DesiepaiibHOE roCy1apCTBEHHOE aBTOHOMHOE
oOpazoBarenbHOE yUpeKIeHHe
BBICILIEr0 00pa3oBaHMUsl

«CUBUPCKUIN ®EIEPAJIbHBIA YHUBEPCUTET»
[MOJIMTEXHUYECKUM UHCTUTYT
[TPUKJTIAJTHA ST MEXAHUKA

YTBEPX]IAIO

3aBeyrolnit kadeapoii
ﬁ A.E. Mursies
MOAMHCH

« 2& y &6 2017 1.

BAKAJIABPCKASI PABOTA

15.03.03 Ipukiaanast MexaHHKA

Onpenenenune nepopmannu 3yobeB rudKoOro KoJieca BOJHOBO
nepeaayu ¢ npumenennem ANSYS

[TosicHuTenbHas 3anucka

PyxoBoaurens 2/ 247 NOLIeHT; K.T.H. JLE. I'py3nes
107NKuCh, aaTa JO/KHOCTB, YYCHAsA CTCNEHb
Beimycknuk &/ﬁc@/y A.A. OropoaHukoB

NOJAMKCL, AaTa

Kpacnosipck 2017



denepanabHOE rOCYJaPCTBEHHOE ABTOHOMHOE
o0pazoBaTeNbHOE YUPEKICHUE
BBICIIET0 00Opa30oBaHuUs

«CUBUPCKUN ®EJIEPAJIBHBIN YHUBEPCUTET»
NOJIMTEXHUYECKWM MTHCTUTYT

[MPUKITAIHAA MEXAHUKA

YTBEPXIAIO
3aBenyromuii kadeapon
A.E. MurtseB

MOJITNCH

« » 2017F

BAKAJIABPCKAS PABOTA

15.03.03IIpukiagHas MeXaHUKA

Onpenesienue gepopmanyu 3y0beB rHOKOro KoJieca BOJTHOBOU
nepenauu ¢ npumMeHeHneMANSY S

IlossicHUTEIbHAS 3aTIUCKA

PykoBoaurenb noueHrt, K.T.H.J[.E. I'py3nes

IIOAIMCh, JaTa JIOJKHOCTD, Y4€HAsA CTCIICHD

BoInmycKkHUK A.A. OroposHuKOB

oAU Ch, 1aTa

Kpacnosipck 2017



denepanbHOE rocy1apcTBEHHOE aBTOHOMHOE
00pa3oBaTeNbHOE YUPEKICHUE
BBICIIIETO 00Opa30BaHUs

«CUBMPCKUI ®EJEPAJIBHBIN YHUBEPCUTET»

INOJIMTEXHUYECKWM MTHCTUTYT

Kadenpa «lIpuknagnas MmexaHuka

YTBEPXIAIKO
3aBenytromuii kadenpoit
A.E. MutsieB
(Toamuch)
« » 2017
3AJIAHUE

HA BBIITYCKHYIO KBAIIM®OUKAIIMOHHYIO PABOTY
B opme ODakanaBpckoii padoThI



CrynentyQeopoonukogy Andpeio Anexcanoposuuy

['pynniaMT 13-055 Hanpasnenue (crenuanbHocTh) 15.03.03
«lIpuknaonas mexanuxay

Tema BbITyCcKHOM KBaM(DUKAIIMOHHON paboThl: Onpedenenue dedhopmayuu

3Y0be8 2ubK020 Koeca 80aHosolU nepedayu ¢ npumenenuem ANSYS

YTBepxaeHa npruka3zom no yausepcutety Ne 17812/c ot _ 30 nexadps 2016
Pykoonurens BKP [LE. [ py3zoesdouenm, K.m.n.

HUcxonnrsie nanusie gi11 BKP
Ceedenust 0 ceomempuu paccuumvléaemMol KOHCMpPYKYuu, XapaKmepucmukuy ee
mamepuana, a makace 3HaYeHus NPUIA2aemvlx K Hel CUl U Hazpy30K

[Tepeuens paznenoB BKP
1) Koncmpyxkyuu 601106b1x nepedau
2) Ocobennocmu 601HOB020 3aYeNnieHUs
3) I pagpuueckoe nocmpoenue nonoxcenus 3666 8 HeHASPYHCEHHOU
nepeoaue
4) Pacuem 3a30po6 mexcoy 3y0bimu 8 HeHASPYICEHHOU nepeoae
5)Vuem nepexoca 3yoves
6) Ilepexoc 3ybves om 3akpyuusanus 2ubKo2o Koeca
7) Ilpoghuns 3y66e6
8) I'eomempuuecxuii pacuem B3I
9) Pacuem ¢ ANSYS

[Tepeuenp rpahuyecKOro Wik HILTIOCTPATUBHOIO MaTepHalia ¢ yKa3aHueM
OCHOBHBIX CJIaHJOB.
1) Cemxa xoneunwix snemenmos
2) I panuunble ycnosus u cnocob HacpyrHceHus
3) Onpeodenenue degpopmayuti B3I om momenma conpomueierust
4) eqpopmuposanue 3y6uamoeo eenya 2ubKo2o Koieca om
2eHepamopa 0JIH

5)Bwv1600b1
PykoBoagurens BKP J.E. I'py3nes
(moamuce)
3ajiaHie TPUHSLT K UCTIOJTHEHUIO A.A. OropoJIHUKOB
(moamuce)

« » 2017 r.




KAJIEHI[APHLIFI I'PAO®UK
BbITOTHEHUS dTanoB BKP

HaunmenoBanue u cogepskanue stana | Cpok BBIIOJHEHUS [Ipumeuanue
1 TIpoxoxaeHue npeaauIOMHON 24.04.2017 — 04.06.2017
MPaKTUKHU
2 AHanu3 coOpaHHBIX MAaTEPHUAJIOB 05.06.2017 — 09.06.2017
3 PaGota Hax Teopernueckoit yacteio | 10.06.2017 — 13.06.2017
IPOEKTa
4 Pabota Hajg npaktuueckoit vacteio | 14.06.2017 — 18.06.2017
paboThI
5 Odopmraenue rpapuueckoit vact | 19.06.2017 — 21.06.2017
paboThI
6 OdopmiieHUE TOSICHUTEIIBHOU 22.06.2017
3aMUCKH

PykoBonuTens BbIITyCKHOM

KBIM(PUKALIMOHHON pabOThI J.E. I'py3neB

« » 2017 r.

CryneatMT 13-05b
«_» 2017 1.

A.A. OropoJIHUKOB




COJEPKAHME

PeEPAT ...t 3
|23 2101 (35 1% (<R 4
1 KOHCTPYKITUM BOTHOBBIX TTCPEIIAT ... vvenvveeseesssresaseeessressssessssessssessnsessssesssseesssnes 6
1.1 BUJIBI TCHEPATOPA BOJTH ..vvvveevrvresssreessssrnnssssesssssessssssssssssesssssensssssesssnsnees 7
1.2 [IpeumytiecTBa U HEAOCTATKM BOJIHOBOM 3y0UaToil mepefay. ............... 9
2 OCOOEHHOCTH BOTHOBOTO BALIETITICHIS « . cevvvrneererssnsessessnnsessessnssesesssnssessssnnsees 11
3 I'paduueckoe mocTpoeHUE MOJOKEHUS 3yObeB B HEHArpy>keHHOM niepegade 13
4 PacueTt 3a30pOB MEX]y 3yObSIMU B HEHATPYKECHHOU MEPEIAUE. ......eevveerreerenene 18
5 VUET MEPEKOCA BYOBEB ....uvvveiiiiieiiieeesiteeesitseesssseesssssesssssseessssessssseessnsseessnssesans 21
6 Ilepekoc 3yObeB OT 3aKPYIUBAHUS THOKOTO KOJTECA. ..euvveevreeereesneeesnreeseneesenas 27
A N o T0Ti 1) 70 1 30 (0] 15 - T PP PPSRIN 28
7.1 DBOJBBEHTHBIE 3YObS C Y3KOU BHAIMHOM ...eeevvveeireenireesireesieesnneeennneennnes 28
7.2 DBOJILBEHTHBIC 3YObsI C IUPOKON BIATHHOM ....covveiririieeiienieesieesinesnnes 29
8 TI'eomerpuueckuit pacdeT B3IL.......ccccooiiiiiiiiiii e 33
8.1 IToa00p THOKOTO ITOIIITHTTHIKA ..vveesvvreesssresssssnesssssessssssenessssesssnssnessssneeans 33
8.2 OxoHYATENbHBIN pacdyeT MapaMeTPOB BOTHOBON MEPEHAUH ........cvvnnee.. 33
8.3 I'eHEepaTOP BOITH ACPOPMAITHIH ......eervverirerireesieesieesiee s sise e e ssee e siee e 35
8.4 Bribop Marepmana s THOKOTO M JKECTKOTO KoJjieca BOJHOBOM
11 <] 0101 €21 1 (OO TR UPR PR 35
8.5 IlpoBepka ko3dduiinenHTa 3amaca 1mo KacareJIbHbIM HAPSDKCHHSIM ...... 36
8.6 KITJL TIEPEIMATH ...ttt 36
8.7 YTOYHEHHBIN TTPOBEPOTHBIH PACUET .vvvevvvrressrreesssrnressssenesssreessssnnessssneenns 37
9 PacueT B ANSY S .o s 38
9.1 KUHEMATHUCCKIM AHAITHB ... vveevveesnieesnteeaieeassseessseessnesssseesnseesnsessnsneessns 39
9.2 I'pannyHbIe ycIIoBUS 1 ceTKa 35eMeHToB 3D — mogemu B3IT ............... 40
9.3 CeTKa KOHEUHBIX DTIEMEHTOB .....vveesrressreesssenssseeessseesssessnsessnsessnsesssseesssnes 41
9.4 KpyTsmumii MOMEHT Ha Bajly U (PUKCAIUS THOKOTO KOJIECA ....ocvvvervvenenens 42
9.5 Onpenenenune nedopmanmii B3I1 oT MOMEHTa COTIPOTHBICHHS ............ 43
LN ) 110 (53 514 (TSP P PR OUPPP 49
CIUCOK MCTIOTB30BAHHBIX HCTOTHIKOB .. .c.vvisteestieteessrsssseasseesseessnessnesnsesssessseeses 50
2R e W W VT bP-15.03.03113
FPazpai | 0zopodHuxos Jum | Auvom | Acmob
/ool |Ipvsdes OnpedeneHue deghopmayuu | | 2 52
: 3ybbes eubkoz0 Koneca
/Z'/KMQ Kannmoa 80/1H0B0U nepedayu ¢ COY [N MT13-
it Mumses

npumeHeHuem ANSYS



PEDEPAT

Boinycknast  kBanmudukalnmonHas pabora 1no Teme «OmpeneneHue
nedopmarii  3yObeB THOKOTO KoJieca BOJHOBOW TEpenadyud ¢ MpPUMEHEHUEM
ANSYS»conepkut 52 CTpaHHIbI TEKCTOBOIO JOKyMeHTa, 44 wumocTpaiui, 54
dbopmyIel, 14 UCTIOTB30BAHHBIX HCTOYHUKOB.

BOJIHOBAA  3YBYATASA  IIEPEJAYA, THUBKOE  KOJIECO,
I'EHEPATOP BOJIH, METOJl KOHEUYHbLIX 2JIEMEHTOB, HAIIPAXEHUE,
JEDOOPMAILMA, 3D - MOEJIb, ANSYS.

OOBeKT uccienoBanus — 3yo4arsiii BeHel ruokoro kosneca B3I1.

Llenp uccnenoBaHus:

Onpenenenue nedopmaiuu  3yObeB THOKOTO KOJIECAB HAarpyKeHHOU
BOJTHOBOU 3yOuaroun nepeaadn C MIpUMEHEHUEM MIPOTPaAaMMHOTO
koMIiekcaANSYSS.

3a/1auu UCCIIeIOBAHNUSA:

- paccuuTaTh reOMETPUUYECKHE TTapaMeTphbl BOJHOBOM 3y0UaToil nepenadu u
noctpouts 3D — Monens;

- pa3paboTaTh CXeMy HarpyXeHHUS MOJEIH U MPOU3BECTH PAacyeT METOIOM
KOHEUYHBIX JIeMeHTOB B iporpammHaoM koMmiuiekce ANSY SWorkbench;

B pesynpraTe  mOpoBedeHUS ~— HCCENOBaHUS ~ ObUIM  OIpeesICHBI
MaKCUMaJIbHbIC 3Ha4YeHHs jaepopManuu 3yObeB TMOKOro KoJieca IO JACHCTBHUEM
BHEIITHEW HArpy3k, a Takke xapakrtep aedopmaii ¢ 3alreruieHus 3yObeB
ruoxoro koseca B3I1.

B wutore mo 3amaHHBIM XapakTepHCTHKaM Oblia crpoektupoBana B3I, a
take cpeacrBamu nmaketa SOLIDWORKSco3nana ee 3D — moaens. Paccuntansr

BeJIMUMHBI AedopManuii B TuOkoM kosece B3Il mpu momomu mporpamMMHOIO
moyist ANSY SWorkbench.
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BBEAEHHUE

BonHoBbIe mepegaun MMEIO JOCTATOYHO IIMPOKOE MPUMEHEHHE, B TaKUX
001acTAX JEeATEIbHOCTH YeJIOBEKa, KaKk B POOOTOTEXHUKE (CHCTEMBI NMPHUBOJIOB,
y3J70B aBTOMAaTH3alliW), MAIIUMHOCTPOCHHUS (B Yy3JlaXx CTaHKOB, B MOJBEMHO-
TPAHCTIOPTHBIX MAIIMHAX U MEXaHHW3MOB), aBHAKOCMUYECKON OTPACIH,B CUCTEMaXx
VIOpPaBJICHUS MEXaHMU3alMeHd KpbUIbEB JIETATEIbHBIX allapaToB, B CHCTEMax
OpUEHTAllMM HAa3eMHBIX W OpPOUTAIBHBIX TEJIECKOMOB, IMaHeJIeH COJIHEYHbIX
Oarapeil KOCMHUYECKHX allllapaToB, & TAaKXE B BBICOKOTOYHOM MEIUIIMHCKOM
000pyI0BaHUH.

BonnoBas 3yOuaras mepemadya — MexaHMUYECKasl Iepenaya, CojaepiKarias
3alleIUIAIONMIMECsT MeXAy Cco00l TuOKOoe M JKecTKkoe 3y0uaTele Koseca, U
obOecnieunBarolias mpeoOpa3oBaHue U Mepeaady ABUKEHUS 3a CUET HUKIUYECKOTO
BO30Y>KJI€HUSI BOJIH JIe(pOpMaIlii B THOKOM DJIEMEHTE — THOKOM KoJiece.

