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Kypc npencrasnsier coboii nekuuu, untaembie aBtopamu B AI'TY mnsa cry-
JIEHTOB Pa3JIMYHBIX MAIIMHOCTPOUTENBHBIX clelUalbHOCTEH. OH 3HAKOMHUT CIy-
HIaTtejaeil ¢ OCHOBHBIMU JAETAJSIMU MAIlUH OOILEro Ha3HAUYEHHUs, METOAUKAMHU HUX
KOHCTPYHPOBAHUS M SKCIUTyaTaluu. B cBsi3u ¢ 0OMIMPHOCTHIO MaTepuasia B 00Jb-
IIMHCTBE CIIy4aeB MPUBEAECHBI JUIIb OCHOBHBIE MOJIOKEHHUS.

Co3ztaHne COBpEMEHHON MalllMHbI — 3TO OJJHOBPEMEHHO TBOPYECTBO, HCKYCCTBO
U TSDKENbIA HaNpsDKEHHBIM TpyJ, TpeOyromuil TiyOoKuX 3HAHWUM, MPAKTHUECKUX
HABBIKOB Y MHTYMIIUH, YTO B COYETAHUH C UCIIOJIb30BAHUEM TEXHUYECKUX CPEACTB
MO3BOJISIET KOHCTPYKTOPY MPUHUMATH BEPHBIE PEILIECHUS.



Pa3paboTka onTUMaabHOM KOHCTPYKIIMM — 3TO KOMIPOMHUCC MPOTHUBOPEUU-
BBIX TPEOOBAaHUM, TAKUX, KaK MPOYHOCTh, MUHUMAJbHAsI METAITIOEMKOCTb, HAaJIEXK-
HOCTh, JIOJITOBEYHOCTh, YJIOOCTBO B OKCILUIyaTalldd, MOHTaXX€ M JIEMOHTaXe.
CTtpemiieHHE K CO3JJaHHUIO TAaKOW MAIIMHBI — 3TO TOT IMMyTh, KOTOPBIM CJEAYET UJITH,
UCIIOJIb3YsI TOCTUKEHUS (HYHAAMEHTAIbHBIX U MPUKIIATHBIX HAYK.

B HacrosimeM mocobuu coOpaHbl OCHOBHBIE CBEACHHUS MO TEOPETUUECKUM
BOIIPOCAM MPOEKTUPOBAHMS MAIMH Ha MpUMEpE JeTaneil oOIero Ha3HauYeHUus U
JaHbl IPAKTHYECKUE PEKOMEH IAIIUH 110 BOMPOCaM UX KOHCTPYUPOBAHHUS.

MeToapl, U3NOKEHHBIE HUXKE, TIOJOKEHBI B OCHOBY CIPaBOYHO-
WHCTPYMEHTAJILHON CHCTEMbl aBTOMATH3UPOBAHHOTO pacyeTra M MPOECKTUPOBAHUS
Mexanndeckoro odopynoanus «Kafedra OKMy, co3maHHO#N KOJIIICKTHBOM Ka-
denpsl «OcHOBBI KOHCTpYHpoBaHus Mamn» T TY.

Kpome Toro, 3mech MpHBEACHBI CIPaBOYHBIE MaTepHalibl, HAUOOJIEe YacTo
UCIIOJIb3yEeMbI€ CIIEUATMCTaMU MTPOMBIIIUICHHBIX MPOU3BOJICTB, MPHU BHITOJHEHUN
OPUTHHAJBHBIX MOJXO/I0B PEIICHUS MPU KOHCTPYHPOBAHUN COBPEMEHHBIX MAIITHH.

Kypc 3ambikaeT muki1 00menHKeHEPHBIX AUCIUIITNH. OH OCHOBAaH IEIUKOM
U MOJHOCTHIO Ha MHXKEHEPHBIX 3aJjayax, pEelIaeMbIX MAaIIMHOCTPOUTEIBHBIM Yep-
YeHHEM, COMPOTHUBICHUEM MaTEpHalOB, TECOPETUUYECKOH MEXaHHUKOH, MaTepHao-
BEJICHUEM, TEOpHEN MeXxaHU3MOB U MalHH. [loaTromy u3yuyaTs ero 6e3 3HaHUS OC-
HOBHBIX METOJUK U PE3YyJbTAaTOB PEIICHUS MHKCHEPHBIX 3a/1a4 STUMHU JUCIUTUIH-
HaMH HE PEKOMEHIyeTCs.

Jlexuuu OpUEHTUPOBAHbI Ha CTY/I€HTOB JIHEBHOM U 3a04HOU (hopM 0OyUEHHUS.
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1. OO0mue BONPOCHI NPOCKTHPOBAHUS MAIIIUH

1.1. Ocnosnvle nouamus. llpeomem Kypca.

MarmmHa — ycTpoHCTBO, cO3JaBaeMo€ C LeNbl0 00JeryeHus: (PU3nUecKoro U ym-
CTBEHHOI'O TpyJa, YBEJIWYEHHUS €ro NPOU3BOAUTEIBHOCTH IIyTEM YACTUYHOM WIIU
MTOJIHOM 3aMEHbI YEeJIOBEKA B €r0 TPYAOBBIX U (PM3HOJOTMYECKUX QYHKLIHSX.

MamuHbel MOTYT OBbITh: HEPreTHYECKUE, TEXHOJOTMYECKHUE, TPAHCIOPTHBHIE,
KOHTPOJIbHO-YTIPABJISIOIINE, TOTUYECKUE; KUOCPHETUYECKHUE.

Bo Bcex »THX MammHax (BO BCAKOM ciiydae, y OOJIBIIMHCTBA TEPBBIX TpeEX
IpyII) €CTh 3JIEMEHTHI, COBEpPIIAIOIINE MEXaHUYecKue ABmxkeHus. s obecrieuenus
ATOrO JABMXKEHMS MalllMHA CTPOUTCS U3 MEXaHU3MOB.

Mexanusm — cuctema Tel, IpeJaHa3HaueHHas IJis NpeoOpa3oBaHusl JABUXKCHUS
OJTHOTO MJTM HECKOJIBKUX TeJl B TpeOyeMoe IBMKEHUE JIPYTHX Tell.

MexaHu3M COCTOUT U3 3BEHbEB. 3BEHBS MOT'YT COCTOSITh U3 OTIEIBHBIX J€Taleu
WM U3 COOPOUYHBIX €IMHHIL.

JleTanb — u3zieane, U3roTOBJIEHHOE U3 OJJHOPOAHOTO M0 HANMEHOBAHMIO U MapKe
MaTepuaia 0e3 MpUMeHEeHHsI COOPOUHBIX OTEpariHii.

COopouHasi eAMHNIIA — U3/IETTUE, COCTaBHBIE YaCTH KOTOPOTO MOAJIEKAT COE/IH-
HEHHUIO MEX]ly cO00I Ha MPEANPUITHN — U3TOTOBUTENE COOPOUHBIMU ONIEPALIUSIMHU.
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Ecnu npoananu3upoBaTh (PyHKIIMM MEXaHHW3MOB U 3BEHBEB, TO B KaXJOH Ma-
IMHE OOHAPYXKATCH:

1) pabouwnii opraH, HEMOCPEACTBEHHO BBITIOJIHSIIOIINN Ty padOTy, paau KOTOPOi
CO3/IaHa MaIlINHa;

2) nBUTATEN b, ABIKEHUE KOTOPOIO 00SCIICUYMBACT ABMKEHUE pabouero opraua,

3) mepenaTtouHblii MEXaHW3M, C TIOMOIIBIO KOTOPOTO JBM)KCHUE OT JIBUTATEIS
nepenaercs paboueMy oprasy.

[Ipu 3TOM OKa3bIBaeTCs, YTO B 3BEHBIX MEXAHU3MOB CaMbIX Pa3HbIX MAIIUH
MMEETCS] MHOTO JIeTajei, BBIMOIHSIIONINX OJUHAKOBBIC (DYHKIIMU M YaCTO MOJO0OHBIX
no ¢opme. borbie Bcero OJHOTUIHBIX JeTalel B MEPENaTOYHBIX MEXaHH3MaXx.
3HAUUTEIHPHO MEHBIIE B MalIMHAX CHEIHUAIbHBIX JAETAICH, OTIMYAIOMIMXCA APYT OT
Apyra 1o HazHavyeHuio u 1no ¢opme. Takue aeTamn cOCpeOTOUYCHBI TJIAaBHBIM 00pa-
30M B JIBUTaTeNsAX U B padOYMX OpraHax.

Jletanu u cOOpOYHBIC €IUHUIIBI, KOTOPHIE BBIMOIHSIIOT OJMHAKOBBIC (PYHKITUH,
noI00HBI 1O (OpME M BCTPEUAIOTCS BO MHOTMX MEXaHHW3MaX Pa3IMYHBbIX MAIllWH,
HA3BIBAIOTCS JICTAJISIMUA MAIIIMH OOIIEro Ha3HAUYCHHUS.

MeToapl co3laHus M PALlMOHAIBHON SKCIUTyaTalluu JeTajled MalluH 0OIIero
Ha3HAUYECHUS SIBISIOTCS MPEIMETOM M3Yy4YEHUs B Kypce «Jleraqu MamuH U OCHOBBI
koHcTpyupoBanus» (M u OK).

B Kypcax TeopeTH4ecKOM MEXaHUKH, CONPOTUBIICHUS MaTEpUAIOB, MaTEPUAIIO-
BEJICHUS, TEOPUM MEXAaHW3MOB W MAIIMH U JAPYIUX H3YHYAINCh MPUHUUNHAIBHBIC
BO3MOKHOCTH M METOJIbl PELIECHUSI Pa3Iu4HbIX MHXXKEHEPHbIX 3aAad. [Ipu 3ToM Kax-
JBIM UX 3TUX KypPCOB PEIIa TOJBKO CBOM, y3KOCTIEMalbHbIE, 3anau. B kypce JIM u
OK Ha ocHOBE NPUHUMIHUAIBHBIX MOJOXKEHUM 3THUX IHUCHUILUIMH OOOOILEH OMBIT
MHOTHMX TOKOJEHUI MalIMHOCTPOUTENECH MO CO3AaHUI0 U SKCIUIyaTalluu AeTayiel
MallyH OOILIEro Ha3HAYEHHUS.

1.2.Ilonamuss  «npoexmuposanuey U  «KOHCMPYUPOBAHUEN. Cmaouu

KOHCMPYUPOBAHUSL MAUUH..

[Ipexne 4em HM3rOoTOBUTH MAIlMHY B METAJIE, €€ HYKHO CIPOEKTHPOBATh H
CKOHCTPYHUPOBATh.

[IpoekTupoBaHue — MPOLIECC COCTABJIEHUS OMMCAHHUS, HEOOXOJUMOTro IJsl CO-
3/1aHUS B 33JaHHBIX YCIIOBUSAX €IIE HE CYLIECTBYIOIIETO U3IEIHS.

KoncrpyupoBanue — co3gaHne KOHKPETHOM OJHO3HAYHOM KOHCTPYKUMU H3LE-
TSl

KoncTpyknuus n3nenust — yCTpoMCTBO, B3aMMHOE MOJIOKEHUE YaCTEH U DIIEMEH-
TOB Kakoro — Ju00 MexaHu3Ma, mpudopa, MalluHbl, ONpEEsIoNIeecs ero Ha3Haue-
HUEM.

KoHcTpynpoBaHre MHOMOBapHMAHTHO. DTO 3HAYMT, UTO MPUHIUI pabOThl Ma-
IIMHBI WJIK MEXaHU3Ma MOKET ObITh OJIMH U TOT K€, & KOHCTPYKTUBHOE MCIIOJHEHUE
paznuyHo. ONTUMAJIBHBIM CYHTACTCSl BapHaHT, KOTOPBIA 00ECTIeUMBACT HYKHBIC
MmoKazaTesnu paboThl MPU HAUMEHBIIUX 3aTpaTax Ha U3TOTOBJICHUE M OOCITYKUBAaHUE
MAIIIUHBI.



Od4eBuHO, YTO TIOCIIC KOHCTPYHUPOBAHMS I[E€€CO00pa3HO CIeNaTh ONMBITHBINA 00-
pasell MallMHbl U MOCMOTPETh, UYTO € TMOJYYUIIOCh, BBIIBUTH OLIMOKA M BHECTH
U3MEHEHHS B KOHCTPYKTOPCKYIO TOKYMEHTAIUIO.

Wrak, mpoliecc cocTaBlieHUs] OMUCaHUs, HEOOXOIUMOTO ISl CO3/ITaHUs Malllu-
HbI- T.€. IPOEKTUPOBAHUE, MIPEACTABISIET COOOM pe3ysbTaT TpeX MpOUEayp: pas-
paboTku (MHOTAA 3TOT ATal HA3bIBAIOT MPOEKTHUPOBAHHWEM), KOHCTPYMPOBAHUSA,
ucnelTanuil. Bee 3T npoueaypsl BAUSIOT Ipyr Ha apyra. boibiie Toro, nepsbie
JIBE BOOOIIIE TPYJIHO pa3ieiuTh, TeM O0Jee UTO 3a4acTyI0 OHU BBITOJTHSIOTCS OJ-
HUM CHEIUATUCTOM — KOHCTPYKTOPOM.

OmunoOKM B KOHCTPYHPOBAHUHU MIPUBOAAT K OOJIBIIUM MOTEPSIM BPEMEHH, TPYIa U
cpeacts. [loatoMy npornecc pazpabOTK KOHCTPYKTOPCKOM IOKYMEHTAIMU TTOCTPOCH
TaK, YTOOBI MOKHO OBIJIO TIPOBOJUTH KOHTPOJIb U YTOUHEHHE €€ BO BpeMs pa3paboT-
KM ¥ CO3]aHUs MAllIHBI.

Crannapt (I'OCT 2.103-68), o0si3aTenbHbIN 1Js1 BCEX OTpaciied HapOJHOTO XO-
3sIUCTBa, MPETyCMAaTPUBAET IISITh CTAINK pa3paboTKH.

| cranus — TexHUYECKOE 3a7jaHue. Y CTAHABIMBAKOTCS HA3HAUCHUE, TEXHUYECKHE
XapaKTEPUCTUKHU U MOKa3aTeJIM Ka4eCTBa, a TAKXKe TEXHUKO — IKOHOMHUYECKHUE TpeOo-
BaHUs, KOTOPBIM JIOJDKHA COOTBETCTBOBATH paspabareiBacMmasi MaimuHa. [locne co-
IJIACOBAHUA CO BCEMHU 3aUHTEPECOBAHHBIMU CTOPOHAMHM, TEXHUYECKOE 3a/IaHUE SBJISI-
€TCSl OCHOBaHHUEM JIJIsl pa3pabOTKH.

2 craausi — TeXHUYeckoe mnpesioxenue. [IpopabaTeiBalOTCs BO3MOXKHBIC MYyTH
peanu3aluyu TEXHUYECKOI0 3a/laHMsi, CPAaBHUBAIOTCA TEXHUKO — SKOHOMHYECKHUE
MoKa3areyd pa3padaTbiBa€MONl KOHCTPYKIIMHM C CYIIECCTBYIOIIMMHU aHAJIOTMYHBIMH,
OTOMPAIOTCS BapUAHTHI JIs CIAEAYIOUIEH CTaIUM - SCKU3HOTO TIPOCKTUPOBAHUSI.

3 cTaausi — SCKU3HBIN TPOEKT. [ 0TOOpaHHBIX BapuUaHTOB MPOPadaThIBAIOTCS
KOHCTPYKTUBHBIE PEIICHUs OOIIMX BUJIOB U OCHOBHBIX COOPOYHBIX €AMHUI] 0OBEK-
Ta ¢ TEXHHUKO — YKOHOMUYECKUMU TMOKA3aTeIIMU KaKJI0r0 BapuaHTa JIJIsi CpaBHE-
HUS ¥ aHalin3a, OMPEJENSIOTCS BOMPOCHI, TPEOYIOIre YKCIEPUMEHTAIBHOM Mpo-
BEPKHU, BBITTOIHIIOTCS OPUEHTUPOBOYHBIE PACUETHI OCHOBHBIX JIEMEHTOB, BHIOMpa-
€TCsl BAPUAHT PEILICHHUS.

4 craausi — TEXHUYECKUM MpoeKT. (s BEIOpaHHOTO BapuaHTa pa3padaThiBa-
I0TCSI TEXHUYECKHUE pelieHus: 0OIrX BUAOB U COOPOUHBIX €IUHUIl 00BEKTa, MPO-
BOJISITCSL IPOCKTHBIC U YTOYHEHHBIE PACUYETHI AJIEMEHTOB, HEOOXOMMBIE dKCIIEPH-
MEHTAJIbHBIE UCCJICIOBAHUSI.

5 cranus — pabouas jokymeHTanus. Ha ocHOBaHUM TEXHUUYECKOTO MPOEKTa
BBITIOJTHSIIOTCSL paboure YepTeu COOPOUHBIX SIUHUIL U JIeTAJICH MaIIUHBI JIJIs
U3TOTOBJICHHUS ONBITHOTO 00pa3ia. [1o pe3yiapTatam ero UCIbITaHUN TOKYMEHTA -
IS YTOYHSETCS U BBIMYCKAETCS] KOMILJIEKT JIOKYMEHTOB JJIsl POU3BOJICTBA YCTA -
HOBOYHOM MapTuu u3Aenui. Ilocie yrouHeHnii JOKYMEHTOB B ITPOLIECCE €€ U3Tr0-
TOBJICHUS] U UCIIBITAHUM, BBIJAETCA KOMIUIEKT JOKYMEHTOB JIJI1 MACCOBOTO MPOU3-
BOJICTBA.



1.3. Obwue ceedenus no NPoOeKMUpOSaAHUIO U KOHCMPYUPOBAHUIO MAWUH U
oemavell.

1.3.1.TpeGoBaHus K KOHCTPYKIIUSAM MAIIUH U UX JCTaISIM

Hu ogna nertanb He MOXKET ObITh CKOHCTpYHpOBaHa 0€3 ydera e€ B3aumoleil-
CTBHSI C CONPSKEHHBIMH 3JIEMEHTaMHU. [103TOMYy KOHCTpPYHpOBATH AETalb MOMKHO
TOJIBKO TOTJIa, KOTJa Ye MpopaboTaHbl MallliHA U cOOpOYHAasi €IMHUIIA, B KOTOPYIO
BXOJIMT 3Ta JIeTajdb. TO €CTh, TPeOOBAHUS K KOHCTPYKITUHU JE€TATU BBITCKAIOT U3 Tpe-
OOBaHMI K KOHCTPYKITMH MaIlTHHBI.

JIrobast MammHa JOHKHA YAOBICTBOPATH YPOBHIO Pa3BUTHS OOIIECTBA M HAPOI-
HOTO XO3SICTBA MO TPEM KaTeropusM TpeOOBaHMIi: TEXHUUECKOH, COIIMAIbHOM, IKO-
HOMUYECKOM.

B TexHMuecKkOM OTHOUIEHUM KOHCTPYKIMS MAIllMHBI JOJIKHA COOTBETCTBOBATh
CBOEMY (PYHKIIMOHAJIBHOMY Ha3HAYEHUIO, T.€. ObITh PA0OTOCTIOCOOHON 1 HAJECKHOM.

B comnuanbHOM OTHOIIEHHHM MalIHa JI0JbKHA 00€CTIeunTh YPOBEHb 3aTpaTr ¢u-
3UYECKOr0 TPyJ/la, COOTBETCTBYIOIIMMA JaHHOMY JTamy pa3BuTusi oOmiectBa. [lpu
ATOM 0c000€ BHUMaHUE JOJDKHO ObITH 0OpallieHo Ha 0e30MacHOCTh TPy/Aa, Kak Mpu
BBITIOJIHEHUHA OCHOBHOTO TEXHOJIOTHYECKOTO IMpoliecca, Tak U MpU OOCITYKUBAHUU U
peMoHTe MaiuHbl. Kpome Toro, mammHa J0JKHA ObITh BBITIOJHEHA B COOTBETCTBUU
C TpeOOBaHUSIMU TEXHUYECKON ICTETUKHU.

B skoHOMUYECKOM OTHOIIEHWU HOBasl MalllMHA JOJKHA MO CBOUM TEXHHUKO-
AKOHOMMYECKUM MOKA3aTeNISIM TPEBOCXOIUTH CBOIO MPEIIISCTBCHHUILY.

JI1s1 Toro 4yToOBl MalIMHA MOTJIa COOTBETCTBOBAThH 3TUM TPEOOBAHUSIM, €€ J1eTa-
JIU AOJIKHBI OBITh pa00OTOCTIOCOOHBI, HAJEHKHBI U TEXHOJIOTUYHBI.

1.3.2.0cHOBHBIE IPUHLINIBI KOHCTPYUPOBAHMS MAIIUH

1.3.2.1. CucteMHBIN TOAXO

JleTans paccMaTpUBaeTCsl Kak 3JIEMEHT CUCTEMbI «MAIlIMHA», & «MAaIlUHA» — BO
B3aMMOCBSI3H C OKPY’KaIOIUMHU €€ 00bEeKTaMH, B TOM YHCIIE€ U C OKpY’Karolen cpe-
nou. Kaxaoe npuHATOE pelieHrne pacCMaTpUBAECTCS B TECHOM CBS3U C APYTUMU pe-
HIEHUSAMM.

1.3.2.2. KoHCTpYKTHUBHAsI TPEEMCTBEHHOCTh

DTO UCNOJIB30BAaHUE NPU NPOEKTHUPOBAHWU ONBITA MAIIMHOCTPOCHHS JAaHHOIO
npo@uiIst U CMEXHBIX oTpaciieid. He cienyeT B moroHe 3a HOBU3HOM pa3pabaThiBaTh
HOBBIE KOHCTPYKIIMH, €CJIM MOKHO JOCTHYb HYXHBIX IIeJIel, HUCIOJIb3ysl XOpOIIO
3apEeKOMEH]I0BaBILIKE ce0s CTaphIe.

1.3.2.3.1IpuHIMI 5KOHOMHAYECKON HAIIPaBIEHHOCTH

Heobxoaumo cTpeMUThCsl K yMEHBIIEHUIO CTOMMOCTH U3TOTOBJICHUS MAILIMHBI U
pacxo/ioB Ha €€ PeMOHT M OOCHy)XKMBaHHE. ITO MOXET ObITh JOCTUTHYTO 3a CYET
MPUMEHEHUs CTaHAApTOB, HOPMaJM3allud W YHU(DHUKAIUKW COOPOUYHBIX CAWHUI] U
JieTaJel, arperaTupOBaHusl, CHIXKEHHSI MaTEPUATIOEMKOCTH 3JIEMEHTOB.

1.3.2.4. CrangapTuzaiusi 1 HOpMaIu3amus



CrangapTuzanus 3T0 YCTAaHOBJICHUE U TPUMEHEHHUE MPaBWJI U HOPM, OIpeness-
IOLUX KOHCTPYKTUBHBIE (POPMBI, TapaMeTpbl, HOpMbI KauecTBa. CTaHAAPTHI OIpaHHU-
YUBAIOT MHOIOOOpAa3ue 3a CYET COKPAILEHUS KOJUYECTBA TUIIOPA3ZMEPOB JIETaNICH.

CobunrofieHre CTaHIapTOB SIBJISETCS 3aKOHOM ISl BCEX KOHCTPYKTOPOB U MpE/I-
MIPUSTHM.

Crannaptuzanus o0ecrieunBacT:

-COKpallleHue Tpoliecca KOHCTPYUPOBAHUS, TaK KaK Ha CTaHJAPTHBIC W3JENus
YepTeXH He pa3padaThIBAIOTCS;

-CHIDKEHHE OOIel CTOMMOCTH MAallUHBl 332 CYET HCIIOJIb30BAHUS JEIIEBBIX
CTaHJIAPTHBIX W3JIEIHH, U3TOTOBJICHHBIX B MACCOBOM KOJIMYECTBE Ha CHECLMATU3ZUPO-
BaHHBIX NPEINPUATHAX;

-YIPOILIEHUE U YJICIIEBJIEHUE PEMOHTA, TaK KaK 3aME€Ha BBILIEAIIETO0 U3 CTPOs
CTaHJIAPTHOTO 3JIEMEHTA BBIMOJHAETCS OBICTPO U O€3 MOTEPH KauecTBa.

PecniyOnukaHnckue craHgapThl pa3pabaThIBAIOTCS MPUMEHHUTEIBHO KO MHOTUM
OTpaciiM HapOJHOTO XO3SIICTBAa M MO3TOMY OHHM OXBaThIBAIOT OOJBIION AMAIa30H
TUIIOPA3MEPOB U3IETHI.

OTpacineBble CTaHAAPTHI UMEIOT OTPAHUYEHHBIN AMANa30H TUIIOPa3MEpPOB.

JUJi1 KOHKPETHOIO MPENNpUITUS. 00bEM CTaHAapTa MOXKET ObITh emié Oosee cy-
xeH. Takoe orpaHMueHUE TUIIOPA3MEPOB Ha3bIBaeTCsd HopMmanu3anue. Ecau Hop-
MaJId BBIYCKAIOTCS MPEANPUATHEM, OHU 00s3aTeNbHBI ISl TaHHOTO MPEANPUATHUSI.
Ecnu oHu BBITyCKaloTCS OTPaCiblo, OHU 00S3aTeIbHBI ISl POJACTBEHHBIX MPEIIpHsi-
THN OTPACIIH.

1.3.2.5.Yaudukaius u arperaTHpoBaHue

YHaudwukanus 5To NPUMEHEHHE OJHHUX M TeX e JAeTalell Ui COOPOUYHBIX €1H-
HUI[ B PA3IMYHBIX U3AENUAX. DTH U3JENNs MOTYT BBITYCKATHCS PA3TMYHBIMU TIPEI-
TNPUSTHSIMHA OTPACIH I JIaXKe Pa3HBIX OTPACIIEH.

VYHudukanus pacupocTpaHseTcss HEe TOJIBKO Ha LieJible M3/eHs, HO JlaXe U Ha
OTJEJbHBIE 3JEMEHTHI JeTaliell. DTO MPUBOJIUT K COKPAILEHUIO HOMEHKJIATYphl MH-
CTPYMEHTAa U MPUCTIOCOOTIEHUMN [T U3TOTOBJICHUS U KOHTPOJIS I€TaJIEH.

Coznanne OTHOTHUITHBIX COOPOYHBIX €AMHMII, JIJIsl OHOM U TOM e LeIH, HO OT-
JMYAOIIKXCS TapaMeTpaMy, Ha3bIBAaeTCs arperaTupoBaHueM. Takum oOpa3oM, MOXK-
HO cOOMpAaTh U3ZENNs, BHITyCKAaeMble €IMHUIIAMU UM MaJbIMU CEPUSIMU, U3 arpera-
TOB, U3TOTOBJISIEMBIX OOJBIIMMU CEPUSIMHU WIH AK€ MACCOBBIM IIPOU3BOCTBOM.

Bce 3To mpuBOIUT K COKpAIICHUIO BPEMEHU MPOCKTUPOBAHUS, CHIDKEHUIO CTO-
MMOCTH U3TOTOBJICHHUS U PEMOHTA MAIllvH.

1.3.2.6.CHmkeHne MaTEPUAIOEMKOCTH KOHCTPYKIUI

3aTparTsel HA MaTEpPUaAJbl B MAIIMHOCTPOEHUHU COCTABISAIOT 0K0JIO 45-50% crou-
MocTH MamuHbL. [103TOMYy CHIKEHHME MaTepHallOeMKOCTH H3ACTHN OYeHb Ba)KHAsS
3aaya. JTO JIOCTUTAETCsl MPUMEHEHHEM 0o0Jiee TOUYHBIX METOJOB pacuera AeTayiei
MalIiH, TpUOIMKeHueM (QOpMBbI JAETaal K PaBHOIPOUYHOM B PA3IUYHBIX CEUCHUSX,
NPUMEHEHHEM COBPEMEHHBIX BHJIOB Mepeaay, OecCTYNEeHYaToro peryaupoBaHUs
CKOpocTH pabodero opraHa v IPyruMu MOA0OHBIMH METOIAMHU.

Oco0eHHO Ba)XHO CHIKEHHE MaTEpHUaJOEMKOCTH M3JEIUil MacCOBOIO MPOMU3-
BOJICTBA.



1.4. Haepysku na oemanu Mawiun.

CnocoOHOCTh JeTalld BBIMIOJHATh CBOU (DYHKIIMHM B MAIlIMHE 3aBUCUT OT Xapak-
Tepa U PeKUMa HarpyKEeHHUs, a TAKKE OT BIUSHUS OKPYKAIOLIEH CPEBI.

Harpy3ku Ha aetanu MaH MOTYT ObITh CTATUYECKUE U JUHAMUYECKUE.

Cratuyeckue Harpy3Ku — MOCTOSIHHBIE WJIM MEIJICHHO M3MEHSIOIINECS Harpys-
KU, HE BbI3bIBaOIIME KoneOanuit getanerd (puc.l.1). K cratmyeckum moryt ObITH
OTHECEHBI U MIEPEMEHHBIE HAIPY3KH, YACTOTA U3MEHEHUS KOTOPBIX KaK MUHUMYM Ha
MOPSIZIOK MEHbIIIE COOCTBEHHOM YacCTOTHI JETaIH.

F.H

Puc.1.1. Cratnueckue Harpy3KH.

JlnHaMu4ecKkre Harpy3Ky 3TO Harpy3KH, 4aCcTOTa H3MEHEHUSI KOTOPBIX TAKOTO
e TIOpAJIKA I OOJIbIIIE COOCTBEHHOM.

M3MeHeHre Harpy3kd MOXET MPOMCXOJIUTh MO0 KaKOMY-HHOY/lb 3aKOHY IpO-
CTOMY WJIM CJIOKHOMY, BBIPQKEHHOMY B MaremaTtuueckoil ¢opme. B Takux ciayya-
X TOBOPAT O NMEPUOANYECKON JUHAMHUYECKON Harpy3ke. EE BenmumHa m Harpas-
JIEHUE MOTYT OBITh ONPEEIEHBI 10 U3BECTHOMY 3aKOHY M3MEHEHUSs, MAJIA J1I000T0
MOMEHTA BPEMEHU.

WN3meHeHuss Harpy3kd MOTYT ObITh ciydaiiHbiMH. [IpeacTaBuTh Takyro
Harpy3ky B (popMe MaTeMaTH4ecKOoro 3aKOHa Helb3s. B Takux ciayyasx TOBOpST,
YTO Harpy3ka IpeAcTaBisieT cOO0OM CilydalHbIN MPOIeCC WJIM UMEET CIIydalHbIN
xapakrtep. 3aJarT €€ CTATUCTUYECKUMU XapaKTepUCTUKAMU, TOJYYEHHBIMU B pe-
3ynbTare 00pabOTKU SKCIIEPUMEHTANBHBIX JaHHBIX. JTO CpeAHEe 3HaueHue, AMC-
nepcusi, 3aKOH paclpeesiCHHs], KOPPeIaoHHas (QYyHKIH, CIeKTpalibHas IJI0T-
HOCTb U JpyTHe.

Ecnu cratucrrueckue XapakTepUCTUKU ITOCTOSIHHBIE, TO IPOLECC Harpyxke-
HUS SBJISIETCS] CTAIIMOHAPHBIM, YCTAHOBUBIIMMCS. Eciii XOTs1 OBbI OJTHA CTAaTUCTHYE-
CKasl XapaKTEPUCTUKA U3MEHSETCS BO BPEMEHH, TO MPOLIECC HATPYKEHUS SIBIIACTCS
HECTALIMOHAPHBIM, HEYCTaHOBUBILAMCS.

B ycnoBusix peasibHOM AKCIUTyaTaluy NPOLECC HATPYKEHUSI MAIIMH U UX JIe-
TQJIEN Yallle BCEr0 HECTAlMOHAPHBIN CIIyYaUHBIN.

Ecnu 3apeructpupoBaTh npouecc M3MEHEHUsI Harpy3Ky B TEYEHHUE BCETO CPO-
Ka CIy>KObl MaIlMHbI WM JETaJM, a 3aT€M BBIYMCIHUTH BEPOSTHOCTH MOSIBICHUS
KQXJIOTO YPOBHSI HArpyK€HHs, MOJyYMM CIHEKTP SKCIUTYyaTallMOHHBIX Harpy3okK.
OnpenenuB MonansHOE (m.e. Haubolee 8eposmuoe) 3HaUCHNE HArPy3KH, €ro MpHU-
HUMAIOT KaKk HOMHHaJbHOE. Bce Harpy3ku OOJbIe HOMHUHAIBHOTO 3HAYCHUS
IIPUHUAMAIOTCS KaK BO3MOYKHBIE MEPETpy3Ku. Bennunna rneperpysku onpeaensercs
OTHOILLIEHWEM NIEPErPY30YHOI0 3HAYEHUSI K HOMUHAJILHOMY.



Kpome crmekrpa Harpy3ok OoJbIIO€ 3HAYEHHE HWMEET MPOJOLKUTEIHbHOCTD
HKCIUTyaTallMi MalluHbI — TpeOyeMbIil pecypc. st ero onpeenenuss HEOOX0IUMO
3HaTh TpeOyeMoe KOJIMYECTBO JIET dKCIuTyaTanuu (Z - JeT), IpoJoJIKUTEIHLHOCTD
UCITIOJIb30BAHUS M0 BPEMEHH B TEUEHUH rojia

Z t
pab pab
= ¥ B TEYEHUM CYyTOK K =
r 365 C 24
3neck Zps - IPOJOKUTENBHOCTD PAOOTHI B TEYEHUE rofia (B JHAX) M thys -

B TEUCHHE CYTOK (B Hacax).
3Has BCE TO, pecypc B 4acax MOXKHO OMPENCITUTh TAKUM 00pa3oM
t = 365xZxkx24xk, , gac.
WNHornma pecypc 3a1ai0T HEMOCPEACTBEHHO B Yacax padOThl MM B MOTOYACaX,
WJIU B KWJIOMETpax mpooera.
3Has pecypc W CIEKTP HArpy30K, MOKHO OIPEICIHTh IO BPEMEHU JICH-
CTBUS KaXKJIOTO YPOBHS Harpy»XeHUsl 3a BpeMs paOOThI MaIIMHbBI

3nech 1t - MPOMOIKHMTEIBHOCTh JCHCTBUS | - TOrO YPOBHS HAarpy3kH 3a
BECH IIEPUOJI IKCIUTyaTallui MAaIIUHbI. ECIM Takux ypOBHEU HECKOJIBKO, TO IOJY-
4aeM I'MCTOTPAMMY HarpyKEHUsI.

Hanpumep, nns npuBojia MalllMHbI HATPY3KOMU SIBJISIETCS. MOMEHT. | HicTOrpam-
Ma Harpy>KeHus IPUBOJia MpEACTaBIIeHa Ha puc.1.2.

Ha rucrorpamme

T It
rae T - HOMHHAJIBLHBIM MOMEHT;
T; - MOMEHT, JCHCTBYIOIINI B TEUSHHUE JIOJIH PeCcypca;

t - pecypc;
tj - Bpemsi IeMCTBUS HATPY3KH YPOBHS [
d
|
I
= ||&
5
=
L
Cq Ca C3 Cy C
1

Puc. 1.2. 'ucrorpamma HarpyxeHust
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BooO1ie B MalimHOCTPOCHUN MPUHSATO BBIIEJICHHE TAKUX PEKUMOB HArpyxKe-
Hus (puc. 1.3):

BT- Becbma TspKemNblil: Harpys3ka IOCTOSIHHas M BECh CPOK CIYyXObl paBHa
MaKCUMaJIbHOM;

T — Tskenblil: Harpy3ka NEpeMEHHas, U3MEHSETCsI C PaBHOI BEPOSITHOCTBIO
HOSIBJIEHUS BECh CPOK CIykO0bI B nipeaenax 0.5-1.0 oT HoMuHaNIBHOI;

C — cpenHuil: Harpy3ka U3MEHsIETCA C pPaBHOI BEPOSITHOCTBIO MOSIBJICHUS B
npeaenax 0.0 -1.0 or HOMUHAIBHOW;

JI — nerkuii: Harpy3Kka nepeMeHHas, B TeueHue 1/3 cpoka cimy>kObl MOXKET J10-
CTUT'aTh MaKCUMAaJIbHBIX 3HAUEHHUI, HO B OCTAJIbHOE BpPEMs paOdOThI HE MPEBBIIIAET
1/3 HOMUHATIBHON C paBHOM BEPOSTHOCTHIO MOSBICHHUS.

a
1,0 g
) il L/
0517 4 0.5
0,33 544 A
// H ‘:/,,,/ > g
033 10 ¢

Puc.1.3. Pexxumbl HarpyxeHust

JIJi1 HEKOTOPBIX TPYNI JeTallell PEeKUMbl Harpy>KeHUsl UCCieoBaHbl 0oJiee
TIIATEJIBHO U TITyOOKO. DTH JaHHBIE MPUBOIAT K OOJee JeTalbHOMY pa3/IesIeHUI0
YKa3aHHBIX BBIIIE PEXUMOB, UTO, KOHEYHO )K€, yTOUHSAET PaCUETHI.

Bce paccMoTpeHHBIE MapaMeTpbl XapaKTEpU3YIOT PEKUM HarpyxkeHus. Ouge-
BUJTHO, YTO OOJIBILIYIO POJIb UTPAIOT TaKKE YCIOBUS padO0Thl MaIuHbl. OHA CUTY-
alusl, €CJIM MalllMHa paboTaeT B CyXOM, 3aKpbITOM, OTAIUIMBAEMOM MOMEILIEHUN
Y, HAaBEpPHOE, COBCEM JIpyTasl, KOrja MallliHa yCTAaHOBJICHA Ha najy0e Cy/lHa U Ha
He€ EeUCTBYIOT U MOpPCKas BOJa, M BUOpalus NnaidyObl, U Mepenajibl TEMIEepaTypbl
okpyxaronier cpeasbl. [loaTomy nipu ornpeneeHun ypoBHSI HArpYKEHHOCTH JIETAIN
JOJKHBI OBITh YYTEHBI HE TOJBKO XapaKTep U PEKUM HarpyKeHHUs, HO U YCJIOBUS
€€ DKCIUTyaTalluy.

1.5. Pabomocnocobnocms demaneu mawiux. Kpumepuu pabomocnocobrnocmu.
PaboTocnocoOHOCTh 3TO COCTOSIHUE U3JENUS, IPU KOTOPOM OHO CIIOCOOHO BBI-

NOJIHATH 33JaHHbIC (DYHKLIMHU, COXpaHsis 3HAYCHHs] CBOMX IMapaMeTpoB B Mpeeiax,
YCTaHOBJICHHBIX HOPMaTUBHO-TexHU4ecKoi gokymenTanueit (FTOCT 27.002-83).

I[J'IS{ TOro, YTOOBI JC€TaJIb MOTJIa BBIIIOJIHATH 3aaHHBIC q)YHKLII/II/I, OHa AOOJI’KHa

VUMETH OIIPECIICHHBIE CBOWCTBA.

CBoiicTBa, KOTOPBIMH JI0JKHA 00JIaaTh ACTalb JIJI BBIOJIHEHUS CBOMX (DYHK-

UH, HA3bIBAIOTCSI KPUTEPUSIMU pabOTOCIIOCOOHOCTH.
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Takux KpUTEpPUEB LIECTh: MPOYHOCTH, KECTKOCTh, M3HOCOCTOMKOCTH, TEIIO-
CTOMKOCTh, BAOPOYCTOMYMBOCTh, KOPPO3UOHHAS YCTOMYHBOCTb.

[To ogHOMY WM HECKOJIBKUM W3 ATUX KPUTEPHUEB BEAETCS pacuer JeTalu Mpu
IPOEKTUPOBAHUH.

1.5.1. Kpurtepuii paboToCImocoOHOCTH- TPOUYHOCTbD.

[IpoYHOCTH 3TO CHOCOOHOCTH JETAIM COMPOTUBIATHCS PA3PYLICHUIO TPH
JEUCTBUU BHEIIHUX HArpy30K.

PaboToCcmmocoOHOCTD 1O 3TOMY KPUTEPHUIO 00€CTIeUnBACTCS BEIOOPOM MaTepH-
alla ¥ €ro TepMHUYECKON 0OpabOTKM ISl MOMYYeHHS] HY>KHBIX MEXaHHYECKHX Xa-
PAKTEPUCTHUK, pacdeTaMu Ha IPOYHOCTh MO HOPMaM U MpaBUJIaM CONPOTUBIICHUS
MaTepHUaoB.

PacueTsl MOTYT OBITh OPMEHTHMPOBOYHBIE, MPOEKTHHIE (POEKTUPOBOYHBIE),
IIPOBEPOYHBIE.

OpHUEHTUPOBOYHBIE M IIPOEKTHBIE PACYETHl ATO PACUETHI, NPUBOIAIIUE K
OIPEJEIICHUIO Pa3Mepa U3IENHsL.

OpueHTUPOBOYHBIEC PACUETHI BBHITIOJHAIOTCS B TE€X CIIy4asiX, KOT/Ia HET MOJTHOU
uH(pOpPMaIlMU O Harpy>KEHHOCTH U YCJIOBUAX pabOThl AE€TaId, HO HEOOXOJUMO TO-
JY4YUTh OPUEHTUPOBKY 1O €€ pazMepaM WM, HA00OpOT, €CTh JAETallb U HEOOXO0u-
MO, XOTs1 Obl IPUMEPHO, YCTAHOBUTH KaKyl0 Harpy3Ky OHa MOXET BbIIECPKaTh.

IIpu npoBeEHNH MPOEKTHBIX PACUETOB BCE BHEIIHKME HATPY3KH HA JETalb U
yciioBUs €€ pabOThl U3BECTHBI, HEOOXOAUMO ONPENEIUTh €€ pa3Mep B OMIACHOM Ce-
yeHuu. ONacHbIM CYUTAETCS CEYEHUE, B KOTOPOM JACHCTBYIOT HauOOJbIINE
HanpspkeHus. Yacto, npu NpOEKTHBIX pacyeTax, ONPEENsIOTCS pa3Mepbl HE TOJb-
KO B HauOoJiee Harpy>KeHHbIX MECTaX, HO U B CEUCHMSIX, OMPEACIIAIONINX pa3MepPbI
OTJIEJIbHBIX YYaCTKOB JI€TaJIH.

JUisi mpoBeneHusT OPUEHTHUPOBOYHBIX M IMPOEKTHBIX PACUETOB OOBIYHO HC-
MOJIB3YETCS pacyeT M0 JIOMYCKAeMbIM HANpPSKEHUSIM B popMe

GSE W 1<

rne 6 u T - ICWCTBYIOLINE HAMIPSKCHHS,

b u [ - nomyckaemble 3HaueHUS HANPSHKCHUN JJIS TAHHOTO Mate-
puana B popMe pacCUUTHIBAEMOM AETalld IPU BHIOpaHHOUM TepMOOOpaboTKe.

s onpeneneHus NEHCTBYIOIINUX HAMPSHXKEHUN COCTaBISIOTCS M3BECTHBHIE U3
Kypca CONpPOTHBJICHHUS MAaT€pUANOB ypaBHEHHUs NpouyHocTd. [IpuHMMaercs , 4To
JeHCTBYIOIIEE HAMIPSDKEHUE JOCTUTIIO TIpeieNia U paBHO Jomyckaemomy. [loatomy
B YpaBHEHUS TMOJACTABISIOTCS BMECTO JACHCTBYIOIIUX 3HAYCHUS JOIMYCKaeMbIX
HANPSOKEHUH W OHHM PEIIAIOTCS OTHOCUTEIBHO TPeOyeMOoro reoMeTpruiecKoro rma-
pametpa. Ilo mosiyueHHOMY 3HAYEHHUIO ATOrO MMapaMmeTpa 3aTeM OINpPEeAeIIoTCA
JIpyrue pa3Mepbl AeTai.

[Tpu BBINOTHEHUH OPUEHTHUPOBOUHBIX PACUETOB, UTOOBI KOMIIEHCUPOBAThH OT-
CYTCTBHUE IMOJIHON MH(OpPMALIMU O HArPY>KEHHOCTH, IPUHUMAIOT 3aHIKEHHBIEC 3HA-
YEeHHsI TOMMYCKAaeMbIX HANPSDKEHUH WM 3aBBIIIIEHHBIC 3HAUCHUS HAarpy30K.
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[IpoBepouHblil pacueT BBIMOJHSIETCA B T€X CIydasiX, KOr/a pa3Mepbl JeTalu U
Harpy3ku Ha He€ u3BecTHBI. Ero npoBondar B popme pacuera no koddduimentam
3araca npo4YHOCTH

(o) - .
S :ﬂzl 17611, S :Tnpen>[
(&) (S T - -
(o]
rie O u T - HanpspkeHus, TeHCTBYIOIIUE B JIETANIH;
$G R FC - JIOIlyCKaeMbI€ 3Ha4eHUs KO3(PUIMEHTOB 3amaca npoy-

HOCTH;

aneﬂ u Tnpez[ - IPCACIIbHBIC HAIIPSIKCHUA VI JAHHOI'O MaTCpualia.

K MOMEHTy mpoBejieHHsI MPOBEPOYHOTO pacueTra Bce pa3Mephl NeTald W3-
BECTHBI, IIO3TOMY STOT BH/]] paCUETOB JIaeT HAHOOJIee TOYHBIC PE3yIbTATHI.

[Tpu mepeMeHHOM HarpyXeHHH pacueTbl BeAyT B (opMe MPOBEPOUYHBIX pac-
94eTOB TI0 KOA(PPHUIIMEHTAM 3araca MPOYHOCTH, TOTYICHHBIM MTPH CUMMETPHUYIHOM
3HAKOTICPEMEHHOM PEXUME HarpykeHus (naaekc — (-1))

s Omusf T g s
G_l - 6_1 L T_l o T_l -
G, T
P Iep
rac G]_[ep u Tnep - BOBHHMKAOMIKEC B ACTAJIN IICPCMCHHBIC HAITPSIKCHHA.

[Ipn nepuoAMYECKOM HArpyKEHHH 3TO (PYHKUIUU CPEIHETO G T, ¥H am-
IIATY/IHOTO G U T 3Ha4YeHUM HanpsbkeHuil. [Ipu cirygaliHoM mporecce Harpy-

JKECHHS 3TO OKBUBAJICHTHBIC HAIIPSOKCHUST O KB 141 TBKB

OKBHMBAJICHTHBIE HAIPSIKEHUS 3TO HAIPSDHKEHMS, BOZHUKAIOIIUE IIPU CUMMET-
PUYHOM 3HAKOIEPEMEHHOM HAarpyK€HWH, AEHUCTBHE KOTOPBIX HA JAETallb, C TOUYKHU
3peHus e€ MOBPEeXACHUS, TAKOE K€, Kak peanbHoro mpoiecca. CrnocoObl UX BbI-
YUCJIEHU 3aBUCAT OT XapaKTepa npouecca U BUaa JeTau.

Jlomyckaemble HaIpsDKEHUS ONPEENSIFOTCs JIM00 Ha OCHOBAHUHU OIBITA MPO-
EKTUPOBAHUS U HKCILUTyaTalMK MOJOOHBIX JIeTajei, TH0O M0 BhIPAKEHUIO

o T

rne O n T - TIPEJIEJIbHBIE HAIPSKEHUS TS ITAHHOTO MaTepraia
pi | et npet pea P L I P

P BRIOpaHHOM TepMOOOpaboTKe;
S - koadduireHT 3amaca MPOYHOCTH.
B kadecTBe mpenebHBIX HANPSOKCHHUHA MPH pacdyeTax Ha MPOYHOCTH HUCIOJIb-
3YIOTCSL:
- O _u T - Ul IUIACTHYHBIX MATEPHAIOB NP CTATHYECKOM HArPYKCHHH;

- O ¥ T - i XpYIKUX MaTepHANoB MPH CTATHIECKOM HArpyXKeHHH;

- G_H‘E_

1 1 - Ip1 JHHAMHUYCCKOM HarpyKCHUU.
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KoadduimenTs! 3amaca mpoYHOCTH MOXKHO OMNPEIENATh MO TaOJHIIaM, CO-
CTaBJICHHBIM HAa OCHOBAaHUU OMbITA AKCILTyaTallMM MOJ0OHBIX neraneil. [Ipu mo-
CTOSIHHOM Harpy»eHuu UX 0ObIYHO MPUHUMAIOT B IIpeiesax:

S =12 - 1.5 a1 mIacTUYHBIX MaTepHAIOB (OJHOKpaTHBIE KPAaTKOBPEMEH-
HbIE MEePErpy3Ku BhIIIIE MPeJIesia TEKYYECTH HE BhI3bIBAIOT OTKA3a JIETalN);

S >3 nna XpynkuxX MaTtepuaioB, T.K. JaKe OJHOKPATHOE MPEBBIIMICHUE Mpe-
Jiesa MPOYHOCTH IPUBOJIUT K Pa3pyIICHHIO AETAlId U3 TAKOTO MaTepuara.

[Tpu mepeMeHHOM HarpyXeHuH KO3(PGUIIUEHT 3armaca MPOYHOCTH HAa3HAYAIOT
00bryHO S=1.3...2.5. DTO CBSI3aHO C TE€M, YTO OJJHOKPATHbIE KPATKOBPEMEHHBIE T1€-
perpy3KkH, XapakTepHbIE I NEPEMEHHOTO HAarpyXeHus, HE MPUBOAAT K pa3py-
HIEHUIO JETAJIH.

Korna moctoBepHbie JaHHBIE M3 OMBITa AKCIUTyaTallMM OTCYTCTBYIOT, KO3 (-
(GuUUKEHT 3amaca MPOYHOCTU MOXKHO YCTaHaBJIMBaTh HAa OCHOBE U depeHunanb-
HOro Metona. B atom ciryuae

S=S1x5,xS3x. .. xS,

Takux coMHOXHTENEH MoOkeT ObITh MHOro. MX KOJIMYEeCTBO N 3aBHCHUT OT
yucia GakToOpoB, KOTOPHIE TOJKHBI ObITh, 10 MHEHUIO KOHCTPYKTOPA, YYTEHBI.

Hampumep, 00b14HO:

S; = 1.0...1.5 — xo3(pPuLMEeHT, yUUTHIBAIOLINI JOCTOBEPHOCTh OIpeaee-
HUS paCUETHBIX HArpy30K;

S; - K03 HULIMEHT, YYUTHIBAIOIINIA OTHOPOIHOCTh MEXAaHUYECKUX CBOMCTB
JeTany win 3arotoBku. [Ipuaumator  S; = 1.2...1.5 m1s getaneit u3 miacTUIHO-
ro MaTepuaia KOBAaHHOTO WM MpOKaTaHHoro, S; =1.5...2.5 nus AuTeIX U Xpymn-
KHX MaTepHaJioB.

S; = 1.0...1.5 — koa(pduruent, yuuTheBaronuii cnenupuyeckue TpedoBa-
Hus Oe3omacHOCTU. YeM Tskernee BOZMOXKHBIE MOCIEACTBUS MOJOMKHU JI€TaIu, TEM
OoJbIIIe BEIMUMHA 3TOU cocTaBisitomen. U Tak nanee.

OnHako HY>KHO TOMHHUTb, YTO BHIOOP YaCTHBIX KOAPPHUIIMEHTOB TOCTATOYHO MPO-
n3BOJIeH. [103TOMy MOKHO NOITY4HTh B PE3YJIbTaTe TAKUE 3HAYEHUS UX IPOU3BEICHN,
KOTOpBIEC JalIeKh OT BEJMYMH, ONpPaBIAHHBIX MpakTukoil. [lo stoi mpuuune maudde-
PEHLMAIIBHBIN METOJ HE HaIlIe IMPOKOI'0 MPAKTUYECKOTO PUMEHEHNSI.

JIns KOHCTPYKIMIA, pa3pylIEHHE KOTOPBIX OIMACHO ISl KU3HH JIKOJEU — Ipy-
30I10JTbEMHBIE MAIIMHBI, COCYbl, paboTarolue Mo AaBICHUEM, MOPCKUE U ped-
HbIE CyJla, CAMOJIEThl U BEPTOJIETHI — KOI(DPUIMEHTHI 3amaca NPOYHOCTH, METO/IbI
UX pacuera, KpuTepuu paboTOCIOCOOHOCTH PErJIaMEHTUPYIOTCSI HOpMaMH CIIELH-
anpHbIX opranu3anuid. K HuM oTtHOCSATCS ['0Cy1apCTBEHHBI KOMUTET IO HAA30py
3a 0e30MacHbIM BeACHUEM PabOT B MPOMBIIUIEHHOCTH U ropHoMy Haazopy (I'oc-
roprexHanzop), Mopckoit u Peunoit peructpsl u T.. HopMaTHBBl 3TUX OpraHoOB
oOs3aTeNbHbl 711 peanpusaThHii  Bcex otpacieil (I'ocroprexHanszop), pa3iudHbIX
BOJIOTIaBAOIIHNX cpeAcTB (Mopckoit u Peunoit peructpsl) He3aBUCHUMO OT (HOPMBI
COOCTBEHHOCTH.

1.5.2. Kputepuit paboToCIIOCOOHOCTH- )KECTKOCTb.

JKecTtkocTh — CrIOCOOHOCTH €T CONPOTUBIISITHCS U3MEHEHUIO (DOPMBI IO
JNEUCTBUEM BHEIIHHMX CHUII.
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XKecTtrocTh xapakTepusyetcst Ko3()pPHUIIMEHTOM KEeCTKOCTH
C = _ Harpyska
nedopMaryst
WM OOpaTHOW BETMYMHON — KOA(DPHUITMEHTOM MOAATIMBOCTH
A= nedopmarpst
Harpyska

Ot K03 OUIMEHTHI ONPEACIAIOT BEIMYMHY HArpy3KH IS CO3MIaHUS €Iu-
HAYHOW ehopmariuu win BEIMUUHY 1e(opMaliuy NPy SAMHNYIHON Harpy3Ke.

Jlns HopManbHOU paboThl AeTanu HEOOXOAMMO, 4ToObI €€ nedopmanuu He
MPEBBIIATN JOMYCTUMBIX MPEACIOB, MHAY€ HAPYIIAIOTCS YCJIOBUS HOPMaIbHOU
PabOTHI COMPSHKEHHBIX AJIEMEHTOB KOHCTPYKITHM.

B psne cmydaeB TpeOOBaHUS KECTKOCTH ONPEACIIAIOT BBIOOP MaTepHuaia Je-
tanmi. Hampumep, Bam MOKHO M3rOTOBUTH U3 BBICOKOKAYECTBEHHOMW JIETUPOBAHHOM
ctaimu. Torga ero nuamerp Oyzaetr HeOosbmuM. Ho mpu sTom nedopmaruu Takoro
TOHEHBKOT'O Bajia OyayT OOJIBIIMMH, TaK KaK OHU 3aBHUCST TOJBKO OT €ro JuaMerpa.
UtoOBbl MX YMEHBIIWUTH, HAIO AMAMETpP Baya ciaenath OonbimuM. Ho Torma ero He
HY>KHO JI€JIaTh U3 BBICOKOKAYECTBEHHOW BBICOKOTIPOYHOM CTaJIH.

WNuorna pasmepsl 1 popMa KOHCTPYKIIMNA HAa3HAYAIOTCs, UCXOs U3 TpeOoBa-
HUW JOCTAaTOYHOM JKEeCTKOCTU. Hampumep, ecinu cTaHMHA METAUIOPEXKYILIETO CTAHKa
He Oy/eT 10CTaTOYHO JKECTKOM, TO TOUHO 00paboTaTh JAeTalb HE y1acTCs.

B MaccoBOM Mpou3BOJICTBE OKOHYATENIBHBIE Pa3MEPBI ACTAJIEH ONMPEEIISIOT-
Cs 4YacTO TEXHOJOTHEW MPOU3BOJCTBA: HE JKECTKUE NETAIM HEJb3S 3aKPEIUISTh HE
nedopMupysi, HelIb3sl 00padaThIBATh C OOJIBITMMU CKOPOCTSIMH U TIOIa4aMH.

PaboTocrnocoOHOCTh MO ATOMY KpUTEpHIO OOeCHedyrBaeTcCsl pacueTamMu Ha
ECTKOCTh TI0 HOPMaM U MpaBUjIaM COMPOTUBJICHUS MAaTEPUATIOB WUJIU TEOPUH YIIPY-
TOCTH B ClIydae pEIIeHUs 3aJlady KOHTAaKTHOU (TTOBEPXHOCTHOM) KECTKOCTU. PacyeTsl
npoBOJATCA B (hOpMe TPOBEPOUYHBIX IO YCIOBUIO: JEHCTBUTENbHAs nedopmarius
JI0JKHA OBITh MEHBIIE JTOMYCTUMOM.

Jlomyckaembie 3HaueHus AedopMaivii ONPENesoTCsl U3 OMbITa dKCILTyaTa-
nMU. B HEKOTOPBIX clydasiXx OHM PETrJIaMEHTHPYIOTCS COOTBETCTBYIOIIMMU CTaHAAp-
TaMu 1 HopMatuBamu ['ocroprexHaazopa, Mopckoro u Pedynoro peructpos.

1.5.3. Kpurepuii paboToCcrmocoOHOCTH — H3HOCOCTONMKOCTb.

N3HOCOCTOMKOCTH - CIOCOOHOCTH AETaJIA MPOTUBOCTOSATH U3HAILIMBAHMIO.

N3nammBanue 3TO MpOIECC MOCTENIEHHOTO U3MEHEHHS pa3MepoB Tejla Mpu
TPEHUU, IPOSIBIISIONTUNCS B OTJICJICHUH C IOBEPXHOCTHU JIeTaIy YaCTHUIl MaTepHaa.

J1o 85% MammmH BBIXOJAT U3 CTPOS BCIEACTBUE U3HOCA JIETANICH.

BcenencrtBue Toro, 4to compsiraéMble MOBEPXHOCTH KOHTAKTUPYIOIIMUX JI€Ta-
Jiel JajeKo He WealIbHbIC, COMPUKACAIOTCS OHU JIMIIBL B OTJEIBHBIX TOYKAX MHUKPO-
npoduis. 31eCh BOSHUKAIOT U HAPYIIAIOTCS (PPUKIIMOHHBIE CBSA3U. B 3aBUCUMOCTH OT
TOTO, KaKHe MPOIECCHI MPOTEKAIOT B ATHX MECTaX, pa3inyaroT BU I n3HOca. Hanbo-
Jiee pacpOCTPAHEHBI CIIETYIOIINE.

