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KYPCOBOE ITPOEKTHUPOBAHME I10 AETAJIAIM MAIIINH

KypcoBoi poeKT 1o AeTansiM MAIIWH — 3TO IEPBBIM HHKEHEPHBIN IPOEKT, KOTOPBIN
BBIIIOJIHSIFOT CTYJI€HThl MEXaHHUUYECKHUX CIIEHUaIbHOCTEN By30B. KypcoBoi mpoeKT Tpedyer
3HAHUU TEOPETUYECKOM MEXAaHHUKH, COIIPOMATa, MaTEPUATIOBEACHUS, CAMOTO Kypca JeTalIen
MAaIllMH U YMEHHUE UCII0JIb30BATh 3TH 3HAHUS.
B 3agaHuu Ha KypCcOBOI MPOEKT JAETCS CXeMa MPUBOJA OOIIEr0 Ha3HAYEHUS —
3JIEKTPOJIBUraTElNb, YIIpyras My(pTa, COeIUHSIONIAs Bajlbl JIEKTPOJBUTATENS U PEAYKTOPA,
PEAYKTOPOB (LIMIIMHAPUYECKUIN — OTHOCTYIIEHYATHII, pa3BEpHYTOIN CXEMBbI, COOCHBIH, C
pa3IBOCHHOI OBICTPOXO/JHOM CTYNEHBIO, C Pa3IBOCHHON TUXOXOJAHOM CTYIEHBIO,
OJIHOCTYII€HYAThIN KOHNYECKUH, KOHUYECKO-IIMIIMHAPUIECKHUI, 3y0UaTo-uepBIYHbIN U 1Ip.),
OTKpBITHIE TIepeaau (LIMIMHAPUYECKUE U KOHUYECKHUE), LIeNHAas nepeaayda (IpuBoj
KOHBelepa, TpaHcnoprepa). Mnu nepegada KpyTAIero MOMEHTa OT 3JIEKTPOABUTaTENs
MOXET HJITU Yepe3 PEMEHHYIO0 nepeaady. YToObl CIpOEKTHPOBATH MTPUBOJ OOIIETO
HA3HAYCHHUA 3a1A10T:
1) MOITHOCTP M YACTOTy BpAIllEHHWs Bajia SJIEKTPOABHTATENS W oOIllee MmepernaTOdHOe
YHCJIO IPUBOJA;
2) OKPY)KHYIO CHITy U OKPYKHYIO CKOPOCTB Ha 3BE37I0UKE U €€ Pa3Mephl.

[IpeaBapuTebHO CTYJIEHTY BbIIAaeTCA 3a1aHue (CM. pa3aen “3agaHus’’) Ha KypCcOBO€
MpoeKkTHUpoBaHue. Becero 56 BapuaHTOB UCXOIHBIX JaHHBIX. PaccmoTpum
IIOCJIEIOBATEIBbHOCTD BBIITOJIHEHUS! KYpPCOBOIO ITPOEKTA!

1. B cootBeTcTBUM C pa3iesioM | BBIMOJHAETCS KWUHEMATHYECKUN U CUJIOBOM pacyeT
MIPUBO/JIA U TTOAOOP AIEKTPOABUTATENSA. Pe3ylIbTaTOM pacyeToB 10 ATOMY pa3ieiy SBISIOTCS
TaOJIUIIBI JAaHHBIX, T/I€ YKa3aHbl YaCTOTHI BPAIICHUS U KPYTSIINE MOMEHTHI Ha BCEX Bajax
npuBoja. [10 kaTanory npoeKTaHT BBIKUCHIBAET MAPKY AJIEKTPOJIBUTATENS, €TO
HOMMHAJIbHYI0 MOIIHOCTh, YaCTOTY BPAILICHUS C YYETOM CKOJBXKECHUS U TUAMETP
BBIXOJIHOTO KOHIIA BaJa.

2. Ha BTOpOM »Tare BBIMOIHSAETCS pacueT MEXaHUUYECKUX Mepeaad. Y KaxIoro
CTyJICHTa, B COOTBETCTBHH C BbIJIAHHBIM 3aJIaHMEM, CBOM Ha0Op MEXaHUYECKUX Tepeaad
(kax mpaBUJI0, TpHU Nepeaayun). Pacuer MexaHMUECKUX Tepeaay BIMOIHIETCS 0 pa3jeiam
2,3,4,5,6,7. PacueT MOXKET BBITIOJHATHCS HA KAJIBKYJISITOpE Wi Ha DBM mno
COOTBETCTBYIOLIMM MPOTrpaMMaM.

3. 3aTeM, B COOTBETCTBHUH C Pa3/IejioM 8, BBIMOJIHSACTCS pa3paboTKa dICKHU3HOM
KOMITOHOBKH PEIYKTOpPA C LUEIbI0 HAXO0XKICHHS JTUHEUHBIX Pa3MEPOB BAJIOB U PACCTOSTHUI
MEXAY TOUYKAMH MPUIOKEHUS HATPY30K U OTIOPAMM.

4. Ha ocHoBaHMM NyHKTa 3 BBIMOJHSIOTCS pacyeThl BAJIOB U UX KOHCTpyupoBaHue. Bece
BaJIbl PACCYMTHIBAIOT HA IPOYHOCTHh HA COBMECTHOE JICHCTBUE U3rM0a M KpyUueHUs. 3aTeM
MPOU3BOAUTCS KOHCTPYUPOBAHUE Bajla C ONPEICIICHUEM THaMETPAIbHBIX Pa3MEpPOB.
OcranbHbIE pacueThl IPOBEPOUHBbIC. PacueT Ha )KECTKOCTD BBIMOJIHAETCS, KaK MPaBUIIO, JJIs
Bajia, HAa KOTOPOM Ha KOHCOJBLHOM y4acTKe JeUCTBYET Harpy3ka (BXOJHOM Bajl pelyKTopa
[IpY HAUTMYMKU PEMEHHOM Nepeladun WM BBIXOJIHOM Ball pEyKTOpPA €CJIM TaM YCTaHOBJIEHA
MIECTEPHS UINHIPUIECKON UM KOHUYECKON OTKPBITOM mnepenaun). Y TOUHEHHBIN pacuer
BaJia Ha YCTaJOCTHYIO TPOYHOCTDH BBIMOJHSICTCS sl HAanOoJiee Harpy>XEHHOTO —BBIXOIHOTO
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Bajia pelyKTopa B TPEX- YETHIPEX CEUCHUSX MO JITTMHE Baja B MECTaX, /1€ PACIOJIOKEHbBI
KOHIICHTPATOPhI HANpsiKEHU. PacueThl MOTYT BBIMIOJIHATHCS Ha KaIbKYJISTOPE WIH HA
OBM. B nocnennem ciiyyae npu npeacTaBiICHUU PE3YJIbTaTOB CTPOUTCS TOJIBKO SII0pa
CYMMapHBIX U3rHOAOIIIX MOMEHTOB (0€3 pa30MBKM HAa BEPTUKAIBHYIO U TOPU3OHTATIBHYIO
TJIOCKOCTB ).

S. B cootBeTcTBUM ¢ pazaenom 10 BBITIOIHAETCS MTOA00P MOIIMTUITHUKOB KAaUCHHSI.
[TonGop MoXxkeT BeIMOMHATHCS Ha DBM.
6. Ha ocHOBaHMM BBINIOJIHEHHBIX PACYETOB B COOTBETCTBUU C pazzaesioM 11

IPOU3BOAUTCS O(DOPMIICHHE PACUETHO-TIOSICHUTEILHOM 3aTUCKU. 3aicKa JOJIKHA
BKJIIOYATh B c€0s: TUTYJIBHBIN JTUCT, BBEJICHUE, OIJIABJICHHE, OCHOBHYIO YaCTh, 3aKIIOUYCHUE
Y CIIMCOK MCIIOJIB3yEMOW JIUTEPATYPBI. 3aKMCKa BBINOJIHAETCS Ha CTAHJAPTHBIX JINCTAX
dhopmara A4 ¢ pamkoii mo 'OCT.

7. Pa3paboTka rpaduueckoil yacTH MpoeKTa HAYMHAETCS C KOHCTPYUPOBAHUS
peaykropa. OCHOBOM JJIs1 3TOTO ABJISIETCS 3CKU3HAsi KOMIIOHOBKA peyKTopa. Penykrop
BBIYEPUYMBAETCS B TPEX MPOEKIUIX B MacmTade 1:1 co Bcemu HEOOXOIMMBIMU pa3pe3aMu B
COOTBETCTBHH C pazaenamu 12 u 13. B 3aBUCUMOCTH OT pa3MePOB PEIYKTOP 3aHUMAET OT
OJIHOTO J10 TpeXx JUcToB opmata Al. I'paduueckas yacTh MOKET BBINOJIHATHCS HAa DOBM ¢
MIPEACTABICHUEM PE3YJIbTATOB Ha 3JIEKTPOHHBIX HOCUTEIISX.

8. BrlnonHseTcs: KOHCTpYHMpPOBaHUE OOLIET0 BUA IPUBOJIA B IBYX MPOEKLHUAX C
pa3pabOTKOM y3JI0B OTKPBITHIX M€peAayd U yCTAaHOBKOM MX Ha pame ( cM. pa3zaen 14).
9. CocraBnenue cnenudukanum, KoTopas 100 BKIIIOYAETCS B paCYETHO-

MOSICHUTEIBHYIO 3aIUCKY, JTU00 MPENCTABIAECTCS BMECTE C TpaduuecKoi 4acThlo.

10. BemonHstOTCA ABa pabovynX yepTeka JeTayiei peayKkTopa (Kak MpaBuiio, BBIXOIHOMN
BaJl PEIYKTOPa U COMPSKEHHOM ¢ HUM 3y04aToe MM YepBSIUHOE Koyieco). Pekomennaruu
o pa3paboTKe pabounx YepTekel JaHbl B CIIPABOYHOM JTUTEPATYPE.

OI'JIABJIEHUE



KYPCOBOE [TPOEKTUPOBAHUE T10 JIETAJIIM MAIIMH (BBEJIEHHE)
1. BBIBOP DJIEKTPOJIBUTATEJS, KHHEMATHUYECKUI PACUET U

OTIPEJIEJIEHUE KPYTSIINX MOMEHTOB HA BAJIAX ITPUBOJIA.

3AKPBITBIE LIMJIMHAPUYECKHUE 3VBUYATBIE TTIEPEJJAUN.

3AKPBITBIE KOHUYECKUE 3VBUYATBIE TTEPEJJAUM.

YEPBSIYHBIE [TEPEJAUM.

OTKPBITAS LIMJIMHAPUYECKA ST [IEPE/JAYA.

OTKPBITASI KOHUYECKASI TIEPEJIAUA.

[TIPOEKTUPOBAHUWE PEMEHHBIX ITEPE/IAU.

PA3PABOTKA DCKU3HOI KOMIIAHOBKU PEJIVKTOPA.

. [IPOEKTMPOBAHUE BAJIOB.

10.1T0JIBOP TTOJAILMITHUKOB.

11.00OPMJIEHUE MOSICHUTEJILHON 3ATIMCKU.

12.PACUET DJIEMEHTOB KOPITYCA PEJYKTOPA.

13.KOHCTPYHUPOBAHME PEJTVKTOPOB.

14.0BILWN BUJ TIPUBOJIA.

15.3AJTAHUS

©CoNoOkwDN

1. BBIBOP RJIEKTPOIBUT ATEJISA, KHHEMATUYECKUII PACUET
W OIIPEJEJIEHUE KPYTAIINX MOMEHTOB HA BAJIAX ITPUBOJIA



ConepkaHue .
1. TTombGop saeKTpoABUTATENS IO 3aJaHHBIM TEXHUYECKUM YCIIOBUSM U CTPYKTYPHOM
CXeMe MPUBO/IA.
2. Kunematudeckuil pacueT TPHBOJA C ONPEACICHHEM YacTOTHl BPAIICHHS HAa BCEX

BaJIaxX MPUBOJA.
3. OmpeneneHue KpyTsIIMX MOMEHTOB Ha BajaX MPHUBO/JIA.

HOpHI[OK BBIIIOJIHCHUA PaCUCTOB IJISA ABYX BAPHMAHTOB TCXHHUYCCKOTO 3aaHUA
pPaCcCMOTPCH Ha HUKCIIPUBCIACHHLBIX ITPUMCpPaAX.

s mpuMepa paccMOTpUM pacyET MpUBOAA IIEMHOTO KOoHBelepa (puc. 1)
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[IpuBOA COCTOUT U3 PAEKTPOABUTATEIS,
JIBYXCTYIIEHYATOr O IUJINHAPUIECKOTO PEAYKTOPA
OTKPBITOM KOHUYECKOM TIepeaayu u

_{ I _ — MIPUBOJHOM 3BE30UKH.

e i .

J13B

Puc. 1.

bynem paccmaTpuBaTth NpUBOAA, B COCTaB KOTOPBIX BXOIAT TpPU IEpEAAyu.
[TocnenoBarenbHO OT AMEKTpoABUraTenst 00o3HaunM ux pumckumu uudpamu I, 11,111, Bansr
poHyMepyeM apabCcKuMu nudpamu.



1—Ban »neKTpOoJBUTATENS U MPU OTCYTCTBUM PEMEHHOM MEpenaun Tak e MepBoi
(ObicTpOXOMHBIN) Ban penykropa. Takum o0pa3oM y KaXIOro B 3aJaHUU  TPH
MEXaHMUYECKHUE Mepe/lauu U YEThIPE Baja.
Bo3MoXkHBI IBa BapuaHTa 3aJaHus UCXOAHBIX JJAHHBIX JJIS pacuéra:
1.1 F= 11000 H — okpy>kHO€ ycuiaue Ha 3BE3/I0UKE;
V = (.6 M/c — OKpY>KHasi CKOPOCTh Ha 3BE3I0UKE;
D.; =400 MM — nuameTp NpUBOIHON 3BE3TOUKH.

1.1.1 HomuHanbHast MOIIHOCTh HA MPUBOJHOM 3BE30UKE.
*
= V. _ 11000706 _ o o
1000 1000
1.1.2 TpebGyemass MOUIHOCTH 3JEKTPOJBUTATENS C Y4E€TOM KOIPHUIIMEHTA TMOJIE3HOTO
JNEUCTBUS TPUBOJIA.

3B

N,, = N2 BT

77np

L€ Nup =M1 M MM nox — 001IHI KOdDPULIMEHT MONIE3HOTO IEHCTBHS PUBOJIA.

ne, N, N, — KJILA. MCXaHUYCCKUX IICpeaay;

Nnox — K.ILJ. OJTHOM TIapbl MOJMIUITHUKOB (B pacCMaTPUBAeMOM IPUBOJIC YETHIPE
MOIIIMITHUKOB)

3HadeHMs K.IIJA. JUIS PA3jIMYHBIX THIOB TEpelad W MOAIIUITHAKOB TPUBEICHBI B
Tabm. 1.

Tabm. Ne 1
K.ILI.
Tunwi nepeday u NOOWUNHUKO8 3aKphIThIC OTKpBITBIC
nepeaaun nepeaadn
[Hunuaapuueckas 3yOuaTtas nepenaya 0,97....... 0,98 0,94...0,96
Konnueckast 3ybuaras nepenada 0,95....0,97 0,93...0,95

YepBsiuHas niepeaya Mpu 4rcie 3aX0/10B
4yepBsKa Z1 ,3aBUCSIINHN OT Mepe1aTOYHOro
quCiIa Ueps.

qupB,>30 71 =1 0,70.....0,75 -

Uuepn=14...30 Z1

Uueps<14 Z1=4 0,87......0,92 -




Pemennas nepedaua - 0,95.....0,97

O,Z[Ha Imapa NOAIINITHUKOB Ka4YCHECA NJIN

0,985.....0,995 -
CKOJIb)KEHUS

Brei6epem u3 tabm. 1 1 =n; = 0,98,
N1 = 0,96, Nuox = 0,99, Torma
Mup = 0,98 x 0,98 x 0,96 x 0,994, u TpebyeMas MOLIHOCTE 3JIEKTPOJBUIATENS.

N, = 86 54 KBm.
0,89
1.1.3 YacroTa BpaleHus Baja 3BE3104KHY (4 Ba.)
60v 60-0,6

n, = — = — = 28,66 06 [ mun
D33 -10 3,14-400-10

1.1.4 BpiO0op BO3MOKHOM 4aCTOThI BPAIIEHUS AJIEKTPOIBUTATES.
[TpenBapuTenpHO OLEHUM 0011Iee epegaToyHoe yucia npusoga Uy

U= U * Uy * Uy, pekoMeHyeMble nepeiaTouHble Yuciia nepeaay, BXOIAIHNX B
npuBoa Uy, Uy Uy B3aTH 13 Tadm. 2

[Tpukunem Uy, 10 cpeiHUM 3HAUEHUSAM NepeaaTouHbIX uncen nepepad: U, = Uy,
=4, U =3
Torna Uy, = 4*4*5=80

Ta6.1. Ne 2
Tun nepenaun Pexomennyemas
nepegaToyHasi 4yacToTa
3akpbITast HUIUHApPUYEcKas 3y0uaTast ) 6
nepegaya
3akpbiTasg KOHMYECKas 3yOuaras nepeaaya 2........3
OTkpeiTast 3yOuaTas nepenaya
(UMIMHIpUYEcKas WK 4. 7
KOHHMYECKasl)
3akpbITasi yepBAYHas Mepeaaya 10.....40
PemenHas nepenaya 2....... 4

Bo3MoxkHas yacToTa BpaleHus 3JIEKTPOABUTATEIIS

Non = Na ™ Uy, = 28.66%80= 2290 06/mMuH.

Ha nmpaktuke, Kak TpaBWio, NPUMEHSAIOT TpEXxQaszHble aACHHXPOHHBIC
ANEKTPOABUTATENIN TNEPEMEHHOIO TOKA, KOTOPbIE HMEIOT MEHBIIYIO CTOMMOCTH U

IIPOCTENIINM yXO0A. TeXHNYECKHEe TaHHbIE AaCUHXPOHHBIX JJIEKTPOJBUraTeNey NPUBEAEM B
TadJr. Ne 3.
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DJIEKTPOJBUTATEN MMEIOT CHHXPOHHYIO yactoty Bpamenus: 750, 1000, 1500,
3000 o6/muH.

[Ipu BBIOOpPE YACTOTHI BpalICHUS JJIEKTPOABHUTATENsl CJIEAYET YUHUTHIBATh
CIIEYIOIIME pacCyXIeHus: B gaHHOM ciydae MOXHO B35IThb CHHXPOHHYKO YacTOTY
BpallleHus eKTpoaBuraTens Ny,=1500 i 3000 06/MuH.

C yBenu4eHHEM YacTOThI BPAILLEHUsI IBUTATEINSI pacTET 00IIee MePeAATOYHOE YUCIIO
MIPUBOJIA, U CJIEI0BATEIbHO, CTOUMOCTh MEXaHUYECKHX INepenad. [[pakTHKON yCTaHOBIIECHO,
YTO B OOIIEM Cilydae HEKOTOPOE MOBBIIIEHHE CTOUMOCTHU TIepe/iad OKYIaeTcs MpUMEHEHUE
BBICOKOCKOPOCTHBIX JIBUTATeNel, UMEIONINX 00Jiee BHICOKUM K.I1.J. U MEHBIIYIO Maccy MpHu
OJINHAKOBOW MOIITHOCTH.

1.1.5 BbIOop MapKu 3JI€KTPOBUTATENS.

[Tpu BBIOOpE MOIIHOCTU 3JIEKTPOABHUIATENs JOIMyCKaeTcs Ieperpyska He Ooee
5....6 %.

Takum oOpa3zom, u3 Tabn. Ne 3 BeiOupaeM Tpéxdas3Hblii aCUHXPOHHBIA 3aKPBITHIN

00/TyBaeMbIi JIEKTPOJIBUTATEIIb IEPEMEHHOTO TOKA.
4A 112 M2 Non= 7,5 KBT, nan= 2900 06/MuUH.

Tao61. N2 3
Twun gBUTaTelIsi 1 4acTOTa BpalllCHUS MUH L
MOIIHOCTD CHUHXpOHHAs1 4acTOTA BPALLICHUS MUH
BT JUaMeTp BBIXOAHOTO KOHIIA Bajla 3JICKTPOABUTIATCIIA, MM
3000 1500 1000 750
4A 80 B2 4A 90 L4 4A 100 L6 4A 112 MAS8
2,2 n=2850 n=1425 n=950 n=700
d=22 d=24 d=28 d=32
4A 90 L2 4A 100 S4 4A 112 MAG 4A 112 MBS8
3,0 n=2840 n=1435 n=955 n=700
d=24 d=28/ d=32 d=32
4A 100 S2 4A 100 L4 4A 112 MB6 4A 132 S8
4,0 n=2880 n=1430 n=950 n =720
d=28 d=28 d=32 d=38
4A 100 L2 4A 112 M4 4A 132 S6 4A 132 M8
55 n=2880 n=1445 n=965 n =720
d=28 d=32 d=38 d=38
4A 112 M2 4A 132 S4 4A 132 M6 4A 160 S8
7,5 n=2900 n=1455 n=970 n=730
d=32 d=38 d=38 d=48
4A 132 M2 4A 132 M4 4A 160 S6 4A 160 M8
11,0 n=2900 n=1460 n=975 n=730
d=38 d=38 d=48 d=48
150 4A 160 S2 4A 160 S4 4A 160 M6 4A 180 M8
’ n=2940 n=1465 n=975 n=730




d=42 d=48 d=48 d=55

1.2 VcxonHble JaHHBIE MOTYT OBITh 3a/1aHBI:

Nex= 7,5 xBT. Nex=3000 0Op/MuH

Uy, =101,2 , mnm BMecTo Uy, , 3a1aéTcs 4acToTa BpalleHHs Ha BBIXOJE JOIIYCTHM:

Npux =28,66 06/MuH. Torna onpenensercst Upp = Nyx/ Ny

B »TOM cnyuyae Mapka 3J€KTpOJABHIaTessl HENOCPEICTBEHHO OIpelesseTcss W3
Tadsmel Ne 3

4A 112 M2 Non=7,5 kBT, nsn=2900 06/MuH

ITocne BbIOOpa 3neKTpoaBUTaTENsl PAcu€Thl 10 BApHUAHTAM MCXOIHBIX JAHHBIX
COBIAJAIOT.

1.3 KunemaTuyeckuil ¥ CHJI0BON pacuér NpuBoJIa.

MoOIIHOCTh ABUTATEINA MO0 KaTajJory MOKET OTJIMYAThCA OT pacy€THOU (MOTpeOHOM
JUTSI MEXaHHU3Ma 10 TEXHUYECKOMY 3a/IaHHMIO).

Ha npakTtuke nocrymaer IBOSKO:

Pacuér mexaHuW3Ma BBIIONHSIOT MO PACYETHOM MOIIHOCTH M TOrJa MEXaHU3M
paboTtaer c meperpy3kor wim Heaorpyskoil. Ileperpysky momyckaroT He 6oree 5.....6 %.
Henorpyska BeAET K MOHUKEHUIO COSP U K.I1.1. ;

Pacuétr MmexaHu3ma BBITIOJIHST MO MOIIHOCTHU JIBUTATEJISI, UMESl BBUY BO3MOXHOCTh
(dbopcrpoBaHus pexuma padoThl 0 MOJTHOTO MUCIOIb30BAHMS IBUTATEIS.

B OonbIIMHCTBE Cily4aeB U B OCOOEHHOCTH JJIi MEXAHM3MOB OOIIEro Ha3HAYEHHUS
MPEANOYTUTEIBHBIM SIBJIIETCS BTOPOUM BapUaHT.

1.3.1 Pa3baBka 0011ero nepenraTouHoro YMcia MPUBO/IA MO CTYTICHSIM.

CHauana Ha3zHa4yaeM MepeaTOYHOE YHCIIO OTKPBITOW MepeAadyd B COOTBETCTBHUHM C
Tabn. Ne 2

HpI/IMeM U||| = 5,00

HekoTopble pekoMeH1aluu 1o pa3ouBKe MepeiaTOuHbIX YUCEN PEAYKTOPOB MEKIY
UX CTymneHsmMu npuBeaeHsl B Ta0. Ne 4.(rae Ug,Ur —COOTBETCTBEHHO MepeaTOUHbIE YHCIia
OBICTPOXOMHOM (TIEPBOIA) U TUXOXOIHOM (BTOPOI) CTyNeHEH peryKTopa.)

Tabu.
Ne 4.

Tun penykropa. Pacnipenenenue IIpumenenue.
[epeIaTOYHOro Yhciia
pPEAYKTOpa MO CTYIEHSIM.

1 2 3
JIByXCTyneH4YaThIi [IUINH-
IPUYECKUI pETyKTOp, BbI-
nrc))nHeHHLIﬁpno};a:;Bre)pHy- Us = 3\/U 2 % ~(0.01..002)U;

aT
TOH cxeme (110 yCIOBHIM
y100cTBa cMa3Ku, Korja
IuameTpsl kojec obenx | U =—

l//abE ~ 0,7
l//abT




CTyIIHEH IOIY4YaroTCs MpHU-
OJIM3UTEITHLHO OJIMHAKOBbI-
MH)

JIByXcTyneH4YaThli HAJINH- 2 Vs

JIPUYECKHI PELYKTOD, BbI- 3V v +U U
MOJIHEHHBIN IO pa3Bep- Uy U w

HYTOM cxeme (10 YCIOBHUSAM aju2 Y 4 q B =8~ 15

MUHHMAaJIbHBIX Ta0apuTOB) Vi

-

JIByXCTyIeHYaThlii COOC-
HBIN peayKTop (110 yCio-
BUSIM MUHUMAaJIbHBIX Ta0ba-
puTOB — KpuBas | u 1o
yCJIOBHSIM y100CTBa cMa-

3ku — kpuBas 1) 6 10 14 18 22 Upca

Wabb“ ~ 2
l//abT

[
1

NODAMGON

JIByxcTyrneH4yaThlii 3y04aro U =2 U =
— YEPBSYHBIN PEAYKTOP. :
JIByXcTyneH4YaTbIi U
YEPBIYHO —
IWJIMHIPUYECKUN PEAYKTOP.
JIByxcTyneH4yaTblid 3y04yaTo-
UYepBAYHBIN PEAYKTOP.

[Ipn sTOoM
U, =U; =JU KEeJATETbHO,YTOObI
ar=2as

—

JIByXCTyneH4YaThIil KOHU-
YECKO-IUJIMHIPUYECKHUI
peaykTop (1Mo yCI0BUSIM

MUHHMAaJIbHBIX Ta0apuTOB)

NOOAMGON

& 10 14 18 22 Upeg

TpexcTyneH4aTbIi
HUAJIMHIPUYECKHUIN PEYKTOP
10 Pa3BEPHYTOM CXEME

[Ipumeuanune. Ecnu OTCYTCTBYIOT cClielMaibHbIE YKa3aHUsA, TO MpU pa30UBKe
NepeaTOYHbIX YHUCEIN MO CTYMEHSM PEIyKTOpa, CIEAYeT MOJb30BAThCS PEKOMEHAAIMSIMU,
o0ecrneunBaroe MUHUMAJIbHbBIE Ta0apUTHI.
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OO6miee nepegaToOYHOE YUCIIO MPUBOJIA OTIpeeiseTcs (€ciu OHO HE 3aJJaHHO).
n, 2900

U, =—% =101,20
" n,. 2866
[IepenaTouHoe YUCIO peAYKTOpA:
U
Upr = U”” 10125004

i

Torma mo Tabn. Ne 4 jis JABYXCTYNEHYATOrO MMJIMHIPUYECKOTO PEIyKTOpa,
BBITIOJIHEHHOTO TI0 Pa3BEPHYTOM CXEME U3 YCIOBUS MUHUMAJIbHBIX FabapuTOB.

.U Vb ‘U
0 " W, " 320,24x15+20,24 5 70
= -

B 2024x15+1
3U l//aell +1 X
V7 W

B atoii popMysie mpuMeM OTHOIIEHUS OTHOCUTEIBHBIX IIIMPUH CTYTICHEH

W bt
l//asl

=15

[lepenaToyHoe YHUCIIO TUXOXOAHOM CTYNIEHU peIyKTOpa

U,, 2024
U, = =
u, 57

=355

OKOHUaTeNbHO MPUHUMAEM TIepeJaTOUHbIC YKCiia Tiepeaad MpuBoIa
U = 5,70; U, = 3,55; Un= 5,00
1.3.2 Omnpenenenve 4acTOT BpallleHUs Ha BajaxX MPUBOJIA.

n =n,, =2900 Mmun';

n, 2900

n, =—+=""-="5088 mun';
Uu, 570

ny =2 = 2088 143 3n s
U, 3.55
ny 1433

=28.66 mun';

n, = =
YU, 500

11



1.3.3 Omnpenenenre KpyTSIIMX MOMEHTOB BCEX Bajlax MIPUBO/IA.

0 7,5

N
T, =955x10* —2* =955x1 OO=24698H~MM;

n3"1
T,=TU,nn,, =24698x5,70x0,98x0,99 =136583 H - mm;
T, =T,U,n;n,., =136583x3,55x0,98x 0,99 = 470422 H - mm;

T, =T,U 0y 1,0 = 4704225 5,00 0,96 x 0,99 = 2235444 H - mn;

[Tomy4yeHHble naHHbIe cBEAEM B TaOI. Ne 5.

[IpuMeuanue: T.K. YUCICHHOE 3HAYCHUE KpyTalnuX MOMCHTOB BCJIMKH, TO, BO3MOXHO,
X OKPYIJICHHUC C TOYHOCTBIO 10 COTCH.

Tabm. Ne 5.
Homep Baa YacroTa BpameHus KpyTsmme MmoMeHThI Ha Banax,
BAJIOB MUH HMM
1 2900 24700
2 508,80 136600
3 143,30 470400
4 28,66 2235400

Dta Tabiuia sBIsSeTCS OCHOBHOM JIJISl BCEX MOCIEAYIONTNX PAcUETOB.

1.4. PaccmorpuMm em€ OAMH TPUMEP BBINOJHEHHUS KHMHEMAaTHYECKOTO U CHJIOBOTO pacuéra
npuBoga Puc.2.

Puc. Ne 2.

12



— \_‘ | I\L’i

3 2
[IpuBOJ COCTOUT U3 JIEKTPOJIBUTATEIS, PEMEHHOM nepenadud — | U IByXCTyNeHYaToro
YEPBIYHO-IIUIIMHAPUYECKOTO PEAyKTOpa: ¢ YepBsiuHOM mnepemadein — |l u munuHapuyeckon
nepenauert — lll. Kak u panee nponymepyem Basbl apabckumu 1udpamu.

Hcxomurie naHHnle:
Ngux =4 kBT, Ny = 1500 06/Mun Uy, =170

1.4.1 ITo tabsa. Ne 3 BeiOepeM 3IEKTPOABUTATEIH

4A 100 L4 Nsn=4 kBT, nan= 1430 muu™"

1.4.2 Paz0uBka 00111ero nepeaToyHoro Yyuciia NpuBoja 1o CTyNeHsIM.

[To Tabmn. Ne 2 mpumeHsiemM nepelaTOuHOe YUCIIO peMeHHOU niepemnaun Uy =2,

[To Tabn. Ne 4 mnepemaroyHoe 4YHCIO MMWIMHApUYeckod mnepegaun Uy =3, Torna
MepPeaTOYHOE YUCIIO YCPBIIHOU TTepeaaun

U, 12
Uy = » 120 _

= =20.
UUy 2%3

1.4.3 Onpenenenre 4acToT BpallleHHUs HA Bajax MPUBOJIA

13



n o=n,, =1430 mun';

n, =i:ﬂ)=715ﬂ4uﬁ_l;
U, 2

ML ST S F R YPD
U, 20

n, = M 35,75 =11,90 mun™";
U[I]

1.4.4 Onpenenenrie KpyTAIMX MOMEHTOB Ha BajlaX MPUBOJA.

[Ipumeuanue: Ecnu B cocTaB mnpuBOJa BXOJUT YEpBSYHAs Iepeaaya, TO TpHU
onpeneneHue e€ K..ja. mo Tadu. Ne 1 HeoOXO0AMMO YYEeCTh YMCIIO 3aXO0J0B YEpBsKa, KOTOPOE
CBSI3aHHO C MEePEJATOYHBIM YHCIOM COOTHOIICHUSIMU, MPUBOIUMBIMU B Ta01. No 1.

BriOupaem k.m.ja. u3 tadu. Ne 1

N
T, =955x10* —* = 955%x10* 4 =26713H - mm;
n 1430

o7

T,=TU,nn,,=26713x2x0,96=51290H - m;

[Ipumeyanune: B stoii Qopmysie OTCYyTCTBYeT K.I.J. Mapbl MOJIIUIHUKOB, T.K.
OTJEJIBHBIX MOAIIMITHUKOB Y PEMEHHOMW Iepelauu HeET.

T, =T,U,m,17.., =51290x 20% 0,8x 0,99 = 812425H - 1uu ;
T, =TU, 7., = 812425x 3% 0,98x 0,99 = 2364446 H - wu;

Jlannabie cBeaéM B Tabm. Ne 6
Kak u paHee okpyTiisieM KpyTSIIIe MOMEHTHI 10 COTCH.

Tabn.Ne 6
Howmep saa YacroTa BI_)laI_HeHI/ISI KpyTsmune MmomeHThI Ha
BAJIOB MMH BaJIax, HMM
1 1430 26700
2 715 51300
3 35,75 812400
4 11,90 2364400

14



2. 3BAKPBITBIE HWJINHAPUYECKUE 3YBYATDBIE ITEPEJTAYMNA.

3yOuarasi mepemaya SBISETCS TPEX3BEHHBIM MEXaHU3MOM — BeIylllee 3BEHO
(ectepHs, 3BEHO MEHBILEro JIuUaMeTpa), BEIOMOE 3BEHO (KOJIEeCO, 3BEHO OOJBIIEro
JUaMeTpa) W HENOJBM)KHOE 3BeHO (cToilka). Ha mnpakTuke OpHUHATHI BCE MapaMeETphl,
OTHOCSIIMECS K IIeCTepHE 0003HauaTh MHAEKCOM «1», a Bce mapameTphl, OTHOCALIUECS K
KOJIEHY UHJIEKCOM «2».

2.1 Beibop MaTepuanoB 3y0UaThIX KOJEC.

PaccMmoTpum BbIOOp MaTepuasia 3yO4yaThIX Kojec. 3y0darble Kojeca U3roTaBIMBAIOT
U3 CTaJIM, YyTyHa U HE METAJUIMYECKUX MaTepHasioB. OJHAKO B CUJIOBBIX IepeAadax, Kak
MpaBUJIO, YyT'YHbBl M HE METAJUIMYECKHE MaTepHhalibl HE NPUMEHSIOT. B panbHeiiieM, B
KaueCcTBE MAaTepUajoB 3yOUaThIX Kojec OyJeM peKOMEHI0BATh TOJIBKO CTAJIH.

Koneca ManoOTBETCTBEHHBIX Iepeady B MallMHAX OOIIEro Ha3HA4YeHWs, KoJyeca
OTKpPBITBIX 3yOuUaThIX IepeAady M Kosieca, paboTalolMX IpU HEOOJBIIMX U CPEIHUX
kpyTsammx MomeHTax (mo 200000 Hvm) monaBepraioT 0OObEMHOW 3aKajKe C BBICOKHUM
OTIIyCKOM. Y TakuX mepeaad TBepAOoCTh MaTepuaina koneca Oyner HB; < 350. 3yObst moryt
OBITh Hape3aHbl IOCJIE TEPMOOOPAOOTKH; Ojaroaaps 3TOMY OTHAAaeT HEOOXOIUMOCTh
BBINIOJIHEHHSI JOPOTHX JOBOJOUYHBIX onepauuid. Jljig mpenoTBpaiieHus 3aeanus 1 Jydinei
NpupaOOTKU HUKHUN Tpeaesl TBEPAOCTH IIECTEPHH, KaK MOKA3bIBAET MPAKTUKA, JOJIKEH
ob1Th Ha AHB = 30...50 enunui; HB BhIlIe BepXHeEro npejena TBEpAOCTH KoJjieca T.¢.

HB; =HB, + AHB
B Tabn. Nel. mpuBeneHbl MEXaHMYECKHUE CBOMCTBA HEKOTOPHIX MApPOK CTaJIei mocie
o0beMHOM 3akanku B macie. HekoTopble pekoMeHIyeMble COYETaHUsS MApOK CTaId JJIs
mecTepHu u kojeca npu tBepaoct HB < 350 npuBenenst B a0, No2.

Tabn. Ne 1
Temmnepar. IIpenen Ilpenen | Teepmocts | [Ipumeuan.
Mapka OTIIyCKA | IPOYHOCTH | TEKYYECTH HB
cTanu °C Gs, H/MM? | Gp, H/MM?
35 Cmanu ¢ 06'6eMHOTl 3aKANKOII
200 1139 970 335
300 1027 870 302
400 911 750 268
500 799 560 235
600 694 490 204
40 200 1410 1250 415
300 1224 1110 360
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400 1054 880 310

500 877 710 258

600 748 530 220

45 200 1673 1550 492
300 1421 1270 418

400 1190 1020 650

500 969 820 285

600 802 590 236

40X 200 1800 1590 552
300 1640 1420 498

400 1376 1220 417

500 1076 860 326

600 860 740 265

30XT'CA 225 1800 1610 545
300 1680 1520 504

400 1480 1340 448

500 1280 1160 388

600 1060 950 318

40XHMA 320 1600 1450 485
400 1400 1280 415

480 1250 1130 375

560 1080 970 320

12XH3A 300 1260 -- 380
400 1180 -- 345

500 1000 -- 295

600 830 -- 240

Tabn. Ne2
Mapka cranu.
IECTEPHU KoJieca IECTEPHU KoJieca
45 35, 35J1, 40J1 35X, 40X 50, 55, 40J1
50 40 30XT'CA 35X, 40X
55 45 40X H 35X, 40X
S0r° 40, n45, 35J1

Koseca oTBETCTBEHHBIX MeEpeiad B TPAHCIIOPTHBIX MalllMHAX, Kak mpaBuiio, mpu Ty >
200000 HmM, momkHbl MMeTh TBepaocTh 3yObeB HB; = HB; > 350 u Gonee Bs3kyro
cepaneBuHy. PasnmuyHas TBEpAOCTh B OJHOM O00BEME MeTaula TOJNYyYaroT, ITyTeM
MMOBEPXHOCTHOM 3aKalKh TOKamMu BbICOKOM 4acToThl (TBII) win XuMHKO — TepMUYECKOU
00paboTKOI (1IeMeHTaIs, A30TUPOBAHNE H T.II.).

16



Haunbonee nmpouspoautenbHa 3akanka TBY mo koHTYpy 3yOBbeB KOJEC U3 CTaJIEH C

conepxxanuem yriaepozaa 0,3...0,5%. Oto cramm 40X, 35XM, 40XH. TonmuHa 3aKkaJleHHOTO

cios Tipu 3ToM 3...4 MM | TBepoCcTh oBepxHocTH 45...55 HRC.
3akanky TBY mo TeXHOJOTHYECKUM MPUUYMHAM MPUMEHSIOT sl 00paboTKu 3yObeB

C MoayJjieM m > 5 MMm. MCJ’IKOMOI[}’J'IBHBIG KOJIECa MU3roTaBJIMBAIOT U3 MAJIOYTIJICPOAUCTBIX

craneit (0,12...0,3 % C) ¢ nocnenyromieil ieMeHTalue NOBEPXHOCTHBIX CJIOEB 3yObeB U
3aKaiaKoil. [ myOrHa eMeHTHPYEeMOro CJIosl HE MPEBBIIAET 2 MM, TBEPJOCTHIO TOBEPXHOCTH
3yoneB 50...60 HKC. 3to cranu 20X, 18XIT'T, 12XH3A u np.

Be16op TepMuYecKoil WM XUMHKO-TEPMHUYECKOW O0OpabOTKM MaTepHalioB KOJIEC
MOXET OBITh

CKOPPEKTHUPOBAH MOCJIE MPOYHOCTHOIO pacyeTa M ONPEAETICHHUS MOIYJsS
3areryieHusa. HekoTopble peKOMEHJyeMble COUYETaHHWsI MapoK CTajedl Mg HIECTepHU U
koJieca npu HB > 350 npuBenens! B Tad1. 3.

Ta6n. Ne 3
Mapka cranu.

LIECTEPHU KoJieca

45, 50 40

55, 55T 40, 50
35X, 40T 50, 55

40XH 35X, 40X
15X, 20X 15X, 20X

B 1a6:1. 4 npuBeaeHbl MEXaHUYECKHE CBOMCTBA HEKOTOPBIX MapOK CTaJIEH, OJyYEHHbIE
ITIOBEPXHOCTHBIM TEPMUYECKUM U XUMMUKO-TEPMUUECKUM yripouHeHueM. [Ipunuem HPC
YKa3bIBa€T Ha MOBEPXHOCTHYIO TBEPAOCTH CTAJIEH, a G , 6T 1 HB - 3T0 XapakrepucTuku

CEp/ILICBUHBI.
Tabm. 4
Mapka [Ipenen [Ipenen TBepnocTh TBepnocThb
cTanu MPOYHOCTH, | TeKydectH, | HB HRC
H/mm? H/mm?
Cranu ¢ ueMeHTanen

20X 650 400 192 56-62
20XT 800 600 242 56-62
18XT'T 1000 600 303 56-63
12XH3A  |1000 600 303 56-63
20XI'HM {1000 800 303 56-63
20XHM 1000 800 303 56-63
o 900 750 1273 42-50
35XM 920 750 280 50-56
40XH 920 750 280 50-56
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3akanka Kojiec HOocje LIEMEHTAllMUd HPUBOAUT K KOPOOJIeHHIO 3yObeB, MOITOMY
HEOOXOUMO JIOTIOJIHUTEIbHBIE JOBOAOYHBIE omepanuu (nuudoBaHUE, MOJMPOBKA,
oOkatka) Jlpyrue  BHIBI  XUMHKO-TEPMHYECKOH  00paboTkM  (a30THpOBaHUE,
HUTPOILIEMEHTUPOBAHKE U T.I1.) B OOIIEM, MAITMHOCTPOECHUE PUMEHSIOTCS PEIKO.

[IepBoHaYaJIbHO CTYAEHTY TPYIHO BBIOpaTh HEOOXOJAMMOE COYETAHUE MATEPUAJIOB
IIECTEPHU U KOJIECa, T0O3TOMY B Ta0JI. 5 MpUBEAEHBI IPUMEPHBIE PEKOMEHIALIUU 110 BEIOOPY
TBEPAOCTH MaTepualla MIECTEPHU B 3aBUCUMOCTHU OT IIEPEIABAEMOT0 KPYTSAIIETr0O MOMEHTA.

Tabn. Ne 5
T, H. MMm. HB; AHB
< 25000 250...280 30...50
25000 < T, < 100000 280...320 30...50
10000 < T, < 200000 320...350 30...50
200000 < T, < 500000 350...450 0
T, > 500000 450...600 0

[Ipumeuanue: Ilpu BeIOOpe HB: mns umiamHApUYEcKOM mepenavyd YepBsYHO —
WIMHIPUYECKOTO peaykTopa (mepBasi CTyNeHb 4YepBA4YHas, a BTOpas CTYIMEHb
MUJIMHAPUYECKas mepeaada) ectb 0coOeHHOCTh. HezaBucumo ot BeseunHsl T, ciener opathb
HB; = 250...300, T.K. CyLIECTBYET OMAaCHOCTh «HAaJI€3aHUs» KOJieca YEPBSYHOU Iepenayn
Ha BaJl KoJieca MWJIMHIPUYECKON Mepeayn.

[TosicHUM BBITIIEU3JI0’)KEHHOE Ha TPUMEpE.

T, = 470400 H.mm. Tlo Tabn. 5 tpebyemas tBepaocts HB; = 350...450 mo tabm. 3
BO3MOKHOE COYETaHHe MarepuaynoB mectepHs — ctainb 40 XH, xomeco — cramp 40X ¢
noBepxHocTHOM 3akankoit TBU qo HB; = HB, =450 u AHB = 0 ( Ta6u. 4).

JIJ1st THXOXOHBIX, IPEUMYIIIECTBEHHO KPYIMHOTa0APUTHBIX U OTKPBITHIX 3y0OUaThIX TIepeiay
B KaueCTBE MaTepuaa i 3y04aThiX KOJIeC BOZMOXKHO MPUMEHEHHUE YyTyHa Pa3IUIHbIX
MapokK.

B Tabn. 6 mpuBeneHbl MEXaHMYECKHE CBOMCTBA HEKOTOPHIX MapOK UyTyHa,
MPUMEHSIEMOTO JJIsI U3TOTOBJICHHS 3y04aThIX KOJIeC.

Tabi. 6
Pon Mapxka [Ipenen npounoctu | TBEpIOCTH
qyTyHa gyyryHa  |mpu usrube o= |HB Cl
H/mMm?2

Ceppiii C4Ul16-32 |320 160 15

CUJ14-44 440 170...190
Moaudunu- |CY32-02 (520 170... 241 18
poBannbiii  |[CY30-56 [560 197...248

2.2 Jlonyckaemble KOHTAKTHBIEC HAMIPSKEHUSI.
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I[OHYCKaeMBIe KOHTAKTHBEIC HaprDKeHI/I}I HpI/I paCUIeTe 3Y6anBIX Hepeﬂaq Hf
KOHTAKTHYIO IIPOYHOCTD OIPEIETSIOTCA 110 GOpMyJIE:
O .
_ ulimb
[G]H - KHL )
S
A€ Ohlimb - 0a30BBINA IMpCacii BBIHOCIINBOCTH HOBerHOCTeﬁ 3Y6BGB 10 KOHTAaKTHBIM

HaNpsDKEHUsIM A1 myJscupytoiero (I1-ro) mukia, 3HaueHus: KOTOPOro MPUBEIEHBI B Ta0JI.
7

Tabn. 7
Neo | TepmoobpaboTka niu TBepaocThb oh limb, H/MM2
XUMHUKO-TEPMHUUECKOE
|. |Hopmanusanus wim HB < 350 2HB+70
2. |O0bemMHas 3aKaika HRC =38...50 IBHRC+150
3. (TloBepxHOCTHAs 3aKajiKa HRC =40...56 I7THRC+200
4. |llemeHnTarus HBC =54...64 23HRC
5. |A3oTHpoBaHUE KKC =55...75 20HRC
SH - ko3 punmeHT 6e30macHOCTH, KOTOPBIA MOXKHO MPUHSTH:
SH =1, | - nns cinyyas HopManu3alUKK, yIydlIeHUs] 1 00bEMHOM 3aKaJKH;

SH = 1,2 - nna cimydas MOBEpXHOCTHOM 3aKaJIKH, IIEMEHTAIIMHN M a30THPOBAHUS;
KhL - k03 dunrieHT 10ArOBEYHOCTH, 3aBUCSIIUN OT XapaKkTepa Harpy3Ku U OT YKcia
IIUKJIOB HarpyxeHus 3yObeB.
Koaddumument nonroeunoctu KuL onpeaensercs: npy MOCTOSHHON Harpy3Ke

N
K e 6 HO ,

N
rae  NHo - 6a30BO€ YHCIIO LIUKJIIOB, P KOTOPOM HACTYMAeT MPEAes BBIHOCIUBOCTH. J1Jis
KoHTakTHBIX HanpsokeHuit Nuo = 30-HB”2,4 (HB -tBepnocts Matepuaina no bpunenno);
NH = 60-Nn-t - yuC/IO UMKIOB HATPY>KEHUsS 3yObEB; N - YAaCcTOTa BpalllEHHUs [IECTEPHH WU
KoJjieca B 00/MHH; t - JKeJaTeslbHas JIMTEILHOCTh pa0OTHI IEpeiauu B yacax (Tmpu
BBINIOJTHEHUHU MpoeKTa MOKHO NpuHATh t = 10000...20000 yac); npu nepeMeHHON Harpy3Ke
MO/ICUUTHIBAETCS HEKOTOPOE PKBUBAJICHTHOE YMCIIO ITUKIIOB HATPYKEHUS 3yOhEB 110

bopmyre:
N, = 00 D T2 *n *t,

3
Tmax
TOTr1a
K 6 I\IHO
HL —
N

OOBIYHO TEpEMEHHAsI Harpy3Ka YCIOBHO PAaCCMaTPHUBACTCS KaK CTYIICHYATO-

nepeMeHHas1, U [IUKJIOrpaMMa MepeMEHHON Harpy3KH JOHKHA OBITh 3aaHa.
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[IpuBenemM npumep pacyera SKBUBAJIEHTHOI'O YHCIIA HUKIIOB HAIPYKEHUS IS
IIEPEMEHHON HArpy3KH, MEHSIOLIEHCS HO IUKIorpaMmMe . B aTom ciryyae:

N, = TGTO[T%X *n1(0.2)+ (05T, )° *n(0.41) + (0.3*T ., )* *n(0.4t)| =

=60(0.2nt +0.125* 0.4t + 0.027*0.4t) = 60nt(0.2 + 0.05+0.0108) = 60nt *0.2608

g] rae Tl =Tmax; T2=0.5-Tmax; T3 =0.3-Tmax;
3 - 5 t1=0.2t; t2=0.4t; t3=0.4t
& & S nl=n2=n3=n
S
et | a4t 4¢
¢ BuaHo, 4To B JaHHOM CiIydae SKBUBAJICHTHOE YHCIIO IUKIIOB

IMOJIYYIHJIOCH ITOYTH B YCTBIPC pa3da MCHBIIIC TOI'O YKUCJId, KOTOPOC

MOJIYYHJIOCH OBl IIPU
MTOCTOSTHHOM Harpyske.

B 3akitoueHue 0TMETUM, YTO JJIsI OJHOPOJIHOM CTPYKTYpPhl MaTepHaia
(HOpManu3anusi, yaydilieHue, o0beMHas 3akainka) KodguureHT Khe orpaHuurBaioT B
npenenax: 1,0 < Ku <2,6.

B cityyae moBepXHOCTHOM 3aKaiKu, IEMEHTAIIUU U a30TUPOBAHUSA:
1,0<Kn <1,8.

2.3 Jlonyckaemble U3TMOHBIE HAMIPSYKEHUS.
[Ipu pacuete 3yObeB Ha U3TKMO JOMYCKAaeMOe U3TMOHOE HAMPSHKEHUE MOXKET OBITh

oTIpeieNICHO 110 hopMmyJIe:

[G]F = ZEumb Kec *Ke,

F
i€ GFlimb - 0a30BBIN IIPEIe BBIHOCIMBOCTH MaTepHalia KoJjieca o U3rHOHBIM
HaANpsDKEHUAM JJ1s myJbcupytoiero Hukna (I1-ro muxna), 3HadeHust KOTOpOro NpUBEICHbBI
B TaOI. 8.
Sr - koo urment 6e3omacuHoctu. Pekomenyercs Sp = 1,7...2,2 (mpudem BepxHUe
3HAYEHUS - IS JTUTHIX 3ar0ToBOK); Krc - ko puimenT, yanTeiBatomuii BIUsSHIE
JBYXCTOPOHHETO MPIJIOKEHHUS HATPy3KU (HampuMmep, peBepcrBHEIe epeaaun). [Ipu
onHoctopoHHel Harpy3ke Krec = 1. [Ipu aByxcroponHneit Harpyske Kec = 0,7,..0,8 (6ombine
3Hauenus npu HB > 350); KrL - k03 dunimeHT 10aroBeqHoCcTy.
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Tabmn. 8

Ne |TepmooOpnadoTKa MM XUMUKO- | TBEDIOCTE OF limb

I | TEPMUYECKOE YIIPOUHEHNE

. |Hoomammsanmsa uin HB <350 1.8 HB

2. |O0BeMHas 3aKajaKa HRC =45...55 600

3. |I[ToBepxHOCTHAS 3aKajiKa HRC =48...58 600...700
(B cepaueune HBC = 25...35)

4. |llemeHTaIuA HRC =56...62 750...850
(B cepauesune HRC = 32...45)

0. |A3oTupoBaHue HRC =55...70 300
(B cepaueune HPC = 24...40)

KoadduumeHT 10aroBeYHOCTH ONpeIesaeTCs:

Neo
N_ | -opu HB <350,
F

Kp =6

FL N_ ' -opu HB > 350.
F
3nech: Nro- 0a30Boe uncino nukiioB. /s Bcex craneit Nro = 4*107'6;
NF - 4HCII0 IIMKIIOB HArpy>KeHUs 3yObeB IMIECTEPHU U KoJieca.
[Ipu nocrosituaoi Harpy3ke Nro = 60nt,
[Ipu mepeMeHHOM Harpy3Ke MOJACYUTHIBACTCS SKBUBAJICHTHOE YHCIIO IUKJIOB HATPYKEHUSI
3yObeB:

60 m
NFE = T—szi *ni *ti ;
max
rae m =6 npu HB <350, m =9 npu HB > 350.
B 3akiroueHre ykakeM Ha HEKOTOPbIE OrpaHUYCHUS Ha BemMUnHY Kri:
1,0 <Kr <2 mpu HB < 350; 1,0<Kr <1,6 mpu HB > 350.

2.4 PacyeT Ha KOHTaKTHYO MPOYHOCTb.

[Ipu npoeKTHOM pacueTe 3aKPBIThIX MPAMO3YOBIX U KOCO3yObIX HIIMHIPUYECKUX 3yOUaThIX
nepeaad OCHOBHBIE pa3Mephl 3TUX Mepead ONPEeAeIISIIOTCS pacuieToM Ha KOHTAKTHYIO
MPOYHOCT.

2.4.1 Ecim K0J€eco 1 MIECTEPHIO MPEANO0IaracTcsa U3roTOBUTh U3 CTaIu, TO PACUETHHIC
(bopMyIibl, pa3pelieHHbIE OTHOCUTEIBHO MEXOCEBOT0 PACCTOSIHUS aW , UMEIOT CJIeAyIOIIni
BU/I:

JUTS PSAMO3YOBIX TIepeaay
2

340 j T, K,
U[O-]H \Pba

' MM,

a, =U £1)3 [

JUTS1 KOCO3YOBIX mepenay
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v MM

2
280 j T, K,
U= [O-]H Vha
B stux gpopmynax:
U - mepeaaToyHoe YUCIIO PaCCUUTHIBAEMON TIEpeIayn;
[06]n - momyckaeMoe KOHTaKTHOE HATSLKEHHE U1l MaTepHalia IECTepHU WU KoJsieca (MeHee
npouHoro), H/mm);

Vs - OTHOCHUTENIbHAS IIMPUHA TIEpeiauu, BbiONpaeMas B mpejenax:

Vea = 0,2...0,4 - 1151 mpsAMO3YOBIX Mepeiay,

Vga - 0,2...0,6 - 1151 K0Cc03yOBIX MIEpenad.
[Tpudyem MeHbIHME 3HAYCHUS TPHHUMAIOTCS JJIsI OBICTPOXOTHOM CTYTICHH, & OOJIBIITUE - JIJIS
TUXOXOJTHOU CTYIICHH;
T, - MOMEHT Ha KoJiece pacCuuThiBaeMoi nepenaun, H-Mm (MOMEHTHI Ha BCeX Batax
MpUBO/JIa OB HaMieHbI B pazjene [);
KH - ko3 purmenT Harpy3ku 115 pacueTa Mo KOHTAKTHOM HAIPSHKEHUSM,
IpeJICTaBISIIOIINI cO00M Mpou3BeeHNE IBYX KOA(P(UIIUEHTOB:
K = Khs - Knv, Tiie Khg - k03 duiineHT HepaBHOMEPHOCTH paclpeieieHUs] Harpy3KH 110
JUTMHE KOHTAKTa
Khv - Koo PuimeHT 1MHaMHUYeCKOi Harpy3KHu.

KoadduimenT HepaBHOMEPHOCTH paciipeielieHust Harpy3Ku MpH pacuere Mo
KOHTaKTHBIM HarpsikeHusiM (Kns) Tipu mepeMeHHON Harpy3Ke MOKET ObITh B3SIT U3
rpaduKOB, MPEACTaBICHHBIX Ha pUC. 1, rae Yoy = b/d1 ( mpu MPOEKTHBIX pacyeTax MoJIe3HO
HCIIOJIB30BATh 3aBUCUMOCTb Wphd= Wha'(U£1)/2 ). B cxeme cooCHOro peayKTopa yTOUYHUTh
BXOJTHOM U TTPOMEXKYTOUHBIN Baibl. [Ipu mocTosHHO# Harpy3ke Kns = 1,0.

3HadeHus K03PGUITMEHTA JUHAMUYCCKON HArpy3KH MPU pacdeTe Mo KOHTAKTHBIM
HanpspkeHusM (Knv ) mpuBeaeHsl B Ta0J1. 9 (B YMCIUTENE A1 PAMO3yObIX, B 3HAMEHATEIIe
- I KOCO3YOBIX Tepeaay).

a, =U £1)3 (

Tabn. 9
Crenens ﬂepuoc% Oxpyxnas cxopocts vV ., w/c
TOyHOC- | paGouelt _ . -
T o BepXH Ro 3 3...8 8...12,512,5,..20
: ay6bep HB ]
] < 30 1/1 T,I/T 1,151,056 [1.23/1.1
-A > 350 /1 1,08/1 |1,13/1 |1,18/1.05
; €30 _ [ 1,06/T [ 1,18/1 [1,23/1,1 |—/1.55
- > 30 1,08/1 | I,I3/1 |1.18/1,05|__/1.05
. < B0 1,13/1,05] 1,23/1.16| -_/L.2 -
- > 300 1,1/1,05 | 1,18/1,1 | /1,06 | _.
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[Ipu 3TOM, eciu XOTs Obl AJI1 OAHOTO U3 3yOuaThix KoJiec mapsl HB < 350, B Tabnuie
TBEpPJOCTh paboueii moBepxHocTH 3yobeB HB cnenyer npunsate < 350. B nepegauax
001Iero MallIMHOCTPOEHUSI, KOTOPBIE BCTPEUAIOTCS B KYPCOBOM MTPOEKTUPOBAHKH,
MPEANOYTUTENBHO Ha3HAYATh 7 WK §-10 CTENIEHb TOYHOCTH.

JInst npeiBapuTENbHBIX PpACYETOB MOKHO TPUHUMATH!
Ku =Kuf*Knv = 1.3...1.5.

MeHnbIue 3HaueHus CaeayeT BEIOMPATh MPU PACIIOIOKEHNN KOJIEC Ha Baiax, OJM3KOM K
CUMMETPUYHOMY (Y CEpPEIMHBI TIPOJIETa), OOJBIITNE 3HAUCHUS - TPU HECUMMETPUIHOM.

B Hamem KypcoBOM MPOEKTE CTYJAEHTY PEKOMEHIyETCS MPOEKTUPOBATH
HECTaHAAPTHBIN peaykTop. [loaToMy MekoceBoe paccTosiHHE AW, TOJIyYEHHOE PacyeToOM Ha
KOHTaKTHYIO MPOYHOCTS /110 opmyre (1) wmm (2)/, okpyTasTh A0 CTAHAAPTHOTO 3HAYCHHUSI
He TpeOyeTcsl.

JanpHeluii pacueT nepeaayu mo onpeeIeHuI0 BCeX OCHOBHBIX MapaMeTpoB
paccYUTBHIBAEMOM Mepeadyn PEKOMEHYETCs POBOAUTD B CIIEIYIOLIEM MOPSIJIKE.

2.4.2 3amarorcs 4uciioM 3yObeB IIECTEPHU Z1 U ONpeeNssIoT YUCIIO 3yObeB Kojieca
z2=z1-U.

B npsiMo3y0ObIx niepenayax ynucio 3yObeB MIeCTEPHSI MOXKHO 33]1aTh
z1 =20...30
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B xoco3y0bIx nepeaayax, 3a/1aBasch 4YUCIOM 3yObeB IIecTepHH Z1 , cieayeT IOMHHUTD
cienytouiee. B ciryuae koco3y0oii nepeaaun Juist 60j1ee MOJHOrO UCTIOIb30BAHUS
MPEUMYILIECTB KOCO3YOBIX KOJIEC JKENAaTENbHO, YTOOBI B KOCO3yObIX Iepeaadyax
CO0JTI01aTTIOCh HEPABEHCTBO

2.5*m
b>—T".
sin 8
OT0 yClIOBUE BBINIOJIHAETCS, €CIIM YUCIIO 3yObEeB IIECTEPHU B3SITh
oct
71,298
l//ba (U +1)
2.4.3 OnpenensitorT MOyJIb 3alETUICHUS:
5 m 2a,,
JIs1 IpsAAMO3YObIX nepenau M= :
AL TP Y pea 71+ 122
5 m 2a,, *cosp
JIs1 KOCO3yOBbIX Mepenay =
A Y pea " 71+ 122

rae - yroia HakioHa 3yObeB, mpuHUMaeMoil 3 = 8°...20°.
[TosrydyeHHO€E 3HaUEHUE MOYJISl OKPYIJISAIOT A0 Onmxkaiiero cranaaptHoro no 'OCT
90C3_80 (Tabnuua ).
Tabnuua
Psn crangaptHeix Moayiien 3youarsix nepenad mo 'OCT 9563 80

0,3 1 (2,75) 4,5 9
0,4 1,25 3 5 10
0,5 1,5 (3,25) 55 11
0,6 1,75 3,5 6 12
0,7 2 (3,75) 6,5 13
0,8 2,25 4 7 14

2,5 (4,25) 8 15

[Tpumeuanue. 3HaUeHHE MOJTYJICH, YKa3aHHBIC B CKOOKAaX, TPUMEHSTh HEXEIIaTeITbHO
2.4.4 Tlocne OKpyIJIEHHS] MOZYJIS IO CTAHJAPTHOTO 3HAYEHUS HY’KHO YTOUHHTh
MEKOCEBOE PACCTOSHUE!
IUT TIPSAMO3YOBIX mepeaad  aw = m/2(z1+z2);
T KOCO3yOBIX Tiepeaay  aw = mn/2cosP(z1+z2);
2.4.5 OnpenensitoT 1uamMeTphbl KoJiec:
TUTS IPSIMO3YOBIX TIepeaad
d1(2) = m-z1(2) - nenuTeNbHBIC AUAMETPHI IIECTEPHH (Kojieca);
da1(2) = d1(2)+2m - muameTpbI- BEPIIMH MICCTEpHU (KoJjieca);
df1(2) = d1(2)-2.5m - quameTphl BauH IIeCTepHH (Kojieca);
T KOCO3yObIX Tiepenad
d1(2) = mn-z1(2)/cosp - nenutenpHbIC AUAMETPHI IIECTEPHH (Kojeca);
da1(2) = d1(2)+2mn - guamMeTpsl BEPIHH IIECTEPHH (KOjeca);
df1(2) = d1(2)-2.5mn - TraMeTpsl BIAJAWH MIECTEPHU (KoJieca).
[Mpumeuanue. @opmyItbl ClIpaBeUTHBHI JAJT 3y0UaThIX Tepead 0e3 CMEIICHUS WK TTPH
cymmapaoM cMeteHun XE = 0.
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2.4.6 OnpenensieTcs MUpHUHA Kojleca D = yba-aw.

[[IupuHa mecTepHr 0OBIYHO BBHITTOTHICTCS HECKOJIBKO OobIe (Ha 2-3 MM) IITMPUHBI
KoJieca Ik KOMIIEHCAI[UH BO3MOYKHBIX HETOUHOCTEH COOPKH.

2.4.7 TlopcuuThIBaeTCS OKPYKHAsi CKOPOCTh B 3allCTUICHUH
b= z*dl*nl

60*1000

2.4.8 Tlo naHHOM CKOPOCTH B COOTBETCTBHHM C Ta0J. YTOUHSAETCA 3HAUCHHE
kodpunnenta KHV, a 3arem KH = KHB - KHV.

2.4.9 B cOOTBETCTBUU C YTOUHCHHBIMU 3HAYCHUSIMU MEKOCEBOTO PACCTOSIHUS aw U
ko3 duimenTa Harpysku KH rmpon3BoauM NpoBepKy (aKTHUECKUX KOHTAKTHBIX
HaMpsHKEHUN 110 popMyJiaMm:

M/c, rae d1 — B MM; N1- B 00/MUH.

JUTsL TPsIMO3Y 00 epeaaun JUTs1 KOCco3yOoit mepeaauu
340 (U1, 280 [(U+1)°, .
O-H:aW*U \/( 5 ) Ky *T,; (1) GH:aW*U \/( o ) Ky *T,; (2)

B dopmynax (1) u (2) aw u b - B MM, T2 - B H*MM, OH 1 [0]H - B H/MM2 . [Tpu 3TOM
npesbilieHue OH cBepx [0]H 1o 5% nomyckaercs. [Ipu 6ombiieit pazauile Tpedyercs
MEPECUET MEKOCEBOTO PACCTOSHHUS .

2.5 Pacuert 3aKkpbITOM HUJIMHAPUYECKON 3y0UaToil nepeaadyn 3aKkaHunBaeTCs
MIPOBEPKOI MPOYHOCTH 3yObeB Ha M3ruod. [IpoBepka mpoyHoCTH 3yObEeB HA U3THO
MPOBOAUTCS 10 (hopMyJIam:

JUTS PAAMO3Y00it epeaun TUTsl KOCO3Yy00il mepenaun
or =y, 2K e 1090 op =V VY, Ve el cosp < [o]1()
F= Fb*mz*Zz_ Fo F=YF Y3 Eb*mn2*22 ol O L

B stux popmymax: b, m, mn, T2, z2 - mmpuHa nepeaadu, Mm;

MOMYJIb TIEpPEIauu, MM; MOMEHT Ha KOJIeCe pacCuuThiBaeMou nepenayuu, H-mwm;

YHCJIO 3yOhEB KOJIECa - BEJIMYMHBI, HAWJICHHBIE paHee,

VYF - koadpunuerT, yautoiBaronui gopmy 3yoa. IToT KodDPHUITMEHT MOKET OBITh HAMICH
B Ta0:1. 10 MM C MOMOIIBIO KPUBBIX, IIPUBEICHHBIX HA PUC., 10 YHCITY 3yObEB IICCTCPHU
WM KoJieca (CM.HIKe puMedanue). B ciaydae koco3y6oii nepenaun YF 6epetcs 1o

3
IKBUBAJICHTHOMY YHCIy 3yObeB Zv = Z/ COS™ [3;
VB - k03 duimenT, yauThIBaIONMK HAKIIOH 3yObeB. J{s onpeneneHus

3TOro K03(hHUIMeHTa MOYKHO BOCIIONIb30BaThest hopmyitoit: Yb = 1-b/140,
rie b - yron HakioHa 3y0a, IpUHUMaEMbIi B KOCOPYOo#i niepeaade B mpeaenax 8°...20°;
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I'paduk nnsa onpenenenus koddduienta Yr

Koajuuuenr dopmu 3y6a

Rosdhmmenr ) :
&bglemeﬂm 05 t 021} 0 40,2 1 40,5 1,08
i":m‘p J.L 1
10 - - - - 2.9
.12 1 - - - | —— 3.4{‘) 2'9‘7
14 - - d o ’ ‘ 4,@ 3 '42 i 3 '02
Tt — § - 143 }357 |34 {30
17 — f - 420 13,63 | 313y |37
20 - S X 3,74 | 3 312
25 -— 1420 |3 3,67 | 340 13’17
30 4,50 { 4,01 | 3P0 I 362 | 3'41 |32
40 413 | 384 |3 | 308 | 343 |3'0
IR AR R R AR
B | 393 | 3& |36 [ | 3% |
100 3,67 | 3163 | 360 | - —

Ve - k03QPUIHMEHT, yYUTHIBAIOIINN yUacTHE B 3alleTNIEHUN KOCO3yOOl nepeaaun

HECKOJBKHX Map 3yObeB. ITOT KOIPPUIUEHT MOKHO IPUHSTH:
Ve =1/0,9Ea, rne Ea - ToprioBbsiii K03()HUITUEHT IEPEKPHITHUS, PABCH:
Ea =[1.88-3.2(1/z1+1/z2)]cos B;
Kr— ko3 guimenT Harpy3ku Jij1s pacuera no U3ruOHbIM HapsLKEHUSIM, PEICTaBISIOINNA
co0oill mpousBeAeHUE IBYX KO3 (DUIIMEHTOB:

KF = KFB - KFV, k03 duiineHT HepaBHOMEPHOCTH paclpeeIeHUs] Harpy3KH MO JUIMHE
KoHTakTa, KFV - Koo PuiumeHT 1MHaMru4ecKoi Harpys3Ku.

Koaddunuent HepaBHOMEpHOCTH pacnpeesieHusl Harpy3Ku Ipu pacuere Mo
u3ruOHbIM HanpspxeHusM (KFB) npu nepeMeHHoM Harpy3Ke MOXKET OBbITh B3SIT U3
rpaduKoB, peaCcTaBlICHHbIX Ha puc.. [Ipu nocrosuHoi Harpy3ke KFB = 1,0.

[Tpuuem, ko3pPuiment KFB B 3Tux rpaukax JaeTcsi B 3aBUCUMOCTHU OT

OTHOCHTENbHOM mmpuHbL: WYhd = b/d1.
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3HayeHHUs KOdPPUIMEHTa TUHAMUYCCKON Harpy3Ky Npy pacuere 3yOneB Ha n3rud (KFV)
npuBeeHbI B Ta0. 11 (B uncnurene - 11t IpsiMO3yObIX, B 3HAMEHATENE - JIJIs1 KOCO3YObIX
nepenay). [lpu atom, ecu xoTst Obl 151 OTHOTO U3 3y0uaThiX koJiec mapsl HB <350, B
Tabnuie TBEpIOCTh padoueil moBepxHocTH 3yObeB HB crnenyet npuHsTh <350. [o]F -
J0IyCKaeMoe U3ruOHOE HaNpsHKEHHE [Tl MaTepralla HECTEPHU UM KoJieca (CM.HUXKe
npumMeuanue), H/mM2. (cm.pazaen 3).
[Ipumeyanue. Ecnu ans miectepHn u Kojieca 6epeTcs OAMHAKOBBIN MaTepual, Ipu
MPOBEpPKe U3rHOHBIX HampspkeHuit o popmynam () u () koapdunuent YF u gomyckaemoe
HarpsokeHue [G]F 6epyTcs s MEeCTePHHU.

Ecnu mMaTepuan 171 miecTepHU Ha3HayaeTcs 0oJiee MPOYHbIi, YeM MaTepual Kojeca,
MPOBEPKY BEIYT JUIsl TOTO U3 KOJIEC, AJIsi KOTOPOro MeHblIe oTHoleHue [G]F/ YF.

7 Tabm. 11
Crenets TB:p.’mCTb L Oxpymnas cxopoers ¥ , m/c
TOUHOCTH gguguggowu o 3 3,..6 8...12.5 ;
ayﬁégn &T no . ...12,5} I2.5,,,20
L] <%0 171 1,2/T  |1,3/1,1 |1,45/1.2
-5 > 330 /1 | L1/ 1,510 a1
- €0 | 1,/T | 1,871 |1,45/1.2 |-/1.3
- >3350 LI/ 1,25/1 |1,35/1,1 J--/1,1
] < 350 1,25/1,1[ 1,45/1,3 |-/1.4 | —
B-n > 350 1,2/1,1 | 1,35/1,2 |-/1,3 A

2.6 KOHCTPYKLMA HIECTEPEH 1 KOJIEC
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3AJAHHBIE NAPAMETPbI: 1. BAN-UWECTEPHM
% < 2dpas

d,— AMAMETp BEPIIMH 3yOBEB; dp,, — AMAMETD BaJA, a)
b - IMMpHHA BeHL@; -~ . MaTEpHal KOJeca;
m - MOIyIIb; o Maciutal IPOU3BOACTBA.

OMPEAENAOT: -

Iem =9 oas+2 Gem — ARAMETP CTYTHILEL;
Lem=(1,4...1,8)dp,, ((_cm;b) - JUIHHY CTYIIHIIBI;
g =(2,4..4)m (g2 8 mm)- TONIUMHY BERIA;

¢~ TOMNIMHY AUCKA,;
n=0,5m - (atkH BEHIa Ha ANaMETPE BEPIIHH 3yOheB; o !
Domﬁ ?0,5(d0—4,,5m—2g+dm)+ — !A 0

S — AMAMETP PACTIONOKEHIA OTBEPCTHIA; : ——H——
doms =(0,35...0,4)(d,~4,5m =29 —dem )~ ‘ KOHCTPYKIMH BaT-lIeCTepeH

- IMAMETP OTBEPCTH, " DpH COOTHOMIEHHM Pa3MepoB: *
Doms, d oms OKPYIJIAIOT O ENBIX IHCEH, ~a) (dr>d); 6) (dr<d); B) (dogd)
Puc.2
2. WECTEPHW Nx45° . .

RS2 P — |

=dﬂa{: '

o
d(H7)
|
| )]
. S’

r
|

MHEnNMaThHAA TO/IUIMEA BEHLA IICCTEPHH, ]
MM [9]
m | 15 [ 20 | 25 | 30 | 40 | 50 | 60 ==

Bmin [40m {38m|35m|33m|30m|[28m 25m e(H8)



Puc.3

KOINECA KOBAHLIE
dg €200 . mm

150< d 4 <500 mm

C
nx45°
. . e = —d - 3 ‘fé\
— 3 > 4l o
o oo 0Y B 3 11
IR | R | S B - - A S |
S| © g B | I N ) T'\’\ |
B . \E
i 4 //{,_// L AN 777
S wrrrse R
) apepemagepe | R i
~F y
b 1 |
- Lcm b -
o lem
' QE(ZO...J,O) m ;J‘O.MM R=5 mm
¢=(0,4..0,45) b 210 MM Gcm=(0,25...0,3)dp,,
Puc.4
KONECA NUTLIE
da .'S400 MM
. b -
9 c
&
- ag— &
© ’ . ‘ | g =(18.3)m 210 mM
S 21Tl Gom=(0,35...0,45) 0gaq 210 Mu
T // ~ c =(02.04)b 210 mmM
- E w0y
Sioel § W K| ¢
B A Lem a
g

Puc.5
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Crangapramu (I'OCT 1643-81 u I'OCT 1758-81) ycraHoBieHsl 12 cremeHeil TOYHOCTH
W3rOTOBJICHHS IUJIMHAPUYECKUX U KOHMYECKUX 3y04aThIX Kojec U nepenad (1-4 crenens -
HauBbICIIAs, 12-51 CTENIeHb — HAUMEHbIIIas ).

