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lile·l'O,IUI'iElCKKe YKa3aHHR K BblllOJIH9HHKl KypCOBOPO np06KTa no Kyp
CJ 'lliaXTHhle llO.IU>EiMHfole YC'l'aHOBKH 11 (AJ!R CTy,AeHTOB cne~HaJlbHOCTK 0506 
Cn<!'-illli111i3Bl.IHH "JKCilJiyaT~R 3JI9K'l'pON6XaHID16CKOPO o6opy,D.OBaHitR 

~l<r'' - f'JW) /Coer.: A.A.BenoL\epKoBcKK~, H • .W.fli.\ElHKO. - J{oHei.\K: )J.IlM, 
1990. - 43 c. 

Co,D.eplla'l' ~eJi~BYIO Hfl¢opMllqll10, Heo6xoAHMYIO ,II.JIH BhiUOJIHeHHH Kypco
soro npoeKTa c npHMeHeHMeM B HeM Hoaefuuero ropHoruaxrHoro o6opy,D.o
B<!Irtll5l, 

1\ypCOBOA Hp08KT, KpOMe OCHOBHl>IX pa3,1\8JIOB, CO,D.epllltT pa3,1\6Jlhl IIO 
~KOHOMIIKe H TexnHKe OeaonacnocTH. 

CoctaBKTeJIH:-

OT 6. sa swnycK 

A .A.BeJloL\epKOBCKldi,A-P rexH .HayK 
H. M. fl~eHKO, ,no~. 

r.M.THMoruenKo, nporp. 
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KypcosoA npoeKT no maxTHWM no,D.oeMHWM ycTaHOBKSM BWUOJIHR6TCB 
CTy,D.eHTa.Mit no KHAIIBKAYa.JlbHblM 38,ll8.HIII!M • 

KypcosoA npoeKT COCTOHT K3 ,D.Byx qacreA: o6meA H cne~anbHoA. 
B o6meA qa.CTH CTy,D.eHT~ BblllOJIHI!OT nOJIH~ npoeKTHpOBOqH~ pacqeT CKH-
110BOA no,D.o6MHOA YCTB.HOBKH, HCXO,D.Hhle ,D.B.HHLJe AJIR KOTOpOA npHHHMailTCR 
113(1]. 

Cne~aJibHB.I! 1.18.CTb KypCOBOPO npoeKTa COCTOHT H3 H6CKOJibKIIX paa
,ll.6JIOB, npltB6,(].6HHl>IX B ,D.aHHl>IXM6TO,ll.IDI6CKHX yKa3aHKI!X, KCXO,D.HWMK ,n8.H
Hb1MII ,II.Jll! BblllOJIH6hdH KOTOpl>IX I!BJII!OTCI! peayJibTaTW, nonyqeHHWe B 06-
UleA l.l&CTK. 

flpK BW110JIH6HHK KypCOBOPO ITp06K'l'& CHal.la.Jia Ha npOTRM8HHK nepBWX 
3-4 H6,D.eJib Bbll10JIHR6TCI! 06WBB ero l.l&CTb, KOTOpaB O~pMJI1!8TCI! B 06wq
HOA yl.leHHqeCKOA TeTp8,llH H C,D.a6TCI! pyKOBO,II.K'l'6JIO Ha npDBepKy. fipH BW
IIOJIHeHKK npoeKTitpOBOl.lHOPO pacqeTa CKMllOBOPO no,ll'beMa CJ16AJ8T npMHH-

1.18.Tb TOJibKO &CHHXpOHHWA llpMBO,Jl. fiOCJIB npoaep"H !3bll10JIH1!6TCI! cne-
1\HaJibHaR qacrb Kypcosoro npoeKTa. 

ilopi!,D.OK BW110JlH6HHI! cne~aJibHOA l.la.CTH KypCOBOPO npoeKTa 

CornacHo rp&PHKY CaMOCTOI!TeJibHOA pa6orw cry,D.eHTOB (CPC) 38,lla
HIIe HB KypCOBO~ llp06KT B~aeTCI! H& nepBoA H6,11.6Jl6 3aHI!TMA no Kypcy 
"lllaxTHwe no,Jtb6MHble ycra.HOBKH". 

B T61.16HH6 12 He,D.eJlb KypCOBOA npoeKT ,11.0Jilii(6H 6WTb Bbii10JIH8H K 38.-· 
mHrueH nepe,D. KOMHCCMeR, Ha3H8.46HHOA Kape,llpOA pyAHHqHYX DO,D.~HYX 
ycTaHOBOK. 

oTan~ B~nonHeHHI! KypCOBOPO npoeKTa CTy,D.eH'l'aMH KOHTpOJIHpyKJTCH 
pyKOBO,II.H'l'6Jl6M e~eHe,D.eJibHO. ilpH 3TOM npOBep1!8TCI! Tax.8 M O~pMJI6HHe 
tcypcoaoro npoeKT&. B COOTB6TCTBMH C Tpe60BaHMI!MH (2) t C yqeTOM KOTO
pblX COCT8.BJ16H~ HBCTOBIIlH8 M8TO,IUil.leCKMe YKa3aHH1!. 

KypcoaoR npoeKT. ,D.On~eH COCTOI!Tb M3 UOI!CKKT8nbHOA 3&nHCKH 06be
MOM 25-30 CTp&.HH~ ~OpM&.Ta A4(210x29? MM) H rpapMqeCKOA l.l&.CTH, npeA
CTaB.neHHOl'l He06XO,IUtMhJI!H 1.16pTeltt8MH H BW110JIH8HHOA H&. JUICT8 ~pMaTa 2·1. 

Bee qepTe~H Ha JlHCTe conpOBO~ailTCI! OCHOBHWWH llOAOMCI!MH. 
[(Q8CIUIT6JlbHBH 3&nHCKa K KypCOBOMy npoeKTy COCT&.BJIR6TCI! Ha lliiC· 

tte~ 6yMare CTaH,UapTHOPO if?opMaTa A4 Ha O,II.HOA CTOpoHe nHCTa C 061!
'l!i'l'e)lbHHM OC1'aBJI6HH6M IIOJieA: B M8CTe 110)1111KBKH (AJ!KHH&ll Jl6B&.H CTOpO
Ha JmcTa) - 20 MM, aepxuee H HH~Hee noJin - 10-15 MM, none cnpaaa 
mu~T a ... b wM. PaceTORHHP. Mell':AY 3&rOJIOBKOM ( pa3,nena, no,npa3Jie.lla) 
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u UOCJie,lzyK)UlHM TeKCTOW - 10 MM. CoKpWUeHKe CJIOB B TeKCTe It B llO,L\llKCi!X 

<4ep'l'ellteA He ,llOllYCK&eTCR 1 Kpoue CJiytl&eB, yCT&HOBJISHHWC fOCT 2.::H6-6tl. 
Hce CTpaHK~ ll0RCHKT8JlbHOA 3&fiKCKK HyMepyDTCR apa6CKKMK ~paMK, KO

TOpWS npOCT&BJli!DTCfl B npaBOM aepxHeM yrJiy JIKCT& (aa KCKJIDqeHKeM 

nepaoA CTpaHK~- TKTYJibHOPO JIKCTa), 

flonCHKTeJibHaa 3&nKCK& HaqKH&eTCR TKTYJibH~ JIKCTOM (npKJI. 1). 

3a TKTYJibH~ JIKCTOM cne,L\Y~T: p~epaT {npHJI. 2), aa,naHKe (npHJI. 3), 
cap.epllaHKe (npHJI. 4) H TeKc·roaaa qacTb c cooTaeTcTa~weA py6pHKa

q~teA paap.enoa. B.KOH~e noacHHTeJibHoA aanKCKH p.~Tcn aax~qeHKe, cnH

coK KCllOJ1b30BaHHWK KCTO~KKOB If npHJIO*eHHH (B CJ!yqae H8,1t06HOCTH). 

fioaCHKTeJibH& •. 3&nKCK& )lOJllltH& 611l'b H&lli!CaHa rpaMOTHO, paa0op

QHB01 O'I'Jll{q&'l'bCH KpaTKOCTbD If qeTKOCTb~ H3JlOllteHHH M&TepHaJI& C 06R-

3&T8JlbHOA CC~KOA H& JlHTepaTypHWS KCTOQHHKH S BH,L\e nopfl,L\KOBOPO HO

wepa lfCTOqHHKa, ~a H&llHC8HHR ll0RCHHT6JlbHOA 3&nHCKH peKOM6H,L\YeTCi! 

KCll0Jlb30B&'I'b qepHWS KJIK ~HOJ16TOBWS qepHHJia HJIH nacTy. 

. P$paT (npKJI. 2) cTpOHTCH no cxeMe[2]. 1-A a6aa~ - HaHMeHoaa

HHe )lOKyMeHT& 1 KOJIHQ6C'I'BO CTpaHK~, KJIJIDCTpa~A,Ta6JIH~ H HCTOqHHKOBj 

2-A a6a~ - nepeqeHb KJ!Dqeawx cJios. KJ!Dqeawe CJIOaa (oT b .L\O I5) 
IIpitBO,Ili!TCH B KM6HHT8JlbHOM na,neJtte H Bbipallt~T OT,L\SJibHWS llOHRTKR, He-

06XO,L\KMWS ~R paCKpiii'KR cop.epllt&HHR T6KCTa. KJ!Dqea~e CJIOBa nKmyTCR 

3&rJI&BHYMK 6yKBaMK If pa3,L\6JIIID'I'CR M9llt,L\Y C060K 3&llRT~Hj 3-A a6aa~ -

T6KCT petlJepaTa (06'beM OKOJIO 500 3HaKOB) B Cllt&TOA ~pMe OTpalltaeT 

CylllHOCTb B~OJIH6HHOA pa60T~ H CO,L\eplltHT Kp&TKHe B~BO,L\~ OTHOCHTeJibHO 

OC06eHHOCTeA, ~KTKSHOCTH 1 B03MOlltHOCTH H 00JiaCTH npKMeHeHKi! llOJiy-

46HHWK peayJib'l'&TOS. 
Co,L\eplltaHKe (npHn. 4) SKAOqaeT a ce611 nepeqeHb nocne,L\oaaTeJib

HO pacnOJIOJiteHHWK B TeKCTe llOHCHHTeJibHOK 3&llHCKK qacTeK (aaep.eHHe, 

paa,L\eJI~ H ll0,L\pa3,L\9Jl~ If T.,L\.) C npHCS09HHeM KM HyMepa~KK C yKa3aHH

eM CTpaHK4 1 Ha KOTOpWK paaMeWBH~ HX Ha3S&HKR. SeeM pa3,L\6J1aM 3a 

HCKJIIOQ6HileM "Bse,L\eHHII" H "3aKJIIOQ6HHII" npHCS&HB&eTCR CKS03H&il HYMe

p&QHR. llpH HaJIHqKH UO,L\pa3,L\9JIOS H nyHKTOS KM npKCSaHS&D'I'Cli HOpi!,L\KO-

BWS Howepa aHyTpK paa,L\ena KJJH nop.paa,L\eJJa. Ha nepaaM MecTe CT&SHTCR 

HOYep pa3,L\t.-JI&, H& BTOpOM - HOMep UO)lpaap.eJia, H& TpeTbeM - HOMep 

uyHKTa. Bee HOM epa o6oaHaqavTca I.\H<iJpaMH c TOQKaMH. HanpHMep: l. i'. :.3 

4'1'0 oauaqaer nyHKT 3, nop.paa,u.eJia 2, paa,L\ena I. flocne cop.ep1KaHHf! 

paCBOJ!&!'aBTeri H3JIOJI6HKe OCHOSHOA Q&CTH Sblll0Jifi6Hf!Of'O KypcOBOf'O npo 

eKT&. Bo "Bsep.eHHH" 118 6aae OCHOBI!biX HanpaBJI61lHA 3KOI!OMH4eCKOI'O It 

cotUlaJlhi!Of'O pa3RH'I'Hil CGCP, npHHATbiX B peweHHHX Xl<Yil G'hto3p,a KIJCC, 
orptnaurcu rexHW!eCKHA npor·pecc B o6mle'fll l!lax·rHoJ o nc>JlheMa, awry<!Jlo 

'":' 1 !l !I riUBI1'3H1l llp>i!Hl'l'bJX peweuuiL 
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3aKJJVQeHK9 )l,O~HO CO,L\epllt&Tb 04eHKY peayJJbT&'I'OS, llOJiyQ9HHNK B 

pa6oTe, C TOQKH apeHHil HX COOTB6TCTBKR Tpe60B8HHRM 38,1t8Hi!R. 