Mexannueckoe u3HammBanue. OHO MPOUCXOAMUT BCIEACTBUE LIAPAMAIOIIETO
JEUCTBUS HEPOBHOCTEH JIeTajeil MM TBEPABIX MOCTOPOHHHUX YaCTHIl — aOpa3uBOB,
MOTABIINX B Cpey, B KOTOpOH paboTaroT aetanu (abpa3uBHOE N3HAIITUBAHUE).
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MounekysspHO-MEXaHUYECKOe M3HAIIMBaHWE OPU cxBaTbiBaHWU. CXBaThbIBa-
HHUE 3TO MOJIEKYJIIPHOE CLEIUIEHUE MaTepUalioB IpU OONBIINX MECTHBIX JaBICHUSIX.
Ecnu B TOukax KOHTaKTa MUKpONpOoQuUiIeH AeTaneil MECTHOE AABJICHUE 110 KAaKUM-TO
IpUYUHAM BO3pacTaeT, TO B 3TOM MECTE MPOOUBAETCS MACISHBIA CIIOHM, BO3ZHUKAET
HENOCPEACTBEHHBIN METAJUINYECKUM KOHTAKT IIOBEPXHOCTEN U BO3MOKHO IOSIBJICHUE
MOJIEKYJISIpHOTO cuerieHus. [locnenyroiee OTHOCUTEIBHOE NIEPEMEIICHHUE TTOBEPX-
HOCTEW BBI3BIBACT pa3pyLICHHUE y3JI0B CXBATHIBAHMS U OTPBHIB CXBATUBIIUXCS YaCTHULL
OT OAHOW W3 moBepxHOocTe. OOpa3z0BaBIIMICA HAPOCT MPHU JATBHEUIIEM ABUKEHUU
IIOBPEKIAAET COIPSDKEHHYIO IOBEPXHOCTh. HapocT yBenuumBaeTcss AOCTATOYHO
OBICTPO M MOXKET BBI3BAThH MOJIHYIO OCTAHOBKY 3JIeMeHTa. Takoi mpoIiecc Ha3bIBAETCS
3aenanueM. OHO HAOJIFOIAETCS TPU BBICOKUX CKOPOCTSIX M JABJICHUSAX U MPU IIOXOU
cMa3zke. OCOOEHHO OIAacHO MJisi HE3aKaJEHHBIX TPYIIHMXCSA MOBEPXHOCTEH, U3rOTOB-
JIEHHBIX U3 OJHOTO MaTepurala.

KOoppo3uMOHHO - MEXaHM4YecKOoe W3HallMBaHWE, B 3TOM cilydae IpOIyKTHI
KOPPO3UH UCTHUPAIOTCS MEXAHWYECKUM ITyTEM BCIEJCTBUE KOJEOATEIbHBIX MEpeMe-
IIEHUH KOHTAKTHpYyHOIMX mHoBepxHocTeil. KosneOarenbHble mnepemenieHns MosBIIs-
I0TCS B pe3yJsibTaTe BUOpanuil Wik NepHOAUYEcKUX AedopMaluil 3J€MEHTOB. DTOT
BU/I N3HAIIMBAHUA XapaKTEPEH I COSIMHEHNN C HATATOM JIETajlel Iepeaad ¢ Baia-
MU.

M3HammBanue - MHOrOCTaJIMWHBIN Mpouecc. M3MeHeHne BEIMYMHBI M3HOCA 3a
BECh CPOK CIYXOBI JAE€Tald MOKHO MPEACTaBUTh KPUBOM, OTpa)arollel Tpu cra-
vy u3HammBanus (puc.l.4).

Cranus 1 — npupaboTouHblil U3HOC. B 3TOT mepuo HayadbHbBIN (TEXHOJIOTH-
YECKU) MUKpPOpEIIbe() KOHTAKTUPYIOIIUX MOBEPXHOCTEHN JeTaneil MepexoauT B 3KC-
MIyatauuoHHbIi. CKOpocTh M3HOCA (Yrojl OL,) MOCTENEHHO, M0 Mepe MpUupadoOTKH,

YMEHBIIAETCS 0 MOCTOSHHOM BEJIIMYMHBI, XapaKTEPHOMU IS IEpUOJia HOPMaIbHOU
AKCILTyaTaluu.
B nmepuon mnpupaboTku pexxum paOOThl MAIIUHBI OJDKEH OBITH 00JIeT4eH-
HbIM. Hy>XHO HCKIIIOUUTH TMOBBIIICHHBIE NABICHUS MEXIY KOHTAKTUPYIOIIUMH T1O-
BEPXHOCTSAMHM, YTOOBI HE MPOU3OIIIO BHIIaBIIMBAHNE CMA3KH U 3acaHKe JIeTajeH.
Cragusa 2 — M3HOC nepuoia HOpMaabHOU 3KcIuTyatauu. CKOpOCTh W3HAIIN-
BaHus (yroa O 2) MOCTOSIHHA U YE€M OHA MEHbIIIE, TEM OOJIbLIE CPOK CITY>KObI I€Talu.

u,

MKM

o 2 cTagud 3 cTagug
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\

5 | i
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Puc.1.4. Ctaguu nponecca n3HaIMBaHuUs
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Cranus 3 — karactpoduueckoe nzHammBanue. CKOpOCTh U3HAIIMBAHUSA (Yo
OL3) PE3KO BO3pACTaeT, YBEIMYMBAKOTCSA 3a30pbl B COINPSIKEHUSAX, YMEHbIIAETCA

TOYHOCTh (DYHKIIMOHMPOBAHUS MAIIIMHBI, BO3pPacTalOT JUHAMUYECKHE Harpy3KH,
CHUKAETCSl TIPOYHOCTb, IMOBBIIIACTCS IIyM, CHIKAaeTcs K.I1.J. B koHedHOM wuTore
MaIlIiHa BBIXOAUT U3 CTPOSL.

N3HOCOCTOMKOCTh 0OecrieunBaeTCcsi BBIOOPOM MaTEpHUalIOB M UX TepMOoOpa-
00TKH, TOJOOPOM CMa3KH, pacyeTamu. BcemMu 3TUMu BOTIpocaMu 3aHUMAETCST TPUOO-
HUKa (TpUOOJIOTHS).

Ha npouiecc u3HammBanus BIUSIET OYCHb OOJIbIIOE YUCIO (HaKTOpoB. Orpom-
HYI0 poib urpaet koddduuueHt Tpenus. Pa3paborka meTomoB pacuera TpeOyer
OOJIBITIOTO KOJIMYECTBA OOBEMHBIX W CIOKHBIX DKCIIEPUMEHTOB. DTO 3aTPYIHSET
CO3[IJaHHE METOJOB HEIMOCPEACTBEHHOIO pacuyeTa M3HOCOCTOMKOCTH netanen. Yame B
MaITHHOCTPOSHUH TOJIB3YIOTCSI KOCBEHHBIMH MeTOAaMu pacdeTa. [Ipu 3Tom orpanu-
YUBAIOTCS y/IENbHOE JaBJICHUE HA KOHTAKTUPYIOIIUX MOBEPXHOCTAX U MPOU3BEICHUE
yIENBbHOTO JIaBJICHUS Ha CKOPOCTh. JTU MapaMeTphl HE JOJKHBI MPEBBIIATH JIOMY-
CTUMBIX 3HAUYECHU, KOTOPbIE MPUHUMAIOTCS HA OCHOBAHHUH OIbITa SKCIUTyaTallUH.

p< |; pxv< fxv
VY nenbHBIC aBlIEHUS 37I€Ch MOACIUPYIOT CUJIbI TPEHHUSA, 3TO OTPAaHUYUBAECT Be-
Tu4YuHy u3Hoca. [IpousBeseHuEe yIenbHOTO JaBJIEHHWS HA CKOPOCTb MOJACIUPYET
paboTy CUJ TpEHUs, 3TO 0OeceunBaeT HOPMAJIbHBIN TeMIepaTypHbli pexuM. Cpas-
HEHUE C TPUHATHIMU HAa OCHOBAHHUM OIBITA JOMYCKAEMBIMH IMapaMeTpaMu TapaHTH-
pYyeT HOpMaJIbHYIO PabOTy KOHCTpYKIUU. [Io 3TUM yClIOBUSIM OIpeneNnsitoTCs pa3Me-
PBI IETAJIEN.

1.5.4. Kputepuii paboToCIOCOOHOCTH — TEMIOCTOUKOCTb.

PaGoTta mamuHbl CONMPOBOXKIAETCS BBIJEICHUEM TeIula. JTO PE3yIbTaT BBIMOJI-
HEHHUS MaIlMHON pabodvero mpoliecca U TPEHHS B COMPSDKCHUSX deMeHToB. Harpes
BBI3BIBAET TOHUKEHHUE HECYIEeW CMOCOOHOCTH MAaTepuUalioB JeTajel, M3MEHEHUE
3a30pOB B COIPSIKEHUSAX, MOHUKEHUE HECYIEH CIIOCOOHOCTH MAcisIHOTO CJOsl, W3-
MEHEHUE CBOWCTB TPYLIUXCS MIOBEPXHOCTEN.

TermnocToiikoCcTh MaIIMHBI ATO €€ CIOCOOHOCTh COXPAHSATh 3aJaHHBIA TEMIIEepa-
TYPHBIN PEKUM B MpoIiecce padoTHI.

TermnocToiikocTh eTanu 3T0 €€ CIIOCOOHOCTh BBIMOJIHATH TpeOyembie (DYHKIIUH
IIPY TOBBIIIICHUU TEMIIEPATYPHI.

Jliist oGecrieueHust paboTOCIIOCOOHOCTH TIO 3TOMY KPUTEPHIO BBITTOIHSIIOTCS pac-
4yeThl Ha HarpeB. OOBIYHO ITO HECKOJBKO YMPOIICHHBIA pacdeT Mo YpaBHEHUIO TETI-
JIOBOTO OajlaHca: KOJMYECTBO BBIPA0ATHIBAEMOIO MAIIMHON TETIA Qpyyp HOJKHO OBITH
MEHBIIIE WJIA PAaBHO KOJUYECTBY TEIUIa, KOTOPOE MAaIllMHA MOXKET OTAATh B OKpYKa-
touryio cpeny Qo

QBLIp < QOTII'

B pe3ynbrare 3THX pacyeToB OMpeNENseTcsl pa3Mep HEOOXOIUMOM MOBEPXHO-
CTH OXJIAKICHUS WIM PEIIacTCs BOIPOC O MPUMEHECHHUU CIEIUATBHBIX CHCTEM OXJIa-
KIACHUS, YTOOBI JOOUTHCA PAOOTHI MAIIMHBI TIPH IOMYCTUMOM TeMIIepaType.

1.5.5. Kpurepuit paboToCcmocoOHOCTH - BUOPOYCTOMYUBOCTh
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BubpoycToitunBocTh 3TO CIOCOOHOCTh KOHCTPYKIMU paboTaTh B HYKHOM
JMana3oHe PeKUMOB 0€3 Upe3MepHBIX KOJIeOaHU.

Bubpanuu BBI3BIBAIOT TOMOJHUTEIbHBIE HANPSHKEHUS, KOTOPbIE, KaK MpaBu-
710, TPUBOJST K YCTAIOCTHOMY Pa3pyILICHUIO, BO3PACTAET IIIyM MAaIIHHbI, CHIXKAETCS
TOYHOCTh (PYHKIIMOHUPOBaHUs. OCOOEHHO OMaceH Pe30HaHC, KOrja 4YacToTa U3MEHe-
HUSlI BHEUIHUX HArpy30K COBIIQJaeT ¢ COOCTBEHHOM dYacToTOM neranu. B cBsizu ¢
MOBBIIIEHUEM PA00OUYUX CKOPOCTEN MAaIIMH OMACHOCTh BUOpAIHil Bo3pacTaer.

PaboTocrnocoOHOCTh 10 3TOMY KPUTEPHUIO 00ECIIEUMBAETCS pacueTaMu Ha KO-
nebanusi. B pesynbrare pacuera OmMpenesnstoTcs HEOOXOAMMBIC I HOPMaJIbHOM
paboThl MOMEHTBI HHEPITMHM U MOAATIMBOCTH JCTANICH U KOHCTPYKITUH.

Wuorga, mpu HeoOX0AUMOCTH pabOTHI B 3aPE30HAHCHOM 30HE, IPUMEHSIOTCS
CHelHalIbHbIE YCTPOICTBA — BUOPOTACUTEINH.

1.5.6. Kpurepuii paboTocnocoOHOCTH- KOPPO3UOHHAS YCTOMYHUBOCTb.

Koppo3sus — mpoiiecc mOCTOSITHHOTO MOCTENEHHOTO pa3pyIIeHUsI TOBEPXHOCT-
HBIX CJIOEB METaJllIa B pe3yjbTaTe OKUCIICHUS OKpYyxKatoien cpenoil. Kopposus sBisi-
€TCSl MPUUMHOMN MPEKIECBPEMEHHOTO Pa3pyIICHUs] MHOTUX KOHCTpyKuuid. M3-3a kop-
po3uu Tepsiercs exeroaHo 10 10% srimaBiasieMoro metamia. OcoOEHHO olacHa OHa
JUTSI TIOBEPXHOCTEH TPEHUS U JieTalied, padoTaronuX Mpy NepeMEeHHOM Harpy>KEHUU.

JIJist 3a1UThl OT KOPPO3UM MPUMEHSIOTCS aHTUKOPPO3UMHBIE MOKPBITHUS, U3-
TOTOBJISIIOT JIETAIM M3 CIEHUATBHBIX, YCTOMYUBBIX K BO3JICUCTBUIM JaHHOW OKPY-
KAroMIe cpelbl MaTepHalioB, TOBBIIIAIOT KAaueCTBO OOpaOOTKH IMMOBEPXHOCTEH.
Hanpumep, monupoBaHue pe3Ko MOBBIIIAET KOPPOZUOHHYIO YCTOWIHBOCTb.

1.6. Haoesicnocmob demaneti Mauiun.

DTO CBONCTBO O0OBEKTa BBIMOJHITE TpeOyemble (PYHKIIUU, COXpaHSsl BO Bpe-
MEHHU 3HAYEHUS IKCIUTyaTallMOHHBIX TTapaMeTPOB B Mpeeiax, YCTaHOBJICHHBIX HOP-
MAaTHBHO — TEXHWYECKON JTOKYMEHTAIMEH, TIPH 3aJaHHBIX YCIOBUSX TEXHHYECKOTO
o0OCIy>KUBaHUS, PEMOHTA, XpPaHEHHUS U TPAHCTIOPTUPOBAHMUSI.

OcCHOBHBIE MPUYUHBI, OMPEIETAIONINE HAAC)KHOCTh, UMEIOT BEPOSTHOCTHBIN
XapakTep. JTO OTKIOHEHUS OT HOMHHAJIBHBIX Pa3MEpPOB, pa3zdpOC XapaKTEPUCTHK
MPOYHOCTH MAaTEepPUaOB, OTKJIOHEHHUS OT PACUETHBIX PEXKHMOB DKCIUTyaTallud W
o100HBIE JPYTHe.

[Ipu npoexkTHpoBaHUM 3aKJIAIABIBAIOTCS OCHOBBI HAJIEKHOCTH: TIJIOXO MPOJY-
MaHHbIE, HEOTPAOOTaHHBIC MO PA3IUYHBIM KPUTEPHUSIM PabOTOCTIOCOOHOCTU KOH-
CTPYKIIMH, HE MOTYT OBITh HaJICKHBIMH.

[Tpu mpou3BoACTBe OOeCTeunBarOTCS BCe (DAKTOPHI, BIUSIONINE HA HATEK-
HOCTb, 3QJI0KEHHBIC KOHCTPYKTOPOM B ITPOCKTHOM JTOKYMEHTAIINH.

[Tpu skcmTyaTanuu peaan3yeTcs HaaeKHOCTh U3ACITHs.

HanexxHocTh 3TO clokHOe, KOMIUIeKCHOe MmoHsaTHe. OHa ompexensercs 0e3-
OTKa3HOCTBIO, TOJTOBEYHOCTHIO, PEMOHTOMPUTOTHOCTHIO U COXPAHSIEMOCTBIO H3Ie-
TS

OTka3 310 oteps paboTOCTIOCOOHOCTH.

be3oTka3zHOCTh — CMOCOOHOCTH M3JENHS COXPAHITh PAOOTOCTIOCOOHOCTH B
TE€YEHUE HEKOTOPOH HapaOOTKHU.
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HapaGoTka 3T0 MpOmOIKATENTLHOCTh PAa0OTHl M3JCHHS WU O0BEM BBIMOJI-
HEHHOW UM pabOThI.

OCHOBHBIM IOKa3aTeaeM 0€30TKAa3HOCTH SIBJISIETCSI BEPOSTHOCTh O€30TKa3HOM
pabotsr  P(t), T.e. BEpOATHOCTH TOTO, UTO B Tpe/eiax 3aJaHHON HapaOoTku t oTka3
U3JeNIMs HE HACTYNUT. 3HaYEHUsI BEPOATHOCTH O€30TKa3HOW pabOThl MOTYT OBITH B
npeaenax

0<PM®) <1

Hampumep, ecnu BepositHOCTh 6e30Tka3Hoi paboTsl P(1000) = 0.95, To 310
O3HAyYaeT, YTO U3 BCEX MAIlMH JaHHOW maptuu 95% otpabotatror 1000 vacos, a 5%
HE CYMEIOT 3TOr0 CIENaTh.

O4eBHIHO, YTO 3HAYEHUE BEPOATHOCTH OE30TKAa3HOW padOThI M3HOIIECHHOM
MAaIIMHbI MEHbIIIE, YeM HOBOM.

BeposiTHOCTh 0€30TKa3HOM pabOThI CIOXKHOW MAIlMHBI, COCTOAILEH W3 OT-
J€JIbHBIX 3JIEMEHTOB C Pa3JIMYHbIM YPOBHEM HAJEKHOCTH, ONPEIEISIETCS B 3aBHCH-
MOCTHU OT crnioco0a ux coequHeHus. B mpocreiiniem ciiydae, Ipu MOCIEI0BaTEIbHOM
COEIUHEHUH N AJIEMEHTOB, BEPOSATHOCTb O€30TKa3HOW pabOThl OIpeneseTCs
POU3BEJICHUEM

P(t) = Pl(t) X Pz(t) XX Pn(t)

rae Pi(t) - BeposTHOCTH 0€30TKa3HOM PabOTHl | - TOTO AIIEMEHTA.

OT1oT ciyyail HauboJee XapakTepeH sl MAllMHOCTPOCHHUS: Yalle BCEro Ma-
[IMHA 3TO MOCIEA0BATEIBHO COCTUHEHHBIC arperarhl.

Ananmm3upys 3Ty GopMyny, MOKHO OTMETHUTH CIIEAYIOIIEe:

- HaAEKHOCTh IOJOOHOM CIIOKHOM CHUCTEMBI BCErjla MEHBIIE HaJIeKHOCTH
caMoro ci1adoro JIEeMeHTa;

- yeM OOJIbIIIE DTIEMEHTOB UMEET CHCTeMa, TeM HUXKe €€ HaJeKHOCTD.

BeposiTHOCTh 0€30TKa3HOM pabOThl BHOBb CIPOCKTUPOBAHHOW MAIIUHBI
ompezaensercs MO0 aHAIUTUYECKMMU METOAAaMH, JMOO SKCIEPUMEHTAIBHO-
aHAJIUTUYECKUMHU. B mocneaHeM ciydyae aHaJMTUYECKHE METOJbI JOIMOJIHAIOTCS U
KOPPEKTUPYIOTCA MO pe3ysibTaTaM UCHBbITAaHUI ONBITHBIX 00pa3L0B U3ACTUH.

JIOATOBEYHOCTH 3TO CLIOCOOHOCTH U3/ETUSI COXPAHATH PabOTOCIIOCOOHOCTH A0
HACTYIUICHUS TPEJEIbHOIO COCTOSIHUS MPU YCTAHOBJICHHONW CHCTEME TEXHHUYECKOIO
00CTTy>KUBaHUSI U1 PEMOHTOB.

[IpenenbHOE COCTOSIHME — COCTOSTHHE, IPU KOTOPOM 3KCIUTyaTalus oObEKTa
J0JDKHA OBITH MIPEKpallieHa M3-32 HEYCTPAHUMOTO HapyIIeHHUs TPeOOBaHUIN TEXHUKU
0€30MacHOCTH WJIM HEYCTPAHUMOTO yXO0Jla TEXHHUYECKHX IMapaMeTpoB 3a MPEAEIbI,
yCTaHOBJICHHBIE HOPMATHBHO-TEXHUIECKOM JOKYMEHTAIUECH.

OKCIUTyaTalysi MallMHbl 3TO MHOTOKPAaTHOE MOBTOPEHHE TPEX IMEPHUOAOB: DKC-
IuTyaTanysi — OTKa3 — PEMOHT (BOCCTaHOBJICHHE Pa0OTOCIIOCOOHOCTH). J[0rOBEYHOCTH
XapaKkTepu3yeT BOZMOYKHOE KOJMUYECTBO TaKUX MUKIOB. OCHOBHBIM TMOKa3aTeIeM JOJro-
BEYHOCTH 3JIEMEHTA WJIM JICTaJIH SBJISIETCSI €70 CPOK CIY»KObI (HapaboTKa MM pecypc) 10
otkaza. [locie 3Toro ieranb 10KHA 3aMEHATHCS UM PEMOHTHUPOBATHCSL.

[TpenenpHOE COCTOSIHME BCEM MAIIMHBI ONPEAEIIAETCS SKOHOMUUYECKUMHU (haK-
TOpaMu: MOPaJIbHBIM U3HOCOM MJIM 3aTpaTaMH, 3aBUCSIIUMU OT (PU3NUECKOTO U3HOCA
MaII1HBI.

19



MopanbHbIil U3HOC MAaIlIMHbI BBI3BIBAETCS TEM, YTO OHA MEPECTAET COOTBET-
CTBOBaTh COLIMAJIbHBIM M TEXHUYECKUM TPeOOBAHUSAM: MallMHA HE JOCTATOYHO aBTO-
MaTU3UPOBAHA, HE J1aeT HEOOXOIUMOW TOYHOCTH, HE 00ECIIEUNBAET HYKHOU MPOU3-
BOJIUTEIBHOCTH, €€ O(OPMIICHHUE HE COOTBETCTBYET COBPEMEHHBIM ACTETUYECKUM
TpeOOBaHUSIM.

®u3nvecKkuil U3HOC MAIlIMHBI PUBOJUT K TOMY, UTO 3aTpaThl Ha €€ BOCCTa-
HOBJICHUE CTAHOBATCS OOJIbILIE 3aTpaT Ha IPUOOPETEHNE HOBOM MAILIMHBI.

COOTBETCTBEHHO 3TOMY IPUMEHSIIOTCS JIBE€ CUCTEMBI IIOKA3aTeIed J10JIroBeY-
HOCTH: BO — IEPBBIX, pecypc (WA CPOK CIY>KOBI), CBSI3aHHBIN C BBIXOJOM 3a JIOMY-
CTUMBbIE MPEJEIbl OCHOBHBIX TEXHUYECKUX XapAaKTEPUCTUK, BO — BTOPBIX, MTOKa3aTe-
JI¥, OLEHUBAIOIINE COOTHOLIEHUE BPEMEHU pabOThl MAalIMHBI U BPEMEHHU, HEOOXOIU-
MOT'O Ha €€ BOCCTAHOBJICHUE (2 IO BPEMEHU MOKHO OLIEHUTH M 3aTPaThl HA PEMOHT).
Hanpumep, k03QPpuuueHT TEXHUYECKOr0 HCIOIb30BaHUSA, KOTOPBIM XapaKTepUu3yeT
BEPOATHOCTh TOT0, YTO MalllMHA B JaHHBIH MOMEHT BPEMEHHU pabOTaeT, a HE PEMOH-

T

TUPYETCS k = pad
™ T +T
pad pem.

rae  Tps - Bpems paOOThl MalllMHBI;

Tpewi - TPONOIDKUTEIBHOCTH | -TOTO PEMOHTA.

PeMOHTONIPHUTrOAHOCTE - 3TO CBOMCTBO HU3AENHS, KOTOPOE 3aKIIOYAETCA B €r0
MPUCIIOCOOJIEHHOCTH K MPEIyNpPEKICHUI0, OOHAPYKEHUIO U YCTPAHEHHUIO OTKAa30B U
HEUCTPABHOCTEN MyTEM MPOBEJACHUS TEXHUUYECKOTO 0OCITYKUBaHUS U PEMOHTOB.

KoncTpykius nomkHa obecnednBarh JIETKYHO JOCTYIMHOCTh K y3JaM U JIeTa-
JISIM 1711 OCMOTpa Wiu 3aMeHbl. CMEHHBIE I€TaJIN 10JKHBI ObITh B3aUMO3aMEHSIEMBI C
3amacHbIMU 4YacTsMH. JKenatenbHO NMpH KOHCTPYUPOBAHHWM BBIICISTH PEMOHTHBIC
y3Jbl. 3aMEHa TOBPEXIACHHOTO y3Jia pa0OTOCIOCOOHBIM 3HAYMTENILHO COKpAaIlaeT
BpEMS IIPOCTOSL.

PemonTONpHUroAHOCTH OOECIeYnBaeTCs Ha CTAANU MTPOCKTUPOBAHMS COOTBET-
CTBYIOIIEH KOMITIOHOBKOW COOPOUYHBIX €TMHUI] MAIITUHBI.

CoxpaHsieMOCTb 3TO CITOCOOHOCTh M3JENIUS COXPaHATh PabOTOCTIOCOOHOCTH B
IpolIecce XpaHEHUsI U TPAHCTIOPTUPOBKHU. OOecnieunBaeTcsl B Mpoliecce KOHCTPYUpo-
BaHUS CO3JaHHEM KOHCTPYKLHMH COOTBETCTBYIOIIECH >KECTKOCTH W KOPPO3UOHHOMU
YCTOMYHMBOCTH.

1.7. Texnonoeuunocms demanei MauiuH.

TexHOTOTMYHOM HA3bIBAETCA KOHCTPYKLMS, KOTOpask U3rOTaBJIMBAETCS C MHU-
HAMAaJIbHBIMM 3aTpAaTaMy TPYJa U MAaTEPUATIOB B YCIOBUAX JIAHHOTO MPOW3BO/ICTBA.

Konumponwvnwie éonpocel.

1.llonamus: mawuna, mexanuzm, 0emaib, COOPOUHAS eOUHUYA.
2. Ilonsamue: demanu mawun oowe20 Ha3HAYeHUs.
3.Cmpykmypa mawiunul.

4 Ilonamus npoekmuposarue u KOHCmpyuposanue.

5.Cmaouu pazpabomxu MauiuHbl.
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6.Cmanoapmusayus u HOpMAaIU3ayus npyu NPOEKMmMuUpo8aHuu

1. Tpebosanus Kk MAQUIUHAM U UX OEMAIISM.

8.Pecypc pabomul mawiuHbl.

9. Pestcumbl HacpysiceHus 0emanei MauuH.

10.Kpumepuu pabomocnocobnocmu demaneti MAUiUH.

11. Haepysxu, oeticmeytowue Ha 0emanu MAuiuH.

12.IIpounocms kak kpumeputl pabomocnocobHOCmu.

13.2Kecmxocmo kak kpumepuii pabomocnocooHocmu.

14. li3nococmotikocmo kaxk kpumepuii pabomocnocooOHoCmu.

15. Bubpoycmouiuugocms, meniocmoukocms, KOPPOIUOHHASL YCMOUYUBOCHIb
KaK Kpumepuu pabomocnocooHocmu.

16.Haoéorcnocmo oemaneti mawiun (OCHOBHbIE NOHAMUSL).

17.Texnonocuunocms oemaneti MAuiuH.

2.CoennHenus aeTajieid MAIIMH.

2.1.Knaccugpuxayus coeounenuil.

Jetanu u cOOpOUYHBbIE €TUHUIIBI B MAIlIMHE B3aUMOJICHCTBYIOT, CBA3aHBI APYT
C ApPYroMm.

CBsi31 MOTYT OBITh MOJBUKHBIC - MAPHUPHI, MOAIIUITHUKY, 3alETUICHUS. DTO
pa3MyYHble KUHEMATUYECKUE Mapbl. B KMHeMaTHYeCKHX mapax AETalu IepemMe-
HIAIOTCS  OJlHA OTHOCHUTENIBLHO JApyrod. Takue CBsI3U paccMaTpuBaIOTCS B Kypcax
«Teopernueckas mexannka» u TMM.

CBsi3u MOTyT OBITh HENOJBI)KHBIE. B 3TOM cnydae aetanu, oOpasyroiiue
CBSI3b, HEMOABMKHBI OTHOCUTEIIBHO APYT Jipyra. Takue CBA3U B MAITUHOCTPOCHUU
Ha3bIBAlOTCS coequHeHusasMu. Oun paccmarpuBarores B kypee JIM u OK.

VYcnoBue paboTOCIOCOOHOCTU COSIMHEHU — HEMOABUKHOCTD COEUHSIEMBIX
JeTajeil OTHOCUTEIBHO APYT aApyra. Mareiiee cMerieHne XoTs Obl OJTHOM JIeTalu
— OTKa3 COEIMHEHUA.

CoenuHeHus MOTYT OBITh Pa3beMHBIE U HEPA3bEMHBIEC.

PazbeMHBIC coeMHEHUsI 3TO TaKWe, KOTOPhIE MOXKHO pa3o0parh 0e3 pas3py-
IICHUS] COCTABISIONIMX COEAMHEHUE JETale U MOBTOPHO coOparh. K HUM OTHO-
CSTCS: pe3b0OBbBIC, KIIEMMOBBIE, KJIMHOBBIC, ITIOHOYHBIC, 3yOUaThie WM IILTUIIE-
BbIE, IITU(TOBBIE COCTUHEHHUS.

Hepaszbemubie coennHenus 0€3 pa3pylieHus: 00pa3yronux ux JIeTajieid paszo-
Opath HENb3s. ITO: CBApHBIE, 3aKJIENOYHbIE, KIIEeBbIe, MasHble, COCIUHEHUS C Ta-
PaHTUPOBAHHBIM HATSITOM.

2.2. Pe3vbo6vle coeOuteHusl.

DTO pa3beMHBIE COCIMHEHUSI, 00pa30BaHHbBIC C OMOIIBIO ACTAICH, UMEIOIINX
pe3n0y. Pe3nba MOkKeT ObITh HaHECEHA HEMOCPECTBEHHO Ha COEIUHSEMBIC JIeTa-
mu. Yacto nmst o6pa3oBaHus pe3b0OBBIX COSAMHEHUN MPUMEHSIIOTCS CTICIIUATbHBIC
AJIEMEHTBI: OOJITHI, BUHTHI, IIMUJIbKU, TAMKHU, MIA0bI, pa3IMYHBIE CTOTIOPHBIC JTe-
tanu. Jleranu, conpsiraembie pe3b00il, HA3bIBAIOT BUHTOBOM MapOH.
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2.2.1. Pe3p0a

Pe3n0a 06pazyeTcs npu nepeMeIeHnH IOCKOro KOHTypa MO BUHTOBOM JIMHUML.

BuHTOBas JMHHUA 3TO HAKJIOHHAs IJIOCKOCTh, 0OEpPHYTasi BOKPYT MOBEPXHO-
CTH, IMEIOILEH OCh BpAIICHUSI.

MOXHO CKa3aTh, YTO BUHTOBAs JIMHUSA STO HE YTO MHOE, KaK KJIMH, 00EpHY-
TBIA BOKPYI' KaKOH-TO MOBEPXHOCTU. TOJBKO Yy KJIMHA JBa HEIOCTAaTKa: HY>KHO
MHOT'O ME€CTa Il €r0 YCTaHOBKU M €ro Hy»HO 3a0uBaTh. Y pe3bObl 3TUX HENo-
CTaTKOB HET. Pe3p00BYyI0 neTaib 3a0MBaTh HE HYKHO, €€ HyKHO Bpaiath. [1o aTum
JIBYM MPUYMHAM MecTa JiJIsl He€ HY>KHO 3HAUUTEIHbHO MEHBIIIE, YeM ISl KJIMHA.

Ecnn noBepXHOCTh, HAa KOTOPYIO HAaHECEHA BUHTOBAS JIMHUS, LIMIIMHIPHUYECKAs, TO
pe3b0a — HUIMHIPUYECKast, €CIIM TOBEPXHOCTh KOHUUYECKAs], TO Pe3b0a — KOHUUECKas.

Ecnu BUHTOBas TMHUS HAa HAPY>KHOM MOBEPXHOCTH, TO pe3bda HapyxkKHas, Ha
BHYTpPEHHEH — BHYTPEHHSISI.

[To HampaBIeHUIO BUHTOBOM JIMHUM Pa3INYatOT:

- IpaBy10 pe3b0y, KOI/1a BUHTOBAs JIMHUS UET BBEPX CJIEBa HAIPaBo;

- JIeBy10 pe3b0y, KOT/1a BUHTOBAS JIMHUS UAET BBEPX CIIpaBa HaJIEBO.
Haubonee pacnpocTpaneHa npaas pe3poa.

Eciy Ha TOBEpXHOCTH UMEIOTCS IBE WM OOJIbIII€ BUHTOBBIX JIMHUHN U 10 KaX-
JOW ABMXKETCA IJIOCKUM KOHTYp, TO 3TO MHOI'03aX0/iHas pe3boa.

[Tnockuii kKOHTYp omnpenenseT npoduib pe3bObl. B 3aBucuMocTi 0T GopMbl

npoduiid paznuyarot pe3bosl ( puc.2.1):

OE
M
e

It '

(o]

C % % %
) 6) 2

B) r)
Puc.2.1. ®opmsbl npodusis pe3bosl.
a) TpeyroyibHasi; €CJIM yroi 3aoctpenus o =60° - pe3pda MeTpuieckas,
eci o =55° - pe3pba AroriMoBas; 0) TparenenaanbHas; B) YIOpHAs; T') MPSMO-
YTOJIbHAS; 1) KpyTJasi.

[lo Ha3HAYEHUIO PA3IUYAIOT PE3bObl KPENExXHbIC -
d;  5TO TpeyrompHBle M Kpyrias pe3bObl M XOJOBbIE —
_d') TpamneueuaaibHas, YIopHas, MpsMoyrojbHas. Bce
— °  KpenéxHble pe3bObl, KaK MPaBWIO, OJHO3aXOIHBIC,
X0JIOBBI€ — MOTYT OBITh C Pa3HBIM YHCJIOM 3aXO0JI0B.
ds Kpome ykazaHHOro, pe3bObl XapakTepusy-
A — IOTCH CIeayIoUMMH napamerpamu (puc.2.2.).

Puc. 2.2 . TlapameTpsl pe3nOBbl.

-—— .
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Jwnamerpamu:

-d (D) — napyxHbIM (B CKOOKAX JJIsI TAMKH);

- d; (D;) — BHyTpEeHHUM;

- dz (D2) — cpennum;

- P - marom; miar — pacctosiHie MeXy OJJTHOMMEHHBIMU TOUYKaMu Mpodu-
JIs1 pe3bOBI.

Ecnu pe3nba MHOro3axojHasi, BMECTO Ilara JJisg XapakTEPUCTHUKU Pe3bObI
ucnoJib3dyercs xon H

H=Pxz

TJI€ Z — YUCIIO 3aX0/10B pPE3bOBI.

Ecnu pa3BepHyTh MOBEPXHOCTh C HAHECEHHOM HAa HEE BUHTOBOW JIMHUEH HA
IUIOCKOCTh, TO MOJYYHM HAKJIOHHYIO MJIOCKOCTh, KOTOPYIO PaHbIIe HABEPHYIU Ha
ATy TIOBEPXHOCTh. TakuMm 00pazoM, pa3BEPTKA OJTHOTO BUTKA BUHTOBOW JIMHHWH Ha
IJIOCKOCTh JIaCT TpeyroibHUK (puc. 2.3). B 3TOM TpeyroinpHuke yroia moabema
BUHTOBOM JIMHUM () ONIPENEISACTCS U3 BBIPAXKEHUS

’Jng

e —

Puc.2.3. Pa3BepTka BUHTOBOM JIMHUU HA INIOCKOCTH

P
go=—-
nd
2

D70 elie OANH MmapaMeTp, XapaKTepU3yIoIui pe3poy.

[TapameTpsl pe3s0 CTaHIAPTU3UPOBAHBI AJII BCEX Pe3b0, KPOME MPSIMOYTOIb-
HOU. |51 mpsAMOYTOIBHOM Pe3bObl BCE T€OMETPUUECKHUE IMapaMeTphbl OMPEIEISIOT-
Csl HTHXKEHEPOM.

[Ipu ucnons3oBaHuK pe3bObI 32 OJMH 000POT TaiKKW BUHT, HE Bpallasch, Ie-
pPEMECTHUTCSl Ha OJWH IIar BAOJb CBOeH och. Bo3MokHO 1 HA00OPOT: BUHT Bpallia-
eTcs, JellaeT OJMH 00OpOT, a raiika, He Bpallasch, CMEIIAaeTcd Ha OJauH mmar. Ta-
KM 00pa3oM, CUCTEMY BUHT — Tailka MOKHO HCIIOJIB30BaTh JJIsl MpeoOpa3oBaHus
BpaIllaTeJIbHOTO JIBMXKEHUS B MOCTYIATEIbHOE WKW HA000pOoT. J[Jig 3TOro ucmnosb-
3YIOTCSl XOJIOBbIE PE3bOBI.

OcHoBHas kpernexHas pe3boa B PO — meTpuueckas.

2.2.2. Moaenb pe3b00BOTO COSTUHEHUS.

Wtak, pe3pba 3TO BUHTOBAs JIMHUSA HA MOBEPXHOCTH BPAIICHUS, 110 KOTOPOH
JBIDKETCS TUIOCKUI KOHTYp, onpenenstomuii e€ mpoduib. PazBepTka pe3bObl BUH-
Ta Ha IUIOCKOCTh JAET TPEYroJbHUK. [103TOMYy €CTECTBEHHO B Kaue€CTBE MOJEIIHU
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pe3b0bl BUHTA TIPEIOKHUTHh TPEYTOJIBHUK, a B KAYECTBE MOJIEIU TalKK — TOJI3YH,
KOTOPBIN JABUKETCS MO 3TOW HAKIOHHOM TIOCKOCTH, T.€. 1O pe3boe ( puc 2.4).

[Ipu 3aTskke rallku OHa BpPAIACTCS OKPYMHCHOU cunoil F, TpuiIoKeHHOU 1Mo
cpeaHeMy auameTpy pe3nosl (puc.2.5). [Ipu a3ToM mmon3yH (Taiika) mogHuMaeTcs 1o
HAKJIOHHOM TIOCKOCTH. Eciu raiika oTimyckaeTcs - Moi3yH CIIyCKaeTCsl BHU3.

Tak kak raifka BpamiaeTcsi, TO Ha MOJIeNId ycmine F¢ TOKHO OBITh MPUIOKEHO K

NoJI3yHY (CM. puc 2.4) B COOTBETCTBYIOIIYIO CTOPOHY.

F O\ | 7

2.4. Mopenb pe3p00BOro COCTMHEHUS. 2.5 Okpy’KHO€ yCHIIHE, NEHCTBYIOIIEE
Ha raKy.

2.2.3. CujoBbIe COOTHOIIICHHS B Pe3b0€: CUIIBI MPHU 3aTSHKKE pe3b00BOTO CO-
CAVMHEHUS] BUTKU Pe3bObl rallku JaBAT HAa BUTKHU pe3bObl BUHTA. Ecim Obl raiika
OblJla HETOABMKHA, TO YCHWJIME B3auMonaeWcTBUs Q BHHTAa W Tallku OBLIO OBI
HaIlpaBJIeHO Mo uX oOuel Hopmanu N-N. Ho raiika npu 3aTsKKe ABUKETCS - Bpa-
IAeTCSA U MOATOMY YCHIIME B3amMoJecTBHs Q OTKIIOHSETCS OT oOmell HopMain
N-N B CTOPOHY JBMXKCHUS HA YTOJ TPEHUS P
( puc.2.6).

/1

Puc.2.6. CunoBbie COOTHOIIIEHUS B PE3b0€: CHIIBI.

N3 tpeyronbarka OAB nomydaem, 4To
Fi =Fx 19 (¢ +p).
To ectp, Ans TOro, 4ToOBl MOJYUUTH YCUAUE 3AMANCKU WU 0Cegoe ycuiue
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Fy, HYXHO raiiky BpaIiaTh oOKpyycHoim ycunuem Fi.
[Tpeanomnoxum, 94TO yroja noabema ¢ paBeH HyIo, T.e. ¢ = 0, Toraa
Ft :FX xtgp :FX xf =F

gy

tak Kak tg p = f, roe T — koapPurHeHT TpeHUs MeX Ty BUTKaMU Pe3bObl BUHTA H

ramku.
6-?—5@' To ecTh cocTaBIISIIONIAs, ONpEaeIsieMasl YIJIoM TPEHUS p,
9TO CHUJIa TPCHHS MEXIy BUTKaAMHU Pe3bObl BUHTA U TaMKHU.
[ B Ho cuna TpeHuss — 3TO NpOU3BEIAECHUE HOPMAJIBHOTO
fa W naBiieHHus Ha kKodpdunueHT TpeHus. Eciau paboyas rpaHb

X

pe3bObl He MEePHEHANKYIISIPHA CO3JAI0NIEMy TPEHUE YCH-
T 3aTsKKU Fy (puc.2.7), To cuna TpeHus

>,4 FTp:Nxf.

K F
U3 tpeyronsauka ABC (cm.puc.2.7) N = —X
COoS Z
Puc.2.7. Onpenenenue cuibl =
TPpEHUSL. U TOrIa X «f=F x f =F xf’',
(0 X o X
COS — COS —

aTak kak T’'=1tgp’, To momydaem s 00MIETO CIydast
Fi=F.tg (¢ +p"),

rje p’ - NPUBEACHHBIN YTroa TPEHUS.

OOpatuTe BHMMaHHE, B 9TO BBIPAKEHHUE BXOMST BEJIMYWHBI, YUUTHIBAIOIINE
noabEM pe3bObl @ U TpeHue B pe3bde - p'. [loaToMy BennunHa ycuiaus, He0OXo-
JIMMOTO NI BpalleHusl raiiku, 3aBUCUT OT JIBYX IMapaMeTpOB: MoJbeMa Pe3bObl U
TPEHUSI MEXKy BUTKaMH pe3bObl BUHTA U raiiku. [loaTomMy, roBopst o pe3nde, Hy k-
HO TOBOPUTH O COMPOTHUBJIEHUH B pe3b0€, a HE O TPEHUHU B HEW.

2.2.4. CunoBble COOTHOIIEHHS B pe3b0€: MOMEHTHI

st 3aTsKKU pe3bOOBOTO COEAMHEHHUSI HYXKHO BpaliaTh railky. OTo Jenaer
pabounii ¢ MOMOIIBIO, Yallle BCEro, POXKKOBOro kirova. Kitouom oH co3paér mo-
menm 3amadxncku T, (puc.2.8). MOMEHT 3aTsSKKU

T =P x L
3ar pabd KJI

C moMoIipI0 3TOr0 MOMEHTa pabouunii MPEOI0ICBACT COMPOTUBIICHUS B pe3b0e
T, 1 Ha onopHOM MOBepXHOCTU ravku T,,. OopHas NOBEPXHOCTB 3TO Ta, KOTOPOU
raifka mprmKUMaeTcs K COeTMHSIEMON ieTanu. Takum o0pa3zom
TsaT: Tp +T0n-
[TockonbKy ycHIIME IJ1sl ABU>KEHUS TAMKH MPUJIOKEHO HA CPETHEM JUAMETPE
pe3b0bl, MOMEHT COTIPOTUBIICHUS B pe3b0€ paBeH

d d

2 2 '
T =F x—%==F x—=xtg(p+p').
0 =5 TS g(e+p)
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Zf\’ 7

Cepenuna MUpPHHEL TAMOHH

paGouero N

Lo
<

Puc 2.8. 3arskka coeMHEHNS pOKKOBBIM KITFOUOM.

MoMEHT TpeHHMs Ha ONOPHOM NMOBEPXHOCTH T,; ONMpPEAENsIeTCS TPEHHEM Ha
OIIOPHOM NoBepxHOCTU raiiku. CymiecTByeT ABa CIocoda €ro OonpeAesIeHus: To4-
HBIM 1 PUOIHKEHHBI.

Cuiibl TpeHHMS Ha OIOPHOW ITOBEPXHOCTH TaWKW TOSIBIISIFOTCSA BCIIEIACTBHE
npwkaTus €€ K JeTalnu yCUIueM 3aTsbkKku Fy. OnopHas NMOBEpXHOCTh Tailku —
KOJIBLIO C HapyXHbIM AuamMeTpoM Dy, paBHbIM pazMepy HOJ KU Sy, U BHYTPEH-
HUM 0, paBHBIM HOMHHAJIBHOMY JuamMeTpy pe3bOnl (cM. puc.2.8). Torma yaenbHOE
JIaBJICHUE Ha MOBEPXHOCTH KOHTaKTa (MpeanojiaraeM, 4To CHJIbl TPEHHS paBHO-
MEPHO pacIpeieeHbl 10 MOBEPXHOCTU KOHTAKTA)

I:x 4Fx 2 2 1
p : . ( ° ) (1)
on

TouHblif c110c00.
Bo3bpMéM 311eMEHTapHOE KOJIBIIO paauycoM I u mupuHoH dr (puc.2.9).
ITnomaae Takoro xkonwua OdA = 2xrdr.
Cuna TpeHus Ha neMeHTapHoM Koumblie dF,, =
<K 2nrdrx px f.
OmnopHBII MOMEHT JJEMEHTAPHOW CHJIbI
tperust  dT,, = dF,xr = 2nrdrpfxr.

JIJIs WMHTETpUPOBAHMS 3aMEHsSEeM (PUKCHPOBAH-
’Q HOE 3HAYCHHE I Ha TEKyIIee IMepeMeHHOe P, KO-
TOpPOE MOXKET M3MEHSTHLCS B Tpezenax ot d/2 1o

. D./2 (cm.puc.2.9 ). Takum oOpa3zom nosrydaem
p® D,/2
3z )

HOI[CTaBJ'IHH B 9TO BBIPAXKCHHUC 3HAYCHHUC P H3

on

D, /2
T =DI/2 2npfp?dp= 2npf | p’dp= 2mpf
dr2 dr2

dbopmyisl (1), 1, 3amMeHsAsT P €ro BO3MOXKHBIMU
HIDKHUM U BEPXHUM 3HAYCHUSIMHU, MOIYYUM
OKOHYATEIbHO /JI1 OMIOPHOTO MOMEHTA

Puc.2.9. Onpenenenne MoMeHTa
CHWJI TPEHMS HA ONIOPHOU I10-
BEPXHOCTH T'alKHU.
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;  p2-d’
Ton=3h 53 0
H

[TpuGamxKeHHbIN CIIOCo0.
[Tpenmosiokum, 9TO CHIIBI TPEHUS MPHJIOKECHBI Ha CPEIHEM JTMaMEeTpe OTop-

HOM TOBepXHOCTH Taiiku (puc.2.10). Bennuuna stux cun F = FX xf .

Torna MOMEHT CUJT TPEHUS

O d
S % cp
e T =F xfx——

y il omn X 2 (3)
D +d
rned =-1
cp 2

ITo cpaBuenuro ¢ popmymnoit (2) dpopmy-
na (3)naét Hebompnyto norpenHocts. Ho mis
TEXHUYECKUX PACUCTOB TOYHOCTHh BBHIYHCIIC-
HH BIIOJIHE IOCTATOYHA.

2.2.5. CamOoTOpMOXKEHHUE PE3bOOBBIX CO-

eIVMHEHNH.

CaMOTOpMOXEHHE PE3bOOBBIX COEIHUHE-
HUW IPOSIBIIIETCS B TOM, YTO 3aTsAHyTas ramka
CaMOTMPOU3BOJILHO HE OTITyCKaercs (T.e. He OTKpyduBaetcs). g Toro 4rodnl eé
OTKPYTUTh HYXHO Tpuiioxkuth ycunue F.. Eciu pe3nba camoropmo3ssmiascs, TO
HeoOxoauMo uTo0bI F>0.

[IpumMeHuTENHPHO K MOJAEIU PE3LOOBOT0 COSAMHEHUSI BCE 3TO O3HAYAET, YTO
JUTSL TOTO, YTOOBI TION3YH, KOTOPBIM MOJAEIUPYET TaiKy, CIOJI3aJl BHU3 110 HAKJIOH-
HOM TIOCKOCTH, K HEMY HYXKHO MPWIOXHUTh OKpykHOoe ycunne F>0. Tak kak co-
CAVMHEHUE 3aTAHYyTO, Ha €ro JeTalh JEeUCTBYeT BEpPTUKAIbHOE Yycuiane Fy
(puc.2.11).

W

Puc.2.10. TTpubnuxeHHbIH
MeToJ onpeaeneHus Ty,

4 . Yeumuem F; > 0 3acraBiisieM raiky
JIBUraTbcs. Toraa paBHOAECHCTBYIO-
mas BUTKOB BUHTAa W TallKM OTHOCH-
o TEJIHLHO HOPMAaJTH
Q N - N CMENIaeTCsl B CTOPOHY JIBHKCHHUSI
- Ha yroy TpeHus p. U3 TpeyroibHHKa
S Q ABO nosydaem, 4To
l 43( Fi=Fx g (p - ¢) >0.
g £ 4 Tak kak F, Bcerma MoJIOXHUTENBHO,
B 4 ATO HEPABEHCTBO OYyJIET BBIIOIHITHCS
npu ycinosuu, uro tg (p - ¢) >0. Ta-
Puc.2.11. CamoTopMOkK€EHUE PE3LOOBBIX KHUM 00pa3oM, YCJIOBHE CaMOTOPMO-
COCIMHEHU. XKEHHU p > .
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s meTpuueckux pe3b0d ¢~2.5°. OObIUHO BHHT U TaliKa CTaJbHbIE, IOATOMY
ko3ddurenT Tperuss Mexnay Humm  f=0.1, 94TO COOTBETCTBYeT YIIy TpEHUS
p=5.7°(yron TpeHus 37ech NMPUBOIUTH HE HY>KHO). Kak BUIHO M3 3THX 3HAYCHUU
yCJIOBHE CAaMOTOPMOXKEHHUS 11 METPUUECKOM PE3bObI BHITTOTHACTCH.

[IpuBeneHHYIO pa3HUIy MEXAY yIIaMHd MOXHO €I YBEJIHYUTh, €CIU IMpH-
MEHHUTh pe3b0y C MEIKUM HIaroM. JOTO yYMEHBIIMT YIoJ HOJbeMa pe3bObl (CM.
puc.2.3) u ycunut 3¢ ekt camoropmoskeHust. IMEHHO ¢ 3TOi 1eTbI0 TPUMEHSIOT-
Cs pe3b0bl C YMEHBIIIEHHBIMU [IIaTaMH B MAIIMHOCTPOCHUHU.

2.2.6.KoaddutimeHT moyie3Horo 1eiCcTBUS BUHTOBOU MapHhI.

KoaddummenT none3Horo AecTBUs 3TO OTHOIICHHUE TIOJIE3HONU pabOThI AHOH

K 3aTpayeHHOM ABan n=_

3arp
[Ipu 3aTsaruBaHuM railku Ha OJWMH OOOPOT MoJe3Has padoTa 3aKI0YaeTcs B
TOM, YTO YCHJIVE 3aTSKKU MEPEMECTUIIOCH Ha mar P, T.e.

A =F xP=F xnd,xtgo

I10J1

3aTpadeHHast pabota - 3T0 paboTa, KOTOPYIO Mpojaeiall pabouuii, Bpailasi rai-
_ _ !
Ky, T. €. A3an—FtXTEd2—Fxxtg((P+p)XT[d2.

Takum 00pa3om, K.1.JI. BAHTOBOM Mapbl
_ Rxmdyxtge 9o
Fextg(e+p)xnd,  tg(o+p)

OOparuTe BHUMaHKE, B 3HAMEHATEJE 3TOr0 BBIPAKEHUS YUUTHIBAIOTCS TOJIb-
KO MOJBEM Ha I1ar pe3p0bl U TpeHue B pe3bde. s Toro, 4ToObl yuecTb MoTepu Ha
TOpILIEe FallKi NpU €€ 3aBUHYMBAHUU, HY)KHO YBEJTUUUTh 3HAMEHATEIb, BBECTH B He-
ro MOTEpU HA TPEHUE Ha TOpLE ravku . I1o3ToMy K.m.J. BUHTOBOW mapel BCerga
BBIIIIE, YEM K.II.Jl. COEJUHEHUSI.

2.2.7. Knaccudukanus pe3b00BbIX COSTUHEHUN

1.TTo KOHCTPYKIIUU Pa3TUYAIOT:

a) OOJITOBBIE COCTMHEHUS 0) BUHTOBBIE COCTMHECHHSL:

Z
/ 7 3

: B~

yus 4\\\\\

-

1- 6our; 1- BuHT;
2 — raiika; 2 — mraitba npy>KuHHAs,
3 - mraiiba nmpy>KuHHAS; 3,4 — coeuHsEMBIE JIETaIM;

4,5 - coequHsAEMBIC AETANH,
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B) COCJIMHEHHUS] IIMUIbKAMH: ') COeMHEHUS CIIEIUATbHBIMA PE3b0O0 -
BbIMU JECTAJISIMU.

3 7

LAY |

4 .
-
AN i

1 — mmwuibka; 2 — raiika; Hanpumep, peim — 601T.
3 — maitba npy>KuHHas;
4.5 — coequHsIEeMbIE JETAJIH.
Puc.2.12. KOHCTpYKTHBHBIE Pa3HOBHIHOCTH PE3bOOBBIX COCTUHEHHN.

bonToBble coenqunenus (cMm puc.2.12.a) mpuUMEHSIOTCS TOTa, KOrAa TOJIUHA
COEIMHAEMBIX JETAJNIEN NPUMEPHO OJUHAKOBASI.

Ecnu oxHa 13 neraneil 3HaUMTENbHO TOJIIE APYTOW WM HY>KHO IPUKPENUTH
KaKyl0-HUOY/Ib 1€Tajlb K MACCUBHOMY KOPILYCY, TO MIPUMEHSIOT BUHTOBBIE COE/IH-
HeHus (cMm.puc.2.12.6).

Ecnu neranp, IpUKpEIUIIEMYIO K KOPITYCY, HY’)KHO 4aCTO CHUMarh, TO IIPUMe-
HSIOT COeMHEHUs mnuibkamMu. OCoOEHHO B TeX Cilydasx, KOTrJa KOPIyC BBINOJ-
HEH U3 [IBETHOT'O METaJla WJIK 4yryHa (cM.puc.2.12.B).

JIJ1st TpaHCTIOPTUPOBKH TSDKEIBIX M3/IETUN B HUX BKPYUMBAIOTCS PbIM — 0OJI-
ThI(cM.puc.2.12.r), B OTBEpCTHE KOTOPHIX 3aTEM MPOJAEPTrUBAETCS KaHAaT.

B03MOHBI U Ipyrue KOHCTPYKTUBHBIE Pa3HOBUIHOCTH.

2.ITo guciy OONTOB B COSAMHEHUH PA3IUYAOT OJHOOOJTOBBIE M MHOTOO0OJI-
TOBBIE COEIUHEHUS.

3.ITo crocoby cOOpKM BBIIEISAIOT HANPSKCHHBIE W HEHANPSHKEHHBIC COCIH-
HEHUSI.

HampsikeHHbIE 3TO TaKMe COECOUHEHUs, B JIEMEHTaX KOTOPBIX €Il€ A0 MpHU-
JIO’)KE€HHUS BHEIIHEHN (IIOJIE3HOM) HAarpy3Ku YK€ CO3/1aHbl KaKHe-TO HalpsKEHHS B
pe3yJibTaTe MPEeABAPUTEIILHOM 3aTsHKKU. [Ipyu co3maHnm nmpeaBapuTENbHON 3aTsIK-
KU JIETAJId MPUKUMAIOTCS APYT K APYTY U HA CTHIKE UX BO3HHUKAIOT CHJIBI TPEHUSI.
To ecTp, 3TO Takue COEIMHEHHUs, B KOTOPHIX HEMOJABM)KHOCTh COEIMHSIEMBIX JI€Ta-
Jeit obecreunBaeTCsl CUJIaMU TPEHUS MEXTy HUMH.

HenanpsokeHHble - 3TO CO€AMHEHUS, KOTOPbIE HE HYXKJAIOTCS B IpeaBapu-
TEJIbHOU 3aTsbkke. HemoAaBMKHOCTH COENMHSIEMBIX JeTaleil B 3TOM ciiydae obec-
MEYMBAETCS IPOYHOCTHIO CTEpXKHs OonTa. Takue coeqMHEHUsI HEe 3aTATUBAOTCS, a
JUIIb MOATATUBAIOTCS, YTOOBI COEIMHAEMbIE JETAIN HE Pa3beIUHSIINCE.
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4. Ilo xapakTepy mepeaaBaeMOd Harpy3Kd pe3bOOBBIC COCAUHEHUS MOTYT
OBITH MpeIHA3HAYEHBI JIJI1 BOCIIPUATHS MMOCTOSSHHOM - CTATUYECKOW WJIM TIepEMEH-
HOW - IMHAMHAYECKON HArpy3KH.

2.2.8. CranmapTu3aiiys 3JIeMEHTOB pe3b00BBIX COCTMHEHUH.

CranmgapTu3dpoBaHbl HE TOJBKO Pe3bObl, HO M JIeTalld, 00pa3yroliue pe3bdo-

TOJIOBKA BBIC CO€OUHEHHS. OONTHI, BUHTHI, TalKH, IIaii-
Oomnra

1, 41 Obl. CTaHAapTU30BaHbl TaKXKE DJIEMEHTHI JleTa-
[ crepens  J1GH: TOJIOBKHM OOJITOB MOTYT OBITH LIECTUIPaH-

1 bonra HBIC, KPYTJIbIE, KBaJIpaTHBIC, C
pessGopas BHYTPEHHHM IIECTUTPAHHMKOM M JIp.; TOPLBI
i YACTE 00JITOB MOTYT OBITh: IUIOCKHE, MOJYKPYIJIbIE,
raixa 9" W KOHMYECKHE, IUIOCKUE ¢ KOHUYECKON (hacKoil u
— ] Jp.; CTEP>KHHU OOJITOB MOTYT OBITh HOPMAaJIbHBI-
L L] 1 MU, C IWJIMHIPUYECKUM WIH KBAJPATHBIM TO]I-

L] K TOJIOBHUKOM.