BbI0Op cTEneHn TOUHOCTH ONPEAENSIETCS YCIOBUSIMHU PaOdOThl M HA3HAYEHUEM
KOJIEC.

B tabun.12 npuBeneHbl OpUEeHTUPOBOYHBIE 3HAYECHHUS IPEAEIBHBIX OKPYKHBIX CKOPOCTEN KOJIEC
B CHJIOBBIX Tepeaayax pasinyHoil CTeNeHH TOYHOCTH. B obmieM MammHOCTpOeHHH Kojeca mepenad
BBITOJHSAIOT MO §-i1 WK 9-i cTeneHn TOYHOCTH, a KOJIEca OTBETCTBEHHBIX Mepeaad - mo 6-it win 7-i
CTENIEH! TOYHOCTH.

B 0c000 OTBETCTBEHHBIX TSKEJIO HArpy>KEHHBIX M BBICOKOOOOPOTHBIX Iepeaadax
BEpTOJIETOB, CaMOJIETOB M APYIMX MaIIMH HMCIHOJB3YIOT Kojeca 1o 4-il u 6-ii creneHsaMm
TOYHOCTH.

Tabmuma 12
[IpenenbHbIE OKPYKHBIE CKOPOCTH JIJIsi CUJIOBBIX IEpeiay, M/C

Crenenp Henpsimble 3yObs B iepeiayax
tounoctn | IIpAMbIe 3y6bs1 6 nepedaqax
IHHAPUY. KOHHYECKOM IAJTHHAPHAY. KOHHYCCKOM
5 u Ooiee cB.15 cB.12 ¢B.30 cB.20
6 no 15 o 12 1o 30 1o 20
7 mo 10 1o 8 mo 15 o 10
8 10 6 1o 4 o 10 mo 7
9 110 2 mo 1,5 1o 4 0 3

Jlnst mpenoTBpanieHus 3aKJIMHUBAaHUS 3yObEB OIYCKOM Ha MEKOCEBOE PACCTOSIHHE
(Hapsmy ¢ JOMyCKOM Ha TOJMIMHY 3yObeB) B  3allCIUICHUH 00eCcrevyrBaeTCs
rapaHTUPOBAHHBIN MUHUMAaIbHBIA OOKOBOI 3a30p.

Pasmep OokoBOro 3a3opa perjiiaMEHTHPYETCsl BUJIOM COMNPSKEHUsS 3yOdaThIX KoJiec.
I'OCT 1643-81 ycranaBiauBaeT MIECTh BUJOB COMPSDKEHHM 3yOUaThIX KOJIEC B Tepenaye
H,E,D,C,B,A ( B mopsiike yBeIU4YCHUST OOKOBOTO 3a30pa):

H - HyneBo1 MUHUMAIIBHBIN 3a30D;

E - manbrii 3a30p;

D u C - yMeHbIIEHHBIN 3a30D;

B - HOpMmanbHBIN 3a30p;

A - yBEIIMYEHHBIHN 3a30D.

VYcraHaBIMBaOTCS  1IECTh  KJIACCOB  OTKJIOHEHUH  MEXOCEBOIO  PacCTOSHMS,
0003HaYaeMbIX B MOPsAKE yObIBAHUS TOYHOCTU pUMCKUMU Lippamu ot I 1o VI.

PekomeHnnyeMble coueTaHUsi BUJA COIPSIKEHUS U Kjlacca OTKIOHEHUH MEXO0CEBOIro
pacCTOSIHUS IPUBEACHBI B Ta0. 13
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Tabmura 13

[IpenenbHbIE OTKIOHEHHS MEKOCEBOTO PACCTOSHHUSL (MKM)

Knacc oTiionenunt

MexocCeBOE€ PAaCCTOSSHHUE, MM

Bup co- MCKOCEBOIrO 71080 | ¢B.80 | cB.125 | ¢B.180 | ¢B.250 | cB.315 | ¢B.400
MIPSKEHUS paccTosiHus. o 125 | o 180 | mo 250 | mo 135 | mo 400 | mo 500
-- I +10 | £11 +12 +14 116 +18 120
H,E ] +16 | +18 +20 122 125 128 +30
D 1 +22 | £28 +30 +35 +40 145 150
C v +35 | +45 150 +55 +60 +70 180
B Vv +60 | £70 +80 +90 | £100 | 110 | £120
A VI +100| £110 | £120 | £140 | £160 | £180 | £200

3. BAKPBLITBIE KOHMYECKHUE 3YBYATLIE ITEPEJIAYUN

Konnueckue 3y0uaThie Kojeca UCIOJIb3YIOTCS B IEpeIadax, y KOTOPhIX OCH BajOB

MEPECEKAIOTCS MOJT HEKOTOPhIM yrioM O (puc.l). [IpeumyniecTBeHHOE pacipocTpaHEHUE

UMEIOT nepenadu ¢ yriom o = 90°.
Konunueckue nepenaum ciaoxHee
HUAJIMHIPUYECKUX B U3TOTOBJICHUU U MOHTaXe.
J{nst Hape3aHusi KOHMYECKUX KOJieC TPeOyroTCs
CIIeIMAIbHBIC CTAHKU U CTICIIUATBHBIN
MHCTpyMEHT. KpoMe TomyCKOB Ha pa3Mepsl
3aIleTUIeHUs 3716Ch HEOOXOIMMO BBIIEPKUBATH
JIOTTYCKH Ha yTIIbI 81, O2 1 O (puc.2), a mpu
MOHTa)Ke 00eCIeynBaTh COBNAJICHUE YIJIOB
KOHYyca. BBIMOJHUTH KOHUYECKOE 3alleIJICHUE ¢
TOM e CTENEeHbI0 TOYHOCTH 3HAYNUTEILHO
TpyAHee, ueM HunHaApudeckoe. [loatomy
CTEIIEHb TOYHOCTH 3aKPBITON KOHUYECKOU
nepeaadyu 7-s (4UTO COOTBETCTBYET §-il CTENEeHU
TOYHOCTH IWIMHAPUYECKOHN NIepeaaun ), a
OTKPBITON KOHUYECKOU mepeaaun — 8-s1 (4To
COOTBETCTBYET 9-i1 CTENEHU TOYHOCTH
UUJIMHIPUYECKON TTepeayn ).

[Iepeceuenune oceii BajoB 3aTpyAHSET pa3MelnieHue onop. OaHO U3 KOHMYECKUX
KOJIEC, KaK MPaBUJI0, IIECTEPHS, pacloJiaraeTcsi KOHCOJIbHO. [Ipu 3TOM yBenuunBaercs
HEPaBHOMEPHOCTh paclpeie]ICHUsI Harpy3KH 1o JUIHe 3y0a. B koHnueckux nepegavax mjis
OrpaHUYEHMS radapuTOB ILIECTEPHU OTPAHUUYUBAIOT NiepeaaTouHoe yuciio U < 6.
[Tpaktruecku U = 2...3,5 He BbI3bIBAET NpOruda Baja noJl KOHCOJIbHO PacoI0KEHHOU
niecTepHeit 0osee nomyckaemMoro. B KOHU4YECKOM 3alenIeHUH JEHCTBYIOT OCEBBIE CUITBI,
HaJM4KMe KOTOPBIX YCIO0XKHIET KOHCTPYKLHIO Orop. Bee 3To0 npuBOAXUT K TOMY, UTO 10
OTIBITHBIM JIAaHHBIM HAarpy304Hasi ClIOCOOHOCTh KOHMYECKON Nepeaul COCTABIISET TOIBKO
0,85 no cpaBHEHUIO ¢ HUIMHAPUYECKOW. HecMOTpst Ha OTMEUEHHBIE HETOCTATKH,
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KOHHNYCCKHUC IIEPCaaun HMCIOT HIMPOKOC IPUMCHCHHC, IIOTOMY YTO YCIIOBHA PA3MCIICHUA
Y3JI0B MalllMH 9aCTO BBIHYKAACT pacCIiojiaraTtb BaJibl IIOA YTJIOM.

3.1 T'eomeTpusi KOHUYECKOI Mepenaum (puc.2)
M — CpeIHAN OKPYKHOM MOZYJIb, HE TOCTUPYETCS;
Me — BHEIIHAM OKPYKHOU MOZYJIb, TOCTUPYETCS.

2. d, =mz,
- CPEIIHUE JICIIUTEIIbHBIE TUAMETPHI.
d, =mz,
3.d,=m.z,
- BHELIHUE JCIIUTEIIbHBIE JUAMETPBI.
deZ = meZZ

R, - BHEIIHEE KOHYCHOE PACCTOSIHUE

dy, ) (da )
R, =\/(7€2j j{%j =0,5m, /25 + 27 .
KoaduirieHT oTHOCUTENBHOM

IIMPUHBI 3y0a

K =2<03,

6e

e
/i€ 6 — IIMPUHA BEHILIa KOHUYECKOIrO
KoJeca.
Bennuunoit K, 3agatorcs. Torna

6=K,_, -R,.

Cpennuii OKpy>KHOU MOAYJIb M:
R d,

€ —

R, —05 d

OTKYy[1a
m=m,(1-05K_).

Puc.2

3.2 KuHeMaTuKa KOHM4YeCKOW mepeaauu

[IepemarouHoe YKCIIO 3aMCHIBAETCS KaK

U@ _ M _dy
w, n, d,
Ho Ha puc.2 BUIHO, YTO
d—2=t952 =U
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Tak kak nepenada oprorosajibHasi, T.e. &, + 38, =90,
TO

1
tg51 =U .

3.3 Pacuer KOHHYeCKHX Mepeay HA KOHTAKTHYIO POYHOCTb.
IHopsigok pacyera 3aKpBITHIX KOHHYECKUX Nepeaay
[Ipumep pacuera

3.3.1 PacueTroM 110 KOHTAKTHBIM HaIIPSKEHUSIM ONPENEIISIETCS BHEIIHEE KOHYCHOE
paccrosiHue R,. 3anaroTca MaTepuagaMu 3y0daTsIX KOJIEC I10 aHAJIOTHUHU C 3aKPBITBIMU

HUWJIMHAPUYECKUMH TepeayamMu (CM. paszien 3akphIThle HUIMHAPUYECKUE nepeaaun). B
TOM CJIy4ae, €CJIv IIECTEPHS U KOJIECO BBIIMOJIHEHBI U3 CTAJIM BHEIITHEE KOHYCHOE
pPAcCTOSIHUE OINpEAENIUTCA 1o hopMyie:

2
Re=/—1+U§m-3[ 340 } oKy

U3K17[O-]H (1_ Kse)2 Kse

2
340 30042485-15
R, =41+25% 3 . ‘ — =106,26 mm,
: [2,5 - 800) (1-0,3)?-03

rae U,,,, - mepeaaToyHoe Yuciao KOHnYeckon nepenauu, U, = 2,5;

[0], - momyckaeMoe KOHTAaKTHOE HallpshKeHUeE Ui MaTepuaia Kojeca (MeHee
npounoro), [¢], = 800 H/mm?;

T, - KpyTAIIMI MOMEHT Ha KOJIECEe PaCCUMTHIBAEMOU mepeaayun (KpyTSAIe MOMEHTHI
Ha BCex Bajiax ObutM omnpenenensl B pa3a.l), T,= 300424,85 H-mwm;

Ky - Ko dUIIMEHT Harpy3KH A7 pacdyeTa Mo KOHTAKTHBIM HAMPSKEHUSIM,

MPEICTABIIAIONINI CO00M Mpon3BeneHne IBYX KOIPPHUITUESHTOB:
KH = KHﬁ Ky,
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rae K, - KooQ(UUUMEHT HEPABHOMEPHOCTH PACIPEEIEH S HATPY3KH 110 JUIMHE KOHTAKTa.

JI1st koHMYecKuX 3y0UaThIX Nepeiady MOKHO BbIOMPATh, KaK JJIs1 KOHCOJIbHBIX
AJTUHIPUIECKUX TIepead (T.€. Mo KpuBbIM 1 u 2 puc.4);

y

© U[I 7 m

E i 455 ER 4 §
5= 5

(=0 =&

Kng npu Hy € 350H8 v Ky & 35018

Kup npu Hy>350 HE & Hy>350H8

15 s ¥
L I SEEA
h¥ B, MmN J 4
fj.' J |, 13 I [ /, f\'
) 'L? 4 ' V.. 514
A 1A /
f’z 4 ’Jz 7
A/ P / h
TR | A
v ! " I/I/r f I 4 // A
_— f et
faaa 7 08 12 LE f"? 24 as 2 ;5
q I ! ! ?“ ’ r L} ?jg’
Puc.4

K,, - Ko3p(UIUEHT TMHAMUYECKON Harpy3Kku. ToT KO3(HULIUEHT 115

KOHMYECKHUX 3y04aThIX Mepead MOKHO BBIOUPATh TAK ke KaK IS [IUIMHAPUIECKUX
nepenad (T.e. o tad.1, cuuras, 4To KOHUYECKas nepeada BhIMOJHEHA 0 7 CTEIeHH

TOYHOCTH).
Jlns mpeABapuTEIBLHBIX PacuyeTOB MOYKHO ITPUHUMATH
Ky =K, - K, =13..15.

[Ipunumaem K, =1,5.

6 o
ng = R_ - OTHOCHUTCJIbHAS BEJINYWHA HNIUPUHBI 3y6anoro BCHIIAa KOHUYCCKOU MICpCaaiu,

e
npuHrMaeMas paBHoi K, <0,3. I[Ipuaumaem K, =0,3.

Tabm. 1
3HaueHus Ko3PpuueHTa JMHAMUYECKON Harpy3ku K,

TB Thb
CTereHL b :g(l)l;)ecﬁ Oxpy>kHasi cKopocTh V, M/c
TOYHOCTH NTOBEPXHOCTH o 3 3...8 8...12,5 12,5...20
3yoneB HB
6-5 <350 1/1 1,1/1 1,15/1,05 1,23/1,1
> 350 1/1 1,08/1 1,13/1 1,8/1,05
7-g <350 1,08/1 1,18/1 1,23/1,1 --/1,15
> 350 1,08/1 1,13/1 1,18/1,05 --/1,05
85 <350 1,13/1,05 1,23/1,15 --/1,2 -
> 350 1,1/1,05 1,18/1,1 --/1,15 --
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3.3.2 OnpegensieM yriibl IpHU BEPIIMHAX JEIUTEIbHBIX KOHYCOB IIECTEPHH U KoJieca

0, =arctg Ul , 0, =arctgu.

o, =arctg =arctg 2i5 =21°485";

3KI1 !

0, =arctgu,,,, =arctg2,5=68°115".

3.3.3 3agaem z, - uncno 3yobeB mectepHu. z, = 18...24. B mpumepe z; = 20.

MuHUMaNBHO IOTYCTUMOE YUCIIO 3yOhEB IIECTEPHU OMPEIEIIsIeM U3 YCIOBUS
OTCYTCTBUS MOAPE3aHUs 3yOheB MO PopMyJie:

Zl
C0SJ,

>17.

B npumepe 0 2156>17.
cos218’

OrnpeiensieM YuCiIo 3y0beB Kojieca

2,=2,-Uyuy 2,=2,-U,,=20-25=50.
Ecnu z, mosydaercst HEIesI0€e YiCiio, ero OKPYIIISIOT 10 OJIMKaiIero 1eaoro 4nucia, z,. B
npumepe z, = 50.

Y TOYHEHHOE NTEpENaTOYHOE YUCIIO

U= yr=Y_9s
z, 20

HN3mMmeHeHune [nepcaaTovYHoro 4mcia

5:U—U

100% < 3%,

25-25
25

o 100% =0,

riae U - 3aJaHHoE nepeaaTo4YHoC 4YucCiio.

3.3.4 OnpepensieM BHENTHUI OKPYKHOM MOZYJIb ITepeaadud m,:
R, ... . __ 10626
T 05502 +20°

- 2 2
0,5z, +12;

Monynbs m, okpyrisiem 1o Onrkaiiero crangaptaoro 3Hauenus mo 'OCT 9563-80, eciu

=397 MM.

m

e

UCIIOJIB3YETCS CTaHAAPTHBIM MHCTPYMEHT MPHU U3TOTOBJICHUHU.
Psin cranmaptabix moaysier mo 'OCT 9563-80 npuBeaeHs! B Ta01.2.
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Taomuma 2

03 1 (2,75) 45 9
0,4 1,25 3 5,0 10
05 15 (3,25) 55 11
0,6 1,75 3,5 6,0 12
07 2,0 (3,75) 6,5 13
08 2,25 4,0 7 14
25 (4,25) 8 15
HpI/IMe‘laHI/IC. 3Ha‘IGHI/IH MO,Z[yanI, YKa3aHHbIX B CKO6KaX, IMPUMCHATDH HCXKCJIATCIIBHO.

m, =4 MM.
3.3.5 YTouHsIEM BHEIIHEE KOHYCHOE PACCTOSIHUE, COOTBETCTBYIOIIEE OKOHYATEIBHO
MPUHATHIM [TApAMETPAM NIEPEAAUH

R: =05m;\/(23)" + (z1)’
R, =0,5-0,4v50% + 20> =107,7 mm..

3.3.6 OnpexernsieM MIMPUHY 3yOUaTOro BEHIIA
6=K, R;,

6=0,3-107,7=32,32 mm .
[TonydeHHOE 3HAYEHUE ¢ CIEAYET OKPYIJIMTH 0 LEJIOTr0 Ynciaa MUUITUMETpoB. [IpuHuMaem
6= 32 mm.
3.3.7 OnpenensieM BEIUUUHY CPEIHETO OKPY>KHOTO MOJIYJI m
m=m’(L-05K,),

m=4(1-0,5-0,3) =34 mm.
[TonydeHHOE 3HAUEHNE MOJTYJISI HE OKPYTIISETCS.
3.3.8 OmnpenensieM BEIUYMHY OKPYKHOM CKOPOCTH, COOTBETCTBYIOIIEH CPEAHEMY

JEIUTEIBHOMY IMaMeTpy HauyaabHOIO KOHYycCa
T-m-z,-n
w = L M/C,
? 60-1000
_m-34-20-725
¢ 60-1000

r7Ie m- B MM; N, - B 00/MHH, 4acTOTa BpaIieHus mectepHu. B mpumepe n,= 725 06/mMuH.

=182 m/c,

ITo maHHOM CKOPOCTH, CTENIEHU TOYHOCTH U3roToBJIEHUs, HB yTouHsieTcs 3HaueHne
kodpdunmenta K, (tadmn.l).

IIpu V,,=1,82 m/c, crenenu Tounoctu 7, HB>350 — snauenune Ky, =1,08.

3.3.9 Yrounsem 3nauenue kodddunuenra K, 1Mo BEeIUYUHE

wo = 6 _ 6
“d, m-z
U CXEME PACIIOJIOKEHUS KOJIEC OTHOCUTENBHO o1op (puc. 4, Kpusble 1 u 2).
32
W = 790" 0,66, kpuBas 1, T.K. yCTaHABIMBAEM IIAPUKOBBIE PATHAIBHO-YIIOPHBIE
NOAIMIIHUKY, K}, = 1,45. Ecay NOAIUIIHUKA POJMKOBBIE PaAMalbHO-yIIOPHBIE, TO KpUBAs

2.
3.3.10 Ytounsem 3HaueHue koddpuiiueHTa Harpy3ku
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K =Ky Ky .
K7, =108-145=156.

3.3.11 OnpenensieM 1eMCTBUTEILHOE KOHTAKTHOE HANIPSKEHUE B niepeaade. s
CTaJIbHBIX KOJIEC M IIEpelayn 0e3 CMEIECHUS HCXOAHOTO KOHTypa UM Xy =0 KOHTaKTHOE

HaNpsHKEHUE MOXKHO 3aIUCATh:
3
J(U¥)? +1)
o} = 3*40* (( ) T, K}, , HMM?,
UR' | (1-05K )% ¢

rae 7T, - B H-MM; R, - B MM.

3

o5 i)
oy =220 ( O 1 30042485156 = 75435 HAnl,

25-107,7 | (1-0,5-0,3)2 - 32

PannonanbHOCTh TPOEKTUPOBAHMUS:

- leperpy3ka = MlOO% <5%;

o],

- HeloTpy3ka  J = Lol =94 1509 <100 .
[o],

80075435
800

o 100% =5,7% <10%.

B npumepe Henorpyska.

3.3.12 IIpoBepka 3yObeB miecTepHu (MIJIM KOJieca) Ha U3ruo
_ 2T1 ) KF Y

0,85-6-m? -2,

rae y. - koddgduimeHt Gopmbl 3yda, KOTOPBIA ONMPEACIISIOT 10 PUC. 5.

B 3aBucHUMOCTH OT 3KBUBaJICHTHOI'O YKClia 3yObeB IIECTEPHU
z, . 20

O¢ S[O']F!

B = coss, "= cosordgs
* 02050470

» o_a"\ SN \\ Ecnu st mecrepan n
\ IO KoJjieca OepeTcst OIMHAKOBBIM
N \\\\ AR Marepuai, To Yy 4 [o]:
4o Lol S AN GepyTcs s mecTepHu. Ecin
03 \\ tk\ NS Martepuall mecTepHu oosiee
58 PS NS IPOYHBIHA, YeM MaTepHa

oy \\\\\\ '::._Q\\ p > p
36 WS- = KoJIeca, TO pacyeT BEAYT 110
Wb —— ertne omsomente [7], 1y,
06 - ; 7/ Fl Y
3,2 o —— =L _ yr =4,05;
10 xslols = 11 21051\’31,92 Hym —
" KPYTSIIHIA MOMEHT Ha
10 12 r¢ {47 20 25 30 ¥0 S0 &0 £0 Mg 150 200 oZy meCTepHe.

Puc.5
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~2-10513192-1,664-4,05

OF

0,85-32-4°-20

=501H | mm? <529 H | mm?;

IPOLIEHT HEJOTPY3KH OIMPENEIIATh HE HAJO.
K¢ - K03(ppUIMEeHT HATpy3KHU JJI pacueTa Mo U3ruOHBIM HAMPSHKCHUSIM,
IPEICTaBISIIOIINNA cO00H Mpou3BeeHNE IBYX KOA(P(UIIUEHTOB:

Ke =Key - Kpy, Kp =16-104=1664.

3neck K, - KOOQGHUIUMEHT HEPABHOMEPHOCTH PACIIPEETIEHHS HATPY3KH 110 JUIMHE

KOHTaKTa. [[71s1 KoHnyeckux 3y0UaThIxX mepenrad MOXKHO BEIOUpATh Kak JJis1 KOHCOJBHBIX
HUIMHAPUYECKHUX Niepead (T.€. o KpuBbIM 1 u 2, puc. 6).

(=

nl

Ky =

1,6 mo y,, =0,66, kpuBas 1.

2 3 sy P+

=ls v -‘WI p

=2 2 :

Keg pu Hy<I5048 ume Hy T50 48 Key npu Hy>350H8 u Hy>350 H8
A "‘I 53 7] [
18 14 f
17 /1, ; 17 4
f,f 2“"/ by V., ’15 J‘/ /—-4
r )
!rq / f/f{h; 134 ] : -
AT/ AV 2527 o7 WY ATV iR
WA ZZ N A2
==l LR

0 gy g8 17 45y, 0 4% 4F 41 16 ¥,

Puc.6

Kg, - KOOQPUUIUEHT AMHAMUYECKON HArpy3Ku. DTOT KOAQMUIMEHT 711 KOHUYECKUX

3y04aThIX mepead MOKHO BBIOUpATh TaK ke, KakK JJIs IMIMHIPUIECKUX epenad (T.e. 1o
Tab11.4), cunTas, YTO KOHWYECKas Nepeada BhITIOJHEHA 110 7 CTEIEHU TOYHOCTH.
3naueHus K., (B uucaurene st Mmatepuana, umeromero HB< 350, B 3HameHarene —

17151 MaTepuaia, uMmeromero HB > 350).

Tabmauma 4
Crenenn Oxpy>kHasi ckopocTh V, M/c
TOYHOCTH 1 2 4 6 8
7-5 1,08/1,03 1,16/1,05 1,33/1,09 1,50/1,13 1,62/1,17
8-s1 1,10/1,04 1,20/1,06 1,38/1,12 1,58/1,16 1,78/1,21
Q-5 1,13/1,04 1,28/1,07 1,50/1,14 1,72/1,21 1,98/1,27

Kp, = 1,04 mo V1 =1,82 m/c, crenenn Tounoctu 7, HB > 350;
[c]: - DONyCKaeMoe U3ruOHOE HATIPSHKEHHE [l MaTepyana mectepau, H/mm?,
B npumepe [o], = 529 H/mm2,

Of

~2-10513192-1,664-4,05

=501H | mm? <529 H | mm?;

0,85-32-47 .20

MPOIICHT HEJOTPY3KHU ONPEACIATh HE HAO.
3.3.13 OnpenensieM quameTphl KOJIEC:
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1) AnameTpsl BHEUIHUX JAEIUTENIBHBIX OKPYKHOCTEH IIECTEPHU U KoJleca
d,=m;z,, d,=4-20=80Mm;
d,=m;z,, d,=4-50=200MM;
2) quaMeTphl BHEITHUX OKPYKHOCTEH MO BEpIINHAM 3yObeB
d,; =d, +2m;coso,, d,, =80+2-4-c0s21°485"=87,42MM - JU1s LLIECTEPHU;

d,, =d, +2m’coss,, d,,=200+2-4-c0s68115"=20297 MM - IS KOJIECA;

3) IuaMeTpbl BHEIIHUX OKPYKHOCTEH MO BIAJMHAM 3yOhEB
d =d, —2,4m;coss,, d,, =80-24-4-c0521°485"=71,08 MM - JIsl LIECTEPHU;

dy, =d,, —2,4m_coss,, d,=200-2,4-4.c0s68°115"=196,43MM - 1JIs1 KOJIECA;

3.4 KOHCTpYKIIMSI KOHUYECKUX 3yOUaThIX KOJIEC:
a) mectepHs (puc.7)

& =2,5ﬂ7:f-2 M

¢, =(1.15)d,

d, =16d,

G/e1
a/fef

Puc.7
0) xoJsieco (puc.8)
05me
S
%5,
v} ""’94-
™
o ? ¥ S?-J‘e
I 5 Z c=(2..25)8
12, 102 _\1 2MM
d‘z J\v B
RS
» lem > '§1

Puc.8

4. YEPBAYHBIE IIEPE/IAYUA
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Yepsaunasa nepedaya COCTOUT W3 BHHTA, HA3bIBAEMOTO YEPBSIKOM, M YEPBIYHOIO
KOJIECa, MPEJCTABJISAIOIEr0 Pa3HOBUIHOCTh KOCO3yOoro koseca. YUepBsuHbE Nepenaydyu
OTHOCATCS K 3y0uaTO-BUHTOBBIM, C
NEPEKPEIINBAIOIIUMUCSA ~ OCSMU  BaJIOB.  YTOJ
nepekpemyBanus 00bdHO paBeH 90°. Bo3MOXXHBI U
Ipyrue yriabl, OTIIMYHbE OT 90°, OJHAKO TakKue
nepegaynm  BCTpeyaroTcss penko. B depBsiuHON
nepegaye BO3HHMKAET TPEHUE CKOJIBKEHUS MEKIY
BUTKOM BHHTA 1 3yOOM YEpBSIUHOTO KoJjeca.

K 1mocromHcTBam  4epBSUHBIX — Hepenad
OTHOCATCSL:

a) BBICOKas HAarpy3o4Hasl CIOCOOHOCTb IHepeauu,
YTO JJAET €€ KOMIAKTHOCTb;

0) OoJibllIOE MEPENAaTOYHOE YMCIIO B OJIHOM mape; B
CHJIOBBIX UYEPBSUYHBIX TTEpeaadax
U <100, B kmHeMaTHUeCKUX YepBauHbIX mepeaadax U < 1000;
B) OECITyMHOCTB PabOTHI M OOJIbIIIAsl TUTABHOCTH X0/1a.
K HepocTtaTkam 4epBsSYHBIX IIepeaad MOKHO OTHECTH:
a) Hu3kuit KII/I; B cuimoBbIX mepenadax Nqag = 0,7...0,8;
0) WCIONB30BaHNE I[BETHBIX METAJJIOB JIJISl BEHIIOB YEPBSYHBIX KoJieC (I YMCHBIICHUS
TPEHUS CKOJIbKEHUSA);
B) HarpeB nepeavm.

T'eoMeTpust YepBAYHOU NMepeaauUu

4.1 Yepssik

B mammHocTpoeHMH HanOoJee pachpocTpaHEHbl apXUMEAOBBI YEPBSKU: BUTKH YEpBSKa
Hape3aHbl Ha LJIMHAPUIECKOM MOBEPXHOCTH; B OCEBOM CEUEHHH UMEET TpamelenaAanbHbIN mpopuitb
pe3bOBI; B TOPIIEBOM CEUCHHH BUTKU Pe3bObl OUEPUEHBI apXUMEI0BO CIUPAIbIO, OTKYa STOT YEPBSIK
¥ TIOJTy4/JT CBOE HA3BAHUE.

& p
3
hy - O
b~
| 7
LY L1
8,
£ =daz
Puc.1
Pe3pba yepBsika MOXKET OBbITh OJJHO3aXOJIHOM M MHOT'03aXOJHOM, a TakXe MpaBoil u
neBoii. Hanbonee pacnpocTpaneHa npasas pe3b0a ¢ 4iCIOM 3aX0JI0B z1=1;2; (3); 4.

Uwuco 3aXx0/10B Z1 3aBUCUT OT niepegaTouynoro yucia U (tabm.1).
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Taén. 1

U

Csoiiite 8 1o 14

Csoitre 14 1o 30 u BeIIIE

Csoiitze 30

4

2

VAl

Kunematnueckne YCPBAKH

CuIioBbIe YCPBAKH

['eomeTpryeckue mapamMeTpsl YepBsIKa:
o = 20° - mpoduIBHBIN YTOJI B OCEBOM CEUYCHHM,

m= P oceBoit Mmoysb o 'OCT 2144-43;

T

P — oceBoit mar o ['OCT 2144-43;

(J — OTHOCHUTCIIBHBIA JHAMETp YEpBsIKa, T.C. YHCIO MOIYJICH B ACIUTCILHOM IHAMETPE
yepBska (I'OCT 2144-43); no ctaHaapTy CBs3aH C BEIMUYMHONU MOYJIsI (CM. TaO.2).

Tabn. 2
m, MM q m, MM q
1 16 4,5 10; 12; 16
1,125 16 5 9;10; 12; 16
1,25 16 6 9;10; 12; 14
1,375 16 7 9; 10; 12
15 14; 16 8 8;9;10; 12
1,75 14 9 8;10; 12
2 10; 12; 14; 16 10 8; 10; 12
2,25 12; 14 11 8; 10; 12
2,5 10; 12; 14; 16 12 8; 10; 12
2,75 10; 12 14 8; 10
3 10; 12; 14 16 8;9
3,5 10; 12; 14 18 8
4 9:10; 12; 14; 16 20 7,5

Jlns  cokpallleHHs KOJM4YecTBa pa3MepoB ¢pes,

YepBsKa:

= 0,212z,.

TpeOyeMbIX Il Hape3aHus
YEPBIYHBIX KOJIEC, PEKOMEHIYETCS ITPUICPKUBATHCS CTAHAAPTHBIX 3HAYEHUM (], YKa3aHHBIX
B Tabn.2. MuHUMaIBHO JOMYyCTUMOE 3HAUYCHHE (] TOJYYEHO M3 YCIOBHUS >KECTKOCTU

st oOecrieueHuss JTOCTATOYHOM KECTKOCTH dYepBsKa
koaddumment q=(0,25...0,33)z,. 3nech z, — YUCIIO 3yOhEB YEPBSIUHOTO KOJIECa.

JJist TOro 4TOOBI UCKITIOYUTH CIUIIKOM TOHKHUE YEPBAKU CTaHJAPT MpPELyCcMaTpPUBAET
yBenu4yeHue (¢ ¢ ymeHblieHMeM M. Ilpu TOHKOM uYepBsKe YBETUYUBAETCS MPOTHO

YCPBAYHOTO Bajid, YTO HAPYIIACT MIPABUJIBHOCTD 3allCIIIICHU .

Huametpsl (puc.1):

dl:mq
d, =d+2m
d,;=d-24m

o z
Yrou norbeMa BUHTOBOM JTUHHUHK Y 3aBUCUT OT Z3 M ( - tgy =—
q

- IEJIATEIIbHBINA TUAMETP YEPBAKA;
- TWAMETP BEPILUMH BUTKOB;

- AMaMCTp BIIAAWH BUTKOB.

( Tabn.3).
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S — x00 yepesaka (puc.2);
w2
¥ S=pz;
TEd1
Zl
— gy =—.
q
Puc.2
Tabnuya 3
; Yron y npu ko durmente
' 8 10 12,5 14 16 20
1 7°7 5°43' 4°35' 4°05' 3°35’ 2°52'
2 14°2' 11°19’ 9°05’ 8°07’ 7°07’' 5°43'
4 26°34' 21°48' 17°45' 15°57’ 14°02’' 11°19

JInvHa Hape3aHHOW YacTH YEpPBSKa 61
npu z, =12 6, >(11+0,06z,)m;
npu z, =4 6, >(12+0,09z,)m,
r7ie Z; — YUCII0 3yObeB UEPBAYHOTO KOJIeca.

[Ipu tBepmoctu yepBsika HRC>45 mnmuny 61 nis BeIxojaa NUTM(OBAIBHOTO Kpyra
YBEJIMYMBAIOT HA 3M.

4.2 KoHCTpYKUUA YepBaKa

UepBsky BBIMOIHSIIOT CTAJbHBIMH, Yallle BCETO 3a OJHO IIeJIoe ¢ BaJioM. J[mameTpbl
YepBsKa U JUTMHA HAPE3aHHOW YaCTH OIPEJICIICHBI PACUE€TOM.

Pasmepsl BhICTymaromero u3 peayKTopa KOHIIA Bajia YepBsKa COTJIACOBBIBAIOT C
COOTBETCTBYIOIIMMH pa3MepaMy Bajia dSJEKTPOJBUTATENS M COCAUHUTEIBHOU MYyQTHI (
d,=d,,; ¢,=15d,). 3areMm u3 ycioBHs COOpKH ONpPEAENSAIOT IUaMETp Bajla B MECTe

6 8.90"
YCTAHOBKM TOJIMUMHUKOB. J[JI1 ymopa MOAIMIMITHUKOB HEOOXOAMMO TPeaycMaTpUBaTh
cnienuaibHbie OypTUKUA. Ha ogHOM KOHIIE Bajia 4epBsika YCTAHABJIMBAIOT JIBA PaJHAIIbHO-
YIOPHBIX TMOJUIMIHUKA (IIapHUPHO-HEMOJABWKHAA OIOpa); JUIsl WX 3aKpeIuieHus
MPEIyCMaTPUBAIOT YYAaCTOK C MEJIKOW Pe3b00il /sl yCTAaHOBKY TalKH; raiika JOJKHA OBITh
3aKOHTpEHa OT OTBHHYMBaHMA. Ha napyrom KoHIE Bana 4YepBsAKa YCTAHABIMBAIOT
paauanbHbIN NOAIIMIHUK — [JIaBAIOIIas Ornopa (IapHUPHO-TIOABUKHAS OIIOPa).

d,, - AMaMeTp OKPY>KHOCTH BBICTYTIOB 3yObEB UEPBIYHOTO KOJIECA;

l= daz - paCCTOAHHUEC MCXKAY HECHTPAMU TCJI KAUCHHUA IMMOAININITHUKOB.
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d=dy (d>dnogw) | L>0
i
T
3 ] — - N
T e =)
o) ]
—_— 1
Fm:.n -~ ddz
4.3 YepnsauHoe kojeco (puc.3)
1 - uepBsK;
/ 2 - BEHeIl YepBSIIHOTO
day KOJIeca;
NV 3 - muck (cTynwuma)
\ 28° -//V X4k g YEPBAYHOI'O KOJIeCa;
; - 20° - myra obxBata; 26°=100°.
SRS = h=0,5¢, ;
i S TRl
. L A =(12..13)S,;
) /4///9 4 h: S, =2 0
VY nxﬂ,15bz o =M.
X C [To ycnoButo Hemonpe3aHusi 3yObeB Zp
' > 28.
X & o o Juamerpsl:
K] 7 2, | ISERNIRS d, =mz, - NETUTEIIbHBIN
] 7%/ 7w, )\ JMaMeTp YepBIYHOTO KOJIeca;
d,, =d, +2m - 1uameTp
3 7 o & OKPY>KHOCTH BBICTYIIOB;
t:E. — 157 d,, =d, —2,4m - IHAMETP OKPYKHOCTH
.é BITa IVH.
7 /// d,,, - HAPY>KHBIN JUaMeTp, CBI3aH C
/ 7. 4UCIIOM 3aX0JI0B YEPBAKa 71 U
IIUPUHOIO BEHIIA 82 YEPBSIYHOTO KoJieca
(Tabmn.4).
4
t— o >
Puc.3
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Tabnuua 4

Z 1 2 4
dao <d, +2m <d,, +15m <d,, +m
62 <0,75d,, <0,67d,,
d, +d
MeskoceBoe paccTosHue: a= % =0,5m(q+2z,);
d_, - AMaMeTp CTYIIHULIBL: d, =16d,_,
¢, - JJIUHA CTYIHIBL: ¢, =1.15)d,.

CTYHI/H_[a — YacCTb ACTAJIN, KOTOpasA OXBATLIBACT BaJl.

4.4 KoHCmpyKyusa 4Yepea4YHbIX Kosec

UepBsiuHble KoOJieCca M3TOTABIMBAIOTCA OaHAaXUpPOBaHHBIMU (cocTaBHbIMU). LleHTp
KOJIeCa M3TOTaBJIMBACTCS M3 CEPOro uyryHa wid w3 ctanu 35, 40, 3yOuarblii BEHEl| — U3
Opon3el. CoequMHEHHE BEHIIA C ILIEHTPOM JOJKHO OOECIedYUTh Mepenady OOJIbIIOro IO
BEITMYMHE KPyTAmero MomeHTa. [loaToMy mpemycmaTpuBaeTcsl ocaka BEeHIa ¢ OOJIBITIM

H7 H7 .
HATSITOM 5 M - H CTaBiITCA B CTBIK 3 BUHTa nox yriaom 120° (TomoBku
r

cnwinBaloTcs). Ha HapyKHOW NMOBEPXHOCTH ILIEHTpa NpeaycMaTpUBaeTcsl OypTUK MAJis
HEHTPUPOBaHUs (PUC.3); TaM Ke JIaHbI €T0 Pa3MepHhl.
[pu Gonpmmx auamerpax kousec (d,,, > 400w )

=(2..25)m
Sy= ) KpPEIUIEHUE BEHIIA K LICHTPY
] ) : MOYKHO OCYILECTBUTH oonTamu
—] >
~155 S NOCTaBJIeHHbIMU O€3 3a30pa. B 3ToMm ciyuyae BeHell
N .
m\ MpEBAPUTEIbHO  LEHTPUPYIOT 1O  HAPYKHOU
= & MOBEPXHOCTH IIeHTpa (puc.4).
\Bﬁé B TaKuX KOHCTPYKIIUAX HYXHO
4 (V)
/é MpeyCMaTpUBaTh HAAEKHOE CTONOPEHUE TAUKU OT
| CaMOOTBUHYMBAHUS.
A VY
S Wl%/Aé///// I
o 4.5 KnuHemaTtuka yepBayHoOi nepegaumn
= w| § .
= 5 B uepBsiuHON Tepemade, B OTJIMYUE OT
Y | 3y04aTtoi, OKPYKHbIE CKOPOCTHM Ha HadaJbHBIX
// OKpyXHOCTsIX V, ®u V, He coBnagaioT. OHH
. / /// b7 ] HampaBieHbl noj yriaom 90° W pasnuuHbl 1O
: BenuuuHe. [loatomy 1) mnepenaTouyHoe 4YHCIO He
Lem MOKeT OBbITh BBIPAKEHO OTHOIIECHUEM d—2 u 2)
- 1
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HaYaJIbHbIE OKPY>KHOCTH He NMePeKATHIBAKTCSH, & CKOJIb3AT.
[Ipu ABMXEHUM BUTKHU YEPBSIKA CKOJIB3AT MO 3yObsiM Kosieca. CKOPOCTh CKOJIBKEHUS
V, HampapJIeHA [0 KacaTeIbHOW K BUHTOBOU JIMHUU YepBsiKa (puc.5).

Vg = Vi , 3yé roneca Pe3nba wepbaxa
cosy _
7d,n V.
rie V,=—1-M/c — OKpyXHas L I g CKOPOCTh
A Y17 %0.1000 by ' P
YepBAKa; ' \
Y - YToJI oTbeMa BUHTOBOH JINHUY;
= ﬂM/C —  OKpy»XHad A CKOpPOCTh
* " 60-1000 Py \ Vs P
YEpBSYHOTO KOJIeca.
Vv Puc.5 n, z
N3  puc.5 -2 =tgy, OTKyna U=—-=_=-%,
Vl nZ Zl
: z,>28
JIJ1s1 CHITOBBIX YEPBSIYHBIX KOJIEC: 2> A U >14
=

4.6 KNJA yepBAa4yHoOU nepegaum

[Io ananormum ¢ BUHTOBOM mapou s uepBsuHbIx nepenad KIIJ 3anumercs

CICAYIOIIUM 00pa3oMm:
__ tgy

gy +p)
I7ie ¥ - yroji noJibeéMa BUTKOB UEPBSIKa;

L’ - IPUBEICHHBIN YroJl TPEHUS, ONPEAEIIEMbIN SKCIEPUMEHTAIIBHO; B HETO BKIIFOUEHBI
TaK’k€ OTHOCUTE/bHble TOTEPH MOIIHOCTH B 3alelUIeHMH, B ONopax U Ha
nepemMenuBanue macJa (taoin.s).

u

Tabn. 5

Vs, M/c 0,5 1,0 1,5 2,0 2,5 3 4 7 10 15

p/
onoBsiHMCTRIE | 3°10' | 2°30" | 2°20’ | 2°00" | 1°40" | 1°30" | 1°20’" | 1°00" | 0°55" | 0°50’
OpOH3BI

p V4
0€30JI0BSH.
OpOH3BI,
JaTyHb, YyTYH

3°40" | 3°10" | 2°50" | 2°30" | 2°20" | 2°00" | 1°40" | 1°30" | 1°20" | 1°10’

B npenBapuTenbHBIX pacueTax, KOraa pa3Mephl IIepeiadu eIie He N3BECTHBI,
BenurHy KITJ[ MOXXHO OIEHUTh OPUEHTUPOBOYHO (Ta0JI1.6).

Taén. 6

Z1 1 2 4
Nen 0,70...0,75 0,75...0,82 0,87...0,92
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[Tocne onpenenenus pa3mMepoB nepeaaun BenuunHa BeiopanHoro KIT/1
IPOBEPSAETCS PACUETOM.
rae oo = 20° - mpouIbHEII YyToi B OCEBOM CEUECHUH YEPBSIKa;
Y - YroJl MoAbeéMa BUTKOB YepBsiKa (yroJl HaKIoHa 3yObeB YEpBSIYHOTO KOJIECa).

4.7 OCHOBHbIE KPUTEPUH PAabOTOCIIOCOOHOCTH U pacueTa YepBAYHbBIX epeay

B 4epBAYHBIX Iepeavax 4acTo HabI01aeTC U3HOC U 3a€/1aHHE, a HE
BBIKpAIllMBaHNE TOBEPXHOCTHU 3yObeB, KaKk B 3yOUaThIX Mepeaayax.

[Ipu msrkoM matepuaine kojieca (OJOBSHUCTBIE OpOH3bI) 3aclaHUE MPOSBISETCS B
TaK Ha3blBAEMOM IIOCTETICHHOM «HAaMa3blBaHWNW» OpOH3bl HA YEPBSK, INPU KOTOPOM
neperaya MOXKET emie paboTaTh MpONOJDKUTENbHOE Bpems. llpu TBepapix Marepuanax
(amOMHUHKEBO-)KENIE3UCThIe OPOH3bI, UyT'YH) 3a€aHHe MEPEXOAUT B 3aUp MOBEPXHOCTU C
MOCJIEAYIOLIUM OBICTPBIM pa3pylleHUuEM 3yObeB KoJjeca.

JUIsi  npenynpexaeHuss  3aclaHus — OIPAaHWYMBAOT  BEJIMYMHY  KOHTAKTHBIX
HaIpSHKEHUN 1 MPUMEHSIOT ClleHUaIbHble aHTU(PUKIIMOHHBIE Tapbl MATEPUATIOB: YEPBIK —
CTaJlb, BEHEI] KoJieca — OpOH3a MUJIN YyTYH.

VYcrpaneHue 3aejaHusl B UEPBAYHBIX MepeAadyax HE yCTpaHseT adpa3uBHOTO M3HOCA
3yObeB. IHTEHCMBHOCTh M3HOCA 3aBUCUT TAK)KE€ OT BEJIMYMHBI KOHTAKTHBIX HAIPSKEHUH.
[ToaTOMy pacyeT MO KOHTAaKTHBIM HANpsKEHUSAM [UIsl YEPBAYHBIX IEpenay SBISIETCS
OCHOBHBIM. PacueT no HanpsikeHussM U3ruda mpou3BOAUTCS MPU ITOM KaK MPOBEPOYHBIM.

4.8 MaTtepuanbl YepBAYHbIX Nepeaay

Martepuanbl 4epBIYHOUN Maphl JOHKHBI 00/1a1aTh aHTU(PUKIIMOHHBIMU CBOWCTBaMH,
M3HOCOCTOMKOCTBIO U IOHM>KEHHON CKJIIOHHOCTBIO K 3a€IaHHUIO.

UepBsikyd COBPEMEHHBIX CHJIOBBIX MEpPeAay U3rOTOBISIIOTCS U3 YIJIEPOAUCTHIX (CTalb
40, 45) nwim nerupoBanubix (15X, 20X, 40X, 40XH, 18XI'T u ap.) craneit. llemenranus u
3akanka natoT TBepaocth HRC = 58...63, mocne 4ero BUTKM 4YepBsika HUTM(YIOT WIH
noNUpyIoT. Takue YepBIKU LEeTeCO00Pa3HO BBIMOJIHATH C 3BOJIbBEHTHBIM MPO(UIIEM BUTKA.
[Ipu HOpManm3anuu wiM yiaydiieHuH warepuana uepBika HRC < 45, pabouue
MOBEPXHOCTHU YEPBSIKA IPU 3TOM HE HUTU(DYIOTCS.

BeH11bl yepBSYHBIX KOJIEC U3TOTABIMBAIOT U3 OPOH3BI, pEXKE U3 JaTYHU U YyTyHAa.

OnoBsuuctbie 6poH3bl THHA OD 10-1, OH® cuuTtaroTcs JIydIIuM MaTepualioM st
YEpBSYHBIX KOJEC, OJJHAKO OHU JOPOTU U NEePUIMTHBI; MPUMEHSIOTCS B OTBETCTBEHHBIX
nepenadax ¢ OOJIBITUMU CKOPOCTIMU cKoJibxkeHus (Vs 10 25 m/c).

bezonosiHrcThie OpoH3BI (ayltoMUHUEBO-Kene3ucToie THna bpAXK 9-4) obnagaror
MOBBIIICHHBIMU MeXaHHu4eckuMu Xxapakrepuctukamu (HB, o), HO uMeroT nmoHMKeHHbIE
NPOTUBO3aANPHBIE CBOMCTBA. [IpuMEHSIOTCS IPpU CKOPOCTAX cKoJbkeHus Vs < 10 m/c.

UyryH cepblii uiu MOIU(PUIIMPOBAHHBIN JOMYCKAIOT Il MpUMeHeHus npu Vs < 2
M/c (Tabim.7).

46



Ta6auya 7

I'pynma | Haumerosanue Criocob Mexanuueckue coiictBa H/Mm? CkopocThb
Marep. Martepuana OTJINBKH o, o, o, E CKOJIBKCH.
Vs, M/c
BpOH®10-1-1 | ueHTpoOEKH. 290 170 -- 1-10° 1o 35
I B 3EMITIO 230 140 --
BpO® 10-1 B KOKIIE 50 500 . 0,75-10° 10 25
B 3aMJTIO 400 200 --
] BpAX 9-4 B KOKHJIb 500 200 -- 1-10° 1o 10
IIEHTPOOECIKH.
1] CY 12-28 B 3eMIIIO -- -- 280 1-10° 10 2

4.9 lonycKaemble HanpsaXeHua

[Ipu pacdere depBSYHOUN TEepemadd TOMyCKaeMble HANpPsDKCHHS (KaK KOHTAaKTHBIC,
TaK ¥ WU3TUOHBIC) OMPEACIAIOTCS ISl YEPBSIYHOTO KOJIeCa, SBIISIOIICTOCS MEHEE MPOYHBIM
AIIEMEHTOM IT1aphbl.

Jlommyckaemble HampsKEHUs IS pacdyeTa 4YepBAYHOM mMepenadyd Ha KOHTAKTHYIO
MPOYHOCTH U HA U3TUO 3yOhEB YEPBIYHOTO KOJIECA MOTYT OBITh OMpe/eeHbI 10 (hopMyiaMm,
MIPUBEICHHBIM B Ta01.8.

Ta6auya 8
I'pynma s pacuera Ha KOHTAKTHYO Jlns pacdera 3yObeB UEpBSIUHOTO

Marepuaia IIPOYHOCTH KoJjieca Ha U3rub
., |10’

I [c], =C,[o]. ¢ -

NHE [0] _O'Fo9 10

I [c], =[c]° — 25V, TS, N,

1 [o], =[o], — 35V

B atux dhopmynax: [o]] - uCXOMHOE TOMyCKaeMOe KOHTAKTHOE HampshkeHue (Tabm.9);

o., - Tpeien W3ruOHOM BBIHOCIMBOCTH 3yObEB UepBSYHOro Kojeca (tadmn.9); S, -

Fo
koadurmenT 6ezonacHoctH (Tabdn.9); C, - K03PGUIUEHT, YIUTHIBAIOIINI HHTEHCUBHOCTh
n3Hoca matepuana | rpymmsr (ta6m.10); N, - SKBHBaJICHTHOE YMCJIO IHMKIIOB HArpy KCHUS
3yObeB YEPBIIHOTO KOJieca I pacueTa Mo KOHTAKTHBIM HaIPSDKEHUSM

60 .,
N HE — T_42T2in2iti )

2
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N - SKBUBAJIEHTHOE YMCIIO LIUKJIOB Harpy>keHusi 3yObeB 4epBAYHOIO KoJieca JJIsl pacyera
M0 U3TUOHBIM HANPSHKEHUSM

N FE — 6_(9)2T2?n2iti .

T2
[Ipumeyanue. Ilpu MNOCTOSHHON Harpy3ke YHCIO LMKJIOB HarpyKeHHs 3yObeB

YEepBSIYHOTO KoJieca JiIsl 000UX pacyeToB OJIMHAKOBO U OMpeeseTcs mo Gpopmysie

N, =N =60n,t,
IZI€ N, - 4aCTOTa BPALICHUS YEPBAYHOIO KOJIECA;

t - pecypc nepemauu B yacax (~ 5000 gacon).

Tabnuua 9
I'pynma [c1°, H/mm? O ry» H/Mm? S
Marepuaia
| (0,75..09)c, 0440, + 0140, 1,75
i 250...300
1l 175 0,43 2

[pumeuanue. 1. Bonbiue 3nauenus [o]) - 1is cirydas IpUMEHEHUS YEPBAKOB C TBEPABIMU

(HRC > 45) nutngpoBaHHBIMU WK OJTUPOBAHHBIMUA BUTKAMH.
2. Jliist iepeziay ¢ pacrosioKEeHNEM YEPBIKOB BHE MACIsIHOW BaHHBI 3Ha4YeHue [0]) ciemyer

yMeHbIIHUTh Ha 15%.

Ta6auya 10
Vi 1 2 3 4 5 6 7 8
C, 1,33 1,21 1,11 1,02 0,95 0,88 0,83 0,8

[Ipy TPOEKTUPOBOYHOM pacdyeTe CKOPOCTh CKOJBXKEHUS V., OPHEHTUPOBOYHO
ompeaenseTcs mo hopmyiie:

IJIe N, - 9aCTOTa BpaIeHUs YepBsiKa, 00/MUH;
T, - KpyTAIIMA MOMEHT Ha YePBSIYHOM KoJjece, H-mm.

4.10 TennoBoii pacuet YepBAYHOI Nepegaum

MexaHnueckass 3Heprus, MOTEpPSHHAs B Iepelaye, NPEBpPaAllacTCi B TEIJIOBYHO U
HarpeBaer nepenady. Ecim OTBOA Temia HEAOCTATOYHBIM, NEpeAada IEeperpeBacTcs M
BBIXOJUT U3 CTPOS.

KonungecTBo Temia, BBIIEIAOMErocs B epeaaye:

Q=860(1-17,,)N,, Kkaj/4dac,
rae N, - MOIIHOCTBH Ha BXOJHOM Baiy, KBT;
n,, - KIIJI yepBsiuHOM Nepenayn.
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Uepes CTeHKU KOpIyca peAyKTopa TEIIO OTIAETCA OKPYKAIOIIEMY BO3IyXY —
POUCXOANT €CTECTBEHHOE OoXJIaXkaeHue. KonrmuecTBo Teria, OTIaHHOTO NP 3TOM, OyIeT
pPaBHO
Q, =K, (t, —t,)S, Kkay/yac,
rae S - HOBEPXHOCTh OXJIAXKICHHS M2,
t - Temmeparypa macna, °C;

t, - Temmeparypa Bo3ayxa, °C;

KKal

K; - K0O(Q(QULIHEHT TEIIIOO0TAAYH, —

M~ -4ac - rpag -

[Ton MOBEPXHOCTHIO OXJAXKIACHUS S MOHUMAIOT Ty YacTh HApy)XHOM MOBEPXHOCTHU
KOpIlyca penyKTopa, KoTopasi CBOOOJHO 00ayBaeTcsi LUPKYJIUPYIOIIUM BO3yXOM, T.€. HE
YUHUTBIBAETCS TOJIBKO MOBEPXHOCTH JHMILA KOPITyca.

B npenBaputenpHbIX pacyeTax IouaJb NOBEPXHOCTH OXJIAXKIEHUS KOPITyca MOXKHO
onpenenuTs o Tadi.11 B 3aBUCUMOCTH OT MEKOCEBOIO PACCTOSIHUS.

Ta6bnuua 11

a,mm | 80 100 125 140 160 180 200 225 250 280
S,m*| 0,3 0,4 0,5 0,72 | 0,93 1,25 1,37 1,7 1,9 2,2

Jlonmyckaemasi BeIMYMHA t, 3aBUCUT OT COpPTa Maclia, OT €ro CIOCOOHOCTU COXPAHSTh

CMas3bIBAIOIIME CBOMCTBAa IpPU MOBBIINIEHUH TeMIepaTypbl. s OOBIUHBIX peayKTOPHBIX
Mmacen jgomyckatoT t, 10 (60...70) °C. ABnanuoHHsle Macia gomyckarot t, g0 (100...120)

°C. Bennunna t,= 20°C.
Koaddumuent remnoornaun K, :

1) mpu OTCYTCTBUY BEHTUJISILUU K, =(7..10) A ;
M -4ac -rpan
o KKaJl
2) np¥ UHTEHCUBHOW BEHTUJISILIUN K;=(12..15) —

M? - gac - rpax |

[Ipy Q<Q, €ecCTeCTBEHHOIO OXJaXJIEHHUs JOCTaTOYHO. B MpOTUBHOM ciydae
HEO00XOMMO MPUMEHSTh NCKYCCTBEHHOE OXJIaKICHHE.

1. Opebpenue kopryca; Ipyu 3TOM YUYUTHIBAIOT TOJIbKO 50% MOBEpXHOCTH pedep.

2. O61yBaloT KOPITyC BO3JAYXOM C TOMOIIBbIO BeHTUIsITOpa. [Ipu sTOM

K, =(18..24) wear |
M -4ac- rpaz[

3. YcraHaBIMBAIOT B KOPITyCE€ 3MEEBUKU C MPOTOUHOUW Bomoil. Ilpm 3tom K, =(80..180)
5 e IIpU CKOPOCTH BOABI B TpyOe 10 1 M/cex. PekomenayeMoe KOoJM4ecTBO Macia
M -4ac - rpaa
B BanHe ~ (0,35...0,7) nutpa Ha 1 kBT mnepemaBaemoii MomiHOCTH. [lpu HUXKHEM
pacnoJIOKeHUM 4YepBsika (CHJIOBbIE 4YepBsiuHble mnepenauun,V,< 10 M/c) MUHUMaIbHBINA
YPOBEHb Macia — 10 JEIUTEIbHOr0 AUAaMETpa YepBsKa, MAKCUMAJIbHBIA — JO LEHTpa Tell
KAueHUS MOAIIMITHUKOB YEpBsKA.

[Ipu BepxHeM pacronoxeHuu uepBska (V, > 10 m/c), yepBsIUHOE KOJIECO MOTPykKaroT

B MacJio Ha 1/3 Haubomnplero ruamerpa.
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4.11 IIpoeKTHPOBOYHBIN pacyeT YepBAYHOM NMepeaadu
IIpumep pacuera

Jlns pacueTa 4epBSIYHOM Mepeaadn TOKHO ObITh 3a/1aHo: 1) kpyTsauit MoMeHT 71 (H-mm)
U yacToTa BpalieHus N; (06/MUH) Ha yepBsike; 2) KpyTsauii MoMeHT T2 (H-MM) 1 gactora
BparieHus Ny (00/MUH) Ha YEPBIYHOM KoJiece (BCEM IapaMeTpaM YepBsKa MPHUCBANBACTCS

uHJEKC 1, a mapameTpam 4epBSIYHOTO Kojeca HHAEKC 2); 3) nepeaaTouyHoe YnCio
yepBsiuHo nepeaaun Uy .. Bce naHHbIe N3 KHHEMATUYECKOTO pacueTa IpUBO/Ia.

ITycts: A 3agaHa HUKJIOTrpaMMa:
T, =38066,43 H-mmMm; 7y
N1 =715 06/muH;

T>,=431125,16 H-mm; 1‘

N, = 50 06/muH; o o

Uun = 14,3; & Y

t = 5000 gac — pecypc ° ]

paboTHI epeaym. ! ! ° R
0.2t 0,3t 0,5t t

< »
< »

4.11.1 Ilo 3nauenuto nepenarounoro yucna U, , = 14,3 mo tabn.1 BeiOMpaercs 4ucio
3aX0J/I0B UepBsKa Z1 = 2.

4.11.2 Onpenensiercst uncio 3yObeB YePBAYHOTO Kojeca

z,=U, -2,=143-2=286.

Ecnu z, mpu »TOM mosrydaeTcst Helesoe Yrcio, ero HaJlo OKPYTIUTh 10 OIMKaNlIIero
0O0JIBILIEr0 WM MEHBUIETO LIEJIOT0 YUCIIA.

[punumaem z, = 29.

3HaK * mpucBauBaeTCs yTOYHEHHOMY MapameTpy.

Z, OJDKHO OBITH 00JIbIIE 28 M3 yCIIOBHS HEMOAPE3aHusi 3yObeB.

z, =29>28.
OHpeI[eJIﬂeTCﬂ HU3MCHCHHUC IICPCAATOYHOIO YHCJIa
u,, -u’
5=~ 1100% < 3%,

u.n

rae U,, = 14,3 — 3aiaHHOe nepeaTouHoe YHCIIo;

*

« I, 29
U,, =—2%="=145 - yTOYHEHHOE TIEPEAATOUHOE YKCJIO.
vz, 2
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14,3-14,5

H

‘100% =14%<3%.

4.11.3 Ilpu BbIOOpe mapamerpa - KoddduimeHTa auaMerpa 4YepBsiKa CIEAyeT

HpI/II[ep)KI/IBaTI)CH COOTHOLICHMUI:
q=(0,22...0,33)z,

JJIA 06ecnequHﬂ HOCTaTOqHOﬁ JKCCTKOCTH YCPBAKA.
q=(0,22..0,33) - 29=6,38..9,57

Koadduruent qnomkeH ObITh B IMOJYYEHHBIX Mpeneiax, HO B 3aBHCHUMOCTH OT

MOJIyJIs TIepelauu m.
4.11.4 OnpenensieTcss MEKOCEBOE PACCTOSHUE YEPBIYHOM NIEPEAAUYH pacue€ToOM Ha

KOHTaKTHYIO IPOYHOCTh
/T K
a=613 [;]2” , MM,

rae T, - MOMEHT Ha 4epBsYHOM KoJiece, H-Mm;
K, - KOOQPUIIMEHT HAarpy3KH [P pacuere Ha KOHTAKTHYIO IPOYHOCTH;

[c], - nomyckaemoe HanpsOKEHHWE MPH pacuyeTe Ha KOHTAKTHYIO IPOYHOCTb IS

MaTepuaja BeHIla YepBAYHOro Koneca, H/Mmm?,
4.1. Beibop MaTepuanoB /i YEPBSIUHON Mepenay.
OpHUEHTHPOBOYHO OIPEAETAETCS CKOPOCTh CKOJIBKEHHUsS V, B Iepenaye:
Vs =ir:1 ofT, =22 12413112816 = 2.43wie.
10 10
ITo Tabn.7 mo Vy = 2,43 m/c BeIOMpaeTcss MaTepuai Ijs BEHIAa YepBAYHOIO KoJjeca
BbpAX 9-4 — amtomunueBo-xkene3uctas 6ponsa. Ito marepuan |l rpynmel, cnocobd oTIMBKU
B KOKWJTb, UIMEET CIIETYIOIINE MEXaHMUECKHE CBOMCTBA:
o, =500 H/mMm? — TIpeielT IPOYHOCTH;
o, =200 H/MM? — TIpeieN TeKyUYEeCTH.
B kauectBe Marepuasia 4YepBsKa NPUHUMAEM  YIJIEPOAUCTYHO cTaimb 45,
TepMOYyJyulleHHY10, umeroiyto HRC<45.
4.2. OnpeneneHue AOMYCKAEMbIX HAIPSHKEHUIA.
[Ipu pacuere yepBIUHON Mepeadn JOMyCKaeMOe HAPsHKEHHE ONMPEENseTCs s YEPBIIHOTO
KoJIeca, SBJIAIOIIETOC MEHEE MPOYHBIM 3IEMEHTOM Taphl.
s matepuana |l rpymnmel qomyckaeMoe HampspKeHUE TpU pacyeTe Ha KOHTaKTHYIO
MIPOYHOCTH OTPEENSIeTCS 0 Ta0.8
[o], =[o, ], — 25V =250—25-2,43=189,25 H/mm?,
rae [o,], = 250 H/MM? — MCXOmHOE IONYCKaeMOE€ KOHTAKTHOE HAIPSKEHHE, KOTOPOE

onpenensiercs no tabn.9 s |l rpynmnsl Matepuanos.
Jlommyckaemoe HampspKeHHE Ui pacueTa 3yObeB YepBSIUHOTO KoJjieca Ha U3ru0 Takxke
onpenenseTcs mo Tabn.8 s |l rpymnmnel MaTepuanos.

6
[o]. = Tk 10
SF HE

, H/mm?
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rae o, = 0,440, +0,140, = 0,44-200 +0,14-500 = 158 H/mm? — npeaen M3ruOHOI BBIHOCIIMBOCTH
3yObeB YEPBSYHOTO KOJIECa;
S, =1,75 - koahunmenT 6e3omacHocT A Matepuanos |l rpynmer (Ta6:.9);

N =_|_—42T2ir12iti - OKBHMBAQJEHTHOE  YHUCIO  LMKIOB  HarpykeHuss 3yObeB  4YEpBSIUHOIO
2

KoJieca.
Ncnonb3ya unknorpammy, 3anmiiem

N, = %[ng ‘n,-0,2t +(0,65T,)°n, -0,3t + (0,2T,)°n, - 0,5t] = 60-n, - t -0,2207 =

2

=60-50-5000-0,2207 = 331050

6
Tornma [c]. = _ 158, = 78,98 H/MMm?.
s N, 175 \/ 331050

4.3. Omnpegensem KkodpdULHEHT HArpy3ku K, TpU pacuere Ha KOHTAKTHYIO
IIPOYHOCTh

K, =K HB Ky
K, - K03GQHUUMEHNT HEPABHOMEPHOCTH PACIIPEAEIECHHS HATPY3KH 110 JJIMHE KOHTAKTA.
[e]
Ko Jl1st mpeBapuTENBbHOrO pacyeTa (B
T Cllydae IEPEMEHHOM HAarpy3Kku) K, , MOXKHO

125 25y |
/20 . ONPEIEIUTh TaK
/15 . \.m K,;=05(K;,+1)=0,5(1,2+1) =11,
110 h ExY; 0 _ *
2o . SO rnie K,,= 1,2 B 3asucumoctm or U, = 145

10 npejieleH mo puc.8. IT0 HaYaIbHBIH K WIHCHT
R I BT opeaee o puc.8. 310 oapure
Prc.8 HEPaBHOMEPHOCTH PaCIpEICIICHHS HarPY3KH.
Ca

K,, =1-xo3bdunreHT TMHaMrUuecKoi Harpy3Ku; sl IPEIBApUTEIbHBIX PACUETOB MOXKHO

MPUHSATH PABHBIM |, TaK KaK CKOPOCTh CKOJIbKEHHSI HEBEJIUKA.
Torna

K,=K,; Ky =111=11

MerKocesoe pacctoAaHune

a= 61\/T K, _61\/—43112516'1’1 =1443 mwm.

[o]? 189,257
5. Onpenensercs 0ceBoi MOJIYJIB nepenadn
m=(15..17) > = =(15.. 17)%_746 8,45,

2

[lo Tabn.2 mo m= 7,46...845 U (=6,38...9,57 (CM. NMYyHKT 3)IpUHUMAEM CTaHJAPTHbHIC
3HAYCHMUSI
m*=8; q*=8.
6. YTOUHSIETCSI MEXKOCEBOE PACCTOSIHUE

a*:%(z; + ) :%(29+8) ~ 148w,
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OxpyrisiTh a* He HY)KHO, TaK Kak IPOEKTUPYETCs HE CTaHJApTHBIM PENyKTOp U mepeaada
0e3 cMelleHUs! UICXOIHOTO KOHTYpa JUI 3yOheB UepBIYHOTO KOJeca.
7. YTounsercs kodhGUireHT Harpy3Ku
K :1 =K :Iﬁ K :IV

. z,
KH,B :1"‘[;2} -2,

6 =57 - kodappurmenT nepopmManun YepBsKa, 3aBUCUT OT (*=8 U z,= 2.
Bribupaercs o tabmn.12.

Tabnnua 12
q
. 71 8 9 10 11 12,5 14
1
1 57 72 89 108 127 157 190
2 45 57 71 86 102 125 132
4 37 47 58 70 62 101 123
2T, -t T,-02t+0,65T, -0,3t +0,2T, - 0,5t
x= = =0,495- OTHOLICHHE CpPEOHEro I
T, 2t T,(0,2t + 0,3t + 0,5t)
BpPEMEHU MOMEHTA K MAaKCUMaJIbHOMY.
3
Ky, =1+ (g} (1-0,495) =1,07.

Jlna yrounenus 3HadeHus KodpduumenTta K, onpeaensercs:

- OKpY’KHasl CKOPOCTh YEPBSIYHOI'0O KOJIeca
. m-m*z;-n, 314.8.29.50

, = =0,6 m/c;
60-1000 60000
- OKpPYJKHasd CKOPOCTb Ha YCPBAKC
« m-m*.q*n, 314-8-8-715
= = =24 m/c;

' 60-1000 60000
- yron IIoAbEMA BUTKA tIepBSIKa 110 )ICJH/ITGJ'IBHOMY I_II/IJ'II/IH)Ipy

z 2
*=arctg— =arctg— =14°,
y 9 ==arcey

YTouHsETCS CKOPOCTDb CKOJIbKCHUS

.V 2.4
Vo=—t = =247 wle.
cosy  cosl4®
[To Tabn.13 Ha3zHayaeTcs CTENEHb TOYHOCTH YEPBSIYHOM mepenauu. [ns maHHOrO

puMepa — 8 CTeneHb TOYHOCTH.
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Tabnuua 13

Crenenn Oxpyxias
Tounocmy | CKOPOCTB V,, M/c Oo6paboTka [Tpumenenue
He Ooee
UYepssk 3akaieH, Ilepenaun ¢ MOBBILIEHHON
7 10 otuun(oBaH U CKOPOCTBIO ¥ MAJIBIM IITyMOM, C
OTIIOJIUPOBAH, KOJIECO BBICOKMMH TPEOOBaHUSIMU K
Hape3aHo rabapuram
Uepssak ¢ HB<350, e [lepenaun cpeqHECKOPOCTHBIE,
8 5 nuidoBaH, KOJIeco CO CpeIHUMHU TPeOOBAHUIMH K
Hape3aHo IyMy, rabapuTam U TOUHOCTH
Uepssak ¢ HB<350, e [Iepenaun HU3KOCKOPOCTHBIE,
9 2 nuMdoBaH, KOJIeco KpaTKOBPEMEHHOI paboThl, €
Hape3aHo NOHMKEHHBIMU TPeOOBaHUSIMU
[To Tabm.14 mo 8 CTENEHM TOYHOCTH U CKOPOCTH CKOJLKEHUS V= 247 wm/c
onpenensercs K, =1,2.
Ta6auya 14
Crenens CkopocTb ckonbxeHus Vs, M/c
TOYHOCTH lo 1,5 cB.1,51003 | ecB31m07,5 | eB.7,5m012 | ¢B.12 1016 | cB.16 10 25
6 -- -- 1 1,1 1,3 15
7 1 1 11 1,2 -- -
8 1,1...1,2 | 1,2...13 1,4 -- -- --
9 1,2...1,3 -- -- -- -- --
YTouHneHHbIE KOA(DPHUIIMEHT Harpy3Ku K; JUId  pacyera II0 KOHTaKTHBIM

HaIpsHKEHUsIM Oy 1eT
K K KHV—107 -1,2=1,284.

8. C yd4eToM YyTOYHEHHOIO 3HA4YEHUS VS =2,47 m/c YTOYHSCTCA M JOIIyCKaeMoe

Hanpspkenue [o])
=[o]%, — 25V, =250 25-2,47=18825 H/mm? .

[o],

9. Yrounsercs KIIJl uepBsiuHOI nepenayu:

o

tgy ™

tgl4°

tg(y *+p’)
rae p'= 2°20° ompexaensercs mo Tabi.S

" tg(14°+ 2,33°)
no V=

(MaTepuai BeHIa uepBsiuHoro koieca bpAXK 9-4).

OIopax U Ha MepeMelIuBAHNE MACJIa.
10. YTouHsieTCs KPYTAIINA MOMEHT T, Ha YEpPBSIYHOM KOJIECe

T, =T,-U*.n, =3606643-14,5-0,83=4535482 H-mm.

-083,

2,47 m/c 1Sl OC30JIOBSHHCTOM OpOH3BI

o' - TPUBEACHHBIM YroJl TPEHUS, BKIIOYAIOIIANM NOTEPH HAa TPEHHE B 3aLeIUICHHH,

11. IIpu yTOYHEHHBIX 3HaueHUAX T, , [0], K, JenaeTcs npoBepKa JeHCTBUTEIBHBIX

KOHTAKTHBIX HAMPSHKEHUH B 3yObsSX YEPBIYHOTO KoJseca:

ol = 475 |T; - K, _ 475 (45354821284 o0 o
a* 148 148
Henorpyska
5= [O-]H O-H Pl =24 100% = wloo% =2,4%<20%.

G]H

188,25



12. TIpoBouTCs IPOBEPKA IPOYHOCTH 3yObEB YEPBIYHOO KOJIECA HA M3THO:
o, = 2T, -K, -cosi/*

13m*.q*-z,
Koapuuuent Harpyskn K; =K, -K[, mpu pacdere Ha u3ru6 paBeH Koo(GQUIHeHTy

Ve <[o]s, HMm? .

Harpy3kd K, TIPH pacdeTe Ha KOHTAKTHYIO MPOYHOCTH, TAK KaK PacyeT B TOM H JPYrOM

ClIy4ac IMpOBOOAUTCA IJIA 3}76BCB YCPBAYIHOTO KOJICCA, T.C.
K =K, =1,284.
OHpeI[CJI}ICTC}I OKBUBAJICHTHOC YHCJIO SY6BCB YCPBAYHOTO KOJIECa Z,,,

*

z, 29

~

Z = = =
Y2 cosy*  cos®l4°

[To Tabn.15 no z,, =32 ko3 durueHt hopmsl 3yda

Ta6auya 15

Z, 28 30 32 35 37 40 45 50 60 80 100 | 150
Y- | 180 | 1,76 | 1,71 | 164 | 161 | 1,55 | 1,48 | 145 | 1,40 | 1,34 | 1,30 | 1,27

Omnpenensercsa JeHCTBUTEIbHOE U3rMOHOE HAIIPSHKEHUE B 3yObsIX YEPBSIYHOIO KOJeca
o o 2T, -K_ -cosy™* . - 24535482 -1,284-0,9759

"3 (m*)Pq*zy T 13-8%.8-29
<[o]: = 78,98 H/mm? .

-1,71=12,59 H/mm? .

