - 23470 =
= 37550 mm? (~194 X 194 mm) .

Takum o06pazom, 4ucno nNpPoIycKos
npokatkun cedeHuAa 120 X 120 mm u3 mncxofHoro keagpata 200 X 200 mm,

AOMKHO bbiTb He MeHee YeTblpex. YuuteiBaa, uto npu 4etbipex nponyc-

Kax fpokatka 6yaer MNpPOUCXOAUTL B MPEAENbHbIX YCNOBMAX, ANA NOBbI-
WeHWA CTaBUunbHOCTU Npouecca NPOKaTKW Uenecoobpas’HO YBeNWUUTL YUC-
No nNponyckoe Ao iwectu, Mpu 3tom ¢ uenskwo 6onee paBHOMeEpPHOro pac-
nNpefeneHnA Harpy3okK MNo NponycKkam pexmnm obxatuin BblGUpaem ¢ He-
6onblMM CHUXEHUEM UX 8 NepBbix Nponyckax. C y4eTOM 3TOoro NpuHn-
MaeM cneaytowyio cxemy npokatku: 200 X 200 mm = 175 X 175 mm —>
- 145 X 145 mm = 120 X 120 mm.

Mnowaan ceveHna NonoCkl B KBaapaTHbIX Kanubpax 6e3 yuveTa 3akpyr-
neHniA 6yayT paBHbI:

Fa = 30625 Mm%, F, =21025 mv?, F ¢ = 14400 mm?.

B cooTBetctBMM ¢ npuHATOM cxemoil npokaTKu Haxoaum BENUYUHY
YaCTHBIX CYMMaPHbIX BbITAXEK. B Ka)XA0W Nape Kanubpos:

>‘>:1,2 = 1,306, >‘):3,4 = 1,457, ‘\25,6 = 1,460.
WUcnonwaya Beipaxenue (4.26), pacnpeaensem YaCTHY0 CYMMAapHYI0

BLITAXKY MeXAy NPAMOYrOfbHbIM 1 KBAaApaTHbIM KanuGpaMu Kaxaoi
napsi:

575

— (+/1,306 - 1)?
>\1/\/>\21,2 =1+ - o , AL = 1,146, X\, = 1,140;
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"il >‘3/\/rzT= 1+ (/1,457 — 1)2 \/605 As
S 15 !

(knetein), Heobxoaumoe anAa’

4 = 1,214, X4 = 1,200;

145
T (/1,460 — 1)2 630
>\5/\/>\25,6 1+ \1;‘ \/—E B >\5 = 1,216, >\6 = 1,200

,F!noLua.qu CeYeHWA nonocel B NPAMOYrONbHbIX Kanubpax 6e3 yuerta
3aKpyraequin B8 yrnax npodmna 6yayT pPaBHbI:

F1= 1,140 - 30625 = 34910 mm?, F, = 25230 mMmZ, Fs = 17280 mm>,
CneaylowmM 3tancm pacueta ABnRETCA ofpeaeneHne pasmepoB kanubpoe.
BbicoTy kBagpaTHoro Awwmukoro Kanubpa npuHUMaem paBHOW CTOpOHe
NPOKaTbLIBAEMOro B HeM KBaApaTHOrO CeYeHuA, T.e. hes =hg =120 mm;
hyg =145 MM; h; =175 mm. '
Wcnoneaya  seipaxenmne

(4.19), waitaem BenuuuHy yrnoe BbiNycka
KBaapaTHbIX Kanubpos

R
0,140 /1,306 —
g2 = arctg 280 V1308 sy 575 ) - g0,
3:4,5 175
6
0,20 </ 1,457
P4 = arctg —————————— (4 /1,457 + 605 ) = 8,1°;
3.45 145
0,20 /1,460 —
ve = arctg —0 V1850 4 /1260 + 8392 ) = 9040,
3:45 120

Npunumaem ¢, =59 ¢, =80; ¢4 =9°,
UnpnHy KBagpaTHLIX KamMBpOB ONpeAenAeM C TIOMOLLBIO  Bbipaxe-
HuA (4.20) :

05 tg 5°
. V1,306 -1
tg 5°
05 tg 8° )

1+\/\/1,457—— 1

tg 8°

by = 175(1 — ) = 172 mm;

bes = 145 (1 — = 140 mm;

05 tg 9°

14 V1,460 — 1
tg 9°

=120 (1 —-

o
X
o

)

} = 116 mm.

BbicOTy NpAMOYronbHbIX KanuMBpoB NpUHUMaeM paBHOW LUMPUHE nNo-
Cneayioulero KeappaTtHoro kammbpa: hAyy = by, = 172 mm; h ;3 =
= 140 mMm; h s = 116 MM, WMPMHY NPAMOYTrONbHLIX Kanubpoe — pas-
HOW BbLICOTE NpeablAyUlero KeaapaTHOro kanubpa: by = 200 MM; b3 =
=175 mMm; by s =145 mm.
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Benmuniy  yinoB  BbINYCKa DPAMOYTOJibHBIX  KanuBpoB Hanaem, wue-
nonb3ys BhipaxeHue (4.24), B COOTBETSTBMM C KOTOPbIM:

¢y = arctg —-29- 0,146 (575 4 4./1306) =6,04°;
3-4,54/1,306 175

s = arctg —200-0.214 (6805 . 4./1,457) =8,07°;
34,5 /1,457 145

4 . , 620 S
0s = arctg 12000216 _ + 4 /1,460) =9,1°.
3.4,5+/1,460 120

- _ qO. —a?2

MpuHumaenm ¢, = 6°; p; =89 p; =9°.

3akniounTenbHbIM 3Tanom pacuera pasMepoB KanuBpoB ABNAETCA NPo-
sepka. Heobxoanmo, u4Tobbl B Ka)KAOM nponycKe Nnowagb CevyeHws 1o-
nocki 6bin1a MEHLILE WAW EaBHa Naowaar Kanubpa.

MNnowaan AwWMYHBIX KanubBpoB onNpeaendeM C MNOMOLWLLIO BbIPHKEHKA
(4.8). Be3 yuyera menuukHbl 3a30pa MeXAy BanNKaMum W 3aKpyrneHuwin B
yrnax kanuépa 6ynem nmers:

Fey= 171 '2OO+1—;itg()‘°=35740>F1;

Fo,=175-171+ 115" 4 5° = 31250 > F,;

Fu 3= 140 - 175 + 149% 480 = 25880 > F3;
F.s= 145.140 + 195° 489 = 21780 > F,;

Fes= 115- 145+ %5":9 9° = 17720 > F;

120?

>— 9 9% = 14940 > Fq.

Fee= 120115 +

3HayeHMA paagnycoB 3aKpyrfeHWid W 3330P0OB MEXAY Bankamu npu-
HAMaeM B COOTBETCTBUWN C pazMepamMu Kannbpos.
Paaunycebl 3akpyrnenuid B yranax kannépos (r;; =0.15 bKI.) :

r;=0,15-200=30 mm; r, =26 mm;
r3=26MMm; rg =22mMMm; rs =22 Mm; rg =18 mm.
Panmnycel 3akpyrneHunin y pe6opa Bankos (r,; =05 r;):

ry =05-30=15 mm; r; =13 mm;
r3=13mm; rg=11mm; r5s =11 Mm; rs =9 mm.

3asopb! Mexay Bankamm (s; =0,2 4 i }:

§1 =52 =3bMM; 53 =54 =29 MM; S5 =545 = 24 MMm.
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Fny6uHa Bpesa B Banku hpi =0, (hKI. —5;):

hpl =0,5 (171 — 35) =68 mm; hpa =70 Mm;

hp3 =555 mm; hpa =58 mm; hps =455 mm; hpe =48 mm.
u.lupvma Bpe3a B8 Banku y pe6opa (bpl. =bKI. + 2h pi tg v, ):
bp1 =214 mm; by, =183 mm; bp 3 =191 mm;

bpa =156 mm; by s = 169 mm; bpe =130 mm.

2. CUICTEMA POMB — KBAAPAT

llpumep. U3 ucxodroi 3azotoexu cevernem 120 X 120 MM Heo6xoauMO npo-
KaTaTe CROCOGOM HENPepLIBHOW NPOKaTku kBaapat 60 X 60 MM. MpuBoa kneteit
CTaHa — WHAMBMAYANLHBIA, NPOKATLIBAaEMbLIN MaTepuwan - cTant 45, AvameTp Ban-
xoB {ugeaneHbiit) Bcex wnereit — 530 MM, TeMnepaTypa Ha4ana NPoKaTKu — 1150°C,
CKOPOCTb NpokaTkyu B NOCneaHel knetu crada — 1,5 M/c, paccToAHne Mexay Kne-
TAMU — 2,5 M,

HeobxoanMo HaliTu TpeGyemoe uucno paboumux kneTel, NNOUWlaAM ceveHWA nOno-
Cbl B KaXAOM Kanubpe, pasmMepsl KanUGPOB M CKOPOCTW BPALUEHWA BANKOB B Kay-
40N KneTn.

Pacuet BbinonHAem B creaytowei nocnenosarenbHOCTH.

OnpepenAeM 3HaYeHMA MaKCUMAanbHO AONYCTMMbBIX YacTHBIX cymMmap-
HbIX BbITRXEK ANA BCexX nap KanubpoB, HaumHaA ¢ nocneaHel KneTw.

WUcronesys npuBnuedHble Bhipaxenua (5.25), (5.27), HaxoauMm 3Ha-
YEHWA  MaKCMMANbLHO AOMYCTUMBIX YaCTHBIX CYMMApHLIX BbITAXEK AMA
BCeX nap KanubpoBs, HauMHaa c nocregHeld KneTw. MNpuHumaem B Kave-
CTBE MWHWMANLHOrO yron BI., paBHbI 30° (ﬁimin = 309. B coorser-
CTBUM C NPOKaTLIBaEMbIM MaTepuanom u TeMnepaTypoil NpPoKaTKW npu-
HUMaem Ko3dhpuumneHT A pasHbim 4,5.

Ana nocneaHeit napbl Kanu6poB, cocToAuwleld W3 n-ro KBagpaTHOro
¥ npealwecTayiowero (n — 1) -ro pomBuueckoro Kanubpos, nmeem:

M3 yCroBWA 3axBaTa MNonochkl BanKamMu

Ay = 1+ 205 (5, 530 - 60v2 )2 . 1,77
max 2800 60 /2
M3 YCNOBUA YCTOMYNBOCTHU aonocsl
- 0,364 - 5,87 =
Azmax 1+ » - 7z =1,71.
8 454+ 530 - 60/2
3 60 \/2

Takum 06pazoM, MakcUManbHo AONYCTUMAA nnowanb ceveHWA npea-
lbecTayloulero kBappaTa 6yfeT pasHa Fn_2 =1,71 - 60> = 6156 Mm?,
H4TO CooTBeTCTBYeT KBaapaty ~ 78,5 X 78,5 mm.

AHanoruYHo HaxoauM MaKCUMAanbHble 3HAYEHMA YacTHbIX CyMMmap-
HbIX BbITAXKEK B NpealsecTBYIoUlel Nape KanMBpoB :

M3 yCnoBuWA 3axBara nofocul BanKamu
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-7 5
Apmag = 1 205 (g, 530 8,512 )2 = 1,56
2800 78,5 « /2

n3 ycnosuAa yCTOﬁHMBOCTM nonocsoi

0,364 - 5,8°
Asmay = 1+ = 1,78.

ax 8 45, 530-785V7

3 78,52

Hanbonbwian nnowaab NpeawecTBYOWEro AaHHOW nMape Kanubpos

KBaapara onpeaenAeTcA yCJ’lOBMHMM 3axBata u Gymer pasHa F__, =
= 1,56 - 6156 2 9600 mm?, uTo cooTBeTCTBYeT KBaapaTy 98 X 98 MM.
Benuuuna MakcUManbHO AOMYCTUMbIX YacTHBIX CYMMApHbIX BbITAXeEK
B Npeabiayller nape Kanubpos:
M3 YyCNOBWA 3aXBaTa Manochbl BankKamu

max 2800 982
U3 ycnoBuAa YCTOﬁ‘lMBOCTM nonocobl
R 2
xzmax =1+ 0,364 - 5,8 = 1,82.
8»45+ 530 — 982
3 982

BenvunHa MaKcumanbHO AONMYCTUMOW YacTHOW CYMMAapHOW BbITAXKW
B faHHOW nape KanubpoB Tak>ke OrMpeaenAeTCA YCNOBWAMMW 3axBata no-
nocel Bankamu. Ortciopa Hambonbwian nnouJ.ap.b npeawecTeyoulero KBaa-
paTHoro. ceueHua 6yaetr paBHa F = 1,45 - 9600 = 13920 mm?, uTo

. cooTBeTcTBYeT KBaapaty 118 X 11% MM.