CnHCOK HCllOJlb30B8HHbiX HCTOQHIIKOB ,L\OJJllteH BKJIOQ&Tb H&3B&HHR BC6X 

JIHTepaTypHWK i!CTOQHHKOB C yK&aaHHeM ~8MHJIKA aBTOpOB, HaKMeHOB8HHII 

(3BrJI8BKR) KHKril, CTaT~K, MeCT& K3,L\&HHII, K3,L\8T6JibCTB&, PO,L\8 lf3,L\&

IlHII H 06'beMa S CTp8HK4&X. 
8 npKJIOmeHHII CJie,L\yeT BKJ!nQ&Tb BCI10MOraT9JlbH~Jl M&TepK&n, KOTOp~n 

!ipH BKJI~qeHHK B OCHOBHY~ 48CTb CO,U.epllaHJ1R pa60T~ aarpOMOll!,ll.&e'l' OCHO~" 

HOA T6KCT, 
llpK 8HaJIHTHQ6CKHX pacqeTax ~pMyJI~ 3&llKCW~TCR S 6yKB8JlbHOM 

Bblp8llteHHK, a 3&Te~o• C llO,L\CTaHOSKOA QHCJIOSWK ,ll,aHHWK II peayJibT&TOB Blr-

4HCJJeHHA c cooTaeTCTB~WKMK e,ll,HHK48MK H3MepeHKII B CH. OKOHQ&TeJib

HbiK pe3¥JibT8T S~HCJieHJ1K He06XO,L\IfMO OKpyrJJH'l'b ,L\0 CTeneHH TOQHOCTK, 

C KOTOpOA npOH3BO,Il,HTCli K3MepeHHR COOTBeTCTSyDmHX B6JIMQHH. 

3uaqeHKR CHMSOJIOB K QHCJIOSWK K03¢¢K~eH'I'OB, BXO,Il,RWKX B ~pMYJIW, 

)l,OJilltHbl 6~b npi!B9,L\eH~ H8110Cpe,U.CTB9HHO 110,1:\ ~puynoJl. 3H&Q8HK8 K8li!,II.O

f'O CIIMSOJJa )l,&DT C HOBO A CTpOKH B TOA 110CJJe,L\Oh8T9JibHOCTH, B K8.KOJ1 OHil 

!!pHsep.eH~ B ~OpMyJJe. fiepBal! CTpOKa 3KCllJIHK&QHK ,L\0JilltH8 H8QHH8'1'bCII 

CO CJIOB& "r,u.e" 6e3 ,L\BOeTOQHli llOCJie Hero. ~pMYJIW tfYM6pytDTCII apa6CKII-

MI1 1.\H~paMH B npe,L\eJiax K8llt,L\OPO p&3,L\eJia. Hot.~ep ~pMyJJ~ COCTOKT 113 HO

Mepa paa.nena H HOMepa ~pMyJJ~, paa,u.eJI6fiHWK Meli,L\Y C060A TOQKOA. HoMep 

f!OpMyJI~ CT8BHTCR C npaBOA CTOpOHbl JlHCTa Ha ypoBHe 6yKB6HHOPO ee Bll·· 

p8llteHHa S KpyrJJWK CK06Kax, HanpHMep~ 

M CN ;: ( Q + ( p 1<: - 9' )1-J n) . R cr. (1.1) 

MeT, -I 
G 
p" 
CJ'R, 

- cTaTH4ecKKA MOMeHT conpoTKaneHKII, KH•Mi 

- sec nO,L\HKM&eMoro rpyaa, KH; 

- sec I M roJIOBHoro KaHaTa, KH/w; 

- sec I M ypaaHosemKa~ero KaHaTa, KH/Mi 

- pll,ltKYC OpraH& HaBHBKH 1 M. 

2. PAC!iET TOPM0300ro YCI'POACTBA 

B1>16op H pacqeT TOpMOaHoro ycTpoAcTaa B~OJIHRIOTCII c QeJJbJO npo"

aepKK 6e30il&CHOCTH 3KCUJiy&T&QHK sepTHK&nbHWK llO,L\'beMHbiX ycTaHOBOK, 

o6opy.u.oaaHHbiX no)l'beMHWH M81DKHaMH 2LI,, UP 11 I.UD (MllB H Nlll 
!'OCT 2692I-86). 

C 3TOA Q6Jib~ B 38SKCKMOCTH OT Tilfl& nO,L\'beMHOA M81DHHW H, HCXO,IlR 

11~1 3Hall6HHil TOpM03HWK MOM6HTOB, onpe,U.eJJ.RIOTCR OCllOBllbiB napSMeTpN 
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'l'0[iM03HOI'O yc'l'pOACTBa: Tltn HCTIOJIHHTeJibHOI'O OpraH a ( TOpM03a) , TOpM03-
!i(JrO npHBOA&, AJIH KOTOpbiX Onp6A6Jlil6TCH 3H&ll6HH6 B6JIH\lKH 1 o6ecnet~HB6j)
max AOCT&T04Hym HaA6ZHOCTb TI0~6MHOA ycTaHOBKH, KaK-TO: KOJIK46CTBO 
'l'OpM03HbiX rpyaOB, B6JIK4KHY npe)lB8pKT6JibHOI'O TIO)llllaTHH npKBO)lHOI'O npy

.IHtiHOI'O 6JIOK&, B6JIK4KHY ,ll&BJI6HHH Cll\aTOI'O B03AYX& B pa604KX H npe
,D.OXp&HKT6JibHbiX ~JIHH,llp8X K B B03AYXOC60pHHK6, fiposepH~TCH 3H&46HHH 
:laM6AJ16HKA npK npeAOXp&HHT6JlbHOM TOpMOJileHHH AJIH pelltHMOB: 110A'b8M rpy
aa, neperOH nopOltHKX COCYAOB K cnycK rpyaa. BeJIH4HHa tjlaKTK46CKHX aa

M6AJ16HKA AOJilltH& H8XOAKTbCH B npe,ll6JI8X 3H&46HKA, perJiaMeHTHpyeMbiX 

ilpaBHJI!IMII 6eaonliCHOCTH (3), 

2.1. B~op TKna TopuoaHoro ycTpoAcTsa 

B aTOM nyHKTe npHBOJlHTCH onHcaHHe KOHCTPYK~H TopwoaHoro ycT
pol!cTBa, ero Ha3Ha46HH6 1 pHcyHOK MeXaHHqeCKOA ( CIIJIOBOA) qacTH, ,D.&61'
Cl1 Kp&TK&H TeXHHqeCK&H xapaKT6pHCTHKa, a T&Kll\6 OTIHCI>IBaeTCH B3&11MO
,D.8ACTBH6 yaJIOB M6XaHH46CKOA qaCTH npH pa60tl6M H npe,D.OXpaHHT6JibHOM 

1·0pMOllt6HHH (4), 
WexaHHqeCK&H qacTb TOpM03HbiX ycTpoAcTB noK&aaHa Ha pHc. 2.1 

H 2.2. 

c 

l'~1e. ; .. 1. IJexatHI'WeEa;; qaeri. ·rnpMO~JHO!'O ye·q.~ofie•riJa 
I•·lil!,F~~Hb.X lMiiJHtli Ht{toi:J 

Pac. 2.2. MexaHHqecKaa qacTb TopuoaHoro ycTpoAcTsa 
TIO)lo6MHbiX M81BHH 3aBO,D.a 11M, JIKY 

2.2. Onpe,D.eneHHe pactleTHWX aHaqeHHA TopwoaHwx MOMeHTOB 

Onpe.neneHHe TOpM03HWX: MOMeHTOB, perJISMeHTHpyewwx: fiB AJI.R aepTK
KSJibHhiX AByxKOHL\8BbiX TIOA'beMHWX ycT&HOBOK, o(!opyAOBaHHWX M8UJHH8MH 
TKTIOB ~. UP H'QW. 

CyMMapHWA HaH(!OJlbUIHA TOpM03HOA .MOMeHT 

Mr.max.~ ~ 3 Mer. I, {2.1) 
r ,D.e M cr . .f - HaH60JibiJIHA cTaTiftleCKHA uowenT, KOTopwA onpe,~ten.ReTca 

no cpopt.tyJISM: 

- ,llJIH Heypa~HOBemeHHbiX UO~NOB, o(!opyAOB&HHhiX MamHHaMH 
THna 2U H UP 

{2.2) 
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- ,11)111 yp&BHOB61U6HHbiX 110,11.'b6MOB, o6opy,11.0B&HHbiX MBDIIIH&MII 
Tllfi& 2U, l..lP II l.ljll 

Mcr.-t = Q · Ro , 
Q - Bee UO,I1.HHI4aeMOro noneaHoro rpyaa, KH; 

p"'- aeo I u AAHHW ronoaHoro K&H&Ta, Kli/M; 
'Hn- BbiCO\'& nO,ItbeM&, Mi 
A5 - pa,a11ye Oapa6aHa no,D;beMHOA MaDill Hill, 1.1. 

(2.3) 

flp11 onpe,11.eneHHH. Mci.l AJIR MHoroK&H&THI>IX no,ltbeMoa a !fx.>pwy-
ny (2.3) BM80TO /?5 eJI6)1.Y8T nOACTaBJil!Tb 3H&Il.6HHe p~yca KaH&T0-
88,11.YIU6rO mKHBa R WK , 1.1. 

HaH60JibiUIIA 'l'OpM03HOA·uoweH\' 1 C03,11.aB&eMbiA O)lHIIM IICI10JIHIIT6JibHb114 
opraHOM ('l'Op14030M)t 

(2.4) 

Topw03HOA MOM8HT, H806XO,D;HMbiA AJIR Ha,ae.HOrO eTonopeHHll nepe
CT&BHOrO 6apa6&H& npH peryJIIIpOBaHHH AJII!Hbl rOJIOBHbiX KaH&TOB (3'1'0 no
JIOJiteHHe Cnp&Be,IIJIHBO TOJibKO AJIR 110,11.'b8MOB, o6opy,11.0BaHHbiX MBWIIH&MII TH
ll& 21..\ H UP> 

(2.5) 

r ,11.e Mer. J..- H&.H60JibmHA eT&THQeeKHA wOMeHT npH Bbli10JJHeHIIH onep&L\Hii 
no nepeeTBHOBKe 6apa6&Ha. 

Mer..~- -= { G + PK. Ho ). Ro, <2.6> 
(I - sec nO,ItbeMHOro eoey,11.a, KH; 
H o - H&.H60JibiUHA O'l'Bec K&H&Ta, M. 

Topt.to3Holl MOM&HT, e03,11.&B&eMwA OAHHM KcnoJIHHTeJibHWM opf'&HOM 
npK nepeC'l'&HOBKe 6apa6aHa, 

Mr.~ =- 0,5' Mr.max. J.. (2,?) 

2.3. h~op pacqe'l'HOrO TOpM03HOrO MOM6HT& 

llO)lbei.IH~ MBDIIIHW, HCI10Jib3Y8Mble H& 110,11.'beMax, o6opy,11.0BaHW CJie
AYOWHMK TOpM03Ht.IMII ycTpOACTB&MII. 

