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THE METHODOLOGY FOR CALCULATING AND DESIGNING

TRANSMISSIONS WITH COMPOSITE INTERMEDIATE ROLLING ELEMENTS

AHHOTATHSA

[TpuBeneHa METOIOIOTHSA PACUETa W MPOCKTUPOBAHMS PATHATIBHO MAIOTA0APUTHBIX MEXaHIICCKUX TIepe-
Jia4, COACP KAIINX IUIMHAPHYCCKAE KYJIA4YKH, CEMApaTop M COCTaBHBIC poiuku. OHA BKIFOYACT METOIBI OIIpe-
JICJICHUST OTHOCHTEILHOM YTJIOBOM CKOPOCTH POIHKA, KOI((PUIHUCHTOB TPCHHUS B KOHTAKTHpYIomux mapax, KI1/1,
MCTOIHMKH CHJIOBOTO H KHHCMATHYCCKOTO AHATH3A M HampasjicHa Ha mossiucHue KI1J] m HATPY304HOH CTIOCO0-
HOCTH UCCIIEy EMbIX MCXaHU3MOB.
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Abstract

The article presents the methodology for the calculation and design of mechanical transmissions with
small radial dimensions. Transmissions are composed of cylindrical cams, the separator and composite rollers.
The methodology includes methods for determining the relative angular velocity of a roller, coefficients of
friction in contact pairs and the efficiency, as well as techniques of force and kinematic analyses. The
methodology is aimed at increasing the efficiency and load-carrying ability of mechanisms under study.
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Beeoenue JIOTHH pacdeTa W MPOEKTUPOBAHUS Mepe-
a4 C MPOMEKYTOYHBIMH TElIaMH Kaue-
HUsl, oOnajmaroummx OOJBIIMMU TOTEHIIH-
aJbHBIMH KOHCTPYKTUBHBIMHU BO3MOHO-
CTSIMH, TIO3BOJIUT CO31aBaTh 3(PQPEKTHUB-
Hble MEXaHWYeCKHEe MPHUBOABI C MaJbIMH
panuadbHBIMU Ta0apuTaMu, He yCTyIaro-
[He MO TeXHHYECKHUM XapaKTepUCTHKAM
MHUPOBBIM aHAJIOTaM.

PaccMoTpUM KOHCTPYKLHUIO M MPUH-
mun  paboThl  HCCIEenyeMOl mepenadu
(puc. 1). [lepenayua BKIIOYAET ABA I[WITHH-
OPUYECKUX KyJlauka, CermapaTrop U Tena
kadeHus. Kymauku oOpa3oBaHbl IByMs

s paboTel B MPOCTPAHCTBAX C OT-
PaHUYEHHBIMU PaAUaIbHBIMHU radapuTaMu
(B TpyOax, CKBaXMHAX H T. 1.) 3P PeKTuB-
HbIM pEIICHHEM SIBJIIETCS TNPHUMEHEHUE
nepenay ¢ MPOMEKYTOYHBIMHU TeJlaMH Ka-
yeHust (ITIITK). OHM UMEIT KOMIIOHO-
BOYHBIE TNPEUMYIIECTBA, HHU3KYIO Mare-
PHAJOEMKOCTh M BBICOKYIO) IHEPrOHACHI-
IIEHHOCTh, T. K. MOIIHOCTh B Ieperavax
TAaKOrO THUMA IEPEeNaeTCs MO MHOXKECTBY
napajuienbHbix 1moTokoB [1].  JlaHHBIN
KJIACC MEXaHU3MOB BCE €I€ MAJOU3y4ECH.

OCHOBHBIM HEOOCTAaTKOM 6OJ'IbH_II/IHCTBa
KOHCTPYKI_II/IP'I nepeaad 3Toro Tula ABJIsA-
ercss Hu3kuii KIIJ[. Paspaborka meromo-

3jJeMeHTaMHi. POJIHMKH TakKKe COCTOST HU3
HECKOJIBKHX I[eTaHefI, HUMCIOIMUX BO3MOXK-
HOCTb BpallaTbCd OTHOCUTCIIBHO JOpyr
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apyra.

IIpu BpaleHuu BHYTPEHHErO KyJau-
ka 1 (BemyImero 3BeHa) poJUKU 4 mepeme-
MIAFOTCS TI0 3aMKHYTOUW OEroBOH NTOpPOKKE,
U3TOTOBJIEHHON Ha €ro MOBEPXHOCTH, IO
3aMKHYTOH OETrOBOH NOPOXKKE HApPy KHOTO
KyJauka 3, 3aKpeIuIeHHOro B KOpIyce, U
BIOJIb TIa30B cenaparopa 2 (BeIOMOro 3Be-

Ha), OAHOBPEMEHHO BBIHY)KAas €ro Bpa-
IaThCS C YMEHBLIEHHOW CKOpOCThIO. lle-
pemaToYHOE OTHOLIEHHWE MAAHHOIO MeXa-
HU3Ma 3aBUCUT OT COOTHOLIEHHs 4HCIHA
nepruonoB (BOJH) OETOBBIX AOPOKEK BHYT-
PEHHEro U Hapy’>KHOIO KyJIA4KOB Z; U Z3
COOTBETCTBEHHO.