Topen [Ipu 3atspkke 6oJiTa €ro roJioBKa MOXKET cpe-
Oonra 3aThCs 10 ceyeHuio 1-1, a B crepkHe (ceucHue
Puc.2.13. DineMenTI 60T, 2-2) BO3HUKAIOT HAMNPSDKEHUS] PACTSHKEHUS U

Kpyudenus c.2.13).

Pa3zMepbsl 6onTOB 1MOM00paHbl Tak, YTOOBI OOECHEYUTH PABHOMPOYHOCTH
CTEpPKHA U TOJIOBKH O0JITA.

Hccnenoanusavu H.E. JKykOBCKOro yCTaHOBIIEHO, YTO OCEBas Harpys3ka Ha
pe3b00BOE COSAMHEHNE PACTIPECISIETCS 110 BUTKAM Pe3bObl TaliKi HEPaBHOMEPHO.
Kaxk BugHO 13 pucynka 2.14 nHaubonee HarpyxeH (10 34% oceBoit Harpy3ku) nep-
BbII BUTOK pe3bObl raifku. Ho yxe Ha mectom BUTKe He OoJiee 7% oceBoil Harpys-
ku. [ToaToMy menaTh raiiku ¢ OOJBIINM YHCIIOM BUTKOB HeleraecooOpazno. OObId-
HO BBICOTA CTaHIAPTHOMW rariku HopMmansHOU H; ~ 0.8d.

BHJE{ Kn CTaHI[apr)M HPEAYCMOTPEHDL  TakKe:
HU3KHUE TallKu C BBICOTOM

6 (g 007 H; = (0.5...0.6)d, BbICOKHE TalikKi C BBI-
coroii H, = 1.2d 1 0co60 Beicokue H, =

1.8d.
[TockonbKy TIpH CTaHAApTU3AIUU
o0ecrieunBaeTCs PaBHOMPOYHOCTH JIETa-
Jeil, HeT CMbICIa TIPU TPOCKTUPOBAHUHU
COCTMHEHUI BECTH HMX pPacyeT MO BCEM
0,34Fx BO3MOXXHBIM BujaM Jedopmaruii. Jlo-
CTaTOYHO TMPOCYUTATh OIMH KaKOW-
—— HUOYIb DJIEMEHT MO OJHOW M3 BO3MOXK-

Harpyska enrka Heix gedopmanumii. Ilpomie Bcero 3to
CleNaTh, OMNpEAesisi TUaMEeTp CTEP KHS
oomnra.

Pasmepsl OCTajgbHBIX 3JEMEHTOB COEAMHEHHUS NPUHUMAIOTCA IO COOTBET-
CTBYIOIIUM CTaHAapTaM IO MOJYyYEHHOMY BHYTPEHHEMY AUAMETPY PE3bOBI.

s

Puc.2.14. Harpy3ka Ha BUTKH raliKH.
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2.2.9. HampsixeHusi, BOZHUKAIONTUE B CTEPKHE OOJITA TIPH €TO 3aTIKKE.

B npouecce 3aTskku pe3p0OBOr0 COEAMHEHUST BO3HUKAET OCEBasl CUIIA, CKU-
Marouias aeranu. Peakuus netaneil Ha 3TO C)KAaTUE PACTATMBAET CTEP)KEHb OOJTA.
ITpu 3TOM BUTKHM pe3bObl raliki MPUKUMAIOTCS K BUTKaM pe3bObl 00JITa Ha y4yacT-
K€, I'7Ie OHU KOHTAKTUPYIOT (TOBOPAT - Ha JJIMHE CBUHYMBaHUs). Pa3 ecth npuxa-
TUE (HOpMaJlbHOE JABJIECHHE OJHOW MOBEPXHOCTH Ha JIPYTyIO), 3HAYUT, NPHU JBU-
KEHUM TIOSABISIOTCSA CUibl TpeHus. llpu BpallleHMu raiiku B IpoLEcCe 3aTSKKH,
BO3HHUKAET MOMEHT 3THX CHJI TPEHHsI, KOTOPBIN YBJIEKAeT 3a CO0OH CTepKeHb 00JI-
Ta. Takum o0pa3zoM, cTep:KeHb 00JITa HE TOJIBKO PACTITUBAETCS BO BpEMS 3aTSKKH
COEJIMHEHHS, HO U CKPYYMBAETCSI MOMEHTOM CHJI CONPOTHBIICHUS ABUXEHHUIO B
pe3b0e. bonTel Bceraa n3roTaBiavBarOTCs U3 MIIACTUYHBIX MaTepuaoB. B cooTseT-
CTBUU C YETBEPTOM TEOPUEN MPOYHOCTH CYMMAPHOE HANPSKEHHUE B 3TOM ClIydae

c= 2 + 31:2 ,
p Kp
4F
rae: HalpsHKCHUS PACTsHKCHHUS O = —)é;
nd
1
HaIpsHKEHUST KPYYCHHS
d2
T F —4tg(p+p
b _x02 g(p+p’)
P Wp ndf
16
[ToaTOMy TOSTydaeMm mocie moJICTaHOBKH U MPeoOpa30BaHMIA
2 32 4FX —
o= ' 43 8Fdotg(e+p) :? 1+3[2d2t9d(®+13 )] :GpK
Ttdf Ttdf T 1 1

2
2d,tg(o +p’
rne K= [1+3 29( )

- K03 (PHUITUEHT, YIUTHIBAIOIIUNA JTOTIOJ-
d
1

HUTEJIbHBIC HANPSDKCHUS OT KpydeHUs. Kak BUIHO W3 BBIPAXKCHHUS, OH 3aBHCHUT OT
reoMeTpudYecKoil GopMel pe3nObI (B BeIpaskeHne BXomsT di, do, @) U, B HEKOTOPOI

u !/
CTEIIeHH, OT MaTepuaa Jretaiei (B BelpaxkeHne BXoauT P ). Hampumep, s mert-
pudeckoit pe3rosr K=1.25...1.35.

Takum 00pa3oM, IMPH 3aTHKKE COSTUHEHUS HAIIPSKCHUS B CTEPIKHE
0=0 K.
p

3HAYUT HANPSHKEHHBIE (T.€. MPEBAPUTENIHHO 3aTSIHYTHIE) COCIMHEHUS BCETa
PACCUUTHIBAIOTCS HA PACTSIKEHHUE C YUETOM KPYUYEHHUS.
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2.2.10. Anroputm pacyeTra OJUHOYHBIX PE3bOOBBIX COEMHEHUIN TIPU
IIOCTOSIHHOM Harpy3ske.

1.AHanmM3 KOHCTPYKIMH C LIEJIBIO YCTAHOBUTH HANPSLDKEHHOE WIIM HEHANPSIKE-
HOE 3TO COEIMHEHUE (T.€. HyXHa NpeBapuTeabHas 3aTsHKKa Win HeT). Benomuum:
COEIMHEHHE PabOTOCIIOCOOHO, MTOKA €TI0 3JIEMEHThI HEMOJIBUKHBI, HAapyIICHHUE 3a-
30pa — OTKa3, T.K. JETAJIH CIIBUHYJIMCH.

Ecnu npunum K BBIBOZY, YTO COEIMHEHNE HAIIPSKEHHOE.

2.CocTaBUTh ypaBHEHHE, CBS3BIBAIOIIEE YCIOBHE PabOTOCIOCOOHOCTH CO-
EAMHIEMBIX JCTAICd U YCUIIUE MPEIBAPUTEIBHON 3aTSHKKU COETMHEHHUS (T.€. YCH-
JUe MpUXKaTUsl OHOU JeTalid K Jpyroi). M3 aToro ypaBHeHUs HallTH TpeOyeMoe
YCUJINE TIPEABAPUTEIBLHOM 3aTSKKH Fyp.

3.BriOpaTh MaTepHall ¥ ONPEAEIUTH T0ITyCKAEMOE HaNPsHKEHHE.

4.0npenenuTs pacyeTHbI MUHUMAJIBHO BO3MOXKHBIM BHYTPEHHUM IUAMETP

pe3bOBI OonTa d’l

d =

5.ITo crangapTy Ha pe3bOy NPUHATOTO NMPOGUIS HAUTU Ty Pe3b0y, Y KOTOPO

o o o o !
BHYTPEHHHU THAMETP dl OJrpKalui OOJIBIINI K TOJIyYEHHOMY PACUETHOMY dl'

310 U OyJeT UCKOMBII pe3ynbTar.

Ecnu npunm K BBIBOLY O TOM, YTO IMPOCKTUPYEMOE COEJIMHEHUE HEHAIpsi-

KEHHOE.

2. CocTaBUTh YCIOBHE NPOYHOCTH, MPHU KOTOPOM OOECHEeUMBAETCA HEIMO-
JBUKHOCTb COCIMHAEMBIX IETAJICH.

3. BeiOpath MaTepuai U OnpeneuTh I0MyCKaeMble HANPSHKCHUS TS IPUHS-
TOT'O YCJIOBUS IIPOYHOCTH.

4. W3 ypaBHEHUS NMPOYHOCTU ONPENEIUTh PACUETHBIA IHAMETP CTEPHKHS

! o
Oonta d c’ CCJIK YCIOBHUC HCIIOABHUKHOCTH COCOUHACMBLIX ACTAJICH - IMPOYHOCTH

CTEP>KHS MIPU Cpe3€; BHYTPEHHUN TUAMETP PE3bObI d’, eciu YCIIOBHUE HETOABUIK-

!
19
HOCTH COEIUHSAEMBIX J€TaJEeN - MPOYHOCTh CTEPKHS ITPU PACTKEHUU.

5. Ecnu ompexpensics guameTp CTEPKHS d;, TO HEOOXOJUMO MPUHSTH €T
BEJIMYUHY d . GuroKaiimeit GoIbIIeH [eloi K moxydeHHoMy 3HaueHmo O :: Y 1ocJie

9TOI'0 IMPOBEPUTD €TI0 U COCAUHACMBIC ICTAJIN HAa CMATUC

F -
o —xf
cMm d & CM -
C

rac 8 — MHUHHMAaJIbHaA TOJIIITHMHA OI[HOﬁ N3 COCANHACMBIX I[eTaJ'Ief/'I.

HomunanbpHbINM (MM HAPY>KHBIN) AHAMETP Pe3bObI d 8 stom ciay4ae IpUHU-
MaeTcs

32



d=d_-(1..2um

B COOTBETCTBUU CO CTAHIAPTOM Ha pe3b0y.

Ecnu mpousBoAWIICS pacyeT Ha PACTSKEHHE, TO ONPENEISeTCs PacuETHBIN
BHYTPEHHUH AHaMeTp pe3rObl OonTa (00paTuTe BHUMaHUE, KPYUEHUE B 3TOM CITy-
4yae HE YUYUTHIBAETCH)

a 3aTeM NMPUHUMAETCA 110 COOTBETCTBYIOIIEMY CTaHJIApPTy Takasi pe3b0a, y KOTopoit
BHYTPEHHUM TUaMeTp OJvKalIuid OONBIINI K TOJTyYeHHOMY.

2.2.11.PacyeT rpynmoBbIX pe3b00BBIX COCTMHEHUH.

W3 ananu3a HarpykKeHHOCTHU OOJITOB OIpe/eseTcss HanboJiee Harpy>KeHHBIH.
Jlns Hero BeAETCS pacyeT Kak IJis OIMHOYHOro Oonrta. Pasmepsl ocTalibHBIX 00J1-
TOB COCJMHEHUS MPUHUMAIOTCA TakuMH >ke. KonudecTBO O00NATOB 3ada€Tcsi KOH-
cTpykuuei. MlHorga moctynaroT HA00OpOT: 3a1at0TCs JUaMETpoM O0JITa, a KOJIU-
4ecTBO OOJTOB ONPENEISIOT U3 pacyeTa.

2.2.12. Onpenenenne N0MyCKaeMbIX HAPSDKEHUHN MIPU pacyEéTax Ha

CTaTUYECKYIO MMPOYHOCTh PE3b0OBBIX COCTUHEHUH.

[TockosibKy OONTHI M3TOTABJIMBAIOT U3 IJIACTUYHBIX MATEpUAIOB, JOMYyCKae-

MO€ HaIpsKEHHUE ONPEEISETCS MO BhIPAXKEHUIO

c
b+
S
[Ipenen tekyuectu O L OTIPENIETIAETCSA TIO CIPABOYHHKY, B 3aBUCUMOCTH OT

MaTepuana.

Koadbdumment 3anaca Snasnauaercs B CIEAYIOIINX Mpeieiax:
-pU KaTacTpO(UUECKUX MOCIEICTBUSIX BO3MOXKHOTO OTKa3a pe3b00BOTr0O CO-
CIMHEHUS - 10 HOPMATHUBaM CHEIMATbHBIX OPraHU3aINT;

-IJIS1 HEHAMPSI)KEHHBIX COCIMHECHUN S=1 S...3;
-IJI HAMpPSDKEHHBIX COCIMHEHHWM TPU HEKOHTPOJUPYEMOU 3aTskke (mpu
cOOpKe HE KOHTPOJIMPYETCS MOMEHT 3aTSKKH):

S= 4...6 s OONTOB AUAMETpoM 110 16 MM u S= 1.5...4 nng GonroB gua-
MeTpoM 16MM u Gosbire. Takoe pa3zieiieHne BBEICHO IMMOTOMY, YTO OOJITHI Majioro
JMaMeTpa JIETKO EPETPy3UTh YK TIPH 3aTHKKE CTAaHIAPTHBIM KITFOUOM;

-J1JIs1 HAIIPSKEHHBIX COSAMHEHUN PU KOHTPOJIUPYEMOU satskked=1.5...2.5.
[Tpu HEOOXOIUMOCTH pacu€TOB Ha Cpe3

[ 302040 ~06.08)f .

[Tpu HEOOXOIMMOCTH pacuéTa Ha CMSITUE CTAIBHBIX OOJITOB U JeTanei

tCM j 0.8 G,
k.. 3040,

JUIS1 YyTYHHBIX JI€TaJIen
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a1 6eToHa lTCM ~1...2 Mlla,

IJIs IepeBa I7 em Y2...4 MIla.

2.2.13. BnusiHuE 3KCLIEHTPUYHOCTH HArpy3Ky Ha HAPSHKEHHOE COCTOSIHUE
CTEpKHsI OoJITA.
DKCIEHTPUYHOE HArpyXeHue IMOJIYy4YaeTcs B CIydasx NMPUMEHEHHs OOJTOB C
I'- 0Opa3znoit (puc.2.15) uiam 4acTU4YHO Cpe3aHHOM roynoBkou (puc. 2.16), wim npu
HeMapajvieIbHbIX OMOPHBIX MOBEPXHOCTSIX COCAMHIEMBIX IETallei, 00pa3yromnx
yrona vy (puc.2.17).
Bce »Tu coenuHeHus npeBapuTEIbHO 3aTSITUBAIOTCS yeulueM Fy, Tak Kak
Be3/ie OONTHI YCTAHOBJEHBI ¢ 3a30poM. OCOOEHHOCTh COEAMHEHH B TOM, UTO
Harpyska (peakiusi COeMHsIEMbIX JIeTajell Ha UX CKATHE MPH 3aTHKKE COENIMHE-
HUS) CMEUIEHa OTHOCUTENILHO OCH CTEPKHS 00JTa U MOATOMY €€ HE0OXOAUMO Iie-
peHecTy Ha 3Ty och. llepeHoc, BBINOJIHAETCA 10 IIpaBUiIaM TEOPETUYECKON Mexa-
HUKH: B TOUKE IepEeHOCa MPOBOANM JIMHUIO, MAPAJUIEITbHYIO IEPEHOCUMOMY
a

. N

]

L @

Puc.2.15. bont ¢ I'-06pa3Hoii ronoBkoii.  Puc.2.16. bont ¢ yactu4Ho cpe-
3aHHOU I'OJIOBKOM.

| Fx a
| 7

18 SR

N/ 1N
! L
“ PX "
a Fx Y Fx
————— a
Puc.2.17. HenapanienbHOCTb Puc.2.18. Ananu3 Harpy>k€HHOCTH
OMOPHBIX TOBEPXHOCTEM. CTEpKHs OoJTA.

BEeKTOpY (Ha puc.2.18 mJist ynpoIuieHus pucyHka OHa CMeEIeHa), a 3aTeM B
ATOM TOYKE MPUKJIAJABIBAEM JIBE CHUJIbI, HAMPABJICHHBIE B IPOTUBOMOJIOKHBIE CTO-
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POHBI 110 MPOBEACHHOM JTUHNN. VI3MEHEHUN B 3arpy>KEHHOCTU CTEPKHS HET, HO
ATOT NPUEM MO3BOJIAET IPOAHAIN3UPOBATH HArPYKEHUE CTEpkHA OonTa. B pe-
3yJIbTaTe MOJYyYaeM, YTO CTEPKEHb 00JITa N3rudaeTcs BCAEACTBUE AEHCTBUS MO-
MeHTOB M=F,0 u pactsarusaercs cunamu Fy. To ecTb B ceueHMsIX cTepxHS OonTa
NEHCTBYIOT OTHOBPEMEHHO HANPSHKEHUS OT Aeopmaluii pacTsKeHUs U U3ruoa.
Kpowme Toro, npu 3aTspKKE COEAMHEHUS CTEPKEHb 0oTa ckpyuuBaercsa. Cymmap-
HbIE€ HAIIPSDKEHUS B TIOTIEPEYHOM CEUEHUU CTEPKHs 00JITa

0 =0,K + O,.
AF
. — X .
31€Ch: HANPSUKEHUA pacTsukeHua  Op= 5
nd
1
M 32F a
HanpsDKCHUS U3rnoa o,= —®BL-__X
W dS
1
4F 32F o 4F

CymMapHabie HanpsokeHUsT Opmax = XK+ X =X (K+ 8&) ~ 90,
nd? w3 nd? d
1 1 1 1
[TonyyeHHOE BBIPAKEHHUE CIIPABEIJIMBO [UJISl CIy4aeB, MPUBEICHHBIX HA pH-
cyHkax 2.15,2.16. Pacu€r coennHeHUs B Cly4ae HEMApaJJIEIbHOCTU OMOPHBIX IMO-

BepxHocTer (cMm.puc.2.17) mpoBoIsT ¢ yu€ToM aedopMaliiuu, T0myCcKaeMoi yriiom

Y. 3aeck 3TOT pacyer He npuBoautcs. Ho BO Bcex cilydasix, OYE€BUAHO, YTO DKC-
[EHTPUYHOE HArPYKEHUE MOXKET 3HAYUTEJIHLHO MOBBICUTH HANIPSIKEHUS B CTEPIKHE
0oJITa, T.€. CHU3UTh €r0 MPOUYHOCTh. [l0sIBIIsI€TCS TakOe HArpy>KeHUE B TOM CIy4ae,
€CJIM OTIOPHBIC TOBEPXHOCTH T'OJIOBKM OOJITA U TallKM HeMapaljieIbHbI WU HECUM-
MeTpuuHbl.  [loaTOMy HEOOXOIMMO TPUHUMATh MEPhI, YCTPAHSIOIIUE TaKoe
Harpy>keHue: Ju0o o0padaThiBaTh TakK, YTOOBI CTAIM TNapauiebHBIMH OTIOPHBIC
MOBEPXHOCTH, JTHOO MOAKIAAbIBATH MOJ] raiiky KOCYIO 1Iai0y, MO0 MEHSATh KOH-
CTPYKLHUIO COCTUHEHUSI.
2.2.16. Pacu€t pe3p00BBIX COETUHEHUH, HATPYKEHHBIX IIEHTPATLHON
OTPBIBAIOIIEN CUIIOMN.

Takue coequHEeHUs 10 MPUIIOKEHUS BHELIHEN MOJIE3HOM HArPy3KHU 3aTATMBAIOTCS.
[Tociie mpuIIO)KEHUsT BHEITHEW TOJIE3HOM HArpy3KW MOSBISETCS JOMOJHUTEIBHOE
yCUJIME, CTpEMsIIIIeecs] OTOPBATh OJMH 3JIEMEHT COeAUMHEHUs oT Apyroro. Hampu-
Mep, KPBIIIKY HUAIUHIpA OT MIHHAPA (puc.2.19.a) oTpbIBaET AaBICHUE KUJKOCTH,
MOJAaHHOW B ITWJIMHIP, a MOAIIMIIHUK OT OCHOBAHHUS, Ha KOTOPOM OH 3aKpeIieéH

(puc.2.19.6), oTpeiBaeT BepTuKanbHas coctaisuomas Q, HaTskenus xamara. Eé
JIOBOJIBHO JIETKO OOHApYKUTh, €CIIN MEPEHECTH HATsDKEHUE KaHaTa Ha OCh Bpallle-

Hus OapabaHa M 3aTeM Pa3oXHUTh €ro Ha BEPTUKAILHYIO QB U TOPU30HTATILHYIO

QF COCTaBJIAIOLIHNC.
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HaTAXKCHHC

KpEIIIKA KaHata
W
CTBIK KPBIIKHA Q
H MTHTHHpa \‘_ * * ***‘ +$$ * * $ |« MpOoKIagKa
OONTEI KpEIUIeHHuA ) IIIOTHOCTh [’?z
KPBITKH ITHEIP CTBIKA N\ |\— _I

SonTer KpCILICHHA ?\x TOITHTTHUK

MNOAIMHITHHEKA K OCHOBaHHIO -~ =
bapaoaHa

Puc.2.19. Cutyanuu, npuBosIIME K HArPYKEHUIO OOJITOB IIEHTPATIbHON
OTPBIBAIOIIIECH CUJION: a) KpETJICHUE KPBIIIKY [IWJIUHIPA;
0) KperieHre MOAIIMITHUKOB OapabaHa.

B 06oux mpuBeaeHHBIX TPUMEPAX COeIMHEHHE Oy1eT paboTOCIIOCOOHO TOJb-
KO B TOM CIIy4ae, €CJIM Ha MOBEPXHOCTH CThIKA COEAUHSAEMBIX JETANCl OCTAHETCS
KaKoe-TO JAaBiieHHe. Eciau 3TOro ocraroyHoro naaBlieHHs HE OyleT, TO U3 MOJ
KPBIIIKYA UIUHApa OyIeT yTeuKa KUJIKOCTH, a MOJIIUMITHUK MPYU MajehIieM u3Me-

HEHHH TOpPU30HTabHOH coctaBmstomeit Q. Gyner mepeMemarscs OTHOCHTEIBHO
ocHOBaHHUA. Takum 00pa3oM, yciaoBHE pabOTOCIMOCOOHOCTH COEAUHEHUM TaKOTo
THIIa — OCTaTOYHOE JABJICHUE HAa IIOBEPXHOCTH CTHIKA AJIEMEHTOB, T.¢. Fy > 0.

Jl71st 5TOTO, COENMHEHHE MPEABAPUTEILHO 3aTsruBaeTcsi ycuinnem Fyy. B pe-
3yJbTaTe ITOU 3aTsDKKU O00NT yuHsieTcss Ha Alg, a getanu cxumaroress Ha Al
(ecnu ecTh MPOKJIAIKA, TO CxkaTa Mpokiaaka). bonat cxxumaer neranu ycunueM Fy,
a JIeTaliy AaBsAT Ha OONT TOXKe ycuiueM Fyy.

Harpy3um coennnenue mosie3Hol BHemHeW Harpy3kou P. Ilox nmercrBuem
ATOM HArpy3Ku OOJT JOTMOJHHUTEIBHO YJJIMHUTCS Ha Og, a nedopmaius aeTayien
yMeHbIIUTCS Ha O,. [loka MaTepuanbl 2JIEMEHTOB COeIMHEHUs PabOTaIOT B Mpeie-
JaX YIPYTOCTH, CTHIK HE JIOJDKEH PacKphIThCA, T.e. Og = O, Tak Kak mnociue mpu-
JIO’KE€HHUSI BHEIIHEH MOJIE3HON HAarpy3ku Aedopmaliis CKaTblX JeTajieil yMEHbIIH-
jack (OOAT BeAb MOMOJHUTENBHO YIJIUHWICS Ha Og), NEUCTBUE UX Ha OOJIT TOXKE
JIOJDKHO CTaTh MEHbIIIE MOTOMY, 4YTO ympyrue aedopMaldd MpOHOpPLHUOHATBHbI
Harpyske

Fu< Fyo+ P

OO6o3HauuM Y — KO3 PHUUUEHT BHEIHeH Harpy3ku. OH IOKa3bIBaeT OO
BHEIITHEW HArpy3KH, KOTOpasi B COeIMHEHUH MPUXOAUTCS Ha 0onT. Teneps momos-

HUTEJIbHAs HArpy3Ka Ha 00T XP, a Ha geramu — (1 - Y)P.

Eciu MoJaTinBOCT 60NTa Ag, a AeTaseif - 7\,)1, TO JIOTIOJTHUTENbHAS Iedop-
Manus oonra Og = >\46XP, a nerameid O, = 7\,;[ (1 - Y)P. Tax xax cThik He packpbLi-
¢, 70 AP = Ay (1-YP. Orcrona

A

=
X Asth,
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W3 3TOro BBIPAOXKEHUS CIEAYeT: deM OOIble Ag U 4eM MEHBIIE 1 TEM
MEHbIIIE 07151 BHELTHEN HArpy3KH, MPUXOIAIascsa Ha OOIT.

[TomatnuBocTH 60JITa U COEUHSAEMBIX JIETalIel OMPEAeIsIIOTCS HA OCHOBAaHUU
BBIpAKCHUH

I b
T A " M TER
66 R

3nech £ 6~ bﬂ - nuiHA 00JITa ¥ CyMMapHas TOJIIIMHA COSTUHICMBIX JIeTaIeH

U TIPOKIIATOK, Ej — Momynmu ynpyroctu 60aTa i COSAMHAEMBIX AeTalel, Aj — mio-
IIa/TA TIOTIEPEYHOTO CEYSHUS OOMTA U, C PSAIOM MOMPABOK, COCTUHIEMBIX JIeTaJICH.
Jlst mpuOIMKEHHBIX pacu€TOB MOYKHO IPUHUMATH:
- IPU COEIMHEHUY CTallbHBIX AeTaneil 6e3 npoknagok Y =0.2...0.3;

- IpU HaJau4uu npokiafgok K = 0.4 ...0.5, mogaTinuBoCTBIO JeTaleil B 3TOM
clly4ae MOKHO IIpeHeOpeyb.
Pacuetnas Harpy3ka Ha OONT
Fx = Fyo+%P.
OcTaTo4yHOE JaBJICHUE B CTHIKEC IOCIE TNPUJIOKCHHUS BHEIIHEH IIOJIC3HOM
Harpy3Kd
I[To ycroBHio pabOTOCIIOCOOHOCTH COSAUHEHUS

FX() — (1- X)P>O

[ToaTomy
FX() >(1- X)P
OOBIYHO TIPEIBAPUTEILHYIO 3aTSHKKY BBITIOJHSIOT C 3aI1aCOM
- Fxo=B (1- )P
o rae B=1.3 ... 1.5 npu nocrosiH-

HOU Harpy3sKe;

] I ) B=1.5...5 npu nepe-
MEHHOU Harpyske.

| 3Hasi Harpy3ky Ha OOJT,
OIpEeNEssieM pACYETHBIA BHYT-
peHHul AuameTp pe3bObl 0oiTa

—

§
! d 4(F K+yP
& o . ( X0 +%P)
) S ] S
L Y a 3aTE€M, 110 COOTBETCTBYIOILIEMY

t cranmapry, 1o di noaoupaeM
Puc.2.20. HanpsokeHus B CcTEpiKHE pe3nly
00JITa TIPH TIEPEMEHHOM Harpy KEeHHH. '
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2.2.17. Pacuét pe3p00BBIX COEAMHEHUI TPU IEPEMEHHON Harpys3Ke.

[Tpu neficTBUU TIEPEMEHHBIX Harpy30K pe3b0OBBIE COCTUHEHUS 00s3aTeIbHO
BBITIOJHSIOT C MPEABAPUTEIBHON 3aTSKKOW U PACCUUTHIBAIOT HA yCcTanocTh. llpu
cOOpKE TaKOTO COCIUWHEHUS B pE3yJIbTaTe MPEABAPUTEILHON 3aTSHKKUA B CTCPIKHE
0oJiTa BO3HUKAIOT HanpspkeHus (puc.2.20)

G —_— h .
0
Aq
[Ipu nelicTBUM EPEMEHHOM HAarpy3Ku P NOSIBIAIOTCS aMIUIUTYIHBIC HAIIPSDKCHUS
P
c, - Xt
2A,
Tornma cpenHue HanpsHKEHUS

O =06.+t+0 ,
m 0 a

a MAaKCUMAJIBHEBIC HaHpH)KeHI/IH
G - G ; o .
max m

Pacuet HocuT npoBepouHbiil XxapakTep. Onpenenstorcs ko3PphuimeHTs! 3ama-
ca MPOYHOCTH M0 aMIUIUTYAHBIM 3HAYEHUSAM HANPSKEHUN U IO MAaKCUMAaJIbHBIM.
KoadduumeHT 3amnaca npoyHOCTH MO aMIUIUTYIHBIM 3HAYEHUSIM HAIIPSKEHUM

€GC -
-1
a K o a-’
o a
rae Sa - IEWCTBHUTENbHBIN KOA(h(HUIIMEHT 3amaca MPOYHOCTH 0 aMIUTHTY I-
HBIM 3HAYEHUSIM HaIPSKECHUH;
a = 2.5...4— gomyckaeMblil KO3(Q(QULIUEHT 3amaca MIPOYHOCTH IO aM-
TUTUTYTHBIM 3HAYEHUSIM HaIPsKECHUM;

c G—lp_ IIpeei BBIHOCIIH-
0,9 BOCTHM Marepuaia Ooara mpH
0.8 \ PACTSHKEHUU TPU CHUMMETPHUY-
0.7 \‘\ HOM IUKJIC HANPSDKEHUM;
) ‘-\ OOBIYHO ~PHHUMAIOT G—lp:
0,6 I~
~— 0.350, , a 3HaueHWe Ipesena
0,5 — MPOYHOCTH G, NPUHUAMAIOT IO
Tabnuile 1y BRIOpAHHOTO Ma-

16 24 32 40 48 56 64 72 d,MM pepparna; € — MacIITaGHBIN KO-

Puc.2.21. MacmraGHsblil K03 ULIHEHT. dduumeHT;  XapakTepu3yer
BIUSHUE pa3Mepa  CTEpIKHS

00JTa Ha BEJIMYMHY Mpejiesia BBIHOCIMBOCTH. 3HAUYEHUS 3TOTO KO3 puIMeHTa s
00NTOB MpeaCcTaBIeHBI B BUAE rpaduka Ha puc.2.21.
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KG= 4...6 — >pdexTuBHbIE  KOADPUIMEHT KOHIEHTPALIUU HATIPSKEHUHU JJIsI

0O0JTOB U3 YIIIEPOIUCTON CTAIM C METPUUECKON pe3b00il TP HEKOHTPOIUPYEMO
3aTSIKKE;

KG =1.5...2.5 nIpu KOHTPOJIUPYEMOM 3ATIKKE.

KoaddunmenT 3anaca no npeneiny TEKy4ecTH MaTepuasa OnpeaessitoT Mo

- i
bopmyne S=—"T > ! :
Gmax

rae G - Npeaen TEeKydecTH Marepuana 00T, NPMHMMACTCS 10 COOTBET-

CTBYIOHICMY CTAHOAPTY,

= 1.25...2 — nomyckaeMbIii K03(ppUIMEHT 3amaca MPOYHOCTU TIO

npeaeny TEeKy4eCTH.

IIpumepol pacuémos:

2.2.18. Ilpumep I11.

Onpedenums ouamemp 601ma 6 coeOuHeHuu, NPUBedeHHoM Ha puc. 2.22.

Heticmayem 6 coomeemcmauu ¢ ancopummon.

1. Awnanuz koHcmpyKkyuu ¢ yeavio YCmaHo8Uums HANps’CeHHOe Mo coeouHe-
HUe Uy Hem.

Bonm ycmanoenen ¢ 3a3opom. Ymobwi smom 3a30p He HAPYWULCA ROCITE NPU-
JIOJHCeHUsT 8HEeWHell cosueaoueli Hazpy3Ku, 00 dM020 HYICHO NPUdCAmv Oemanu
00HY K Opyeoll mak, ymoowl coguearoujee ycuiue P Oviio menvute, yem oeticma)y-
rowue Ha cmoike oemaneu cuivt mpenus F,,,. Iloamomy smo coeounenue mpedyem
npeosapumenbHoll 3amsanicKu U, C1e008amelbHO, IMO HANPSHCEHHOe COeOUHeHUe.

2.Cocmasumys ypasHenue, cesazvieaioujee yciogue pabdomocnocooHocmu co-
eOuHsieMblx Oemaiell U ycuiue npedsapumestbHol 3amsicKu CoOeOUHeHUsl.

Jlemanu nenoosuosicnwl, eciu
F., > P. Ho cunvet mpenus F,, smo
I npouszeeoenue HOPMAaibHO20 O0ad6-
nenus N na xoagpuyuenm mpenus
P f . B kauecmee HopmanvbHo20 0a6-
JIeHUsl 30echb oOelicmayem ycuiue
3amsdACKU (OHO NepNeHOUK)ISPHO
—= njaockocmu cmoika oemaneti). Ilo-
I | smomy F,,=Ff>P
9MO U ecmb YpasHeHue, Ce:3bl8a-

3viarowee ycuiue npeosapu-
Puc.2.22. K npww’e%y 111. meﬂbn(xfi 3aJi;1;19fCKu IIZX u cgeuza-

P
rowee ycunue P. Omcrooa FX =—,

f
3.HOCKO]Zbe mamepuaibl U YCl106UAd pa60mbl coeouneHusl 8 npumepe He KOH-
KpemusupoeaHvl, nponyckaem mpemud wae anreopunima.

Fx

ILTOCKOCTH CTBIKA
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4. Munumanvuwlil pacuemuwlii GHymperHHul ouamemp pe3vowl 6o1ma

20e K — koagphuyuenm yuumoigarowuii 00noiHumenbHule HanpsaXCeHus. om
KpYYeHUsl.

5.Tenepv no cmanoapmy no NOayYeHHOMY SHYMPEHHeM) ouamempy pe3vobl
Haxooum eé mpebyemvlil HOMUHATbHBIU OUAMEMp.

2.2.12. Ilpumep 112.

Onpedenums ouamemp 601ma 6 coeOuHeHuu, npueedeHHom Ha puc.2.23.
1. Ananuz KoHCmpyKyuu ¢ yeavlo yCmaHo8Ums HAnps’CeHHoe IMo COeOUHeHUe Uil
Hem.
bonm nocmasnen 6e3 3azopa. Coedunsemvim 0emansim meuiaenm cO8UHYMbCsl

Fx cmepowcenb boama. Ecau 6v1 e2o

NPOYHOCMb ObLIA HEOOCMAMOYHOL,
oemanu cMeCmuauch ovl, nepepe-
3a6 cmepocerv. OueguoHo, Ymo 8

pee noomseusarue oema
netl opye k opyey. CnedosamenvHo,

r MO cumyayuy nPeosapumeibHas
3AMAACKA HYIHCHA UL OJIsL MO2O,
p YmooOvl yoepoicamsv 08e NiacmuHbl
ILIOCKOCTH CTHIKA \\ T emecme. Dmo He 3amANCKA, A CKO-
|

¥
Puc.2.23. K npumepy I12. MO HeHANPANCeHHoe Pe3bh0Boe
coeounenue. Henoosusicnocmo
COeOUHsIeMbIX Oemainell 0becneyusaemcs NPOYHOCMbIO0 CIMEPICHS HA CPpe3 No NILOC-
KOoCmu cmulKa oemaiell.
2.Vpasnenue npounocmu npu cpese

T =—X I ep
cp A -

3.HO0K0]lbl<y mamepuainsl U yCio6Usl pa60mbl COCOUHEHUS 8 npumepe He KOH-
Kpemu3upoeamnsvl, NponycKaem mpemuii wae aneopumma.

2
nd c
4. Haxooum u3 ypasHeHus npo4Hocmu d 'C Tax kak A =——,

4
4p

el

!
Obpamume 8numMaHue, 30eco dc_ ouamemp cmepoicHs boima, a He e2o pe3v-

6osotl yvacmu d.
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5.Heobxooumo npuname Genuyuty dc6ﬂu9fca11meﬁ bonvulell yenou K noay-

!’
YEHHOMY 3Haqum0dCu nocie amoco npoeepunio eco u coeoumsiemvle oemau Ha

F -
cuamue o =XK< IFCM

cM dCS_

Homunanshuiii (unu napysenoit) ouamemp pesvbvr 0 6 smom ciyvae npunu-
maemcs

d= dc- (1...2)mm

8 COOMBEMCmMaEUU CoO CMaHoapmom Ha pe3vo).

2.2.19. Ilpumep 113.

Paccuumamo 601moul kpennenusi Kpvlwku 1K yunuHopy 0as cocamozo 8030yxa
3(puc.2.24), coeOunénuvix bormamu ¢ 3a30pom depe3 NPoKiIaoKy 2, npu cieoyio-
WUX OAHHBIX.

- ouamemp yuaunopa 3 (D) - 380mm ;

- opueHmuposouHo ouamemp ycmanoeku 6oamos 4 (Dy) - 432um;

- momyuna kpouwku (Ny) - 30mm;

- momwyuna ¢aanya (hy) - 30mm;

- momwuna npoxaaoxu (h3) - 4mm;

- mamepuan yununopa 3 u kpviwkul - cmane cm.3; o = 240, MI1a;

- Makcumanvroe dasienue & yununope 3 - p = 0.5, H/mm?;
- yucno boamos - 7=12.
Pewenue.
1.Ilpunumaem:
- cOeOuHeHUe ¢ npeosapumenbHoOU 3amaNCKoll (COeOUHEeHUe HACPYHCEHO YeH-
MPAIbHOU OmMpwisaroueli CUIoL, 60mbl NOCMABIEHbI C 3A30POM);
- 60IMbL HOPMATLHOU MOYHOCTNU,

- mamepuan 6oimos 4 - cmans cm.3, 6. =240,Ml1a;

- Mamepua npoKiaokuy 2 - noIudIMuUIEH,

- koahpuyuenm enewneii nazpysku -y, = 0.5;

- koapPuyuenm 3anaca (nazpysxa nepemennas) - P=3;

- Koo Puyuenm, yuumovlearouiull CKpyuusarue npu zamsoicke oonmos —k=1.3.
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Puc.2.24. K npumepy 113.

2. Haepyska na 6oam.
2.1. Buewnssn naepyska Ha coeOuHeHue

nD? oo 314 x 3807

P, = 2 0.5=56705, H.
2.2. Haepyska, npuxodsuyascs na oOun 6oam (npu p=0.5 H/mm®)
_ Py 56705 ~ 4750, H.
y4

2.3. Illompebnoe ycunue npedgapumenbHoU 3amsaiCKU
Fo =BA—x)P=31-0.5)4750 = 7125, H

3.Pazmepwt 6onma

3.1. [lonyckaemoe nanpsoicenue 6 cmepaicHe 601ma

I$_= Or _ E =80, H/um?;
=B 3

3.2. [lompebnwiii sHympenuutl ouamemp pe3vol

d = 4(F, ok +_XP) _ \/4 x (7125 x1.3+0.5x 4750)
. nf 3.14 % 80

3.3. Cmanoapmuas pe3voa.

Ipunumaem no FOCT15589-70 6onm ¢ ouamempom pesvorr M16X 2, y ko-

mopoti snympennuti ouamemp 01=13.835 mm 6audxcatiwui 6ol Kk pacuémuo-
MY.

=12.173, sun:

2.2.20. Ilpumep 114.

IIposepums pabomocnocobHocms KpenieHus KpuluKu K YUIUHOPY O Coica-
moeo 6030yxa (cm.puc. 2.24) no cinedyrouum OaHHbIM:

- ucnoawv3yromes 6oamel ¢ pesvoou M16 x 2;

- koiuyecmeo boamos 7=12;

-ouamemp ycmanosku 601mos (cm. puc 113) D=380mm;
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- mamepuan 6o1mos cmanv cm.3, 6. = 240,Mlla, c_; =200, Mlla;

- dasnenue cocamozo 6030yxa p= 0.1...0.5,MIla (H/mm®);

Pewenue.

1.IlockonbKy OasneHue 6 YuiuHope MeHaemcs Haspy3Ka nepemMeHtas. coeou-
HeHue o00sa3amenvHo npeodsapumenvho 3amseusaemcs ycunuem Fo=7125H (cm.
npumep 113). Bonmwi ycmanognensi ¢ 3azopom. Coedunenue HanpsaicenHoe.

2.Haepyska na ooun 6oam npu p=0.5 H/mm® — Ps=4750,H (cm. npumep I13);

npu p=0.1 H/mum*- P1=950, H.
3. Amnaumyonas Haepy3xka Ha 60am

P, = %(p5 +P) = %(4750 +950) = 2850 ,H;

4. Amnaumyonsle HAnPAXCeHUs 8 cmepaicHe 6oama

G, = X H;

20e A — MUHUMATLHASL NIOWAO0b NONEPEUHO20 CeueHUst OOIma npu GHYMmMpeH-
Hem ouamempe pe3vowi U;

nd;  3.14x13.835°

A= 2 =150.331 ~ 150, s
koappuyuenm suewneti nazpysxu ¥, = 0.5 (cm. npumep I13).
Taxum obpasom: &, = % = 9.5, H/mm?.

5. Hanpsicenuss om npedgapumenvHOU 3amsiCKu ¢ YYEMoM CKPYYUBAHUS
(cm. npumepll3)
Fooxk  7125x1.3
A 150
6. Cpeonue Hanpsicenus
G, =0y +0, =61.75+9.5="71.25 H/un’;
7. Makcumanvhvle Hanpsicenus
Oy =Om +0, =71.25+9.5=80.75, H/um?;
8. Koagppuyuenm 3anaca npounocmu no amniumyOHvIM HANPSAICEHUIM

ec_, 0.95x200 _c> E -
a

Gy = = 61.75,H/mm’;

S, = = =25.4
K., 4x9.5 B

9. Koagpgpuyuenm 3anaca npounocmu no MaKCUManibHbIM HANPAXCEHUIM (N0
npeoesny mekyuecmu)

5 =% 20 o975 1252

... 80.75

10. Bvi600: ¢ mouxu 3peHusi npouHOCMuU COeOuHeHue YO08Iemeopsient 8cem
mpeboBaHUsM.
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2.3.KiteMMOBBIE COEJTMHEHUS .

910 paB’béMHble COCAUMHCHUS, MPCAHASHAYCHHBIC I 3aKPCIIJICHUS JeTaneu

Ha Bajax, KOJOHHAX U T.I. €CJIU 3TU JETalIH TPEOYIOT MEepecTaHOBOK WM JIPYTUM
CIIOCOOOM HX MPOCTO HENb351 YCTAHOBUTD.

Knemma mnpencrapmsieT coOoi JeTallb CO CTYNHICH, UMEIOIIEH Ipope3b

(puc.2.24.a), unu ¢ pazbsEMHOMU crynuien (puc.2.24.0).

a) 0)

CTIKHOM CTYIHNLIA paspes3Haq
-1
OOIT /C TIPOPE3BIO CTyIIHIIa
II I|,' x
|III I.l'l
X
X\ \
., \pmqar
\ BaJI

CTSKHOM
oonT
Puc.2.24. CxeMbl KJIEMMOBOTO COCIMHEHUS: @ — CTYIIUIIA C TIPOPE3bIO;

0 - ¢ pa3bEMHON CTymUIIEH.

[Tpu 3aTsKKe OOJITOB CTYNMHIIBI €€ TTOJIOBUHBI MPUKUMAIOTCS K UITUHAPUY €-
CKOM TTOBEPXHOCTH, Ha KOTOPYIO CTaBUTCS KiieMMa. B pesymnbTaTe 37eCh mOsIBIIS-
I0TCS CHJTBI TpeHUsI. MOMEHT CHIT TpeHHsT 00eCcIIeurnBaeT repeaady BHEITHETO KPy-
TSAIIETO0 MOMEHTA WJIM OCEBOM CHJIBI, MJIH TOTO U APYTOr0 BMECTE.

VY Takux COCTMHEHHWI Harpy304Has CIIOCOOHOCTh CHIIBHO 3aBUCHUT OT TTEPBO-
HAYaJIbHOTO 3a30pa MEX]y BaJIOM H CTynHIlel kiemmbl. Eciu 3a30p Oyaet 6071b-
IITMM, TO KJIEMMa MOKET MPOCTO CIIOMaThCsA. B COBpeMEHHOM MaIIMHOCTPOCHUN
pasMephl AeTajiell KIEMMOBOTO COCTMHEHHUSI BBITTOTHSIOT IO/ MOCAKY THIIA
H8/h8. Ipu Takoi nmocaake odecreunBaeTcst CBOOOHAs COOpKa O€3 M3JIUIITHUX 3a-
30pPOB.

JIOCTOMHCTBO COETMHEHU — BO3MOXXHOCTh YCTAHOBKH JIeTajiel B JIIOOOM Me-
CTE 32KUMAEMOT0 CTEPKHS, B JIIOOOM YTJIOBOM MojoxkeHuu. Hepocraroxk - mo-

CKOJIbKY COEJIMHEHHUE TIepeaaéT Harpy3Ky 3a CYET CHII TPEHHUS, OOJIBIIINE HArPY3KH,
0COOEHHO MEepEMEHHEIE, TIepeIaBaTh HEJIb3s.

OpHEHTUPOBOYHBIN pacueT COEAMHEHHUS 3aKIII0UYAeTCs B ONPEACIICHUN pa3Me-

pa 60aTa A1 CTSKKU KIEeMMBbL. PaccMOTpUM coeilMHEeHrEe ¢ TPOPE3HOM CTYNHUIIeH
(puc.2.25).
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Puc.2.25. KiiemMmM0OBO€E coeTUHEHUE.

[Tpu 3atspxke 6onta cuilol Fy MOJOBUHKYU CTYHHIIBI KJIIEMMBI TOBOPAYMBAIOT-
cs1 BOkpyT Touku O u npukumarorcs K Bainy cuioi N. BenenctBue npuxatust Bo3-
HHMKAIOT CHJIBI TpeHUsL F,. O4eBHIHO, YTO yCIOBHE pAOOTOCIIOCOOHOCTH TaKOTO
COCIMHEHHUSI

F., d>PL,
rae F,, d — MOMEHT mapsl CuiI TpeHHS;
PL — BHEIIHUI Iepe1aBaeMblii MOMEHT.
Ho F;,= Nf. A N MoxHO cBs3aTh ¢ TpeOyeMbIM yCUINEM 3aTsDKKU Oonta Fy.
N3 ycnosus paBHoBecus peryara XM(O) = 0 nosydaem

Fx(a+ E )=N_
2a+d )
OTtkyna N = Fx —, ac y4€ToMm ycloBUs paboTOCIIOCOOHOCTH
- Pb
(2a+d)f

Tak kak coeIMHEHHE MPEBAPUTENHHO 3aTSIHYTO (YTOOBI CO37aTh CHIIBI Tpe-
HUS), TO CTEPKEHb 00JITa CKPYUMBACTCS MPH 3aTSHKKE U TOATOMY TpeOyeMbIii

o !
BHYTPEHHUI TUaMeTp pe3bObl 0oTa dl

[To aTO¥ BenMUYMHE B CTaHIAPTE HAXOAUTCS pe3b0a, y KOTOPO BHYTPEHHUN

) ) 9 !
JuaMeTp — OmKalui 00BN K TOJyYEeHHOMY pacuye€THOMY 3HAYEHHIO dl'

[Tpu HeoOXoIMMOCTH TIepeladl OCEBOTO YCHIIHS JCHCTBUS aHAIOTUYHBI.

Ecan oqHOBPEMEHHO NEUCTBYIOT MOMEHT M OCEBOE YCHIIME, TO HAXOIATCS
pa3eNbHO yCUIINE 3aTsHKKU, HeoOXouMoe ISl Tepeayd MOMEHTa U yCUJTUE 3a-
TSKKA HE0OXOaUMOe JUIsl Tepeaun oceBod Harpys3ku. Cymma 3THX yCcuUiIuil naér
HEOOX0IMMOE yCUITue 3aTKKU Fy.
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[Tpu pacuerax TakMX COEIUHEHHI OOBIYHO BBOAMTCA KOX(P(UIIMEHT 3amaca
no BHemrHed Harpyske B =1.2 ...1.8 mug ydyéra TUHAMUYHOCTH Harpy3ku M OCO-
OeHHOCTEN coeMHEHUs. Y CIIOBHUE pabOTOCIIOCOOHOCTH B 3TOM Cllydyae MPUHUMAET
Bug F,,d>pPL.

Konmponwvnwie éonpocut.

1.Coedunenus: nonamue, xuaccuguxayusi coeOuHeHUuti 0CHO8HOe mpebosa-
HUe K COeOUHEHUSM.

2.Pe3vb6bi: paznosuonocmu u 0CHOBHbIE XAPAKMEPUCTIUK.

3.Cunosvie 3asucumocmu 6 pesvbe. Mooenb COeOUHeHUsl, CUbl U MOMEHMbL
npu e2o 3amsxicKe.

4.CamomopmodiceHue 8 pe3bbo8biX COeOUHEHUSIX.

5.Kosgpuyuenm nonesrnoco oelicmeausi BUHMOBOU NApbl U pe3vb08020 Coeou-
HeHUsl.

6.Knaccugpuxayus pe3vbosbix coeouHeHul.

7.Aneopumm pacuéma HeHanpsHCEeHHbIX Pe3bO0BLIX COeOUHEHU.

8. Aneopumm pacuéma HanpsHCeHHLIX Pe3bOOBLIX COeOUHEHU.

9. Hanpsoicenus 6 cmepoiche 3amazusaemozo 601ma.

10. Mamepuanvl u donyckaemvie HanpsdiceHUuss Oemaneli pe3bO06vIX coeOuHe-
HUL NPU CMAamu4ecKkoM HA2PYHCeHUU.

11. Cmonopenue pe3v608bix coeduHenui.

12. Pacuém pe3vb606blx cOCOUHEHUU, HAZPYHCEHHbIX YeHMPAlbHOU OMpbleéa-
roujel Culou.

13. K uemy npueooum skcyenmpuuroe HazpyxiceHue 60ama.

14. Pacuem pe3vb06bix coeOuHeHull npu nepemeHHoOM Ha2pyrHceHUuU.

15. Knemmosvie coedunenus: HazHavenue, pasHosUOHOCMU, 3a0ayad pacyéma.

2.4. IlInonounwvie coeounenusi.

2.4.1.001mue cBeneHusl.

[IImoHKa — 37E€MEHT, KOTOPBIM 3aKJIaAbIBACTCS MEXK/y BaJIOM U CTYIULIEH CHU-
nsmet Ha HéM Aetanu. [IMoHKM cityXaT, TIaBHBIM 00pa3oM, MJis Iepeadu Kpy-
TAIIEr0 MOMEHTA. B MOJABMKHBIX COEMHEHHSIX OHM MOTYT CIYKUTh HAIpaBIsIO-
M. KITMHOBBIE MIMOHKH, KPOME TOTO, BBITIOJHSIOT OCEBYIO (PHKCAIIMIO JAETaCH.
Pa3Mepsbl IMNOHOK U AOMYCKU HA HUX CTaHJAPTU30BaHbI.

PaznuyatoT HanpsbKeHHbIE M HEHANPSKEHHbIE IIMOHOYHBIE coeauHeHus. B
MEPBOM cliydae Mpu COOpPKE COCIMHEHUS 0 MPUIIOKEHHUS BHENTHEW Harpy3ku B
€ro JICTAISIX CO3Jal0TCs HAMPSIKEHUS, BO BTOPOM — IIPU COOPKE HANPSIKEHUS B Jie-
TaJISIX HE MOSBIISIIOTCS.

HanpsbkeHHbIE COSTMHEHUS.

Takue coeMHEHHS CO3A0TCS KJIMHOBBIMU IITMIOHKAMHU, Y KOTOPBIX IO CIHO-
coOy pacIoIOKEHUST MEXITYy BaJOM U CTyNHIleH pasnuyaiot (puc.2.26) Bpe3HbIC —
KJIMH, KOTOPHIH 3a0MBaeTCs B MPOpPE3b HA BaJIy W MMa3 B CTYIUIIE, HA JILICKE — Ha
Bally oOecreunBaeTcsl ITIOCKas IJIOMAaKa - JIbICKAa, (DPUKIIMOHHBIE — JIBICKA Ha
MITIOHKE TI0 Bally W TaHTeHIManbHble Ha Bany. CoenuHeHus: (GPUKIMOHHBIMU
MITTOHKaMU 00pa3yroTcst IByMS IMITTOHKAMHU, KaXK/1ast U3 KOTOPBIX,
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Puc.2.26. KnuHoBbIe NIMTOHOYHBIE COSUHEHHUS: a) BPE3HAS IITMOHKA;
0)IIMOHKa Ha JIBICKE; B)(PPHUKIIMOHHAS IITMOHKA; I')TaHTCHIIMAIbHA IIITIOHKA.

B CBOIO OYepeJlb, COOMpPAETCS W3 JABYX KIMHBEB. Bce 3T MIMOHKHU BBITIOJIHSIOT C
ykioHOM 1:100. DTOT ke YKJIOH mpeaycMaTpUBarOT ISl Ma3a CTYNHIBI y BCEX
HINOHOK, KPOME TaHT€HIMAJIbHOW. 3/1€Ch KIMHOBBIMU BBIIIOJIHEHBI 3JIEMEHTHI, U3
KOTOPBIX COCTOSIT IITTOHKH.

VY KJIMHOBBIX HIMOHOK paboyue — MIMPOKKE IPaHu, a Mo OOKOBBIM MPEAYCMOT-
peHbl 3a30pbl. HanpsskeHHOCTh COeMHEHUN MpU COOpKE BO3HUKAET BCIEICTBUE
HaTsAra MEX]ly BaJloM U CTYIUIIEH B paIuaJIbHOM HalpaBJICHUU.

HenocraTkn Takux COeTUHEHUN:

- OKCLIEHTPUYHOCTb COCUHSIEMBIX JIeTaJeH;

- He0OX0MMa 3anpeccoBKa Mpu cOopke (Mpolie ToBops, MPUXOIUTCA OUTH
1O IITIOHKE MPU cOOpKe);

-BO3MOJKEH MEPEKOC JETaJIEH;

- TEXHOJIOTMYECKHE CIIO)KHOCTH, TaK KaK HEOOXOIUM YKIJIOH Ta3a, KOTOPbIH
TpeOyeT MHANBUIYATbHON TOJITOHKH.

M3 KIMHOBBIX WIMOHOK CaMble PACHPOCTPAHEHHBIE — BPE3HBIC, TaK KaK IO
CPaBHEHUIO C OCTAJIILHBIMU OHU Oo0Jiee HaAEKHBI, a TI0O CPABHEHUIO C TAaHTCHIIHAIIb-
HBIMH — 00JIe€ TEXHOJIOTMYHBI. BCrencTBUe yKa3aHHBIX HEIOCTATKOB KIIMHOBBIE
HIMOHKHU MPUMEHSIOTCS PEKO B OCHOBHOM B TMXOXOJIHBIX TIEpeaaydax.

HenanpspkeHHbIE MIMOHOYHBIE COSAMHEHNS.

OO6pa3yroTcs TPU3MaTHYECKUMU U CETMEHTHBIMHU IITMOHKAMHU.
[Ipu3maTryeckas MIMOHKA U3TOTOBJISIETCS U3 MPyTKa HY>KHOTO MaTepuasa
MPSIMOYTOJILHOTO TIOTIEPEYHOI0 CEUYCHUS, OT KOTOPOro OTpPEe3aeTcsi KyCOK HeoOXo-
auMoi JUHBL. OHA MOXKET OBITh CO CKPYTJIEHHBIMHU TOPIIAMH, C OJHUM CKPYTJIEH-

HBIM, @ BTOPBIM IUIOCKUM TOPIIaMU, C ABYMSI IJIOCKUMU Topuamu (puc.2.27).

Hcnomaenne 1 Hcmonuenne 2 Hcniomaenne 3

C ) C

Puc.2.27. Bo3MOXKHbIE UCTIOJHEHUS IPU3MATHYECKON IITIOHKH.
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[MInonka 3aKJIaAbIBACTCA B I1a3 HA BaJly, 4 3aTCM Ha HEeE HaJABUTACTCs CTYIIH-

11a HacaKMBaeMOM Ha BaJl jeranu (puc.2.28).
leT

b

—

od

\\\S\
\\ N '

Puc.2.28. CoenuneHne npu3MaTnyeCcKOu MIIMOHKOM.

[Tpu mepenade KpyTAIMIEro MOMEHTa Ha OOKOBYIO TTOBEPXHOCTD IIMOHKH, TI0-
TPYKEHHYIO B BaJI, JaBUT BaJ, @ Ha BBICTYIMAIOIIYIO 4acTh — crynuma. [loatomy
BO3MOXXHBI CMSITHE OOKOBOM MOBEPXHOCTH M Cpe3 MO IIOCKOCTH A-A (puc.2.29a).
B cBsi3u ¢ HEU30EKHBIM MEPEKOCOM IIMOHKH JEHCTBUTEIBHOE JIaBlIEHUE TI0 OOKO-
BBIM TIpaHsM e€ pacmpenensieTcss HepaBHOMepHO (puc.2.296). Oqnako s pacue-

TOB OHO IIPHUHHUMACTCA paBHOMCPHO paCHpe,IIGJIéHHBIM.

) F ]
Pacuér Ha cMsaTHE: c =—t< l ;
cCM A CM -
CM

T
OKPYXXHOE€ YCUIIUE Ft = F; IJIOIIAAL CMATHUS (CUMTAs], YTO IITOHKA MOTPY>KEeHa

B Ban Ha 0.5h) , ACM = E [Tonxcras-

b
a) -1 A
= r JI5151 B UCXOJTHYIO (DOPMYITY, TTIOTYyIUM
A AT - }
! Ocm ™ dnl = Eem -
) ) i . Ft )
Pacuérmacpes 1 =—-<
cp A cp -
cp
6) [Tnomans cpesa Acp =Dbl. Tox-
' CTaBJIss B
UCXOJHYIO (hOPMYITY, TOTYUUM
!
Puc.2.29. K pacu€ty coequHeHuil. T = E <
P dbl cp -

Pa3MepI>1 MMOIICPCYHOro CCUCHHA HIINMOHKKM B COCAMHCHHHN CTAHAAPTHU30BAHLI
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TaKUM 00pa3oM,uToObI 00ECIEUNTh PABHOMPOUYHOCTH MPU CMSTHH U CPE3E.
[TosToMy mpH NPOEKTUPOBAHUM COCJUHEHUH CTaHIAPTHBIMU INITOHKAMHU
OOBIYHO pacyeT Ha CPe3 HE BBHITOIHICTCA.
[Topsmok moadopa NpU3MaTHIECKUX IITTOHOK.

