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HcxonHble JaHHBIE: TTOJIE3HAS CHJIA , TIepe/IaBaeMast JISHTOH TpaHCcIopTepa

P =..... xH, ckopocth nenter V =...... M/C IuaMeTp MpUBOAHOrO Oapadbana D =

...... MM, PEXUM
paboThl — cpeTHUN HOpPMaNIbHBIN, BpeMs paboThl Iepeauu -

txy = 10000 4, koHMUYECKas nepeaada — ¢
KPYTrOBBIMHU 3YObsIMH, IUJIUHAPUIECKAS IepeIada — ¢ KOCBIMU 3YObsIMU, Harpy3Ka peBEpPCUBHASL.

T z4

Puc. 1 Cxema npuBoaa koHBeliepa: 1 — 31eKTpoABUraTeb; 2 — ynpyras Mydra;
3- penykrop (1,2,3,4 — 3y0uaTbic KOHWYECKUE M IJIUHAPUICCKHIE KOJIeCa;

1,2, 3- Banbl peaykTopa: BeIylLHi, IPOMEKXYTOUHBIH, TUXOXOAHBIN); 4 —MydTa; 5 — GapabaH.

1. BBIBOP JJIEKTPOABUT'ATEJISA U KHHEMATHUYECKHUX
ITAPAMETPOB IIPUBO/JA

Tpebyemas MOIIHOCTB 3eKTpoaBurarens [1, c. 23]

F*v

Py =
Mo

rme VvV, M*c 1 , F, xH, Py, kBT, No - KIIJ] mpuBoxa

MNo = nk*nu*nn4’

Nk = 0,96 — KI1]I xonnueckoi 3y04aroit nepenayu;
N = 0,96 — KIIJ] munuaapuyeckoit 3y0uaroit nepeaauu;
Nu = 0,99 — KI1J] otHO# maphl MOIIMITHUKOB Ka4eHUS;



Yacrora BpaleHus: THXOXOHOTO BaJla PeyKTOpa paBHA 4acTOTE BpalleHHs Baja OapabaHa.
6*10™*v ...
Ny =Ng= = = ... 00/MUH.
T* Ds .............

Bri6rpaeM acuHXpOHHBIH dneKTpoaBUrarens cepun 4A [1, Tabu. 2.2] ¢ 6mmkaiimei 6onbmeit K Po,
MOIIIHOCTBIO.

U3 Tpex aneKkTpoaBUrareneil ¢ MOIHOCTEI0 Py = .......... KBT, 17151 KOTOPBIX BBINOIHSETCS YCIOBHE N
¢ <N i max , BBIOUPAEM AIICKTPOIBUTATEID ....eveneeeennnen.e. CO CPETHIM 3HAUYCHHEM
Ne=orennnn. 00/MUH, CKOJIbXKEHUEM S = ......... % W C IMaMeTpoM Baja dJieKTpoaBuratens d; =
MM.
Yacrora BpalieHus Bajia snekrpoaurareasi N1 =N (1-S)=........................ 00/MHUH.

TpebyeMoe mepeaaTouHOe OTHOIICHUE PEIyKTOpa
ni

OxpyrisieM BbluKcieHHOe 3Hayenue Uy, 1o 6muxaiimero crangaprHoro no 'OCT 2185-66 [2, ta0m.
11] u pacnipesiessieM €ro MeXx/1y CTyreHsMu peaykropa ( tadu. 1).

Up: ........ 5 U6:U1: ......... UT—Uz—
YacToTa BpamieHus BajIoB

NL=iiinnnn. 00/MHUH

Nt =N U= 00/MuH
N111 = nll/Ul SN 00/MUH.

MomtHoCTH U KpyTsAIMEC MOMCHTHI, IICPECAABACMbIC BaJIaMU,

Pi=Pp nu= KkBT;
P11 = PTp * N * T]Hz S KBT;
P111 = Prp * N Ny » nn3 it tteeentereeenteaenneenteneeenraaenann KkBT;
Py
T1=9550 — = e, Hwm
ng
P
T 1= 0550 — = Hwm
N11
P111
T 111 — 9550 — = i, Hwm



2. PACYET KOHHYECKOH 3YBYATOH ITEPEJJAYH BbICTPOXOJHOH
CTYIIEHH

2.1. BLIOOp MaTepuaJoB H JONYCKAeMbIe HANIPSIKeHHUS.

JlnamMeTpsl 3arOoTOBOK JJIS IECTEPHHU U Kosieca [3, Tabim. 2]
A1 =24 N Ti/Ui= oo
d32 = d31 *Ul N

Haxozaum pa3Mep XapakTepHOr0 CEYEHHUs 3arOTOBKU S¢ M3 YCIIOBUS, YTO IIPH
dyj < 200mm  Sg;=0.5d,;, anpu dy> 200 mm

Sej =121+U)™ Ti/U;
Scl =05 d31 P ;

So= 12 (A+ U To/Up =1uoooiiiiiiiiii,

Hcnonw3ys pexomenaanuu padbot [1], [3], pu n3BECTHBIX 3HAYEHUSX S¢j BHIOMpAEM AJIs LIECTEPHU
ctanb 40XH c noBepxHoCcTHOM 3akankoi 3y0ObeB ThU, a s koneca - cranb 45. Vx MmexaHuveckue
XapaKTepUCTHKH omnpeaeisieM o tabu. 1 [3]. st mectepHu TBEpA0oCTh noBepxHocTH 3yba HRCy" —
48 ... 53 (HRC,", 50,5),

Cepauesunsl 3yda HBj1 - 269 ... 302; nns xoneca npuHUMaeM BUJ TEPMOOOPAOOTKH — yIydllIeHHE,
torza HB, -269 ... 302 (HB,, 285,5).

Jonyckaemble KOHTaKTHbIE HaNpsKeHus [3, ¢. 5]
OH~* lim bj
OHpPj = * K, (1)
Shij

rae | =1 gug mectepHu u j =2 s Koueca, Oy lim bj - mpenen KoHTaKTHOW BEIHOCIMBOCTH
MOBEPXHOCTH 3yObEB, COOTBETCTBYIOIMI 0a30BOMY YMCITY IIUKJIOB IEPEMEH HaIPSDKEHHH,
oTpezeNnseTcss B 3aBUCUMOCTH OT MapKU CTAJIM U €€ XUMUKO-TepMudeckoil 00padboTku no tadu. 2 [3, c.
8];  KHy — koadduieHT gonropednoct; Sy = 1,1 11181 Koslec ¢ JOHOPOJHON CTPYKTYpOil
Marepuara,

Sn= 1,2 mpu NOBEpXHOCTHOM YIIPOYHEHUH 3yOheB [4, Tab:i. 2,5].

Jlist mecrepaun Sy = 1,2; uist koneca Sy = 1,1.

[penen KOHTAKTHOM BEIHOCIMBOCTH JUTS IIECTEPHU

S+ limb; =17 HRCy"op, +200= ..o,

IUIS KoJleca
6H* lim b2 =2 HBch T 70 =,

Koaddumment nonroseunoctu paseH [4, c. 38]
KHLj = 6\/NjHO/NHej >1,

I'ne Ny j— 9KBUBAJIEHTHOE YUCIIO LIUKJIOB HANPSLKEHUI;



Ny, j — 6a30BO€ UHCIIO LIUKIIOB, OIPEAEIIEMOE B 3aBUCMOCTH OT TBEpAOCTHU 0 bpunento nmum
Poksemnny,

Nyo = 30(HB)** = 340 (HRC)** + 8*10°
IIpu HRC > 56 npuaumaror Ny, = 1,2 * 108
Nyor =340 (HRCy";, )*P+8*10%= ...,

N,o2 =30 (HBch )2’4 S
Benmunna N, j onpenensiercs mo ¢popmyiie

NHej = NZj *KHC ,

I'ne K ue — k03 dunmeHT npuBeaeHus MEPEMEHHOTO peXKUMa padOThI K TOCTOSTHHOMY, OTIPEIeIseTCs
B 3aBHCHMOCTH OT 33J[aHHOTO pPeKuMa paboTel o Tabmn. 3 [3, radm. 4] K, = 0,18;
Ny j = cymmapHoe uncio nukios HampsbkeHui, Ny j = 60 * ty * n;

Ny1 =60 > ts Ny = e

Ns2 =060t Mo = e,
NHelzNsz*KHe: ............................................
Nie2 = Ny 2 FKpe= i

IIpu N e j 2 N o j mpunumator K i j = 1. Takum obpazom ,
Khj =Khuy =1.

Ornpenensem
on+lim by
OHPL — * KHLl T i ittt ittt ittt ittt e,
Sh1
OH* lim b2
OHp2 = * KHL2 T e ettt ettt et e ettt s
She

B ciiyuae pacuera nmpsMo3yObIX mepenad JoIyckaeMoe KOHTAKTHOE HaNPsSyKEeHUE Onp
IPUHUMAETCS PABHBIM  OHpj min , T.€. MUHUMAaJIBHOMY U3 JIByX 3HaYCHUH, BEIYMCICHHBIX 110 (OpPMYyJIe
(1). Ipu pacuere KOHMYECKHUX KOJIEC C KPYTOBBIMU 3YObSIMHU Opp BBIOHMpAETCs KaKk HAaMMEHbIIIEe U3
JBYX, OJy4aeMbIX 1o (hopMyIam
[3,c.15]

OHP=0,45 (OHPL T OHP2 ) =riiiiii e ;

OHP — 1,15 OHPj min =1.15* O HP2 T eeiettrnneeeeenneaeasonnsaaasannnnsnnns
OKOHYATENbHO MPUHUMAEM GHP= ...... Mia.
Jlomyckaembie HanpspKeHus usruoa [3, c. 18]
OF lim bj
orpj =—— *Krj *Kgg (2)
Skj



['ne OF lim b - IPE/Ie BBIHOCIMBOCTH 3yObeB IPH U3THOE, COOTBETCTBYIONIMM 0a30BOMY YHUCTY
[IUKJIOB MEPEMEH HAIPSHKCHUIA, OTIPEACIISETCS B 3aBUCUMOCTH OT MAPKH CTAJIA U €€ XUMUKO-
TepMUYeCcKoi 00paboTku 1o tadm. 4 [3, c.16];

S F - ko3¢ punuent 6ezonacHoctd, SF =1,65SE ‘, e S ¢  — ko3P PuULIUEHT, yUUTHIBAIOIINNA CITOCOO
MOJTyYEHHUs 3aTOTOBKH 3y0UaToro Kojeca (71 MOKOBOK U IITAMIOBOK S ¢ ‘=1, mig nmpokata S ‘=
1,15; nns nuThix 3arotoBok S g ‘=1,3);

K rL— ko3 dunment nonroeunoctu; K e ¢ - KO3QGUIMEHT, YUUTHIBAIOLINNA BIHSHAEC
JIBYXCTOPOHHETO NPHJIOKEHUS Harpy3ku. [Ipu HepeBepcuBHOM (0THOCTOpOHHEH) Harpy3ke [3, c. 15]
Kgc=1.IIpu peBepcrBHON CUMMETPUYHON Harpy3ke

Krc=1-vgc,Tme Yrc - KOOGOUIMEHT, YIUTHIBAIOIINHN BIMSIHUE XUMHKO-TEPMHICCKON
00paboTku 1o Tad:. [3, Tabdm. 5].

JIns IECTEPHU  OF flimbl = vveevv-- Mia.
Spl :1,65*S|:1‘: 1,65 * 1,15= 1,9;

3

KFCI =1 -YFC1 = 1—0,25 = 0,75

Jns koseca
OFlimb2 = 1,35 HB» op T 100 =,

S;:z :1,65*8;:2‘: ................................
Krc2 =1-ype2 =1-0,35=0,65.

Koaddunuent nonroseunocru Kr(j pasen [3,c. 17]

Kej =  V Neo/Neg > 1,

M —6HB <350 uF =9 HB > 350.
Neo - 6a30BO€ YHCIIO IUKIIOB HANPSKEHUH, paBHOe 4 * 108

Neg - PKBUBaJIEHTHOE YHCIIO IUKIJIOB HAMPsDKEHUH, onpeaenseMoe mo ¢popmyie
Nrgj = Nyj * Krgj , rie Krgj - koo duiuenT npuseieHns NEpEMEHHOI0 pesKuMa paboThl K
MTOCTOSTHHOMY.