Puc. 1. Hepe/:[aqa C MPOMCKYTOYHBIMH TCJIAMH KAUCHHSA. a — KOHCTPYKTHBHas cxeMa; O — OCHOBHBIC JeTallH;
B — PeAYIHUPYIOMUH y3el; T — peAyKTop B cOope; 1 — BHYTPEHHUH KyJIauoK; 2 — cemapaTop; 3 — HapyKHBIN KyJIauoK; 4 — pOJIHKH

Hexoonvimu oannvivu st pacdera
SIBJISIFOTCSI YCJIOBUSI KOMIIOHOBKH PEIyKTO-
pa (pemyuupyromiero ysjga) TIpH €ro
BCTpPaWBaHUM B JIPYrOl MEXaHU3M, B T. 4.
MaKCHMAJIbHBIA TUAMETpP KOpIyca pPeaykK-
TOpa Dpax U OHAMETP CKBO3HOTO OTBEP-
ctus Do, MM.

Takke HeoOxommmo 3amath Tpelye-
MO€ TepedaTOYHOe OTHOIIEHHE 1; HOMHU-
HaJIbHBIA TepenaBaeMblil KPyTALIUA MO-
MEHT My,x, H'M; HOMHHaIBHYIO 4acCTOTYy
BpallleHUs] BEAYINEro Baja nj, o0/MuH, pe-
JKUMBI paOOThI PEIYKTOPA, MATEPUATIBI JJIs
WU3TOTOBJICHHUS] OCHOBHBIX 3JIEMEHTOB TIe-
penadu W BHJ HX TepMOOOpPaldOTKH, CTe-
MeHb TOYHOCTH W3TOTOBJICHHS JETaJIei;
BHUJl NPUMEHSEMON CMa3ku u pecypc L,
MJTH 00.

Ilpeosapumenvusie pacuenl
napamempos nepeoaiu

1. Ilo cnipaBouHBIM JaHHBIM [2] Mpu-
HUMAIOTCs 3HaYeHHsT KO3(h(PUIMIeHTa TPEHUs

Mawunocmpoenue

ckonbxkeHus f u koaurnmenra TpeHus Ka-
yeHust O, MM. Jlomyckaemble KOHTAKTHBIE
HarpsDKeHus (TIPU B3aUMOJIEHCTBUN POJIMKA
C MasaMH ceraparopa U OeroBBIMH JOPOK-
Kamu) [oy], IOMyCcKaeMble HATPSKEHUS W3-
ruba (U1 BBICTYNIOB TOPLIOBBIX KYJIAUKOB)
[or], IoMyckaeMble HAMpPSKEHUs Cpe3a [Tep)
U CMATUS [Coy| (VI B3aUMOJEWCTBHSI dJie-
MEHTOB COCTABHBIX POJINKOB) U JIOIyCKae-
Mble HanpspKeHHs1 KpydeHus [t] (mns Bcex
BAJIOB) OMNPENENSIOTCS COTJIACHO JIAaHHBIM
HCTOYHUKOB [3, 4].

2. IlpeaBapuTeNbHO OLICHUBAETCS
BO3MOKHOCTh TI€pENavy 3aJaHHBIX MOII-
HOCTEH NP yCTAHOBIIEHHBIX PaIUaIbHBIX
rafapuTax ¢ MOMOLIBIO OJHOH CEKIHH pe-
aykTtopa. Ompenensiercst yaenbHas Imepe-
maBaeMasi MOITHOCTb Ky, kB1/M*:

k, =133:-M,, -0, /(i-(D,.-D})). (1)

IlpenenpHble 3HaYeHUs yIEJIBHON
nepenaBaeMoi MOLTHOCTH
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[k, |=9-D,,, +1550.

B cuyuae, ecmm k Z[kps], UCXOT-

HbIC MApaMeTpPhl IS IPOSKTUPOBAHUS Ta-
KOBBI, YTO HeoOXOauMo paszpadaTbiBaTh
nepesayy ¢ TEXHUYECKUMH XapaKTepH-
CTUKaMH, TMPEBBILIAIOIIIMHA XapaKTepH-
ctuku Hambosee 3 PpexkTUBHBIX 00pa3LoB
PEeNyKTOpPOB, CEPUITHO BBIMTYyCKAEMBIX MH-
POBBIMHU JTUePaMHU-TIPOU3BOIUTEISIMH
PEeOyKTOpHOM TexHUKH. Torma crienyer
aub0 CKOPPEKTHUPOBATH HCXOIHBIE JaH-
Hble, JHOO MPOEKTHPOBATH MHOTOCEKIIH-
OHHYHO nepenauy. Ilpu nmpoextuposanuu
nepesayn B MHOTOCEKIIMOHHOM HCIIOJNHE-
HUU (C HECKOJbKHMH MapaJljIeIbHO CO-
€IMHEHHBIMH PEIYKTOPHBIMU CEKLIUSIMHU,
nepesaroiMI MOIHOCTD) YHUCIO CEKLUH
MOJKHO OPHEHTUPOBOYHO HAHTH 1O (op-

myne S, =k / [kps] C OKpyIJIEHHEM IIO-

JY4EeHHOrO 3HA4YeHus 10 Onvkaimero
Gonpurero menoro uucna. Ilpu 3Tom meii-
CTBYIOIIUNM KPYTAIIMA MOMEHT B OAHOMU
CEeKLIUH OMNPEACIIUTCS MO CIEAYIOLEH 3a-
M = MBBIX (sn ) kns)’ rae

BBIX

BHUCUMOCTH:
kns — KO3((uLMEHT HEpaBHOMEPHOCTH
pacrpeneneHusl Harpy3kKd MEXKOy CEeKLHs-
MH, kys=0,7...0.8.