13. OnpenensiroTcsi OCHOBHBIE TEOMETPUUECKUE pa3Mephl YEPBIYHOU Nepeaaydu (CM.
puc.l u puc.3).

Yepssk:
d, =m*q*=8-8 =64 mm - TUAMETP IEIUTEIBHON OKPYKHOCTH;
d, =d;, +2m*=64 + 2.8 = 80 mm - IMaMETP OKPYKHOCTHU BBICTYIIOB BUTKOB;
d;, =d;, —24m*= 64-24.8 = 448 mMM - JUaMEeTp OKPYXHOCTM BIIAAUH BUTKOB;

6, > (11+ 0,06z, )m*>(11+0,06-29)8 > 101,92 M- JUIMHA HAPE3AHHOM YaCTH YEPBSKA.
UYepBsiuHOE KOJIECO:
d,=m* z;: 8-29 =232 Mmm - IEJINTEJIbHBINA TUaMETP YEPBAYHOIO KOJIECa;
d,,=d, +2m*=232+2.8 =248 MM - IUAMETP OKPY>KHOCTH BBICTYIIOB 3yOhEB
YEPBSIYHOIO KOJIECa,;
dy,=d, —2,4m™>=232-2,4-8 =212,8 MM - TUAMETP OKPYKHOCTHU BIAJHH 3yObEB
YEPBAYHOTO KOJIECa;
HaubGonbmmii quametp uepBayHOTro Kojeca d,,, U HIMpUHA BEHIA 6, ONPEICIISIIOTCS
o Tabn.4 B 3aBUCUMOCTH OT Z, = 2.
d,m <d,, +15m*=248+15-8=260Mm
6, <0,75d_, =0,75-80=60mm.
14. TennoBo# pacueT YepBSYHOU MEepeaaun
1. KommyecTBo TeIia, KOTOpOE BBIIEIAETCS B Ilepeaaye:
Q=860(1-7,,)N,, xkan/4ac,
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rae 7., = 0,83 - KIIJI uepBs4noii nepenauu;
N,=2,85 kBt - MOIITHOCTH Ha BXOJHOM Bally.
Q =860 (1-0,83)-2,85 = 416,6 kkai/yac.
2. KonnuecTBo Temia, KOTOpoe OTBOJUTCS OT peayKTOpa
Q, =K;(t, —t,)S, kkan/uac,
KKal1
M2 -dac - rpajg

OXJIQXKJIEHUS, HO MHTCHCUBHON BEHTWIAIMEN; MpuHUMaeM K = 15;

rie  K;= (12...15) - K03(p(GUIMEHT TeIIo0TaaYr 0€3 MPUHYIUTEIh-HOTO

t =(60...70)°C - TEeMIIepaTypa Macia,
t,=20°C - TEMIIEpaTypa BO34yXxa,
S, M - IUIOWAAb PEAYKTOpa, OTHAromas Temyo (HE YYHUTHIBACTCS TOJBKO

MMOBEPXHOCTH JHUIIA KOPITyCa).
B nipeiBapuTenbHBIX pacyeTax IJIONA b MOBEPXHOCTH OXJIAKICHUS KOPITyCa MOKHO
OTpenenuTh mo tadm.11.

MeKOCeBOMY PACCTOSHHIO a = 148 MM COOTBETCTBYET IUIOIIAAb IIOBEPXHOCTH
OXJIAKIEHUS S = 0,82 M? .
Torna

Q, =K, (t, —t,)S=1570- 20) - 0,82 =615KKajn/yac,
T.e. Q, > Q. McKkyccTBEHHOTO OXJIaKIeHUS HE TpeOyeTcs.

5. OTKPBLITAA HMJIIMHAPUYECKASA [TEPEJLAYA

5.1 OcHOBHBIE pa3Mephl OTKPHITON 3y0UaTOi mepeaaun OnpeaestoTCs pacueToM
3yObeB Ha u3rud. [Ipu 3ToM pacueTHbie GopMyIIbl, pa3pelIeHHbIE OTHOCUTEIBLHO MOTYJIS
3aLeTUICHUS], UMEIOT CIICYOLIUI BUA:

JUTSl PAAMO3YOBIX TIepeaay JUTSI KOCO3YOBIX Tiepeaay
2T, - K. -V 2T, - K. Ve -V, vV

m:?,\/ 2 _F TP M mn:3\/ 2 F TP TP T cosf,vm
Z, "Wim [G]F Zy " Wom [G]F

B atux ¢popmynax: T2 - MOMEHT He KoJiece paccuuThiBaeMoil nepenaun, KF -koagdunent
Harpy3KH JJI pacyeTa 1Mo U3rHOHBIM HAMPSHKEHUSM MPECTaBISIONUN OO0
npousBeneHue AByx koddduiuenton: KF = KFB - KFV, rae KFB - koaddurment
HEPaBHOMEPHOCTHU paclpe/ieiICHUs] Harpy3KH MO JUIMHE KOHTakTa (OepeTcst u3 rpaukoB,
MIPE/ICTABJIICHHBIX HA PUC.), IPU TTOCTOSIHHON Harpy3Ke

KFB =1; KFV - ko3hdunmeHT tnHaMruuecKor Harpy3KH, 3Ha4eHuEe KOTOPOTO OepeTcst u3
Tab1. (B YUCIHATENE - 1711 IPsIMO3yObIX, B 3HAMEHATENEe JIJIsl KOCco3yObIX mepenay); YF -
KO3 PUIMEHT, yuuThiBatouuii GopMy BbIOMpaAEMBbIil O TA0J. UM PUC. B 3aBUCUMOCTH OT
qyucjaa IMIECTEPHH WM KoJjieca (CM. HIKE puMedaHue); Z2 - 4uciio 3yObeB Kojeca
paccuuTbiBaeMou nepeaauu, pasHoe z2 = z1-U. [Ipuyem, uncno 3yObeB 11eCTepHU MOKHO
npuHsATh Z1 = 18...24;

Wbm - KO3 PUIHMEHT MUPUHBI 3y0UaTOro BeHIa, paBHbiid Wbom = b/m . [Iyns oTKpBITHIX
3y0OuaThIX Mepeiay 3Ta BeJInunHa Oepercs cpaBHUTEIbHO HeOobmast: Wbm = 6...10 - ans
npsaMo3yObix nepenad, Wbomn = 8...12 - s koco3yObix nepenay; Y B - kodhOUIUEHT,
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YUUTBHIBAIOIIMM HAKJIOH 3yObeB. i onpeneneHus 3Toro KoahGuiieHTa MoxHo
BOCIIOJIB30BaThCs hopmymoit: VB = 1 - B%/140°, rae B° - yron HakioHa 3y0a, MpUHUMAEMbIN
B KOC03y0oii mepeaava B npeaenax 8°...20°%; Ye - koo pumueHT, yIuThIBarONINi y4acTHE B
3alleTJICHHH KOco3y0oil mepeaaun HECKOJIbKHUX Nap 3y0beB. ITOT KOAPPUIIUECHT MOKHO
MPUHSTH:

Ye ~1/0.9Ea , rne Ea - TopueBoit kKoapPUIIMEHT EPEKPHITHS, PAaBHBIHA

E,=l188-32(1f2, +1/2,)] cosP;
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Ea - nonyckaemoe u3rnbHoe Hampsixenue, H/mm? | 1iist matepuana

IECTEPHU WJIU KoJieca (CM.IPUMEUAHUE).
[Tpumevanue. 1. B oTKpBITBIX 3yOUaThIX Tiepenadax (Kak MpaBUiIo, THXOXOIHBIX) B
KadeCcTBE MaTepuraja KoJec 0OBIYHO MPUMEHSIOTCS HOPMAJTM30BaHHBIC CTAITN WM CTATN
MOIBEPTHYTHIC 00BEMHOM 3aKaJIKe WM CEPUI YYTYH Pa3IMIHBIX MAapPOK (CM. BBIOOpP
MaTepUaJioB B pasjesie 3akphIThie IUJIMHIPUYECKHUE TIepeaaun ). B ciiyuae ctanbHbIX
KOJIEC TIEpeIauyl ONPEACIICHIE JOYCKAeMOT0O N3THOHOTO HaNpsDKeHus [0]F BemeTcs B
COOTBETCTBHH C pa3/iesioM 3.

JIJ1st 4yTYHHBIX KOJIEC Tiepeiauu ornpezesnenue [0 ]F MOXKHO BecTd 1o ¢popMyiam:

IIpHU OTHOCTOPOHHEM JICCTBUM IIpu NCPEMCHHOM HaIIPaBJICHUH
HarpyskKu Harpys3kKu
1l4.0, o,
o = —=.K ; O =—-K ;
[ ]F [n]- Ko‘ FL [ ]F [n]- Ko‘ FL

rae 0-1 - mpezaen BBIHOCIMBOCTH MaTepualia KOJec 10 U3rMOHBIM HaIPsDKEHUSM MIPU
CUMMETPUYHOM IuKJIE. /{7151 uyryHa MOXHO IPUHATH
0-1 ~ 0.256bu, Obu - cMm. B TAOI.
[N] - ko3 dunmenT 3anaca NPOYHOCTH, TPUMEHSAEMBIH IS 9yTryHa
[nN]=1.6...1.8;
KO0 - 3¢ ekTuBHBIN KO3PPUINEHT KOHUEHTPAIMU HAIPSKEHU y KOpHS 3y0a,
npuHUMaeMblil 1y yyryna Ko =1,2 ; 107
KFL - k03 puimeHT 101roBeyHoCTH Keg =9—.
F

3nech NF = 60nt - gncio MUKIIOB HArpy»XeHUs 3yObeB MIECTEPHH WIIN KOJeca.

5.2 Ecnu 11 IecTepHU U KoJieca OepeTcsi OAMHAKOBBIN MaTepuall, KodhGUIeHT
YF u nonyckaemoe HanpsbkeHue [0]F Oepytcs nns mecrepHu. Eciu maTepuan 1is
HIeCTepHHU Ha3HauyaeTcs Oosiee MpOYHbI, YeM MaTepual Kojeca, pacyeT BeaAyT 110 TOMY
U3 KOJIeC, y KOTOpPOro MEHbIIe oTHoiieHue [0]F / VF .

3. B ciydae koco3y0oii iepegaun kodpduiuent YF onpeaensiercs s
SKBHUBAJICHTHOT'O YHCIIa 3yObEB:

Zv =z / cos® B.

Momynb OKpyTIISIOT 10 Onmkaiitiero crangaptHoro 3HaueHus mo [OCT 9563-80 .
JlanpHeHmmii pacdeT nepeaavn mo OnpeeIeHUI0 BCEX OCHOBHBIX TapaMeTpOB,
paccuMThIBAEMOH Tiepeiaui MOKHO MMPOBOUTH B CIICAYIOMNIEH TOCIEA0BATEILHOCTH.
5.3 Illupuna nepegaun: b = ysm-m - 11 npsIMO3y0o0ii TiepeIadH,
b = yemn-mn — 11 K0co3y0oii eperadmn.
Haenennsiit pasmep "b" sBisercs mmpuHoi koseca "b2". [llupuna mecTepHu aenacTcs
HECKOJIbKO 00JIbITie. B OTKPBITHIX 3y0UaThIX mepesadax co CpaBHUTEIBHO OOJIBITUMU U
pasmepamu Kojiec MoaHO mpuHATh b1l = D2 + 5 mm.

5.4 JlnaMeTphbl ACIUTEIbHBIX OKPYKHOCTEN KOJIEC:
B MIPSIMO3YOBIX TIEpeiavax B KOCO3YOBIX TIepeaadax
dl =m-zl;d2 =m-z2; d1 =zl -mn/cosP; d2 = z2-mn/cosf
5.5 MexoceBoe pacCTOsTHUE
a = (d1+d2)/2.



5.6 Okpy>KHasi CKOPOCTh B 3allCIIJICHUU
V =11-d1-n1/60-1000 m/c, rae d1 — mm, N - B 06/MuH.
5.7 B ciiydae HeOOXOAMMOCTH MO HAIGHHOM CKOPOCTH YTOUHSAETCA KOADUIIUEHT
KFV (cornacuo 1a6:1.) u ko3 dumuent narpysku KF = KFB - KFV.
5.8 B cooTBETCTBHMHM C YTOUHEHHBIMU 3Ha4eHUAMHA M 1 KF npon3BoguM npoBepKy
10 U3TUOHBIM HAMPSHKEHUSIM 110 (hopMyiaMm:

JUTSL IPSIMO3YOBIX TTepeay JUIS1 KOCO3YOBIX mepenay
6. - 27, Ke Y ‘ 0Ty Ke Y Yy Ye
Fg-m? 2 , G = 7 cos p

ITpu sTOM, ecim okaxercs, uto OF Oosbiie [0]F He Oosee, uem Ha 5%, To nepecuera

nenaTh He HyKHO. Eciu npeBbilieHne padodux HanpsDKEHUH HaJl Oy CKaeMbIM OyaeT

Ooublie, ueM Ha 5%, HY>KHO YBEJIWYUTH [IUPUHY nepenadn "'b" winm Moayis 3aneriesus
5 9

Ilm .
6. OTKPLITAS KOHUYECKAA TIEPEJTAYA

Konnueckue 3yOuatbie Kojieca UCTIONB3YIOTCA B MIEpeaadax, y KOTOPhIX OCH
BAJIOB MEPECEKAIOTCS MO HEKOTOPHIM yriioM O (puc.l). [IpeumyiectBeHHOE
pacrpocTpaHeHne UMEIOT Tiepeaadu ¢ yriom o = 90°.

Konnueckune nepegauu cioxHee
HUAJIMHIPUYECKUX B U3TOTOBJICHUU U
MoOHTaxke. JIjist Hape3aHusl KOHUYECKUX KOJIEC
TpeOyIOTCS CeIMaIbHbIe CTAHKU U
CIlelIMaJIbHBIA UHCTPYMEHT. KpoMe 101y cKoB
Ha pa3Mephl 3aIeTUICHHs 371eCh HE00X0IUMO
BBIJICP>KMBAThH JIOMYCKHU HA YTJIBI O1, 02 U O
(puc.2), a mpu MOHTaxke 0OecIeunBaTh
COBIIAJICHHE YTJIOB KOHYCa. BBINOIHUTH
KOHMYECKOE 3alICTVICHUE C TOU K€ CTENEHBIO
TOYHOCTH 3HAYUTEILHO TPYIHEE, UeM
uuauHapudeckoe. [loaTomy creneHb
TOYHOCTH 3aKPBITOM KOHUYECKOU Nepeaayn
/- (4TO COOTBETCTBYET §-i1 CTENEHH
TOYHOCTH IIWIMHAPUUECKOHN NIepeaaun), a
OTKPBITON KOHUYECKOW mepenadn — 8-s1 (4To
COOTBETCTBYET 9-11 CTEIIEHH TOYHOCTHU
UUJIMHIPUYECKON TTepeayn ).

[Iepeceuenue oceii BajoB 3aTpyAHSET pa3MelnieHue onop. OaHO U3 KOHUYECKUX

KOJIeC, KaK MPaBUJIO IIECTEPHS, pacoiaraeTcsi KoHCoIbHO. [Ipu 3TOM yBenuuuBaeTcs
HEPAaBHOMEPHOCTh paclpe/iesieHrs Harpy3Ku 1o JiMHe 3y0a. B koHnueckux nepeaadax
JUIsl OTpaHUYEHUS Ta0APUTOB IIECTEPHU OTPAHUYMBAIOT NiepeaaTouHoe yucio U < 6.
[Tpaktruecku U = 2...3,5 He BbI3bIBACT MpOTHU0a Baja Mol KOHCOJIBHO PACTIONOKEHHON
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niecTepHu 0oliee JormyckaeMoro. B koHn4eckoM 3alerieHuu AeCTBYIOT OCEBbIE CUJIbI,
HaJIMYMe KOTOPBIX YCIOKHIET KOHCTPYKIHIO onop. Bce 3To mpuBOIUT K TOMY, YTO MO
OTBITHBIM JIAHHBIM HArpy304Has ClIOCOOHOCTh KOHMYECKOHN Nepeaur COCTABISET TOJIBKO
0,85 Mo cpaBHEHMIO ¢ HUIMHIpUYECKOM. HecMOTpss Ha OTMEUEHHbBIE HEAOCTATKH,
KOHMYECKHUE Mepe/layid UMEIOT IIMPOKOE MPUMEHEHUE, IOTOMY UTO YCJIOBUS pa3MeEIICHUs
y3JI0B MAIIIMH YaCTO BBIHYXIAET PacloJiarath Bajibl O] YTIOM.

6.1 I'eoMeTpusi KOHMYeCKOM nmepeaauu (puc.2)

1. m — cpenHuil OKpyKHOI MOAYJIb, HE TOCTUPYETCS;
Me — BHEIIHAW OKPY’KHOU MOZYJIb, TOCTUPYETCS.

2

mz
zl - CpEJIHHE JIENTENbHbIE THAMETPBL. o

. d,
d2

o
- R T I W = @SNFE“’

3

NN

o g

Puc.2

o R B R SRR =

4. R,- BHEIIIHEE KOHYCHOE PAacCTOsTHUE
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2 2
R, :\/(dTezj +(d—zel] =0,5m, /2% + 27 .
5. KoaddunmieHT OTHOCUTENIHHOM IMPUHBI 3y0a

K =% <03,
R

6e
e

I7I€ 6 — IIIMPUHA BEHIIA KOHUYECKOTO KOJieca.
Bemnuunoit K, 3agarorcs. Torna

6. CpenHuil OKpYKHOU MOy b M:

R,—05¢ d'

OTKyJa
m=m,(1-05K,).

6.2 KunemaTuka KOHMYECKOI nmepeaaqyu

IleperaToyHO€E YHUCIIO 3aIIUCHIBACTCS KaK
u-“_Mn_d
w, n, d

Ho na puc.2 BugHo, 4TO

d
d—Z:tchZ:U.

1
Tak kak nepenada OpToroHanbHas, T.€. 5, + 38, =90°,

6.3 PacueT OTKpPBITHIX KOHMYECKHX Iepeaay

OTKpBIThIC KOHUYECKHE TTepeaun padoTaroT 0€3 CMa3Ki M HE 3allHUIIECHbI

KoprycoM. OCHOBHBIM BUIOM pa3pyIICHUsI UX SIBIAECTCS a0pa3uBHBINA U3HOC (TIOMaIaHNe
MBUTH U TPSI3U TP padoTe). 3y0 CTAaHOBUTCS TOHBIIE. ITO MOXKET BbI3BaTh
pexACBPEMEHHBIN U3J10M 3y0a. [l03TOMy MPOEKTUPOBOYHBIM YCIIOBHEM ITPOUYHOCTH
SIBJISIETCS U3TMOHAsI TPOYHOCTb.

IHopsnok pacuera. Ilpumep

6.4 Jlnst OTKpBITOM TIpsiMO3y00i KOHUYECKOH Tepelau U3 yCIOBUS MPOYHOCTH
3yObeB Ha W3TUO OMPEESIETCS CPEITHUN OKPY>KHON MOTYJTh
2,35T, - K, -y, _ \/ 2,35-7391716-1,2-4,08
=3 MM, Mm=3
Vi 2o [0]e 8,538-18-147

=6,79MM.
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B atoit popmye
T, - KpYTSIIMIA MOMEHT Ha IIECTEpHE paccuuThiBaeMou nepenayu, 739171,6 H-mm;
Ke - k09 puIMeHT Harpy3Ku AJis pacueTa Mo U3ruOHBIM HAMPSKCHUSIM,
NIPECTABIISIFOIINIA cO00# mpon3BeeHNE TBYX KOADDUITUEHTOB:

Ke =Kpy Key s
rae Kg, - koo uuuenT HepaBHOMEPHOCTH HAarpy3KH 110 JUIMHE KOHTAKTa (OepeTcs u3
rpauKoB pHC.3 ISl CITydast KOHCOIBLHOTO PACIIONIOKEHHUS KOJIEC, T.€. TI0 KPUBBIM 1 (ecim

_ 6
\Vsd__'

CTOSIT IIAPUKOBBIC MOAIIUITHUKH) WK 2 (POJTUKOBBIC MOIIIUITHUKHN); q
1

i I 7
B

i eaS

Krpnpu Hy <350 HB wim H< 350 HB

)
Krpnpu Hy > 350 HB unu Ho > 350 HB

o1

1"
Lo
il |iot

0
0

A

) o % [ {1/

/27 / /] p. /17 Z‘/ A

16 Y 0174 e I & oV

/’,5 / / / 4’/// 15 / / // AP

rars ZirAsl L Y1l ¥Y 7 s

7 N AV

13 / /// e 13 / v /
12 // ,/,// Ve 2 1,2 ,// 1%
11 )/ //éﬁj [+ 11 N/ ///'/

20 = 10 S

VR TEE T 0o a9 08 12 16 ¢y

Puc.3

K, - KOOQOUIIMEHT TMHAMUYECKON Harpy3Kku. DTOT KOADOUIIMEHT JIJIs1 KOHUYECKUX

3y0OuaThIX Mepeiad MOKHO BbIOpATh MO TaOIUIE JJIs IUIMHAPUYECKUX Tiepeaad (T.€. 1o
Taby.1), cuuTas, 4To OTKPHITAsi KOHUYECKas Mepe/aya BhIMIOJIHEHA IO 8 CTeTeHU

TOYHOCTH.
Tabnuna 1
Crenenn Oxpy>kHasi ckopocTh V, M/c
TOYHOCTH 1 2 4 6 8
7-5 1,08/1,03 1,16/1,05 1,33/1,09 1,50/1,13 1,62/1,17
8-s1 1,10/1,04 1,20/1,06 1,38/1,12 1,58/1,16 1,78/1,21
9-s1 1,13/1,04 1,28/1,07 1,50/1,14 1,72/1,21 1,98/1,27

3HaueHus K., (B uucautene s matepuana, umeromero HB< 350, B 3HamMeHarene

— 1yia Marepuana, uMmetroniero HB > 350).
JI51s ipeiBapuTENBHBIX PACU€TOB MOXKHO MTPUHSITH

Ke =Ky, -

Ky =12;

Y - KoadumumeHT, yauTsiBaronuii opmy 3yoa, onpenesnstoT mno rpaduxy (puc.4)

10 YKBUBAJIEHTHOMY YHCITY 3yObEB.
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44 o*ﬂ,l\ \ \

RN WAV
NN \\ \\\\\\
40— 02 AN A
AN NANN
SN RNA M NANNN N
0”’ \\.‘—\\\ "'--.""'--:\‘: =
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o5 —] -
] | //
. 86 /’///
] ——
07 =]
=
30 lx0s
0 12 74 (7 20 25 30 40 30 50 £O0 Mo /50 200 aof
Puc.4

. 1.
; §l:arcth, Zy,

Zy

* CoSS, |

B c0s18°26',

1.
0, :arcth ;

Ecnm g mecrepun

U KoJieca Oepercs
OJIMHAKOBBIA MaTepHUal, TO
Y. ¥ [o] OepyTcs nns
mectepuu. Ecinu matepuan
niecTepHu 0oJiee MPOYHBIi,
4yeM MaTepHall Kojeca, TO
pacyeT BeayT 10 TOMY U3
KOJIEC, Y KOTOPOT'O MEHbIIIE
otHoiienue [o]./y, .

Y =4,08 110

2, =18,98;

171 =105131,92 Hmm —
KPYTALIAA MOMEHT Ha
LIECTEPHE.

DKBHUBAJICHTHOE YHMCIIO 3yObeB:

1) mecrepun

=18,98;

2) koneca

Z; — uncio 3yOreB mectepHu. 3anattes Z; = 18...24; B mpumepe z; = 18;

Z, — 4HCII0 3yObeB Koseca

z,=2,-U,rne U -3aJaHHOE MepeIaTOYHOE YUCIIO PACCUYUTHIBAEMOM MepeIayuH.

u =3,

Z, = 18-3 = 54.

Ecnu z; momy4ymiioch Helenoe 4rucio, TO ero OKPYTJISIOT 10 OimKaiiiero
OO0JIBIIETO WJIM MEHBIIETO 1EJI0T0 YHCIA.
Z, - YTOUHEHHOE YHCIIO 3yObeB KoJjeca.

YTOouHsAETCA NEPEIATOYHOE YUCIIO:

U=

5=9i;i4ﬂ0%s3%u 5=0,

*
-2
Z

U=
18

®

_54_,

N3menenue nepeaaTovYHoro 4mucia

v, - KOO OUIIMEHT MUPUHBI 3y0YaTOro BEHIIA;

v, =05K _J@)2+(z)? , w,=05-03/18 + 542 =8538,

rae K,

6 6
—<0,3; B npumepe — =0,3;
R puMep R

e e
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[c]: - AomyckaeMoe M3rMOHOE HAPsDKEHUE JIJIS MaTepualia IecTepHU Wik KoJieca,
H/mm2,
Onpeodenenue 00nycKkaemozo uzeubHo20 HanpsHceHus

[Tpu pacuere 3yObeB Ha U3TUO OMyCKaeMOe N3THOHOE HAIPSHKCHHE
ornpeaensercs mo Gopmyie

[o], = Z8me K K, [o], =@ 0,7-1=210 H/™?,

S,

T7I€ O, - 0a30BbIi Mpeaen BRBIHOCIMBOCTU MaTepuaia MIECTEpPHU WK Kojieca o
M3TUOHBIM HANPSHKCHUSAM TS MyJIbCHPYIOMIETO ITUKIIA; 3HAYCHHS IPUBEICHBI B TA0M.2;
S. ko3 dunreHT 6€301macHOCTH; pekomenayercs S, = 1,7...2,2;
Kee - KOOPOUIUEHT, yIUTHIBAIOIINNA BIUSHUE IBYXCTOPOHHETO MPUIIOKEHUS

Harpy3Kku (peBepCUBHBIC TIEpeIayn).

Tabmuma 2
TepmooOpaboTKa MM XUMUKO-TEPMHUYECKOE TBeproCTH oo ) Hind
YIPOYHCHHE
Hopmanuzanus unu ynydineHue HB <350 1,8 HB
OObeMHas 3aKalika HRC =45...55 600
HRC =48...58
[ToBepxHOCTHas 3aKajika (B cepieBUHE) 600...700
HRC =25...35
HRC = 56...62
Lemenrtamnms (B cepieBUHE) 750...850
HRC =32...45
HRC =55...75 300 + 12 HRC*
A3oTHpoOBaHUE (B cepateBUHE) (* - TBepIOCTH
HRC =24...40 CEPJIIECBUHBI)

[Tpu ogHOCTOpOHHEH Harpyske - K. = 1.
[Ipu aByxcTopoHHel Harpy3ke (pesepc) - K. =0,7...0,8.
K - K03hOUIIMEHT TOJITOBEYHOCTH, OTIPESISIETCS

Ke =6 T\IFO npu HB< 350;

F

Ke =9 l\lllFO npu HB > 350,

.
31ecb N, = 4.10° - Ga30BOE YHCIIO LIUKIIOB, JUIsl BCEX CTAJIEH;
N, - 9HCIIO IIUKJIOB HarpyKeHUsI 3yObeB MIecCTepHU (KoJieca).
[Tpu MOCTOSTHHOM Harpy3Ke
N, =60nt.
[Ipu nepeMeHHOM Harpy3Ke NOACYUTHIBACTCS YKBUBAJICHTHOE YHUCIIO IIUKJIOB

HarpyXeHus 3yObeB:
60

m
Tmax

Nee = ZTim’ni'ti’

rae m=6 npu HB< 350;
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m=9 npu HB > 350;
N —9acTOTa BpAaIlleHUs IIECTEPHH MM KoJjieca (110 MECTePHE WIIH 10 KOJIECY BEICTCs
pacder), 00/MuH;
t — pecypc paboThI epeayun, Jac;
t=(10000...20000) gac;
t. Oepercs ¢ IUKIOTPaMMBl;
1,0<K <2 npu HB< 350;
1,0<K., <16 npu HB > 350.
3ameuaHue 0 MaTepuae OTKPBITHIX 3yOUaThIX mepeaad.
PexomMenmyercst BBIOMpaTh yriaepoaucteie cramu 35, 40, 45; tepmooOpaboTka —
HOpMaJTH3aI¥sl Wi TEPMOYITyUIlICHHUE.
Cr.35-HB=135 |

Cr.40-HB =147 | popmammsanus
Cr.45-HB=159 |

Bonwime TBeprocTH MaTepuana JaroT OOJbIINE T0MyCKaeMble U3THOHbBIC
HaIpsHKEHMS, @ 3TO YMEHBIIIAET BHELIHEE KOHYCHOE PACCTOSIHUE. TaKue OTKPBITHIE Y3JIbl
TPYJIHO KOMIIOHOBATh Ha pame. IIpuxoauTcst KOHCTPYKTHUBHO yBEIUYMBATh R, .

6.5 [1o MoAyJIrO HA CPENHEN NEIIUTEIBHON OKPYKHOCTH ONIPEAEIISIEM BHEIIIHUI
OKPY>KHOUM MOJIyJIb

6,79
Mm=———— MM, M, =———
1-05-K,, 1-05-03
Monyabs m, qoJIKeH ObITh OKPYTJIEH 10 OJmxkaiero ctanaaptHoro 3Havenus no 'OCT
9563-80-m;. m’ =8.

=7,99 MM.

03 1 (2,75) 45 9
0,4 1,25 3 5,0 10
05 1,5 (3,25) 55 11
0,6 1,75 35 6,0 12
0,7 2,0 (3,75) 6,5 13
08 2,25 4,0 7 14

25 (4,25) 8 15

HpI/IMC‘-IaHI/IC. 3HaLIeHI/ISI MOI[yJICﬁ, YKAa3aHHBIX B CKO6KaX, IMPUMCHATDH HCKCJIIATCIIbHO.

6.6 OnpenensemM AuaMeTphbl MIECTEPHU U KOJIECa
1) mecTepHs
d, =m;z, =8-18=144MM - nMaMETpP BHEIIHEW IETUTEIbHON OKPYKHOCTH;

A, =dg; +2m;, cosd, =144+ 2-8-c0s18,43 =15918 MM - THAMETP BHELIHEN

OKPY>KHOCTH TIO BEpIITUHAM 3YObEB;
de, =d,, —2,4m;cosd, =144—2,4-8-c0s18,43 =12579MM - [uaMeTp BHEIIHEN

OKPY>KHOCTH 1O BIaJIMHaM 3yObeB.

2) KoJieco
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d,, =d,, +2m;cosd, =432+2-8-c0s7157" = 437,06 MM;
de, =d., —2,4m;cosd, = 432—2,4-8-c0s7157° = 42593 MM.
d,, =m’z, =8-54=432MM;

6.7 OnpenensieM BHENTHEE KOHYCHOE PACCTOSIHUE

R: =05m:J(z5)2+(z))?; R =05-8,/542 +182 =227,7 MM.
6.8 lllupuna 3youaroro BeHua ¢=K, -R;.
Pa3mep mmpuHbl 3y04aToro BeHI[a peKOMEHIYETCSl OKPYIJIATH 10 UEIO0ro yucia
MUJUIAMETPOB - g”.

6=0,3-227,7=68,31MM, ¢  =68MM.
6.9 OnpenensieM CPEIHIO CKOPOCTh B 3aLIEIINICHUN
J=T ey 27122890 6 eoone
60-1000 60-1000

d, - cpeIHUI AENUTENBHBIN TUAMETP IIECTEPHU, MM
d,=mz,, d,=68-18=1224MM, m=8(1—0,5-0,3)=68MM,
rae m=m’(1—-0,5K, )- cpenHuil OKpY>KHOU MOJTyJIb, COOTBETCTBYIOIIHUI M’ ;
z, - 9ucio 3yOneB mectepau, z, = 18;
n, - YacToTa BpalieHus mecrepuu, n,= 91 06/MuH.

6.10 Ilo V,,, creneny TOYHOCTH (8 CTENEHL TOYHOCTH Il OTKPBITHIX KOHUYECKUX
nepenay) u HB .
Yrounsiem ko3 durment K;, (tadmn. 3)
Tabauua 3
Tsepnocts OxkpyxHasi ckopocth V, M/c
Crenenp paboueii
TOYHOCTH MOBEPXHOCTH o 3 3...8 8...12,5 12,5...20
3yoreB HB
6-s1 <350 1/1 1,1/1 1,15/1,05 1,23/1,1
> 350 1/1 1,08/1 1,13/1 1,8/1,05
7oq <350 1,08/1 1,18/1 1,23/1,1 --/1,15
> 350 1,08/1 1,13/1 1,18/1,05 --/1,05
8-g <350 1,13/1,05 1,23/1,15 --/1,2 --
> 350 1,1/1,05 1,18/1,1 --/1,15 --

[To HB=147, V=0,5829 wm/c, ctenenn TouHoctu § onpeaemnsem K., = 1,13.

[To xpuBbIM 1 (11apUKOBBIE MOAIIMUITHUKK) UK 2 (POJTUKOBBIE TTOAIIUITHUKH )
yTounsiercs kodpdumuent K, (puc.4). [lo HB=147, v, = Z—l = % =0,475, 10 KpUBOH
1
2 onpenensem K., =1,41.
YTouHseM k03P GUIIMEHT HArpy3KHU NpU pacyeTe Ha U3rud
Ke =K Key, Kip=141.113=155.
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6.11 OnpenensieM AeHCTBUTEILHOE U3TMOHOE HAIPSKEHHUE B 3yObIX KOHMUECKOM
niecTepHu (Kojeca)

. _235-7391716-155-408 001 o

235.T, K. -
P e o 68-6,87 -18
6 ‘M .Zl - b, .

[IpoBepsieM palMOHAIBHOCTE POEKTHPOBAHMS:
wlomﬂﬁ?%

a) Heorpy3ka O = lole =% 1 0006 <10% , O=
[o]¢
0) meperpyska S= mlOO% <5%.
[o]:
Eciu npeBbliiicHHe JeHCTBUTEIbHBIX HAPSDKCHUI HAJl IOy CKaeMbIMHU OoJiee, YeM
Ha 5%, TO HY)KHO YBEIIUYHUTD ¢" - NIUPUHY 3y0UaTOTO BEHIIA.

Ha pI/IC.5,6 ITOKa3aHa KOHCTPYKIHA KOHHYECKOM MECTCPHHU U KOHHNYCCKOI'O KOJICCa

- Gy =25 mg +2 mrr
N
0. =(1.15)d,

IR
7,

d, =16d,

12m%,
- ~
Y] Y
RN
Jy I 5
7 —Ag =
Lem -
Puc.5
05 me
= D .
rd /7?’
“’:} &
L]
™ W) - J‘
3] W S— )
3 S Z c=(2..25)8
127, jcé <7...2HM

lem

dem

Y

Puc.6
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7.1

7. MTPOEKTUPOBAHME PEMEHHLIX ITEPE/IAUY.

B mexanunueckux IMPUBOOHBIX YCTPOﬁCTBaX pCMéHHBIe nepcaadyu IMpuMCHAIOT B
OCHOBHOM IJIs1 YMCHBIICHUA YaCTOTHI BpAllICHUS ITPUBOJHOTO Bajlda 1 COOTBCTCTBCHHOT'O
YBCINYCHUA KPYTAIICTO MOMCHTA.

Peménnas nepecaada COCTOUT U3 ABYX MIKHBOB N OXBATHIBAIOIICTO €TI0 PEMH:A (pI/IC

7.1,a)

Puc. 7.1

B 3aBucuMocTtu oT mpoduiis cedeHus peMHsl pa3andaroT miockopeMEénnyo (puc.7.1, 6),
KIMHOpeMEHHYTO (puc. 7.1, B), HOJUKIMHOPEeMEHHYIO (pUC. 7.1, T) U KpyTJIIOpEeMEHHYIO
nepenauu (puc. 7.1, 1). Pa3HOBUAHOCTHIO peMEHHOM TIepenaun sSBIseTCsS 3y04yaTo-
peMénnas (puc. 7.1, e), nepenaroiias yCuine 3a CU€T 3allerIeHUs CO IIKUBaMHU.

Pacuér mmockopemEHHOM nepegaymn.

Haubomnbiei TAroBoi crocoOHOCTHIO0 00J1a1at0T KOXKaHbIe PpEMHU, OJHAKO U3-32
BBICOKOH CTOMMOCTH 00J1aCTh IPUMECHEHHS X KpaliHe orpaHn4eHa. TeKCTUIbHBIC PEMHHU
(x7mom4aToOyMaKHbIE U MIEPCTAHBIE) 00J1a1al0T CPABHUTEILHO HU3KOU TATOBOM
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criocobHocThI0. Hanboupliee pacnpocTpaneHue NOIyYMIN IUI0CKUE PEMHU U3
IPOPE3UHEHHOI0 MaTepuaa, Iric OCHOBHAs Harpy3Ka BOCIPUHUMAETCS
XJIOMYaTOOyMaXHOU TKaHbO (0ebTHHIOM). Pe3una, obecneunBaromas padoTy peMHs
KaK €IMHOTO LIEJI0ro, 00J1a/1aeT NOBBIIIEHHBIM KO3()(QUIIMEHTOM TPEHUs U
M3HOCOCTOUKOCTBIO.

TexHuyeckue NaHHbIe INIOCKUX PE3UHOTKAHEBBIX PEMHEN 110 Iocrt
23831-79 npusenensl B Tadd. 1 u 2.

Pacuér Ben€rcs B cieayromem nopsake.

7.1.1 OnpenensieTcs q1uaMeTp BEAYILETO IIKKUBA
— R3
d, =63/T,, mu

rae T1— KpyTsanil MOMEHT Ha BeaylieM mkuse, H*mwm;

d; okpyrisieTcs 10 OOJIBIIETO AUaMeTpa U3 CTaHAapTHOTO psja Io I'OCT 17383-
73: 40; 45; 50; 56; 63; 71; 80; 90; 100; 112; 125; 140; 160; 180; 200; 224, 250; 280; 315;
355; 400; 450; 500; 560; 630; 710; 800; 900; 1000; 1120; 1250; 1400; 1600; 1800; 20007
[1].

Tabmua 1
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[lIupuna pemHeN 1

TOJIIMHA, MM

Yucno npokI1aioK Ipu MPOYHOCTH

ux, H/MM mmpunbl

55 100 200 300
20, 25, 32, 40 3-5 - - -
50, 63,71 3-5 - - 3
80, 90, 100, 112 3-6 3-4 - -
125, 140, 160 3-6 3-4 3-4 -
180, 200, 224, 250 3-6 3-4 3-4 3
280, 315 3-6 3-4 3-4 3
355 3-6 3-5 3-4 -
400, 450 3-6 3-5 3-4 -
500, 560 3-6 3-5 3-4 -
700 - 3-5 3-4 3-4
750, 800, 900, 1000, 1100, 1200 - 3-6 3-5 3-6
PacuérHas TonmmHa TkKaHEBOU
MPOKJIAJIKU PEMHS C PE3UHOBOM 1,5 1,3 1,4 15
MPOCTIONKOM
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Ta0muma 2

Mexannueckue Mapka TKaHM U1 U3TOTOBJICHUS] PEMHEN

xapakTepucTuku nmpoknanok | b-800 | BHKJI-65, | TA- TK- TA-
BHKIJI-62 | 150, 200-2 300,
TK-150 TK-300
HomunanbHast mpoYyHOCTb,
H/mMm, mupunsl, HEe MeHee:
10 OCHOBE 55 55 150 200 300
0 YTKY 16 20 65 65 50
MaxkcumanbHO
Joryckaemasi paboyas
Harpy3Ka MpoKIaaKH Po,
H/mm, mmupuns 3 3 10 13 20
[ToBepxHOCTHASI IIOTHOCTH
MPOKJIAJIKK PEMHS, KI/M:
0e3 pe3nHoBO# mpociorikn | 1,2 0,9 - - -
C PE3MHOBOM MPOCIOUKOM 1,6 1,3 1,3 1,4 15
[Tpumeuanus. 1. Tkanu npoxnanok pemueit: b-800 — xmonmuaro6ymakHbIe;
BHKIJI-65 u BHKJI-62 — u3 koMOMHHPOBAaHHBIX HUTEH TOTMIPHUP-Xs10T0oK; TA-
150, TK-200, TA-300 u TK-300 — u3 CMHTETHYECKHX HUTEH.
2. Maccy pemus Q, kr, BEIYUCIISOT IO hopmyre Q=(mz+5*1150) bl,

r7Ie M — MOBEPXHOCTHAS IJIOTHOCTh MPOKJIAJIKK PEMHSI, KT/M; Z — YUCIIO
MPOKJIAA0K; O — TONIIMHA O0KJIAI0K, M; 1150 — MmI0THOCTE PE3UHOBOM
00KIaaKku, Kr/M°; b — mupuna pemns, m; | — nauna pemus, m.
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_ *
7.1.2 OmnpenensieTcst [uaMeTp BEIOMOIO IIKHUBA dz — dl I, Mm

rIe | — mepeIaToyHoe OTHOIICHUE TePeIavyr, U OKPYTIISIETCS 10 OJIMKAWIIETO MEHBIIIETO

cranaaptHoro 3Havenus mo 'OCT 17383-73 [1].
d 2
7.1.3 YTOuHseTCs mepenaToyHOe OTHOIICHUE dl (l — 5 ) ,

rae £=0,01 — 0,02 — oTHOCHTENbHOE CKOJIBKCHUE PEMHS.
Pacxosxnmenue ¢ 3alaHHBIM TIEPEIaTOYHBIM OTHOIIIEHHUEM

T e
I* = 100% < 3%
|

Ecmu 310 yciioBre He BBITIOTHSICTCS, TO CIIEAYET OKPYTIUTH Oz B OOJIBIIYIO CTOPOHY.
7.1.4 BpruncisieTcst ONTUMaIbHOE 3HAYEHUE MEKOCEBOTO PACCTOSHUS TIOCKOPEMEHHOMN

[nepcaadu.
a=2(d,+d,), mm.

7.1.5 JlnuHa peMHs.
L, = 2a+ A, +A,la, mum

rae A; = 0,51I(d1+d2); A2:0,25(d2-d1)2.

7.1.6 Yron obxBaTa peMHEM BEAYLIETO IIKKMBA

=180 57d dl>150O

a

7.1.7 Oxpy>xHasi CKOPOCTb PEMHS

* *x*
v=" d, nlM/CS[V]leM/c
60000 ,

7.1.8 Tlose3Hoe OKpY>KHOE yCUJIUE HA PEMHE
1000* N,
V :

F =
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rae N1 — MonrHoCTh Ha BenymieM mkuBe, kBT, V — B M/c.
7.1.9 Beraucistorcest Ko3hGUITMEHTHI 111 OLIEHKU JIOIyCKaeMoi pabodeil Harpy3Ku

MIPOKJIAIKU
[p]=ps*C,*C,*C,*Cq, H / un

rne C,=1-0.003(180-0’) — yunTeIBaeT BIMsHUE yria 00XBaTa HA MAJOM IIKHUBE;
Cv=1,04 — 0,0004V?
C, — yuuThIBaeT pexuM paboThI epeaauu (cm. Tadi. 3)
Cy — yYHTHIBAET PACIIOIOKEHHE MIEpeaadn: ecan yroi Hakimona 0<60%, o  Cy=1;
60°<0<80° - Cy=0.9; 0> 80°- Cy=0.8. I nepenay ¢ aBTOMaTHIECKHM

perynupoBanuem Co= 1 (puc. 2).
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Ta0Omuma 3

Paboyas Thyex
MaruHbl, IPUBOIMMBIE B IBUKECHHE (O
Harpyska Trom
[TocTostHHas 1,2 | BeHTHIATOPHI, BO3IYXOAYyBKH, IEHTPOoOE)KHBIE Hacockl | 1,0
1 KoMIipeccopbl. CTaHKU TOKapHbIE, CBEPIIIIBHBIE,
nuidoBaibHbIE. JIEHTOUHBIE TPAaHCTIOPTEPHI.
Cranku ¢pe3epHbie, PEBOJIBBEPHBIC U
C mebompmmmu | 1,5 | mnockonmmudoBansHbie. Hacock! m koMmpeccopsl 0,9
KoJ1e0aHUsIMU nopuiHeBble. [lnacTuHYaThIe TPAaHCTIOPTEPHI.
CrporanbHble U JOJOEKHbBIE CTAHKU, PEBEPCUBHBIE
Co 2,0 | mpuBOIbl. BUHTOBBIE U AKCIIEHTPUKOBBIE MPECCHI. 0,8
3HAYUTENIbHBIMU BuHTOBBIE U CKPEOKOBBIE TPAHCIOPTEPHI, 3JIEBATOPHI.
KOJICOaHUSIMU
JleconuiibHBIE paMbl, MOJIOTBI, JPOOUIIKH, IIAPOBBIE
MmenbHULBIL. [loabEMHUKH, SKCKaBaTOPBI.
Hepasaomepnas, | 3,0 0,7
C pPE3KUMHU
KOJICOaHUSIMU

[Tpumeuanus. 1. Ty — MyCKOBOM MOMEHT, T on — HOMHUHAJIBHBIM.

2. 3nauenus Cp npuBenEHBI 151 PEMEHHBIX IIEpeaay OT JNEKTPOABUTaATENEH

ITOCTOSTHHOTO TOKa M OT aCHHXPOHHBIX JIBUTATENEN C KOPOTKO3aMKHYTBIM POTOPOM;

AJI Iepeaad OT aCMHXPOHHBIX lIBI/IF&TCJ'ICfI NEPEMCHHOI'0 TOKAa C KOHTAaKTHBIMHU

KOJIbIIaMH, a4 TaAKXKC OT CHHXPOHHBIX U ITIOPIITHCBbLIX HBHFaTCHCﬁ 3Ha4YCHUA Cp

cHmkatb Ha 0,1.

3. 3nauenust Cp OTHOCATCS K Iepeadyam, SKCIUyaTUPYEMbIM B OIHY cMeHy. [Ipu

nByxcMmeHHoi padore Cp menbine Ha 0,1, mpu Tpéxcmennoi — Ha 0,2.
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7.1.10 Tlo TaGm. 2 B 3aBUCUMOCTH OT THIIAa PEMHS BbIOMpAETCsS MaKCUMalbHas
JoIycKaemMasi pabodasi Harpy3ka npokiaaku Po, H/MM Ha enmuHUIYy ITUPUHBI pEMHSI.
C y4€TOM BBIYMCIICHHBIX BBINIE KO (DHUIMESHTOM HaXOIUTCA JOMycKaemas pabodast

Harpy3ka NpoKJIaIKu

[p]=ps*C,*C,*C,*Cqo, H/

7.1.11 Omnpeaensiercs TOAMMHA PEMHS 0 B 3aBUCUMOCTH OT MaTepuaa:

5/ = Y5 Va0

[To Tabn. 1 Hax0UM TONIMHY NPOKJIAIKUA PEMHS T U 3aTeM KOJIMYECTBO MPOKIAJOK
=0/t OKpYTJIsieM J0 LEJIOr0 U CPaBHUBAEM MOJyUYEHHOE 3HAUEHUE C TaOINYHBIM
(cm. Tabm.1). Ilpu HEOOXOAMMOCTH BHOCUM KOPPEKTUPOBKY B OLIEHKY TOJIIIHMHBI PEMHS 0.

7.1.12 OrnennBaeM MoTpeOHyI0 MUPUHY PEMHS

F
h=__t
Z*[p],MM

Omna okpyrasiercs Ao ommxkaimero 3Hadenud no 'OCT 23831-79 u3 psapga: 20; 25;
32, 40; 50; 63; 71; 80; 90; 100. Eciu b>100 MM, To 11€71€C000pa3HO MIEPEHTH K IPYTOMY
TUITy peMHs ¢ 00Jiee BBICOKUM 3HaYeHueM Po.

7.1.13 BreinonHsieTcs mpoBepKa peMHs Ha MPOYHOCTH:

O,

ax — 01 T Oy +0y

- MAaKCUMAJIbHOC HAIIPAKCHHUC B PCMHC
— Ft
25 b - HanpsDKCHUS B HaOeTaroIeii BETBY.

3neck 6o = 1,8 H/MM? — HanpsKeHHE OT IIPEABAPUTENHLHOTO HAMTPSKEHUS;

o, =1, —
dl - HanpsbKeHUe n3rubda, BO3HUKAIOIIEee Ha BEIYyIIEM IIKUBE.

JliIst MPOPE3UHEHHBIX PeMHEH Moy b ynpyroctu Ey = 80...100 H/mm?,
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o, =p*V:*10°

- HAIIPsIZKCHUSA OT HGHTpO6e)KHOI>'I CHIJIBI,

p = 1200 Kkr/mM° — IIIOTHOCTH MAaTEpHaNa MPOPE3NHEHHBIX PEMHEIA.

< =6..8, H/ um®
YcnoBue mpoYHOCTH O max [a]p 1 MM

Ecnu 910 yciioBre He BBIOTHSIETCS, TO HEOOXOAMMO yBETHUUTh U1 10 CIEAYIOMIETO
Onmoxaiiiiero 60JbIIEro CTAaHAAPTHOTO 3HAYCHHS U TIOBTOPUTH PACUET.

U:is[u]:s1

7.1.14 Yucno npoOGeroB pemMHs 0 C . Ecnu 370 ycnoBue He

BBIIIOJIHACTCA, TO YBCIMUIUBACM d]_ A0 CIICAYIOUICTO CTAHAAPTHOI'O 3HAYCHM .

7.1.15 J0ATOBEYHOCTh pEMHS
m 7%
H - o, 10" 8, 4
o) 3600%U*z,

oy = 7 Mlla — mi11 npope3uHEHHBIX PEMHEN;
Zyy1 = 4uciio WKUBOB (Zyy = 2), M=6;
Vu — YUUTBIBAET PA3IMUHYIO BETUYUHY HANPSKEHUM U3ruda Ha MajoM U OOJIbIIOM
mIKuBax. MOKHO mpuHATh: opu i=1-vy=1,1=2-vw=1,7;i=3-w =1,9.
Ecmu H<1500...2000 4, TO ciieayeT yBeIUIUTh 01 M IOBTOPUTH PACUET.
7.1.16 Ycuue, nelicTByOIIEe Ha BaJI OT PpEMEHHOM Tepeavu:
0

F. =2F, *sin 4
2 ),H

b M

riae Fo = 6p*0*b — HayampHOE HATSHKCHUE PEMHS.

7.2 Pacuér xmHOpEeMEHHOM nepeavn.
7.2.1 Ceuenne peMHs
Pacuér naunHaeTcs ¢ BbIOOpa ceueHus: peMHS B 3aBUCUMOCTH OT TIEpe1aBacMOM
MOIIIHOCTH TI0 HOMOTrpamme (puc.7.3) unu t1abdin.4.
J11st BBIOpaHHOTO CeueHHUs peMHs Mo Ta0J.5 ONpeeNsitoTCsl €r0 OCHOBHBIE MapaMeTphl.

3areM pacy€T BEAETCS B CIEIYIOLIEN TTOCIE0BATENBHOCTH.
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Py
dARFE
ap 4Ry
2 X 15N/
AND4 7 7
ol 1WA 1A T L] 1
2 36 8105 315 80° KB

Puc. 7.3

7.2.2 OnpexaensieTcs quaMeTp Beayniero mkuBa di>dmin , KOTOPBIA OKPYTIISETCS JI0
Onkaiiero 6ompiero 3uauenus u3 cranaaptHoro paga mo 'OCT 20889-75...'0OCT
20898-75: 63; 71, 80; 90; 100; 112; 125; 140; 160; 180; 200; 224; 250; 280; 315; 355;
400; 450; 500; 560; 630; 710; 800; 900; 1000; 1120; 1250; 1400; 1600; 1800; 2000;
3150; 3550; 4000.
7.2.3 JInametp Begomoro mmkuBa dy=0;*1 (MM) okpyrseTcs 10 OJmKaiimero
MEHBIIEr0 CTAHJAPTHOI'O 3HAYEHHS.
7.2.4 YTouHseTCs MepeaaTOYHOE OTHOIICHHE

L4,

dl(l o ‘”f )

rae £=0,01...0,02 — oTHOCHTENBbHOE CKOJIbKEHHE B PEMEHHOM Tepeaye.
PacxoieHre ¢ 3aJaHHbIM NIEPEIaTOYHBIM OTHOLLIEHUEM OIPENEIAETCS CIAEAYOIIUM

obOpazom:

1>

Al = 100% < 3%

|
Ecnu 910 yciioBre He BBIMOTHSIETCS., TO CIEIyeT OKPYTIUTh 02 B OOJIBIIYIO0 CTOPOHY H

IIOBTOPUTH PACUET.
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Taomuma 4

Tun 00603- | Momenr Ha | d1min, Tun 00603- | Mowment | dlmin
peMHs Haye- | OBICTPOXOJT MM peMHsl | Hadye- Ha , MM
HUE HOM Bay HUE | OBICTPOXO
ceue- T1, H*m ceue- JTHOM
HUS HUS Baiy T1,
H*m
Kmuno- | O <30 63 Kmuno- | YO <150 63
BOM A 15-60 90 BOM YA 90-400 90
HopMaib- | b 45-150 | 125 y3KHH Yb | 300-2000 | 140
HOTO B 120-600 | 200 YB >1500 224
ceuenust | I’ 420-2400 | 315 [Tonu- K <40 40
| 1600-6000 | 500 KITUHO- J 18-40 80
BbIC M >130 180
[Tpumevanus. 1. J{ns noBeimenus cpoka ciry»0b1 1 KI1J[ u3 Bo3MOXKHBIX (TTpu
3a/laHHOM 3HaueHuu T 1) ceueHuil peMHsl peKOMEHAYEeTCA OpaTh MEHBIIIEE.
2. C yBenuuenuem 01 npu 3aaHHOM cedeHUU peMHs noBbimaroTes KIT/
(Bo3pacTaeT TAroBas CnocOOHOCTb) U I0JATOBEYHOCTb.

Tabnuna 5

Ce-| lp, | W, | To, |Ilmomans | Macca, Lo AL= dp
ye- | MM | MM | MM | CEYEHHs, | KI/M =Lp- HE MEHee
HUE cM? g

O 85| 10 | 6,0 0,47 0,06 400-2500 25 63

A 110 13 | 8,0 0,81 0,10 560-4000 33 90

b |140| 17 10,5 1,38 0,18 800-6300 40 125

B 19,0 22 | 135 2,30 0,30 | 1800-10000 59 200

r (270] 32 [190| 4,76 0,60 | 3150-14000 76 315

O 1320] 36 | 235 6,92 0,90 | 4500-18000 95 500
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E |420| 50 [30,0| 11,72 1,52 | 6300-18000 120 800

W [Ipumeuanus. 1. Lp — pacuétHas ayiMHa peMHS Ha YpPOBHE

HEUTpaJIbHOW JTUHUM; LBH — BHYTPEHHSS JJIMHA PEMHS 110

| MEHBIIIEMY OCHOBaHHUIO.

W _ 2. Cranpaptubiit psag s Lp: 400, 450, 500, 560, 630, 710,

800, 900, 1000, 1120, 1400, 1600, 1800, 2000, 2240, 2500,

2800, 3150, 3550, 4000, 4500, 5000, 5600, 6300, 7100, 8000, 9000, 10000, 11200,
12500, 14000, 16000, 18000.
B TexHndyeckn 000CHOBAHHBIX CITydasx JAOIMYCKAIOTCS MTPOMEKYTOUHBIC 3HAUCHUS
Lp: 425, 475, 530, 600, 670, 750, 850, 950, 1060, 1180, 1320, 1500, 1700, 1900,
2120, 2360, 2650, 3000, 3350, 3750, 4250, 4750, 5300, 6000, 6700, 7500, 8500,
9500, 10600, 11800, 13200, 15000, 17000.
3. Ilpumepsl yCIOBHBIX 0003HaYeHUM: peMeHb ceueHus B ¢ Lp=2500 Mm ¢
KOPJIHOM TKaHBIO B HECYIIIEM CJI0€ JJi1 pabOTHl B YMEPEHHOM KIIUMaTe:
Pemensv B-2500 TI'OCT 1284.1-80 — I'OCT 1284.3 — 80; T0 e, C KOPAIIHYPOM:
Pemens B-2500 LLI I'OCT 1284.1-80 — I'OCT 1284.3 — 80.

7.2.5 Ormpexaensercst MEXXOCEBOE PACCTOSHUE
a_ =055, +d,)+T,, mu
A, =d, +d,, mu

[TpuHMMaeTCs TPOMEKYTOUHOE 3HAUCHHE
a=—mn__"mX
7.2.6 PacuérHas qyvHa peMHs
I d, —d,)?
Lp =2a+—(d, +d2)+M,MM
2 4a

OKpYIJIETCs 10 OJMM>KalIlero CTaHAapTHOTO 3HAYEHHUS 110 Ta0IL. 5.

7.2.7 YTOUHSIETCS MEKOCEBOE PACCTOSIHUE

a= 0,25le — A, +/(Lp—A,)? —8A2JMM
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e A =05I1(d, +d,) A, =0.25(d, —d,)*

7.2.8 Yroi odoxBara Ha MaJIOM IIIKUBE

o0 =180-5792=%
a

7.2.9 Beruucnsercs oKpy»Hasi CKOPOCTb PEMHS
_ Tdjn,
60000

Ecnu 310 ycrioBre He BBITIOMHSICTCS, TO CIIEAYET YBEINYHUTh (1 ¥ IOBTOPUTH PACUET.

mlc<|V]=25ulc

7.2.10 Omnpenenstorcst KO PUITUSHTHI:
C, — y4MTHIBAIOIIMI BIUsHUE yIia ooxBara a1’ (Ta6m.6);
CL — yuuThIBaIONINI BIUSHUE NJIMHBI peMHS (Ta01.7);
Cp — yuuTHIBAIOIIUHN BIUSHUE PeKUMa padoThl (Tab.8)

Cz — yUUTBHIBAIOIINN BIMSHHUE YMCa peMHel (Taou. 9)

Tabmauia 6
a® | 80 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
C, | 062068 0,74|078 083|086 |089 09209 ({098 | 1
Tabmuna 7
3nauenus kodpdurmenta Cp ans kauHOBBIX pemHei mo 'OCT 1284.3-80
Lp, mm Ceuenue pemHs
O A b B r )| E
400 0,79 - - - - - -
450 0,80 - - - - - -
500 0,81 - - - - - -
560 0,82 0,79 - - - - -
630 0,84 0,81 - - - - -
710 0,86 0,83 - - - - -
800 0,90 0,85 - - - - -
900 0,92 0,87 0,82 - - - -
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1000 0,94 0,89 0,84 - - - -
1120 0,95 0,91 0,86 - - - -
1250 0,98 0,93 0,88 - - - -
1400 1,01 0,96 0,90 - - - -
1600 1,04 0,99 0,93 - - - -
1800 1,06 1,01 0,95 0,86 - - -
2000 1,08 1,03 0,98 0,88 - - -
2240 1,10 1,06 1,00 0,91 - - -
2500 1,30 1,09 1,03 0,93 - - -
2800 - 1,11 1,05 0,95 - - -
3150 - 1,13 1,07 0,97 0,86 - -
3550 - 1,15 1,09 0,99 0,88 - -
4000 - 1,17 1,13 1,02 0,91 - -
4500 - - 1,15 1,04 0,93 - -
5000 - - 1,18 1,07 0,96 0,92 -
5600 - - 1,20 1,09 0,98 0,95 -
6300 - - 1,23 1,12 1,01 0,97 0,92
7100 - - - 1,15 1,04 1,00 0,96
8000 - - - 1,18 1,06 1,02 0,98
9000 - - - 1,21 1,09 1,05 1,01
10000 - - - 1,23 1,11 1,07 1,03
12500 - - - - 1,17 1,13 1,08
15000 - - - - 1,20 1,17 1,11
18000 - - - - - 1,20 1,16
Tabnuia 8

Koadpdumuent Cp tuHAMUYHOCTH HArpy3Ku B pexxume padoTsl nmpusoja mo I'OCT

1284.3-80
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YcaoBust paboThI Ty MmamuHbL Tun | 3nayenus Cp
JIBU- npuyducie
ra- | CMEH paboThI
Tensa | 1 | 2 | 3
Pexxum nérkuii. Harpyska | CTaHkH C HENPEPHIBHBIM I 101,114
CIIOKOMHASL. MPOLIECCOM PE3AHUA. II 12 114115
KpartkoBpemennas [lenTpoOe)HbBIE HACOCHI U
Harpy3ka — 10 120% ot KoMIIpeccopsl. JIeHTouHbIe
HOMMHAJIbHOU KOHBEMEPHI, CENMapaTopsl.
Pexxum cpenHui. Cranku ¢pe3epHbie, I 111,215
YMepeHHbie koyeOaHusl. MMOPIIHEBBIE KOMIIPECCOPHI U I1 1,3 115|1,7
KpatkoBpemenHnas Hacocsl. LlenHbie
Harpy3ka — 10 150% ot TPaHCIIOPTEPHI, JIEBATOPHI.
HOMMWHAJIBHOM. JlnckoBelie nuibl. [IuieBsie
MAaIITUHBI.
PexxuM TSKENBIN. CrtaHKu CTpOrajibHBIE, I 12 (13(1,6
3HAUYUTEIBbHBIE JIOJIOEKHBIC, IT 1411619
KoJiebaTeNnbHbIe HATPY3KHU. | JIepeBO0OpabaThIBAIOIIHE.
KpaTtkoBpemeHHas Kongeiiepsl BUHTOBBIE,
Harpy3ka — 10 200% ot ckpeOkoBsie. [Ipecchr
HOMUHAIBHOM. BUHTOBBIE SKCLIIECHTPUKOBBIE
C TSXKETBIM MaXOBUKOM.
Manmas! U1
OpUKETHUPOBAHUSI KOPMOB.
PexxuM oueHB TSKEIBII. [ToxbE€MHUKY, SKCKABATOPHI. I 1,3 (1517
VY napHnas Harpys3ka. IIpecchl BUHTOBBIE I1 151,720

KpaTkoBpeMeHHas
Harpy3ka — 710 300% ot

HOMUHAJILHOM.

AKCIEHTPUKOBBIE C JIETKUM
MaxoBUKOM. HoxxHUI1BI,

MOJIOTBI, MCJIbHUIIBI,
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TPOOUIIKH, JIECOTTUITLHBIC

paMbl.

ITpumeuanusi: 1. Tun nBurarens | —3nauenust Cp ykazaHsbl 1Jis epeaay oT

3H€KTpOI[BI/IFaTeHeﬁ IMEPEMCHHOI'O TOKA O6H_[erOMBIH_UIeHHOFO MMPUMCHCHUA U OT

ﬂBHF&TCHGﬁ IIOCTOAHHOT'O TOKA IMYHTOBBIX.

2. Tun nBuratens I1 — 3nadenus Cp 1715 Iepeay OT SAEKTPOABUTATENEH

IMCPCMCHHOI'O TOKa C IMOBBINICHHBIM ITYCKOBBIM MOMCHTOM U OT

3H€KTpOI[BI/IFaTeHeﬁ IMOCTOAHHOI'O TOKa CCPHUCCHBIX.

Tadmuma 9

Z 2-3 4-6

6

Cz 0.95 0.9

0.85

7.2.11HomuHanbHast MOIIIHOCTh, MpeiaBaeMast OJJHUM KIMHOBBIM peMHEM No B kBT,

onpenensiercs o tadun.10.

Tabn. 10
Ceue- Yacrora BpalieHusi MEHBIIETO MIKKMBA, 00/MUH
HHUE dq i
ulp, 400 | 800 | 950 | 1200 | 1450 | 2200 | 2400 | 2800
MM
1,2 0,26 | 0,47 | 0,55 | 0,66 | 0,77 1,08 | 1,15 | 1,28
80 |15 0,27 | 0,49 | 0,56 | 0,68 | 0,80 1,11 | 1,18 | 1,32
>3 0,28 | 0,50 | 0,58 | 0,71 | 0,82 1,14 | 1,22 | 1,36
0 1,2 042 | 0,76 | 0,88 | 1,07 | 1,25 1,72 | 1,84 | 2,04
1320 | >112 [ 1,5 043 | 0,78 | 0,91 | 1,10 | 1,29 1,78 | 1,90 | 2,11
>3 044 |1 081|094 | 114 | 1,33 184 | 196 | 2,17
A 1,2 050 | 0,88 | 1,01 | 1,22 | 1,41 190 | 2,01 | 2,19
1700 | 100 |15 052 | 091 | 105 | 125 | 1,45 19 | 2,07 | 2,27
>3 053 | 094 | 108 | 1,30 | 1,50 2,02 | 214 | 2,34
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1,2 084 | 151 | 1,74 | 2,10 | 2,43 3,27 | 3,44 | 3,72
140 | 1,5 086 | 1,56 | 1,79 | 2,17 | 2,51 3,38 | 3,56 | 3,85
>3 089 | 160 | 1,85 | 2,24 | 2,59 3,48 | 3,67 | 3,97
1,2 1,16 | 2,10 | 2,43 | 293 | 3,38 443 | 4,62 | 4,85
>180 | 1,5 1,20 | 2,17 | 2,51 | 3,03 | 3,50 458 | 4,77 | 5,02
>3 1,24 | 224 | 259 | 3,12 | 3,61 4,72 | 4,92 | 5,18
1,2 1,12 | 195 | 2,22 | 2,64 | 3,01 3,83 | 3,96 | 411
140 | 1,5 1,16 | 2,01 | 2,30 | 2,72 | 3,10 3,95 | 4,09 | 4,25
>3 1,20 | 2,08 | 2,37 | 2,82 | 3,21 4,08 | 4,22 | 4,38
1,2 1,70 | 3,01 | 3,45 | 411 | 4,70 591 | 6,07 | 6,16
180 |15 1,76 | 3,11 | 3,56 | 4,25 | 4,85 6,10 | 6,27 | 6,36
>3 1,81 | 3,21 | 3,67 | 438 | 501 6,29 | 6,47 | 6,56
1,2 2,32 | 413 | 4,73 | 563 | 6,39 7,47 | 7,80
22540 224 |15 2,40 | 4,27 | 4,89 | 5,81 | 6,60 8,00 | 8,08 -
>3 2,47 | 4,40 | 5,04 | 6,00 | 6,81 8,25 | 8,31
1,2 3,09 | 549 | 6,26 | 7,42 | 8,30 9,12
>280 1,5 3,19 | 5,67 | 6,47 | 7,66 | 8,57 9,42 - -
>3 3,29 | 585 | 6,67 | 791 | 8,84 9,72
1,2 3,87 | 6,65 | 758 | 8,78 | 9,67 |10,29"
250 |15 4,00 | 6,83 | 7,82 | 9,07 | 9,99 |10,62"| - -
>3 4,12 | 7,10 | 8,07 | 9,36 | 10,69 |10,96"
B 1,2 550 | 9,55 | 10,75 |12,33 | 13,33 | 13,56*
3750 315 |15 568 | 9,86 | 11,10 | 12,73 | 13,76 | 14,00 | - -
>3 586 | 10,17 | 11,45| 13,14 | 14,20 | 14,44*
1,2 8,77 | 14,76 | 16,29 | 17,75 | 17,90*"
>450 | 1,5 9,05 | 15,24 | 16,82 | 18,33 | 18,49*" - - -
>3 9,34 | 15,72 | 17,35 | 18,91 | 19,07*"

Oxonuanue Ta0auner 10
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Ceue- YacroTa BpalieHHsi MEHbIIETO KUBa, 00/MUH
HHE _
ulp, & ! 200 | 400 | 600 | 750 | 950 | 1200
MM
1,2 6,98 | 12,25 | 16,50 | 19,01 | 21,46 | 22,68
400 1,5 7,21 | 12,64 | 17,04 | 19,63 | 22,16 | 23,42
>3 7,48 | 13,04 | 17,57 | 20,25 | 22,86 | 24,16
1,2 13,42 | 23,59 | 31,21 | 34,81 | 36,58
6;00 630 1,5 13,85 | 24,36 | 32,23 | 36,45 | 37,78 -
>3 14,29 | 25,13 | 33,25 | 37,08 | 38,97
1,2 17,93 | 31,12 | 39,73 | 40,81
>800 1,5 18,51 | 32,13 | 41,03 | 43,48 - -
>3 19,10 | 33,15 | 42,33 | 44,85
1,2 16,74 | 28,83 | 37,27 | 40,70
630 1,5 17,28 | 29,77 | 38,49 | 42,03 - -
>3 17,83 | 30,71 | 39,70 | 43,36
1,2 23,21 | 39,64 | 49,49 | 51,33
7§)0 800 1,5 23,97 | 40,94 | 51,11 | 53,01 - -
>3 24,73 | 42,23 | 52,73 | 54,68
1,2 30,52 | 50,84 | 59,38
>1000 1,5 31,51 | 52,51 | 61,27 - - -
>3 3251 | 54,17 | 63,21

1* mpu 2000 06/mun, 2% mpu 1800 06/MuH, 3* npul300 06/Mun

7.2.12 PacuérHas (HOMUHAJIbHAS) MOIIIHOCTD, JAOITyCKaeMasi IJisi iepeiadu OTHUM

PEMHEM

Np = NO CaC CL ,KBm

P

7.2.13 OmnpenensieTcs YUCIIO peMHE:




p = N

Np * Cz - oKkpyIJIsieM J0 1IeJIOr0 3HAYEHUS.

7.2.14 Cuita npeIBapUTENIBHOTO HATSYKEHUS PEMHS:

850*N*Cp*C
F, = Z*V*Cp L+ OV’

rae 0 — ko’ UIMEHT, YINTHIBAIOLINI BIMAHNE HEHTPOOEekKHBIX cuil, H*c2/M?,

npuHUMaeM 1o 1adm. 11.

Tabmura 11
CeueHnue @) A b B I I E
0 0,06 0,1 0,18 0,3 0,6 0,9 1,5

7.2.15Yucno nmpoberon

Vv
U:L—ps[u]zzo,%

Ecnu 310 yciioBre He BBITIOIHSICTCS, TO CIIEAYET YBEINIUTH (1 ¥ IOBTOPUTH PACUET.

7.2.16MakcumanbHOE HalpsKEHUE B PEMHE:

2
O =0, +0,+0,,HIl um
- MAKCUMAJIbHBIC HAITPSAKCHUAA,

F, , 1000*N
LOA vE2z%A]

rae A — mIomaas cedeHns peMHs, MM2 (Tab.5)

H | mm?®

- HapsOKEHUS B HaOeTarolel BETBY,

o, =10"° pv°

- HAaIPsKEHUs OT LEHTPOOEKHBIX crit, H/Mm?,
e p = 1250...1400 kr/mM® — MIOTHOCTH MaTepHana pEMHEN;
To

o, =E, ,
d, - HanpsbkeHus n3ruba Ha Manom mkuse, H/mm®,

rae Ey = 80...100 H/MM? — Moaysb yIpyrocTH;
o <|o]=9..10, H | mns?

max —

Ecam s10 YCJIOBHUC HC BBIMMOJIHACTCA, TO CJICAYCT YBCIIMYUTDH d1 H IIOBTOPUTD pacqéT.

7.2.17JIonTOBEYHOCTh PEMHEN
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H = Gy 107 19u y
o 3600*U*Z

max

e 6y = 10 H/MM? — mipeen BBIHOCIMBOCTH IS MaTepUaa PEMHS;
Z111 — 9UCII0 MKUBOB; M =11; vy — yYUTHIBAaET Pa3IUYHYIO BEIMUNHY HANPSDKCHHM
n3ruda Ha MaJIOM U OOJIBIIIOM IIKKBaxX (Tad:.12)

Taomuna 12

[ 1 2 3

Vu 1 1.7 1.9

Ecmm H<1500...2000 4, TO HE0OXO0MMO YBEIMYUTH (1 M TIOBTOPUTH PACUET.

7.2.18Ycunue, neiicTByroliee Ha Baj OT peMEHHOM MepeTayun:

0
FZzZFO*Z*sin%l

7.3 Pacu€t 3yOuaTo-peMEHHON NIepeiayu.
OCHOBHBIMH T€OMETPHUCCKUMHU XapaKTEPUCTUKAMU 3y0UaTOr0 PEMHS SBIISIOTCS
MOAYJE M, yncio 3yoneB Zp u nnuHa pemHs L. [Tapamerpsl 3y0UaThix peMHeH

npuBeAeHbl B Ta01.13.

Tabnuua 13
| | s ¢ '
] NN F L
t 7} i
.\_ _‘h‘
[TapameTpsl Moayns m, Mm
2 3 4 5 7 10
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[lar pemus tp=mtm

OOmag TosmuHa

pemus H, mm

Bricora 3y6a h

Haunmenbmas Tommmaa

3Y6a hmin

VYron npoduns 3yda

2P, rpan

Huametp Tpoca dyp,

MM

[Hlupuna pemus b, Mmm

Paccrosiaue ot ocu

Tpoca 10 BOAAUHBI PEMHS O,

MM

Jlonyckaemas yaenpHas

OKpy>kHas cuna [(], H/mm

6.26

3,0

1,5

1.8

50

0,36

8: 10;
12,5

0,6

5

9.42

4,0

2,0

3,2

40

0,36

12,5;
16;20

0,6

10

12.57

5,0

2,5

4.4

40

0,36/0,65

20:25;
32:40

0,8

15/25

15.71

6,9

3,5

5,0

40

0,65

25:32:
40:50

0,8

35

21.99

11,0

6,0

8,0

40

0,65

50:63;
80

0,8

40

31.42

15,0

9,0

12,0

40

0,65

50;63;80

0,8

60

7.3.1 PacuérHoe 3HaYeHUE MOIYJI 3yObEB PEMHS UCXOIS U3 YCTAIOCTHON MPOYHOCTH

OIIpPCACIIACTCA:

m, =3/0.0045T, ,
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HOqueHHOC 3HAYCHUEC MOAYJIA OKPYIJIACTCA 10 HOPMAJIM30BAHHOIO!

Taomuma 14

2,3,4,5,7,10.

7.3.2 BpibupaeTtcs yucio 3yO0beB MEHBIIETO IIKKUBA 1Mo Tabm.14.

Mopyns | YacToTta BpallileHus MEHbIIIEro mKuBa Ny, | Yucio 3yObeB MEHBIIETO
peMHS MUHL mIKuBa Z1
m, MM (He meHee)

500-3000 12

3500-4500 14

2 5000-6800 16
700-7500 18

500-1000 12

3 1500-2000 14
2500-3500 16

4000-5000 18

500 14

1000 16

4 1500-2000 18
2500-3500 20

500 16

1000-1500 18

S) 2000-3000 20
3500-4000 22

500 20

1000 22

7 1500 24
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2000 26
500 20
1000 22
10 1500 24
2000 26-28
7.3.3 Ywmcio 3yObeB OOJBITIETO IIKUBA Z; =721l  OoKpyrisiem J10 UEeJI0ro

3HAYECHUS.
7.3.4 YTOouHsCTCS IMEPEAaTOUYHOC YUCIO  1%=Z,/Z;.