J171s TUTIOBBIX PEXKUMOB ompeensercs mo taoin. 3 [3, c. 11].

NFE] NZl * KFE1: ..........................................

NFE2 = sz * KFE2: .......................................
ITpu Nrgj =2 Nroj  mpunuMmarot Kej =1, takum oGpasom,

Krr = Kr2 =1L

Omnpenensem  ofpj 10 Gopmyne (2).



or limb;

OFpP1 :—*KFLl *KF(;1: ..............................................
Sk
or limb;
O =——— *K|:|_2 *KFCZ SN
Sk2

2.2 OnpeneJieHue reoMeTpUYeCKUX Pa3MepoB Nepeayun
[Tpu NpOeKTHOM pacueTe KOHHYECKOM 3y0UaToii nepeaaun B KaueCTBE €€ OCHOBHOTO
TE€OMETPUYECKOTO MapaMeTpa ONPEIeNISIIOT OPHCHTUPOBOYHO BHEITHUH JCTUTEIbHBIN TUaAMETP
KoJIeca U3 YCIIOBUS 00eCTIeUeHUsI KOHTAKTHOW BEIHOCTMBOCTH pabodero mpodus 3yda koeca mo
dbomyne [5,c. 1]

deo’=980° ¥ (Tr* Ky “* Ui” ) / (1 - 0.5yer ) * wer “*orp >0 ), (3)

rae Yer - KOOGGUIUEHT MUPUHBI 3y09aToro BEHIa, KOTOPBIH pekoMeHayeTcs nmpuauMats 0,25 ...
0,3 [1], [5]. IIpenBaputenbHo npuHUMAIOT Ypr ‘= 0,285;
Kh ¢ — OpHEHTUPOBOYHOE 3HAUCHHE KOA(PPHUIIMEHTA HATPY3KH;
Oy - KOOPOUIMCHT, YYUTHIBAIOIINN BUJ] KOHMYECKOW IepeIayn.

Benuuuny 6, 11s1 KOHUYECKUX KOJIEC C MPSIMBIMU 3YObsIMH PUHUMAIOT paBHOU Oy = 0,85; mis
KOJIEC C KPYrOBBIMH 3YObsIMH 110 Ta0JI. 5.
0, =1,13+0,13 U; =1,13 +0,13*2,8 = 1,49.

Koaddumuent nHarpysku onpeaenstor mo popmyie
Ki = Kuo “FKup*Kuv'= o

I'me Kyq ¢ — koddduueHT pacnpeaeneHus Harpy3Ku Mex Iy 3yObsIMu;
Kuv ¢ - KooQdumeHT BHyTpeHHEeH JMHAMUYECKON Harpy3KH.

g mpsimo3yosix nepenad Ky o ‘=1, Kyy=1,09 mpu n <2000 o6/mun; Ky ‘=1,14 ;
opu N > 2000 06/mMuH

s ve mpsimo3yOwix niepenau Ky, o ‘=1,1;  Kyy‘=1,04 mpu n <2000 o6/mun; Kyy ‘=1,06
;mpu N > 2000 06/MuH

IIprnHMaeM Kig =1,1; Kyy=1,04.

Koa¢pdunrent konnenrpanuu Harpysku Ky g (koapdunuent
PaBHOMEPHOCTH paclpeie]IeHnsl Harpy3KHy Mo JUInHe 3y0a) 171 MpsIMO3yObIX nepeaay
Kip =1+7 Cu (yep)™
Tre Woe = wor© U /(2 -y );
Ch - KO3pPHULIKEHT, yYUTHIBAIOIINN CXEeMY Tlepeiayn, onpeaesieTcs o Tadu. 6;
Yr - KO3 (UIMEHT, yIUTHIBAIOIINHI TBEPAOCTh 3yObEB Mepenauu, onpezensercs no tadi. 7.
s nepenad ¢ kpyroBbiM 3yooM npu HBj min < 350 npunumarot K, =1,
ITpu HB;j min> 350 xoaddunnment K, g onpenensdtor no popmyne

KHB :\/1+5 Cu (\VBE)AB



Onpenensiem d ¢” 1o popmyiie  (3)

[Mony4yennoe 3nauenue d ¢;° oxpyrisiem o FOCT 12289-76 ( 1a6m.8) [1, c. 51],
de’ =22,5 Mm.
OpueHTHPOBOYHO ONpEAEsieM YHCIIo 3yObeB Koseca |5, c.4]

Z; =k*®dg* U™

rae K — Ko PHUIMEeHT, yIUThIBAIOIUN TBEPAOCTh 3yObeB, Onpenessercs 1mo tadi. 5
[1, Tabn. 4.18], k=14;

[TpoBepsIOT BBINOIHEHHBIE YCIOBUS [5, C. 4]

Z2< Zomin = (T0*U)(NUP +1)= i
Ecnu 910 ycnoBue He BBINOIHACTCS, IPUHUMAIOT Z 3 “ = Z 2 max

UYucino 3y0beB 1ecTepHU

Oxpyrasgem Z;° 10 OnmKaiInero Lejoro yucna Zy =......... Y TOUHAEM YUCIIO 3yObeB Koeca
Zo =7 U= .............. U OKPYIJISIEM 10 OJIMKaMIIero nenoro Z; = ........

BeraucisieM ¢ TOYHOCTBIO JI0 YETBEPTOIO 3HAKa MOCIIE 3alATONH (PaKTHUECKOE 3HAYECHHE
nepenaroqnoro yncna Uy =Zo [ Zy=.....c.oooiiiiiinn.. , €ro0 OTIMYME OT HOMHUHAIBHOTO
NIEPEJATOYHOT O YHCIIa PABHO

|Us- Uyl [T |
AU=— *100% = — % 100% = .veeveere.....
u

Ecmm AU > 3%, nmpu  U;4> Uy ymensmaror Z; Ha exunuiy, npu Ug < Uy yBenuuuBatot Z; Ha
€IMHUILY U CHOBA BBIYUCIIAIOT U,
Ornpenensem yriibl 1€IUTEIbHBIX KOHYCOB C TOUHOCTBIO HEe Huxke 107[5,c.5].

J171s BEIpaBHUBAHMSI YACTBHBIX CKOJIbKEHUH B 3aIETNIEHUH IIECTEPHIO PEKOMEHTYETCS
BBITIOJTHSATE C ITOJIOKHTEIBHBIM PaIHATBHBIM CMEIIIEHUEM, a KOJIECO C PaBHBIM €My 10 a0COTIOTHOM
BEJIMYMHE OTPULIATEIBHBIM CMEILIEHHEM [5, c.5]

Ul -1 ———
X1 Z-Xp T 22— N COS 2Bind ZL =i
Uiy



3nech Bm - yroa HakioHa 3y0a. [Ipu KpyroBbIX 3yObsx MPEHMMYILIECTBEHHO MPUMEHSIOT By = 35° [1],
[5]; a mpu TanreHIManbHBIX 20...30°, 006IYHO YTOJ By BEIOMPAIOT KPAaTHBIM 5°.
Haxonum BHEMIHUN OKpYXKHOM MOIyJb [35, c.5]

Me ‘=de Iz 2
Jlns1 Kosec ¢ KpyroBbIMU 3yObsSIMH M, © B 3TOM (popMysie 3aMEHSIOT HA My ¢

Mie ‘= de2/22: ..................................
BHemnnuii okpyXKHON MOZIYJIb MOKHO HE OKPYTJISATH 10 cTannaptHoro 3Hadenus no 'OCT 9563-80,
TaK KaK OJJHUM M TE€M e PEXYIIUM HHCTPYMEHTOM MOKHO Hape3aTh KoJjieca ¢ pa3InuHbIMU
MOJYJIIMU U3 OIIPEJEICHHOTIO HENPEPBHIBHOIO MHTEPBAIA 3HAUECHUH.
OrnpenensieM BHELIHEE KOHYCHOE paccTosiHUE [5, ¢.5]

Re P = 0.5 m’te \/ 212 + 222 P
I_HI/IpI/IHa MCCTCPHU U KOJICCa

b]_ = b2 ,:\If br > Re T

Oxpyrisiem by "u b, > 1o Gimkaiiero 3uadenus u3 psaa Ra40 [1, ¢. 127] mo ta6:.9; bi=h,
= ..... MM.
YTounsiem 3Ha4eHUsA Re ¥ My (Me ), TOYHOCTH BBIYUCICHUH M 1 Me He Hinke 0,0001.

Re :b]_/\lfbr’: ............................

Haxomum  dexo
deZ(I) = 22* mte PP

YTouHsieM 3HaueHHE KOA(P(UILIMEHTa IUPUHBI 3y0UaToro BeHIa
\If br = b2 / Re T ittt ittt e e

OmnpenensieM cpeHUN JUaMETp ILIECTEPHU

dM1 :dezq) (1—0,5 \Ifbr)/UIQD: E

Bbrancisiem oOKpy:KHYIO CKOPOCTh Ha CPETHEM JHaMETpe

V=mdm Ny /(6%10% )=,
CremneHnb TOYHOCTH KOHMYECKHX TIepead onpeenseT no Gopmymnam [5, ¢.6]

Ne = 9,24 —0,526v +0,023v2 mpu By =0,

Ne =9-0,13v + 0,012v° mpu By = 35°.



OpI/IeHTI/IpOBO‘IHO HaxoJuM CTCIICHb TOYHOCTHU IICpCaavn

2.3. [IpoBepoUHbIii pacueT Hepeaadmn.

OmnpenensieM KOHTaKTHbBIE HANIpsDKeHUst |5, ¢.6]

o. =10846/(Re—0.5by)VT; (Ui’ + 1) K/ (b1 *Uie* O < owp  (4)

rae Ky = Kho, * Kpp * Khy

Khe = 1 18 mpssiMo3yObIX. A 1715t iepeiad ¢ KpyroBbIMU 3yObsiMu [6]

Kha = 1+ 2,1%10° *n o,* * v+ 0.02(n ;;— 6)*%° =1 +2.1%10° *8* * 352 +
+0.02(8— 6)+* =1.081;

Kyy - onpenensem o taou. 10, Ky, = 1,035;

Ky =1,081*1*1,035=1,119.

Beruucngem o, 1o ¢popmyne (4)

Ompenensem AH
Gup - On
AH=———— % 100% = . e
c$H

JlormyckaroTcsi MPeBBIIEHNS HAIPSUKEHUH G, HAJl Gy, HE Ooiiee yeM Ha 5%.
Ecinu 3T0 ycoBue He BBITIONHACTCS, TO BEIOMPAIOT OJIMKaifiliee CTaHAapTHOE 3HaYeHUE O |
noBTopstoT pacueT. Ecmu AH > 20%, TO BeIOMpatoT Oimrkaiiiiee MeHblIee CTaHIapTHOE 3HaUeHHE

deZ‘

[TpoBepstOT 3yObsl IECTEPHU U KOJIECa Ha BBIHOCIUBOCTD 110 HAMPSHKEHUSAM M3TH0a, HCTIONb3YI0
dbopmynsr [5, c.7]

2000*Y|:1 ’*KF *Tl* Uld)
OF1 = < OFp1 ; ®)
deo*bi1*me *0F (1-0.5yer)

or2 =of1 *» Yr2 '/ Yr1 " < Ofp2,

rae 0 =0,85 1 npsMo3yObIX Kouiec, Ui KOJIeC C KpYTrOBBIMH 3yObsiMU O ¢ MIPUHUMAIOT 110 Tab1.5.
OF =0,85+ 0,043 U 1h = vuvnun e



Koaddumuent narpysku onpeznensiercs mo popmyine [5, c. 7]

Ine Kgg =1 mis npsMo3yObIx Kojec, a st KOJIEC C KPYTOBBIMHU 3yObsIMU OIIPEACIISIETCS 110
dbopmye

Kro = [4% (80~ 1) (er = 5)] /(880 ) Zveeneeeeeeeeeee e, ,

I'me &y - KO3 PUIUEHT MEPEKPHITUS IS TIEpeiad C KPYTOBBIMH 3YObsIMU £, =1,3;
KFB =1+ 1,5(KH[3 -1) B ;

Kry HaxoIuM IO BBIPAXKEHHUIO
Kee =1+ 6¢ (KHv - 1)/ OH ettt ettt ;

['me dy u O - K03 PUIMEHTHI, YIUTHIBAIOIIKME BIUSHUE BUIA 3y0UaTOM Mepe1adu i MOAU(PUKAITUIO
npoduis TOIOBOK 3yObeB [4, ¢. 37], (Tabxn. 11), 6y = 0,002,
o =0,006.