1.Ecniu nuameTp Basia He onpeeséH paHee, TO OH OMPEeIIeTCs 0 KPYyTs-
IeMy MOMEHTY U3 YCIIOBHSI IPOYHOCTH Bajia IPU KPYUCHHUU.

2.I1o cranmapty /uig TpedyeMoro AuaMeTpa Bajia ONpeneisitoTcs pa3Mepsl
TIOTIEPEYHOT0 CeUeHUs IImoHku b u h.

3. JInuHa MIMOHKY OIpenesseTcs Tu00 U3 pacueTa Ha CMATHE

AT

| = -
dh [CM ]

I = |CT - (5..7)Mm ,

a 3aTeM NIPOBEPSIETCSA HA CMSITHE.

B KoHEeuHOM UTOre NpUHUMAETCs OJnxKaiee Oosblliee CTaHJaPTHOE 3HAUE-
HUE JJIVHBI.

Ecnu HanpskeHns CMATHS OKa3bIBAIOTCS YpE3MEPHBIMU, TO HY>KHO ITPOBE-
PUTH BOBMOXHOCTb YBEJIMYEHUS JUAMETPA BaJla M 3HAYUT Pa3MepOB IIMOHKH. Ec-
JM TaKOW BO3MOKHOCTH HET, TO IPUXOJUTCS CTABUTH JBE IIMOHKN OOBIUYHO MOA
yraom 180° nnu 120°, 4TO 3HAUYUTETHHO YCIOKHSAET TEXHOJIOTUIO U3TOTOBJICHUS,
TaK KaK TpeOyeT UHIMBUYyaJIbHOM MOATOHKHU. DTO CUTYyalUsl, KOTOPOH HY>KHO W3-
oeraTb.

B kauectBe MaTepuana A IITOHOK NIPUMEHSIOT CPEIHEYTIIEPOIUCTHIE CTa-
TN

Jlonmyckaemble HANPSYKEHUST CMATHS B HEMOJIBUYKHBIX IIITOHOYHBIX COEANHE-
HUSX IIPU CIIOKOWHOW HArpy3KE U CTAJIbHOM CTYIHULE MOXHO IPUHUMATD
100...150 MIla, npu uyrynno#u crynune 60...80 MIla. [Ipu nocaakax geranei c
HATATOM MOYKHO TIOBBICUTB JOIyCKaeMoe HanpspkeHue cMatus 10 200MlIa.

[Tpy NOABMIKHBIX COEAMHEHUSAX U MEPEMELIEHUSX O]1 Harpy3Koi

F.. £5..20MIlla, npu nepemermennsx Ges Harpysku I’ o =20...70MIIa

Uem TsKenee peskuM padoThl, TEM HUXKE JIOIYCKaeMOe HalpsKeHHeE.
CermeHTHBIE IITTOHKU — BPE3HbIE U, TOJJOOHO MPU3MAaTUYECKUM, pabOTaIOT

60koBoi rpanbio (prc.2.30). OHM XapaKTEePU3YIOTCS ABYMS TapaMeTpaMu: IIUPHU-
HoM b u quameTpom 3arotoBku d;. OT MOMYKPYTIION 3arOTOBKU OTPE3aI0T KYCOK
tomuHou b. I1a3 Ha Bany dpe3epyroT crenuanbHoi Gppe3oit, COOTBETCTBYIOIIECTO
nuametpa. BeicoTa mmonku npumepHo h =~ 0.4 d;. Jlnuna L — Onm3ka k d.

CerMeHTHbIE IIMOHKHA — CaMble TEXHOJIOTMYHBIE U3-3a JIETKOCTH U3rOTOBJIE-
HUS CaMUX IIMOHOK U Ma30B JIsl HUX. HemocTaTtok cerMeHTHBIX MIMOHOK - HE0O-
XOJIMMOCTB TJIyOOKOTO 1Ma3a Ha Bajly, 4YTO CUJIBHO CHUKAeT MPOYHOCTH Bana. [1o-
ATOMY MPUMEHSIOT UX JJI NIepeaun HeOOJbIIUX MOMEHTOB.

CerMeHTHbIE IMOHKHA PACCYUTHIBAIOT TaK ke, KaK U MPU3MATUUECKHE, TPHU-
Humas K =h —t. Pasmep t — riryOuHa masa mo Bajay IpUHUMAETCS 10 CTAHIAPTY.

100 MO AJIMHE CTYIHUIIBI
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[Topsinox moadopa 1 mpoBepKU paboTOCIOCOOHOCTH MITIOHOK aHAJIOTMYEH MpU3Ma-
THYECKHM.

NN

L
}(////jz 2

Puc.2.30. CoequHeHe CErMEHTHON IIMTOHKOM.

2.4.2.1lpumep I15.

Onpedenumsv pazmepsbl NPUIMAMUYECKOU WNOHKU 05 8411A OUAMEMPOM
d= 45mum, nepedarowezo epawarowuti momenm T= 1.0,Hm nacasxicennoil na neeo
CMAnNbHOU Oemaiu.

Pewenue.

1.Ilo cmandapmy ons 8anos ouamempom 44...50 mm npuHumaemcs npusma-
muyeckas WNOHKA ¢ pazmepamu nonepeuro2o cevenus bxn=14x 9 mm, ¢ enybunot
noepycenus 8 6ai Ha 5.5 mm (cm. puc.2.28).

2. llpunumaem, umo wnouka u3eomoeieHa uz mamepuana cmaiv 45 ¢

F.. $100...120, MIIa.

3.Tpebyemas Onuna WNOHKU Onpeodensiemcs u3 pacuéma Ha cmsamue

/= 4T _ 4 x1000000 — 98.765, Mm.
dh ., 45x9x100
4. punumaem £ =100, Mm

2.4.3. Ilpumep I16.

Onpedenums pasmepvl cecMeHmou WNOHKY 05 éata ouamempom d= 25mm,
nepeoaioweco spawarouuti momenum 1= 0.1,Hm.

Pewenue.

1.I1o cmanoapmy ons éana d= 25mm, nepedaiouieco spawjarowiuii MOMeHmM,
nPUHUMAEM ceeMeHmMHYI0 wnouky ¢ napamempamu b=8mm; h=11mm; d;=28mum;
0 =21.3,MM, npu saznybnenuu 6 san na t=8mm (cm. puc.2.30).

2. Ilpunumaem, umo wWNoOHKA U320MABIUBAEMCS U3 CMAU 45 u

... +100...120, MITa.

3.1Iposepsem pabomocnocodHoCcmb coOeOuHe s U3 pacuéma Ha cmamue
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2T :
cSCM = S I;CM A
(d + K)LK

20e K=h-t =11 — 8=3,mm— 6bicoma evicmynaroweli uz 6aia 4acmu WNOHKU.
B oannom cnyuae

- 2 x100000
™M (25+3)x27.3x3

Konmponwsnwie sonpocowt.

Hasnauenue u 6uovi wnonoynvlx coeounenui,

Heoocmamxu winonounwix coeounenui.

Hanpsoicénnvie u nenanpsaicénnvle WNnoHoUHble COeOUHEHUsL.

Kaxue mamepuaner npumensitom 0 u320mosieHUsi WINOHOK?

Kax nonyuatrom na3zvl ona npusmamuieckux WNoHOK 6 cmynuye u Ha 6a-

y?

B kakux cayuasx pekomenoyemcs npumeHamos cecmMenmHvle WUNOHKU?

7. Ilouemy 0ns pazuvlx cmynemnet 00HO20 U MO20 JHce 8AlA PEeKOMEHOYemcs
HA3HAYamv 0OUHAKOBbLE NO CEYEHUIO WNOHKU, UCX0O05 U3 CIYNEeHU MeHb-
we20 ouamempa, u pacnoazams uUx Ha 0OHoU oobpazyroujei?

8. Kakogwvl ocHogHbie Kpumepuu pabomocnocoOHOCMU RPUSMAMUYECKUX U
Ce2MEeHMHBIX WUNOHOK?

9. Kax npogepums pabomocnocob6HOCHb NPUZMAMU4eCcKol WNOHKU?

=87.214 < ., =100...120, MITa.

oM E

o

2.5. 3ybuamule (wnuyeswvle) coeouneHusl.

Coeaunenue oOpa3yeTcsi BRICTYIIaMHU - 3yObsMHU (ITUTMIIAMH ) Ha BaJly, KOTO-
pBI€ BXOAST B COOTBETCTBYIOIINE TIa3bl CTYMHITBL. B 3aBUCHMOCTH OT (pOpMBI IIITH-
IIE€B Pa3INYaIOT COCTUHECHUS C MPSIMOOOYHBIMH, 3BOJLBEHTHBIMU U TPEYTOJILHBIMU
nuiamu (puc.2.31).

CoeanHeHUsT TPUMEHSIOT JUTsI TIepeadyr Bpamamux MOMeHToOB. [1ps-
MOOOYHBIC W ABOJIbBBEHTHBIC — CUJIOBBIC COCTMHEHHMSI, KOTOPBIE MOTYT OBITH HEIO-
JBKHBIMU ¥ TIOABWKHBIMU. COCTMHEHHS CTaH/IapTU30BaHEI.

TpeyronbHBIE TIEpe1at0T HEOOIBIIONH MOMEHT B COSTMHEHUSX TOHKOCTCHHBIX
neranei. Yrou npoduis y Hux 60°. CoemnHeHHs He CTaHIapTU30BaHbl. B HacTo-
AIEM Kypce HE pacCMaTpUBAIOTCS.

a) 0) B)
Puc.2.31. IIpoduiu 3yObeB NUIMIIEBBIX COSAMHEHUN: a — MPSIMOOOYHBIE,
0 — PBOJIbBEHTHBIE, B — TPEYTOJbHBIE.

3yObs Ha Bajlax MOTy4YaroT Ppe3epOBaAHUEM, CTPOTAHUEM UJTM HAKATHIBAHUEM.
[1a3bl B OTBEPCTHUSAX CTYMUIIBI — TPOTATUBAHUEM HIIN JOJIOJICHUEM.
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[To cpaBHEHMIO CO MIMOHOYHBIMH 3y0UaThle COEAMHEHUs 00Ia1al0T PSAOM
JIOCTOUHCTB:

- OoJibllIas HecyIIasi ClIOCOOHOCTD;

- Xopolee [eHTPUPOBAHUE COCIMHAEMBIX JIeTallel U XOpolllee HalpaBlIeHUE
IIPU OCEBOM IE€pEMEIICHUY;

-BBICOKAs HaIEKHOCTh TIPU NMEPEMEHHBIX Harpy3Kax.

Henocrarkom 3y04YaThIiX COCIMHEHUMN SIBISETCS CIOKHOCTh M3TOTOBJICHUS, a
3HAYUT BBICOKASI CTOUMOCTb.

[TpsimoGouHBIe 3yOUaThle COCAMHEHUS MOMYYHJIM HAauOOJbIlEee paclpocTpa-
Henue. [Ipoduns 3yba ouepunBaeTcs AMaMeTpamMu BHICTYIIOB U BIAJHH, a COOKY -
IpSIMBIMA OOKOBBIMH MOBEPXHOCTSIMHU. CTaHIapT MpeaycMaTpUBaeT COCIUHEHUS
TpEX cepuil: NErkou, cpennen u TsokEnon. Cepuu OTIMYAOTCS pa3MepaMu U YKcC-
JoM 3y0beB. KpoMme Toro, coemnHeHus pa3nnyaloTcs Mo Crnoco0y EHTPUPOBAHHMS.
[lenTprpoBaHue MOXXET OBITH MO HAPYKHOMY AMAMETPY, IO BHYTPEHHEMY JHa-
METpy U 10 OOKOBBIM rpaHsaM. [Ipu BbICOKHX TpeOOBaHMUAX K COOCHOCTH JeTaiei
OPUMEHSIOT HEHTpUpOBaHUE Mo AuaMmerpam. [lo kakomy nuaMeTpy LEHTPUPOBATh
3aBUCHUT OT TBEPAOCTU CTYIHULBI U TEXHOJOTUYECKHX BO3MOXKHOCTEH MPOM3BOI-
crBa. lleHTpupoBaHue 1mo GOKOBBIM TrpaHsM oOecnednBaeT 0ojiee paBHOMEPHOE
pacnpenenenue Harpy3ku mo 3yObsM. [loaToMy ero mpuMeHsIoT Ipu mepenaue
OO0JBIINX HArpy30K WM MIPU UX BBICOKON IMHAMUYHOCTH.

DBOJIbBEHTHBIE 3y0uaThie COCAMHEHUSI_00JIafatoT 00jiee BBICOKOW Harpy304HOM
CIOCOOHOCTBIO, 00JIee TEXHOJIOTUYHBI [0 CPABHEHUIO C MPSAMO3YObIMU COECAMHEHUSMH.
[Tpoduis 3yda ouepueH nAuaMeTpaMud BBICTYIIOB U BIIA/IMH, a COOKY — 3BOJIbBeHTaMu. B
OTJIMYME OT 3y0uUaThIX KOJIEC YroJl 3alleruieHus 3/ech yBenuueH 10 30°, a BeicoTa 3y0a
ymenbineHa (h = m).3y06 nomyuwicst 6osiee mpovHbIM y ocHoBaHus. CTaHAAPTOM TIPEY-
cMoTpeHo npumerenue Momaysist 0.5...10 mm u yucno 3yoneB Z = 6...82.IIpumensercs
LEHTPUPOBAHUE 110 HAPYKHOMY IMaMETPY, Yallle o OOKOBBIM TPaHSIM.

[TpsiMmOGOUYHBIE U HBOJILBEHTHBIE COEJAMHEHHUSI YacTO MCIOJB3YIOTCS B Kaue-
CTBE HAIIPaBJISIIOIIMX MPU OCEBOM IEPEMEILECHUH JIeTanel, HaCa)KeHHBIX Ha BaJl.
Kputepun paboTOCIOCOOHOCTH COEIUHEHMIA:
COIPOTHBIIEHUE PAOOUMX TOBEPXHOCTEH CMs-
THIO U UX U3HOCOCTOMKOCTb.

[Tpu npoeKTHPOBaHUM PACUET BBIMIOJIHSICTCS
M0  HANPSHKCHUSAM CMSTHS MPU ACHCTBUU
HAuOOJIBIIET0 KPYTSIIErO MOMEHTA B TIPEIIO-
JIO’)KEHUHM PaBHOMEPHOTO pacIpe/ieICHHsI
Harpy3KH o MOBEPXHOCTH 3yObeB (puc.2.32).

Pacuer coenunenui Ha cmstue. Hampsioke-
HUS CMSATHS

T
B
eM zd_hly -

rae T — nepenaBaemMblii MOMEHT;
Z - 4UCJIO 3yObeB;

Puc.2.32.K pacuéry 3y6uaThix | - mmHa conpsukerus;

COETUHEHUN. 52



Yy — KO3(DPUIMEHT, YYUTHIBAIONUNH HEPAaBHOMEPHOCTh PAaCIPEIACICHHUS
Harpy3ku Mexay 3yObsiMu; 00bI4HO npuHuMaetcs y=0.75...0.8.

Pazmepsl dc_ cpeqHUil guaMeTp U N- BBICOTA IIOBEPXHOCTH KOHTAKTA 3y0b-

€B OMPEJIEIISAIOT 110 CACIYIONIMM BBIPAKECHUSIM.
Jis IpsiIMO3YOBIX COCTMHEHUI dc = 0.5(D+d); h=0.5(D-d) -2f

J1J15 5BOJIbBEHTHBIX COCTMHEHUH C LIEHTPUPOBAHUEM 10 OOKOBBIM T'PaHSIM:

d

_ _ . — — pi S
dC— dﬂ—mz, h=m-= -

I[JISI OBOJIBBCHTHBIX COGI[I/IHCHI/Iﬁ C HCHTPHUPOBAHUCM 110 HAPYKHOMY TUAMCT-

py:
d=d=mz; h=09m,
C bi|
Jlommyckaembie HaNpsHKEHUS TPUHUMAIOT: JIJII HEMOJBIMXKHBIX COCAMHEHUH C
TepMHUYECKOl 00paboTkoi mumues: Q. = 100...140 MIla, 6e3 Tepmuyeckon

00paboTKH tCM = 60...100 MIla; nig noABMKHBIX COCAMHEHU TIPU MIEpeMellie-

HUSX 0€3 Harpy3KH 'CM =30...60 Mlla, npu nepeMeIIeHUSIX 0] HArPY3KOH

fo. =10, 20 M

B IIOCJICAHEC BpeMH cTalin HpI/IMeHHTB H_IapI/IKOBBIC 3y6anLIe COCOANHCHUA
(puc.2.33).

fz\ e 9.0000.08686000600"
;&y SSIISLISS SIS IS ISSSs O
e\ gg'g’ e o000 s 0000000

B =

Puc.2.33. lllapukoBoe 3yOuatoe coequHEHUE.

Ha Bany u cTynuIie M3roTaBimBaioT CIlieliaabHbIe KAaHABKH, KOTOPBIC 3a10JI-
HSIOT MapukaMu. Bo3BpaT mapukoB MPOUCXOIMT IO CIICITUATBHBIM I1a3aM B CTY-
nUIax. ITH COCIMHEHUS TPEOYIOT OYCHBb MaJIBIX YCHJIUH JIJIs IEpEMEIICHHS Haca-
JKEHHBIX Ha Baj jaetajiieil. [Ipu mepeMemnieHusx Mo/ Harpy3Koi HecyIas crioco0-
HOCTh MIX B HECKOJILKO pa3 BHIIIE, YeM y 00bIYHBIX. HO mprMeHeHne orpaHuyeHo
13-32 KOHCTPYKTUBHBIX M TEXHOJIOTHYHBIX CII0KHOCTEH.

Konmponvusie éonpocet:

1.Ha3naueHnue u uobvi 3y0uamulx (UIUYeBblX) coeOUHeHUl,

2. [locmouncmea u HeOoCmamku WiuYessbix cOeOUHEeHUI.

3.Kaxue 3youamule (wiiuyegvle) coeOuHeHus: CmaHoapmu308aHbl.

4 Ilpsimobounvie winuyesvie coeOUHeHUs U CHOCOObL UX YEeHMPUPOBAHUSL.
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5.0601b8enmHbIE WiNUYEBbIE COCOUHEHUS U CNOCOOBL UX YEHMPUPOBAHUSL.
6. Kak nonyyarom na3zvl u 3y0bs Ha 8an1ax u 8 Omeepcmusix?

1. Kpumepuu pabomocnocobrnocmu 3y04amuix (WAUYeablx) COeOUHEeHULL.
8.Kaxk onpeoenumo pazmepul wiiuye8o2o coeounenus?

2.6. 3axknénounvle coeouHetus.
3ak€rnoyHoe CoeIMHEeHNE ITO Hepa3bEMHOE COeMHEHNE, KOTOpOoe o0paszyer-
CsI COEIMHAEMBIMH DJIEMEHTAMM M COEIMAILHBIMU JETATSIMUA — 3aKIEIIKAMH.

ds 3aknénka MpeAcTaBiIsieT  CcoOoi
-— — CTEpPKEHb KPYIJIOTO MOMNEPEYHOTO
- 3aMbIKAIOMIaA CCUCHHUSI C TOJOBKAMH IIO0 KOH-
=~y |~/ ronosxa nam(puc.2.34).
/// r // 1 / OpHa ronoBka Ha3pIBACTCA 3aK-
Aldo do nagHoi. OHa BBIMOJIHAETCS 3apa-
\ N HEE Ha 3arOTOBKE.
3aki€nkKa BCTaBIISIETCS B COBMeE-
3aKIaHas i
IIEHHBIE OTBEPCTUSI B COEIUHsIC-
roJIOBKa

MBIX JETajsiX W PACKIIENBIBACTCS.
CrepxeHb €€ 0CaX)MBAECTCS U MOJ-
HOCTBIO 3aII0JIHAET OTBEPCTUE B JIETAIIAX, KPOME 3TOr0, o0paszyercs u GopMHUPYET-
Cs1 BTOpas F0JIOBKA — 3aMbIKAIOILAsl, IPOUCXOAUT CKATUE COCAUHAEMBIX JCTaJICH.

OTBepcTHs B AETAISX MOTYT:

- IPOCBEPJINBATHCH,

- IPOJABIINBATHCS;

- IPOJABIINBATHCS, a IOTOM IIPOCBEPIIMBATHCS.

Knénky crtanbHbIMU 3aKJIENKAMU 0 SMM AUAMETPOM, a TAKKE 3aKJIENKAMU U3
[BETHBIX METAJJIOB MPOU3BOAAT XOJOAHBIM crocoOoM. CranbHbIE 3aKIENKU
OOJIBIIEr0 AMAMETPa CTaBAT TopsiurM criocodoom. IIpu 3ToM 3aki€nku pasorpeBa-
10T 710 cBeTsio-KpacHoro kaneHus (=1000...1100°C).

3aknénky o0IIero Ha3HAYEHUs CTaHAapTU30BaHbl. OHU MOTYT UMETh pa3iny-
HbI€ TOJIOBKH (TIONYKPYIJIble, MOTalHbIE, MOJYNOTAlHbIE U Jp.), CTEPKHU 3aKJIE-
MIOK MOTYT OBITh CIUIOLIHBIE, MOTYIYCTOTEIbIE, ITyCTOTEIIbIE U JIP.

Knaccudurkanus 3aka€noyHbIX IBOB.

[1o Ha3HAYEHUIO PA3IMYAIOT IIPOYHBIE U ITPOYHOILIOTHBIE IIIBBI.

[Ipounsle BBl IpeAHA3HAYEHBI U1l BOCHPUATHS BHEIIHUX Harpysok. [Ipu-
MEHSIOTCS B Pa3JIMYHBIX METAJUIOKOHCTPYKIUSX.

[TpoyHOIIOTHBIE BB 00ECIEUUBAIOT HE TOJIBKO MPOYHOCThH, HO U T€PMETHUY-
HOCTb COOPYXEHHU. B COBpEMEHHBIX KOHCTPYKLUAX IOYTH MOJHOCTHIO BBITECHE-
HbI CBapHbIMU IBaMU. [103TOMY paccMOTPUM TOJIBKO ITPOYHBIE LIBHI.

IIo KOHCTPpYKIIMHM pPAa3au4aroT NMPOYHBIE 3AKJIENOYHBIE IIBHI IO CIIEAYIOLIMM
OCOOEHHOCTSIM:

- 10 PACTIOJIOKEHUIO COEAUHSIEMBIX JIETAlCH: BHAXJIECTKY, C OJJHOM HaKJIaJ-
KOM, ¢ IByMsI HakJiagkamu (puc.2.35);

Puc.2.34.3axki1€no4YH0€e COETUHEHME.
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- IO YKCIY PAJOB 3aKJIENOK: OOHOPSAIHBIC, U MHOTOPSIHBIE;

- 110 PACIOJIOKEHUIO 3aKJIENOK B psijiaxX: MapajjieIbHOE U IIaXMATHOE.
JlocTOMHCTBA 3aKIENMOYHBIX COCUHCHUMN

1. Bricokas HaaEKHOCTb.

2. Y100CTBO U MPOCTOTa KOHTPOJIS IIIBA.

3. XopoI10 BOCOPUHUMAIOT yJIapHbIe 1 BUOpAIIMOHHBIC HArPy3KH.

a) 0) B)
3 1 3

1 1
1
2 \L 1 \E =
Puc.2.35. 3aki€nouynbie COeMHEHMS: a) BHAXJIECTKY; 0) C OHOM HAKIIAKOM;

B) C IBYMs HaKJIaJIKaMH.
3nech. 1- coequHsaeMble AeTanu, 2 — 3a KIENKHU, 3 — HaKJIagKa.

HenocraTkn 3aKJIENOYHBIX COSTUHEHUN
1.Bricokast croumMocTh (pa3meTka, 00paboTKa OTBEPCTUH, HATPEB 3aKIEMOK,

3aKJIaKa 3aKJIEMOK, KIEmKa).

2.bonpuioil pacxo MaTepuania.

[IpumeHenne 3aKIENOYHBIX COCIMHEHUM.

B HacTosmiee BpeMs 3aKJIENOYHbIE COSAMHEHUS PUMEHSFOTCS:

- B KOHCTPYKIIMSX, pa0OTAIOIIUX MTPU IEPEMEHHBIX Harpy3Kax;

- B KOHCTPYKIMSIX U3 HECBAPUBAEMbIX MaTEpUAJIOB;

- B T€X CJIy4asix, KOI/ia HeJOMYCTUM HarpeB COCIMHIEMbIX JCTaNCH;

- B 0C000 OTBETCTBEHHBIX COCIUHEHUSIX, HAIPUMEP, YHUKATbHBIE MOCTHI, MO-
CTOBBIE KpaHbI IPy30M0IbEMHOCTBIO OoJiee 200T.

KoncTpynpoBanue mpovyHbIX 3aKIEMNOYHBIX COEAUHEHUN

JuameTp 3aKkIE€NKU IPUHUMAETCS] B 3aBUCUMOCTHU OT TOJIIUHBI COEAUHSIEMBIX
nerajei o (peub UAET 0 AMaMeTpe OTBEPCTHUS MO/ 3aKIENKy): o = 20.

Jliis oOpa3oBaHust 3aMbIKaIONIEH romoBku (cM.puc.2.34) o= (1.5...1.7) d,.

lar mBa P =(3...6) do.

PaccTostHue oT Kpast IucTa 0 OCH 3aKJIENKU:

- IIPH MIPOAABICHHBIX OTBEPCTUAX € = 2 do;
- IpH CBEPIEHBIX OTBEpCTHAX € =~ 1.65 dy.
Ecnu 1110B MHOTOpSIAHBIN, TO paCCTOAHUE MEXAY panamu a > 0.6P.
Tonmmua Haknagok O, <~ 0.8 0.
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HeoOxomuMoe 4mcno 3akIENOK ompesernsieTcss W3 pacuera. TOJbKO TOCIie
3TOTO Pa3padaThIBAIOT KOHCTPYKIIMIO COSAMHECHUS.

PacyeT npo4HbIX 3aKIEMOYHBIX IIIBOB.

OCHOBHOM HArpy3KoW MJid 3aKJIENOYHBIX COCAUHEHUN CUUTAIOTCS MPOIO0JIb-
HBIC CWJIbI, CTPEMSIIUECS CIBUHYTh COCIMHSIEMBIC I€TaIIH.

Jns pacu€ra mIpuHUMAIOTCS CICYIONIUE TOMYIICHHUS:

- CUJIbI TPEHUSI B CTBHIKE JeTajeil HE YYHUTHIBAIOTCS, CUMTAETCS, YTO BCS
Harpy3ka BOCIPUHUMAETCS 3aKIENKaAMU;
o F PAcUYETHBIN MAMETP 3aKJIENKUA IPHU-
- HHMAaeTCs paBHBIM [MaMETpy OTBEp-
2| CTHS;

-Harpy3ka Mexay 3aKiCnKamu
pacrpenensieTcss paBHOMEPHO.

3aknénka paboTaeTr Ha cCpe3 II0
IJIOCKOCTH CThIKa Jaeranei (puc.2.36).
YpaBHEHUE IPOYHOCTU B 3TOM CITydae

T::p — . 4-FZ = I;P c
indgz
3Mech | — YHCIIO IUIOCKOCTEH cpesa
onHON 3akia€nkM (eClIM COeIUHEHUE
BHaXJIECTKY I=1;
€ClIi ¢ OJHOM HakjJIagkou | =1; eciu ¢
JBYMsI HaKJIaJKaMu 1 =2);
Z — 4MCJIO0 3aKJEIOK.

ITpuxu y 0003HaYEHUI
HalnpspDKEHUW  O3HAYaKT, YTO OTH
HAIPSHKCHUS OTHOCATCS K 3aKJIEMKaM.

F *; R
- B

(=)

Puc.2.36. K pacuéty 3aKkiI€N04HbIX
IIBOB.

Bo3MOkHO Takke CMSTHE 3aKJIENOK U CTEHOK OTBEPCTHUSI, IO3TOMY MPOBEPS-
I0TCS 3aKJIENKH 110 HATIPSDKEHUSIM CMSITHS.

G,CM - " < I',CM '
odyz )
JleTanu ToXKE MPOBEPSIOT HA CMATHE 10 3TOH ke popmyire
GCM - L = l-CM -
odyz
Kpome Toro, coeuHsieMbIC JIeTalld TIPOBEPSIOT HA CPe3 OJHOBPEMEHHO 10
JIBYM ILJTOCKOCTSIM 2-2 (cM. puc.2.36)
F I .
cp .’

T = <
°  2(e-0.5d,)d

Y Ha pa3phbIB M0 maockocty 1-1
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F -
Gp:ZApS ['p E

Trac Ap' mIomaab CCUYCHUA JIMCTAa HA AJIMHC OAHOI'O IIara, OCJ'Ia6J'IeHHa$I OTBCpCTI/I-
AMU 11O SaKHéHKI/I. Ha JJIMHC OAHOI'O 1IIara

A, = (P — do)3.
P' do

OtrHomenune P = Ha3bIBaeTCs KOA(POUIIMEHTOM MPOYHOCTH 1IBA. DTOT

KO3 (PUIIMEHT MOKa3bIBaET BO CKOJIBKO Pa3 MPOYHOCTh HA PACTSKEHUE JIETaIu C
OTBEPCTUSAMHM MO 3aKJIENKY MEHbIIIE MPOYHOCTU TOW K€ AeTaii 0e3 OTBEpPCTHH.
OO6b1yHO @ =0.65...0.85. Yem Oouibliie @, TEM Jydllle UCHOJIb3YETCS MaTepuan Je-
Tanu. BemuuunHoi 3TOr0o ko3 duimenta 3agaroTcs Ipu MPOCKTUPOBAHUM 3aKIIE-
MOYHOTO I1IBa, a 3aTEM OIMPEJIEIAIOT BCE OCTAJILHBIE €r0 MapaMeTPBhl.

Marepuansl 1 I0MycKaeMble HaIMPSKEHHUS.

[Ipy mpoeKTUPOBAHUM 3AKJIEMOYHBIX IIBOB HEOOXOAMMO BBIMOJHSTEL CIEAY-
I011I1e TPeOOBaHMUS:

- TeMmnepaTypHble KO3()PUIIMEHTHl JTUHEHHOTO PACHIMPEHUS 3aKJENOK U CO-
CAUHSAEMBIX JIeTaJe MOKHBI OBITh OJIMHAKOBBIMU WJIH, B KpaliHEM ciydae, 0iu3-
KW IpyT ApYTY;

- YTOOBI N30€KaTh XUMHUYECKON KOPPO3UHU B COCAMHEHUSX, 3aKJIETKU CTaBST
U3 TOTO XK€ MaTepHalia, YTO U COCMHSIEMBbIE AETAIN: CTAJIbHBIC IETAJIA COECIUHSIOT
CTaJbHBIMU 3aKJIENKaMHU, JJATyHHbIE — JIATYHHBIMH, AJIFOMUHUEBBIE - AIIFOMUHHUE-
BBIMHU U T.I.

Ecnu coennHsieMble AeTany U3rOTOBJICHBI U3 MAJIOYTIIEPOAUCTHIX CTalel Ma-
pok Ct.0, Cr.2, C1.3, TO 3aKJENKHA BBIMNOJHSIIOT U3 AaHAJIOTHYHBIX MATEPUATIOB —
Ct.2, C1.3, 10k11,20KT1.

[Ipu pacuyé€rax MpOYHBIX IIBOB MPUHUMAIOT JOMYCKaeMbI€ HAMPSKCHHUS:

s petaneit:. §, =140...160 MITa; |, =90...100MITa;

p
tCM =240...320 MlIa;

-JUIA CTAJIBHBIX 3aKJIEIIOK: I'0p =100...140MIIa; I-LM _=240...320MHa.

Koumponwnwie éonpocwt:

1.Koncmpyxkyus 3aknénku u HazHavdeHue 3aKi1EN04YHbIX COeOUHeHU.

2.Knaccugurayus 3ak1énoyHulx ueos.

3.[{ocmouncmea, neoocmamku u 0b61acmob NPUMEHEHUs 3aKIENOUYHBIX COeOU-
HeHUU.

4. Koncmpykyus npounblx 3aK1ENOUHBIX ULEOS.

5.Ymo maxoe xoagpgpuyuenm npounocmu wea? Om KaKux napamempos o
3aeucum?

6. Kpumepuu pabomocnocobHocmu u pacuém 3aKiéno4YHbIX COeOUHEeHU.

7. Mamepuan 3axnénox u 0onyckaemvle HanpsaiCeHus.
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2.7. Ceapuble coeOuneHus..

2.7.1. CBapHbI€ COEAMHEHUS U BUbI CBAPKHU.

CapHble COeMHEHUS 9TO HEpa3bEMHbBIEC COEUHEHNSI, OCHOBAHHbBIE HAa MOJIE-
KYJSIPHOM CIIETUIEHUHM MartepuaioB. [lomydaroTcss oHM MyTEM MECTHOrO HarpeBa
JieTaneil B 30He COeIMHEHHMSI JI0 PACIUIABIEHHOTO UM TECTOOOPA3HOIO COCTOSHUS.
B Hacrosimiee Bpemsi 3T0 OCHOBHOM BHJT HEPa3bEMHOI'O COCTMHEHHUS JIeTaleH.

JInsi mony4yeHus CBAapHBIX COEAMHEHUN MOTYT HMCHOJIB30BATHCS pPa3IUYHBIC
BU/IbI CBapKHU:

- ra30Basl CBapKa;

- py4Hasi UJii aBTOMAaTUYECKasl JIEKTPOIyroBasi CBapKa;

- 3JIEKTPOIILJIAKOBAs CBApPKa;

- KOHTaKTHasl CBapKa;

- CBapKa TPEHUEM;

- crenuaibHble BUIBI CBapKU: Nuy3noHHas, FIEKTPOHHO-Ty4YeBas, Jla3ep-
Hasl, yJIbTPa3BYyKOBasi, CBapKa B3PHIBOM, TUIa3MEHHAI.

Kpome npuBeneHHbIX CYIIECTBYIOT TaK)Ke TOUE€UHas CBapKa, CBapka mpoOou-
Hasl, TPOILJIAaBJICHUEM U JIP.

2.7.2. KOHCTPYKTHUBHBIE pa3HOBUIHOCTU CBAPHBIX COEAUHEHU

[To B3aMMHOMY pPACTIOJIOKEHUIO COECIUHIEMBIX 3JIEMEHTOB B CBAPHBIX COEIU-
HEHUSX MOKHO BBIJICIIUTH CJIEAYIOIINE TUIIBI.

CtbikoBbIe coenuHeHus. CoeIMHSIEMbIE SJIEMEHTBI SBJISIIOTCS TTPOJIOKEHUEM OJTUH
JPYyroro, CBapKy MpoU3BOAT MO TOpLaM coeauHenus (puc.2.37).

B 3aBuCHMOCTH OT TOJIIIUHBI COCIUHIEMBIX JETaleh 0 COCTUHEHHE MOXKET
BBITIOTHATHCST 0€3 MOJATOTOBKUA KPOMOK (6 < 8MM) WM C MOATOTOBKON KPOMOK,
CBapKa MOXET ObITh OJHOCTOPOHHSISI WJIM JIBYXCTOPOHHSIS.

D10 Haubosee MpocThie U Haubosiee MPUOIMIKAIOIIUECS 110 TPOUYHOCTH K OC-
HOBHOMY METaJITy coeuHeHus. [10 Hané€XHOCTH OHM BBIIIE APYTUX BUIOB
CBapHBIX COCTMHECHUI U PEKOMEHYIOTCS TPU BUOPAIIMOHHBIX HArpy3Kax.

a)

0)

Ry
RS
RSXHKXY
N
egege

Puc.2.37. CTbIKOBBIE COEAUHEHHUSI IPU PA3TIMYHON MOJTOTOBKE KPOMOK:
a) 0 <8mm; 0) 0 < 16MM; B) & =12...40MMm.
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Coeaunenust BHaxnECTKy. CoenMHsIEMbIE N€Tall HAKPBIBAIOT OJIHA APYTYIO
Ha JjauHe He MeHee a = 40. CoeHEeHNE BBINOJIHAETCS YIVIOBBIMU (BAJIMKOBBIMH)
mBamMu. OCHOBHOW XapaKTEPUCTUKOM TAKOTO I1IBA ABJIETCS €ro KaTeT (puc.2.38a).
Jlig TonmuH 10 20MM KaTeT 1IBa MPUMEPHO PaBEH TOJIMHE COSAMHSIEMbIX AeTa-
newt k = 6.

B 3aBHUCHMMOCTH OT pacmoJIO’KE€HHUsl IIBa OTHOCUTENBHO HANpaBICHUS JEH-
CTBYIOILIEH Ha HETO CWJIbI Pa3jMyaroT: JIOOOBbIE MIBBI (CM.pHc.2.380) nuHUS LIBa
NEPICHIUKYIIApHA Harpy3ke; (aaHroBeie MmBHI (cM.puc.2.38B) TUHUS 1IBA Mapaj-
JeNpHa Harpy3Ke, MakcHUMaibHas jiuHa (iaanroeix mBoB — S50K; kockle mBEI
(cM.puc.2.38r) TuHUS IBa MO YIJIOM K Harpy3ke; KOMOMHUPOBAHHBIE IIBBI MPE-
CTaBJISIOT COOOM pa3IMYHOE COUYETAHUE B OJTHOM COEAMHEHUH CBAPHBIX IBOB MPH-
BEJICHHBIX BBIIIE TUIIOB.

B nonepeyHoMm ceyeHuu MIBblI OBIBAIOT HOPMAJIbHBIE, BBITYKJIbIE, BOTHYThIE U
B BUJIE HEPAaBHOOOKOTO IPSAMOYTOJILHOTO TpeyrojibHuKa (puc.2.39).

[IpyuMeHeHre BBIMYKJIBIX IIBOB HELIEJIECO00pa3HO, TaK KaK OHU JAIOT OOJIb-
IIYI0 KOHLEHTpaluo HanpsbkeHui. [lpu nepeMeHHOM Harpy:XeHuH HaumbOoJee lie-
Jecoo0pa3HO MPUMEHITh BOTHYTHIE IIBbI, TAK KaK OHM 00€CIeYUBatOT MUHUMAaJb-
HYIO KOHIIEHTPAIMIO HaIlpsDKEHUH (Haubosiee TUIaBHbIN Nepexo]l K OCHOBHOMY Me-
Tayuly). B OCHOBHOM NPHUMEHSIOT IIBBI HOPMAJIBHOTO CEYEHHs. DTO K€ CEUEHUE
IIPUHUMAETCS BO BCEX MPOYHOCTHBIX PacyeTax.

TaBpoBble coeuHEHUs._IDTH COCIUHEHHUS NMPUMEHSIOT B TE€X CIIy4asxX, KOrja
AJIIEMEHTBI PACIOJIOKEHBI MO/ YIiIoM Apyr K aApyry. Yacto stot yroa 90°. Coenu-
HEHUS MOT'YT OBITh BBIITOJIHEHBI CTHIKOBBIMH HJIA YTIOBBIMU IBaMH (puc.2.40).

a) K 0)

OB BHOHMMBIH

IIIOB HEBUIUMBII

B) Yy ‘/ 0B BHANMEILIT IIIOB BUIUMBIit
F | I"\\ F F \\\. . I.\‘\ F
| ; )\
l. / N [N
\x\\ 3 | '
\ __ IIIOB BHIMMBIiT
~— — OB HEBUIHUMBII

Puc.2.38. CoenriHeHMsI BHAXJIECTKY: a) YIIOBbIE (BAIMKOBBIE) I1IBBI;
0) 1000BbI€ 1IBBI; B) (DJIAHTOBBIE LIBBI; T') KOCHIE IIBHI.
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a

) 0) B) r)

Puc.2.39.®@opma ceyeHuit yriioBbIX 1IBOB: a) HOpMAaJIbHbIE IIBBI; 0) BBITYK-
JIbI€ IIBBI; B) BOTHYTHIC LIBHI; T') B BUJI€ HEPABHOOOKOTO MPSMO-
YTOJBHOTO TPEYTOJIbHUKA.

0) B) T)

Puc.2.40. TaBpoBbie COEAMHEHUS: a) YTIOBBIMU IIBAMH; 0) CTHIKOBBIM IIIBOM
C IBYXCTOPOHHEU Pa3/IeNIKOM; B) CTHIKOBBIM IIIBOM C OJJTHOCTOPOHHEH pa3aeiKoi.

a)

VYrioBele coenuHeHUs. YTIOBble coeAuHeHus: (puc.2.41) BBINOJHAIOT, Kak
paBUiIO, PYYHOU IyroBod cBapkoid. OHU MOTYT OBITh OJHOCTOPOHHHUE U JIBYX-
CTOPOHHHE, 0€3 MOArOTOBKH KPOMOK U € TIOJATOTOBKOM KPOMOK.

2) - 6)

Py /

Puc.2.41. YrnoBsie cBapHbIE COETUHEHUS: a) OAHOCTOPOHHUE O€3 MOATOTOB-
KH KPOMOK; 0) IBYXCTOpOHHHUE 06€3 OATOTOBKU KPOMOK; B) OJTHO-
CTOPOHHHE C NOATOTOBKOW KPOMOK.

VYTI0BBIE COCTUHEHHS MMPUMEHSIOT TIPEUMYIIIECTBEHHO IS Tepeavyd MaJbIX
Harpy30K H IMOATOMY UX OOBIYHO HE PACCUMTHIBAIOT.

JIJ1st IIBOB BCEX THIIOB, IPUMEHSIEMBIX B CBAPHBIX COCTMHECHUSX, XapaKTEPHBI
cieayroue a1eheKThI:

- HETPOBap — MECTHOE OTCYTCTBHE CIICIICHUS MEKy HaIUTaBJICHHBIM U OC-
HOBHBIM METAJIOM;

- MOJpe3 — MECTHOE YTOHCHHE COCIUHSAEMOTO JJICMEHTa Yy TPAaHMIIBI ITBa
BCJIE€ICTBUE OILJIABJICHUS;

- IOPUCTOCTH IIIBA;

- IIIJIAKOBBIE BKJIIOYEHUS;

- TPCIIUHEI.
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2.7.3. JlocTOMHCTBA ¥ HEJOCTATKU CBAPHBIX COEAMHEHU.

JlocTonHCTBA:

- MaJiasi TpyJ10EMKOCTh, a 3HAYUT U MaJlasi CTOUMOCTb;

- HeOoJIbIIas Macca KOHCTPYKIIUU;

- OJTHOBPEMEHHOE 00€CTeueHnEe FTepMETUYHOCTH U MPOYHOCTU KOHCTPYKITUH;

- BO3MOXKHOCTb aBTOMAaTHU3aIlMH MPOIIECCa;

- BO3MOXKHOCTb COeIMHEHUSI PO uiielt OOIBIION TONIIUHBI.

Henocrartku:

-IIPOYHOCTh M Ka4eCTBO IIBA 3aBUCAT OT KBAJTHU(UKAINK U COCTOSIHHS CBap-
IUKA;

-KOpOOJICHHE JIeTajlei n3-3a HEPaBHOMEPHOTO HAarpeBa,;

- HeToCTaTOYHas HAJA&KHOCTh MPU IEPEMEHHOM Harpy)KEHUHU.

ITo Mepe pa3BUTHS TEXHOJOTHH CBAapKH BIMSHUE dTUX HEIOCTATKOB Ha Ka-
YECTBO IIBA MOCTENIEHHO CHUYKAETCH.

2.7.4. Pacuér cBapHBIX COCIMHEHUM.

OcHoBHOE TpeOOBaHKE MPU MPOESKTUPOBAHUU CBAPHBIX KOHCTPYKIIMM - o0ec-
MEYUTH PAaBHOIPOUYHOCTH CBAPHOTO I11BA M COSAUHSIEMBIX JIETaICH.

CTBIKOBBIE IIIBHI.

OHU UMEIOT MPOYHOCTH OJU3KYIO K MPOYHOCTH OCHOBHOT'O MeTaiia, ooecre-
YUBAIOT MEHBIIYI0O MAacCy W KOHIIGHTpaIuio HampsbkeHudd. [Ipu xauecTBeHHOM
CBapKe pa3pylIaAIOTCs MPEUMYIIECTBEHHO B 30HE TEPMUUECKOTO BIMSHUS, TO €CTh
B MpuUJIeraroiieM ko mBy ydacTke. [[oaToMy pacdeT CTHIKOBOTO COCAMHEHUS MPHU-
HATO MPOU3BOJIUTH MO pa3MepaM CEUYEHUs JeTalld B 3TON 30HE. Pacuer CTHIKOBBIX
IITBOB TIPOU3BOJIAT 10 BHIPAKEHUSM:

[ !/
- Ha pacTsDKCHUE Gp = S Ep
!
- Ha C)KaThe o
oK
- Ha U3ruob O, ' E
- Ha M3rUo ¢ pacTsKeHHeM O = — + < l’i; K

A W
rae F - pactaruBaronias uim cKMMaroIiasi CUJbl,
A - momans pacuéTHOro ceueHus mBa, A = £0, 31ech { - qIMHA 111Ba, a
0 — TOJIIMHA COCMHSIEMBIX JIeTajeH, T. €. pa3Mep IIIBa; W’ — MmomeHT compo-
(5%

TUBJICHHS pacueTHoro ceuenns msa, W' = — —;

6

' / o
G;) : t D Ir ox - AeHCTBYOlIEe U I0IMyCKaeMble HAPSKEHUs B 1IIBE.
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CoenvHeHus yriaioBbIMU (BAJIMKOBBIMU) IIIBAMH.
JlnrHy 1000BBIX M KOCBIX IBOB HE OrpaHMYMBAIOT. JlJinHA ()JIaHTOBBIX IIBOB

A pexomenayercs He Oonee (50...60)k > 30mm. Takoe

OTpaHWYEHUE MU HUMAaJbHOW [JIMHBI IIBA CIEIIaHO

K BCJIC/ICTBHE HEM30EKHBIX €ro Me()eKTOB — HEMpOoBap U
T.1L.

q Paspymienne yriaoBeIX IIBOB MPOUCXOIUT TIO

HAaUMEHBIIEMY CEYCHHIO, T.€. ITUIOCKOCTBIO, MPOXOJs-
mei depe3 OuccekTpucy mpsimoro yraa (puc.2.42).
A dakTryecKoe HAMPSHKEHHOE COCTOSTHUE METasllIa B IIIBE

— CJOKHOE. Y CIIOBHO CUMTAETCS, YTO YTJIOBBIC IIBBI
paboTarT TOJIBKO Ha cpe3. B pacueTHOM cedeHUHn
TOJIIMHY IIBA NMPUHUMAKOT paBHOU 0.7k, TIe K — Ka-
TET MONEPEYHOro ceueHus mea. Takum oOpa3oMm, IOk IONEPEYHOTO CEUECHHUS
IBa, 10 KOTOPOU mpoucxomut cpe3, A= 0.7x{. Pacyér yrioBbIX IIBOB IPOU3BO-
JUTCS 10 YHU(DULMPOBAHHBIM (opMyJiaM

‘C,_LS I': wm F< 0.7/ I,_.

0.7x/

OTu GopMyJibl HEMOCPEICTBEHHO OTHOCATCS K (PJIaHIOBBIM IIBaM, a K J1000-
BBIM IIPUMEHSIOTCS YCIOBHO.

Boo0111e mpuHATO CUUTATH, YTO:

- IIBBI pabOTAIOT HE3aBUCUMO;

- (py1aHrOBBIE LIBBI IEPEIAIOT HATPY3KY TOJIBKO BJIOJIb CBOEH OCH;

- KaTeT [Ba MaJl, 10 CPAaBHEHUIO C JJIMHOM I11BA.

Ecam mBBI pacnosiaratoTcsi CHMMETPUYHO OTHOCUTEIBHO JUHUU JEHUCTBUS
CHUJIbL, IPUHUMAIOT, YTO HANPSDKEHUE PACIIPENEIAETCS PABHOMEPHO IO BCEU JJIMHE
mBOB. JJIMHBI (PJIAHTOBBIX HIBOB TP 3TOM MOJYYaIOTCS OJIUHAKOBBIMH.

B ciyuae acMMMETpUUYHOTO pacroioXkeHHs! (hJIaHrOBBIX IIBOB, KaXKABIA U3
HUX PAaCCUYUTBIBAIOT 110 CBOEU Harpyske. IIpy 5ToOM cuMTaroT, 4TO Harpys3ka Ha OB
IIPONIOPLMOHAIIBHA €T0 PACCTOSIHUIO OT IPOCKLUHUM LIEHTPA TSHKECTH CEUYECHMS Ha
COOTBETCTBYIOIYIO IIOCKOCTh M Y€M BBILIE JKECTKOCTH IPUCOEIUHIEMOIO dJIe-
MEHTa B MECTE I1IBa, TEM BBILIIE HArpy3Ka Ha HETO U, 3HAYUT, TeM OOJIbIIE JOHKHA
OBITh €ro JUIMHA.

[Ipy BBINOJIHEHWH TaBPOBOT'O COEAWHEHHUS YIIOBBIM IIBOM, ITOCIEAHUMN pac-
CUMTBIBAIOT Ha Cpe3. A B Cllyda€ NPUMEHEHHS CTHIKOBOIO IIBA - B 3aBUCHUMOCTH OT
JNEeUCTBYIOIIEH HArpy3KW: Ha pacTsHKeHHE (C)KaTue), U3rud UM COBMECTHOE JIeH-
CTBHE M3ruda C pacTsKEHUEM (CIKATHEM).

2.7.5. JlomyckaeMble HaNpsKEHUS IPU pACUETaX CBAPHBIX COEAUHEHUN.

IIpu pacuére MAaIMHOCTPOUTENBHBIX KOHCTPYKLUN U3 HU3KOYIJIEPOAUCTHIX,
CPEAHEYTIEPOAUCTBIX U HU3KOJETUPOBAHHBIX CTAJIEW JOMYCKAEMbIE€ HAIPSKEHUS
CBapHBIX IIBOB IIPH CTaTUYECKHX HArpy3kax NPUHUMAIOT B 3aBUCHUMOCTH OT JIO-
MyCKaeMOro HampsDKEHUs Ha pacTsSHKeHHE OCHOBHOTO MeTauia. OOBIYHO HMpUHU-
MaoT:

Puc.2.42. Pa3zpymienue
YTJI0BOTO I1IBA.
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-JIJ7Is1 aBTOMAaTHUECKON CBApKU MO (DIFOCOM MM PYUYHOH 3JeKTpoaamMu D42A

i D50A B 3alIUTHOM Tase - IT; j: lT'mK jl tp ; IICp =0.65 tp ;

-IJI1 pyYHOU AYyrOBOM CBapKu 3JiekTpoaamu D42 unu 950, nys ra30Boi cBap-

Kn h) th.Q tp . hm =1 tp R I,CP =0.6 tp :

2.7.5. Pacy€r cBapHBIX COCAMHECHUH TIPU MEPEMEHHOMN Harpys3Ke.

[Ipn mepeMEeHHOM Harpy’XE€HHWHM CBapHBIE WIBBI OKa3bIBAIOTCA 3HAYUTEIBHO
ciabee MeTauia COeAMHAEMBIX JeTaleid. DTO CIEICTBUE TOTO, YTO:

- CBAPHOM I10B — CWJIBHBIA KOHIIEHTPATOP HANPSLKECHUM;

- B 30HE CBapKM JEHUCTBYIOT OCTATOYHbBIC HANPSKECHUS;

- B 30HE HArpeBa MEHAETCS CTPYKTypa METAJLIA U BBITOPAIOT JIETHUPYIOLIHE
DJIEMEHTHI.

[Ipy nepeMeHHBIX Harpy3Kax 3HA4ECHUS JOIYCKAEMbIX HANPSKEHUN CHUKAIOT

YMHOKEHHEM Ha KO3(QGULHEHT Y(BEpXHUN 3HAK IPU PACTSKEHUU, HIKHUN — IIPU
COKATHH):

Y= ; <1
bK_tb)-(@aK_FTh)R

rae KG - 3¢ pexTuBHBIN KOADPUIMEHT KOHIIEHTPALUH HAIPSKEHUH;

R - koo duimenT acuMMeTprn 1UKIIA;

a u b — gucioBbiec KO3()(PHUIMEHTHI, 3aBUCSIINAE OT MaTepHala COCIH-
HsEMBIX feTtaned. Hampumep, 11t yriaepoaucTsix ctanei npuHuMaroT a = 0.58 u
b= 0.26, a ans HusKoaerupoBanubix a=0.65 u b=0.3.

O¢ddexTuBHBIC KOAPDUIUESHTH KOHIIEHTPAIIUN HAMPSXKEHUNM MTPUHUMAIOTCS B
3aBUCUMOCTH OT COEAMHSEMbIX MaTepUasoB, TUIA IIBa U Buaa cBapku. Hampumep,

3HAYEHUS KG JUTSL 3JIEKTPOLYTOBOM CBAPKH MPUBEEHBI B Tabmuue 2.1.

Koaddunmrent acummerpun uKia

Tmin

R = G min —

(6) T

maxXx max

Tabmuma 2.1
O dexTuBHBI KOIYPUIIUEHT KOHIIEHTPALIMH HAPSKEHUN
IIpY DJIEKTPOAYTOBOU CBapKe.

PacuérHbli d51eMeHT Huskoyriepoaucras Huskoneruposannas
CTaJb CTalb
CTBIKOBBIE HIBBI C MOJI- 1.2 1.4
HBIM ITPOBAPOM KOPHSI
YT0BbIC LIBBI:
71000BbIE 2.0 2.0
dbaaHroBBIE 3.5 4.5
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Ecnu nomyvaercs ’y>1, TO IPUHUMAIOT Y =1. Tak 06b19HO MOTyUaeTCs NpH
BBICOKOM aCUMMETPHUH LIUKJIA. DTO 03HAYAET, YTO JUIsl JAHHOTO LIMKJIA HarpyKEHUs
pelIaroIlee 3HaYeHUE UMEET HE CONPOTUBIICHUE YCTAJIOCTH, @ CTaTUYeCKas Mpoy-
HOCTBb.

IIpy nmepeMEeHHOM HarpyKE€HUU PEKOMEHAYETCs paCCUUTHIBATL HA yCTAJIOCTh
HE TOJIBKO CBApHBIE IIBBI, HO M CaMH JAETAIM B 30HE JTOro mBa. Jlomyckaemoe

HalpsDKEHUE 711 JeTalel TakkKe YMHOKAOT Ha KO PUIUEHT Y.

[ToBBIIIEHNIO BBIHOCIMBOCTH CBAapHBIX IIBOB CIIOCOOCTBYIOT: aBTOMAaTHYe-
CKasi cBapka moj (IIOCOM M CBapKa B CpeJe 3alllUTHBIX ra30B, TEpMOOOpaboOTKa
CBapHOM KOHCTPYKITNH, HAKJIEN IPOOKI0, YeKaHKa CBAPHBIX IITBOB.

TepmooOpaboTka CBapHON KOHCTPYKIIMH 3TO OTKHUT C TOCICIYIOIINM Me/I-
JICHHBIM OXJI&KJICHHEM (MCKYCCTBEHHOE CTapeHHe: 0ObIYHO 3TO Harpes 10 600-650

° C , d 3aTCM OXJIaXXACHHC, CHadaJia C IICYbIO, IIOTOM - HaA BOSI[YXG). PG,Z[KO IIpumMe-
HAIOT CCTCCTBCHHOC CTAPCHUC — BBIACPIKKY ITOCJIC CBAPKH B TCUCHHC 1.5...2 mecs-
OCB.

Konmponwvnsie éonpocer:

1.Ceéapuvie coedunerus u 6udbvl CaAPKU.

2. KoncmpyxkmusHvlie pa3nos8uonocmu c8apuvix coeouHeHull.

3.Jlobosvie, gnanzoguvle, Kocvie, KomMOuHUposanHvle wenvl. Ilouemy He peko-
MeHOYemcs NPUMeHAMb OJIUHHbLE (DIlaH208ble UiBbl?

4.YVenosvle wiebl, 803MOJNCHbIE (POPMBL HONEPEUHO2O CEHEHUsl Y2N0BbIX ULBOS,
Hauboee payuoHaIbHASL POpMAa NPU NePeMeHHOM HACPYHCEHUL.

5.Boszmooicnvle deqhekmpvl c86apHbIX COCOUHEHULL.

6./locmoucmea u HeOOCMamKU C8APHBIX COCOUHEHUII.

7.Pacuém cmuvlkosbix ueos.

8.Pacuém yenosvix w608, 0onyujeHus npu paciémax yeioesix ueoa.

9./[onyckaemvble HanpsdiceHUs NPU pacuémax C8apHuIX WUBO8.

10.Pacuém ceapubix w808 npu nepemeHHOM HAPYHCEHUU.

11. Ecmecmeennoe u uCKyccmeeHHoe cmapeHue C8aApHblX KOHCMPYKYUIL.

2.8. Coedunenus ¢ 2apanmupoB8anHbiM HAMSCOM.

2.8.1. OO01He MoNI0KEHNA

DTO Hepa3bEMHBIE COSMHEHHUS I Mepe/laud OCEBOWM CHIIbl U (MJM) Bpalia-
folero MomeHta. /[namerp Bama 4yTh OoJibliie, yeM auameTp oTBepctus. [lpum
coopke 3a cu€r ynpyrux nedopmaruii 1uaMeTp Bajia YMEHBIIHUTCS, a TAAMETP
BTYJIKH — yBenuuuTcs. (puc.2.43).
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a) IO COEMIHEHIIT 0) mocie coeaMHEHNST

de>do de=do=d

deB
E)do
od

Puc.2.43. CoequHeHue ¢ HATATOM: a) 10 COEAMHEHNUS; 0) MOCIE COCTUHEHUS.

Takum oOpaszom, mocie cOOpKH CO3MAETCS HATAT 3a CUET PA3HOCTH Pa3MEpPOB
coequHsIeMbIX netaneil. Ha MOBEpXHOCTM KOHTAKTa AETajeid BO3HUKAIOT CHIIbI
TPEHUSI, MPEMSITCTBYIONINE B3AUMHOMY CMEIIECHHUIO 3JIEMEHTOB COCAUHEHUS.