7.3.5 OmnpenensiroTcst TMaMeTphl IKHBOB
d,=m*z,mm d,=m*z,, uu
7.3.6 IlpenBapuTenbrHOE MEXKOCEBOE PACCTOSIHHE
a, =1.5(d, +d,), mm
7.3.7 IlpenBaputenbHas IJMHA PEMHS

Lp=2a,+A, +A,/a,, mu

A, =0511(d, +d,) A, =0.25(d,—d,)*

rae
7.3.8 OpueHTupOBOYHOE 3HAUYECHUE YKciia 3yObeB peMHs Z’p = Lp/n*m okpyriasercs 10
HOpManM3oBaHHoTo 3HaueHMs: 32; 36; 40; 45; 50; 56; 63; 71; 80; 90; 100; 112; 125; 140;
160.
7.3.9 OxoHuarenbHas JJIMHA PEMHS

Lp =IT*m™>Zp, mm

7.3.100koHUYaTenpHOE 3HAYEHUE MEKOCEBOIO PACCTOSTHUS

a= O.25[Lp — A+ \/(Lp ~A,)° —8A, J MM
7.3.11Yucno 3yObeB peMHs, HAXOIAUINXCS B 3aLICTFICHUH C MAJIbIM IIIKHBOM:

* 0
_ 470

Po = 3500
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0 d,-d
a, =180-57—=—

rae a

Pexomenmyercs Zp>6. Eciu 370 ycioBue He BBIMOTHSACTCS, TO HEOOXOAMMO YBEITUIHTh

MEXOCEBOE PACCTOSHUE a.

7.3.12Y nenpHOE OKPY)KHOE yCHIIHE, TIepeaBaeMoe 3y0uaThiM pEMHEM:
q=[9,]JCp*Ci*Cz, H/ mm

rae [(o] — momyckaeMas yaenabHast OKpyskHas cuia, H/Mum (cm. taboi. 13);

Cp — ko3 durmeHT pexxnuma (cMm. Tadim. 3);
Ci — k03 pHIIHEHT, YIUTHIBAIOIIHIA NIEPEAATOUHOE OTHOIICHHE: /I TOHUKAFOIIIUX
nepenad Ci = 1;

Cz — k03¢ HUIUEHT, yIUTHIBAIOIINNA YUCIIO0 3yOhEB, HAXOANIUXCS B 3aIlCTUICHUN

(cm. Tabm.15). Tab6xa. 15
Zpo 6 5 4
Cz 1 0,8 0,6

7.3.130xpyKHasi CKOPOCTh PEMHS

V = d,n, Ml
60000
7.3.140xpy>xHas cuia
*
F - 2T, =1000 N, H
d, v

7.3.15Macca 1 M. nuHBI peMHS IUPUHON 1 MM. omipesensercs mo Tabiu. 16.

Tabmura 16
m 2 3 4 5 7 10
Am: 0,00032 0,0004 0,0005 0,00075 0,0009 0,0011
KI/M*MM

7.3.16 Tpebyemast mupruHa peMHSI
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_ Ft

q - qm *VZ ,
OKPYTJICTCS 10 HOPMAJIU30BaHHOTO Psija: 8: 10; 12.5; 16; 20; 25; 32; 40;
50; 63; 80.

7.3.17Cwna npeaBapuTEeIIbHOTO HATSHKEHUS, HEOOXOAMMast 1JI1 YCTPAHESHUS 3a30POB:

F,=(1.13)F =(1.1..1.3)q, *b*V*, H

b

MM

7.3.18Ycunue, nelcTByIOIIEe HAa BaJl OT PpEMEHHON Mepeadu:

Fr=(10..12)Ft,

7.4 KOHCTPYHPOBAHHE ILIKHBOB

7.4.1 KoHCTpYKIIMS NIKUBOB JIJISl TUIOCKOPEMEHHBIX epeaay (AUCcKoBas)

a2

A
# /
I — -
& L
"|.":|'| - . | -
N I::ll
oy M s
. il Lem

Puc.7.2
LIxuewvl 0nsa knunosvlx pemueti (puc.7.3 ) UMEIOT HA HAPYKHOM JUAMETPE KaHABKU
mo ['OCT 20898-75 (tabn.17 ); HapyXHBIA JMAMETp IIIKWBAa PACCUUTHIBACTCSA TIO
dhopmyie

Dn :dp + 2hg .
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OcHOBHBIE pa3Mepbl (MM) MPOGUIIST KaHABOK JIMTHIX U TOUEYHBIX IITKUBOB JIJISI KITMHOBBIX

Puc.7.3 IIIKkuBBI 17151 KITUMHOBBIX PEMHEM:

@) ctynuia 6e3 AucKa; 6) CTynuIa ¢ JUCKOM

Tabmuma 17

PEMHEN HOPMAJIBHOTO U Y3KOTO CEUCHUM
P B )
i P U3Mepumensreid
3 POSUK
: o
A S
< ~ A RYY_¥
NN %
g N
S| ; A\ % e |
S iz v /M// 74 -B“‘
H, HC dp b
Ceuenue | L, ho e f r
MEHEe o=34°
O 8,5 10,0 2,5 12 8 0,5 63-71 10
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11 125 | 33 | 15 10 | 10 | 90-112 | 131
B 14 160 | 42 | 19 | 125 | 10 | 125160 | 17,0
vO 85 | 125 | 25 | 12 8 0,5 63-71 10
YA 11 163 | 33 | 15 10 | 1,0 | 90-112 | 131
%) 14 212 | 42 | 19 | 125 | 1,0 | 125-160 | 17,0
dp b dp b
Ceuenue d X
a=36° a=38°
o) 80-100 10,1 112-160 | 10,2 9,0+0,01 6,0

125-160 13,3 180-400 13,4 11,640,015 7,6
b 180-224 17,2 250-500 17,4 14,740,015 9,6

YO 80-100 16,2 9,0+0,01 6,0
YA 125-160 13,3 11,8+0,015 7,6
Vb 180-224 17,2 14,740,015 9,6

KoHcTpykius mKkuBa onpeensieTcs ero 1MaMeTpoM, TUTIOM BBIOPAHHOTO PEMHS M YUCIIOM
pemueii. LlkuBel guamerpoB 0, = 63...100 MM BBINOJHSAIOTCS MOHOJHTHBIMH, TOYCHBIMH C
BBICTyMatoIen ofgHoctopoHHed crynuuei umn 6e3 Hee no 'OCT 20889-75 — 'OCT 20891-75.
[lkuBb1 quametpoB dy, = 80...400 MM H3TOTOBJISIOTCS C JUCKOM M YKOPOUCHHOM WM YITHMHECHHOH
crymanen mo T'OCT 20892-75 — TOCT 20894-75. Ilkueel amamerpoB d, > 180 mm
mrotosisitoTes co cruiamu 1o 'OCT 20895-75 —T'OCT 20897-75.

VYkazaHHbIE CTaHIAPTHl PETVIAMEHTUPYIOT JIJISl KaXJI0ro JHaMeTpa IIKUBAa M TUIA
HCIIOJIb3YEMOT0 PEMHS YUCIIO KaHABOK N:

dp, MM

<90 90-100 > 100

...........................

N 1-4 1-6 1-8

Pasmepbr npoduns kaHaBok mkuBoB M KOoHTposs mo ['OCT 20898-75 npuBencHbl B
T1a0n.17. mumpuHa crymuibl { (puc.7.3) Ha3zHayaeTcs B 3aBUCUMOCTH OT JuUaMeTpa

PaCTOYKH IIKHUBA:

94



18 20;22 25;28 32-38 40-45 60-75 80;75

6, MM .o 30 38 45 60 85 110 135

[upuna mkuBa M onpenensercs no AaHHbIM Tao0y.20. OcTaibHBIE pa3MeEpbI
KJIMHOBOTO IIIKHBA MOTYT OBITh MPUHSTHI OPUEHTUPOBOUHO (puc.8.9): ¢ = 8§...14 mm; 0 =
6...10 MM B 3aBUCMMOCTH OT TUIIA PEMHS.

Hapy»xHblii AaMeTp MOIMKIMHOBOTO IIKUBA PaBEH

Dy =d, - 20.

[[InprHa MIKKWBa pacCUUTHIBACTCS 110 (hOpMYyIIe

M=(z-1)t+20.

Tabmn. 19
Ceuenue [lIupuna M tipu yuciie peMHeu Z
peMHs 1 2 3 4 5
O 16,0 28,0 40,0 52,0 --
A 20,0 35,0 50,0 65,0 80,0
b 25,0 440 63,0 82,0 101,0
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Cneuuaﬂbﬂble KOHCMpYyKyuu uiKueose
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8. PABPABOTKA DCKMU3HOM KOMIIAHOBKH PEAYKTOPA

Baner 1 ocu ciyxat U1l moiep >KaHus HaCa)KeHHBIX Ha HUX JeTaleil ( 3y0uaThix KoJiec,

IIKUBOB, 3BE3/I0UEK U JP.) U , KPOME TOT0, BaJIbl IEPEIAIOT KPYTAIINH MOMEHT H MOTYT

OBITH KPUBOJUHEHHBIMU ( KOJICHYATHIC BAJIBI, PACTIPEACTUTEIbHbIC BB U T.11.). OcH

KPYTSAIIETO MOMEHTA HE MEePEIAl0T U MOTYT OBITh BPAIAIOIIUMUCS U HE

BpamaronmmMucs. Takum 00pa3om, Baslbl pabOTAIOT HA COBMECTHOE JIEHCTBHE N3THOA U

KpYy4YeHUs, a OCH TOJIbKO Ha u3ru6. B nanbHelimem OyneM BecTH peyb TOJIBKO O Bajiax,

MpeAnoaras, 4To Ipu pacuere oceil KpyTaiuii MoMeHT He aerctByet ( T=0).

[enpro maHHO# pabOTHI SABJIAETCS COCTABICHUE 3CKM3HOW KOMIIOHOBKH PEAYKTOpa U Ha
ee OCHOBE ONpE/IEICHNE IMHEWHBIX Pa3MEPOB BAJIOB IS BBHITIOTHEHHS pACYETOB BajoOB Ha
POYHOCTH, )KECTKOCTh U YCTAIOCTHYIO IPOYHOCTH

8.1 Marepuaibl BajoB.
J{nst M3roTOBIEHUS BaJIOB UCIOJB3YIOT YIJIEPOAUCTHIE cTanu Mapok 20, 35, 45
,HOpMaJIM30BaHHbIC WX yJIy4IlIeHHbIE. J[JI1 BHICOKOHATPY>KEHHBIX BaJOB ( KaK
MIPaBUJIO, BEIXOHBIX BaJIOB PEIYKTOPOB) , @ TAKXKE JIJIs1 BAJIOB-IIIECTEPEH MPUMEHSIOT
nerupoBanHble ctan 20X, 40X, 12XH3A. Banbl U3 3TUX MaTtepuaaoB MOABEPratoT
00BEMHOM 3aKaJIKe C BBICOKHM OTITYCKOM. MeXaHHueCcKHe XapaKTepUCTUKH
MaTepHaoB BAJIOB MPUBEAEHBI B Ta0M. &.1.

Taba. 8.1
Mapka Juametp KoaddurmenTst
cTasn 3arOTOBKH, MM | Gy Or 01 T1
MITa MIla |MIa | /° ¥
ITa

Cranb 20 | 1o 60 400 240 |170 100 |0 0
Cranp 45 | He orpanuuen | 560 280 | 250 150 |0 0

1o 120 800 550 | 350 210 |0,15 0,05

1o 80 900 650 |380 230 10,15 0,05
Cranb no 120 350 400 | 300 160 | 0,05 0
20X
Cranb He orpanudeH | /30 500 |320 200 |0,15 0,05
40X 1o 120 900 750 |410 240
12XH3A | 1o 120 950 700 |420 210 10,15 0,05

Haubomnbiee mpuMeHeHe B 00111eM MallTMHOCTPOCHHUH TOJIy4Yria CTallb 45 , KOTOPYIO
YacTO Ha3bIBAIOT BAaJOBOM CTAJIBIO.

8.2 Dranbl TPOEKTUPOBAHHUSI BAJIOB.
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8.2.1 OpueHTHPOBOYHBINA pacueT AUaMETPOB BaJIOB U3 YCIOBUS MPOYHOCTH TOJIBKO HA
Kpy4Y€HHE, PU 3TOM JICUCTBUE U3rN0a KOCBEHHO YUUTHIBACTCS 3aHIKEHUEM
JIOITyCKaeMBbIX HAMPsHKEHUI HAa KpydeHHE.

8.2.2 Pa3paboTka 3CKH3HOM KOMIIOHOBKH KOHCTPYKIIMH PEAYKTOPA C IIEJIbI0 HAXOXKICHHUS
JIMHEWHBIX Pa3MEPOB BaJIOB.

8.2.3 TIpoekTUpOBOUHBIN pacueT BajJOB Ha COBMECTHOE JICHCTBUE M3rH0a U KPYUCHHS C
OTIpe/ICTICHUEM IMaMeTpa Bajia B ONTACHOM CEYEeHMH (T]I€ AeUCTBYET MaKCHUMAaIIbHBIH
HKBHUBAJICHTHBIA MOMEHT).

8.2.4 Pa3paboTka KOHCTPYKIIMU BaJia.

8.2.5 YTouHEHHBIH (MPOBEPOUHBII) pacyeT Bajia Ha yCTAIOCTHYIO TPOYHOCTbD.

8.2.6 TIpoBepka cTaTU4YECKON MPOYHOCTH C YIETOM KPATKOBPEMEHHBIX TIEPErpy30K
(HampuMep, MyCKOBBIX).

8.2.7 OrueHkKa HaJIe)KHOCTH CIIPOSKTUPOBAHHOTO BaJla.

8.2.8 IIpoBepouHbIil pacyeT BaJOB HA KECTKOCTb.

8.3 OpueHTHPOBOYHEII pacyeT Baja.

OpHEHTHPOBOYHO AUAMETP BaJia OMPEACIISAIOT U3 pacueTa TOJIbKO Ha KpydeHHue Mpu
KOCBEHHOM y4eTe JACHCTBUS U3Trnda 3a CueT 3aHMKECHUS JOMyCKaeMbIX HApsHKEHUHN Ha
Kpy4YeHHE.

T
d,= ,MM
0,2-[7]
I'ne T- KpyTAIIMNA MOMEHT, IlepeaaBacMbiil BasioM, H mm

[c] 3aHwkeHHBIE mOMyCKaeMble HanpsykeHUs HA KpydeHue, H/mMm
[c]] = 12-20 H/MMm - 1714 GBICTPOXOIHEIX BAJIOB,
[7] = 20-25 H/mm - mmst ipoOMeEXXyTOUYHBIX M THXOXOJIHBIX BaJOB.

[TosryyeHHbIE U3 OPUEHTUPOBOYHOIO pacueTa BEJIMYMHBI JUAMETPOB BAJIOB OKPYTJISAIOT B
OOJIBITYI0 CTOPOHY J0 YUCEN KPATHBIX TISITH.

8.4 Dcku3Has KOMIIOHOBKA PEAYKTOPA.
DCKU3HAsi KOMIIOHOBKA HEOOX0AUMa JIJIsl ONIPEEIICHHsI IMHEUHBIX Pa3MepPOB BaJlOB, U
KaK CJIEJICTBHE MOCTPOCHHUS IO M3THOAIOMINUX U KPYTAIIUX MOMEHTOB.
OcHOBOI1 17151 pa3pabOTKK 3CKM3HON KOMIIOHOBKH SIBJIIETCS pacyeT 3y0uaThIX,
YEPBSYHBIX U PEMEHHBIX Mepeiad C OMpPeIeIEHUEM UX pa3MEPOB. DCKU3HAS KOMIIOHOBKA
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BBITIOJIHAETCS B OJJTHOM MpoeKuuHu ( A1 peAyKTOPOB, COJAEPKAIIMX YePBIUHbIE Mepeladuu, B

JIBYX TIPOEKIMAX) B MaciiTade 1-1, xxenarenbHO Ha MIJUTUMETPOBOM OyMmare.

8.5 Dcku3Has KOMIIOHOBKA JABYXCTYIEHYATOTO MUIUHAPUIECKOTO PEAYKTOPA,
BBITIOJTHEHHOTO 110 Pa3BepHYTOM cxeMe (cM. puc. 8.1).
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( Me3KOCEBbIE PACCTOSIHUS OBICTPOXOTHON M THXOXOIHOM CTyIEHEH peyKTopa).
[lecTepHu 1 KoJIeca BHIYEPUNBAIOTCS YIIPOIIEHHO B BUE MPSIMOYTOIBHUKOB ( pa3Mephl
dip , g, Bis, Bap, 1T, dot, BiT, BoT, Buik, B, JUIST 00EUX CTYTICHEH OepyTCs M3 pacdera

nepeaay). 37eCh HaJlo y4eCTh, UTO IIMPUHA IIECTEPEH  Bjp A BiT
MPUHUMAIOTCS Ha 3-5 MM 0OOJIbIIIe YeM IMHUPUHA KOJEC B U BT TS
YIPOIIEHUS PETYIMPOBKH IMOJIOKEHUS MECTEPHU OTHOCUTENIBHO Kojeca. Ha acku3nyro
KOMIIOHOBKY HaHOCSTCS JHaMETPhI BaJIOB Oy s % , ds3 . [as

IPOMEXKYTOUHBIX U TUXOXO/IHBIX BaJIOB 3TU AUAMETPbI O€pyTCs U3 OPUEHTUPOBOYHOTO
pacuera ( cM. pazzen 8.3), a st ObICTPOXOIHOTO BaJla PELyKTOpa, UCXOIs U3 CIEYIOIINX
coo0OpakKeHUM.

BxonHO#1 Basl pefyKTOpa COEAUHSIETCS ¢ BaJIOM AJIEKTPOABUraTeNIs My GTON Win
4yepe3 peMEHHYIO Iiepefady. B Tom 1 1pyrom citydae Baj 3J€KTPOJABUTaTENs UMEET
nuameTp (ycTaHOBJIEHHBIN B j1a0. padote Nel npu nmonbope 3nekTpoaBurarens) ,
COOTBETCTBYIOIIUH NIEPEAABAEMOMY KPYTAIIEMY MOMEHTY U JIOITyCKAEMOMY 3HAYCHHIO
nporuda Ha KOHIIE Basia oA My(TON MM IIKMBOM pEMEHHOU nepenaun. Juamerp
BXOJIHOTO KOHIIa OBICTPOXOHOTO Baja peAyKTOpa JOJIKEH ObITh

1) paBen auametpy Bana anekrpoaBurarens Oy =0z, , €CIIM COeNMHEHUE BaJIOB
My pTOi,

2) 6ombIiie quamMeTpa Bana snekTpoauratens g -1,2*d; ., , €Cliu KpyTAIuil MOMEHT
[IEPEIACTCA PEMEHHOU IepeaayeH.

[Monyuennbie 3HaueHus: Oy Tak ke, Kak B pasfelie 3, OKPYIJISFOTCS B OOJBIIYIO
CTOPOHY [JI0 YHCJIa KPaTHOrO NATH. Ecim auameTp NpoMeKyTOYHOIO Bajla PeyKTopa U3
OPUEHTHUPOBOYHOI'O pacyera de2 (cm. puc. 8.1) moaydusicst MEHbIIIE, YEM JUAMETP
OBICTPOXOJHOTO Basia Oy , TO €r0 TIPUHUMAIOT PaBHBIM Oy TSI COXpaHEHUs
TUIIOPA3MEPOB MOJIIUITHUKOB.

Crnenyer OTMETUTh, UTO MPUHSTHIA AUAMETP BXOAHOIO BaJla PEAYKTOpa MOJydaeTcs
OoJbIIIE THaMeTpa Baja U3 pacuera TOJIbKO Ha KpydeHue. Ho 3To ecTecTBeHHO, T.K. 3TOT
pacyeT He YUUThIBAeT U3rHOaOIIMX HArPy30K Ha KOHIIE KOHCOJIM Baja OT My(ThI WU
PEMEHHOU NEpEeNayH.

JlnuHa cTynuIiel Kosiec ( mocaaouHast MoBepXHOCTh Ha Bau) le, = 1,0...1,5%d,
auametp ctynuipl  de,=1.6...1,8 *d;  (rme d, quamerp nanHoro Bana (puc. 4.1.)).

[IpoBogasTcst 00BOIbI BHYTPEHHEN CTEHKH PEAYKTOpa Ha PACCTOSTHUU

Co =15...20 MM oT GOKOBOH U TOPLIEBOM OBEPXHOCTH KoJiec. PaccTosiHue Mexay
TOPLIEBBIMH ITOBEPXHOCTSIMH KOJIEC, PACTIOI0KEHHBIMU HA OJTHOM Bajly (IIPOMEXKYTOYHbIE
BaJIbI) C =8...12 mm.

ITo nnamertpy BasoB d; B IIEpBOM NMPHUOIMIKEHUH MTOIOUPAIOT
NOJAIIMITHUKY. /{7151 BaOB NpsAMO3yObIX HUIMHAPUYECKUX NIEpeiay — IIapUKOBbIE
panuanbhbie ogHopsaaubie( [ITTPO), a 11 BajoB BceX OCTaIbHBIX MEpeiad- POJUKOBBIS
koHnueckue (PIIK) tuma 7000 . /{151 ObICTPOXOIHBIX U MPOMEXKYTOUHBIX BaJIOB — JIETKOM,
a 171 TAXOXO/IHBIX BAJIOB — CPEJIHEN CEpUH.

100



Ha 3cku3Hy10 KOMIaHOBKY HaHOCAT rabapuThl OJIMIMITHUKOB ( puc. 8.2),
KOTOpBIE IIpHUBeIeHbI B Ta01.8.2 [loAMMITHUKYN yCTaHABIUBAIOT TUOO 3aMOTUIIO C
BHYTPEHHEN CTEHKOU peaykTopa ( MpOMEXYTOUYHBIM U TUXOXOIHBIN Bajbl Ha pUC.8.1),
7100 OTCTYNUB 5 MM OT Hee ( OBICTPOXOMHBIN Baji Ha puc.8.1). YcTaHOBKA MOIIITUITHUKOB
oTpezenseTcs ycaoBusiMu cMa3Kku. [Ipu cma3ke 3y0UaThiX Koiec OKyHaHHEM

MOAIIMITHAKY KaueHHsI OOBIYHO CMa3bIBAIOTCS U3 KapTepa peayKTopa B pe3yabTare
pa3OphI3riUBaHus Macia 3y0uaThIMU KOJIeCaMH, 00pa30BaHMs MacJIsTHOTO TyMaHa
Y pacTeKaHus Macia o Bajiam. B aTom ciydae

TOpCH MMOAIIUITHHUKA PACIIOIAraroT 3al10AJINIO C BHYTpCHHeﬁ CTCHKOM PCAYKTOpPaA

Puc. 8.2

WJIU, YUYUTHIBAsI HETOYHOCTH JINThSI KOPIyca peayKTopa, OTCTYNUB Ha 1...3 MM.

Eciu noAmMnmHUK HY»KHO 3alUTUTH OT U3JIUIITHETO KOJIUYECTBA Macja, IPUMEHSIIOT
BHYTPEHHHUE YIJIOTHEHUSI B BUJIC MACIIOOTPAXKATEIBHBIX KOJIEIL , U JUISl UX pa3MeIleHUs
MOAIIMITHUKY CABUTAIOT OT BHYTPEHHEW CTEHKU Ha 5 MM ( OBICTpOXO/HBIN Ba, puc. 8.1).
DT0 HEOOXOIMMO TIPU OJIM3KOM PACIIOJIOKEHUH TOIITUITHUKOB K HAPE3HOW YaCTH YepBIKa
WM K 30HE 3alleTJICHUSI B KOCO3YOBIX IIMIMHAPUYECKUX Tepeiadax, 0COOEHHO, KOTa
JMaMEeTp LIECTEPHU MEHBIIE HAPYKHOTO IHMaMeTpa MOAIIUIHUKA. TaKkxke eciu cMa3Ka
MacJIsTHBIM TYMaHoM Majod(dexTrBHa ( HATPUMED, Y MOIITUITHUKOB BEPTUKAIBHBIX
BAJIOB U LIECTEPEH KOHMYECKUX Tepeaay, WK Majla 4acTOTa BpalllEHHsI BaJloB), TO JJIs
MOAIINITHUKOB IPUMEHSIOT MJIACTUYHBIE CMA3KH, a MOJOCTh HOJIIIUITHUKA OTAEISIOT OT
BHYTPEHHEW 4acTH KOPITyca Ma3eyAep >KUBAIOIIMMU YIIIOTHEHUSIMH.

Ta61.8.2
LIITPO PIIK
d, Jlerkasi cepusi | Cpennsig cepust | Jlerkas cepusi | CpenHsis cepust
MM | B | B | B il B
1 2 3 4 S 6 7 8 9
15 35 11 42 13 35 11 - -
17 40 12 47 14 40 12 - -
20 47 14 52 15 47 14 52 16
25 52 15 62 17 52 15 62 17
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30 62 16 72 19 62 16 12 19
35 72 17 80 21 72 17 80 21
40 80 18 90 23 80 20 90 23
45 85 19 100 25 85 19 100 26
50 90 20 110 27 90 21 110 29
55 100 21 120 29 100 21 120 29
1 2 3 4 5 6 7 8 9
60 110 22 130 31 110 23 130 31
65 120 23 140 33 - - 140 33
70 125 24 150 35 125 26 150 37
75 130 25 160 37 130 26 160 37
80 140 26 170 39 140 26 - -
85 150 28 180 41 150 28 - -
90 160 30 190 43 160 31 - -
100 180 34 215 47 180 34 - -

3aTeM MpoBOAUM KOHTYP HapY>KHOM MOBEPXHOCTH (PJIaHIIa KOpITyca peayKTopa

WUpUHON By
HIDKHSIS 9acTh peayKTopa ( KOpITyC) U BEpXHss 4acTh peayKTopa ( KpbIIIKa) COSTUHSIIOTCS

MeX Ty coboit uepes ianer kopmyca (cM. puc. 8.3.). DTUM onpenenseTcs IMprHa

(bnaHua, KOTOpasdA CKIAAbIBACTCA U3 TOJIIMHWHBI CTCHKHU

o =8...10 mm, pazmepa S=1.8ds, e quamerp OonTa KperuieHus (aHIeB
rne Tt

3/ Tr

, KOTOpYI0 BBIOMpPAEM TI0 CIICIYIOMNUM cooOpakeHusM. Kak npaBuio

d6: 0,2*

KpYTSIIMI MOMEHT Ha THXOXOJHOM Bally peaykropa, H*mwm ( ot

12 1o 20 mm), u tutroc 5...10 mwm, T.e.

qu:
+S +(5...10) Mmm

0
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KpbIlLKa

chnaHey,

Kopnyc

Puc. 8.3.

Ha Bxo/1HOM yuyacTke ObICTPOXOJHOTO Baja BO3MOKHA YCTaHOBKA IIKMBA PEMEHHOU
nepeaayvr, KOTOpbIil B IEPBOM MPUOIMIKEHUH PACIIOJIaraeTcsl Ha pacCTOSHUU

C =25 MM OT KOHTYpa Hapy>KHOM OBEPXHOCTH (i1aHIla KOpPITyca peIyKTopa.
[IIupuHa MKKUBA Byx U1 TUIOCKOPEMEHHBIX MEepeaay 1 nepenad 3youaTbiM peMHEM
onpenensiercs no popmyne By= 1,1*B +10 MM
rie B LIMpHUHA peMHs . I KITMHOPEMEHHBIX Nepeaayd IUpPHHA [KUBA
onpenensiercs By =1,4*To*Z + (Z+1)*5 mm

rne  To -BBICOTA CEYCHUS KJIIMHOBOTO peMHsl, Z -4KCJIO KJIMHOBBIX PEMHEH.
Ha BbIXOHOM y4acTKe TUXOXOJHOTO Bajia MOXKET PACIIOaraTbCs MECTEPHS
OTKPBITOM IIIMHIPUYECKON MM KOHUYECKOM niepenauu Ha pacctosiuun - Co oT

KOHTYpa Hapy>KHOM MOBEPXHOCTHU (hIaHIla pEeAyKTOpa, IIHWPUHA HIECTEPHU By
OepeTcs U3 pacyera nepeaad.

Pasmepet |1 wm |,  momy4aroTcs KOHCTPYKTHBHO MPH MPOPHCOBKE
DCKU3HON KOMIIOHOBKU.

CuuTaror, YTO Harpy3Ky Ha Bajibl OT PEMEHHBIX, 3yOUaThIX U YEPBAYHBIX Mepeaay
NEPENAOTCS B BUJIE COCPEOTOUECHHBIX CUJI U MOMEHTOB MTOCEPEAUHE CTYIUL IIKUBOB U
koJiec. [ToaTomy 3amepsroT TMHENKONW U HAHOCAT Ha SCKU3HYI0 KOMIIOHOBKY PaCCTOSIHUSA
MEXy CEpeMHAMH IIKUBOB, BCHIIOB KOJICC U TIOAIIUITHUKOB pa3Mepsl  |; , F

’ f2 y kl y k2 , k3
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t1 , to , l, . OTH JIMHENHBIE pa3Mephbl MEXy TOUKaMHU
MPUJIOKEHUSI HATPY30K U CEPEMHAMHU ONOP HEOOXOAUMBI JJIsl MOCIEAYIONIUX PACYETOB
BAJIOB HA MPOYHOCTh U )KECTKOCTb.

8.6 OCOOEHHOCTH 3CKM3HOM KOMIIOHOBKH OJHOCTYIIEHYATOr0 LIMJIMHIPHYECKOTO
penykropa.

OcKHU3Has KOMIIOHOBKA OJTHOCTYNEHYATOTO [IMIUHAPUIECKOTO PEAYKTOpPa
NOJTy4YaeTcsl BRIWICHEHHEM OJTHOW U3 cTyneHel peaykropa Puc.8.1. Jlomyctum ,octaBisem
OBICTPOXOJHYIO CTYIEHb. TOr/a yUYUThIBasi CHMMETPUYHOCTH OJTHOCTYIIEHYATOTO
penyKTopa, Ha OBICTPOXOJHOM Bally OCTAIOTCS pa3Mephl

l4 , Fi=f, ,HA BTOPOM THXOXOIHOM Baldy  Ki=K . P

Taxum 06pa3zom, OTOPOCUB TUXOXOAHYIO CTYIEHb ABYXCTYIIEHYATOTO PEAYyKTOpa, U
CUMMETPUYHO ,JJOCTPOUB APYTYIO CTEHKY U MOJUIMITHUKY ITOJTYYHUM UCKOMYIO KOMIIOHOBKY
OJTHOCTYIIEHYATOTO PEAYKTOpA.

8.70c0o0eHHOCTH 3CKM3HON KOMITIOHOBKH ABYXCTYIIEHYATOTO MIJIMHIPHIESCKOTO
peayKTOpa C pa3BOCHHON OBICTPOXOHOU CTYIIEHBIO cxeMa puc.8.4.
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t1 t1

A d

N K2+k2

11

Puc. 8.4

OCHOBOM CITyHUT 3CKHA3HAsI KOMIIOHOBKA
JBYXCTYNEHYATOTO HUJIUHIPUIECKOTO
penykropa Puc.8.1, rme cuMMeTpuyHO BOPaBO
OTHOCHUTEJIBHO TUXOXOIHOU CTyNIEHH
JIOCTPAnBAETCS €IIIe OJIHA OBICTPOXOAHAS
CTYIICHb.

Hauatpe nocrpoenue s3cku3Homn
KOMIIOHOBKH CJIETyET C IPOMEKYTOYHOTO BaJia
penykropa. [IpaBee mecTepHr THXOXOIHON
CTYIIEHU CUMMETPUYHO Ha PACCTOSIHUU K2
IPUCTPAUBAETCS €IlIe€ OJHO OBICTPOXOAHOE
KOJIECO, a 3aTEM YK€ CTEHKa PEAYKTOpA C
noammMnHUKamu. K Kosiecy npucTpoeHHON
OBICTPOXOJIHOM CTYIIEHH CTBHIKYETCS IIIECTEPHS,
pacrnoJioKeHHasi Ha ObICTPOXOIHOM Bany. T.e.
CTEHKA pelyKTOpa CABUIAE€TCS BIPABO, U HA

Bajiax 0003HAYAIOTCS CICAYIONIUE pa3Mephl, OBICTPOXOAHBIN Bal - g , B koK,
f1  MpOMEXYTOYHBIN Bal- K1, K2, K2 , Kj TAXOXOAHBINA Baim- t; , t1 . o,
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8.80c006eHHOCTH ICKU3HON KOMIIOHOBKH JIBYXCTYIIEHYATOTO IIUJIUHIPUIECKOTO
PEIYKTOpA C pa3IBOCHHOM TUXOXOJAHOM CTYIeHbIO cxema Puc. 8.5.

,_..
FJ

k2+k2

F
-~

k3 | k2

k2

k3

h 4
I Y

h 4
»~

h

f2

F 9

f2

Puc. 8.5

obicTpoxomublii Ban- |, fo

TUXOXOJHBIN BaJl-

L,

, b

Y

OCHOBOM CITyUT 3CKHA3HAs] KOMIIOHOBKA
JBYXCTYNEHYATOTO IUIUHIPUIECKOTO
penykropa Puc.8.1, rie CMMMETpUYHO BJIEBO
OTHOCUTEJILHO OBICTPOXOIHOM CTYIEHU
JIOCTPanBAETCS €IIE OJTHA TUXOXO/HAsI CTYIICHb.

Hauatp nocrpoenue s3cku3HoOn
KOMIIOHOBKH CJIETYET C IPOMEKYTOYHOTO BaJia
peaykropa. JIeBee koseca ObICTPOXOAHON
CTYIIEHU CUMMETPUYHO HA PACCTOSHUU K2
MPUCTPAUBACTCS €IIe OJIHA TUXOXOIHAs
IIECTEPHS, a 3aTEM YK€ CTCHKa PeyKTopa C
nogmunaukamu. K mecrepHe npucTpoeHHOM
TUXOXOJTHOM CTYIEHU CTHIKYETCS KOJIECOo,
PacIoIOKEHHOE Ha TUXOXOHOM Baiy. T.e.
CTEHKa PeIyKTOpa CIIBUTAETCs BJIEBO, U Ha
BajiaX 0003HAYAIOTCS CIICAYIONINE Pa3Meph,

, IPOMEXYTOYHBIN BaJI- K3, K2 , K2 , K3

K2 T K2 -paccTOsSIHUE MEXJy KOJIeCaMH Ha TUXOXOAHOM Baimy, to P
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8.90cku3Has KOMIIOHOBKA JBYXCTYIEHYATOTO [IMIMHIPHYECKOTO COOCHOTO PeIyKTOpa

Puc.8.6.
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OCOOEHHOCTBIO PEyKTOpa SIBISIETCS OMHAKOBOE MEXOCEBOE PACCTOSHUE
OBICTPOXOIHOM M TUXOXOJHOM CTyIIEHEW peayKTopa ayw . JBe MHIMHIpUYEeCcKue
nepesayn pacroIokKeHbl Kak Obl MapalljieNIbHO. DTO 3aTPYAHICT PACIOI0KEHUE OMOP
BXOJHOTO Y BBIXOJTHOT'O BaJIOB penyKTOpa. B mosmocTu pexykropa nenaercs Npuivs, B
KOTOPOM pacCIOJIararTcs
npaBasi oropa ObICTPOXOJIHOIO BaJla U JIEBask Oopa TUXOXOJHOro Baja. PaccTosiHue
Mexay Topuamu noamunHukoB  Ci= 10 mm. [locTpoeHre KOMITaHOBKY HAUMHAETCS C
OBICTPOXOJHOM CTYIIEHHU. 3aTEM Ha IIEPBOM Bajly peiyKTopa oTkiaasiBaercs pasmep Co
U PUCYIOTCSI 00BO/IbI MOAIIMITHUKOB OBICTPOXOAHOIO Baja. Pucytorcs 00BobI
IOAIIMITHUKA TOCJIEHEro Baja B3

U CTPOUTCS TUXOXOJHAsA CTYIIEHb. PacCTOSHME K2 HA IPOMEKYTOUYHOM BaILy
II0JIy4aeTCsl aBTOMAaTUYECKH, KaK pe3ysIbTaT IOCTPOEHUs. Bee ocTanbHbIe pa3Mephl U
IIOCTPOEHUS NOJIHOCTBIO aHAJIOTUYHBI paszeny 4.1. 1uist peyKTopa, BEIIOJIHEHHOTO 110
Pa3BEPHYTOM CXEME.

8.10  Dckm3Has KOMIIOHOBKA KOHMYECKO-IIMJIMHAPHIECKOTO peaykTopa Puc.8.7.
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Puc.8.7 Ee npoekTrpoBaHre HAYMHAIOT C
IIOCTPOECHUS KOHUYECKOU nepenaun. [[ns storo
IIPOBOJAT JABE IIPSAMBIE JIUHUU ITOA yraom 90  u
OTKJIQJIbIBAIOT HA HUX OTPE3KU IUAMETPOB
dax m dez . Uepes cepemuHbl 3THX
OTPE3KOB MPOBOJIAT OCEBBIC JIMHUU U TOUKY UX
nepeceueHus ( T. A- BeplIMHA HavyaJlbHbBIX
KOHYCOB) , COEIMHSIIOT C TOYKOU NIepeceueHuUs
OTpe3KoB nuamMeTpoB — T. B. Ha otpe3ke AB
OTKJIa/IbIBAIOT ITUHY 3y0a B U
CUMMETPUYHO OTHOCUTEILHO OCer
JIOCTPAUBAIOT OYEPTAHUS KOHUYECKOM
nepeaadu. J{omoaTHUTeIbHON 0COOCHHOCTHIO
KOHUYECKUX Tepeiay SBISETCS KOHCOIbHOE
PaCIOJIOKEHUE IECTEPHU OTHOCUTEIBHO OIOP,
KOTOPBIE YCTaHABIIUBAOTCS B CIIELIUATIEHOM
npuinBe kopiyca B crakane ( Puc. 8.7.). Mex 1y TopiioM KOHUYECKOU IIECTEPHU U
TOPLIOM MOJIIUITHAKA PEKOMEHIYETCS TPETYCMOTPETH 3230 f1=15...20 MM s
YCTaHOBKHU Ma3eyJIep>KUBAIOIIUX KOJIEH. DTO HEOOXOIUMO TOTOMY, YTO CMa3Ka MacCJIIHbIM
TYMaHOM MOJIITUITHUKOB Bajla KOHUYECKOH IIECTEPHU, PACTIOJIOAKEHHBIX B CTAKaHE,
3aTpyaHeHa. [[oMUITHUKN CMa3bIBalOTCS MJIACTUYHOM cMa3koi. Ha komnaHoBKe
3aMepsroT pasmep T2 OT cepeMHBI OAIIMITHUKA IO CEPEIUHBI BEHIIA KOHMUECKOM
mectepHu. PaccTosiHue My cepeilMHaMK MOIIIMITHUKOB npuHuMaroT fa-(2,5...3,0) *
A .
. lIIkuB pemeHHON TNepenayu pacrojaraloT Ha pacCTOSIHUU
C3=30...35 MM TOpIIa KOpITyca pelyKTopa, a pacCCTOSIHUE OT Topiia KOpIlyca /10 Kpas
MOALIMITHUKA IPUHUMAETCS Cs =10mm.

B xoHHUYeCKO-IIMIIMHAPUYECKUX PETYKTOPaX MPUHSATO MOAIIUITHUKA
POMEKYTOUHOTO U TUXOXOJJHOTO BaJOB pacroyiaratb CAMMETPUYHO, Ha OJIMHAKOBOM
paccrosamu ( L; = L, , L = Lt ) orocu Bana konuueckoit
mectepuu ( Puc. 8.7.). Takoe pacnosoxeHue onop AeNaeT PeAyKTOp YCTOMYUBBIM U
MO3BOJISIET MPOU3BOJIUTE COOPKY PEAYKTOpA MO JBYM CXeMaM, MEHsISl TIOJIOKEHHE
KOHHUYECKOro Kojeca. OTHAKO € LETbI0 YMEHbIIEHUS TabapuTOB U MacChl peAyKTOpa 3TOU
PEKOMEHJAIMN MOYXKHO HE TPUAECPKUBATHCS.

CHauasa ( Kak ONMCAHO BBIIIE) BEIYEPUUBAIOT KOHUYECKYIO niepeaauy. [Ipuaumator
pasmepsl ctymuibl  lep =(1,2...1,5)*ds,  , dez =(1,6...1,8)*dx.

OT cepeauHbl CTYMHIIBI OTKJIAABIBAIOT pa3Mep K3 =le/2 + Co + Bo/2 |, 3atem
3amMepstoT pazMep Lo ¥ OTKiaabIBalOT paBHBINA €My pa3zmep Li wu
MPOPUCOBBIBAIOT JIEBBIN MOIIUITHUK TPOMEKYTOUYHOTO Basia, OT HETO HA PACCTOSHUU
Co 1mIecTepHIO IWIMHIPUYECKON Mepeaun v NpUucTpanBaeM K Hel Kojeco. Pazmepsl
Ly u L' oraMyarorcs TonbKo Ha pasHUIly INMPHUH HOMIIUITHUKOB Te (Bs - Bo/2.

Heob6xoammbie pazMepbl BalOB 3aMEPSIIOT JTMHEHKON M HAHOCAT Ha 3CKU3HYIO
KOMITOHOBKY. beicTpoxonnsriii Bain- f, f; , mpu Hammuum  lp
npoMexxytounbiid Ban- K1, Ky  , Ks Y TUXOXOAHbIM Ban- t1 , T ,mopu
Hamaun o
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8.11 Dcku3Hasi KOMIOHOBKA YEPBSIYHBIX PEYKTOPOB.

2.3 mm
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Puc 4.8
Puc.8.8 Crnenyer OTMETUTD, YTO JJIs1 YEPBAYHBIX

PEAYKTOPOB HEOOXOIUMO CTPOUTH ICKU3HYIO
KOMITIAaHOBKY B JIBYX ITPOEKIHSX, T.K. OCH
YepBsKa U YEPBAYHOTO KOJIECA CKPEIIMBAIOTCS B
npocTpancTBe. [I[puMep KOMIaHOBKH Baja
YepBsKa YEPBIYHO-IIUIUHIPUIECKOTO
penykropa npuBeacH Ha Puc. 8.8. Ha Bamax
YEPBAKOB ISl YCTPAHEHUS 3allleMJICHUS
MOAIIMITHUKOB M3-3a TETUIOBBIX JAedopMarinii
neTanei nepeaadyu ¢ oJJHoM ctopoHsl ( Ha Puc.
8.8.- nmeBoil) ycTaHaBIMBAIOT J[Ba PaJHAIIbHO-
YIOPHBIX MOAMIUMHUKA ( BA- T.K. paIuaIbHO-
YHOPHBIE MOJIIUITHUKN BOCIIPUHUMAIOT OCEBYIO
CUJIY OJIHOT'O HaIlpaBJICHUs), 00pa3yronxX
IaPHUPHO-HEMOIBUKHYIO OMOPY, a C APYroit
(ra Puc. 4.8.- mpaBoif)- 0IMH paJraTIbHbBIN

NOAIIMITHUK (TUIaBarollas Ornopa, No3BOJISOINIas IEPEMEIIAThCS Bally BMECTE C

MOAIIMITHUKOM OTHOCHUTEIILHO KOpITyCa).

CHauvaJsia pacCMOTPUM KOMITOHOBKY BaJia Y€pBsIKa YE€PBSIUHO-IIMIIMHAPUYECKOTO UITH
OJIHOCTYIIEHYATOr0 YepBsiYHOTO peaykropa (Puc. 8.8).
Paccrostare Mexay noamumaukamMu | = daen , a pazmep 1= 0.55*1,

rne Ui -HapYXKHBIM quaMeTp 4epBIYHOro Kojieca. OcTalibHbIE pa3Mephl 0

ananoruu ¢ Puc.8.1.B nporuiecce BbIMOJIHEHUS KOMITOHOBKH BO3MOYKHO YTOUHEHHUE

HEKOTOpPBIX pa3zmepoB. [lonoxeHre npapoii (I1aBaroleid) Onopbl ONpeIeIaeTcs
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pacrnoyioKeHUeM ee Kopiyca Ha pacctosaud  Co  OT Hapy»KHOTO IMaMeTpa Kojeca
dacx . ToNmmHa CTEHKH MPUIIMBA KOPITYCa OMPEILIISICTCS KaK U PaHee TOJIIIHHOM
CTEHKH KOpITyca peAayKTopa =8...10 mm. ITonoxxenue neBoit (puKCHpyIOMIEH)
OTIOPBI OTIPEIETISETCS PACIIONIOKEHNEM CTEHKH PEAYKTOpa, B KOTOPOU B CTaKaHe
pacroJiararoTcs MOAIIMITHUKA. Bo3MOXkeH cABUT KopiTyca (GUKCHPYIOIIEH OOPHI BIEBO
WM BOpaBo 1o pazmepy  Co MeXAy KOPIyCOM M HAPY>KHBIM THAMETPOM YEPBSIIHOTO
koieca. Pasmep |1 mosywaercs KOHCTpYKTHUBHO 10 aHayoruu ¢ Puc.8.1.
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Puc.8.9 Jl1is Bana uepBsika 4YepBSUHO-IIUITNHAPUIECKOTO
penykropa Puc. 8.9 Tak ke Ba)XHO COXpaHEHUE
PacCTOSHUS MEXKTy CTEHKON M Hapy>KHBIM
JIMaMETPOM UEPBSIYHOTO KoJeca.
[unuaapudeckas rnepenaya NpucTpanBaeTcs K
YEepPBSIUHON ¢ COXpAaHEHHEM BCEX MPUHIUIIOB,
M3JI0KEeHHBIX pazzaene §8.3. Kopmyc
TIOIIITMITHUKOB (PUKCUPYIOIIEH OmopHhI (Ha
Puc.8.9 —neBoif) pacmonaraeTcst B CTEHKE
penyKTopa, a mpaBas (TUIaBaroIas) ornopa
BBIUEPUMBACTCS KaK MOXKHO OJIMKE K YESPBSKY.
Takum oOpa3om, HEOOXOUMBIC B JaIbHEHIIIEM

pa3Mepbl BaJIOB ONPEACISIOTCS KOHCTPYKTUBHO
no Puc.8.9, nns OeicTpoxoaHOrO Bajla  Bp

B, , |1 ,wu g npomexyrounoro Banma  fi
B, 15
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Puc.8.10 KoMIIOHOBKY Bajia 4epBsYHOTO KoJieca
YEePBIIYHO-IUIMHIPHUECKOTO PEIyKTOpa
npousBodT 1o Puc. 8.10. mo ananorum c
IPOMEKYTOUHBIM BajioM Puc.8.1. a koneca
3y04aTo-4epBIYHOr0 pEAYKTOpa WU
OJTHOCTYIIEHYATOTO YEPBIYHOTO PEIyKTOpa
0TOpachIBaHUEM IIJIMHAPUYIECKON Mepeiadn Ha
Puc.8.10 uiu o aHajIorum ¢ TUXOXOTHBIM
BajioMm Puc. 8.1, 8.6, 8.7.

Taxum 06pa3omM, Ha OCHOBaHUM 3CKU3HON
KOMIIOHOBKH ONPEEIIAIOTCS TUHEHbBIE
pas3Mepsl AJi IOCTPOEHHUS S0P U3THOAIOUINX
MOMEHTOB U MOCJEIYIOIINX PaCYETOB BAJIOB.

9. [TIPOEKTUPOBAHUE BAJIOB.

[TpOEKTHPOBOYHBIM PACUETOM ONPEICIIACTCS
JMaMeTp BaJia B ONTACHOM CEYCHHHU U3 YCIOBHUS MPOYHOCTH €T0 Ha U3TUO C KPYUCHUEM.
JleWicTBUTENbHBIC YCIOBHUS pabOThHI Bajla 3aMEHSIOTCS YCIIOBHBIMH, POU3BOIUTCS CXEMATHU3AIUS
Harpy3okK, orop, popmsl Baja. BeiencTsue Takoid cxeMaTH3aIMK PAcYeT BAIOB CTAHOBHUTCS
MPUOTMIKCHHBIM.
PacueTHble cXeMBbl BaJIOB M OCEH MPEACTABIISIIOT B BUE OaOK HA MIapHUPHBIX — omopax. [loxmmmaukwy,
BOCIIPUHHUMAIOIIME OJTHOBPEMEHHO OCEBBIC U PaUANIbHBIC HATPY3KH, 3aMCHSIFOT IAPHUPHO-
HETIOJIBMKHBIMU OTTOPaMH, a TIOAIIUITHAKH, BOCIPHHUMAIOIINE TOJIBKO PaJHaIbHbIE CUIIBI — IIAPHUPHO-
MOJIBUKHBIMH ortopamu. [ToioskeHre ormopbl MPUHUMAETCS TIOCPEIMHE IIMPUHBI MTOANIUITHAKA, a B
ClTydae CJBOCHHOMW OTOPHI — MMOCPEINHE BHYTPEHHETO MOIIMITHUKA, T.K. B OCHOBHOM, PEAKIIUU
BOCTIPMHMMAIOTCS MOAIIMITHUKAMH, PACIIOI0KEHHBIMU CO CTOPOHBI HArPY>KEHHOI'0 IpoJieTa .
Bce neficTByromiyie CHITbI IPUBOSTCS K OCH BaJIa: a ) paJHalbHbBIE CHIIBI IEPEHOCSTCS B IICHTP Baja 1o
JIMHUY JEUCTBHSL; O ) OKPY>KHBIE CHIIBI IEPEHOCATCS B IISHTP BaJia ¢ J00ABIEHUEM KPYTSIIETO MOMEHTA,
B ) OCEBBIE CHIIBI IIEPEHOCSTCS B IICHTP Bajia ¢ J0OABICHHEM COCPEIOTOUYECHHOTO M3THOAIOIIEro
MoMeHTa. Kak moKa3bIBaloT pacyeThl , OCEBBIMU CHIIAMU TP PacdeTe MOYKHO MPeHeOpeyb B CHITY UX
MaJIOCTH, YYUTHIBAs TOJIBKO M3TUOAIONINI MOMEHT OT HUX.

Hedopmarus n3rnda BajoB MPOUCXOIHUT MO ICHCTBHEM CHJI, BOSHUKAIONIUX B Tporiecce paboThl
TOW MJTM WHOM Mepeaadyn, Macc CaMOro Bajla M HaCa)KCHHBIX Ha Hero aeraneil. OfHako B nepenayax,
pa3pabaTbIBaéMbIX B KypCOBBIX IIPOEKTAX, POJIb MACC HE BEJIMKA, IOITOMY X BIUSHHEM MOXHO
npeHedpeys.

9.1 PaccMmoTpum omnpe/enieHre BETMYUHBI ¥ HANIPABJICHUS CHJI, IEHCTBYIOIINX B PEMEHHBIX,
3yOuaThIX U YEPBSIYHBIX IIEpeayvax.

Fa
D4
d_" - _‘._P"
ﬁ t-:‘-—i
£
%
Puc.3.1
Pemennas nepenaua ( puc. 9.1)
Puc. 9.1

Pemennas nepenauda Harpyskaet Banbl ycuiarem F.(H), paBHbIM reomeTpruyeckoit cymme
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HaTspkeHuid F; u F, BeTBel peMHs
F. = \FE 4+ F? + 2F, F,cos B
rze 3 — yroi cxoja BeTBEH.
[Ipu yrie o6xBaTta MeHblIero mkusa o = 150° (a5 miocko — peMeHHOH nepeayu )

o = 120° (1 KITMHOpPEMEHHOH mepeiayn) MPUHIMAOT

aO
E. =2F, sinT1
Y CYMTAIOT €r0 HAIPABJIECHHBIM 110 JUHUU LEHTPOB ILIKUBOB.
3nech
Fo= Gy A
Fy — ycuiine npeBapuTesIbHOTO HATSHKEHUS B peMHe, H
S, - HAIIPSKEHHE B PEMHE OT IIpeBapuTenbHoro Harsokenus ( H /mm?)
paBHo 1.5 H/mm? - nns xnuHOpeMeHHBIX nepenad u 1.8 H/um? -
JUISI IJIOCKOPEMEHHBIX IIepeiay;
A - mIomab IOIEepPevHOro ceueHus peMHs, Mm? ( 1 KIMHOPEMEHHBIX TIepeiad 9T0 oOmras
IJIOIIAIb Z PEMHEH ).
B uennoii nepenaye u nepenaye 3y04aTbIM peMHEM paaualibHas Harpy3Ka Ha Bajibl paBHA
F = F,
I'ne F; - oxpyxHoe ycuiue , H.
PemeHnHas u 1ienHas nepeayd He MEHSIOT IOJyYE€HHOE HAallPaBJIEHUE BPALLEHUS OT
3JEKTPOIBUTATEIIS.

Puc.d.2

Hununapudeckas nepenaya ( puc. 9.2.).

Puc. 9.2

Cwtbl B3aMoIeCTBUS 3yOheB (prc.9.2.a ) HampaBiIeHBI 110 JIMHUY 3aleTUICHUS KaK oOIIel HopMamu K
pabouuM MOBEPXHOCTIM 3yObeB. Chilbl IEHCTBYIOIIME B 3allETNICHUH, IPUHSATO MPUKIAIbIBATh B
nosiroce 3anerieHus. Cuity B 3allelJIEHUU OJJHOU mapbl 3yObeB pacKia/IbIBaloT:

Fe, =F, = % - OKpY>KHBIE cOocTaBpistonue ( MHACKC 1-AJs mecTepHu; HHIEKe 2 — 7S KoJieca );
T’5- KpyTAIIMKA MOMEHT Ha Baily Kojeca, H mwm;

d,- TMaMeTp JeNUTeNbHONU OKPY>KHOCTH Kojleca, MM

Oxkpy’KHasi COCTaBJISIONIAs CUIIbI HAallpaBJIeHa MO KacaTeIbHOU K OKPY>KHOCTHU JENUTEIHHOTO

auaMeTpa (Ui Iepeiad co CMEIIeHUEM — Ha4allbHOTO ) IIECTEPHU MIPOTHB BpallleHHs , JJIs Kojieca
10 BpPaIIEHHUIO.

_ _ tgaw
By =F, = F, 2oz

1

— paduaJIbHBIC COCTABJIAOIINC , HAITPABJIICHHBIC 10 PAAUYCY KOJICC K ICHTpaM

BpaIlllCHUSI.
31ech Ow — YroJi 3areruieHus; JJIs epeaad 0e3 CMeIeHus! Win ¢ X ¥= 0
a, = a=20
B — yron HakJIOHa TMHUY 3y0a; Ui MPsAMO3yOBIX Tiepeaay
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F,, = F,, = F;, tg B - oceBbI€ COCTABISIONINE, HATPABIECHHbIE APAIUIENBHO OCH KOJIEC B
3aBUCHMOCTH OT HalpaBJeHUS BPALICHUS U HaIlpaBJIeHUs 3y0a.
Tak, monHoe ycunue Ha 3y0 Fn ( puc. 9.2, 6 ) , HanpaBiIeHHOE MEPIICHANKYIISIPHO JTHHUH 3y0a IS
1IeCTepHH MPOTHUB BPALICHHUS , U1 KOJeca — I10 BPallleHUIO , MPOSKTUPYET Ha och Kojeca. M3rubaromniue
MOMEHTBI OT OCEBBIX CHJI Ha IIECTEPHU U Ha KOJIECE COOTBETCTBEHHO PABHBI:

_ dy _ d;
M, = F, > My, = F, >

rae d; d, - 1uameTp JeIUTENBbHOM OKPYKHOCTH IIECTEPHU M KOJIeca.

OtmeTHM, 4TO Ha MPOMEKYTOUYHBIX BaJlaxX JKeJaTelbHO TaK Ha3HauaTh HapaBieHUe JTUHUH 3y0a,
9TOOBI OCEBBIE COCTABJISAIONINE HA KOJecax ObUIM HANIPABIICHBI B Pa3HbIC CTOPOHBI U OCEBHIC HATPY3KH
Ha TOIIMITHUKY ObUTH HAMMEHbIIINMHU.

B npsimo3y0ObIx KoHMYECKHX niepenadax ( puc. 9.3 ) OKpyKHBIE CHITBI ONIPEACISIOTCS 10 hopmyie
Fi, = F, = 2T, /d;,,, v HanpaBJIsIOTCS aHATIOTUYHO OKPYXKHBIM CHJIaM U IIMIMHIPUYECKON Mepeaaye.
Tak Kak ocH IIECTEPHU U KoJieca nepecekaroTces noj yriiom 90°, To mo Tperbemy 3akoHy HeroToHa
MIONApHO PaBHBI MEXAY COOOM pajivaabHbIE U OCEBBIE COCTABIISIIOIINE:

F,,=F,=F,tga sind;;

E., =F, =F, tga cosd,
5: E '};
3 oy
R
A o
| 2
7
Puc.3.3
Puc.9.3

CocpenoToyeHHbIe U3THOAIOIINE MOMEHTHI OT JIEHCTBUS OCEBBIX CHII:
d
_ mq .
JUISl BaJla LIECTEPHH - Ma1 = F;ll /2,

d
JuTst Bana Koseca - My, = Fy, m2/2 :
B stux dpopmynax o = 20°-yrou 3anemnsieHus; §;-yroy Ipy BEpIIMHE HAYIBHOTO KOHYCA IIECTEPHH;
dm,, dm,-COOTBETCTBEHHO IUAMETPBI CPEAHHX JNENUTENBHBIX OKPYKHOCTEH HIECTEPHU U KOIIECA.
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 Puc.3.4

B yepBsaunbIx nepenayax (puc.9. 4)

Puc. 9.4
brnaronapst Tomy , 4TO OCH UepBsKa U KOJeca CKPEIIMBAIOTCS B MPOCTPAHCTBE 01 yriioM 907, monapHo
paBHBI MEX1y CO00Ii OCEBBIE U OKPYKHBIE cocTaBJstonre. OTMETHM , UTO , KaK U paHee , OKpY>KHas
COCTABJISIFOIIAs] HA KOJIECE HAMPABJIEHA B CTOPOHY BpAIICHUS , a , HA YEPBIKE — B CTOPOHY ,
MIPOTUBOMOJIOKHYIO BPALICHUIO:

2T,
Ftl _Fa2 —

21} :
_ _ 2T, o ga
th _Fal_ d1 ’ F;’l_F"rz _th COS]"

rae Tq - KpyTAmuii MOMEHT Ha Baiy yepBsaka , H mm ; d; , d; — COOTBETCTBEHHO AMAMETPHI
JENUTENbHBIX OKPY>KHOCTEH YepBsAKa M YEPBSIUHOTO KoJieca ; j — yroll moIbéMa BUTKOB uepBsika (j=

z .
arctg “1 / g ,z, — UHUCIIO 3aX0JI0B YePBsIKa , ( — YHCIIO MOJYJICH B ICIUTEIBHOM JHAMETPE 4epBsKa) ; o
= 207 - yroJ 3arienyieHusl.

CocpenoTodeHHbIe U3THOAIONIIe MOMEHTHI OT JEHCTBHS OCEBBIX CHII :

JUIA Baja yepBsika - My, = Fg, d1/2 ;

d
JUIs Bajla YepBAYHOTO Koneca - My, = Fy, 2/ 2

OdeHb Ba)KHO MPaBUIHHO HAMPAaBUTh YCUITUS , IEHCTBYIOIINE HA Bl , KOO , KaK U3BECTHO ,
HaNpaBJIEHUE JEUCTBUS CHJI BIIMSET HAa 3HAYEHUE U HAMPABJIEHUE OMTOPHBIX peakuui. [[ns sToro
HE00XOIUMO MPEACTABUTH B aKCOHOMETPHUH KHHEMAaTHYECKYI0 CXeMY MPUBOJIa U PEeAYyKTOpa ¢
yKa3aHWEM HaIlpaBJIEHUs BpaIlCHUS BaJIOB U ICUCTBYIOMIMX ycuiauil. ClenyeT yYuThIBaTh , 4TO Bajl
IIPUBOJIHOTO JIEKTPOABUTATENS BPALLIAETCS , KAK IIPABUIIO , IIO YACOBOM CTPEJIKE.

Ha puc.9.5 npencrapnena kuHeMaTH4YeCKask CXeMa YEPBSIYHO — IMIMHAPUYECKOTO PEAYKTOpa ,
KOTOPBIM CBSI3aH C DJIEKTPOJBUTATEIEM PEMEHHOM Nepeaadeii. Y Cuius , JEUCTBYIOLIUE B
IUJTUHIPUYECKON repeade , 0003HaY€HbI HHAEKCOM CO IITPUXOM , @ B OTKPBITO KOHUYECKOH TIepeiaue
— MHJIEKCOM C JBYMsI IITPUXAMH.

[Topsimok 1 0cOOEHHOCTH MPUOIIKEHHOTO pacdyeTa WITIOCTPUPYIOTCS Ha IPUMEPE pacueTa
THUXOXOJHOTO BaJIa YEPBIYHO — HWJIMHIPUYECKOTO pEAYKTOpa. Tak Kak CHIIbI JEHCTBYIOT B IBYX
B3aMMHO NEPICHIUKYJISIPHBIX IIOCKOCTSX , TO M IIOCTPOCHHE S0P U3THOAIOINX MOMEHTOB OyIeM
MPOU3BOJUTH B JIBYX INIOCKOCTSIX: BEPTUKAIBHOM , IJI€ JEUCTBYET OKPYKHAsl CUJIA B LIUWIUHIAPUYECKOU

d
nepenade F{, , panuanpuas cuna F. u cocpenoTodennblit usrubarommuii Moment My, = Fy! ™/ o OT

OTKPBITON KOHUYECKOIl Mepeadun; TOPH30HTAIBHOM — COOTBETCTBYIOMICH IIOCKOCTH pazbeMa
pemyKkTopa , Tie JeiiCTBYIOT paiiaabHOE YCHIINE B IIMIMHAPHIECKOi epenade F, 1 OKpy»KHOE yCHIIHe
Ha KOHMYECKOH mecTepHe Fy,

117



[IpenBapuTenbHO BBINOIHEHHBIE pAaCUeThI MTepeiadll peAyKTOpa U MOCTPOCHUE ICKU3HOMN
KOMITOHOBKH ITO3BOJIMJIN TIOTYYHUTh CIIEAYIONINE BEIMYUHBI TAPAMETPOB:
F{, =10300H, F,=3700H, F =17700H, F! =6200H,

Puc., 3.5

Puc. 9.5

F;; = 1600 H, Mg = 145600 H u pa3mepbl , B COOTBETCTBHH C SCKH3HOH KOMIIOHOBKOH:  t1 =
153 mMm, t, = 68 MM, [, = 100 MM.

BbIuieHUM 13 3CKU3HOM KOMIIOHOBKH M MTPUJIOKHUM JCHCTBYOIIUE HATPY3KU B COOTBETCTBHH CO
cxemoii puc.9.5 (cm. puc.9.6 , a).
Jliist yHuGUKAIME PYYHOTO M MAIIMHHOTO CYETa JTMHEWHBIC pa3Mephl Bajia Oy1eM MPOCTaBISITh OT
Havajia KOOPJWHAT , PACIOJI0KEHHOTO Ha JICBOM KOHIIE pacCUMThIBaeMoro Bana: [; = 153 mMm, [, =
221 MM, [ =321 mMm.

BeprtukansHas miaockoctsb (puc.9.6, 6). Onpenensem peakiiuu Ha Ornopax:

D ME =~ L —RE L~ M, + F 15 =0 ;

—F 1;—-My,+F/l 15 —10300%153—145600+620%321
RE =—=2 e =1216 H .

Iy 221
D ME = —RE L+ FL (14— 1) = My, + B (15— L) = 0
By (-t)-ml+r G5-1) 10300221 — 153) — 145600 + 6200(321 — 221)

L, 221
HOBOI[I/IM IMPOBEPKY PaBHOBECHU 6aJ'IKI/I B BepTHKaHBHOﬁ IIJIOCKOCTHU

Z}?}B=R}3—F{2—R,B,+Fr'1’=5316—10300—1216+6+6200=0

CTpoum >MIopy U3rHOAOIINX MOMEHTOB B BEPTUKAIBHOH MJIOCKOCTH. V3rndaronue MOMEHTHI B
XapakTepHbIX Toukax A, Il, B

= 5316 H

RF =
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M% = RP I, = 5316 x 153 = 813348 H mm;
Mf = —M,, = —145600 H mm;
Mfi = Mg + F!(Is — 1,) = —145600 + 620 * 100 = 474400 H mm

['opusoHTanpHas mI0ckocTh (puc.9.6.8) . OnpenenseM peakiiiyi Ha OMOpax:

D M =By L+ Ry L~ R = 0

—F}, L, + F{{ s —3700 * 153 + 17700 * 321

R, =
1 L 221

= 23148 H;

> My =Rl = By~ 1) — L (5 — 1) = O;

pr (= 1) + Fi(ls — L) _ 3700221 — 153) + 17700(321 — 221)
r= —
Ly 221

= 9148 H.

[Tpou3BeneM npoBepKy paBHOBECHS OAIKH B TOPH30HTAIBHON TUIOCKOCTH:
FES =—R[ +F, + R, — F = —9148 + 3700 + 23148 — 17700 = 0.
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CTtpoum sm10py U3rudaronmx MOMEHTOB B TOPU30HTAIBHOM MII0CKOCTH (puc.3.6,1) .
Ha puc.9.7 npuBeneHs! Smopsl KPyTAIIMX MOMEHTOB , HANOO0JIee XapakTEePHbI U1l KyPCOBOTO
MPOEKTHPOBAHUS:

-

™
\.
=l
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7
ih
H

Puc.3.7

Puc. 9.7

a — OBICTPOXOHBIE M TUXOXO/IHbIE BAJIbl C IIMJIMHPUUECKUMHU U YEPBAYHBIMU KoJiecaMu; O — Baj
KOHMUYECKOW IIECTEPHU; E - OBICTPOXOHBIN BaJl ¢ pa3ABOCHHON LIUIMHIPUIECKOH nepenaydei;
I' — IPOMEXKYTOYHBIN BaJl C pa3BOCHHON LIMJIMHAPUYECKON Iepeade; 1 — IpPOMEKyTOUHBIN Bajl
peaykropa.

CyMmMmapHbIi U3ru0aroniii MOMEHT B XapaKTEPHbIX TOUKAX IO JUIMHE Baja ONpeeIsaeTcs
Te€OMETPHUECKUM CYMMHPOBAHNUEM M3THOAIOIUX MOMEHTOB B BEPTUKAIBHOM U TOPU30HTAIBHBIX
IJIOCKOCTSIX:

M, = /(ME)2 + M})? = /8133487 + 13996442 = 1618730 H mm,

M, = \/(Mg)z + (M};)? = /4744002 + 17700002 = 1832470 H mm,

Mg = M = 145600 H mMm .

B onacHoMm ceuenuu Bana , rie JeicTByeT HauOOJIbIINKA CyMMapHBIA N3rHOAIOIMA MOMEHT ,
oTpesieNisieTCs MPUBEICHHBI MOMEHT , YUYUTHIBAIOIIUI COBMECTHOE JeiiCTBIE U3ruba 1 KpyueHus (B
HalleM IpuMepe 3TO cedeHHe oA noJuimHuKoM 1)

an = \/Mrznax + (aT)?.
(o0 — KO3 PHUIUECHT PHBEJCHUS YUUTHIBACTCS , YTO HOPMAJIbHBIC HANIPSKCHUS U3rH0a MEHSFOTCS 10
CUMMETPUYHOMY LIMKILY , & , KacaTeJIbHbIE HAIPSDKEHUS KPYUEHUS — 10 MYJIbCUPYIOLIEMY LIUKITY
(nepeBepcuBHas nepeaaya o = 0.59) uiam cuMMeTpUYHOMY LUKITY (peBepcuBHas nepegada o= 1)) .

My, = /18325002 + (1 * 1694000)2 = 2495500 H MM .

W3 ycnoBus mpOYHOCTH HA U3TUO ¢ KPyUYEHUEM OINPEAETSIOT PACUETHBIN AUAMETp Bajla B OTIACHOM
CCUCHUMU:
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| My _+|2495500
= 101[6 1], 01%605 M

B Hamewm cnyuyae npuMeM matepuan Bana — ctanb 45 (o tabn.1.1 S, = 800 H/ MMZ) , TOraa

AO0IYCKACMbIC HAIIPAKCHHA Ha n3rud mo CUMMCTPUYHOMY LUKITY

0336, 0,33%800 H
G = L = = 69,5 )
[S-1]u 3,8 3,8 ’ /MMZ
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9.2 PABPABPTKA KOHCTPYKIUU BAJIA
Paccmotpum pa3paboTKy KOHCTPYKIIMU THXOXOAHOTO Bajia PeIyKTopa , a 3aTeM OTMETUM
KOHCTPYKLIMOHHBIE 0COOEHHOCTH OBICTPOXOIHOTO U MMPOMEKYTOYHOI'O BaJIOB.

4 I |3

| 2

Puc.4.1

Puc. 9.8

Banel nepenad , kak mpaBUiio , CTYNEHYATHIE , UYTO TIO3BOJISET CTPOTo 0A3UpPOBATh JETAIM HA BATy B
OCEBOM HaIpaBJIECHUH , YIIPOIATh COOPKY , 00ECTIeUnBaTh MOCAJIKY JIeTAJCH ¢ HATATOM U
T.II.

ITo puc. 9.8 , a BO3MOXHBI /IBa BApUAHTA KOHCTPYUPOBAHMSI.

1. OmacHoe cevenue pacrnosioxkeHo noj kojecom. [epsonavansuo npunumaeres d, = 1.1dy,
(rme dyp, — pacdeTHbIN quameTp Bana u3 pasn.9.1 ). [omydennoe 3HaueHue d, OKpyIIAeTCs 10
cranaptaoro psiga [OCT 6636 — 69 o R,40 : 12...26 (uepe3 1 mm), 28...42 (uepes 2 Mm),
45,48,50,53,56,60,63,67,71,75...120 (uepe3 5 mm). Yka3zaHHOE yBEIMYCHHE PACUETHOTO TUAMETPA Baja
Ha 10% HEO0OX0IUMO JJIsI KOMIIEHCAIIMN OCJIa0JICHHUS CEYCHHS Bajla MIMOHOYHBIM TTa3oM. [luamerp
ymopHoro OypTa JtoJKeH ObITh Takke Ha 10% Oosnbliie oOkoHYaTeNnsHOTo 3HaueHus d, ,r.e d, = 1,1d, ¢
MTOCIICAYIOMIUM OKPYTJIEHUEM JIO CTaHIapTHOTO psina mo R,40. [{uametp d; , cTporo roBops , He
SIBIIIETCSL 00s13aTEBLHBIM | OH HEOOXOIUM ISl yIIOpa BHYTPEHHETO KOJIbIla MOAIIMITHIKA U
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onpeaensiercs no 'OCTy 20226 — 74 , ogHAaKO ¢ TOCTaTOYHOUN CTENEHBIO TOYHOCTH MOYKHO MPUHSTH
d; = d, + (5...7)MM. Ha muamerpe d, pacronoxeHa BTyjKa. Bo3MOXXHBI /[Ba BApHAHTa €€ YCTAHOBKH:

1). 1160 Ha otaenpHOM auamerpe (puc.9.8,a) , rorna dy = d; — (1...2)MM. B 3TOM Ccityuae
pacriopHasi BTyJIKa H3rOTABJIMBAETCS 110 CBOOOIHBIM HaMETPAILHBIM pa3Mepam;

2). mu0o0 Ha OJTHOM JuameTpe ¢ KosiecoMm (puc.9.8,0). Torma nuamerp d, UCKITFOYAETCS , HO BTYJIKA
JI0JDKHA OBITh M3TOTOBJICHA M YCTAHOBJIEHA HA BaJl [0 COOTBETCTBYoOMICH nocaake (darie H6/h7), uto
YBEIIMYUBACT €€ CTOUMOCTD.

JluameTp BaJia O/ MOAIIUITHUKOM d; BRIOMpaeTcs Kak OJvKaiIiee MEHbIIee CTAaHJapTHOE OT dy
(puc.9.8,a) wm d; (puc.9.8,0). [lo muameTpy ds TPOUCXOAUT CKOJILKEHHE Bajia 10 YIJIOTHEHHIO,
PacIoI0KEHHOMY B KPBIIIKE MOIIUITHAKA , IOATOMY MpUHUMAIOT ds = d; — —(1 ... 2) MM. B cirydae,
€CITU MPUHUMAIOT ds = d; , TO Ha y4acTKe KOHTAKTa Bajia C YIUIOTHEHUEM HE00X0MMa T0caiKa C
3azopoM (Hampumep , H6/f7). Kpome Toro , yIiioTHEHHE MOKHO OCYIIECTBIISATE M 110 PACIIOPHOM
Bryske (puc.9.8,a). Jluamerp BBIXOAHOTO y4yacTka Bajda dg = dg — (4 ... 5)MM - 1j1st obecriedeHust yrmopa
JIeTaH , PACIIOJIOKEHHOW Ha uameTpe dg (IecTepHs , moayMyQTa , 3Be37104Ka U T.1.). [loimydeHHbIi
nuameTp dg TPOBEPSIOT 0 YCIOBUIO MPOYHOCTH HA KpydYeHHe dg = —0_2[7; mE
rne [t_q] = 0.6 [t_1], - DOmycKaeMble HAPSHKEHHUS HA KpyYeHHUE Ui CAMMETPUYHOTO IIHKIIA , KaK
OoJiee OMmacHoro.

Ecnu ycnoBue NpoYHOCTH Ha KPy4€HHE BBIXOJIHOTO yyacTKa Bajla HE BBIIOJIHIETCS , TO 100
HEO0XO/IMMO YBEIIMYUTH BCE JMAMETPHI Bajia , MO0 NpUHATh dg = d5 , YCTAHOBUB JIJIsl OCEBOM
¢bukcanuu aeranel pacopHyro BTYJIKY (puc.9.8,a). I BBIXOAHBIX KOHIIOB BaJIOB MOTYT
HCII0JIb30BaThCS IIUTUIEBBIE COEITMHEHUS (B KypCOBOM IIPOEKTUPOBAHUU TPUMEHEHUE IUTUIEBBIX
COEIMHEHUI JKeJlaTeNIbHO) , UMeroIne 0oJiee BBICOKYIO Harpy304HYI0 criocoOHOCTh. Hapy kHbIi
mrametp i D (puc.9.8,a) BeIOupaeTcs kak Onmxaifiee MeHbInee K ds.