Koaddurment Gpopmer 3yda
28x+093  112x% -154x;+ 71

Yr = 4.3 ( 1- + ),
Zjv Zjv2

rie Zjy - 5KBUBAJIEHTHOE YUCIIO 3yObeB, onpeensercs 1no Gpopmyie
Zyy = Z; ! (cos & *cos *Bm )

Ziv = Z11(COS 81 * COS 2P ) =i
Zov = Zo1(COS 85 * COS 3B ) =it
=

YE =i

OFpP1 - OF1



AF; = F100% = o
GOFp1
OFp2 - OF2
AFy =——————  F100% = .. i,
OFp2

JlomyckaeTcsl NpeBBIICHUE HANIPSUKEHUI GFj  Haj Grpj He Ooisee ueM Ha 5% .
Ecnu 3710 ycnoBue He BBINOJIHSIETCS, TO YMEHBIIAIOT Z1 HA €IMHUILY U TOBTOPSAIOT pacyeT

2.4. Onpejenenne reoMeTpUuecKUX pa3MepoB 3y0uyaThIX KoJiec.
JrameTp BHELIHEH NEIUTEIbHON OKPYKHOCTH IIECTEPHHU U KoJieca ¢ TOYHOCTHIO 10 0,001 Mm.

de]_ :Zl*mte R R T A
dez :Zz*mte T Y

Buemninue JAUaMCTPbI BEPIINH 3y6BeB
Jaet =der +2(1 +X1) * Mg ¥COS 31 % COS PBrm =.vviririniiienietiieie e,

Jaeo =dez +2(1 +X2) *Mie ¥COS 02 * COS P = cvvvinriniinietieteeie e

BremHue BBICOTHI TOJIOBOK U HOKEK 3yObhEB
Naet =(1+X1)*Me *COSPm =eeviniieiiiiiiiiieeieeeee,

haoo =(1+X2) *Mte *COS P =eeviniiririiiiiiieeieeeee, ;

Nt =(1,2-X1) * M *COSPrm = eviniiiiiiiiieieeeeeee

Ntz =(1,2-X2) *Mieg *COS B =uviviiniiriiiiiiiiieceeeeeeee,

2.5 Onpenesenye CJ B KOHHYECKOM 3y0UaToil mepeaaue

Oxpy’kHasi CHJla Ha CpEHEM JTuaMeTpe
2T 1 * 10°
Ftl e
dml

s mpsiMo3y0oit mepeiayn:
Ocesast cuma F,; = Fy *tg o * sin 8,
paauanbHas cuna Frp = Fy™* tg o * cos oy

Jlst mepenadn ¢ KpyroBeIMH 3yObsIMU OCEBasi CUJjla Ha MIECTEPHE MPU COBITAICHUN

HaIllpaBJICHUA €€ BPAIICHU C HAIIPABJIICHUEM HAKJIOHA 3y6a IMCCTCPHU ONPLCACTIACTCA
Fai =F(0.44SiN 31+ 0.7C0S01 )= cviviniiriiiieiie e

IIpu IpOTHBOITOIOKHOM HAIPABJICHUH €€ BPAILECHUS



Far /= Fu (0.4 sin 8- 0.7 cos 8 ) =

PagnanpHas cuna Ha mecTepHe AJisl IEPBOTO Cliydast
Fri =Fu (0.44 cos 6,-0.7sind; ) =

Jlig BTOporo cirydas
Fro =Py (0.44 cos 8+ 0.7 sin &y ) =

OceBas u pagualibHasg CHJIbI Ha KOJIECEC COOTBETCTBEHHO PaBHBIL

Faz = Frl TR R, .
Frz = Fal ................... ,
0o

Faz ‘= Frl ittt N
Frz = Fal Tt

3. PACYET HHIHHJPUYECKOH 3YBYATOH IIEPEJAYH THXOXO/IHOH
CTYIIEHH

3.1. Bpi0op MaTepHaJI0B M JOHNYCKAEMbIe HANPSIKEHHS

JlaMeTphbl 3aroTOBOK JUIs IIECTEPHU U Kojieca Koco3yool nepeaayn
d33:24*3\/T11/U2: .................................... ,
d34 = d33 * Uz T ettt ettt et e

Pa3mepsl xapakTepHBIX CE4EHUH 3ar0TOBOK

Sc3 :d33 *Uz .

Ses = 1201+ U )* 3V Tur/Us =i,

Jlnst Koniec TUXOXOIHOM Mepenayy BBIOMpaeM TaKHe e MaTepHalibl, Kak U JUIsl KoJieC ObICTPOXOAHOMN
nepeaauu (cm. m. 2.1).
B sToM citydae npu pacuere JOMyCKaeMbIX KOHTAKTHBIX HaNpspkeHui mo gopmyse (1):
Jns mecrepHu:
OHIimb3 = OHImMbL =eveeeenneenn. 5
SHz =SH1=1,2;
N HO3 — NH01 e

Hns xoneca:
OHIlimb4d = OHIMb2:ceeeeeneenn. 5
Sha=SH2=1,1;
NH04 = NHOZ S,

OrnpezenseM SKBUBAJIEHTHOE YHUCIIO [IUKIOB HAIPSHKEHU
Nugj = Nyj * Kug
I'me Kge=0,18(cm. m. 2.1).
Nyj =60*ts* nj;
N23=60*tz* 1 ;



NHE3 = Nzg * KHE: ............................ .
NHE4 = Nz4 * KHE: ...................................
Haxomum K03 GUIreHT J01roBeYHOCTH

KHL4 = 6\/ NHO4/ NHE4 i iietesseseerete ittt aasarane

OHpeHeHHeM A0IMYCKACMbIC KOHTAKTHBIC HAIIPAXKCHUS

OH lim b3
OHP3 — * KHLS_ ................................. ,
Shs
OH~* lim b4
OHpP4 — * KHL4: ..............................................
SHa

B CJIydac pacdera HpHMOSY6LIX nepeaad JomyCckacMo€ KOHTAKTHOC HAIIPSKCHUE  OHp
IPUHUMAETCS PABHBIM GHpmin , T.€. MUHUMAJIbHBIM U3 JBYX 3HadeHuil. IIpu pacyere Koco3yObIX
IIEBPOHHBIX TEpeiad GHp BBHIOMPAETCS KaK HAUMEHbIIIEE U3 JIBYX, MOJydaeMbIX TI0 (opMyIiaMm.
OHP = 0,45 (OHP3 T OHPA ) =it ;

OHPp — 1,23 * OHPmin — 1,23 * OHPA T eeeteereneeeneeenaeoeeeneesneeonanannes
BBI6I/IpaeM HANMMCHBIICC U3 MTOJYUCHHBIX 3HAUYEeHUH OHP = eeeernnennnnnns

ITpu pacuere nomyckaeMbIX HanpsHKeHUH u3ruda mno gopmyne (2):
Jlns mecrepHu:

OFlimb3 — OFIlimbl = veeeeeennns 5

Jnsa xoneca:
OFlimbd = OFIimb2 = eereineeiineinnnn ;

Jnis onpenenenus KodphUIueHTa JOITOBEYHOCTH HAXOAUM SKBHBAIICHTHOE YHCIIO IIUKJIOB
HanpsokeHud N pgj :

NHE3 = Nz3 * KFE3 SN

NHE4 = Nz4 * K|:E4: ............................................



Ipu Npgj = Npo =4 * 108 npuauMaeM Kg =1,
Kep = MFE N Npg f Ny = '

Omnpenensiem JolyckaeMble HanpspDKeHus u3ruda mo gopmyne (2)

OF lim b3
OFp3 — * K|:|_3* Kpc3— ...................................
Sk3
OF lim b4
OFp4 = * Krs * Kres =
SFooio

3.2. OnpejejieHne reoOMEeTPHYECKHX PA3MEPOB IepeIavyu

OpHEHTHPOBOYHO PACCUMTHIBAEM BEIMUMHY MEKOCEBOIO paccTosiHus [6, c.3]

aw = c(Ua+1)°N (To* Kig )/ (U2 *wea*owp” ) (6)

rae c=495 nus npsmo3yObix nepenad, c=430 ams Koco3yObIX U IIEBPOHHBIX MEpeaay;

YpaA— KOO (UIIMEHT MUPUHBI BEHIIA 110 MEKOCEBOMY PACCTOSIHUIO, KOTOPBIN BRIOUPAIOT U3 STUHOTO
psaa, pekomengoBanHoro 'OCT 2185-66 (tab:xa. 12) ¢ yueTom pacroyiokeHUs OOpP OTHOCUTEIBHO
3youaroro Bermna (tabdmn. 13), yga=0,315;

KHp - K02 DUIMEHT, yIUTHIBAIOIINI HEPABHOMEPHOCTD PACHIPEIEIICHHS HATPY3KH 110 INMPHHE BEHIA;
115 onpezeneHua Kyg MOKHO BOCIONIB30BAaThCs 3aBUCUMOCTBIO [6, ¢.3].

Kup = 1+ Kucp (Wod ) "
Ime Kuc =0,47 vi/ Kex , 3mech Kex - k0ahdummenT, 3aBrcsImii oT Homepa cxeMsl (Tabdi. 13);
Yt =1 Ipu TBEPAOCTH aKTUBHOM MOBEPXHOCTHU 3yObEB

HBjmin <350 u vt =2,5 npu HBjmin > 350; Ypd - KOOGOUIIMEHT MIUPUHBI BEHIIA TI0 TUAMETPY;

Whd = 0,5pa (Uz + )= ;

Beraucnsem aw 1o popmyie ( 6)

ay ‘=

Oxpyrisiem @y J0 Omuxkaifiiero crannaptaoro 3nadenus mo 'OCT 2185-66
(Tabm. 14),aw = .oevvnvnnnnns



Haxomum OpuEHTUPOBOYHYIO IIMPUHY KOJIECA
bW ‘= \lfba * a.W P ;

Y LIMPUHY IIECTEPHU
bw3 ‘= 1,1* bw4 e,

OxpyrasieMm ux 70 Ompkaiiiero 3naueHus u3 psga R, 20 (tabn.9),

OHpGI[CJ'IHCM AUaMETPbI HAYAJIbHBIX Opr>KHOCT€I71 IECTCPHHU U KOJIECA
dw3 :2aW /(1+U2)= ............................

dW4 = dW3 * U2 PP
Haxoaum OKpyX)HYI0 CKOPOCTh B 3allCINIEHUH
T * nu * d w3
Vo=
6*10"
CrerneHb TOYHOCTH IIIMHIAPUYECKON MepeIadil MOXKHO OTPEICIIUTh IO (hopMyIIam:
n,=10,1-0,2v B=0,
n., =10,1-0,12v B> 0.

Ecnu B pesynbrare pacdera Oyner MoydeHo Ney > 9, TO HYKHO MPUHATH
N = 9.

OpHEeHTHPOBOYHO HAXOAUM CTENIEHb TOYHOCTH Mepeaavu
Ner "= 10,1 — 0,02 V= ; TIPUHAMAEM Ng; = .........

OpueHTHPOBOYHO HAXOIUM MOIYJb Mepeaadn mo Gopmyne [6, c.6]

T11 *(Uz + 1)
mp ‘= km R TR T 5
aw * bws * oFp3

rie Ky = 5600 as npsimo3y0osix mepenad, Ky = 4400 1715t Koco3yObIX mepead,
Km = 4125 nst mieBpoOHHBIX Tepeaay.