Takum ob6paszom, anA npokatku kBagpata 60 X 60 Mm u3 ucxoaHoro
ceveHna 120 X 120 MM HeoBXOAUMO MUMeTb B CTaHe He MeHee LUecTW pa-
6ounx knerten.

Ha ocHoBaHuu npoaenaHHoro pacyera NpUHUMMaeM Cneayloulytd cxXemy
npokatku: 120 X 120 mm > 100 X 100 mm ~> 80 X 80 mm — 60 X 60 mm.

B coOTBETCTBUM C 3TUM HaXOAMM BeNUYMHbI YaCTHbIX CYMMAPHbLIX Bbl-
TAXEK B Ka)AoW nape kanubpos:

- _120% _ ) —
7\>:1,2” 100 1,440; 7\23,4

1,5625; A =1,778.

£5,6

BeBuay TOro, 4TOo MNPUHATOE 3HAYeHUE YaCTHON CYMMAapHOW BbITAXKW
B NATOA W WECTON KNeTAX HeCKONbKo 6onblie MaKCUManbHO AOMYCTUMOro
C TOMKW 3PEHWA YCTOMYMBOCTU MONOCHI, poMBUdecKunin Kanubp NATON Knetu
6yner umetb yron fs Menbwe 30°. OaHako, NOCKOMbLKY 3TO MpeBbiiue-
HWe HeBennKo, oTknoHenue Bs oT 30° GyaeT HesHauUTeNbHbLIM.

DnA 060CcHOBaHHOro pacrnpeneneHuA 4YacTHOW CYMMaPHON BbITAXKKW
MeXay PpomMOBuYecKUM W NOoCNeAylUUM KBaapaTHbIM Kanubpom Hainaem
Cc nomoubio npubnuxkeHHoro BbipaxeHuA (5.15) MakcumansHo ponyc-
TUMble 3Ha4eHUA BbITAXKWN B pombBudecknx kanubpax:
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4

530 — 1002

7\ = (1 + 4,5 . 0’23 1,2: 1’201;

Tmax 100 100 /3 )

Ngg = (1+ 25 830 - 80V2 563)1 25 = 1,263;

3max 100 80 f

Agmax = (1+ 22 530 — 60 v/Z 0,333%)1,333 = 1,346.
100 60 2

AnA  yMmeHbweHuAa onacHocTU nepenosiHeHNA pombuyecknx xanubpos
METannoM BbITAXXKY B HWUX NPUHMUMAEM HECKOJIbKO MeHblUe MaKCuMarb-

HOW, a UMeHHo: Ay = 1,175; A; =1,230; A5 =+/1,778 =1,333.
HaxoAMM BENWYMHY BLITAXKEK B KBaApaTHbIX Kanubpax:

A, = 1440 = 4226, z, = 15625 = 1270; N = 1,333.
1,175 .
Takum o6pazom, MAOWAAN CeYEHMA nonockbl B kannbpax 6e3 yueTa
3akpyrneHun B yrnax npotuna 6yayT cneayowmmn:

F, =12260 mm?; F, = 10000 mm?; F3 =8130 mm?;

F, =6400 mm2; Fg =4800 mm?; F¢ =3600 mm*.

Pasmepbl pombuyeckux KkanubpoB onpefenAeM C MOMOLWbBIO ypasHe-
Hui (4.37), (4.38), pewaa nx mMeToa0oM MOCNEAOBATENbHbIX npubnunixeHni.

Ucnonb3yAa sbipaxeHnna (4.40), (4.38), Haxoaum HayanbHble 3Ha4YeHUA
yrna HaknoHa o6pasylowmx poMbuyeckux Kanubépos n KoathuuneHTa l,l/l.:

= arctg L =

0,46 0,44° 36/4.5 )2 1,226-0,226

1+ —— - —/—— (2,748 +
8,5% 2,44 1,44? 1,1756-0,175

=34,29; g{0= 31,19; {0 = 27,.4°.
HayanbHble 3HayeHnA koadduumneHTa wl. onpeaenAeM € MOMOLLLIO YPaB-
HennA (4.38) :

pl0) =

\/ 0 226 0,915'

:

6,748 (1 — tg 34,29) =

v = 0,800; w‘°’= 0,852

3HaveHnA B‘O) " 111(0) noactasnAemM B ypasHeHusa (4.37), (4.38) n,
nposean BLIMCNEHNA MeTOﬂOM nocneaoBaTenbHbIX NpubrmxeHnin, Gyaem
UMeTh:

B, = 34,2°; B3 = 31,6° s = 28,0°.

OKoHuyaTeNLHO NPUHUMaeM creaylolime 3HayeHuA yrna f3; B pomGuue-
ckux Kanubpax:

B, = 349 B, = 31,5° B, = 28°.
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Npwn 3TX 3HaveHnAax yrna 6 n3 ypaBHeHnAa (4.38) Haxonum Benw4nHbI
ko3 duumeHTa 11/

Y, = 0,914; Y3 = 0,891; s = 0,854.

Boicota pombuueckux kanubpoB 6Ge3 yuyeTa 3akpyrieHuMin B yraax npw
sepwuHe 6yaet paBHa:

hye1 = 0,914 -100 v/2 = 129,2 mm;

h.s = 100,8 mm; h s = 72,5 mm.

flpn npoBepke pasmepoB pombGuueckux Kanubpos HeoGXOAWUMO, YTO-
661 nnowaab nonockbl Gbina MeHblle WMAWM paBHa NNOLLAAWM COOTBETCTBYHO-
wero Kanubpa.

fMnowaan pombuuyeckux kanubpoe (6e3 yueTa 3akpyrneHun B yrnax
M 33a30pa MeXAy Bankamu) paBHbI:

_ 1292 _ 2
F = = 12370 mm* > Fy;
K17 2yg 34° !

Fi3= 8290 Mm® > F3: F, s = 4940 mm? > Fs.

Paauycel 3akpyrneHut B yrnax KeagpaTHoro kanuépa npuHumaem
pPaBHbIMKY 01h , rae hI.Jr1 — cTopoHa kBagparva. [lpuHumaem Tak-
Xe, 4To pap.uycu 3aprrneHuﬁ B yrnax pombuueckux KanubpoB paBHbI
COOTBETCTBYHOLLWM paauycaM 3aKpyrneHwin B NOCMeayouwmnx KsBaapar-
Hbix KanuBpax: ry = r, = 10 MM, r3 = rys = 8MMm, r; = rg =6 mm.

Bbicota kBaapaTHbIX Kanubpos (c yYeToM 3akpyrneHWM B yrnax) paeHa:

hi, =1004/2 —0,83-10 = 133,1 mm;

hK4‘= 106,5 mm; hxe = 79,9 mm.

BoicoTy pombuueckux KanubpoB c yveTOM 3aKpyrfeHWhA B yrnax on-
peaenAem C MOMOLLLIO BbipaxeHnA (4.36) :

he1 =1292 ~2.10 (

—1 _— —1) = 1251 mm;
cos 34

h's =980 mm; s = 70,9 mm.
BennunHy 3a3opoB mexay Bankamu npuHMMaem:
$1 =82 = 12MM; 53 = 853 = 10 MM; s5 = s¢ = 8 Mm.
nybuHa spesa kanubpoB B Bankw:
1 = 0,5(125,1 — 12) = 56,55 mm; hya = 60,55 mm;
hps = 440 mm; hp, = 48,25 mm; hs = 31,45 mm; hp6 =

IlnpuHy Bpesa kanubpoB B Bankwu onpegenAem no topmyne:

by =(h,; —s;)Ita ;.
bpy = 1222 =12 = 1738 mm; by, = 129,4 Mm;
0,6745
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35,95 mm.

2&p0

bps = 148,2 MMm; bps = 103,71 Mm; bps = 121,3 MMm; bps = 76,9 mm.

OnpegenAem CKOPOCTM BpauleHuA Bankos. PacueT BbiNONHAEM, Ha-
UMHaR C MOCNEAHeR KNeTW, CKOPOCTL BPALIEHMA BaNKOB KOTOPOW onpe-

AenAeTcA 3afaHHOW CKOPOCTLH MPOKaTKW.
YacToTa BpallleHUA BankoB nocneaHend Knetu paBHa 06/MuH:

’

ng= %o - 80:-15-10° _ 986.10° ——
m Dye 7w Dicy Ke
roe D¢ — KaTalouimi avameTp nocneaHen, WecTon Knetu, MMm.
CKOpOCTh BPALLUEHUA BANKOB MPEAbIAYLUNX KineTen onpepenAem, wc-
flonb3yA ycnoBue MOCTOAHCTBA CEeKYHAHbIX o6beMCOB MeTanna B KaXx-
no Knetu:

60v _ 21,6 - 103
ns = =

m Dys As Dy
AHanornyHbiM o6pa3omM Haxoavm:

. 3 . 3 _ 10,4 - 10° .
na = 16,1 - 10 sy = 12,7 - 10 sy = - :
DK4 DK3 K2

. 3
n, = 8,4-10 .
DKl

BennunHy KaTalwwmx AMaMeTpPoB HaxoAuM ¢ MNONOLLbIO B bIPa>XeHUA
(2.30), (2.31), npeasapuTenb{o OMpEAENUB 3HAYRHMA BCEX SXOARILIMX
B 3TV BbIpaXXeHWA BENN4UH.

Wchonbaya Boipaxenna (2.43), (2.44),
OVHAT Yo, Yoi+1 ANA BCeX KanmbpoR:

8bIYMCNAEM 3HaYeHUA KOOp-

120 /2 — 129,2
2(1 — tg 349)
129,2 — 100 /2 tg 34°

2 (1 — 1g 349

AHanorwiHeIM 06pa3uM HaxoaVM 3HaYeHUS KOOPLUHAT Voj, Yej+1 ANA
BCEX OCTaNbHbLIK XneTei: vo3 = 52,4 MM; voq =40,6 MM; yo5 =43,4 Mm;
Yoo =29,2 mm.

Dwnametpbl BankoB & BsepliMHe Kanubpoe 6e3 yuetTa 3akpyrneHun B
yrray. npodhuwna:

D, 530 — 129,2 = 400,8; D, = 388,6 mm; D; = 429,2 mm;
D, = 416,9 mm; D5 = 457,56 mm; Dy = 4451 mm.

lunametrpbl BanknB B Touke ¢ KoopAvHaTaMu Yo, Zo NOAYYAM W3 Bbli-
paxenui (2.23), (2.25):

Dyoy = 484,8 mm; Do, = 492,6 MM; Dyo3 =
Dy04 = 498,2 MM, Dyos = 503,6 MM; Dy06 =

Yo1 — = 62.2 MM;

Yo2 ** = 52,0 Mm.

493,4 mm;
503,5 mm.
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CpeaHve no wWupuHe 30HBbI Aedhopmaumn B Kanubpe amameTpbl Ban-
KOB onpeaenAem u3 (2.13) :

Depy = 442,8 mm; Dcp2 = 440,6 mm; Deps = 461,3 mm;

Depa = 457,6 mm; D¢ps = 480,6 mm; Deps = 4739 mm.