CoenvHeHus MOKHO pa3eiuTh Ha ABE TPYIIIIHL:

- CO€JIMHEHHUE JIeTajei Mo MINHIPUIECKUM UM KOHUYECKUM TTOBEPXHOCTSIM
0e3 mpUMEHEHUS CIIEIUATbHBIX COCTMHUTEIBHBIX JIeTaNCH;

- COEIMHEHUE JIETAJIEW MO TUVIOCKOCTSM C MOMOIIBIO CHEIUATBHBIX CTSKHBIX
KOJIeIl WJIY TIJIAHOK (aHKEPOB).

OcHOBHOE TTPUMEHEHUE MMEIOT COCIMHEHMS TIEPBOM TPYMIBI MO IWIMHIPHU-
YECKOU MOBEPXHOCTH.

[To crmocoOy cOOpkHM pa3ziuyaloT MUIUHIPUYECKUE COCAMHEHUS C HATATOM,
coOupaemMbie 3aMPECCOBKON UM C HArpEBOM OXBATBHIBAIOIICH WM OXJIAXKICHUEM
oxBaThiBaeMoM netanu. HanéxHocTh coeuHeHus, COOUpaeMoro ¢ HarpeBOM WJIU
OXJIaXJIeHWEeM, MPUMEPHO B 1.5 paza Bhlllle, YeM y COCIUHEHUS, COOUpPAEeMOro 3a-
MPECCOBKOM. DTO MPOUCXOJUT MOTOMY, UTO MpHU COOPKE 3alpecCOBKON HEPOBHO-
CTU KOHTAKTHBIX MOBEPXHOCTEH YaCTUYHO CPE3aIOTCS U CTIAXKUBAKOTCS, YTO CHHU-
JKaeT HECYIIYIO CIIOCOOHOCTh COEUHEHUSI.

2.8.2.JIocToMHCTBA COCTMHEHUMN:

-POCTOTA KOHCTPYKIIUU;
-XOPOIIO PabOTAIOT MPHU OOJBITUX TUHAMUYECKUX HArpy3Kax;
-00eCcneynBaoT X0poIliee [IEHTPUPOBAHHE.

2.8.3.HenocraTky coeIMHEHNIL:

-CII0KHOCTh COOPKH — pa300pKH M BO3MOKHOCTh TIOBPEXKJICHHUS TOCa-
JIOYHBIX TTOBEPXHOCTEH TPHU paz0opKe;

-KOHIICHTPAIIMS HAIMPSHKEHUM OT MOCAJIKU C HATATOM COMNPSKEHHOU Jie-
TaJiv, a 3HAYUT CHIYKECHUE YCTAJIOCTHOW MPOYHOCTH BaJja;

- TPYAHOCTh KOHTPOJISI CTETIEHU HAAEKHOCTH COCIAMHEHHUS B IMPOIECCe
cOOpKH;

-00JIBIIIOE paccerBaHUE TPOUYHOCTU COCAMHEHHUS B CBSI3U C PACCEUBAHMU-
€M ITOCaJIOYHBIX PAa3MEPOB B MpejIeiax JOMYCKOB.

[Tox TPOYHOCTHIO COETUHEHUS 37I€Ch MOHUMAETCS CIIOCOOHOCTh TepeaaBaTh
BHEIIIHIOIO Harpy3Ky.
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[IpumeHenune coeuHEHNI

CoeanHeHusl LIMPOKO MPUMEHSIOTCS JUIsl COOPKU KPHUBOILUIIOB, KOJEHYATHIX
BaJIOB, KOJIECHBIX LIEHTPOB U OaHIaxel KeJIe3HOAOPOKHOIO COCTaBa, BEHIIOB 3y0-
YaThIX U YEPBAYHBIX KOJEC, NOAIIUITHUKOB KAYEHUS U IPYTUX JAETaJei MaIlUH.

2.8.4.Pacuér coeqnHEHMIA.

3amaya pacuéra yCTaHOBUTH TpeOyeMoe JUlsl Tepellayd 3aJlaHHOM BHEIIHEH
Harpy3Ku CONpsDKEHHE JeTanel (T.e.M0CajKy) U IPOBEPUTH BbIACPKAT JIU COCIIH-
HSEMBIE JETAIA CO3JaBAEMbIN MPU CONPSIKECHUU HATSIT.

Pacuér BBINOJIIHACTCS 110 CHAEAYIOMIEMY AITOPUTMY.

1. Omnpenenuth AaBIEHUE HA MOCAT0YHON MMOBEPXHOCTH, TpeOyeMoe Mpu co-
€AUHEHNHN JIETAJICH [ TIepefadyu 3aJaHHOW HArpy3KH.

Wcxons U3 TOTO, 9TO AaBJICHUE P TOJDKHO OBITH TaKUM, YTOOBI CHJIBI TPCHUS
Ha MOBEPXHOCTH KOHTAKTA MOJIHOCTHIO MPOTHUBOJCHCTBOBAIM BHEIIHUM CHUJIAM,
HaXOJUM:

-TIpY HArPYKEHUU COCIMHEHUS BHEIIHEH 0ceBOM cuioi F:

F<Tf dﬁp ya p >
T OTKyaa
fJEdg

- IIPHU HAIr'py>KCHHUHU COCAUHCHUS KPYyTAIIUM MOMCHTOM T:

K. 2T
chdZE

- TIpY HAarpy>KCHUH COSAMHEHUsI OJTHOBPEMEHHO OCeBOM criion F u kpyTsaimm
MOMEHTOM T:

T < fndlpd/2 otkyma p>-—""—

2 2
KCH\/F +(2T/d)

2 2 < frde > ,
\/F +(2T /d) ndlp oTkyma P Py

rae T - koadduiueHt TpeHus;

d u (- aAuamerp u JJIMHA MMOCAJJOYHON MOBEPXHOCTH.

Jnst yuéra ocnabiieHus 1aBJI€HUS LICHTPOOEKHOM CUIION MOJYYEHHYIO BEIU-
YuHYy yBeNn4YuBatOT. C 3TOM LENbI0 U IS TOTO YTOOBI YYECTh BOBMOKHBIE OTKIIO-

HeHUs B PopMyIibl BBOAUTCS KOA(DGUIIMEHT 3amaca CIeTICHUS Kcu: 1.5...3.

KoaddunumenTt tpenus npurumMaetcs: npu coopke 3ampeccoBkoi f = 0.08,
npu coopke ¢ HarpeBoM (oxiaxaeHuem) f = 0.14. Eciu oqHa U3 CoeqUHAEMBIX Je-
TaJiel cTaibHas (4yryHHas), a BTopas Opon3oast (marynnas) f = 0.05.

2. Omnpenenutb TpeOyeMblid pacU€THBINA HATAT.

PacuétHplif HATAT IUIMHIPUYECKOTO COEAUHEHUS CBSI3aH C TPEOYEMBIM I10-
CaJI0OYHBIM JIaBJICHUEM BBIPAKECHUEM

C C,
— 1
=pd(-t+-2).
E, E,
3necs: Ej; m E; -Monynu ynpyroctu MaTepuanioB OXBAaTbIBAEMOM M OXBaThl-
BaIOIIEH JIeTaJICH;
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koddummenTs: C, = K, C,

rae d - mocagouyHBIN TUAMET;
d; - mmamerp OTBepCTHS OXBaThIBAEMOW JeTayu (I Baja CILIOUIHOTO
nonepeunoro ceuenus d,=0);
d; — Hapy)KHBIN AUaMETP OXBATHIBAIOIICH JCTAIIH;
U1, Mo - Koaddumuents! [lyaccona coequHsieMbIX qeTanei: s cTaiu
u=0.3; nus gyryna p = 0.25; nus 6ponssr p = 0.35.
3. OnpenenuTth NEUCTBUTEIbHBINA HATSIT COCUHEHHUS.
JIJisi KOMITEHCAMK CTIIaKMBAaHKMSI MUKPOHEPOBHOCTEH mpoduiei compsrae-
MBIX JI€TaJIeH JEHCTBUTEIbHBIN HATAT N, coeMHEHUS NOHKEH OBITh OOJIBIIE TpE-
oyemoro N,. ITosromy

N, = Np +1.2(R,; +R,),

raie R, u R, - BBICOTBI MUKpOHEPOBHOCTEN MpOduiie, MpUHUMAEMbIE 110
COOTBETCTBYIOIIEMY CTaHIAPTY.

4.ITogbop cTaHIapTHOM MOCAIKHU.

[To 3nauenuro N, mogbupaeTcs U3 cTaHIapTa COOTBETCTBYIOIAS MMOCaKa Ta-
KUM 00pa3oM, 4TOObI HAMMEHBIITNH €€ HATIT ObLT paBeH win 01130K N

HauGonee pacmpocTpaHeHbl CIEIYIONTUE TTOCAJAKU C HATATOM JJI KBAJIMTETOB
6 u 7 (B mopsiake yobiBanus Hatsara): H7/u7; H7/s6; H7/r6; H7/p6.

S.IIpoBepka NMPOYHOCTU COCAUHSIEMBIX JICTAJICH.

Heobxoaumo mpoBepuTh MPOYHOCTH COSAMHSIEMBIX JIeTajel, Tak Kak co3jaa-
BaeMbIi TIpH COOpPKE HATST MOXKET BBIBECTU UX U3 CTposi. [Ipu 3TOM HYXHO UCXO-
JIUTh U3 HamOOJIbIIETO BO3MOKHOTO HaTsira N,, BEIOpaHHOM MOCaIKH U COOTBET-
CTBYIOILIETO €My HauOOJIBIIIETO PACUETHOTO HATATa

N, =N, -12(R,+R,),

a TaKe BO3MOXXHOTO MaKCUMAJIbHOIO JaBJICHUS HA KOHTAKTHOW MOBEPXHOCTH CO-
eINHSIEMBIX JIeTaJIeH

Nyp

d(cy/E{+Ccy/Ey)

JIns oxBaThIBarOLIEH NETAIM, KaK U3BECTHO M3 Kypca COIPOTUBJIEHUS Mare-
pHUAJIOB, ONIACHBIMU SIBJISFOTCS TOUYKU HA €€ BHYTPEHHEH IMOBEPXHOCTU. B 31X TOU-
KaX BO3HHUKAET IUIOCKOE HAIPSHKEHHOE COCTOSIHUE, MPHU 3TOM IJIaBHBIE HaIpsKe-
HUS 61=6t, 6,=0; G3= G;. 31€Ch G- OKPYKHO€ M G, — PaJHAIbHOE HOPMAJIbHbBIC
HarnpspkeHus. [1o rumore3e HauOOIBINX KacaTeIbHBIX HANPSKEHUH (TpEThel Teo-
pHUU IPOYHOCTH ) JJIS1 AETAIU U3 ITACTUYHOTO MaTepHana

(6} =0, —0 —_—
SKB t r 1 (d/dz) E

I[J'Iﬂ OXBaThIBacMOM ACTAJIN KOJIBIICBOI'O IIOIICPCYHOI'0O CCUCHUA OITaCHBbI TAK-
KC TOYKH BHYTpeHHCﬁ IIOBCPXHOCTH. B »THxX TOuykax BO3HUKAET OOJHOOCHOC CiXKa-
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THE. Y CIIOBUE MPOYHOCTH JJIsI OXBATHIBAEMOM JIETAJM, COCTABICHHOE IO TPEThEU
TEOPUH MPOYHOCTH, UMEET BU/L

6. =-0,=
DKB 3 1— (d/dl) tp

!/
3neck o6o3HaueHo O 1 TOTrO, YTOOBI BBIJICIUTh O003HAUYCHHUE HAIpPSIKeE-

HUU ]IS OXBaTbIBAEMOU JIETaIN.
Ecnu oxBaTeiBaeMas aeTaib NpeICcTaBiseT COOOM CIUIONTHOM Bajl, TO B 000

! !
€ro TOYKE BO3HUKAET JIBYXOCHOE ckarue. I aBHple HanpspkeHuss O 0= &) 3~ Y

!
ONMHAKOBBI, & G = 0. YcnoBre npOYHOCTH B 3TOM ClIy4ae

! ! !
GBKB __63 _pS tp y

2.8.5. [Ipumep I17.

Hasznauumo nocaoky coeounenus eenya ¢ yeHmpom O0jisi nepedavu 8pauaro-
wezo momenma T= 2000Hm. Pazmepol snemenmog coeouHenus: npuedenvl Ha pu-
cyHke 2.44.

Mamepuanor:

- geney 1: cmanw 45 no F'OCT 1050-74; o, = 360, H/um?; u, =03;

- yenmp2: wyeyn C418 no FOCT 1412-79; o, =176 H/un®; p, = 0.25.
Lllepoxosamocmb coeOUHACMbIX NOBEPXHOCMEIL.

- seney 1: R, =3.2, mru;

-yenmp 2 : R,, = 6.3, mxm.

Pewenue.

Kospghuyuenm sanaca cyennenus npunumaem K., =2.

1.Heobxo0umoe 051 nepedadu 3a0aHHO20 MOMEHMA O0A6eHUue HA NOBEePXHO-
cmu coeOuHeHUs.

K, 2T 2-2-2000000
p=—"—= — =174, H/w?;
frd“¢  0.14-3.14-350°75

20e d=350mm, ¢ =75um, f =0.14

2. Munumanvhwiti mpebyemulil Hamse 0151 0becneyerusi HeobX00UMO20

oaenenus
C, C
=p-d-| =2+ 22| uxm.
E, B
Koaghgpuyuenmu::
C,-01s oxeamuieaemoit demanu, C,- 015 oxeamvisaiowyeil
d? +d? L d2+d2+lLL
1= 132 = 2
d?-d? dj —d”
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80 30ecv: - d =350mm — nomumnanvHwlll
75 ouamemp coeoOuHeHusl;
- d1=320mm — munumanvuvIl
| [ ouamemp oxXeamuvieaeMo Oemanu;
= - d,=380mMm — Haubonvwull
ouamemp oxeamvléaroujeli Oemau.

C,=10.939; C,=12.487.
E,=13-10°4 E,=2.1-10°, H/un’-

MOOYIU YAPY2OCHIU.

Hpu maxKux SHAYECHUAX
N, = 0.100 =100, MKy

3. /leticmeumenvhulil Hamse cOeOUHEeHUs.
N,=N,+12Q, +R,,

=100+1.2€.2 + 6.3:: 111,4 =112 ,mxm
4.Cmanoapmmuas nocaoxka ¢ Hamszom OIU3KUM K OeticmEUmeibHOMY

BeHel_1 1

2350
2320
2380

Puc.2.44. Coeounenue ¢ namszcom.

4

Tlocaoxa 9350 H7/u7 H7/s6 H7/r6 H7/p6

Hamse max- 0.447 0.304 0.226 0.144
cum.N,,

Hamse munum.N 0.390 0.268 0.160 0.108

Ipunumaem nocaoky o0350H7/X6 c munumanvrvim namsazom 160mxm.
5.Ilposepxa npounocmu coeounsemvlx oemaneti

5.1. Haubonvuwiuti 603MONCHbIU HAMA2

Npax =N, —1.2@Q,, +R,, =226-1.2€.2+6.3 =214.6 ~ 215 ,.uxu

5.2. Haubonvuwee oasneHue Ha KOHMAKMHOU NOBEPXHOCMU

_ N max _ 215
d(c,/E;+¢, /Ey) 350(10.939+12.487j
1.310° 2.110°

5.3.Haubonvuiee nanpsoicenue 8 geHye (8 oxeamvléaroujeli 0emani)

P =4.32, H/um®.

G, = 2p = 2:4.32 = 56.969 , H/um’
1-(d/d,) 1_(350)
380

b,=0,/5=360/3=120 Hm?* o__~57< [, =120/

c$3KB
5.4. Haubonvwue HanpsidxceHus 6 yenmpe (8 oxeamoléaemotl 0ema.iu)
, 2p 2:4.32 2.
Gl = ;= 5 = —45.647 ~ —46 ,H/mm";
1-(d/d;) 1_(350)
380
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-46< l;:: C;B = % ~ 58, H/mm?

6. Bvi600: ona coedunenus ucnonvzosams nocaoxy o350H7/r6.

Konmponwvnwie eéonpocer:

1.Hasnauenue u xoncmpyrkyus coeounenus. llouemy coeounenue omuocumcs
K Hepa3béMHbIM CcoeOuHeHusam? 3a cuém Kakux Cuil OHO nepeodaém 6HeulHIon
Hazpy3Kky?

2.Jlocmouncmea u He0oCmamxku COeOUHEeHUs: ¢ HAMSA2OM.

3.3a0aua pacuéma coeounenus.

4. Aneopumm pacuéma coeOuHeHusl.

3. IlpuBoabI MAIIMH.
3.1. Hasnauenue u 2nemenmsl npugooa.

B kax10#1 MalvHe ecTh pabounii OpraH M JBUTaTelb, COEIUHEHHBIE Mepea-
TOYHBIM MEXAHU3MOM. /[BUraTens U neperaToyHblii MEXaHU3M 00pa3yloT IPHUBO/I.
Hasnauenue npuBoja — nepegava 3Hepruu (MOIHOCTH, JBUKEHUS) IBUTATENs pa-
oouemy opraHy.lMamHHa MOXET UMETh OJMH WJIM HECKOJIBKO pabO4YuX OpPraHOB.
Kaxnp1ii pabounii opran MOKET COBEpIIaTh OJHO WJIM HECKOJIbKO padouyux JIBU-
XKEeHUHU. /(151 KaXKI0ro IBHXKEHHSI MOXKET OBbITh CBOM JBUTATENb WM BCE ABUKEHUS
MOTYT 00€CIIeUYBaThC OJJHUM JIBUTaTeJIEM Yepe3 pa3Hble LENOUYKU Mepeiad.

1 6 | 3 3 4 B o6mem cioydae mpuBOJ COCTOUT U3
j’_ (puc.3.1):
O_%_ . - 1- nBurarens;
S/ - 2- my(¢Ta OBICTPOXOAHAS;
2/ - 3- mepeIaTOUHbIA MEXAHU3M;
_E:J;' _ N\ - 4- pabounii oprad (He BXOIWT B
r - P BON);

- 5- my(ra TUXOXOHAS.
Puc.3.1 Kunemaruueckasi cxema npuBo/ia.
Kpome 3Toro nmpuBog MOKET UMETh:
- 6- TOPMO3HOE YCTPOMCTRO;
- 7- paMa, Ha KOTOPO MOHTHPYIOTCS 3JICMEHTHI IIPUBO/IA;
- 8- orpaxaenue s odecrieueHus: 6€30MacHOCTH padOThI.

[TepenaTounbpie MEXaHM3MbI IPUMEHSIIOTCA B TPUBOIAX TaK KaK:

-CKOpPOCTH pab0YuX OpPraHOB Pa3JIMUHbl U HE COBMAAAIOT C ONTUMAaJIbHBIMHU
CKOPOCTSMU JIBUTATEJIEH;

-4aCTO HEOOXOIMMO PEryJIMpPOBaHUE CKOPOCTH pabovero oprana;

-JIBUTATEJIN COBEPIIAIOT PAaBHOMEPHOE BpaIlleHUE, a pabodne opraHbl MOTYT
JIBUTAThCS TIO CAMBIM PAa3HBIM TPACKTOPHSIM;

-OT OJHOTO JIBUTATEJISl MHOT/IA HYXKHO TepeaaBaTh SHEPTUIO Pa3HbIM pabodnm
opraHam.
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3.2. OcnogHble xapakmepucmuxku npueood.

VY KaXIoro npuBoJa UMEETCA: BXOJ — MECTO, KyJia OCTYIIAET SHEPT U,
BBIXOJl — MECTO T'/I€ CHUMAETCS SHEPTUA.
Ha Bxone — Benymui Baim;

Bxon Bexon .
\ - \ Ha BBIXOJIC — BEIOMBIil BaJl.
\ =) . \
@‘@T e Bemowmsrif Bam | Mexay HUMU — MPOMEKYTOUYHBIE
fll § = \ \ BaJIbI IPUBO/IA.
y [l = = \ \ :
Beaymuii s | | 5 5 o\ _ _\ OCHOBHBIE XapaKTEPUCTUKH:
2, S _Ef:,u - = -MOIIHOCTH Ha BXoxae N, KBT;
o]

= = -MOIITHOCTb Ha BBIX0JIE Ny, ., KBT;

-YIJI0BBIE CKOPOCTH BaJIOB:
Puc.3.2. DneMeHTbI IPUBO/IA. ®1...0, , 1/CEK UK YaCTOTHI
BpallleHus BaJioB Nj... N,, 00/MuUH.
Kpowme 3Toro MoryT ObITh BBIUHCIICHBI:
-Bpalaromuye MOMeHThI Ha Bastax T;... Ty, Hwm;

NBBIX TBBIX
- K.ILJ. OpHBOJa M = = X
N T
BX BX
— O)BX n BX
- o01ree nepeaTouHOe YUCIIO0 NpuBoaa U, = =
60 BBIX n BbBIX
Ecou Uy, > 1, T.€. 0p> Wpyx — IEPEIATOYHBIM MEXAHU3M MOHIKAIOUTUAN (3TO

PEIyKTOD).

Ecmu U, < 1, T.e. 0p< Oyyx — MEPEIATOYHBIN MEXAHU3M MOBBIIAOIINHN (3TO
MYJIBTUILTHKATOD).

Ecnu U, nmocTosiHHasi BeM4KMHA, TO HA BBIXOJIE MPUBOJA pabouyuii opraH JBU-
JKETCS C MOCTOSIHHOM CKOPOCTBIO.

Ecnu U, nepemenHasi BeJIMuMHa, TO HAa BBIXOJE MPUBOJIa paboUunii opraH JABU-
JKETCS ¢ MEePEeMEHHOM CKOpOoCThIo. IIpy 3TOM M3MEHEHHE CKOPOCTH MOXET OBIThH
CTYNEHYAThIM —B IIPUBO/JIC UMEETCSI KOPOOKa CKOPOCTEH, MM M3MEHEHHNE CKOPOCTH
MOXET OBITh TUIABHBIM, OCCCTYIIEHYATHIM —B IIPUBOJIE UMEETCS BAPHATOP.

TN
[Tockonpky momHOCTE N=T®, a ® = — monydaeM ypaBHCHHE, CBS3bIBa-
30

Tren  Tn
I0III€€ TPU XapaKTepucTuku npupoja: N = 5 = ﬁ B sTom ypaBHEHNUN

T B Hm, n B 06/muH, N B BT. B MalmmmHOCTpOCHUHU UCIIOIB3YETCS 1JII MOIIIHOCTU
eanHuna kBt, mnoaTtomy

N:T—n kBt wim T:9.55X103E,HM
n

3 2
9.55x10
[TockonbKy B popMmyIIe 118 MOMeHTa 1 4YacToTa BpalleHHs CTOUT B 3HAMEHa-
TeJe, TO YeM MEHbBIIE YacTOTa BPAIICHUS Bajia, TEM OOJBIIIE MOMEHT, KOTOPHIN
IIPUBOJI IOJKEH MEPENaTh.
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B penynupytomiem npuBojie B HapaBJIEHUHU OT BXOJa K BBIXOJLY:

- MOIIIHOCTh YMEHBIIAETCS Ha BOCEMb — IIATHAALATH IPOLIEHTOB (Ha BETMYHUHY
K.IL.J), TaK KaK Hy>KHA SHEpPrusi, YTOObl IPEOJOJIETh TPEHUE B Mepeaadax, TPeHUe
B OIIOPax BaJIOB, CONIPOTUBJICHUE NP pa3MELIMBAaHUM CMa3KH, KOTOPOM cMa3blBa-
IOTCSl IEPEJauU PELYKTOpa;

- YaCTOTa BpalllEHUs BaJOB YMEHBIIAETCSA B MEPEIATOYHOE YUCIIO pa3; mepe-
JATOYHOE YMCJIO MOKA3bIBAET BO CKOJBKO pa3 HYKHO CHU3WUTH YACTOTY BpallleHUs
JBUTATENS, YTOOBI MOIYYUTh HEOOXOIUMYIO CKOPOCTh pabovero opraHa;

- BpalllAlOIMA MOMEHT Ha BajlaX YBEJIMYMBAETCA NMPUMEPHO B MEPEIATOUHOE
9gHuclio pa3 (eciu mpeHeOpeyb MOTEPSIMH MOIIMHOCTH U CUUTATh €€ MOCTOSHHOM),
TaK Kak 4acToTa BpalleHus Baja (a oHa B opMyJie CTOUT B 3HAMEHATElE) YMEHb-
H1aeTcs B IEPEIaTOYHOE YUCIIO Pa3.

3.3. IIpoexmuposanue npusooos.

3.3.1.McxoaHble TaHHBIE.

JlJi IpOEKTUPOBAaHUS IIPUBO/IA JODKHO OBITh 3a/1aHO:

- Ha3HaYEHHE NPUBOJIA, TPeOYEMBII pecypc, YCIOBUS U PEKUM padOThI;

- CBSI3b IIPOEKTUPYEMOI'0 MEXaHU3Ma CO BCEM OCTaIbHOW KOHCTPYKLMEH: 3TO
CaMOCTOSITEJIbHBIN 3JIEMEHT WM YacTh MALIUHBL;

- FEOMETPUUECKHE TapaMeTpbl padovero opraHa;

- KHHEMATUYECKUE XapaKTEPUCTUKH JBUKEHUS pab0Yero oprasa;

- Harpy3Ku Ha paOoy4Mil OpraH U XapakTep UX U3MEHEHHS.

3.3.2.ITopsa0K MPOESKTUPOBAHUS TPHUBOAA

1. BbI0Op 351€KTpOABUTATEIIS.
1.1. MoutHocTh Ha paboueM OpraHe MpPUBOAA WM MOIIHOCTh Ha BBIXOJIE
npuBoJia ( B 3aBUCUMOCTH OT KOHCTPYKIIUU PabOvero opraHa):

T.n
N =F_xv_ ,kBr mwmu N =M,KBT,
BEIX  po~ T po BBIX 9_55><103

rae Fpo - COMPOTUBJICHHE HA paboyem oprane, KH;

Upo - CKOpOCTh pabovero oprana, mM/c;

Tpo - MOMEHT Ha pabouem oprane, Hu,

Npo — vacrora BpanieHus paboyero oprana, 00/MuH.
1.2. MomHOoCTh Ha BX0ji€ puBoa win 3 ()EKTUBHASI MOIITHOCTh

BbIX

:N =
BX K] !
iy n,

N

rae T - oOmumii K.IL. 1. NPUBOJA.

Bo3MOXHBI IB€ OCHOBHBIC CUTYyallUU: KHHEMAaTHYECKasi cXeMa MPUBOJia 3aj1a-
Ha, 1 KHHEMaTU4YeCcKasl CXeMa MPUBOJIa HE 3aj1aHa.

B nepBom ciyuae oOmuil K.I.J1. IPUBOJIAa OMPEACIISICTCS 110 3aIaHHOM KUHeE-
MaTHUYECKOMN CXeMe KaK MPOU3BEACHUE K.I1.]I. SJIEMEHTOB, BXOISIINX B CXEMY

n, = NNy NN,
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K..za. OTOenpHBIX 2IEMEHTOB 1, : mepeziad, map MOANIMITHUKOB, MydT- ompe-

JETISIFOTCS TIO CIIPaBOYHUKAM.
Bo BTOpOM ciyuyae oOmIui K.11.J1. IPUBOJIa TPUHUMAETCSI OPUEHTUPOBOYHO

!/
n,= 0.85...0.9, cOOTBETCTBEHHO MOIYyYaeM OPUEHTHUPOBOUHYIO S(D(PEKTHUBHYIO
mommuocts N’ .
o
1.3. YacToTa BparieHust pabodero oprasa
Ecnu oHa He 3a1aHa B UCXOJIHBIX JAHHBIX, TO OMPEAEIIAETCS 10 BEIPAKEHUIO

Upo

npo = —
D,
CkopocTs pabouero oprasa Upo U €ro reoMeTpuyeckas XapaKTepHCTHKa

DpO , 3aJaHbl B UICXOOHbIX JaHHBIX.

JlanbpHEHIINE ark 3aBUCAT OT TOr0, 3aJaHa KHHEMAaTHYeCKash CXeMa WJIA HET.
Ecnm kuHEeMaTHyeckas cxema 3ajiaHa, TO CIeayeT TakKas IIeTovKa I1aros.
1.4°. Orenka BO3MOKHOCTEHN 3aJaHHON KUHEMATUYECKON CXEMBI

3Has BO3MOXKHOCTH KaXKJIOW Tepefadyd, HazHadaeTcs I KaXI0H CTyIeHU

) !
KHHCMATHUYCCKOU CXCMBI IICPCAATOYHOC YUCIIO UI . HpI/I 9TOM HYXHO IIPHACPIKH-

BaThCSl TAKOT'O MpaBWJIA: YE€M Jajblie OT JABUTaTeNs (4eM MeJJICHHEH BpaliaeTcs
BEIyIIUIA JIEMEHT TIEpe/iauun), TEM MEHbIIE €€ rnepeaaTouyHoe Yucio (B mpejenax
BO3MO>KHOCTEHN 3TOM Mepenayn).
3aTem orpeaenseTcsi BO3MOXKHOE 00IIee epeIaTOYHOe YMCIIO BCEU CXEMBI
! 1,/ !/ !
u,=uu,..u..u
1.5°. BO3MOHas 4acTOTa BPAILICHUS AJIEKTPOABUTATENS
n! ~ n u!
AB po o
1. 6. BeIOOp 2yieKTpOABUTATENS.
DJIEKTPOJIBUTATENIM OJJTHOM W TOM € MOITHOCTH BBIITYCKAIOTCS C PA3IUYHBIM
YHCIIOM MHap MOICoB 2, 4, 6, 8 U, COOTBETCTBEHHO, C PA3JIMYHON CUHXPOHHOM 4a-
CTOTOM N BpameHus: 3000, 1500, 1000, 750 06/MHUH, BOBMOXHBI U JPYyTHe 3HA-

yeHus. CUHXpOHHAs 4acTOTa BpAILEHUs] OTO YacTOTa BPAICHUS MAarHUTHOTO TO-
TOKa B OOMOTKax craTopa asuratess. YeM OoJiblie nap moJjitocoB, TEM MEHbBIIIE Ya-
CTOTa BpAIlIEHUs JBUTATENS U TeM OOJIbIIIE €r0 pa3Mephl, Macca U CTOMMOCTb.
Porop nBurartensi CKOJb3UT OTHOCUTEIBHO MAarHUTHOIO MOTOKA, OTCTAET OT
Hero. [loaTomy paGoyast yacToTa BpalieHus IeKTpoaBUraTesst N , ~ ACHHXDOHHas

4acTOTa — HA BEJIMYMHY CKOJIbKEHHSI MEHBIIIE CUHXPOHHOW U CBOSI Y KaXKJI0TO JIBU-
raTeis.

[lo kaTtajioram WM MO CHpPaBOYHHMKAM BBIOMpPAETCS 3JEKTPOJBHUraTeb Tak,
4YTOOBI €ro MOIIHOCTh ObuUla Onmkaiieil Oosbled K 3(PQPEeKTUBHON MOIIHOCTH
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IPUBO/A, TO €CTh N)IB > N3 a acuHXpoHHas (pabouas) 4acToTa BpaILIEHUS

(1) 9
o o !
onvokame k N "

1.7’. YTouHEeHHE 001IIero mepeaToOYHOTO YHCiia PUBOIA

rae N a - pa6oqa51 4aCTOTa BpalllCHUA BI)I6paHHOFO QJICKTPOABUTATCIIA.

1.8’. YTOouHEHHE NTepeaTOYHBIX YHCEI OTAEIbHBIX CTYNIEHEH IPUBO/IA
Tenepsp, Korga U3BECTHO (HaKTUUECKOE U, HYXHO yTOYHUTH TICPEATOTHbIC

. ' .
yuciia KaXI0u CTYIIEHU Ui W, HE 3a0bIBasi O TOM, YTO Y KaXKJOW Mepeayr CBOU
BO3MOKHOCTH, IIPOBEPUTH PABEHCTBO uO =Uu lu 2...ui...u K 3nech Ui - (pakTHue-

CKO€ TIepeaTOUYHOE YHCIIO | — TOW CTYIICHH IIPUBO/IA.

Eciu xuHematnyeckasi cxema He 3a/1aHa, TO OPSAIOK JCUCTBUN TAKOB:

1.4"".  BpIOOp 2IIEKTPOABUTATEIS

[To karamoram WM MO CIPaBOYHMKAM BBIOMpAETCS 3JIEKTPOJABUTATENb TaK,
YTOOBI €ro MOIIHOCTh ObUla Omkaiied Oosblield K 3P(EKTUBHON MOIIHOCTU
IPUBO/A, TO €CTh NILB > N3 ¢ & ACHHXPOHHas (pabouas) yacToTa BpalIEHUs

MOKET OBITh JIt00ast U3 BhlTyckaembix. Hanbomnee MaccoBbIMU (a 3HaYUT U HAUOO-
Jiee ACIIEBbIMU) ABJISIFOTCS CEPUU C CUHXPOHHOM yacToToil Bpamenus 1000 u 1500
00/mMuH. Ha HUX B IIepBYIO 04Yepeib PEKOMEHIYETCSl OPUEHTUPOBATHCSI.

Ecin ectb kakue-HMOynb yKa3aHUsi 1O YacTOTE€ BpAILEHUS JBUTATEIs
(HanpuMmep, B MPUBOJE UCMOIb30BATh JBUTATENb C CAHXPOHHOM YacTOTOM Bpallle-
HUI N o WM - Ha CKIIAZIE €CTh JIBUTATENh C CHHXPOHHOW 4aCTOTOM BpameHus N c ),

TO HYKHO CJI€JIOBaTh 3TUM YKa3aHUSIM.
1.5"". Onpenenuts o0I1Iee IepeAaTOYHOE YUCIIO MPUBOIA

rae n_- pabouasi yacToTa BpalleHUs! BHIOPAHHOTO AJEKTPOIBUTATENS.

1.6"". CocTaBUTh KHHEMAaTHYECKYIO CXEMY MPHUBOJIA
3Has uO U, 3Has, 4TO uO = U1U2. . .ui...u K BBIOpaTh BU KKIOU TIepeaaun

MPUBOJIa U HA3HAUUTH €€ MepelaTOYHOE YUCIIO, YUUTHIBAsI €€ BO3MOXHOCTH U 00-
1iee MpaBujIo: YeM Jajibllie OT JBUTATENs (4eM MEIJICHHEW BpallaeTcsl Beayliui
AJIEMEHT Tepeiauu), TEM MEHBIIIE MMePelaTOYHOE YUCIIO Ui . KonnuectBo nepengau

K B mpuBO/IE ONpeAesieTCs BEIPAKCHUEM

Uo =u1u2...ui...uk,
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TO €CTh HEOOXOIUMO, YTOOBI MPOU3BEICHHUE MTEPEAATOYHBIX YHNCETT OTACIBbHBIX TIe-
penad mpuBoja ObUIO PaBHO €ro OO0IIeMy MepeJaTOYHOMY 4YHCIly. Bbraucienus
HYKHO TTPOU3BOUTH C TOYHOCTBIO /10 THICSIYHBIX.

1.7"". Onpenenuts hakTHIECKYI0 3PHEKTUBHYIO MOIIHOCTh

N — N BBIX

3¢ no

O6umit Ko3(PPUIMEHT TOJE3HOTO JEHCTBHS NPHBOJA 1, OmpeleNteTcs 1o

IIpe HaraeMOﬁ KHHeMaTquCKOﬁ CXEMC = N ) . . K03 HNIIMCHTDBI
pea T]O nlnz T], nk (1)(1) o

[OJIE3HOTO IEHCTBUA IEMEHTOB CXeMbI 1), Tepefad, nap NONIMITHAKOB, My(T -

OIPCACIIAOTCS IO CITPABOYHUKAM.

1.8"". CpaBHUTHh MOITHOCTbH JBUTATENS U 3(PPEKTUBHYIO MOIIHOCTb.
Ecau BBINOJIHAETCS HEPABEHCTBO NILB > N3 ¢ TO HHKAKIX W3MEHEHUU fe-

JIaTb HC HYKHO. Ecau xe sto HCPABCHCTBO HC BBLIIIOJHACTCS, TO H€06XOI[I/IMO 3a-
HOBO HOI[O6paTB 3JICKTPOJABUI'ATCIIb TaK, yTOOBI OHO BBIINOJHAIOCH. MOXKHO J0-
OUTHCSA BBIIIOJIHEHUS YTOTO HCPABCHCTBA, U3MCHAA KMHCMATHYCCKYIO CXCMY HJIH,
CCJIK CCThb TaKasA BO3MOXHOCTb, Ha3HA4Yadd APYTHUC IICPCAATOYHBIC YUCJIa Ha IICPC-
Jadun COCTaBJICHHOM CXEMBI.

1.9. TaGnwuira KCXOAHBIX TAHHBIX JIJISl pacueTa nepenay mpuBoia
[IponymepoBaTh Ha KHHEMAaTHYECKOW CXeMe BaJlbl MIPHUBOJIa, HAUYMHAS C BaJia
ANCKTPOABUTATENSA, U JUIS KaXKJIOro Bajla OINPEACIUTh. 4YacTOTy BpalieHus N,
00/MuH; niepeaBaemMyro BajioM MoitHOCTh N, kBT;
nepeaaBaeMblil BaioM MOMeHT T, Hum.
Ny .
YacroTa BpalieHus ni =1,
Uy
rnepeaaBaeMast BAJIOM MOIHOCTE [N, = N, a ;
peA m I\II Nl—lnknno,um’

N.
nepeaBacMblii BaJJIOM MOMEHT Ti =9.55x103 1,
n;
rmue ni, Ni’ Ni—l' 9YacTOTa BPAIICHHS W MOIIHOCTH Ha | — TOM Bajlly W Ha
npeapaymeM i — 1;
T]k 5 TIHOMH - K.IL.J. K-TO¥ mepeaaun 1 mapsl MOAMIUITHUKOB;
a - YKCJIO Tap MOIIHITHUKOB.
Bce nonyyaemMble jaHHbIe yI00OHO 3aHOCUTH B TaOuILy (Tadm.3.1.).
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Taobmumna 3.1
HcxomHbIe TaHHBIE AT pacyéTa nepeaad npruBoja

Ne | Yacrora Bpaue- MoutHocTh Bpamaronmi
Baja HUS BaJa, Ha Baiy, MOMEHT Ha
00/MUH kBT Bairy,Hm
1 2 3 4

[Ipu 3amogHEHUU TaONHIBI CIEAYeT pa3indaTh MOIIHOCTH, MPUXOJISAIIYIO Ha
BaJl, 1 MOIIIHOCTh, CHUMaeMylo ¢ Bajia. B Tabmuity ciieqyeTr 3aHOCUTh MOIIHOCTD,
MPUXOAAIIYIO Ha COOTBETCTBYOIIHI BaJl.

W emé oarH MOMEHT, IPU yKa3aHUU MOIIHOCTH Ha MepBOM Baily (cTosoer 3),
HY)KHO TIOMHUTB, YTO 3JIEKTPOJABUTATENH OTAAET TY MOITHOCTh, HA CKOJIBKO HaOpa-
JIOCh CONPOTHUBIICHUM NBMKEHHIO. [103TOMY 371€ch NOoKHA ObITh yKa3zaHa 3(Qek-
THBHASI MOIITHOCTh, @ HE MOIITHOCTD JIBUTATEIISI.

Jlanee HEOOXOAUMO BBITTOTHUTH CIICTYIOITUE TCHCTBUS.

2. Pacuet nepenay npuBoja.

3. Pacuér u xoHCTpyHpOBaHUE BaJOB MPUBO/IA.

4. TTogoOpaTh U IpOBEPUTH PAOOTOCTIOCOOHOCTD MITTOHOK.

5. [loro6paTh 1 IPOBEPUTH PAOOTOCIIOCOOHOCTH TOAIIUITHUKOB.

6.0npenenutsb AuamMeTpbl OOJITOB KPETUICHUS PEIYKTOPa U AJIEKTPOIBUTaTENs
K pame.

7 .IlogOpathk cMa3Ky nepeaad peayKTopa U OTKPBITHIX Mepeaay.

8. [TogoOpaTh ¥ MPOBEPUTH PaOOTOCTIOCOOHOCTH MY(T.

9. Pa3paboTaTh KOHCTPYKIIMIO paMbl IPUBOIA.

10. CocTaBuTh HHCTPYKIIMIO TIO TEXHUYECKOMY OOCITYKUBAHHIO TIPUBO/IA.

3.4. IIpumep I18.

3aoanue: npednodcums KUHeMaAmMu4ecKyro cxemy npueood, 00ecneyu8auyio
credyruue Xapakmepucmuku KoHeelepa:

- Haepy3ka Ha pabouem opeane F=15,kH;

- ckopocmwb paboueeo opearna N'=0.5,m/c;

- Quamemp bapabana D=0.4,m."

Pewenue.

1.Mowrnocms Ha évixode npusooda (Ha pabouem opeate)

N =FV=15-05=7.5xBm

B8 bIX
2.06wuii k.n.0. npueooa
Tlockonbky Kunemamuueckas cxema npusood He 3a0aHd, NPUHUMAEM OPUEH-

muposouno M, =0.9.
3.Mownocmo na 6xoode npugooa

! HpHBeCHBI TONBKO TE HCXOIHBIC JAHHEIE, KOTOPHIE HA JAHHOM 3Talle PENICHHs BIHAIOT HA KHHEMATHIECKYIO
CXeMmy;
- U COCTaBJICHUS] KHHEMAaTHYECKOH CXeMBI HEOOXOMMO 3HaHKE BO3MOXKHOCTEH repead, MPUMEHSEMBIX B IPH-
BO/JIC; OHU NPUBEAEHBI B MOCJIEAYIOLINX pa3enax.
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4.11o060op s1exmpoosueamers

Ilo xamanoeam unu no cNPABOUHUKAM 8bIOUPAEMCS 31eKMpPoosUuUeameb makx,
umobvl €20 MOWHOCMb Oblaa Oaudicatiuiel ooavulell K 2HeKkmusHol MOWHOCMU
npusooa, mo ecmo NHB > Na g’ @ GCUHXPOHHAA (pabouas) yacmoma 8pawjeHusl

Modcem Ovimb 1100as U3 evinyckaemuvlx. llpunumaem, Hanpumep, uz epynnvi 08u-
eamezreti ¢ cuHxpoHHou yacmomou gpaujerusi Nc=1500 06/ mun snexkmpoosuecamens
mapxu 44132543 ¢ napamempamu. Ny,=11xBm, Ny,=Nn,=1460 06/ mumn.

5. Tpebyemasn wacmoma epawenus paboue2o opeana

n = Yro _ 0005 _ 53895 57 mun
P D 31404

po
6. Tpebyemoe obujee nepedamounoe Yucio npusooa
u, =n,/n,, =1460/23.885 = 61.126

7. Pazpabomka eapuanma xunemamuyeckou cxemol
7.1. Bbibop cucmembl nepeday nepeoamouynoco Mexanusma

Mns nonyuenus obwezco nepedamounozco uucia U, =61.126 npunumaem,

VUUMBLBAST BOIMONCHOCMU KANCO020 6UOA Nepeoad, 4mo 6 nepeoamodHom mexd-
HU3Me UCNONB3YIOMCS 06€ NOCIe008amebHble YUTUHOPUYECKUe Koco3ybbie nepe-
oauu u muxoxoonas yennas. Ilonyuaemces Kunemamu4eckas cxema NOKA3AHHAs HA
puc.I18.1. [loouépkusaem: 3mo 3momy a8mopCcKoMy KOLLEKMUBY HPAGUMCSL MAKASL
NOCe008amMeNbHOCHb nepedat, 0py2oll pa3padomyuuKx npeoiodCunm ceoll 6apuanm
KuHemamuyeckou cxemvl. Ouesuono, 4mo 0/ OKOHUAMENIbHO20 8bl00PA HYICHO
NPUMEHUMb CUCMEMY MEeXHUKO-IKOHoMuueckux nokasamenet. OOHAKO HA 3MOM
omane Y4umcsi COCMAaeIsimb KUHEMAMu4eckue cxemvl, NOIMoMy OCMAHOBUMCS HA
NPeONlONCEHHOM 8apUAHMme.

Fs" A (4
= % = 1-31mekTpoaBHUTaTEN®;
. 1 2- mydra;
\ 3-mepBas CTyIIeHb Ilepeay;
AN \ 6 4-pTOpas CTyIleps Mepenay;

S-IlenHas nepenaya;
6-paboumnii opran

@ @ — HOMCD Balia

Puc.I18.1. Ilpeonacaemasn kunemamuueckas cxema npueood.
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7.2. OnpedeneHue nepedamoyHuvlx yuceil nepeoay KUHeMamuyeckol cxembl
Ipunumaem nepedamournoe yucio yennoi nepedayu Us = 2.5 (cm.puc.Il8.1),
moeoa Ha pedyKmop npuodemcsi
_ Yo
p
Us
llepeoamounoe uucio muxoxooHotu (6mopot) cmynenu pedykmopa no umero-
WumMca 8 aumepamype peKxomenoayusm 0jist 08YXCMYNneHuyamvlx pedyKmopos

u, =u, =(0.8..0.95),/u, =(0.8...0.95):/24.45 = 3.956...4.69

IIpunumaem U, = 4.7. Tocoa nepedamounoe uucio 661cmpoxooHol (nepsoii)

_ 61126 _ 24.45

CMyneHu peoykmopa
u 24.45
Ug=Uy=—"="""=5202
u, 4.7
IIpogepsiem: 5.202-4.7-2.5=061.126
7.3. akmuyeckuti 00wl K.n.0. npueooa
Ilo cocmasnennoii kunemamuueckou cxeme (cm. puc.I18.1) nonyuaem:

' 2 3
Mo = M2 N3 " N5 My, Miee,
20e M, =0.99- k.n.0. ynpyeoii myghmeor;
N3 =Ny = 0.98 - k.n.0. kocosyboii 3y6uamoii nepedauu pedykmopa,

N = 0.96 - k.n.0. muxoxoonou yennoii nepedauu;

3
Ny = 0.99% - k.n.0. noowunnuxos xauenus (mpu napvr nodwunHuKos);
Nye = 0.98 - k.n.0. noowunnuxos cxonvoicenus (0ona napa). Paxmuue-

ckutl 00wl k.n.0. npusooa 1, =0.904.

7.4. @akmuueckas nompedOHAs MOWHOCHb HA 8X00€
N o New _ 75

! o o
Tak kax N, =8.296 kBm menvuie nepsoHauanbHo 8blUciIeHHOU NOmMpedHOU

MOWHOCMU HA 6X00e (CM.N.3) HUKAKOU KOPPEeKmuposKku noooopa oeueameisi He
mpebyemcsi.
8. Tabauya ucxooHvix OaHHBIX OJI51 pacyéma nepeoay npueood

Ilo oannvim npumepa 3anoansiem maoauyy 118.3. 1.
Ta0mura I18.3.1.

No Yacmoma epawe- | Mowmnocms | Bpawarowuti
eana HUs 8ana, Ha 8aiy, MOMEHM Ha
00/MuH kBm eany, Hm
1 1460.000 8.330 54.487
2 280.661 8.001 272.249
3 59.715 7.763 1241.508
4 23.886 7.452 2979.427
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Konmponwvnwvie éonpocur:

1.Ha3nauenue u cmpykmypa npugooa.

2.Ilouemy npumensiomes npueoovi?

3.0cHogHble Xapakmepucmuku npusood.

4.Kax uzmensemcs MOWHOCMb Om 6x00a K 8blx00y 8 npusooe? Ilouemy npo-
UCX0O05IM IMU USMEHEHUS U KAK OHU 8eTUKU?

5.Kax uzmensemcs wacmoma epaujeHus 8ani08 om 6x00a K 8blx00y peoyyu-
pyioweco npugoda? Kax eenuxu smu usmenerus?

6.Kak usmensiemcs pawjaroujuti MOMeHm Om 6x00d K 8bIX00y pedyyupyrouje-
20 npugooda? llouemy npoucxoosm smu U3MeHeHUs U KaK OHU 8eIUKU?

7.Kax nooobpams 21ekmpoosucamens, eciu He 3a0aHAd KUHeMamuyecKdsl
cxema npugooa?

4 Ilepenaum NpUBOIOB.

B MammHOCTpOEHHH HCTONB3YIOTCA MEXaHMYECKHE, THIPABINYECKUE, TTHEB-
MaTUYECKHUE, AIEKTPUUECKHUE, JIIEKTPOMArHUTHBIE U APYTUE BUJIBI TIepeaay.

B sToM Kypce paccMmarpuBarOTCs TOJBKO MeXaHWuyeckue nepenaudu. Kiaccu-
dbukauio STUX TMepeAaad yYA0OHO TMPEACTaBUTh B BHJIE CIEAYIOMICH CXEMBI
(puc.3.3).

[lepenaun HEMOCPEACTBEHHOTO KOHTAKTA COCTOSIT U3 JIBYX AJIEMEHTOB: BEAY-
1IEr0 U BEIOMOro. Benymuii 31€eMEHT BO3IEMCTBYET HEMOCPEACTBEHHO HAa BEO-
MBIH.

[Tepenaun ruOKoOM CBSA3BIO COCTOSIT U3 TPEX DJIEMEHTOB: BEAYIIETO, BEJOMOTO
Y THOKOW CBSI3W MEXAY HUMU. Benymimii sJeMeHT BO3EHCTBYET Ha BEIOMBIN ye-
pe3 THOKYIO CBSI3b.

nepeaun
BaL[er[J'JeHHEMi TPEHHEM

HEeIOCD.KOHT. THOK.CBA3BIO HEToCp. KOHT. THOK. CBA3BIO

{1213 4 5 6 7

Puc.3.3. Knaccudukaiuys MexaHU4eCKUX Tepeiay:
1-3yOuatbie mepenaun; 3-miepenada BUHT-Taiika; S5-3y0uaTo-peMEHHAs mepeaaya;
2- yepBsYHAs mepenayva; 4-1enHas nepeaaya; 6- hpUKIIMOHHAS TIepeaya;
/- peM€HHas niepeaayva.
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4.1. Obwue ceedenus o 3y06uamvix nepeoayax.
3yOuaras mepegavya 3TO MEXaHU3M, KOTOPBIN
1 C TIOMOIIBIO 3y04yaToro 3alerieHus mnepenacT
NgZZ7 SHEPrur0 paboyeMy OpraHy WM TOCIETYyIOIIeH

Ve 1 1. 2 nepenayve.

' 3yOuaras mepenaya, Kak M BCsKas mepeaavya
HEMOCPEJICTBEHHOTO KOHTaKTa, COCTOMT M3 JBYX
3 jeraneii: Beaylied — MIECTEPHU U BEIOMOI - KO-

\\\ / //'.. _
W/ o 7 / neca. Bo Bpems BpaleHus Beayiias aeraiab — Iie-
— N CTEpH: IIOJIy4YaeT BpalllarOIlMhd MOMEHT OT JBHTa-
) TeJsl WIKM NMPEbIyIIe nepenayn. 3yobs IecTep-
N ’ HU BXOJSAT B 3aLICIUICHHUE C 3yObsIMH BEJJOMOIO KO-

Jeca U TEePEKAThIBAIOTCA MO HUM, TEOPETUYECKH
0e3 ckopxkeHus. [Ipu aTom 3y0 1mecTepHu JaBUT
Ha 3y0 KoJieca, 3acCTaBJisisi KOJIECO BpaIaThCs B
HY>KHYIO CTOPOHY. Y 3y04aThIx KoJIEC B 00IIEeM

Puc.4.1. DneMeHTHI 3y0UaToOro
KoJieca.

ciydae paznuyaror (puc.4.1):
1- BeHell, Ha KOTOPOM Hape3arTCs 3yObs;
2 - CTyINHIla, KOTOPOH 3yO0UaToe KOJIeco HacaKMBAeTCs Ha Bl
3 - IUCK, COETUHSAIOINN BEHEI] CO CTYIHULIEH.
B 3aBucuMocCTH OT pa3MepoB KoJieca JUCK MOXKET OTCYTCTBOBAaTh, & MOXKET
CYILLIECTBOBATh U UMETh PEOPA WU CITUIIBL.
JlocTonHcTBa 3y0UaThIX Mepeay.
- BBICOKHI KO3((PUIIMEHT NOJIE3HOTO IEHCTBHS;
- BBICOKas HaAEKHOCTD;
- MaJible rabapuThl;
- POCTOTA OOCITY>KHUBAHUS;
- IOCTOSIHCTBO MEPEAATOUYHOIO YNCIIA;
- JKECTKasi KHHEMaTUYEeCKasi CBA3b MEXK]y BEIYIIUM U BEIOMBIM 3JIEMEHTA-
MU;
- HEOOJIBIIINE HArPY3KU HA BaJIbl U OTIOPHI.
Henocratku 3y0uartsix nepead.
- HE MIPEOXPAHSIOT OT MEPErpy30K;
- SIBJISIFOTCSl UICTOYHUKOM BUOpAIIUii;
- HEJIb3s1 peain30BaTh 0ECCTYNEHYATOE PEryIMPOBAaHNE CKOPOCTH;
- TpeOyIOT BHICOKOM TOYHOCTH U3TOTOBJICHUS U MOHTAXKa;
- IIyM MpHU OOJIBLIUX CKOPOCTSIX.
4.2.Knaccuguxayus 3yo6uamvix nepeday.
4.2.1. Tlo pacrnosoxxeHuto ocel BaloB(OCel BpallleHUs JIEMEHTOB IMepeiayun)
BBIJIEIISIIOT:
-IIUJIMHIpUYECKUE TIepeiaun, €CJIM OCH BaJIOB napasuieabHbl (puc.4.2);
-KOHMYECKHUE TePEeaaun, €ClId OCH BAJIOB MEPECEKAIOTCA B OAHOW IIOCKOCTH
oA yrioMm X (puc.4.3); yamie Bcero yroi =90°%
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- Tepeayr BUHTOBBIMY WJIA TUTIOWIHBIMU KOJIECAMU, €CITU OCH BaJIOB TEpe-
KpEIIUBAIOTCS B IPOCTpaHCTBE (puc.4.4);
- epeaya MmecTepHs — peiika WM rmepeaada BUHT — raifka i mpeodpa3oBa-

HUS BpalaTeIbHOTO JBUXKEHHUSA B MOCTYyNAaTelIbHOE WK HA000poT (puc.4.5).
0)

=, 2 .{)_ 7 .’y);é;;_.
Puc.4.2. [lunuaapuyeckue nepeaadn : a) mpsimo3yodasi; 6) koco3yodas;
B) IIIEBPOHHASI; T') C BHYTPEHHUM 3alCIUICHUEM.

Puc.4.3. Konnueckue nepegauu: a) npsmosyoas; 0) kocozyOas; B) C Kpyro-
BBIM 3yOOM.

Puc.4.4. Tlepenaun asis nepekperinBarOIMXcsl OCeil BaJoB: a) BUHTOBBIMU
KoJiécamu; 0) TUTIOMIHAS Tepeiaya.

Puc.4.5. Ilepenauu: a) mectepHs — peiika; 0) BUHT — raiika.
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4.2.2.T1o pacniosIOKEHHIO 3yObEeB PA3INIAIOT:

- IpsIMO3YObIe KoJiEca — 3y0 mapasuiesieH o0pasyrolleid TOi MOBEepXHOCTH, Ha
KOTOPOM OH Hape3aH (cM. puc.4.2a, 4.3a);

- Koco3yOble KoJiéca — 3y0 HAKJIOHEH MO OTHOIIEHHUIO K 00pa3yrouei Tou mo-
BEPXHOCTH, Ha KOTOPOM OH Hape3aH (cm.puc.4.26,4.30);

- KoJIéca ¢ KPUBOJIMHEHHBIM 3y0O0M — 3y0 Hape3aH Mo JIyre KpUBOM - 3BOJIb

BEHTE WJIM OKPYKHOCTH (cM. puc.4.3B);

- MIEBPOHHBIE KOJECA: KOJECO MPEICTaBIsieT cOO00i OOBEAMHEHHBIE B OAHY
KOHCTPYKLMIO JBa KOCO3yOBbIX KoOJeca,
3yObsi KOTOPBIX Hape3aHbl HABCTPEUy APYT
npyry (cm.puc.4.2B).

4.2.3. Tlo dopme mpoduns 3yObeB
pazIuyaroT:

- KoJIéca ¢ HBOJIbBEHTHBIM MPOdUIEM
3yObEB -3TO OCHOBHAs Macca Iepe/ay B
MalIMHOCTPOCHUH;

Puc.4.6.3anerenne HoBukoga. - 3anieruieHre HoBukoBa - konéca ¢

KpPYTOBBIM TIpoduiiem 3yObeB, MPopuIIb
3y0a ouepyeH JyraMu OKpy>kHocTel (puc.4.6), 3aleryieHue TaKuX KOJIEC BO3-
MO>KHO JIMIIIb TPHU KOCBIX 3YObsiX, OJarojapsi BRBICOKOM HECYIIe cliocCOOHOCTU OHO
BEChbMa IMEPCIEKTHRBHO;

- Kosiéca ¢ IUKIOUIATEHBIM PO uiieM 3yObeB — B HACTOSAIIEE BPeMsl IIpUMe-
HSIIOTCS JIMIIB B IpUOOpax U 4acax, B JaHHOM Kypce HE U3Y4aroTCsl.

4.2.4. Ilo Buay 3allenICHHUS:

- BHelIHee 3arernyenue (cM. puc.4.2a,0,B U T.11.);

- BHyTpeHHee 3alierienue (cM. puc. 4.2r).

4.2.5. I1o KOHCTPYKTUBHOMY HCIIOJIHEHUIO:

- 3aKpBIThIC TIEpPENayu: 3alIUIICHBl OT OKPYXKaIIIeH cpenbl, paboTaioT B
YKECTKOM KOPITYyCE B YCIOBHSIX XOPOIIEH CMa3KH;

- OTKPBITHIC TIepeAaun: KaK MPaBUJI0, HE 3AIIMIIEHBI OT OKPYKAIOIIEH Cpebl,
He o0ecreyeHa kecTkasi (uKcaiysi JIEMEHTOB Mepejadl B MPOCTPAHCTBE, CMa3Ka
MEePUOINYECKast, YACTO KOHCUCTEHTHASI.