OxpyrisieMm My 10 O6amkaiiiero 60bIIero CTaHAAPTHOTO 3HaUeHus (Tabun. 15), yuureiBas ,
YTO MPUMEHEHUE MOyl MEHbIIIE 2 MM JUIS CUJIOBBIX Mepeaay HesKeIaTeNnbHo,

ITpu BEIOOpE y371a HaKJIOHA 3y0a B KOCO3YObIX Nepeaayax NPUHUMAIOT BO BHUMaHHUE
OrpaHHYeHue 1Mo KO3 UIMEHTY 0CEBOT0 NEPEKPhITU €3 = 1,1, U3 KOTOpOTrO Clexyer

B > Bmin = arcsin (1.1 * my / bus ) (7)

VYrou HakIOHa 3y0a B KOCO3YyObIX nepeaayax BeIOUparoT B nuanasone 8°...16°. Ecnu Bmin
MoMaJlaeT B YKa3aHHBIN AMAINa30H, ClieyeT IPUHATH IpeIBapUTENIbHOE 3HAUE€HUE YIJla HaKJIOHa 3y0a
B' = Bmin , IpA Bmin < 8°
npunuMaeM 3 ‘= 12°, HakoHe, pH Pmin > 16° BMecTo nepBoHavaIbHO BRIOPAHHOTO 3HAYEHUS gy
MIPUHUMAIOT OJIMbKaiiiiee 0oJiblliee CTaHIAPTHOE 3HAYCHHE 5, ¥ BHOBB MPOBEPSIOT ycioBue (7).

B>Bmin =arcsin (LIn*mp/bus )= ooeiiiiiiiii,

OpUEeHTHPOBOYHO NMPUHUMAEM 3 ‘= .........



PaccunthiBaeM OpUEHTHUPOBOYHO CYMMApPHOE YMCIIO 3yObEB IMIECTEPHU U KOJieca
2ay,
Iy ¢ =

a0 I N 8)

Oxpyrisiem Zy ¢ 110 OnvpKaiIIero Heaoro yucna Zy =............
Haxoaum oprueHTHPOBOYHO YHCIIO 3yOhEB MIECTEPHH

Zs =Zs (Ut )=,
Oxkpyrisiem Zy © no Oamxaiero mnenoro yucia Zy =..........
OrnpenensieM 4ncio 3yObeB Koeca Z4 = Zs = Z3=..ccveiriennnnannnn,
YTouHseM NIEpe1aTOYHOE YUCIIO

PacxoxeHne ¢ IpUHATHIM paHee HOMUHAIBHBIM TIEpeaTOYHBIM YHCIIOM HE JODKHO TPEBHIIATh +
2,5% opu U <4, ut4% npuU>4,5. Ecnu 310 ycnosue He Boinonssercs, To npu U > Ug
yBenuuuBaeM Z4 M Z3 Ha eAUHHILY, OCTaBsisl Heu3MeHHbIM Z3 anpu U < Ugp ymenbmiaem Z4 u Z3
Ha CJIMHMILY.

s Hamero npumepa
| Ux—Uag |
AU=
U,

YTouHsieM 3HaYeHHE yriia HaKJIoHa 3y0a
B=arcCos (Zy * Mn/ 280 ) =ueorieiiiie e
B meBpoHHOI 1 pa3aBOEHHOMN KOCO3YObIX Nepeayax MpeiBapUTEIbHO IPUHUMAIOT
B ’=30° u onpenenstoT Zy o popmyie (8).
Jls mpsiMO3yOBIX Mepejad CyMMapHO€e YHUCII0 3yObeB ONpeesisaoT o popmysie
Zy ‘= 2aw / my
[Tony4yeHHoe 3HaYeHHE  Zy * OKPYIVISAIOT A0 OJrpKaiIero 1ejaoro yucia Zy .
[Tockonbky B 001IeM ciay4ae Zy # Zy © ¥ JISJIUTEIIbHOE MEKOCEBOE PACCTOSIHUE HE COBIAJTAET C aw ,
IIPU IPOEKTUPOBAHUHU MPSAMO3YOBIX Tepead NpUXOAUTCs IpuberaTh K yriaoBoi koppekuuu. [Ipu stom
YTJIBI 3alleTIIICHNs OTIPeNIeNIoTCs o opmyIie
O = arccos (zx/ zy © cos a).
Janee HaxoAsT cyMMapHbIi KO3()PUIMEHT CMeIIeHUs
Xy =X 3t x4 = 0,5 ctga (invay, - inva) zy ,
e inVoyy = tgowy - INVouy,
Boruncnsior koahGUIUeHT ypaBHUTETLHOTO CMELIECHUS
Ay =Xy - 0.5(zs - zy)
Bri6upator ko3 GuueHTs CMeleHus s MIECTEpHH U Kojeca
Zy - 13
x3=05[xy -——— (X3 -AY)]; X4=Xy- X3.
Zy

Ecmm z3 < 17, To k03 dUnMeHT cMemeHus s MEeCTePHU U KOoJIeca ONPEICIISIIOT U3 YCIOBHS
OTCYTCTBHSI TIOJIpe3aHusl 3y0a
X3‘'=-x4‘=1-23 1177



Ecnn x3<X3°‘, TO IpUHUMAIOT X3= X3 ‘.

3.3. IIpoBepo4HbIii pacyeT HHJANHAPHYECKON epeaaym.

OnpenensemM KOHTaKTHbBIE HaNpsKeHus [6, ¢.9]

Gu = 6150 (Z4 * Ze ) aw ¥ (T1s (Uzo + 1)° Ky )/ Uzp * bus < 0up %)

rae Z, — KodQPUIHMEHT, yYUTHIBAIOMINN (POPMY COIPSKEHHBIX MOBEPXHOCTEN 3yObeB.

Zi =N 2C0S B/ SIN 200 =i, :
TJIe Oy = Ot - YroJ NpoduiIs MPOU3BOASIIIECH PeHKH

Ot = arctg ((goL/ COSP) = vt

Zg - KOO(QPUIHMEHT, YIUTHIBAIOLINA CyMMapHYIO JIJTMHY KOHTaKTHBIX JTHHUHN. [lis
npsAMo3yObIX nepenay

Z:=V(4-¢,)/3
IS K0003y6BIX M HICBPOHHBIX IICpCaaq

Z. =1/ Ve, , TI1e
€y - KOO PUIHEHT epeKphITHsL. J[is iepeiad, BHIIOIHEHHBIX 0€3 CMEIIEHHS,

€ = [0,95-1,65(1/z3 +1/24 ) 15 (cos’p + cosP),

AJId ri€peaay, BBIIMOJIHCHHBIX CO CMCIICHUCM,

o = [Vras® -To3® +Vrag® -Tos® - (Toa + Tpa )tg o ] / (TM COS @),
rze lhj - paanycChbl OCHOBHBIX OKPYXHOCTEH, Ihj = 0,5m Zj COs a

l3 - pamuychl OKPYXKHOCTEH BepmnH, I;j = 0,5 m[ z; +2(1+xj - Ay)].
OxpyrasieM KodpOUIHUEHT Zg

Ze=1/Ve, =1/V1,69 =077:

6o = [0,95-165(1/z3 +1/2z4 ) 15 (cos’p + cosP)= [0,95-1,65(1/23++1/102 ) ]5(
cos? 10,142° + cos 10,142°) = 1,69.
OnpenensiroT K03 PUIHMEHT HATPY3KH Ki= Kuo* Kup* Kyy, T
Ky o - KO3ddumeHT, yauThIBalOIMi pacnpeiesieHne Harpy3Kku Mexx 1y 3yObsaMu. Jliist mpsiMo3yObIx
nepenad Ky, = 1, 1t K0CO3yOBbIX U IMIEBPOHHBIX TIEepeaad

Ko =1+2,1%10°* n* * V + 0,02 (Ner - 6) ™ = oo,

Ky v - K03ddunmenT, yauThIBalOUMil TMHAMUYECKYI0 Harpy3Ky B 3auerieHuu (tabi. 10), Kyuv



Bbraucnnm KOHTaKTHOE HampspkeHue 1mo popmyie (9)

HaitneM AH=(0up -0u )/ 0Oup 5100% = ..o
JlomyckaeTcst MpeBhILICHNEe OH HaJl GHp He Oosiee yeM Ha 5%. Ecnu 3T0 ycinoBue He BBINOTHSETCS,
TO BBIOMparOT OnmoKaiiiiee Oosipliee CTaHapTHOE 3HaUeHne ‘WBa WM oy U MOBTOPSIOT pacueT. Eciu
A H > 15%, To npuHUMAIOT OJIFKANIIYI0O MEHBIIYIO CTaHIAPTHYIO BETHUUHY OLW .
[TpoBepounsIii pacyeT 3yObeB Ha BBIHOCIUBOCTH ITPH U3TMOE BHIIOIHSACTCS MO
dopmymnam:
6= Y dYs 5(20005T 115K ¢) / byg Sdwz 5 m, < Ofp3 (20)
onu=0m S5SbOwSyu /bmusSyr) <omp ,
rie Yp - ko3 duireHt, yduThIBaOLMii HAKJIOH 3y0a ;
yp =1-B/140°=....... ;
Ypj - Koadduruent Gpopmsl 3y0a;
ypi =3,65(1—(28x+0,93)/zy+ (112 x % — 154 x;+ 71) | Z%},),
rae Z jV — 5KBUBAJICHTHOE YUCIIO 3yObeB, omnpeesseTcs mno hopmyJie
Zyy =Z; / cos ® B, ans mpsmosy6six mepenau Zjy = Z j.

Z3w=Z3/COS P =i, :

Zaw=Z41COSP = oo :

Koaddunment narpysku Kf onpeznensiem nmo popmyie
Ki=Kt 5 Kig 5 Ky,

rac Kfa IS KOCO3Y6BIX nepeaad paCCYUThIBAKOT 1O Q)OpMy.HC
Kro =[4+ (86 =1)5 (Mer = 5)] 1 (A8 )= ovverroreremeseeeeeeeee e,

Jns npsiMmo3yObIx niepenad npu Ner < 7 mpunumatot Kfa, = 0,75;
[Mpu N> 7 Ky = 1.
Kfs onpenensem no popmyne

Kig = 1+ 1,5 (Kug =1) eeeoreoeeooeeoeeoeeee e,

Kfv HaxXO0JuM U3 BBIPpAXKCHUA



Kiv = 1+0i5(Kiy -1 )/ 0u= oo

Haxogum Kk

AF = (Gfp4' 0'f4)/0'fp45100% T i ettt ittt ettt et

JlomyckaeTcsi peBbIllIeHNe HApsHKEHUt ¢ Hax ¢ He Ooiee ueM Ha 5%. Ecnwu
9TO YCIIOBUE HE BHITIOIHSETCS, CIEAYET YBETUYUTh MOIYJIb J0 OJIMKaiiiero
CTaHJIAPTHOT'O 3HAYCHMUSI.
[IpuHumMaeMm M p=.......... , BBIIIOJIHUM PacyeT ¢ y4€TOM U3MEHEHUSI MOAYJIS.

B’>arcsin (1,155 Mp/bwd)= i

2’y = 28y /Mp 5COSP =i ;
z’y = 98;

Z3=zs/ (Ut 1 )= ;

Zu =V 2008 B/ SIN 200 =i, :
Ow =o=arctq (tg o/ CoSP )= .coeiiiiiiiiiiiieeaa,

€=[0,95-1,6 (1/ 25 +1/24)] 5 (COSZB+COSP) = -eeereeeeeeeaeeiaeaaenn



AH=0up -0u/0Cup S5 100% = ..ot
Yp=1-Ppl40c=.......... ;
Zav=23/COS B =it :

Ziw=241 COS B =i, :

Kio=[4+ (e -1) 5 (Nec—5)]/(4€0 ) =veiriiniiiiiiiiiin ;

Ki =Ko S Kig S Ky =.enenii ;

3.4. OnpenejgeHne THAMETPOB OKPYKHOCTEH 3Y0UAThIX KOJeC

HauanbHble OKpYKHOCTH

owa= (M 523)/COSP=iiiiiiiiiiiiiiiiiiienin, ;
Owa= (Mp 52Z4) /COSPB=ueiririiiii i, ;
OKpyXHOCTb BEPILINH 3yObeB

Oag =0wg tT25(1+X3-Ay)5Sm =i, ;
Oag =0ws +25(1+X4-Ay)Sm =i ;
OKpy>KHOCThH BIaJINH 3yObeB

Of3 =0w3 -2,0M+25X35m =i ;

Ofs =Owa =2,0M+25Xa5mM =i, ;



3.5. Onpenesaenne cuJ B NIMJIHHIPHIECKOH KOCO3Y00H nepexade

OxpyxHas cuiia
Fie = Fuu =2T11510° /0w = woveveneeeeeeeeeeeeee,

PanuannHag cuia

Frs = Fru SF@ S5t o/ COS B =i

OceBas criia

F. = Fau :Ft35tC{B= ......................................

st mpsimo3yObIX mepenad

Fe = Fu=2T11510° /oy

Frg Fr4 :Ft35tqa.