Benunuuny KO3deJVIuMeHTOB YWUPEHUA B pOMBUYECKUX M KBaApaTHbIX
Kanubpax fApW HalifeHHbIX 3HaYEHUAX Yrnos B; n koadduunentos \p pac-
cunTbIBaeM u3 ypasHenun (4.39) u (3.15) :

¢y1 = 0,163; cy2 = 0,091; cy3 = 0,125;

¢ya = 0,102; ¢,5 = 0,101; cys = 0,120.

U3 ebipaxkeHnA (2.12) HaxoauM CpPeAHIOw ANMHY AYrW 3axeata B Ka-
nnbpax:

— 214 4
/l— \/ 0-4428
3,0-62,2 .0,847

l4=851wmm; /5= 81,1 Mm; /¢ = 859 mm.

NoacTaBNAA HaWpeHHble 3HAYeHMA NapameTpoB Yoir Dcp/ B B Bblpa-
wenne (2.30) w nNpuHMMan ANA AaHHOFO CnyYyam NPOKAaTKM Koadadmum-
€HT TPEHWA Ha MNOBEPXHOCTU KOHTAKTa MPOKaTbLIBAEMOro MeTanna u Ban-
Ka pasHbimM 0,4, nonyuyum:

=774 mm; 1, = 83,4 MmMm; /3= 79,2 mm;

Dy, 3,9 622 77.4 442.8
=1+ _ ! _ ! 072 - =
D v 4 [400.8 (1 0,4 - 442,8 119347170175 400,8
= 1,115;

D¢y = 1,115 - 400,8 = 446,8 mm.

AHBHOI'VNHO BbIMUCNAEM BeNWYUHY KaTarowmnx AnamMeTpoB AaAnNA BcCex
OCTanbHbLIX KHETBVI, MM
Dy = 443,8; D3 = 472,7; Doy = 467.8; Dys = 497,8; D, ¢ = 490,1.

WUcnonb3yr HalfieHHble 3HaYEHWA KaTawoLWMX AMAMETPOB, HaNAEM CKO-
POCTW BpaleHUA BankKos, 06/MuH :

. 3 . 3
ng = 8A4:10° _ 488 p = 104-10° _ 534.
446.,8 443.,8

n3y = 26,9; n,= 34,4; ns = 432: ng = 58,4.
CkopocTu BbIXOAA NONOCKI M3 KneTel, M/cC:

1 = 0,440; v, = 0,540; v ; = 0,664;
vya= 0844; v, 1,125; v¢ = 1,5.

3. CUCTEMA OBAN — KBAAPAT

ﬂpu;wep M3 ucxoaHo# KBaapaTHOW 3aroToBKKU ceveHuem 60 X 60 mm (F, =
= 3570 mm*) TpeByeTcA nonywuts Ha HEenpepbLIBHOM CcTaHe KeagpaT CeyeHuem 14 X
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X 14 mm, maTtepuan — cTtane 45. Mpusoa knereld cTaHa — WHAMBUAYaNbHLIK, Ka-
nubposka Bankos -- omsan — KBaapaT, auwameTp ({(uaeanbHbi) pabounx Bankos —
350 mm, Temnepatypa npokatku 1100 — 1150 °C, cKOpOCTbL NPOKaTku B nocnea-
Heh knetu — 10 mfc. TpebyercAa onpeaenuTb HEOHXOAMMOE HUCAO KMeTed, naowa-
AV CEYEHMA NOMOCLI B KaxAOM Kanubpe, pa3Mepbi KanubBpoe U CKOPOCTM Bpaule-
HWA BanNKO8 BO BCEX KMETAX.

Mpu BbLIGOpe uvcna KneTel M pexxvma o6>xaTui criedyeT UMeTb B BUAY
ABa 0B6CcTOATeNbCTBA:

TaK Kak Uenbid NPoOKaTKu B [aHHOM Cny4ae He ABJAETCA NONy4YeHWe
YMCTOBOrO KBaapaTHOro npodmnA, BLITAXKKWM B KAETAX, B TOM 4ucne u
B NocneaHuX, AOMKHbI BbITb N0 BO3MOXHOCTU MaKCUManbHbIMMK;

NOCKOfbKY BCE KIETU MMEKT OAVHAKOBbIM AnaMeTp Bankos, To ANA
ynyyweHnA ycnoBuiA 3axBaTa M Gosee paBHOMEPHON HarpyXeHHocTU o06o-
PYOOBAHUA BbLITAXKKM B NEPBbLIX KNETAX AOJXKHbLI ObiTb MPUHATLI MeHb-
WUMK, YeM B NOCNIEAYHOLLNX.

OnpeaenAeM BenuunHy o6WENn CYMMAIPHON BBITAXKKN Ay = (60/14)% =
= 18,37.

C nomowsto BbipaxeHua (5.44) HaxoaMm MakcuMafibHbie U3 YCIOBMWA
YCTOMUMBOCTU OBanbHOW NOMOCbi B KBagpartHOM Kanubpe 3HauyeHWA 4acT-
HOW CYMMapHOW BbITAXKKW (MpUHUMaeM 3HaueHne Ko3addpuumeHta A pas-
Hbim 4,5).

[nA nocneagHei napsl KanubpoB Mmeem

Afmax = 1+ 32 (—2*+ 45 )2 = 2,00.
20 + 350 — 14\/2
14/2

Mnowaab cevyeHWA NpeaLIecTBYHOLWErO KBa.apaTa npn Ay =A
paHa F_, = 200 - 14* = 392 mm?
19,8.X 19,8 mm.

Ecnu B KauecTBe cpefHeW AnA cTaHa 4YaCTHOW CYMMapPHOW BbITAXKKW
NPUHATL BENWUMHY A 2,0, TO OpUEHTUPOBOYHOE YUCNO KNneTen B
cTaHe DyneT paBHO

N =2 In 18,37 = §4.
In 2,0

Z max 6yﬂ,eT
4TO COOTBBTCTBYET KBagpaTty

Z max

Wrtak, anA npokaTku keagpata 14 X 14 mm ua cedeHna 60 X 60 mm
HeOBXOAMMO He MeHee BOCoMMW KneTeil, NpuMYeM B HEKOTOPbIX W3 HUX
BbITAXKK AOMKHBI 6LITh 60oNblue, YeM B NOCAEAHUX KNETAX CTaHa.

B cBA3KM ¢ 3TUM HeoBXOAMMO HAWTM BeflWYMHbI MakKCcMmansHO ponyc-
TMMbIX YACTHbIX CYMMAapPHbiX BbITAXKEK ANA NPeAwecTBYOWNX nap Ka-
nnbpos..

MpuHMMan, uTo Nosioca nocne WecTon KnetTn umeet cedeHne 20 X 20 mm,
n3 (5.44) nonyunm

Nesg = 1+ 32:65" - 937

’ 31,372
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OTvctona Hanbonbiuaa nfowlagb CEYEHWA NOSIOCHI MOCne 4eTBepTOn Kne-
TM 6ynet pasHa F, = 2,37 - 400 = 943 mMm2, uTO cooTBETCTBYET KBag-
paty 30,8 X 30,8 mm.

Kaxk BuaHo u3 Boipaxenna (5.44), B npeawecTBYOWNX KRETAX C TOM-
KU 3peHWA YCTOMYMBOCTM NOAOCHI MOryT 6biTb AOMYiLEHbI 3HaYeHWA YacT-
HOW cyMmapHOW BbITAXKKW 6Gonbwe 2,37. MNMockonbky 3aToro He TpebyeT-
CA, pacyeTbl MaKCMMansHO AONYCTUMSIX 3HauYeHWWA BbITAXKEK ANA MNepBbIX
yeThipex KneTein MOXHG He NPOBOAUTH.

Taknm 06pazom, Ha OCHOBAHWM pacyeTa MPEAEnbHbIX 3HAYEHWIA 4acT-
HbIX CYMMapHbIX BbITAXKEK W NPUBeAeHHbIX Boitle CcOO6paXeHWH NpuHK-
MaemM cneayollyo cxemy npokatku ksagpata 14 X 14 mm: 60 X 60 >
45 X 4530 X 30>20 X 20> 14 X 14 mm.

Paauycel 3akpyrneHuii B yrnax KBaAparvHbIX KanwbpoB NpUHWMaeM B
COOTBETCTBMM C pasMepamu Kanubpos: r, =5 MM, 743 =3 MM, 7 g =2 MM,
rg =1,5 mm.

Mnouiaan cevyeHns KBagpaToOE C YYeTOM 3aKpyrfeHwd B yrpax npo-
¢umnna, mm?

302 — 0,86+ 3% = 892;
14> - 0,86 - 1,6 = 194,

F, = 457 —0,86- 5% = 2004; F,

Fe =202 —0,86-2° =397, Fg=
OTciopa Nosly4yaem YacTHeIE CYMMAPHbIE BbITAXKN:
A = 3570 = 1,781; A = 2,247,
b)) 1,2 2004 z 3,4
Apse = 2:287; Ag;g= 2,046.

Pacnpesenfiem BefMYMHY YacTHOW CYMMAapHOW BbITAXKKU MEXAY OBarb-
HbIM M NOCAEAYIOWMM KBaAPaTHbIM Kanubpom KaxAow Napbl, ANR 4ero
NpeABapUTENLHG ¢ NOMOUIbI0 BhipaeHus (5.34) HaxuAMM MaKCUMAanbHO
AONYCTUMBlE 3HAYEHUA BbLITAMEK B OBambHbiX Kanubpax:

A =[1+i_(7+350—45ﬁ)x
1max 18 45\/2—-

X (V1,781 — 1)°] /1,781 = 1,366.
Nymax = 1646, Ag,.., = 1689, A, =1580.

Y1066 wn3bexarTs nepenonNHeHUA OBanbHbD: KanWbpoB, BenWYUHY Bbl-
TAXKWA B HUX MPUHUMAEM HeCKOMbKG MeHblle MaKCMMmarnbHOW, HO 6onb-
we cpeaHer BbITAXKW (v/ ?x):). AnA NpoCTOTb! BbITAXKY BO BCEX 0Bafib-
HbiX Kanuépax NpUHMMaeM PaBHON CpeAHer eOMeTPUYECKON KpalHuX 3Ha-
YeHU AmnanaszoHa \/)\E Qpit1 T >‘i max’ 7€

A = \/Aimax \/>‘2 Qi+t

NoactaerAA clofa 3HayeHWA A,

imax U \/?\E ii+1 ANA KaXLOW napei
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KanubpoB, MNOANy4YAM CREAYHlLME BefWYWHbl BbITAXKEK B OBanbHbIX Ka-
nubpax:

A1 = /1,366 /1,781 = 1,350; Ay = 1,571,
s = 1,591: A, = 1,503,

BenvunHa BbITAXEK B KBaApaTHbIX Kanubpax:

A = 281 = 1319; 2, = 2247 = q.430;
1,350 1,571

>\6 = 1,412,’ >\8 = 1,361.

MNnowaax ceyeHnA NONOCLI B OBaNbHbIX Kanubpax, mm?

Fi = 1,319 - 2004 = 2643; F; = 1276; F5s = 561; F, = 264.

Onpependem pasmeps) Kanuﬁpos" BbicoTa kBaapaTHbix Kanuépoe ¢
YYeTOM 3aKpyrneHni e yrnax, Mm:

He2 =452 -083-5= 59,5; h'., = 39.9;

hie=1266; h\.s=186.

Pasmepbl oBanbHbIX KaninbpoB onNpefendeM ¢ MNOMOWLbBIO yPABHEHWUI
(4.62), (4.63). YpasHeHmA pewaem C NOMOLLbLIO MeTofa NocnefosaTterib-

HbIX Mpubnu>keHWn. HavanbHble 3HaueHWA ko3tdhduuneHToB a; un l,l/i Ha-
XO0AWM, UCNOJL3YA BbipaxeHnAa (4.64) n (4.63) :

—_—
a{0=1428585 WIIEI=17 (0319, _ g

5,5 1,781 0,350
YO =1 - 051,590 [v1 + -—B— . 0319 g5 _ 1 = 0,804.