2. OnacHoe cedyeHue pacroyioKeHO MO MOAMUIHUKOM. Torjaa KOHCTpYHpOBaHUE Bajla HAUWHAIOT
cd, , IpUHUMAs ero Kak Ommxkaiimee 6ombinee cranaaptaoe (12,15,17,20 u T.1. yepe3 5 MM) OT
pacueTHOro quaMeTpa Bana dy, (cM.pasn.3). s HasHAaueHHs BCEX OCTAILHBIX Pa3MEPOB COXPAHAIOTCH
COOTHOILIEHUS , TIpeIoKeHHbIe B 1. 1. J[1st paccMaTprBaeMoro B pasf.3 mpuMepa OrmacHOe CeYeHne
PaCIOJIOKEHO MO MOAIMIHUKOM , dy, = 71 MM . [Ipumem d; = 75 MM, ds = 72 MM (cM.puc.9.8,0).
[TpoBepuM Ha KpyueHHE

311694000

> | —
ds = 0.2 * 41.7

= 58.7 MM,

e [T-1] = 0.6 * 69.5 = 41.7 H/MM?, T.e. ycoBUe NPOYHOCTH HA KPYYEHHUE BBIOIHIETCS.
Ocranbnble pasmepsl: d, = d3 = 80 MM, d, =90 MM, d; = 80 MM.

J71st IpOMEXYTOYHBIX BaJIOB HEOOXOIMMO YMEHBIIIEHUE JUAMETPOB OT CEPEIMHBI B 00€ CTOPOHEI.
JlnameTpsl CTyNeHe! , pacroioKEeHHBIE 110 00€ CTOPOHBI TO CEPEIUHBI , TPUHUMAIOT OJIMHAKOBBIMU H
BBITIOJTHSIFOT C OJTHUM JIOITYCKOM , YTO YIIpOIaeT 00paboTKy , COKpaIaeT Yuca0 KOHTPOIbHBIX
KauOpOB , COXpaHsIeT Ha 00enX ormopax OAWH TUTIOpa3Mep MOAIUITHUKOB .OIHAKO , €CITU JUAMETP
MMPOMEKYTOYHOTO BaJia MO/ MOITUITHUKAMH OKQ)KETCSI MEHBIIIE , YeM aHAIOTHYHBIA TUAMETP BXOTHOTO
Baja , TO €ro yBEJIWYUBAIOT U MOJIIUITHAKHA BXOJHOTO M MMPOMEKYTOYHOTO BAIOB OEpyT OAMHAKOBOTO
JMaMeTpa.
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Ecnu nuamerp okpy>XKHOCTEH BMaJWH HIECTEPHHU OTJIMYAETCS OT PACUETHOTO AMaMeTpa Bajia MmoJ

HEll Ha BeNMYMHY , He npeBblmaomtyto 20% , To 3yObs MIecTepHU Hape3aloT HEMOCPEACTBEHHO Ha Bay.

JUitst iepeaayn KpyTAIIEr0 MOMEHTa MEK/y BalaMHi U HACA)KEHHBIMH Ha HUX JETAISIMU CITyKaT
IIITOHOYHBIC (KaK MPaBUJIO , IPU3MATHIECKUE) U IUTHIIEBbIe coenuHenus. [Ipoduip mmonku B*h (cm.
puc.9.8,a) BeIOHpaeTcs 1mo Ta6i1.9.2 B 3aBHCUMOCTH OT JTHaMeTpa Baja. JIJIMHA MITOHKHU IS JIYYIIero
LEHTPUPOBAHUs JeTanu npunumaercs L, =l — (8...10) MM

oTpeAensieTcs Mo pas3a.2).

(roe l.. — AMMHA CTYIUIBI

Taobm. 9.2

Tatamma 4.1

.H.H;MET_D BaIa Y. ff

Ce.12 no 17 B 3] 3
17-22 6 6 3,0
22-30 g 7 4
30-38 10 8 o
38-44 12 8 5
44 -50 14 G 2,9
50-38 16 10 6
58-65 18 1T 7
65-70 20 12 7,5
7030 o 14 G
82-95 25 14 ®
@o-TI0 26 16 10
110-130 32 18 11

IIImoHOYHBIE COCIUHCHUA ITPOBEPAIOT HA CMATUC , T.K. HAIPSIKCHUEC CPE3a CTAHAAPTHBIX IIIMOHOK MCHEC

OIIaCHO.

2T
Cy= —"T—
™ dy (h—t1)lp
I'me dy- nmamertp Bama, MM.

< [&]em = 100 ... 180 H/mMm?
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Jlist paHee pacCMOTPEHHOTO Ipumepa it auamerpa dz = 80 MM , [, = 90MM BbIOMpaeM IINOHKY

6=22mMm , h=14mm, t; = 9MM TOrIa
2 1694000
Sou = 80(14 —9) 90

[Ipu ucnosnb30BaHMM NUIMIIEBBIX COCTUHEHHM 117151 BBIXOHBIX BasioB 1o 'OCT 1139-80 pazmeps! u
YHCII0 IPAMOOOYHBIX UKL Ui cpeaneit cepun Z*d*D  ( Z- ymcio uwmui)npuHuMaroTcs: 6x16x20,
6x18x22, 6x21x25, 6x23x28, 6x26x32, 6x28x34, 8x36x42, 8x42x48, 8x46x54, 8x52x60, 8x56Xx65,
8x62x72, 10x72x82, 10x82x92, 10x92x102, 10x102x112, 10x112x125.  TIpoduns numi BeIOUpaeTcs
0 TMaMeTpy BaJia, JJTMHE, PAaBHOW JUTMHE CTYIHIIBI OXBATHIBAIOIIEH eTanu. BeimomHseTcs
IIPOBEPOYHBIN pacueT NITUIEB Ha CMATHE:

__ 2T — L
Sen= " < [S]em = 60 ...100 —

= 94 H/mMMm?

(d+D)
2
KO3 (DUIIMEHT, YIUTHIBAIONINI HEPABHOMEPHOCTD paclpeiesieHuss Harpy3Ku Mex 1y 3yObsmu. Jliis
paccMaTpUBaeMOro IpuMepa npuMeM munbl 8x62x72, d, = 67 MM, h = 5mm, [, = 90 MM, Torza
2%1694000 H

Oom = Grgrmoroy — 20z < (€] em

OtmeTHM, 9TO B TIOCTICTHEE BPEMS TOSIBIJIACH TCHICHIIUS K U3TOTOBJICHHIO ITyCTOTEIIBIX BAJIOB. B
ATOM Clly4ae CHM)KAETCSl Macca BajloB, MOBBIMIACTCS UX )KECTKOCTD, TOSBIISICTCSI BO3MOXKHOCTD
YCTaHOBKH MOJIIUITHUKOB 0oJiee Jerkoit cepuu ( XOTs U OOJIBIIEro quameTpa) .

JIJ1s1 ITyCTOTEIBIX BAJIOB YCIIOBHE MTPOYHOCTH HA U3THO C KPYYEHUEM UMEET BUJI
do

_ My — ﬂgp — ot = = -
S, = < [S_4] toeW = v (1—a%), a—dBp = 0.5...0,6 — crencHb

B atoii popmye: d,, = - cpenuwuii quametp, h=(D-d)/2 — BeicoTa 3y0a, y=0,7...0,8 —

IyCTOTEJIOCTH BAJIOB. TOr/a pacueTHbI 1HamMeTp Baja

d _ 3 an
BD T \J0,1(1-a%) [6_4]u

3, 2495500
A MOTPECHHOI'O ITPpUM IIPUHAB 0= = ——— = 72,6 MM.
Jlst paccMoTpeHHOTro npumepa ( mp 0=0,5) dy, 01 (1-05%) 695 72,6

[Tpumem nuameTp Bajia 1Moj NOJMIUITHUKOM d;; = 75 MM, BHyTpeHHUI auameTp Basa dy = 40MM,
YTOYHEHHOE 3HaueHue creneHu mycrorenaoctu o= 40/75 =0,53. Bce ocranbHble pa3mMepsl Balia
COXpaHSIOTCS 0€3 U3MEHEHUS .

9.3 PACYET BAJIOB HA CTATUYECKVY1O ITPOYHOCTD

Pacuet BenyT o HanOosbIIel BO3SMOXKHOMN KpaTKOBPEMEHHOM HarpysKe , HOBTOPSIEMOCTh
KOTOPOW Majla ¥ HE MOKET BbI3BaTh YCTAJIOCTHOTO Pa3pyLICHUS.

Pacuer Begercsa no CTaTU4YECKOMY 3aHOCY IMPOYHOCTH N IO OTHOIICHUIO K MMPEACITY TEKYUECTU
MaTcpuraia Baja.

Sr >
ny = S = [nT] = 15..18; Goxs = V 6121 + 3Tk ; The Sy, Ty —
3KB.
COOTBETCTBEHHO HampsDKEHUs U3ruda u KpydeHus ot neictsus Myu T .

BrImonHuM IpoBepKy CTaTHYECKON TPOYHOCTH ( IO YABOCHHBIM 3HAUYCHUSIM HATPSHKEHUS )
THUXOXOJHOTO BaJla YEPBIYHO-IMIMHAPUYECKOTO PEAYKTOPA, TPUMEP KOHCTPYUPOBAHUS KOTOPOTO

MPUBCACH B pa3aciic 9.2. PaCCMOTpI/IM CCUCHHUC Bajla oA IIOAITUITHUKOM.
M. H T H
S = tu. . Io=— .
u wy’ mm2z ' K w7 M2

JlJ1s1 c/ly4usi MyCTOTEJIOro BaJja:
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B 1832500
"~ 0,1(1-0,53%) 753

Gy = 47,1 H/Mm 2
1694000

= 0205375 21,7 H/mMMm? T.€. YCJIOBUE CTATUYECKON MTPOYHOCTH BBITTOJIHSIETCS.

Tk

9.4 YTOUYHEHHBIN PACUET BAJIOB HA YCTAJIOCTHYIO ITPOYHOCTH

B HeckobKUX CeUeHMsIX MO JAJIMHE Bajla , BLIOMPAEMbIX C YYETOM HaJWYUsl KOHIIEHTPATOB
HaMPSHKEHUH U 3II0p MOMEHTOB, ONPENESIOT KO3 PHUIMEeHT 3amnaca ycTaJOoCTHOM MPOYHOCTH U
CPaBHUBAIOT €T0 C JI0MyCKAEMbIM 3HAUCHUEM.

S=25 > [5]=15..2, e Sg= —ut

S - K03 dUIHeHT 3amaca
/Sé+5,2 6aKdKF‘|‘1P<56m

YCTAJIOCTHOM MPOYHOCTH MO HANPSHKEHUSIM H3TrH0a;

T-1

Se = - KO3 PUIHMEHT 3armaca yCTATOCTHOW MPOYHOCTH 110 HANIPSDKEHUSAM KPyUeHHUSL.

Ks
Tde—KFﬂlJrTm
B atux popmynax: t_,, S_; — npeaeasl BHIHOCIMBOCTH MaTepHalla Bajia PH CHMMETPUYHOM IMKJIIE
N3MCHCHUA HaHpﬂH(eHI/Iﬁ 10 HOpMaJIbeIM " KaCaTCJIbHBIM HaHp;DKeHI/I;[M .

K@I/IKT
— 3¢ dekTUBHbIE KO3 PULMEHTHI KOHTEHTPAL WU HAalPs)KEHUU NTPU U3TUOE U KpyYeHUH

K4, Kr - macmraOHbId akTop M (PaKTOp KayecTBa MOBEPXHOCTH

P .
/0 d | Ke
: !
08 :“J\ ” 2
] 4 . o
26 ™ Al { 2 3
94 1114 o4 T
10 15 20 30 90506020 o0 ’ |
. /56 4 mrs w0 0 foo W0 Gy Mila
Puec.6.1 Puc.6.2
PI/IC.9.9 Puc. 910

K4, Kr Yg, ¥, - kK03bdULIMEHTHI, XapaKTepU3yIOIINe YyBCTBUTEIHHOCTh MaTepraia Baja K
acumMmeTpuu 1ukia ( Tabdm. 9.1);

Sq Sy - aMIUIUTYIa ¥ CpeiHee 3HaUEHHUE 1IMKJIa N3MEHEHUsI HOpMaJIbHbBIX HaIlPsDKEHUN M3ruoa.
Hanpsioxenus nzrn6a U3MEHSI0TCS IO CAMMETPUYHOMY IIUKITY H JUIS HETO.
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S, =0, G, = Mu/Wu | Ta6. 9.3

TaGauma 6.1
Kg Kr
KoHuenrpatop Haupswernit Gg Mz Gz , Mz
L] L]
% /d 600 | 800 1000 § 1200 600 | 800 1000 [ 1200
R 0,02 11,924 | 2,03 2,12 {22l | 1,69 |1,64 1,68 | 1,73
- 0,06 | 2,02 | 2,13 2,25 | 2,37 | 1,66 | 1,68 1,% | 1,86
L e 0,10 { 2,03 { 2,16 2,30 | 2,44 j 1,68 (1,73 1,81 | 1,88
"‘f’,‘" ' 0,01 [2,21 |2,37 | 2,4 [2,00 11,8 |2,00 | 2,20 | 2,40
e 0,03 | 2,03 |2,14 2,25 | 2,3 ;1,60 [1,7 1,90 | 2,05
0,056 11,91 | 2,03 2,15 | 2,27 | 1,4 1,57 1,69 | 2,80
e 1,55 | 1,85 1,72 | 1,7% | 2,3 |[2,55 2,70 | 2,80
1
TnaneToy D CYTPSRREMY 1 100 | 1,00 | 1,00 f1,00 | 1,00 [1,00 | I,00 |I,00
HioHouHEd mas I, | 2,01 2,26 | 3,50 1,64 | 1,88 2,22 | 2,39
Pesnta 1,9 | 2,20 261 29 | 1,54 [1,71 2,22 | 2,39
dmécpemae no 0,15 | 2,06 | 2,10 2,20 | 2,30

d-‘
4% _ 1,80 |1,95 | 1,9 [ 2,00
%d Qn%— d ?fg;és 1,86 1,90 | 2,00 | 2,10

llocagka ¢ HeTAroM 2,20 { 2,40 3,90 | 3,60 I.,'PO 1,80 2,3 2.5

OTMCTI/IM YTO IJIs1 BAJIOB
3
W, = % (1— a*) ~0,1d3 (1 — a*)

rac d — ANaMCTp Bajia B paCCUUTBIBACMOM CCUYCHUHU ; 0L = 0 - JUIA CIINIOITHBIX BaJIOB. I[J'ISI
MIOTIEPEYHBIX CEUYEHUI BaJIOB, OCIA0JIEHHBIX IITIOHOYHBIMU M1a3aMu ( CEUEHHUE M0/ KoJiecoM puc. 9.8)
0CEBOM MOMEHT COIPOTHBIIEHUS U3THOY.

nd3 Btl(d— tl)z 3
W, = —(1- a“' - —— —— MM
U HETTO 32 ( ) 2d

7€ pa3Mepbl MIMOHOYHOTO Ma3a 0epyTces u3 Tabi. 9.2. npulIMKeHHO MOMEHT COTIPOTUBIICHUS
CeueHHs Baja, OCIa0JIEHHOTO IIMOHOYHBIM MTa30M, MOXHO OTPEENUTh.

3
W — T[d3¢
U HETTO 32

IUTMIEBBIX COeNMHEHNH dyg, = D — 0,657 (D —d ). T, Ty, — aMILIATYIa M CPEJIHEE 3HAUECHUE
[IUKJIa U3MEHEHHS KacaTeJIbHBIX HAPsHKEHUH OT KpydeHus. /i1 HepeBepCUBHBIX BaJOB KacaTellbHbIE
HaTPSDKCHUS 0T KPYYCHHUSI MEHSIOTCS TI0 MYJIbCUPYIOIIEMY IIAKITY U JIJIsl HErO

rae - dyy, = d — 0,5ty (t; u3Tabmn. 9.2), ananoruyno ans

JInst BaJIOB MOJIIPHBIA MOMEHT COMPOTHUBIIEHUS KPYUECHUIO ONIPEIEIAETCS:

nd3(1-a*)

W, =
K 16

a JJId CC‘ICHHFI, 0CJIa0JICHHBIX IIITOHOYHBIM 1a30M:
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T[d3¢
16

nd3 (1 _ a4) _ Bty (d—tl )2

— — i uepes dyg, Wy perro =

WK HeTTO —

Ecnu B pe3ynbpTaTe pacueTroB okaxercs S > [S], To mubo GepyT Apyroit Marepuan Baia, Ju0o
YBEIMYUBAIOT AUAMETPhI Basa 110 cTaHIapTHOMY psay R,40.

PaccmoTpuM B KadecTBe pUMepa TUXOXOJHBIH BaJl YePBIYHO-IMIMHAPHYECKOTO PEIYKTOpa
(puc. 9.8) . BpinonHUM OLIEHKY YCTaJIOCTHOM MPOYHOCTH U HECKOJIBKMX CEUYEHUSIX 110 AJIMHE BaJa, B
KOTOPBIX €CTh KOHLIEHTPATOPHI HAPSIKESHUH.

Ceuenue 1-1. KoHuenTpaTop Hanps>KEHUH MITOHOYHBIX 11a3 £1=9 MM.
S_1 = 344 Mlla; t_4 = 206 MIla; g = 0,15; ¥,=0,05 (Tabm. 9.1); K =
0,93 (puc.6.2); dyg, = 75,5 MM
Wy werro = 43540 MM W perro = 2Wy werro = 87080 MM3 ; S, = 37,2%
Ty = 19,5& . Tm = 0 (peBepcUBHBIN BaJ1)
Se=2,73; S;,=335; S§$=212 >[S]
Ceuenue 2-2 (cedyeHHe Ha BBIXO/E , KOHIIGHTPATOP HANPSHKEHUH — IUTUIIBI) IPU pacyeTe 1o
BHYTPEHHEMY Auamerpy d=62 mMm:

ke =k, =1; kg =0.70; kp =0.93; w, = 23385 mm>;

wy = 46770 Mmm3; S, = 6.2 MIla; &, =0; 1, = 36.2 MIla;
S¢ =36.1;, S, =37, §=3.7.

Ceuenue 3-3 (cedeHue MO NOJIUITHUKOM 0=75 MM , KOHIIGHTPATOP HAIPSHKCHUI — IMOcaIKa ¢
HATATOM):

ke =24; k, =1.8; k; =0.65; kr =0.93; Y = 0.15;

Y, = 0.05; W, = 41390 mm3; W, = 82780 mm>; S, = 44.3 MIla;
Sn=0; t,=205MIla; 7, =0; S =19; S, =34, S=1.7.
Ceuenue 4-4 (ceuenue noj Koiaecom =80 MM , KOHIICHTPATOP HANPSDKEHUIA — rantenb): kg = 2.03;
KpYTSIIHUNA MOMEHT B TOM CEUEHUU HE JIEUCTBYET , T.€. S = Sg; U3ruOaronuii MOMEHT Ha OCHOBE
pacueToB pazaena 3:
ME = RP (153 — 40) = 5316 * 113 = 600700 H MM (371€Ch MOJIOBKMHA IUPUHKI Kosleca B/2 =
40 Mm);
M! = R} * 113 = 9148 * 113 = 1033700 H mum;
M, =+v6007002% + 10337002 = 1195600 H mm; W, = 50240 mm3;
Sq=328Mlla; S=S5,=4.2.

9.5 OLIEHKA HAJIEXKHOCTU CITPOEKTHUPOBAHHOI'O BAJIA

PeanpHOE B3aMMOZEICTBHE ITOYTH BCEX CYIIECTBYIOLIMX MAIIMH U MEXaHU3MOB C OKpYKaroIlen
Cpe0oi HOCUT CTOXaCTUYECKHM (BEpOATHOCTHBIN) Xapaktep. [loaToMy cpean Bcex XapakTepUCTUK
CIPOEKTUPOBAHHON KOHCTPYKIIMM Ha NIEPBBIN IUIaH BBIXOAUT XapaKTEPUCTUKA HAJEKHOCTH , JUIs
orpezeNeHusl KOTOPOH MPU TaKOM CTOXaCTUYECKOM XapaKTepe paboThl HEOOXOAMMO UCIOIb30BaTh
BEPOATHOCTHBIE NOAX0bl. HEKOTOPBIN MaTepuall , HO3BOJISAIOLINI BOUTH B 3TH BEPOSITHOCTHBIE
MTOAXOBI , MOSKHO HAalTH B /1/ , KOTOPBIN Hamucall B Bua€ yaeOHOro mocobus. OneHKa HaaeKHOCTH
KOHCTPYKILIMU B PEAJIbHON MTPAKTUKU IPOEKTUPOBAHUS JOCTATOYHO CIOXHAs U TPYJO0EMKasi
npoueaypa , TpeOyroasi K TOMy e 04eHb OOIHUPHOro CTaTUCTUYECKOTO MaTepraa JJis
OIIpEEIIEHUS BEPOATHOCTHBIX MEP MHTEPECYIOIUX HAC apaMeETPOB.

Jlanee, B IpeaJIOKEHUH, YTO 3TH BEPOATHOCTHBIE MEPHI allPHOPH U3BECTHBI U 3aJjaHbl HAMH,
JaeTcsl YIPOIIEHHBIN MOAX0/I K OLIEHKE HAaJIeKHOCTHU 10 UMeromumcst rpagukam (puc.9.11.)

[Ton Mepoit HaIe)KHOCTHU AJIEMEHTa KOHCTPYKIUU (BaJla) 10 KakoMy — JIM0O MapameTpy
MOBEJICHUSI KOHCTPYKIIMK Oy1eM OHUMATh BEPOSTHOCTH COOBITHS, COCTOSIIIETO B TOM, YTO BCE
BO3MO>KHbIE pean3allii MHTEPECYIOIEro Hac rapaMeTpa MoBeJeHUs HaX0AiTcs B 00J1aCTH
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paboTOCIIOCOOHBIX COCTOSTHUM. 3a IMapaMeTp MOBEACHHS MOXKET OBITh MPUHAT JI000H mapaMeTp
CUCTEMbI, HaIlpUMeEp, HAPsHKEHUS (pacyeT Ha MPOYHOCTD ), IEPEMEIICHUS (pacyeT Ha KECTKOCTbD),
4aCTOTHI COOCTBEHHBIX KOeOaHMii (pacyeT Ha KojieOaHus) U T.1I.

B gyacTtHOCTH, HaIEKHOCTH 110 MPOYHOCTH €CTh BEPOSATHOCTH COOBITHS, 3aKIIIOYAIOLIETOCS B TOM,
YTO BCE BO3MOKHBIE peaIU3aliy JEHCTBYIOIIUX B 3JIEMEHTE KOHCTPYKIIUU HAIPsDKEHUH He OyayT
MPEeBBINIATh HEeCyIIel criocoOHOCTH. Eciu 3aKkoH pacmpeseneHus AHCTBYIONMUX HaNpshKeHUH f;(S)
U Hecymei criocoonoctu f,(R) n3BecTHHI (HampuMep, HOpMaIbHbIN uan BelOyia), To ans
HaziexHOCTH | mpouyHocTy (H) moxHo 3anucats /1/

H=[" £ ®I[f, f(S)dS] dR (7.1)
n |

4
ﬂaq =008

3 - i

4 F,,#"‘f" 208
/—-—"‘"fd

2 3 4 5 6 ~l(1-H)

\

Puc.7.1
Puc.9.11
B BeIpakxeHuu 3akoHa pacnpezaeneHue f; (&) B kauecTBe MapaMeTpa BXOIAT FeOMETpHUECKUe
MIPOEKTHBIE MTApaMETPhI 3JIEMEHTA KOHCTPYKIMU. [1o3TOMY, KOT/]a OHM U3BECTHBI, MOYKHO OLICHHUTb
HAJE)KHOCTh UMEIOILENCS KOHCTPYKIMH.
Taxum o6pa3om, mpoueaypa OLEHKH HaIeKHOCTU MO MPOYHOCTH CIPOEKTUPOBAHHOTO BaJla
OyZeT BBIMIIAAETD CIEAYIOUMM 00pa3oM.
1 Hailinennslii B mpeaplIy1eM pasiese o0muil 3amnac ycTaloCTHOW TPOYHOCTH N 110
HOMUHAQJIBHBIM 3HAYEHUSAM KPYTSIIUX U U3TUOAIOIIMX MOMEHTOB U CIIPABOYHBIM 3HAYCHUSIM
IPEEoB yCTanoCT S_q U T, NIPUHUMAETCS 32 KOX(PQHUIMEHT 3araca 10 MaTeMaTHYECKUM
OKHUJaHUSM.
2 Ilo 3agaHHBIM IperoaBaTeseM sl KaKI0Tro CTyAeHTa TUITy KOMOMHAIIMM 3aKOHOB
pacripeiesieHus IeHCTBYIOIIMX HAMPSDKEHUH U Ipejiena yCTaloCTH, a Takke Ko duienTa
BapHaluu Harpy3ku (A;) u npouHocTH (Ag) HaxoauMm 1o rpaduky puc.9.11 HykHYIO KpUBYIO.
3 Ilo u3BecTHOMY N IO HAlJEHHOW KPUBOM HaXOUM COOTBETCTBYIOILYIO 3TOMY N Ha/I€KHOCTb.
AHaJIOrMYHO MOXHO UCKaTh HaJIEKHOCTD U IO JPYTUM MapaMmeTpaM (3KeCTKOCTH, TEMIepaType 1
T.IL.) .
[TosicHuM npuBeZIeHHBIE PACCY>KICHHS Ha PACCMOTPEHHOM paHee MpUMepe pacuera TUXOXOAHOTIO
Bajia peAyKropa.
[IpumeM 3aKkoH pacnpeneneHus ASMCTBYOIUX HANPSIKEHUN U MTPEeeia BBIHOCIMBOCTH
HOpMaJIbHBIA — HOPMaJIbHBIN; K03(humeHTsl Bapuanuu Harpy3ku A, = 0,12 u npounoctu Ap = 0.16
Paccmotpum Hanbosnee onacHoe ceueHue 3-3 , r/ie KOHIIEHTPATOPOM HaIPsKEHUHN SBIISETCS
nocajka ¢ HataroM. [IpuHsaB ko3¢ uireHT 3anaca ycTalocTHOM mpoyHocT S=1.7, paBHBIM

ko3¢ dULIMEHTY 3amaca o MaTeMaTHYEeCKUM 0>KHMJIaHUSAM, HaX0AuM 1o rpaduky (puc.9.11)
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COOTBETCTBYIOIIYIO €My HaaexkHOCTh. Tak N=S=1.7; o rpaduky (puc.7.1) Ig (1-H)=2.10, otkyna
H=0,992, 4T0 BIIOJIHE JOCTATOYHO.

9.6. PACYHET BAJIA HA XXECTKOCTb

[Ipu paboTe Bana B HEM BO3HHUKAIOT JedopMariuu u3ruda (mporud, yroy moBopoTa CeUeHus) 1
KpydeHus (yron 3akpyuuBanus). Ot mporuda Baia B 3y04aToM 3aleTUICHUN CO3/1a€TCsl KOHIICHTPAIUS
Harpy3ku 1o jiuse 3y6a. [Ipu Oonblux yriax moBopoTa Ce4eHUs Ha OIOPax BO3MOXKEH MEPEeKOoC KoJiell
MOJIIIMITHIKOB U X 3aKJIMHUBAHUE. SHAYUTEIbHBIC YTIIbl 3aKPYUHBAHUS MOTY BBI3BIBATh MOSBICHUS
KPYTHJIBHBIX Kosie6aHuil. OcoO0eHHO OMacHBIMU SBJISIOTCS CIIy4au MPHIIOKEHUS HAarpy30K Ha
KOHCOJIBHBIX YYaCTKaxX BXOJIHBIX U BBIXOJHBIX BaJIOB. Jleopmarny JOIKHBI OBITH OTPaHUYCHBI
JOMyCKaeMbIMU 3HAUYEHUSIMU. MaKCHUMalbHBIN MPOruo Bajia He JOJIKEH MPEBBIIIATh

y < [y]=(0.0002...0.0003) [,
rne [ — paccrosiHEE MEXAY OMOpaMH, a IOIYCKAaeMbli POTHO BaIOB MO 3yOUaThIMH U YEPBSIYHBIMU
KOJIeCaMU UMEeT BUJ
y <[y] =1.01m,
re M — MOIyJb 3alleTICHHUS.
BennuuHb! yriioB MoBOpOTa CEYSHUS Bajla Ha OMIOPE JODKHA YAOBIETBOPATH YCIOBUSIM
6% < [0]; 6"[6],
rae 68 , 6" - coOTBETCTBEHHO YITIBI OBOPOTA CEUEHHS BaJa HA OMOPE B BEPTHKAIBHOMN H
TOPU30HTAIILHOM MIOCKOCTSX.
[6] = 0.005 pax — 715t MIAPUKOTIOANIMITHUKOB PAAUATBHBIX OJTHOPSIHBIX,
[6] = 0.05 pax — a5 HIAPHKOTIONIUITHUKOB CHEPUUECKHIX IBYXPSAIHBIX,
[6] = 0.0016 pax — mist pOTMKOMOANIMITHUKOB KOHUYECKHX,
[6] = 0.001 pax — qIst OAMIUITHUKOB CKOJIBXKCHHS.

Mannbie 3Ha4eHUS JOMYCKaeMbIX IEPEMEIICHHI U YTII0B MOBOPOTA CEYSHUSI MHOT 1A IPUBOISAT K
TOMY, YTO pa3Mephl Bajia OMPEessieT He IPOYHOCTh, a )KECTKOCTb, U MOJTyUYeHHBIE paHee pa3Mephl
BaJIOB HY)KJIAal0TCS B KOPPEKTUPOBKE.

[Iporu6 Bana y siBIsieTCSI F€OMETPUUECKON CyMMOM MpOru0oB Bajla B BEPTUKAIBHON Yg U

TOPU30HTAIBHON Y. TIIOCKOCTAX
y= ’3% + V2.

[Tporu6 u yriasl TOBOPOTa HAXOASITCS METO/IaMU COTIPOTUBIICHHUSI MAaTEPUATIOB.

Haubonee yaoOHBIM 1J11 MAIIMHHOTO CYETA SIBJSETCS METO/I HadalbHBIX MapaMeTpoB. Paccmorpum
€ro B MpUOIMKEHUH K 0000IIIeHHON pacyeTHOM cxeMme Bana (puc.9.12). Jta cxema 0XBaThIBaeT BCe
BO3MOJKHBIE CIIy4au Harpy>KeHHs BaJOB MPUBOJIOB.

Fa F3 1 - K
Ak 37 & Rg 21"
P X
Mz M A
s
Puc.85.1 ’
Puc. 9.12

Brruncnenune u3 Hee KOHKPETHBIX CIIy4aeB MPOU3BOINUTCS MPUPABHUBAHUEM K HYJIFO HEACHCTBYOIIUX
Harpy3ok. Eciu HampaBjieHHe CHUJI U MOMEHTOB B KOHKPETHOM CIIy4dae COBIIAAET C HAIIPABICHUEM CHUII
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Y MOMEHTOB Ha puc.9.12, To OHU Be3/€ MPEACTABIAIOTCS CO 3HAKOM “+” ,a €Clii HE COBMAJAET — TO CO
3HaKOM “-* . OJrta cxema OyJeT OJMHAKOBOM M Il BEPTUKAIBHOM U JJISi TOPU30HTAIBHOM MI0CKOCTEH.
[Ipu unrerpupoBanuu qudhepeHInaIbHOT0 YPaBHEHNS H30THYTOM OCH OaJIKU MOJTYyYaroT
nocrostHHble nHTEerpupoBanus C u J1, npeacrasisromue codoil yBenndennsie B EJ pa3 cooTBETCTBEHHO
yrou nosopota 8y u nporud Y, B Hayaje KOOpAUHAT (Hayanio KOOpAMHAT [TIOMEIAETCS B HaYajle Baja).
Tak C=EJO8, u D =EJY, ,Torma muscxemsl puc.9.12 ypaBHEeHHUs YIIJIOB TIOBOPOTA U IPOTHOOB
MOYKHO 3amucarth [2]:
EJ8 = EJ6, — 0.5 Fox* + MoX |x>0 + 0.5R; (X — 1g)?[x2 — [0.5F; (x — 11)* — My (x — ll]lx211 -
[0.5F,(x — lz)z - M?(x — 12)2]|le2 — [0.5F5(x — 13)? — M3(x — l3)]|x213+ + Ry 0.5(x — 14)2|le4 ;
(9.1)

1 1 1 1 1
E]Y = EJY, + E]Oyx — gF0x3 + ;Mox2|x>0 + gRI(x - lo)3|x210 - [gFl(x - l1)3 _EMl(x -

1 1 1 1 1
11)2]|le1 - [ng(x —1;)% - EMz(x - lz)z]|x212 - [ng(x —13)° - 5M3(x - l3)z]|le3 + gRu(x -

1) lxs, - 9.2)
B ypaBuenus (9.1) u (9.2) noacTaBisitoT TOIBKO T€ HATPY3KH, KOTOPBIE PACIIONIOKEHBI CJIEBA OT
paccMaTpuBaeMoOro Ce4eHusl.

Jlist onipeenieHusl Ha4adbHBIX TApaMEeTPOB YIPYyTroi TMHUHU Oy U Y, BOCHOIB3yeMCs TEM , YTO Ha
oropax nporud paBeH HyIo, T.e. Ipu X = o ux = 1, ,y = 0. [loxcTaBuB 3T 3HaUeHus1 X B ypaBHEHUU
(9.2) nonyuuM aBa TUHEHHBIX YpaBHEHHUS JIJIs1 HAXOKCHHUS HCKOMBIX BEJTUYHH, PEIIUB KOTOPHIE
otHocutenbHo EJOy u EJ Y, , nonyuum

EJYo = Fo® — My % — EJ6,1,
EJ6,(ly — 1o)

_F (li—l?))_M (ll‘i—l%)_R (14—10)3+F (14—11)3_M (ly — 1h)?
0l6l30l2l21l6l31l6l212
NPl PR Y Ul PR Ul
[ToncraBuB nmonyuennoe pemienue (9.3) u (9.4.) B ypasuenue (9.1) u (9.2) , nomyuyum 3aBUCUMOCTH TSI
pacuera yriioB IOBOPOTa CEUSHHS ¥ IPOTUOOB B JI000H TOUKE 10 JUTHHE Basa. [1osicHUM ToTy4eHHoe
peleHre Ha MpUMepe TUXOXOAHOTO Bajla YepBAYHO-IIMIMHIPUUYECKOTO PEIYKTOpa

BepruxansHas miaockocts (puc. 9.2).  ns 0600menHo# cxemsl [y = 0,1 =1, =15 =
153 mm, [, = 221 MM, 5321 MM,
Fp=F,=F;=0 My=M, =M, =M3;=0;
F, = F{, =10300 H,
F,=—-F!=-6200H ,M, = M = 145600 H Mmm
Ry =R{=5316H, R, = —R; = —12164 H.
Haiinem HayanpHble mapameTpsl o ypaBHeHusM (9.3) (9.4)

EJY5 = 0, T.e. mporud Ha onope paBeH HYJIIO.

3 _ 3
EJO2(221 - 0) = —5316% + 10300@ = 9,023 10° H MM

EJOE = —4,083 107 H mm?
0, = 6% = —0,00012 pag. E=2,15 10° H/MM?- qns cranm,
wd* _ 3,14 75*

J= = =1,55 10° mm*
64 64

rae 0=75 MM - TuameTp Bajia IoJ1 MO IIIHITHUKOM.

U3 ypaBHenus (9.1) Halinem yron noBopota ceueHust Ha onope 2 npu X = [, = 221 MM
EJ95 = —4,083 107 +0,5 5316 221% — 0,5 10300(221 — 153)%? = 6,52 107 H/Mm?
W 65 = 0,00019 pag. U3 ypaBuenus (8.2) npu X=321 MM HalizieM nporud Baja Ha MepBOM

KOHCOJIN
1

EJYV® = —4,083 107 321 +% 5316 3213 3 10300(321 — 153)3 —
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—% 1216(321 —221)3 =7,899 10° mm3 wm npu

nd* 3,14 624
64 64

] = = 7,253 10° mm*

V® =0,0506 MM
Ha BBIXOTHOM KOHIIE BaJia pacloJIOKEHBI IUTHIIB C BHYTPCHHUM JUAMETPOM 62 MM
I'opusoHTaNBHAA IUIOCKOCTE (prc.9.3.).

R R L

Pue.8.3

Puc. 9.3
Mg =M; =M, =Mz =M, =0;

F; =F;, =—-3700H,

F, =F¢ =17700 H,

R, = —R;j = —9148H,
R;; = R;; = 23148 H.
HauanbHble mapaMeTpsl:

Yo =0;
2213 (221 —153)3
EJ6y 221 = 9148 T~ 37007 = 1,63 * 10* H mm3;

6, = 67 = 0,00022, EJO5 = 7,358 x 107 H MM? .
W3 ypaBHenus (9.1) Haiinem yron noBopota ceueHust Ha omnope |1,
EJO], = 7.358 x 107 — 0.5 * 9148 % 2212 + 0.5 * 3700(221 — 153)%? = —1.413 * 10® H mM? wm
6;, = —0.00042 pag, .
W3 ypaBuenus (9.2) npu  X=321 Haiigem nporu6 Bajia Ha KOHCOJIU

EJY" = 7,358« 107 — 1/6 * 9148 * 3213 + 1/6 * 3700(321 — 153)3 + 1/6 * 23148(321 — 221)3

= —2,012 * 101° H mm3;
' =-0,129 Mm.
CyMMapHblii mporu6

V =+¥B +yr* =./0,05062 + 0,1292 = 0,139 mMm.
Jlomyckaemsblid Tporud moj mecTepHe KOHNYECKOH rnepenauun
[Y] =0.01*m =0.01*7 = 0.07 MmM.
Panee B pacueTrax npUHATO My, = 7, T.€.yCIOBUE )KECTKOCTU HE BBIIOJIHSAETCS.
Heo0xoaumMo n3MEeHUTh KOHCTPYKLHMIO Bajia, T.€. YBEIUUUTh AUAMETPBI CTYIIEHYAThIX Y4aCTKOB
Baja.
Hckombie pazmepsl Bala MOKHO MOJTYYUTh U3 YCIOBHSI )KECTKOCTH

- mdip 1yl = g%
EJ][Y]|=E]JY wmE ” [Y]—E64 y,

TOTJa UCKOMBIM THaMeTp Bajla, IPUHUMAEMBbIN B TAIbHEHIIIEM 3a paCUETHBIN, ONPEIECTUTCS

41y 4,0,139 _
dBp = d5\/% =62 W = 73,5 MM.

[To saToMy aAnamerpy Ha OCHOBaHMHU pa3n.9.2 u puc.9.8 npumeM

d® =75 MM, d, = 80 MM, d; = 85 mMm.
Bo3MmorkHa ycTaHOBKA Ha BBIXOJIHOM KOHIIE LITTOHKH, T.K. AMAMETP BaJia BEIPOC. Y TOUHEHHBIN pacuer
BaJla HA YCTAJIOCTHYIO TPOYHOCTh, pACUET HA CTATHUECKYIO IPOYHOCTh U HAJIEKHOCTH TIOBTOPSATH HET
HeoOxoauMocTu. OCHOBHBIE pacdeThl COXPAHSIIOTCS U
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EJYB = 7,899 x« 10° H mm3, EJY" = —2,012 * 1019 H mm3;
IPUMEM MOMEHT HHEPLIUU CEYEHHS Ha BBIXOJIE

d¥  3.14x75%
J === = 1552368 Mm%, Tora
64 64

VB =10,024 MM, VY"= 0,060 MM, Y= \/0,0242 + 0,060%2 = 0,065 MM, 4TO MEHBIIIE
nonyckaemoro 3HadeHus [Y]=0,07 mm.
XKecTkocTh Mpu KPyYEHUH XapaKTepU3yeTCs YIIIOM 3aKpyUUBaHUS, IPUXOIALIIUMCS Ha SUHUILY
JUTMHBI BaJia

T
(p:)TH =—=s [(p]l'
YJp
rae T — kpyTsauuii MOMEHT, niepeaaBaeMblid BasioMm, H mwm;

nd*
b= 3? - IIOJIIPHBIA MOMEHT UHEPLIUH, MM

4.
)
d,p - PACYETHBIN IMAMETD BaJla B HEKOTOPOM CPEIHEM CEUEHHH, MOXKHO TIPOHATH dyg = dy;

y = 8% 10* H/MM? - Moy/Ib yIPYrocTH IIpH CABUIE I CTAILHOTO Baja;

° Y v
[p] = %paﬂ — JIONyCKaeMbI{ YTOJ 3aKpy4HBaHUS,

[¢]" = (0.3...1.0)" Ha 1 MeTp JIUHEI.

JInst BBIXOAHOTO BaJjia
11T

I — — -5 .
[p] = 50000 — 174 %10 pag/mu ;

m*80%

Yp = = 4,02 * 10° mm* ,Torna
, 1694000 - '

QP :m:0.53*10 5<[(p] ,

T.€. YCJIIOBHE )KECTKOCTH IPU KPYYEHUH BBIIIOJIHAETCS.
9.7 TIPUMEP PACYETA BbICTPOXOIHOI'O BAJIA (BAJI YEPBAKA)

Ha ocHOBaHMM 3CKN3HOM KOMIIOHOBKH CTPOUTCS pacyeTHas cxema Ui ObICTPOXOHOIO BaJia
(puc.9.13).
F. = 1900 H - paguanbHas Harpy3ka Ha BaJl OT pEMEHHOMU IIepelauy;

F,, =1575H, F. =1800H;
M,, = 201600 H — ycuust B YepBAYHOM Teperade;
lp =90 MM, [, = 250 MM, [, =390 Mm.

Pacuer Ha IpPOYHOCTS .

BeprukanbHas INIOCKOCT: HAlAEM PEAKLIMU Ha OIIOpax:

D My = REL — o) = My, = Fry (b = 1) = 0;
Mg, =F. (11-1 _
RIBI _ Ma, re (L1 0):201600+1800(250 90) _ 1632 H;
L—1o 390-90
ZMII = Frl(l4 —1) - Ma1 - RIB(l4 - lo) = 0;
RE — F}l(l4 — ll)Ma1 _ 1800(390 — 90) — 201600
I I, — 1, B 390 — 90
I[TpoBepKa MpaBUILHOCTH ONPEIETIEH S PEAKIIHM
ZFy — RF + RE — F,, = 168 + 1632 — 1800 = 0;
MowmenT nox uepsskoM (1.C)
M2 = RE(l, — I,) = 168(250 — 90) = 26880 H mm;
ME' = M, + M,, = 27200 + 201600 = 228480 H mm.
[opU30HTAIbHASL IIOCKOCTB:

ZMI = F lo + F, (Iy = 1o) = Rj (14 — 1o) = 0;

=168 H .
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. Elyg+F, (I — 1) 1900 %90 + 1575(250 — 90)
n= L — L = 390 — 90 = 1410 H;

Z My = —F (L — ) = R{(ly — lp) + .1y = 0;
~Fiy(ls— 1) + Fl, _ —1575(390 — 250) + 1900 * 390

l4 - lo 390 - 90
[IpoBepka MpaBHUIIBHOCTH ONPEACIICHUS PEAKIIUIA

ZFy = —F. + R} + F,, — Rj; = —1900 + 1735 + 1575 — 1410 = 0.,

W3rubaromiye MOMEHTHI:

R = =1735H.
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M! = —F.l, = —1900 = 90 = 171000 H Mm;
ME = =RV, (1, — 1) = —1410(390 — 250) = 197400 H mMM.

CyMMapHBIii MOMEHT MO/JT YePBSIKOM

M, = |ME' + M: = /2284802 + 1974002 = 301940 H MM.

Kak nmpaBuiio, 4epBsK U3roTaBIMBAIOT 3a0/JHO Lie0e ¢ BajgoM. Halinem pacueTHslil quaMeTp Bana
101 OALIMITHUKOM, CUMTast, YTO MaTepuall Baja — cTajib 45 ¢ napaMeTpamu, HaliIecHHbIMU B pa3n.9.1;
[S_1]4 = 69.5 H/MM?;

My = [MP” + (aT)? = /1710002 + (1 * 63000)2 = 182200 H mm;

3 (182200
dypr = J— = 30 MMm.

0,1%x69,5
JlnameTp BBIXOJIHOTO KOHIIA Bajia 3neKTpoasurarens d,, = 38 Mm. Takum oOpazom, quamerp
BBIXOJIHOT'O KOHIIa OBICTPOXO/IHOTO Bajia OepyT HE MEHee
dyxy = 0,8+d,, =0.8%*38 = 30 mm.
[Ipumem crenyronryo KOHCTPYKIHIO Bania (puc.9.14):
d; =32mM, d,=34mMM, d,=35MuM, d;=40wMpm, dy =df, —(0.5...1)mMm.

1 - "\
.ﬁ] . E --—-—1—-._

EERE

dy
d's
d,

Pye.9.2

Puc.9.14
Mesx 1y HOJIINITHUKOM U IIKUBOM PEMEHHOMU Nepeiau yCTaHOBUM PAaclopHYyo BTyIKy 1 ( puc.9.2.).
Ha BXOJIHOM y4acTOK Baja craBuM moHky 10x8 (t; = 5) cl,, = 40mm. IIposepsiem ee Ha cmATHE.
63000 H

S = [32(8-5) 40] 33,2 < [STew

J151st GBICTPOXOIHBIX BAJIOB, KaK IIPaBUIJIO, OCHOBHBIM KpUTEpHUEM PaOOTOCIIOCOOHOCTH SIBISIETCS
KECTKOCTb, IOITOMY PACUYET HAa CTATHUECKYIO U YCTAJIOCTHYIO IIPOYHOCTH He Aenaetcs. PaccMoTpum
pacueT Ha )KeCTKOCTbh B COOTBETCTBUH C pa3j. 8

BeprukanbHast II0CKOCTb.
_Fy=F,=F;=F, =0; Mg=M,=M3=M,=0;
ly=90mMM, [;=1,=13=250mmMm, [5 =1, =390 MM,

F, = 1800 H, M; = 201600H MM, R;=168H, R, = 1632 H.

Haiinem HavanbHbIE TApaMeTpPHI:
IIpu X=l, u x=0=>¥Y=0
8 (390 —90)3

, (390 - 90)° (390 — 90)?

— 201600 >
=—-1,908 10° H mm3

EJ8, (390 —90) = —16 180

EJ6, = 6,362 10° H mMm?
E]Y, = —EJ6,l, = 5,725 108 H mm3. OnHOBpEMEHHO ATO MPOru0 BHIXOJAHOTO KOHIIA Bajla, rae | =

T 324 4 4 B
= 5,144 10* mMm*,Torma Y*®* =Y, = 0,052 mm.

135



Haiinem yriel moBopoTa ceueHus Ha onopax u3 ypaBHeHus (8.1 ) mpu
m 35%

J = = 7,362 10* mm*

64

IIpu X=[l, = 90 Mmm
EJO? = —6,392 10° => 6 = —0,0004 pag. npu X=I, = 390 MM

EJ§% = —6,392 10° + 0,5 170(390 — 90)2 — 0,5 1800(390 — 250)? +

+201600(390 — 250) = 1,184 107 H mm? Orcrona 8% = 0,0007 pag.

I'opu30HTAILHAS IIOCKOCTb.
F,=1900 H, F,=-1575H, F,=F;=F, =0,

My=M,=M,=M;=M,=0, R, =1735 H, R, = —1410 H.
HauanbHble mapaMeTpsi:

EJ6,(390 —90) = 190

EJ6, = 3.342 107 H mm?; EJY, = 1900?— 3,342 107 90 = —2,777 10° H mm?
VYTIIbl TOBOPOTA CEUCHHH HA OIOpax

x=1,=90mMm, EJO] =3.342 107 — 0.5 1900 902 = 2.573 107 H Mm% u

67 = 1,625 1073 pag.

X=l, =390 MM, EJO} =3.342 107 — 0,5 1900 390% + 0,5 1735(390 — 90)? +
1757 0,5(390 — 250)? = —1.756 107 H mm?

=-1,110 10 3pan, Torna ¥* =Y, = 0,251 Mm
Homyckaemoe 3nauenue Y] =0,0003 L =0,0003 300=0,09 mm, T.e. HeOOXOIUMO U3MEHHUTH
KOHCTpYKIHIO Bana (puc. 9.14) , mpuMepHO NPHUKUHYTH TPeOyeMoii JruaMeTp Baia Ha BXoJe d3 MOXKHO,
npuHsB uckomoe Y* = [¥] = 0,09 . Ttorza nonyyum EJ 0,09 = —2,777 10°

d4

Orcrona | = ”6—43 =1,435 105 mMM* wmm d; > 41 MM

Torna npumem pa3mepsl Bajia o d; = 45mMm =d, , d, = 50mMM,d; = 55MM
[TpoBepuM KECTKOCTh BaJia.
BepTukanbHas MI0CKOCTb:

4 4
J="2-=3,066 10°mm*; ] ="22=2,011 105 mm*

V2 =Y, =0,018mm; 6F =-9,65 10"°mm*; 6% =1,787 107* pag.
I'opu3oHTaIbHAS MIOCKOCTB:

Y=Y, =-0,066 MM

CyMmMapHbIi Tporud BXOAHOIO ydacTKa Baja

YV =¥¥ + ¥ =,/0,00132 4 0,0642 =0,066< [y] = 0,09 mm.
[Tepecuer yrioB moBopoTa ce4EHH Ha OMOpax JeNaTh HET HEOOXOAUMOCTH, T.K. AUAMETp BaJia ObLI
YBEJIHUCH.
VCIIoBUSI )KECTKOCTH MPH U3THOE TOIHOCTHIO BBIMOJHAIOTCS, T.K. u 07, 63, 01, 05, < [6].
PaccMoTpuM ycroBre KE€CTKOCTH TIPH KPYYECHUH.
63000 B e , s
8 107 6,132 105 1,28 107° < [¢]' = 1,75 107" paa./mm
Jp =2] =2 3,066 10°> = 6,132 10°> mm*

B 126:1.9.4 npecTaBieHbl pa3TUuHbIE CXEMBI HATPYKEHUs BaJIOB. [IprBeICHbI aHATUTUYECKUE
3aBUCHMOCTH, TIOJTy4YE€HHbIC METOIOM HAYaJIbHBIX MTAPAMETPOB, IS OMPEACICHHUS MPOruOOB U YTIIOB
MIOBOPOTOB CEUCHHUS B OTMIACHBIX, JUIS JAHHOW CXEMBbI, CEYCHUSIX B TOPH30HTAIBHON M BEPTUKAILHOMN
IUIOCKOCTSAX. Eciy B 3alaHiK Ha KypCOBOM MPOEKT HATIPABJICHHS CHJT M U3THOAIOIIMX MOMEHTOB HE
COBIAJAIOT C MMPUBEJCHHON B Tabi. 9.4 cxeMoH, TO
npoBepKyYy, ¥y, 05, 6. MOXKHO TPOBOAUTD 10 TaGJUYHON CXeMe, UMesl B BUAY , UTO MOTPEITHOCTb
npu 3ToM He 6onee 15%.

- 3 _ 3 _ 3
0 (390-90) 5 (390-90) 5 (390-250)

=1,0026 101° H mm3

— 173 — 157

T 4

@' =
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9.8 METOAMKA PACUETA BAJIOB I[TPUBOJIOB

[Tocne cocraBneHus 3CKM3HON KOMITIOHOBKH JUIsl BCEX BAJIOB MPUBOIA BHIMOIHSAETCSA
MIPOEKTUPOBOYHBIN pacyeT Ha MPOYHOCTh (COBMECTHOE JIEHCTBUE U3rH0a U KPYUEHHsI) B COOTBETCTBUU C
pa3n.3. 3areM Npou3BOAUTCS KOHCTPYKTUBHAS MPOPaOOTKA BAJIOB B COOTBETCTBHH ¢ pasa.4. Bee
OcTaJbHbIEC PACUYETHI BHIMOIHIIOTCS M0 YKa3aHUIO MIPenoAaBaresis — KOHCyJIbTanTa. B o0miem ciyyae
pacueT Ha JKECTKOCTb BBIIIOJIHAETCS AJIs Baja, UMEIOLIEr0 Harpy3Ku Ha KOHCOJIBHOM Y4YacTKe
(OBICTPOXOIHBII Ball — Ha KOHCOJIU PACIOJIOKEH IIKUB PEMEHHOM Mepeaaun, TUXOXOAHbIHN Ball — Ha
KOHCOJIM PACIIONIOKEHA IECTEPHS OTKPBHITON Mepeadn WM 3BE3/109Ka MIPOMEKYTOUHBINA Basl 3y0UaTo —
YepBAYHOTO PEAYKTOPA: Ha KOHCOJHU — KOJIECO IIMIMHIPUYECKON repeiadn) .

Y TOUHEHHBIN pacyeT Ha YCTATIOCTHYIO IPOYHOCTh, PACUET HA CTATUYECKYIO IIPOYHOCTh U Ha
HAJEKHOCTb BBITIOJIHAETCS, KaK MPABHIIO, JIJIsl TUXOXOJIHOTO BaJla PEIyKTOpa B HECKOJIBKHX CEUEHUAX
(o yka3aHUIO IIpenojaBaress — KOHCYJIbTaHTa) 110 JUIMHE Baja.

OnbIT IPOEKTUPOBAHUS [TOKA3aJI, YTO YPOBEHb HArpyKEHUS MPOMEKYTOUHBIX BAJIOB TAKOB, YTO
YCIJIOBUS KECTKOCTH, YCTAIOCTHON U CTATUYECKOM MPOYHOCTH U HAJIEKHOCTHU BBINOIHSIIOTCS C OOJIBIINM
3armacom, o3TOMY COOTBETCTBYIOIINE pPacueThl MOXKHO HE JIeJaTh.

10. ITOABOP ITOAIINITHMKOB KAUYEHHM 4.

YCJIOBHBIE OBO3HAUYEHUM A
a1 - Kod(PUIMEHT HAIe)KHOCTH;
a2 - KOd(pPUIMEHT, YIUTHIBAIONTUN OTHOPOTHOCTH CTPYKTYPHI
MaTtepuana,
az - Kod(PUIUEHT pekuMa CMa3Ku;
B -  IIMPUHA MOAIIUITHUKA, MM;
C - nuHaMuyeckas rpy30moJbeMHOCTh, H;
co -~  CTAaTHUECKas rpy30mobeMHOCTE, H;
d - awameTrp OTBEpPCTHs BHYTPSHHETO KOJIbIA IMOAIIMITHAKA
(mIrameTp Baja MO/ MOAMUITHUKOM), MM;
D - nawmamerp Hapy>KHOU MOBEPXHOCTH HAPYKHOTO KOJIbIIA
MOIIUITHAKA, MM;
Dw - naumamerp mapuka, M,
Dow - CpeIHM AHaMeTp NOJIIUIHUKA (JUaMETpP OKPYKHOCTH,
MPOXOISIINN Yepe3 IICHTPHI TeJI KAaUeHHUSI ), MM;
Dwe - IHMaMmeTp pojvKa, MM,
Lwe - JJMHA poJIMKaA, MM;
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Fa ! Fa1 ! Fa2

F.F,F

ar

S,,S

17

(7]

< < X

IITPO
HITPC
PIIP
PIIPC
IPYyO
PIIKO
YIIIIO
HIPYDb

KO3 hUIIMEHT 0CEBOTO HArPYKECHUS;
ko3 dunreHT 6€301macHOCTH;
TEeMIEepaTypHbIi K03 PHUIIMEHT;

OCeBas Harpys3ka Ha NOoAIMIHUK, H;
paauanpHas Harpy3Ka Ha MOJIIUIHUK, H;

BHEIIIHSSI OCEBAsl HArPy3Ka, MPUJIOKEHHAs K BaTy
(anrebpanyeckasi CcyMMa OCEBBIX CUJI, IEUCTBYIOIIMX Ha JIETAlIH,
pacIioJIoKeHHbIE Ha Baly), H;

HOMUHAaJIbHAs pacyeTHas JOJITOBEYHOCTh, MJIH. 00OPOTOB;

HOMHMHAaAJIbHAsA pacdyeTHasA JOJIIrOBCYHOCTD, 4,

HOMMHAJIbHAS pacdeTHas JoaroBeyHocTh pu S =90% ;
BEPOSTHOCTU 0€30TKA3HOUM pabOThI (CTENIEHU HAJIEKHOCTH), U;
JOJITOBEYHOCTh IIpU S% cTeneHu HaJeKHOCTH, Y;

4acTOTa BPAlIEHHUS TIOJIINITHEKA, MAH

9KBUBAJICHTHAA AMHAMUYCCKAs HAI'PY3Ka, H,

oceBas COCTABJISIIONIAS OT paauaIbHON HArpy3Ku, H;

BEPOSITHOCTh 0€30TKa3HOM pabOTHI;

KO PULIMEHT paluaIbHOW HArpy3KH;

K02 (PHUIIMEHT 0CeBOM HATPy3KH,

Kod(pdULIMEHT BpaleHus;

HOMMHAJIbHBIA YIOJI KOHTAKTA, IPax;

MIAPUKOTOAIIUITHUK PASAATBHBIA OTHOPSIHBIM;
HIAPUKOTIOIIUITHUK PaUaIbHbIN cepruuecKuil ABYXPSAHBIN;
POJIMKOTOIIIUITHUK paAuAIbHBIA OJTHOPSTHBIN;
POJIMKOTIOJIIMITHUK PAIUATIbHBIN ceprUuecKuil ABYXPSAHBIN;
IAPUKONOAIIUITHUK PaIHAIbHO-YIIOPHBIN OJHOPSAHBIN;
POJMKONOAIINITHUK KOHUYECKUN OTHOPSAIHBIN;

YIIOPHBIN APUKONIOAIIUITHUK OJHOPSIHbIN;
[[TapuKOTIOAIUITHUK paTuaIbHO-YIIOPHBIA OBICTPOXOTHBIN.
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10.1 OCHOBHBIE TEPMUHBI 1 OITPEAEJIEHNS, KITACCUDUKALINA
[TOAILIMNITHNKOB

10.1.1 [MoammMnmHUKYA Ka4eHUs — 3TO OIMOPhI BPAIIAIOIIMXCS WA KadaroIIuXCs

JeTanei, UCMOIb3YIOIINE JIEMEHTHI KaueHus (IIIApUKU WU POJIMKK) U padoTaronme Ha

OCHOBC TPCHUS KaUCHUA.

. 1 [Mommmnuukn kadeHuss (puc. 1.1) cocrosar wus

b T CIIEMyIONMX JAeTalel: HapyXHoro 1 m BHyTpeHHero 4

= < : KOJIEI[ C JIOPOKKaMH KaueHUs, TeJ KadueHus 2 (IIapuKoB

7 A {‘E\La@ WIM POJIMKOB), cemaparopa 3, pasJeisionero u
) - | HATIPABIISIOIIETO TENA KAYECHHS.

Puc. 1.1 XapakTepHble pacueTHBIE pa3Mepbl pojHKa (pHc.

1.2).

B HEKOTOPBIX MOJMIMIHUKAX OJHO WJIA 00a KOJIbLIa MOTYT OTCYTCTBOBaTh. B HUX
TeJa Ka4eHUs KaTATCsl HEMOCPEACTBEHHO 110 KAaHABKAaM BaJla UJIM KOPITyca.

JlocTOMHCTBA MOJIIMITHUKOB Kau€HHsI: Majible MOMEHTBI CHJI TPEHUSI U MyCKOBBIE
MOMEHTBI, MaJIblii HarpeB, HE3HAYUTENbHBIA PAcXoj CMa304HbIX MAaTEpUajoB, MPOCTOE
o0CITy’KMBaHHUE, BBICOKAsl CTENEHb CTAaHAAPTU3ALUU U YHU(PUKAIIMU. DTU MPEUMYIECTBa
MOJAIIMITHUKOB KauyeHHs] 00EeCHeurBalOT MM IIUPOKOE PACIPOCTPAHEHHE B PA3IUYHBIX
oTpacisix  MaUIMHOCTpOeHWs. Henoctarku — MOAIIMIIHMKOB — KauyeHMs:  HU3Kas
JOJTOBEYHOCTh MpH  OOJBIIMX YIJOBBIX CKOPOCTAX M OOJBIIMX  Harpys3Kax;
OrpaHUYEeHHas CHOCOOHOCTh BOCHPUHUMATh YyAApHbIE W BHUOpAIMOHHBIE HArpy3KH;
OOJbIINE TUaMeTpaIbHbIC TA0APUTHI.

B 3aBucumoctu oOT GopMbl Ten KadyeHMs TOMIMIMIHUKKA PA3fessiloTcs Ha
mapukoBbie ( puc. 2.1, 2.2, 2.5, 2.7, 2.8) u ponukoBsie(2.3, 2.4, 2.6); B 3aBUCUMOCTU OT
BOCIIPUHUMAEMOI Harpy3KH pas/IeisiioTCs Ha pagualibHbIe,

BOCIIPUHUMAIOIIME TOJIBKO paualibHyl0 Harpy3ky( puc.2.3) win paguaibHyIO U

HeOOIbITyI0 OceByI0 Harpy3ky( puc. 2.1, 2.2, 2.4); paguansHOo-yniopasie( puc. 2.5, 2.6,
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2.8), BOCIHpUHUMAIOIIME KOMOMHHPOBAHHYIO- paJuajIbHYI0 U OCEBYIO- Harpys3Ky;
ynopHbie( puc. 2.7), BOCIPUHUMAIOIINE TOJIBKO OCEBYIO Harpy3ky. [loAmMMHUKN MOTYT
ObITh omHOpsaHbIMU( puc. 2.1, 2.3, 2.5, 2.6, 2.8) u aByxpsagaeiMu( puc. 2.2, 2.4). OHu
MOTYT OBITh OTKPBITBIMH U 3aKPBITHIMU (3alllMIIEHA [ai0aMu MOJIOCTh, I/I€ HAaXOIATCS
Tena kKaueHus). [0 KOHCTPYKIMHM M YCIOBUSIM JKCIUTyaTallMM MOJIIWITHUKA KadeHUs
MOApA3EIAI0TCS HAa HecamoycTaHaBiauBawonmecsa( puc. 2.1, 2.3, 2.5, 2.6, 2.7, 2.8) u
caMoycTaHapuBatomuecs( puc. 2.2 u 2.4).

[[Tapuky, poaUKH W KOJIbIA MOJIIUITHUKOB KAaY€HUsI M3TOTaBIMBAIOT U3 CTajel
X 15, X 15CI, X 20 CI, 18XI'T , 20X2H4A, a npu HE0OOXOIUMOCTH W3
temwioctoiiko craimu  OU 347-II. IIpuMeHAIOT TakXe HU3KOYTJIEPOAUCTHIE
JETUPOBAaHHBIE CTalM C TMOCIEAYIOMEW MLEeMEHTauuen u 3akaikon. Cemaparopsl
MOAIINITHUKOB KAUYE€HUS BBIMOJIHSAIOT U3 MATKOW YIJIEPOJUCTOM CTaly IITaMIOBAaHHBIMU
M3 JIByX TMOJOBHHOK WJIM B BHJIE MAacCCHUBHBIX KOJICll WU3 JaTyHH, OpOH3bI, UyTyHA,
QJTIOMUHUEBBIX CIUJIABOB, IJIACTMACC U IPYTHX MaTepHUaJIOB.

10.1.2 YciaoBHBIE 0003HAYEHUS TOAIIAITHUKOB

VYcnoBHbIMU ~ 0003HAYEHUSIMM  XapaKTEPU3YIOTCS:  BHYTPEHHUU  AUAMETP
MOJIINITHAKA, €r0 CepHsi, TUI, KOHCTPYKTUBHbIE OCOOEHHOCTH W KJacC TOYHOCTU. Bce
MepeyuceHHbIE MapaMeTpbl 0003HavYar0TCs Uu@pamMu, BBIOUTHIMA Ha HAPY>KHOM KOJIBIIE
MOIIUITHUKA.

Krnacc TouHOCTH MOAIIMITHUKA yKa3bIBaeTCs U(PPOH, OTIACICHHON Yepe3 TUPE OT
OCHOBHOTO 1M(poBOro oO03HaueHusi, cieBa. [Ipyu HOpMalbHOM KJacCe€ TOYHOCTH
0003HaueHNE OIMyCKaeTCsl.

[To I'OCT 520-71 npexycmaTpuBaeTcs NsATh KJIACCOB TOUHOCTHU MOAUIUITHUKOB:

0 — HOpMaJIBHBIN KJIACC TOYHOCTH,

6 — MOBBIIIIEHHBIN KJTACC TOYHOCTH;

5 — BBICOKHUH KJIaCC TOYHOCTH,

4 — npere3nOHHBIN KJIacC TOYHOCTH,

2 — CBEpXIPEIEe3UOHHBIN KJIACC TOYHOCTH.

BuyTtpennuii nuametp noamwunauka d, HaunHas ¢ d=20 MM (WM IuaMeTp Baja),

B YCJIOBHOM O0O3HAYECHUH MO IITUITHUKA YKAa3bIBAETCS ABYMS TIEPBBIMH MH(pPaMH CIIpaBa.
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Ot III/I(i)pBI, YMHOXCHHBIC Ha IIATb, MJAalOT JUAMCTp Bajla 1104 MOAIIMITHUKOM.
HckimroueHueM SBIISIIOTCS MNOAIIUITHUKKN C II0CAJOYHBIM JHUAMCTPOM 10 20 MM,

0003HaYEHHUA JBYX MOCIEAHUX IU(P B HOMEPE ITUX MOAIIUITHUKOB AaHbI B Ta0d. 1.1.

Taomuma 1.1
d, mm 10 12 15 17
O0o03HayeH. 00 01 02 03

Tperest u cenpmas (eciu oOHa ecThb) HHUQPHI CIpaBa YKa3bIBAIOT CEPHUI0
MO/IIAITHUKA.

[TonmmMnHUKKA KayeHWs BBIMYCKAIOT HECKOJIbKUX pPa3HOBUIHOCTEH (cepuit),
MMEIOLIUX OJMHAKOBBIM MOCAJOYHBIA JUAMETP Ha Bajl, OTJIMYAIOIIMXCS OCTaJbHBIMU
pa3mMepamu, Harpy304HOI CIIOCOOHOCTHIO, MAaCCOM M MPEAECIbHONW YacTOTOM BpallleHusl.

O6o3nauenus: 1 — ocoboserkas cepus, 2 — nerkas cepus, 3 — cpeaHsis cepus, 4 —
TsDKENas cepust U T. [I.

C yBenumueHHWEM HOMEpa CEpHH BO3PACTaeT AMHAMHYECKas TPY30MOIBEMHOCTD

IMOJIIUITHHUKA, YBCIIMIUBACTCA €TO MACCa, 4 4aCTOTA BPAIICHUA ITaaacT (CM. pHuc. 13)

@@@@E@@@@@ﬂ

o
— R | 5 500

&

72,88 et

> w R

(pednid Credman
frizag Credety  Taszasz ferxal Cpeiint uﬁfptaﬁ ferxar Cpedues Taxenz feceds Gpednss uporan
Brpie Macca - dumaruvecsad spysos _acmama Spouenis
g‘f‘:slm‘/bml: 122 g O~ pedsemmaems C xH - A, ,”mf,m
Pyc.1.3

Tun mogmMmHUKA YKa3bIBa€TCS B YCJIOBHOM O0O3HAUCHHUU YETBEPTOM IH(poi
CIpasa.

0 — mapuKOMOAIMUIHUK panuaibHbii omHopsanbii (IIITPO), 0 B HOMepe He
npoOuBaeTcs;

1 — mapuKONOAIIMITHUK paguanbHblid chepruueckuii nByxpsaublil (ILITPC);

2 — PONMKOTIONIITUITHUK paauanbHbii omHOpsaHbId (PIIP);

3 — pPOJIMKONOAIIUITHUK paauanbHbiid chepruueckuii nByxpsianbiii (PIIPC);

4 — pONMKONOAIINITHUK paialibHbIA OJHOPSIHBINA C JITMHHBIMU POJINKAMU;
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S — POJMKOMOAIIUITHUK pauaibHbIA OAHOPSAHBIA C BUTBIMU POJIMKAMU;
6 — MapUKOMOAIIUITHUK PAIUATbHO-YIIOPHBINA ogHOpsAHbIN (LLIPYO);

{ — POJIMKOMOIIIUITHUK KOHHYecKuid ogHopsiaHbii (PIIKO);

8 — ynopHslii mapukonoAmunHuk ogHopsausiii (YILIIO);

9 — ynopHsIii pOIUKOMOAMUITHUK oaHOpsHEIH (YPIIO).

IIaras u 1mecras I_[I/I(l)pbl ClipaBa, BBOJMMBIC HC [JId BCCX IIOANIMITHHUKOB,

Hapy>XHOM KOJIbIC, HAITNYNUC BCTPOCHHBIX YHJIOTHGHI/Iﬁ HT.AO.

0003HAYaIOT KOHCTPYKTHUBHBIC OCOOCHHOCTH IMOAIIUITHUKOB, HAIIPUMCP, YI'OJ KOHTAKTA

TCJI KAa4YCHUA B paaAvaIbHO-YIIOPHLIX IMOANIMITHUKAX, HAJIWYUC CTOHOpHOﬁ KaHaBKM Ha

Bo3moxHBI AOIIOJIHUTCIIBHBIC YCIIOBHCC 0003HaYCHUS IIOAININIITHUKOB MW HX

T. 1. byksa 1O , eciim moAMMITHUK U3rOTOBJIEH U3 KOPPO3UOHHO CTOMKHX MATEPHUATIOB.

HpHMep 0003HaYCHUS ITOAIINITHUKOB:

IAPUKOBBIN
paavaabHbIN
KJIacc
TouHOCTH () 206
A

cepus erkass  06X5=30 — BHyTpeHHMIH
JTMaMeTp BHYTPEHHETO
KOJIbI1a (TTOCa0YHBIH
Ha BaJ)

POJIMKOBBIMN
BHYTPECHHEEC KOJIBIIO \ |
(N Marepual

0e3 OypToB 6 -32 210 11
KJIaCC TOYHOCTH / %9\ cenapatropa

cepus nérxkas ~ 10x5=50 — BHyTpeHHUI AamMeTp

BHYTPEHHETO KOJIbIla
(mocaoYHbBIN Ha Ba)

10.2 TUIIBI ITOAIIMITHNKOB KAYEHUA
N PEKOMEHJALIMU 110 UX ITPUMEHEHHMIO

OTJIMYUTENbHBIC TIPU3HAKK — OYKBHI CTpaBa OT ITU(GPOBOTO HOMEpA, €CIIU CermapaTophl
M3TrOTOBJICHBI U3 Oe30JoBsHUCTON OpoH3bl (B), uyryna (I'), mropans (1), mimactmaccsl

(E), narynu (JI). Ecu noammmnHuK U3roToBJIEH U3 TEIUIOCTOMKOM ctanu, To P1, P2, P3 u
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10.2.1 apukonoamunuuky paauaibabie ogaopsaabie (IIITPO) tuna 000

(puc 2.1)

IIITPO cmyxaT Mg BOCHPUATHS B NEPBYKO OYEpEeAb pPAIUAIbHON Harpys3KH,
OJIHAKO OHU MOTYT NEPENaBaTh U HE3HAUUTEIbHBIE OCEBBIE HATPY3KH, JEHUCTBYIOIIUE B
000uX HaINpaBJICHUSX.

[lo cpaBHEHMIO C JAPYTMMHM THIIAMH MOAIIMITHUKOB KayeHUs
*:*;;T paavaibHble  OJHOPSIIHBIE  IIAPUKOIMOAIIUIIHUKK  pabdoTalOT ¢
| MUHHUMAJIBHBIMU MOTEPSIMU Ha TPEHHE W, CIEJOBATENBHO, JOIMYCKAIOT
HauOOJIBIIYIO YaCTOTY BpalllEHUsI.
= . CoOCHOCTh NMOCaZOYHBIX MECT II0J] PaJUaIbHBIE OJHOPSIHBIC
MOJAIIMITHAKY JIOJKHA OBITh BbIAEp’KaHAa B TaKWUX Mpeaenax, 4ToObl
IIEPEKOC HAPYKHBIX KOJIELI OTHOCUTENIIBHO BHYTpeHHMX He mpesblman 10-15'. Takue
MOJAIIMITHAKY PEKOMEHAYETCA YCTaHABIIMBATh HA )KECTKUX JBYX OMOPHBIX Bajax, T. €. HA
Bajiax ¢ paccrossHreM Mexay ormopamu L<10d (d — auameTtp Basa 1o 1 MO IIITHITHHKOM).

10.2.2 [IlapuKONOAIIMITHUKY paiiajibHble cPepUuecKre IBYXpsIHbIE

(IOITPC) tuma 1000 (puc. 2.2)

OTH NOJWMIHUKA  MpPEIHAa3HA4Ye€Hbl Il  BOCHPUSTHUSA

paaralIbHbIX HArpy30K, HO MOI'yT BOCIIPMHHMMATb OAHOBPEMCHHO H

HEOONBIYIO JIBYCTOPOHHIOIO oOceByro Harpy3ky( mo 20% ot
| Sy HEHUCIIO0JIb30BAaHHOM paiuaibHOU Harpy3Ku).

‘ Jlopokka KaueHUsI Ha HAPY>KHOM KoJiblle 00paboTaHa Ha IO
chepe; Takas (¢opma oOecrieuMBaeT HOpPMaJbHYIO  paboTy
MOIIIUITHAKOB JAXKe TP 3HAYUTEIBHOM (Topsaka 2-3°) mepekoce BHYTPEHHETO KOJbIa
OTHOCHUTENFHO HapyKHOTO. Takue MOANIMITHUKY YCTaHABIMBAIOT HA: 1) MHOTOOMOPHBIX
BaJlaX TPAHCMHUCCUOHHOTO THUTIA; 2) IBYXOIOPHBIX BajlaX, MOABEPKCHHBIX 3HAYUTEITHHBIM
mporubamM TIOA JEWCTBHEM BHEITHUX HArpy3ok; 3) B y3/ax C TEXHOJOTUYECKH
HeoOecrneunBaeMoil CTPOTOM  COOCHOCTBIO TMOCAJOYHBIX MECT (MpHU pacTayuBaHUU
OTBEPCTUH B KOpPIycaxX HE 3a OAWH MOpoxona); 4) Nmpu YCTAaHOBKE MOMAIIMIIHUKOB B
OTZICTLHO CTOSIIUX KOpITycaX (BaJibl OTKPBITHIX IMUIMHIPUICCKUX Iepead MPHUBOIOB).