4. PACUET BAJIOB. IOJA50P MNOALIUIIHUKOB
4.1 llpeaBapuTeIbHbIN pacyeT BAJOB.

PenykTopHblii Bai npeacTaBiseT co00ii CTyleHYaToe UIMHIPUYECKOE TEJI0, Pa3MeEpPhI U
KOJIMYECTBO CTYNEHENW KOTOPOro 3aBUCAT OT KOJIMYECTBA U Pa3MEPOB YCTAHOBJIEHHBIX Ha BaJ JIeTaJIEH.

JlnameTp BBIXOIHOTO KOHIIA Beay1ero (ObICTPOXOAHOr0) Bajia OOBIYHO MPUHUMAIOT OJIU3KUM K
JaMeTpPy BaJia 3JEKTPOJIBUTATEIIS, YTO ITO3BOJISICT UCIOIB30BATh CTAHJAPTHYIO My(DTY JUIs
COCIMHCHUS BBIXOIHBIX KOHIIOB BaIOB. OpUEHTUPOBAYHO ONPEACIAIOT qruaMeTp i BBIXOIHOTO KOHIIA
Bajla U3 pacyera Ha YUCTOE KPyUEHHUE 0 OHMKEHHBIM JJOITYCKAaeMbIM HaIIPSHKEHUAM. JTO MO3BOJISET
yuecTh BIHMsHUE U3rH0a Ha BETMYMHY SKBUBAJCHTHBIX HAIIPSHKEHUN HA KOHIIEBBIX Y4acTKaX BajoB
[1,c. 31)

dir > 8V (16* T~ 10°) In*[1]

TJIe j - MOPSAKOBBIM HOMep Baja (1 - uist OBICTPOXOIHOTO Baa, 2 - I MPOMEKYTOUYHOTO Bajia, 3 - JUIs
THXOXOJ/IHOTO Bajia);
T - KpyTsIUii MOMEHT H aCOOTBETCTBYHOIIEM Baiy, Hm

T - 3aHWKCHHOE 3HaYCHME JO0IYCKAaeMbIX KacaTelIbHbIX HaNpsuKeHU, Mia
(s craneit 40,45 npunumaror [ t]+ 15 20 Mma)

BbICTPOXO/IHBII BAJL JlnameTp BBIXOJHOIO yyacTKa Baja

dig’ >3 (16* Ti+10%) / n*[1] =3V (16*162,8+10%) /3,14%20 =34,61 mm

[MonyueHHOE 3HAYEHHE OKPYTIISIOT 70 Ommxkanmiero u3 psima  Ra40 mo F'OCT 6636269, d 1= 36 mwm.
Jlist yioOCTBa COeIMHEHNUS Bajla PeIyKTOpa C BAJIOM JJIEKTPOABUTATENsI CTaHIAPTHON My(TOM
COOJTFOTAI0T YCIIOBHE, YTOOBI TUAMETPHI COSTUHSIEMBIX BAJIOB UMEJH Pa3MepPhl, OTIHYAIONINECS HEe
6ostee yem Ha 20% [1, c. 32), 1.e.d1’=(0.8-1.2)d ,rmed - quamerp Baja BJIEKTPOIBUTATES,
ompeensieMsli o kataiory, d =55 mm ( o psimy Ra40). MHorma Ban 3JeKTpoIBUraTelis He
COCIMHSETCS HETIOCPEACTBEHHO C BEIYIIUM BAIOM PEIYKTOPA, & MEKIY HUMH MMEETCS PEMEHHAs HJTH
IeTHAs TTepeiaya.

[TPOMEXXYTOUYHBII BAJL OnpenenseM IMaMeTp OMACHOTO CEYEHHMs MO KOJIECOM IO
MOHMKEHHBIM JIOTTYCKa€MbIM KacaTeJIbHbIM HanpsbkeHusaM [t]= 15 Mma,

dIIZ’Z 3\/(16*1-11*103) / TC*[T] PP

[Mpunumaem Onwskaiitiee Ooblce 3HaYeHNE U3 cTaHaapTHOro psaa Rad0d 2 =.............

TI/IXOXO)IHBIﬁ BAJI. /IlnameTp BBIXOJHOTO KOHIIA Baja HAXOIUM IIPH MOHWKEHHOM JIOITYCKaeMOM
HanpsbkeHuu [1] = 20 Mma,

dime =3V (16%* T111+10%) / w[t] =eovvvneeeeeenn, ,



[Mpunumaem d 1’ =.......... (psn Ra40).

4.2 TlepBblii dTAll 3CKU3HOH KOMIIOHOBKH

[lepBsiii 3Tanm 3cKU3HONM KOMIOHOBKH BBITIOJHSETCS C LIEJIbIO ONPEAETICHUS PACCTOSHUN MEXKIY
CCYCHHUSMH BaJIOB, B KOTOPBIX MPHIIOKEHA HATPYy3Ka, M CEYCHUSIMH, KOHTAKTUPYIOIIUMH C OITOPaMHU.

DCKHU3HYIO KOMITAHOBKY PEKOMEHYETCs BBIMOMHATH B MacTabe 1:1 Ha MUIIITMMETPOBOIA
Oymare. JlocTaTOYHO CIENaTh OJIHY POEKIUIO - pa3pe3 MO0 IJIOCKOCTH, B KOTOPOH JIEXKAT OCU BaJIOB.
[TocnenoBaTenbHOCTh BHIMOJIHEHMSI IEPBOTO 3Tara u3jioxeHa B padorax [ 1-4].

4.3 TIog6op ¥ NPOBEPKA HINOHOK

JlJis coemMHeHus Baia ¢ ACTAISIMU, IEPEIAOIINMU KPydeHHUE, YacTO UCTIOIb3YIOT
npusMarnueckue mmoHku ( Ct 6 . cranb 45 ).
Paccmorpum npumep. [ycTh HY’)KHO yCTaHOBUTH IITTOHKY HA IPOMEKYTOUYHOM BaJIe TIOT

KOHUYECKUM KojiecoM. BpiOupaeM mpu3MaTu9IecKyo MIMOHKY M0 AuaMeTpy d 2= .......... no 'OCT
23360-78 (puc. 1) [S,c. 20]. Pa3meps! mmonku: mupuHa b= ....... MM, BBICOTA
h=...... MM, INTyOrHa 1ma3a Baja {1 =.....MM: rIyOMHA ma3a BTYJkd t o = .....MM. Jnuny mimonkw |

un HA3HAYAKOT M3 CTAHAAPTHOTO Psija TAKUM 00pa3oM, uToObl OHA Obl1a Ha 5 - 10 MM MeHbIIE
JutaHbl cTynumbl Kosteca | er. | yy =1 ¢ - (5-10). Jnuny crynuisl npuanmaroT [5, 1.30] B
3aBUCHMOCTH OT Auamerpa d Bajia Mo CTyNUIeH: sl e apudeckoi nepenauu | o = (1-1.5) d; aus
KOHHYECKOH IIepeaadn

l:=(1-1.2) d.
B namem npumepe | = (1-1.2) djp=(1-1.2) *56=.................
Jmuaa wnoHKd |y =1 - (5-10) =i, Beioupaem | = .........

no 'OCT 23360-78.

Ha npomexxyTouHoM Baily Oy/I€T yCTAaHOBJIEHA IITMOHKA ....vveenneenaennn. I'OCT 23360-78.
HanpsiokeHne cHATUS y3KMX TpaHel IMOHKH He JTOJDKHO MPEBBIIIATh I0IYyCKaeMOro
[c]cw = 100 MIIa, T.c.

2+T * 103
O cm = < [G] CM
d*l, *(h—t)

rae T - KpyTsmmii MOMEHT, epeaBaeMblii BaoM, Hm; d - nuameTp Basia B MeCTE YCTAHOBKH IIMTOHKH
( B HateMm mpumepe d = dyjj2=......... s lp=lum-b=



Ha npoMexxyToyHOM Bally - IIMOHKA .............. I'OCT 23360-78.

4.4 KOHCTPYKTHUBHBIE pa3Mephbl 3Y0UATLIX KOJIEC.
Pa3mepsl 211eMeHTOB 3y0UaThIX KOJIEC ONpeIesieM 10 PeKOMEHIAIMIM, TIPUBEICHHBIM B
paborax [1,3-5].

45, Cuabl B 3y04aThIX Ipepaadax.

Jliia onpesiesieHus: HapaBJIeHUI cuil B 3yOUaThIX Mepeaayax U yriloBbIX CKOPOCTEH B 1aHHBIH
MOMEHT BPEMEHHU CJIeIYET BOCIIOJIb30BATHCS MMOKa3aHHBIM Ha PUC. 2 HAIPABJICHUEM OKPYKHOM
CKOPOCTH JIEHTHI (Ha KHHEMAaTUYECKOM cXeMe KoJieca YCIOBHO pa3iBUHYTHI). [IpuBOI peBepCUBHBIiL, B
Clly4yae U3MECHEHHS HAIIPABJICHHS BpAIllCHUs] B KOHUYECKOM Tiepenaue okpyx Hble yeunusi Fuy u Fy
U B IUIMHPUYECKON nepenade okpykHble yeunus F 3 u Fy 1 oceBble yeunus F 3 u F g
MTOMEHSIOT HAMPABJICHUS HA POTHUBOMOJIOKHBIE.

4.6. PacueTHble cxemMbl BajioB. ONOpHbIE peaKknu,
MIOPHI H3rHOAIOMIMX H KPYTSIIIMX MOMEHTOB.

4.6.1. BLICTPOXOAHBI BaJI.
Omnpenenenue paccTOSTHUI MKy OTIOPaMH.
Pasmep oT dge1 /10 cpeHero auaMeTpa mecTepHu
c1=05 bwl KOS O 1 eieaaaaiaaaaaanns,

[MpunumaeM 3a30p MEXKIY Oge1 ¥ TOPIIOM MOMIIUIHHKA A; = A+ M , e M - pacCTOSHUE OT
BHYTPEHHEN CTEHKHU KOPITyCa O MOAMIUIMHUKA, A1=.......cceviiiniiiiinnnnn.

Puc. 2. Onpenenenne HanpaBiIeHUs AEUCTBYIOIINX CHIL.



Puc.3. Dcku3Has KOMIIOHOBKA BEAYIIErO Baa.

JU1s NOAIIMITHUKOB OBICTPOXO/IHOTO Bajla BEIOMPAaeM KOHCUCTEHTHYIO CMa3Ky BCJIEICTBHE
3HAUUTENBHOMN YJaJIECHHOCTHU OJIHOTO U3 NOJIIMITHUKOB OT KapTepa peaykropa. CienoBaTenbHO, 3TOT
HNOJIINITHUK HEe OyAeT CMa3bIBaThCsl MACJIIHBIM TYMaHOM JaKe NP BHICOKUX OKPYXKHBIX CKOPOCTSIX.
IToaTOMY peKOMEHAYETCs Ha 3TOM Bajly YCTaHABIMBATH MA3€yICPKUBAIOIIEE KOJIBLIO U IPUHUMATh
m=9-12mm.

A - paccTosiHuEe MEXY Uae1 M BHYTPEHHEW CTEHKOW KOPITyCa;
A“=0,05Re T (4...6) = .o
[puauMaem I=........