15 - 4,5 1,590

AHANOrMYHbLIM  0Bpasom HAxXOAMM HauaribHble 3HauyeHUA  KoadmuneH-
TOB a; M l,l/’ ANIA BCEX OCTanbHbIX OBanbHbIX Kanuépos:

a{% = 25508; Y% = 0,739; 2 (%= 23868;

W9 = 0,703; a{0'= 2,949; y'?)= 0,679

MNoacTtaBnAa 3Ha4YeHWA a;m ) ﬁ‘?) B ypasHeHun (4.60), (4.62) wu

(4.63), nocne 1—2 wuTepaunin NONyuYMM OKOHuYaTellbHbie 3HaueHUA KO3d-
thmumnenTos a; l,l/i :

a;=1,550; y, =0,804; a3 =2517; Y3 = 0,739;

as=2902; ys=0,702; a, = 2,968; Y, = 0,679.

AnA nposepKn HalieHHbIX 3HaYeHWUI Ko3dtuuneHToB a,u l,l/l. MCNono3y-
em ycnosue (4.65) :
=0,0583 (1+-—2—,319)2=1,505<a,:
0,8042

a1min
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3HaueHUA HOOPAWHATBLI VYoj+1 ONpeaenAeM U3 BbIPAXEHUA (2.46) :
45./7 — 51,2 )2
2

@ 3min =227<a3; 8 5in = 2,641 <ag: a, i =2,779< a 4.

OnpeaenAeM BbICOTY U paanyc 06pa3ylouiMx oBanbHbIX KanubpoB, MM :
; = 0,804 - 45/251,2; Rogp1 = 0,5- 1,660 - 51,22 40;

hs=314; Rogps=40; h s=19,9;

Ro6p5= 29; hy7=13,4; Roppr = 20. : Vos = 15,0, Yos = 9,6 MM, yo7 = 10 MM, yos = 6,4 mm.

BenuunHy 3a30poB MeXAy BankKamMu NpuHUMaeM, UCXOAA U3 BbICOTbI Ka- OnameTpbl BankoB B BepllMHax OBafbHbIX W KBaapaTHex (6es yuera
nMépoB, Mm: | 3aKpyrneHnin B yrnax ksagpata) «anu6pos:

1=30MM,y02=2—1[\/2-402—(40+

— (40 — % )] = 25 MM, yo3 = 22,6 MM, yoa = 15,3 Mm,

$5)=5,=6;53=54=4; s5=5¢=3; 5, =55 = 2. ! D, = 350 — 51,2 = 298,8 mm, D, = 350 — 45 /2 = 286,4 mm,
ny6uHa Bpe3sa KanubpoB B Banku, MM: ) D; = 318,6 mm, D, = 307,6 mm, Ds = 330,1 mm,
hp1 = 512-6=226: o= 59.5 -6 - 26 8: § Dy = 321,7 mm, D; = 336,6 mm, Dy = 330,2 mm.

2 2 ’

3HaueHnMA AMAMETPOB BankoB B TO4YKE C KOOpAMHATaMM yqo, Zo Onpe-

hp3=13,7; -hpa= 1795, hys = 8,45; nenAem u3 BoipaxeHun (2.25), (2.28):
hpe=11,8; hp7=57; hys=83.

linpuHy Bpe3a KanMbpoB B Banku ornpeaenaem ¢ MOMOLLbIO BbipaXeHUA
(4.46) :

e

Dyor = 2988 +2-40 (1 —+/1— 3(‘)’ ) = 3259 mm;

286,4 Mmm + 2 - 25 = 336,4 Mm; Dyp3 = 332,5 mwm;
Dygq = 3382 mm; Dyos = 338,5 mm; Dype = 3409 mm;
Dyo7 = 342,0 mm; Dyos = 343,0 mm.

CpeaHuit puameTp BankoB B 30He Aehopmaunu:

Dy02

b = 512 6 —_l’__‘]-:72 )
p1 = | Y 51,2 — 6,0 M

bp2=45\/ — 6= 57,6 mm, bp3—603MM bp4 38,4 mm;

bys = 40,9 Mm; by = 25,3 MM; bp7 = 28,0; bps = 17,8 mm.
D = 298843259 _ 31924 mm Doy = 311.4 MM
Onpependem 4acToTy BpalleHWA BanKoB. PacyeT BLINONHAEM, Hauu- cpl 2 ’ r Tep? ’ ’

HaA ¢ nocnenHeﬁ Knety, CKOpPOCTbL BpalleHUA BankKoB KOTODOVI BblyUc-
naem U3 Bbipa>KeHnA:
60v
ng = —** =191 - 10°

D\ Ke

Dep3 = 325,6 MM, Dep g = 322,9 mm, Dgp s = 334,3 Mm,

Deps = 331,3 MM, Depq = 339,3 mm, Depg = 336,6 mm.

3HayeHunA Koa-:bd)uuuemoé yiUupeHnA B Kanubpax Haxoaum c Momo-
wWkio Bbipaxenni {4.60), (3.15)

ey1 = 0115, ¢y2 = 0.112,¢y5 = 0,105, ¢y 4 = 0,143,

cys = 0,138, ¢y = 0,186, ¢, 7, = 0,199, ¢y s = 0,235.

(06/MuH),

rae Dyg — KaTalolWWid anameTp BankoB MOCMEAHEN, BOCbMOW KMETU, MM.
WcroneayAa ycnoBue MOCTOAHCTBa CeKyHAHbLIX 06BLEMOB M™MeTanna B
KNneTAx, Hanaem:

Ucnoneaya sbipaxeHue (2.12), onpepenAem CcpeaHION ANWHY ropu-

60v, 60 - 10 - 10°
n, = = = 140,3 (06/muH), A :
Y v 1,381 Dy, e 30HTaNbHOW MPOEKUMW AYrK 3axBaTa:
2643 - 0,350 - 312,4 _
= 3 3 ] = 56,6 MM;
ng =933 19 . . =661 —2 ;p,= 41510 . =V 3,4 - 30,0 - 0,885
Ks DKS K4
= 2004 - 0,319 - 311,4 —
3 3 E] _ = -
n3=29,0—1°—;n2=18.5—17°—;n1=14,0217°— la= 3.4 - 25,0 - 0,888 51,4 wm;
K3 K2 K1
. /3 = 58,8 mm; /4= 52,7MMm; /5 = 50,2 mm;
BennunHy Katawowux AMaMeTpoB HaxoAUM C MOMOLUBIO  BbIpaKeHWit
(2.30) w»n (2.34), onpepens npeaBapuUTENbHO 3HAYEHWA BXOAALIUX B l¢= 452 mm; /7= 40,7 mm; [g = 37,6 mm.

HUX BenUYnH.
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C nomoubto BbipaeHnit (2.30), (2.34) HaxoauM HauanbHble 3Have-
HWA  KaTaloLUX [AMaMeTPOB COOTBETCTBEHHO KBaAPATHLIX W OBANbHbLIX
KanubpoB (koadibuumeHT TpeHnA Mexkay NpoKaTbiBaeEMOW NONOCON WU
Bankamu NpuHrmaem pasHbim 0,4)

D,,=2988 [t + 2300 (4 ___ 566
n 208,8 0,4-312,4

-

312,4 _
X /0,350 e = 3161 mw; D, = 286,4 [1

+ i/i (250 )2

51.4 a4
4 286,4 - —1%0.319 M] = 322,8 mm.

0,4 -311,4 286,4

AHanorvuHbIM  06Pa3OM  BLIYMCAAEM 3HAYEHMA KaTaloWMUX AMaMeTpPoB
ONA BCEX OCTanbHbIX KNeTew:

D3 = 3355 mMm; D4 = 337,1 mm; D, s = 3457 mm;
Do = 3448 mm; D7 = 3496 mm; D, g = 348, 2 mm.

Kak svaum, senuunma kataowero auametpa B knetax I, V — Viil
Gonblie nnameTpa Banka B Touke ¢ KOOPAWHATAMW Vo, 2o (DVo)' Nos-
TOMY 3HA4YeHMA KaTaloWWUX AWAMETPOB B 3TKUX KMGTAX onpeaenAem C nMo-
Moulbio ypasHeHnAa (2.39). BenuuuHy nonpaeouHoro kosadguumerta &
HaxoAuM U3 rpathumkos, n3obpaxeHHbix Ha puc. 10, 11, B 3aBUcMMOCTM
OT BenuunHel othowenna (D, — D)/ o, — D).

YTOUHEHHble 3HAYEHWA KaTalwMx AnameTpoB B KnetAx |1, V — VIII
6yanyT paBHbi:

335,58
D3 = 3186 [1 + (—= — 1)1,09] = 337,0 mm:
318,6

’

D.s = 330,1 [1+ (3357 _ 1)1,36] = 351,3 mm;
330,1
Do = 321,7 [1+ (?324—4:78— —~1)1,09] = 346,9 mm;

.

D¢, = 3366 [1+ (3426 _

.

Dy = 3302 [1+ (2282 __ 9)1,24] = 352,5 mm.
330,2

.

1}1,68] = 358,4 mm;

V‘CnOJ’lb3yFl HaWfeHHble 3HAYeHWUR KaTarnuwux apnamMeTpoB, onpeaenAem
CKOPOCTU BpalieHNA BankoB BCeX KneTen:

ny, = ﬁ%— = 44,4 o6/mMuH, n, = 57,3 06/MuH, fi; = 86,1 06/mMuH,
ng = 123,1 06/MuH, ns = 188,2 06/mMuH, ng = 269,0 06/MuH,
ny = 391,65 06/muH, ng = 541,8 06/MunH.
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4. CUCTEMA CBAN — KPYT

MpUMeHUTENBHO K CUCTEME OBan — Kpyr pPacCMOTPUM ABa PasnnuHbiX
BapvaHTa pacuerta:

pacueT KanuBpOBKW BanNKOB HEPEPLIBHOTO CTaHa € UHAWBUAYaNs-
HbIM NMPUBOAOM KneTew;

pacueT KanWBPOBKWU Banikos8 HENPEepLIBHOIrO CTaHa ¢ obwum npuso-
LOM KneTe.

Me>xgy 3tumi BapvaHTamMyl WMeeTCA CYUWeCTBEHHaA pasHuua B meTo-
aMKe W nocneaosaTenbHOCTU pacueTa.

Mpumep 1. B LieCTUKNETEBOM HENPEPbIBHOM CTaHe C MHAMBHAYaNbHbIM NPNBO-
DOM KneTeh HeoBXx0LAUMO NPoKaTaTh KpyT AvameTpom 14 mm W3 3aruTOBKW Kpyr-
noro ceueHus AnameTpom 26 mm, MpoxaTtsiBagmbiil Marepwan — YrnepoaMncTaA cTalb,
TemnepaTypa npokatku — 1100 + 1150°¢C, avameTp sankos (naeansHbIn) BCEX Kie-
Teid — 300 MM, CKOPOCTh NPOKATK# B nocneaHen knern — 10 m/c,

TpebyeTcAa BLINONHWTL pacyeT KaiubpoBKW W CKOPOCTeH BpaileHUA
BanKoOB Bcex kneten craHa. lNockoneKy B AAHHOM MpuUMepe 4UCNo Kie-
Teil CTaHa 3aAaHo, NOCNEAOBATENbHOCTL pacyeTa GyfneT HECKONbKO WMHOW,
4YeM B nNpeablayilem Clyuyae Npu paccMOTPeHUU CUCTembl OBan — KB3apar.