OcHoBHbIMU jocTOMHCTBaMU B3Il cuMTaoT BO3MOXKHOCTH peaau3aluu
OOJBILIOTO NEPEJATOYHOTO YHMCia B OJHOM CTYNEHH, CIOCOOHOCTh NeEpenaBaTh
BBICOKME HArpy3Kd, BBICOKHE MAaccOrabapuTHBIE XapaKTEPUCTUKH, HU3KHUU IIyM,
IJIABHOCTh TPHU padOTe, BHICOKUE JAEMI(UPYIOMINE CIIOCOOHOCTH, BO3MOXKHOCTD
nepesayn JIBIKEHUS B TEPMETU3MPOBAHHOE MPOCTPAHCTBO 0O€3 MPHUMEHEHUs
YIUIOTHEHUH.

Hapsany ¢ nmeromumucs npenmymectsamu, B3I1 umeer u psin HenoCcTaTkoB.
Haubonee cyuiecTBeHHbIE M3 KOTOPBIX: BBICOKOE 3HAYEHHE HIDKHETO Tpeserna
nepeaaToyHbix OoTHomeHud (~80 mpu CTambHBIX THOKHMX KOJIecax),ClI0KHOCTb
U3TOTOBJIEHUsSI TMOKOTO KoJieca W TreHepaTopa BOJIH, TpeOyromiasl clelnuagibHOU
OCHACTKA (3TO  3aTpyAHAET €OUHUYHOE TIPOU3BOACTBO M  PEMOHTHBIC
paboTHl),CPAaBHUTENBHO  MaNyl0  JKECTKOCTh  Ha  HAYaJbHOM  y4YacTKe
Harpy>keHus(IepeMeHHBIM XapakTep >KeCTKOCTH OTHECEH K HeIOCTaTKaM YCJIOBHO,
T.K.JJI1 HEKOTOPBIX TPUBOAOB OH HMEET IOJIOKUTEIHbHOE 3Ha4YeHHUE), Majas
JOJITOBEYHOCTh THOKOTO KOJIeCa OTHOCHUTEIBHO MEpeaad ¢ >KECTKUMH KOJIECAMH,
MIPY BBICOKUX HArpy3kax BO3MOKHOCThH IPOCKaKUBAHHUE 3yObEB MPHU MPUMEHEHUHU
POJIMKOBBIX T€HEPATOPOB.

BonHOBEIE Mepeaaun co cTadbHBIMU KOJIECAMU MTPUMEHSIFOT B OCHOBHOM TIpH
nepegaarounom 3HaueHue or 80 mo 360 (u=80...360). IIpeBbiicHNUEe BEpXHETO
npenena TMepelaToOYHOrO OTHOIICHHS] MOXKET MPHBOIUTH K TMPOBOPAYMBAHHIO
reHeparopa WM TPOCKOKY 3yObeB kosec (U>360). Hwxkuuii mnpenen
MEpPEeTaTOYHOr0  OTHOIICHUS OrPAaHUYEH HaydaJdbHBIMH JeOopMalusIMu U
HampspkeHusiMA B ThOkoMm  kosece (U <80). IlpeBbimienne mpeneabHbIX
nedopManuii IPUBOAUT K MOSIBJICHUIO TPEIIMH U Pa3pyIICHUIO THOKOTO KoJeca.

7
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Ha cerognsimauii geHs peunieHue MpoOJeM, CBS3aHHBIX C Aedopmarueit
3yObEB O] ACHCTBMEM BHEUIHUX HArpy30K MOXET OCYIIECTBIATHCS MPU OMOIIU
YCOBEPILIEHCTBOBAHHBIX METOJMUK pacuera, a TakkKe MPUMEHEHHEM HOBBIX
MaTEepUaoB.

3amaum, cBs3aHHBIE C  Jgedopmanued  KOHTAaKTa,  HaMpsDKEHUEM,
pacnpeneieHueM Harpy3kd MEXAy 3yObsIMH BO3MOXKHO PEIIMTh MPH IMTOMOIIA
nporpaMmHoro komruiekca ANSYS.

lenbto paboThl sBASETCS oOmNpeaesieHue aegopMaruu 3yObeB THOKOIO
KOJIeCaB HArpy>KEHHOM BOJHOBOM 3yOuaTod rmepegayd C MPUMEHEHUEM
nporpamMmMHOro  KoMmruiekcaANSYS, dYro MO3BOJIUT  BBISIBUTH  MOSIBIICHUE
YCTAJIOCTHBIX TPEIIMH BO BITAIMHAX 3YOBEB.

Bomnpocamu, cBsi3aHHBIMHU € ompeAesneHneM Aedopmanuii 3y0ObeB THOKOTro
KoJieca BOJIHOBOM 3y0OuaToil mepenaud, 3aHUMaIuCh aBTopbl MBanoB M.H.,
Tumodees I'.A., Jlromunapckuii C.E., bapoamos H.H. [1, 2, 13, 14 c. 38-85, 255-
259, 1-10, 21-28.]

JUist perieHust NaHHOW WENH HEOO0XOIUMO PEIIUTh CIEAYIONINe 3a7aui:
1) paccuMtarh reoMETpHYECKHE MapaMeTpbl BOJHOBOM 3yOuaTod mepenayud u
noctpouts 3D — Mozens;

2) pa3paboTaTh CXeMy HArpyXeHHS MOJEIH M TPOU3BECTH PaCUET METOAOM
KOHEUYHBIX JIeMeHTOB B iporpammHuoM komiuiekce ANSY SWorkbench;

Nicm | NP o | Tioon | Bama
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1 KoncTpykuum BOJIHOBBIX Nepeaay

BonnoBast mepemaya (B3II) BkiarodaeT — THOKOE KOJECO C BHEIIHUMHU
3yObsSIMH, BBIMOJIHEHHOE B BHJE TOHKOCTCHHOIO I[HIIMHAPA, COCAMHEHHOIO C
TUXOXOJHBIM BajgoM (puc 2.(Q); JKECTKOE KOJIeCO ¢ BHYTPCHHUMH 3yObsSMH,
coequHEHHOe ¢ KopiycoM (puc 2.0); reneparop BoaH (puc 2.h).O6o3HaveHUs
JaHbl B COOTBETCTBUH C [2].

Pucynok 2 — BonHoBast 3yOuatas nepegada:h—reneparop BOJIH,D—KeCTKOE
KOJIeC0,J— ruOKoe Kojieco

['eHepaTOpOM BOJIH BOJTHOBOM TEpeIayd HAa3bIBACTCS AJIEMEHT, CO3IAFOIINAN
BOJIHY JiehopMaIiii B THOKOM DJIEMEHTE.

.....
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1.1 Buabl reHepaTopa BOJH

['eneparop BOJIH OBIBAET:
1)  DJeKTpOMarHUTHBIM,
2) PoMKOBBIM;
3)  JluckoBbIM;
4)  KymaykoBbIM.

DJIEKTPOMATHUTHBI TeHePaToOpP TMPEACTaBIseT CO0O0WM HEMOABIKHBIM
reeparop h MMerImuil ps MOJIIOCOB AIEKTPOMATHUTOB, KOTOPBIE C MOMOIIBIO
CHEUAJIbHOIO  YCTPOMCTBA  BKIIOYAIUCH IOOYEPEIHO II0  OKPYKHOCTH.
JledpopmupoBaHue THOKOro Kojeca (OCYLIECTBISIETCA 3JIEKTPOMATrHUTaMH.
MarauTHbI MOTOK AMAMETPAIBHO IMPOTUBOIOJIOKHBIX IAp IOJIOCOB 3aMBIKAETCS
gyepe3 ruOKoe Kojeco ¢,1ehopMUpyeTcs U NPUKUMACTCS K )KECTKOMY KoJjecy D.
Cmena pabounx map MOJIIOCOB oOpa3zoBajia BOJHY jAedopmaiuu, OEryliyr Io
okpyxHOCTH (pHrc 6).[1]

b
B N
Z

Pucynox 4 — DneKTpoMarHuTHBINA TEHEPATOP BOJH: J—THOKOE KOJIECO,
b—xkecTkoe Koseco, h—HemoaBmKHBIN reHepaTop, 1-6— mosroca.

PoMKOBBIM reHEpaTOpPOM BOJIH HA3bIBAETCS TAKOW I€HEPATOP, KOTOPBIU
co3/laeT BOJHY Jedopmariuu B TMOKOM 3JIEMEHTE C TMOMOIIbI0 2—X WK OoJiee
POJIMKOB, KOTOpbIE MPEJICTaBIIAIOT coboit 0OBIYHBIC paaualibHbIE
HIAPUKOTIOAIIUITHUKY (puc 3).

Nicm | NP o | Tioon | Bama
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PucyHnox 5 — PonukoBsIil renepaTop BOJIH: 1— posuk

JIMCKOBBIM TI'€HEpPaTOPOM BOJH HAa3bIBAETCA TAKOM TEHEPATOP, KOTOPBIU
CO3/1aeT BOJIHY Je(dopManuy B THOKOM 3JIEMEHTE C MOMOUIbI0 2—X IHUCKOB, OCH
BpaIIeHUs] KOTOPBIX UMEIOT HEKOTOPBINA SKCLIEHTPUCUTET (puUC 4).

Du

Pucynox 6 — JIuckoBbIil renepaTop BOJIH: 1 — TUCKU

KyJ/iaukoBbIM reHepaTopoM BOJIH Ha3bIBAETCS TaKOW re€HepaTop, KOTOPHIH
co3fgaeT BOJIHY JAedopManvu B THOKOM DJIEMEHTE C [MOMOIIbI0 THOKOro
MIAPUKOTIOIIUITHIKA, HACAKEHHOTO Ha KYJIAuyoK CHEIUaibHOro mpoduiis (puc

5).[4]

.....
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Pucynoxk 7 — KynaukoBblii renepaTop BoJH: 1 — rHOKHiA MIAPUKOTIOAIIUITHUK,
2 — KyJIauoK

KynaukoBblil TeHepaTop BOJIH HanOoJiee aKTyaJlbHBIWT.K 3TOT TE€HEPaTop
JAydllle JApYTUX COXpaHseT CTaOWIbHYIO NE€PBOHAYAJIBHO 3aJaHHyl0 (opmy
nedopmaliii THOKOTO KoJieca MoJl Harpy3kou. Takoil reHepaTtop NMpUMEHSETCs B
MacCOBOM IIPOU3BOJCTBE.

1.2 TlpenmyniecTBa U HEOCTATKH BOJIHOBOI 3y0uaToii mepeaaqu

[Ipenmymecrna:

1) Manas macca 1 HeOOJIbIIINE Ta0APUTHI;

2) Bricokasi KWHEMaTH4ecKasi TOUHOCTh;

3) HesHauuTenbHBIH MEPTBBIN XOJI;

4) Beicokas aeMipupyrorias crocoOHOCTb;

5) TUXOXOAHOCTH,

6) Beicokuit KITJI (85...78%), kak ¥ y miiaHeTapHbBIX Nepead;

7) Boublne nepesaToYHbIC OTHOLICHHS B OJTHOW CTYIEHU: MUHUMaIbHOE — 40
(orpaHuuMBaeTCsi W3rUOHOM MPOYHOCTHIO THUOKOro 3y04aToro BEHLA),
MakcumanbHoe—400 (orpannuyuBaeTCs MUHHUMAJIBHO JIOITYCTUMOM
BEJIMYUHOU MOJTYJISI).

HenocraTtku:

1) Menkue moaynu 3anerieHus (0,15...0,2 mm);

2) CloXHOCTh M3TOTOBJICHHUS THOKUX TOHKOCTEHHBIX KOJICC;

3) OrpaHHYeHHBIC YaCTOTHI BPAIICHUS FCHEpATOpa BOJH M3-3a BO3SHUKHOBCHUS
BUOparuii.

BP -15.03.03113

il ucm | NP ok | Tioon | Damn 9




Bpaiiienne renepatopa BOJH BBI3BIBAET JBMIKCHHE MO OKPYXHOCTU BOJIHBI
nedopmaru THOKOro KoJjieca, 4To MPUBOIUT K TEPECONPSHKEHHIO 3yObeB. Tak Kak
KOJIMYECTBO 3yOheB TMOKOIO M JKECTKOTO KOJeca pas3iMyHbI, TO THOKOE KOJIECO
nojydaeT BparieHue. Bonna aedopmarmu rubkoro kojeca W, COOTBETCTBEHHO,
30HA 3alCTUICHHS MTEPEMEIIAIOTCS BMECTE C BPAIlICHUEM T'eHepaTopa BOJH, OTCIOIa
Y Ha3BaHWE — BOJIHOBAs Iepeaaya. [2]

JInst  ompenesieHuss TEPEIaTOYHOTO OTHOIICHHUS, IOJB3YIOTCS METOI0M
OCTaHOBKH BOJMJIA, KaK 3TO IPUHITO B OOBIYHBIX IJIAHETAPHBIX Mepemadax. [Ipu
OCTaHOBJICHHOM THOKOM KoOJIeCE TepeIaTOYHOE OTHOIIIEHHE OT TeHepaTopa BOJH K
’KECTKOMY KOJIECY paBHO OTHOIICHHIO JUAMETPa JKECTKOTO Kojieca MM YHUCIia ero
3yObeB K PA3HOCTH AUAMETPOB HITH YKCEN 3yObeB )KECTKOTO M TMOKOTO KOJIeC

e R @
@_.

HpI/I HCTIOZABUKHOM JKCCTKOM KOJICCC HAIIPaBJICHWC BpallCHHA BCIAOMOI'O
3BC€HA U3MCHIACTCA

U =—h— e - "o (2)
®

B BoJIHOBBIX Tiepefavax W3 YCIOBUM COOpPKM pa3HHIlAa B 4YHCIE 3yObeB
KECTKOTO W THOKOTO KOJIeC TPHUMEHSCTCS pPaBHOW WM KPaTHOW YHCIY BOJH
reHepaTopa

Z, -7 =v. ®3)

[lepenaun MOTYT OBITH

1) OnmnoBonHoOBBIEZ  —Z, =1;
2) JIByxBosHOBBIEZ  —Z =2,

3) MHoroBosHOBBIE Z,, —Z, =3.

HawnOoubliee pacpocTpaHeHUE MOTYYUIIN IBYXBOJIHOBBIE [TEPEAAUN.

=
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B crneactBum TMOKOCTH OJHOTO M3 KOJIEC, BOJHOBAs Tepefadya UMEeT CBOU
ocobeHHocTH. B mporiecc pa®oThl Harpy>KeHHOH Tepenadd 3aMedyaroT 3 30HbBI
3aIleTICHUS:

1) 3ona Bxo/a 3yObEB B 3alICTNICHUH;
2) 3oHa 3aueIUIeHNs epelayd OCHOBHOM Harpy3KH;
3) 30Ha BIXOJ1a U3 3alICTUICHHUS.