Touka npunoxxeHus: paguanbHON peakluy B OMIOpax pacioyioKeHa B CpeIHEN TIOCKOCTH
HOJIINITHUKA U MOKET OBITh OIpe/iesieHa MO BIPAXKEHUIO

a=T,/2+e*D +d)/6,
riae T, - DIMpPHHA TTOANINITHUKA;
D - Hapy)XHBII THAMETpP MOIIUITHAKA
d - nmamerp Basa 1Mo/ MOAIIUITHUKOM
€ - mapameTp OCEBOI0 HArPyKEHHUS MOIIIAITHUKA

Jl1s1 OBICTPOXOIHOTO BaJla OPUEHTHUPOBOYHO BHIOMpPACM KOHHUECKUE OJTHOPOJIHBIC
MO/IIIATTHUKY cpeHeit cepun Ne ......... c pasmepamu d=....... MM;
= . mm; Ty = ... MM; € =............
Omnpenensiem pasmep Iy
I = 1=2(Th-a1) = oo,

Onpenensiem pasmep |y,
li =c. + A+ (Th-a1)= oo



OmnpeneneHne COCTaBISMIONINX OMOPHBIX PEAKIINNA U U3THOAIOIINX MOMEHTOB.
Paccmotpum miiockocts YOZ. CocTaBUM ypaBHEHHE PaBHOBECHSI CYMMbl MOMEHTOB OTHOCUTEIIbHO
onop A u B Bana:

{SMa =0 Mg, =0,

Frl(I1+In1)-Fa1*dm1/2 +RBy*|H1:O;
Fn*ly -Fa*dmy/2 +RAy*|nl =0;

RBy =- Fn (1+ I1/In1)+Fa1*dm1/2In1 B
RAy = Fr N F R dma 21N = -

ITpoBeprM NpaBUIBLHOCTH HAXO0XKIEHUSA peakuuili Ray 1 Rpy, 1718 5TOro cocraBuM TpEThe YpaBHEHHE
paBHOBECHSI — CYMMY MPOEKIMI BCeX CHJI Ha OCh Y

>Y =0; -RAy + RBy+ F =0; e e,

[TocTpoenue 3Mmopbl U3rudAOIIUX MOMEHTOB.

VYuactok 1:

2Mz =0; 0*Z1 =Mzn

VuacTok 2:

>Mz =0; Ray *Z2 =M;

0<Z,<In

Zz =0 Mzz =0.

ZZ:Inl ZMZZZRAy*Inl: ......................................
Vuacrtok 3:

2Mz; =0; Ray (In1 +Z3) =Rgy *Z3 =Mzs

0<Z3<1,

Z3 =0 MngR/_\y*lnl: ....................................
Zz= I 2>Mzs =Ray(Ini+11)-Rey*11=

Paccmotpum mutockocts XOZ.
{SMac =0 Mg, =0
{RBX*Inl_Ftl(Inl'l'll):O Rex * It —Fu*I1 =0

Rex = Fu (1 + 14/ ) ittt eeteenaenesnrentsnsaaciacnacsaonsonannanns



Puc.4. Dmropbl 3rudaronmx U KPyTAIIEro MOMEHTOB ISl OBICTPOXOJIHOTO Bajia

RAx: Ftl (|1/|n1)= ..................................
ZX =0 RBy'RAy'th_: ................................

VYuactok 1:
XMz =0; 0*Z; =Mpn

VuacTok 2:

XMz, =0; Rax* 2>, =My

0<Z,<ln

Zz =0 Mzz =0.

ZZ:Inl ZMZZZRAX*Inlz .....................................
VYuacTok 3:

2Mzz =0; Rax (In1 +Z3) =Rex *Z3 = Mgz3

0<Z3<1,

23:0 MZ3:RAX*In1 ....................................
Zz= I 2Mzz =Rax(Ini+l1)-Rex*11=

Kpytaimit MOMEHT Harpy»aeT ObICTPOXO/IHbIH BaJl HA BCEH JIMHE:
T1 =162,8 Hwm.
CymMmapHble pagualibHble Harpy3KH Ha OMIOPbI PABHBIL:

Ra =Fa = \ RAx2 + R,/_\y2 e e,

Rg =Fg= \/ RBx2 + RBy2 e

CymmapHbIi H3ru0aroiuii MOMEHT B OITACHOM CEYEHMH IO/ MOAIIUITHIUKOM B onope B

2 2
My max = \ Mux®)” + Muy®)” = oo

4.6.2. IIpomexyTOUYHBIH BaJI
[Tpuanmaem A; = A +m,
[me m =2 — 5 MM — pu cMa3Ke MOANIMITHAUKOB MACIISTHBIM TYMAaHOM, TaK KaK OKpY>KHasi CKOPOCTh Ha
cpenHem auamerpe V= .............



A =10+5=15Mm.
[Ipuaumaem Az = 10 MM.

=Tn/2 +e(d+D)/6 = .o

JI71st MPOMEXKYTOUHOTO BaJia BHIOMPaeM KOHHUECKHE OHOPSAHbIC TOAMMITHUKH CPEAHEH cepruu
Ne7310 ¢ pasmepamu d =....... , D=........ ,
Thoeeeeee =

PaccuerHsble paccrosiHuA
Lo :2(Tn -a ) + 2A, + |CT F AT DS =

C, = O.5bW2 00800 = ittt
L, :(Tn -ao ) F A Flor ~Co=

Ls =(Th -a2) +Ap tbug /2.

Puc. 5 Dckusznas KOMIoOHOBKA MPOMEIKYTOYHOI'O BaJjla

OmnpeneneHne COCTaBISIOMNX OMOPHBIX PEAKIIHNA U U3rHOAIOIINX MOMEHTOB.
Paccmotpum miockocts YOZ

{2Mcy =0 XMpy =0

Fao*dm/2—Fo*l+Fs(l- 13)+Fas*dw/2-Rpy * 1,2 =0.
Fas*dwo 12—Fa* I3+ Fro (ln2- )+ Faa *dm2/2-Rey * 12 =0.



[TocTpoeHue >Iopsl U3rHOAOINUX MOMEHTOB

Yuacrok 1:

2Mz =0; -Rey *Z1 =Mz

0<Z1<1,

Zl =0 M21 - -Rcy 0 0

Z1= 1, Mz —-Rcy b =
VYuyacrok 2:

2Mz, =0; -Rey (I +Z2)+Fro* 2o + Fap *dm2/ 2= Mp

0<Z,<(ln2- I3-12)

Z,=0 > Mz :-Rcy*|2+ Fao *Omo/ 2 = oo,

Zy=ln-13-1.
MZZ:-RCy(an ‘|3)+Fr2(|n2‘ |3‘|2) + Faz*dm2/2:

YuacTok 3:

>Mz3 =0;

-Rey (In2 -1z +23) + Fo (In2 - |3 - |2 + z3) + Fao*dma / 2 - Fi3*Z3 + Fag*dwa / 2 = Mz3
0<Z3<l;3

Zg =0

Mzs =-Rcy (ln2 -13) +Fro (In2 - I3-12) + Fao*dm2 /2 + Faz*dwa /2 =

Z3 = |3
2Mzz =-Rey*lng +Fro(In2 - 1) + Fao*dm2 / 2 - Fig*l3 + Fag*dws / 2 =

Paccmotpum miockocts XOZ

Z MCX = O;
Foo* o+ Fs*(ln2- 12) —Rpx=l2 =0.
Rox = Fo*(l2/ln) +Fs*(1- I3/1) =

XX =0;
RCx' FtZ' Ft3 + RDx: ......................................................

[TocTpoenue smopbl U3rHOAOIITUX MOMEHTOB

Yuacrok 1:

2Mz =0; Rex *Z1 =Mz

0<Z; <1,

Z]_:O Mz]_:RCx*O:O.

21: |2 M21 = ch* |2 N
VYuacTok 2:

2Mz, =0; Rexy (2 +Z2) +Fo* 2 =Mp



0<Zo<(In2- ls-1p)
Zz= 0 ZMZZ = RCX*IZ ST AP
22:|n2' |3-|2.

Vyacrok 3:

>Mzz =0;

Rex (In2 =13 +23) -Fo (In2 - 13- 12+ 23) - Fiz*Z3 =Mz
0<Z;3< 13

Zg =0

Mzs =Rex (2 - 13) -Fo (ln2 - lIs- 1) =

Zg = |3
2Mzz =Rex *ln2 -Fo(In2 - 1) - Fg*ls =

KpyTsamuit MOMEHT Harpyskaer NpoMeKyTOUYHBIN Bl HA y4aCTKE MEKy LIECTEpHEN U
KoJiecoM u paBeH T11 =433,4 Hm.
CymMmapHble pauaibHble Harpy3KU Ha ONOPbI paBHbI

Cy'MMapHHﬁ H3FI/I63IOIJ.II/II>1 MOMCEHT 1104 KOHUYECCKHUM KOJIECOM
— 2 2
Mm - \/ MI/IX + MI/]y T i ittt ittt i i e,

CymmapHbIi ©3ru0aroiii MOMEHT MO/ HMJIUHAPUYECKON IIecCTepHeH

4.6.3. TuxoxoaHbIA BaJ



Puc 7. Jckn3Hasi KOMIIOHOBKA THX0XO0IHOI'0 BaJIa

[Mpunumaem Ag = Ay + (Duz-bwa )2 =i

I[JI?I TUXOXOOHOI'O Bajla OPUCHTHUPOBOYHO BI>I6I/Ipa€M MTApUKOIIOAIIUITHUKHN paJuaIbHBIC
OJHOPSIIHBIC cpeHeit cepunt Ne. ....... ¢ pasmepamu d = ... MM,
D=.......... MM, B = ..... mm. Koieco, pacmonokeHHOe Ha THXOXOJAHOM Bajly, HAXOJUTCS B
3alETUICHUH C IIECTEPHEH MPOMEKYTOUHOTO Bajia, IOATOMY IIPU KOMIIOHOBKE TPETHETO Bajla CTPOTO
BBIJICP)KMBAEM TOJIOKEHHE IIEHTPA 3y0UaToro 3alenyieHus.

PacueTHble paccTosiHUS

Ls =bw/2+As +Bn/2= i
L4 :bw3/2+A3 +|CT + A+ B/ 2=

Omnpenenenne COCTaBISAIONINX OMOPHBIX PEAKIMA U U3rHOAI0NINX MOMEHTOB
Paccmotpum mtockocts YOZ

{XMgy =0 XMy =0
Fa4*dw4/2—Fr4*|4+RKy(|4+|5):0.
Fa4*dw4/2+Fr4*|5-REy(|4+|5) =0.

RKy: [(Fr4* |4 )/ ( |4 + |5)] - [Fa4* dW4 /2 ( |4 + |5)] =

[TocTpoenue smopbl U3rHOAOIITUX MOMEHTOB
Vuacrok 1:

2Mz =0; -Regy *Z1 =Mz
0<Z:<1y4



Zl=0 sz_:-REy*O =0.
Zl= |4 M21 = -REy*|4 T et ieeteetttttee ettt

Vyacrtok 2:

2Mz =0; -Rey (Is +Z2) + Faa * dwa 12— Fs * 2o =My,
0<Z,< |5

Zz =0

Mz =- REy* by F R dwa /2 = o
Zz = |5.

Mz =-Rey(Is + Is) + Fu*dwa/2 + Fu ™15 =

TuxoxoaHbIN Bal peAyKTOpa COeTUHSETCS ¢ BajloM OapabaHa mocpeicTBOM My(Thl. YUUTHIBas, 4YTO
penykTop u 6apabaH He pacroiararoTcs Ha oOIIeit pame, A1 KOMIIEHCAllUU BO3MOXKHOM B 3TOM
ClIy4ae HeCOOCHOCTHU UCIOJIb3YeM IeNHYI0 MyPTy [6]. DTa MmydTa H0IKHA NepeaBaTh KPYyTALIIUil

MOMEHT T111 = .......... Hwm 1 umeer amamerp Baiia B MecTe mocaaku dig; = ...... MMm. ITo Tabi. 11.4,
c. 275 [6] BeIOMpaeM MyPTY HETHYIO ..........veenn... I'OCT 20742 — 81 ¢ anmuHOM mosrymydThI
l,=...... MM U J€IUTEIbHBIM JHAMETPOM 3BE3M0UKHU O ........ [6, c. 148]

Puc. 8. Dmtopel n3rubaromux 1 KpyTsIIero MOMEHTOB JUIsl THXOXO/JHOTO Bajia

Qi = ,
sin 180/z

rze t — mar nemnu, Z — 4ucio 3yObeB 3BE3JJ0UKH .
Harpyska or My ThI onpeaenstorcs 1no gpopmyie

Fm = 02(2 * T111 /d bt ): ...........................................