Onpenenaem BenuuuHy obuie BBITAXKN

)\0 = (&)2 = 3,45
14

Crclona cpeaHee 3HaYeHMe YaCTHOW CYMMAapHOW BbITAXKW B8 cTaHe 6yaer
paBHO

Agep = V 345 = 1511,

Haxoaum 8 nepsoMm . NnpuBnvikesnn npu 7\E = Ag cp MNOWaaM nonepey-
HOFO CEYEHUA N ANAMETPbI NPOMEXYTO4HbIX KPYFNbIX Kanubpos:

Fp= __ m26® _ 351,4 MMZ; d, = 21,2 mm;
4 - 1,511

Fa= 1511 —"4‘—4’—= 232,6 Mm% : dy = 17,2 mm.

C y4eTOM 3TOro MPUHUMaEM CReayloulylo cXeMy npOKaTKW Kpyra gua-
MeTpom 14 mm: kpyr 26 mm = kpyr 21 mm —~ kpyr 17 mm = kpyr 14 mm.

CnpepensemM BefiMYMHY 4YacTHbIX CYMMapHBIX BbITAXEK B COOTBETCTBAW
¢ BbiBPaHHOM CXeMoW NPOKaTKKU .

= 2 = - 2 _
)\21,2— (26/21)° = 1,533, )‘23’4”‘ (21/17) = 1,526,

- 2
)‘25,6_ (17/14)° = 1,474,

C nomowkto BblpaxeHua (5.60) HaxoAUM 3HaYEHWA MAKCUMANLHO AO-
NYCTUMbBIX 4aCTHBIX CYMMAapHBIX BbITAXEK AR BCEeX nap Kanwbpos:

A =1+-——3100_____ - 2090;

Zmax1,2
(40+ 279 )2
21
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7\2 max3,4 = 1,966; RL max5,6 = 1,849.

Kak Buaum, npuHATbie 3HavYeHUA )‘z MeHbLLE MaKCMMAansHO Aomnyc-
TUMBIX, 4TO noaTsep>kaaetT 060CHOBAHHOCTL BbIGPAHHOW cXeMbl NPoKaTKM.

BHyTpu Kaxaon napbl BbITAMXKY MeXAy OBaNbHbIM U NOCNEAYIOWMM
Kpyrasim Kannbpom pacnpegendem nopoeHy. Monyyum

)\1 = )\2 = 1,238, )\3 = )\4 = 1,235, XS = RG = 1,214.

Taknm ob6pa3om, NNOLLAAN CeYeHWA MeTanna no KneTAm ByayT paBHbI:

F,= 1,238 —’;— 212 = 428,8 mm?, F, = 346,4 mm?,

Fy = 280,3 Mm%, F, = 227,0 mm2, F5 = 186,39 mm?, Fg = 153,9 mm2.
Onpeaennrem pasmepbl kKanubpoB. Yron BeiNycKa BCeX KPyrnbix Kannb-
poB npuHumaem pasHbimM 25°. lllnpuHa Kpyrneix KanubpoB ByfeT paBHa:
b2 = —21— = 232 mm, bes = 18,8 MM, bs = 15,4 mm.
cos 25
Pazmepbl oBanbHbIX KanubpoB BbluucnAemM u3 ypasHenun (4.74), (4.75)
n {(4.76) ¢ nomouwpto MeToaa NocneaoBaTenbHeIX Npubnukernid. Havans-

Hble 3HaYeHMA KOI(UUMEHTOB a;, Y, Haxoanm w3 Beipaxennin (4.79),
(4.78) .

MpuHnuman 3Havenne kKoadhduumeHta A pasHbiMm 4,5, nonyunm:
a 1(0): 1+ 200 {10 + 279 _ (0 238 )2 = 2,37;
25 + 13, 5 21 2,238
3 2
\P{O)z 1 - 0,383\/ 1,37 . 0,238 (1 + 279 )2 — 0,881
2,37 4,5° 4 . 21
AHnanornyHbim 06pa3omM Haxoanm:

ai0=253. Y9 = 0865 al{0=248 0 =850

MoacrtaBnAemM 3HavyeHUA a,.(o)u 11/(,.0)3 ypaBHenua (4.74), (4.75), (4.76)
nocne 1—2 wutepauui, nNoNyYyum oKoHYaTenbHble 3HayeHMA Ko3aPuUUeHTOoB

a;. l,l/,.*:
= 2,375; y; = 0,882; a;= 2,535;
Y = 0,866; as = 2, 482: s = 0,860.

3HavyeHuAa KoadhpUuNeHTOB a;m 11/’ npoBepAemM C fIOMOLbLIO YCIOBUA
(4.80)

3 min =00583 (1+7 L23B )2 5099 < 5,;
0,882?
a3min=2,22<33, ‘95min22'21<a5'

* PesynmTaThi pacueTa NOATBEPXAAOT, B YacTHOCTHM, BLICOKYK TOYHOCTG NPUBNM-
XeHHbIX BblpaxxeHun (4.78), (4.79).
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Haxoaum BbiCOTY (aAnaMeTp BMUCAHHOW OKPYXHOCTU) W paauycel 06-
pa3yowmnx oBanbHbiX Kanubpos:

d; = 0,882 -21= 186 mm, d; = 14,7 mm, ds = 12,0 mm,
Rotp1 = 2,375 22 = 22 Mm, Rogps = 18,6 MM, Rogps = 149 Mm.
MpyuHuMmaem:

Ro6p1 = 22 MM, Rogps = 19 MM, Rgpps = 15 mm.
WupuHa oBanbHbIX KanMbpoB

bey =185+ 222 _ 1= 359 mm, b ;= 30,0 mMm,

18,5
bs = 24,0 mm.
BenuunHy 3a3opoB Mexay Bankamu Bbibupaem B COOTBETCTBUM C Bua-
meTpom Kanubpos
$§1 =852 =853=8;= 20MM; s5= 56 = 1,0 mMm.
ny6uHa Bpe3a kanubpoB B Banku

hoy = ﬁ«%= 8,25 MM, hp; = 9,56 MM, hpz = 6,35 Mm,

hpa = 15 MM, hps = 5,25 mm, hpe = 6,25 mm.

C nomowbi BbipaxeHun (4.46), (4.67) Haxoaum WWMPUHY Bpesa Ka-
nu6poB B Bankwu

byy = (185 —-2) 2222 1= 343 um,
18,5 — 2

bpa = 232 —21g 25° = 22,3 MM, bp3 = 28,4 mm,
bpa = 179 MM, bps = 22,8 MM, by = 14,7 mm.

PacyeT CKOPOCTHOro pexuma NPOKaTKWU BbINOAHAEM, HaYMHAA C No-
cnef\Hed, LWECTOW KMeTW, CKOPOCTb BpaweHWA BanKoB KOTOPOW ofnpeae-
nAeTCA 3afaHHOW ckopocTbo npokatku (10 m/c)

neg = M_1—m_: 191 - 103 ; (OG/MMH),

T Dy s K6
rae D¢ — KaTaowui auametp B LWeCTON Knetn (Mm).

CKopoCTs BpalieHWA BankoeB NpPeAbIAYLIMX KNeTel BbiYUCNAEM Ha ocC-

HOBaHWKM 3aKOHA MOCTOAHCTBA CeKYHAHbIX 06bLEMOB MeTanna B KNeTaAx:

ng= -80-10-10° 1 _ 1573.190% 1,
n 1,214 Dy Dys
n,=1295-10® ' . pn,= 1050 12 .
DKA K3
n,=849-103% —'_. n, = 686 10> —
K2 . K1

ﬂ.ﬂﬂ onpefeneHNA KaTawwux AuvamMeTpoB HaxoauMm 3HayeHuAa BXoAA-
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wux 8 seipaxeHna (2.34), (2.36) sennumH. 3HaueHUA KOOPAMHATLI Yo
ANA OBanNbHbLIX W Kpyrneix KanuGpoe Hangem us (2.47) w (2.48) co-
OTBETCTBEHHO:

2
[4-22 - 185 (1+ 283 )y
Vo = 18,5 \/(26£ )2 — . =11,5 Mm;
2 18,5 4 (2.22 - 18,5}
1 2
4 .22 -185[1+ (——=)?]
Vor = 18 . 0.882 = 8,3 Mm,

2 2 (2-22 - 18,5}
Vo3 = 9,2 MM, Yoa = 6,6 MM, Vo5 = 7,5 MM, yo6 = 5,3 mm.
[nameTpel BankoB © BeplwnHe Kannbpos
D, = 300 - 18,6 = 281,56 mm, D, = 279 mm, D; = 285,3 mm,
D, = 283,0 mm, D; = 288,0 mm, Dy = 286,0 Mm.
NnameTpbl BankoB B TouKe C KOOPAMHATaMWn Vo, Zp OnpeaesAeM M3
svipaxkeHnin (2.26), (2.27).

Dyo1 = 2815+2-22 [1 —/1 — (%)2] = 288,0 mm,

8.3 2 . a
D, =279 +21 [1 — /1 - (—— = 287,% mm;
y02 [ \/ ( 105 ) ] v

Dy03 = 290,1 MM, Dy04 = 289,3 MM, Dy05 = 292,0 MM, Dyo(, :290,9
MM.
CpeAHuit N0 wMpKUHe 30HbLI AeopMauuM AnameTp sanka

Depy = 2815 +2 2880 = 284,8 mwm, Dcp; = 283,0 mm,

Deps = 287,7 MM, Dep 4 =

Dep s = 288,5 mm.

BenvunHy Ko3dihMuMeHToB YLWMPEHUMA B OBaflbHbIX W KPYrAbIX Ka-
nubpax onpepenAeM Npu nomolin ypasHenuin (4.74), (3.16) :

286,2 MM. D¢y 5 = 290,0 mm,

¢y1 = 0,204, ¢y, = 0,204, ¢, ; = 0,245,
¢ya = 0,234, ¢,5 = 0,276, ¢y = 0,266.

U3 BeipakeHua (2.12)
NpoeKuun Ayru saxsarta

Haxoaum cCpeaHO  ANUHY FOpM3OHTaan0ﬁ

I, =+ 428803238 2848 - 306 mm, /, = 34,3 wm,
3,4-11,5-0,796
/3=284mm, /4= 31,7mm, /5= 251 mm, /¢ = 28,6 mm.

C nomolwbro BbipakeHnin (2.34), (2.36) Haxoaum HavanbHble 3Have-
HWA KaTawwWWX AMAMETPOB W CPaBHMBaEM WX C AuaMeTpom Banka D,
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(koaphrumenT TpeHMA Ha NOBEPXHOCTU CONPUKOCHOBEHWA MONOCHI C

BaNKoM NpuHUMaem pasHuim 0,4) :

D.y=2815[1+2 L5 _(q_ __306
n 281,56 0,4 284,8

X /0,238 %&] = 290,9 mm; D, = 279 [1 +

+2 83 (1 __343 ) ./p238 2830 | — 2886 mm;
n 279 0.4 - 2830 10,5

Dy 3 = 293,6 mm, Dy = 291,4 mm, D s = 295,6 mm, D¢ = 293,4 mm.

Taknm o6pasoM, BO BCex KMEeTAX 3HAYeHWA KaTalwolWx AWaMeTpoB
NpeBbIWAOT BENUYUHY [UaMeTpa BaNka ¢ KOOPAWHaTaMu Vo, Z,. Wc-
nonek3ya Bbipaxerue (2.39), yTouyHAem 3HauyeHWA KaTaloWMX AUAMET-
poB. BenuunHy nonpasoyHoro koacdduumneHta 8§ onpeaendeM ¢ NoOMo-
weto rpathuka, npeacTasneHHoro Ha puc. 11:

6, =117, 8, = 1,07, 65 = 1,30,

84 = 1,11, 65 = 1,40, &4 = 1,22.

OkoHyaTenbHo :

D¢y = 1+ (—22‘1’2 —1)1,17]281,5 = 292,5 mm; Dy, = 289,0 mm;
D3 = 296,1 mm; D, 4 = 292,3 mm; D5 = 298,6 mm;

Dy s = 295,0 mm.