10.2.3 PonuxonoAmMmHUKN paauainbubie ogHopsanbie (PIIP) (puc. 2.3)
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Takue noAMMIHUKY MOTYT BOCHIPUHUMATH 3HAUYUTENIBHYIO PaAUaIbHYIO Harpy3Ky,
OJIHaKO HekoTopble W3 Hux (tmma 12000, 42000) KOMOMHUTEIHLHO BOCIPUHUMAIOT
KPaTKOBPEMEHHYIO HEOOJIBIIIYI0O OCEBYI0 HAarpy3Ky, (UKCUpPYs Bal B OCHOBHOM
HanpasiaeHud. OHU 00J1a1al0T 3HAUYUTEIBHO OOJIbIIEH paguaibHONW TPY30H0IbEMHOCTHIO
[0 CpPaBHEHUIO PAaBHOTAO0APUTHBIMHU MIAPUKOTOIIIUITHUKAMHA, HO TII0 CKOPOCTHBIM
XapakTepUCTUKaM UM ycTynaroT. [loAImMImHUKY ¢ MUINHAPUYECKUMHU POJIMKAMH OYE€Hb
YyBCTBHUTENBHBI K MIEPEKOCAM BHYTPEHHUX KOJIEL OTHOCUTEIBHO HAPYKHBIX, T. K. Y HUX
BO3HUKAECT KOHLEHTpALMs HanpspKeHUW y KpaeB ponuka. Ilogmumnuunku tunos 2000 u
32000 npomyckarOT B MPOIECCE MOHTaXa M OKCIUTyaTallMd JBYCTOPOHHEE OCEBOE
MIEPEMEILICHUE BHYTPEHHETO KOJIbLIA OTHOCHUTEIBHO HApyKHOro, T. €. MOTYT
HCIIOJB30BaThCA KaK MIAPHUPHO-TIOJBUAKHAS ONMOpa U OMOPHI BAJIOB IIEBPOHHBIX WIIU

KOCO3YyOBIX pa3BOCHHBIX KOJIEC.
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10.2.4 PonukonoAIUITHUKY panuanbibie chepuueckue aAByxpsaasie (PIIPC) tuma
3000 (puc. 2.4)

PITPC nmnpennaznaueHbl s pabOThl  TOA  paguaibHBIMU
Harpy3kamu, HO MOTYT OJHOBPEMEHHO BOCHPHHUMATh W HEOOJIBIIYIO
OCeBYI0 Harpy3Ky. OHU MOTYT paOOTaTh U MPU YUCTO OCEBOM Harpyske,

OIHaKO, B 3TOM CJiydac BOCIIPUHUMATL €C 6YI[6T JUuimib OJHWH pPiad

poyiKoB. Takue MOJIIMIHUKHA 00JIaIal0T 3HAYUTENIbHO 00Jiee BBICOKOM { Pas2A

Ipy30M0JbEMHOCTHIO, YEM paBHOrabapuTHBIEC IIAPUKOBBIE pagualibHble chepuyuecKue
MOAIINIHUKY. J[ommycThMas yacToTa BpalleHUsl Y HUX 3HAUUTENbHO HXKe, uem y IITTPC.
[IpumeHsitoTcst B TexX ke 00JacTAX MAaIMHOCTPOEHUs, YTO paJualibHble cepruyeckue

ABYXPSAAHBIC MIAPUKOITOAIIHUITHUKHA.
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10.2.5 HIapuKONOAMIUITHUKA paauaibHO-yropHbie onHopsanbie (LLIPYO) tuma
36000 a=12°, tTuna 46000 o =26°, Tuna 660000 ¢ =36° (puc. 2.5).

Takve NOAIIMITHUKK TpeAHA3HAYEHBl JUIsi BOCHPUSTHS  paJUalbHBIX U
OJTHOCTOPOHHUX OCEBBIX Harpy3ok. KX crmocoOHOCT, BOCHPHHHMATh

OCEBYIO HAarpy3Ky OMpeaeisieTCsl BEJIMUYMHOW yria KOHTakTa o (yrona

MEXIY IUIOCKOCTBIO IIEHTPOB IIAPUKOB W MPSMOM, MPOXOIMIEH uepe3

b £ LHEHTp LIApUKa M TOYKY KAacaHMs LIapHKa C JOpPOKKOW kaueHus). C

“'—_'Fa YBCINYCHUCM YIJIa KOHTAKTa & OCCBAdA I'PY30IIOABCMHOCTL BO3PACTACT

BCJIEZICTBUE YMEHBLICHUS paguaNbHOM. Ilo CKOPOCTHBIM
XapaKTEPUCTHKAM PaJAUaIbHO-YIIOPHbIE MOJAIUMIIHUKK HE YCTYNAOT PpPaJuajbHbIM
OJTHOPSIAHBIM. YBEJIMYEHUE yTIila KOHTAKTa HECKOJIBKO CHMIKAET JOIyCKaeMble MPEIEibl
4acTOT BpalICHUS.

CriocoGHOCTh K BOCHIPUITHIO OJHOCTOPOHHEHW OCEBOW HArpy3KH y MOAIIUITHUKOB:

tun 36000 o =12° Fa<0,7 F

tun 46000 o =26° Fa<15F),

tun 66000 o =36° Fa<2,0F/,

rae F' =C — F, — Hencnonp30BaHHas TOMyCcTUMAs paguaibHas Harpys3ka, H.

[ITPYO ycTaHaBIMBaIOT )KECTKUX JABYXOMOPHBIX Bajax 1mo cxeme 2.1 ("Bpacnop") ¢
HEOOJBIIUM paccTosiHueM Mexay omopamu (£ <250MM), a Takke B y3lax, I
TpeOyeTcs peryjaMpoBaHUE 3a30pa B MOJAIIMIHUKAX NPU MOHTaXE WU B IMPOLECCE
SKCILTyaTal|H.

PaboTa nomMIHUKOB NP paMaibHbIX HArpy3Kax 0€3 BHEIIHUX MM MOHTaKHBIX
oceBbIx He aomyckaercs. Bece IIPYO o6s13aTenbHO HYKIarOTCS B OCEBOM PETyJIMPOBKE.

IPYO o0cobeHHO MIMPOKO NPUMEHSIIOTCS Ha OBICTPOXOJAHBIX (BXOJHBIX,
MPOMEKYTOUHBIX) BajaxX IWIMHIPUYECKUX PEAYKTOPOB C KOCO3yOBIMHU KOJIECamH,
KOHUYECKO-UMWIMHAPUYECKUX PEAYKTOpax. PaauanbHO-ynoOpHbIE MOAIIMITHUAKK( Kak
MpaBujIo, ¢ OOJBIIMMHU YIJIAMH KOHTaKTa) CTaBATCA CABOCHHBIMU Ha OAHY OIOpY, MpHU
TOM OHU MOTYT BOCIpPUHUMATh paauajibHyl0 Harpy3ky B 1,8 pasa Oousbliyio, ueMm
COOTBETCTBYIOIIMN OJUHOYHBIA MOJIIMITHUK U OCEBYIO Harpys3Ky J000Or0o HampaBlICHUSI.

Takas omopa oOecreyuBaeT BBICOKYIO YIJIOBYIO JKECTKOCTh Baja. CIBOCHHbBIE
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paanaibHO-YIOPHBIE MOIIMITHUKY SIBJISIOTCS (PUKCUPOBAHHOM ONMOPOW Bajla MO CXEME
1.2 u BMecte ¢ mnaBatomeii onopoit (ILIITPO, PITP) ycranaBnuBatoTcs Ha Bally yepBsiKa,
APYrUX OBICTPOXOAHBIX Bajax OOJBLION JIMHBI C AEHCTBYIOIIEH HA HUX OCEBOW CHIIOW,
IIPY PEBEPCUBHOM BpAILICHUU BaJia.

10.2.6 Ponukononmunuuku koHuueckue onaHopsaubie (PIIKO) tuma 7000 o
=11...15°, tuma 27000 o =26° (puc. 2.6).

PIIKO — mnoamuMnHUKA MOpeAHa3HAayeHbl [JIsi BOCHPHSATHS OJHOBPEMEHHO
JNEUCTBYIOIIMX pagualbHbIX W OJHOCTOPOHHUX OCEBBIX Harpy3ok. WX pomycrumas

qacToTa BpallCHUA 3HAYHUTCIbHO HMIKC paJHuadJIbHBIX MMApPpUKOIIOAIIMIIHUKOB, a

Z CIIOCOOHOCTh K BOCTIPHUSTHIO OCEBOM HArpy3KH ONPENCIISCTCS YIIIOM
T KOHYCHOCTH « HapyxHoro kojbeia. C yBelIMYeHUEM yriia
£
‘2
« l 1 £l ®| KOHycHOCTHM oceBas TpPY30MOABEMHOCTH BO3pAcTaeT 3a CUET
; YMEHBIIICHUS paIuATLHOM:
Puc.2.6
taurn /000 «=10...17°F,<0,7 F;;
i 27000 «¢=25...29°F,<15F.
(HaITOMHHM, YTO HEHCIIOJb30BaHHAs JONMyCTUMas paauaibHas Harpyska F/ = C-F)).

PITKO 006s13aTenbHO HY)IAIOTCSI B OCEBOM PEryJIMPOBKE.

PITKO npuMeHSIOT B TSAXKEN0 Harpy>KEHHBIX OMOpax, T. K. OHU 00JaAat0T BEICOKOMN
KECTKOCTBIO B PAJHAIIBHOM M OCEBOM HamnpasieHHUSIX. OIHOpSAIHBIE KOHUYECKUE
MOJAIIMITHAKY YCTAaHABIMBAIOT B LIMJIMHAPUUECKUX PEIYKTOPAX C KOCO3yObIMU KOJIECAMU
CpPEeIHUX U OOJBIIMX MOIIHOCTEN (= 7 KBT), B KOHUUECKHX U YEPBSYHBIX PEAYKTOpaX, B
KOpoOKax mepenay M HWNUHACISIX METANIOPEKYIIMX CTaHKOB, B KOJIECaX CAMOJIETOB,
aBTOMOOUJIEH.

10.2.7 VYnopusle mapukonoamunauky oauHapHeie (YIIIIO) tuma 8000 wu
nsoitnbie (YIIPJI) Tuna 38000 (puc. 2.7).

HOI[IHI/IHHI/IKI/I npcaHa3Ha4YCHbI 1A BOCIIpUATHA OCCBBIX

Harpy3ok. OHU JOMYCKAaOT 3HAYUTEIHHO MEHBIIYIO YaCTOTY BpAILEHUS
[0 CPaBHEHUID C JAPYTMMHM THIIAMHM [LIAPUKONOAIIUITHUKOB, T. K.

HOPOXKKHU KAYCHUA HUX MOT'YT BOCIPUHHUMATL JIMIOb OI'PAHNYCHHBIC




LIEHTPOOEXKHbIE HArpy3Kd, BO3HUKAIOIIME MpPU JBWKEHUM IIapukoB. OJuHapHbIE
nonmmnHuk  trna 8000 mpegHazHayeHBl JUISL  BOCHPHUATHS OCEBBIX HArpys3ok,
JNEUCTBYIOIIMX B OJHOM HampasieHUH. OHU UMEIOT JBa KOJbIA: OJHO — TYroe, KOTOpOe
YyCTaHABIMBAIOT Ha Bally, Ipyroe — CBOOOIHOE — B KOPITyCE.

JBorinble nmopmumnuaukyn thna 38000 mpenHa3HAYeHBI U BOCHPUATHS OCEBBIX
HArpy3o0K, JACUCTBYIONMX B 000MX HampaBieHUAX. OHM UMEIOT TPH KOJIbLIA: CPEIHEE —
Tyroe, KOTOpO€ yCTaHAaBJIMBAETCA Ha Bally, U KpaliHe — CBOOOHbIE — B KOPITYCE.

10.2.8 [lapuKOMOAIMUIIHUKA PpaguanbHO-yIopHble ObicTpoxoansie (LLIPYD)

(puc. 2.8)
Tum 176000, 126000 Tum 116000
o =26° o =26°
Ty 176000, 126000 Tin 116000
& = 26° o= 26

!

] N g @

[TapuKOMOAMIUITHUKY PAJUAIBHO-YTIOPHBIE OBICTPOXOAHBIC OJHOPSIHBIE THIIA

&
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176000 u 116000-ueTbipexToueunsie, Tuna 126000 — TpexTodyeunsie. Y NOAMMIHUKOB C
pazbeMHbIM BHyTpeHHUM (Tunm 176000 u 126000) wnu wHapyxsHbiM (TuUn 116000)
KOJBLIOM MpO(UIN JOPOXKEK KaueHus 0oOpa3oBaHbl JIByMsi JyraMd CO CMELIEHHBIMU
uentpamu. Illapuk kacaercss kojen B 4eTblpeXx Touykax. [lOJIIMOHUKA MOTYT
BOCIIPUHUMATh PaJUAIbHYIO0, a TakKe JBYCTOPOHHIOK OCEBYHO HAarpyskKy, KOTopas He
noJkHa TpeBbimaTh 70% HEUCIOIb30BaHHON JOIYCTUMOM paauanbHoi Harpy3ku F,'. Ux
MPUMEHSIOT B OIMOpPaxX C KECTKOW JABYCTOPOHHEW OcCeBOW (uKcalueil, a Takxke s
BOCIIPUSITUSL YACTO OCEBOM HArpy3Kd, KOrja MOAIIMITHUKY JIPYTUX THUIIOB HE MPOXOIAT
M0 CKOPOCTHBIM MJIM HArpy30YHBIM XapaKTEPUCTUKAM, U HEXKENATEIbHO PEryJIMpOBaHUE
3a30pa B NOJAIIMIIHUKE B IIPOLIECCE SKCIUTyaTaluu (HaImpuUMeEp, ONOpPbI POTOPOB
aBuarmoHHbIX ['T/I).

10.2.9 BeruepurBanue BHYTPEHHEW KOHCTPYKLIWH MOJIIUITHUKOB.

Jnsa  wm300pakeHHs] CTaHAAPTHBIX MOJIIUITHUKOB KauyeHUs MO TabapUTHBIM

pasmepam d, D, B cienyer HaHeCTH TOHKMMH JIMHUSMHU BHEIMHUN KOHTYP MOIIAITHUKA.
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3areM s BCEX THUIIOB MOAIIUIHHUKOB (KPOME KOHHYECKHUX POJIUKOTIOIIUITHUKOB)
otkiansiBatoT auamerp Dpyw=0,5(D+d) oxpyxHOCTH, MPOXOASIICH dYepe3 IEHTPHI Tel

KaueHus. [1o cOOTHOLIEHMAM, YKa3aHHBIM Ha pUC. 2.9, a-€, BBIUCPUHUBAIOT TEIA KAUCHUS

" KOJIbLA.
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PanuanbHO-ymopHbIE MIAPUKOMOAMIUIHUKN (puc. 29,0) UMEIOT Ha HApYKHOM
KOHLIE TOJBKO OAuH 00pT. BTOpoil 60pT cpe3an. /s BeluepUrMBaHUS HAPY>KHOTO KOJIbLIA
CO CTOPOHBI CPE3aHHOW YacTH MPOBOJAT BCIIOMOIATENIbHYIO BEPTUKAIBHYIO JUHUIO 10
MIEPECEUEHHUsI C OKPYKHOCThIO IIapuka B Touke 1. CoenuHs0T TOUku 1 u 2.

B mogmmmnuukax mapukoBBIX paguaibHBIX ABYXPSAHBIX cpepuueckux (puc. 2.9,
B) Tella KayeHHs M300pakaroT TaK, YTOOBI OHM KacalucCh OOKOBBIX JIMHHI BHEITHETO
koHTypa. Cdepuueckyto MOBEPXHOCTh Ha HApYyXKHOM KOJbIE H300pa)xaroT Ayrou
OKPYKHOCTH C LIEHTPOM Ha OCH OTBEPCTHSI MOJIIUITHUKA.

JIns mOCTpOEHUsS] KOHUYECKHX POJIMKOMOJAIIUIHUKOB (pUC. 2.9, €) Ha KOHTYp
MOIIMITHAKA HAHOCST BCTIOMOTaTeNIbHYIO BEPTUKAIBHYIO JIMHUIO, IETSAULYI0 MOHTAXKHYIO
BbIcOTy moamumnauka T momosam. OTpe3ok ab nenar toukamu 1, 2 u 3 Ha 4YeThIpe
paBHble yactu. U3 Touku 3 mox yriaom o=15° mpoBoasAT oOpasyrollyio KOHyca /10 €€
MepeceyYeHUs] C OChI0 BpallleHHUsl MOAIUIHNKa B Touke 0. M3 3TON TOYKM MHPOBOAST
auann 01 m 02. 3aTeM U3 TOYKU M, MOJIyYEHHON TyTEM IepecedeHust JIMHUU 02 ¢ Toprom
HApy»XHOro KoJjblla KM, mpoBoasT jauHuio M neprneHmukyispHo oOpasyromieit 02.
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OtnoxkuB otpe3ok de, paBHbiil Tk, mpoBoaaT mapamnensno Mf nuHKUIO, 0OPOPMIISIOINITYIO
MaJiblii Toperl pouka. i nmonydeHus quamerpa d, 6opTa BHYTPEHHETO KOJIbIa HAXOIAT
TOYKY / , KOTOpas JSIUT Paauyc OOJBIIETO KPYyra POJIMKA IOTIOJIaM.

CenapaTophbl Ha YepTEKaX MOMIIMITHUKOB HE N300paKaroT.

10.2.10 Beibop Tvna nogMIMIHUKA JJIsl YCTAHOBKH HA BAJIbI

[Tpu BBIOOpE THUIMA MOMIIMITHUKA KAYCHUS JJISl 3aIaHHBIX YCJIOBUI KCIUTyaTaIlu
HEOOXOJIMMO YUUTHIBATH:

1) BeIMYMHY M HampaBJICHUE HATPY3KH;

2) XapakTep MPUIOKEHUS HarPy3KH;

3) 4YacTOTy BpallleHHs OJJHOTO HJIH 00OUX KOJIEIl,

4) HeoOXO0JIUMYIO JTOJITOBEYHOCTD,

5) cpeny, B KOTOpO# pabOTaeT MO IIUITHUK;

6) pabouyio Temmepatypy;

7) cnernuduyeckue TpeOOBaHUS K Y3IIy, ONpeneiseMble KOHCTPYKIHMEH MAaIIUHbI,

MeXaHU3Ma WU PrOopa, a TAKKe YCIOBHUS €ro IKCILTyaTallHuu.

Besne, rae 3TO JIOMyCTHUMO, CIEAyeT NPUMEHSTH MOMNIMITHUKA HOPMAJIbHOTO
kiacca TouHoctd 0. Jlump B y3max, TpeOyrmmX 0co00i TOYHOCTH BpAICHHS,
[eJIECOO0PA3HO HMCIMOJIb30BaTh MOJIIUITHAKA TIOBBIIICHHBIX W BBICOKHX KJIACCOB
TOYHOCTH.

[lpu BbIOOpPE CepuM, MOMHMO HECYIICH CIIOCOOHOCTH, CIIEAYEeT YYHUTHIBAThH
ra0apuThl, MacCy H OBICTPOXOTHOCTh TMOMAIMIMIHUKA. Yalie BCEro MPUMEHSIOT
MOIIAITHUKN JICTKUX W CPEOHMX CEepUil, MPEarnoyuTas B HEOOXOJMMBIX CIydasx
MOBBIIIATH JUHAMHUYECKYIO TPY30M0IbEMHOCTD MyTeM YBEIUYEHHUS JMaMETpa Baja, 4To
COOTBETCTBYET COBPEMEHHON TCHICHIIMH MPUMEHEHHS B CHJIOBBIX Y3JIaX IMYCTOTEIBIX
BaJIOB YBEJIUYEHHOIO JAMAaMETPa, KaK CPEACTB MOBBIIMICHUS MPOYHOCTH U KECTKOCTH U
YMEHBIICHHS MACChl KOHCTPYKITUH.

[Tpu BbIOOpE THIA MOANIMITHUKA IEJIECOO0PA3HO, MPEXKIE BCEro, PacCMaTPUBATh
BO3MOKHOCTh TPUMEHEHHUS PagdabHBIX OJHOPSAAHBIX IIAPUKOIMOIIIMITHUKOB KaK
HarboJjiee MPOCTBIX B JKCIUTyaTallMd M JCIIeBBIX. [[pUMEHEHHE APYruX THIIOB BCEraa

JOJDKHO OBITH CcTporo oOocHoBaHO. Hampumep, B pemykTopax ¢ 3aKajJeHHBIMH
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MUIMHAPUICCKUMHU SY6‘{aTI>IMI/I KoOJIECaMU O0OBIYHO IIPUMECHAIOT KOHHUYCCKHE
IMOAIOIUITHUKU, HOaKC CCJIM OCCBBIC HAI'PY3KHM B 3alCIINICHMKM BCCbMAa MaJlbl W HEC
YYUTBIBAIOTCA IpH pacucTax IIOAIIUITHUKOB. PaI[I/IaJ'IBHI)Ie OOHOPAIHBIC
MMAPpUKOIMOAIIUITHUKKN JISI TOI'O KC peCypcCa ObUIH OBI CIUIIKOM OOJIBIINX Pa3MECpoOB,
HCHIIPUCMIICMBIX 110 YCJIOBHAM KOMIIOHOBKH. B YCPBAYHBIX IIC€pCaadax JJIis1 Bajla
YCPBAYHOTO KOJICCA TAKIKC IPUMCHAIOT KOHMYCCKHUC IMOAIUIIHUKH, XOTA IO PaCuUCTy Ha
pecypCc U IO YCIOBHAM KOMIIOHOBKH MOKHO ObLIO OBl IIPUMCHATh paduaJIbHBIC
ITapHUKOIIOJIIHUITHUKH. HpI/IMeHeHI/Ie KOHHYCCKUX IMMOAMIMITHUKOB 06yCJ'IOBJ'IeHO 34€Ch
TpC6OBaHHSIMI/I K JKECTKOCTH CIIOP. KecTkocTh MIAPpUKOIIOAIIUITHUKOB HCIOCTATOYHA, 1 B
PE3YIbTATC HepeMemeHHﬁ Bajlda IIOA Hany3KOﬁ CO34aJIUCh OBI H€6HaFOHpI/I}ITHBIG
YCJI10BHUA pa6OTBI YCPBAYHOTO 3alCITIIICHUA. HpI/I BBI60p€ IMOAIIMITHUKOB BCCTJa CIICAYCT
YUYUTBIBATb W 3KOHOMHNYCCKHUC C006pa}i(€HHH. HOBTOMy, HaAIlpuMCp, B VY3JaX, M4
KOTOPBIX IIO YCIIOBHAM OKCINTyaTallu MOXHO IIPUMCHATH KaK KOHHUYCCKUC POJIMKOBEIC,
TaK WU PaJUAJIbHO-YIIOPHBIC IIAPHWKOBBLIC IMOAMIMIIHUKH, CTOUT IMPHUMCHATH IICPBLIC, TAK
KaK CTOMMOCTDb UX HMIXKC.

Hpe,/:[HO‘ITI/ITCJ'IBHa YCTaHOBKA POJJIMKOIIOAIOUIIHUKOB Ha BajJaxX IIpH YacToTax

1. Ecau Ttun INOAIUIUITHKUKA HC 3addH II0 KOHCTPYKTHUBHBIM

Bpamenuss N<700 MuH
COOOpa)keHUsIM, TO OH MpPEeABAPUTENILHO BhIOUpaeTcs 1o Tabia. 2.1 B 3aBUCHUMOCTH OT
orHomenus F,/F, (Fa B mepBoM mnpuOIMKEHHMM — BHEIIHSS OCeBas Harpyska,
MpWIOXKEHHass K Bany Fg;, a 3areM — yTOYHEHHas oceBas Harpy3ka Ha ITOIIHITHUK).
OOBIYHO OIpeAeICHHOMY COOTHOIICHHIO Fo/F, COOTBETCTBYET HECKOIBKO THIIOB
MOJAIMIMITHUKOB, TOATOMY TOA00p BEIETCS TMapauieIbHO JUIsi BCEX OTUX THUIIOB

INOJIIUITHUKOB, a 3aTEM OKOHYATEJILHBIN BBI60p ACIAaCTCA IO KOHCTPYKTUBHBIM MJIN

SKOHOMHYECKHUM COOOpakeHUsIM (cM. pasaennl 2.10 u 3).
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PCKOMCHI[aIlI/II/I 110 BBI60py THIIA ITIOJITUITHUKA B 3aBUCHUMOCTHU OT OTHOIICHH Fa/Fr

Tabmuma 2.1

F F F
No 0<—=2<035[035<—=2<1|1<-2<25 2>25
Tun noxmumHuKa F F
n/n ' r r r
1. | [llapukONOAMMIHUK PagyalIbHBIN OTHOPSTHBIN X X -- -- --
2. | PomukomoammmHuK KOHUYECKU omHOpsaHbIN Tua 7000 X X X X X
3. | PoaukonoamunHuK KOHWYeCKui ogHopsiHbIN Trma 27000 -- X X X X
4, | [llapuKOMTOAIIMITHUK paIUaIbHO-YIIOPHBIN OJTHOPOIHBIN THITA
-- X X X --
36200
5. | HlapukonoAUMmHUK paguaibHO-yIOPHBIN OTHOPOHBIN THIIA
-- -- X X X
46000
6. | lapuKomOAIMIUITHUK pagnaabHO-yIOPHBIA OTHOPSATHBINA THUIIA
-- -- -- X X
66400
/. | PONMKOMIOAIIMITHUK paIMAJIbHBIA OJTHOPSAHBIN X -- -- -- --
8. | HlapukonoAUMIHUK paguaibHbIA cheprudecKuii X X -- -- --
9. | PonmukonmogImMmANK paguaibHbIN chepruiecKuit X X -- -- --
10. | YopHbI# MIApUKOTIOAIIUITHUK OTHOPSAHBIN -- -- -- -- X
11. | YopHbli IIApUKOTOAIIMITHUK ABYXPSAIHBIN == -- -- -- X
12. | BEICTPOXOAHBIN MIAPUKOMOAIIHUITHUK PagUaIbHO-YITOPHBIN
poxon p A pan yuop X X X X X
tuna 176000
13. | BeICTpOXOAHBIN IIAPUKOIIO K pajua. - I
POXOJI PUKOTIOAMIUITHUK PaIiaIbHO-YIIOPHBIN X X X X X
tuna 126000
14. | BEICTpOXOAHBIN MAPUKONOAIINITHUK PagUaIbHO-YITOPHBIN
PO . pai YHOP X X X X X

tuma 116200




10.3 CXEMBI ITOAINITHUKOBBIX Y3JIOB. KOHCTPYKTHMBHOE
OPOPMIJIEHUME OIIOP

10.3.1 CxeMbl HOAUIMITHUKOBBIX Y3JIOB
[To cnocobHOCTH (hPUKCHPOBATH OCEBOE MOJOKEHUE Bajla OMOPHI Pa3ESIOTCS Ha
aBaroiue u ¢pukcupyromue. [1naBaroiine onopsl I10MyCKalOT OCEBOE CMEIICHHE Baja
B JII0OOM HampaBiieHuU. DUKCUPYIOIIUE OMOPHl MOTYT OrpaHHMYMBATH MEpEMEIICHHE
Baja B OJHOM WM OOOMX HAampaBiIeHUSX BAOIAb OCH. OceBble Harpy3skd MOTYT
BOCIIPUHUMATBCS  TOJBKO (UKCHUPYIOIIMMHU omnopamMu. PaccMOTpuM  CyIIHOCTb,
JOCTOMHCTBA U HEJOCTATKHU PA3IUYHBIX CXEM MOIIUITHUKOBBIX y3JI0B.
xema 1.1 Cxema 1.1 (puc.3.1). BHyTpeHHHe KoJbIla
000X TMOMAIIUIHUKOB 3aKpeIJICHbl Ha Baiy.
Buenrnee xonbiio ogHou omopsl (Ha puc. 3.1 -
JEBOE) 3aKpEIUICHO B KOpIIyCe, BHELIHEE
KOJBIIO JPYrod B KOpITyCe HE 3aKpEeIIeHO U
MO3TOMY uMeeT CBOOOTY OCEBOTO

nepemenieHus. llepByro omopy  Ha3bIBalOT

(buKcHpyroLIeH, BTOPYIO IJIABAOLIEN.
Qdukcupyronias ornopa BOCIPUHUMAET Kak
pasnanIbHyIo, TaK U OCEBYIO HAarpy3KH, a IUIABAIOIIAsl — TOJIBKO PaJHAIbHYIO.

TemnepaTypHbple YJJIMHEHUS Bajla HE BbI3BIBAIOT €ro  3alIEMJICHUS B
NOJAIIMITHUKaX. B 3TOM ciydae maBaromas onopa rnepeMenaeTcs: BI0JIb OCH OTBEPCTHS
KOpIlyca W 3aHMMAaceT HOBOE IIOJIOXKEHHE, COOTBETCTBYIOLIEE W3MEHHMBILEHCS [JIMHE
BaJIa.

OceByto (ukcanuio mo cxeme 1.1 MOXHO MPUMEHUTH NPHU JHOOOM PACCTOSTHUU
MEXAy omopaMH Baia. B kauecTBe IuiaBaroniell BBHIOMPAIOT MEHEE HarpyXEHHYIO
OTI0pYy, YTOOBl YMEHBIINUTH CUJIbl TPEHMSI, BOSHHUKAIOUINE MPU OCEBOM IEpEMEIICHUU

HapYy>KHOTO KOJIbIIA MOIIUITHUKA OTHOCUTEIIBHO KOPITyca peayKTopa.
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B dukcupyronryto onopy moryT 0biTh yctaHoBiaeHsl [IITPO, IHIITPC, u IIPYB.
B mnaBatomyro onopy ycranaBnuatorcs LIITPO, PITP u IIITPC. PagnansHO ynopHsie
MOIINITHUKY, BOCIIPUHUMAIOIINE OCEBYIO HArpy3Ky TOJBKO OJIHOTO HaIlpaBIICHUS, B
dukcupyromeil omnope JaHHOM CXeMbl NPUMEHSATHCA HE MOTYT, T.K. NPU CMEHE
HaIlpaBJICHUSI BpALEHUsl JEHCTBUE OCEBOM HArpy3KHW MEHSETCS Ha MPOTHBOIOJIOKHOE.
B muaBaromielt onope oHU Takke HE MOTYT YCTaHAaBJIMBATHCS, T. K. TPEOYIOT OCEBOTO
Harpy>xeHusi u peryqupoBku. OceByto (ukcanuio mo cxeme 1.1 MUPOKO UCHOIB3YIOT
Ha BaJlaX HWJIMHJIPUYECKUX 3aKPBITHIX Mepeaad (Mpu pacCTOSTHUM MEXAY onopamu /=
200...350 MM) U UMIUHIOPUYECKUX OTKpBIThIX nepenad, rae ILIITPC pacnonoxeHns B
Pa3HBIX KOpITyCax.

Cxema 1.2 (puc. 3.2). B ¢ukcupyromeil omnope Bajga YCTaHaBIMBAIOT JBa
OJIMHAPHBIX TMOJIIMIHUKA. BHyTpeHHHE KoJblla MOJAMIMIIHUKOB O00EHX  OIop
3aKpeIUIsIIOTC Ha Bainy. HapykHble KoJsibIla TOAIIMITHUKOB, PAaCHOJIOKEHHBIX B
(¢uKkcHupyrolen omnope, 3aKkpeIuisiloT B Kopmyce. HapykHoe KOJNBLO NOAIIMITHUKA
TUTaBAIOIIEH OTIOPBI OCTABJISIOT CBOOOTHBIM.

B ¢ukcupyromeii onope mpu N < 700 mun? ycranapmuparor PITKO sxenarensHo
tuna 27000 (a0 = 26°), kak oOnamarommii  OOJBIIEH  JKECTKOCThIO U

IPy30MOABEMHOCTEIO. A mpu N > 700 mun?t

Bo3MOkHa yctaHoBka IIIPYO Takxe ¢
Oonpiumu yriiamu KoHTakta (tuma 46000 u 66000). I1naBatomas ornopa aHajJOruYHa
cxeme 1.1. OceByto ¢GyHKIMIO BaJloOB MO cXeMe 1.2 MOXXHO NMPUMEHSITH MPHU J0OOM
PacCTOSIHUU MEXAY ONOpaMu LMUIMHAPUYECKHX, KOHHYECKUX U OCOOEHHO UepBSUYHBIX
(BanoB 4EpBSAKOB) NEpeaay.

Cxema 2.1 (puc. 3.3). Topiibl BHyTPEHHUX KOJIEl 000UX MOAIIUITHUKOB YIUPAIOT
B OypTHKHM BaJla MJIM B TOPLI JPYrUX JETalel, pacloyIOKeHHbIX Ha Baly. BHemiHue
TOPLIBI HApYXHBIX KOJICL] MOAIIMITHUKOB YIUPAIOT B TOPLBI KPBIILIEK WU APYTUX
JeTalnel, 3aKperyIeHHbIX B KOpIyce. DTy CXeMy TakKe Ha3bIBalOT OCeBOM (uKcaiueil B
"pacmop".

JLlOCTOMHCTBA 3TON CXEMBI: Cxeva 2.1

1) BO3MOXKHOCTH PETYJIUPOBAHHUS OTIOD;

2) TPOCTOTa KOHCTPYKIIUH OIIOP.
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HenocraTku:

1) ©Oomnee xecTkue TPeOOBAaHMS K TOYHOCTH W3TOTOBJICHUS JICTAJNCH, JTHMHCHHbIC
pa3Mepsl KOTOPBIX 00pa3yoT pa3MEPHYIO LENb;

2) BO3MOXKHOCTH 3alllEMJICHHS Baja Ha OIOpaxX, BCIIEACTBHE TEMIIEPATYPHBIX
nedopMaruii MOAMIMITHUKOB U BajoB. [loaToMy oceBoe (QHUKCHpOBaHUE IO
cxeme 2.1 IpUMEHSIOT NPH OTHOCHUTEIBHO KOPOTKMX BallaXx M HEBBICOKUX
TEeMIIepaTypax.

[Ipu ycTaHOBKE paguaibHO-YMOPHBIX MOALIUIHUKOB C YIJIOM KOHTakTa o=12°

ATy CXEMy CIEIyeT MPUMEHSTh IpU paccTosHuu [ Mexay OypTUKamMH Bana,

yKa3aHHbIMH B Ta0I. 3.1.

Tabnuua 3.1
[[TapuxoBble pagnanbHO- | KoHMYECKkHe ponuKoBbIE
0. v YIOPHBIE TOIIUITHUKH TTOAIIATTHAKU
¢1d, e 6onee
Cspiie 10 go 30 8 12
Csprme 30 1o 50 6 8
Cssie 50 go 80 4 7

PanuanbHO-ynopHbIE  MOIIIMITHAKA C  YIJIOM KOHTakta o >26° Oonee
YYBCTBUTEIBHBI K OCEBBIM 3a30paM, IMO3TOMY pPaaHabHO-YHOPHBIC TMOAIIAITHUKN C
yriaoM « >26° B omopax BajoB, (PMKCHPOBAHHBIX IO cxeme 2.1, He mpumeHsoT. Ilo
TON cxeme MOTyT ObITh ycTaHoBieHbl Takxke [IITPO, IHITPC, PIIPC u IIPVYE.
VCTaHOBKA POIMKOBBIX HOMIIMITHUKOB HexXenaTenbHa npu N>700 mun,

OceBas ¢ukcanus o cxeme 2.1 Hanuta Hambojee MHUPOKOE MPUMEHEHHUE ISt
BCEX THIOB Iiepefad TMPU PACCTOSHUAX MEXKAY OMopaMu: IS PaguaIbHBIX
noamumaukoB ¢ <150mMM, a Ui  paguaNbHO-yMOPHBIX TOMIIUITHUKOB — HE

NPEBBIIIAIONINX, YKa3aHHbBIX B Ta0M. 3.1.

Cxema 2.2 (puc. 3.4). DTy cxeMy TakKe Ha3bIBalOT OCeBOM (ukcaruei

"BpacTsakKy".
Cxeua 2.2 JIOCTOMHCTBA:
ﬁ’-/ 7 7/ ? %‘
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1) GoubIasi )KECTKOCTh MOIIIMITHUKOBOTO Yy3J1a;

2) OTCYTCTBHE BO3MOXKHOTO 3alllEMJICHHS Bajla BCICACTBUE TEMIIEPATyPHBIX
nedopmaruii, T. K. KOJbIa MOAMIAITHAKOB MOTYT CBOOOTHO TIEpEMEIaThCs B
KOpIyce.

Henocrarku:

1) BO3MOXHOCTh TIpH HEKOTOPBIX YCJIOBHAX OOpa30BaHHS ITOBBIMICHHBIX
3a30pOB, KOTOPbIE HEXKENATEIbHBI JIJISl paJIiadbHO-YIIOPHBIX MOIITUITHUKOB;

2) mocajka TOMIIMITHMKA Ha BaJl C MCHBIIUM HATITOM, T. K. BO BpeMs
PEryJIUpOBKH HEOOXOIUMO €ro MepeMEIICHHE 10 Bally;

3) BbICOKHE TPeOOBaHHUSA K TOUYHOCTH, MPEABABISIEMbIC K pe3b0e Bajla U Taek, K
TOpIIaM Traek.

Cxemy 2.2 oceBoil ¢uKcaliy BajJoB MOXKHO MPUMEHSTH MPU PacCTOSIHUM ! B
1,25...1,4 pa3a Oonbiie, ueMm pekomeHgoBaHo B TaOu. 3.1. Ilo oToii cxeme
YCTaHABJIMBAIOTCS TE K€ MOAMIMITHUKH, YTO U TI0 cxeme 2.1.

Cxema 2.2 Hanuia npuMeHeHue npu GUKCUPOBAHUU BAJIOB IIECTEPEH KOHUYECKHUX
nepeaay.

10.3.2 KoncTpykTHBHOE O(DOpPMIICHHE OTIOp

Kpemnienue noAmmMnmHUKOB Ha Baly

Kpemienne raiikoir (puc. 3.5) HaJeKHbINA, HO OTHOCUTEIHLHO JOPOroi crocoO.
[IpumMeHSIOT Tpu 3HAYMTEIBHBIX OCEBBIX CUJax. [allka OT CaMOIPOU3BOJBHOTO
packpyuuBaHusi cTomoputcs miaiiboi. Kpemnenue topieBoi mraitooit (puc. 3.6)
HaJCXKHBIN U TIpocToi crocoO. Ltudt pukcupyer maitdy ot mpoBOpOTa OTHOCUTEIHHO
Bana. Kpensenue npyKMHHBIM YIIOPHBIM KOJIBIIOM (pHUC. 3) BIIOJHE HAJCKHBIM U OYEHD
npoctoil cmocoO. Jlns ycTpaHeHus 3a30pOB MEXKAY MPYKUHHBIM KOJbIOM 1 H
MOJIIIMITHUKOM CTaBUTCS KoMIleHcaTopHoe KoJibilo 2 (puc. 3.7). KommeHcatopHoe
KOJIBIIO HE TOJIbKO YMEHBIIIAET OCEBOM 3a30p, HO M YJIyYIIaeT KOHTAKT MOAIIUITHUKA C
MPY>KUHHBIM KOJIBI[OM.

Kpemienue noAMIMITHUKOB B KOPITyCe

Ha puc. 3.8 noaAmmMnHUK KpenuTcs B KOPIYCe KPBIIIKOM. DTOT cocoO MPOCTOM,

HElI[G)KHI)IfI, M €T0 IINPOKO IIPUMCHAIOT.
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Bce [IIPYO u PIIKO HyxnaioTcsa B IpeABapUTEILHOM OCEBOM HATSTE.

Ha puc. 3.9 kpenieHve NOAIIMIHUKA OCYHIECTBIIETCS C MOMOIIBIO 3aKJIAHOU
KPBIIIKA | ¥ KOMIEHCATOPHOTO KOJbIa 2. DTOT crmoco0 MPUMEHSIOT B KOpIycax,
UMEIOIIUX Pa3bEM IO OCSIM BAJIOB.

Ha puc. 3.10 noAmMNIHUK KpernsiT BAHTOBOM KPBIIIKOM 1.

PerynupoBanue nNoaIIMImHUKOB

[Ton perynupoBaHueM MOAUIMITHUKOB, YCTAHOBIECHHBIX 1O cxemaM 1.2, 2.1 u 2.2,
MMOHUMAIOT YCTPAHEHHUE B HUX 3a30POB.

Hanuune 3a30poB B MOAIIMITHUKAX OOECMEYMBaeT JIETKOE BpallleHUE Baja, a
OTCYTCTBUE HUX YBEJIMYMBACT COMPOTUBIICHHE BPAIICHUS, HO MOBBIIIAET >KECTKOCTH
ONOp ¥ TOYHOCTH BPAILICHHS Baja, a TAKXKE YJIy4dIIAeT pacupeesieHue Harpy3Ku Mexy
TeJaMU KayeHUs, TOBBINIAS HECYIIYI0 CHOCOOHOCTh mojmumnHuKa. [loatomy
HE00X0AMMO, YTOObI TNPH YCTAHOBUBILEMCS pEXKUME padOThl M3JAEIUS 3a30pbl B
MOIIUITHUKAX ObIITM MUHUMAaJIbHBIMU.

PannanbHO-ynopHbIE TMOMAIIAIHUKA BCEX THUIOB HYXIAIOTCS B  OCEBOM
PEryJIUpOBKE U YCTAaHOBJIECHUU MPEIBAPUTEIHHOTO OCEBOI0 HATATA.

Ha puc. 3.11 u 3.12 perynupoBaHu€ OCYIIECTBJISIIOT OCEBBIM IEPEMENICHUEM
BHEIIIHMX, a Ha puc. 3.13 u 3.14 — BHyTpeHHUX KOJ€El NOAIUIIHUKOB. PerynupoBanne
MOJAIIMITHUKOB (PUKCUPYIOLIEH OMOphl MPOU3BOAAT KOMIUIEKTOM MpOKIagoK 1 (puc.
3.11), ycranaBmuBaeMbIX MOJ (IaHEl] KPBIIKK MOMIMUIHKKA. [l »Tol 1enu
npuMeHstoT Habop ToHkux (o 0,1 mMM) Metammumyeckux mnpokianok. Ha pwuc. 3.12
pEeryJIMpoBaHHE MOAIIMIHUKOB MPOU3BOJAAT BUHHOBOW KpbIIKOM 1. PerynupoBanue
MOJIIITUITHAKOB, MIOKa3aHHBIX Ha puc. 3.13, TpOU3BOAAT MOKUMOM TOPIIOBOM 11aiiObI 1.
noJ maily MoJAKIaIbIBaOT TOHKKE noaknanku 2. Ilocne nmogdopa moaknanok maily
Kpemar K Topiyy Bama BuHTamMHu. [lommunHuku, wu3o0pakeHHble Ha puc. 3.14,
perynupytot raiikoi. [locie co3nmanusi TpedyemMoro 3a3opa railky CTOMOPST 3aMKOBOM

1aitoom.
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10.3.3 ITocagkyn mOIIMITHUKOB

[ToamMITHUKY KadeHWs yCTaHABJIMBAIOT HA BaJy IO CHCTEME OTBEpPCTHA, a B
KOpITyCe 10 CUCTEME BaJa.

Kak mpaBuiio, mocajaku JOJDKHBI OBITH TEM IIJIOTHEE, YeM TsDKEJIee YCIOBUS
paboThl. DTO HEOOXOAMMO i TPEAYNPEKICHUS MPOBOPAYMBAHUS BCIIEIACTBUE
BUOpaIuii, CMa3pIBaHUS MHUKPOHEPOBHOCTEH TMOCAJOYHBIX TOBEPXHOCTEH IO
Harpy3KOM ¥ UCKIIOUCHUS QPUKIMOHHOW Koppo3uu. OgHako OOJIBIINE HATATH
YCIOXKHSIOT MOHTaX W JIGMOHTX TOJIIUITHUKOB, YBEJIWYUBAIOT HAIMPSIKEHUS B

KOJIbIIaxX M MOT'YT BbI3BATh 3alICMJICHHUC TCJI KAUCHHA W IICPCTPECB IMOAIUITHHUKA.
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[lenecooOpa3Hee mnoaBeprarb TKEIO HArpyKEHHbIE MOAMIUIHUKYA OCEBOU
3aTsDKKE raiikamMu, TOPLEBBIMM Iai0amMu WK Kpblmikamu (cMm. puc. 3.5-3.14) Bmecto
MOCAJKU CO 3HAYUTEIBHBIM HATSITOM, MOATOMY BO BCEX CiydasX, KOrja JOMyCKaeT
KOHCTPYKIIUS, CIEAYeT MPEeANnovYuTaTh 3aTSKKY KOJIEI C MPUMEHEHHUEM MEepeXOqHBIX
MOCaI0K.

[Tocagky TOAIMMITHUKOB Ha Bajbl WB KOPIyca IMPOCTABISIOTCS B BHUAC JIpoOH

(puc. 3.15). bykBa L(/) oGo3Hauaer Lager — mogmmmHuK (HEM.), a IEQpa crpaBa OT

Hee — KJIacC TOYHOCTH mMoAmunHuka. [Ilpu BpameHun BHYTPEHHETO KOJIbIIA
MOAIIAITHAKA TIPU TSDKEIBIX YCIOBUAX paOOThI yAapHBIE HATrPy3KH B TSDKEIOM
MAIlMHOCTPOCHHUHU I BHYTpeHHEro Konbia — LO/mM6, HapyxHoro komnbua — Js7//0, a
JUISL HOPMAJIBHBIX YCJIOBUH pabOThl CO CPEIHUMH Harpy3KaMu
peayKkTopa o0IIero MammHOCTPOCHUS — cooTBeTcTBeHHO LO/KO 1
H7/¢0 (aro Hanuio HanOOJIbIIICE MPUMEHEHHE).

[Ipn BpameHuM HAPYKHOTO KOJNbLA IIPA  TSKEIBIX

ycnoBusix padotel LO/h6 u N7/ 0, a mpu HOpMaTBHBIX YCIOBUSIX

pabotsl cootBeTcTBeHHO LO/g6 11 K7// 0. Puc.3.15

10.4 BUAbI BEIXOAA 13 CTPOA ITOAIIMITHUKOB.

10.4.1 [Ins Bpamarouyxcs noAMMIHUKOB(N>100/M1H) XapakTepHO yCTaJIOCTHOE
BBIKpAIIMBaHUE PA00YUX MOBEPXHOCTEH KOHTAKTHPYIOMIUX JETalled OT BO3HHUKAIOIIUX
B HHUX MIEPEMEHHBIX HAIPSKEHUH, KOTOPOE MPETyIPEKIAETCS TOA00POM MOAIIHITHIKOB
0 JTOJITOBEYHOCTU(MHAMUYECKOMN TPY30T0ITEMHOCTH).

104.2 [ns MeNICHHO BpAIAOIMIMXCA MNOMMUIHUKOB(N<100/MHH) win
COBEPIIAMIINX KadaTeJbHOE JBMKCHUE XapaKTEPHO IIOSBICHUE HEIOIMYCTHMBIX
macTudeckux aedopmanuii( oOpa3oBaHHe BMSATHH Ha OETOBBIX JIOPOXKKAX KOJIEIT),
KOTOpBIE  TPEAyNpekKTAIOTCS  MOAOOPOM  TMOAIIMITHMKOB 1O  CTATHYCCKOMN

Ipy30M0JbEMHOCTH.
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10.4.3 Bo3MoOXeH W3HOC KOJIeI] M TeJl KadyeHHs Ipu padoTe MOAIIMIHUKOB B
abpa3uBHOI cpelie(TpaHCIOPTHBIE, CETBCKOXO035UCTBEHHbIE, CTPOUTEIbHBIC MAIIIUHBI U
T.I1.), KOTOPBIN MPETyIPEXAACTCS COBEPIICHCTBOBAHUEM YILJIOTHEHUH.

10.4.4 Bo3MOXHO pacKaJdblBaHME KOJEIl W Tell KAdeHUs H3-3a YyAapHBIX H
BHOPAITMOHHBIX TEPErpy30K TMOMAMIUAITHAKOB, a TaKKe HEMPaBUILHOTO MOHTAXa,
BBI3BIBAIOIIIETO NIEPEKOCHI KOJIEI U 3aKJIMHUBAHUS TE€JI KAUEHUs. 3HAYUTEIbHBIN MTEPEKOC
KOJIE[ TTOAIIMITHUKOB MOKET BO3HUKHYTh M B MPOLIECCE 3KCIUTyaTallMy, HalpuMep, B
aBUanuu 3a cueT AehOpPMHUPOBAHMS KOpPIyca IBHUTaTels W (ro3eispka camojieTa MpU
BBITTOJTHEHUH 3BOJIIOLUH B MOJIETE.

Kak mpaBuiio, packanblBaHUE KOJEL W TeJl KAYCHHS MPeIylnpexaacTcs
YCTaHOBKOW TOJIIUIHUKOB B JIeMI(UPYIOMIUE OMOPbl, KOTOPhIE KOMIIEHCUPYIOT
B3aMMHBIE TIEPEKOCHl KOJICIl MOIIMITHUKOB U TacAT YyJapHble U BUOpPAIMOHHBIC
Harpy3KH.

10.4.5 B BBICOKOCKOPOCTHBIX TSKEJIOHATPYKEHHBIX NOAIIMITHUKAX BO3MOYKHO
pa3pyllIeHHe CemapaTopoB LEHTPOOEKHBIMU CHJIAMH M CHJIAMH, JIEHCTBYIOIIUMU CO
CTOPOHBI ~ Te€l  Kad€HHUs, YTO MPEAyNpexXaaeTcss MNPUMEHEHHEM  CTaJbHBIX
MITAMIIOBaHHBIX CEMapaTOpOB HA MACCHUBHBIE OPOH30BbBIC, JATYHHbIE, AJUTFOMUHUBBIE U

T.II..

10.5 METOJIMKA ITOJEOPA TIOIIUITHUKOB T10 IUHAMWYECKOM
I'PY3OIIOABEMHOCTH (AOJII'OBEYHOCTN)

[Ipy pOEKTUPOBAHUM OTOP C MOJMIMITHUKAMH KadeHUs, MOCIeIHUE TTOAOUPAIOT
U3 4nciia cranaapTHeix. Metoauka nogoopa noamumaukoB (I'OCT 18855-82) npunsirta
OTEYECTBEHHBIMM CTaHIAApPTaMU W MEXKIYHApOJAHOW opraHu3aliuen 1o CTaHaapTU3aliu
UCO (JSO — International Standarrization Organization).

JIoNroBeYHOCTh  MOJUIMIIHUKA  ONpENENseTCs, MCXOAsl W3  KOHTAaKTHOU

BBIHOCJIMBOCTH €ro pabouux MoBepxHocTel. PaccumTaTh, BHIUJET JIM OH U3 CTPOS IO
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JIPYTUM MpPUYUHAM, HE UMEIOIIUM OTHOIIEHUS K KOHTAKTHOM YCTalOCTH, KaK MPaBUIIO,
HEBO3MOKHO.

10.5.1 Pacuer nogmmiarka Ha JOJTOBEYHOCTh

KpuBast ycranmoctu, modydeHHass B pe3yjibTaTe WCOBITAHUNA Ha YCTalOCTh
MOAIIMITHUKOB (HE MaTepuana), mpejacTtaBieHa Ha puc. 5.1. OHa annpoKCUMHUPYETCS
3aBUCHUMOCTBIO

PPL =const, (5.1)

Koncranty (const) onpenernsitot, npunss L=1 min. 06 u o6o3nauator C°, Toraa

P’L=C® umm

L:(%)p, (5.2)

Wt rie L — J0JroBeYHOCTh MOJNIMIIHUKA, KOTOpas

;*, OIIPCACIIACTCA KaK CPOK CJ'IY)K6I)I IIOJIIUITHHUKA (“IHCJIO

g EL \ MJIH. 00OpOTOB WJIM pabO4YMX YacoB MpHU 3aJaHHOUN
| .
i e S b MOCTOSHHOM  4acTOTE€ BpalleHWs) JI0 TMOSBJICHHUS
L ™ INPU3HAKOB KOHTAKTHOM YCTaJIOCTH;
1 L, man. 08 ’

P — skBHBajIeHTHas AUHAMHUecKas Harpyska (H) —

Puc 5 1

ATO Takasl paguanbHas (Uil paJualibHbIX IIAPUKOBBIX U
paananbHO-yMOPHBIX TMOAIIMITHUKOB) WJIA OceBas (A7 YHOPHBIX TOAIIMITHUKOB)
Harpyska, KOTopasi Ipu MPUJIOKEHUHU €€ K MOJUIMITHUKY C BpalllalolUMCsl BHYTPEHHUM
KOJIBLIOM M HEMOJBM)KHBIM Hapy>KHbIM OOECIEUYMBAET TAKOW K€ CPOK CIIykObl, Kak U
MU JEHCTBUTENLHBIX YCIOBUSIX HATPY>KEHUS U BPAILlCHUS;

p — mokasarenb crerneHd (P=3 — I MIapuKomoAmMImHuKoB u P=10/3 — mis
POJIMKOTIOIIMITHUKOB);

C — JumHamuueckas Tpy3omnoabeMHOCTh mommmnauka (H) — 3To Takas
MOCTOSIHHAS paauajibHast (A5 paAualibHbIX U PaJAUaIbHO-YHOPHBIX MOIIIUITHUKOB) WU
oceBasi (i1 yHOPHBIX MOAIIMIIHUKOB) HArpys3ka, KOTOpyloo He MeHee, yeM 90% wu3
IpyNnbl WICHTUYHBIX MOAIIMITHUKOB C HETOABM)KHBIM HAPY>KHBIM KOJIBIIOM BbIAEpKAT
B TeueHne | MIIH. OOOpOTOB BHYTPEHHEro Kojblla Oe3 TMOSBIECHUS MPU3HAKOB

YCTaJOCTH.
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Ecan 4acrora BpalmiCHUd IIOCTOAHHA, TO HOMHUHAJIBbHYIO JOJIOBCYHOCTDH

ITOAIINITHHUKA C 90% cTeneHbo HaJIC)KHOCTHU MOKHO BBIPA3UTh B YacCax:

10°
Lh90 = ﬁ L (53)
558
L., =10°(C/P)® /(60 n)uac. (5.4)

Onnaxo 90%-s BepOSITHOCTh 0€30TKa3HON padOTHl MOJIMIMITHUKOB HEpHEMIIeMa
JUISL LIEJIOTO psAJia OTpacieil TEXHUKH (aBHALMsl, KOCMOHABTHKA, MEAUIIMHA U T. 1.), TJ€
pacyeT TPOU3BOAMUTCS HA BEPOATHOCTh Oe30TkKazHOM padotrhl S=91...99%. B sToMm
clly4ae JOJTOBEYHOCTh MOJIIMITHUKA MPU S% BEpOSTHOCTU O€30TKA3HOW PAaOOTHI Lps
onpeaensieTcs:

L =L -8, -8, - &, (5.5)
rjae a3 — KO3QpQUUUEHT HAIEKHOCTH ISl JOJATOBEUYHOCTH, OTIIMYHOU OT Lngo. PacueTHoe

ypaBHEHUE JJIsI a1 NIPH 000N CTEIEHU HAJCKHOCTH UMEET BUI:

1/k
IgS
1g0,9
3nech K=1,1 — 1715 MapUKOIOIIUITHHUKOB,

k=1,5 — 11t pOJTUKOTIOIIIMITHUKOB,
WJIU, €CJTU BBIPA3UTh BEIMYHUHY S, TO IMOJYyIHM
s=0,9"
a; — Kod(hduIMeHT Marepualia, YYHUTHIBAIOIIUNA €ro CTPYKTYypYy, YHUCTOTY U
TBEPIOCTb;
az — KOd(PPUIUMEHT pekruMa CMa3KH, YUYUTHIBAIOIINN HATWYHE WJIA OTCYTCTBUE
HEpa3phIBHOW TUICHKH Macjia MEXIY KOHTAKTUPYIOIMIMMH MOBEPXHOCTSIMU U TOJIIUHY
CJI0S CMa3KH.
JI1s OMIMIUITHIKOB OOIEro MAaIlIMHOCTPOSHHS BEIMYMHBI KOA(DPHUIIMSHTOB az U
az npuHUMaroTcs /1/:
1) 1S MIapUKOMOIIIMITHUKOB (KpoMe cheprueCcKHX ) a,=0,9; a3=0,9;
2) IS pOJUKOMOAMIMITHUKOB IumuHaprueckux u IIITTPC  a,=0,8; a;=0,8;

3) IS POTUKOMIOIIMITHUKOB KOHUYECKUX a,=0,8; a3=0,9;
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4) st PITPC a,=0,6; a3=0,7.
Bosiee moapoOHO HaxokIeHHE KOA(PQPHUIIMEHTOB a2 M a3 pacCMaTpPHBAeTCsA B
cnienuanbHou muTeparype /1, 2/.
3amaHHbId pecypc MOIIMIMUITHAKA Lps 3aBUCHT OT THIA MAIIMHBI M OCOOCHHOCTEH
paboThI y37a, JUISI KOTOPOIO PacCUMTHIBACTCS IMOAIIMITHUK. JIJIST MPUBOJOB MAIWH B
KypPCOBOM TPOSKTHPOBAHUN MOKHO NMPUHUMATH Lps, paBHOW CPOKY CITy»OBI 3y0UaThIX

nepeaad t=10000...15000 4. B obmem cirydae BenmuuuHbl Lps mpuBeeHbI B Ta0M. 5.1.

Tabmua 5.1

Maiivsbl, 000pyI0BaHUE U YCJIOBHS UX DKCILTyaTalluu Lps, uac

1. Mammssl 1711 KpaTKOBPEMEHHOW WIIH NTEPUOANIECKON
AKCIUTyaTaluu: OBITOBOE 000PYI0BAaHKE, CTPOUTEIbHBIE UITH
MOHTQXHBIE KPaHbl U MAIIIMHBI, TPAKTOPHI 3000...8000

2. MammyHBI TOro K€ Ha3HAYEHMS, YTO U B II. 1, HO C
MOBBIIIIEHHBIMU TPEOOBAHUSIMU K HAJIS)KHOCTH: MO IbEMHUKU

U KpaHbI JIJIsl IITYYHBIX TPY30B, aBTOMOOWIIH, 8000...12000
CEIbX03TEXHUKA

3. MamuHsl 1711 OTHOCMEHHOM paboThl, IKCITyaTUPyEeMbIe HE
BCET/1a C IOJIHOM HAarpy3KOM: peayKTOpbI, aBUaJBUTaTEIN 10000...25000

4. MamuHsbl 17151 OTHOCMEHHOM paboThl, paboTaroIue ¢
IIOJTHOM HArpy3KOM: CTaHKH, II€YaTHBIE U TEKCTUIIbHBIE
MAaIlIMHbI, BO3AYXO1YBKH 20000...30000

5. MammHsl 151 KpYTJI0CYyTOUYHOM pabOThl: TPUBOABI
MIPOKATHOTO 000PYAOBaHMS, KOMIIPECCOPHI, SHEPTETUUECKOE
o0opyaoBaHue 40000...50000

6. Hanbosiee OTBETCTBEHHBIE KPYTIOCYTOUYHO
AKCIUTyaTUPyEMbIE MAIlIMHbI U arperaTbl: TPyOONpOKaTHbIE
CTaHbl, IPUBOBI CYyI0BOr0 000PYI0BaHUs, YHEPTE€TUUECKUE
MAaIITMHBI, IIAXTHBIE HACOCHI U 000PY0BaHUE 60000...100000

10.5.2 Onpenenenune 3KkBUBAICHTHON Harpy3K Ha MOAIIUITHUK

JUis  paguiaibHbIX Y PaAHAIbHO-YINOPHBIX MMOAIIMIHUKOB HKBHUBAJICHTHAs
Harpy3Ka 3arychIBaeTCs:

P=(VXF, +YF,)-K, - K. (5.6)

DKBUBAJICHTHAs OCEBasi HArPy3Ka JJIsl YIIOPHBIX MOIIITUITHIKOB

P=F K, K. (5.7)

B stux dpopmynax:
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Fr — paauanbHas Harpy3ka Ha OIOpe, paBHAas CyMMapHOW peakiuu OT

COCTaBJISIONINX B BEPTUKAIbHON R® 1 ropu3oHTanbHOM R' TNIOCKOCTSIX;

F =R + (R

Fa — oceBast Harpy3ka, IeMCTBYIOIAs HA OAIMUITHUK, H;

X, Y — ko3 duiiueHTsl paguaibHOi U 0CEBON HArpy3ku (cM. Tadi. 5.2).

Tabmmma 5.2
T F R, <e R, > e
ui a, o~ VF VF e
MMOAIINITHAKA C, r r
X Y X Y

PaguansHbIil 0,014 2,30 0,19
IAPUKOBBIN 0,028 1,99 0,22
OJHOPSTHBIN 0,056 1,71 0,26
OITPO 0,084 1,55 0,28
0 0,110 1 0 0,56 1,45 0,30
0,170 1,31 0,34
0,280 1,15 0,38
0,420 1,04 0,42
0,560 1,00 0,44
PanmansHo- 0,014 1,81 0,30
YIIOPHBIT 0,029 1,62 0,34
IAPUKOBBIN 0,057 1,46 0,37
OJHOPSTHBIN 0,086 1,34 0,41
IPYO 12 0,110 1 0 0,45 1,22 0,45
0,170 1,13 0,48
0,290 1,14 0,52
0,430 1,01 0,54
0,570 1,00 0,54
26 -- 1 0 0,41 0,87 0,68
36 -- 1 0 0,37 0,66 0,95

PIIKO 10°...18° -- 1 0 0,4 0,4ctga | 1,5tga

PITPC 9°...13° -- 1 ]0,45ctga| 0,67 |0,67ctga | 1,5tga
ITTPC 9°...13° -- 1 3,65* 0,65 5,63* 0,17
* JlaHpl OcpeAHEHHBIC 3HaUeHU 715 moAmumHuKoB Tuna 1000, 6omee moapoOHO cM. B

xaranore Ha LITTPC; skBuBanenTHas quHamudeckas Harpyska P = XF + yF .

3HaueHus € B TaOJM. 5.2 maHbl B 3aBUCUMOCTH OT oOTHoIleHus F,/Co. Co —

CTaTUCTHUYCCKAA I'py30IIOABEMHOCTD IMMOAIIUITHUKA, H.
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YuuThIBas CJI0XHOCTh OIIpCACIICHUA 0CEBOH Harpy3kKkm Ha paavalibHO-YIIOPHBIC
MMAPUKOIIOAIIUITHUKN C YIJIOM KOHTAKTa OL=120, JUIA HHUX 3HAUYCHHE € MOXHO

ONPENEIUTh HE TOIBKO MO Tab1. 5.2, HO U 1O ciexytouei popmye:

I F |-1144

C
lge=—" (5.8)

V — koad¢unmenT BpamieHus (MpH BpalalouieMcsl BHyTpeHHeM KoJjble V=1,
Hapy>xHOM Koublie V=1,2);

Ks — koddduiumenT O0€30MacHOCTH, YUYUTHIBAIONIUN XapakTep Harpys3KH,
NEeNUCTBYIONIEH Ha MOAIIMITHUK, U 001aCTh TpUMEHEHHUS (cM. Tab. 5.3);
Kr — remnepatypusbiit koaddunuent, Kr=1 npu remneparype t<105°C

108-0,4t ]
K, =% npu t=(105...250)°C.

DOKBUBAJICHTHAsI Harpys3ka sl MOJUIMITHUKOB ¢ KOPOTKUMHU IWJIMHAPUYECKUMHU
poJIMKaMH, He 00JIaJa0UMK OCEBOM TPY30MOABEMHOCTHIO:

P=FVK, - K, (5.9)

OnpeneneHue OCEBOM HArpy3kd Ha TOAIIMITHUKM TMPOU3BOJUTCS CJICAYIOIUM
o0Opazom:

1) g paauanbHBIX U YIIOPHBIX IMIAPUKOIOIIMITHUKOB MpUHUMaeTcs F,=F,;, tie Fa;
— anrebpanyeckas CyMMa BCEX BHEITHUX CHJI, JICHCTBYIOIINUX Ha BaJl;

2) B OIHOPSAHBIX PATUATBHO-YIOPHBIX [MAPUKOMOAIINITHUKAX W KOHHYECKHX
POJMKOMOAMIMITHUKAX MPHU BOCHPUSATUM PagydaIbHON HArpy3Kd BO3HUKAET OCEBas
coCTaBJIsrOIIas S.

Jns mosicheHust storo »¢d@exra paccMOTPUM B3aUMOJCHCTBHE HAPYKHOTO
KOJIbI]a KOHUYECKOT'O POJMKOMOAIIUMITHUKA C KOMIIJIEKTOM TeJl KaueHus (cM. puc. 5.2).
B koHTakTe pamuMaiibHas Harpyska IepeaaeTcs TelaMU KauyeHHs TEPICHIUKYISIPHO
onopHoil moBepxHocTu (cuia R). ITo Tperbemy 3akoHy HbioToHa Ha KOIbIO OyaeT

nerictBoBaTh peakius R' (paBHas R u

Tabmura 5.3
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Xapakrep Harpy3Ku Ha

Ks [Ipumenenue
TTOIIMIUATTHUK
CnoxkoitHas Harpyska, 1,0 [lopmmnHukn  mepenay
TOJTYKU OTCYTCTBYIOT TPEHUEM B MaIllMHAX CO
CIIOKOMHOM BHEIITHEU
Harpy3Kou, POJIUKH
JICHTOYHBIX KOHBEHEPOB
Harpy3ka ¢  jerkumu 1,0...1,2 ITopmmmnHUKn  mepegay
TOJTYKAMH, 3alleTVICHUEeM B MalllMHAX
KpPaTKOBPEMEHHBIE C OTHOCHUTEIBHO
neperpy3ku no 125% ot CIIOKOMHOM BHEIITHEU
OCHOBHOM Harpy3ku Harpy3kou: B CTaHKax C
BpalllaTeJIbHBIM TJIABHBIM
JBIDKCHUEM, B MalllMHAX
JJ1s1 00pabOTKH BOJIOKHA U
T. II. IHoamumHukn
AJIEKTPOIBUTATEIIEH,
KOHBEWEPOB,
TPaHCIIOPTEPOB
Harpy3ka ¢ ymepeHHbIMU 1,2-1,8 [Toqmmnuuku
TOJTYKAMH, KEJIE3HOIOPOKHOTO
KpaTKOBPEMEHHbIE MOABUKHOTO COCTaBa,
neperpy3ku 10 150% KOpOOOK nepeaad
TPaKTOPOB "
aBTOMOOMIICH,
PEIYKTOPOB
(Ke=1,3...1,5).
[TommmmHuKn KoJIeC
aBTOMOOUIIEH u
TPAaKTOPOB,  JABUTaTEIEH
BHYTPEHHETO  CrOpaHMUS,
CTPOTaJbHbBIX u
JIOJIOEIKHBIX CTaHKOB,
BArOHETOK JJISI yIJisd U T.
. K6:1,5+1,8
Harpy3ka ¢ cuibHBIMEU 2-3 [TomIIMIIHUKA KOBOYHBIX

yIapamu,
KpaTKOBPEMEHHAsI
neperpy3ka 110 300%

MAaIllMH, KaMHEIPOOMIIOK,

KOIIPOB, BAJIKOB u
POJBraHrOB KPYIHO- U
CPEAHECOPTOBBIX

IIPOKATHBIX CTAHKOB
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IMPOTHUBOIIOJIOKHO HaHpaBJIeHHaSI).3aMBIKaIOH_Ia}I CHUJIOBOI'0 TpE€yTroJbHHUKa S CTPEMUTCHA

CABHUHYTb HAPYKHOC KOJbIO OTHOCHUTCIIBHO TCJI KAaUCHHA, YTO HC OOIIYCTUMO, T.K.

O0TXO0I HApPY’>KHOI'O KOJIbIIa OT KOMIIJICKTA TCJI KaUCHUA IMPHUBCACT K HCPABHOMCPHOCTHU

pacinpcaciCHuAa OCEBOH HArpy3kKu MCXKAY TCJIIaAMH Ka4YCHUA W BbIXOAY ITOAUIIHMITHHMKA N3

ctpos. [loaTomy HEOOXOOMMO €O31aTh (3a CUET PEryJIHPOBKH) OCEBYIO HArpy3Ky Ha

MOIIIUITHUK TPOTHUBOIIOIOKHOTO HANIPaBIeHUs Fa1(2), 007bIIYIO, UeM S.

[Ipr sTOM IS IAPUKOMOAIIMITHUKOB JOJKHO
BBITIOJIHATHCS YCIIOBHE
F.,=>s =eF; F
JJ1s1 POJTMKOTIOAIIUITHUKOB
F,>s =08%F,; F,>s,=083%F,,
r7e MHAEKCH 1 u 2 JAaHbl B COOTBETCTBUU C pUC. 5.3 U

Pacuetnbie oceBbie Harpy3ku Fa u  Fa,

I[@IZCTBYIOH.IH@ Ha paaraJbHO-YIIOPHBIC ITOAIIMITHUKH,

5.4.

ompezensoTces B 3aBucuMocta ot cun ko, F,,F .1 cnocoba oceoil ¢ukcanuu: mo

cxeme 2.1 "Bpacrnop" (puc. 5.3) wiu o cxeme 2.2 "BpacTsixkky" (puc. 5.4).

OcHOBOIT siBIsIETCS ypaBHeHue paBHoBecus Y F =0. Paccmotpum nanbHeinime

paccyxaeHus s cxembl "Bpacrnop” (puc. 5.3):

Fu—F,+F, =0.

s’ " " 3t
AR SRR

Puc 43

B obmewm cnyudae Fa He paBHa Fa, mosTomy misi pemienus ypaBHeHus (5.10)

HYKHBI JOIIOJIHUTCIIbHBIC YCIIOBHUA. Tak kak HCU3BCCTHO, B KAKOM H3 IIOAIIWMIIHWMKOB

OoCEBasgd CHJla paBHaA MHHHUMAJIBbHO BO3MOKHOH IO YCIIOBUIO HCEpA3ABHUIaHHA KOJICIT
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((Fal’z)zsl(z) ), TO 3aJady pellaeM METOAOM INONBITOK. [l Havana NpUHMMaeM

BBINIOJTHEHUE ATOT0 YCIOBUS, HapUMep, B JieBoit onope 1 (puc. 5.3)
Fa1=5:.
Tornma n3 yciioBusi paBHOBECHS
s,+F, —F,=0
OTIpEeNETUM

F.=s+F_.

a

Ecm F,, =8, + F, 25,, 10 910 pewienye 3a1a4u.

Ecrm F, =s +F, <S,, T0 BBIIONHSETCS BTOpAs MONbBITKA, KOIAA YCIOBHE

a
Hepa3JABUTaHUA KOJIeIl MPUHUMAETCS JIJIsl TpaBoi onopsl 2 (puc.5.3)
Fa2=So.
Torna u3 ycioBus paBHOBECHUS

F,+F, —s,=0

onpenensercst F, =s,—F, , 4ro u sBisercss OKOHYATEIbHBIM BapUAHTOM

peuieHus.

3HaueHUs X W Y ONPENCNSIOT B 3aBUCHMOCTH OT cooTHomeHus Fi/VF, u
napaMmerpa €, KOTOpbIi Ha3bIBaeTcsi KO3 (PUIIMEHTOM OCEBOTO HATPYKEHHUS.

Hebonpime oceBble HArpy3Kd HE OKAa3bIBAlOT OTPUILATENIBHOTO BIMSHUS Ha
JOJITOBEYHOCTh  PAJMAJIbHBIX I[IAPUKOBBIX M  pPagUalbHO-YIMOPHBIX PpOJIMKO- U
IIAPUKONOIIMITHUKOB; Ul TIOCIEAHUX OHH Jake HEOOXOIUMBI Il OCEBOM (hukcanuu
KOJIEI] U TPEIBAPUTEIHLHOTO OCEBOI0 HaTAra, 00eCleurnBarOIIero KeCTKOCTh OMOPhl U
JY4YIIyK0 PaBHOMEPHOCTb pACHpPEACIICHHs OCEBOM HAarpy3ku IO TejaM KayeHUs.
ITopToMy y Takux NOJAIIMIIHUKOB OCEBBIE CHJIBI HE OKa3blBAlOT BJIUSHUSA Ha
OKBUBAJICHTHYIO HArpy3Ky 0 TeX IMOp, Moka 3HaueHue F,/F; He mpeBhICUT TaOJIMYHOTO
3HaueHus €. B cinydae Fa/VF1=e wim F/VFp<e oceByro Harpy3ky y4uThIBaTh HE HAJIO,
T. e.X=1 n Y=0.

IMpu Fal/VFa>e wmn FalVF>e koaddummentsl X ¥ Y Ha KaxIoHW omope

onpenenstorces no tTadmu. 5.2.
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Pacyer SKBUBaJCHTHON HaArpy3ku mnpousBoautcs st obeux omop (P, Py).

[TopOop MOAIMIMITHUKOB BeJIETCS M0 Hanbosiee Harpy>KeHHOU omope.