Pucynox 8— BonnoBas 3yOuaras nepegava: 1-30Ha Bxoj1a 3yObeB B 3allCTUICHHH,
2— 30Ha 3alleTJICHUS Tepeaadn OCHOBHOM HArpy3KH, 3 — 30Ha BBIXOJIa U3
3alleTIeHUS

OTHOCHTENbHBIC  TEpPEMEIICHUsSI  30HBI  3yObCB B IEPEMEIICHUH
HE3HAYUTENIbHBI U TPOUCXOST B OCHOBHOM B 30HAX, IJ¢ HArpy3KH Majibl T.C B
30HaX BXOJIa B 3allCTUICHUH U BBIXOa U3 3areruieHus. [1]

2. Oco0eHHOCTH BOJTHOBOI'O 3alleINJICHUS

['nbkoe xoneco B3Il mpu ero Harpy>keHUM H3MEHSIET CBOK HayalbHYIO
dbopMy. DTO MPOUCXOTUT H3-3a HAJIMYUS 3a30pOB U YOPYTOCTH 3JIEMEHTOB,
B3aMMOJICUCTBYIOINX C THUOKUM KoyiecoM. I3meHenwe QopMbl THUOKOTO
KOJIECAOTPAaHMYEHO C BHEIIHEW CTOPOHBI KECTKHMM KOJECOM, a C BHYTPEHHEU
— TeHepaTopoM BojiH. ['MOkoe Kojeco, omuparoiieecs Ha TeHepaTop BOJIH B
npejenax y4acTKOB MOCTOSSHHOW KPUBU3HBI, CTPEMHUTCS MPUHATH (GOPMY JKECTKOTO
KoJieca.

C yBelMYeHMEM MOMEHTa 3aKpPY4YMBAIOIIETO TMOKOE KOJECO 30HBI
BBIOPAHHBIX 3230POB B 3alICTUICHUU YBEIMYHUBAIOTCS, YTO MPUBOAUT K YBEIMUECHUIO
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yycia mnap 3yObeB B 3allelyieHMd. briarogapsi MHOTONapHOCTH  3alleTICHUs
(Harpy3ky MoryT nepenanath 10 30% Bcex map 3yObeB) Harpy304yHasi ClIOCOOHOCTh
B3II Bbie, yem manerapHoil. KII/[ BoJIHOBOW mepeaadd TakKe BbILIE, IOTOMY
YTO B 3allCIUICHUU 3yObs MOYTH HE IMEPEeMEIaloTCs MpHU MPUJIEraHuH THOKOTO
KOJIECA K KECTKOMY.

[Ipu gepopmupoBaHuM THOKOTO IWIMHApPA TMPOUCXOAUT  TEPEKOC
oOpa3zyromux. JT0 NPUBOAUT K MEpeKocy 3yObeB TMOKOro Kojeca OTHOCHUTEIBHO
3yObEB JKECTKOT0 KoJjeca. 3a30pbl (HATATH) B 3allCTUICHUH HEOJIMHAKOBBI MO JITTUHE
3yObeB, MOATOMY 3alleIJICHUE B BOJIHOBBIX Nepenadax (mpu aepopMUpPOBAHUU
ruOKoro  HWJIMHApA MO OAHOMY TOpPIly) CIEIyeT paccMaTpuBaTh B
IIPOCTPAHCTBEHHBIX, & HE B INIOCKUX KOOPJAUHATAX.

3y0OyaToe Kojeco MpEeCTaBisieT cOO0M 3aMKHYTYIHO cHCTeMy 3yObeB. Tak
KaK 3y0uaThle Kojeca— 3BEHbs, TO 3yObsl — 3JIEMEHTHI BBICIIEH KMHEMATHYECKOU
napbl. [103TOMy MHOTOMApHBINA KOHTAKT MEXIY 3yOuaTbIMU KOJecaMu SIBISIETCS
KOHTAaKTOM MEXIY JIEMEHTaMH OJHOM KMHeMaTudecKol mapsel. [laccuBHbIE nMim
M30BITOYHBIE CBSI3M, BO3HUKAIOLIUE B 3TOM KOHTAKTE, OTHOCATCS K BHYTPEHHUM
CBA35IM KMHEMATHYECKOUW Mapbl U B CTPYKTYPHOM aHAJIM3€ HA YPOBHE 3BEHBEB HE
YAUTHIBAIOTCS.

BonHoBBIE nepeaun co CTaJbHBIMHU KOJIECAMHU IPUMEHSIOT B OCHOBHOM IIPH
nepeaarounom 3HaueHue ot 80 mo 360 (u=80...360). IIpeBbIieHNEe BEpXHETO
npeaesia NepelaToyHOro OTHOIICHHS MOXET MPUBOAWTH K MPOBOPAYUBAHUIO
reHeparopa WJIH TMPOCKOKY 3yObeB kosec (U>360). Hwxkuuii mnpenen
MEepPEeaTOYHOr0  OTHOUIECHUSI OrPaHWYeH HaydalbHBIMH  JepopMalusIMH U
HampspkeHusiMA B TuOkoMm  kosiece (U <80). IlpeBblienre mpeneabHbIX
nedopmalii NpUBOIUT K MOSIBJICHUIO TPEIIMH M Pa3pyLIEHUIO TMOKOTO KoJeca.
Hwxuuil mpenen mepesaToyHOro OTHOIICHHS MOMKET OBITh YMEHBILIEH MyTEM
M3rOTOBJICHUS KOJIECA U3 IJIACTMACC MM MMYTEM JPYTUX JIaCTUUYHBIX MaTepUasoB.

3. I'padmueckoe nocTpoeHue MOJI0KeHUA 3y0ObeB B HEHATPYKEHHOM
nepeaave

[Ipu nepopmupoBaHMM THOKOrO IWIMHAPA MPOUCXOJUT  MEPEKOC
oOpazyronux. DTo OPUBOAUT K IMEpPeKocy 3yObeB TMOKOTO Kojieca OTHOCUTEILHO
3yObeB KECTKOTO KoJieca. 3a30phl (HATATH) B 3alCTUICHUU HEOJMHAKOBHI T10 JIJTUHE
3yObeB, TMOATOMY 3allellJIecHHe B BOJHOBBIX Mepemadax (mpu AePOpMUPOBAHUHU
ruOKOro [MJIWHApPAa MO OJHOMY TOpIy) CIEOyeT paccMaTpuBaThb B
MIPOCTPAHCTBEHHBIX, & HE B TUIOCKUX KOOPJIMHATAX.

7
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Bnauane pacCMOTpHUM 3alCIIJICHHUC B O,Z[HOfI IIJIOCKOCTH, a 3aTEM Y4YTEM
BJIMSTHUE IICPECKOCA.

g

- bosswasq oce eewepamopa npu t

Pucynok 9 —B3aumHOe moioskeHue 3yObeB KECTKOro by rudkoro gkosec
JIBYXBOJIHOBOM Mepeiayl Ha MaJIol ocl B MOMEHT BpeMeHut=0

Ha (puc. 9) koHTYypHO# JIMHUEH H300pakeHO B3aUMHOE IOJIOKCHHE 3YObCB
KECTKOro bu rudkoro ( KoJjiec IBYXBOJHOBOMW Mepeaavynd Ha Majoi OCH B MOMEHT
Bpemenut=0. IllTpuxoBoii nWHUEH WU300paKEHO YCIOBHOE TOJOKECHHE 3y0a
HeeopMUpOBaHHOTO THOKOTO Kosieca. Ha pucyHke — paguyc cpeiMHHON JTHHUA
oboma THOKOTO Kojeca, HadaJio Oocell KOOpAWHAT N-lpacmojiokeHO B TOYKE
Brniepeceyenust oOwmeil ocu CUMMETPUM 3yOb€B CO CPEAMHHON JIMHUEH;Iag lap—
paguyCchl OKPY)KHOCTH BEpIIUH 3yObeB;ltg, lipy—PaAMyChl OKPY)KHOCTEH BHaJUH
3yObeB.

HavaneHoe monoxenue 3yoa kosieca b B ocsix koopauHaT N-t onpeaenseM 1o
JBYM TOYKaM, B3AThIM Ha OCH CHMMETPHUU U COOTBETCTBYIOLIUM OKPYKHOCTSIM

BCPIIIMH XU BIIaJNH

Koopaunatse! 1o ocu n

®,, =, cos(2n/ z,)y -,
®g =T, COS(2n/ z,)y —r.

(4)
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IIo ocut

Uab =Ty (271:/ Zb)\lf’

5
Up=—Tp(2n/z,)v, ©

r7ie y— MapaMerp, 3aBUCAIIUNA OT KO3(PUIIMEHTa PA3HOCTH Yncel 3yObeB K,

[Tonoxenue 3y6aqu3MeHsieTCsl IPU TOBOPOTE Te€HEepaTopa. ITO MOJOKEHHE
OTpesieNisieM MO0 KOOpJMHATaM JBYX TOYEK, B3ATHIX Ha OCH CHUMMETpPHH 3y0a |
COOTBETCTBYIOIIUX OKPY>KHOCTSIM BEPIIIMH U BIIAHH.

Tekymiee monokeHrue OOJBIION OCH TeHepaTopa OTHOCUTEIBHO 3yOad(mpu
Bpemenut > 0) onpeaensier yron

o=m/2-ot

[Ipm 3TOM KOOpPAMHATEI IO OCH N

W,y = (Iy + ®)COSQ, — T — 0,

(6)
W4, = (I +©)COSQ, — T — .
ITo ocut
U, =U+(r, -1No—(r, +)e, U, @

Uy =U +(r, —r0—(r, + w)o, —U,.

rae ®,U — paaualibHbIe U OKPYXKHBIC IIEPEMEIIICHUS TOYKHMBB 3aBUCUMOCTH OT yTJja
¢ ; 6— yroy IoBOpOTa HOPMAJIHU; (P, —yTOJI OTHOCUTEIBHOTO IIOBOPOTA KOJIEC.
IIpU TOBOPOTE reHeparopa; o, U, — panuanbHble U OKPYKHBIE

nepeMeleHus 1epOPMUPOBAHHOTO JKECTKOTO KoJieca

BP -15.03.03113
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Pucynox 10 — I'paduk pacuéra koopauHaT 3yObeB

Pacuet koopauHaT 3yObeB clieAyeT BBIOJHATH C TOYHOCTHIO HE MEHEE ueM
JI0 TISITOTO 3HAKa TMOCTE 3amATol, a MocTpoeHue rpadrka B3aMMHOTO MOJIOKEHUS
3yOneB — B Maciitade yBennuenus, Hanpumepl00:1. [Tpumep rpaduka nzobdpaken
Ha (puc. 10).

Ha rpaduke aBe TOHKHE TMHUK U300pa)katoT TPACKTOPUU JBUKEHUS TOUYEK
ag, fg coorBeTcTBYIONMMX BEpIIMHAM H BIIaJUHAM 3yObEeB THOKOTO Koyieca. Mexy

HUMU NPOBEJEHBI JUHUM OCell cuMMeTpuH 3yOa. Ha kaxaoi u3 3TUX oceld CTpOosT
npoduns 3yba, Hampumep, depes Kaxabiel0’yrmaq. TpaekTopuu ABUKEHHS
3yOb€B TMpU BBIXOJIE M3 3allCIUICHUS paclojaraloTcsi CUMMETPUYHO (IIpU
CUMMETpUYHON (hopme neGopMUpoBaHUs).

JIIsi oCcTpoeHUST TpacKTOpHHM 3y0a Ha Jyre BBIXOJA W3 3alleIUICHHS I10
dopmyiaam (4)...(8) och KOOpAMHATN CACAyEeT MEPEHECTH HA OCh CHMMETPHH
MpeabIayIero 3yda )KeCcTKOTo Kojeca (Ha Iiar), a yroJ g Mo-MPeXHEMY CUUTATh
MOJIOKUTEIBHBIM M H3MEHSIIOIMMCS OT HYJIst 107t/ 2.

N3 rpaduka BHAHO, 4TO TIpU 3BOJILBEHTHOM Ipoduiie 3yObeB 0e3 ydera
BJIIMSTHUSL Harpy3KH Tepeayd B OJHOBPEMEHHOM 3allCIJICHMH HAXOAWTCS JIHIIb
HeOoJIbIIast YacTh 3yObeB B 30HE 00JibIIoi ocu rereparopa (¢ =0). Ha octansHoM
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YaCcTH TPAaeKTOPHU MEXIy 3yObsMH cyiiecTByeT 3a3op j. Ilpu cpaBHHUTEIBHO

BBICOKOW TIOJIATIIMBOCTH THOKOTO KoJieca HEOOJIBIIME 3a30pbl IO Harpy3KOn
YCTPAHSIIOTCA. HepopmupoBanue noj Harpy3Koi COMPOBOXKIAETCS
JOTIOJTHUTENBHBIMH HAIIPSKEHUSIMUA B THOKOM Kousiece. [loaToMy OosbIiive 3a30pbl
J HexenaTeNnbHbl. HeTpyIHO yCTaHOBHTD, UTO pa3Mep | PaBEH PACCTOSHHUIO MEXIY
TpaekTopuenag U CceKylen mnpamMon A6, mnpoBeIeHHOM u3 TOYKU@ =0
napajuieNIbHO JIMHUKM mpoduist 3yda kosecab. Hiwke Toukn 5 cexymias mpsiMas
pacroyiaraeTcsi JieBee TPAeKTOPHUH; 3/IeCh BMECTO 3a30pa 00pa3yercs HATIT WU
uHTepdepeHius 3yObeB TMpu BXxojae B 3auemieHue. HWuTepdepeHus He
nomyckaercsi. Kpome yrima npoduist 3yda U mojiokeHrne Hayana uHTephepeHInn
3aBUCHUT OT BBICOTHI 3yObeB. Hampumep, npu BbIcOTE 3yObeB, M300pAKEHHBIX Ha
(puc.4.2) KOHTYPHBIMU JIMHUSAMH, UHTephepeHIun HeT. [Ipy yBeTn4eHHOH BBICOTE
3yObeB (IITPUXOBBIC TUHUN) Habo1aeTca nuTepdepeHius (epeceueHrue roloBoK
3yObeB 3alITPUXOBaHO). Pazmep 3a30poB | U MOJOKCHHE TOYKU UHTEphEepeHIn b
3aBUCAT TaKke OT (POPMBI TPAEKTOPUHU, KOTOpPAsl, B CBOIO OYEpEIb, 3aBUCUT OT
dbopmbl AehOpMHUPOBAHUA THOKOTO KOJeca.