MoAcTaBnAA 3TW 3HaAYeHWA KaTalwLWKNX AnameTpoe 8 npuBejeHHble Bbl-
e sbipaXxeHNWA anA onpeaeneHWA CKOpOCTeﬁ BpaweHnA BanNKos, noayyum:

n, = 68,6 - 10° 2‘ = 235 06/MuH, n, = 293 06/MuH,

n3 = 355 06/MuH, n, = 442 06/Mun, ng =
ng = 647 06/MuHn.

527 06/mun,

flpumep 2. PaccuwtaTh «anubBpoBKY BankoB 6-KneTeBoro HEenNPepbLIBHOIO cTaHa
€ O6WWM NPMBOAOM KrfeTeit ANA NPOKATKMU KaTaHKU AnameTpom 8 MM U3 3aroToe-
KW KPYrioro CeyeHWA aAnaMeTpom 18 M. MNpokaTbiBaeMbi# MaTepuan — Meab, Tem-
nepatypa sarotoBkm — 750°C, ckopocTeb npokaTku B nocneaHeit knetm — 10 m/c,
AvameTp BankoB (uaecansHbii) BCex Kneteit — 256 MM. B KawecTBe TexXHONOI uve-
CKOW CMa3KW WCNONb3YeTCA 3MYMNbCUA KUPHOCTLIO 4 — 6 %. BenuiuHa OTHOLueHwUH
CKOPOCTEA BpalleHWA BanKOB COCBAHMX KNeTeid (KUHEeMaTUNeCKUX Kko3hbuumeH-
TOB CKOPOCTU)} NpuBegeHbl HWKe: ‘

Homep knetn ., .. ... . 1 2 3 4 5 6
KunHemaTuueck nin koad-
buumMeHT CKOpOCTH (ni) 1.0 1,370 1,299 1,303 1,246 1,253

TpebyeTcA onpesenuTs NNOWAAW CEMEHMA NONOCH! M pasMepbl Kanubpos Bo Bcex
KNeTAX CTaHa.
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Pacyer kanubpoBKW BankoB BbINONHAEM B CRejylOWen nocnepoBartenb-
HOCTH.

OnpeaenAeM NNOWAAM CEYEHUA NONOCb! A0 KNETAM, NpUHMMaA B Ka-
yECTBE HaYanbiHoOro NPUBAVKEHUA )‘i = ;. WcxonA w3 3akoHa nocTeAH-
CTBa CeKYHOHbIX OGBEMOB MeTanna fo KIeTAM HenpepbiBHOTO CTaHa
(2.568), ato paBHO3Ha4YHO AONYWEHWIO, YTO Kartawwuve AvaMmeTpPbl Bo BCex
KNEeTAX paBHbl Mexny cobon.

PacueT HayMHaem ¢ NCCneAHen, WeCcTON KreTu, Nnoulagb Ce4eHWA MeTanna
B KOTopoWh 3agpaHa: Fg = 50,3 mm?: Fg = 1,253 - 50,3 = 63,0 Mm?;
F4= 1,253 1246 - 50,3 = 78,5 mm?; Fi3 = 1023 mm?; F, =
= 132,9 mm?; F; = 182,1 mm?,

Haxoaum aunametpnl Kpyrnbix kanubpoe (xnetu 2, 4, 6) v auametpsbt
BanKoB B BepLUMHax KanubpoB:

=v-21329= 130mm; ds = 10 MM; dg = 8 Mm;
w

= 256 — 13 = 243 mm, D; = 246 mm; Dg = 248 mm.

BesiynHbl  4acTHbIX CYMMaPHbIX BbITAXEK MPU HaYyanbHOM Npubnnxe-
HWKU ByAYT paBHbI:

Avq o= (18/13)2 = 1,017; A

- 2
Apgg= (10/8)% = 1,562,

BritAaxka B nepBoi knetn A; = 1,917/1,379 = 1,399.

Hop,c1‘aannn Haﬁp,eHHue 3HaYeHWA YACTHbLIX CYMMApHbLIX BbITAXEK U
Anamerpos d; +1 B Bblpa)KEHMe {4.79), a 3atem B (4.78), nony-
YUM npuU )\ = 5\ M; 4 3haveHnR Ko3MMDUUMEHTOB @ ; i \1/ npu
HayanbHOM npn6nu>KeHm1 (koachbnumzHT A AnAa Meru npu p,aHHbIX yc-
NoBWAX NMPOKATKW NpUHWMaem paeHbim 5,0) :

(10 + 243 ) (311,917 -1 21,37 -0,37
25+ 15 13 /1,917 +1 1,399 - 2,399

_ 2 _ .
a4 = (13/10)% = 1,690;

=4,39;

3(39 ( 0,370 )2(1 + 243 )2 — 0,803
4 .13

AHanornyHbim 06pa3oM HaxoanuM:
as;= 399; y; = 0801; as = 3,62; ys = 0,800.
BbicoTa oBanbHbix Kanubpos U anameTpbi BankoB B BeplMHe Kanubpos:
d; = 0,803 -13= 10,4 mm; d; = 0,801 -10= 8 mm;
ds = 0800-8= 6,4 mm;, D; = 256 — 10,4 = 245,6 mm;
= 248 mm; D; = 249,6 mm.

MNpuHUMman, 4TO BenuuuHa KaTawLiero AMaMeTpa B KaXKAOW KneTu pas-
Ha avameTpy Banica No BeplWHe Kanubpa, ¢ NoMolwbio BbipakeHnin {4.126)
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HalijeM HOBble, YTOYHEHHble 3HAYeHWA nnowianen mertanna u BhITRAXEK

B KNeTAX:

F5(”= 63 248.0 = §2.6 mm?;

’

FI1 = 102,3 2480 - 102,3 mm?;
248

.

Fi= 785 gigg = 79,1 mm?;

F{1) = 1329 248.0 -
243,0

= 135,6 Mm?; F(”— 182,1 2:?2 = 183,9 mm>.

OTcloaa BLITAXKKU B Kanubpax ByayT paBHbl:

)\(})z 2545 _ 1,384; )\(21’): 183,89 1,356;
! 183,9 135,6

A = 1,326, A1 = 1,203; A1) = 1,264; A1) = 1,248,

BenuynHa 4aCcTHbIX CYMMAapPHbIX BbITAXEK:

_ 2545 _ . . 1356 )
Az1,27 135,6 1:876; X134 ‘%‘,_1— 1.714;
)\ =

191 = 1573
25,6 50'3 ‘

[naMeTpbl Kpyrnbix KanuBpoB W AWameTPbl BAaNKOB NpU BepLuniX:
d(;) = 13,1 mm; d(l) = 10,0 mm; dg = 8,0 mm;

D']) = 242,9 wm; D!} = 246 mMm; Dy = 248 mm.

MNpu AaHHBIX 3HAuYeHUAX A, )‘2'," d v D, ncnonbaya sbipaxeHua (4.79),

{4.78) , HaxoauM HOBbIe BENUYMHBLI KO3(HUUMEHTOB a;, 2%

\/1876——1 )2 X

a,=1+-200__ (104 242,9
25 + 15 13,1 1,876 + 1
X 1,356 - 0,356 _ 4 ¢
1,384 - 0,384 Y

U= 1—0383 ::( 0,356 2 (14 2429 2 - gg10.

4-13,1

AHanNoOrMYyHo HaxoAUM 3HaYyeHWA & W Y ANA Tpevbnih 1M PRTOW Khelien
3= 3,72; Y, = 0,807; a5 = 3,38; ys = 0,806.
Otcwopa:

d; = 0,810 - 12,1 = 10,6 mm; d3 = GRO7 - 10 = §,1 mwi;

de = 0,96 - 8= €4 mMm; ) = 2dB4 wm;

L- = 2472 wmm; Dg = 249.6 mm,

MNpn nosouwm BeipaxeHuy  (2.34), (2.3G) BbMucnAEM hesminny 1o

TaloIMX AMaMeTpOB BO BCex KNEeTAX, ANA 4ero NPeaBapWILIiLHn 1o
AWM 3Ha4 HUA BXOAAWMX B 3TU BbIPAXKEHUA BENUYMH.
N3 Boipaxednit (2.47), (2.48) onpeaennem 3HAYEHUR KOOpPAUIGT § .,
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2-4,15 — 1 _ 1876

yo1 = —10.6 /. 1876 _ ’ 0.810° = 89 mm;
2 0,8102 4.315 )
1
2-4156 — 1 —
Yo2 = J—3‘—1—-0,810 0.810% - 4,9 mm;
23,15

Y03 = B9 MM; yos = 3,6 MM, ¥os = 4,2 MM; yo6 = 2,8 MMm.

ﬂMaMeprl BanKoB B TOYKe C KOOpAMHaTamMu Yo, 20:

Dyoy = 2454+ 4,15 - 10,6 [1 — /1 — (

)2] = 248,6 mm,

4, 15 - 5,3
Dyoz = 2429 + 13,1 [1 — /1 — (s—,';s_) ] = 247,3 mm,
Dyo3 = 250,3 mm; Dy 4 = 249,1 mm;
Dy,os = 251,3 mm; D, o6 = 250,3 mm.
CpeaHuin anameTp Bankoe B8 30He AediopmaLn:
Depr = 245,42+ 2488 = 2470 mm; Dep2 = 245,1 mwm;

Deps = 249,1 mm; Dyp 4 = 247,6 mw;
DcpS = 250,4 MM, Dcp6 = 249,2 MM.

C nomowbio ypasHeHwit (4.74), (3.16) wHaxoaum BenuumHy ko3chdn-
LMEHTOB YLLIMPEHWA B OBANbHbLIX U KPYrAbIX Kanubpax:

¢y1 = 0,206; ¢y, = 0,231; ¢,3 = 0,260;

c, 4 = 0,276; cys = 0,307; ¢y = 0,318.

CpeaHAR AnuMHa FopUSOHTanNbHOM NPoeKUMN AYrW 3axBara:

/= /1839 - 0,384 - 247,0

3,4-82-0,794

13=236mMMm; /4=27,1mm; /5= 20,4 Mmm; |4 = 23,2 mm.

MoacTaBnaA HalfieHHble 3HaueHuA y,;, D , Dcpi’ /. >\’. 8 Bbipa)KeHWA
(2.34), (2.36), BbiuvcnAem BennuuHy KaTaI'OLIJMX AVamMeTpOB B KneTax

(koathdmumeHT TpeHMA Ha KOHTaKTe MeTanna C BanKamu NPUHUMAaEM
paBHbIM 0,3) :

Dcy= 2454 [1+2 82 (4 _
m  246,4
0,3-247,0 15 - 5,3

= 28,1 mm; [, = 32,4 mm;

] = 2562,1 mm,

'

D, = 2429 [1+ l_“L (-
m 242'.9
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32,4 ) \/ 0,356 2451 2451
0,3 - 245,1 6,55

AHANOCMUHLIM - 06pa3zoM  HAXOAUM  BEfMHMHY  KaTalwuvx AvameTpos
ANA BCEX OCTalNibHbIX KNETeW CTaHa:

D3 = 253,9 mm; D4 = 251,3 mm;

D .c = 2544 mm; D ., = 252,6 mm.

CpaBHMBaA 3TU 3HaYeHWA KaTaloWWX AUAMETPOB C BENWYMHOW AMa-
METPOB BanKOB B TOYKE C KOOpAWHaTaMwu Yo, Zo (Dyo) BUAWM, 4TO
BO BCeX Knerax DK > DVo' YTouHeHHbIE 3HaYeHWA KaTalolWux auamer-
poB HaWaeMm, WcnonbiyAa BbipaxeHne (2.39). BenuurHy nNonpaso4YHOro
KoathdmumeHTa & anA KaXAOW KneTu ofipeaenAem C NOMOWbIO Fpadm-
Ka Ha puc. 11:

81 = 1,49; 6, = 1,20; 63 = 1,7C; 84 = 1,30; 85 =

] = 249,3 mm.