§ 7 Howot (Fig ) Ecnu HarpyxeHue MOAIIMITHUKA 3a/1laHO IHKJIOTPaMMOi
:._"E— T
1 wiol « | (puc. 5.5), TO SKBUBAJICHTHAsI Harpy3Ka ONpeesieTcs:
il i o Mt
. o _ 3 3 3

‘:f’i“ Xeby |Xsty Pe = P?«/yl X, + Y, X, + Yo X,
}‘ Puc 5 5

Pric 4.5 KoaddutmenTst Xi, Yi 0epyTcs ¢ UKIOTPaMMBI;

t, — pecypc paOOThl MOAIIMUITHMKA, 4YacC, KaK IPaBUIIO

paBHBI Lps.
10.5.3 ITopsinok noadopa NOAMINUITHUKOB Ka4€HHS 110 10JATOBEYHOCTH
[TogOop MNOAMIHUKOB Kauye€HHs MO JUHAMUYECKOM TIPy30MO0JAbEMHOCTH
BBINOJIHSAETCS TIPU 9acToTe Bpamenus N>10 mun. Ilpu 1<n<10 B pacdeT NPUHUMAIOT
n=10 munl. IIpu yacToTe BpamleHHs Baja MEHEe OJHOrO0 000pOTa B MHHYTY IOAOOD
NOJAIIMITHUKOB IIPOBOAMTCS 110 CTATUYECKOM I'Py30I0IbEMHOCTH.
JlaHHbIE 1S pacuera:
1) d — mmamerp mandbr (mamda — y4acTOK Bajia, Ha KOTOPBIH HACa)XKHBAETCS
HNOJUIMITHUK), MM, O€peTCs U3 pacyeTa BajioB;
2) panuaibHbIC HATPY3KH, JCHCTBYIOIINE HA OMOPHI, H:
Fr1 — panuanbHas cuia, AecTByIOIAs Ha JIEBBIM MOAMIUITHUK;
Fr» — panuanbHas cunia, AeiCTByIOIAs HA MPaBbIi MOAIIUITHUK;
3) ocemas Harpy3ka, JICHCTBYIOIIas Ha Baly (HampuMep, OT KOJel KOCO3yObIX

YEPBSAYHBIX TIEpeaad 1 T. 1.) Faz JH;

4) uacTtoTa BpallleHus Bajna N, MUH

5) 3amaHHas OJTOBEYHOCTh Lps, Yac WM BEpOATHOCTh OE30TKa3HOW pPabOTHI

IMOAILUITHUKOB S%;
6) xapakTep M3MEHEHHs HArpy3KH (IIUKIOrpamMma).
[TonGop MOAIMITHUKOB IPOU3BOIUTCS B CIICIYIONICH MOCIIEI0BATEIbHOCTH:

1. BriOupaercst TunopasMep MOJMIMITHUKA MO PEKOMEHJAIUSIM, U3JI0KECHHBIM B

paznenax 2 u 3.1.

2. HazHnauaetcs cxema oceBol (pukcanuu Bajia (cMm. pazzaen 3.1).
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3. Ilo TtaGnuiam mpuiaoxkeHUs | WM Mo Kartajoram i JaHHOTO MOAIIUITHUKA
onpenaenstor 3HadeHust C — nuHaMudeckod 1 Co — CTaTUYECKON TPy30MOIEMHOCTH (B
H).

4. OmnpenensieTcss SKBUBaJEHTHash Harpy3ka Ha oOeux omopax (Pi, P2) (cm.
noapoOHO05.2).

5. Omnpenensiercss HOMUHAJNbHAs JOJTOBEYHOCTh MOAIIMMHHUKA Tpu 90%-HOM
BEPOSITHOCTU 0€30TKa3HOM paboThl Lngo (cM. pasa. 5.1, popm. (5.4)).

6. HeoOxoaumo cobmtoieHue ycioBus

Lhoo=Lhs.

3aTteM BO3MO>XKHBI JIBa BAPUAHTA BBIITOJIHEHUS PACUETOB:

a) €CJIM 3aJlaHa JIOJATOBEYHOCTh MOAIMUITHUKA Lps 10 Tabm. 5.1 (yTo ObIBaeT yaiie

Bcero), To u3 hopmyisl (5.5) onpeaensercs KodPpGUIIMEHT HAACKHOCTH a1, @ IO HEMY

k
HAXOJUTCS pacyeTHasl CTCNCHb HAJICKHOCTH S:O,Q(al) >0,9, yucieHHoe 3HAYEHUE

KOTOPOH U SIBIICTCS KPUTEPUEM IIPABMIIHHOCTH ITOAOOPA IMOIITHITHIKOB;

0) ecnu 3amaHa CTENEHb HAACKHOCTU MOAMIMIHUKA S, To 1mo dopmyne (5.5)
OTIpEIEISACTCS pacueTHasl TOJATOBEYHOCTh MOAMIUITHAKA, KOTOpas TOJDKHA OBITh OOJIBITIE
HEKOTOPOU Harepe]| 3aJlaHHON (Harpumep, 1o Tadu. 5.1) BEeJIMUUHBI.

Ha ocHOBaHMM BBIMOJHEHHBIX pPACUETOB HEOOXOJMMO CJeNaTh BBIBOA O

paboTOCIOCOOHOCTH MOAIIMITHUKOB, YCTAHOBJICHHBIX Ha pacCMaTpUBAEMOM Bally.

10.6 [HOABOP [HOAIINITHNKOB I1O CTATUYECKOU
I'PY3OIIOABEMHOCTH.

Kak ykazaHo paHee, He BpallalOlIMecs] WM MEIJIEHHO Bpallaroliuecs
(n<l06/mumn) MOAIIMITHUKHI KaueHUS PACCUUTBHIBAIOT Ha CTaTUYECKYIO
rpy3onogbemMHocTh Co mo kotopot mo ['OCTy moabuparoT COOTBETCTBYIOUTUI
noAmmnHUK. [Ipu neficTBUU Ha MOANMIMIHUK paaualibHOM Fr u oceBoit Fa Harpy3ok
SKBUBAJICHTHYIO CTaTUYECKYIO HAarpy3Ky Po JiJisi IapUKOBBIX paguaibHBIX, IIAPUKOBBIX
U  POJUKOBBIX pPaAHAIBHO-YIOPHBIX MOJIIMIHUKOB MNPUHUMAIOT MO OOJIbIIEMY

3HAYEHUIO U3 ABYX CIICIYIOIINX BBIPAKEHUN:
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Po=Xo Fr +Yo Fa (6.1)
Po=Fr (6.2),
I'me X0 u YO0- k03pdUIMEHTH paJHaIbHOM M OCEBOM CTaTMUYECKUX Harpy3ok,

JaHbl B COOTBCTCTBYIOIIHUX Ta6J'II/ILIaX CIIpaBOYHHKOB.

11.  OdopmiieHrEe MOSICHUTEIBHON 3aTUCKU

JIucThl TEKCTOBBIX JOKYMEHTOB IMEPBOM TpymIbl (KOHCTPYKTOPCKHUE) TOJDKHBI UMETh
paMKy, JieBasi CTOPOHAa KOTOPOM pacmoyokeHa OT Kpas jucta Ha 20 MM, BEpXHS,
HWXKHS, OOKOBasi IpaBasi CTOPOHBI PAMKH PACIIOJIOAKEHBI OT Kpasi JINCTA HA 5 MM.

3arnaBHbIN JUCT ( BTOPOM JIUCT MOCJIE€ TUTYJIBHOIO) TEKCTA C PAMKOMW JIOJKEH UMETh
OCHOBHYIO HaJMKCh MO (PopMe 2, MOCIEAYIOMINE JTUCThI C OCHOBHOM HAJMUCKIO 1O (hope
2a, B cootBerctBun ¢ 'OCT 2.104-2006.

B ocnoBnoit Hagnucu no gpopme 2 ( Pucynok 1.1) B rpadax (Homepa rpad mokazaHbl
B CKOOKAax) yKa3bIBaIOT:

-B rpade 1 — HauMMeHOBaHHE JIOKYMEHTa C pacmudpoBKON Koaa 0003HAUYCHHS
(manpumep, “Pexykrop yepBsuHblii” — [loscHUTENbHAS 3aITUCKA);

-8 rpade 2 — oOo3HaueHue JokymeHTa /(Hampumep, “KypcoBoi mpoeKT
123.00.00.113, Jumnomustii npoext MI'TI.00.00.113”;

-B Tpadpe 4 — nuTepy, MPUCBOCHHYIO JAHHOMY JOKyYMEHTy ( Hampumep, “V’-
y4eOHbIN);

-B rpade 7 — NOPAIKOBBIA HOMEp JicTa ( HAa JTOKYMEHTax, COCTOSIIUX M3 OJHOTO
nucta, rpady He IPOCTABIISIOT);

-B rpade 8 — ob1iee KOIMYECTBO JIUCTOB JOKYMEHTa ( rpady 3amoJIHSIIOT TOJIBKO Ha
MIEPBOM JIUCTE);

OcHoBHast HaQUCh 1o GopMme 2 (nepaslil U1uU 3a2/1a8HbBIU JUCM)
(14) (15) (16) 17) | (18)
N3zm. | JIuct | Ne mokym. | [Tonm. | lata (2)
Pazpab. Jlut. | JIuct | JIucton
[Tpos. 4 | (7)) | (8)
(20) (11) (12) (13)
H. xoHTtp. )
YTB. 9)

Pucynok 1.1 — I'padbl OCHOBHOM HaanKUCH
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-B rpade 9 — HauMEHOBaHHE MPENNPUATHS, BBITYCKAIOIIEro JOKYMEHT (B Hallem
cilly4ae — YHUBepcHTeT, Kadenpa, rpynma; Hampumep, JI® KHUTY-KAU, kadenpa
TMull, rpynna 28304);

-8 rpade 10 — xapaktep paOOTHI, BBINOJHSEMBIA JIULIOM, MOANUCHIBAIOIINM
JOKYMEHT: pa3paboTajl, MpOBEpUJ, HOPMOKOHTPOJb, YTBEpAWJI; CBOOOJHAs CTpPOKa

3aMoJHACTCS 10 YCMOTpEeHHIO Kadeapsl — 3aB. Kad., KOHCYJIbTAHT);
-B rpade 11- pamunmm mun, NoANMCaBIINX TOKYMEHT;
-B rpade 12 — nmoanucu aull, haMIIMK KOTOPBIX YKa3aHbl B Tpade 11;
-B rpade 13 — gaTy noAnucaHus 10KyMEHTa;
-rpadnr 14, 15, 16, 17, 18 — B cTyneHueckux paboTax He 3aroJHSIOT.

B ocHoBHOMt Hammucu mno ¢opme 2a (Pucynok 1.2) rpadsl 2 u 7 3amoigHSIOT
aHAJIOTUYHO TaKoBBIM (popMbI 2 pucyHka 1.1, T.e. yka3pIBaroT 0003HAUCHHE TOKyMEHTA
U TIOPSIKOBBIA HOMED JIUCTA IOKYMEHTA.

OcHoBHas Hagnuck no popme 2a (nocrnegyrowme nucTbl)

(14)

(15)

(16) 17)

(18)

N3m.

Jluct

No moxym. | Iloam.

Jlata

(2)

Jluct

(7)

Pucynok 1.2 — rpadsr hpopmser 2a
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Owu6Ku, donyckaemsle cmydeHmamu no 0aHHOMY pa3zdesy, C800sIMCA K caedyloujemy.
1 Tekcm doKymeHmMa 8bINOJAHsIeMCcs1 nacmoli He YépHOoz20 Yysema.

2 Bykebl mekcma nuuiymcs 0a/1eKo He 4epméMCHbIM wpugdmom, pazoépamse cmwvica
mekKcma He ece2dda yoaémcsi.

3 He c06.1100eH0 coOomHouleHue Mex#cdy NPONUCHLIMU U CMPOYHbIMU 6YK8AMU
(nponucHsle 8 HeCK0/1bK0 pa3 60/1bule N0/10H#CEeHHO20 COOMHOWEeHUs, ecau CMpoYHble
6yKebl umerm 8bicomy 2,5 MM, mo nponucHsle d01HCHbI UMemb 8bicomy 3,5 mm).

4 OcHosHble Hadnucu ghopmel 2 u 2a 6006uje omcymcmayrm.

5 OcHoeHas Hadnucw hopmbl 2 8bINOJIHEHA HEe HA NeP8OM Jucme (8mopoli 1ucm noc/e
mumy/1tHO20 AUCMa) mekcma, a Ha Apy2om.

6 Omcymcmeayem pamka HA CMpPAHUYax KOHCMpPYKmMopcKo20 mekcma.

7 IlepeHoc c108 8 mekcme mumy/asHO20 Jucma.

8 He yka3zaHo HyMepayuss cmpaHuy 8 0CHO8HOIl Hadnucu.

9 B 2padghe 1 ocHoBHOll Hadnucu He daémcsa pacwugposka koda dOKyMeHma, m.e.
10 B epagpe 2 He npucsausaemcsi KO0 dOKymeHma (Hanpumep, He yka3zvigaiom I13).

11 HaumeHosaHue 00KyMeHIMa Ha Mumy./1bHOM Jiucme, 8 0CHOBHOI Hadnucu,
cneyugukayuu u c60poYHOM Yepmedce pa3AUYHbL, 8 MOM YUcJie U NO NOPSAIKY C/108.

Ilep8bIM c/1080M A0AHCHO GbIMb UMSA CyWecmaumesibHoe, 3amem onpedeJieHue, Hanpumep,

«KoHco1bHbIl KpaH», 00121CHO 6bIMb «KpaH KOHCOMbHbIT.

12 Pa3zmep wpugma Ha mumyasHOM Jucme HA noasx 1-5 eecoma pasauueH (omauvue 8

3-4 pasza).

[TosicHuTenpHAsT 3amMUCKa K KypCOBBIM paboTaMm, MpPOEKTaM, K KOHCTPYKTOPCK

ou

YacTH JIUIIJIOMHBIX MPOEKTOB (padoT) JOJKHA B OOIIEM CiIydae BKIIIOYATh CJICTYIONTUE

pasziensbl:

BBenenue (c ykazanueM 1eiu pabOThI, OLIEHKH COCTOSIHMSI pelllaeMOoM 3a/iauu,
OCHOBAHHMM KaKWX JTOKYMEHTOB BEAETCS pa3pabOoTKa, MOKa3bIBACTCS aKTYalbHOCTh
MpaKTUYECKasi 3HAYMMOCTh TeMbI). BBelleHre HOMEpa HE UMEET;

Ha
n
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1 HaumeHogaHue u 061acmb npuMeHeHus1 NpoeKmupyemoz20 u3denusi;
2 TexHU4ecKas XxapaKkmepucmuka;

3 OnucaHue u 060cHO8aHUe 8bI6PAHHOU KOHCMPYKYUU € yKA3aHUeM, KaKkue yacmu
3aumcmeosaHsvl U3 paHee pa3pa6omaHHbIX U3denull;

4 Pacyemul, noomeepxcdaoujue pa6omocnoco6HOCMb U HA0eHCHOCMb KOHCMPYKyuu;

5 Pazpa6omka ycmpoiicme u meponpusmuti, o6ecnedusanujux 6e30nacHyio
JIKcnlyamayuio npoeKmupyemoz0 u3oenusi;

6 3ak/1104eHue, ¢ 0YyeHKOIl IKOHOMUYecKoll 3hiekmusHocmu u ypoeHem yHUPuUKayuu;

7 CNUCoK ucno/1b308aHHOII 1UmMepamypbl.

B 3aBucuMoctH OT 0COOEHHOCTEH KypCOBOTO TMpoeKTa (pabdoThl), JUILIIOMHBIX
MPOEKTOB (pabOT) OTAENbHBIE pa3/eibl JIOMYCKAEeTCd OOBENMHATh WIM HCKIIOYaTh, a
TaK)K€ BBOJUTH HOBBIC Pa3/ICIbl.

[Ipn HanmucaHWM TOSICHUTETHHOW 3allMCKU CTYIACHTBl CTaJKHUBAIOTCS C JIByMS
OCHOBHBIMH BHUJAMH NPOEKTHUPOBAHUSA: BbIOOPOM THIOBBIX (MOKYIIHBIX) pa3pabOTOK
(u3menuit) 1 pacueToM BHOBB co3faBaeMbIx. Kakioe 3 HUX MIMeeT CBOM OCOOEHHOCTH.

Ecnu npuxoautcs BIOUpaTh roTOBOE (MMOKYIHOE) U3JIEHe (CTaHAapTHOE, IIpoYee),
TO BBIOOD (@ HE pacueT) MPOU3BOJUTCS IO CIETYIOIIEH cXeMe:

1 IIpugodsimcs Heo6x0duMble napamempbsl, N0 KOMOPbIM NPOU3800UMCS 8bIGOP
20moeo020 u3denusi;

2 Yka3wleaemcsa mapka, mun 8b16GPAHHO20 U30eNusi;
3 Ilpusodumcsa xapakmepucmuka 8b16paAHHO20 U3denus;

4 /laemcs 3aK/1104eHuUe 0 coomeemcmeuu usdenus mpe6y€MblM napamempanm.

JlaHHas cxeMa Mo3BOJIAET BUAECTh XapPAKTEPUCTUKHU U3JIETUsl, KOTOPbIE HEOOXOANUMO
UMETh NI paboThl, U T€ XapaKTEPUCTUKH, KOTOPbIE MOXKET OOECHEYUTh BHIOpAHHOE
U3Jeue.

Ecnu xe mpousBoguTCs pacueT u3aenaus (Ipu OTCYTCTBUM IMOKYIMHOTO WM TPHU
HEYJIOBJIETBOPEHHH €T0 3aJaHHBIM ITapaMeTpam), TO OH JOJDKEH COJIEepKaTh:

- 3adayy pacuema (C yKazaHueM, 4TO TPeOyeTCsl ONPEETUTh MPU PACUETe);
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- 3CKU3 U/U CXeMy paccyuimsvieaemozo u3loenus;

- daHHble 045 pacyema;

- ycaogus pacdema (4TO IPUHUMAETCSA WM HA3HAYAETCS UCTIOJHUTEIIEM);
- pacuem;

- 3dK/Il04Y€eHUuée.

OCKH3 WIH CXEMY JIOIIYCKACTCA BbIYCPYHMBATHL B IIPOHU3BOJIbHOM MacmTa6e, C
CO6JIIOI[CHI/ICM COOTBCTCTBYIOIINX CTaHaapTOB, O6€CH€‘II/IBaIOIHI/IX YCTKOC
MMpCACTABJICHUC O PACCUUTBIBACMOM H3JICIINH.

Kaxk BUAHO W3 IMPUBCIACHHLIX ITYHKTOB, CXCMad O4C€T SICHBIM X0 peucHusd,
HCKIIOYAoMmES ABOSIKOC TOJIKOBAHUE WM H€O6XOI[I/IMOCTB A0AYMBIBATh KAaKHC-TO
QJICMCHTEI pacydcTa.

Odopmirenune Tekcra

TekcT AJOKyMEHTa MpU HEOOXOAMMOCTH Pa3JeisaioT Ha pa3lieibl U MOIAPa3eIbl.
[Ipu 6onpiIOM 00BEME TEKCTA (AUCCEPTALUS U T.I1.) JOKYMEHTBI pa3JeisioT Ha YacTH, a
4acTH, Ha KHUTH. KaXayro 4acTb U KHUTY KOMIUIEKTYIOT OTAEIbHO, UM MPUCBAMBAIOT
HAaVMEHOBAHUE U MOPSAKOBBIA HOMEP JOKYMEHTA.

JlucTtel JOKyMEHTa HYMEPYIOT B Mpeleiax KaxKIod 4YacTH, KaXIYyK YacTh
HAaYMHAIOT Ha JIUCTaX ¢ OCHOBHOM Haamuckio mo 'OCT 2.104-68.

Paznensl MOJDKHBI UMETh MOPSIKOBBIE HOMEpA B Mpejeiax BCEro JOKYMEHTA,
o003HaueHHbIe apabckumu uMdpamMu 0e3 TOUKH M 3aNMCAHHbIe ¢ a03alHOrO
orcryna. I[logpasnensl AOMKHBI MMETh HyMEpallMIO B Mpeaesiax Kaxioro pasjena.
Homep moapasznena cocTouT U3 HOMepa pasjliesia U nojapaszfena, pa3aeaeHHbIX TOUKOM.
B koHue HOMepa moapasaesia ToUKa He cTaBuTcs. Pa3nen, kak u mojapaszien, MOryT
COCTOSITh U3 OJJTHOTO WJIM HECKOJIBKHUX ITyHKTOB.

Ecnau nokyMeHT He MMeeT MOJpa3/esioB, TO HyMepalus IIyHKTOB B HEM JOJKHA
OBITH B TIpeneNiax KaKJOoro paszesia, ¥ HOMEp MyHKTa JIOJDKEH COCTOSATH W3 HOMEPOB
paszelna u MyHKTa, pa3fe€HHbIX TOUKOl. B KOHIIE HOMEpa MyHKTa TOYKa HE CTaBUTCH,
HaIpuMep:

1 PACUETBI

1.1 PacyéTr umJIMHAPUYECKON nepeaavyu
1.2 PacuéTt yepBAYHON nepegaun
1.3 Pacuér Basia ObICTPOXOAHO Mepeaaun

2 UCCIIEJOBAHHUE PEAYKTOPA

2.1 O0mme mMoJ10KEeHUS

2.2 UccaenoBanue KIIJI pexykropa

Ecnu noxkymeHT mMeeT mojpasfienbl, TO HyMepalusi IMyHKTOB JOJKHA OBITh B
npeaenax mnoApasfena W HOMEP IYyHKTa JOJDKEH COCTOSITh M3 HOMEPOB pasjena,
Mo/ipasiena,, pa3iea€HHbIX TOYKaMu, HAlIPUMeED:
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3 PACUET BAJIOB PEJYKTOPA

3.1 Pacuér ObICTPOXOIHOTO Basa
3.1.1 Pacuet Bajia Ha BEIHOCIUBOCTD
3.1.2 PacueT Baa Ha )KECTKOCTh

[IyHKTBI, IPU HEOOXOJUMOCTH MOTYT OBITH pa3OUTHI HA MOMAMYHKTHI, KOTOPBIC

HOJIDKHBI UMCTD ITOPAAKOBYIO HYMCPAIUIO B ITPCACIIAX KAKIOT'0 ITYHKTA, HAIIPUMCP:
3.1.2.1 Pacuer Basna Ha u3rud
3.1.2.2 Pacyer Bana Ha konebaHus
3.1.2.1 ITpubops! 1151 BU3YaTbHO-ONTHYECKOTO KOHTPOJIS

Imu npub6opsbi Mo2ym 6bImMb UCNO16308aHbI /151 06GHAPYHCEHUS CAedYIoUWux
noepesicoeHull:

- KDYNHbIX MpeuwjuH;
- Me/IKUX MpewuH;
a) mexaHu4ecKux dehekmoes noeepxHocmeii;
6) KOppo3uliHbIX No8peXHcOeHUll:
1) Ha noeepxHocmu dema.ieii;
2) eHympu u3denuii;

8) abpa3ueHbIX U3HOCO8.

Kaxxp1ii MyHKT, MOAMYHKT U MEpeUYHCIEeHUE 3aMChIBAIOT ¢ a03aI[HOr0 OTCTYIIA.

Paznensl u nmoapasnesnsl TOJKHBI UMETh 3arojOBKH (B MMEHUTEIBHOM MaJexe),
KOTOpPBIE YETKO M KPATKO OTPaXaroT CoAepKaHue pas3aenoB. [IyHKTBI MU TOJMYyHKTHI
3aroJioBKa MOTyT HE UMEThb.

3arojioBKM pasjena cleayeT mUucaTh MPONMUCHBIMU OyKBaMU 0€3 TOUYKH B KOHIIE,
HE TOIYEpKMBas. 3arojOBKM MOJPa3JeiOB HAYMHAIOT C MPONUCHON OYyKBBI, Hajnee
CTpOYHBIMH. B KOHIlE 3aroioBka TOYKa HE cTaBUTCA. IlepeHocC cloB B 3arojioBKax He
nomyckaeTcsi. Eciu 3arojioBOk COCTOUT U3 JIBYX MPEIJI0KEHUN, UX PA3JIESIOT TOUKOM.

Kaxnpii pasznen [IOKyMEHTa pPEKOMEHAYETCs HadyMHAaTh C HOBOIO JIMCTA
(cTpaHuIb).

PaccTosiHre Mexy 3arojloBKOM M TEKCTOM JOJDKHO ObITh 15 MM umm 3
WMHTEpBaJla TpPHU BHIIOJHEHUH MAIIMHONUCHBIM crnocoOoM. PacctosHue Mexay
3arojIOBKaMu pasjieia U mojpasjesia — 2 WHTepBasia Py MAIIMHOMHUCHOM CIIOCO0E WU
8 MM MpPU PYYHOM.

Conepxanne. B Tekcre JOoKyMeHTa (4acTd, KHUTHM) OOJIBIIOTO OObeMa Ha

NEepBOM (3arylaBHOM) JIMCTE M TPH HEOOXOJMMOCTH Ha TMOCIEAYIOUIUX JIMCTax

NOMEIIAIOT COJEp’KaHHe, BKIIOYAIONIME HOMEpa M HAMMEHOBaHUE pa3JielioB,
MOJIpa3/IeJIOB C YKa3aHUEM HOMEPOB CTPAHUII.

Ecnn moxkyMeHT pa30uT Ha 4yacTu (KHWUTH), TO B KaKIO0M M3 HUX JOJDKHO OBITh

cBoe cojepxkanue. I[Ipu >ToM B mHepBOMl YacTH NMOMEIIAIOT COJEpKaHUE BCETO
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JOKyMEHTa C yKa3aHMEM HOMEPOB YacTed, B MOCIEAYIOUIMX - TOJIBKO COJAEp>KaHue
COOTBETCTBYIOIIEH wyacTu. JlomyckaeTcs B TIEpBOM YacTH BMECTO COJCPIKAHUS
MOCJIETYIONTUX YaCTeH yKa3bIBaTh TOJIHKO MX HAUMCHOBAHMSI.

CnoBo «CopepxaHue» 3alKCBhIBAIOT B BUJE 3aroJioBKa (CHMMETPUYHO TEKCTY) C
nmponucHOW OykBbl. HammeHOBaHWE, BKIIOUYEHHOE B COJACP)KAHHE, 3alHMCHIBAIOT
CTPOYHBIMH OyKBaMH, HAUWHAS C IPOTMCHONU OYKBHI.

B KoHIIE TEKCTOBOro JOKYMEHTa NPHUBOAST CIUCOK JIMTEPaTyphbl, KOTOPBIN
BKJIIOYAIOT B COJIEpKaHUE TOKYMEHTA.

Odopmaenue ¢popmy.i.

B dopmynax B KkadecTBE CHMBOJIOB CIEQyeT MPUMEHSATh OO003HAYECHUS,
YCTAHOBJIEHHBIE COOTBETCTBYIOIIMMHU TOCYJIapCTBEHHBIMHM cTaHaapTamu. [losicHeHus
CUMBOJIOB W YHCIOBBIX KO3(DPUUIMEHTOB, BXOASIUX B (opmyly, eclii OHM He
MOSCHEHBl paHee B TEKCTe, MOJDKHBI OBITh MPHUBEICHBI HEMOCPEICTBEHHO IO
bopmynoii. Dopmyny pazmewiarom 6 cepedoune cmpoku. llocie Gopmynol
CMasumcs 3ansimas, 3amem 8 KpaiHem npagom NOA0HCEHUU Ha cmpoke (okono 15 mm
Om 2panHuybl PAMKU) CIMABUMCSL 8 KPY2lblX CKOOKax Homep (opmynvl. Mecdy 3anamoil
U HOMEPOM HUKAKUX 3anuceil npou3eooumsy Hedonycmumo. llosicHEeHUs KaXI0ro
CUMBOJIA CIIEyeT N1aBaTh C HOBOW CTPOKH B TOH IOCIICOBATEIIBHOCTH, B KOTOPOH
CUMBOJIBI TIpuUBe/ieHbI B (hopmyre. Ecnu npaBas yacte Gpopmylisl sBisieTcst ApoObI0, TO
CHayaja TOSICHSAIOT OOO3HAUYEHHS BEIWYWH, MOMEIICHHBIX B YMCIHUTENIC, B TOM K€
nopsiike, 4To U B (opmysie, a 3aTeM — B 3HaMeHarene. [lepBas cTpoka MmosicCHEHUS
IOJDKHA HAYMHATBLCS CO CIIOBA «20ey» Oe3 3anamou uiu 0eoemoyqus nocie He2o. B
KOHIIE KaXJI0M paciiM(ppOBKHU CTABIT MOYKY C 3ansamol, a B KOHIIE TTOCIETHEN - MOYKY.
O6o3HaueHus (PU3NYECKUX BETUYMH B KXKIOM paciim@poBKe OTIACTSIOT 3amsiTON OT
TeKCTa pacmppoBku. [locrne pacwugposku Gopmynrsl noOCmasnaom uuciogvle
3HAUEHUA CUMEOI06 U pe3yibmam ¢ 0003HaAYeHUeM GuU3UYecKOl GeTUYUHDL.
Hanpumep:

Pasmepwvi ckpebra onpedensiromest no gpopmyne (312) cmp.241 [15],

20e h- evicoma ckpebra, m;
Q- nooaua ckpebrosozo Koneeiiepa, m/4;
¢ - Koaghuyuenm, yuumoiéarowuil 61UsHUE Y21a NO0bEMa MpaHcnopmepa
(no mabnuye 49 uz [15] npu neexocvinyuem epyse u yene naxnona 20, kosppuyuenm
c=0,65);
K- KOd(uyuenm coomuowenus wupunvl B u evrcomst h ckpebdbra (015
cnaownwix ckpeokos k=B/h=2...4);
W - KoogPuyuenm 3anonnenus (no mabauye 49 uz [15], v = 0,5);
Y - RAIOMHOCMb 2PY3a (HACHINHASA NIOMHOCMY), M/M;
V — cKopocmb mpaHCcnoOpmuposanus epy3d, M.

L 30/(0,65%3*0,5%0,7%1,0)= 0.1 M = 100 mwm.
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Hcxo0s uz npunsmoeo k=3 u uaiidennoco 3uauenuss h=100 mm onpedensiemcs
wupuna ckpedoxa B=kh=3 *100=300 mm.

Paszmepor ckpedbra ymounsiom no I'OCT 7116-64, pasmepvl coomeemcmeyom
oannomy I'OCTy u ocmaiomcst pagHvIMu RPUHAINBIM 3HAYEHUSIM.

Hymepanusi ¢opmysa. dopmynsl, 32 UCKIHOUEHHEM (OPMYJ, MOMEIIAEMBIX B
NPUIIOKEHUHU, JIOJKHBI HYMepoeamuvCcsa CKEO3HOU Hymepayuel apadcKumu
yugpamu, KOTOpbIE 3aNUCHIBAIOT HAa YpOoBHE (OpMyIbl B KpailHEM MpaBOM
MOJIOKEHUH B KPYIJIBIX CKOOkax. MecTo HOMepa, HE YMEIIAIoIIerocss B CTPOKE
dbopMyIibl, pacmojiaraeTcsi B CIEAYIOLIEH CTpOKe HIbKe (OpPMYJbl Takke B KpaiHeM
paBoOM TMOJOXKEHUH. MecTo HoMepa HpH mepeHoce (POopMyJibl CTaBUTCS Ha YPOBHE
nociegHe cTpoku. Mecto Homepa GOpMyNbI-ApoOM TMOMENIAI0T Ha CepeuHe
OCHOBHOM TOPU30HTAIBHOUN YepThl (POPMYJIBI.

Hymepayus nebonvwiux ¢opmyn, TOMEUIEHHBIX B OJHOM CTpPOKE U
COCTaBJSIIOIIMX EIUHYIO0 TPYIITy, MOMEUIAI0T B OJHY CTPOKY M OOBEAMHSIOT OJHUM
HOMEPOM.

Hymepayuio epynnvi ¢popmyn, pacroyiOKEHHBIX OTACIBHBIMUA CTPOKAaMH, CTaBAT
cIpaBa OT 3TOH Tpymnmbl (UTYPHBIMH CKOOKaMH, OXBaTHIBAIOIIMMHU IO BBICOTE BCE
dopMmybl, - napanmes. OcTpue mapanTe3a HAXOAUTCA B CEPEIUHE TPYIIIBI (OPMYIT TTO
BBICOTE M OOpAILEHO B CTOPOHY HOMEpPA, MOMEIIAEMOro B CKOOKE MPOTHUB OCTPHUS B
IPaBOM Kpae MoJIOCHI.

Hanpumep:
x=sina+1tgd,y
= 2arccosf, z=
[0sin 2.
[Ipu oTcyTcTBMM mapaHTe3a HOMEp TakKXe IMMOMENIAl0T TPOTUB CEPEIUHBI
rpynnsl Gopmyi.
Dopmynvt - pazHoBUOHOCcmMuU TIPUBEIEHHOW paHee OCHOBHOW (GOpMYJIbI

JOMyCKAaeTCd HyMepoBaTh apaOCKoil HU(poil U mpsMol CTpPOYHOM OYyKBOW pPYCCKOTO
andasuta, HabUpaeMoro cIuTHO ¢ Iudpoi. Hanpumep, (14a), (146), (14c).

Jlomyckaetrcs HyMmepauus GopMmyd B mpeaenax pasaena. B aTom ciaydae HOMep
GopMynBl COCTOMT W3 HOMEpa pasjaena U NOPSAIKOBOTO Homepa GOpMYIHI,
pa3JelIeHHbIX TOUKOH, Hanpumep, (3.1).

Ccounku Ha nomepa opmyn 6 mexcme. Ilpu cchuike Ha Kakyro-1u00 Gopmyiy ee
HOMEp CTaBAT TOYHO B TOW ke rpaduueckor (opme, uto u mocie ¢GOpMyJibl, T.e.
apabckumu 1nHdpamMu B KpPYTAbIX CcKoOkax. Hanpumep, 6 ¢opmyne (2,7).
Yrorpebasate HOMepa 0€3 OompenessionIuX CJIOB B TEKCTE HE PEKOMEHIYETCH.

Hanpumep:
Pexomenoyemcs: He pexomenoyemca:
U3 popmynsi (3.4) cneoyem... U3 (3,4) cnedyem...

Ecau ccpinka Ha HOMEp GOPMYJIbl HAXOJUTCS BHYTPHU BBIPAXKCHUS,
3aKJIFOUEHHOTO B KPYTJIbI€ CKOOKH, TO UX PEKOMEHIYETCS 3aMEHSITh KBaJIpaTHbIMU
ckoOkamu. Hanpumep: Hcnonv3ys svipaxcerue 015 onpeodeneHus UMnyavca [cm.

dopmyny (12,3)], umeenm...
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Mynkryanus B Tekcte ¢ popmyaamu. DopMysia BKIIOUYACTCS B MPEII0KCHHE
KaKk ezo pasHonpaeHnwvlii rnemenm. IlodoTomy B KoHIE (HOpPMYNT M B TEKCTE MEpen
HUMH 3HAKH TIPETTUHAHUS CTABIAT B COOTBETCTBUM C IMTPABUIIAMU MYHKTYAIHH.

Jle6oemouue tepen GopMynaod CTaBSAT JWIIb B TeX CIIydasX, KOTJAa OHO
HEO0OXO0UMO TIO TIPaBUJIaM MyHKTYaI[UH:

a) B TeKcTe nepeq GopMyJioi coaepKUTCs 0000111aroIee CI0BO;

0) »aToro TpebyeT TOCTPOCHHUE TEKCTa, MpeamecTByomero ¢opmyle.
Hanpumep: a) B pesyromame noayuaem credyiouee coomuowenue :Sinfi <
cosa+tgif/;

0) Ilpouze00HyI0 n-20 NOPAOKA MOAEHO BbIPA3UMb Uepe3 NPOU3BOOHble NepP8O2o,
6mopoeo,..., (n- 1)-eo nopsiokoe: Y =(x,y,y' y" ..., " ..

dopmynel, ciaeaylomue OJHAa 3a APYrod W HE pa3JaelieHHbIe TEKCTOM,
pa3IeNAIOT 3amsATOM, 3HAKW TMPENMHAHUS TP IMapaHTe3e CTaBsAT BHYTPU IapaHTeE3a.
[Tocne Takux TPOMO3JKHX BBIPAKCHUM, KaK OMPEACIUTEIN W MATPHUIIBI, JOIYCKACTCS
3HAKH MIPENTUHAHUS HE CTaBUTh.

Omnodku, fonycKkaemMble CTyJeHTAMH B JaHHOM pa3sjeJie.

- pacuemvl He CONPOBOAHCOAIOMC S ICKU3AMU, CXeMaMu U Opysumu
unmocmpayusimu, nosmomy mpyoro npoaiedumb za npasurvrnocmoro pacuema,

- HeBEepHO 3aNUCLIBAIOMCST HAUMEHOB8AHUL NOOpA30€e108 U NYHKMO8, m.e.
3a20/10860K OOHOBPEMEHHO O3Ha4aem U BblNOJHsAeMoe Oelicmeue (Hanpumep,
nuwym «3.1.1 Bvibupaem mamepuany, Haoo nucame «3.1.1 Bwibop mamepuanar
U C HOBOU CMPOKU MEKCM O 8blOOpe Mamepuaa);

-MedHcoy 3a2008KOM U MEKCMOM Hem unmepsania 8 15mum;

- Hem CCbLIKU HA UCMOYHUK, OMKYOd 3aUMCMB08AHA hopmyna;

- HeBepHO Npou3B00sMcs oeucmeus ¢ Gopmyramu: Hem 0003HAYUEHUs.
pasmepHocmell CUMB0JI08, NOACHEHUsL CUMBOJIO8 He 8 NOCIe008AMENbHOCMU UX
PACnoNodceHus: 8 popmye, He Ha Mecme NpoCmAaesusaemcs Homep hopmysl, m.e.
He 8 15 Mm om npaesoil epanuyvbl pamKu, Mercoy Gopmynou u HoMepom Popmyibl
oenaemcsi CCublIKA HA TUMEPAMYPHLLU UCMOYHUK, Nocae Qopmynbl O0aemcs
PA3BMEPHOCMb  ONpeoensaemozo @GopmMynou CcumMeond, Hem CCblIKU HAd 8blOOp
Ko3pPpuyuenmos opmynvl, nocie Qopmynvl nuwemcs 3HAK paseHCcCmea U
npouU3800UMCs NOOCMAHOBKA YUCTOBbIX 3HAUSHULL,

- nocie 3a20/108KA NYHKMA UIU NOONYHKMA oaemcs CCbLIKA HA
AumepamypHovlll UCMOYHUK,

- CCBLIKA HA IumepamypHbsli UCMOYHUK PACNONIOJCeHa He 8 meKcme, a
OmMopeana om mexkcma (Mmo2oa KaK CCblIKa X00UM 6 COCMAB NPEONIOACEHUSL KAK CTI0BO),

-MeKcm 3anUCKU 3aNnUCbl8Aemcs He 6 5 MM Om 1e80U 2paHuybl paAMKU U HE 8 3 MM
om npaeoll cpaHuybl pamKu, a Ha 3HAYUMelIbHO O0bUeM PACCMOAHUU,

- MeKcCm nuuemcs HepaszoopuU8bIM, MPYOHOUUMAEMBIM UUPUDMOM;

- Hem UCXOOHbIX OAHHbIX Ol 6blOopa NOKYNHLIX U30eqUU U UX
Xapakmepucmuk, no3momy mpyoHo YCMAaHO8UMb UX OOCHOBEPHOCTIb;

- He 8ce 3/leMeHmbl peOYKmopa NOOMEEPHCOEHbL PACHEemamul;

- Hem 3aKII0YeHUsL C OYEHKOU YPOBHS YHUDUKayUU,
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- 8 CNUCOK UCNOJIb30BAHHOU IUMEPAmMypbl 86005AMCS HEUZOAHHbLE NeYAMHbIM
CnOCcoOOM Mamepuanvl, Hanpumep, 1eKyuu.
Odopmienne NCMOJIb30BAHHBIX HCTOYHUKOB
B  TekcToBBIX JOKyMEHTaxX, KaK TpPaBWJIO, TMPUBOIATCA CBEACHUS 00
HCITOJIb30BAHHBIX MCTOYHUKAX, OQOPMIISATH KOTOPHIE HEOOXOIMMO C YUETOM
I'OCTos.

IIpu odopmiieHHH NOKyMEeHTa (KHUTH, CTaThbH, M300pETeHMs, OT4YeTa W T.I.)
NPUICPKUBAIOTCS Cieayromero. Ecim y JoKkyMeHTa odun, 0éa WVl mpu asmopda, mo
nepeo 3a2n1asuem NUemcs MmoJbKo Nepevlll U3 HuX, 1ocie haMUINK 3arsTas, gainee
UHUIMAIBl. B cBeneHusx 00 OTBETCTBEHHOCTH (TIOCHE 3arjlaBuUsi 3a KOCOW 4YepTOM)
3aMHMCHIBAIOTCS BCE aBTOPBI: OJIMH, JIBA WM TPH - B TOW (opMe, KaK B JTOKYMEHTE, KaK
MIPaBUJIO, MHUITAAJIBI TIepe] paMuIuei.

Ecnu y 0okymenma b6onee mpex asmopos, o1 onucvl8aemcs Ha 3a21asue U 6ce
a8mMopsbl  NUWYMCSL  MOAbKO 8 ceedeHusx 06 omeemcmeeHHocmu. Ilpu
HEOOXOIMMOCTH KOJHMYECTBO aBTOPOB COKpAIAlOT, TpPH 3TOM B CBEICHUAX 00
OTBETCTBEHHOCTH TPHBOAAT HEe OoJiee deThipex (amuiauii aBTopoB. Ecimm aBTOpOB
OoJee YeThIpex, MPUBOAAT (PamMIIuK TpeX ¢ J0OABICHUE CIIOB «U JP.».

B kawectBe wmmocTpanuu  OQPOPMIICHUST HUXKE TMPUBEACHBI  IIPUMEPHI
OoubmmorpaduUecKux ONMUCAHUMN Pa3IMUHBIX HCTOYHUKOB.

Knuru ognoro, 1ByXx, Tpex aBTOpPOB:

Kopenman, W.K. @oromerpuueckuid CcHHTE3: MeToAbl ONpeaeIeHUs
oprannveckux coeaunenuit / U.K. Kopenman. - 2-e usn., nepepab. u gom. - M.:
Xumus, 2005.-359 c.

Onrenuc, C.I'. Kuneruka peakuuii B xuakod ¢aze: KonuuecTBeHHBIM yuer
BiusiHug cpensl / C.I' Dutenuc, P.I1. Turep. - M.: Xumus, 2003. - 416 c.

Knuru yernipex u 0oJiee aBTOPOB, a TaKKe COOPHUKHU CTATe:

KomriekcHble coelMHEHUs B AHAJIUTUYECKOM XUMHM: Teopuss M NPAKTHUKA
npumenenus / @. Ymuanna, A. Aucen, J. Tupunr, I'. Bronm. - M.: Mup, 2005. - 531 c.

AHanuTHYeCcKass XUMUS U dKCTpakuuoHHbIe nporecchl: CO. ct. / OtB. Pen.
A.T. INununenxo, b.. Habusanen. - Kues: Haykosa gymxka, 2000. - 119 c.

12. PacyeT anleMeHTOB Kopnyca peayKTopa

Kopryc city>kut st pa3MeIieHus: B HeM JieTaiel epeaad, Juist 00ecTieueHusI

CMa3KH Iepeiay v MOAMIMITHUKOB, MPEAOXPAHCHUS ACTAICH OT 3arpsA3HEHHS U IS
BOCIIPUATHS YCHIIUI, BOSHUKAIOIIMX MpU padote. OH J0JDKEH OBITh IOCTATOYHO
IIPOYHBIM H JKECTKHUM, T.K. IPH 3HAYUTEIBHBIX J1e(hOPMALIUIX KOPITYyCca BO3ZMOYKHBI
MIEPEKOCHI BAJIOB M BCIICACTBUE 3TOTO IMOBBIIICHNE HEPABHOMEPHOCTH PaCTIpEICIICHUS
HArpy3KH 10 JJTMHE 3yOheB.
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JIIss  TOBBIIICHUS  JKECTKOCTH  KOpIyca  €ro  yCWIMBAIOT  pebpamu,,
pacmoJyiaraeMbIMU CHAPY>KHM Y TPUIMBOB MO MOMIMUIHUKHA. J[7s ymoOcTBa MOHTaxa
KOPIyC OOBIYHO BBIMOJHSIOT Pa3beMHBIM. [I10CKOCTh pa3zbema MPOXOAUT Yepe3 OCh
BasioB. O/tHaKo, B KOpOOKax mepenad, B MOTOP-PEAYKTOpaxX M Jp. IPUMEHSIOT IIENIbIe
KOpIyca CO CheMHBIMU KpbIlTkamu. Kopmyc ¢ 0aHOM TIOCKOCTRIO pa3beMa COCTOUT W3
OCHOBaHMS M KPBIITKA. Kopmyc 0OBIYHO M3TOTOBJISIOT U3 YyTYHHOTO JIUTHS.

OpuEeHTHUPOBOYHBIC Pa3MEPhl OCHOBHBIX JIEMEHTOB JIITOT'O KOPIyca MPUBEICHBI
B TaOII.1

10.3. CooTHoWleHUS PA3MEPOB OCHOBHBIX IJEMEHTOB KOPNYCA M3 UYI'YHHOTO JHThLY

(cm. puc. 10.24 u 10.25)

ITapaMeTpE]

OpUEHTHPOROUNLIC COOTHOWENHA
{pasMepnl, My}

TO."ILU_HHH CTEHKH KOPH)'CE H KpbiIIIKH
peayKTOpa:
ONHOCTYNEHUATOrO HHJAHHIPHYECKOr O

Bo Beex cayuasx 8 u 6, ==8 mm

8-=0,025a1; 6,~0,02a 41

ORHOCTYHNEHYATOr0 KOHHYECKOTO

8=0,05R,+1; 8, —0,04R, -1

OHOCTYNECHYATOr0 4epBAYHOrO

§==0,04a -} 2; 6§—0,032q -2

ABYXCTYNeHYaTOr o

8=0,025¢; +3; 6, =0,02a.+3

Tomunkea BepxHero Tosca (AaHma Kop- b=1,58
iyca
Tomuuna HuxHero nosca (daanua) by ==1,58,

KPBILIKH KOopnyca

TonuMHa HUXKHETO Nosca Koprmyca:
Gez GoOGBILLUKH
npH HadH4YHH CoOBIUKH

Py =1,58; ps=(2,25-:- 2,75) &

ToauiuHa peGep OCHOBaHHA KOpnyca

m=(0,85 -+ 1)

Tonmuuna pebep KPBILKH

my = (0,85 = 1) §,

Huametrp dynnamenTEnX 6o0JTOB

dy=(0,03 % 0,036) a4 12 mm

Huamerp 60aTOB:
¥ DOALIHTHHKOB
COeNMHAIOWLNX OCHOBAHHA Kopiiyca
C KPHILWKOH

dy=(0,7 2-0,75) d,
dy=(0,5 -3 0,6) d,

KPENMuAX CMOTPOBYIO KPHIIKY

d,=(0,3-2-0,4) d; uau no puc. 10.28

PaccrosiHHe OT HapyXHOH IMOBEPXHOCTH
CTeHKH Kopnyca Io ocu Goatos dy, dy,

ds

¢; BbGHpatoT Mo tabsga. 10.4

[llHpHHA HHMXKHEIO W BepXHEro nosfca
OCHOBaHUA KOpnyca

K; BuGupator no Ta6a. 10.4

Pasmep ¢, onpegedsiioliili  GoJoMeHHe
6onToB dy

g * = 0,0d,+d,

Bricota Go0nillkH kg non Goat dy

/g BEIGHDAIOT KOHCTPYKTHBHO TaK, 4TOOBL
ofpa30Banack ONOpHAasi NOBEPXHOCTL MOA
ronosKy GojTa H TAHKY

Pazyepnl 271eMeHTOB GOSLULKH

Rg=10.,5D4 (Dy no taGa. 10.5);
r1==0,15R,

181



IMpononxenne tada. 0.3

O]_)HQH’I'I{])\')BO‘-I HEBIE COOTHOUIEHHA

[apaseTpel {pasmepst, M)
Pasmepnl onopHol nosepxHocTH Dy u A Mpueumaior no taba. 10.5
NoA TOJOBKH GOJTOB W TalKH
Onamerp oTsepcTHH Dy —no HapyKHOMY AHAMETPY
MOIIIHIHHKA HJIH CTaKaHa
i
BruTLl KpenJieHHs KphIm-
KH NONIHTIHHKG d,
THeszo nox UHCJI0 BHHTOB n Hpuansmaor no 'OCT 1851173 =
noafnnn UK Huaverp OK D Y¥KHOCTH ) 1851473
- PACMOJIOKEHNA BHHTOB
Dy
JinameTp rHesna Dy=D,}2-2+5 MM
Dy— nuamerp ¢IanHna KpLIUKH;
JnuHa THesna I** =84 x40} R5-+-3 45 mm
Huamerp poiM-GoJTa d, ewbupaor o F'OCT 4751—73

B 33BHCHMOCTH OT MAacCHl PeXyKTopa
no ta6a. 10.6 (macca pepyxrtopoB
no taéa. 10.7)

Paseps | RAaNeTD e ey
wtTHdTa Tumna Lya=b+b,+5 Mm

Haumensiinfi 3a30p MexAy HapyXHO
NOBEPXHOCTLIO KOJeca H CTeHROR KOp-

nyca: A—1.28
N0 HAMETpPY =1,
no TopuaM Ay=08 (Ha uepTexke He moxasanwe)

* CnenyeT NPOBEPHTE Takike paaMmep e = (1 = 1,2) d,.
** s ypoGeTpa Mexauuuecxkofl o0pafoTKU TODUOB OO0BIUEK M TMPOBEPRH Mepekoca ocefl
OTRepCcTHH passep £ OGLIYHO NDHHEMAETCA OJNUHAKOBBLIM JJIS BCeX ONOp, M0ITOMY H pasmep !
TPHHHMAETCH OA% BCEX THES OHHAKOBBIM,

Ta6.1 Crnenyer 3aMETUTh YTO TOJIILMHA CTEHOK
KOpIyca O M KPBILIKK Kopyca 01 MTPUHUMAETCS
paBubiM 8, 10, 12 mm (Ommkaifiiee Oosbliiiee
YHCJIIO0).

B3anmnoe MTOJI0KEHHE OCHOBAHUSA
KOpIyca ¥ KPBIKH  (UKCUPYIOT  JABYMS
KOHUYECKUMH IMTU(TAMH, yCTaHABIMBAEMBIMHU
710 PACTOYKH THE3]I O] MO IIUITHUKH.
JJ1st mpeoTBpaIeHsT BRITEKAHHUSI
MacJa yepes III0CKOCTh pa3bemMa MECTO
pazbeMa CMa3bIBaIOT CIUPTOBBIM JIAKOM HIIU
KUIKAM CTEKJIOM. [Ipokiagku B ImIIOCKOCTH
pazbeMa He CTaBsT, T.K. IPU 3TOM HapyIIAeTCs
MocaJika MoJIITUITHUKOB B Kopityc. Ha mosice
KPBIIIKY 9aCTO YCTAHABIMBAIOT JIBA OT)KUMHBIX
OonTa 1 obserdeHust pa3oopKu peayKTopa.
J151s 3axBaThIBaHMS pEAYKTOpA MPH €T0 MOAbeME K OCHOBAHUIO KOPITyCa Y BEPXHETO
Mosica €ro MPHIIUTHI KPIOKH (Y JIETKUX PEIyKTOPOB KPIOKOB HE JIEIAOT).
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Jlnst mogbeMa KpBIIKA pelyKTopa (a 3aTeM M peayKTopa B LI€JIOM) CTaBAT Ha
OJTHOM YPOBHE PbIM-O0JTHI, KPIOKHU WU TIETIIH.

Ha kppimike kopmyca Jjisi OCMOTpa MEXaHH3Ma U 3aJIMBKH Macila UMEETCs] OKHO
(J1r0K). Ero 3akpbIBarOT KPBILIKOH.

Rp40
@25 v
= @
’J.'li"H!!l.VIIIIoVIIIIJI ) "‘lg‘i
H | 3
% - I8
b' .
Al o
M s B
24
@15
' Paawmep Yueno M|
A B A, 8, c Cy K R sunh;'ap?’ BHHTOB
100 , 75 150 100 125 - 100- 12 M8x22 4
150 100 190 140 175 - 120 12 M8x22 4
200 150 | 250 | 200 | 230 | 130 | 18 15 MIi0X23 6
Puc. Kpmmxa. CMOTPOBOro OTBEPCTHA PeAYKTOpa:

! — KpHUWKa; 2 — pYYKa-oTAYWHHa; J — MpOKAaZKa (KAapTOH); 4 — BHHT

Puc.12.1
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)
oF g7 3
. -] i ~ %
‘ < GEL ALY ;g
e Lere”/es
]
T <R °
L ' € nod RN X
L NZEANL
f N\
P 3A

A 6|8 | |4 |ENX|BIU|K|1|M|H|O|7]|P]|C

M27x2 | /5 |~30| 75 |~45|36 |32 6l4|70|8 |22|6|32|/#|36|32
M48x3 |35 |~45 |25 |~70|62 |52 0| 5|75 | 73 | 52 |10|56|36|62| 55

Puc.12.2
Bo u36exanue nomnajganus TOCTOPOHHUX MPUMECEH B MAcClIO MPHU 3aJIMBKE €0 B
PEAYKTOP PEKOMEHIYETCSl YCTAaHABIUBATD B JIIOKE CheMHBIN (PUIBTP-CETKY.

J 25k
: /

Puc, 10.30. ®unwtp-cerxa:
1 — XpuiKa; 2 — pyuka; 3 — ceTKa (PHALTP)

Puc.12.3

PenykTopsl TOKHBI UMETh OTAYIIHHY, YCTAaHABIMBAEMYIO Ha KPBIIIIKE CMOTPOBOTO OTBEPCTHSL.
Taom. 2
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10.4. Paamepwl nan u ¢aanues perykropos (cm. puc. 10.24 u 10.25), mm

Bonrtn
MapaneTps: MB M8 M!O Ml2 | Mi16 M20 M24 M27 M3O
K 22 | 24 | 28 | 33 | 30 | 48 | 54 | 58 | 65
6 ) 12 | 13| 16| 18 21 | 25| 3¢ | 36 | 40
Romax’ 5| 5| 5| 5] 8| 8| 10] 10]10
ook 3| s s| s| 5! 3| 8| 8| 8
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TaonTT

 10.5. OnopHble NOBEPXHOCTH NOA Kpenexuile AeTanu (FOCT 12876—67 *)
Pasmephr, MM

—D— Opu guaMeTpe peanbu d

Hasnauenue noaep;xnocm Dy
16| 8f1ofeje]e]s]2]or|ai]ar)a
Ilon GOATH C IIECTHIPAHHONA T0JIOB-
xofi, noa rafixe UIeCTHrpaHHHe, MOX
wafibs NpyXHHHBE, CTONOpPHbLIE C Ha-
PYRHbIMH 3yObAMH, CTOTIOPHNE ¢ BHY-
FPeHHHMH 3YCbsiMH -
SH
= )]
IR | B Ta
Vi 14] 20| 24) 2630 | 3335 40 42 45 52 60
d 18124 2830343842 |45[48| 52|60 |65
3 S
N ) ' ?&B
s In__‘i | &0 T =) e
. | I N zv/ T T .-1‘ v’ -
QU QU
] d A .1_-—'
- INon wan6u
¥
B 1412026 (984 32| 3¢(38 | 40| 42 50 | 55 60
18243034136 |40 |42 (45|48 (55)60165
| b .-
' 7
- ]
1 .
1 'Hpnueqannn' 1. ﬂpenenbnoeomonennepasn a D no A,
2. Pasmep A ycrauanausaer KOHCTDYKTOD (acro oﬁpa TKa A0 IUePOXOBATOCTH ! 4-ro macca}
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10.6. Puim-60aThl ¥ rre3aa nop uux (nmo 'OCT 4751—73)

4, s
-~ <
Mecmo 0ng / 4 N
7 ~
L KAeUMA - AT+ %
%, 120 ‘
\K dsA, ) 12
oy d Y&
N 7 %
’// 5 . -
280,
/ . 45 © I
/ % ——
. : /?z%* a d;
J4
YcnoBHee o603HaveHHe pHM-6oyita ¢ pe3nGoit M10: |
Post-6oam M10 FOCT 4751—=73
Huamerp pesnbn d M8 Mle Mi2 ’ Mié6 ' M20 . M24 M30
dy 36 45 54 63 72 90 108
dy 20 25 30 35 40 50 60
ds 8 10 12 14 16 20 24
dy 20 25 30 36 40 50 63
b 10 12 14 16 19 24 28
h 12 i6 18 | 20 24 29 37
Prim-604T
hy 6 8 10 . 12 14 16 18
I 18 21 25 32 38 45 55
1, He MeHee 12 15 19 25 29 35 44
r 2 3
r1 4 [ 8 12 15
Macca 1 wr., KU 005 | 0,12 | 0,19 | 0,31 0,5 0,87 | 1,58
dy 13 15 I . 22 28 32 38
I'nesno mon hy 5 6 6 7 9 | 10 1
pbIM-6OJT
Iy 19 22 26 33 39 47 57
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[Tpononxkenue Tatn. 10.6

Ipy3ononbeMHOCTR Ha | peM-GONT, KP

HuameTrp pe3stol 4

j M8 ’ M10 ‘ M12 ! M16

M20 j M21 | M30

[To# Ha-
npasJie-
HHH
cTpor

no Bep-
THKAJ/b-
Ho# ocH
pLIM-
foata

P

120

200

300

530

850

1250

2000

nox
yrJaom
45" or
BEPTH-

KaJbHOH

OCH PbIM-
foJTa

B IIJIOCKOCTH KOJ/1blAd

80

125

175

250

325

500

700

C OTKJIOHEeHHueM OT
NJAOCKOCTH KOJablIa

40

90

125

150

250

350

llpuwmeuanwue. [Ipw nogbeme rpysa Hanpas/ieHHe CTPON HOJ YIVIOM OT BeDTHKANLHOH OCH

pHM-G0JITa CBbite 45° He JNOMyCKaeTcd.
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10.7. Macchl HEKOTOPBIX THNOB PEAYKTOPOB

3yGuamste yururOpuneckue o0ROCMyneRyamole pedyxmopot

100 160 200 250

MesgoceBoe paccTONHHE dpy, MM
45 85 140 250

Macca peayxrtopa, Kr

3

330

15

Sybuamole yuaundpudeckue OsyXcmynendamete pedyxmopst

Macca pepykTopa, Kr l 100

700

MemoceBoe paccrosiHue gy X | 100X 160 | 125200 | 160230 | 200315 | 250 3400
X Qyya, MM . _
200 l 300 400

|

ITpogomxenne Tada, 10.7

Jybuamoie yurundpusieckue Osyxcmyneruamvie cOOCHbIE pedykmopot
MerkoceBoe paceTOAHHE dgy, MM 100 160 200 250 | 315
Macca penyxTopa, Kr 90 180 280 380 ¢ 500

Sybuamoie Koruveckue pedykmopnt
Kornycnoe paccrosuue R,, M 100 1690 200 250
Macca peayxropa, Kr 50 60 100 190
3ybuamee Konuecko-yurundputeckue pedyxmopor
Konycroe paccrostiie R,, MM 100 100 160 200
Mexocesoe paccTosiHHe gy, MM 160 200 230 315
Macca penykTopa, xr 170 200 400 500
Hepsaunvie pedyxnopsi
Mexocenoe paccTofine dy,, MM 80 | 100 | 125 18C | 225 [ 250
Macca peaykTopa, Kr 30 60 70 170 | 210 | 270
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13. KOHCTPYUPOBAHUE PEJJYKTOPOB

13.1. CoopouHbIil yepTex peaykTopa (KOpoOKH repesay).

COopouHbIif yepTex BBINONHIETCA Ha 2,5 nuctax ¢popmara Al B macimrade 1:1,

eciau MOITHOCTh AnnekTpoasuratens N,; < 5,5 kBt u Ha 3 nucrax, eciu N,; > 5,5 kBT.
Heo6xomumo gaTe TpH MPOEKIMH peayKTopa (KOpoOKH Iepenad) U JOMOJHUTEIIbHbBIC
BUJIBI U CEUCHUS, €CIIM ATO HEOOXOUMO JJIS TMIOJTHON pa3pabOTKU KOHCTPYKITHH.

JIist  BBIMOJHEHUS COOPOYHOIrO dYepTexka peaykropa (KOpoOKu Tmepenay)

HCO6XOI[I/IMI>I PacCUYCThI:

1.
2.

3.
4.
S)

6.
7.

KunemaTnueckuii pacder puBoAa.

Pacuer MexaHudeckux mnepenady M pa3padOTKa KOHCTPYKIUHU IIECTEpHHU, KOJEec,
YEepBSIKOB, IIKUBOB.

[TepBast KOMIIOHOBKA pEAYKTOPA.

Pacuer BanoB u pa3paboTka UX KOHCTPYKLIHM.

[logOop  MOAIIMIIHUKOB  KayeHHs, MpoBEepKa HUX 1O  JUHAMHYECKOU
Ipy30I0AbEMHOCTU U KOHCTPYKTHUBHAsS pa3paboTKa MOJIIMITHUKOBBIX Y3JI0B.

Pacuer mMNoHOYHBIX U HIJIULEBBIX COCAUHEHUM.

Pacuer ay1eMeHTOB KopIryca peqyKTopa.

Jluctl. 'opu3oHTanbHas IPOEKIUs peayKTopa (KOpoOKH mepeaay).

B ocHOBy Oepetcs nepBasi KOMIIOHOBKA pelyKTOpa, HO Ha JINCTE U300paxaroTcs

KOHCTPYKTUBHO pa3paOOoTaHHbIE BaJibl, 3yOUaThie KoJieca, MOAIIUITHUKOBBIE Y3JIbI.

KOHCprKHI/IH OUJIMHAPHUYCCKNX, KOHHYCCKHX, UYCPBAYHLIX KOJICC, IICCTCPCH,

YEPBAKOB.

13.2 KPBILIKH ITOAIINITHUKOB

KpbIIKy NpHKUMHBIE «TITyXUe» (MPEANOYTUTENEH TUIT 2) U CKBO3HBIE
noa0UparoTCA Mo HApYKHOMY AUAMETPY MOAIIMITHKUKA, YCTAHOBICHHOMY Ha Baly.
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8.25. Kpumku npuxumunle (no I'OCT 18511—73)
Pa3Mepnl, MM g

Tunt . Tun 2 Tun3
I 1
. I
| \ o !
£/

: . Henonwenuel
o+ :
N7 ‘ :

/ %5e < ]
e -.§ . ) ‘ '=l=1 ] ——
] |9 =Y e N
/4
5/ ' Kcnaﬂnegue 2
max
v % | -
A a7
. . \
| H _| | h=B5H hy H | Xl
H=15H Hy % |

QTBepPCTHA MOA BHHTH

d | 4, ds Uueno

18—20 28 40 14 | 48 8 | 10 3 6 e 2

2122 32 45 16
24—26 36 50 18

832 | 42| 55|
35—37 | 48 28 18

042 | 54| 70| 34
.44—47 | 60| 78| 38

58 | 10 | 12 3 8 | 17 5 3

&

50-52 | 66 | 82| 44| 7 |12[14] 4 j10} 2 [ 5 | 4
55—58 48 B _
o6y | 5| 95| 5 : 22 | 79
6368 | 8 | 105 58

7 62 4 | -

90 | 110

7 alll BB IR 2] 26 | 8 | 4
80—85 | 100 | 120 | 72 6

90—95 | 110 | 130 | 80

100 | 120 | 145 | 90 }

105110 | 130 | 135 | 95

115120 | 140 | 1

125—130 | 150 | 175 {115 | V| 18| 2| 6 |15} 82 915
135—140 | 160 | 185 | 125
145 | 170 | 195 | 130

Prc. 13.1
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8.26. Kpuwku npuxumnsie (no I'OCT 18512—73)
Pasmepbl, MM

k.
ok 7 I 1
& ;// Henonwenue |
’ '1 - S YA S b
| —
7 ‘ , i
e " ]
=Y B :55&‘:5‘ < )
ox45°
; 7 Henonwerue 2
& .r_:- ! Z2max
1 oy =
h L ‘
Fﬂ—-
OTeepcTHR NOJ BHHTH
D D, . Dy D, .D‘ H h hy B
d dy | dy | inc
20
36—37 | 48| 65| 28| 35|58/ 10f12( 4 [14]| 4| 8 |12
40--42 54| 70| 34| 40
47 60 | 78| 38| 47
52 66| 82| 44 50| 7 (12| 14| 4| 15 5 |10]13
55 75| 95| 481 50 -
60—62 78| 95| 52| 60
65—68 | 84| 105 58| 68
e AR AR I 17
° 9 115120 6 112115
v80—85 | 100|120 72| 80 o8
90—95 | 110 | 130.1 80| 92
100 120 | 145 | 90 | 100
ot | 85| & |
115—12 4 5 5
125—130 [ 150 [ 175 [ 115 [ 125 [ 11| 18|24} 125 B 15 | 20
135—140 | 160 | 185 | 125 | 135
145 170 | 195 | 130 | 145
150—155 | 180 | 210 | 135 | 150
160 190 | 220 | 145 | 160 1312026 28 \IOI 18|25

Puc. 13.2
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13.3 KOHCTPYNPOBAHUE ITOAIIMITHNKOBBLIX Y3JIOB PEJJYKTOPOB

JleTanu MOAIIMITHUKOBOTO Y314 TOJDKHBI 001a1aTh TOCTATOYHOW MPOYHOCTHIO U
KECTKOCTBIO.

1. B penykropax ¢ NIMIWHAPHYESCKUMH MPSIMO3YOBIMH KOJIECAMHU OCEBBIX YCHIIHMA

HET, HO MOTYT BO3HUKHYThH CJIy4YalHBIC OCEBBIE TOJYKH, IMMOITOMY PEKOMEHIYETCS
3aKpEIUIATh OJAWH MOJIIUIHUK MO BHYTPEHHEMY M HAPYKHOMY KOJbIaM (IIapHUPHO-
HEMOJBI)KHASL Omopa), JAPYrod TMOJIIMIHUK JeJaTh IUIaBaloluM  (IIapHUPHO-
NOJIBIKHAs ornopa). Takol cnoco® yCTaHOBKM MOAIIMITHUKOB JOMYCTUM MpPU JHOOOM
pPacCTOSHMM MEXKIy ONopamu, T.K. BO3MOYKHOCTh 3aKJIMHUBAHUS TEJN KadyCHHUS

U

i

//1
NN

-———-\_T———-—-—l

:\ 7 ?
NN SNANNANY
puc.13.3

Ha puc.13.3 ycTaHOBIIEHBI CTaKaHBbI: CIIpaBa — JJIs 3aKPETUICHUS HAPY>KHOTO KOJIbLA

TMO/IIIMITHKKA, CJIeBa — YTOOBI OblIa CKBO3HAs pacTOYKa Kopiyca 0e3 yCTynoB, oberdarorias

nporiecc 00pabOTKKM OTBEPCTHHA 10| MOAMIUITHUKY C OJJHON YCTAHOBKH. JTO TaKKe 00eCreurBaeT

OOJIBIIYI0 TOYHOCTh MOCATOYHBIX MECT.

Ha puc.13.4 napyxHO€ KOJIBIIO JIEBOTO MOAUINITHUKA KPEMUTCS C OJJHOM CTOPOHBI
Pa3KUMHBIM CTOTIOPHBIM KOJIBIIOM.

: \”ij;’n i
Y

puc.13.4
Ecnu yvacrora Bpamenust Bana He Oonbias (N < 150 06/MuH), a Harpy3ku Ha
NOJIIMITHAK ~ 3HAYUTENbHbIE, TO YCTAHABIMBAIOTCS  POJIMKOBBIE  paJHaIbHBIC
noAmunHuKH. (puc.13.5).
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Q
puc.13.5

JIeBbIii MOANMIUITHUK JKECTKO (DUKCHPYET BaJl MO OTHOILICHHUIO K KOPITYCY M MOXKET
BOCIIPUHUMATh paJMajbHble U ABYXCTOPOHHHE OCEBbIE CHibl. HapykHoe KOJIbLIO
MPaBOro MOJUIMITHUKA 3aKPEIUIEHO B KOPITyCEe, HO TaK KaKk OHO HE MUMEET OOpPTOB, TO
oropa IUiaBaromas (Baj, OJIETOe C HAaTATOM Ha HETO BHYTPEHHEE KOJBII0 U POJUKH
MOTYT TepeMeniaThCsi OTHOCUTEIIBHO HApPY>KHOTO KOJblla). Eciu niuHa Bajla MEXIy
ornopamu { < 150 MM, TO paaualibHbIE MOAMIMIIHUKA MOXXHO CTaBUTh Bpacrop, Mpu
3TOM BO3MO’KHOE YyIJIMHEHHE Bajia Oy/JeT KOMIIEHCHPOBAThHCS 33 CUET OCEBOrO 3a30pa B
MOAIIUITHAKAX, WM Y TIPAaBOro MOAMMUITHAKA (puc.13.4) Mexay HapyKHBIM KOJIBIIOM U
KPBILIKOW MPEyCMaTPUBAETCS 3a30P.

2. B penyxTopax ¢ Koco3yObIMU KoJIeCaMy Ha OTOPBI BCET/ia IEHCTBYET oceBast
Harpyska, BO3pacTaromias ¢ yBeliuueHueM -yriia HakioHa 3y0obeB. Eciu yron HakioHa 3yObeB 3
< 9° TO MOJKHO YCTaHABIMBATh PAJHAIbHBIC IAPUKOTIOAIUITHUKHY, a ipH B > 9° - paguanbHo-

YIOPHBIE NOIMIHUKY /IIapuKoBble Wik ponukoBbie/ (Puc.13.6 u 13.7). Ecnu pacctosiHue

MEX/y cepelMHaMy MOIIIMIHUKOB He Oosiee 350 MM, TO IIapPUKOBBIE PaHallbHO-YIIOPHBIE WU
KOHHUYECKHE POJMKOBBIE MOANIUITHAKY YCTAHABIMBAIOT Bpaclop U GUKCUPYIOT TIOJ0KEHUE Bajia
B OCEBOM HaIpaBlIeHUH B 00€ CTOPOHBI. [Ipy yBeIMueHNN pacCTOSHUSA MEX/TY ONIOPaMHU TEIJI0BOE
YAJMHEHUE BaJla MOXKET TIPEBBICUTH OCEBBIE 3a30PbI B TIOIIIUTHUKE U BHI3BATH 3aKIMHIBAHHUE TE
kaueHust. OceBoii 3a30p PeryIupyeTcsi KOMILIEKTOM METAUTMYECKUX MPOKIAIO0K TOMIMHON
kaxaas 0,05...0,5 MM (cTasb), ycTaHABIMBAEMbIX MEXKITY KOPITYCOM H KPBIIIKON MOIIUITHUKA.

e 3
: @%7 7 i i
il L.T‘\L;
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Puc.13.7

[Ipu 3HauMTEnBPHOM paccTossHUU Mexay omopamu (€ > 350 mMm) wim B Tex
cllydasix, KOrja JeHCTBYET 3HauUMUTEIbHAsI paJualibHas Harpy3ka COBMECTHO C OCEBOW,
IIpM PEBEPCMBHOM BpalICHUU Bajla, KOIJAa CIEAYEeT OXKHMJAaTh OOJBIIOrO TEILIOBOTO
YVIJIMHEHHUSI Bajla — BO BCEX 3TUX CIIy4asX Ha OJHOM OMOpe yCTaHABIMBAIOT Bpaclop JBa
paanaNbHO-yHIOPHBIX WApUKo- (puc.13.8) wim ponukonoammnHuka (puc.13.9); npyryio
OMOpYy JAEJNAI0T IUIABAIOLIEN — C paIuaIbHBIM APUKONOIIIMITHUKOM HIIA C POJIUKOBBIM
0e3 00pTOB Ha Hapy>kHOM KoJiblle (Tum 2000).

< Fi
A ﬁ EESNY
- ( 5N
* > N - T PN \L
NN &
7B\
Puc.13.8
% G N N
”’//f_?// 7 \\\
ALl L P
% ? ‘hﬁ %/4'"(, 0758 I S N
; ] JEs 1 g < N
ke N BSOS 22 \‘-\
I =
. S /
Cdmml T T Y G;EH, .
/,{ %}\\ > J : L\/\\ N\
A e / < \\\ 7‘\ \ A3 Y
C/"“\////,?///// “..\\\‘E\\\‘\\\\rl\3
Puc.13.9

3. B mepemadax ¢ NIEBPOHHBIMU KOJIECAMH WJIM CIBOCHHBIMU KOCO3yOBIMU
KoJiecaMH, OOpa3yrolUMU IIIEBPOH, ITOCTOSHHO [JEUCTBYIONIME OCEBBIC YCHIIHUS
OTCYTCTBYIOT. B 3TuX peaykropax MNOAIIMIHUKK Baja, Ha KOTOPOM PacCIOJIO0KECHbI
KoJjieca, GUKCUPYIOT OTHOCUTENILHO KOPIyca B OCEBOM HarpaBiieHUH. Bay, Ha KoTopoM
HAJIEThl MIECTEPHHU (WU BBHITIOJHEHBI 3a0JHO C BaJiOM), JIODKEH OBITH IJIaBAIOIIUM,
yToOBl Y HEro OblJa BO3MOXKHOCTh CAaMOYCTAHABIWBAThCSA MO Kojecam.  Jlis
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IUTABAIOLIMX BaJOB CIIEAyEeT MPUMEHSTh POJIMKONOAIIUITHUKY paguaibHbie 0e3 OOpTOoB
(tun 2000) Ha HapyxHOM KoJiblle (puc.13.10). HapyskHble KOJblla TUX MOJIIUITHUKOB
3aKPEIUISIOT B KOPIYCE MEXKAY KPBIIMIKOM M pa3KUMHBIM (MPYKUHHBIM) KOJIBIIOM, a B
OCEBOM HAMPABJICHUU BaJl MOXET NMEPEMENIAThCS] BMECTE C BHYTPEHHUMU KOJIbIIAMU U
POJIMKaMH MO OTHOIICHUIO K HAPYKHBIM KOJIBIAM.