I'padux (cMm. puc. 10) uCHOAB3YIOT A1 BBIOOpAa OCHOBHBIX IapaMETPOB
3allelyIeHus:  yria npoduiasa, BBICOTBI  3yObeB, (opMbl U pa3mepa
nedopMupoBaHus rudbkoro kosneca. Hampumep, B Havase mocTpoeHus: rpaduka,
Korja npoguib 3y0a eile He ONpe/esieH, BHIYePUMBAIOT TPACKTOPUHN U, 331aBasiCh
pasMepoMm j,, MPOBOAAT —CeKyllylo TpsAMYyio A6 . IlonydeHHbid yron aa,,

OpUOIMKEHHO TPUHUMAIOT 3a cpeaHud yron mnpoduns 3yoweB. [ns
SBOJIBCHTHOTO TNPOGUISL MO  YIIIy 8, ONPEACISAIOT KOIDPUIHMEHT CMCIICHHUS

WHCTPYMEHTA MPU Hape3aHUU 3yOheB TMOKOTO KoJjeca.

X, =(z, / 2)(cosa/ cosa,, —1). (8)

Jl71s s)xecTkoro KoJseca

X, =Xy = (K,m=0y) / (K,m) —A,. ©)

rae A, — k03(p(GUIHEHT COOPOYHOIO HATATA B 3ALCIUIEHUH; O,,,—3HAYCHUE

HAYaJIbHOTO pa3Mepa 1eopMUPOBaHUS THOKOTO KoJieca, ONPEAeIieMOro C y4eTOM
KOHTaKTHBIX JeopMaluii ¥ 3a30p0OB B pa3MEpPHOM LN KyJIau0K — ruOKoe
KOJIECO.

/
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Pucynok 11 — I'paduik OTHOCUTENHHOTO IBHKEHUS 3yObeB Mpu K, =2

KOB(b(bI/II_[HeHT AXBBOI[I/ITCH HJI1 YMCHBIICHU A JIIO(l)Ta nepcaadun, CBA3aHHOI'O

c OOKOBBIMM 3a30paMu B 3aueIuieHuu. JIFoQpTel 00pa3yroTcs mpu BeIOOpE 3a30pOB B
pa3MepHOl LenH KyJauoK — THOKOe KOJIECO MOJ1 Harpy3Koil nepeaayu.
Iocre onpeneneHust X, X, Ha rpaduke n300paxarT npoduin 3yoses. llpu

OTOM TOJINIMHY OBOJLBEHTHBIX 3YObEB 10 J1yre MPOM3BOJILHOrO nuamerpad,

MOJACYMTHIBAIOT 10 (hopMyIIe

S, =d,[ n/(22) £ 2xtgo./ z £inva inva, |, (10)

IIc BEPXHUE 3HAKW JUISI HAPYXHBIX, a HWKHHE JUIS BHYTPEHHUX 3yObeB;
cosa, =d, / d, (ompenenstor a,);d, = MzCOSOL— AMAMETP OCHOBHOW OKPYKHOCTH;
o — yroJ npoduIst AeTUTEIbHBIN;

inva =tga — o
. — 3HAYEHUS BOJBBEHTHBIX YIIIOB MOXKHO OMPEAEIHUTH I10
Inve, =t9a, —«,

TabnuIe.

IIpu BBIOOpE @, YIUTHIBAIOT CIIEyIOLIEE:

1) 3a30p j, mpu BXOJe B 3al€IUICHHE JOJDKEH OBITh JOCTATOYHBIM JUIS TOTO,

4TOOBI 00€CTICYUTh OTCYTCTBUE HHTEP(PEPEHITNN BEPILMH 3yObeB MO HAIPY3KOMH;
2) rmyOuHa 3axoja 3yObeB h,mim BbIcOTa 3yObeB OJDKHA TrapaHTUPOBATh

COXpaHEHHE 3alleIUICHuS Opu AcHOPMHPOBAHMH 3BEHBEB Ilepemadr (THOKOIo
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Kojeca, TeHeparopa, JKeCTKOro Kojieca ®  Jp.) TOA  Harpy3Kowu;
3) pacmonoXeHre 30HBI 3aleIUICHUs JOJDKHO MpelycMaTpuBaTh YMEHbBIICHUE
CKOJIb)KEHUSI.

Ha (puc. 11) uzo6pakeH rpaduk OTHOCHTEILHOTO JBWXCHHS 3yObeB (TIpH

K,=2"). IIpu takom 3HaueHuu K, uucia 3yObeB I'MOKOTO M KECTKOIO KOJIEC

YBEIMYMBAIOTCS B JBa pa3a, a MNEpPeAaTOYHOE OTHOLIECHHE, pa3Mep
ne(GopMUpPOBAHUS M, ¥ AUAMETPBI KOJIEC OCTAIOTCS TAKUMHU XK€, Kak 1 mpu K, =1.

3a yeTBepTh 000poTa reHepatopa npu K, =1 OTHOCHUTENIBHOE NEPEMEILIEHUE

3yObEB B OKPY>KHOM HalpaBJICHHMM paBHO ToJjioBMHe mmiara (cm. puc. 10). Ilpu
K, =2 oHO paBHO mary (HOBOMYy WIary, COOTBETCTBYIOLIEMY YBEIUYEHHOMY

yucity 3yObeB). B coorBerctBuuM ¢ »TMM Ha Tpaduke (puc. 11.) u3meHeHO
HavaJIbHOE OTHOCHUTEIILHOE MOJIOKEHHE 3yOheB Ha MaJloi OCH reHepaTopa (och.).
31ech 3y0 KECTKOro Kojeca CMEIeH MPOTUB BpallleHHs] reHepaTopa Ha MOJIOBUHY
mara. [IpuK, =3HavanpHOe cMmelieHue paBHO mary U T. A. M3MeHeHue

HavaJIbHBIX KOOPJMHAT 3yObEB KECTKOrO KoJieca yYUThIBAaeTCS B opmynax (2)
apaMeTpoM .

CpaBuuBas rpaduxu Ha (puc. 10 u 11), otmeTrM, 4TO yBenndeHue K, TIPUBOJIUT K
YMEHBUICHHIO YIIa@, , COOTBETCTBYIOLIETO HAdaldy 3axoja 3yObeB THOKOIro

KOJIeCa BO BIIAJIMHY ECTKOTO. JTO SIBISETCS CIEIACTBUEM YMEHBIICHHS BBICOTHI
3yObEB MIPU YMEHBILIEHUH MOYJIS.
YMeHbIIIEHHE  yriaa@,He  CBUIACTENBCTBYET O  IPONOPLHOHAIBHOM

YMEHBIIIEHUU 4Yuciaa 3yObeB B  3allelJICHWH, TaK KaKk OJHOBPEMEHHO
YBEIMYMBAIOTCA YUCIa 3yObeB Koyiec. 30HA 3alleIUICHHs] CIBUraeTcs K OONbIION
OCH TE€HepaTopa, IJl€ MEHbUIE CKOPOCTH CKOJIbKEHUs. YMEHbIIAeTcsl TIyOuHa
3axo0/1a 3yObeB (B JMHEHWHBIX €IMHUIIAX, HATPUMEDP, B MM), UTO JIOITYCTUMO TOJBKO
B ONPEICTICHHBIX MIpeienax.

4. Pacuer 3230p0B Me:K1y 3yObSIMM B HEHarpy:KeHHOI nepegade

[Tpormecc 3aleTIICHHSI 3yObeB BOJIHOBOM nepeaadn
W3MCHSCTCA3aBUCUMOCTHOT ~ HArpy3KH, BbI3bIBaromeld  AeOpMHpOBAaHUE €€
AJIEMEHTOB. [[711 TOTO YTOOBIIPOCICIUTh ITH W3MCHCHHUS W IPOIIEC OOBICHUTH
ITOTCIOXKHBIN nporiecc, BHayaJe paccMoTpuM 3alleTICHUE B
HEHarpyXeHHOUepeaaye, a 3aTeMBBEIEM COOTBETCTBYIOIIHE TTOMTPABKH.

[Ipu nmedpopmupoBaHuMM THOKOTO IIWIMHIApPA TMPOUCXOJUT  TMEPEKOC
o0Opa3yronux, 4TO0 IPUBOJUT K MEPEKOCY 3yOheB T'MOKOT0 KOjieca OTHOCHTEIHHO
3yObEB )KECTKOTO KoJieca. 3a30phI (HATATH) B 3allCTJICHMH HEOAMHAKOBBI IO JJINHE
3yObeB, TOATOMY 3alleIICHHE B BOJHOBBIXIEpemadax (mpu aedopMUPOBAHUN

=

Nicm | NP o | Tioon | Bama

BP -15.03.03113




THOKOro

HUAJTUHIpA

OJTHOMYTOPILY )

cienyer

BIIPOCTPAHCTBCHHBIX, 4@ HC B INIOCKUXKOOpJAHWHATAX.

AHAJIUTHUYCCKOC OIIPCACICHHUC 3a30POB.

3a30p y BepiuH 3yda ruOKoro kojeca

Pucynox 12 — I'padvk B3aMMHOTIO MOJIOKEHUS 3yOhEB

paccMaTpuBaTth

3a30ppl MEXIy 3yObsIMHM B IIPOLECCE 3aLEIUIEHUS MOXHO OIPENEIUTh IO
rpapuky (puc. 10 mmm 11). OgHako B HEKOTOPBIX Ciydasx LeIecoo0pa3Ho

Ha puc.10 uzo0OpakeHo B3auMHOE MOJIOKEHUE 3yObeB TMOKOT0 gU 5KECTKOTO
bkosiec B HEKOTOpOU (ha3e 3aleIUICHHS, ONIPEIEIIEMON YIIIOM (

A m
7
fam /e

~m
..... /

NP GokiiM
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Pucynox 13 — I'paduk OTHOCUTENHHOTO JIBUKEHHUSI 3yObEB

jag = [ Uag

— (S, +S,)/ 2]cosa, (11)
VY BepirH 3y0a )KeCTKOTO Kojieca
oo =[Oy |~ (Sa + Sy) / 2 oS0, (12)

['ne Monynu v, 1 L, OIPENENSAOTCA IO POpMyIIam
U, =V + (rag -r)o— (rag +®)P, —V,,

(13)

Ly =0+ (I, =10 — (I, + ©)P, — V.

IIe ®UL — paauajbHbIe U OKPYXHBIC TIEPEMEIICHUS B 3aBUCHMOCTH OT yrjia ¢,
(,—YroJ OTHOCHUTEIBHOTO IMOBOPOTAa KOJEC MpPU IMOBOPOTE T'€HEpaTopa; ,,L,—
PajManbHBIE ¥ OKPYXKHBIE MEpEMEIEHHs NeOpMaIK KECTKOTO Komeca, I, I, —
pannychl OKPYXXHOCTH BEPUIMH 3yObeB, [, I —PajiyChl OKPYXHOCTH BIAJHH
3yObeB, I —paguyc cpeuHHON TMHUK 000712 THOKOTO KoJieca.

L, MOXKHO ONPENETHUTE 110 hopmyIte

L, =L+ (ryg -r)o— (ryg +®)P,,

BP -15.03.03113
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Kak yrBepkmaer [1], pacueTshl moka3aid, 4TO 3a30pbl IO KpOMKe 3y0a
IrHOKOT0 KoJieca HECKOJIbKO MEHBIIIEC 3a30pOB 3y0a kecTKoro kojeca. [losTomy Ha
MIPAKTHUKE JIOCTATOYHO TPOBOAWTH PACUEThI 3a30pPOB TOJBKO MO KpPOMKE 3y0a
rHOKOTO KoJieca.

Jiist pacyeTa 3a30pOB Ha IyT€ BHIXO/1a U3 3aICTICHUS:

=[(1+ ©,)21/ 2,0,

Jag —(Syy+Sy) / 2]cos 0,
. (14)
oo =[(r+ ©0,0)21 1 2,— [0, | = (S, +S,) / 2] cOs L.

rne ¢=0...t/2.

B S,TE. Sys L /

Vg ,35?"

Pucynok 14 — BzaumHoe nosoxkenue 3yobeB ruOKoro gu xectkoro bkomec B
HEKOTOpPOil (haze 3alerieHus

5. Y4et nepekoca 3yobeB

[Tepexoc 3yObeB U3MEHSET pa3Mep 3a30pOB 10 JIMHE 3yOheB. OH CBSI3aH C
MOBOPOTOM OOpPa3yIOIIMX TMOKOTO KoJieca, BBIMOJHEHHOTO B BUJE HWJIMHIAPA, Y
KOTOPOTO Ha OJTHOM KOHIIE 00pa30BaH 3yO4UaThIii BEHEIl, a APYyTrol KOHEIl COSAUHEH
C BaJIOM WX KoprycoMm (puc. 15)

ol licm | NP oy | Zhogin | dama
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Pucynox 15 — IToBopoT 006pa3yromux ruoKoro Kojueca ¢ BaJioM WIH
KOpIycoM

Ha pucyHke MmITpUXOBBIE JIMHUM OTHOCATCS K CPEIUHHON IMMOBEPXHOCTU
MWIMHApA 0 ero AeOpMUPOBAHMS, CIUIONIHBIC JUHUHM K TOW K€ MOBEPXHOCTU
nocyie aeGopMUpOBaHUS, KUPHBIC JIMHAA COOTBETCTBYIOT JIMHUSM 3YObEB N0 U
nocie aegopmupoBanusi. Hekotopas o0pasyromiasi, pacroioKeHHas! MO/ YTIOM @,
3aHUMAeT TIO0J0XKEHUEeCC 10 naeopMUpPOBaHMUS U CC,Iocne Ae(OPMUPOBAHUS.
HoBoe mnonoxkeHnue oOpa3yromias MNOJdy4yuwiaa B pPe3yJbTare OKPYXHOToU U
paguanbHOrO® MEPEMEIICHUA €€ JIEBOr0 KOHIA. OTUM IEepEeMELIECHUAM
COOTBETCTBYIOT YTJIbl IOBOPOTA 00OPa3yIOIINX

B OKPYKHOM HaIpaBJICHUU

A, =v/l. (15)

B paJrMaJIbHOM HaIIpaBJICHUH

A, =/, (16)

rIev,®— IEPEeMELICHUsT B PacueTHOM CEuYeHMU;l,— paccTosHUE pacyeTHOro

CEUYEHHUS OT KOHIIA [WIMHAPA, COSTUHEHHOTO C BaJIOM (KOPITYCOM).