3. IlpousBogutcsi BHIOOp THUMHA IIe-
penayn 1o IOBEPXHOCTH, Ha KOTOPOH

Tadn 1. Kuremarmaeckue cxemsl (KC) IMITK

pacmoyiararoTCsl TPAEKTOPUU LIEHTPOB TeJ
kadueHus. I[lpeanodyTuUTENbHBIM SBISETCS
uunuHapudeckuii Tun. OnHAKO B Ciydae
YCTAHOBJICHHBIX OTPAHUYEHHI HA OCEBbBIC
rabapuThl niepenayu, a Takxke Npu paspa-
OOTKe mepenay ¢ MmepeceKaruMUCs OCsI-
MH BaJIOB U U3MEHSIOLIUMUCS YIJIAMU UX
HAKJIOHA TIPEVMYIIECTBO 33 CHepuyecKum
tunioM. C yderoM crenupuueckux KOM-
MOHOBOYHBIX TPeOOBAHUI MOXKET TaKXKe
WHOT/IA TPUMEHSITbCS KOHUYECKUW THII
[IITK.

4. OmnpenensieTcss KUHEMaTHUECKas
cxema mepenayu no tada. 1 ¢ yderom 3a-
JaHHOTO 3HAY€HUs MEPEeNaTOYHOro OTHO-
menus. Ilpu 3TomM umncna nepuonos Z; U
Z3 SIBIAIOTCS UEJIbIMH W BBIOUPAIOTCS W3
nuanaszona 1...10. [lanee paccmartpuBaet-
Cs mOepBas  KMHEMAaTU4YeCKass  CXema
(Mgyix M), TO3BOJSIOMIAs TOJYYHTh
MaKCHMAJIbHOE 3HAY€HHE NEePeaaTOuHOro
orHoweHus npu BbicokoM KIIJ[ ornOCH-
TEJNbHO JPYTUX KHHEMATHYECKUX CXEM.
Jlns MexXaHWU3MOB pa3BUHYMUBAHHA TPYO
MPUMEHUMBI KHHEMAaTHYECKHUE CXeMbl Ne 2
U S, KOTOpble OOECNeuMBaOT pPa3HOHA-
MPABJICHHOCTb BPAILLEHUN BEAYLIEro U Be-
JIOMOTO BaJIOB.

ITapameTpbl KOHCTPYKTUBHON CXEMBI
nepeavyr yCTaHABIMBAIOTCS 1O TadJ. 2.

Homep KC Betylee 3BeH0 BeoMoe 3B6HO | OCTAHOBJICHHOS 3BSHO ITepe1aToUHOE OTHOMICHHE
1 1 2 3 i) =1+2,/7,
2 1 3 2 iY=-z/z,
3 2 1 3 i) =2, /(2,+2,)
4 3 3 ) i) =2,/(z,+2,)
5 3 1 2 iy =-2,/2,
6 3 2 ] iy =1+2,/2,

Mawunocmpoenue

62
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Tabm 2. Koncrpykrusasie nenomHeHna cexiun [TTTTK

KoncTpykTHBHAS cXeMa BHyTpeHHee 3BeHO

ITpomexyTouHOE 3BeHO Hapy:xHoe 3BeHO

1 13)

2 3(1)

2 13)

3(1) 2

3 2

13) 3(1)

HaubGonee uenecoobpasHo (s mep-
BOM KMHEMAaTUYE€CKOH CXEMbI) HUCIONIb30Ba-
HUE MEPBOM KOHCTPYKTHBHOW CXEMBI, IIPH
KOTOpPOH BHYTPEHHUM 3BEHOM SIBJIETCS
BHYTPEHHsISI BTYJKa (KyJIQ4OK), TPOMEXKY-
TOYHBIM — CEeNaparop, a Hapy>XKHbIM — Ha-
Py KHAs BTYJIKa (HApy KHbIE KyJIAuKH).

5. Hcxonmss W3 3alaHHBIX YacTOTHI
BpallleHUs] BeIyllero Baja U 3aKOHA JIBU-
JKEHHUsl BEJOMOro 3B€Ha MeXaHu3Ma oIpe-
JeJIsIeTCsl TUIT LEHTPOBBIX KPUBBIX KyJay-
koB. IIpu mpoeKTUpOBaHUM CKOPOCTHBIX
nepenad PeKOMEHAYETCsl MCIOJIb30BaTh
CHUHYyCOMJaJibHble KpuBble. [l MexaHU3-
MOB C PYYHBIM IPHUBOIOM LEJIECO0OpPa3HO
NPUMEHATh KyCOYHO-BUHTOBBIE LIEHTPO-
Bble KpuBble. B cnyuae, ecnu 3akOH J1BU-
JKE€HHUS BEOMOIO 3B€Ha ME€XaHU3Ma HOCUT
cnenuuUecKknii Xapakrep, HeoOXOmAHMO
ONpeneNsaTh YPaBHEHUsI LEHTPOBBIX KpU-
BBIX IO pa3paboTaHHBIM anropuTMam [5].