., 

KpyiiHble 110,1l;b614Hble MSJBIIHbl TKil& 21..\ II l..lP C ~ = 4 0 5 II 6 M 
OCHautf''lbl T0ploi03Ht.IMII yCTpollCTB&MII, M6X&HIIIl.6CK8Jl ll.aCTb KOTOpbiX COCTO
H'I' 11:1 JlllyX l!cnonHwrenbHbiX opi·auos pa,allaJibHoro T>ma c nocTyna1•eJib-

HbiM nepe146IU6HII614 KOJIOAOK, K~A 113 KO'l'OpbiX eHa6~eH HHAIIBI!AY&JibHWM 
11H6BMOrpy30BbiM n~HBOAOM (pile. 2.1). 

YaJI~ n0,11.~6MHY8 MaDIHHW Tlln& 2U C ~ : 2,5; 3,0; 3,5 M II 808 MHO 
rOK&H&THYB 110,11.~8MHY8 M&miiHW '1'1111& l.lJil 3& IICKJID\l.6HII8M J..¥11-5x8, KO'l'Op&ll 
He 11Cfi0Jlb3Y6'l'Oll Ha nO,I1.'b6MHbiX yrOJibHbiX IU8X'1'8X, OCH&m8HW 'l'OpM03HYo111 
yeTpOAC'l'B&MH, 148X&HHQ8CK8Jl ll.&C'l'b KOTOpWX Ta~e eoe'l'OII'l' 113 ,11.Byx HCilO~ 
HIIT6JibHWX OpraHOB p~&nbHOrO THna C KOM611HHpOB&HHWM 118peM8mBHH814 
KOJ10,11.0K (pHc. 2. 2), K8ll,llb!A 113 KOTOpWX C\ia6llleH HHAIIBI!AY&JibH1oiM rpy30-· 
BWM npy*HHHO-nHeBM&TIIIl.6eKHM npi!BOAOM (pHe. 2.2), HJIII npy~HHO~nHeB
M&TIIIl.8CKHM (pHC. 2.3), HJIII npy~HHHO-nH8BN&THQ8CKHM npHBOAOM C map
HIIpHOA onopoA (pile. 2.4). 

B noeJie)lHee BpeMll 3&BO,I1.-113rOTOBII'l'8Jib H8KOTOpWB MHOrOKaH&THYB 
110,11.'b8MHW9 MBDII!Hbl OCH&m&eT TOpM03HWMH yc'l'pOACTBaMII C AlfeKOBbiM HCI10Jl
HIIT8JibHWM OpraHOM t KO'l'Opble 8 ,JUI.HHWX M8TO,I1.HQ6eKIIX yK8.38HIIl!X He pac
CM&TpHB81>Tel!. 

B eBl!311 e yK&3aHHbiMH OC066HHOeTl!MII OeH&meHIIll nO,Itb8MHWX MSWHH 
TOpM03HbiMH ye'l'pOAeTBaMH 3H&Q6HIIll B6JIHQKH pacqeT~WX T0p1403HWX MOMeH
TOB B K8li,Jl0M KOHKpeTHOM CJiyll.&e npKHI!MaD'l'Cfl CJI~OMKM 06p8.3014. 

,. ,ll,n11 nO,I1.'b8MHWX yeTaHOBOK, o6opy,llOBaHHWX 110A'b8MHIIIOI MBDIHH8MH e 
1.\HJlHHApHQeeKHMH 6apa6aHaMH, pacqeTHwA 'l'OpM03HOA MOMeHT ,IIJIR OAHOro 
HcnonHKTeJtbHoro opraHa npiiHHM&eTCil 60JibiUHM 113 AByx 3HaqeHHA, onpe
AeneHHWX no !flopMyJIBM (2.4) II (2.?). 

)l,nl! MHOrOKaH&THbiX fiOA'beMHbiX yCTaHOBOK p&ell.8'l'Hwft '1'0p1403HOA MO
M8HT AJ!ll OAHOrO HCnOJIHII'l'enbHOrO oprBHa npHHHMa8TCft TaKHM, KaK ero 
aHaqeHHe, onpeAeneHHoe no ~puyne (2.4). 

B A&JtbHeA!UeM npiiHRTbiA paell.eTHwA TOpM03HoA MOMeHT o6o3HaqaeT

cR M T. pa.c. • 

2.4. 0npe,11.8JI8HHe nap&NeTpoB CHJIOBOA Q&C'l'H TOpM03HOro 
ycTpolie'l'B& KpynHbiX fiO~HWX MamHH, 06opy)lOB&HHOrO 
nHeBMorpy30BWM I1pHBO,I1.0M HKM3 

Onpe,11.eneHHe aeca TOpM03HbiX rpyaos 

Glf'·ptl.C = 
Mr.pac. · b ·d 

(2.8) 

r.ue a . 8 . (.' . d 
ci.ct · C /· RT.o 'l"r 

- 11JI8QH pWil.arOB (pHC. 2.1), pa3N8pbl KOTOpblX 
npHBeAeHw B np1111. 5," Ta6JI. I; 

/ - pacqeTHblli KOaqx}JH~HT TpeHHR napw: 
TOpM03HOii 060,U-KOJIO,UK&, ~ ~ 0,3; 

9 



>:>; 
0 
!1: 
Ill 
0 

! 
0 
i<>:s: 

0 
a:~ 
~ 0 
CJ § 
Q) 

i'B 
~a 
i ~ 
Q) lt e s 
I il CJ 

!1: tt 

t: "" 
&fr 
.;. . 
C\l 

0 
tf 

10 

Rr. o - p8,11.Hyc TopMoanoro o!So,ll&, fh: o = 0, 98 R Cf 
Ro - pB,IlHyc ISapa!SaHa; 
rz T - Ki1.A TOpM03&, f'/. T = 0, 95. 

OnpeAe~eHHe KonHqecorsa Topwoanwx rpyaos 

= (2.9) 

r,lle Go - sec o,JlHoro Topwoanoro rpyaa, Go = I KH. 
~aKT~eCK08 KOA~8CTSO rpyBOB npHHHM&eTCR QBXWM qHcnoM C OISR-

3&Te~bHWW oKpyrnenHeM HX Kon~ecTsa s !Sonbmym cTOpony H o!Soanaqa-

e-rcR n1p .cp. 
~~THqecKHA sec Topwoanwx rpyaoa 

(2.10) 

Be~~HH& ~THqeCKOI'O-TOpM03HOI'O MOM8HT& 1 C03,Jl&Ba8MOI'O O,llHHM 

HCnonHHT8AbHWM Opi'&HON, 

Mr.cp = MT.pac • 
n'lf·lf' 
n"f· pa..t. 

2.5. Onpe,llenenHe Heo!Sxo,llHMoro ,Jl&Bn&HHR 
C&&TOI'O B03,JlYX& S S03,JlYXOCISOpHHK8 

(2.ll) 

MHHHM&nbH08 H36WToqH08 ,llaai8HH8 CZBTOI'O·S03,JlYX& S ~AHH,Ilpe 
pa6oqero TOpMO&eHHR (uPf), neo6xo,llHM08 A4ft no~eua TopMOSHYX rpy

aos npK "aapR,IlKe" Topwoaa, 

It G-te·cp (ll+ g) 
pmtrL~PT ::: . (2.12) 

< :T<J:J~p't·6·rzr.n 
r ,ll8 CJ} LJPT - ,JI,H8M8Tp, QHJIHH,IlpB. paCSoqero TOpMOlleHHR ( npHJI. 5, 

· u!Sn, l); 
~ T. r1 - Kll,ll. TOpM03HOI'O npHSO,Il&, '2 T. n 0, 95. 

MKnHManbnoe Ha6YToqnoe ,ll&BneHMe ~aToro .soa,JlYX& s ~HH,Jlpe 
npe,llOXp&HHTeJibHOI'O TOpMOlleHHR (QnT), Onp8~J18HH08 H3 ycnosKR y,llep

,1\aHKR rpyaos a sepxHeM nonollteHKH 

II 



PmLI\...1,\0T == (2.13) 

~OpMO~HKB K WTOK&. 
~B ,ll.&nbH8AmKX p&CQ8TOB npHHKM88TCB 3HaqeHK8 MKHHM&nbHOI'O 

6~oqHOI'O ,11.8BR8HKB C&&TOI'O B03AYXA K3 B&nKQKH 
K3-

Pmi.n.. tJPr. K Pmi..~t; t.JnT K oCioaHaqaeTc.R P po..c • 
~BR8HK8 c.a~oro B03AYX& B B03AYXOCCiOpHKK8 

P6.w = 1, rfL Ppa.e. 

2.6. Onpe,u.eneHKe senKQKHW a&MeAn&HKA npK 
npep,Oxp8HKT8RbHOM TOpM0~8HKK 

(2.14) 

BenKQHH8 TOpM03HOI'O ycHnK.R, p83BKB&eMOI'O TOpM03HWM ycTpOACT
BOM npK npep,Oxp8HKT8AbHOM TOpM0~8HKK 

1',11.8 

F r.cp =. - c2 :;·P (2.15) 

3aweAn&HKe npK nop,~eue pacqeTHoro rpyaa 

Q -:::. hT' - rr.p_ 4.. b f-f~z , 
4.6.n.r rn rt.p /C. (2.16) 

Mcr.1 

·3aw8An8HH8 npK ll8p8I'OH8 nopo~HKX CKKllOB 

alli>.n.n.e. = hr. a - fr.f> ~ 5 M/ l. (2.17) m 'n.p - Jc ' 
~cT.n - cTaTJrtqecKoe ycHnKe npK neperoHe nopo~HKX cocyp,oa, 

1 
Fcr.n· =: F"cr- Q j 

/11 nt0 - npKB8,11.8HH8.R M&CC8 llO,II.oeMHOA ycTaHOBKH P,nH peMHMa 
"neperoH-cocyp,oa"; 

m ~ = rnnp - m1..p . 
3&teAneHKe npH cnycKe pact~eTHoro rpyaa 

12 

rp,e 

actb.cr = _fc;.c.r - F r.tp ~ I, !i% z. 
mnp 

Fcr.c.r :::- ( Q +(pK -fj-) · Hn). 

(2.18) 

flo peaynbTAT&M pacqeTa p,en&mTC.R BHBO,II.W llO 3H&qeHK.RM nonyqeHHWX 
B8RKQKH 38M8An8HKA H 0 COOTB8TCTBKK HX llS. 

2.?. Onpep,eneHKe napaueTpoB CHnOBoA qacTH TOpMaaHoro 
ycTpoACTBA M&nWit llO,Itl>eMHWit M8111HH THn& 2l.{ 

06mKA BKA MeXaHHqecKoA qacTK HaoCipaaeH Ha pKc. 2.2. XapaKTe
pKCTKKH KCllOnHHT&nbHWX Opi'aHOB npHB8,11.8HW B npKn. 5, TaCin. 2. 

2.7.1. Bweiop TKna TOpMOaHoro npHso,u.a H onpe,u.eneHKe 
napaueTpos ero HacrpoRKK 

TKnW TOpM03HWX npHBO,II.OB H HX npKM8H.R8MOCTb npHB8,11.8HW B npKn. 5, 
T&6n. 2, H3 KOTOpoA An.R KOHKpBTHOR llO,Itl>eMHOR M8mHHW npKHHM&eTC.R COOT
~eTCTB~mKA TKn TOpM03HOI'O npKBOA& K Onpep,en.RDTCB napaueTpW 8I'O H8-
CTpOAKK. ~.11 YK&3&HHWX THllOB ll0,1t1>8MHWX M8mHH npKMeH.RilTC.R rpy30Bhl8 
npyMHHO-llH8BM&TKQ8CKK8 TOpM03HWI!I npHBO,II.W. 