1,90; 64 = 1,42,

YTo4HerHble 3tiadeHyA KaTawiwinx ANameTpoB:

252,1 _ .
Dey = 2454 1+ (2327 —1)1,48] = 265.4 mw;

D, = 250,6 mm; D, 3 = 268,1 mm; D4 = 252,9 mm;
D.s = 258,7 mm; D¢ = 254,5 mm.

MoAnCTaB/RAA HalfenHbie BENWUWHBLI KaTawwmx AWAMETPOB B Bbipaxe-
Hua (4.127), BbitUCTIAEM HOBbIE 3HAYeHUA fnoLlafen CeveHWA mMeTanna

no Kneram:

F.= 630 2545 = 620 mm?; F, = 785 2345 = 79,0 mm?;
? " 2587 ’ 252,9
F.= 1023 -2545_= 100,90 mm?;: F, = 132,9 2348 =1352 wm*
3 " 2681 250,6
F, = 182,1 2345 = 181,56 um’.
255.,4

[nameTpbl Kpyrabix Kanubpos :

d, = 13,1 mm; dy = 10,0 mm; dg = 8,0 mm. '
BenuunHbl 4acTHBIX CYMMAapHbIX BbITAXEK W BbITAXEK B KNeTAX:
1352 = q711;

— 2545 - 1882: A =

= =t v +
>\21,2 135,2 3.4 79,0
A = 190 = 1571,

6,6 50,3

A, = 2545 = 1402; A, = 1,342; A = 1,340;
! 181.5
N = 1,277; As = 1,274; \e = 1,233,
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C nomouplo BbipaxeHuit (4.79), (4.78) HaxoaWm HOBble zHAYEHWA
K03 hnumneHTOB a u d/[ '

a; =387, Y =0816; a; = 347;
Y3 = 0,814; as = 3,22; y¢s = 0,813

3aTeM NOMHOCTBLIO MOBTOPAEM pacieT KaTalWMX AWaMeTPOB W aanee
A0 NOonyYeHuA HOBbLIX 3HA4eHWA nNnouwlagelt CeYeHUA METanna u BbITAXKEK
B Knetax. BbiucneHnA npopo/mkaeM Qo Tex NOp, NOKa 3HaYeHWA BbITA-
XKEK NpU AaHHOM v npeabiaywem npubnvkeRwAx He GyAYyT AOCT4TOMHO
6nusku mexay cobon. Ha nocnepHux onepauvAx npuBNMIKEHUA Benwyu-
Hbl  Ko3addmumenToB a; w \b,., HaNAeHHbIE C NOMOLLLIO 33aBUCUMOCTEN
(4.78), (4.79), uenecooﬁpaaHo NPOBEpUTbL PELUEHUEM MWCXOAHbLIX YpaB-
HeHnia (4.75), (4.76).

MNocne 3toro no aHanorum ¢ nNpeabiAyWUM NPUMEPOM NPUHWUMAIOTCH
Be/IMiMHA YrNOB BbINYCKa W 3a30P0B MEXAY Bankamu v ONpeAenAloTcA
ocTanbHble pasmepbl: wupuHa Kkanubpos, rnybWHa M wWpUMHa Bpe3a E
BanKu.

YacToTy BpalleHnA BankoB NoCneAHei KneTu onpeensemM no dopmyne:

60v 60 - 10 - 10°

ng = = = 750 06/muH.
™ Dy g n 2545

YacToTa BpaleHnA BanKoB NPeAbIAYLLMX KAeTew:

ns = —139_ = 599 o6/MuH; n, = —190 -
1,253 1,253 - 1,246
368 o6/MuH; n, = 284 ob/mue; ny, = 207 06/mun.

B Takon e nocnepoBaTenbHOCTM BLIMOMHAETCA pacueT KanuBpoBku
BaJIKOB TPEXBAankoBbiXx 6MNOKOB, WMEWNX CUCTEMY KanUBpoB CcTpefb-
4aTbIA TPEYTOMBbHUK — Kpyr.

480 06/MuH;

N3

5. CUCTEMB! TPEXBAJ/TKOBbBIX KASTMEPOB

llpumep. Paccuntate KanubpoBKy BanNKOB TPEXBanNKNBOro 6noKa AnA  Apokar-
Ku KaTaHkW avameTpom 10 MM U3 3arOTOBKMW KPYrnoro cedeHun. FpoKaTbIBaeMbii
Matepuan — anwoMuHun mapku AT7E, Temnepatypa Havana NMPOKaTKN 500°C, CKO-
POCTL BbIXOAA@ NONOCHI W3 nocneaHeW knetn 12 m/c, B KaveCTBe TEXHONOT UYECKOW
CMA3KK WUCNONLIYETCA 3MYNbCUA XMPHOCTBIO 4 — 7 %. Yucno kneteit B Groke 8,
uaeanbHbIA Anametp Bankos 300 MM, oTHOweHMWe CKOpOCTen BpALLEHUA BanKoOB
COCeAHWUX KneTed ROCTOAHHO ANA BCex kneTeit 6noka w pasHo 1,25, Heo6xoanmo
OfpenenuTe NNOWSAW Ce4YeHWA MONOChI U Pa3Mephl KanuBpoB BO BCEX KNeTAX 610-
Ka, a TaK)xe AMaMETP UCXOAHON 3aroToBKM,

NpuHumaem, 4To cxema KanMBpPoBKM Bankos NepebIX NATA KneTeit
6noka npepcraBnAer COBON  CUCTEMY MNOCKWX TPeyrombHbIX Kkanubpos,
Kanmbp LecToit KneTM — uepHOBOW (MOArOTOBWTENbLHBbINA) Kpyr, Kanub-

Pbl CEALMOWN W BOCBMON KSIETEA — COOTBETCTBEHHC CTPenbYaTblik Tpeyrofib-
HUK 1 41cToBOW Kpyr anametpom 10 mm.
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OnpepenAeM NaoOWaau CevyeHUA MONOCbl NO KNETAM, NpUHAMAR, 4TO
B0 BCex KanubBpax BbLITAXKKA paBHa KWHEMATHYECKOMY Ko2hhUumneHTy
ckopoctn (A = 1,25):

Fo= 785 mm2: F,= 125-7,85= 982 wm’;

Fe = 122,7 mm?; F5 = 153,4 mm?; Fyu = 191,7 mm®

Fi = 2397 mm?; F, = 299,6 mm2: F, = 3745 VIYE

OnpegenAem guametp Kpyrnorc kanubpa €-04 Knetw, a Takxe Aua-
mMeTpbl npuBedeHHbIX Kpyroe ana wneted (N° 1 — 5) ¢ nnockumu Tpe-
yronbHbLIMU Kanuépamu:

dnp1 = ﬂi 374,5 = 21.8 MM; dpyo = 19,5 Mm;
daps = 17,5 Mm; dppa = 156 Mm;
daps = 14,0 MM; dipe = 12,5 mm.

MpuHuman B KavyecTBe HauanbHOro npwbnu:keHnA, 4To KOE)(b(bMUMEHI
& AnA BCEX TPeyronbHbIX KanuBpoB paBeH eAuHUUE, W3 COOTHOUIeHWA
(4.111) Hallpem HavanbHble 3HAYEHWA [AMAMETPOB TPeYrofbHbIX Kanu6-
poOB W AnameTpoB Bankoe knetei N° 1 — 6.

dy = dpp2 = 19,5 Mm; d, = 17,56 mm;

dy = 15,6 mm; dp = 14,0 vm; d5 = 12,5 mm;

D, = 280,5 mm; D, = 2825 mm; Dy = 284,4 mm;

D, = 286,0 mm; Ds = 287,65 mm; D; = 2876 mm.

MoacrtaenAAa 3Ha4eHUnA d 7] D B BbipaxeHne (4.114) u npuHuman
C y4ETOM 3afaHHbIX y(‘noavm I’lpOKaTKM BennmuuHy KoathdguumneHta A pas-
Hoit 4,5, nonyuum nNpu A = 7
= ! = 0,121; ¢y, = 0,131;
25-45:-1,25-195
4 .1,25- 19,6 + 280,56

Cya = 0.142; c¢ya = 0,153; cys = 0,166.

3 BoipaxeHun (4.115), cuutan, 4To BbITAXKa B nepson Knetu Tak-
ke paBHa 1,25, Haxoam YTOYHEHHble 3HayeHuA koaduumenTa @, Auna-
MeTPOB Tpeyrofb4biX KanubpoB M AUEMeTpOB Bankos kneteid N° 1 — 5:

ay = 135\/ 1,25 (1 — 0,721 - 1,25) — 0,995:
0879(4\ 125~—225)

cyl
1+

e, = 0,993 ay = 0,091; a, = 0,989; o5 = 0,987;
d; = 0,995 -19,56= 19,4 mm; d, = 0,993 - 17,6 = 17,4 mwm;
d3 = 155 mm; d4 = 13,8 MM; ¢ = 12.3 mm;

D, = 280,6 mm; D, = 282,6 mm; D3 = 284,56 mm;
D4 = 286,2 MMm; Dg = 287,7 MM.
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Pasmepu! cTpenbuatoro TpeyronskHoro Kanubpa ceabMoW KneTu onpe-
nenAeM C NOMOLLSI0 NpubnukeHHbIX BoipaxeHua (4.95), (4.96) npu
A= Ag = 1,25 u Dg/dg = 29,0:

a, = 1+0,13 (20 ++/29) (1,25? — 0,55)* = 4,468;

= 0,992

3 2
=1— 01035 3,488 0'252 (4 + 29)
V1 v 4,468 4,57

10 = 9,5 mm, D7 = 290, 5 mm.

C nomouwsio ypasHeruid (4.126), npuHUMan, YTO B KaxAon KneTtw
BefMMYMHa KaTalollero AWameTpa paBHa AMaMmeTpy Banka no AHY Kanu6pa,
BbIUUCAIAEM YTOUHEHHbIE 3HAYeHWA TNNOWAAEH MeTanna M BeITAXEK B Ka-
nuépax:

OTtcropa d7 = 0952 -

F, = 98,2 2900 9°° = 98,0 mm?: Fg = 122,7 220.0_ = 123 8 mm?;
287.,5

Fs = 1534 2‘;‘;‘; = 164,6 mm2; F, = 191,7 220.0 = 1942 mm?;

F3 = 2443 mm?; = 307,4 mm®; F, = 387,0 mm2.

Otcropa:

)\2 = 1,259; )\3 = 1,258,’ )\4 = 1,258,

As = 1,256; Ag = 1,249: A, = 1,263:

Xe = 1,248; A = 1238 — 4577
8 7,8 78.5

Kaic nokasana uucnosaA npoeepka, KoactduumeHrsl YUWNPEHWA B Tpe-
YTONbHbIX Kanubpax npu YTOYHEHHbLIX 3HAYEHWAX BbITAXKEK WMEKT Ty
e BeNWUUHY, 4TO U Npu Npeablayiuen utepauuu (npn A =n).