6. IIpenBapuTenbHO PaCCUUTHIBAIOT-
Cs OCHOBHbIE IeOMEeTpHUYECKHe MapameT-
pBI Iepefavy Mo SMIUPHUYECKUM 3aBUCH-
MoctsaM. Ucxons u3 3HaueHUst Diyax TpHU-
HUMaeTCs 3HaueHue paauyca cpeaHei ok-
pyxHoctu R u paguyc ponuka r,. Pexo-
MEHAYIOTCS CJENyIoLIue SMIUpPUYECKUe
3aBuUCUMOCTH. R = 0.8 * Dpax / 2, 15 =
=(0,12...0,18) * Dpax / 2.

Yucno nepuoaos LIEHTPOBON KPUBOHN
BHYTPEHHEro KyJauka, KaK IpaBuIIo, MpH-
HUMaroT Z; = 1. Yucao nepuoaos LEHTPO-
BOW KPHUBOW HAPY’KHOIO KyJjadka Zs ompe-

HesieTcss B 3aBUCHMOCTH OT 3aJaHHOTO
nepelaTOYHOro OTHOUIEHUs i 1o dop-
MyJsaMm u3 tabn. 1. J{nst nmepBoii kuHemMaTH-
qecKol CXeMbl, KaK MpaBuio, Z3 = iy —1.

Uucno Ten kadenws (Ma30B cemapaTopa)
HaXoAsT o gopmysie n =Z; + Zs.

Mawunocmpoenue

63

OnTuManbHOEe 3HAYEHUE AMILIIUTY -
JAbI A, HUCXOOdA U3 YCJIOBUSA HAWMMCHBIINX
NMOTEPL Ha TPCHUE,

A=m-R\2-2,-Z,-1g*(0) [(4-2,) . 2)

Vroxa TPECHUA ONPEACTACTCA 1O

dopmyne ¢ =arctg(f), rme B xadectse

koapduruenta Tpenuss f HeoOXomMMO
MOJCTABJIATh TNPUBEACHHBIH KO3 umm-
€HT COIPOTHUBJICHHS [BIKEHUIO, YUYUTHI-
BAIOLIUH CKOJIbKEHHE W CONPOTHBIICHHE
KaueHuro. Jl0 BBIYMCICHUS 3HAYEHWUU CHII
MOKHO NMPUHHUMATh 3HaueHus ko3(hdumm-
eHta u3 uHTepBaia f=0,05...0,07 (mus
CTANbHBIX  JeTalied, paboTanmux Cco
cMa3koi). UMCleHHBbI aHAIU3 BBIPAKE-
Hus (2) mokasain, uro ko3dduument f He-
3HAYUTENBHO BIUSET HAa BEJIMYHHY aM-
Ty bl npu £ <0,2.

CpenHue yriael moabeMa KPUBBIX
3aLEIJICHUS Oy U O3y OTPEIEIISIOTCS 110

bopmye

Oy = arctg(2-Zj -A/(n-R)). (3)

7. IlpoBOAUTCS CUJIOBOM aHAIU3 3a-
LEeTUICHHS.

Koappumment K,, ydureBaromuii
KOJINYECTBO POJINKOB, OJHOBPEMEHHO IIe-
pemaroIuux HArpy3Ky, OIpenensercss IO

dbopmyie

K, =1-1-tg(ay,) sin(a,)/A. (@)

Jlanee BBIMUCIAIOTCA CPEOHHUE 3HA-
yeHus cua Nz, N; u N3, H, nelictByromumx
Ha Tejla Kaue€HUs CO CTOPOHBI OCHOBHBIX
3JIEMEHTOB Tepeaayu.
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N,=M,/(R-n-K K,), (5

rae M, — KpyTsluii MOMEHT Ha BBIXOM-
HoM Baiy, H-m; K, — xoadpduunenr, yuu-
TBIBAIOLIUI TEOMETPUYECKUE TapaMeTphbl
0eroBoli MOPOKKH M HAIMYHE YYaCTKOB,
r7e Tella KaueHHs He MepenalT HarpysKy,
K, — xospduumenTr HepaBHOMEPHOCTH
pacrpeneneHus: Harpy3KHy 10 OTOKaM.

Kosppuument K, 3aBucur OT TOU-
HOCTH M3rOTOBJeHus aeranen. Mcxons us
OMbITA TPOSKTUPOBAHUS, MPU HAIUIUH B
nepenaye MexXaHW3Ma BbIPABHUBAHHUS Ha-
IPY3KH 1O TIOTOKAMH, €r0 MOXKHO Ompene-
JSTH 10 hopMy e

Ko=1,6-0,1-S<1,

rae St — CTCII€Hb TOYHOCTU HU3TOTOBJICHUA
OCHOBHBIX 3JIEMEHTOB Tmepenayn (KyJyad-
KOB, CenapaTopa 1 TeJl KAUeHWs).