0npep,eneHK8 TOpM03HOA CHnW H& 38MWK&mmeA mT&HI'8 npy~HHO-nHea-· 
MaTKqecKOI'O npHB0,11.8 

iJ:Jro./· U ·'/7 
hp.n.p - M't. f,ac. 

(2.19) 

rp,e - Alf8M8Tp 'l'OpM03HOI'O oCiop,a, M (npHn. 5, TaCin. 2) j 
- KOscppKQH8HT TpeHH.R t + = 0 t 3; 
- nepe,u.aTOQHoe oTHomeHH8 HcnonHHT&n&Horo opraHa 

('topwoaa); 

f T - 'KDJl ropuoaa, 'l. T = 0,9. 

TOpM03HOR npHBOA COOTB8TCTByDWei'O 'l'Hll& BweiKp&eTC.R K3 npKn. 5, 
Ta6n. 4, KCXO,II..R K3 yCAOBH.R, ll'l'O 

Fr.mlV;I. + G n.\1 ~ F' TP·I1P ' (l'..20) 

r,u.e Fr m~ - M&KCKM&nH&Jt CKU npe,rusapKT8JI&Horo no,ll.lllllTK.R 
npyMHHHOro 6noKa, KH; an.\( - sec flO,II.BHlKHWX qacTeR npHBO,II.&, KH. 
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eTCH 
fiOCJl8 BWISOp& 'l'OpM03KOI'O npHBOA,& H3 npHJI, 5, T&6Jl. 3 BillllHCWB&-
81'0 xapaK'l'epKC'l'HK&. 

rAe 

CHJI&, C03AaB&eU&R npymBHKWW 6JIOKOM 

r T. 6A = F TP· n.p - G n. (/ . 
BeJiwqHH& np8AB&pHT8JibHOI'O llOA&&'l'Hfl npyJttHHHOI'O 6JIOK& 

hnp = Er:f!l 
c c - ~8C'l'~C'l'b npya~HHOI'O 6JIOK&, KlVw. 

2.7.2. 0npeA8J18HK8 MHHKM&JlbHOro A&BJ18HHfl ~'1'01'0 

B03A,YX& 8 pa6oqew W4J1HH,Ilpe, H806XO,IUIMOI'O 
AJ!fl 06ecneqeHKft HaA8~HOI'O p&CTOpM~&HKH 

~OOJIHH'l'8JlbH&R CHJIA OO~THfl npy~HHOI'O 6JIOK& npHBO,Il& npH 

pac'l'OpM8JKKB&HMK 

Pgon = C · hpllb , 
I' )1.8 h paD . -. pa6oqHA XOA nopmHfl, M. 

(2.21) 

(2.22) 

(2.23) 

MI1HKM&JlbK08 )l.&BJI8KK8 C~TOI'O B03)l.yx& B pa6oqeM ~JIHH,Ilp8 npH 

pac'l'OpMUHB&HMH 

/.J ( F TP· np + C h pM) 
f:TO\C. ., "'o1.1 p.iJ • ~ r.n 

I' A8 'dJ p ~ - ,llHIW8'1'p ~HJIHH,I1p& pa6oqero TOpMO~ HHfl , M ; 

'LT. n .:,. l{f},A TOpM03HOI'O npHBO)l.&, 'lr.n : 0,95, 

(2.24) 

Qnpep.eJieHHe KOJIHqeCTB& TOpM03HWX I'py30B H )l.&BJ18HHfl B ~JIHHApe 

npe)l.OXp&HHT8JlbHOI'O TOpMO&eHKfl, 
Bee )l.OOOJIHH'l'8JlbKWX rpy30B )l.nfl TOpM03HOI'O npHBO)l.& 

_Gqon::::. trp.np -Gn.ll. (2.25) 

KoJI~PCTBO TOpM03H_WX l'py30B 

n GsCU1 
1f> . fXl.C = G 0 

I'Ae .(f o- sec OAHOI'O I'pysa, KH (npHJI. 5, Ta6JI. 3). 
KoJI~8CTBO rpy30B npHHHM&eTCfl qeTHYM C 3&KpyrJI8HH8M B 60JibWY~ 

C'l'OpO!.Y K 0603HaqaeTCH n tf· q:> , 

14 

2.?.3. ~HHHM&JlbH08 A&BJ18HH8 C~&TOI'O B03AYX& 

B ~HHAP8 ITp8AOXp&HHT8JlbHOI'O TOpM0~8HHfl 

(2.26) 

l',ll8 ~~OT - AH8M8Tp ~JlHHApa llpBAOXp&HHT8JlbHOrO TOpM0~8HHfl, M; 
lXw.~ - ,llH&M8Tp XBOCTOBMK& ~KHApa pa6oqero 'l'OpMO~HHfl, M. 

~fl onpe,lleJl8HHfl AaBJl8HHR C*&TOI'O B03AYX& B B03,1lyXOC60pHKKe 
113 AByx 3Ha.qeHHA Pmi..n.. pl.!. K p rnUt... ~nT npKHHMaeTcn 6oJib
wee 3HaqeHHe, a saTeM no ~pMyJie (2.14) onpeAeAReTCR ero seAKqKHa. 

2.?,4, ~aKTMq8CKK8 TOpM03HYe MOM8HTW 

~&KT~8CKKA TOpM03HOA MOM8HT, pasBHB&eMHA OAHKM KCOOJIHKT8Jlb
HYM opraHoM AJIR rpysosoA qacTK 

M T.<p = ~M-'-T;_;,;. po.~c-'-(:...;.F:_;rp_. n...;._p + G 0 ( n'IP·f -n "P·ptlC)) ,(2.2?) 

Frp.1t.p 

2.?.5. Onpe,lleJieKHe BeJI~HKW s&MeAJ!eHHR npK 
npeAOXp&HKT8JibHOM TOpMO~HKK 

BeJI~KHW 38M8AJ18KMA npM npeAOXp&HHT8JibHOM TOpMOJK8HHH Ofip8A8JIR·
~TCH no ~opMyJiaM (2.15)-(2.18), npKBeAeHKWM 8 pasp.. 2.6. 

2.8. Onp&AeJiet~e nap&MeTpoB CMJIOBOA qacTH 
TOpM03KOI'O ycTpOICTB& MHOI'OK.&H&THWX 
fi0A'b8MHWX M&mHH THn& Ujll 

06mMA sKiMeX&H~ecKoA qacTH H3o6paa&H tta pHc. 2.2. XapaKTe
pHCTHKK HCfiOJIHHT8JibH~ Opr&HOB npHB8,1!,8KW B npHJI. 5, '1'a6JI, 2. 

2.8.1. Bw6op TMna TopwosKoro npHaop.a H 
onpeAeneHMe nap&MeTpos ero H&eTpoAKM 

TopMosHwe ycTpoAcTaa wHoroK&Ka'l'HWX noA'beMHWX MamKH a sasHcH-. 
MOCTK OT TK00p&3M8p& CH&6~'l'Cfl npy&KHKO-OH8BM&THqeCKKMH, rpysoaw
MK np~HHHO-nHeBMaTwqeCKHMK HJIK npylltHHHO-OHeBM&'l'MqeCKHMK C mapHMp
HOA onopoH, npKBOAaMM. XapaKTepMCTHKH npYJ!tHHHWX npKBO,IlOB K MX npHMe
HeHHe npKB8A8HN B npHJI. 5, Ta6Jl. 3. 
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TopM03H&H CKJI& Ha 38MJ,iK&iliii8A WTaHre K nap&MeTpW HacTpoliiKK npy-
4KHHO-nH8BM&TKQ8CKOPO npKBO,Ila Onp8AeJIHIDTCII no ilJOpMyJI&M nO,Ilpa3,1l8-
JI& 2.?.1. • 

2.8,2. MaxcHM&nbH08 ,llaBJI8HH8 C~&TOrO B03,JlYXa S B03,1lyXO
C60pHKK8 B CJiyqae npKM8H8HKJI npy~KHHO-nH8BM&TKQ8CKKX npKSO,IlOB onpe
,ll8JIH8TCII qepe3 MKHKMaJibH08 ,llaBJI8HK8 B l.\HAKH,Ilp8 pa6oqero TOpM0~8HKII 

Ptc:c = i.J. Pmi.rl p.Ld. (2.28) 

Pm~IL p~ 'onpe,lleJIJI&TC.II no 4JclpMyJie (2.24). 

2.8.3. MaKCHM&nbH08 ,ll&BA8HK8 c.aTOPO B03p.yxa S B03,1lyXOC60pHK
K8 B CJiyqae I1pKM9H8HKJI r.py30BWX np~HHO-nH8BM&TKQ8CKKX npKSO,IlOS 
onp8,1l8JIH8TCII no M9TO,IlKK8, K3JI0¥8HHOA B no,llp&3,1l8A8X 2.?.2 K 2.7.3. 

2.8.4, t&KTKQ8CKH8 TOpM03HW8 MOM8HTW 

~aKTKQ8CKKA TOpM03HOA MOM8HT, C03,1l&BaeMwA TOpM03HOA CHJIOA npy

~H~HOPO npHBO,Il& 6AOK& npy~HHHO-nH8BM&THQ8CKOPO npHBO,Il& 

M up = Mr.pac. 
~&KTHQ8CKKA TOpM03HOA MOM8HT, C03,1l&B&8MwA rpy30BOA Q&CTbD rpy-

30BOPO np~KHHO-QH8BM&THQ8CKOrO TOpM03HOPO npHSO,Jl&, onpe,ll8JIR8TCH 
no ilJOpMyJie (2,2?), npHB8,1l8HHOA B nO,Ilpa3,1l8Jie 2.7.4. 

2.8.5. 0npe,ll8JI8HH8 B8JIHQHHW 3aM8AJI8HHA 
npH np8,1lOXpaHKT8JibHOM TOpM0*8HHH 

BeJIHQHHa 3aM8,1lJI8HKA npH npe,llOXp&HKT8JibHOM TOpMO.SHHK 01~8,1l8-

JIK8TC.II no ilJOpMyJI&M (2,15)-(2.18), 
ITpK onpe,lleJieHHH aaMe,ll.lleHKA s CJiyqae npKNeHeHHH npy~HHHO-nHes

waTHQecxoro npHSO,Jl& B8JIWQKH& TOpM03HOPO MOM8HTa, C03)laB&eMOPO O,llHHM 

npKBO,IlOM, Ollp8,1l8JI.II8TC.II llO ~OpMyJie (2.2?). 

2.t3.6. Onpe,lleJI8HKe npe,lleJibHO )lonycTKMWX aHaqemtil 

38M8,11.1l8HK'f npH llpe,llOXpaHHTeJibHOM TOpMO.SHKH 

. Onpe,lleJieHKe npe,lleJibHO ,llOnycTKMWX sHaQeHHA saMe,ll.lleHKA 1~11 npe-
"' )l.OXpaHHT8JibHOM TOpM0~8HHH SWIJOJIHHBTCH C QBRb~ SWHSJIBHHH S03MO~HO-

l'O npoCKaJib3USaHKH KaH&TOS no KaH&TOS8,1lyWBMY lUKKBy npK SCBX pe~H
W8X pa60TI>i nO)l.'b8MHO~ yCT&HOSKH: npK nO)l.'bBMe H cnycKe paCQBTHOrO 

rpyaa H npH neperoHe uopO!KHKX cocy,llOB. 
flpe,neJibHO )l.Oll,YC'I'HMOe 3Hall811He 3aMe)lJieHHH npH llp8.IJ.OXpa.HHTeJib-

16 

HOM TOpMO~eHHH ,II.IIJI BC9X pe~HMOB pa60TW nO,D;b8M& 

r)le Sn.cT 
e 
-1 

Sn.cT ( e -f!.f)+C~ ( Sn.cT - So.a) 
<Jiu.H ( mn.f> + mll8) f moB ( e /fl._ -f) 

- cTaTwqecxoe HaTa~eHHe no,llHHMaoweAca aeTBH, xH; 

- OCHOB&HH8 H&Typ&nbHOrO norapH¢Na; 
- p&CQ8THwft KO~H~8HT TpeHHJI napw; 

(2.29) 

ilJyTepoaxa-xaHaT, j = 0,2 ,ll.ll.R KaHaTOB saxpwToA KOHCT
PYKI..\Hl-1, I = 0,25 ,11.1111 TpexrpaHHOnpH,II.HWX H xpyrnonpH,D.