4.2.6. ITo BenuumnHeE nepeaaBacMoil MOIIHOCTH Pa3INYalOT:

- CWJIOBBIE Tiepenadn: 00ecreynBalOT He TOJBKO JIBMKEHHE, HO M Tepenady
IIPY 3TOM MOIITHOCTH;

- KHUHEMaTU4ecKHe Mepeiadn: MepeialoT ABIKCHUE, IPU dTOM TiepeiaBaeMast
MOIIIHOCTh HE3HAYUTENbHA U B pacuy€Tax 1Mo Harpys3ke HET HEOOXOAUMOCTH.

4.3. Hununopuueckas npsamo3ybas nepeoaua.

4.3.1. OcobenHocTH paboOThI NepeIayn.

OT0 mepenaya 3alernjaeHueM HEMOCPEICTBEHHOT0 KOHTaKTa. [I[puMensieTcst korna
OCH BpAIIEHUs YJIEMEHTOB Mepeavn (MU OCH BaJIOB) apayiienbHbl. Ha kunema-
TUYECKHUX CXeMaX H300pakaeTcs B COOTBETCTBUU C puc.4.7. Y 3y0UaThIx KOJIEC
npsMO3y0OoH Tiepenaun 3y0 mapasuiesieH o0pa 3yromend UINHAPa, HA KOTOPOM
oH Hape Puc.4.7. N3006pakenne MUIMHIPUIECKOM
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I N 7 3aH. 3HAYUT, OH BXOJUT B 3allCIJICHUE U BbI-
_\‘>_ﬂ‘;/\ ; XOJUT U3 HEro cpasy Io Bceu JuHe. B iro-
/'/ \\\ OOM MPUBOJE BCETIa UMEIOTCSI KPYTUIIbHBIE
/ , KkoneOanus. ITorpeniHOCTH N3rOTOBIICHUS

= « b= | KoJEC Mo MPOQUIIIO U 1Iary, U3HOC 3yOheB
\ YBEJIMUUBAIOT UX aMIuiuTyay. [loatomy npu
AN / paboTe npsmMo3y0oii nepesaur BO3MOKHbI
~ MTHOBEHUS, KOT/Ia B 3aICTUICHAH HET HU
Puc.4.7. N300paxxeHre HUJINMHIPUIECKOM onHOM mapsl 3yobeB. [locie Takux
npsiMO3yOoH mepesayu. MTHOBEHHUI 3y0 BXOJMT B 3allerlie-
Hue ¢ yaapoM. OTcrofa yiapHbId

XapakTep | ITyM BO BpeMs pabOThl TIPsiMO3y00ii Tiepenauu 1, Kak CIeACTBUE,
OTpaHUYCHHE BO3MOKHON CKOPOCTH €€ TIPUMCHCHHUS.

4.3.2. BO3MOXXHOCTH MEpEIAYN:

- [10 MOIIIHOCTH — OTPaHUYEHUN HET;

- 1o ckopoctu - V<8...10 m/cek, B 3aBUCUMOCTH OT TOUHOCTH TIE€pe/layuu;

- TIepeAaTOYHOE YUCIIO — €CIIU MPUMEHSITh B KAUECTBE OTKPBITOU IMepeaadu u
HE UMETh OrpaHuueHui 1o rabapurtam, To U < 10, B peaykTopax U < 5( B KpaiiHeM
ciy4dae 6);

- K.IL.JI. B 3aBUCUMOCTH OT TOYHOCTH U3rotoBiaeHus 1 = 0.96...0.98.

4.3.3. 'eomeTpryeckre COOTHOUIEHUS B MPAMO3yOOH HUIMHAPUYECKON

nepenaye.
OCHOBHOM NapaMeTp 3aleruIeHus] — MOYJIb. DTO BEIUYMUHA IIPOIIOPLIUOHAIIb-
Has mary sauemtenus M= — uim Moxynb - 4acTh HaYAILHOIO JUaMeTpa dwi ,
T

MPUXOJISIIASICSA HA OAWH 3y0 M= W 3neck P — mar 3anemnienus, a Zi - YUCJI0
i

3yObeB IIECTEPHU WU KoJieca. Moynu ctangapTuzoBansl B quanasone 0.05...100
MM JIJIsi OTPAaHUYEHUSI KOJIMYECTBA MHCTPYMEHTOB U JJIsi OOSCIIeYeHHUs] B3auMO3a-
MEHSEMOCTH JeTaJIel 3y0uaThIX mepeaad.

Bce pasmepsl getaneit 3y0uaThix nepeaad UMErOT uHAeKChl. OObryHO 1- mie-
CTEpHS, T.€. BEAyIlasi AeTallb, @ 2 - KOJECO, T.€. BEIOMasl IeTalb.
C KMHEMaTUYECKON TOYKU 3pEHUS 3alCTUICHUE IIIIMHIPUICCKUX MPSIMO3YOBIX KO-
7EC DKBUBAJICHTHO KaYEHHUIO 0€3 CKOJIbKEHUS IPYT MO IPYTy HadyadbHBIX [AJIUH-

IpOB dwi . Ecnu 3y0Obst 3yOuaThiX KoJEc Hape3aHbl 0€3 CMEIEHUsI MHCTPYMEHTA,

TO HAYAJIbHBIC TUAMCTPhI dWI COBIIAAAIOT C ACIINTCIIbHBIMUA dl , TO €CTh

dwi:di'
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JTHHITA

TIOITKOC b
3ANCIUICHHA & N\ 3aleIUIeHI 1 |
I
obmas —
KacaTellbHAad ]
doz2
b2
1
- s
d2 -

Puc.4.8.I1pssmMo3y0as nuiiMHapruYecKas rnepeaayva.

1]
-~ JlenutenbHbIN AUaMeTp JEIUT 3y0 1O BbI-

COTE€ Ha: TOJIOBKY 3y0a ha Y HOXKKY hf

BricoTta ronosku 3y0a h A" 1Im, BrIcOTa

HOXXKH

hf:125m.

-. JlnaMeTp OKpy>KHOCTU BBICTYTIOB (CM.
—\ puc.4.8)
\ df d, =d; +2h, =mz, +2m.

JlnameTp OKpyKHOCTH BIIAJIUH:

Puc.4.9. I'ooBKka 1 HOXKa
3yo0a. VYromn 3anerenus: 00=20°.

IlepenaTrouynoe uncno: U=—=—+=—4 =%,

Orcrona d2=Ud1 v 22=UZ .

1
MexoceBoe pacCcTosAHUE: a —d—1+d——d—1+ﬂ—d—l(1+ u)=—I(z, +2,)
P w2 220 2 212
2a 2a., U
Orcrona dl =W 4 d2 =— W [ne + 1% BHEIIHErO 3aleruIeHNs, - LI
uztl uxtl
BHYTPEHHETO.

4.4. [[ununopuueckas koco3ybas nepeoaua.
4.4.1. OcobenHocTH paboOThI IEpeiavu
3y0 HaKJIOHEH K 00pa3yromiel WINHIPA, Ha KOTOpoM HapesaH. [loatomy:
- BXOJIUT B 3allCIUICHHE TTOCTETIEHHO, a He
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BCEU JUIMHOU Cpasy, Kak y MNpsIMO3y-
\ 0oii mepenauu;

- ’ N \ J/ - oJlHa Tapa 3yObeB eIé He

ST BBIIIIJIA U3 3aLCIUICHUS, a ApYyras yxKe

/ \  BOIWIa, TO €CTh OJHOBPEMEHHO B 3a-

/ \ UEIUICHUM HAaXOIUTCsS HECKOJIBKO Iap

-« b= _\/ | 3yObeB, 3HAUMT JJIMHA IMHUM KOHTaK-

\

| ta 3y0meB 31ech Gomblie, 4yeM y Mps
\ ,/ MO3y0o¥i mepenaun

Puc. 4.10. Kunemaruueckas cxema
WJIMHIPUYECKON KOCO3yOoi mepenayu .

JlocTonHcTBa nepenayvu:

- TUTAaBHOCTH pabOThl M HUKE YPOBEHB ITyMa, Tak KaK BCE BpeMs B 3allerlie-
HUU €CTh 3yObs;

- TaK KakK JIJIMHA JJUHUM KOHTaKTa 3yObeB OOJIbIlIEe, YeM y MPsIMO3yOoil mepe-
Jlayu, BBIIIEC HECYIas CIOCOOHOCTB;

- 3y0 Oosiee mpoyeH Ha U3THO;

- MEHBIIIE TTOApPEe3aHue 3yObeB, TO €CTh MOXXHO NMIPUHUMATh YHCIIO 3yOhEB IIIe-
CTEPHH MEHBIIIC, YeM JIJIs IPAMO3y00oii Ieperayn.

Hemocratok mepenavyn_— Mpu B3aWMOJICHCTBUH 3yObEB IIECTEPHU M KoOJIeca

TOSIBJISIETCST OCEBOE YCHIIHE Fx (puc.4.11a). CtpemicHue M30aBUTHCS OT HETO

MPUBEJIO K CO3/IaHUIO IIEBPOHHBIX Tiepeaad (puc. 4.110), y KOTOPBIX OCEBBIE YCH-

JMsl yPaBHOBEIIMBAIOT APYT Apyra.
a) 6)

Fx Fx

Q
Puc.4.11. OceBble ycunus, ASHCTBYIOIIME HA: a - KOCO3y0oe Kojeco; O — Ha
IIICBPOHHOE KOJIECO.

4.4.2. Bo3MOKXHOCTH NIEpeavu:

- 110 MOIIIHOCTH OT'PaHUYCHUN HET;

- mo ckopoctu 10 30 M/cek;

- 110 NepEeJATOYHOMY YHCITY: B OAHOCTYNEHYaTOM HcnoiaHenuu U = 10...12, B
MHOTOCTYTIEHYAThIX peaykTopax U < 8 (myurie He Oosee 7);

- k... 0.97...0.98 (oco60 TouHbIE MEepeauu ¢ MOIUpoBaHHBIM 3y0oM 0.99).

B kauecTBe OTKpBITOH Tiepeauu, Kak MPaBuiIo, HE TPUMEHSIETCS.
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4.4.3. 'eomeTpryeckue napaMeTpsl Epeayu.

KocozyOble kosnéca Hape3aloTcsi TeM ke MHCTPYMEHTOM, 4TO U MPIMO3yObie
¥ Ha TeX )€ CTaHKaxX, TOJIbKO TOJIOBKAa C MHCTPYMEHTOM ITOBOPAYMBAETCS HA YTOJI
HakJIoHa 3y0a f.

Pf

-
e

;\/\\ Pn -
-+

da

b \

1 T—

Puc.4.12. 'eomeTpuyeckue nmapaMeTpbl KOCO3yooro kKoJjeca.

Takum 00pa3om, 3y0 HaKJIOHEH MO OTHOIICHUIO K 00pa3yrolel MWINHAPA, Ha
KOTOPOM OH HapesaH, 1o yrioM . O4eBHIHO, YTO MOJ TAKUM K€ YTJIOM TPOXO-
JUT HOpMaJib N-N K HampasjieHuto 3yoa (puc.4.12).

[ITar 3yObeB MOXHO M3MEPUTH ABYMSI CIIOCOOAMU: 1O HOPMAJIM U TOTJA ATO

HOPMAaJbHBIM IIar Pn , IJIX B TOPLEBOM INIOCKOCTH KOJIECA U TOTJA 3TO TOPLIEBON

o — I:)n
mar Pt‘ COOTBETCTBEHHO MMOJy4aeM MOAYJIHU: HOPMaJIbHBIN mn = U TOpIIE-
TT
BOM mt =-t . Mexny 3TUMU MOAYJISIMM, TAaK K€ KaK U MEXKJY IIaramM, COOT-
7T
m,
HomIeHue M, = .
cosP

ITo ctanmapTy npuHUMAaeTCst MOAYJIb HOPMaIbHbIN mn :

OO6brunO B = 8...20° nms koco3yosix konéc u B = 25...40° 11 meBpOHHBIX.

C KMHEMaTHYECKOW TOYKH 3PCHHS 3alleIUICHUE KOCO3YOBIX MIIUHIAPUICCKUX
KOJIEC APKBHBAJICHTHO KAaueHHUIO 0€3 CKOJBKCHHS APYT MO APYTYy HaudajdbHBIX IIH-
auHapoB. Eciu 3yObst Koniéc Hape3aHbl 0e€3 CMEIIEHUs HHCTPYMEHTA, TO JUAMETPhI

HaYdaJIbHBIX HUJIMHAPOB dW paBHBI AHaMETpaM ACIUTCIbHBIX TUJIWHIAPOB d
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d,=d=mz=—"".
cosp
JlenmuTenpHBIN IIMHAD (Jalle MOJIb3YIOTCS TEPMHHOM JCIUTEIbHAS OKPYIK-
HOCTB) JCJIMT 3y0 Ha roJIOBKY BbIcOTOM hy, = 1M u HOXKy BbicoTOi hf = 1.25m
(Mo100HO MUIMHAPUYECKUM MPSIMO3yObIM Kosi€caM, cM. puc.4.9). Toraa:

- TUaMEeTP MWIMHAPA BEPIIUH (OKPYKHOCThH BBHICTYIIOB)
m,z
d,=d+2h =—""+2m;
cosf3

- IWaMeTp HWIMHAPA BIIAJAUH

d =d-2h = "? _25m;

cosf
- MCIKOCCBOC PACCTOAHUC
aW::dW1+d“Q::1rngr+zz)=n1(zr+22)
2 2 2 2Ccosf3

HepeﬂaTquoe YHuCJI0

4.5. Konuueckue nepeoauu.

4.5.1. OcoGeHHOCTH U BO3MOKHOCTH NIEpeiavn

[IpumeHstOTCS B TeX cllydasX, KOIJIa OCH BajiOB MEPECEKaloTCs B OJHOM
MJIOCKOCTU 1o yriioM X (cM. puc.4.13). Yame Bcero X = 90°, HO MOXET UMETh
11000€ 3HAYCHHUE.

3yObsi y KOJIEC ATUX MEepeaad Hape3aHbl HA KOHMYECKUX MOBEPXHOCTSX, IMO-

TOMY y HUX POJIb HMWIMHAPOB BHIOJHAIOT KOHYCA BEp - AENUTENbHBIN (puc.4.14).
Kpome 3Toro, B KOHMYECKUX Meperadax BBIICISIOT HapyKHbIM, BHYTPEHHUN U
CPEIHU JTIONOJIHUTEIbHBIE KOHYCA. Bce 3TH KOHMYECKUE MOBEPXHOCTHU MEPIIEH N~
KYJISIPHBI JI€JIUTEIIEHOMY KOHYCY.

KOHYC BEPINHH
TETHTETBHEIH KOHYC —

I == HAPY/KHBIA JOTIOTHATENBHBII
KOHYC BITaOHH /ROHye
e — 1 /S
I X
P g - > cpemHMiT MOTOMHUTENEHEIH
- BHYTPEHHHI JOMOIHATEIbHEII KOHYC

KOHYyC

Puc.4.13. Kunematuueckas cxema Puc.4.14. [ToBepXHOCTH KOHUUECKOTO KOJIEca.
KOHUYECKOH MepeIayuH.
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Pa3Mepsl, motydeHHbIE HAa CPETHEM JIONIOTHUTEIBHOM KOHYCE, UMEIOT UHIEKC
M, Ha HAPYKHOM — €.

IMPpsAMBIMU,

TaHTCHIIMATLHBIMUA (KOCBIMH) U KPYTOBBIMH
3yObsSIMHU.

Konundeckue 3yOuarbie Kojéca ¢ MPSMBIM
3yoom
3y0 y 3TuX KoJIEC Hape3aH BIOJIb 00pasyro-
\ HIeH JIeUTENBHOTO KOHYyCa U JIMHUA 3y0a Impoxo-
JUT 4epes3 ero Bepiuny (puc.4.15).
Puc.4.15. Ilpsmo3zy0oe Takue xosn€ca MHUPOKO MPUMEHSIOTCS BO BCEX
KOHHUYECKOE KOJIECO. OTpacisX MAIIMHOCTPOSHHUS ITPH CKOPOCTAX U < 3
M/CeK, a eciu 3y0 numdyercs, To v < 8 M/CeK.
[To MOTITHOCTH OTpaHUYCHHIA TTPU PUMEHEHHUH HET.
[lepenarodnoe 4rciIo TaKuX nepeaad OObIYHO:
- OTKPBITHIX U < 6...8, HO JTydIlle He MPEBHIMATH 4,
- 3aKpBIThIX U < 4 (myumie 3). Kig. — 0.94...0.96.
B - Konundeckue 3yOuarbie Kojéca ¢ TaHTEHIIU-
< abHBIM 3y0O0M (KOC03yObie). Y 3Tux Kojiéc 3y0
Hape3aH 10 KacaTeJIbHOM K HEKOTOPOM OKpYX-
Hocth jnuametpa d ¢ (puc.4.16). C obOpasyromiei
JeUTENIFHOTO KOHYCa HarmpaBieHue 3y0a co-
ctaBisgeT yroa . O6sano B < 25...30° D10 KO-
c03y00€ KOHUYECKOE KOJIECO.
Takue kon€ca MMEIOT OTPAHMYCHHOE TPUMEHE-
HUE, TaK Kak OYeHb YYBCTBUTEIBHBI K IIO-
I'PEIIHOCTSM U3TOTOBIICHHS U COOPKH.

/ Konunueckue 3youarbie kojiéca MOTYT OBITh C

Puc.4.16.Koco3yboe koHHYECKOE
KOJIECO.

Konnueckue 3y0OuaTbie Koi€ca ¢ KpyroBBIMH
3yObsSIMU.

Bo3MoxHOCTH 3THX Tepemad aHaJIOTHYHBI
IpSIMO3YOBIM KoJIECaM, AOMYCKACTCSl HECKOJb-
KO OoJbIiasi CKOpOCTh - A0 15 M/cex. Jlunus
3y0a KoJieca HampaBJieHa 1Mo Ayre OKPY>KHOCTH
(puc.4.17), 1100 1o 3BONBBEHTE, TUOO MO Ka-
KOI- HUOY1b T0JTOOHOM KPUBOM.

Puc.4.17. Konnueckoe
KOJECO C KpPYTOBBIM 3yOOM.
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Takue 3yOuaThie KoI€ca MUPOKO MPUMEHSIOTCS B TPAHCTIOPTHOM MAITHHO-
CTPOEHUU JJIsi CHJIOBBIX TNepenad. TOYHOCTh M3rOTOBJIEHUS KOJEC ¢ KPYrOBBIMU
3yObsSIMU JOJDKHA OBITh BBIIIE, YEM IPSIMO3YOBIX.

[IpumMeHeHne Takux mepenad aHaJOTHUYHO MPUMEHEHHUIO 3aKPBITHIX MPSMO3Y-
on1x. Ho ckopoctu y Hux BbIle — 10 30 M/cek, k.m.a. 0.96...0.98, a makcuMalnbHOe
NepeIaTOYHOE YUCIIO MOXKET IOCTUTATH 6.

B 3aBHCHMOCTH OT pa3MepoOB CEUYECHHM MO JJIMHE 3yObsi KOHUYECKUX KOJEC
paznu4aroT Tpéx dhopm (puc.4.18).

®opma | — nponoprmoHaIBHO MOHMXKatoIMecs 3yObs (puc.4.18a). BepiiuHbl
KOHYCOB JIEJIMTEIILHOTO M BIIAJIMH COBMAAArOT. BrIcOTa HOXKKH 3yOa TPOIOPIHO-
HaJbHA PACCTOSHUIO OT BEPIIUHBI KOHYyca. JTa ¢dopma SIBISETCS OCHOBHOU JIJIS
PSAMO3YOBIX M KOCO3yObIX KOHMUECKUX Konéc. E€ mpuMeHsoT Takoke Iiis repeaad
C KpYroBbIMH 3yObsimu nipu Zy =20...100.
®opma Il — monmxkarommuecs 3yons (puc.4.18 0,8). BepiinHbl KOHYCOB 1€~
TEJIBLHOTO M BHaJUH He coBnaaaroT. [llupuna qHa BnaguHbl MOCTOSHHA, a TOJIIH

PR,

O 020 01

[

Puc.4.18. OceBbie popMbI 3yObeB KOHUYECKUX 3yOUaTHIX KOJIEC.

Ha 3y0a MO JAETUTEIbHOMY KOHYCY PacTET MPONOPLUOHAIBHO PACCTOSIHUIO OT
BepIIMHBL. JTa hopma Mo3BoJsieT 00padaTbiBaTh 00€ TOBEPXHOCTH 3yObEeB OJHUM
uHCTpyMeHTOM. OHa SBJIIETCS OCHOBHOM JUIsl KOJIEC C KPYTOBBIMH 3yObsSMHU.

®opmMma Il — paBHOBBICOKHE 3yObs (puc.4.18r). OOpa3yroine KOHYCOB Bep-
IIMH, BOAJAWH U JEIUTEIBHOTO MapaiedbHbl. DTy GOopMy IPUMEHSIOT IJI1 KPYyro-
BBIX 3yObeB mpu Zs > 40.

JIOCTOMHCTBO TIepeaun — BO3MOXKHOCTD YTIIOBOM KOMIIOHOBKH MIPHUBO/IA.

Henocrarku:

- CJI0KHAsI TEXHOJIOTHSI U3TOTOBJICHHMSI, & 3HAYHUT U O0JIee BHICOKAsi CTOUMOCTD;

- CJIOKEH MOHTaX, Nepeaada TpeOyeT peryInpoBKY;

- OJTHO U3 KOJIEC MOTy4aeTCs KOHCOIbHBIM, 3TO YCHIIUBAET HEPABHOMEPHOCTD
Harpy>keHus 3y0a o JUIMHE U IIyM BO BpeMs paboThl.

4.5.2. 'eomeTpuyeckue mapaMeTpsl epeaadd KOHMIECKUMU MPSIMO3yObIMU

3y04aThIMU KOJIECaMHU.

C xkMHEMaTUYeCKOW TOYKHW 3PEHHMsI 3alleTIEHNe KOHMYECKUX KOJIEC dKBUBA-
JICHTHO Ka4eHHIO 0€3 CKOJIbKEHUS JIPYT MO APYTY HAYAJIbHBIX KOHYCOB. Y KOHHYE-
CKUX KOJIEC HauaJbHbIE KOHYCA COBIAAIOT C JACIUTEIbHBIMHU.

Y KOHMYECKHX KOJIEC C TIPSIMBIMH M KOCBIMH 3YOBbSIMH TIO CTaHIAPTy MPUHU-
MaeTCs TOPIIEBOM MOJyJIb HAa HAPYKHOM JIOTIOTHUTEIIEHOM KOHYCE M.

N3 tpeyronpauka OAB (puc.4.19) cnenyer:
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d

_ e _ : . .
Re_ZSinS WIN del_ZResmsl’ dez_ZReSInBZ'
_ _ _ : R, .
Tak xak de—mtez, TO del_mtezl_ZResm61 u mte—zzesmél.
1

Puc.4.19. I'eomerpuueckue napaMmeTpbl KOHUYECKOTO KOJECa.

dr ) (Ge2 )" _Mee [, 2
U3 3TOTO K€ TpeyroibHUKA: Rez - + 5 = 5 Zy +25.

Re - BHemHee KOHYCHOE paccTosiHue. CpelHee KOHYCHOE pacCTOsTHUE - R
R =Re— 0.5b.

HadanpHbIi TUaMeTp B CPeTHEM CEUCHUU - d m mmz :

Ha ocHoBanuu T€0pemMbl 0 TO1I00MHU TPEYTOIHLHUKOB

dm _Rm :mmzlzRe_O'Sb_

d R MiaZq R

e e e
b
Ortcrona Mo, =M Q- O.5R—).
e

b _

OTtHo1eHne R =Kpe = 0.3. Iostomy m . = M (1-0.5K ) u
e

d,=d,(1-0.5K.,).

['onmoBka 3yba hy=1m,, ©u HOXKa 3y0a hgo =1.2m, 3amMepsroTcs Ha

e
Hapy>KHOM JIONOJHUTEIbHOM KoHYyce (cM. puc.4.19). [ToaTomy
d o =dg +2h, coss; dge =dg —2hg COSS.

e

[TepemaTounoe 9ncIiIO TIPH JTFOOOM 3HAYCHUH X:
Lo o4 _ Ny _ de2 _ 2Resmé‘>2 _ S|n82
®, N, d
J{ns1 opTOrOHANBHBIX TIepeiay

el 2Resin 61 sin 81
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4.6. Ycunus e3aumooeticmaus 3y06e6 npu pabome 3y0uamvix nepeoau.

4.6.1. JlonmymieHus Mpy pacCCMOTPEHUHU B3aUMOICHCTBHS 3yObEeB.

Bo Bpemst paboTsl 3y0UaToii iepenadu mecTepHs (T.e. Beaymas AeTalb) mo-
Jy4aeT BpamlalolIiii MOMEHT OT JBHTATeNs WIM MPEeAbLayliei nepexadn. Benen-
CTBHE 3TOTO 3y0 IIECTEpHU, HAXOMSAIIUICS B 3allCIUICHUN C 3yOOM Kojeca, JaBUT
Ha HETO, 3aCTaBJISSI IBUTATHCS.

PaccmatpuBasi B3aumojelicTBue 3yObeB, HEOOXOIUMO OTOBOPHUTH CIEAYIO-
miee:

- Harpy3Ky 3yObeB 3aMEHsIeM COCPEJOTOUYECHHOUN CHUJIOW M CUMTAaeM, YTO OHA
JISKHUT B IUIOCKOCTH HOPMAJILHOTO CEUCHHUS M HaIpaBjeHa Mo oOIiel HOpMalld K
KOHTaKTHPYIONTUM TTOBEPXHOCTSM, T.€. JUISI 3BOJBBEHTHBIX MPOGUICH MO JTUHUU
3alleTIJICHHUS,

- YCUJIME B3aUMOJICUCTBHS 3yObEB CUMTAEM MPHIIOKEHHBIM B TIOJIIOCE 3alleTl-
JICHUS;

- I pacyeToB Tepeniay, BaJOB, MOJIIMIIHUKOB YJIOOHO 3TO HOPMAaJIbHOE
YCHJIME PA3JIOKUTh HA OPTOTOHAJIBHBIE COCTABJISIFOIITHE.

4.6.2. [lunuHapuyeckue IpsMo3yOble TIepeIadn.

HopmainibHasi miockocTe N-N  mepreHauKyaspHa 3yOy, a 3HA4YMT, MapajuieibHa
topuaMm. [losTromy HOpManbpHOE ycwmiaue B3amMmozercTBus Q packiagpiBaeTcs Ha
n JIBE€ COCTaBJISIOLIHE:

n-n
- OKpPYXHO€ yCHIINE
F=T/2d;
- paguanbHOE yCUIIHE
Fr = Fttgoc.
OueBHIHO, YTO YCHIIHE

B3aUMO  JICHCTBUSI  3yObeB
Q= Ft /cosa.

3necw: T — nepenaBaeMblii
BpalalOIAi MOMEHT

n

Puc.4.20.Ycunus B 3a1ieIICHUN d — HavaIBHEBINA AHMAMETP KOJIECa,
PSAMO3YOBIX 3yOUaThIX KOJIEC. 0L — YTOJI 3alleIJICHUS.

Ha pucynke 4.20 npuBeieHbI CUJIbI, JEUCTBYIOIIME HA BEAOMYIO AETallb Ie-
pellaun: OKpY>KHOE yCUJIME HAIIPABJIEHO MO KAcaTEIbHOW B CTOPOHY BpAILEHUS KO-
Jeca, a paauaibHOE - IO Paguycy K ero HeHTpy. [IoCKoIbKy KaxaoMy JEUCTBUIO
€CTh PaBHOE W MPOTHUBOMOJIOKHO HAIMPABIEHHOE MPOTUBOJCUCTBUE, HA IIECTEPHE
yCuiusl OyayT MPOTUBOIIOIOKHBI.
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4.6.3.1lmwmHapudeckue Koco3yObie mepenayn.

Kak y»e roBopmiioch paHblie, KOcO3yOble Koyéca Hape3aroTCesl TEM Ke HH-
CTPYMEHTOM, YTO M MPSAMO3yObIe, TOJIBKO TOJIOBKA C MHCTPYMEHTOM B 3TOM CITydae
MOBOPAYMBAETCS HA YTOJl HAKJIOHA 3y0a .

VY 3THX mepenay, Tak ke Kak ¥ y NpsAMo3yObIX, HOpMaJbHAs TUIOCKOCTH N-N
NEPIICHIUKYIIIpHA 3y0y, HO caM 3y0 HaKIOHEH K 0Opa3yromiel MIIMHApPa Ha YToJl

a B (puc.4.21). IlosTomy IIOCKOCTh N-N

¢ TOKE€ TOBEPHYTA OTHOCHUTEIHHO OCEBOM

MUIUHApPA (WM €ro TOPIEBBIX ILIOCKO-

n cteit) Ha yron (. HopmampHoe ycumme

Fr B3aMMOJICUCTBUS 3yOheB Q, Jexariee B

ATOM IUIOCKOCTH, PACKJIaJbIBACTCS HA TPU
COCTaBIISIOIIHE:

\ 2T .
- OKpPY>KHOE yCHUJIUE F =—;
- t 4
Ft|Q Q

- OCEBOE yCHIIHE = ;
, y FX Ftth

- paguabHOE YCHJTHE =0Q'tgo. -
pan y F =Q'tga

Puc.4.21.Ycunus B 3aleIUICHUN
KOCO3YOBIX KOJIEC.
Ft tga

F
Tax xak Q'=—t , TO Fr = Q“[gOLZ

cosP cosp

VYcunue B3auMoeicTBUs 3yObeB B 3TOM 3alleIICHUH
= Ft X 1 .
cosa cosP

Ecnu cpaBHHUTH 3TO BBIpAKCHUE C aHAJIOTUYHBIM BBIPAKCHUEM JIJIST TIPSAMO3Y-
ObIX Tepesav, TO BUIHO, YTO HECYIasi COCOOHOCTh KOCO3YOBIX YBEIWYUIACh B
1/cosP pas.

Ha pucynke 4.21 npuBeeHbl CHIIbI, JEUCTBYIONIME HA BEIOMYIO JETalb Ile-
penaydn: OKpy>KHO€ YCUJIUE HAIIPaBJIEHO MO KAacaTeIbHOW B CTOPOHY BpaIICHUS KO-
jeca, paguaibHOE - IO PaUyCy K €ro LIEHTPY, a OCEBOE — BAOJb OCH BpPAILCHUS
neranu. HampapiieHre 0CeBOro ycuiivs 3aBUCUT OT HaIpaBlIEHUs] Hape3Ku 3y0a u
OT HampaBjeHUs BpamieHus. [I0CKOJbKY KaXXJI0My JEHCTBUIO €CTh paBHOE W MPO-
THUBOIIOJIOKHO HAIPaBJIEHHOE MPOTUBOJICUCTBUE, HA IIIECTEPHE YCUIIUS OYIyT MPO-
THUBOITOJIOXKHBI.

4.6.4.Konunueckue npsiMo3yOble niepeiayn

[Tnockocts N — N (puc.4.22) neprieHaUKYIsIpHA 3y0y, HO 3y0 Hape3aH Ha KO-
HUYECKON TMOBEPXHOCTH, MOITOMY HOPMAIBHOE YCHJIME B3aMMOJICHCTBUS 3yObeB
Q, nelicTByroIIee B ATOM TJIOCKOCTH, PACKJIAJABIBAEM Ha TPU COCTaBISOMME (Ha
PUCYHKE TMOKa3aHbl CUJIbI, EUCTBYIONIME HA BEOMYIO JETalb - KOJIECO), TMPUIIO-
YKEHHBIC B CPEJTHEM CEUCHUU:
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n 2T
- OKPY)KHOE yCUJIHE Ft = F;

- paAvaIbHOE YCUJINUE
Fo= Q'cosd = Fttgoccosés )

- 0CEBOC YCUJIUE
Fy = Q'sind = Fttgocsins .

Y KOHMYECKHX Tiepenad: Fy =—F,;
F1="F2r Ra="Fe
Oxpy>XHbIE YCWIHSI HAIIPABIIECHBI 110
KacaTeJIbHOM K CPEAHEMY JUAMETPY
Ha KOJIECE B CTOPOHY BpalllcHMs, a Ha
LIECTEPHE — B IIPOTUBOIOJIOKHYIO.
Puc.4.22. Ycunus B 3anenieHun PannanbHblie - 110 paanycy K LEHTPY
KOHUYECKHX KOJIEC. KOHMYECKHUX Kon€c. OceBble - BAOIb
OCH BpAILIEHUS BCETJa B CTOPOHY

HApy>XHOI'O BCIIOMOI'aTCJIbHOT'O KOHYCaA.

R

[TonHoe ycuine B3auMoaencTBus 3yobeB Q= ——
cosa

KOHmPOJleble 60NpPOCHL.

1.3yb6uamasn nepedaua: x Kakou epynne nepeoay OHA OMHOCUMCS , NPUHYUN
pabompi.

2. Koncmpyxkyus 3ybuamoeo xoneca.

3./locmouncmea u nedocmamxu 3y0uamulx nepeoau.

4. Knaccuguxayus 3y6uamolx nepeoad.

5.0cobennocmu pabomwi YuruHOPUYECKOU NPAMo3y00il nepedayu.

6.Bo3mooicnocmu YUruHOpu4eckol npsamo3yooti nepeoadiu.

1. eomempuueckue coomHoulenus 8 YUIUHOPUYECKOU NPAMO3y0oti nepedaye.

8. Ocobennocmu pabomvi YuIUHOPUYECKOU KOCO3y 00U nepedayl.

9. Bozmoorcnocmu yunuHOpu4eckotl Koco3yoou nepeoadu.

10.I 'eomempuueckue coomnouieHus: 8 YUTUHOPUHECKOU KOCO3Y0Ool nepedaue.

1 1. Ocobennocmu pabomsl u pasHOBUOHOCHU KOHUYECKOU nepeodayl.

12.Bo3mosxcHoCcmu KOHU4eCcKol nepeoayu.

13.I'eomempuueckue coomHowenus: 8 KOHU4eCKou npsamo3yoot nepeoaue.

14 Jlonywenus npu paccmompenuu 3aumooeticmeusi 3y06e8 3y04amuix Ko-
Jec.

15.Cocmasnarowue npu 63aumooericmeuu 3066 YUIUHOPUUECKUX NPIMO3)-
ObIX 3y0Uamulx KOJéC.

16. Cocmasnaowue npu 83aumooelicmsauu 3y00e8 YUIUHOPUUECKUX KOCO3)-
ObIX 3y0Uamulx KoOJEC.

17. Cocmasnaowue npu 83aumooeicmsuu 3y06e8 KOHUYeCKUx npsamo3youix
3y6uamuolx Koaéc.
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4.7. Kpumepuu pabomocnocobrocmu 3y0uamulx nepeoay.

[Ipunuun paboTsl 3yOuaToil mepenayu: mecTepHsl — BeAyllas JeTallb rnepea-
4y - BpalllaeTcsl ABUTaresieM (Wiu Mpeablayle nepeaadeit), 3y0 mecTepHu, nepe-
KaThIBASCh 1O 3yOy KoJjieca, JaBUT Ha HETO0, 3aCTaBIsasl KOJIECO — BEIOMYIO JeTallb
nepeaadn — Bpamarbes. Tak Kak oJMH 3y0 AaBUT HA APYTOd, B MOBEPXHOCTHBIX
CJIOSIX MATEPHUATIOB ATUX 3yObEB MOSBIISIOTCS HANPSKEHUS CMSITHSI.

B MammHOCTpO€HHMH TPUHATO, B TEX CIy4asx, KOTJa pa3Mephl IUIOLIAIKU
KOHTaKTa Majibl TI0 CPAaBHCHUIO C pa3MepaMu KOHTAKTHUPYIOIIMX TEJ, BO3HHUKAIO-
IMe HAPSOKCHUS B3aUMOJICHCTBUS HAa3bIBaTh KOHTAKTHBIMU HANPSDKCHHSIMHU.

Ecnu 5T HampspKeHWsS BEJIMKH, TO HA TOBEPXHOCTH KOHTAKTa MOTYT IOSB-
JSITHCS BMSITUHBI.

[Ipu B3ammonelicTBuH 3yObeB 3yOUaThIX TMepefad KOHTAKTHBIC HAIMPSHIKEHUS
UMEIOT MIEPEMEHHBIN XapaKTep, TaK Kak:

-3y0 HE MOCTOSIHHO B 3allCTUICHUH;

-JIMHUS KOHTaKTa B IMPOIIECCE 3alleTICHUs NepeMeniaercs mno paboueit (00ko-
BOI) MOBEPXHOCTH 3y0a.

CrnenoBaTesibHO, BO3MOXKHBI YCTaJIOCTHBIEC SIBJIEHUS B MaTepuaie 3yda. Ux
JIEUCTBUE MPOSIBIIAECTCS B OTCIAMBAHUM MaTepHuasia ¢ pabouyel moBepxHOCTH 3y0a.
OToMy cocoOCTBYET KUKasi cMaska nepenayuu. [Ipu geiicTBuu nepeMeHHbIX KOH-
TaKTHBIX HANPSDKEHUM Ha MOBEPXHOCTH 3y0a 00pa3yroTCsi MUKPOTPEIIUHBI, KOTO-
pbI€ 3aMoJHAIOTCA XKUAKOM cMaskoi. Korma 3y0 BXOOUT B 3allenjieHUE, MHUKPO-
TpEIIMHA 3aKphIBACTCS 3yOOM COMPSIKEHHOTO Kojieca. MeTamm B 30HE KOHTAKTa
C)KMMAETCS, U Macjo, HaXOAIIEeCs B MUKPOTPEITMHE, OKa3bIBACTCS B 3aMKHYTOM
00BEME O] BRICOKHMM JaBJICHHEM. Takue «ruapoyaapbh MPOUCXOIAT CTOJIBKO pa3
3a OJIMH O00OPOT, CKOJBKO pa3 3y0 BXOIWUT B 3alleTUICHHE. B KOHEYHOM HWTOTEe Ha
MOBEPXHOCTH 3y0a oOpasyeTcs pakoBUHA. PaspyiieHue HauuHAeTCs OOBIYHO B
OKOJIOTIOJIFOCHOM 30HE OJIMIKE K HOXKKE 3y0a Ha pacTSIHYTHIX BOJIOKHAX.

Eciu metann 3y6a msrkuii (HB<350), pakoBuHa MOXeET 3akaTaThCs: 3yObs
npupadateiBatorcs. Eciu metamn 3y6a tBEpabiii (HB>350), To 3ybuarbie konéca
He mpupabaTbiBatoTcs. [IoSBISIIOTCS ynaphl, U KoJi€ca CO BPEMEHEM BBIXOJAT U3
CTpOSL.

3y0 mpencTaBisieT co00il KOHCONMBHYIO Oanky. [Ipu nepemenieHnn JTUHUAN 3a-
HETJICHUS 10 ero paboyeil moBEepXHOCTH 3y0 paboTaeT Ha u3rnb OnacHoe ceyeHue
KOHCOJIbHOU OaJKu — B 3aJICJIKE, TO €CTh Y OCHOBAHUS HOXKH 3y0a.

Tak kak Harpy3ka UMeeT MepEeMEHHBIN XapaKTep, TO BO3MOXKHA YCTaJIOCTHAs
W3ruOHAas MOJIOMKA, a TIPU ICUCTBUM 3HAYUTEIIBHON HArpy3KH — H3JI0M 3y0a.

B mponecce 3anernieHuss TOIBKO B OKOJIOIIOJIIOCHON 30HE HET CKOJIBKECHUS.
HeGomnbioe nmpockans3plBaHHE 3yObeB OTHOCHUTEIBHO APYT JIPyra CyIEeCTBYET 10
BCCH OCTAJIbHOM MOBEPXHOCTH KOHTakTa. [loaToMy HaOmromaercs emé W M3HOC
KOHTaKTHPYIONUX MOBEepXHOCTEH. Ecnu cmaska xoporas mocTosTHHAs U3HOC Mall.
Ecnu cma3zka KOHCHCTEHTHasl, 1a emié W HeperyispHas — u3Hoc Benuk. [losTomy
MOBEPXHOCTHBIM CIIOM MaTepuana 3yObeB OTKPBITHIX TMepejad H3HAIIMBACTCS
ObIcTpee, YeM B HEM HAKaIUIMBAIOTCS MOBPEXKICHUS OT MEPEMEHHBIX KOHTAKTHBIX
HarnpspkeHui. To €CTh y OTKPBITHIX TIEpenay peniaroilyro poiib B 00ecTieueHnn pa-
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00TOCIIOCOOHOCTH UTPAIOT U3THOHBIE (PAKTOPHI.

VY BBICOKOCKOPOCTHBIX TsDKEJIOHArPY>KEHHBIX TMEpeaad BO3MOXKHO 3ae/laHHe.
[Ipu GonpIIMX HArpy3Kax MAacCiSHBIM CIIOH MEXIY KOHTAKTHUPYIOUUMHU 3yObSIMHU
poOMBaeTcs, BOSHUKAET HEMOCPEICTBEHHBI METAJUIMUYECKUN KOHTAKT, a TaK Kak
JIABJICHUSI B 9TOM MECT€ OOJIbIINE, BOBMOXXHO MOJIEKYJIIPHOE CILIECTICHUE YaCTHUIl
MetasuioB. [lpu nanbHeieM ABMKEHUH 3yObeB MPOUCXOAUT OTPHIB CXBATUBIINX-
Csl 4acTHI[ OT OJIHOM W3 KOHTAKTUPYIOIIUX TMoBepxHOcTeil. OOpa3oBaBIIMiics Ha
paboueii TOBEPXHOCTH 3y0a HApOCT MOBPEXKIaeT pabodyre MOBEPXHOCTH APYTUX
3yoneB. HapocT n0BobHO OBICTpO pacTéT. B KOHEYHOM MTOTE TPOUCXOAUT 3aKITH-
HUBaHHE 3yObeB, U JaTbHEHIIICE TBIKCHUE CTAHOBUTCS HEBO3MOKHBIM.

Takum 00Opa3oM, BBISBISIOTCS CIEAYIOMHUE KPUTEPUH PabOTOCIIOCOOHOCTH
3yOuaThIX Tepeaau:

- KOHTaKTHas BBIHOCIIMBOCTH Pa0OUYUX MMOBEPXHOCTEH 3yOhEB NPH MEPEMEH-
HBIX KOHTAKTHBIX HANPSKEHUSIX;

- KOHTAKTHasi MPOYHOCTh MPH 3HAYUTEIBHBIX KPATKOBPEMEHHBIX Harpys3kax
(pu MTHOBEHHBIX MTUKOBBIX MEPErPy3Kax);

- U3rHOHAs BHIHOCIMBOCTD MPY MEPEMEHHBIX HAMPSHKCHUSX;

- U3ruOHas MPOYHOCTH IPU MTHOBEHHBIX MUKOBBIX MIEPETPY3KaX;

- U3HOC pabOYUX MOBEPXHOCTEH;

- 3ac/1aHMUE.

PaboToCcrocoOHOCTh MO MEPBBIM YETHIPEM KPUTEPHUSIM OOECHEUMBAETCS MOJ-
OopoM Martepualia, €ro TepMUUYECKOM o0paboTKu U pacuéramu. PaboTocnoco0-
HOCTB T10 JIBYM TIOCIICTHUM KPUTEPUSIM — TOJJOOPOM MaTEpUAIOB 3y0UaThIX KOJIEC
Y COOTBETCTBYIOLIEH CMa3KH.

4.8. Mamepuanst 01151 uzeomosnerus 3y04amulx KoJéc.

OCHOBHBIMU MaTrepuaiamMu 3y04aTblX KOJEC CIIyaT TEPMUYECKU 00padaThI-
BaeMblI€ CTaJIM, TaK KaK OHU B HAMOOJIBIIIEH CTEIEHN 00eCeYMBalOT KOHTAKTHYIO U
U3TMOHYI0 BBIHOCJIIMBOCTDh M MPOYHOCTH. Pexe BBIMONHSIIOT KoJiéca U3 YYTryHOB U
mwiactMacc. [lpu Ha3HaueHWW wMaTepuaia Y4YWUTHIBAIOT pa3Mepbl 3aroTOBKHU
(Tabmn.4.1).

UucTtoBoe Hape3aHue 3yObeB CTalbHBIX KoJjiéc TBEpHocThio HB < 350 mpowus-
BOJISIT TOCJIE OKOHYATEIHbHOW TepMOOOpaOOTKU. OOBIYHO 3TO HOPMAJIM3AIUS WU
ynyuenue. [Ipu ncnons3oBannu marepuaioB ¢ TBEpAocThi0 HB < 350 st myu-
e mpupadaThIBAEMOCTH PEKOMEHIYEeTCS TIPUHUMATh TBEPAOCTH 3y0a IIeCTepHU
Ha 20...50 HB Beiie TBEpIOCTH 3yOa Koseca. Kak npaBuiio, 1oporue oTAeI04YHbIE
onepanuu (MUIMQPOBKA, MPUTHPKA U T.I.) B TOM CJIydyae HE MPUMEHSIOTCA. 3yObs
TaKUX KOJIEC XOPOIIO MpUPadaTHIBAIOTCA W HE MOABEPIKECHBI XPYITKOMY pa3pyIiie-
HUIO MPU JUHAMUYECKHUX Harpy3kax. Kon€ca mpuMeHsIOTCS B Majlo- U CpeTHCHA-
IpYy’>KEHHBIX MIepeiauax, a TaK’Ke B KauecTBe KOJIEC OOIBIIOro MaMeTpa, TEpMHUYe-
cKast 00pab0TKa KOTOPHIX 3aTpyAHEHA.

Jlns ynydmenus: npuMensitorest cranu 35,40,45,50, a Tak ke JerupOBaHHBIE
cranu 35X,40X,40XH,50T" u np.

Vayuwenuem nasviearom mepmuueckyro 00pabomxy, cocmoawyro U3 3aKaiKu
u gvicoxoco omnycka (500...680°C). Vnyuwenuro noogsepeaiom cpeoHeyeiepoou-
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cmote (0.3-0.5%C) koncmpyxkyuonHnvle cmanu, K KOMopbiM NPeobseasiomcst 6blCo-
Kue mpebosaHus K npeoeiam meKyyecmu U 6bIHOCAUBOCHU, YOAPHOU 6i3KOCHIU.
Buicokuii omnyck ¢ meuenue 1...2 uacoé noumu nojiHOCMbI0 CHUMAem 0Cmamoy-
Hble HanpsadxiceHus, o3HuKarowue npu 3akaike. Cmpykmypa cmaiu nocie 8blCoKo-
20 omnycka — copoum omnycka: Omauyaemcs KpYnHolMUu Yacmuyamu Kapouooa,
PacnoodiceHHviMu 8 ¢heppume (Kapouodvl — coeOuHeHus dicene3a C YenepoooM,
Geppumosl — meépovlil pacmeop yenepooa 8 a-cejese).

Hopmamm3oBanHbie KoJi€ca BBITIOMHSIOT U3 CTalieh OOBIKHOBEHHOTO KauecTBa
Ct5, Ct6 nnu xauecTBeHHBIX ctanei 35,40,45,50. Jlng konéc OGonpmmx pa3MepoB
npuMeHsieTcs yraepoaucroe cranbHoe JuThE 35J1,40J1,45J1,50J1 u op.

Hopmanuzayus — nazpes 0036meKkmouonol cmaiu 00 memnepamypuvl evliuie
Acs na 40...50°C, 3a28mexmoudnou- eviuie Acgn max once na 40...50°C, nenpooo.-
AHCUMENbHASL B8bLOEPIHCKA OJISl NPOcpeda Cadku u oxaxcoeHue Ha 8030yxe. Hopma-
JU3aYUs 8bl3vl8AEm NOJHYIO (PA308Y10 NEPEeKPUCMALIUZAYUIO CIATU U YCIPAHAEm
KpynHozepHucmyio cmpykmypy. Eé wupoxo npumensitom emecmo 3aKkaniku u om-
nYcKa 05 YAY4UuleHUs C80UCME CMANbHbIX OMIUBOK.

J171s1 TOBBINICHNS] KOHTAKTHOW NMPOYHOCTH 3yObEB MPUMEHSIOT CTaJIbHbIE 3y0UaThie
kojéca ¢ TBEpaocThio 3y0a HB > 350. C yBenuuenueM TBEpAOCTU paboueld mo-
BEPXHOCTU 3yOhEB BO3PACTAIOT TAK)KE€ M3HOCOCTOMKOCTH M CONMPOTHUBIICHUE 3ae/a-
Huto. Hanbonee mpocToil crnoco® moJiydeHHs] BBHICOKOW TBEPAOCTH paboOYMX Io-
BEpXHOCTEN 3yObeB — 00BEMHad 3aKajka. 3yObs CTAHOBATCA TBEPIABIMH 110 BCEMY
00béMy. JlJist 3TOM TepMOOOPAOOTKH MPUMEHSIOT CTAIU C COJIEPKAHUEM YIIIepoja
0.4...0.5% (ctamu 45, 40X, 40XH wu T.1.), TBEPAOCTH, HaA IMOBEPXHOCTU 3y0Oa
45...55 HRC. Ognako 3yObsi ¢ BEICOKOH TBEPIOCTHIO paboueii MOBEPXHOCTH TTOCIIC
00BEMHO 3aKaJIKH TUIOXO MPUPAOATHIBAIOTCS U HY)KIAFOTCS B BBICOKOM TOYHOCTH
u3roroBieHus. MIx Mexanuueckas oO0pabOTKa 3aTpy/lHEHa, MOITOMY 3yObsi Hape-
3al0T 710 TepMooOpaboTku. Bo3MoXHBI 3HAaUMTENbHBIE AedopManuu 3yObeB U
YMEHBIIIEHUE YCTAIIOCTHOM U3JIOMHOM MPOYHOCTH B CBSI3U C XPYNKOM CTPYKTYpPOH
cepaeBUHbBL. J[J11 uCTpaBieHus] UCKaXeHUN (opMbI 3y0a mociie TepMooOpaboTKH
MPUMEHSIOT OTACJIOYHBIC OTIepaluu: NUTU(GOBKY, TIPUTUPKY, OOKATKY H T.II.

OOBbEMHas 3aKajgka BO MHOTHX CIIy4asX 3aMEHSIETCSl MOBEPXHOCTHOM 3aKal-
KOM, IEMEHTALMEN, A30TUPOBAHUEM U [IMAHUPOBAHUEM U JIP.

[ToBepxHOCTHAs 3aKayika 0OECIEYMBAET BHICOKYIO TBEPJOCTH MOBEPXHOCTHO-
IO CJOsI P COXPAHEHUHU BsI3KoW cepAueBuHbl. [loBepxHocTHas 3akanka TBY nnn
MJJaMEHEM alleTWJICHOBOM TOpeiku obecreunBaeT TBEPAOCTh OOKOBOW MOBEPXHO-
ctu 3y0a 48...54 HRC. Takas TepMooOpaboTKa IpUMEHSIETCS ISl KPYMHBIX 3yOb-
eB (Mogyab M > SmM). [lpm MaibIx MOAyNsIX OMACHO MNPOKAJIMBAaHHE 3yOa
HAaCKBO3b: 3y0 CTAHOBUTCS XPYNKUM M CHUJIBLHO Kopooutcs. Ocoboe BHUMaHUE
HY)KHO 00Opaliarh Ha peKUMBI 3aKaJIKK U OTITyCKa C IEJIbI0 UCKITFOYCHHS BO3MOXK-
HOCTH 00pa30BaHUs 3aKAJTOYHBIX TPEIIUH.

IlemenTtanus 3yObeB (HACBHIIMICHUE YTIIEPOJIOM MOBEPXHOCTHOTO CJIOS) C I0-
CJIEYIONIEH 3aKaJKOW JaéT BBICOKYIO TBEPJOCTh UX PAaOOUYMX MOBEPXHOCTEH (10
HRC 55...63) npu goctato4Ho BSI3KOW cepaineBuHe. VCmonb3yroTes cTaiu ¢ co-
nepxxannem yriepoaa 0.12...0.3% (15,20,15X,20XP u ap.). ['mybuna nemenTtanuu
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He Oousiee 1.5...2 mm. Hambosnpiyro Hag€XHOCTh YIAETCA MOJYYUTh MPU MPUMeE-
HEHUHU TOCJI€ LIEMEHTAIMU JOBOJOYHBIX ONEpalfii, YCTPaHSIOUX COIYTCTBYIO-
nue el nckaxeHus Gopmel 3y0a.

A3zoTupoBaHue 00€CleUnBAET BBICOKYIO TBEPJOCTH MOBEPXHOCTHU, HO TBEP-
Il crnoit uMeetr HeOosbiyro ToimuHy (0.1...0.6 MM). DTO nemaer mepeaaudu
OYEHb YYBCTBUTEIBHBIMU K MEPErpy3KaM U HETIPUTOJIHBIMU Il pabOThl B YCIOBHU-
SX TIOBBIIIEHHOTO a0bpa3uBHOTO M3HOcA. CTeneHb KOpoOJeHus: IPU a30TUPOBAHUU
mana. [Toatomy ero menecoo6pa3HO NPUMEHATh B TeX CIIy4asx, KOTJa MOCie Tep-
MUYECKOW 00pabOTKH HE MOTYT ObITh MPUMEHEHBI OTIECIIOYHBIE OMEpaIuu. 3aro-
TOBKY 3y04aToro KoJjeca, NMpeIHAa3HAYeHHOTO MJs a30TUPOBAHUSA, MOIBEPraioT
YIIYUIIEHUIO C IEJIbI0 TOBBIIMICHUSI MPOYHOCTU CEPALEBUHBL. [l a30TUpOBaHUs
npuMeHstoTes cranu Mapok 38 XMIOA,35XH0A,38XB®IO u ap.

Hapsiny ¢ npyrumu cmocob6aMy MOBBIIIEHHUS TBEPAOCTH PabOUNUX MOBEPXHO-
cTeil 3yObeB 0OJIbLIOE 3HAYEHHE UMEET LIMaHupOoBaHue (OAHOBPEMEHHOE HAChIIIle-
HUE MOBEPXHOCTHOI'O CJIOS YIVIEPOJIOM U a30TOM) M T'a30BOE IIMAHUPOBAHUE (HUT-

pOLIEMEHTALIMS ).
[Ipu aTOM pocturaercs BbicOKas TBEPAOCTHh moBepxHocTHOro ciosi (HRC
60...63) 3yObeB 3yOuaTbIX KOJEC U3 CPEIHEYIJIEPOJUCTBIX  CTajeil

(20X,35X,30XT'T u np.), TonmuHa ynpoyHEHHOro ciost HeBenuka 0.15...0.6 mm.

JU1 U3rOTOBJIEHUSI KPYHMHOTaOAPUTHBIX 3yOUaThIX KOJEC TUXOXOAHBIX Mepe-
Jla4 MCMOJB3YIOTCS 4YyryHbl, UyryHHble 3yObsi XOpOoHIO padOTaloT mnpu OeaHOU
cma3zke. VX OCHOBHOW HENOCTAaTOK — IOHMKEHHAas MPOYHOCTh, OCOOEHHO MpHU
yaapHbIX Harpyskax. Mcnonesyercs cepoiii uyryn CU21,CU24, monuduimpoBan-
Hbi yyryH CHU28,CY32,CY35 u ap.
B OBICTPOXOIHBIX MAJIOHArPYKEHHBIX Mepegayax BO3MOKHO U3rOTOBJICHHUE 3y0ya-
TBHIX KOJIEC U3 TJIaCTMAacC — TEKCTOJIMTA, HEWJIOHA, KarpoHa | T.1. Kak npasuiio, u3
IJIACTMACChl M3TOTOBIIAIOT OJHO W3 KOJIEC, @ BTOPOE — M3 CTAIM. DTH IEpenadn
MPUMEHSIIOT TOTJIa, KOT/Ia HEeT OOIIero >KeCTKOro Kopiyca, HeoOXoauMo ooOecrie-
YUTh OECHIYMHOCTh pa0bOThI epeaaun, OHU MEHEE YyBCTBUTEIbHBI K HETOYHOCTSM
cOOpKHU U M3TOTOBJICHUS OJarofaps Majioi )KeCTKOCTH MaTepuaa.
4.9. Pacuemvl Ha KOHMAKMHYIO BbIHOCAUBOCMb U NPOUYHOCMb 3Y0be8 3y04Uamvlx
KoJéc.

4.9.1. O01ue noJa0KeHus

3anaya pacyéra Mo KOHTAaKTHBIM HalpsDKEHHSIM BIEpBbIE OblIa pemeHa [ep-

eM (1881r). [ToaTroMy HanpspKeHUs, BO3HUKAIOIIUE TTPU ATOM, 0003HaYar0TCsl Oy.
31ech B KauecTBE MHAEKCA UCIOJIb30BaHa 1epBas OykBa amunuu Herz.

I'epu ycranosui (puc. 4.23), 4To Npu Ka4€HUU JAPYT MO APYTY ABYX LUITUH-
JPOB J0 MPUJIOKEHUS K HUM Harpy3Ku KOHTAKT MPOMCXOAUT MO 0Opasyrouieil iu-

HHH, a nocie npuitoxkenus Harpysku (|, H/M — no minomanke mupusoi €,

p
e=3.04 [q—,
qE

p
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Taomuma 4.1
MexaHn4ecKre XapaKTepUCTUKH HEKOTOPBIX MaTepHaIOB
JUTSI 3y0UaThIX KOJIEC

Mapka Huametp | lupuna HB HRC Tepmuu.
CTaJ D, MM S, MM CEp/IIEB. | MOBEPX. s o1 00paboTka
35 Jlrwobort | JlroGas | 163-192 - 550 270 Hopwman.
45 » » 179-207 - 600 320 »
45 125 80 235-262 - 780 540 VYirydi.
45 80 50 269-302 - 890 650 »
40X 200 125 235-262 - 790 640 »
40X 125 80 269-302 - 900 750 »
40X 125 80 269-302 | 45-50 900 750 | VYayum. +
3ak. TBU
35XM 315 200 235-262 - 800 670 Viryy.
35XM 200 125 269-302 - 920 790 »
35XM 200 125 269-302 | 48-33 920 790 | VYayum. +
3ak. TBY
40XH 315 200 235-262 - 800 630 Viryu.
40XH 200 125 269-302 - 920 750 »
40XH 200 125 269-302 | 48-53 920 750 | Yayum. +
3ak. TBY
20XH2M 200 125 300-400 | 56-63 1000 800 | VYuyum. +
Lewm. +
3ak.
I18XT'T 200 125 300-400 | 56-63 1000 800 To xe
12XH3A 200 125 300-400 | 56-63 1000 800 »
25XI'M 200 125 300-400 | 56-63 1000 800 »
40XH2MA 125 80 269-302 | 50-56 980 780 | VYayum. +
A3zoTup.
35J1 Jrobort | JlroGas | 163-207 - 550 270 Hopman.
45J1 315 200 207-235 - 680 440 Viry4m.
401°J1 315 200 235-262 - 850 600 »

Ha KOTOpOfI BO3HUKAIOT KOHTAKTHBIC HAIIPAKCHUA Oy u ITPpHU 3TOM

EHP q

275(1—\’2) pnp ’

(6)

amax

MOJYJIb YIIPYTOCTH, a TAKKC KAaCAaTCJIIbHBIC HAIIPSIKCHUA T, MaKCHUMYM KOTOPBIX, C

y4E€TOM TPeHHs NP KadeHUM LUIUHAPOB APYT 110 APYTY, Ty = 036 o

na rmyoune N = 0.4€,

H Max
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Puc. 4.23. Hanpsixenus npyu Ka4eHUU TWIAHAPOB APYT O APYTY.