N, :(Nz '(Cl/cz —f))/C3 +C 'C4/C2; (6)
N, = (Nz -N, 'C4)/C2 > (7

rae C;...Cy — kodppunmenTsr:

C, =cos(a,, ) +f-sin (o, );
C, =sin(a,, )~ f-cos(a,,);
C, =cos(a,, )~ f-sin (o, );
C, =sin(a,, )+ -cos(a, ).

B 3aBucumocTu OT BBIOpaHHOW KH-
HemaTuueckoil cxembl (KC) onenuBaercs
cpennuii KIIJ] nepenadu coryjiacHO BbIpa-
JKEHMsIM, TIPUBEICHHBIM B Tabus. 3, ¢ moa-
CTAHOBKOW CpEIHUX 3HAYEHUH YIJIOB
MoJbeéMa KPUBBIX.

OmnpenensieM MOMEHTBI, NEHCTBYIO-
i€ Ha OCHOBHBbIE 3BE€Hbsl Iepeaadu
(Benoymiee W OCTAHOBJIEHHOE), HCXOMS
U3 ypaBHeHus OajmaHca MOMEHTOB. Jlis
nepBOH KUHEMATHYECKOMN CXEMBI

M1 = M2 / (1532) : Il), M3 = M2 — Ml.
Hpoekmubui paciem nepedalm

8. OmpenensoTcsi TeOMETPUUECKHE
napamerpsl IITITK (puc. 2).

Tabn. 3. Berpaskenus mia onpeacineHus cpeauaero KITJ TIIITK

Homep KC KILJ, Homep KC KILJ,
1 sin(ar,,, + 0y, ) -cos() 4 sin(o,, — @) -cos(o,,, +2- )
iﬁ) -sin(ar,,, +@)-cos(o,, —2-¢) 1(213) -Cos ((p) -sin(a,,, + Olyy,)
2 sin(o,,, —¢) -cos(al,, +2-P) 5 sin(at,,, — @) -cos(0,, +2-P)
i1y -sin(ot,, +)-cos(ot,,, —2-¢) i) - sin(oty, +@)-c0s(cty,, —2+)
3 sin(o,,, — @) - cos(0y,, +2-¢) 6 sin(at,,, + 0y, ) - cos()
1(231) -cos () -sin(o, + oty i . sinot, +@)-cos(or,, —2- @)
MuHUMaNbHBIA AUAMETP BXOAHOIO Baa Dinin HE JOMKEH MNOpeBBIIATh

BaJla, UCXOAs U3 YCJIOBHUS NPOYHOCTH HA
Kpy4eHHue,

D = §/16'M1 '103/(['5]'75'(1_&)) , (8)

rae & — koo PUUHUeHT, YyUUTHIBAIOIINN Ha-
JUYUE CKBO3ZHOTO OTBEPCTHS y BEAYIIETO
Basia, £=0,70...0,73.

MuHuManbHelli JUAMETP BEAYLIEro

Mawunocmpoenue
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3Ha4ueHue 0,7 Dax.

JnuHa ponuka [/, TpUHUMAETCS C
Y4E€TOM €€ MAaKCUMAaJIbHOIO 3HAYCHHUS!

lr max = O’ 5 : (Dmax - Dlmin) - 8k bl (9)
re Ox — TOJIIUHA KOPITyCca PEAYKTOPa, MM.

MakcumanpHas AJWHA POJIUKA HeE
MOKET npeBbIaTh 3HaueHue 0,5-R.
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Puc. 2. FGOMeTpI/I‘IGCKI/Ie napaMETpPhl CCKINA TIITK: 1 - BHYTpeHHHUE KYJIAuKH; 2 — ceraparop; 3 — Hapy>KHbIe KyJIay-
KH; 4 — pOJIMKH; 5 — BelyIuH BaJl; 6 — KOPIyC; 7 — BUHTBI, CTOIOPSIUE HApY>KHbIE KYJIAUKH B KOpITyce

IIpu pazbuenun oOuieil IIMHBI PO-
JuKa /; o CTYNEHSIM PEKOMEHIYeTCs yBe-
JUYUTh JJIMHBI CPEIHEH M BEPXHEH CTy-
neHeil kak Hanbosee HarpykeHHbIX. [Ipu
5TOM Ha BTYJIKE, KOHTAKTUPYIOLIEH C Cce-
napaTopoM, HEOOXOAMMO MPOEKTHPOBATH
BBICTYI IUJIsl YCTPAHEHHsI MEPEKOCOB OCH
ponuka. Takum obpazom, /; = 0,3 - [,
lr2 = lr3 = 0735 : lr.

Beicory /p; 1 quametp dgpn OypTHKa
11l yCTpaHEHUs MEepeKOoCOB OCHU POJIMKA
(puc. 3), kak W TONIUHY Kopmyca O,
NPUHUMAaEM KOHCTPYKTHUBHO.