C 10CTaTOYHOM TOYHOCTHIO MOKHO MPHUHSATH, YTO cHjia Fry IpHUIokKeHa K THXOXOJHOMY Baly
penykropa Ha pccrostHum lg =1,5* |, = ... ot omnopsi E.

[Tpuanmaewm , uro cuna Fp mefictByer B Hanbosee onacHoi tuiockoctrn XOZ, riae Hanbobme
Harpy3KH Ha BaJl.

Paccmotpum mtockocts XOZ.



{ZMEX =0

F|\/|*|6 —Ft4*|4+RKX(|4+ |5) =0.

Rix=-[(Fm*le)/ (la+ I5)] + [Fua * la/ (la+ 15)] =

2>Mkx =0
Ft4*|5—REX(|4+ |5) +F|\/|(|4 +|5+ |6):O-

Rex = [(Fm* |5)/ ( |4 + |5)] + [FM (|4 + |5 +|5)/ ( |4+ |5)] =

[TocTpoenue 3mopbl U3rudAOIIUX MOMEHTOB.

VYyactok 1:

XMz =0; Fm *Z1 =Mz

0<Z;<lg

Z]_:O MZ]_:Fm*O:O.

Zo=lg Mz = Fu *lg =3816 * 0.255=973.1 Hm
Vyacrtok 2:

>Mz, =0; Fm(ls +Z2) -Rex* 22 =Mp

0<Z,< Iy

22:0 ZMZZZFM*IGZ .............................
Zz = |4 .

Mz, =Fm(ls + 1s)-Rex* 14 =

e m

VYuacTok 3:

>Mz; =0;

Fm (Is +1a +23) - Rex (la + 23) - Fu*Zs = Mzs

0<Z3<lIs

Z3 =0

Mz = Fy (|5 +|4)'REX* s ==
23 = |5

2Mzz =Fm*(ls +1s +15) - Rex (la +1s) + Fu*ls =

KpyTaimit MOMEHT Harpy»aeT TUXOXO/IHBIHM BaJl Ha y4acTKe OT 3y04aToro Koseca 10 My(ThI 1
nepenaercs Ha Bas 6apabana Ti11 = 1872,4 Hwm.
CyMMapHBbIe paguaibHble HATPY3KH HA ONIOPHI PABHBI



CyMMapHBbIi U3rudaronmii MOMEHT 1101 3y04aThIM KOJIECOM
- 2 2

Mt =V Mind +Miy® = oo,

CyMMapHBbIi U3rudaromuii MOMEHT o1 onopoii E

MH“ = \/ MI/IXZ + MI/IyZ T it eiiie ittt i

4.7 Mlox6op MOTIMNIHUKOB

4.7.1. BbICTPOXOAHBII BaJ

[TpoBepsieM 10JITOBEYHOCTH BEIOPAHHOTO MOALIUITHUKA . ............. (k03¢ PUIHEHT 0CEBOTO
Harpy»XCHUs e=........ ). MUHHMAaJIbHBIH JKETaeMbIi CPOK CITYXObI ITOIIIHITHAKA
Ly =10 000 gacoB. OceBas cuina Ha Balty Fop = ............ HarpasieHa K orniope B. OceBblie

COCTABJIAIONINE Si OT ICUCTBUS PaUaIbHBIX CHII [6, ¢. 216]
SA = 0,836 * FrA E
SE=0,83e*  Fig = oo

3neck Sy, < Sy Fal S
OrnpenernsieM pacyeTHbIE OCEBbIE CHIIBI B onopax [6, ¢.217]:
FaA =S A T eeeiiieraeiaans
FaB = SB + Fal et
B nannoMm ciydae o4eBHAHO, YTO paJHalibHAs U OceBasi HArpy3ku Oosblie B onope B. IIposepum
JOJITOBEYHOCTH MOJIIIUITHUKA HanOoJiee HarpyKEHHOU OMOPBHI.
Ompenensem [6, c.212]

['ne V — koapduumeHT npu BpalieHuH BHyTpeHHEro Koibla V=1, npu BpameHuu HapyxHoro V=1,2.
Haxoaum xoaddunmrents! paauanbHoi X u oceBoit Harpy3ku Y. ITo ta6u. 9.18 [6,¢.402].

OKBUBaJeHTHas Harpyska B ornope B [6,¢.212]:
P =(XVFg + YF) * KO * KT=. .ot ,
['me K6 — koaduruent 6e3onacHoctu [6, c. 214]

Kt — remneparypusiii koapdunuenr [6, c.214].

PacueTtnas nonrosedHocTs [7, ¢. 3]
Ly =210°/60%N1 (C/Pg) ™™ 81X 28 = +.eeeeeeeeeeeeeeeeeeeeee e,

rae  C — nuHaMuyeckasi Tpy3010AbEMHOCTD;
M — nokazarenb cTerneHu (M = 3 it wapukoBbIX U M = 10/3 11 pOTUKOBBIX MOIIIUITHUKOB);
a1 — KO3 UIMEHT J0JITOBEYHOCTH;
az3 — KOO PUITUEHT yCTOBUN pabOTHI.

B karanorax ykasanel 3HaueHus C u koddunmenta HagexHocta S = 0,9;
a1 = 1. Eciiu BeposiTHOCTH 0€30TKa3HOM paboThl oTiaruaetcs ot 0,9 , TO 3TO yUUTHIBAIOT
koaddurmentom a; [7, ¢.3].



3HayeHus Ko3PpPUINEHTOB YCIOBUI pabOTHl a3 JIeXkaT B AUANA30HE
0,1 <a3<5 [7,c.3], mpu HOPMATTLHBIX YCIOBHSIX CMa3bIBaHUs (CMa3bIBaHUE Pa30pbI3TUBAHUEM HIIH
KOHCHUCTEHTHOW CMa3KO#) MPUHUMAIOT az3 = 1.
JIONTOBEYHOCTD TIPUEMIIEMA. ..« e eeeeeeneeeeeneanaeaneennennns
Tako# e NOJUIUITHUK YCTAaHOBJICH U B MEHEE HarpyKeHHOU omope A.

4.7.2.I1pomexyTOYHBIN BaJl.

[TpoBepsieM 10JITOBEYHOCTH BEIOpaHHOTO noAmumHuKa 7310 (ko3¢ GUIHEHT 0CeBOT0O
Harpyxenus €=0,31).
OceBast cmmaHa Bany Fin = Fas-Fao= .o
HarpasieHa K onope D.

OceBbie COCTABIAOMINE S; OT ACHCTBHS paJHaIbHBIX CHII [0, C. 216]
Sc=0,83e* Frc = i
Sp=0,83e*Fip =i

OrnpezernsieM pacyeTHbIE OCEBbIE CHIIBI B onopax [6, ¢.217]:

B nanHOM ciyyae o4eBHIHO, UTO pajuaibHas U oceBas Harpy3ku oosnbiue B onope D. IlpoBepum
JI0JITOBEYHOCTh MOALIUITHUKA HanOoJiee HarpyKeHHOH OMopbI.
Omnpenensem

Haxomum k03 dumueHTs paguanbHoil X 1 0ceBOi Harpy3ku Y.
I[To ta6n. 9.18 [6,¢.402].
X=.. D Y=o

OKBHBaJIeHTHas Harpy3ka B omnope D [6,c.212]:
Po=(XVFip + YFap) * KO * Kr=0...oiiiiiiii, ,

PacueTHasa JOITrOBEYHOCTH

Ly= 106/60*n11 (C / Pg )m AL T 03 T e,
Taxkoi xe MOAIIHUITHHUK YCTAHOBJICH U B MCHEC HarpymeHHoﬁ onope C.

4.7.3. TuxoxoaHbIH BaJ

Ocesas cuna Ha Bany Fi11 = Fas =2396 H nampasiena k onope E
Onpenensiem mapametp [7,c.9] A=1l/dy =................. ,
I'ne | — paccrostaue mexay omopamu | =14+ Is=................... ;

dn - BHYTpEHHUI MaMeTp MOIIUITHUKA.
Jlnst BasIOB Mautoi ’KeCTKOCTH A > 10 peKOMEHIyeTCs UCIIOIb30BaTh IBYXPSIHBIE ChepUIeCKre
MIAPUKO- U POJMKONOMIIMIHUKH [7,c.9] . CuutaeM , 4T0O OceBast cuia BOCIpUHUMAETCs Oojee
Harpy>K€HHBbIM MOAIIUITHUKOM,Tor1a[ 7,c.9]

f:Fa /Fr = FaHl/FrE En PP



I'ne F,— paguanpHas Harpy3ka Ha HanOoJee HAarpy>KeHHbBINH MOAMUITHUK. [[0CKOIBKY

f< 0,35 u A <10, To BapuaHT ycTaHOBKH Baja Ha nomumaukax Tuna 0000 sensercs
pekoMenayembiM [7,c.14]. ITo quametpy dn = ....... MM BBIOMPAEM IMOIIUITHUK CPEAHEH cepun
Ne....... , IUTsl KOTOpOro 1o karajory Haxogum C=............ u

O seccecessssscnnns

U OIIpeaeNsieM HapaMeTgo 0CEBOTr0 Harpyxxenus [7, c.14]
e=0518%(Fy / Co )™ =0 il
CpaBuuBaeMm fu ¢ .

DOKBUBAJICHTHAs1 Harpy3ka B ornope E :
P =(X*V*Fip +Y* Fp)* KO * KT = ..o
OrnpezensieM pacyeTHYIO AOJITOBEUYHOCTb:

Lh=10%60%N111 (C/PE )™ ® 81 @28 = wvvvneeeeeeeeeee e

4.8. YTouHEeHHBIH pacyeT BAJIOB
Pacyer Bana Ha yCTaIOCTHYIO TPOYHOCTH 3aKIIFOYACTCS B ONpeIeieHHH KOdphUimeHTa
MIPOYHOCTH B OMACHOM CEYEHUU U COMOCTABIIEHUH €T0 C JOMYCKAaeMbIM 3HaueHueM [7, c. 20]
Se * S:
S=— >[S]
(802 +5.2 )1/2

riae [S] - nomyckaembiil Ko (GUIMEHT 3amaca MPOYHOCTH, PEKOMEHIyeTCsl IpUHUMaTh [S] =2,5;
S U S; - KO3 PUIMESHTHI 3amaca MPOYHOCTH 10 HOPMAITBHBIM U KaCaTEIIbHBIM HAIPSKCHHSIM.

4.8.1. BpIcTpOXOaHBI BaJ

3HadeHus S U S; ompenensdorcs no popmynam [7,c. 20]
Scs = 0.1 / (Ga KGD/ KCG+ Yo Gm),
Sr =T1 / (Ta KrD/ KC‘E + Ve Tm)
I'me 6.1 711 - mpeaenpl BEIHOCIWBOCTH CTaIH TPU W3THOE U KPYUCHUH,
Kco  Ker - kK09 pUIMeHTsI JONTOBEYHOCTH,
Ye Wi - KOOPPUITMEHTH aCCUMETPHH IIUKIIOB;
G, U Ty— aMIUTUTYIHBIC, Gy T - CPEIHUE 3HAYCHUS HOPMATBHBIX W KacaTeIbHBIX HAIPSHKCHHUIA;
Kop Kip - npuBenennsie 3¢ dekTuBHbIE KOIPPUIMEHTH! KOHIIEHTPAIlMK HAPSKEHUH B AeTalu.
[Tpenen BBIHOCTUBOCTH 3aBUCHUT OT Mpejelia MPOYHOCTH MaTeprala Baia
op | omnpeaensercs nmo Gopmynam [7,c.20]:
.1 = 0,43 * o - WA yIIEPOJAUCTHIX CTAICH;
6.1 =0,35* o + 100 - mist nerupoBaHHBIX CTAJIECH;



T1 = 0,58(5-1,

Marepuan ObICTPOXOIHOTO Baja ......... (Ba; — mecrtepHs).
OB= teeveernnnnnnnn [7,c.21]
6.1=0,3505+100=.........cccciiiiin ;
T1 = 0,586-1 it ierresecseteteatesrenaasarenaans
Koadpdummentet Kop u Kip pasnsl [7,¢.20]:
KGD:[K0/80+B-1)/BY’ K‘CD:(KT/8‘5+B-1)/By,

I'ne Ks u K; - >¢dextuBabie k03P PUIMEHTH KOHIEHTPAUK HAMPSHKEHUH,

€ U & -MacmrabHble (hakTopsl, 3 - (hakTop MEpPOXOBATOCTH,

By - K03GdHULMEHT , yYUTHIBAIOUIMI TOBEPXHOCTHOE YIIPOYHEHHE Basla. DaKToOp MEPOXOBATOCTH
3aBUCHUT OT CI10c00a 00pabOTKH MOBEPXHOCTH Bajla M MPOYHOCTH Martepuaia Baia [7,c.20]
B=097-15* 10 (op—400) - mns nudOBAHHOMN MOBEPXHOCTH,

B=096-25%* 10 (op—400) - npu 4KuCTOBOI OOTOUKE,

B=0,9-3*10" (og—400) - mpu rpy6oii o6TOUKE.