Ha (puc. 16,a, 6, 6) n300paxeHbl BO3MOXKHBIE MOJIOKEHUSI Te€HEpaTropa
OTHOCHTEIFHO 3y04aToro BEHIIa B 0CEBOM
HampaBjieHuu, a Ha (puc. 16, 2, 0, e¢) — pa3nUYHBIC MOJIOKEHUS TUIOCKOCTU
KOHTaKTa TeHeparopa W 3y0uaToro BEHIIAa B 3aBUCUMOCTH OT yria¢@ TMpu
WIMHIPUYECKON HapyKHOU MOBEPXHOCTH KOJIbIA MOAIIMITHUKA reHeparopa. Ha
(puc. 1601, 3) n300pakeHbl BO3MOXKHBIE (POPMBI KOJIbIla TeHepaTopa: chepruyeckas
U CO CKOCAMM KpaeB.

Nicm | NGt | Tioon |loma
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Pucynok 16 — Bo3MoxHbIE MOJI0KEHUSI TEHEPATOPA

Ecnu o6pa3yrorias He HCKpUBJISIETCs, TO Y OoJbIol ocu reHepatopa (¢ =0)
KOHTAKT OCYILECTBISETCA IO 3aJHEH KPOMKE KOJblla MOAMMIHUKA (puc. 16, 2).

3necb=wm,. Y Maioi ocu reneparopa (¢ =90") KOHTaKT OCYLIECTBISETCA MO
nepenHeil kpomke komphia (puc. 16, 0). 3necbo=-wm, *). pu@~45’ ©=0u
KOHTaKT MPOUCXOJUT MO TIOCKOCTH Koublla (puc. 16, ). Hanuuue xoHTakTa mo
KpOMKaM TIOJITBEpXJAEeTCsl TEM, YTO Ha NpPAKTUKE HaOItomaercs mnpupadoTKa
UMEHHO B ATHX MecTaX. Ha kpomkax o0pa3yroTcsi CBETJIBIE TIOJIOCHI B pe3yJIbTaTe
CTJIQKUBAHUS IEPOXOBATOCTH IMOBEPXHOCTH, TOTJAa KaK CPEAHSIS YacTh KOJbIA
OCTAaETCSI MATOBOM.

Takum 00pa3oM MeCTO KOHTaKTa, a CJCAOBATECIbHO, M IIOJIOKCHHE
pacyeTHOM IIIOCKOCTH, MEHSIETCSI B 3aBUCUMOCTH OT yIjla@ B ClIy4ae, €ClIM KOJBIIO
MOMAIIMITHAKA TuinHApudYeckoe. [lpu chepuyeckoM KoJblle WKW KOJIBIE CO

ckocamu (cM. puc. 16, orc, 3) pacueTHas IJIOCKOCTh BCETJla pacmoJiaraeTcsi BOJIM3U
CepeIHbBI KOJbIIA.

_M_’ R :'\ .

Hiwoc 3yda

=
[T

Pucynox 17 —YTpupoBanHoe n3o0paxeHue nepernda 3youaTroro BeHIia K
MJI0OCKOCTHU TMOKOTO MOJIIMITHUKA FreHepaTopa

il ucm | NP ok | Tioon | Damn
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3yOuarblii BeHell MoJ00€H KOJIbIly, TOJIIMHA KOTOPOro OOJIbILIE TOJIIMHBI
uuiauHapa. [losromy B 30He mepexoAa Kojblla K IWIMHAPY HaOMOgaeTcs
HEKOTOpbIM Meperud oOpasyrolmux. DToMy Meperudy crnocoOCTBYIOT CHJIBI B
3alleTJICHUH, MTPHKUMAIOIIUE 3y0UaThlid BEHEIl K MIIOCKOCTH THOKOTO MOAIIUITHIKA
redepatopa. Cuiibl B 3all€IUICHUN COCPEAOTOUEHBI Y O0JIBIION OCH TeHepaTopa, Iie
KOHTaKT OCYILECTBIISIETCA IO 3aJHEH KPOMKE KOJbla noamunHuka (puc. 16, 2).
OTH cuibl U3rHOAIOT KOJIBLIO MOJAIIMIHUKA. B pe3ynbTaTe MOXKeT OBbITH Clyyaw,
yTPUPOBAHHOE M300pakeHNE KOTOPOTO JIaHo Ha (puc. 17).

Nmeromuecs: KOCBEHHbIE HAOMIOACHUS MOATBEPXKIAIOT HAJTUYKE MepeKoca u
€ro CyIeCTBeHHOE BhusiHKuEe. K 3TUM HaOMI0ACHUSIM OTHOCSATCS:

a) yK€ YINOMSHYTbIE MOJIOCHI MPHUPAOOTKU IO KpasiM HAPYKHOrO KOJbIla
THOKOTO IOIINITHUKA;

0) wuHTepdepeHLMsT W CBS3aHHBIM C HEH W3HOC BEpUIMH 3yObEB,
HaOJIF0JTaeMblii B OCHOBHOM Ha 33IHUX KpOMKax 3yb4aroro BeHna (puc. 18);

B) pe3yJbTaThl 3aMEPOB HArpy3KU Ha 3yObs 10 nepeaHeMy (KOHTYpHas)
JUHYS) U 3aHeMY (IUTpUXOBas JIMHUA Ha puc. 19) Topuam.

Pucynok 18 — MI3HOC BepInH 3yOneB

Bnusiaue MHOTHX (haKTOPOB, TPYIHO MOIIAMOIIUXCS Y4YETYy, IMO3BOJIICT Ha
JTAHHOM JTalle MPEIJIONKKUTh TOJBKO MPHUOIMKEHHBINH pacueT nepekoca 3yOneB. B
9TOM MPUOIKEHHOM pacyeTe MPUHUMAEM, YTO:

a) 00pa3yroIIre OCTAIOTCS MPSIMBIMU,

0) pacueTHas IUIOCKOCTh COBIAJACT CO CPEAHEW IUIOCKOCTHIO TeHepaTopa
(MpoXoauWT depe3 UEHTPHI IIApUKOB KyJIadyKOBOTO TeHeparopa). Ilpu stom,
ucnonb3ys Gopmynsl (15) u (16),HeTpynHO ONpeneuTh BIUSHHE TEpeKoca Ha
U3MCHCHHE 3a30POB B 3allCTUICHHH.

=
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Pucynox 19 —Pe3ynbTaThl 3aMepoB Harpy3ku Ha 3yObs 110 TIEPETHEMY
(KoHTYpHAas1) JTUHUS U 3a]HEMY (IITPUXOBas JTUHUS) TOPIIAM

CA_ cBsA3aH MOBOPOT 3yObeB IMOKOro kojeca 1 BO BHaauHax >KECTKOTO

Koieca 2 B OKpykHOM HampasieHuw, (puc. 20, a). Ha pucyHke wn3zo0paxkeHO

ceueHue 3yObeB HEKOTOPOM LMIMHAPUYECKOW MOBEPXHOCTHIO HA AYre BXOJa B

3auerieHue. [lomokenne 3yba ruOKOoro Kojeca 0 TIepekoca IOKa3aHO

HMITPUXOBbIMU JTUHUSAMU. Ha nyre Bxoja B 3aneruieHne pabodyne CTOPOHBI 3yObeB

CONMMKAIOTCS Y 3aJHUX U PAacXOATCs Y NepeIHuX TopLoB. [Ipupaienue 3a30pos:
10 NIEPETHEMY TOPCY

Ju=-Apcosa,=—(b/l)vcosa,,. (17)

10 3aJHEMY TOPCY
Jor =—Ap,cosa, =—(b, /)ucosa,,. (18)

IJie YMHOXEHHE HaCOS O, EPEBOINT 3a30p B OKPYKHOM HAIPABICHUH B 3230p 110
HOPMAaJIM K MMOBEPXHOCTH 3y0a.

J/m
J 0375

T

125 ——
A -
[ 1 ] I;\I'h-.\_“\

JIp 320 330 340 TP 10 20 30 40 S0¥°
~0,125 |- /pariuua_saxodg
Jauensenue Fy=50°

Pucynox 20 —'myOuna 3axo/a 3yObeB 1O EpeaHEMY U 3aTHEMY TOPIIaM

BP -15.03.03113
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C A, cBs3aHa pa3nuyHas IIyOHHA 3aX0J]a 3yObeB IO MEPEAHEMY U 3aIHEMY

topiam (puc. 20, 6). pu0<@<45° raybuna 3axoma Mo MepeIHEMY TOPILY
OoJblIIe.

[Ipupamenue 3a30poB
10 TIEPEIHEMY TOPLLY

jor =M Bisinag, =—(b, /)wsino,,. (19)

10 3aJHEMY TOPILY

Joo =—A P, sin0, = (b, /1,)wsina,. (20)
CyMMapHOC IMpHUPaAIICHUC 3a30POB I10 TOpLIaM

{ jour =—(0, /1)) (0Cc0S 01, + @SINCL), 21

Jooz = (0, /1))(0COS 01, + 0OSINCOL),

re MepeMENIeHus L, ® MPUHUMAIOT CO CBOMMHM 3HaKaMu, MHAEKC 1 OTHOCUTCS K
nepenHeMy, a MHAEKC 2 — K 3aJHeMy TopliaM, 3HaueHusb, b, ompenensioT mo

(baKTHUeCKO! IIIMHE MEPEKPHITUS 3YObEB.

[Ipumep rpaduka 3a30poB B HEHArpy)XeHHOW mepenaye H300pakeH Ha
(puc. 21)

Pucynok 21 —I'paduk 3a30poB B HEHArpy>KeHHOM nepeaaye

BP -15.03.03113
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Ha (puc. 21) xpuBast 1 oTHOCHTCS K 3a30paM B pacue€THOM CEYEHUH, KpUBas
2 — K 3a30paM I10 MepeJHEMY TOpILy, KpuBasi 3 — K 3a30paM IO 3aJJHEMY TOpLLY.

B kayectBe TpaHHMIBI 3axo/a B 3alleIUICHHE YCJIOBHO MNPHUHITO HAYalo
3ax0/a 3yObeB TMOKOTO KOJieCa BO BHAJHMHBI KECTKOr0. OTy TpaHUIly MOYKHO
OTIPEIICHUTh 0 TPaPuKy OTHOCHTEIBHOTO TOJOXKEHHS 3y0heB (cMm. puc. 10) win
AHATTUTHYECKH, HUCIONB3Ysl GopMyibl kKoopauHaT 3yObeB (4) u (6). Ha rpanuie
3aX0/1a B 3AlEIUICHUE PAUATIBHBIE KOOPAMHATHI BEPUIMH 3YObEB PABHBI M, = (.

C yuerom opmyi (4) u (6) moaygaem

w=r,[cos(2r/ z,)y /cosg,|-r,,.(22)

BCJ'IGIICTBI/IC MaJIOCTH YTJIOB C ,Z[OCTaTO‘IHOP'I ML IMIPAKTHYCCKUX PacdCTOB
TOYHOCTBIO IIPMHUMACM KOCHUHYCBI paBHBIMU CAUHUIC 1 HAXOIUM

0=, —I,. (23)

[nybuna 3axonahy = (m,,),-, — ©,-Iloce moacTanoBkn u npeoOpazoBanuii

MOJIy4YUM

hd =, + (rag - r-ab)' (24)

Ananusupys rpaduk (cMm. puc. 21), oTMeTUM, YTO B Hadaje 3a — XO/a B
3alleJICHHE 3a30pbl MEHbBIIIE HA 33JIHEM TOPILIE, a B 30HE OOJIBILION ocK reHepaTopa
— Ha TIepeaHeM TopLe. 31ech 3a30p Ha NEpEeIHEM TOpPUE CTaHOBUTCS
OTpULATEIbHBIM, UTO CBUJIETEIBCTBYET O HATATre (MHTep(EpPEHIIMN) B 3aLCIIIICHUH.
OOBIYHO HEOOJBIIONW HATAT MEPEeKpPhIBACTCA JOMyCKaMU Ha OOKOBBIE 3a30pbl. B
Hayajie 3axojJa B 3aleluieHue 3yObsi paboTaloT 3aJHEeil CTOPOHOW, a B 30HE
00JIBILION OcH TepenHel CTOPOHOM. 3a30pbl YMEHBIIAIOTCS OT TPaHUIBl 3aX0/a B

) 0 )
3arerieHne K Oombiiol ocu reneparopa. [lpu@~15" 3a3opbl paBHBI MO Been

JunHE 3yObeB. 37ech HEeT mepekoca 3yObeB. C MO3WIMN yCTpaHEHHUS BPEAHOTO
BJIMSTHUST TIEPEKOCOB 3yObEB HEIIENIeCO00pa3HO PacpOCTPaHITh 30HY 3alleTUICHUS

nanee @~ 20...30°. TIpu >TOM yMEHBIIEHHE YHCIa 3yObEB B OJHOBPEMEHHOM

3aIleTVICHUA MOYXHO KOMIIEHCHPOBATh HEKOTOPHIM YBEIMYECHHEM JJIMHBI 3YObEB.
3aleruieHle pacrpocTpaHsercs 3a OOJbIIylH0 OCh TIeHepaTopa NPUMEPHO Ha

15...20°. 31ech 3y0Obst IPOOIKAIOT PabOTATh HEpEeaHEH CTOPOHOIL.

_____
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OTHOCHUTENIbHOE TMOJ0XKEHUE 3yObeB B HArPYXEHHOU mepenaye M3MeHseTcs
OT 3aKpy4YMBaHUs TMOKOro KoJieca, u3MeHeHus popmbl AehoOpMHUPOBaAHUS THOKOTO
KOJieca, pacTshKeHUs THMOKOro Kojieca, nporuda 3yObeB, ae@opMUpOBaHUS
YKECTKOI0 KoJieca.

6. Ilepexoc 3y0beB OT 3aKpy4MBaHUsI THOKOI0 KoJieca

Kpydenne paBHOMEpHO MO BCEM OKpPY)KHOCTH THOKOTO Kojeca, a
KOHCTPYKIIMSI THOKOTO KoJjeca mojo0Ha u3o0paxeHHor Ha (puc. 4.5). Ilomaraem
Tak)Ke, 4To 00pa3yrolire rHOKOro Kojieca MpU KPYyUYEHUU OCTAlOTCS MPSMBIMU, a
IPSIMOJIMHEMHOCTh  OOpa3yIolUX pacHpOCTpaHSETCS W Ha 3yOuaThlii BEHEI.