Mpubuman Ay, = 1,25, ¢ nomoiusbio BeiparkeHnin (4.111),
AWM HOBbie 3HaYeHWA aMameTpoB Kanmbpos kneten N° 1 — 6:

0,121 - 1,250)

(4.113) Haxo-

di = 1,35 V2 4 307,4 1250 00 — = 19,7 mMm;
0,879 (4 /1,250 — 2,250)
d, = 17,5 mm; d; = 15,6 mm; dy = 13,9 mm;
ds = 12,4 mm; dg = 12,6 mMm.
Pasmepbl cTpenbyatoro TpeyronsHoro kanuépa npu A = 1,263 u A\g =

= 1,248 6yayT:
a; = 1+0,13 (20 +/29) (1,677— 0,55 ) * { 0325 0,248 2 . 4 27,

v

Ys = 1—0,035+/327 0248 33" = 0952; d; = 9,5 mm.
4,27 4,52

KoadhmumeHTol yuumpeHna B knetAx 6 — 8 onpepsnAem ¢ nomolbilo
ypasHeHun (3.19) n (4.92) :
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‘3-3 W -

- i -

_ 1 - .
Cye = = 0,062,
14+ _.90-45-126
4.126 + 287,6
1 _ S
Cyg = = 0,075,
14+ .80-45-10
4 .10 + 290
1 = )
Cy7 = / 0,136
- . 77 1,577
1+ 2545 101,677 (1 + 20 45 (v BTN
4-.10-/1,677 + 290 4,27* 0,952

CpenHIol0 WMPHUHY 30HLI KOHTaKTa B Kanubpax CUCTeMbl TPeyronbHUK —
TPeyrofibHMK, 3a WCKMYEHMeM nepBoW KneTn, Haxoaum w3 BbipaXkeHuA

{2.53).
OnA nepsoi Knetv

d2
d ° 1,
v
roe do — AMameTp 3aroToeKM.
Mpn Ay = 1,250 nonyunm do = 24,8 mm; 2yo1 = 15,1 mm.
[lnA ocTanbHbIX KfeTeh ¢ TpeyronbHbIMU KNEeTAMW UMEEM:
2 17,5 — . = .
2 = 2_ (19,7 — 1L2) = 12,6 mm; 253 = 11,2 mm;
Yoz J3 2
2y04 = 10,0 MM; 2yo5 = 8,9 mm.
BenuunHy 2y, anA kneteid N° 6 — 8 BbiucnAem u3 BbipaxeHunit (2.54)

2y91 =

(2.49), {2.52) u (2.50) cooTBETCTBEHHO:
\/ 1 (12,65 111 = )
=¥~ 124 [1 -/ (—=2— —1)}] 9,6 Mmm;
2y56 = [ \/3 12,47

(2-427 -1 126 ).

2y57 = V/12,6° ~ 9,5 9.5 = 9,4 mm;
4 {4,270 — 1)?
. (2-4,27 -1 -0 )2
2y0s = 9,5/(10)2 _ 9.5 = 3,6 Mm;
9,5 4(4270~1)2

2y58 = 9,6 sin (? — arcsin =22 )— 5,8 mm.

Dnametp Banka B TOYKE € KoopaMHATaMW y,, Zo HAXOAMM, WCHONb-
3yA BbipaxenuA (2.26), {2.27)
Dyos = 287,4 + 12,6 [1 —/1 — (%%)2] = 291,8 Mm;

’

Dyoq = 2905 + 4,27 - 95 [1 — /1 — {

)2] = 291,6 mm:
4,27 - 9,5
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Dyos = 291,9 mm.

CpeaHuin avameTp BankKa B 30He aegopmMaunn:

Dcp6 — 287,42+ 291!8 - 289,6 MM;

Depr = 291,1 mm; Deps = 291,0 mm.

CpepHAA AnnHa ropu3oHTanbHOW NpPOEKUMWM AYrU 3axBaTa ByaeT [aBHa:

Iy=+ 387 - 0,25 - 280.3 =26,1 mMm; 1, = 25,2 mm;

3.15,1-0,87¢

/3= 250mMm; /4= 238mMm; /5= 22,6 mm;

le = 20,3 MM; 15, =19,0mm; /g = 21,0 mm.

BenuunHy Katalowumx AWaMeTpoOB B KNETAX C NAOCKWMU TpeyronbHbi-
Mu Kanubpamu onpepensdem ¢ nomMowpkd BoipaxeHua (2.32). OnA BbI-
YucrneHnA KaTalwMx AWaMETPOB B KpyrneiXx Kanubpax kneten N° 6, 8
W CTpenby4aToM TpeyronbHom kanubpe knetu N° 7 wucnonbayem Bgbipaxe-
Hua (2.34), (2.36) wn (2.39). Mpunuumar KoaDPUUMEHT TPEHWA Ha KOH-
TakTe MeTanna ¢ Bankamu pasHsim 0,3, nonyunm:

D, = 280,3 [1+ 0250 (4 _ 261 )21 — 97386 mm;
4 0,3 - 280,3

Dr = 291,2 mm; D3 = 293,5 mm;

Dea = 2957 mm; Dy s = 297,6 mm.

Hauanbtibie 3HaYeHWA KaTalWIMX AMAMETPOB KneTen 6 -- 8 Haxoaum
13 BoipaxeHurin (2.34), (2.36):

D¢ = 295,3 mm; D, 7 = 2950 mm; D g = 295,3 mm.

CpasHuBaeM HauanbHble 3HaYeHUA KaTaldWWX AWAMeTPOB C AuWaMeTpa-
MW BanKos B TOYKE C KOOPAWHATAMU Vi, Z¢ W, MOCKONbKY BO BCEX 3TUX
knetAx D _ > D, , NnoBTOPAEM BbIMMCNEHWA KAaTAOWMX ANAMETPOB C MO-

Mowbto Bbipaxenna (2.39). Benuuuny KoadduuumeHta & Haxoaum u3
rpacmka Ha puc. 11:

6 = 1,30; 6, = 2,65; 83 = 1,90.

YTOUHEHHble 3HAaYeHWA KaTawolWmMxX AMameTpos

Do = 297,7 mm; Dy ;7 = 302,4 mm; Dyg = 300,1 mm.

MNopactaBue 3HayeHuAa kaTaowmx avametpoB B (4.127), nonyuum Ho-
Bbie 3HaYEHWA MNOLANEN CEYEHWA MONOCHl U BLITAKEK B KMeTAX

F, = 3745 :;OTO'L = 389,4 mm?; F, = 299,6 -300.1 = 308 8 mm?-

] ’

F3 = 2451 mM*; F, = 1945 mm?: Fs = 154,7 mm?;
Fe¢ = 1237 mm%; F, = 975 mm?;

A, = 1,250; A3 = 1,260; A, = 1,259; X5 = 1,258:;

e = 1,253; A, = 1,269; Ny = 1,242.
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B cooTsetctBuM C MONyYEHHLIMU BEAWYUHAMMU Fi 7 )\I. npy Tex ke
3HaYEHUAX KO3GMUUMEHTOB YUWINPEHWA BbIMMCNAEM HOBbIE 3HAYEHUR auamert-
poB Kanubpos:

dy = 1,35 v-- 3088 126 (1 = 0.121 - 1,26) - 198 yu;
n 0,879 (f‘ - 1,26 — 2,26)

d,= 17,5 mMm; d;3 = 15,6 mm; d4 = 13,9 mm;
ds; = 12,4 mm: dg = 12,6 mm.

Pasmepbl CTPENs4aToOro rpeyronbHoro kanuépa npu A, = 1,269, Ag =
=1,242 pasHbl @ ; = 3,96; Y, = 0,953

Otcropa d7.= 9,5 MM; Rggpr = 19 Mm.

Ha 3tom pacuer Kanubposku Bankoe kneted N° 2 — 8 moxHO cuu-
TaTb 33aKOHYEHHBIM, TaK KaK MpW MOCAeAYOWMNX MApuMBaMmKeHUAX 3Ha-
YeHWMA Nnousafiet MeTanna no KNeTAM W pa3sMepbl Kanubpos nNpakTtu-
4eCKUW He U3MEHRAIOTCA.

JuameTp Kpyrnow 3aroToBKW Haxogum w3 ypasHeHusa (4.118), pe-
WaA ero MeTOAOM rocrefoBaTenbHbix npubnuxkeHuin. B pesynbTaTe pe-
weHus nonyunm do = 23,4 mm: Fo = 430 mm?; A, = 1,104

Tak Kak HaWAeHHbIN ANamMeTp 3aroTOBKU W BeNMYMHA BbLITAXKKW B
NepBol KneTy CyuwlecTBEHHO OTNUYaKTCA OT MPUHATLIX Ha Bonee pas-
HEM 3Tane BhIYACNEHUH, HEoBXO0ANMMO AOMOIHUTENBHO KOPPEKTUPOBaTb
pacueT nepsoro Kanubpa u pavamerp 3arotoeku. [lpu do = 23,4 MM M
A; = 1,104 33H0BO OMNpenendloTCA LLIMPWMHA W ANWHA 30HLI KOHTaKTa
MeTanna ¢ BankKamu, BenuunMHa KaTtalowerc AvameTpa v naowanb ceue-
HWA MeTanna B nepeBOW KneTu, a 3atem u3 soipaskenna (4.118) — Ho-
Boe 3HayeHWe fAuamerpa 3aroToBku. [locne 3TOro BbIYMCIEHWA NOBTO-
pAtOTCA Mpu HOBbLIX 3Havernax F; u dy A0 Tex Nop, Noka pasHuua 3Ha-
yenunt F, wn dy, HalpeHHbIX Npu cocefHUX NpubnuvxeHuax, He bByaert
npessiwaTe 3afaHHON NOrpewHocTy.

Onyckaa NpoOMeXyTOuHble 3Tanbi BbIYUCNEHWK, NpUBEAEM 3/1ECb NULLb
OKOHYaTENbHbLIE PE3YNbTaThbl;

d; = 19,8 Mm; F, = 395 mm%; D, = 285 Mm;
do = 23,7 mm; Fo = 441 mm?: A\, = 1,116.

HaipeHHbie 3HaAuYEHWMA AUMaMETPOB MAOCKUX TPeyronsbHbiX Kanubpos
Heo6X0AMMO NpoBepuTb € nNoamowske ycnosua (4.116), pa3meps! cTpens-
4aTOro TPeyronsHoro kannbpa — u3 ycnosua (4.99).

MpuHuman BenuunHy 3a3opa Mexay eankamu pasHbim 0,1d;, a yron
BbINyCKa Kpyrneix Kanubpos -- 209 ¢ nomouisto Buipaxerui (4.85),
(4.86) » (4.97), (4.98) Haxoaum wumpuHy U TnybuHy Bpesa B Ban-
KW KPYrnbiX W CTPENbYATOro TpeyrofsHoro Kanwépa

b = Y3 . 126 13006400 = 10,6 M, by = 8.4 MM
o6 2 cos 20° ! P8 ) ’
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hpe = 6,3 (1 — L

J cos 200 } —0,65sin 40° =25 mm,

hos = 20 Mm; hyy, = %;i (6,96 — 0,2 /3) [1 —

,_\/1_12(_1.__@&;_ ) =
6,96 — 0,23
YacToTy BpauleHMA BankKoB HaxXOAMM, UCXOAAR M3 3a4aHHOM cKopocTH
NPOKAaTKWU B NOCHieAHEen KNeTu:

80 12 107 - _ 764 .
— = 764 06/mMuH, n = .
7 300.1 / 7 = e = 611 ob/mum;

ng = 489 o6/MuH, ns = 391 06/MuK, ny; = 313 06/muH,
250 06/MuH, ny = 200 06/MuH, n, 160 06/MuH.

MpuseaenHbie Boiwe uucnoBbIe Npumepbl pacveTa Pa3fInuHLIX CUCTEM
BbITAXHbIX KanubpoB He OTHOCATCA K KAKUM-NTNGO KOHKPETHLIM Npo-
KaTHbIM CT3HaM U1 IpU3BaHbI MWL MOKa3aTh OCHOBHbIE MPUHLUMLI NpaK-
TUYECKOrO  MCMOMb3OBAHUA MU3NOXEHHOTO 3Aech MeTopaa pacyetra Kanub-
POBOK BafKOB M 3HEPrOCUNOBLIX NapameTpoB NpokaTku. B cnyyae BbI-
NONHEHNA pacdeToB ¢ Nomowsto IBM npeacTaBneHHbie NpuMepsi, a Tak-
e NoApoGHblE OMWUCaHWA  anropuTMOB  pacueTa pa3Mepos  KanuBpos
U npenensHbIX 3HaYeHWn BLITAXKEK, AaHHble B rn. |V, V, noasonawr cy-

LECTBEHHO YMNPOCTUTL COCTaBNeHWe COOTBETCTBYHOLUMUX PpacyaTHeIX Mpo-
rpamMm. :

0,9 Mm; by; = 11,6 mm.

nNg =

Il

n;

o - ¢

vl By
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