7.7
A
Puc.13.10
4. Tlpu KOHCTPYHUPOBAHUM TMOJIIUITHUKOBBIX Y3JI0B KOHUYECKUX 3yOUaThIX
PEAYKTOPOB HEOOXOJIMMO YUYUTHIBATH MOCTOSIHHO JEHCTBYIOIIEE oceBoe ycuiue. Jlis

OBICTPOXO/HBIX Iepeaady HeOOJbIION MOITHOCTH LEIECO00Pa3HO CTABUTh PaJAHalIbHO-
YHOPHBIE MAPUKOMOAMUITHUKY (puc.13.11)

A
I s
L

A
Ll

é\\ = N \\E
007

puc.13.11
[Ipu cpenHux MOUIHOCTSIX W MeHbIMX ckopocTsx (N < 150 o0/muH),
yCTaHABJIMBAIOTCS KOHUYECKUE POJIMKOTIOAMIUITHUKH (puc.13.12).

NN ey
e
| PRI TR
HAD

L

N

N }__._ i?’

/‘7'/. s SCM 5 7

SANMN RN 7 §
&\\\ §\\\\ N2

Puc.13.12
Ha puc.13.13 nokazana ycTaHOBKa NOAIIUITHUKOB BPACTSIKKY.
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Puc.13.13

VYcranoBky noammnHukoB Ha puc.13.11 m 13.12 cnenyer cuumrarh Oonee
palMOHANBHOM, 4YeM Ha puc.13.13, T.K. B mNEpBOM ciydae OCEBas Harpyska
BOCIIPMHUMAETCS MOJIIUITHUKOM, Ha KOTOPBIM JACHCTBYET MEHbIIAS paJhaJIbHAS CUJIA.
IIpy ycTaHOBKE TOAIIMIHUKOB 1O puc.37 u 38 0ceBod 3a30p PEryJUpyroT
POKJIaIKaMu MeXAy (pJIaHIleM CTakaHa W KpBIIIKOW. PerynupoBka oceBoro 3a3opa rnpu
ycTaHoBKe 1o puc.13.13 ocymiectBisercs pe3b00BOM Taiikoil CO CTOMIOPHBIM KOJIBIIOM.

B oTHOIIEHUN )KECTKOCTH y371a KOHCTPYKIHUS Ha puc.39 NpearnoyTUTEIbHEE, YEM
Ha puc.13.11 u 13.12, T.K. Ipy OAMHAKOBBIX PACCTOSHUIX MEXIY oropamu {, BeTUUnHa
ornopHo# 6a3bl L OonbIe £ .

5. B 4epBSUHBIX peayKTOpax HUCIOJIB3YIOT PaJHaibHO-YIOPHBIE IAPUKOBBIE U
POJIMKOBBIC KOHWUYECKHE MOAIIMIHUKU. [Ipr MexKoCceBOM pacCTOSIHUM YEpBSIYHOU
nepegaun a < 180 mm u € < 400 MM Ban yepBsIKa MOXHO YCTaHABIMBATH HAa
paauaNbHO-YMOPHBIX MoAmuUnHanKax Bpacnop (puc.13.6 u 13.7). Ilpu £ > 400 MM o06a
paavaNbHO-YIOPHBIX TOIIMITHUKA CIEAyeT CTaBUTh B OJHOW orope (IapHUPHO-
HEMOJIBI)KHAS OTI0pa), a JAPYTYIo JeiaTh IJIaBarolie (IapHUPHO-TIOIBIKHASL OTMOpa)
(puc.13.8 u 13.9). B y3max no puc.13.8 u 13.9 HapyxHbIli AUaMeTp YEpBsIKa JOJDKCH
OBITb MEHBIIIE BHYTPEHHETO JAMaMeTpa OOpTa CTakaHa, TOTJA YEPBSK JIETKO BBHIHYTh.
[TonoxeHue YepBsIKa OTHOCUTENBHO KOJE€Ca MOXHO PEryjJupoBaTb B OCEBOM
HaIpaBJICHUU POKIaJAKaMHU MeXAY (PIaHIleM cTakaHa U KOPITyCOM.
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13.4 YI/IOTHEHHA

JI71s1 3a1UThl TOAIIMITHUKOB OT MOMAaJaHusl U3BHE NBUIA U BJIATU, a TaKXe I

MPEJOXPAHEHHUS OT BBITEKAHMSI CMAa30YHOI0 MaTepHaia U3 MOAMIMITHUKOBBIX y3JI0B Ha

BXOJIHOM U BBIXOJTHOM BaJIaX PeIyKTOpa MPUMEHSIOT YIUIOTHUTENbHbIE ycTpoiicTBa. [1o

MPUHIUITY JEHCTBUS Pa3INyaloT YINIOTHUTEIbHbIE YCTPONUCTBA: KOHTAKTHBIE,

JaOMPUHTHBIE, IIETIEBBIE U T.I.

Ha pwuc.13.14, 13.15, 13.16 mnpuBeneHsl HauOojiee paclpoOCTpaHEHHBIE B
MalIMHOCTPOCHUH YIIJIOTHEHHUS.

1. MamxeTHbIe yIutoTHeHUs (puc.13.14) npuMEHSIOT IPU CMa3bIBaHUU

MOAIIUITHUKOB XUJIKAM MacJIOM.

v NCR 7\ U 2% 7
NN ~ S
/ //’ | _z///
li ] l
- It ]

puc.13.14

Jlomyckaemasi OKpy>KHasi CKOPOCTb B MECTE KOHTAKTa MaHXeThl ¢ BajioM 10 m/c.
MaHxkeTy OOBIYHO YCTAaHABIMBAIOT OTKPBITOM CTOPOHOW BHYTph Kopmyca. [Ipmxum
YIUIOTHSIFOIIEH JIOMACTH K Baly OOECIIeUnBAETCS KOJIbLIEBOM BUTOU MPYKUHOM.

s yMeHbplIeHNs M3HOCA BaJIa B KOHTAKTE C JIONACTHI0 MaHXKEThl TBEPIOCTh €ro

noBepxHoCcTH AoipkHa ObITh He MeHee HRC 40...50, uncrora o6pabotku /Ral,25.

JluameTp 1IEWKW Baja BBINOJHAIOT Mo mnocagke f6. Jlns BBIIPECCOBKM MaHMKEThI B
YIIOPHOM OypTHUKE TOPLEBOM KPBIINIKKA, B KOTOPOM pa3MelieHO YIUIOTHEHHE,
HE0OXOJAMMO BBITIOJIHUTH 3-4 OTBEPCTHSI.

[Ipu skcrmyaTanuy peayKTopa B 3albUIEHHON Cpelleé MaHXETy MOBOPAYUBAIOT
YIUIOTHSIIOIIEH JiomacThio Hapyxky (puc.13.14,a) wunum UCHONB3YIOT MaHXeTy C
JIOTIOJTHUTENBHOU JonacThio (puc.13.14,6). B mensx moBbIIIIEHUST HAJIEKHOCTH WHOTIA
CTaBST 10 JIB€ MaH)KEThI, OOpaIlleHHbIE B pa3Hbie CTOPOHBI (puc.13.14

,8), UTO TIO3BOJISET 33/IEPKUBATH U MACTIO, U TIHLIb.

B 1a6:1.13.1 nansl pazMepbl MAaHXETHBIX YIITIOTHEHHM.

Pa3Mepbl yCTaHOBOUHBIX MECT JIJIi MaHeT W ImmpuHa MaHxkeT (MMm) nmo ['OCT
8752-70 nmpuBenensl B Ta01.13.2.
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Taomuna 13.1

[ D _
oQ
d
d D B
Homunaneh. | Ilpenenbhbie HomunaneH. [Ipenenvubie Homunansn. | Ilpenensn
pazmep OTKJIOHCHHS pazmep OTKJIOHCHHS pasmep BIC
OTKJIOHCHH
i

30 50;52;55

32 50;52;55

35 55;58;60

38 55;58;60

40 60;65

42 65

45 65;70 +0,40 10 +0,25
+0,20

48 70

50 70;75;80

52 75

55 -1,2 75;80

58 80

60 80;85

65 90

70 95;100

75 100

80 100;110 +0,55 12 10,30
+0,30

85 110

90 120




Tao6smna 13.2

HunameTtp [[Iupuna HuameTtp [upuna
Huamerp Bana pacTouKu MaHXEThbI Huametp Basa pacTouKu MaHXeThI
B KOpITyCe OJTHOKPO- B KOpITyce OJTHOKPO-
(KpBIIIKE) MOYHOM (KpBIIIKE) MOYHOM
10; 11 26 7 55; 56; 58 80 12
12; 13; 14 28 7 60 85 12
15; 16 30 7 63; 65 90 12
17 32 7 70; 71 95 12
18; 19 35 7 75 100 12
20;21;22;24 40 10 80 105 12
25 42 10 85 110 12
26 45 10 90; 95 120 12
30; 32 52 10 100 125 12
35; 36; 38 58 10 105 130 12
40 60 10 110 135 12
42 62 10 115 145 12
45 65 10 120 150 12
48; 50 70 10 125 155 12
52 75 10 130 160 15

2. Boiinounsie ymioTHeHust (Tab6in.13.3) Oosiee HaACKHBI MPU KOHCHUCTEHTHOU
cMaske; gomyctumas temmnepatypa ot -50 no +120 °C. OxpyxHasi CKOPOCTh B KOHTAKTe

HE JI0JDKHA MPEBBIIATh 2 M/C.

Taomuna 13.3

o a%‘l;

Q — l—
a S

d d1 dz D a b So d d1 d2 D a b So
10111 9 | 23| 6 (43| 9 |60 (61559 79| 9 |65 12
15116 | 14 | 28| 5 |43 | 9 | 65 |665| 64 | 84 | 9 |65 | 12
20121119 |33 | 6 |43 9 | /701|715, 69 |8 | 9 |65 12
25126 |24 | 38| 6 |43 9 | /5 |765| 74 |98 | 12| 9 | 15
3031 (29|43 | 6 |[43] 9 |80 (815 79 [103| 12 | 9 | 15
35136 |34 |48 | 9 |65|12 |8 | 87 |84 (108 12 | 9 | 15
40 1 41 | 39 | 59| 9 | 65|12 |90 | 92 |89 (113| 12 | 9 | 15
45|46 |44 |64 | 9 | 65|12 | 9 | 97 | 94 | 118 | 12 9 15
50 (515149 |69 | 9 |65 12 [100(102| 99 [123| 12 | 9 15
55 [565| 54 | 74| 9 |65 | 12
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3. llleneBble yruIOTHEHUS

R 058
7 7
1
“al /

956 | 18] [05€ 6lrzd |
I % 4 \-.

N 3

X 83

) 5 — !

Puc.13.15

[[InpuHy KaHABKU b TPUHUMAIOT B 3aBUCUMOCTH OT JuaMeTpa Bajia d (Mm).

d cBbItre 20 cBoIme 50 cable 80
1o 50 1o 80 o 120
b 2 3 4

3a30p51 MICJICBBIX YHJ'IOTHGHI/Iﬁ 3alOJIHAIOT ILIACTUYHOM CM&SKOI?I, KOTOpad
3alIMUIIacT ITOAIIHUITHHUK OT IIOIIadaHMA N3BHC IIbIJIM M BJIAIr'U.

4. Jlns moBbIIIEHUS YIUIOTHsomero 3¢ ¢dexkra pa3audHble BUAbl YITIOTHEHHM

KoMOuHUPYIOT. Ha puc.13.16 npuBeaeHbl KOHCTPYKIMHU JAOMPUHTHBIX YIUIOTHEHUH B
KOMOMHAIIUU CO IIEJICBBIM U MaH>KETHBIM YIIJIOTHEHUEM.

NNNNNN,

Puc.13.16

Ha ropu3oHTanbHONM MPOEKIMH IPOPHUCOBBIBAETCS HAJIOKEHHBIM KOHTYPOM

(TyHKTUPOM) TOJIIIMHA CTEHOK KopIyca W ImupuHa (ianna. OnTuMaibHas TIUPHHA
daHIa onpeaeNseTcs CaeayoIuM 00pa3oM.

L=2x3 + 2d6
3 MM OT CTEHKH — YTOOBI ITOJIOUTH KITIOUOM;

3 MM ¢ Kparo — 4yTOObI HE CBEIIMBAIACH IOJIOBKA 00Ta;
2ds — MakcuMaJibHasl BEJIMYMHA TOJIOBKU OO0JITA.

B xopmyce npenycMaTpuBaroTCsl OTBEPCTHUS 11O OOJTHI:
1) B 30H€ NOAIUITHUKOB (CTSAXKHBIE OOJITHI)
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MIpY MOILHOCTH jieKkTpoaBurarens < 5,5 kBt — M12

IIPU MOLIHOCTH 3JI€KTpoaABUrarens > 5,5 kBt —M16

UToOBl yCTaHOBUTH CTSXKHBIE OOJTHI HEOOXOAMMO HAMMEHBIIEE PACCTOSHHE
MEXAYy MOAIIMITHUKAMHU MOJEIUTh IMOIMOoJaM — IEHTp 00JiTa, BCE OCTaJIbHbIE OOJTHI
pacrnoJiaraloTcsi CHMMETPUYHO OTHOCHUTENILHO OCH BajioB. B aTom ciyyae Gosthl OyayT
paboTarh TOJILKO Ha pacTsbkeHue. Ha OokoBbIX (iaHnax pacrnosiaratorcs (hiaHIEBbIE
60nThl. OHU UMEIOT pa3Mep Ha HOMEP MEHbIIIE, T.€. COOTBEeTCTBeHHO M 10, M12.

[IpopHCOBBIBAIOTCSL PACIIOPHBIE BTYJIKM — NEPEAAIONINE YCWIHS OT KOJIEC,
[IeCTepPEH, IIKUBOB, My(Thl Ha MOAMMIHUKA. HapyKHbII quaMeTp BTYJIKU HE JOJDKEH
BBIXOJIUTh 32 pa3Mep BHYTPEHHErO KOJIbLla MOAIIMIHUKA, U ObITh paBHbIM 0,3...0,5
BEIIMYMHBI CTYMNHIBI JTIOOOW jaetanmm (kosieca, mikuBa U T.a.). llpm stom dopma

PACIIOPHO#T BTYJIKH MOXKeT ObITh | - 06pa3HOi MM KOHYCHOA.

Jluct 2 - ¢ppoHTaIbHAs TPOEKIUS PEIYKTOPA.

[IpoBonATCS TOHKMMH JIMHUSIMH OKPYKHOCTHU BBICTYIIOB 3yObEB OBICTPOXOJIHOTO
¥ TUXOXOJIHOTO KoJjiec. Ha paccrostnun 46 (6 — ToNIMHA CTEHKU Kopiryca; 46 ~ 40 MM)
OT OKPY>KHOCTH OOJIBIIIETO KoJieca MPOBOAUTCS JIMHUS JTHUINA peaykTopa. TommuHa
nHumia paBHa 1,56. CBepxXy 00JbIIOro Kojeca OTKIIaJbIBaeTcsi Oe3zomacHbld 3a30p 10
MM U MPOBOJUTCS BHYTPEHHSIS IMHUS KPBIIIKKA Kopiyca. Uepe3 eHTp KOoJec MPOXOIUT
JIMHUS pazbeMa KOpIyca U KPBIIMIKK peayKTopa. TouHa KPhIIIKA 61 ONpPeAesieTCs
pacyeToM.

B BepxHel yacTu KpBILIKK KOPITyCa Pacroyiaraetcsi OKHO JJIsi OCMOTpa MOJIOCTH
penykropa (cMoTpoBoe OKHO). JKemarenbHO, 4TOOBI 0030p ObLI HanbOJEe IOJHBIM.
OKHO 3aKpbIBaeTCsl KPBIIMIKOW C 3aKpPEIUICHHOW B HEM NPOOKOW OTIYIMIMHOW (IJIst
CTpaBIMBaHUS M30BITOYHOTO JABJICHHUS B KOPITyce peaykTopa mpu padote). CMOTpoBOE
OKHO, KPEIUICHHE K HEeMY KPBIIIKK W MpoOKa OTAYIIMHA JODKHBI OBITh MOKA3aHbI B
BBIPBIBE.

B BepxHeld yacTM  KpBIIIKK  Kopmyca  (OKeJmaTeiabHO MO  LIEHTPY)
MpeyCMaTPUBACTCS MECTO JJIsl YCTAHOBKU PBIM-OOJITOB, IEHTPHI KOTOPBIX JIOJKHBI
OBITHh Ha OJIHOM TOPU3OHTAJILHOW JIMHUHM, YTOOBI HE OBUIO MEpeKoca peayKTopa Mpu
TpaHcnoptupoBke. IloBepxHocTH mnoa peIM-00aTHl  (OOOBIMIKK) 00pabaThIBAIOTCS.
Heo6xonumo nokasath B BEIPBIBE OJIMH PHIM-00JIT.

13.5 CMA3KA PEAYKTOPOB

Ha3HaueHne cma3Ku pEeIyKTOPOB COCTOMT B CHW)XEHUM NOTEph HAa TpPEHHE,
YMEHBILIEHUHU U3HOCA KOHTAKTUPYIOIIMX OBEPXHOCTEN U YJaJI€HUU IPOJYKTOB U3HOCA.
Kpome TOro, ¢ mDOMOLIBIO CMa3KH MPOU3BOAUTCS OXJAKICHUE JETAed U
MIPENOXPAHEHHUE X OT KOppo3uu. ClI0i CMa3KH, pa3Iesolnii TOBEPXHOCTH KOHTAKTA,
AeMIpUpyeT TMHAMUYECKHE Harpy3KH, YTO B COUETAaHUH C YMEHBIIEHUEM CHJI TPEHHUS
Ha CMa3aHHbBIX MOBEPXHOCTSIX CIIOCOOCTBYET CHUKEHUIO YPOBHS 1IyMa U BUOpALIUA.

B penykropax o0OIIEMalIMHOCTPOUTEIBLHOTO MPUMEHEHUS, TN€ OKPYKHbIC
CKOPOCTHU Ha KoJiecax He mpeBbimatoT 10...12 m/c, 11 cMa3ku 3y04aThiX U YePBSIUHBIX
nepenad MCIosb3ylT crnoco0 OKyHaHMs KoJieC B Macio. B cimydae kapTepHOil cma3ku
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3yOuYaThIX KOJIEC YCTAHaBIMBAIOT YPOBEHb Macjla M O0bEM MAacCIsIHOM BaHHBI.
MuHuManbHbeIil 00bEM 3aJIMTOTO Macia B 3yOdYaThIX IMepeaadax OOBIYHO COCTaBISIET
0,4..0,6 n, a B uepBsiuHbIX mepenavyax - or 0,6 7o 1,0 1 va 1 kBT nepemnaBaemoit
MOIIHOCTH, TIpU4YeM OOoJIbllIee 3HAUCHUE COOTBETCTBYET MaciaaM OOJIbIIEH BI3KOCTH.
B Ta6.13.4 nmpuBeneHbl XapaKTEPUCTUKH HEKOTOPBIX ABTOTPAKTOPHBIX Macell,
MPUMEHSIEMBIX ISl CMa3KHU 3aKPBITHIX PEAYKTOPOB OOIIETO Ha3HAUCHHUSI.
Tabmuua 13.4

Temmeparypa
HaumenoBanwue OCT Baskocme 6 3aCThIBaAHMSI
¥ Mapka macja CCT npu B °C He BbIIIIE
50°C | 100°C

AstotpakropHoe AK3n-6 | 1862-63 24 6 -40
AstotpakropHoe AKn-10 | 1862-63 70 10 -25
ABtoTtpakTtoproe AK3n-10 | 1862-63 | 445 10 -40
ABtoTtpakToproe AK-15 1862-63 135 15 -5

PexkoMeHIyI0TCSl CIIEIyIOIUE HOPMBI MOTPYKEHHS LWJIMHAPUYECKUX KOJIEC B
MAacCJISTHYIO BaHHY:

1) ObICTPOXOHOE MWIMHAPUYECKOe KoJeco - (1...5)m;

2) ObIcTpOX0HOE KOHMYeckoe kojieco - (0,5...1)b,
rJIe m - MOJYJIb Iepeaayun; b - mupuHa 3y0uaToro BEHIa;

3) THUXOXOJHBIE KoJieca MOCIHEAHUX CTYNMEHEW MOXHO MOTPYKaTh B Macjo Ha
riyouny 1o 1/3 paguyca koieca.

B d4epBAYHOM mnepenadye NpU HHUKHEM PACIOJIOKEHUM 4YEpBSIKa B Macio
MOTPY>KAIOT BUTKM YepBsika (MpUUYeM MaKCUMaJIbHBbIA YpPOBEHb Macilia HE JOJKEH
pacriojiaraTbCsl BBIIIE I[EHTPA HIXKHETO IIApUKa WM POJUKA MOAINIMITHUKOB YEpBSKa),
IIPU BEPXHEM - 3yObsl YEPBSIUHOIO KOJIECa.

EMKoCTh MacassHOM BaHHBI JOKHA OBITH IOCTATOYHOM JUIA 0OeceyeHUsI HEOOXOIUMOTO

OTBOJA TEIJIa K CTEHKaM Kopmyca peaykropa. TonmmHa ciiosi cMa3Ku MOJ, KOJIECOM
TUXOXOJHOW CTYMEHW HA3HAYAETCS HCXOJS M3 TOr0, YTOOBI MPOJIYKTHI M3HOCA HE
BOBJICKAJIUCh B TIOBTOPHOE OOpallleHHe, a OTCTAaMBAJIMCh HAa JIHE BaHHBI (OHA JOJDKHA
COCTaBIATh = 40 MM).

Crue macina.

CnuB Maclia W3 peaykKTopa TpH €ro 3aMEHE W IPOMBIBKE OCYIIECTBIISETCS Yepe3
OTBEpCTHE C pe3bOOl B HIDKHEW uacTh Kopmyca. Jlms mMexaHudeckoil oOpaboTKu
MOBEPXHOCTU TIOJ YCTAaHOBKY TMPOOKM pPe3r0OBOTO OTBEPCTUS PEKOMEHIYyETCS
MPEAYCMOTPETh OOOBITIKY BBICOTON 3-4 MMm. CIMBHOE OTBEPCTHE JIODKHO OBITH HE
BBIIIE JHUIIA KOpIyca PEayKTopa WIM €ro AeNaroT HAKJIOHHbIM (YyKJIoH 1..2°) B
CTOPOHY CIIMBHOTO OTBEPCTHSI JIJIsl TIOJTHOTO CJIMBA Macia.

KoHcTpykius u pazmepsl mpoOOK npuBeeHbl B Ta0n.13.5.
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Taomuna 13.5

/3(0-

f

d b m
Ml16x1,5 | 12 8
M20x2 15 9
M22x2 15 10
M27x2 18 | 12
M30x2 18 | 14
M33x2 20 14
M36x2 25 16

L[ c[gq]lD[D]s T

23 | 2 |138] 16 | 26 | 17 [ 196
28 | 25 [178] 21 | 30 | 22 | 254
29 | 25 [198] 21 | 32 | 22 | 254
34 | 35| 24 |255] 38 | 28 [31.2
36 | 4 | 27 | 30 | 45 | 32 36,9
38 | 4 | 30 [305] 48 | 32 [36,9
45 | 45 [315] 34 | 50 | 36 | 41,6

bW W[(W|—

gl lw| o

B mpoOke mpegycMmoTpeHa KoJiblieBasi KaHABKa Il YCTAaHOBKH TMPOKJIAIKUA M3
MacCJIOCTOMKOW PE3UHbl WM MeTaia, YTOObl TpPenynpenuTbh yTEeYKy Macja depes
METPHUUYECKYI0 pe3b0y. J[mameTp mpokIaaKd NPUHUMAIOT PaBHBIM JAHAMETPy OypTHKa
pOOKH, a TOJNIIUHY 2...4 MM B 3aBUCHMOCTH OT JUaMETpa.

[IpumeHsoT Takxke IpoOKHu ¢ TPyOHON KOHUYECKOW pe3b0oil, oOecreynBaromume
TePMETHUYHOCTh COCAMHEHUS 0e3 Mpokagok. KoHCTpyKIus u pa3Mepsl TaKuX MPOOOK
npuBeaeHbI B Ta01.13.6
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Ta0muma 13.6

30°
7&
QlQ e
A
£
JuameTtp pe3pObl | D h
d
1/4" --- 19u 16 13,5 11,5 10 5
3/8"--- 19u 18 17 13,8 12 6
1/2"--- 14n 21 21,4 16,2 14 7
3/4"--- 141 25 26,9 19,6 17 9
1"---11n 30 33,8 25,4 22 10
11/2"--- 111 38 48,3 41,6 36 16
2"---11n 44 60,1 53,1 46 20
[Ipumeuanue. Pe3pba  konmueckas TpyObnas mo ['OCT 6211-
69.

YpoBeHb Macna, HaxXOISLIErocss B KOPIYCE PEAYKTOpPa, KOHTPOJHUPYIOT
MacliOyKa3aTeIsIMH.

Macnoyka3zaTenb B peAyKTOpe MOXKET ObITh YCTAaHOBIJIEH COOKY Mo yriom 75° K
ropu3oHTy. Eciu BeicoTa peaykropa HeOOIbIIas, TO MPEANOUYTUTEIHHO YCTAHABINBATh
MacjoyKa3areiab CBEpXY, IMpEJyCMOTPEB [JIsi HEro MNpuiuB C 00paboTaHHON
MOBEPXHOCThI0. BHM3y Ha Maciioykasarene OJDKHa OBITh CHsITa JbICKa (TUIOCKast
MOBEPXHOCTh) HA KOTOPOWM HAHOCSTCA PHUCKA — MAKCUMAJIBHOTO W MHHUMAIBLHOTO
YPOBHS Maciia.

Ha puc.13.17 nanpl KOHCTPYKIHS ¥ pa3Mepbl GOHAPHOTO MacloyKa3aTess.

TpyOuatelii MacioykazaTelb CO CTEKISSHHONM TpPyOKOM ¥ METAIUTMYECKUM
KOXKyXOM MpuBeAeH Ha puc.13.18.

JI71s1 BOBMOKHOCTH KOHTPOJISI YPOBHSI Maciia BO BpeMs pabOThl MacioyKa3aTelb
pasmeniaoT B TpyOKe, BBEpPHYTOM B KOPIYC, WM OTACISIOT meperopojakoil. MHorma
MacJioyKa3aTelb COBMEIIAIOT C IPOOKOM-OTaymuHOM (prc.13.19).
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Ha puc.13.20 n300pakeHbl KOHCTPYKIIHMS U pa3Mephl )Ke3JI0BBIX

MacjoyKa3aresiei.
P
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e J
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puc.13.19 puc.13.20

Cmaska noOwWunHuKos.

OOBIYHO TIPU OKPYXKHBIX CKOPOCTAX KoJieC V > 3 M/C cMa3ka MOJIIMITHUKOB
oOecreunBaeTcst pa30OphI3rMBaHUEM U MACISIHBIM TYMaHOM.
[Ipn HUBKUX OKpPYXKHBIX CKOpocTsx Kojec (V < 3m/c) mojaya >KUAKOM CMa3Ku K
NOJIIMITHAKAM KauyeHHsI MOXXET ObIThb He OOecleueHa, MO3TOMY OHHU CMAa3bIBAIOTCS
KOHCUCTEHTHOM CMa3KoMu (TexHUYECKH Ba3€JIMH) 151 3aKpBIBAIOTCS
Mazeyaep>KUBAIOIUMU Kojbliamu (puc.13.21).
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B ObicTpoxoaHbIX peaykTropax (v >3 M/C) ¢ KOCBIMH M IIEBPOHHBIMHU 3yObsIMU
KOJIEC MAacJI0 C TaKOM CHJIOM BBDKHUMAETCS W3 O0JAaCTH 3allCIUIEHHS, YTO CILIOLIHOM
CTpyel ynaapsieT BIOJb Baja B MOJAMIMIHUKA. OTO CO3/Ia€T BPEJAHOE TPEHHUE B
MOAIIMITHUKAX U JlaXke HarpeBaeT ux. Bo nz0exxaHue 3TOro Ha Bajlax yYCTaHABIMBAIOTCS
CTJIbHBIE WJIM IUIACTMACCOBBIC OTpakaTeJbHBIE KOJbIA. 3a30p MEXAY KOJIBIIOM M
PacTOYKOM KOpITyca JIOKEH OBITh JOCTATOUHBIM JIJI MOCTYIICHUSI OPBI3T U MACJISTHOTO
TyMaHa, CMa3bIBAIOIIMX MHOAMMIHUK. [Ipr 3TOM MOIIIMIHUKM TaKXKE CMa3bIBalOTCS
KOHCHUCTEHTHOM CMa3KOH.

13.6 KOHCTPYUPOBAHUE PEJYKTOPOB

bontel, ycraHoBIeHHBIE B 30HE MOAIIMITHUKOB, BOCIPHHUMAIOT PEAKIMH B
oropax BajoB. JlJiss HUX B KPBIIIKE M KOPITYyCE JIENAIOT MPUIUBHI U TI0]] TOJIOBKY U TalKy
00pabaThIBalOT MOBEPXHOCTH (0O0OBINIKa WM pacTouka). [IOBEpXHOCTH MOJ TOJOBKY
0oJsiTa W Taliky J0ObKHA ObITh 00paboTaHa sl TOTO, YTOOBI MPH 3aTSKKE Tallku He
MIPOUCXOIUIIO TIepekoca 0onTa. Bee pe3b0oBbie CoOeMHEHHUS! TOKHBI ObITh 3aKOHTPEHBI
(mocrapnena maiiba ['poBepa — npyxkunHas 1maiida). Ha nucre Heo6Xoammo nmokasarh B
BBIPBIBE OJMH CTSDKHOU OOJIT M OJIMH (DIIaHTIEBHIN.

Ha nmxnem dnanme kopryca (TONIIMHA €r0 paBHA 2,20) ACNAOTCS OTBEPCTHUSA
noj OONTHI KperuieHus peaykropa K pame. [loBepXHOCTh moja roJIoBKy Oo0JiTa Takxke
oOpabatbiBaeTcs (pacTouka win 000bIIKa). B BeIpbIBE MOKA3bIBAETCS OJHO OTBEPCTHE
o1 OOJIT KpEeryIeHUs K pame.

Jluct Ne 3. IlpodunbHast poeKLus peayKTopa.

Ha 1ol mpoekiuu peaykropa HEOOXOAUMO TOKa3aTh IMOJOKEHUE IO HIUPUHE
KOpITyca MaclioyKa3aTelis, CJIOBHOM MPOOKH, MOJI0KEHUE PhIM-001TOB (M0 UEHTPY WU
M0 JWArOHaJM), TMOJIOKEHUE CMOTPOBOrO OKkHA. Ecim macioykaszaTenb W CIHMBHAs
mpoOKa pacrojoKeHbl Ha APYTrod CTEHKE KOpIyca peayKTopa, TO JIydille JaTh BH]I IO
CTpEJIKE Ha Ty CTEHKY.

B BbIpbIBE HEOOXOMMO MMOKA3aTh YCTAHOBOUHBIM IITU(T U OT)KUMHOM OOJIT.

208



YcranoBouHble ITHU(PTH (KOHUYECKHUE) CTABITCS JJI LIEHTPUPOBAHUS KPBIIIKU
no kopmycy penykropa. CHavanma mTudThl 3a0MBaOTCSA, KOTJAa B PEIyKTOpE HET
aetaneil. DTo aenaeTcs ISl TOTo, YTOObl 00paboTaTh OTBEPCTHS B KPBIIIKE U KOPITyCe
MoJl MOAIIUIHUKY, Kak enuHoe 1enoe. [locie 3Toro BRIOMBAIOT MITH(THI, COOUPAIOT
pENyKTOp, CHOBa 3a0MBAlOT IMMTHU(PTHI M TOCIE 3TOTO CTaBAT OONTHI B 30HE
MOJIIIUITHUKOB U (PIIaHIEBHIE.

OTxuMHONM OONT (71Ba) CTABSAT MO CEPEAMHE IMHUPUHBI KOPITyCa JJI TOTO, YTOOBI
OT)KaTh KpBIIMIKY OT KOpIyca Iocie JIMTEeIbHON paboThl peaykTopa. Juamerp
OT’)KUMHOTO 00JITa MOXHO NpUHATH paBHbIM wiu 0,7...0,8 guamerpa (ianueBoro
OonTa.

Ha nocneayromux pucyHKax MpUBEICHbI KOHCTPYKIMU PA3UYHBIX PEIYKTOPOB
00111ero MalmHOCTPOCHUSI.
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Puc. 13.33

I. HASHAYEHVE KOHCTPYKTVRHHX JMCTOB OHUEIC BIIA
YCTAHOBHKM

OCHOBHOS Ha3HAYOHWe KOHCTDYKTHBHHX JmcTop (2-1,5 smcta Hop-
mara A{) odilero BuIa - IaTh HEOCXONWMHS CBONGHMA O BHEWHEM 1418,
B2aUMHON CRSBH OTHEJPHHX Y3JOB, DasMepax, crnocole MOHTaxa I, O6K-
TRDyeMO#} yCTamOBKHM. [JIA yIOOBIGTBODOHHA 3THX TPECOBAHAA B COOT-
parcrrEY ¢ I0CT 2.70I-68 xpoMe uepTexa oCmeI'0 BANA, OCIpelNeJ -
meT0 KOHCTDYKIMD B B3a8MMOAEMCTBME OCHOBHHX COCTEBHHX YacTei X
IIC [CHARWETO IOPMHIWO paCoTH W3JesHd, OCHYHO elle BHIIOJHAKT rala-
PUTHHE B MOHTEXHHE UEDTEXH.

B yyeSHOM ImpoerTe A yMEHBNeHUA 00beMa I'pafuuyecko# pacoTH
gyeprex odmero puna, MOHTARHHE U IaCapHTHHE 4epTexd COBMENAD” 1
HASHBADT IOPTEROM OCHEIO BUIA yCTAHOBKM.

YepTex o0lerc BRNA yCTAHOBKY IaaTcd B IBYX (mHOTTA B 1, €X)
nmpoermmax B Macurade I:2; I1:2,5; I:4; I:5. 3a OCHOBHYD IPOEKINED
OCHYHO NPMHEMAKT BEJ HA YCTAHOBKY CO CTOPOHH DacHOJOXKEHMA Opra-
HOB YIPSBJIGHAS. V3JH yCTAHOBKY BHIOJHAKNT 063 MEJKWX TOLPOCHOC-
TOi, HO UEPTEX HONESH OHTHL YETKUM Z ACHHM.

Ha sucrax ofmero BHLA B SABACHMOCTHE OT HAINYMA B 33TaHUR
IOJXHH OHTH KOHCTPYKTHBHO DPa3paCOTaKH:

1) cpapuas (wim Jmrasg) paMa ¥ KDOILISHUE €8 K JyHIaMeHTY,;

2) KpeIeHEe 3JIeKTDONBETaTesd, pelykropa (kopodrm mepenad),
KOPIYCOB OIOD OTKPHTHX I8PeLEY K paMe,;

3) peMeHHaA neperaia;

4) OTHDHTHE 3yCdUaTHe Nepenadd;

5) Banr 1 ONmOpH BaKNa OTKPHTO# Iepenadn;

6) mydra.

2. BWBEOP TUIIA PAMH 1 EE [TPOEKTHPOBAHVE

CBapHHe paMH ¥ JHMTHE IUDATH OpPeNHAaSHAYanTCHd IJA YCTAHOBKH
Ha HUX y3J0B, CBASAHHHX MEXRLY COCO# TPeCOBaHEAME TOTHOCTH UX
OTHOCHTEJBHOTC NOJOXEHHI. [locse COOpDKE 3TH y3JH ¥ XOTATd BMECTO
C IMTOM WM Damo¥ NOJRHH NpeNCTaBIATh CaMOCTOATENHHHE arperar.
MOHTax y3J0B Ha pame WJM LINMTe ¥ OPOBOPKA TOYHOCTHM WX OTHOCK-

TEJPHOTO MOJOXEHEA — ON6DalAl TPYHOEMKUS ¥ TPeCyNT KBAJBGEIMDO—
BaHHOTO NOIXOLA.
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[pE eIEHWYHOM IPOM3BOICTBE SKOHOMEYOCKE HEBHI'OIHO M3IOTOB-
JATH MOJOJL ¥ IONydaTh ILIATY B EWIS OTMBKE. [I0STOMY Ie16C000-
pasHes NeJaTh CBApPHYW paMy H3 JHCTOBOIO M OPOJMIBHOTO IIPOKATA
(uBesnepH, YTOJHHEKRA, TABDH, IBYTaBPH ¥ T.X.).

[Opy BHOYCKE HIATH ¥ 0$0A6e MSUesMit yEe SRKOHOMEYECKHM BHI'OTHO
IUMTH NOJYy49aTh B BRAE OTJIEBOK B3 CEPOr0 dyIyHAa.

[pexne 4YeM IPHCTYOUTE K IPOSKTRPOBAHHND ILMTH WM DaMu, HOOO-
XOIEMO ONDOREJNHT: 66 OCHOBHHE DasMeDH A KOHCTDYKTHBHYD Qopwy.
Ind 2TOTO BHUEDIMBANT OCMEA BHI YCTEHOBKE B TPEX IPOEKIUAX.

[lepBOHAYANLHO BHYEPURBADLT PPOHTANRHYD NPOSKIMD oC0mero. BAla,
HaurHag ¢ MydTH B paspese (puc.I). B omdy 49acTs MydTH "BBOLAT"
Bal SJEKTPONBHIATE)sI, B IPYI'yO - Bad peRyKTOpa. TawuM oGpa3oM
OLpensJyANT pasMep " @ " MexIOy TOpLaMM BaJOB, KOTODHE HOJREH OHTE
He meHe® I0 MM. 3aTeM NMOINPICOBHBAKNT KOHTYDH 3JEKTDONBUIATENA H
penyKTopa (KopoOkm mepeznad). [oche 3TOTO ONPEASASETCS HA UEPTERS
pasmMep " h," - Da3HOCTH BHCOT ONOPHHX HOBEDXHOCTEH DaMu.

Pmc. I

Ha npyrom nmcTte pa3MemaroT BHJ| CBEPXY.
Ha aToM BEOe CHauaia HPOBOINHAT OCEBHE JHMHEA Bald 3A6KTDOLBY-
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ratend ¥ COOCHO DaCUOJOESHHOI'O C HAM RXOIHOI'O Bajla peXyKTopa.
3aTem n300pamanT OTBODPCTHA B JaOaxX IJORTPOLBHIAaTeNd B DPEXYKTOPa,
KOCDOBHATH KX DACIOJOKEHMA CepyT U3 KATaIora BJIeKTDOLEATaTeNel
A B3 4eprexa peiykTopa. Ja cozzaHma $a30BHX NOBEDXHOCTEH HOT
3JeKTPOABRATATENE B DONYKTOP HA paMe pasMemapT ILIATEKY B BHIS
¥3K¥X nojoc. PasMepH IUIATHKOB OHPONEJADT IO pa3MepaM OIODHHX
HOBepXHOCTEe# NpUCOeNWHSeMHX lNeTanei ¢ npamyckom S...I0 mm. Ilta-
THKY XEGIATOJbHH, HO HE OOA3ATeJBHH L4 CBAapHHX PaM, Tak Kak Io-
BEPXHOCTH NIpPOXKAaTa ILOCTATOUHC yMeTad ¥ popHad, JeferRTH cBaprO#
KOHCTPYKIBY Lp¥ OTCYTCTBHY WIATUKOB ROMIOAHCHDYRTCA HPORJIATKAMY.

BareM ONPEXEADT OCHOBHHE DasMepH paMu B Hiade: & u L {pme.I).

Iz onpeneneHMd 5TEX pasmepor opmEmmaprt C,= 5...I10 mm.
BrcOTa paMu ONpeAeJAeTCH CISAYKUEM OCPA30M:

H = (0,09...0,11)L
[lo Boomumae H  moxCupanT Simxafimi Coapmmit pasmep WBearepa.

{oNKy wWBeJIEpa HCHOML3YOT HEMOCPeIACTBEOHHO IAA 3aKDOILICHHA COODOY-

HOY eIMHBIM Ha Dpame. lIpoBepsAroT BO3MOMKHOCTh YCTAHOBKH Ha HEH

KPETEKHBIX JeTancH (puc. ).
§~2,254 + (I0...12) mm.

- 8mecs d - mmamerp Gourra,
| £ - umpBHa DOVKE UBEJIODA.

A PeIyRTODPOB, CO@NMHOHEHX C
JJEKTPOABUTATENEM DEMEeHHO# mepemavefl
(prc.3), He 00A3aTOIHHO, YTOOH OCH
_ QJIGKTDOMBHTATENd W DEeAYKTOpPa CHAM EHa
Lﬁij omso# mucoTe. [oaToMy ounpemesenye rada-
' PRTOB DaMH yHOOHee HAuMHATS C BHICDYH-
Bamug BEIA CBEDXY.

BHYepu@BAlTCA KOHTYDPH SA6KTPOXBH—
TaTe/s1, OCEBHME JMHUAME ITOKA3HBIDTCH
TOUKU €TI0 KpemieHMs. Ha Barn siexTponpu-

Puc. 2 TaTeJA NONPUCOBHBAGTCH BOIYIWR WKWB
DeMeHHOR nepenawl. PasMepH SJIeKTPOABETATENs Gepyred mo RATaiory
ONEKTPOLBUIaTeNe], URUBOB ~ W3 DacieTa POMOHHO} mepemazd. 3areM
Ha paccToarmE " Z ", paBHOM MEROCOBOMY DACCTOAHMD, IJA I'ODH30H-
T2JBHOY Mepenaud WIE T'ODPH3OHTATLHOM ODOGKIEY LA Iepenavul Noj
YTJIOM, HDOBOXWTCA OCh BXOIHOTO Baka PemyKTopa. BuuepumBaercs
BOMOMHE WKUB TaK, TrOOH TODUH WKMBOB CHJM B OIHOM BEPTHKSIBHONR

N
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OAOCKOCTA. Janee BHYCPYWBANTCA BXOIHOR Bal B KOHTYPH [ eIyKTopa.
Pasmepu pemykTopa epyTed ¢ er0 CGOPOYHOIO weprexa. llucae s3Toro
BHUEDUUBALTCA KOHTYDH DaMH ¥ ompemesanTcd pasmepd L u B .Hax

BUIOM CBEDXY pasMemaeTcsa QpoHTampHad NPOSKIEA Ip¥BOma. Bucora A

depercd 110 3aBUCHMOCTHU:
H = (OgIo » nO,IS) z—l .

_ OGHIHO CB@PDHHE DaMH KOHCTDYHDYXT H3 MBGJANEDOB, KOTOPHE pac-
IIoJaranT HOJKAMA HAPYXy. TaKoe DACHONOXEHUE IOJOK YHOCHO I
RPOILIGHAA Y3JOB arperara K paMe. SJI6eMeHTH CBADHHX KOHCTDYXIM#
TMOJEHH CHTR YHHQUWIMPOBAHH, & 9YHCIO THIOPA3MEDOB BSJGMEHTOB COKpa-
MeHO IO MuHEMyMa. Hanpumep, IpE KOHCTDyWDOBaHWE CBAapHOU paMH n3
WBOJJIOPOB REJATSNBHO HCHOJNL30BaTh ONMH HOMED WBeIepa, ILIATHKH
BHIIOJHATE X3 OMUHAKOBHX IOJOC. BOBMOXHHE BapHaHTH CONPSECHAL

WBAJIEPOB IIOKa3aHH Ha pHc.4.

Vil olF sV s A A

Puc. 5

Ha BHYTDOHHENK [IOBODPXHOCTH IOJIKY
WBeJLIEpa NOJNEHH HABAPUBATHCH BJIH TOI-
KIAIHBATECA KOCHO WailCH, BHpPABHNBAKLYG
IOBEDPXHOCTE NOJKH WBEJLISPa [OF TOJOB—
KaMy COJITOB WM LON Iaikamu. Taxue xe
waffCH OpUBaPUBART Ha HYRHAX HOJIKAX
WBEJIIEPOB, B MECTaX pacUOJIoXeHMsA (QyH-
TeMeHTANBHEHEX COaTOB (puc. 5).

Pasmepn xocux wa#té mo IOCT I0906-
66 yraszaHH B Tadumie 1.

_ [pofmmm CTAHIADTHHX YT'OJIKOB H

BEJLIEPOB IPUBEISHY B Tadamuax 2 ¥ 3.

B cpapHO#t paMe BHISIANTCH BJA6MEH-
TH 0a30BO#f KOHCTDYKIME U SJOMEHTH Haf-
CTPOiKK. K 0a30BO# KOHCTDPYKIMM OTHOCHT-—
Ca HMXHEZ NIOSC, OT ROTOPOTO 34BUCAT B
OCHOBHOM XECTKOCTH ¥ IPOYHOCTH PAaMH.
HeoOxommmo, 9TOOH HEREWHE IOAC GHUI
ofopMieH Xax CaMOCTOATeJbHAA, TeXHOJIO-
THYSCKE S8HOHYOHHAS KOHCTDYKIWS B BUZE
IIOCKOY paMu. PaMy MId yCTAHOBKE Hi8K-
TPOOBHTaTeNd, DPOAYKTOPa B Y3A0B OTKDH-
THX Hepefad yZoUHO KOHCTPYRPOBAThH M3

ABYX NPONOYEBHC PACHOJORECHHEHX WBELISPOB ¥ HECROJNBKEX (B 3aBHCH-
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MOCTE OT KOHCTDYEIEH NpPEBONA) NONEPEYHO PACHOJOREHHHX MBEJIEDOB,
IIDRBADEEHHX K TepsiM (pmc.6).
HeroTOpHE M3 BOSMOXHHX
BapHaHTOB HANCTDOMEE ILIA
YCTaHOBKE BTODOH, NONHA-
T0# cCOpOYHOHE OIBHUIH
1300paxeHH Ha puc.7.
B IeJSX COKDameHHA COp-—
TEMOHTA X6JIATEJHEHO MCHOJb-
30BaTh LAA HAUCTPO#KA TOT
X6 HOMep Ipodumisd, 4TO X
=== —® Ing HMEHero mosica {pumc.
e - 7a). Ecm# 3TOT HOMED IpO-
¢mag HO IDOXOMMT (BeJHmK),
Puc. 6 BEJLIEPH MOXHO YTUyOHTE
B mmxHui noac (puc.706).

Puc, 7
3. IJIMATH

ILmaTH BHOOJHAKWTCA B BHIE OTJIHBOK H3 CEPOTC YYTyHA MAPOK
CYI2-28 m CUIS5-32, OHM JOJXHH CHTH TEXHOJOTHMYHH B H3T'OTOBIOHUH
(ymoGuu Ing POPMOBEM ¥ MEXaHWIeCKOH 0CpadoTKR) 1 00AaTaThH LOC-
TATOYHOR IPOTHOCTED H EECTKOCTEHD.

OcHoBEHE paswmepd WmMTH L , B , A 7 h, (pEc.8) mid pemyn-—
FOPOB, COOINWHEHHHX C DJIEKTPOIBETAaTe eM Mydrol, onpemessmoTca IO
MOTONHKS, H3VIOXEHHOH Ha cTpammime 5 . TOMMMHY CTOHKH é‘(puc.Q),

' OTBEUAIYD TPeCOBaHWAM TOXHOJOTHE JHTHA ¥ HEOOXOIUMOH XECTKOCTH
IMATH , PEKOMEGHAY ©TCA OHpENelAaTh OO0 TadJurle:

e e - — e = - e = — o — — - e -

A | 0,75 1,0 1,5 1,8
7 vl B il B Rl s Yo
| IL +B+H

A-' L5 !

rne L, B ,H - pmHa,m@pEHa,BHCOTA ILMATH B M.

!
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Pmc. 8 Puc. 9
OnopHasA NOBEPXHOCTH ILIMTH BHIOJHASTCH OCHYHO B BHIe @IaHila
II0 BCEMy KOHTYpy. PasMepH ONODHHX NIOBEPXHOCTe} IUMMTH NPUHUMANTCH

8 =1(2,5...3,5 0 ; t=1,5d.

Toxmnﬂa BHYTPOHHNX pedep 5‘_-0 ,84 , pamWycH SaKRpyTVIOEES

=0,54 . Bucora odpaﬁaTHBaeMHx noBepxsocTeit (ILIATHKOB)
depeTcﬂ h,= 0, 50 , KOHSMI'ypaIWs IMIaTHKOB COOTBETCTBYST ONOD-
HO# MOBEDXHOCTH IPHUCOSITUHAEMOIO Y3Ja.

QOPMOBOTHHO YKIOHH 3a1alTcs yraoM f = 3...5° (upu BmCOTe
creHrd 50...200 wm),

KpeliieHne sJEKTPONBATATENR W DEINYKTOPa X JUTOH ImMTe yLOG-
Hee BCOTC OCymecTBIATH mmmibkamy (puc.IO). Mecra oTmepcrmit mox
ITMJIEKY YCHIABARTCA IPAJMBAMI,.
Dazd

C—J
(-»—
-,
=

Va

=
Q.

/

{5d

Y

Puc, I0
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4. KPELIEHVE PAMH K QYHIAMEHTY

QyHuameHT HpeIXHasHadYeH LA KPOILIGHHA YCTAaHOBKH M IIOIVIONSHHMA
BHCpamu# ¥ yHapoB, BOSHWKAWMX IpH €6 padoTe.

JCTaHOBKE Maloff ¥ cpenHei MONHOCTH KpenaT K {yHZaMeHTy JyH-
- DameHTHEEME Ooxramu. uamerp OYHE2MOHTHHX GOJTOB BHOEPANT KOHCTDYH—
THBHO, OCHYHO HA JBa pasmepa CoJble, UeM ITUaMeTp GONTOB KpPOILISHUA
‘MEXQHW3MA K paMe. Uwceno HyHIAMEeHTHHX GOLTOB IOMKHO COOTBETCTBO-
‘BaTh YCJAOBMK HODACKDHTHSA CTHKA W TameHMA BEOpanu# dyHIameHTOM.
HeodxomumMo MOCTATOIHO IMIyGOKOe HMOTDYREHHE GOLTOB B {yHIAMEHT X
ZocTarouHo Sobmad 3aTAXKa GOJTOB. B TO X6 BpeMA HAUDAKGHUSA CMI-
TS HA NOBEDXHOCTH CTHKA HO NOAKHH IPEBHEATE IODYCKAGMHX IS
éeToHA. ' '

Yueao COJNTOB Z  OOPSIeJASTCA CJASIYRMEM O6pa3OM:

- Z= P/z&,:}D ,
rie P - nepuMeTp OmOpHOH MOBEPXHOCTH
pP=2L +28 (pmc.I)
t = (300...500) mm ~ cpemsmif marT pacHOJOREHES GOJTOB B
P 33BACHMOCTE QT DAa3sMEPOB DaMH.

JeameTp ¥ Wm0 QyHIaMEHTHHX GOJTOB MOXHO IDHEATH IO TaGau-—
oe 4.

lna HOBHWEHHS TOYHOCTH DACHOJOXSGHWA COJTOB B HYHIAMEHTAX
IpeNyCMATPUBADT CHENMANIbHHE KOJOIUH, KOTOPHE MOCJe YCTAHOBKH
GoJITOB 3aiWMBapT GOTOHOM. JUIA NOBHUIGHWS HATEXRHOCTE 3alCiKd GOJTOB
B (yHZaMeHTe acTo K YUKy GOJTa IPMBApPUBAKT IOIOPOYUHY.

PasMepH PyHIAMEHTHHX GOJTOB ¥ KOJOMNISB LIPUBEASHH B Tabi. 5.

Ha puc.Il nmorasad OmMH U3 TAUOB {YHIAMEHTHHX GOJITOB ¥ yCTa-
HOBK& 6r'0 B KOJOIUe ¥ B {yHIaMeHTSe.

d

[ S

Ppc. II
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A-A IVisi KpemIeHAsa paMH K (JyHEaMeHTY
K HAXHEM [OOJKSM WIBEJJIBPOB TAKKE MDW—
BapEBADT KOGHE ma#téx (puc.5) wim BH-
coxme croiiky (puc.I2), yResmuuBammme
EOCTKOCT® pamMH. Torna QyHEZaMOHTHHE
GOJTH HIPOOyCKEWT Y6epPe3 008 IOJKH.
Hocaemiee BOSMOXKHO YCIIOJL3CBATEH B
TOM cJyvYae, ©CJ¥ BHCTYIAWMES HAL IO-—
BEDXHOCTHN paMH TafflKd HE McIanT ye-
Puc,12 TAHOBKE HA HE# Y3J0B IIPHBOLA.

o. KOHCTPYAPOBAHUE Y3JIOB OTKPHTHX ITEPEIAY

Ha imcrax ¢Omero BuIa NPHBONA ABIAGTCH OCA34TONBHLYM KOHCT—
DYKTUBHAA pa3paCoTKa OTXPHHX Iepelad, WX BAalOB, YCTAHCB3KE IOI—
IVOHAKOB Ha Bal ¥ B Kopmyc. OTKPHTHE KoJjieca, WEeCTePHH, IUKWBH,
GapadaH NOKASHBEOTCA B Pa3De30; OHM INOTKHH CHTH 3AKPONYIHH HA
BaJax C HOOMOWBY NIOHOK; OT OCeBOTO CMOUGHNS OHYM IOJEHH OHTEL 3a-
¢urCUpOBZHH., ECim XKOJEeCO ¥ MKWB IOCAREHH HA KOHOI[ Bajii, TO LIS
0COBOT0 KDEILUeHVA WCHOJNB3YITCA Topmesad maitda I (puc.Id).

JTO IZOCTATCUHO IPOCTCH X HaNexEHE cmocol, NO3BOJAL @ COa-
IaBaTk NOIXATEE NeTasefl B 0CEBOM HalpaBleHmH. JLiIg odpar dBAHAS
HaraTa welly OmMpapT Ha TOpel CTYIHIH, & IO TOPLY Baia odecue-
THBAWT 3230D. CTONOPSHME OCYUECTBIASTCH MATKAMA TOHKUMI madCamd.
IIpy OJHOM KpeImexHOM GOJTE yCUK WaliCH 3aKAANHBASTCH B 07 BePCTHS,
KOTOPO® IPOCBEpJeHO B maltde ¥ TOpHe Baxa, a Kpad mafiéy orrmdapt
Ha I'padds TOJIOBKU OoJTa.

5.1.KoHCTDYXIMS ONMOD BAJOB C PACHOJOXKSHHEMEA HA HUX

OTKDPHTEMM 3yCYSTHMK KOJeCam#, 0apaCaHOM, 3Be3lOYKOH.

OnopH Taxkux BaJIOB DasMemanT He B ONHOM, a B PasHEX KOpIy-
cax. Kopmyca, B KOTODHX DasMemaNTCH IONIMIHAKH, yCTaHar MBapTCH
Ha pame. HeUW3GexHHe HOI'DEMEOCTH MSTOTOBJICHUS NOTaoR X 2OOpKH
IPUBOMAT K HEDEKOCY ¥ CMemeHHw oceit oTsepcTuit KODIyCOB [IOIMO-
HUKOB OTHOCHTEJEHO IDYT IpyTa. Kpome Toro, B padorawmei nepena-—
96 0T HeHCTBUEM HArPYy30K MOTYT LeOpMHpPOBATECH Pama 7 3aj,
BCIGACTBHE Terd IPOMCXOMHT NIOBOPOT OCH BATA B ONODE. B Taxux
CIydaaX TPAMEHAKTCA TOJBKO CHOPHISCKMO NOMUMAIHUKE, JOITy CRaKiAe
SHAQUATEJbHHE IEPEeKOCH KOJEL IONIAIHAKOB. B CRA3ZU ¢ Coapaof, Kax
IpaBmio, LIMHOE Bana U SHAUUTEIDHHEMY IOTPEUHOCTAMA COOpPKH BaJIH
UKCEPYOT OT OCEBHX CMEmEHEH B OmHOH omope. Hapy®HO® KO.IBLO Hpy-—
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TOT0- HOJROHEKA JNOJNXHO EMETH CBOGONY CMOWEHMA BIOXH OCH, KIS U6TO
00 00oMM 6T'0 TOPIaM OCTARAIDT 3asopH 3...4 mv (cM.pme.l3). ¥zex
rpedyeT NOHOJHRTENBHOT'O BHELA HS ROHCTDYKID KODOyca MOIMIHERA.

EcJ IpEBOJ KOHBeH#epa BKINUAOT B Co6H BOPTHRATHHHE Bl OT—
KDHTOf Heperadd ¢ KOHNYECKWM KOJGCOM Ha ONHOM KOHOE H 3BO3IOYKOH
Ha HPYI'OM, TO MOXHO DOKOMSHIOBATH CASIYMALYD KOHCTPYKIZK TaKOTO
oTKpHTOro yaxa (pmc.I4), B crarag I ¢ mpsmoyromasHol dopmol dviam-
na {L1a yRoGoTBA EDOIISHAS HA WBOANEDAX) JCTAHARIMBAKTCH KOHHYEC-
KHO DaidalbHO-JHOPHHS NOINNMIHMKE. KpHIKY NOIHOHWKOB 2 C yIIOT-
HOHHEM RpOIATCA BHHTAMM K CTAKaHy. LI yCTDAHEHHS IepeKoca BepTH—
KaJILHOTO Bajia, BHSHBAGMOI'O TATOBHM YCHJVIMEM Ha 3BESZ0YKS, CTAKaH
I xpemmrcs cEu3y fwammem 3 X wmestepy. ocae sTOTO Ha Bail Ha-
CaxmBaNTCA KOHMYGCKHO ROJNOCO ¥ 3BOBEOYKA M KDOIATCHS TOPLIOBHMU
maficamd. '

KOHCTDYKIZA ONOP BEPTHRANLHOHR OCH MOXET OHTH BHIOJHSHA CJe-
Iyomms odpasom (pue.I5).,

3
NN

7%

1

Puc. I5 Prc. 16

B oTOM BapHaHTe® KOHCTPYKU@A OIZHOCTOPOHHAA OcCepasd Harpyska yaia
BOCHDINHMMAOTCA JUODHHM HOMIMIOHEKOM. [I0L YHOODHHM MONUMIHEKOM IIO-
CTARJIGHA CHOIMANLHAA HPORIANKA U3 MATHOTO METa/LIA. PamdalbHHE
HarpySKR BOCIHPRHEMADTCH DANUAJIEHHME MADAROBHM ¥ DOJIIKOBHM HOZIMII-
HEHRaMA. BepxHdad emopa - POJMKOBHE nommmurx Teoa 2000 - gBideTcs
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nnaBamaet omopo#. Ero Hapyﬁﬂoe Raﬁbuo He uMeeT OypTOB, 4YTO B ofec-

HEINBA6T BHYTPOHHOMy 3aKpEIVIeHHOMy HA BATy KOJBIY B POJMKaM 0Ce-
BOE IepeMemeHna.

Ha prmc.I6 M306pameH BeDPTAKANLHHE BAX, ONOPH KOTOPOI'O yCTa-
HOBISHH B Pa3sleJbHHX Kopuycax. OceBas HATPYS3KA BOCIIDHHAMAETCH
JOOPHHM IOAUMIHEKOM, D&IWaJbHHE HAPDy3RH - palyareHuMA cdepuuec-
K¥MHM WADMKOIOMMMITHAKEMY , KOTOPHE ONHOBPEMEHHO KOMIGHCHDPYWT Hepe-
KOC.

6. IPOEKTVPOBAHVE YCTAHOBKA C PEMEHHOM IEPEJAYE(

Ilpn TPOSKTEPOBUHMM YCTESHOBKM C DeMENHOR mepermaveff OT SJaeK-
TPONBHIATENA HSOOXOIUMO HPELyCMOTPSTh BO3MOXHOCTH KOMIIOHCEIMN
VILIUHCHUS DpeMis. B KOHCTDYRIUM HA pHC.I7 BSJEKTPOXBAIATENH MOHTH-—
pyeTcs Ha pame 4Yepe3 CHeI@aribHHe Calaskd, KOTODHe CHACREHH asa-
MP DOX OOJTH KpeILIeHudS ONICKTDOIBUCATOMT. g

-

>
N IR

Prc. I7 Ot |

QOopMH ¥ Da3MEDH CAala30K IDYBENEeHH B Tadkmue 6.
TaxuM 00pasoM, HECKOJBKO OTIYCTUB COATH KPEILIEHWA 3JIEKTPOIBATa-
TeJIA 34 CYOT HEPOMEMEHEA HOCPSLCTEOM BMHTOB OTHOCHTEJIBHO CTOGK
canrasoK, MOXHO CO3IaTh HEOCXOZMMOe IpPOIBAPUTOJBHOS HATAXEGHES B
PeMeHHOR nepenade.

B xoHCTDYRuEE Ha puc.l8 HaTAReHEe peMHA OCYMECTRIZETCA
BCJIENCTBHE ITOBOPOTE HOJMOTODHOK ILMMTH 1 OTHOCHTENBHO MAPHEPE 2.

HJepTex o0mero BEIA YCTAHOBKE JOJESH CONODRATE:
a) radapuTHHe pAaSMepH,
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6) yCTaHOBOYHHE ¥ IpHCOEe-
IBHETEJNbHHE PasMepH,Oonpe-
EOIAXmEe NpaBRJHLHOCTD MOH-
Taxa OTHSIBEHX MEXAHH3MOB
IpH COOPKe B DasMepH, Mo-
CPEXCTBOM KOTOPHX yCTAHOB~-
Ka cBa3HBaeTca ¢ PyHIaMeH-
; TouM (pmc.3),

B) IOCQIOYHHE PasMepH LT
neraneff B y3nXOB OTKPHTHX
nepenay (pmc.I3,14,I5,16).
CneipadmKralmd y3UI0B U le-
taneit, HeOOXOMEMHX IJIA
MOHTAaxa, BHHOCHTCA B BHIS
OTHEJBHOI'O IPUJIORECHHSA,

B
Puc. 18
Ha gepTexe 06mero Buja yCTaHOBKM NOJXHA OHTH MaHa TEXHU-
9eCcKasd XADAKTEPHCTHKA IOPMBOJNA, KOTOpas PacnojJarasTCa HAN WTaM—
oM.
ToXHEIOCKAS XaPAKTEPHCTHKA

ONeKTPORBETATeNh — TEH AO2-42-4,
MomgoCcTE SaAeKTpOmBEraTeas N = 5i5 KBr.
Yacrora BpameHEs N = I450 mum .
YacToTa BpalleHES BXONHOTO Balra Ny= 725 L,
YacToTa BpamEHEA BHXOQHOTO Baza n; = 30 L.
Macca pemyrropa G = I20 xr.

TaGapurTu mpmBoma - 485x715x2I0 mu.
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¥ npodmng (A mm | 8, mm
16 160 64
18 180 70
20 200 76
22 220 82
24 240 90
27 270 95
30 300 I00
33 330 105
36 360 II0
40 400 II5

— L - e SR mme S s G S sem g wes s

JmameTp do.m-oa, MM

—-— e " Em e o @S e e S e

[lponosxenre Tadmamy 3

d,MM f,MM R,MM T, MM
5,0 8,4 8,5 3,5
5,1 8,7 9,0 3,5
5,2 9,0 9,5 4,0
5.4 9'5 10 4.0
5,6 I0 10,5 4,0
6,0 10,5 IT 4,5
6,5 I1,0 I2 3,0
7,0 I1,7 I3 5,0
7,5 12,6 I4 6,0
L 8,0 I3,5 I5 6,0
Tadmmua 4
[ “zo 700 | cume 700 | cas & 1000
R fo 1000 | zo_ 500 _ _
IS-..IB 20..-22 2";
[ _ o __[_es__J--8-_"-
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JI® KHUTY-KAU

Kadenpa TMull

TexHuyeckoe 3aJjaHue Ha KypCOBOM MPOEKT IO JAETaIsIM MAIlIHH.

4

II3B.

-

_ A

|‘

3aganue Ne 43 | Bapuant No CryneHr: I'p.
KoncynpTaHT:
i 2 1.2nekTpoaBUraTeb

2.PeMenHas nepegaya
3.Penykrop
4.OTKpBITasd HUIUHIPU-
yeckas rnepeaaya
5. 3Bé3nmouka (s =500 Mm)

CxeMBI PETVKTOPOB.

B I | l LBIHIX
I 1 I BX \‘
| | | T I | BX
I 1T e } {}
| Bl Il Bl Il
BapuaHTel 1 2 3 4 5 6 7 8
Ny, KBT 3 4 5,5 7,5 11 4 5,5 7,5
Nsx, OO/MHUH 1000 1000 1500 1500 3000 1000 1500 1500
Upp 70 60 50 40 30 120 150 130
CxeMa pelyKTOpOB I I I ] I Il Il Il
[Ipon3BOCTBO MEIIKOCEPUMHOE. [ukiiorpamMmma Harpy3Ku.
PazpabGorars: 1. OOmuii BUa npuBoIa
Ha pame ( B IBYX MPOEKIHUSAX) 4
2. Penykrtop ( B TpEX MPOEKIHUSIX) )
3. Pabouue ueprexxu IByX AeTanei T
(BBIXOIHOM BaJl pelyKTOpa U 06T
CONPSKEHHOE C HUM KOJIECO) ' Py
4. Pacu€THO-TIOSICHUTENbHYIO 3aIUCKY. v y ' s
03t | 0.5t P 0.2t 241




JI® KHUTY-KAU

Kadenpa TMull

TexHuyeckoe 3aJjaHue Ha KypCOBOM MPOEKT IO AETaIsIM MAIlIHH.

3aganue Ne 43 (gom. Bap)

BapuanTt Ne

CryneHr:

KoncynpTaHT:

1

4

-

II3B.

_ A

|‘

1.2nexkTpoaBUraTeb
2.PemeHHas niepeaya

3.Penykrop 3yOuaTo-uepBIYHBIMI

4.0OTkpbITasd UWIAHIPU-
yeckas nepeaava
5. 3Bé3nmouka (s =500 Mm)

CxeMbl PEAYKTOPOB.

- T | — |
I 1 I | BX \‘
I || T I1 BX
I 1 I "t -( } {}
| Bl 1 Bl i ‘
Bapuantbl 9 10 11 12 13 14 15 16
Ny, KBT 4 7,5 7.5 3 5,5 10 3 10
Ngx, 00/MHUH 1000 1500 3000 1000 1500 3000 1000 3000
Unp 50 60 70 53 65 70 140 220
Cxema peayKTopoB I I I ] I I 1! 1!
T |4
[Ipon3BOCTBO MEIIKOCEPUMHOE. [{ukiiorpamMmma Harpy3Ku.
Pa3paboTats:
1. OOGumwmii Bug npuBoja Ha pame ( B IBYX *
MPOEKIIUSX ) X
2. Penykrop ( B TpEX MPOEKIHUSX) T
3. Pabouune uepTexu IByX neranei 06T
(BBIXOIHOM BaJl pelyKTOpa U CONPSHKE- 02T
HHOE C HUM KOJIECO) v v - >
03t | 0.5t 0.2t

\ 4

A

T 242




4. PacuéTHO-TIOSICHUTEIIBHYIO 3aMHCKY.

JI® KHUTY-KAU

Kadenpa TMull

TexHuyeckoe 3aJjaHue Ha KypCOBOM MPOEKT IO JAETaIsIM MAIlIHH.

3amanue Ne 42 | Bapuant Ne CrygneHnrt: I'p.
Koncynpranrt:
——
I ; 1.Onexrponsuraresns
e f 5 2 Mydra
1 , 4 ) 3.PenykTop IByXCTyII€HYAThIN
J 213 | 4.0TKpbITas HUIIMHAPUYECKAs Iieperayda

5. 3Bé3nouka (., =600 Mmm)

CxeMbl PEAYKTOPOB.

|

UepBsUHO-IUITUH]-
PUYECKUI PELYKTOP

| N -
L K
| IR
B 3yOuaTo- yeppseHRA T
I 1 Il EAYKTOD. v
BapuanTtsl 1 2 3 4 5 6 7 8
Nex, KBT 3 4 55 7,5 4 55 7,5 10
Ngx, 00/MHUH 1000 1000 1500 1500 1000 1500 | 1500 3000
Unp 50 40 45 30 45 50 60 60
Cxema | | | | 1 I 1 1
€ITYKTOPOB
BapuaHTsI 9 10 11 12 13 14 15 16
Nex, KBT 3 4 55 7,5 4 55 7,5 10
Ngx, 00/MUH 1000 1000 1500 1500 1000 1500 | 1500 3000
Urp 200 180 190 150 165 140 120 150
Cxema i 1 i 1 \Y, \Y, \Y \Y,
PEAYKTOPOB
[Tpon3BOACTBO METKOCEPUIHOE. e
Pa3paboTats: . I{uksiorpamMma Harpy3ku
1. OOGmmii Bua mpuBoja Ha pame ( B ABYX MPOEKITUSX )
2. Penykrop ( B TpEX MPOCKIIUSIX ) T
O,8T 7'y ’243
0.35T
Y A 4 >
03t | |o5t | | |02t




3. Pabouue ueprexu nByX AeTanei (BhIXOIHOM Baj
peayKTOpa U CONpsHKEHHOE C HUM KOJIeCO)
4. PacuéTHO-TIOSICHUTEIIbHYIO 3aMHCKY.

JI® KHUTY-KAU

Kadenpa TMull

TexHuueckoe 3aJaHUC Ha KprOBOﬁ IIPOCKT I10 ACTAJIXIM MAalllhH.

3amanue Ne 41

Bapuant Ne

CryneHnr:

KoHcynbTaHT:

1.OnexrponBuraresns
2.PemeHHas niepeiayda

3.PenykTop IByXCTyII€HYaThIN

—n~xombl PCAYKTOPOB.

i —

HepBsauHO-UMIINH]I-
PHAYECKUN PETYKTOP

0 -
BhIX
8
11

ai 3y0OyaTo-yepBbIy- ]
) HBIN “
Il PELYKTOP. v
BapuanTst 1 2 3 4 5 6 7
Nix, KBT 4 5,5 7,5 10 4 5,5 7,5
Ngx, 00/MHUH 1000 1500 1500 3000 1000 1500 | 1500 | 3000
Unp 45 25 35 40 100 125 110 150
Cxema penyKTopoB I I I ] Il IV Il AV
A
[Tpon3BOACTBO MENKOCEPUUHOE. [MuknorpaMmma HarpysKu.
Pa3paboTats:
1. OOGumwmii BuA npuBoja Ha pame ( B ABYX X
MPOEKITUSX ) 7'
2. Penykrop ( B TpEX MPOEKITUSX ) -
0,6T 7y 244
0,2T
\ 4 \ 4 v
0.1t Lozt | | o2t |




3. Pabouue uepTexu IBYX AeTayeu

(BBIXOJTHOM BaJl pEAYKTOPA U COTPSIKE-

v

HHOE C HUM KOJIECO)
4. PacuéTHO-TIOSICHUTEIIbHYIO 3aMHCKY. t

JI® KHUTY-KAU

Kadenpa TMull

TexHuueckoe 3aJaHuC Ha KprOBOﬁ IIPOCKT I10 ACTAJIXIM MAalllvH.

3ananue Ne 41(nomn.Bap) | Bapuant No CryneHnr:

KoHcynbTaHT:

1.DnekTpoaBUrarens
2.PemeHHas niepeayda
3.PenykTop IByXCTyII€HYaThINA

5

/

—n~xombl PCAYKTOPOB.

HepBAUHO-IIUIHHI-
PHAYECKUN PELYKTOP
1 | -
BX F | ‘ [ | —_—
U I | | b—
AL 3y6uaro-uepspru- "
I “ HBIN “
1 ‘ [l I pemykTop. v Bl
Bapuantbl 9 10 11 12 13 14 15 16
Ny, KBT 3 5,5 4 7,5 5,5 10 4 7,5
Ngx, 00/MHUH 1000 1500 1000 1500 1500 3000 | 1000 | 1500
Unp 25 40 30 35 150 180 115 150
Cxema penyKTopoB I I I I Il Il v v
T| 4
[Tpon3BOACTBO METKOCEPUIHOE. [Huknorpamma Harpy3KH.
Pa3paboTats:
1. OOGumwmii BuA npuBoja Ha pame ( B ABYX X
MPOEKIIMSIX )
T 245
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2. Penykrop ( B TpEX MPOEKIIMSIX )
3. Pabouue ueprexu IBYX AeTayeu
(BBIXOJTHOM BaJl pEAYKTOPA U COTPSIKE-

HHOE C HUM KOJIECO)

4. Pacu€THO-TIOSICHUTEIIbHYIO 3aMHUCKY.

JI® KHUTY-KAU

Kadenpa TMull

TexHuueckoe 3aJaHuC Ha KprOBOﬁ IIPOCKT I10 ACTAJIXIM MAalllvH.

3aganue Ne 40 | Bapuant Ne CryneHr: I'p.
KoHcynbTaHT:
1 2 3 4 1.DnekTpoaBUrarens
AN 2MY(1)T8
\ u 3.PenykTop IByXCTyII€HYaThINA
T 4.0TKpbITast KOHUYECKAS nIepeaada
| | 5.3Bé310uKa.
3B h
- P
— «T
V
CxeMbl peyKTOPOB.
| , ] [ o T— |T|'||_|' |
L] |
| jln | | s | o —
| | L ] ] |
J—r T = — T -]
| __ 1 Il A\
BapuanTst 1 2 3 4 5 6 7 8
F.H 10000 | 10000 | 10000 | 10000 | 15000 | 15000 | 15000 | 15000
V, M/c 0,25 0,34 0,47 0,64 0,22 0,30 0,42 0,56
s, MM 300 390 360 480 130 170 160 210
Cxema penyKTopoB
(3amaéres
KOHCYJIbTAHTOM )
qz:fgfsﬂgef;; 750, | 1000, | 1000, | 1000, | 1000, | 1000, | 1500, | 1500,
patt 1000 1500 1500 1500 1500 1500 3000 3000
DJICKTPOBUTATEIISI
[Tpon3BOACTBO MENKOCEPUUHOE. T [uknorpamma HarpysKu.
Pa3paboTats: X
246
T L
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1. O6mwumii Buj npuBoga Ha pame ( B ABYX MPOESKITUSX)

2. Penyxrop ( B TpEX MPOCKIIMSIX )

3. Pabouue ueprexu IByX JeTayeu

(BBIXOIHOM BaJl pelyKTOpa U CONPSHKEHHOE ¢ HUM KOJIECO)
4. Pacu€THO-TIOSICHUTEIIbHYIO 3aMHUCKY.
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