JUIsl OTHOCUTENBHOTO TMOJOKEHUS 3yObeB UMEIOT 3HAUCHHE HE OKPYXKHBIE
MEpPEeMEeIIEHUs] TOYEK TPU KPYyUEHUH, TMOCKOJIBKY OHHM OJMHAKOBBI MO BCEH
OKPYKHOCTH, a YroJ I0BOPOTa 00pa3yIoINX, KOTOPBIMA 0003Ha4UM A, . IIpn 3TOM

Mo =T,r / (GI), (25)

raeT,— KpyTALIUM MOMEHT Ha THUXOXOOHOM Bajly; I— paauyc CpEOUHHOU

3 .
MOBEPXHOCTH; G — MOJyJb yIPYrocTu BTOpPOro pona;l, =27r’S,— monspHbii
MOMEHT MHEPLIUH; S, — TOJIIIUHBI 3y04aToro BEHIA.

[TpupaieHue 3a30pa mo nepeHeMy U 33 JHEMY TOpIiaM 3yObeB

jkpl =T,)b, / (ZnGrzsl)’

_ (26)
jio2 =—Tob, / (27Gr?S,).

7. lIpo¢puan 3y0beB

7.1 JBoJIbBEHTHBIE 3y0bsl C Y3K0ii BIIQJUHOIA.

OTUM TEPMUHOM Ha30BEM 3yObs, y KOTOPBIX IIMpPHWHA BIAJWHBI IO
OKPYXHOCTH BIaJHWH CYIIECTBEHHO MEHbIIIE TONIIMHBI 3yObeB. K 3yObsiM ¢ y3koi
BIIAJIMHOM OTHOCSTCA 3yObsi NPOCTHIX TM€pelad U HSBOJBBEHTHBIX 3yOuaThIX
COCMHEHHUH. DBOJIbBEHTHbIE 3yObsl C Y3KOM BMNAJUHOW NPUMEHSUIM B MEPBBIX
KOHCTPYKIMSAX BOJIHOBBIX IE€pead M IIMPOKO HCHOJB3YIOT B HACTOSIIEE BPEMS.
OT0  OOBSACHSETCS  U3BECTHBIMH  TEXHOJOTMYECKHMU  MPEUMYIECTBAMU
HBOJIbBEHTHOIO  MPOQUIIsA, BO3MOKHOCTBIO IPUMEHEHHMS]  CYIIECTBYIOLIETO

=
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CTaHJApTHOTO MHCTPYMEHTA, a TAK)KE U TeM, YTO 3TU 3yObs CIIOCOOHBI 00€CTIeUNTh
[OJ Harpy3Koil JOCTaTOYHO BBICOKYIO MHOTOMAPHOCTh 3auervieHus. Jns
Hape3aHusi IBOJIBLBEHTHBIX 3yObEB C Y3KOH BIAJAMHON HCIIOJIB3YIOT HHCTPYMEHT C
yrinom ucxoasoro xoutypa 20 um 30°.

I[Ipu 20— TpagycHOM WCXOIHOM KOHTYype 3YyOheB OTCYTCTBHE
uHTep(EepeHINH BEPIINH 3yOheB MOKHO 00€CIIEYUTh TOJBKO MyTEM YMEHbBIICHUS
BBICOTHI 3yObEB 0 CPAaBHEHHIO CO CTaHJIAPTHOW Ha KOTOPOM CpPE3aHHBIE YacTU
BEPUIMH 3yObeB M300paXKE€HBI INTPUXOBBIMU JIMHUAMU. YTOJa,, U3MEHSAIOT IIyTEM

Hape3aHus 3yObeB co cmemieHueM. [lpu Hape3anunm wuHCTpymeHTOM ¢ 20—
rpagycHbiM UcxoaHbIM KOHTYpoM (I'OCT 13755—68) nmyrteM cMeleHus MOKHO

MOJIYYHTh @, 0 25...26°, BEICOTY 3y0beB — 102M, TIyOHHY 3axoja — 10l,6m.

[Ipu 3TOM JTOITYyCKAIOT CMEIICHUE UCXOHOTO KOHTYpa 10 (5...7)m.

NuctpymenTt ¢ 30-TrpaayCHbIM HCXOAHBIM KOHTYPOM U KO3(hPHUIIMEHTOM
BBICOTHI TOJIOBKH 3y0ah, =0,8 mo3Bonsier Hape3aTh 3yObsi OJHOTO CTAaHJAPTHOTO

npoduist. OH oOecrnieunBaeT JOCTATOUHbBIC 3a30pbl HA BXOJI€ 0€3 CMEIICHUS WIH C
MaJbIMH CMEIIEHUSIMH WHCTpyMeHTa. OmHAKO TMPU 3TOM YMEHBIIIACTCS YHCIIO
3yObeB B OJHOBPEMCHHOM 3allCIICHWH, a TAaKKEe YBEIWUMBAIOTCS HArpy3KH Ha
reHepaTop. YBEIMYCHHE HArpy3Kd Ha reHepaTop MOYKHO OICHUTH MPHUOJMKEHHO
OTHOIIEHUEM  PAJUAIBbHBIX COCTABJISIONIMX CHUJ B 3allelUICHUU, PaBHOM

otnomenurotg30° /tg20° ~1,6.
C mo3umuii ONTHMH3AINK 3alefeHNs BOIHOBBIX ITIEpefad C 3yObAMH C
Y3KAME BIAgMHAME II€7€COO0Pa3HO MPUMEHATh HCXOAHBIH KOHTYp ca=25"m

h, =0,8. OHaKo Takoif HHCTPYMEHT MOKa HE M3TOTOBIISIOT.

7.2 JBoJIbBEHTHbBIE 3y0bsl ¢ IIMPOKOIi BNAIUHOI

HccnenoBanusi MpOYHOCTH THOKOro 3yOyaToro KoJsieca IOKa3ald, 4YTO
HaIpsHKeHUs! B €ro 000/1€ CYHUIECTBEHHO YMEHBIIAIOTCS C YBEIUYEHHEM IIUPHUHbI
BIIAJIMHBI TI0O OKPY)XKHOCTU BHAJAMH. B CBS3UC 3TUM NpEeSIOKEHBI pa3IuyHbIC
MO (DUKAIIMK SBOJIBBEHTHBIX 3yObEB, ITUPHUHA BIIAJUHBI KOTOPBIX 11O OKPY>KHOCTH
BIaIMH OJIM3Ka WJIK OOJIBIIIE TOJIIUHBI 3yOhEB.

Ha (puc. 22) ynanenusie 3yObsi M300pa’KeHbI MTPUXOBBIMH JIMHUSIMU. [Ipu
3allellJICHUH B OJHOM BIaJMHE THOKOTo KoJieca pacioJiaratoTcs ABa 3y0a )KecTKOro
Koieca. OTH JBa 3y0a Mo cBoeMy (DYHKIHMOHAJIBHOMY Ha3HAYEHHMIO IMOJ0OHBI
OJIHOMY ToJIcTOMY 3yOy. I'paduk 3auenneHust 31ech Takoil ke, Kak y 3yObeB C
y3Koi BrnagiuHou (puc. 12). Tonabko 4uciio 3yObeB B OJHOBPEMEHHOM 3alleTNIEHUN

A
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YMEHBIIAETCS B JIBa pasa. JTO SABISAETCS OJHUM W3 HEJOCTATKOB 3aLCIICHUS C
ylaJeHHbIMU 3yObsiMH. BTOpoil HeNOCTaTOK CBf3aH C TEXHOJIOIMYECKUMHU
TPYAHOCTSAMHU NpU YJAJICHUU 3yObEB WIIU K€ C HEOOXOIMMOCTBbIO M3TOTOBIIATH
CIIEHUAJIBHBIA HHCTPYMEHT.

Pucynok 22 — 3anemnnenue 3y0beB THOKOr0 U JKECTKOT0 KOJIEC

[upoxyro BOaAHy MOKHO MOJIY4YUTh U 0€3 yhaneHus 3yobeB. Jlns aToro
MPEANOJI0KUM, YTO Ha (puc. 12) uzoOpakeHsl 3yObs, Hape3aHHbIE 0€3 CMEIICHUS U
MBI MOXEM pa3linyaTh JIETUTENIbHBIC TOJIOBKY M HOXKY 3y0a, 4To yZ0OHO st
JadbHEUIIUX paccyxaeHui. Jlis ycrpaHeHuss uHTepdepeHIuu moTpedoBaIoCh
YMEHBUIUTh BBICOTY 3yObEB TMOKOTO M KECTKOro Kosec (yIJaJeHHbIE Y4YacTKU
rOJIOBOK 3YObEB H300pa)K€Hbl IITPUXOBBIMU JHUHUSIMHU). Kpome TOro, Mo>kHO
OTMETHUTh YBEJIMYEHHUE PATUATIBHBIX 3a30pOB B 3alleIUVICHUH. IJTO 3HAYUT, YTO
OJIHOBPEMEHHO C YMEHBIIICHUEM BBICOTHI TOJIOBOK MO>KHO
YMEHBIIUTh ¥ BBICOTY HOXEK 3yObEB, €CIIM MPUMEHUTH CHEIUATbHBIN
WHCTPYMEHT. HeTpyaHO TMOHATH, 4YTO WHTEPPEPEHIIMI0 MOXKHO YCTPaHUTH,
yMEHbIIIasi BBICOTY TOJBKO OJIHOTO, a He obOoux 3yObeB. Ilpm 3TOM pasmep
YMEHBIIEHUSI BBICOTHl OJHOTO 3y0a JOJIKEH pAaBHATHCS CYMME pa3MepoB
YMEHBIIICHUS BBICOT IBYX 3yObeB. /(7151 momydeHHs jkelaeMbIX ITUPOKUX BIIAJIMH Ha
rMOKOM KOJIece LIeNeco00pa3Ho YCTPAHITh MHTEPHEPEHIUI0 MYTEM YMEHBIICHUS
BBICOTBI TOJIOBKH 3y0a TOJBKO KECTKOTO KoJjeca, a IHUPOKYIO BIAJAUHY MOJIYy4aTh
MyTEM COOTBETCTBYIOIIETO YMEHBIIEHUS BBICOTHI HOXKKH 3y0a THOKOTO KoJjieca
(puc. 23), roe ymameHHbIE YacTH 3yObEB YCIOBHO HM300pa)KEHBI IITPUXOBBIMH
JUHUSIMU.

=

BP -15.03.03113

W ucm | W G | 7Tioon [Toms I




72\

/

-

Pucynox 23 — Y nanenunsie 3y0Obs

B nepenauax ¢ takuMm npoduiieM 3yObeB 3yObs TMOKOro KoOJIeca HWMEIOT
IPEUMYIIECTBEHHO TOJIOBKHM, a 3yObsl JKECTKOIO KoJieca — IPEUMYIIECTBEHHO
HOXKKM. Tak ’ke, Kak W B MNPEAbLAYIIMX BapuaHTaxX 3alelUIeHUH, MUHUMAaJbHas
BhICOTa 3yObeBhwim  MuHUManbHas  TOyOWMHAa  3axojah, OrpaHUYHUBaETCS

BO3MOXXHOCTBIO  MPOCKOKa (OYKCOBKHM) TeHepaTopa TMpuU  Meperpys3kax.
HccnenoBanus mokasajid, 4To MpU KyJIAYKOBOM T'€HEPAaTOpE BIIOJIHE JOMYCTHMO
YMEHBILIEHUE BBICOTHI 3yObeB Ha MoAyJib. [Ipu aToM h; =m, 3y6bst rubkoro koiueca

UMEIOT TOJBKO T'OJIOBKH, @ JKECTKOTO — TOJIBKO HOXKKHU.

3y0bsl )KECTKOro Kojeca MOKHO Hape3aTh CTaHAAPTHBIM UHCTPYMEHTOM JJIs
npocteix — mepemad.  Jns  Hape3daHus  ruOkoro  kojeca  TpeOyeTcs
MOJU(ULMPOBAHHBII MHCTPYMEHT, KOTOPBI OTJIMYAETCsl OT CTaHJAPTHOTO ISt
MPOCTBIX 3yObEB TOJBKO BBICOTOM TOJOBKH 3y0a. BwICOTy TroioBok 3yObeB
MHCTPYMEHTA YMEHBILAIOT Ha TOT K€ pa3Mep, UTO U BBICOTY 3yObEB HAPE3aeMOT0
KoJieca.

I'padyix OTHOCUTENBHOTO TMOJIOKEHUS 3yObEB C IIMPOKOW BHAIWHON B
HEHarpy>XKeHHOUM mepemade u3zo0paxkeH Ha (puc. 24). [lapameTpsl 3arenieHus
ONM3KM K TeM, Uil KOTOPBIX ObUI mocTpoeH rpaduk (puc. 12) ¢ y3xkumu
BraguHamMu 3yObeB. ComocTaBisisi rpapuKd, MOXHO OTMETUTh CIEIyIOIIEe.
Hawano 3axoma 3yOneB Ha (puc. 24) CMECTWJIOCH B CTOpPOHY OOJBIIONW OCH

reneparopa npumepHo Ha20°mo cpaBHenmio ¢ (puc. 12). B cB3m ¢ 3THM
YMEHBIIWIOCH BO3MOXHOE YHUCIO 3yObeB B OJHOBPEMEHHOM 3allCTUIEHUU TIOJT
Harpy3koil. OJIHaKo Jyra 3allelIeHUs BCE K€ OCTAEeTCs BIIOJIHE JOCTATOYHOM ISt
nepenayn Harpy3ku. [lOJTOKHUTENBHO TO, YTO YMEHBIICHHE BO3MOXHOW IyTH
3allelJICHUs] TPOMCXOAMUT BCIEACTBHE COKpAIICHHWS 30HBI C TMOBBIIICHHBIM
cKoJpkeHneM. CpaBHUBas 3alleTUICHUS 3yObEB C IIUPOKOH BraguHou 1o (puc. 22)
u (puc.24), oTMeTuM, UYTO YyHajieHWe 3yObeB NPUBOAUT K JABYKPATHOMY
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YMEHBIIEHUIO YHucia 3yObeB B OJHOBpeMeHHOM 3aueruieHuu. llupuna Bmaaunbl
0e3 ynaneHus 3yObeB MEHbIIE, YeM NpH YJaleHUM 3yObeB, HO pasiuyue B
3G ()EKTUBHOCTH BJIMSHUS TOTO W JPYroro 3alelIeHUusT Ha MPOYHOCTh THOKOTO
KOJIECa HE CTOJIb CYLIECTBEHHO.
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Pucynox 24 — I'padik OTHOCUTEIBHOTO MOJIOKEHUS 3yOhEB € ITUPOKON BIIaJMHON
B HEHArpy>K€HHOU nepeaayde

Bce paccMOTpeHHbIE 3BOJIBBEHTHbIE MPOQUIM HE  00ECHeYyMBaIOT
OJIHOBPEMEHHOTO 3aleIyIeHUs] OONBIIOro 4Yuciia 3yObeB 0€3 JOMOJHUTEIBHOTO
neopMupoBanusi cuctemMbl Toa  Harpy3kod. Kpome Toro, B 3alenieHuu
HBOJIbBEHTHBIX 3YyObEB MpeodsaiaeT KpPOMOYHBIA KOHTakT (puc. 26). I'padux
OOKOBBIX  3a30pOB |, M300paKEHHBII HA O3TOM PUCYHKE, TMOJIy4eH MyTeM

dbortorpadupoBaHusi TMepeIHUX TOPIOB 3yObEB KOJIEC, JICKAIIUX B OIHOMN
IJIOCKOCTH, C TMOCIEAYIOIMM IPOENUMPOBAaHUEM Ha dKpaH Ipu 200—kpaTHOM
yBenu4YeHuu. 3a30pel  QotorpadupoBaUCh B OMNPEACICHHBIX MECTaX 30HbI
3alleTICHUs TIPU CTAaTUYECKOM HarpyxeHuu nepenadyn MomeHTom0...1800 H -m
(HomuHaIBHBIH MOMeHT800 H - m).