HWX KaH&TOB i 
'C/.- - yron o6xaaTa KaH&T&MH KaHaToaep.ymero mKHBa, pa,u.; 

G'gw-1 - jij!!!&MWQ8CKKA KO~HQH8HT 6eaon&cHOCTH CK0Ablt8HHR, 

Ugul-4 = 1,25; 
~~eT- CT&THQ8CK08 H&T~8HH8 onycKaomBACJI B8TBK, KH; 

mn.~.,mM~MacCW nO,IlHHM&DW8ACH it onycxaom~Acll aeneA, T. 

3H&Q8HHII B8AHQHH, BXOAfiOlHX B ilJopMyny (2,29), npil Ollp8A8JI8HHH 
npe,ll8AbHO ,llOnycTHMOPO 38M8,11.J18HHII npK fiO,D;b8M8 pacqeTHOPO rpyaa - a fl. n, 

r)le 

Sn.cr = Q +G + nK.. ·P" ·1-lo 

.So.c.r - G + ni<..IJ. ·~ · Ho; 

mn.iJ- ; (Q+G+n~<.Px·Ho+ ~Gf.?w.o); 

m o.a - ~ ( G + n "· y · Cf · l--lo) , 

G 
G-

- Bee no,llHHMaeMoro pacqaTHoro rpysa, KH; 

- sec cocy,llal xH; 
n K.. - KOAHqecTBO rOJIOBHWX KaH&TOB, mT.; 
f)K - sec I M roAOBHoro KaH&Ta, KH/w; 
H., - MaKCHM&nbHwA oTsec KaHaTa, M; 
/1~.~ - KORHqecTBO ypaSHOBBWHB&IDWHX KaH&TOBi 

n.t:.<j. ~ 2 WT. i 
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CJ;- - sec I t.t ypasnooewKBSJOwero K&HaTa, KH/M, npillleM 

. nK. · Px. ~ nK..v ·a--; 
mn. 6,m.6- M&CC& DOAHKW&IOillelc.R H onyCKSJOIUeAc.R BeT seA, T; 

~ - YCKOp8Hil8 CH~ T~eCTH, t.t/c2; 
( G-~.lJ.w._ M&XOBOII MOM8HT OTMOH.RIOIUHX UIKKBOB, KH•t.t2 ; 
~~.0. - AHaMeTp OTK~OH.RIOIU8I'O IUKHBa, M! ~O = 3 M. 

3na~dHH.fl B8~KqHH, BXOAftlUKX B ~pwyny (2.29), npK onpeAeneHHH 
np8A8HbHO AOllyC'l'KWOI'O 3aM8An8HH.fl npK cnycKe pactleTHOI'O rpyaa -

aH.e : 

Sn.er - G + ni<·':J ·cy ·l-lo 

So.e.T - Q+G+ n~< ·PJ<.·J-Io; 

- ( G + n l<t:J ·D~· Ho + (G p.2Jw.o) · /r , r 'i/Ju;.o (f 

(2.31) 

IYln.h 

mo.b ~ ( Q +G + nK PI< Ho).'. 
3H&tl8HH.fl B8nl1qKH, BXOAftiDHX B ~OpMyxy (2.294 np11 Ollp8A8A8HHH 

npeAeHbHO AonycTHMoro aaMe,Jl,JleHK.R npH neperoHe nopo*HHX cocy
AOB - a H.O: 

{' - G + n " · pi( · 1-1 o , cl:>n.er 

So.c.r = G + n K1J ·cr · l-lo, 

1 (G +n p 1, + (62>.2)Uio) 
=- i. I< K. flo &Dooz:.w.o J' 

(2.32) 
mn.b 

nzo.B = g ( G -f nx:y Cf Ho ) . 

lt3 

-

( 

ilo~yqeHHYB npeAenbHO AOllyCTHWYB 3HaqeHH.fl 38M8,Jl,Jl8HKit cpa.BHKBa
IOTC.fl CO 3H&tl8Hil.fiMH 38M8,Jl,Jl8HHI, nonyqeHHWMH npH npeAOXp&HHTB~bHOM TOp
M0~8HHH C npHA0¥8HH8M MaKCHM&HbHtiOC TOpt.t03HWX MOM8HTOB B OAHY CTy
TI8Hb, H AenaJOTC.fl COOTBeTC'l'ByowH8 B~O.U,W. 

2.8.8. 0npeA8A8HH8 TOpM03HWK MOM8HTOB, HCXOAR H3 ycnOBH.fl 
OTCYTCTBH.fl np0CK&nb3WB&HH.fl K&H&TOB 

JlpH UO,I{beM8 pacqeTHOI'O rpyaa 

MT.n ~ mnp. aH.nr. R,..,.w -Mer-/. 

ilpH cnycKe pact~eTHoro rpyaa 

·Mr.c f:. mnp ·aH.c. · R ~<-"' + Mc.r-t. 

ilpK neperone nopo~HHX cocy.u,oo 

Mr.o f: mo . aH.O . R,..,.w. 

2.8.8, AH&HHS 'l'OpMOSHWK MOMeHTOB 

(2.33) 

(2.34) 

(2.35) 

B peaynbT&Te pacqeTOB noxyqeHO ID8C'l'b 3HaqeHHA TOpMOSHtiOC MO
M8HTOB, KOTOplole xapaKT8pH3)'10'1' npouecc np8AOXp&HJITe~bHOI'O TOpMO~HH.fl . 
.U,n.fl BCeX Tpex pe~OB paCiO'l'W MHOI'OK&H&THOI'O DO,Itf>fhl&, a KW8HHO! -
TopM03HYB MOMeHTw, onpeA&AeHHIIIB ToptoaHwe NOM8HTW, onpe.u.uen-
KCXOAR HS i1B HYB IICXOAft HS YCJIOBH.fl OTCyTCT

BHft CKOA~8HH.fl K&H&TOB no 
KaH&'l'OB8AfW8NY mKHBy 

YT.Ma.xl 

~.Max2 
MT.M&X3 

M.r.n 
M.r.c 
Y,.,o 

YK&a~HYB 3H&'l8HHII 'l'OpM03HWX MOM8H'l'OB &HUH3Hpyi)TCft H, HCXOAR 
K3 Cieaon&CHOC'l'H 3KCIUIY&T&QHH MHOI'OK&H&THOI'O fiOA'beM&, Ollp8.U.1Uft8TC.fl 
Bll,fl, npe.U,OXp8HKT8Jli>HOI'O 'l'OpNOlii8HKft, a HMeHHO: 

.u.syxcTyneHtla'l'Oe npe.u.oxpaHHTeJI&Hoe 'l'OpNO~HHe c nocTORHHoll oe
AKtlHHOII nepBOA C'l'Yfi8HK 'l'OpMOSHOI'O MOM8Hta; 

AByxcTyneHtl&'1'08 np8.U,Oxp&HHT84bH08 'l'Opw0~8HH8 c H&npepWBHO 
aBTO~BTHtl8CKH peryaHpy8MOI B8AH'IMHOA fi8p80I c'l'yneHH 'l'OpM03HOI'O MO
M8HT&. 
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3. PAC4ET POTOPiiiX COilPOTWJlEHiiR ID,I4bli'.YHOro 
A8Kl' A'l'IJift 

lrm, -zt" - M&KCHM&JlhH&R ii>&KTHQ8CK&R CKOpoCTh H CKOpOCTh H8 BWXO
AfJ CKHn& H3 paarpy30QHWX KpHBWX, M/c; 

Ct~H Lli - YCKOp9HH8 CKHna B paarpy30QHioiX KpltBWX H OCHOBHoe 
YCKOp9HH8, M/ c2 t . 

- il>aKTHQ8CK&R npo.ll,O~T8HhHOCTh llO.ll,'heMHOrO qKKna, c; 
- npO.ll,OHXHT8AbHOCTb DOArOTOBHT8HbHOrO nepHO.ll,a npH 3&-

nycKe llOA"f>eMHOrO .ll,BHr&T8Jifl, tiL.~ = 0,?5 c; 
- nepKO.ll,W .ll,BHXeHHft CKHU& B paarpy30QHWK KpHBioiX H OCHOB-

Horo YCKOp9HHOro ABHlKeHKft, c; 

A&HHWB .ll,H&rp&MMW YCHJIKA: 

- CKnW, .ll,8ACTBY~mHe B H&Qane H KOH~e nepHO)l,a .ll,BHlK9HKA 
B paarpy30QHioiX KpiiBWX ( { o ) , KH; 

- CKJIW 1 .ll,8ACTByOWHe B H8QaJI8 II KOHQ8 nep110.ll,8 OCHOBHOro 
ycxopeHHfl ( i 1 ) , xH. 

~HHwe p9AJKTopa: 
u,1 pee -- ll9p9.ll,8TOQHOe OTH01118HII8 II KDJt, 

3 .I. 0IIpe.!J,8JI8HII9 nyCKOBWX MOM8HTOB 

C11na, AeAcTByiOIIIBJI Ha .ll,BIIraTeJib np11 AB~eHIIII CKKna a KpiiBWX -
B nepiiOA { 0 , xH 

(3.l) 

20 

CKna, A8ACTBYQM&R Ha .ll,BHr&T8Hh npH .ll,BH.8HHH CKHna BHe KpHBWX -
B nepHO.ll, OCHOBHOro yCKOp9HHH 1lt, KH, 

(3.2) 

CTaTHqecKoe ycKnHe a nepHOA nycKa, xH, 

ABH llO.ll,'h8MOB c riM 2UHU.P ABH llOADeMOB c riM J..Uil 

PeT=- KQ +(PcfJr) l-In~ Fd= K Q. (3.3) 

IlyCKOBOA MOM8HT npH .ll,B~8HHH CKHll& B KpltBWX (B nepHOA t 0 ) t 

· MKP = rk.p • ~o I 4. u. 'lpeg. . (3.4> 

ilycKoaoA MOMeHT BHe xpwa"- ,( B nepHOA i ..f) , ltH• M, 

(3.5) 

CT&THQ8CKHA MOM8HT 

Mc.r = (3.6) 

HoMHH&JibHwA MOM8HT, p&3BHB88Mh!A ASKr&TeJI8M H& OKpylKHOCTH Cla
paClaHa, KH·M 

MHOM ::::: 9.55' ~O/Iof (3.?) nHOM 
OnpOKHAHOA MOMeHT, KH•N 

Monp = tfll5A • MHoM (3.8) 

MoMeHTW nepeKJIQQ8HHft npll AB~8HIIH CKKna BHe KpHBWX, KH'M: 
N . 

eepxHHA: M nep · == 0, 9 M onp ; (3.9) 

I H 
HII.HHA: M nep =: ~ M nvc. - M nep . (3. 10 J 

HOMIIH&JibH08 CKOJI~HH8: s HOM = fl. c.- n,.,OM 
nt. 

0 () f HO,._, HoMHNaJibHOe COnpDTHBJI8HHe, /11 : ~HOM = ' 
--lf"i: • J HOM 

f!O)l. HOMIIHaJibHWM COnpOTHBJI8HH8M llOHHM&eTCH C~IJPOTHBH9HIIe, 
B uenb poTopa npH M9B =- M 1-10M· 

?! 