YTOUYHsAETCS MUHUMAJbHBIA pagnycC
BTYJIOK pOJIMKa M3 YCJIOBHUH MPOYHOCTU

Mawunocmpoenue
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(mepBOHAYAILHO IPUHSTHIH B I1. 6):

All-11- 2‘M2'tg(a3m)'sm(a3m)
R'A'n'Kn'Zer'kst'[GCM]

, (10)
2-tg(o,)-sin(ay,,)

rae /o — MUTMHA KOHTAKTHOW JIMHUHU BTYJI-
KU POJIMKA U Ta3a cermaparopa, CKOPPeKTH-
pOBaHHAas C Y4YETOM BBICOTHI OypTHKA,
Lok = by — I k¢ — ko3 puniment nuamer-
pa crepxns, kg = dy / ds (ansg ponukos ¢
pamuycoM 1y, < 7 MM pEKOMEHAyeTCs
k¢ =0,5...0,0).
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Puc. 3. FGOMeTpI/I‘IGCKI/Ie MapaMCTPBI POJHKA: 1 — BTyJIKa, KOHTAKTAPYIOIIAsA ¢ BHYTPEHHAMH KyJladkaMH; 2 — BTYJIKa,
KOHTaKTHpYIOIIas ¢ [Ia3aMH cenapaTopa; 3 — BTYJIKa, KOHTAKTHUPYIOIIAsi ¢ Hapy>KHbIMHU KyJIauKkaMu; 4 — CTep:keHb

OKOHYATeNbHO  YCTAaHABJIMBAIOTCS
3HAYEHHs PaINyCOB BTYJOK (TPUHHMAIOT-
Csl PaBHBIMHU Y BCE€X CTYNEHEH): Iy = Iy =
= 1y = I3 (mmamerp pomuka dy = 2 - rq).
MuHUMaIbHBIA quamMeTp ponuka ds He
JOJDKEH MpeBbIAaTh BEITUUUHY 0,2 * Dyay.

ITpu HapymeHnu XOTst ObI OIHOTO U3
yCIOBHN (Dimin < 0,7 * Diax, ds < 0,2 * Diax)
HEOOXOIUMO CKOPPEKTHUPOBATh HCXOIHBIE
naHHble  (M3MEHWTb MAaTepHalbl, BHIbI
TepMoOoOpabOTKH), a B ClIy4ae HEBO3MOK-
HOCTH PacCMOTPEHUS BOIPOCA YBEIUYEHUS
yucna cexkumilt IIIITK cm. n. 14 nanHOl
METOAOJIOTHH.

CrepxeHb ponuka KOHCTPYUpYeTCs
COCOUHEHHBIM CO BTYJKOH, KOHTaKTHU-
pyHOILIEd € Hapy>KHbIM KyJlaukom. /Jlua-
METp CTEpXKHS POJIMKAa NPUHUMAEM €Iu-
HbIM JJs  JBYX JApPYyIHX CTyIEHeH:
dso = dsol = dsoZ = O,S ) ds~

9. IlponsBoguTcsl pacdyeTr reoMeTpu-
YECKHUX NMapaMeTPOB OCHOBHBIX 3JIEMEHTOB
nepeaadn. Mcxoast u3 U3BECTHBIX THAMET-
POB Dimin U Dpax ONpeaensroTcss BHyTPEH-
HU€ U Hapy>KHbIE TUaMETPhl cenaparopa u
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KyJIa4KOB.

D3n :Dmax_z'sk; D3v :DSn_z'l

132

Dn:DSV; D2v:D2n_2'lr2;

2

Dln :D ;

2v >

Dlv:Dln_z'lrl' (ll)

Ilocne onpeneneHust ANMHBI POJIUKA
HEOOXOAMMO CKOPPEKTHUPOBATh PaaHNycC
CpenHel OKpPY)KHOCTHU Mepefayu:

R=0,5-D,, -6 —/1,—1,-0,5, . (12)

Ecan nmocne pacueros B nm. 8...10
napaMeTpsl 1y 1 R U3MEHWIIU 3HAUCHHUS T10
CpPaBHEHUIO C MPUHSATHIMU B M. 6, HEOOXO-
IUMO CKOPPEKTHPOBATh 3HAUECHUS T€O-
METPUUYECKUX U CUJIOBBIX MapaMeTpoB,
PacCCUMTAHHBIX MO NI. 6 U 7 JAHHON Me-
TOJIOJIOTUH.

10. OnpenensieTcss CpeaHss yriaoBas
CKOpPOCTb BpAICHUS TeJla KAaYEHUS . OT-
HOCHUTENIbHO COOCTBeHHOM ocu (Tabn. 4).
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Ta0n. 4. BepakeHUS I ONPEACICHUS OTHOCHTEILHOHN YTTIOBOH CKOPOCTH TENIA KAUCHHS

KC BeipakeHue JULs olpeIeNeHIS O
| o R sin(a, ) tg(ct,) 1
31, sin(m—oy,, —oy, ) i) iy cos(oat,)
®,-R 1
2 .| — — t
3.1, cos(a, ) 117 - cos(ay,) *1e (o)
o,-R [ cos(a,)
IS - —1 S
: 3.1, i) 8(0tsm) + cos(aty, )
o, R [ cos(loy])
s t P —
) 3.1, ! 1(213) " g(|oc1 |) cos(|oc1|)
o, R 1 1
5 : -t
3.1, cos(aty,, ) " i cos(ar,,, ) g(en)
o, R sin (ot ) tg (o, ) 1
0 T | s —a ) 0O
31, sin(m—o,, — oy, ) 2 iy, -cos(o,, )
11. TlpuBeneHHblii K03(pduIHeHT BpalLllEHUs] BTYJKU POJUKA OTHOCUTEIBHO

TpeHust cKoibkeHus f ' u xoaddunment
TPEHUs] Ka4eHHUs1 0 B KOHTAKTE POJIHKA H
pabouux mnosepxHocteir nertanei IMIITK
OTIPEAEIISIOTCA COTJIACHO METONIUKE, OIIH-
CaHHOW B [6].