3aMepsl MOKa3bIBAIOT, YTO 3a30pPbl Y BEPUIMH 3yObeB T'MOKOTO Kojieca Bceraa
MEHBIIIE 3a30pPOB Yy BEPIIMH 3YObEB >KECTKOTO Kojeca. JTO CBUAETEIBCTBYET O
KPOMOYHOM KOHTakTe 3yObeB. HeOonbiime 3a3opel Ha rpaduxe mnpue =0
ABJISIIOTCS (PAKTMUECKHM HE 3a30paMM, a BUIUMOM JIMHHEH cThika. BceriencTBue
[IEPOXOBATOCTH U 3arpsi3HEHUsT OOKOBBIX IOBEPXHOCTEH 3yObeB, a TaKkxke
HEU30€KHOTO MPUTYIUICHUS KPOMOK CTBIK IPOCMATPUBAETCS Ja)ke MpU OOJBIINX
JABJEHUsAX. B NaHHOM ciydyae MpOM3BOAMIMCH U3MEPEHHMs IEpenad ¢ MOAYJIEM
3yoneB, paBHbIM 0,8 v . [Ipu 3TOM MakcumanbHbIi 3a30p (10 rpaduky) npu ¢ =0

paBeH[] 0,03 mm4TO MOXKET OBITH COM3MEPHUMO C TOJIIMWHOW BHAMMOW JIMHUH

CTBbIKA.
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KpOMOTHBIN KOHTakT MNpEnsATCTBYET OOpa3oBaHUIO peXUMa KUAKOCTHOTO
TPEHMsI, YTO YBEIMYMBAECT NOTEpU B 3auemiaeHuu. Ilo 3TumM cooOpaxeHUusM
JKeJaTeabHO (PIIaHKUPOBAHHUE IBOJBBEHTHBIX 3yObeB. OTMEUEHHbBIE HEAOCTATKU HE
NPEMATCTBYIOT TMPUMEHEHHIO SBOJIbBEHTHOTO mnpoduis 3yObeB. OHHM JHIIB
CBUACTEIBCTBYIOT O TOM, YTO ATOT MPOQMIb 3yObeB HE ABIACTCS ONTUMAIbHBIM

AJIs1 BOJTHOBBIX II€PC/ad.
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Pucynox 25 — I'paduk OOKOBBIX 3a30pOB

Paccuntaem reomerpudeckuii pacuet B3II qis Toro, 4ToOBI IPOBEPUTH €TI0

yepe3 MEeToJT KOHEUHBIX AneMeHToB (MOK).
8. l'eomeTpuueckuii pacuer B3I

[IpeaBapuTtenbHOE YKCIIO 3yObeB THOKOTO KoJieca
K =1- ko3¢ duiiment kpaTHOCTH
n,, = 2—IByXBOJIHOBas Iepegayda

I, — IEPEJATOYHOE OTHOIIECHHUE

22=k-n, i =2-78=156 (27)

[IpenBapuTebHOE 3HAUEHNUE THAMETPA ICIIUTEIBHON OKPYKHOCTH

rMOKOro KoJeca:

d'2=1.66-3/T,-10° =1.66-3/24.25-10° = 48.048 mm (28)

[IpeaBapuTesibHOE 3HAYEHNE MOAYJIS
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_d2_ 48048
22 156

=0.308 Mm (29)

[IpeaBapuTebHOE 3HAYEHNE BHYTPEHHETO AUAMETPa TMOKOT0 Kojieca

D' =m'-(2'2 +3.4) = 49.096 MM (30)

8.1 [loa6op rudKOro MOAMIUIMHNKA

BriObupaem ruOkuii moAIMIMITHUK

0.12

D=2.26-(T,)°*-[(n, —n,,)-Lh]

2.26-(T,)°* [(n,, —n,,)-Lh]"" =50.027

D’'=49.096 u D =50.027

D’ <= DycnoBue Boinonasiercs. Beionpaem mo tadmuie Nel mOAIIMAITHAK
815, umeromumii pazmepsl D =100mm,d =75mMm, B=15Mm

D =100 mm d =75 Mm

8.2 OxoHuYaTeILHBII pacyeT NapaMeTpPoB BOJHOBOI nepeaaun
3HaYeHuEe MOYJIs

D 100

m = = =0.627 mm
7’2+34 156+3.4

bmmxkaitmee ctangaprHoe 3HaueHre M= 0.8 Mmm

Yucio 3yobeB THOKOTO KOJIeca P MPUHSITHIX 3HadeHUs X D um

z, :2—3.4:@—3.4:121.6 (33)
m 0.8
z,=122

Yucio 3yObeB jKeCTKOTo Kojieca
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2, =7,+k-n,=122+2=124 (34)

[lepenaTouHoe OTHOIIICHHUE MTPH OKOHYATEIHHO MPUHSITHIX 3HAUCHUSIX
quces 3yobeB 1o popmyie

-z, = -122
-1, 124-122

Ih2 -

—61 (35)

OTKJIOHEHHE 3HAUCHUEC ihZOT 3aJaHHOTO

(i, +i,,)-100 (78+(~61))-100
Al == - 78

6n

= 21.795% (36)

Tak kak MOTOp HWMEET PETYIMPOBKY CKOPOCTH W MAaKCHMAaJbHOE YHCIIO
000poToB3000 06/MuH (ripu 3amaHHbix 1150 06/mMuH), mosTOMy OyAeM CUHUTAThH
JTAHHOCOTKJIOHEHUE HE CYIIIECTBEHHBIM.

Onpenenenre Ko3(hPUIMEHTOB CMEIIEHUs TPOU3BOISAIIETO KOHTYpa
X, =3+40.01-z, =3+0.01-122 = 4.22— g rubKkoro koiueca

Kw =1.1- koadpunuenT paguanbpHoii qedopmariui ruOKoro Kojeca

=X, -1+ Kw-(1+5-10° - Kw-z,) (37)
Xl 2 2

5.96-1+1.1-(1+5-107°-1.1- 296) = 6.078— 151 *KECTKOTO KoJeca

JlnameTp OKpy>KHOCTH BEPIINH 3yObeB THOKOT0 KoJieca
K; =0.4— ko3ppuumeHT rosoBku 3yda ruOKoro kosueca

h, =1.4— rnmy6uHa 3axo1a

d, =m-z, =97.6 MM— tuameTp ACTUTEIBbHON OKPYKHOCTH

d,=d, +2(X,+K,) - m=97.6+2-(4.22+0.4)-0.8=104.992 mm (38)

JlnameTp OKpy>KHOCTH BITaJIMH THOKOTO KoJieca
h,, =1— K03 GHUINEHT BBICOTHI TOJIOBKH ITPOU3BOIAIIETO KOHTYpa

€ =0.25— xoaddunment paaraabHOTO 3a30pa

o

BP -15.03.03113

wlicm | NP g | Tioon | dama




d,,=d,+2(X,—h,,—C)-m=97.6+2-2.97-0.8=102.352 MM (39)

JlnameTp OKpY>KHOCTH BEPIINH KECTKOTO KoJieca
d, =m-z, =99.2— nnamerp AEIUTENBHON OKPYKHOCTU

dal = dl + 2(X1_ haO) -m (40)

99.2 + 2[4.22 -1+1.1. (1+5-1O‘5 -1.1-122)—1] -0.8=104.524 mm

8.3 I'enepaTop BoJIH Aedopmanun

¢=0,0.01.2%

Koppektupyromue ko3¢ huiueHTs! K 1 K a1 nepeaTogHoro OTHOIICHHS
i, =60

k, =0.942 k, =0.057

[Tpodune Kynauka B MOJSIPHOU CUCTEME KOOPAUHAT

P()=0.5-d +m-Kw-(k,-cos(2-p)—k, -cos(6-¢)) (41)

8.4 Boi0op MmaTepuasia 1Jis THOKOT0 U KeCTKOr0 Kojeca BOJIHOBOI

nepeaaym

Hanpsixenust cMaTHst Ha pabO4YuX MOBEPXHOCTSIX 3yObEB
v, =0.15— m1s cunoBbIX nepenay

c,.,, =10 Mlla

Pabouas mmpuHa 3y0uaToro BeHiia ritoOKoro kKosieca

b=wy,-d,=0.15-97.6 =14.64 mm (42)
Pabouas mmpuHa 3y64aToro BeHIa )KeCTKOTo KoJjieca

b, =b+5=14.64+5=19.64 MM (43)

OkpyxHas cuia

o
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£ _2:T, 22425

=0.497 44
‘od, 97.6 (44)

- 10-T, _ 10-24.25
10°-(4, 107 146410°(576.10°)

~=1.739-10°TIa  (45)

cm

VYcnoBue BbINONHAETCA G, =G,

Marepuanr:

CpenHe- W MajoHaAIpsDKEHHbIE THOKHE KoJjieca MOYKHO HM3rOTaBIWBATh W3
0oxee nemeBniX ctanen tuna 30XMA, 30XI'CA.

Mapxka cranmm - 30XI'CA

o, =1100 MIla

c, =960 MIla
o, =830 Mlla—npenen BBIHOCIMBOCTH MaTepuanga I'MOKOro Kojeca IpH

CUMMETPUYHOM LIUKJIE U3ruda
1, =280 MIla— mpenesn BBIHOCIMBOCTH MaTepHuaila T'MOKOro KoJieca Ipu

CUMMETPUYHOM LIUKIIE KPYUEHHUS

M
o, =40 ch?_ yaapHasi BI3KOCTh

8.5 IlpoBepka ko3 (ppuumeHTa 3anaca Mo KacaTeJIbHbIM HANIPSIIKEHUSIM

R. =—1 —u14 peBepCUBHOMN HArPYy3KU

h,=0.6-h=0.6-1.176 =0.706 MM — TONII1HA CTEHKH

P, =0.5- ( D+ ho) =0.5- (100 + 0.706) =50.353 MM— pamuyc  KpPUBH3HBI
CPEIMHHOM TTOBEPXHOCTH THOKOTO KoJieca

e, = 0.6— ko3 punuenT, yunteiBaronuii auamerp koneca pisad,, =150 mm

AMIUINTY/1a IUKJIOB KacaTeNbHBIX HAMPSKEHUI

0.1-(1-R)T,-10° 0.1-(1+1)-24.25-10°
T = =
* h, - p 0.706-50.353"

0o

=2.711 MITa (46)

CpenHee HanpsiHKEHUE UKIIA KaCATENbHBIX HAMPSXKEHUN

o
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. (1+R))-1, _ (1+(-1))-2.711 0

" 1-R (1+1)

[IpoBepka kordduireHTa 3anaca Mo KacaTeJIbHbIM HAIIPSKEHUSIM

T 280

S, = L = =29.231 (48)

K.-T, +02-1 1'59'2'7ll+0.2-0

€. B, 0.6-0.75
Ycnosue Boimonusiercs S, >=S. |
8.6 KII/I mepenaumn
v, =0.00137

—_ Ju— . 73

. 1-vy, ~1-137-10 0.923 (49)

" 1+i,[-0.00137  1+]60[-1.37-10°

8.7 YTO4YHeHHbI MPOBEPOYHBI pacyer

3HaueHust KO3PPUIUEHTOB:
k, =2.8— »ddexTuBHbI KOIDOUIMEHT KOHLEHTPALUH HOPMAJIBHBIX

HanpsHKEHUN
k.=1.9
Koaddunment, yunteiBaroniuii BIUSIHUE MIEPOXOBATOCTH MOBEPXHOCTH:
B=0.9
AMIUIMTYJla TMKJIAa HOPMAaJbHBIX HaMNpsDKEHUW (M1 IUIUHIPUYCCKON

bopmbI):

P 10°  24.25.10°
odd 25°

’J‘c.i

o sinl
32 32

~15.809 MITa (50)

KoaddunmenT 3amaca npoyHOCTH 110 HOPMATBHBIM HANIPSAKEHUSIM

4

o
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5, 350

LY -6,+0 §-15.809+0
0.9

=7.116 (51)

v

HanbGonpmee HaIIpsI’KCHUEC B pacucTHOM CCUCHUH Bajia oT
H3FH6&IOHICFOMOM€HT8,

_T,-10°  24.25.10°

T, = d:m = T =7.904 MIla
Tc-i Tc.i
16 16

. T

Tak kak 4acThIU peBEpC, TO MojlaraeM t,, = —;Tm =0
W,
k

KOB(b(I)I/II_[HeHT 3al1aca IMMpOYHOCTH I10 KaCaTCJIIbHBIM HAIIPSAKCHHUAM

S -1 210 ~7.551 (53)

. 1,40 19 -7.904+0

e B " 0.6-0.9

Omnpenenum  koddduIMeHT 3amaca MPOYHOCTH IO  HOPMaJbHBIM
HaIpPsHKCHUSAM

_S.-S.  7.116-7.551
JS2+82  \7.116% +7.557

S ~5.179 (54)

VY ci1oBUE BBITIOJHIETCA S >= [2.5]

[Tocrpoum mogene mpu momomd SolidWorks. B mampHeiiimeM Mozenb
nepemxanaum B ANSYS.

o
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Pucynoxk 26 — 3D-moznens B3I noctpoennas B SolidWorks

Pacuet Hanpspkenuit U geopmMaiivii METo0M KOHEYHBIX 2JIEMEHTOB

npoBezieM B mporpamMmmHoM kKomruiekce ANSY'S ¢ ncnonbp3oBanreM MOIyIIS
Workbench.