(3.11) 

(3.12} 

see)l,emtoe 



ConpaTHBJI8HHe pooropa DM, RpOT'::: RHoM • SHoM , (3.13) 

ilaJinoe conpoTHBJieHHe poTopnoA ~nH npH peBH3HH KaH&Ta, OM 

R nOA =- f H{)(IA 

Jpe6··€ 
A '-1 JHOM 

J:',ll8 :Jpe8- TOK npH peBH3I.tH K&HaT&, 1 Jpe~ = -.,--. 

YoMeHT npH· peBH3HH ItaH&T&, KH•M : Mpei> -:::: M JOM , 

3.2. ilOCTpo8HH8 W8X&HI(q8CKHX XapaKTepHCTHK 

(3.14) 

(3.15) 

iloCJie BWITOJIH&HH.R yKaaBHHUX pacqeoros Be,lleTC.fl nocTpoeHHe Mexa
HKqecKHX xapaxTepHC'I'HK ,llBKraoreJI.R r~wqecKKM nyoreM. MexaHKqecKHe 
xap&KT8pHCTHKH npHB8,1l8H~ H& pHC. 3.1 II 3.2. 

ilOCTp08HHe M8X&HHqecKHX X&p&KT8pHCTHK CJ18,1ly8T BWITOJIH.fiTb H& 

MHAJIHM9TpoBOit 6yM&r8. 
' ilOCTp08HH8 M8X&HI.fq8CKHX XapaK'1'8pHCTHK npOH3BO,IlHTC.fl B CJI9,1lyD

UI8M nop.R,IlKe. 
~.II ITOCTp08HH.R X&p&K'1'8pHCTHKH Bw6~TC.fl COOTB8TCTBYDWH8 M&Cm

Ta6~ ,llJI.fl MOM8HTOB 1 qac'I'OTW Bp-.eHHft 0 CKOJlb~8HH.fl H COllpOTHBJI8HH.R. 
MacmTa6HwA KO~HT ·,ll4ft uoweHTOB 

m MHOM 
M =- e~~~ 

f M - npHH.RTwA aTpeaoK, cooTBeTCTIIyK>uudt M HOM • J:',ll8 
MacmTa6Hwit KO~Hqii8HT ,llJI.fl q&CTOTW Bp&meHH.R 

m/1.::::::. ~e , 
lt..C 

J:',ll8 ~n.C- UpHH.fiTwA O'l'p830K 1 COOTB8TCTByDmH~ 
MaCWTa6HwA K03~H4i(8HT ,llJI.fl CK0Jlb~8HH.fl 

1 
Ins::::. 75' 
es::: enc. 

MacmTa6HWR KO~H4i(9HT ,llJI.fl COnpOTHBJl8HH.fl 

RHOM 

e'l..HOM ' 

22 

ne-. 

(3.16) 

C:l.I? l 

(3.18) 

(3.19) 

~, 

;j 

PHc. 3. I. f'prupHK K nocTpoeHHIO MexaHHlleCKHX xap&K1'epl1C'ri!K 

riO)l;'b8MHO!'O ,ll.DI!I'a1'8Jl.fl 



0 -----+------ M_ 

----·- -~------- ____ f'11J.IEIL ________ _ 
M~ I ---· .'1!JP ___________ ~ 

P11e. :3.2. rpaqmK K onpe,ll.eJI9HHIO pOTOpHwc ,no6aBO'IHWC 

COllpOTHBii"eH111l no CTyll9H.FIM 

llpK aw6ope M&CWT&60B 'I&CTOTW apameHKR, KA8&JlbHOrO XOJIOCTOPO 

XO,Il& ( nc ) 1 CKOJlbUHHft (npK S = 1) ,Q,JIHHW O'l'p83KOB ,llODHW HM8Tb 

O,IUtHaKOB08 3H&ll8HHe. Ha npftwOyrOJlbHWX OC.RX KOOp,IUtH&T no OCH X OTKJI&

,IlWBSDTCft B M&emTa6e B8JIKQHHW paHee onp&,ll.eJieHHWX MOM8H~OB! 

IIA 1 11 
MpeB; , .. ,HO/Ii; M~q>; M11ep; Mn~cJC; M11ep ; Mon.p 

K Ha noJiyqeHHWX ToqeK A, B, C, ,[l, E, F H G (Kpoue TO'IKH A) awcTaa

JiftiiiTCft nepll81WfKYJUIPW ( pKC. 3. I. ) . flo OCH :f O'l'JU18,1lWB88TCII O~p830K 1 

COOTBe'l'CTByiiiWHA pe~HMY H,ll8&JlbHOro XOJIOCTOrO XOAa1 H H3 ll0~'18HHOA 

TOqKK N nposo,IUtTCII ropHaOHT&JibH&ft JIHHHft, xo.-opu nepecexaeT aw

CT&BJI&HHIIII nepneH,IUtKYJllfPW B TO'IKIX COOTB8TCTB8HHO: f> 1 e t d 0 e 1 ~ 

3.3. fiocTp08HK8 8CT8C'l'B8HHOA X&paK'1'8pKCTHKH 

Anll nOCTp08HHII onpe,ll8Jlii8TCft O'l'p830K JlHHHH, COOTB8'1'C~BymmeA 

SHOM 

ms (3.20) eRpor :::. 

l1a TOqKH fJ BHH3 OTKJI&,IUIB&eTCft ll0Jlyti8HHioiA 0Tp830K e R pOT 

,Q,JIKHoA B - 13 1 
• liepea TO'IKH II H 13 1 

npoBO,IUtTCft npJU.tu JIHHHH, 

KOTOp&ft nepeC8K88T BC8 BWCT&BJ18HHW8 nepneH,IUtKyJiftpW. oTO H 6y,lleT 

8CT8CTB8HH&ft X&paKT8pHCTKK& - Z e . 
BTOpOA CTpOKTCft xapaKTepKCTHK&, COOTB8TCTBYIIIW&ft p8BH3HH KaH&T& 

'"lpe!J , ,Q,Jlfl qero npOBO,IlHTCII npfiM&H JIHHH.R, coe,llHHfllllll8JI TO'IKH /V' H /1 • 
TpeT&eA C'l'pOHTCft X&paKT8pHCTHK& Z i , COOTB8TC~ByillwaR nyCKO

BOMY MOM8HTy ~ Kp, ,Q,Jlfl '18PO Ollp8,1l8Jlft8TCft 0Tp830K 1 COOTB8TC'l'Byiii-

WHA CKOJlbK8HHIO npK ,llBH~8HHH CKKna B paarpyaoqawx KpKBWX CO CKO

pOCTbll 1JO 

r,o.e 

(3.21) 

. Ha TO'IKK IV' no OCK Y OTKJI&,IlWB&eTC.R OTp830K f So ,IJ,JIKHOA N- K 
K ~epe3 TOqKy K npOBO,IlKTC.fl POpK30HT&JlbHa.R JlKHKft, KOTOp&.R O'l'C8K&eT 

OT nepneH,IlKKyJIHpa 0Tp830K C - C 
1 

• )4n.fl llOCTp08HK.R X&paKTepKCTK-

KK Z- i oTpeaoK C - C 1 
,neJIIiTC.fl nonoJiaM a T04Ke r/. . Coe,o.HHfi.R TOll

KH N H ~ , noJiyqKM xapaKTepKCTHKy L i •. 

2b 
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..... , • ...,..!'_., J.._J' 

IlpH llOCTp09HHH ilOCJ19,1zy'lllllHX XapaKT9pHCTHK H906XO,I\HMO, liT06bl xa

paKTepHCTHKQ z~ npOXO,Il.IUIQ ll9p93 TOliKY I' . Co9,1\HHJ!H TOliKH AI H 

l' , noJiyqHM xapaKT9pHCTHKy Z,t. XapaKT9pHCTHKa lOL n9p9cet~eT 
119pll8H,I\HKYJlfiP [l) -d , COOTB8TCTBJIOUliiA HHlKH9MY MOM8HTY nepeKJIIl\19-

M I ' HHR nep s TOt~Ke I. B TOt~Ke I npoHsoA,I\eT nepeKJIIlt~eHHe ,1\BKraTe-

JUI Ha xapaKTepHCTKKY C:: ;3 , ,IJ,nf! nOCTp09HHfl xapaKT9pHCTHKH Z d H3 

TOilKK I nposo~TCH ropH30HTaJibHBH JIHHHH AO n9p9cet~eHHfl c n9pneHAH

KyJIHpOM ~-~, COOTB9TCTBYil~ BepxHeMy MOM9HTY nep9KJIIlti8HKfl ~~~~ 
s TOtiK9 2. Co9AHHflfl TOtiKH N K ~ , noJiyqHM xapaKTepHCTKKY 2 3 • 
llOCJI8,1zy'IOUlll8 xapaKT8pHCTHKH ll.f , " 'Z: ft.- -J C~poHTCfl aHaJIOriolliHbtol M9-

TOAOM, 
fipK nepeXO,I\9 C llOCJie,I\HeA HCKyCCTB8HHOA xapaKT8pKCTKKH ln. -f 

Ha 9CT9CTB8HHyiO He06XO,I\KM0 1 liT06W nepeKJIIOtieHHe npOK30WJIO B TO\IK9 1"e• 
EcJIH npH nocTpoeHHH 3TOI'O He npOH30A,I\eT, TO sToro CJJ9.nyeT A06HB&Tb

CH nyTeM CHMMeTpHtieCKOrO pacmHpeHHfl KJIH CymBHHfl 30HW nyCKOBbiX MO

M8HTO~ OTHOCKTeJibHO Mn'dCI<. , T.9. H3M9Hf!IOTCfl 0,1\HOBpeweHHO IYI'ne.p 
It /VI ~ ep • M nyc1e. ,1\0JiilteH seer ,1\& ocTasaTbCH noc'l'Of!HHW K pas

HW paCil8THOMy, B npOTHBHOM CJiyqae He 6y,I\8T 069Cnet~eHO yCKOp8HH8 a 1• 

3.4. Onpe,l\eJieHHe conpoTHBJieHKA no cTyneHf!M 

ilpK Onp8,1\9JI8HKK B8JIHilHHW COllpOTHBJ18HKA OT,I\eJJbHWX. CTyn9H9A HC

XO,I\HM H3 np8,1\llOJIO~eHKA, \ITO COnpOTHBJI8HHe CTyneHH nponop~OHQJibHO 

CKOJ!b~8HHI0 1 OTCilHTaHHOMy Me~ COOTBeTCTByiO~H CM8~HWMH X&paKTe

pHCTHKaMH npH HOMKHBJlbHOM MOM9HTe. CKOJ!b*8HH9 HB OT,I\8JlbHbiX CTyneHf!X 

onp9,1\8Jlfi8TCfl rp~HileCKKM nyTeM COI'JIQCHO pHC. 3.2 CJie.nyll~ o6pa-

30M: 3aM8pf!IOTCfl 0Tpe3KH M8lll,ll,Y CM9~HY>IH CTyneHHMH ell t e zo'L , , • e ~ ( r2 - 1) 
H H& OCHOBQHHH BWCKQ3aHHOrO np8,1\llOJI0~8HHfl Onp8,1\9Jlf18TCfl CKOJib*eHHe 

Htl CTyneH.RX. 