12. Vrounennwii KIIJ IIIITK on-
penensiercst mo popmyie

Mz "0,

5y
=

n= , (13)

(N-oa

)+
o)

TZE Iyoj — PAgUyC OTBEPCTHSI B COOTBETCT-
Byromeit (j-i) BTysnke posimka (pamuyc
CTyTIIEHU CTEPXKHS), enj — YIJTIOBAasl CKO-
POCTE BpALICHHA BTYJIKH POJHUKA OTHOCH-
TEeJIbHO COOTBETCTBYIOIIEH OeroBoil mo-
POKKM WM Ta3a Cernaparopa, pacCcuuTaH-
Hasl C TPEATIONOKEHUEM €€ KaueHust 0e3
NPOCKAaJIb3bIBAHMSA, 0,j — YTJIOBAsk CKOPOCTh

3| eny
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€ro CTEPIKHSI.

Tak kak CTepkKeHb CBsI3aH C ONHOU
U3 BTYJIOK, TO BHyYTpPEHHEEe TpEeHUE TaM
YUHUTBIBATBCSI HE OyIer, a B KOHTAaKTe
JBYX APYTHUX BTYJIOK CO CTEp)KHEM pOJu-
ka OyayT paccMaTpUBaTbCS OTHOCHUTEINb-
Hbl€ YIJIOBblE CKOPOCTH C Y4YE€TOM 3HaKa:

0j

() O, —O A Mest — OTHOCHUTECIIb-

ejn est|”
Hasl yIJIOBas CKOPOCTb 3BEHa (BTYJIKH),
COEIMHEHHOI'0 CO CTEp’KHEM, MpUHHUMae-
Masi PaBHOU Oein, Mepn WIH g3, COOTBET-
CTBEHHO.

Jlnst mepenayun, CKOHCTPYUPOBaHHOM
[0 NEPBOM KWHEMAaTUYECKOW CXeMe, pac-
YeT KHHEeMaTH4YeCKUX IapameTpoB Co-

CTaBHBIX 3JICMCHTOB TECJI KAYCHUSA MPUBC-

neH B [7].
13. CkopoCcTH CKOJIBXKEHUS  Uski
onpeaessoTes o Gopmye
Ly = [V, J_r|o)e 3 (14)
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i (SEE MPOEKIUST  OTHOCHUTENBLHOM
CKOPOCTH JIBWKCHHSI Teja Ka4eHHs ]-TO
3B€HA Ha MPAMYIO, TEPICHIUKYJAPHYIO K
HOPMaJIU K TIOBEPXHOCTSIM KOHTAKTH-
PYIOLINX JeTajiell B TOUKE KOHTAKTa.

3HaK «+» OpUHUMAETCS B Clydae,
KOrga TEpPEeHEeCEHHAass B TOYKY KOHTaKTa
CKOpPOCTb (), * Iy COBMAAAET MO HAIpaB-
JIEHUIO CO CKOPOCTBIO Uy, IEPEHECEHHOH B
Ty K€ TOYKy, a 3HaK «—» — B OOpaTHOM
ciydae. @opmyibl MO pacyeTy CKOPOCTEi
CKOJNIBXKCHUSI i1 TEePBOM  KUHEMAaTHU-
YECKOM CXeMbl TaAK)Ke MPUBEACHBI B [7].

14. TlpuBeneHHbli K03 duIHEHT
CONPOTHUBJICHUSI JIBUKEHUIO PACCUUTHIBA-
eTcs o popmyJjie

o .

ejn

S'i(NJ'

=1

)

+f i:Nj-rsj-oaj

1

—
Il

mp

_l’_
Y 15)
2N v (

[

0]

IIpu sTOM mpomsBOAMTCS mepepac-

YeT CUJI U MOMEHTOB IO M. 7 TaHHOU Me-

TONOJIOTHH, €CJIM MOJYYEHHOE 3HA4YE€HUE

fup OTIMHaeTcst oT npuHATOro KO3(gduuu-
eHta f B 1. 6.

Ilpogepounsie pacuemst nepedaqu

15. IIpoBepouHBIe pacyeTsl nepena-
Yy Ha MPOYHOCTb MPOBOIATCS C YUETOM
onpeneneHHbIX paHee (1. 1) nomyckaeMbIx
HaIpsLKEHUH.