Jlst GeicTpoxozHoro Bana B = 0,96 —2,5* 10* (05— 400) = 0,83.

[Tpu oTCyTCTBUM YyIPOUHEHHUS IOBEPXHOCTH Baia IpuHUMaOT f3y =1, uHaue — o tadm. 4
[7,c.21]. OmacHbIM ceueHueM It OBICTPOXOIHOTO Bajia SBJISETCS CeUeHue 1o onopoi B, rue
NEHCTBYeT MaKCUMAJTBHBIN U3rHOAIONUH MOMEHT
Miumax = .enn.... Hwm u xpyrsammii Mmoment T1=...........

KoHiienTpaTom HanpspKeHUl B TaHHOM CEUCHUU SIBIISIETCS HAIPECCOBKA MOAIIMUITHUKA. JIJ1 O1eHKH
KOHIEHTPAILlMU HAMPsHKEHUI B MECTaX YCTaHOBKM Ha Baily JIeTajleil ¢ HATSITOM HCIONb3YIOT
ortnomenue Kg /e u Ky /6.=0,4+0,6 K/ ¢,

Jlnst ObicTpoxoaHOro Basa npu dpp =...... S OB eueeiiannnnnn, ;

Koles =.ininnn.. mo taba. 12.18 [1,¢.215].

Ki 16:=04+0,6 Ko/ =eoriiiiiiiiiiiiiiiiinn.,
Onpenensem kodppunmentsl Kop u Kip

KGD P )

KoadduunenT accumerpun UKiIa BEIYUCIAIOT 110 Gpopmyie [7,¢.22]
Yo =0,02(1+0,01l08)= ciiiiiiiiiie,
Ye =05 Yo =i

[Ipu onpeneneHnn aMIUIMTYAHBIX U CPETHUX 3HAYCHUHN HANPsHKEHUH LUKIIA IpU U3ruoe
y‘II/ITBIBaIOT €ro CI/IMMeTpI/I‘lHHﬁ XapaKTep.
My max *10°
G, = S et
Wy

o 3
I'ne WX— OCCBOU MOMCHT COIIPOTUBJICHHA CCUCHUS Bajla B MM

W=t *dn 1322 oo
Cpennee HanpshKEHHE IIMKJIA HOPMAJIbHBIX HANPsHKEHUH MPH HATMYMK OCEBOM Harpysku F,
2
Ou = A% Fo ™y = ,

I[J'I}I KaCaTCJIbHBIX HaHp}I)KCHI/Iﬁ 60)'[66 XAapPaKTCPHBIM SABJISICTCA OTHy.l'ICBOfI OUKI, YTO IIO3BOJIACT
[IPUHATH

Ta =Tw =500 % To /Wo= ,
Trae Wp - HOHHpHBIﬁ MOMCHT COHpOTI/IBJ'IeHI/ISI B MM3 y

W, =t*dp’ 1162 oo



Ko dunumnentsl 1orosevynocTa pasusl [7,c.23]

Koo =Ker = W 4%10°%/ Nee > 1,

I'me m¢= 6 nmpu HB <350 u ms= 6 nmpu HB > 350.

Nre - 9KBHBaJICHTHOE YHCIIO [IUKJIOB HAMPSDKEHUH, onpeesieMoe mo GopMmyiie
NFE = Nz * KFE [7,C.23].

[TpuaUMaeM 11t OBICTPOXOJHOTO BaJia

m¢ = 6 [Crasnb 40XH, TepmoobpaboTKa — yimydiieHue),

Ns = 5,84 * 10°[8,¢.20]

Kre = 0,06 [8,1a6:. 3],

Nre = Ny * Kpe=5,84 * 10% *0,06 = 3,5 * 10’
[Ipu Npg >4 * 10* npuHumaiotT Kes = K, = 1.

OrnpenernsieM 3HaYeHUS S U S,

Omnpenemnsiem ko3 pHUIMEHT 3artaca MPOYHOCTH
So™*S:
S= S et
(S2 + S2)”

bonbuoit koaduumeHT 3anaca NpOYHOCTH MOIYUUIICS TOTOMY, YTO NMPUILIOCH YBEIUYUBAThH AUAMETP
BBIXOJITHOTO y4acTKa Baja /i COSAMHEHUS C MIEKTPOABUraTeNIeM CTaHIapTHOM My(Toil.

4.8.2. TIpomMeKyTO4YHBII BaJ

Marepuan npoMeXyTOYHOI' O Baja ....... oTpesiessieTCsl MaTepUaIoM LUINHIPUUYECKON IIeCTepHH (
BaJl — IIECTEPHS ),.

O 1T iiiiinninnnns )

T ol eiiienennnnnnnn

Haubonee onacHbIMU MO HArpy>KEHUIO SBISIOTCS CEUEHHUS MOJ1 IECTEPHEN TUXOXOIHOM nepenayu u
O] KOJIECOM KOHHYECKOH mepeaayu ( cM. puc. 6 )

VYuuTeiBas, 4TO MPOMEKYTOUHBIN Bajll peAyKTOpa — BaJl — LIECTEPHS, BHIIOIHIEM IIPOBEPKY CEUEHUS
0J1 KOJIECOM KOHUYECKOH Nepenaun, KOHIEHTpalys HanpsHKeHUH 37ech 00yCIIOBIeHa HATHYUEM
IIMTOHOYHOI KaHABKH C pa3MepaMH MOMEePEYHOro ceueHuss b= .... MM u t1=......

CymMmapHbIi H3ru0aroiiii MOMEHT B OITAaCHOM cedeHun Mu = .......

U KpyTsammii MoMeHT T11=...............

D¢ dexTuBHbIE KOAPHUIUEHTH KOHIIEHTPAIIUN HATPSHDKSHUH IJ1s1 CEYSHUS CO IMIMTOHOYHBIM MTa30M
paBHbI [7,¢c .25 ]



MacutaOHbii (hakTop MpH AHCTBUN HOPMATIbHBIX HANPSHKEHUH IS YIIIEPOJUCTBIX CTajIei
omnpenensor mo Gopmyie &, = 1,68/d g 019 3yayenus € JUTS JISTUPOBAHHBIX CTAJICH, € ¢ IS JTFOOBIX
CTaJIel cieayeT BRIYUCIATH 1o popmyne [ 7,¢c. 25 1.

& = £,=163/d %%,

rae d g - [uamerp Baa.

JI7sl IPOMEKYTOUHOTO BAIA €5 = €1 =evvuvvvernnnnnnn

®daxkrtop mepoxosaroctu = 0,96 — 0,25 * 10 4 (GB 400 )= i

Omnpenemnsiem kodpdummentsr K op u K p
Kop =(Ks /et B-1)/By=ceeviiiiiiiiiiiin, ;

Ko =(Ke/e+B-1)/By= i
KoadduumenTsr acummeTpun nukia

¥Y.=0,2;

v.=0,1;

AMHJ’II/ITy,HHLIe HaHp}I)KeHI/ISI IUKJIa
Ga= M, *10° /W, = :

OcnaGnenue ceyeHus Bajia MIMOHOYHBIM MTA30M YYUTBIBAIOT MIPH ONPEIEICHUN OCEBOTO U TIOJSIPHOTO

MOMEHTOB COTIPOTUBIICHUS:

W= *did /32 b%ty % (A t2) /2 Ok v

CpeaHee HanpsiKeHHe HUKJIA HOPMAJIbHbBIX HANPsSIZKeH Uil

Gm: 4* Fa“/ T * dzk: ................................

Jns kacaTenbHbBIX HAIPSHYKEHUI

Td = Tnm :500*T111/Wp =

W= *dd /16 -bti* (dk =ty )/ 20k = ovveeeeeeeeeeeieeeeee e,
Koaddurmentsr nonroBednoct:

Mg =6(Cranb 40 XH, TepmoobpaboTka — ynydiieHue ) ;

Ny = 2,00 * 10° [8,c. 20 ]

Kre = 0,06 [ 8, Tad.3 ];

Nre = Ny * Keg = 2,09 * 10° * 0,06 = 1,25 * 10’

ITpu Negg > 4% 10° npuHUMAaT Koo = K= 1

OnpenensieMm 3HaUeHUss SG U St .

So=04/(0a*Kop/K 6t Wo*om) =i,



St=t4/(ta*K p/K et WPT*Tm) =
OmnpenenseM Ko3)GUIHEHTHI IIPOYHOCTH

S =80 * ST/ N 20+ ST = o

4.8.3. TUXOXOIHBII BaJI

Martepuan THXOXOJHOTO BN BBIOMPACM ......eueeneenennenneneeneanennnn.
. [Ipenes MPOYHOCTH GB = ...eivvviiiiiiniieiiieneannn, [7,c.21]
OmnpenensieM npeaensbl BRIHOCIUBOCTH CTaJIN

Haubonee onacHbIM ceueHHEM IO HArPY>KEHUIO SBIISIETCS ceueHue noj onopoit E, 3neck aeiicTByet
MaKCUMAaJIbHBINA U3THOAFOIINA MOMEHT My max = «eevvvvvnnnnnnnn
u kpyTsammii MomeHT T 111 = ........... (puc. 8).

KoHLIEHTpaTOM HAIPSHKEHUH B JAHHOM CEYEHHUHM SBJISETCS HAIIPECCOBKA IO ALIMITHUKA.
Omnpenensiem otHomeHne Ky /€5 =..............

K le:= 04+06* K //eg =i

@dakTop MIEPOXOBATOCTU

B=0,96-025%10" *(65-400) = .ooeveiiiiieeeeaae,

Omnpenensiem ko unmentsl K ¢ 1 K ¢;
Keo =(KslestB-1)/By=cviiiiiiiiiiii ;
Kee =(KeletB-1)/By= i,

KoadpuimenTsl acuMmeTpun 1uKiIa
Wo=0,02% (140,01 0B) =i, ;
W= 0,0 W o ;

AMHJ’II/IT y,[[HBIe HaprDKeHI/ISI OUKJIa
Ga= My %102 I W S :

Wo=m*d, /32 =

Cpe,Z[HI/IC HaIpsKCHU A [IUKJIA HOPMAJIbHBIX U KaCaTCIIbHBIX HaHpH)KCHI/Iﬁ
Gm—4*Fa111/TE T .
‘Ca:Tm:500*T111/Wp: ............................... ;

Wo= % Ay /16 oo,

Koadduruentsr nonroBevnoctu

mMe= 6 (Ctanb 45, TepmoobpaboTKa — yiIydlIeHue );
Ny =4,63*10' [8,c¢. 20 ];

Kre=0,06[ 8, 120.3 ;



Nee = Ne* Kee= 4,63 * 107 * 0,06 = 2,78 * 10°

Mg 6
Keo=Ke.=V4*10%/2,78*10° =+ 4*10%/2,78 * 10°=
=1,06.

Omnpenensiem 3HaUeHUSA SG U ST .

S6=04/(0a*Kop/K et Vo™X Om) =i,
St=14/(ta*K p/K it WPTx Tm) =i
OnpexensieM KO3 GHUIHUEHTHI IPOYHOCTH

S=S6*St/ N S%G+ ST =

5.0npenesienne 0CHOBHBIX pa3MepoOB KOPIIyca peayKTopa

PexoMenaanuu o onpeneneHuo pa3MepoB 3JIEMEHTOB KOpITyca peAyKTopa MpUBEACeHbI B paboTax [
1; 4;5].

6.Cmaska penykropa
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