.s~ "" .e2.,. rns; sol':::: el.-2. •rns; ... Sn-.f:::. ez.(n.-1). Ins I (3.22) 

l'J\9 $ n- / - CKOJ!bllt8HH9 Ha nOCJ18,1\H8A CTyneHH. 
CyMM& CKOJib~8HHfl no CTYfi8Hf!M 6y,lleT COOTB8TCTBOB&Tb B9JIHqHH9 

nyCKOBOI'O CKOJibllt8HHfl 

CKOJibllt9HH9 H& np8,1\BapHT8JibHOA CTyn9HH 

.S pef. :::. b noll - ( S nycK + S """' ) • 
OW S rWII - 110JIH08 CK0Jib11t9HH9 npH p9BH311H KaHaTaj 

~6 

(3.23) 

(3.24) 

£noll :::::_ M NOM (3.25) 
M pe.~ 

floJIH09 conpoTHBJI9HHe poTopHoA ~nH: R non =. R .. oM • S non . 
,D,o6aaot~H09 conpoTHBJI9HH9 poTopHoA ~9nH: _Rg.e = Rnot.- Rpcr. 
ConpOTHBJI9HH8 flO OT,I\eJlhHbiW CTyneHf!M: 

Rpee. =- RnOA- RHoM i R~:. mR.·e2.,; R.{l.: mR. e2~i (3.26) 

R ?> ::. rn R. • e z ?> .. • R n- -1 =- m R. .f._( n -1) ; R. f>OT • 
CyMNa COnpoTHBJieHHA BC8X CTyneHeA COBMeCTHO C COnpOTKBJleHKew 

poTopa R por ,1\0UHa 6b1Tb pasHoA seJIHliHHe R noll • 

3.5. BpeMf! pa60Tbl ,1\BHI'&TeHR Ha KQM,I\OA CTyneH~ 

BpeMH pa60Tbl ,1\BKI'&TeJif! HQ xapaKTepHCTHKe l pe8 npKHKMaeTCfl 

paBHW tn.g = 0,?5 C. BpeMfl pa60Tbl ,1\BKI'&TeJIR HQ xapaKTepHCTHKe l-t 
paBHO BpeMeHH ,I\BHllt8HHR CKKna B pasrpy30tiHbiX KpHBWX - t o • 

BpeMR pa6oT~ ABHI'aTeJif! ua OCTaJibHWX xapaKTepHCTHKax c yqacTH

ew ero BWXO,I\a Ha 8CT8CTB8HHyil X&paKTepHCTHKY paBHO Bp9NeHH nepHO

,Ila ycKOpeHHR ,I\BHli8HHfl - -t -f • 

fip9,1lnOJI&I'aeTCR, liTO npO,I\OJilltHTeJibHOCTb pa60Tbl ,llBHI'aT8Hfl Ha Ka&

,1\0A xapaKTepHCTHKe nponop~OHBJlbHQ paCCTORHHIO M8llt.ny COOTBeTCTByDmH

MH XapaKT9pHCTHKaMH B 30H8 HX nepeKJIIlQeHHfl 1 KaK UOKa3aHO Ha £KC. 3,2, 
Cn9,1\0BaTeJibHO, nepHo.ny BpeMeHH t -f cooTseTcTsyeT oTpe30K (J- • 
PaccTORHH9 M9lttAY CM9lltHbNH xapaKTepHCTHKaMH o6o3Haqaey: 0-t ; ().2. ; ... G~. 
3aTeM onpe,I\8JIH8TCH M&CmTa6 BpeUeHK 1 KOTOpbdi paseH mt. ::::. ll . 

(J 
flpO,IlOJllltHTeJibHOCTb p~~?Tbl ,I\B_HI'&T9Jl!'_ Ha Kl1llt,II.Oit CTyneHH: 

t,=~(·rrL L2::0.·rn Au"rm. L - ,r/ m (3.2?) 
, " '· J. t '·"OJ p ... I.-l(t1-1) -IJ(n-1) · -~;.· 

Bpewf! BbiXOAa ,llBHI'&T9Jifl ua pa6ot~yD ToqKy 9CT9CTBeHHoA xapaKT9pKCTH-

KH 
(3.28) 

IlpO,I\OJilltHT8JlbHOCTb HaxOJ1!,11.9HHfl Kl1llt,II.Oit CTyneiiK UO,Il TOKOM: 



(3.29) 

)l.lU! npo aepKH 

"Cn-.f = T-1 + io + fn..-9-.- i11t. (3.30) 

0THOeHT9JlbH8JI npO,Il0JlliKT9JlbHOeTb K8llt,II.O~ eTyneHK S npo~eHT&X. 

PacqeTHoe sHaqeuHe ITB 
r:-

ilpKHHTOe sHaqeHHe ITB 

n Bo.pa.c ::::.. L.o • too ; 
T~cp 

na.,.pa.c ::: 'il . {00 j 
Ty.cp 

= "lr- . (00 
TCJcp 

n Bcn-.f)pQc:. 1:Tn-.f -100 ; 
~t:p 

ilpK p6SH3HH K&H&TOS llB = 100 %. 

3.6. B~F.op cor~OTKs.neHKA no cTyneHHM 

nBo::::. 

Benl{tiHtlli TOKOS, He06XO,IlHMiie ,!V!H BWOpa conpOTHBJI9HH£l: 

~pea- CHJia TOKa l~H peSH3KH 1 A - ,!V!HT6JibHiiA TOK; 

l (3.31) 

J "'-P- dHna TOKa npH ,IJ.SIU\9HMK eKHn& S paarpyaotm~ Kp11BbiX, 

A - (KpaTKOBp~MeHHYAl 

28 
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MHOM . 
~y~-eH.na TOKa B nepKO,IJ. OCHOBHOPO yeKopeHKH ,llBHlleHKH, 

A - (KpaTKOBpeweHHI>IA nyeKosoA) 

Mn'4CIC. 

MNOM 

(3.::12) 

(3.33) 

. ITo npKHHTWW suat~eHKHM 118",.6, no sHaqeHHHM eH.nw TOK& :J pea, J~r-p , 
~aye~ K S9JIHQKHW eonpOTHB.neHKA 00 eTyneHaM npOHSBO,IlHTCft swOop ftWH

KOS eonpOTHS.neHKA ,ll.nH K8Jil,ll01\ eTyneHK H HX KOMOOHO,~K& B ~e. 
fipH swOope eonpOTH~9HHA He06XO,IJ.KMO KMeTb B BH,Ily 0 t~TO npK pe

BH3HH KaHaTa nop. TOKOM Jpe6 uaxop.HTes see eTyneHK eonpoTHBAeHKA, 
a pe~HM pa60TW ,llSHP&Te.nft B STOW c.nyqae et~HTaeTeft ,ll.nHTe.nbHWW 0 T.e. 
ITB = roo %. T&KKM o6pasow. see eTyneHH eonpoTKBJieHKA ,llOUHW y,llOB

.neTSOpHTb He TOJibKO Kp&TKOSpeM6HHWW p~~aw pa60TW ,llBHP&TeJift 1 HO H 

yeJIOBHftW ,ll.nHT9JibHOA p8((oTW npH TOKe J pef> • 
ilocne sw6opa eonpOTHB.neHKA Beex eTyneHeA H306pa&aeTCH cxewa 

HX BKJI~tleHHft S ~en& poTopa (pHe. 3,3), 3&nOJIHH8TCft Ta6JI. 3.1 K KOW
nOHyeTCH O,llH& ~asa peOeT&Ta (pHe. 3.4), flpK KOWUOHOBK8 ~W conpo
THBJieHKft CTyneHH MOryT eOe,llHHHTbeH K&K nOeJI8,1lOB&Te.nbH0 1 T&K K na
p&JIJieJibHO. Cxewa eoep.HHeHMft s.neweHTOB eonpoTKBJieHHR B ~ase ~npep.e
nseTcs eH.nOA nyeKOBOrO TOK& H eHJIOA TOKa, KOTOpy~ MOlleT nponyCTHTb 
conpOTHBJieHHe npH sa,u.aHHOM ITB H npH ITB IOO %. Tot~HOeT& aw6opa eonpo-
THBJieHHA no CTyneHRM ,llOJiliH& H&XO,IlMTbeft S npep.e.nax TQqHOeTM MHli6-

H6pHbiX paet~eTOB. 

4. BlffiOP AI!flAPATYPil YllPABJlEIDiii flO,!(hfJ4HilM )l,BW'ATEJIEY 

----
B 3TOM pa3,JJ.eJie Bw6Hp8iOTCfl MaC.RHHLal BWKJIKlqaTenb, peaep·CQp, KO-~- --

M&H,IlO&nn&paT, M&PHHTHii9 eTaH~H ynpaBJI6HHH pOTOpHWMH eonpOTMBJI6HHft

MH H ny.n&T ynpasJieHHR[?]. 

l:i. TEXlillKA BE30llACOOCTt1 

B aTOM pas,IJ.ene yKasblsae~·eH, K&KHe sawH'rHwe ycTpol\eTsa npHHRTW 
Ha UOA'b6MHOH yCT&HOSK6 1 KaKH6 nposO,IJ.HTCH 11p01:16pKH II OCMOTpH 3JI6M6HTOB 

. .,_,_ ·- "" ••" ' a 
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n0~8MHOA yCT&HOBKH, o6ecneQMB&nWH8 H8A8~HOCTb ee 3KCnny&T~H, 
Q&CTOT& HX np0B8,11.8HHR[8], 

6. 3KOHOAnM:CKAH 4ACTh 

B aToM paa.n.ene onpe.n.enaoTcR ~ no~eMHOA ycT&HOBKH, pacxo.n. 
aneKTp03H8pPHH H& TOHHY nOAHHM&eMOPO yPAR H PO,Il.OBOA, 

7 • 3AKJli)4EillfE 

~A&OTCR BYBOAW no KOH8QH~ pe3yAbT&T&M KypCOBOA pa60TW. 

CIIHCOK PEKOMEIWEMOA JIHTEPATYPIII 

J. lleTOAHQ8CKH8 yK&a&HHR K npoeKTHpOB&HHO W&XTHWX fi0,1l.'b8MHIIIX ycTa
HOBOK /CooT. H.H.fiQBHKO, n.~.3HMa, B.B.rynHH. - ~HeqK: ~H. 

1988. - 48 c. 

2. lleTO,Il.HQ8CKH8 yK838HHR K BHnOAH8HHD KypCOBOA p&60TW no W&XTHWM 
B8HTHARTOpH~ H BOAQOTAHBH~ yCT8HOBKaM /CocT.: A.H.3apn, 
B.T.AaspHK.- ~HeqK: )UlH, 1985. -16 c. 

:;. llpasHna 6eaonacHocTK s yron&HIIIX H CA8HL\8BIIIX me.XTax. - M.: He.n.
pa, 1986. - 448 c. 

4. ,1\HM&mKO A.Jl,.' repmHKOB H.fi.' KpeBHes.;q A.A. lllaxTHW8 3JI8KTpHQ8-
CKH8 ne6eAKK H no~eMHwe M&mHHW: CnpasoQHHK. - 2-e H3,ll. - M.: 
He.npa, 1973. - 364 c. 

5. IlpaBHA& T8XHHQ8CKOA 3KCnnyaT~H yPOAbHIIIX H CA&H~eBWX W&XT. - M.: 
He,llpa, 1976. - 304 c. 

6. PyKOBOACTBO no peBH3HK, HaJiaAKe H acnWT&HHil maxTHWX no.n.ceMHWX 
ycTaHOBOK /B.P.Be~oK, B.H.4aAKa, H.~.Kya&MeHKO K AP• - 2-e aa,n. -
N.: He,npa, 1982. - 391 c. 

7. Cropo~eHKO M.A., KopeR A.~ .• YacnaA A.K. AnnapaTypa ynpaaneHHR 
PY!lllHQHY-~H uo,nt.eMHblt!H ycT&HOBKaMH. - M.: He,llpa, 1980. - 216 c. 