HanpsixeHust cMATHST Ha MOBEPXHO-
CTSIX BTYJIOK MOJKHO HaiTu mo (opmyie

oy =N, [(2:ky 1,-1).  (16)
OHpeI[eJ'IﬂTb HaIlpsoKEHUA ~ CMSATUA

MOJKHO /151 Hanbosee Harpy>KeHHOH BTYJI-
KU POJIUKA.
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Hanpsokenust cpesa (mpu AByX TO-
BEPXHOCTSIX Cpe3a) MOKHO HalTH 1o (op-
MyJe

TN:NZ/(Z-n-kSZtZ-rSZZ). (17)

PacuyeTHbIe HaIlpsoKEHUA CMATUSA U
cpe3a CpaBHUBAIOTCA C [OMyCKAEMbIMH
HaIMpPsoKCHUAMUA.

KonrtakTtHbIE HampsKEHUA U yCJo-
BHE KOHTAKTHOU MNPOYHOCTHU

Gy =19L7- N, /(r,-1)),
o maX(GHj,j = l..3) <[ox], (18)

i€ B Ka4yecCTBE lr_] NPUHUMACTCA MOJIMHA
KOHTAKTHOW JINHUH (U151 CTYTIEHHU, KOHTaK-
TUPYIOLIEH C cenapaTopoM, ly = ).

BricoTa cpe3aemMoro ydactka BbI-
CTYIIOB HAPY>KHBIX KYJIAYKOB OIpPEHEIIsIET-
Cs UCXOAs U3 NOMYyCKAEMbIX HANpsLKEHUN
usruda.

N, -sin(ay,,) ‘
fmin ~ 2 . lr3 . [GF]

(3¢ (oty,,) —1) .(19)

Paccunrannas Beicotra hpnn  HE
NoJoKHaA npeBbimaTh 0,2-A.

IIpu HEBBIMONHEHUU OAHOTO U3 yC-
JOBUM MNPOYHOCTH B m. 15 npuHuMaem
pemeHne 00 N3MEHEHNH MaTePUaJIOB B HX
TepMooOpaboTku OO 00 yBEeTUYSHUU
yuciaa cekuui penykropa. Ilepepacuer
apaMeTpPOB MHOTOCEKLIHOHHOTO peayK-
TOpa CleAyeT HauuHaThb ¢ M. 6 JaHHOU
METOJIOJIOTUH.

16. OmnpeneneHue  KpUTHUECKHUX
4acTOT W TpPOBepKa (PU3UUECKOH yCTOM-
YUBOCTH CHUCTEMBbl NMPOU3BOJATCA IO Me-
TOJUKaM, MIPUBEICHHBIM B [8].

Anroputm pacueta I[IIITK B BuAe
OJIOK-CXeMBbI IPENCTaBJICH HA pHC. 4.
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Puc. 4. Merononorus pacuera u npoekruposanus [1ITTK
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Buieoowt

Pazpaborannass Meronmonorusi Obuia
UCTIONIb30BaHa MPU CO3TaHUU SKCIIEPUMEH-
taneHbIX 0OpasnoB IIITK, xoropbie Ha-
[T TPUMEHEHHE B MajorabapuTHBIX
sHeprocOeperaromux npuBonax. Pemykrop
PP-104-5 ¢ cocTaBHBIMH pOJUKAMHU YC-
MELIHO TPOLIEN MPOMBIIIJICHHbIE UCIIBITA-
Husl B JIEHMHCKOW IpyNnmoBON KOTEJIBHOMU
OAO «HIIO «Cubcenpmam» B cocTaBe
arperaTUpPOBaHHOTO Ma3yTOHAcOCa PeLup-
KyJSILMA  TOTOYHOTO Ma3yTa MapoOBbIX
koTioB JIE-25/14 TM. OmnbitTHbIi 00Opaserr
penykropa PP-104-5 Opin Takke anpoOu-
posad Ha OAO «MHCTpyMeHTanbHbIN 3a-
Bog Cubcenpmamr» B cOCTaBe NPUBOIA
KOHBelepa st nruiedadpuk.

Tax kak pa3paboTka TEXHUKU IS
OypeHHs] CKBaKHH SIBJISIeTCS] (DMHAHCOBO

3aTPaTHOM M COMNpSDKEHAa C peleHueM
MHOJKECTBA 3a7a4, HE CBS3aHHBIX C Iepe-
JavaMy, Ha CETOAHSIIHUIN JAeHb OCHOBHOE
BHezperne onbiTHble 00pasns! IIIITK mo-
JYYHJIU B KQYECTBE BCTPAHBACMBIX PEIYK-
TOPHBIX y3JIOB B CPEACTBAa MeXaHn3auu. B
YaCTHOCTH, ObUTH pa3paboTaHbl pPydHOE
MOJBEMHO-TSITOBOE YCTPOHCTBO Ha OCHOBE
[IITK, obecneunBaromee TpeOyeMyro
rpy3onoabeMHOCTh 200 Kr, W KIO4Y s
IeMOHTaxka W COOpPKU Pe3bOOBBIX COENU-
HEHMI KPEeTSIIUX FOJIOBKH OJIOKA LIMJINH/I-
pPOB IHM3ENbHBIX JBHraTeNiedl TEIIOBO30B
UMD-3. IIpu nmpomsllieHHOH anpodaruu
B JlokomoTuBHOM aeno «Morumies» ¢ no-
MOLIBI0 KJIIOYa € JHAMETPOM KOpIyca
82 MM ObUT OJHOKPATHO PEaTM30BaH MO-
MeHT cpbiBa pe3pOb 2000 Hem.
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