2E1E2
3necb: E = —=—5- - IpuUBC/ICHHBIN; .
P E, +E
172
V — xoa¢ppunment Ilyaccona,
(] — HopMasbHAsl IOTOHHAS HAarpy3Ka Ha LWIMHAPH;
_ P1P2
i P1EPy

- HpI/IBGI[CHHBIﬁ paanyC KPHBU3HbI KaTAIIHUXCA HH-

JIVMHIPOB.

Ecmu BbIpa3uts napamerpsl ( u pnp , BXOJIAIIME B BRIPAKEHHE 1T O
H

Yyepe3 mapaMeTphbl pacCYUTHIBAEMOU 3y0UaToi mepeaadn, TO MOTYyIUM PacuETHYIO
dbopmyiy 1S onpeieSICHUs G .

4.9.2. PacuéTpl Ha KOHTAKTHYIO BBIHOCIUBOCTbh U IPOYHOCTH
HUAJIMHIPUYECKON MPAMO3y00ii 3aKpHITOM Nepeaadn

Q

Jns npsaMo3y60oi NWIMHAPUYECKO 3y0JaTol nepenaun (| = —, riue:
K

Q- CyMMapHO€ HOpMaJIbHOE YCUJTUE B3aMOIecTBHS 3yObeB (cM puc.4. 20);

g - - JJIMHA JIMHUMW KOHTaKTa 3y6B€B.

VY nmpsmo3yboro kojeca 14 . D, T.e. MIMHA IMHUK KOHTAKTA paBHA LIMPHHE

KoOJIECa.
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S B nponecce 3anenneHus nepeKkaThbl-
. _ﬂ

oGmas KacaTembHasg - BAaroTCA APYT IO APYT'Y 3BOJIBBCHTHBIC
npoduiu 3y0beB. Paanyc KpuBU3HBI
HBOJIbBEHTHI B MOJIOCE 3allCTICHUS
(paccMaTpuBaeTcst MOMEHT, KOT/1a KO-
7éca KOHTAKTUPYIOT B 3TOM Touke) (
Puc.4.24).

[locie moacTaHOBOK M Mpeodpaso-
BaHM MMOTy4aeM BBIPKCHHE JIJIS
MIPOBEPOYHOTO pacuera 3y0a Ha

KOHTAaKTHYIO BBIHOCJIMBOCTDb

JTHHHA
SAOCIUICHITA

Puc.4.24.Paguyc KpuBHU3HBI 3y0a
B IOJIIOCE 3aLICTUICHHUS.

2T,K_(u=x1l -
2K )sl . (D
€\ bd,d,u H -

c =27 7
H MTH

E

3nece: Z = —sz - K03hPUIMEHT, XapaKTepu3yroIuili CBOMCTBA UC-
n(l-v?)
MOJIb30BAHHBIX ISl U3TOTOBJICHUS 3y0UaThIX KOJIEC MAaTEPUAJIOB;
2 y
q -\ - K0dbdUIHCHT pOPMBI CONPSLKCHHBIX TTOBEPXHOCTEH
sin 2o
3yObEB B MOJIFOCE 3alICTIICHUS;
4—¢ o .
Z.=,——>- KO3pPUIHEHT CyMMapHOU IIUHBI KOHTAKTHBIX JIH-

HUN COMPSDKEHHBIX 3yOhEeB JJIsl MPSAMO3y00ii Mepeayu.

Eciu BBECTH 3aBHCHMOCTb () = wbaa , T11€ Ypa — KOOPPHUIHMEHT IUPUHBI

2a 2au
BEHIIA, a TaK)KE BCIIOMHMTb, UTO d1 =——mu 5=~ (cm.myskT 4.3.3), TO,
utl uxl

periasi mocjie TakuxX MOJCTaHOBOK BbhIpaxkeHue (1) OTHOCUTENbHO A, MOIYYUM BBI-
pakeHue Ui POEKTHOIo pacyera

K (utD)y— 2

1 —¥Yha

2
_3 (Z,,Z,Z¢)°
a 2 ’
T, — MOMEHT Ha BEIOMOM AeTajau paccMaTpuBaeMou nepeaayu B Hmw;
Ky — ko3 duiineHT Harpy3Ku Mmpu pacuére mnepeaayn Ha KOHTAKTHYIO
BBIHOCJIUBOCTb.

31ech: K
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Ecin xonéca npsamo3y6oit nepegaun cranbasie E;=E,=2.1-10°, MIIa; v=0.3;
(Z, = 275:10° I1a"?), yron sanemnenus o =20° (Z, = 1.76), Harpyska nepegadres
oJHOM mapoi 3yoseB (Z, = 1), To K, = 49.

Bripaxenue (1) MOXXKHO MTPEICTABUTD B BUJIC
2T,K_(u£1)

€ bd,d,u

=CH T2,

c =27 7
H MTH

rIe

bd,d,u

T
— = 2
TOFI[a GHmax CH szax H GHmax % = thaX s (3)

Takum 00pa3om, UCHoNb3ysl BeipakeHus (2) u (3), MOKHO paccuuTarh IU-
JUHIPUYECKYIO TIPSAMO3YyOyIo mepeaady Ha KOHTAKTHYIO BBIHOCIUBOCTH IMpH JIEH-
CTBUM HOMUHAJIBHOTO MEPEIaBa€MOro MOMEHTa T, U KOHTAKTHYIO MTPOYHOCTh MPHU
MaKCUMaJIbHBIX (MTMKOBBIX) HArpy3Kax Ha KoJjece Tomax.

ITpu >Tux pacuérax BeanuuHa [/, IPUHUMACTCS:

- 1151 3yOUaThIX KOJIEC U3 YIYUIIEHHBIX CTaJe IpU HECUMMETPUYHOM pPacIo-
J0°KeHUU OTHOCUTENBHO omop 0.315...0.4;

- JUIA 3y04YaThIX KOJEC U3 3aKAIEHHBIX CTaliell MpU HECHMMETPUYHOM PacIo-
JIOKEHUHU OTHOCUTEINBHO onop 0.25...0.315;

- I[P CHUMMETPUYHOM PACIOJIOKEHUH 3y0UaThIX KOJIEC OTHOCUTEIHHO
onop 0.4...0.5;

- ISl IEPEJIBUKHBIX 3y0UaThIX Koji€c kopoOok ckopocteit 0.15...0.25.

4.9.3. PacuéTrhpl Ha KOHTAKTHYIO BBIHOCIUBOCTh U IPOYHOCTH

KOCO3YyOBIX IIMIIMHIAPUYECKUX 3aKPBITHIX TIepesad.

Jljis TOro 4To0bl paccunuTaTh KOCO3yOyIO IMJIMHAPUYECKYIO Mepeady HYXKHO
B BbIpakeHue (1) MojcTaBuTh mapameTpbl TaKOW NpsiMo3y0oi mepenayu, KoTopas
Obl1a OBl KBUBAJICHTHA PACCUUTHIBAEMON KOCO3YOOH.

Q

Hauném ¢ HopMallbHOM IMOTOHHOM HAarpy3Ku: (| = —.

K
IIo cpaBHEHHIO C TIPSAMO3Y-
0ol Hecylasi cmocoOHOCTh KOCO-
3y0ol mepenaud yBeIMYWIACh B

—— pa3 (cm. 1.4.6.3). Oue-
cosfP

BHUJIHO, YTO BO CTOJBKO XK€ pa3
YBEIUYUIIOCH W yCUIHWE, JeH-

crytomee Ha 3y6 Q.
Jlnst mpsimo3y0oii  mepeaun
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JUIMHA JIMHAA KOHTAaKTa ObLia fK: D (cm. m4.9.2). s Koco3yOoi craia

be o K £
=—=—=_rae B — yrox HakiioHa 3y0a, a coSf} B 3HaMEHAaTeJIe YUUTHIBAET YBE-

K cosB
JIMUCHUEC OJINHBI IMHHUHW KOHTAKTA BCJICACTBHUEC HAKIIOHA 3y6a;
€, — TOPLIEBOM KOI(PPHUIIMEHT MEPEKPHITHSI, KOTOPBIM MPUOTMKEHHO paB

g, =|1.88— 3.2(i + i) cosB Puc.4.25. Onpenenenne paanyca SKBUBAJICHT-
21 %2
HOTO ¥ YYUTBHIBAET, UTO B 3allEIl-
psIMO3y0OO0ro KoJieca . JIEHUU OJJHOBPEMEHHO Ha-

xoauTcs Ooyiee OIHOW Mma-
poi 3yobeB; K.=0.9...1.1 — koapdurmenT, yuutsiBaromuii KoaeoaHus JJIUHbI JTHU-
HUU KOHTAaKTa B mpoliecce pabotsl nepeaauu. [lo cpaBHeHHIO ¢ PsMO3y0o0ii Tiepe-

.o e
Ja4CH IIPOU301IJIO YBCIIMYCHUC AJIMHBI JINHUKW KOHTAKTAa B ot pas.
cosf

Kak yxxe ormeuanock B 1m1.4.4.3, koco3yOble 3yOuatbie Koiéca Hape3atoTcsl TeM
K€ MHCTPYMEHTOM W Ha Te€X )K€ CTaHKaX, 4YTO U MPSIMO3YyObI€, TOJbKO HHCTPYMEHT
MOBOpavYMBaeTCs Ha yroy HakjoHa 3yoa P. [ToaroMy 3y0 Koco3yOoro kojeca COB-
najgaeT mo MpouiIo B HOPMAIBHOM CEYEHUU C 3yOOM HEKOTOPOro MpsMo3y0o-
ro kojeca. ITockoiabKy paccMaTpuBaeTCsi MOMEHT, KOTJa COMNPSKEHHBIE 3yObs
KOHTaKTUPYIOT B TIOJIFOCE 3alICTIICHHSI, PAJNYC 3TOTO MPSMO3y00ro Koseca J0KEeH
OBITH pPaBEH PaAJANYCy OKPYKHOCTU, MPOXOASIIEH uepe3 Moroc 3auerieHus P
(puc.4.25) B ceueHUH HOPMAJIBHOM K JIMHUM 3y0a. B 3TOM ceueHun (cedyeHue 1u-
JUHAPA HAKIIOHHOW IJIOCKOCTBHIO) UMEEM JIUTUIIC. Pagnyc OKpy>KHOCTH, TIPOXOIsI-
el yepe3 MoJtoc 3anerieHus - fy. U3 nuddepeHnmnaibHOM TeOMETPUN U3BECTHO
BBIPKEHUE, CBSI3BIBAIOIIEE TTOJIYOCH DJUIHIICA U PAANYC Iy !

r,=a2/c. Tonyocs ¢ = OA=d/2, nonyocs a=OA/cosp=d/(2cosp).

— 2
[TorTomy r,=d/2cos B COOTBETCTBEHHO AMAMETP IKBUBAJICHTHOTO MPsIMO3y00-

— 2
ro xoneca d,=d/COSP.
ITockonbKy Konéca Hape3alTcs OJHUM HHCTPYMEHTOM, MOIYJb B HOpMajlb-
HOM CEYEHHHU Yy HUX OJUHAKOB. A Tak kak 0 = Mz, To nomy4aercs

d dcos
Z
m, =-Y =—B OTKyZHa Z.. =

n 1)) '
Zy z cos3B
Pannyc kpuBU3HBI B MOJIFOCE 3alICTUICHUS 3BOJIBBEHTHI Mpoduiist 3yda 3Toro
dVSina dsina
KoJjieca p,, = =
\Y;
2 20032 B

Taxum oOpazom, ¢ y4€TOM Bcex 0COOEHHOCTEN KOCO3y0oro Koseca mnojryyaeM
dbopmyITy JUTsl IPOBEPOYHOTO pacuéra
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2T, K (u=1) -
6 =27 7 <}
M HK €K bd d u H -
1°2
E
_
n(l-v 2)
CTBa UCIOJIb30BAaHHBIX IS H3TOTOBJICHUS 3y0UaThIX KOJEC MAaTEPHAIIOB, OCTAETCS
0e3 U3MEHEHHU,;

(4)

371ech: Z = - K03 (HULIUEHT, XapaKTePU3YIOLIHIl CBOM-

20082
Z =27 4/C0S" B =+———— - kodddummerT Gopmsr co-
HK H sin2a
IPSUKEHHBIX TTOBEPXHOCTEH 3y0ObeB KOCO3y0Oro KoJieca B MOJIIOCE 3alCIUICHHUS,
1 4d—¢g
. =2, = ¢ - kodpduuueHT cym-
€. K, e, K,

MapHOW JUIMHBI KOHTAKTHBIX JUHUI CONpPSKEHHBIX 3yObEB Il SKBUBAJICHTHOMN
npsMO3y0Ool Iepeaayn.

Ecniu xak u s mpsamo3y0oil mepenayu BBECTH 3aBUCUMOCTH b=\|}baa

2a 2au
dl = Tl u 9 = 1 ,TO, peliasi mociie TaKuX MOJCTAHOBOK BhIpaxkeHue (4)
ut +

OTHOCHUTEJIBHO A, MOJIYYUM JJI POEKTHOTO pacuéra

ToK 12,2, 2. )
a:KaK(Uil)B 2 Z-ZH ,MM. (5) 3mecs: KaK: 2 EK

n—"Vba

Jlns cTanbHEIX Konéc ¢ yriaom 3anernenns 20° K, ~43.

Pacuér Ha neiicTBMEe MaKCUMaJIbBHOM KOHTAKTHOM HArpy3KH aHAJOTMYEH pac-
4y€Ty npsiMo3y0oit nepeaaun (cm.m.4.9.2 popmyna 3).

4.9.4. PacuéTpl Ha KOHTAKTHYIO BBIHOCIUBOCTh U IPOYHOCTH

NPSIMO3YObIX KOHUYECKUX 3aKPBITHIX Mepe/iay.

Jlist pacuéra KOHMYECKME 3yOuarble Koji€ca 3aMEHSIOT UWIMHAPUYECKUMHU

npsIMO3YyObIMU 3yOUaThIMU KOJIECAMH, KOTOPbBIC MOIY4YalOT pa3BEPTKOM Ha TIOC-

KOCTh CpeAHero TopueBoro ceuenus (puc.4.26). Paguyc Takoro MuIMHAPUYECKOTO
koseca (ACBO,)

Bc d
r,=C0p=——=_-T"
v cosd 2c0sd
COOTBECTCTBCHHO I[I/IaMeTp

d,=d_/cosd

Cpennuii MOLyJb JOJKEH OBITH
OJIMHAKOBBIM Y TIPOEKTUPYEMO-
ro KOHUYECKOro Kojeca u 3a-
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MCHAIOUICIO HUJIMHAPUYICCKOI'O, IIO3TOMY

d d
(d=mz2): V- M Grciona
Z
Y,
dyz  z

Z =
Vv
d m C0Sd
Puc.4.26. Paguyc 3aMeHsI0IIEro
HAIHHAPUYECKOTO KoJieca.

3Has MOAYJb My U YUCHO 3yObEB Z, 3aMEHSIONIMX LMJIMHIPUYECKUX KOJIEC,
MOXHO JUI BCEX IMAPAMETPOB MPOECKTUPYEMOW KOHUYECKOW IEpelayu IOJYyYUTh
COOTBETCTBYIOIIME NapaMEeTPhl 3aMEHSAIOIEN UIMHAPUIECKON napel. Hanpumep,
IIEPENATOYHOE YUCIIO

zvz__zzcosé‘)l__ucoséS1
Z, Z,;C080,  COSO,

u =
\%

Jlnst opToroHanbHeIX nepeaad =90° u COS61: S1INJ, mosTomMy
mn62::u2.
COS O,

Takum 00pazom, moxayyaeM JUisl NapaMeTpOB 3aAMEHSIOEH TUIMHAPUYECKON
nepeaayu:

\'

d Z
C0S o C0Sd v
2
us+1. _ [ 2

OKCIEpUMEHTANIBHO YCTAHOBJIEHO, YTO KOHHMYECKas Iapa MEpeNaéT TOJIBKO
0.85 Toil Harpy3ku, KOTOPYKO B COCTOSIHMM IE€PENATh 3aMEHSIOIIAsl LIWJIMHIpUYE-
CKas Irepejnaya, T.€ MpU OJHOM W TOM K€ Harpy3Ke HampsDKeHUs B 3yOe KOHHMYe-
CKOM mepenauu OyayT nmpuMepHo Ha 15% Beiiiie, 4em y
_. 3aMEHSIONIEH ITUIMHAPUYECKOW. YUHUTHIBas 3TO 00-
\ CTOSITEJILCTBO U T€OMETPUYECKHE COOTHOLIEHHUS B KO-

HAYECKOM mepenade, mocie MOJACTAHOBKH ITapaMeTPOB
3aMEHSAIONIEH UJIMHIPUYECKON MpsiMO3y0oil mepesa-
4K B BeIpaxkeHue (1) u mpeoOpa3zoBaHuii MOIyYHM

+0u

{ \“\T\\ rac Re = BHCHIHCC KOHYCHOC paCCTOAHHC, a

_Gu

[}

0

g T 104
!
+g |

R




2
(2,2,Z,.)

Ky =3 |
R V13a- 05K 1)K

JIst cTadbHBIX KOHUYECKHMX 3yOuUaThIX KOJEC ¢ yrioM 3arerieHus o =20° u
Kpe = 0.3 Kr= 86.

Pacuér Ha nerictBUe MakCMMaJIbHOM KOHTAKTHOM HArpy3Kyd aHaJIOTUYEH pac-
€Ty npsiMo3yooit nepenauu (cM.m.4.9.2 popmymna 3).

Puc.4.27.Pabota 3y6a Ha n3ruo.

4.10. Pacuémul 3y6uamuix nepeoay Ha U3eUOHYI0 GbIHOCIUBOCIL U NPOUYHOCHID.
4.10.1 O6mime MoJ0KEeHHUS.
3y0 paccmaTpuBaeTcs Kak KOHCOJbHasE Oanka. OmacHOe ceYeHUue - CeUeHue
y ocHOBaHus 3y0a (puc.4.27). DKCIEpUMEHTHI U OTBIT IKCILTyaTaIMK MMOKA3bIBAIOT,
YTO YCTAJOCTHBIE TPEUIMHBI MOSBISIOTCS UMEHHO 3/1€Ch, CO CTOPOHBI PACTSHYTHIX
BOJIOKOH. To e€cTh, 3y0 HaUMHAET pa3pylIaThCsl HA PACTIHYTOU CTOPOHE.
[Ipu BBINOJTHEHUH ITUX PACUETOB:
- paccMaTpuBaeTCsl MOMEHT Havaja 3allelIeHHs], KOTr/la YCUIIUEe B3auMo-
NEHCTBUS 3yObEeB MPUIIOKEHO K BEPIIMHE OAHOTO U3 3yObeB, BXOIAIIUX B 3alleN-
JICHUE;
- IPUHUMAETCA, YTO BCSl HArpy3Ka nepeaacTcs: OJTHON napoi 3yObeB;
- CWJIaMU TPEHUS Ha paboyeil MOBEPXHOCTH 3yObeB MpeHeOperaem.
Tak kak paccMaTpuBaeTcs MOMEHT Hadasla 3aleIuieHus], yroy o’ OoJbllie yria
3aleTUICHUS Q.
Ycunue B3auMoeCTBUS 3yObeB IEPEHOCUM TI0 JIMHUM JICUCTBUS Ha OCh 3y0a
M pacKIaJIblIBA€M Ha [BE€ COCTABIISIONIME: TOPU3OHTAJIbBHAS COCTABIIAIOLIAS
F'y =Qcosa u3rubaet 3y0, a BepTUKaIbHAS F',=Qsina’ - cxumaer ero. Coort-

BETCTBYIOILIME 3MIOPHI HANPsHKEHUN npuBeAeHbl Ha puc.4.27. CyMMmapHble HOMH-

HaJIbHBIE HANPSKEHAS O =406 —0o . HanpsixkeHus HOMUHAJIBHBIE, T10-
Hu CXK
HOM

TOMY, YTO 3/IECh HE YUUTHIBAIOTCS KOA(D(GUIIMEHTHI KOHIIEHTPAIINH HAPSHKEHUH.

4.10.2.PacuéTsl npsMo3yObIX IMIMHIPUYECKUX 3y0UaThIX repenay
Ha U3rMOHYI0 BEIHOCIMBOCTD U MPOYHOCTD

F
. . t
JUis npsAMo3yObIX KoJéc ycwiame B3ammonencteus Q=——, e Fy —

cosa
OKPYXHO€ YCWUJIME B TOJIIOCE 3alervieHus. Eciu uiMHa JIMHUM KOHTaKTa (a uis
PSIMO3YOBIX KOJIEC - IIMPHUHA KoJjieca) D, TO COOTBETCTBYIOIIKE TIOMOHHBIC HArPY3-
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KH

. F't _ Qcosa' Ftcosoc' - qtcosa' . gy sin o'
q t= = = = , QHAJIOTUYHO, ( (o
b b bcosa cosa cosa
. M
PaccmatpuBaercs 3y0 mupuHO# b =1, Mo3TOMY B BRIpasKeHUHN c, = W
o M A h bs 2 1x 52
A3ru0aromii MOMEHT =( ¢ 1; MOMEHT CONPOTHBICHHS W=—= 5

[Iupuna 3y0a S mpomnopuHOHaIbHA MOIYJIIO, MO3TOMYy S=(M, rae g - Ko-

3¢ UIUEHT NPOTOPIMOHATBHOCTH.
6qt'h
C yuérom Bcero 3Toro Cy="">5 o
1xg=xm

— r
HaHpH}KGHI/I}I ckatug O - . ILIomaab IOIICpCYHOro CCUCHUA

CXK

A =sb=mxgx1, nosromy G, S
mg
CyMMaprle HOMHHAJIBHBIC HAIIPSKCHU A
6q,'h q', 6q;hcosa dy sina

From gZmZ mg QZmZCosa mg cosa.

Y

m gzmcosa gcosa

6hcosa' sina

I:HOM ’

d; | 6hcosa’ _ sina/ :q_t
m

Trac YF =

- ko3 unueHt Gopmel 3yda 1is pacuéra

110 HOMHHAJIbHBIM HAIPSKCHUSM.

OpnHako y HOXKKM 3y0a CyIIEeCTBYET Mepexo/ OT 3y0da K Tely KoJjieca, Ha KOTO-
poMm oH HapesaH. [loaToMy HEOOXOAUMO Y4YECTh KOHIICHTPAIMIO HAMPSXKCHUN Y
HOXKKH 3y0a M BECTH pacuéT HE MO0 HOMUHAJIBHBIM, a TT0 MAaKCUMaIbHBIM HampshKe-

mow o= Y K=Y 3recs Yo =KY. - xosdpdunment
F m HOM m HOM

dbopMbl 3y0a s pacu€ra ¢ y9€TOM KOHIICHTpaIK HanpspkeHuid. OQuH U3 Bapu-

aHTOB TIPEJCTABJIICHUS 3TOTO KOd(p(dHUIIMEHTA I BHEIIHETO 3aICTUICHUS IPUBE-

JieH Ha puc.4.28.
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Puc.4.28. Koadduiuent GpopmMbl 3yda BHEIIHETO 3allCTICHUS YF

F

t_
W3 mpebIayiero u3BecTHO, 4ro (; =-—=——. KpoMe 5T0ro, norpenHocTyu

b db
IIPU M3rOTOBJICHUH 3yOUaThIX KONEC U AedopMaliii BaJIOB U 3yObEeB KOJIEC IPUBO-
JST K TOSIBJICHUIO JUHAMUYECKON COCTaBJISIIOIIEH HAarpy3Ku Ha 3y0, T.€. K He00X0-

JTUMOCTH BBECTU KOI(PPUIIMEHT HATPY3KU KF’ Takum oGpazom, JJisi IPOBEPOY-

HOTO pacuéTa Ha U3rHOHYIO0 BBIHOCIMBOCTH MOJy4aeM BbIpaKeHHUE

EE )
o = < (6)
F- mdb F-
B sty dhopmyny noacTaBisitoTca mapameTphbl TOM JIeTaiu, Y KOTOPOW YacTHOE
. b
IF _/ YF MeHbIe. st IpOEKTHOTO pacyéra BBOAWUTCS BEJIMYMHA Vpg = d— -

KO3 PUIIMEHT MMPUHBI BEHIIa 3y04aToro Kojieca No Ha4aJllbHOMY JUaMETpy Iiie-

crepun. Ecim panee Obula INpHHATA BEIMYMHA — Jp= TO 3HA4YECHUE

aa
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v .
Vg = %(u +1). JIns npoexTHOro pacué€ra \[J bd =0.2...1.4. IloacraBnsis B BbI-

paxenue (6) b=y,d wm d= mz, a 3aTem pernas ero OTHOCUTEILHO MOMIYJIS, IO~
JydaeM BBIpaKEHHUE JJIsl POSKTHOTO pacuéra

o 2T1YF1K F
=3 o g -

Vbd %1 ke F-
BBIpa)KeHI/Ie (6) MOKHO IIPEJICTABUTH B TAKOM BUJIE op =CT< IF L, rae
C= K

= . Torma,mpu T=T , TIOJTYy4YHUM:

oy o P max > 1O
T
®Fmax ~ °F T IFmax ; (7)

DTO BBIpaXXEHHUE CIYKUT JUJISl POBEPOYHOr0 pacyéTa rnepeaadyu Ha U3rHOHYI0
MPOYHOCTb.
4.10.3. PacuéThl KOCO3yOBIX HUIMHAPUYECKUX 3yOUaThIX Mepeaay
Ha U3rMOHYIO BBIHOCIUBOCTh U TIPOYHOCTH
JIist mpsAMO3yOBIX TIepenay Moy

2TY =K -
_ F°F -
GF — — F .
mdb -
Ecnu B 3TOM BBIpaXeHUHM Y4eCTh OCOOEHHOCTH KOCO3y0oi#l mepenayu, TO Mo-
JyuuM Hopmyiry st uX pacyéTra.
3a cu€r HakJOHA 3y0 KOCO3yOOro Kojeca yHpOYHSETCA. DTO YUUTHIBACTCS

BO
BBeneHUEM Kod(pdurmenta Yo =1— )
8 b B~ 1400

Jliist yaéra oTHOBpEeMEHHOM pabOoThl HECKOJIBKHUX Map 3yOheB BBOAUTCS KOI(-
bunmreHT Ko = 1/(0'98a) :

KoaddummenT dhopmsel 3yda onpeensercs mo SKBUBAJICHTHOMY YHCITY 3yObEB

V4
(cm.11.4.9.3) Z = .
cos” 3

B pesynpraTe mnonydaeMm BBIpaKEHUE ISl IPOBEPOYHOIO pacyéra nepenadu
Ha U3TMOHYIO BRIHOCIUBOCTh
2TY

FKFYBKa .
0'F= < lF .
mdb -

B sty dhopmyny noacTaBisitoTca mapameTphbl TOM JIeTaiu, Y KOTOPO YacTHOE

F/ YF MEHBIIIE.

B kauecTBe OTKpHITBHIX Tepeaad Koco3yOble Tepeiauu MpakTUYeCKu He MPU-
MEHSIOTCS, TOATOMY (pOpMyJia MPOEKTHOTO pacuéTa HE BBIBOJIUTC.
Pacuér Ha neiicTBue MakCUMaIbHOW M3TrHOAIOIIECH HArPy3KH aHAJIOTUYEH pac-
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4y€Ty npsamMo3yooi nepenaun (cm.m.4.10.2 popmyna 7).
4.10.4. . Pacy€Thl KOHMYECKUX MPSMO3YObIX 3yOUaThIX nepeaad
Ha U3TMOHYIO BEIHOCIUBOCTh U TPOYHOCTb.
J1iist mpoBepoUYHOTO pacuéra 3yda mpsmMo3yoor HUIUHAPUYECKON Mepeaadn Ha
U3TMOHYIO BEIHOCIMBOCTD MOJIYY€HO BBIpaXKECHHE

2TY K -
G — FF - I
F - MR-
mdb -
Bripaxkas mapameTpbl 3aMEHSIONICH MWJIMHIPUYECKON Mepeaun yepes3 napa-
METpBI PacCUUTHIBAEMON KOHMYECKOM (cM.M.4.9.4) u yuuThiBasg €€ MEHBIIYIO He-

CYIIYI0O CIOCOOHOCTb, TMOCJE BCEX MPEOOpa3OBaHMUN TMONYYUM BBIPAKECHHUE IS
MIPOBEPOYHOTO pacyéTa 3y0a KOHMYECKOTo KoJjieca Ha M3THOHYIO BRIHOCIUBOCTh

m.bd o -
B sty dhopmyny nmoacTaBistoTCa napamMeTpbl TOM JI€Taiu, Y KOTOPO YacTHOE
F/ YF MEHBIIIE.

Koaddumment dpopmel 3yda onpeaesnsercs 1o 3KBUBAJICHTHOMY YUCTY 3yObeB
(cmn49.4) Z =2/c0SS.

[Ipu mpoeKTUPOBaHUK OTKPBITOM MEpenayu BbIpakaeM CPEIHUA MOIYJb Mp
yepe3 MOJYJIb Ha Hapy>KHOM JIONOJHUTEIIBHOM KOHYCE My, MIUpUHY 3y0a b uepes
BHEIIIHEE KOHYCHOE pacctosiHue Re u koaddumment Ky, nuamerp dn, yepes mua-
meTp de (cM.11.4.9.5), yuuThIBaeM CHIDKEHHUE Hecymel crocoonoctr (cm.m.4.9.4) .
[TomyyeHHOE BBIpaKEHUE PEIIAeTCS OTHOCUTEIHLHO MOAYJs. B pesynbrarte moiry-
gaeM (HOpMYyITy JUTsl IPOEKTHOTO pacuéra MOAYJsl KOHWYECKON TpsiMo3y0oi mepe-
Ja4u My, Ha U3THOHYIO BEIHOCIIUBOCTD

TY
M =Cg3
2}

K

F°F _
22 + 25

Jlist crambHbIX Konéc ipu Kpe=0.3 Cr=2.8.

B aroit hopmyne 3nauenust T,YE, Z, [OF] TOMKHBI OTHOCHTHCS K OJHOMY H
TOMY K€ 3yO4UaToMy KoJIecy Iiepe/iayuu.

Pacuér Ha neiicTBue MakcUMaabHON M3rubOarolel Harpy3Kyu aHaJIOTHYEeH pac-
4y&Ty npsiMo3yooit mumHaApudeckoi nepeaaun (cm.m.4.10.2 popmymna 7).

4.11. Tounocms 3y6uambIX nepedadu.

KauecTBo mepemaum 3aBUCHUT OT OMIMOOK M3TOTOBJICHMS 3yOUaThIX KOJEC U
JeTajneu, onpelessioInuX UX B3aMMHOE PACIIOIOKEHNUE.

TouHocTh M3roToBNeHUs 3yOuaThix Konéc pernmamentupyercsa ['OCT1643-81,
KOTOPBIN TpeaycMaTpuBaeT 12 cTemeHeil TOYHOCTH, 0003HA4YaeMbIX B TMOPSIKE
yObIBanus ot 1 10 12.

Kaxias crerneHb TOYHOCTH XapaKTEPU3yeTCs TPEMS MTOKA3aTEISIMU:

- TIOKa3aTesieM KMHEMAaTHYE€CKOW TOYHOCTH: PErVIAMEHTHPYET HECOIIaCOBaH-
HOCTbh YIJIOB MOBOPOTA CUEIUISIOMIMXCS KONEC 33 OIMH 000POT 3TATIOHHOTO KOJIeca,
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3aBHCHT, TTITABHBIM 00pa30M, OT TOYHOCTH M3TOTOBJICHUS KOJIEC IO MIary;

- MOKa3aTeseM IUIaBHOCTH padOThl: PErIaMEHTUPYET MHOTOKPATHO MOBTOPS-
IOIKecs 32 OJUH 000POT U3MEHEHHUSI CKOPOCTU BpAIllEHUS KOJieca, a 3HAYUT TUHA-
MHUYECKUE HArpy3Ku B Iepefade, 3aBUCUT OT TOYHOCTH U3TOTOBJICHUS 1O MIAry U
0 IPOQuUITIO 3yObEB;

- HOpMOM KOHTaKTa 3yObeB: PErIAMEHTHPYET OMIMOKU M3TOTOBJICHUS U COOp-
KM MEpeladn, OLEHUBAETCS IO NATHY KOHTakTa. ECIM MpOKpYyTUTH yCTaHOBIICH-
HYI0 Ha MECTO Mapy, IPEABAapUTEIIbHO HAHECS KPacKy Ha pabodyr0 MOBEPXHOCTH
3yObEB OJTHOTO U3 KOJIEC, TO Ha paboyeil MOBEpXHOCTH 3y0a BTOPOTO Kojeca Moiy-
YUM OTIEYaTOK TOM MOBEPXHOCTH, MO KOTOPOW B3aMMOJEUCTBYIOT 3yObs. IIaTHO
KOHTaKTa HOBOH Iepefadyd AOJDKHO pacrojiaraTbCsl MOCpPeANHE 3y0a M 3aHUMAaTh
He MeHee 60...75% ero mnoBepXHOCTH.

Bo u30exanue 3akiMHUBaHUS 3yObEB pErJIaMEHTHUPYETCs OOKOBOW 3a30p B
3allerieHnd. BenndnHa 3a3opa ornpenensercs BUOM CONPSDKEHHS 3y0daThiX KO-
néc. CrangapToM NpeayCMOTPEHO IECTh BUAOB CONMPSKEHUS 3yObeB:

-H - nynesou 3a3op;

-E - mansii1 3a30p;

-C u J1 - yMEHBIIEHHBIN 3a30D;

-B - HOpMaJIbHBIN 3a30D;

-A - yBEJIMUEHHBIN 3a30D.

3azopsl H, E, C — Tpe0Oy10T NOBBIIIEHHOW TOYHOCTH U3TOTOBJICHUS.

PernamenTupyercss Takke IIEPOXOBATOCTh pabOUYMX IMOBEPXHOCTEU 3yObEB,
TaK KaKk OHa BJIMSET Ha I0JITOBEYHOCTh MEepeIayH.

B MammHocTpoennn HauboJibllee pacnpocTpaHeHue noiayuuiu 6,7,8 u 9 cre-
MeHU TOYHOCTHU. PekoMeHaa1uu 1o uX NpUMEHEHUIO TPUBEICHBI B Ta0uIe 4.2.

CraHapT yCTaHaBIIMBAET TAK)XKE JIONMYCKHM HAa MEXOCEBBIE PACCTOSIHUS, Mepe-
KOC BaJIOB M HEKOTOPBIE IPYTHUE MAPAMETPHI.

4.12. Koagguyuenmol Hacpy3xku npu pacuémax 3y04amulx KOJEC.

Ot KOdPPUIMEHTH XapaKTePU3YIOT JIUHAMHYECKYI0 COCTaBJISIOILYIO
HArpy3Ku Ha 3yObsi, TIOSIBJISIONIYIOCSI BCIICJCTBUE MOTPEUTHOCTEH M3TOTOBJICHUS U
coopku nepenayn. [IockoIbKy 3Ta COCTABISIONIAS U KOHIICHTPALIUS HATPY3KH pa3-
JMYHO BIUSIOT HA MIPOYHOCTH MO KOHTAKTHBIM M M3TMOHBIM HAMPSOKEHUSIM  OTJIH-
4aroT KH = KH OLKHBKH g - 1pH pacuérax IO KOHTAKTHBIM HANPSDKCHUAM U

K E= K Fo K FB K £g - IPH pacu€rax 110 HaNpPsHKCHUAM u3ruoa.

4.12.1. KoadduimeHT pacrpeaesieHust Harpy3Kku Mexay 3yObsiMu Ka

3aBUCHUT OT TOYHOCTU M3TOTOBJIEHUS 3yOuaThix Koji€c. OH yUMTHIBAET BIIMS-
HUE TIOTPEITHOCTEN N3TOTOBJICHHS MO OKPYKHOMY IIary ¥ Mo yriy HakJIoHa 3yOb-
eB. OmnpenenseTcs Mo TabiuiaM B 3aBUCUMOCTH OT OKPY>KHOW CKOPOCTH U CTelle-
HU TOYHOCTH. [Ipu mpoeKkTHpoBaHWU NEepefadr OKPYKHOM CKOPOCTBIO HY’KHO 3a-

naBaTbCs. /{151 OpHEHTUPOBOYHBIX PACUETOB MOKHO ITPUHUMATh KHoc = KFa.

JIng mepenad nATOM U BBILIE CTENIEHEN TOYHOCTH KOL =1.
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[Ipu npoeKTHOM pacuy€Tre MOKHO OPUEHTHPOBOYHO MPUHUMATH 1O puc.4.29.

Tabmnuia 4.2
PekoMeHyeMble cTeNeHN TOYHOCTH U3TOTOBIICHHUS 3yOUaThIX KOJIEC.
Bun nepenauun CremneHb TOYHOCTH U3TOTOBJICHUS TIEPEIadun
IPU OKPY>KHOM CKOPOCTH, M/C
1o 5 5...8 8...12 cBblie 12
HunuHapuyeckas:
npsiMO3y0ast 9 8 7 6
Koco3yOas 9 9 8 7
Konunueckas:
npsiMo3y0ast 8 7 - -
C KPYTOBBIMHU 9 9 8 7
3yObsiMU
a) 6)
KHa g KFa g 8/
9 / 14 7
1,15 ; / 7 6
// 6 13 / /
11 / ~ 5
/ s 1y
]
1,05 — = 11 —~ -
— ! i
e T
1 ===

0 5 10 15 20 25 30 35 VM 0 5 10 15 20 25 30 35 V.M
Puc.4.29. KoadpduuneHnt pacnpeneneHus Harpy3Ku MeXIy 3yObsiMHu.

4.12.2. Kosddurpent KoHIeHTparmu Harpyska K B

Pacnipenenenvie Harpy3ku mo JJIMHE 3y0a 3aBUCHUT OT KECTKOCTH BaJIOB, KOP-

IyCOB, OMOpP M caMuX 3yOuaThIX KOJIEC, & TaK K€ OT MOJIOKEHHUS KoJieca Ha Baily
OTHOCHUTEJBHO OIOP, OT MOTPEMIHOCTEN U3rOTOBJICHUS AETANIEH IepeaadH.
[Ton nmelicTBMEM HArpy3Kd BCE JETalM MEPENAYH U MOAJICPKUBAKOLINE UX DJIEMEH-
Thl Aepopmupytorcs. /laBiaenue Ha 3y0 cTaHOBUTCS HepaBHOMEpHBIM. llpu cum-
METPUYHOM PACIOJIOKEHUHU KOJeca OTHOCUTEIBHO OMOp MPOrud BaJIOB MOYTH HE
HapyIlIaeT pacrpeaeseHus] Harpy3KH 1o JjuHe 3y0a.

IIpyn HECHMMETPUYHOM WJIM KOHCOJIBHOM PaCIIOJIOKEHUN OTHOCUTEIBHO OIOP
KoJI€ca MepeKanmBaroTes. J{IMHa TMHUM KOHTaKTa YMEHbIIaeTcs, Harpy3ka Ha 3y0
CTAHOBUTCSI HEPABHO- MepHOU. IIpu mpounx paBHBIX YCIOBUSIX BJIMSIHUE TaKOTO
MEPEKOCA YCUIIMBAETCS C YBEJIMUEHUEM LIMPHUHBI KOJIEC, TIOATOMY €€ OIrpaHUYUBA-
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10T. Ecnin konéca usrotosneHsl U3 npupadateiBaronmxcsi matepuaios (HB<350),
TO KOHIIEHTPALUS HATPY3KH MTOCTETICHHO YMEHBIIIACTCS U TIPU MOCTOSTHHOW Ha-
Tpy3Ke MOXKET OBITh TIOJTHOCTHIO YCTPaHEHa.

Opnako ecnu 3yObst He npupabarsiBatoTcsi (HB>350), To HepaBHOMEPHOCTD
Harpy>KeHus 3yObeB HE YMCHBIIIACTCSI.

Jlis mpuOIyKEHHOW OLEHKH PEKOMEHIYIOT TpadUKH, COCTABICHHBIE Ha OC-
HOBE pacu€ToB M OmbITa dKcIuTyaTanuu. [Ipu onpeneneann ko3¢hGUIIMEHTOB KOH-
LEHTPAIUMU 110 3TUM TpaduKaM YUYUTBHIBAIOTCS: PACIIOJIOKEHUE KOJIEC OTHOCUTENb-
HO OITOp, BIMSHUE MIUPHHBI KoJeca, TBEPIOCTh pabodell MOBEPXHOCTH 3y0a (puc.
4.30).

[Ipu mocTosiHHOM Harpy3ke, Npu TBEPAOCTU pabouell MOBEPXHOCTU 3y0a KO-
neca H,<350 u v <15m/cex MOKHO MPUHUMATD KH B= KFB =1.

4.12.3. Koapduiment quaamudeckoii Harpyskn K 9

OT0T KO3(POUIMEHT YYUTHIBACT IUHAMUYECKHE COCTABJISIONIME HArpy3KH,
BO3HUKAIOIIME BCJIEICTBUE MOTPEIIHOCTEH U3TOTOBJICHUS IO IIary 3yObeB, a Tak-
K€ BIIMSTHUE OKPY)KHOU CKOPOCTH, MPUCOCTUHEHHBIX MACC, YIPYTOCTH CUCTEMBI U
T.11. J{71s1 ipuOAMKeHHON OIEHKU MOYKHO MCIIOJIb30BaTh Ta0IUIly, B KOTOPOU BEJIU-

YHnHa KS OIIPCACTIACTCA B 3aBUCHUMOCTH OT HpHHﬁITOﬁ CTCIICHHN TOYHOCTH, TBép-

JOCTH paboyeill MOBEpXHOCTU 3yObEB, BUAA MEPEAAuYd M OKPYKHOW CKOPOCTHU
(Ta6n.4.3; 4.4).

4.13. Onpeoenenue 0onycKkaemvix HANPANCEHUL NPU pacuémax 3yo4amolx

nepeoadu.
4.13.1. YcTanocts METANIOB U IOITYCKAEMbIE HAITPSKEHUS.

ComnpoTuBiieHHE MaTEpPUAIOB MEPEMEHHBIM HAIPSKEHHUSIM OLEHUBAETCS KOJIMYE-
CTBOM IIMKJIOB MEPEMEH HAMpPSHKEHUN, KOTOPOE MOXKET BBIJIEpKaTh 00Opasel] Mmpu-
HATOM (OPMBI U pa3MepoB JO MOJOMKH. Yare BCEro MCIbITHIBAIOT 00pasiibl Mpu
HaMPSHKEHUSX, UMEIONTUX CHHYCOUAAIBbHBIN XapakTep. [Ipy 3TOM moicuuThIBacTCS
YUCJIO LMKJIOB MEPEMEH HAIpPSHKEHH: OJWH MEpPUOJ CHUHYCOWIbl — OJUH ILHUKII
HarpyxeHusi. Eciu oOpazenr Bbiaep:kan N; LIMKJIOB MepeMeH HalpsiKEeHUH C am-

IUTUTYAOU O,1, @ HIOTOM CJIOMAJICS, CIEAYIOIINNA, U3TOTOBIEHHBIN U3 3TOTO KE Ma-

Tepuana, Beiiepkai N, [MUKIOB ¢ aMIUIUTyI0H O ,5 U T.H., TO MOKHO MOCTPOUTH

KPUBYIO YCTAJIOCTH, OTKJIAJbIBAsI IO OCH aOCLUCC YUCIIO IIUKIOB, KOTOPOE BBLIEP-
aiau o0paslbl, a M0 OCH OPAUHAT — BETUYUHY aMIUTUTYIbl IEPEMEHHOTO Hampsi-
KEHUs, KOTOpoe OHM Bhiepx)aiu (puc.4.31). JIns MHOTHX TMJIaCTUYHBIX MaTepua-
JIOB 3Ta KpUBas UMEET MepesoM B Touke ¢ koopauHatamu Ny - O_q,rae 6.5- npe-
nen BbIHOCIUBOCTH; No- 0a30Boe 4MCIO LMKIOB HarpyxeHus. Takum oOpazom,
IIPU HAIPSDKEHUSX BBIIIE KPUBOM YCTAJIOCTH 0Opas3iibl JIOMAIOTCS, T.€. BO3MOXKHBIE
HaIIpsHKEHUS] OTPAHUYMBAIOTCS KPUBOW YCTAJIOCTH U IPEBBIIIATL UX HENb3S.
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Puc.4.30. KoaddunneHT KOHIIEHTpaAIIiy HATPy3KH.
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Tabmuna 4.3.
3HadyeHus ko3 duimenTa JuHaMruIeckon Harpy3ku Kyy

Crenens | TBepaoCThH Vv, M/c
TOYHOCTU HOBCpXHOCTI/I

yGbn 1 2 4 6 8 10
103 | 106 | L2 | L0 | 123 | 128
a 101 | 1202 | 103 | 104 | 106 | 107

6_
’ 102 | 104 | 107 | 11 | 115 | 118
6 100 | 100 | 102 | 102 | 103 | 104
104 | 107 | 184 | 121 | 129 | 13
a 102 | 103 | 105 | 106 | 107 | 108
7"‘ 103 | 105 | 109 | L4 | w9 | 124
0 100 101 | 102 | 103 | 103 | 104
104 | 108 | 116 | 124 | 132 | 104
a 100 | 102 | 104 | 106 | 107 | 108

8_
’ 108 | 106 | 11 | 16 | 122 | 12
6 101 100 | 102 | 103 | 104 | 105
105 | 1 | 1z | 13 | 14 | 18
a 101 | 103 | 105 | 107 | 109 | 112

9_
" 104 | 107 | 113 | 12 | 126 | 132
6 101 101 | 102 | 103 | 104 | 105

Ipumeuanus: 1. TBepnocts noBepxHocTH 3yObeB: a) H1<HB350 u H,<HB350
nmu H;>HRC45u H,<HB350; 6) H;>HRC45 u H,>HRCA45. 2. 3nauenue Ky, B
YHUCJIUTENIE OTHOCUTHCA K MPAMO3YOBIM MepeiayaM, a B 3HaMEHaTele — K KOCO3y-
OBIM.

[Tosryuaercsi, 4TO €ci 3a BECh CPOK CIIY>KOBbI JIeTallb UCIBITAET YUCIIO LUKJIIOB
HarpyxeHus: 6ombiie 6azoBoro yucia HUkIOB(Ng;>Np), TO HanpsKEeHUs B HEW He
JIOJKHBI TIPEBBITIATH MPeie] BBIHOCIMBOCTH. A €CJIM YHCIIO IIUKIIOB Harpyxe-

HUS 32 BEChb CPOK CIY:KObI netanu MeHbine 0a30Boro (Negp<Np), To momyckaemoe
HaNpPsOKEHUE MOYKHO TTOBBICHTH 110 CPaBHEHUIO C MPEIeJIOM BEIHOCTUBOCTH, YUECTh
BEJMYHUHY O (BETMUUHY MPEBBIIICHMUS).

Takum oOpa3om, Touka mepernda KpUBOW YCTaJIOCTH JACTUT BCIO 00IacTh
BO3MO>KHBIX 3HAUEHU JTOMYCKAEMbIX HaMPSLKEHUN Ha JIBE 30HBI:

| — uncio 1MKIIOB HAarpyeHus 3y0a 3a BeCh CPOK CITY»KObI Tlepe/iaud OrpaHu-
YeHO U MEHbIIEe 0a30BOr0 YMCia IHUKIOB, TO3TOMY MOXHO JIOyCKaeMble Hamps-
KEHHS HECKOJIbKO YBEITUYUTD;
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Il — gucmo mmkIIOB HarpykeHus 3y0a 3a BECh CPOK CIIYy)KOBI Ieperavyd He
OTPaHUYEHO U O0JIbILE OA30BOr0 YKMCIIA LIUKIOB, IO3TOMY JOIYCKAEMbIE€ HAIIPSIKE -
HUS HE MOTYT IPEBBIILIATE IPEET BHIHOCIUBOCTH.

do

Go i

0.1

N2  No NE1
Puc.4.31. Kpusas ycranocrn.

4.13.2. Jlormyckaemble HAIIPSKEHUS 11 pAaCYETOB Ha KOHTAKTHYIO
BBIHOCJIMBOCTb IIPH HeorpaHuueHHOM cpoke ciykO0bI (No<NE).

Ecnu cpok cinyxOb1 He orpanndeH, T. €. Ng < Ng, momamgaem B 30ny || Ha
puc.4.31. B aToM citydae gonyckaeMoe HanpsiKeHUE HE MOXKET MPEBBIIATh Mpeie-
J1a KOHTaKTHOH BBIHOCIIMBOCTH ITOBEPXHOCTH 3YOBEB M OIPEIEIISACTCS BhIpaKCHUEM

GH[ b
— Im
[H j S ZR ZV !
H
rac GHﬁimb - [IpCacii KOHTAKTHOUW BBIHOCJIMBOCTH IIOBCPXHOCTHU BY6I>€B, COOT-

BETCTBYIOIINN 0a30BOMY YHCITy IUKIIOB HAMPSHKEHUH; OMPEIENIeTCs B 3aBUCUMO-
CTH OT Crmocoba TEPMOXMMUYECKOM 0O0pabOTKH 3yOh€B M OT JIOCTUTAeMOW MpH
9TOM TBEPIOCTH MOBEPXHOCTH 3y0a (Tabdi.4.5)

Sh- xoadpumment 3anaca npounoctu: eciimt HB <350 = 1.1;

eciu HB > 350=1.2;

Zr — x03h(OUIMEHT, YYUTHIBAIONIUN HCXOJHYIO IMIEPOXOBATOCTH IIO-
BEPXHOCTEN 3yObeB, IPUHUMAETCS JJIsl TOTO KOJeca, Y KOTOPOro 3yObsi UMEIOT 00-
jee rpyOyro MOBEPXHOCTb:

eciu napametp mepoxoBaroctu R, =1.25...0.63mxkm  Zg=1,;
€CJIH ImapaMeTp ImepoxoBatoctTu R, =2.5...1.25Mkm Zg=0.95;
ecnu nmapametp mepoxoBaroctd R, =40...10Mkm Zg=0.9;
Z, - K03 (HULHUEHT, yUUTHIBAIOIINNA BIMSIHUE OKPY>KHOU CKOPOCTH:
ecimm v <S5m/cexk Z, =1,
ecaa v>5Swm/cek Z,=1...1.16.
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Tabmuma 4.4
3HadyeHus kodppuimeHTa fuHaMuueckoi Harpy3ku Kgy

Crenenn | TBepaOCThH Vv, M/c
TOYHOCTU HOBCpXHOCTI/I

yGbn 1 2 4 6 8 10
106 | 113 | 126 | 14 | 153 | 167
a 102 | 105 11 115 12 125

6_
’ 102 | 104 | 108 | 111 | 114 | 117
6 100 | 102 | 103 | 104 | 106 | 107
108 | 116 | 133 | 105 | 167 18
a 103 | 106 | 111 116 | 122 | 127

7.
i 103 | 105 | 109 | 113 | 117 | 122
6 101 102 | 103 | 105 | 107 108
11 ] 102 | 138 | 158 | 178 | 196
a 103 | 106 | 111 | 117 | 123 | 129
o 104 | 106 | 112 | 116 | 121 | 126
0 101 102 | 103 | 105 | 107 108
113 | 128 15 177 | 198 | 2,25
a 104 | 107 | 114 | 121 | 128 | 135

9_
" 104 | 107 | 114 | 121 | 127 | 134
6 101 | 102 | 104 | 106 | 108 109

Ipumeuanus: 1. TBepnocts noBepxHocTH 3yObeB: a) Hi<HB350 u H,<HB350
nmu H;>HRC45 u H,<HB350; 6) H;>HRC45 u H,>HRCA45. 2. 3naucnue Kr, B
YHUCIIUTENIe OTHOCUTHCS K MPSAMO3yObIM MepeaadaM, a B 3HaMeHaTesie — K KOCOo3y-
OBIM.

4.13.3. Jlormyckaemble HAIIPSKEHUSI 11 paCYETOB Ha KOHTAKTHYIO

BBIHOCJIMBOCTb TIPU OrpaHudeHHOM cpoke ¢y ObI (No>NEg).

B atom ciyuae Ng > Ng, moatomy nomagaem B 30y | Ha puc. 4.31. JJomycka-
€MbI€ HaIpPSKEHUs MOTYT ObITh YBEJIUYEHBI (T.€. YITEHO MPEBBIIICHUE 0) U ONpe-
JEJSIIOTCA 110 BBIPAYKEHUIO

b+ b JK
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raoe
N HO

Npe

BaOIIHIA, BO CKOJIBKO Pa3 MOTYT OBITh ITOBBIIICHBI JIOIyCKAeMbIC HAIIPSHKCHUS JUISI
pacyeTa Ha KOHTAKTHYIO BBIHOCIIMBOCTB. [Ipu 3TOM, eciii TBEpAOCTh pabovuX Io-
BepxHocTel 3yobeB HB < 350. To 1 < Ky <2.6, ecmu HB > 350, To 1 < Ky < 1.8.

3nece N HO™ 0a30BO€ YMCIIO IIUKIIOB, COOTBETCTBYIOIIEE MPEAETY BBIHOCIUBOCTH

Ky =m - K03 UIMEHT TONTOBEYHOCTH, MMOKA3bI-

Ny =30HB*# <12x107; M =6;
N HE (haKTHIECKOE YKCIIO IUKIJIOB HArPy)KEHUSI.
Tabmuua 4.5
IIpenen KOHTAKTHOM BBIHOCTHBOCTH G simb
Cnoco6 Tepmoxum. o0p. | Cpeansisi TBEPIOCTH pa- S 11/imb ° MIla
3y0a Ooueii moB. 3yda
Hopmanu3zanus unu HB <350 S imb 2HB +70
YIIyqIIeHUe
OOBEMHAs WM TTIOBEPX- HB > 350 S 11simb =17HRC + 200
HOCTHAsI 3aKaJIKa
[lemMeHTaLMsI UK HUTPO- HB > 350 S ysimb — 23HRC
IIEMEHTAIIHSI
AzotupoBanue HB > 350 S ysimb = 1050

Tpu nocTosHHOM Harpyske N HE — 60ncLh :

rae N — ygacrora BpalmiCHUA KOoJIeCa, AJId KO-
TI/TMX

0 0 TOPOTO OMpeaeseTcs I0MycKaeMoe Hampsixe-
' HHE, MI/IH_l; C - YHCJI0 3aleryIeHuid 3y0a 3a oJuH
\{ 000pOT KoJeca;
LT Ly, —pacuétHblii pecypc paOOThI iepenaun
\\\ (cm. 1m.1.4).
Q ol N [Ipu nmepeMeHHBIX peKUMax HArPYKESHHUS:
a5 ¥ g '?Y -€CJIM 3aJlaHa TUCTOrpaMMa Harpy>KeHHs, TO
A kK (T.)°
' =1
- €CJIM 3aJIaH TUTIOBOU PEXKUM HArpyKeHUs,
0 N, _=u, 60ncL -
05 10 TO o8 , T1e ko3 durm
HE H h
€HT |l 3aBUCHT OT 33JaHHOT'O THUIIOBOI'O
Puc.4.32. TunoBsie peKUMBbI pexnma.

HarpyKeHUsl.
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[Tpu 0OpaboTKe CTATHCTHYECKOTO MaTepHaia O peXuMe padOThI ISl CO3/a-
HUS TUIOBOTO PEXHMa pacy€THbIE HArpy3KH pacrnojiaraloT MOoCiIeoBaTeIbHO B
nopsiike yObIBaHUS MX 3HAYEHHUI U 3aT€M CTYINEHYaTyI0 THCTOTpaMMy 3aMEHSIOT
IaBHOM orubaronieil KpuBou. VcciienoBaHUsIMU YCTAHOBIIEHO, YTO OOJBITMHCTBO
PEXKUMOB HATPYKEHUSI COBPEMEHHBIX MAIUH CBOJSATCS K IIECTH THUIIOBBIM PEXKU-
MaM. (Koneuno sto mpubnuxenHas ouenka.) . FOCT 21354-87 npegycMmarpuBaer
IIECTh TUITOBBIX PEXKUMOB Harpykenus (puc.4.32):

0 - moCTOSIHHOE Harpy>XKeHHUE;

| — TsOKENBII pexuM;

Il — cpeaumii paBHOBEPOSTHBIN;

[l — cpenumit HOpMaNBHBIIA;

IV — nérkuii;

V — 0c000 JAE€rkuil.

Tsoxenblit peskuM XapakTepeH I mepead rOpHbIX MallliH, CPETHUN paBHO-
BEPOSITHBIA U CPETHUN HOPMAJIBHBIA — JIJIST TPAHCIIOPTHBIX MAIIUH, JETKUNA U 0CO-
00 JAETKUil — JUIsl YHUBEPCATBHBIX METAJUIOPEKYITUX CTAHKOB.

KoaddurmeHTs! 17151 BBIYUCICHUS YKCTIa ITUKIOB OMPEAeIstoTCs 1o TabauIe
(Tabm. 4.6) B 3aBUCHMOCTH OT THUIIOBOTO PEKUMA HATPYKEHUS.
Tabnuia 4.6
KoadduruenTs! 17151 BBIYUCICHUS YUCIIA IUKJIOB HATPY>KEHUS
TIPY OTIPEACIICHUN JOITYCKACMBIX HAIIPSHKCHUH (THITOBBIE PE)KUMBI HATPY)KCHHS ).