3•) ,_ 

flpuolleHHe I 
06paae~ THTYJibHOPO AHCT& nORCHHT8AbHOA 3anHCKH 

KypCOBOA pa60TW 

Jl.OHEl.UWA OPJJ,EHA TPYJJ,OOOro KPACIDro 3HAMEHK 
l10~1G1A HHCTHTYT 

KA~Ii;APA PYJJ,HH4WX llOJJ,'bF..YlliX YCTAfDBOK 

KYPCOBOA fiPOEKT 
no Kypcy "WaxTHW8 nO~eMHW& YCT8HOBKH 11 

PA3PABOTAJI -;;;;~~'U'"';=.--
no,llnHCb H ,ll&T& 

KOHCYJlhTAHI' -------

H.KOHI'POJJEP -------

PYKOBODJ1TEJih 
P~nl· -----------

199_P. 
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PmEPAT 

(o6pasen) 

TipllJ!Ollt9lll!9 2 

K~'pcoaof.1 npoeKT: 21 crp., 4 pile. , 3 ra6JI., 6 HCTOttHilKOB 

ITOJrbMIAH MAIIIMHA, TOPM03HOE Y<n'P0!1<n':OO, TIPEJIOXPAHliTFJThHOE TOP

MOmtHE, KPYTJlllMit MOMEIIT, CKo.Jib!EHHE, CTYilEHb, COTIPOTlffiliEIME, 

~A3A 

B KypcoaoM npoeKTe npoHSBeneH npoaepottH!l:ll pactter ropM03Horo 

ycrpoffcrBa, TioJiytteH!lHe sHatteHI!R ycKopeHA:Il nonraeplltna~r Hanellt

HOCTD pa60TW TOpM03HOrO ycrpo:IICTB8. 

,!Vra o6ecne"!e!li'IJ':[ (naJiee 11ner reKcT peiiJepara). 

l 
34 J 

3A,lLA.HJ.fE 

llpBJIOJl9HII8 3 
llp'!Mepaan T9Ma sanalllllt na 
K:ypcosoA _!lPOeKT 

PaCC'li!T8Tb H BH6paTb OCHOBH09 o6opynOB8HII9 CKHITOBO:Il non~-

9MHO:Il JCT8HOBKII, 9CJIIl: 

M 

- ronoBaa npowsBonHre.nDHOCTb Aro,!l '"' 'f!iC. r/ro,n 

ITo pesyJibTaTaM BHnoJIHeaaoro pacttera rrpoasaecr11: 

- rrpoBepottaua pactter ropMosaoro ycrpoAcrBB; 

- padq~r ~ BU6op po~OpHHX COITpOTHBJI9HBI; 

- BH6op annaparypu ynpaBJieHHn rron~eMBHM nBIIrareJieM; 

- paspa6oTKY MeponpaaraA no reXHHKe 6esonacaocrH; 

- 8ROHOMI!'l9CKI!8 pactt9TH 

Kn- R:ypco~oA npoeKT 
03 - lllit~p I'OpH0-3JI9KTpOM9XaHIIqecKOI'O iflaKyJihTeTa 

0 - UJH!PP RaiiJen?H PIIY 
XX - nBe noc.nenHHe naiiJpu aoMepa satte'fHOI 

"' ,..,., (mo~p o•Jn•••al 

- -------~·--·· ------------

li:YPGOBOn llPLiEKT ITO 
IIOJ\'l:.EMHiiM YCTAHOBKAM 

--- ~- - - I . - --- [- . 

·r:i¥~i~ 1 ~:~:mi~~--
J ',t ~ 
~ ,d • ~ 

-· - -



L .. ~·--~·-------

IlpllJIOJKeHI'Ie 4 
(rroc.nenynml'le JIIlCTH TeRaTa 
norryCKa9TCH OOBOli'ITb 
paMROI 099 OCROBROI 
aanrrl'lcl'l) 

CO,l'tEPI:A.IME 

~ali;!!Bile·~ •••••••••••••••••••••••••••••••••••••••••••• 
PeqlepaT ••••••••••••••••••••••••••••••••••••••.•••••• 
0rJIBBJI9Hil9. , • , •••• , , • , ••• , •••• , •• , •• , ••••• , •• , • , , , •• 

BBenea11e ••••.••••••••••••••••••••••••••••••.•••••••• 

CTp. 

I. PacqeT TopMoaaoro ycTpolcTBa •••••••••••••••••••••••• 
I.!. Bu6op TI'IIT8 TOpM03Horo YCTpOICTB8 ••••••••••••••• 
1.2. Onpene.neaae pacqeTaoro TOpMosaoro MOMeara •••••• 
1.3. Onpene.neal'le TopMosaux rpysoB ••.•••••••••••••••• 
1.4. Onpene.neal!e aeooxoni!Moro naBJieHI!a B Bosnyxoc6opa~Re 
I.5. Orrpene.neal!e Be.neqea 3aMe~ealll rrpll rrpenoxpaaAreJib-

HOM TOpMOJKBHIIIl •• ~ •••••• , • , . , ••• , , , , •. , • , , , .•• , , 
2. PacqeT poTopaHx conpoTI!B.neaAa non1'MHoro nBArarena •• 

2.1. Onpene.neHilB ITYCKOBUX MOMBRTOB, .••••.•••.••••••• 
2.2. llocTpoealle MexaaAqecRilX xapaKrepllCTI!R •••••••••• 

1. J3Ht1op arruapaTypH yrrpaB.HBHflf[ TIO.JJMMHHM !l.ElllrBTBJ!BM •• ,, 
4. TexHI!Ka desonacHOCTil .•••.••••••••.•••••••.••••. , ••.• 
!J. (h{flf10MPPI90K8Jt ttaCTO ......... ..................... ~ ....... .. 

;hK.IT~l'T'lRilB •.•••••..••••• , ••• , •• , •• , • , ••••••••••• , .• , 
~~,,~,;fqr .JJ~T!=lpATypu ••.•••••••..••••.•.•••••• , , • , ••• , •• 
Tir··, "''''Hlftlla. • • • . • . •••••••••••••••••••••••••••••••••• 

l ~I --- --~-=--t-~-=-~ 1· ~.::I -------- --··----- .. -- - -.. -... ----- --l 
--- ·--· ---·- --- :1(\ . 

~ ·~--------- -~-- ~-· --· ·------·~--- . -~- - -· - --·- ---------·-

IlpKJiolleHHe 5 
Ta6.nMl.la I 

~H~ TOpM03HOrO ycTpOACTBa HKY3 

I lEAH I T 
HaiiMeHOB8HH8 1 O!SosHa- 1 - I HII nonewHoa WIAIIIJlHW 
a.neweHTa !t~eHHe ~~:!!: .;2U-4xl,8 I 2U-5x2,4 12U-6x2,4 

I t -! I I 
1 jP8HHH! 1 j 

,/.4H&MeTp 1.\H.HHH,Ilp& 
pa!Soqero Topwo~eHHH lJ~.&PT .... 400 450 500 

,/.4H&MeTp 1.\H.HHH,Ilp& 
npeAOxpaHHT8.HbHOrO 

TOpMOll8HH11 d. /J nT MM 200 220 250 

)J,H&MeTp WTOKa d.U4T .... 50 50 55 

fineqo p~a~~.~ara Topwosa c .... 1300 1500 1800 

fineqo p~a~~.~ara Topuosa d MY 240 300 360 

flJJet~o pi>Nara TOpM03-
Horo npHBOAa a Ma.t 1400 1400 1400 

Ilnet~o p~a~t~ara TOpM03-
HOro npHBOAa 8 Ma.t 400 400 400 



TaOmu.\fi 2 
XapaxTepKCTHKK KcnonHKTenbH~ opraHOB 

( TOpM030B) llO,ItbeMH~ MWIDIH 3~0)l8 HM. JlKY 

-------~----~.~----~~------r-----r-----
TKn no,ltbeMHO« j.I\HBMeTp l THn npKMeHRe-

1 KIJ,I{ ;flepe,D.a
jTOtlHOe 
10THOWeHHe 
jTOpM038 

MamHHN 1TopM03Horo jMoro TOpM03HO- ITopMosa 

1o6o,D.a ~.o•iro npHBO)la i 

2lt-2,5xl,2 

2.U-3xl,5 

2U-3,5xl,8 

I.Uil-2,25x4 

I.Uil-3,25x4 

l.UU -4x4 

t.IR-5.x4 

lMM ! ! 

2400 

3080 

3600 

2400 

3080 

3820 

4800 

I, rpysosoA 

npym!HHO

nHeBMaTKtleCKHR 

I, rpysoaoa 

np~HHHO

nHeBM8TKtleCKIIA 

I, il, rpyaosoa 

np~HHHO

nHeBMaTKlleCKHR 

fl, rpy30BOA 

npylltHHHO -

nHeBMBTHtleCKHA 

W, rpyaoso« 

npy&HHHO -

nHeBM8TKtleCKHA 

w " 

llpYJKHHHO -

llHeBM&TKtleCKKA 

C mapHHpHOR 

onopoA 

38 

0,95 

0,95 

0,95 

0,95 

0,95 

0,95 

I0,6 

II,85 

9,85 

10,6 

Il,3 

11,5 

13 

'faOJ!HJ.¥1. 3 

rpy30BloiX npylKHHHO-nHeBM&TKtleCKHX H npyllHHH0-11H98M81'HtleCKHX 

TOpM03H~ npHBO)lOB 3-Aa KY. JlKY 

flaHMeHOBaHHe 
aeJIKtiHHbl 

jE,ull-j THn TopwoaH~ npHBO.l\OB --r::---
i HH~a! 1'py30Bhl8 npylKHHHO- fl rrpylltHHH0-11HeBM8- jflpYJOtH-
!H3Me!nHeBM8THtleCKI!e (r!lll) Tl!tleCKHe (11fl) .HO-nHeH· 
1 pe- ! . i" ! ! I !&aaTHtle-
l HHH ! I ! 11 ! w ! I ! II ! w l CKiotlt c 
t t t t ! ! ! ! wapHHp-
i j i j ! l ! lHOR 
i ! i ! l ! ! !onopolt_ 

------------~--~-· . .LL-.3 4 5 6 ! ? 8 .. ~ 
--:...-----~· 

,!.lr.taMeTp ~J!HH)l

pa pa6otle!'o Top

MOJKeHHH (ll,PT) 

~T 
Pa6ot~r.tA xo,D. nopm

HH LJ.PT 

,!.lr.tBMeTp XBOCTOBH

KB. LJ.PT 

3anac xo,D.a nopw

lill uPT 

,!.lr.tBMeTp ~KJIIIH)l

pa npe.uoxpaHI!

TeJibHO!'O TOpMO

JKeHKil (l~!T) 

~IT 
Xo,o, nopwBH wrr 
b4aKCKMB.JlbHOe 

1!36biTOl!HOe pa-

MM 340 

Mlol 95 

MM 120 

MM 80 

MM J80 

MM 190 

60l!ee ,o,aaJieHHe Mila 0,6 

MHliKMaJibHOe AB.B·

Jletme B LI.PT upH 

J\Hal~.e1·pe npouo
JllJIU1 rrpy.,mH: 

380 

95 

!50 

80 

440 

190 

0,6 

440 340 300 440 500 

95 95 95 95 90 

200 

tlO 80 80 00 120 

190 

0,6 0,6 0,6 0,6 0,6 

.}J 



L~--------:-----

JJpo,qOJ!;t;8HH8 TaeiJI. ::J 

.. , __ 1 _______ L_g __ L:J_ __ , __ ,_ 

d "' 19 MM Mlia 0,40;> . np O,b 0,4!) 0,40ti 

d. np 20 MM 

!eCTKOCTb npylllllll·· 

HOf'O CiJIOKa npK 

l\HaMerpe npoeo

.JIOKH llpyJIIHH 

l.'lnoKa.: 

d.np 19 LIM 

20 MM 

Yacca no)Ull!llt

HNX qacreA 1-IPT 
npH ,l!JiaMerpe 

npOBOJIOKH npyl!ll<l' 

6JIOKa! 

d. np 

d np 

19 MM 

20 !.1M 

14acca HO)l.BitlllllhiX 

'lRCTeA AJ!ll UJJT 
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