9. Pacuer B ANSYS

B xadyecTBe MCXOAHBIX JaHHBIX JUJISl pacueTa CIyXaT CBEICHHsI O T€OMETPUHU
paccuuThIBAEMON KOHCTPYKIIMH, XapaKTePUCTHKH €€ MaTepuaiga, a Takke
3HA4YCHUS MPUJIaraeMbIX K HEH CHJI U Harpy3ok. /(s mpoBeneHus pacdera Mbl Ha
OCHOBAHUH TOJIYYCHHBIX JaHHBIX CTPOUM TPEXMEPHYIO apaMeTPHUECKYIO0 MOJIECTh
KOHCTPYKIIMHU, 3aTeM TpaHciaupyeM 3Ty wmozaenb B ANSYS, pazOuBaem Ha
KOHEYHBIE 3JIEMEHTHI M Harpy>kaeM 3a/laHHbIMU CHUJIAMHU.

JInst pacyeT METoIOM KOHEUHBIX 3JIEMEHTOB TPEOyeTCst:
1) TMoctpouts3D — mMozenb B mporpammuom komriuiekce SolidWorks;
2) Ilepenectu monenb u3 SolidWorkss ANSY Su 3anaTh rpaHiYHBIC YCIIOBHS;
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3) IMocTpouTh CETKY 3JIEMEHTOB, YKa3aTh JICHCTBHE KPYTAIIETO MOMEHTA,

3a(MKCUPOBATh KECTKOE KOJIECO, OTPAaHUYUTh MEPEMEIICHHS] KPYTSIIETro
Baja.

4) OmnpenenuTh jgeGopMalii W HANPSOHKCHHUS BO3HUKAIONIME OT MOMEHTA
COIPOTHUBIIEHUS BOJIHOM IIEpEaAUH.

D: e
0,2
0,001812 Min

Pucynoxk 27 — 3D — monens 3aiierieHrs THOKOTO U )KECTKUX KoJiec (TeHepaTop
OBICTPOXOHBIN BaJl YCIIOBHO HE MOKa3aH)

9.1KmHeMaTHYeCKHI AaHAJIN3

XapakTepucTUKa MOJEIH:

Cpenne — u MaJloHaNpsKEHHBbIE THOKKE KOJeca MOXHO WM3TOTaBIUBATH U3
ooitee nemeBbix craier Tuna 30XMA, 30XT'CA.

Bau u xectroe xoneco uzrotosiens! u3 Cranb 45 'OCT 535-88

Hauanbnubie nanubie

Juametp Basta

d,, =25MM

Yucio 3yObeB ®KeCTKOTo KoJjieca

z, =124

Yucno 3y0beB ruOKoro Koseca

z,=122

JlnaMeTp AenuTenbHOH OKPY>KHOCTH JKECTKOTO KoJeca:
d, =99.2 Mmm

Aucm
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JlnaMeTp AeNuTeNbHON OKPY)KHOCTH THOKOTO KoJeca
d, =97.6 Mm

Pabouas mmpuHa 3y04yaToro BeHIia TruOKoro Koieca
b=14.64 Mmm

PaGouas mmpuHa 3y04aToro BeHIa ’KeCTKOro Koyeca
b, =19.64 MM

Yroua 3anernyieHus
a =28.457 rpan

TonmuHa cTeHKH TMOKOTo KoJieca 1o 3yObsiMu
h=1.176 mm

Pannyc kpuBHU3HBI CPETMHHON MOBEPXHOCTU HEACPOPMUPOBAHHOTO THOKOTO
KoJjieca:

p =50.588 Mmm

KpyTsmmnii MOMEHT Ha Baty
M =24.25 Hxm

9.2 I'paHnyHbIe yCI0BHSA U ceTKa dj1eMeHTOB 3D-monenu B3I

['pannuHbIe yciioBHs 3ajmaeM ¢ momomrs ¢yHkmuu RemoteDisplacement
(puc. 41,42)

RemoteDisplacement —YpganeHHble orpaHMYEHNs NepeMeLLeHUN.

Pucynok 28 — O00o3HaueHHEe IPaHUYHBIX YCIOBUHN C MOMOIIBIO (PYHKIIUU
RemoteDisplacementua Bany

Aucm
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Pucynok 29 — O6o3HadueHre TpaHUYHBIX YCIOBUHN C TOMOIIBIO (PyHKIINN
RemoteDisplacement na maiioe

JanHas QyHKIHSA co3AaéT Ha BHIOPAHHOHN MOBEPXHOCTH KOHTAKTHYIO Iapy.
Taxoke MbI yKa3bpIBacM IICHTPHI BpalllcHUSA. B Hamiem ciaydae IICHTp BpaIllCHHS
oyner ock OZ.

9.3 CeTKa KOHEYHBbIX 3JIEMEHTOB

Jlornka mrOOOTO YHMCIEHHOTO MOCIMPOBAHUS TPEIoaracT pa30oncHUE
pacdyeTHO oOmacTh Ha JAUCKpPEeThl (dmeMeHThl). VIMEHHO B y3lax CeTKH
OTIPENIEISIOTCS 3HAYEHUsI MCKOMBIX TMEPEMEHHBIX W HAKJIAJbIBAIOTCS TPAHUYHbBIC
YCJIOBHUS 3a]a4H.

B nanHoOli 3a1aue Ha3HAYaeM CETKY Ha 4 MOJIEIIH:

1) 3yObs rubkoro koieca;

2) 3y0Obs KECTKOTO KoJjieca;

3) O6onouka ruOKOro kKoJyieca (CTakaH);

4) Kpytsimuit Ba.

Ham.

Ticm | N aar | Toon |loma

BP -15.03.03 113

Aucm

43




0,494
0,25011
0,001812 Min

Pucynok 30 — CeTka koHe4HBbIX 3ieMeHTOB Ha 3D-monenu B3I1

[Tpeobpazyem(cryimaem) ceTKy ciaeayronmM oopa3zomM. Pazmep annemenTa:
1)  3yObsiX THOKOTO M sKecTKOoro kojec = 0,25 m;
2)  crakaH =3 M;
3)  kpyTsammii Baix = 3 M.

CTaTUCTHUKA CETKHU:
200936 »r1emeHTOB

9.4 KpyTsiiumii MOMEHT Ha BaJy U (pukcanus rudKoro KoJjeca

Pucynok 31 — KpyTtsumunii MOMEHT

Aucm

Ham.
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KpyTsamuit MomeHT Ha Bany: M = 24.25 Hxm

Pucynoxk 32 — ®ukcanus *eCcTKoro Kojeca
9.50mnpenenenue nepopmanuu B3II or MOMeHTa cONPOTHBIEHHUS

s ompeneneHuss nedopManuii U HaANpsSHKEHHUH € y4€TOM T'PaHUYHBIX

YCIIOBUHM, KpYyTSIIEr0o MOMEHTa W (UKCallMy Baja, BOCHOJb3yeMCs (PYHKIHEH
TotalDeformationu EquivalentStress.

I[aHHBIe q)YHKIJ;I/IH IMO3BOJIAIOT  OIIPCACIINTL KaKHC I[e(l)OpMaIII/II/I n
HaIps’KCHUSI BOSHUKAIOT Ha gameit 3D — MOJCJIM OT MOMCHTA COITPOTUBJICHUA

ol 7

0,001812 Min

Pucynox 33 — Jlepopmarinu 3yOneB ®KECTKOTO KOJieca OT MOMEHTa COTIPOTUBIICHUS

£

UL
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Pucynox 34 — Jlepopmaniuu 3y0ObeB THOKOTO KOjIeca OT MOMEHTA COMPOTHBIICHUS

[Ipy BO3HMKHOBEHMH MOMEHTa COIPOTUBJICHMS 3yObsi THOKOTO U YKECTKOTO
KOJIEC HAUMHAIOT Je(OPMUPOBATHCS.

B 3o0nHe um3noma (um3rmba) BO3HMKAET MaKcUMaibHas jaedopMmaius 3yObeB
0,0022365 MM, 4TO UIsI MEIKOMOXYJIBHBIX KOJIEC SBIISIETCS CYIIECTBEHHBIM M
JJaHHAsl 30Ha BEHIlA KOJIeca SIBIIECTCS KaK pa3 OMacHOM 30HOM I TOSBJICHUS
YCTaJIOCTHBIX TPEIIUH BO BIIaUHAX 3yObEB.

Haubonpimme nepemenieHus TOKa3bIBalOT HAHOOIBIITNE YCUIIHS IEHCTBHSI Ha
CIIOMaHHBIH3Y0 (puc.36, 37)

OTcyTcTBHE KYyJIayKOBOro TreHeparopa B 3D — Mojenu COmyTCTBYET
BO3HUKHOBEHUIO AeopMaliii rHOKOro Kosieca ¢ MepeMelieHHEeM B paauaibHOM
HanpasieHuu. [loaToMy Takasi pacueTHas MoOJEIb HE MOXXET NPUMEHATHCA B
clly4ae C KYyJTauyKOBBIM TE€HEpaTOpOM €Clid HE OrpaHWYMBaTh paauajbHbIC
NepeMEIICHHUS.

Ecnu ncnonbs3oBaTh pOJIMKOBBINA reHEpaTop BOJI, TO MOSBUTHCS CBOOOIHOE
IPOCTPAHCTBO, KyJIa €CTh BOBMOXKHOCTB A€(POPMHUPOBATHCS THOKOMY KOJIECy.

Ham!

Aucm
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Pucynox 35 — Konraktupyromuii 3y6 ruokoro koseca B3I1 B HarpyxeHHOM
COCTOSIHUHT

Pucynoxk 36 — Kontaktupyromuii 3y6 ruokoro kosneca B3I1 B HeHarpyxeHHOM
COCTOSIHUH

Jucm
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Pucynoxk 37 — MakcumanbsHas nedopmarist THOKOTO B )KeCTKOTO KOJIEC OT
MOMEHTA COTIPOTHUBIICHHS

Pucynok 38 — MakcumanbHas qedopmanust THOKOTO U K€CTKOTO KOJIEC OT
MOMEHTa COTMPOTHUBIICHUS

Ham.

Aucm

BP -15.03.03 113

N daym | Tioon |lama

Jucm

48




~ s

Pucynox 40 — B3I B HeHnarpyxeHHo# Gopme

Ham.
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Pucynoxk 41 — Cmemenune 3yons ruokoro koneca B3I mox aeiicTBueM BHEITHUX
Harpy3okK

-
|

. Ir. I!;! el
)

Pucynok 42 — Pa3zpyiieHre KoHTakTUpyeMoro 3yoa rudkoro kojeca B3I1

Aucm
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SAKVIIOYEHHUE

1. Tloctpoena 3D—monens BOJHOBOM 3yOuyaToil mepenayd MO pacueTHHIM
JTAHHBIM, MTOJTYYEHHBIM B XOJI€ HH)KEHEPHOTO pacuera.

2. PazpaboTanu cxemy HarpykKeHUsI MOJICITH U TIPOU3BEH PACUET METOIOM
KOHEUYHBIX 2JIeMeHTOB B iporpammaoM komiuiekce ANSY SWorkbench, koropsrii
MOKa3aJl HaM, 4TO:

1) B HEHArpy>KEHHOM BOJTHOBOM 3y0UaToi mepeave B 3alerICHIN HaXOAUTCS HE
oonee 5 % map 3yObeB TMOKOr0 M 5KECTKOr0 KOJIECA, & B HATPYKEHHOM B
3aBUCUMOCTH OT BEJIMUUHBI Harpy3ku 10 30%.

2) KOHTaKT 3yObeB T'MOKOTO WM JKECTKOI'O Kojieca B HarpyKCHHOH mepenade
MPOXOJUT HE PABHOMEPHO MO IMOBEPXHOCTH, B pagualbHOM HampaBlieHUU (110
JUIMHHOW OCH OBaja), B CIEACTBUU Jedopmaiuil reHepaTopoM BOJH THOKOTO
KoJieca, a TakXKe YIJIOM B CIEJICTBUM 3aKpy4YMBaHUS OOOJIOYKH HJIM CaMOTO
ruOKOro Kojieca, 4ro JaéT HakjIoH 3y0a Bo BmaguHe (puc. 35). Takum obOpasom,
3y0 THOKOTO KOJieca KOHTaKTUPYET Cpasy ABYMsI CBOMMH MOBEPXHOCTSIMHU C IBYMS
cocenHuMu 3yObsimu (puc. 42). B crnenctBum mepekoca OOJbIIE HArpyx aeTcs
gacTh 3y0a, Haxopsmascs OMmKe K Kpar THOKOTO Kojeca, 4TO NPHUBOIWT K
nojoMke 3y0a. B oceBoM HampaBieHuUU 3y0 TMOKOro Kojieca pacrojaraercst mo
JMaroHajid BMAJWHBI JKECTKOTO Kojeca B OCEBOM (paauaibHOM HAIPABJICHHM)
(puc. 35, 36).

Cmemenne 3yObeB B OKPY)KHOM HAINPABIICHWH B CIICIICTBHHM BO3CHCTBUS
MOMEHTA TIOJIC3HOTO COMPOTHBJICHUS MPUBOIUT K 3aKpydMBaHUIO O0OJIOYKH Ha
HeKoTopbIit  yrod. Ilockosibky 3yObs pacmojiaraloTcs Ha IUJIUHIPUYECKON
MOBEPXHOCTU OOOJIOUKH, TO 3yObsi OMOJHUTEIHLHO MOBOPAYMBAETCS HA TOT XKeE
yrox (puc. 41). Takum o0pa3oMm 1O AEHCTBHEM BpAIIAIOIIEr0 MOMEHTA M CHII
nedopmarmii TuOkoe Koseco (Mo JCMCTBHEM TIeHepaTopa BOJH) HCKaKaeT
KapTUHY 3alelUICHUs] B CpaBHEHUE C OOBIYHBIMH IMJIMHIPHUUYECKUMU 3yOUaThIMU
nepeaadyamMu.

Bce 5T0 npuBOIUT K MCKAKEHHUIO KapTUHBI 3alleIUIeHUs] (HEpaBHOMEPHOCTH
3aIleTUICHUs KaK 10 JUIMHE, TaK U 10 BBICOTE 3y0a). OKpY)KHBIE CHIIBI MPUBOIAT K
TOMY, 4YTO 3y0 OT JEWCTBHS KPYTSIIETO MOMEHTa HAKJIOHSICTCS BO BITaJINHE
(puc. 16, 2).

3) makcuManbHas aedopmanus 3yoneB cocrabisier 0,0022365 MM, uto s
MEJTKOMOIYJIBHBIX KOJIEC SIBISCTCS CYIICCTBEHHBIM M JIaHHAsl 30HA BEHIA KoJjieca
SBJIICTCSI KaK pa3 OIMAaCHOW 30HOW I TOSIBJICHHUS YCTAJIOCTHBIX TPEIIMH BO
BIIaJMHax 3yObeB (puc. 35,37,38).
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