Pexum Pacuer na Pacuer Ha U3ruOHyI0 yCTAIOCTh
paboThI KOHTaKTHYIO
YCTAJIOCTh
TepMO00- | M/2 |1y TEPMOOO- |M |uf TEPMOOO- (M | (4
paboTka paboTka paboTka
0 3110 | VYaoyame- (6 | 1,0 3akanka (9 | 1,0
| 0,50 | HHE, HOp- 0,30 oOBeMHas, 0,20
] 0,25 Ma- 0,143 UOBCpx- 0,10
1] Jro6as 0,18 | JtM3aliA 0,065  HOcT 0,036
\V, 0,125 0,038 |11 HEMEHT 1 16
Y% 0,063 0,013| WL @397 16 604
TUPOBaHUE

4.13.4. Jlormyckaemble HAIIPSKEHUSI JI1 IPOBEPKU KOHTAKTHOM MIPOYHOCTH
P MTHOBEHHBIX (MMUKOBBIX) MEPErpy3Kax

[Ipn HOpMaNM30BaHHBIX WX YIYUYIIEHHBIX MAaTepHUaIax IF Hmax — 2.80 .

[Ipu 3akanke TBY, 00bEMHON 3akaike, LEMEHTALMU WM a30THPOBAHUU

syones [y may = 40HRC .

4.13.5.lonmyckaemble HaNPSKEHUs ISl pacYETOB HA U3THOHYIO
BBIHOCJIMBOCTb TIPH HeorpaHUUeHHOM cpoke ciry)O0bI (No<NE)
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[F 1: GFSﬂmb Kee:
F

rie - TIpe/ieNl BBIHOCIUBOCTH 3yObeB MPH U3TUOE, COOTBETCTBYIOIHIA

Fsimb
6a30130My YUCIIYy UHMKIIOB HaNpPsKEHUW, ONPEAEIACTCA T10 tabmuie 4.7 B 3aBUCH-
MOCTH OT BHJIa TEPMUYECKOMN 06pa6OTKH;

SF: 1.7...2.2 - ko3 Punnent 6e30macHOCTH, MPUHUMAETCS MO TaOJIH-

e 4.7 B 3aBHCUMOCTH OT CITOCOOa M3TOTOBIICHHUS 3ar0TOBOK (OOJbININE 3HAUCHUS
JUIS1 OTJIMBOK);
KO2((PUIMEHT, YIUTHIBAIONTUN BIUSHUE IBYCTOPOHHETO IMPHIIOKEHUS HArPy3KH;

KFC = 1 npu 0oAHOCTOPOHHEM HATPYXKEHHH, KFC =(0.7...0.8 npu peBepcuBHOI

Harpyske.
4.13.6. [lonyckaemble HAMPSKEHUS JJI11 pacu€TOB HAa U3TUOHYIO
BBIHOCJIMBOCTb IIPH OTpaHUYeHHOM cpoke ciry:kObI (Ng>NE)

B sTom ciyqae
B 1 Be JKe0.

rae K, - KO9QUIHMEHT HOITOBEYHOCTH, YUUTHIBAIOIIHI (PaKTHIECKOS
YUCJIO HUKIIOB HAIPy>KEHUS
Neo
Nee

Ecin HB < 350, a taxke s Kon€c co NUM()OBAHHON NMEPEXOAHON MOBEPX-
HOCTBIO 3yObeB 1 <K <4.

Kge =m

Ipu HB > 350 u venuposanHo# nepexoquoii mosepxuoctu 1<K <2.5.

3nece N_ = 4x10° - 6azosoe uncrno LIMKJIOB JJIs1 BCEX CTaJIeH;

FO

N FE” (haKTHUECKOE YUCIIO HUKIIOB HAIPY>KEHHUS.

Ipu nocTosHHOMN Harpyske N FE= 60nCLh :

rj€ N — YacTtoTa BpalleHHs Kojieca, Il KOTOPOTO OMpeIessieTcsl JomycKae-
MO€ HAIIPSIKEHUE, MI/IH_l;

C - YMCJIO 3alleTUIeHUi 3y0a 3a OJIMH 000pOT KOJIeca;

L, —pacuétHblii pecypc padoThl niepenauu (cM. 1.1.4).

[Ipu nmepeMeHHBIX PEKUMAX HATPYKEHHUS:

3
k (T,
-€CJIM 3alaHa TMCTOrpaMMa Harpyxenus, .o N FE = 60cz|—|n iti ;
i=1

- €CJIM 3aJ1aH TUIIOBOM PEXXHUM HArpyKXCHHUS, TO N FE— MF60nCLh , TII€ KO-

3¢ GUIUEHT [LF 3aBUCUT OT 3aJJaHHOTO TUIIOBOTO peXHMa U BUAa TEPMUUECKON 00-
pabotku (cm.Tabu. 4.6).
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4.13.7. lomyckaeMble HalpsHKEHUS IS IPOBEPKU U3TUOHON MPOYHOCTH
IPpY MTHOBEHHBIX (MIMKOBBIX) MEPErpy3Kax

Tpu HB < 350

F max

0.80_.Tpu HB>350 frmax F0.60

Tabmura 4.7
[Ipenenbl BBIHOCIUBOCTH o, JJIs 3yObeB CTabHBIX 3yOUaThIX KOJeC Mpu padoTte

3yObEB OJIHOM CTOPOHOM U KOI(PPUIIMEHTHI 0€30MaCHOCTH S,

TBepaocTh 3yObeB 3¢ TIPH BEPOATHO-

Tepmudeck. Mapkwu cta- O i ¢TH HEPA3pYMCHUA
00paboTka Ha I10- B Cepl- en Mia | "OPMYE 1 hopp-

BEPXHOCTH | LIEBUHE Maﬂf | meHHOM

HOI

Hopwa- 40;1?’43?@
3a1 yJayd- 180...350 HB 45X’]—[ 35X’ 1,75 Hyp 1,7 2,2
IICHUE M’
OObemMHas 40X, 40XH,
SAKAIKa 45...55 HRC, A0XDA 500...550 1,7 2,2
3akajka
TBY 48.52HRC, | 0% M 500,600 1.7 2.2
CKBO3Has
3akanka 56...62 58, 45PI1, 900
TBY 1o HRC, 27...35 Y6 17 99
BCEMY KOH- 48...52 HRC5 | 40X, 40XH, 600...700 ’ ’
Typy HRC, 35XM o

700...950
AsoTrpo- HY | 24,40 | 33%210, o g0
BaHHE 550...750 | HRC, 40XDA, L7 2,2

40X2HMA
HV
IlemenTa-
11 C aB-
TOMAaTHY. 57...62 Jleruposa- 850 950 1,55 1,95
peryiupo- HRC, HUE
BaH Ipo-
1ecca
IlemenTa- 57...62 30...45 | Jleruposa- 1,65...1,
s HRC, HRC, e 750...800 7 2...2,2
Hutpotem. 25XT'™M 1000
C aBTOMa-
THY. PETy- 56...63
nnpolga g HRC, 25XIT, 750 155 1 L9
30XTI'T, 30X

HHUEM TPO-
ecca
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4.14. Ilopsaoox pacuéma 3axkpvimoii 3y6uamoti nepeoayu.

4.14.1 . YcxonHbple JaHHBIE:

- BUJI [IepeAayu;

- IepeiaBaeMblii MOMEHT;

- YaCTOTa BpAIlIEHUsI OJIHOM U3 JIeTajlel nepeaauu;

- IepeaTOYHOE YUCIIO;

- YCJIOBUS U PEKUM PaOOTHI.

4.14.2. BeiOop maTepuana u ero TepMUIecKoil 00padoTKu

Hcxons u3 ycnoBuil paboThl mepenayu, HyKHO 3a1aThCsl TBEPAOCTHIO pado-
Yell TOBEPXHOCTH 3y0a (0OKOBOI MOBEPXHOCTH), a 3aTEM MOAOMpaTh MaTepHall U
ero TePMUYECKYI0 00paboTKy AJisi o0ecneueHus 3Toi TBEPAOCTH (cMm. 1m.4.8).

4.14.3. OnpeneneHue AOIMYCKAEMbIX HAIIPSKEHUM.

Bcero Hy»XHO OINpenennTs YeThIpe N0MYCKaeMbIX HanpsbkeHus (eum. 1. 4.13).

[Tpu pacuérax Ha KOHTAKTHYIO BBIHOCIMBOCTb MPAMO3YObIX Mepeaay, a TaKkxKe
nepesady ¢ KOCHIMU MM KPUBOJIMHEWHBIMH 3yObsIMHU, Y KOTOPBIX TBEPAOCTH OOKO-
BbIX (pabouunx) noBepxHocteit HB > 350, 3a pacuérHoe nmpuHUMAaeTCs MEHBIIIEE U3
JIBYX 3HAYEHHM JIOMyCKAEMbIX KOHTAKTHBIX HAIPSDKCHUIM.

Jli K0co3yOBbIX Imepenad, y KOTOPbIX TBEPAOCTH pabOUUX MOBEPXHOCTEH IiIe-
CTEPHH U KOJIECA PA3JINYHbI, B KaUECTBE PACUETHOI'O IIPUHUMAIOTCS HAIPSKEHUS,
MOJIyYEHHBIE 110 BBIPAKEHUIO

o = 0a5(hy o+ o 25125y
JI711 KOHMYeCcKuX nepeayd

by =045y + byp)stashy min’

Heo0OxoauMo MOMHUTB, YTO 4Ye€M BbIIIE€ TBEPAOCTh PabOUYMX MOBEPXHOCTEH
3yObEB, TEM MEHBILIE radapUThl IEPEIAUN.

4.14.4. OnpeneneHre MeEXOCEBOI0 PACCTOSHUS (BHEIIHET0 KOHYCHOTO pac-
CTOSIHUSI 111 KOHUYECKHX TIepeiay)

Omnpenenserca U3 pacu€ra Ha KOHTAKTHYIO BBIHOCIHMBOCTH IO BBIPAXKEHHSIM
JUUISl TPOEKTHOTO pacuéra (cM.m.4.9.2....4.9.4).

3HAUEHHs MEKOCEBOTO PACCTOSHHUSA A MM KOHYCHOTO paccrostHus R’ BbI-
YUCIATh C TOYHOCTBIO IO COTBIX JI0JIEH, HE OKPYTJIATh U HE NMPUHUMATh 110 CTaH-
apry.
4.14.5. Onpenenenrne Moays (711 KOHUYECKUX NEpe1ad MOIyJIsl Ha
Hapy>KHOM JIOMOJIHUTEIIbHOM KOHYCE).
Hcnonb3yst BepakeHU :

Aw

m
= E(Zl + 22) - JUTS IAJTMHAPHUYECKHUX TPSIMO3YOBbIX Iepeiay;

m
a' =—— (24 +2,)- A AIMHAPHYECKUX KOCO3yOBIX Mepe/iay;
W 2cosB (2+25)

Mte 2, .2
R'e =—1/2Z] +2Z5 - A KOHUYECKNX npsiMO3yObIX Mepeaady,
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HAWTH 3HAYEHUS] MOIYJISI U IPUHSATH €T0 M0 CTaHJAAPTY, OKPYIJISIS 10 CTAHAAPTHOTO
3HAYEHUA B OOJIBIIIYIO CTOPOHY.

Yucno 3yObeB miecTepHd Z1 B Mepeaaydax, Hape3aHHBIX 0e3 CMEIIeHUs! WH-

CTpyMEHTa, peKoMeHxyeTcst opars 17 < Z1< 25.

VYoM HakII0OHa 3y0a 00BIYHO 3a7at0Tcs B npeAenax 3= 10...12°

Heo0xo1umo MOMHUTH CEAYIOIICE:

- MEJIKOMOJYJIbHBIE KoJi€éca ¢ OOJIBIIMM YHUCJIOM 3yObEB MPEANOYTUTEIbHEE
[0 YCJIOBUSIM IUVIABHOCTH XOJa MEpelayd, CHUKAIOTCA MOTEPU HAa TPEHHUE, COKpa-
HIa€TCs Pacxoj] MaTepHalla U YMEHbIIAETC 00BbEM CPE3aHHOTO METAJUIA; IIPU 3TOM
BO3pACTalOT TPeOOBAHMS K TOYHOCTH M3TOTOBJICHHUS M COOPKHU Mepe/iayu, KeCTKO-
CTH €€ JleTajeil, yBeJIMYMBaeTCs] BOBMOXHOCTh MOJIOMKH BCJIEJACTBUE KOHIIEHTpA-
IIMU HArpy3KH, OCOOCHHO MPH Meperpy3Kax;

- KPYNHOMOAYJIbHBIE KOJ€ca TPeOyIOT MEHbBIIEH TOYHOCTH, JOJIbIIE MPOTH-
BOCTOSIT U3HOCY, MOTYT paboTaTh JIUTEIBHOE BpEMsl IMOCJIE Haydaljla BBIKpAIUBa-
HUs1, MEHEE YYBCTBUTEINIbHBI K MEPErpy3kaM U HEOTHOPOIHOCTIIM MaTepuana 3yoa.

4.14.6. YTOUHEHHNE 3HAYCHHUI T€OMETPUUECKUX MapaMETPOB NEPEAAUH 11O

NPUHATOMY CTaHJAPTHOMY 3HAYEHUIO MOIYJIS.

[To npuHATON CTaHIAPTHOW BEIMYMHE MOAYJISl YTOUYHUTD WIIU ONPEIEIIUTh BCE
napameTpsl nepegaun. [Ipu 3Tom Ui mpsAMO3yObIX Mepeaad OrpaHUYeHUs IO Me-
KOCEBOMY WJIM KOHYCHOMY PacCTOSHUSAM NPHUBOJAAT K HEOOXOIUMOCTH U3MEHEHUS
yucen 3yObeB U(MJIM) BBEECHUS CMEILICHHUS] MHCTPYMEHTA IpU UX Hapeske. [ ko-
co3yOBbIX Mepeady BO3MOKHO YTOYHEHUE M MEXKOCEBOIO PpACCTOSHUSA, W yria
HaKJIOHa 3y0a.

[upuna xoneca bZ:\pbaa; HIMPHUHA [IECTEPHU bi=Db, + (5 .. .7)MM.

4.14.7. IlpoBepka 3y0a Ha KOHTAKTHYIO BEIHOCTUBOCT.

Boinonusiercs mo ¢opMynaMm A MPOBEPOYHOTo pacuéra rnepenayd Ha KOH-
TaKTHYIO BBIHOCIUBOCTH (cM.1M.4.9.2...4.9.4). B 3Tu BbIpakeHUs1 MOACTABISIIOTCS
YTOYHEHHBIE 3HAYECHUS.

Ecnu Hemorpyska nepenauyu 1mo KOHTaKTHBIM HamnpsbkeHuaM Boimie 10% wmum
neperpyska 0omnee 5%, TO HEOOXOAUMO CKOPPEKTHPOBAThH JMOO IIUPUHY KOJEC,
JM00 MEKOCEBOE pacCTOsIHUE, TMO0 TPUMEHUTH APYroid Matepuan ¢ Ipyrou Tep-
MOOOPabOTKOM.

4.14.7. IlpoBepka 3y0a Ha U3TMOHYIO BEIHOCIUBOCTb.

Hcrnions3ys BbIpakeHus, nojydeHHsle B 1. 4.10.2...4.10.4 ni1s npoBepo4YHOro
pacuéra nepenayu, IPOBECTH MPOBEPKY BHINOJHEHUS YCIOBUI pabOTOCIOCOOHO-
ctu. IIpyu 3TOM HY)KHO OMHHTB, UTO PACYETHI BEAYT IO TOM JIETAIH, Y KOTOPOU

YaCTHOC I-F /YF MCHBIIIC.

[Tpu mpoBepKe MOXKHO TMTOTYYUTh HANIPSKCHHS 3HAYMTEIIFHO MEHBIIIHE JTOITYC-
KaeMbIX. DTO BIIOJIHE JOMYyCTUMO, TaK KaK Harpy304Has CIOCOOHOCTH OOJIBIITHH-
CTBa 3aKPBITHIX Iepesad ONpeaeaseTcsl KOHTAKTHOW MPOYHOCTBIO, a HE IMPOYHO-
CTBIO Ha U3ruo.

OmHako MOTYT BCTPETHTBCS CHTYallUW, KOTJA TJIaBHBIM KpHUTEeprueM padoTo-
CIIOCOOHOCTH SIBJIICTCSI IPOYHOCTD HE 10 KOHTAKTHBIM, a TI0 M3THOHBIM HaIpsIKe-
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HUSIM. Y TAaKHX MEpeaay ACUCTBYIOLIEE HAIPSHKEHUE MPU MPOBEPOYHOM pacUYETE HA
U3rMOHYI0 BHIHOCIMBOCTh OKa3bIBAE€TCS OOJIBIIE JOMMycKaeMoro. B mo1o0HbIX ciy-
Yasx HEOOXOJMMO yBEIMYMBATH 3HAUCHUS MOJYJIS WIM MPUMEHSThH MOJIOKUTEb-
HOE CMEIIEHUE MHCTPYMEHTA MpU Hape3ke 3yObeB ¢ MOcieayIoleld 00s3aTebHON
MPOBEPKOI Ha U3TUOHYIO BEIHOCIHUBOCTb.
4.14.8. IIpoBepka pabOTOCIIOCOOHOCTH 3yOheB Ha KOHTAKTHYIO ITPOYHOCTD
IPU MaKCUMAJIbHBIX Harpy3Kax.

[IpoBepka BBIOIHSIETCS [0 BBIPAXKEHUIO, MOTyYeHHOMY B 11.4.9.2. [Ipu onpe-
JIEJICHUH JTEWCTBYIOMNX KOHTAKTHBIX HAIPSHKEHUN HCIOJIB3YeTCs JTUOO BBIpaXKke-
HUE JUIsl TPOBEPOYHOI0 pacyéTa Ha KOHTAKTHYIO BBIHOCIMBOCTB, TUOO BBIPAKEHUE
JUISL MEKOCEBOTO (KOHYCHOT'O) PAacCTOSIHMSI PEIIAeTCs] OTHOCHUTEIBHO JEHCTBYIO-
X HAMPSIKECHUM.

4.14.9. IIpoBepka pabOTOCIIOCOOHOCTH 3yObEB Ha U3TUOHYIO MPOYHOCTh

IPU MaKCUMAJIbHBIX Harpy3Kax.

[TpoBepka BBINOJIHSIETCS IO BEIPAXKEHUIO, MOTydeHHOMY B 1.4.10.2.

4.14.10. Onpenenenre cui, IEUCTBYIOIIUX B 3alCIIJICHUU.

ITo BeIpaxkeHusM pazneina 4.6 onpeAesitoTCs COCTaBISIONINE YCUIUS B3aUMO-
NencTBUS 3yObeB U UX HAIIPaBJICHHE.

4.14.11. KoHcTpyHpOBaHHUE 3IIEMEHTOB MEPEAAYH.

Ha scku3e 3y64yaToro kojieca mpoOCTaBISIOTCS BCE MOTyYEHHbIE T€OMETpUYe-
CKHE pa3Mephl, U 3aIOIHSAETCS TaOIuIa JIJIsl HAPE3KU €ro 3yOheB.

4.15. Ilopsaok pacy€ra OTKPBITBIX IIEpEAay.

4.15.1. Ucxonnbie nanuele - cM.m.4.14.1.

14.15.2. BeiOop marepuana 1 ero TepMuYecKor o0paboTKu — cM.I1. 4.8.

4.15.3. OnpeneneHune NOMYCKAaeMbIX HAIIPSKEHNM .

Pacuér BBIMONHAETCS TOJNBKO MO HAMPSHKEHUSM HM3rH0a, MO3TOMY OINpeess-
I0TCS JIONyCKaeMble HAMPSHKEHUS IS pacy€ToB HAa M3TMOHYIO BBIHOCIUBOCTH U
MpoYHOCTH (cMm.11.4.13).

4.15.4. Onpenenenre MOAYJsl U3 pacy€Ta Ha U3TUOHYIO BEIHOCIUBOCTb.
Hcrionb3yroTest BRIpAXKEHHS JIs1 TPOCKTHBIX PACUETOB MPSIMO3yObIX IMIMHIPHYEC-
CKUX M KoHW4eckux nepenad (cm.m.4.10.2,4.10.4). BeruuciaeHHoe 10 COThIX AoJei
3HAYEHUE MPUHSATH MO0 CTAHJIAPTY, OKPYTJISs B OOJIBIITYIO CTOPOHY.

4.15.5. Onpenenenne reOMETPUUECKUX TapaMeTPOB JeTajel nepeaadm.

4.15.6. IIpoBepka paboTocrnocoOHOCTH 3yObeB Ha U3THOHYIO IPOYHOCTH

MIPU MaKCUMAJIbHBIX Harpy3Kax.
[IpoBepka BBIMOJIHSIETCS MO BBIPAXKEHUIO, TOJTydeHHOMY B 1m.4.10.2.

4.15.7. Onpenenenue cui, IEUCTBYIOIINX B 3allCTIJICHUH.

[To BeIpaXkeHMsIM pazzena 4.6 onpeaensitoTCs COCTABISAIOIINE YCUITUS B3aUMO-
NeCcTBUS 3yObEB U UX HaIpaBJICHUE.

4.15.8. KoHcTpyrpOBaHUE 3IEMEHTOB MEepeIayHn.

Ha scku3e 3y04aToro kojieca mpOCTaBISIOTCS BCE MOJYYCHHBIE TEOMETpUYe-
CKH€ pa3Mephl, U 3aOJHACTCS TaOIHIIa JIJIsl HApEe3KU ero 3yObeB.
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4.16. Ilpumep I19.

4.16.1. 3aoanue.

Paccuumamo 3axpvimyio yununopuueckyro Kocosyoyro 3youamyio nepeoavy
ons nepedauu mownocmu N=8, Kem npu uacmome epawenus wecmepnu N;=1460
00/MuH, nepedamoyrHom ducie U=6, pabomarowyio 8 Kkauecmee nepeol cmyneHu
08YXCMYNneH4amoz0 pedyKmopa 8 yCI08UsX 3aKpblmo20 Omaniuéaemozo nomeuje-
Hus. Pedxcum nazpyscenusi — cpeOHUll pagHo8epoOsMHbIL, nepeodaia HepeeepCUsHas,
mpeoyemblil CPOK CHydHcObl =5 nem, npu Kod@@uyuenmax uUcnoib308aHUS HO
spemenu 6 meuenue cooa K,=0.5, 6 meuenue cymox K.=0.3. B npoyecce pabomwi
603modicHblL nepeepysku (Tmad T)= 1.3. Ilepedaua npeonasnauena Oist 6HympenHe20
UCNONIL30BAHUSL.

4.16.2. Bvibop mamepuana u e2o mepmuyeckou 0opabomxu

lpunumaem meépoocmo 6oKo080IU (paboueti) nogepxnocmu 3y0a:

- wecmepnus 45...50HRC; onsa pacuéma 45HRC,

- xoneco 40...45HRC; ona pacuéma 40HRC.

Taxyio meépoocms obecneuusaem cmanv 40XH npu ob6vémmnou 3axanxe. Ilo-
amomy npurumaem 0 oooux oemaneu cmane 40XH no 'OCT4543-71 ¢ 06vém-
HOU 3aKANKOU.

4.16.3. [lonyckaemvle HAnpAXCEeHUS

Konuuecmeso yuxnos naepyscenus oemareii nepeoayu.:

- mpebyemblii pecypc

t=365xZxk_ x24xk, =365x5x0.5%x24x0.3=6570,uacos;

- mpebyemoe Yucio Yukio8 HacpyxiceHus 3yoa uecmepHu npu 0OHOM 3ayen-
JleHuu 3a 00un ooopom (c=1) u Ny=1460,06/mun

Ng; =tx60xcxn; =6570 x 60 x1x1460 = 575532000 ~ 5.75 x10% yurnos;

- mpebyemoe YUCio YUKIL08 HasPpydiceHusl 3y0a Koaeca npu 00OHOM 3ayenjieHuu
3a 0oun obopom (c=1) uN,=243.333,06/mun (nN,=n,/u)

Ng, = tx60xCxn, = 6570 x 60 x1x 243.33 = 95921868 ~ 0.959 x10°,

YUKTI08.
Honyckaemvie nanpsadicenus 0158 pacyéma na KOHMAKMHYIO 6bIHOCIUEOCHb

h = Ky IYH ;’

Nio
20e Ky =m N— - Koaghguyuenm 001208eUHOCMU.
HE

Ilo cmanoapmy M=6 011 11060U mepmooopabomxiu.
Nho= 30HB**- uucno yuxnos, coomsemcmeayiowee npedeny 6biHOCIUBOCTIL.

Jns wecmepnu - Npo1=30 X 450%* = 69957017 ~ 6.9 x 107, UUKTI08;
ons koneca Nyop,=30 x 400%* = 52730906 ~5.27 x10’, YUKILOB.

N HE - qbakmuquKoe HYUCTIO YUKITIOB6 HAZPYIHCEHUA oemanu:

Nper =B X Ngp =0.25x5.75x 10® =14.375x10", yuxnos ons wecmepnu;
Nie2 = Hpp X Ny =0.25x0.95x10° = 2.375 %107, yurcnos ans xozeca.
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30ecv Wy = Uy, = 0.25- npunumaemcsa no cmanoapmy 6 coomeemcmauu

C 3A0AHHBIM PENCUMOM HA2PYIHCEeHUsL (CPeOHUll PABHOBEPOSMHUbLU, CM. 3adanue u
maoi. 4.6).

Cpasnusast 3HaueHusl, NOAYUAeM.:

-wecmepns:  Npyor~6.9x10"< Ny =14.375 x 10’ ,  C1e008amenbHO
Kh =1;

- koneco: Npop~5.27x10"> Nyg, = 2.375 % 107, c1e008amenbHO

5.27 x10’
2.375x10’

ca moocem ovims noswviutero 6 1.142 pasa.

6

Ky, = =1.142, m.e. donyckaemoe Hanpsicenue OnsL Kone-

— _ Opyj .
IFH L= %mb ZrZ,, - donyckaemvle Hanpsadcenus Ojis pacyéma Ha KOH-
H

MAaKMHYI0 8bIHOCAUBOCMb NPU HEOZPAHUYEHHOM pecypce.
Tlockonvky npunama 00vEMHAS 3AKAIKA

Gyrimpy = 17THRC + 200 =17 x 45 + 200 = 965, MITa ;
Spyimps = 17HRC +200 =17 x 40 + 200 = 880, MITa ;

Sy= 1.2 — mak kax meépoocmv pabouux nogepxwocmeii 3y0bes OOAbULE
350HB.

lpunumaem wepoxosamocms pabouux nosepxHocmei 3y0668 Ry=2.5, mozoa
Z,=0.95.

lpunumaem opuenmupogourno Z,~=1.

Ilpu makux 3Hauenusx napamempos:

-wecmepna  fy =1x % x 0.95x1=763.958 ~ 763, MIIa ;

-Kon1eCO F. =1.142x % x 0.95x1=795.593 ~ 795, MI1a

Hnsa pacuemos nonyuaem (max kax ¢ paccuumuoleaem KOCOS’Z@/}O napy):
b =045(Fy o+ by ) <125k i,
0.45(763 + 795) <1.25 x 763
701 <953

OxoHnuamenvbHo npuHumMaem IYH := 701, MlIla.

Jonyckaemvle nanpsidicenust OJist NPOBEPKU KOHMAKMHOU NPOYHOCTIU
NPU MCHOBEHHBIX (NUKOBLIX) Nepezpy3Kax
Tax xax npunsama 6 Kawecmse mepmuieckol 00pabomku 00veMHasl 3aKAIKA
(meépoocme paboueii nosepxnocmu 3yoa 6oree 350 HB), mo

... =40HRC =40x 40 =1600, MITa

Jlonyckaemvle HanpsiceHus 015 pacuémos Ha U3UOHYIO
125



BbIHOCIUBOCNTb NPU OCPAHUYEHHOM CPDOKE CleZ)fC6bl

B smowm cnyuae
b- =K be J

20e Ky, - rosghduyuenm ooneoseunocmu, yuumeisaiowuil akmuuecroe

KFL:mNFO'
\ Nee

30eco N o= 4x10° - 6az060e uucro YUKI08 0151 8Cex cmaJell.

YUCIO YUKITIOB HACPYIHCERUA

Ilo cmanoapmy m = 9 npu 06vémHoU 3aKaxe.
NFE_ Gaxkmuueckoe yucio Yuxknos Hazpyxcenus. Tak kax 3a0an munogou
pedicum naepysicenus, mo Neg =peNg.
30ecv WPp =Wy, =0.1- npunumaemes no cmanoapmy ¢ coomeemcmeuu c
3A0AHHBIM PEHCUMOM HAPYHCEHUSL (CPeOHUL PABHOBEPOSIMHDIU, CM. 3A0aAHUE).

Llecmepnsa: N = 0.1x5.75x 108 = 0.575x 108, yuxnos.

FE1 ~HENEL
e =RENE 5 =0.1x0.95x10% = 0.095x 108, yuxros.

B oboux cnyuasx npunumaem KFL =1, max kak N FE1”> N oY N reo— N FO"

Koneco: N

G -
[YF j — —Ftim KFC - donyckaembvle HAnpsadXceHus O pacuéma Ha U3eUOHYI0 6bl-

Sk
HOCIUBOCMb NpuU HEOCPAHUUYEHHOM pecypce.

OFjim1 = Orsima =990,MIT - 20e P npeoes 8bIHOCIUBOCIU 3)0be8 Npu

uzeube, coomeemcmayowutli 0a3060My YUCTY YUKIO08 HANPINCEHUL, ONpPeOeisienmcs
no mabnauye 8 3a8UCUMOCMU OM BUOA MEPMUYECKOL 0bpabomKu (npuusma 00v-
EMHAs 3aKANKa);

Se=1.75 — koagppuyuenm b6ezonacrocmu;

K g =1- koapuyuenm, yuumvisarowuii 6nusnue 06yCmMopoHHe20 NpuLodice-

HUSL HA2PY3KU, KFC =1 npu oomocmoponnem HacpyiceHuu.

Hpu NOJIYYEHHbIX 3HAYEHUAX napamempoe ()OI/lyCKaeMble HANPASNCEHUA ot
paciyemoes Ha u32M6Hle 6bIHOCIUB0CMb

[7|: glz [5|: ;|2=f57c; x1~ 314,MHCI

Jlonyckaemvle nanpsasxicenus 05l NPOBEpKU U32UOHOL NPOYHOCMU
npU MCHOBEHHBIX (NUKOBBIX) nepecpy3Kax.

IpuHB > 350 e nax $0.60 .

30ecv G, =0, =1600,MIla — onpedensiemcs no ChpagouyHUKy 6 3a6UCUMO-
cmu om mepmudecKkotl 0opabomxu.
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e o =0.6x1600 =960MITa

4.16.4. Onpedenenue mexncoceso2o paccmosiHusl.
Onpeodensemcs u3 pacuéma Ha KOHMAaKmMHYI0 8bIHOCIUBOCHIL

a' = Ka(u +1)3i/ 5 TZK_ZH
u I;H _\Vba

S MM

2oe
- K,=43 — koaghgpuyuenm, yuumsoisarowuii ceoticmea mamepuana, 0CoOOEHHO-

cmu ceomempuu napbul, 6 OaHHOM caydae cmajbHble Konéca c yeaom 3alf€n]l€Huﬂ20

o

- U=6 (cm. 3a0anue);
- nepedasaembiii Kpymaujuii MOMeHm.
8

T. —955x103 x N ~9.55x103 x
2 n 243

- k., =700 1

=313973 Hm
33

= Wha =0.315 — kosgppuyuenm wupuner koneca, npunumaemcs 015 3y04amMvlx

KOJNEC U3 3aKAJEHHbIX cmaneu npu HeCuMMeEmMPUYHOM pPACNOJIOHCEHUU ONIHOCU-
mejbHo onop,

- Ky = KHocKHBKHv' KO3(uyuenm nazpysku, xapaxmepuszyem OUHAMU-

YeCcKy10 COCMAasIAowyI0 Ha2py3KU HA 3)0bs, NOAGNAIOWYIOCS 8CIe0CMBUE NO2PeUl-
Hocmell u320moeneHusi u coopku nepedayu. llpunumaem:

- Ky,=1 — cmenenv mounocmu npoexmupyemou nepeoavu 7,
-K np=1.28 — kooppuyuenm konyenmpayuu nazpysxu;

- Ky, =1 - xooppuyuenm ounamuunocmu nazpysxu.

IIpu smux 3nauenusix napamempos

a'=43x (6 +1)3J SLI978 x1x1.28x1 _ 125 200mn
6° x 701 x0.315
4.16.5. Onpedenenue mooys 3ayenieHus.
2a’'cosp ,
M = ———— M, (nonyuero usz svipadicenus ' = (Zl + 22) ).
2, +1, 2cosp

Ipunumaem:
- B=12"- yeon naxnona syéa;
- Z,= 20 — yucno 3ybves wecmepnu,
- Z, =UxZ; =6x20 =120 - uucno 3ybves xonreca.
M- 2x125.290 x cos12”
20+120

=1.75mm.

127



Ipunumaem uz nepgozo psaoa cmanoapma M=2um.
4.16.6. Ymounenue 3nauenuii ceomempuieckux napamempos nepeoayu no

NPUHAMOMY CMAHOAPMHOMY 3HAYEHUIO MOOYIIA.
CmaHnoapmmuoe 3HaueHue HOPMAaIbHO20 MO0V M= 2uMm |

Yucno 3yoves wecmepnu Z; = 20 (npunumaem).
Yucno 3y0ves koneca  Z, =120
Henumenvuwiii ouamemp wiecmephu  d, = 40 mm

Jenumenvuulii ouamemp Koneca d, =240 mm
Mearcocesoe paccmosnue a =145um (npunumaem, Ha Haw 8327150 ,

bosee yOobHoe; nepedaua 0isi 6HYMPEHHe20 UCNONb308AHU).
Veon naxnona 3yoves (ymounsem):

m(z, +z,) 2% (20+120
17727 _ arccos? ! )
2a 2x145

Iupuna xoneca b, =y, xa=0.315x145 = 45.675 ~ 46.un

=15.09°

3 = arccos

Hlupuna wecmepHu b, =b, +6 =46 +6 = 52 um

4.16.7. Ilposepka 3y6a Ha uzeubHy0 8bIHOCIUBOCTb
2TYKEYRK -
_ FINFTB™a < [5F .
mdb )

B smy ¢opmyny noocmasnaromcea napamempul moti 0emanu, y KOMOPOLU

Of

uacmnoe § / YF Menbuie.

Koaghdpuyuenm copmuor 3y6a YF onpeoensemcst N0 IKGUBAIEHMHOM) YUCTLY

3y0ve6 (cm.n.4.9.3): wecmepnn Z 5 = 213 = 320 - = 22.22;
cos”f co0s”15.09
S B )

xoneco L =
v2 o
cos® B cos®15.09

s smux eenuyun no maobauye HAXO0UM (NpU CMeWeHUU UHCMPYMEeHmAa OJis
Hapesku 3y0be6 pasrozo Hynwo) Yg =4.05 u Y, =3.75. llosmomy

IyFl“: 314 =77.03 u IYFZ“: 314 =83.73;

Y, 4.05 Y, 3.75

77.03<83.33 3nauum pacuém 8blnoJHAEMCA N0 NApamempam WecmepHu.

T, =9.55x10°% x N o 955x10% 14860 =52.328, Hv ~ 52328 Hwy;

n,
Ke =Kg o K Fp K Fy- KO3Qduyuenm nazpysku, xapaxkmepuzyem OuHamuye-

CKYI0 COCMABIAIOWYI0 HA2PY3KU HA 3)Y0bsl, NOAGNAIOWYIOCA 8CTIe0CMBUe NOSPEUHO-
cmeti uzeomoenenus u coopku nepedauu. llpunumaem:
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- Kg,=1 — cmenenvs mounocmu npoexmupyemou nepedavu 7,

-K rp =1.45 — kooghpuyuenm Konyenmpayuu Haepysku;

- Kg, =1.05 — kooppuyuenm ounamuunocmu nazpysxu.
Koagpduyuenm, yuumwisarowuti ynpounenue 3yoa 3a cuém e2o HaK1oHa

Yo =1- P :1—15'09:0.892.

B 140° 140

Koagppuyuenm, yuumviearoujuii 00Ho8peMeHHOCHb pabomvl HECKONbKUX Nap
3y6ves K 21/(0.98 );
(04 (04

&£, — Mopyesoli Ko3gguyuenm nepexpoimus, KOMopslil NPUOTUICEHHO PABEH

€ = 1.88—3.2(iii) cosP = 1.88—3.2x(i+i) x €0s15.09° ~1.634
o 20 120

)
Tocoa K = I ~ 0.68 u 6 pacuéme Ha U3UOHYIO BLIHOCIUBOCL NOJLY-
0.9x1.634
yaem

_ 2x52328x4.05x1x1.45x1.05%x0.892x0.68

O
2x40x46 )
6.=106.37 Mila< [p¢ =314 MIla

4.16.8. Ilposepka pabomocnocobHocmu 3y0be8 Ha KOHMAKMHYIO
8LIHOCIUBOCTb U NPOYHOCHb NPU MAKCUMATILHBIX HACPY3KAX

< b4,

Ilpu maxcumanvuwix Hazpysxax

T -
_ / max
cYHmax - cYH T < lsHmax -

30eco Gy - Oelicmeyrouue KOHMaxKmuvle Hanpsdicenus. M3z gopmynvr ons
MENCOCE8020 PACCMOAHUS NOTYUAEM BbIPANCEHUE OIS BLIYUCIEHUST OeUCMBYIOWe20
KOHMAKMHO20 HANPSIHCEHUSL.
. :1\/Kj X (U+D)° x T, x Ky, _ 1J433 x (6+1)° x 313973 x1.28 _
"u a’xy,, 6 145° x 0.315
= 563.04 MI1a;
o, =563.04 < ., =701M17a.

T —_
—M8 = 1.3 - goszmooicnas nepezpyska (cm. sadanue); IYHmaX =1600 Mlla.

Taxum obpazom: Opmax = 903.04 X 1.3 <1600 ; 641.96<1600.

4.16.9. Ilposepra pabomocnocoborocmu 3y0be6 Ha U3UOHYIO NPOYHOCMb
NPU MAKCUMATIbHBIX HAZPY3KAX
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T -
_ Mmax
°Fmax ~°F 1 =  {—

106.37 x1.3, MIla <960 ,MI14; 138.28 MIla < 960 MI1a.

4.16.10. Cunvl, oeticmsyrowue 6 3ayenieHuu

OxpyorcHoe ycunue
R =F,=2n=29%8 6164~ 2617H .
tl t2 d
1
Ocesoe ycunue F, =F,toB = 2617 x1g15.04° =703.18 ~ 704 H.

_Ftga 2617 xtg20°
cos B co0s15.04°

Paouanvnoe ycunue F, =086.296 ~ 987 H -

4.17. Tlpumep IT110.

4.17.1.3a0anue.

Paccuumamov u cnpoexmupoeams omKpbimyo YUIUHOPUYECKYIO 3Y0Uamyro
nepeoavy ona nepedauu mowrocmu N=12, kBm npu uacmome epawjenus uie-
cmepHu N1=150, 06/mun, nepedamounom uucie U=4, pabomaroweii nocie 08yx-
CMYnenuamo2o pedyKmopa 8 YCI08USAX 3aKPbio20 OMAaniuaemo2o nomMeujeHus.
Peoicum naepyoicenus 3a0an eucmoepammot (puc. 1110.1), nepeoaua nepesepcus-
Hasl, mpebyembill CPOK CYHcObL Z=5 1em, npu KodG uyueHmax ucnoib308aHust no
gpemenu 6 meuenue 200a K,=0.5, 6 meue-
nue cymox K.=0.3. B npoyecce pabomwi

! o5 U-‘fj 803ModicHbl  nepecpysku  (Tmad T)= 1.4,
’ [:ff/ Ilepeoaua npednaznauwena Ons  8Hym-
PEHHEe20 UCNOIb308AHUSL.
o i 4.17.2. Bwvibop mamepuara u e2o
= ot mepmuieckol 0opabomxu

= = / Ilpunumaem meépoocmsv  OOK0BOI

S (paboueti) nosepxnocmu 3yoa:

- wecmepns 210...240HB; ons pac -

£ yéma 210HB;
Puc.1110.1. I'ucmoepamma naepyscenusi. - koneco 180...210HB;
- o1 pacuéma 180HB.
Taxyro meépoocmsb obecneuusarom Hopmaiuzosanuvie cmaau. Illoosmomy npu-
HUMaem.
- 0J151 wecmepuu cmais 45, mepmoobpabomka — HOPMAIU3AYUSL, 3020MOBKA —
NOKOBKA,
- 0115 koseca cmanw 351, mepmooobpabomxka Hopmanuzayus, 3a20mMosKka - on-
JIUBKA.
4.17.3. [{lonyckaemvle HanpaxiceHusl.
Konuuecmeo yuxnos nacpysicenuss oemanei nepedavu.
- mpebyemblil pecypc
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t=365xzxk_ x24xk, =365x5x0.5%x24x0.3=6570,uacos;

- mpebyemoe 4ucio Yukio8 HAzpysiceHus 3y0a uecmepHu npu 00OHOM 3ayen-
JleHuu 3a 00un obopom (c=1) uN1=150,06/mun

Ng; = tx60xcxn, =6570 x 60 x1x150 = 60750000 ~ 0.61x10°,yuxros;

- mpebyemoe Yucio YUKIo8 Ha2pyxicenus 3y0a Koieca npu 0OHOM 3ayenieHuu
3a 00un obopom (c=1) u N,;=37.5,00/mun (N;=ny/u)

Ng, = tx60xCxn, = 6570 x 60 x1x 37.5 = 14782500 ~ 0.15x10°,

YUKTI08.
onyckaemvle nanpsidicenus ONisl pacuémos Ha U3LUOHYIO
BLIHOCAUBOCTb NPU OSPAHUYEHHOM CPOKE CAYHCObL

B smom crnyuae
be vKe Be )

e0e K, - rosghguyuenm Ooneoseunocmu, yuumviearowutl haxmuieckoe

Neo
YUCTIO YUKITIO6 HACPYIHCERUA KFL =m N— .
FE

30ece Ngg= 4x10" - 6azosoe uucro yuxnos ona écex cmanei; M = 6 npu
HOPMANU3AYUU;
Nee - paxmuueckoe uucno yuxnos nazpyscenus.
IIpu 3a0anuu pesicuma Ha2pyHCeHUs 2UCMOSPAMMOL

i=k(T. )3
Ilockonvky ni=const u ti=cCit, nonyuaem (cm. cucmoepammy 6 3adanuu):
I=K(T. 3 3 ~
Npg, = 60cn,t 3 ?' ¢; =60x1x150x6570x € x0.2+0.6%x 0.8 >
=1

—=128477664~1.29x10°, 1pacos ;
i=k(T.)° L
Neg, =60cn,t 3 ?' ¢, =60x1x37.5x6570 x €% 0.2+0.6°x 0.8 =
i=1

8
=0.32x10%, iuknoB.
CpCl@HM@Clﬂ uucia yukiloe, noaydum, 4mo NF06 060M)C Cliyuasiax MeHvlule

N g . [Toomomy npunumaen Kg 3 = Kg , =1.

[; Q_ OF/im K 5 5 ) 6
F — FC- OI’lyCKCleMble Hal’lp}ZcheHu}Z 151 pacqema HA U32U0-

Sk
HYH0 8bIHOCAUBOCMb NPU HEOZPAHUYEHHOM pecypce.
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OFriim1 = Orsime =1.8HB.MII - 20e G ;.. - npeden svinociusocmu 3yoves

npu uzeube, coomeemcmeyouull Oa3080My YUCLY YUKIO8 HANPIHCEHUU, ONpeoes-
emcs no mabauye 8 3a8UCUMOCHU OM 8U0A MEPMUYECKOU 00pabomKu (npuHama
HOPMAIU3ayus),

SE=1.75 — koappuyuenm bezonacnocmu,

K ge =1- kosgpuyuenm, yuumeisarowuii erusmue 08yCmMopoHHE20 NPULOdCe-

HUA HA2PY3KU, KFC =1 npu oonocmoponnem HacpyHceHuuU.

Ilpu nonyuennvix 3HAUEHUSX NAPAMEMPOE8 OONYCcKaemwvle HANPANCeHUs: OJisl
pacuemos Ha U32UOHYIO 8bIHOCIUBOCHb

1.8x 210
= " " x1~ 216 Mlla;
k- ;’ll 1.75

I ] -0 s
F 1.75

Credosamenvho, Oonyckaemvle HANPANCEHUS 0N PACY€mo8 HA U3LUOHYIO
8LIHOCIUBOCTL NPU 3A0AHHOM CPOKE CILYHCODL!

e = Kppa b =1x216=216 mime,

o =Ke, be ,=1x185=185 M1t

Jlonyckaemvle HanpsajiceHus 0151 NPOBEPKU U3LUOHOL NPOYHOCMU
npU MCHOBEHHBIX (NUKOBBIX) nepezpy3Kax.

Ipu HB <350 Frmax F0.80..
30ecv 64 =340 MIla; o, =290 MIla — onpedensiromesi no cnpasoyHuKy 6

3a8ucUMOCmu Om MepMuyecKoi 00padbomKu.
=0.8x340 = 272 MIlq;

=0.8x290 = 232 MIla.

}F max +

I.F max =
4.17.4. Koagpgpuyuenmuor ghopmot 3y6a
Onpeodensitomes no mabauye 8 3a8UCUMOCIU OM YUCAA 3)0bes

s wecmepHu npunumaem Zl =25, moeoa Yg =3.9. [na xoneca nonyua-
em 22 = Zl XU=25x4=100, mozoa Yg, =3.6.

4.17.5. Onpeoenerue M0o0ys U3 pacuéma Ha U3UOHYI0 8bIHOCIUBOCMb

' 2T, Y Ke »
2 MM
YygZ1 [’F ;I
3 Nl 3 12 .
T,=9.55x10°x * =9.55x10°x =764 Hu=T64000 Hus
1

Ke=KeaKrpKRy
Kr,=1- nepeoaua npamo3syoas;
K= 1.47 (npunumaem Y =0.8);
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Key = 1.08 (npunumaem, umo N<Im/c u 3ybuamoie konéca 8 cmenenu mounocmiu).
= %/2 x 764000x 3.9x1x1.47 x1.08

0.8x 257 x185
Ilo cmanoapmy npunumaem m=>5,
4.17.6. OcHosHblE 2eoMempuuecKuUx napamempsl oemael nepeoayu no
CMAaHOaApmMHOMY MOOYJIIO.
Henumenvnolii ouamemp:
- dy =mz; =5x25=125um;
- dy, =mz, =5x100=500 mm.

Hapyoicuwiii ouamemp:
- dy =d; +2h, =125+ 2x5=135um;
-d,,=d, +2h, =500+ 2x5=510 .
Buympennuii ouamemp:
- d¢p =d; —2h =125-2x1.2x5=113 ym;
- dip =d, —2h; =500-2x1.2x5=488 mum.
Llupuna konéc:

- b, =y4d; =0.8x125=100, s,

- by =b, +(5..10) =100 +10=110 .
Meowcocesoe paccmosinue:

- a:ﬁ+d—2:12—5+@:312.5 MM
2 2 2 2

4.17.7. Ilposepka pabomocnocobrocmu 3y0be6 Ha U3CUOHYIO
NPOUHOCMb NPU MAKCUMATbHBIX HASPY3KAX

=4.677,Mm

O-F2max —Op TTI_aX < [-FZ max _’
2de Hanpsdicenus useuoa 6 3yoe koreca O p, = 2T, YK =
md b,
_ 2x3056000x3.6x1x1.47x1.08 _ 139.729 M.
5x500x100
Tmax

Bosmooicnasn nepeepyska =3 =1.4 (cm.ucxoonvle oannvie).

Taxum 06pa30M, B03MOJCHBIE HAUOOIbULUE HANPAIICEHUA

c =139.729 x1.4 =195.62 < 232 MIla
F 2 max

4.17.8. Cunsi, Oelicmgyowue 6 3ayenieHuu.

2T,  2x 764000
Oxpyoicnoe ycunue: F,=-F, = d—l = X125 =12224 H,
1
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paouanvroe ycuiue:
F,=—F,=F,tg20° =12224 x 0.364 ~ 4450 H.

4.18. ITpumep I111.

4.18.1. 3aoanue.

Paccuumamo 3axpuimyro konuueckyio npsamo3yoyro 3youamyio nepeoady OJisl
nepeoauu mownocmu N=8, xBm npu uwacmome epawenus wecmepuu N1=820
00/MuH, nepedamoyrHom uucie U=4, pabomarowyio 8 Kkauecmee nepeol cmyneHu
08YXCMYNeH4amoz0 pedyKmopa 8 YCI08UsX 3aKpblmo20 Omaniueaemo20 noveuje-
Hus. Pedcum naepyxcenus —néexkuii, nepeoaua peeepcusHnas, mpebyemblil CPOK
cyoHcovl =5 nem, npu KodduyueHmax ucnonvb3o8aHus no 6pemeHu 8 medeHue
200a K,=0.5, 6 meuenue cymok K.=0.3. B npoyecce pabomul 803M0x#CHbL nEpecpy3-
K (Tmad T)= 1.3. [lepedaua npeonasznauena ons 6HympeHHe20 UCHOIb308AHUSL.

4.18.2. Buibop mamepuana u e2o mepmuyeckou oopabomxu.

lpunumaem meépoocme 60K080IU (paboueti) nogepxnocmu 3y0a.:

- wecmepnus 45...50HRC; onsa pacuéma 45HRC,

- xoneco 40...45HRC; ons pacuéma 40HRC.

Taxyio meépoocmsb obecneuusaem cmanv 40XH npu ob6wémmnou 3axanxe. Ilo-
amomy npurumaem onsi oooux oemaneu cmane 40XH no I'OCT4543-71 ¢ 06vém-
HOU 3aKANKOU.

4.18.3. [lonyckaemvle Hanpai#CeHusl.

Konuuecmeo yuxnos naepyscenus oemanei nepedayu:

- mpebyemblii pecypc

t=365xzxk_ x24xk, =365x5x0.5%x24x0.3=6570,uacos;

- mpebyemoe 4ucio Yukio8 HazpysiceHus 3y0a uecmepHu npu 0OHOM 3ayen-
JleHuu 3a 00un ooopom (c=1) u N1=820,06/mun

Ng; =tx60xcxn, =6570x60x1x820=323244000 ~ 3.24 x 108,z4um06;

- mpebyemoe YuUCio YUKI08 HaspydiceHus 3y0a Koaeca npu 00OHOM 3ayenjieHuu
3a 0oun obopom (c=1) u N,=205 06/mun (N=ny/u)

Ng, =tx60xcxn, =6570x60x1x 205=80811000~ 0.81x10°,

YUKTI08.
Honyckaemvie nanpsadxicenus 0158 pacyéma Ha KOHMAKMHYIO 6bIHOCIUEOCHb

h = Ky I;H ;’

Nio
20e Ky =m I K02(huyuenm donzoeeunocmu.
HE

Ilo cmanoapmy M=6 o1 11060U mepmooopabomxiu.
Nho= 30HB**- uucno yuxnos, coomsemcmeayiowee npederny 6biHOCIUBOCTIL.

Jns wecmepnu - Npo1=30 X 450%* = 69957017 ~ 6.9 x 107, UUKTI08;
ons koneca Npo,=30x 400%* = 52730906 ~ 5.27 x107, YUKILOB.

N HE - qbakmuquKoe HYUCTIO YUKITIOB6 HAZPYIHCEHUA oemanu:
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N, =#, xN_ =0.125x3.24x10° =0.405x10° =4.05x10", yuxios ons
wecmepHtu,
Npgs = Mo X Ngp =0.125% 0.81x10% =0.101x10% =1.01x10°,  yuknos
07151 KoJleca.
30eco Py = WByo = 0.125- npunumaemcea no cmandapmy ¢ coomsemcmeuu
C 3A0AHHBIM PENCUMOM HASPYHCEHUS (E2KULL, CM. 3a0anue u maon. 4.6).
Cpasnueas 3uauenus, noiyyaem.

-wecmepnsi: Nyor~ 6.9 X 10"> N wer = 4.05x107, credosamenvho

7
Koy = 1/—6'9X1() ~ ~1.044
4.05x10

- koneco: Nypop~5.27x10"> Nyyg, =1.01x107, credosamensio

7
1.01x10

O i .
ISH = —Hlmb 7 7., - donyckaemvie nanpssicenus 011 pacuéma Ha KoH-
= S
H
MAKMHYIO 6bIHOCIUEOCb NPU HEOSPAHUYEHHOM pecypce.

Ilockonvky npunama o6vEMHAS 3aKATKA
O imy. = LTHRC +200 =17 x 45 + 200 = 965Mla ;

G pime = 17HRC + 200 =17 x 40 + 200 =880 M/la ;

Sy= 1.2 — mak kax meépoocmv pabouux nogepxmocmelii 3y6bes OOIbULE

350HB.

Ipunumaem wepoxosamocms pabouux nosepxHocmelii 3y0668 Ry=2.5, mozoa
Z,=0.95.

Ipunumaem opuenmupogouno Z,~=1.
Ilpu maxux 3HaveHusx napamempos:

-wecmepna [, ,=1.044 x 9165’ x 0.95x1 = 797.5725 ~ 797 MIla |
~ 880
-KONeCo F., .=1316x 1, <0.95x1=916.8133 ~ 916 M1la

s pacuémos nonyuaem (paccuumvléaem KOHUUECKYI0 3aKPbLMy0 napy):

b =045k, 1+ by 2) <115y i,
0.45(797 +916) <1.15x 797
_ 770<916
OxonuamenvHo npuHumaem IYH =770,MIla.

Jlonyckaemvble HanpsdxceHus 05 NPOBEPKU KOHMAKMHOU NPOYHOCHU
npU MCHOBEHHBIX (NUKOBBIX) nepecpy3Kax.

Tak xax npunama 6 kauecmsee mepmuieckol 0opabomku 0O6veMHAS 3aKAIKA
(meépoocms paboueti nosepxnocmu 3y6a 6onee 350 HB), mo
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k... =40HRC = 40x 40 =1600 MIla

Jlonyckaemvle HanpsaxceHus 05 pacuémos Ha U3UOHYIO
8bIHOCIUBOCHIb NPU OCPAHUYEHHOM CPOKE CAYHCObL.

B smom cnyuae
b- K- F- j

20e Ky, - rosghdpuyuenm ooneoseunocmu, yuumvisarowutl haxmuieckoe

KFL:mNFO'
\ Nee

30eco N o= 4x106 - 6az060e uucro YUKI08 OJ151 8Cex cmaJell.

YUCIO YUKITIOB HACPYIHCERUA

Ilo cmanoapmy m = 9 npu 06vémHoOU 3aKaxe.

NFE_ Gaxmuyeckoe uucio yuxknoe Hazpyxcenus.Tax xkaxk 3a0am munogou

pedrcum Haepysrcenus, mo Npg = LeNE.
30ecy Wpy = Wy =0.016- npunumaemes no cmandapmy 6 coomeemcmeuu c

3A0AHHBIM PEHCUMOM HA2PYHCceHUs. (Né2Kull, cM. 3a0anue u maon.4.6).

Llecmepusa: N —0.016 x 0.405 x 108 ~ 0.065 x 108, yurzo0s.

FE1 =PENE

Koneco: N ~0.016x 0.101x 108 ~ 0.0016 x 108, yuxnos.

FE2 “HENE2
B oboux crnyuasx npunumaem KFLl :1, mak kax Nggq > NFO” Nee,™>

G .

NFO' [7 F Q = gﬁlm KFC - donyckaemvle HanNpsfceHus. Ol pacuéma Ha uzeuo-
F

HYI0 GLIHOCIUBOCb NPU HEOSPAHUYEHHOM pecypce.

OFiim1 = Oksimo =990, MII - 20e G - npeoei bIHOCIUBOCMU 3)0bes

F/Zimb
npu uzeube, coomeemcmeyiouull 6a3080My YUCLY YUKIO8 HANPIHCEHUU, ONpeoelis-
emcsi no mabauye 8 3a8UCUMOCIU OM 8UOA MePMUYECKoU 0Opabomku (npuxama
00vbEMHAs 3aKANKA);

SE=1.75 — koappuyuenm bezonacnocmu;

K e =0.75- kosppuyuenm, yuumvisaiowuii erusnue 08ycmoponne2o npu-
JIOJICeHUsl Ha2py3KU (nepeoada pesepcusnas, CM. 3a0aHue) .

Ilpu nonyuenHvix 3HAYEHUAX NAPAMEMPO8 OONYcKAembvle HANPANCEHUs. O
pacuemos Ha U3UOHYI0 8bIHOCIUBOCHb

550
I;F 1= IYF 2=1.75 x 0.75=235.714 ~ 235 MIla
Honyckaemvle nanpsidiceHus 0ist NPOBEPKU U3LUOHOU NPOYHOCTU
npU MCHOBEHHBIX (NUKOBbLIX) Nepecpy3Kax:

npu HB > 350 [spmax } 0.60_.
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30ecv G, =06, =1600,MIla — onpedensiemcs no cnpasoyHuKy 6 3a6UCUMO-

cmu om mepmudecKkotl 0opabomxu.

— j 0.6 x1600 = 960 MITa.

4.18.4. BhewHnee KOHYCHOE paccmostue.
Onpedensiemcs uz pacuéma Ha KOHMAKMHYIO 8bIHOCIUBOCHLb

2oe
- Kr=86 — xoappuyuenm, yuumvisarowuii ceoticmea mamepuand,
0CODEeHHOCmU 2eoMempuy napsvl, 8 OAHHOM CIyYae CMalbHble KOJECa C YeloM

o
zayennenus2()
- U=4 (cm. 3a0anue),;
- nepedasaembiii Kpymsaujuii MOMeHm.

T, =9.55x10° x N 055x10°x 5 ~383Hm ;
n 205

- [fH } 77O,H/MM2;
- Ky = KHocKHBKHv' Koa(hpuyuenm nacpysku, xapaxmepuzyem OUHAMU-
YeCKYI0 COCMABIAIWYIO HASPY3KU HA 3)0bs, NOAGIAIOWYIOCS 8CleOCEUE NOZPell-

Hocmell uzeomosienus u coopku nepedauu. Ilpunumaem (cm.119):
- Ky,=1 — cmenenv mounocmu npoexmupyemou nepeoavu 7,

-K Hp =1.28 — koappuyuenm Konyenmpayuu HacpysKu;
Ky, =1 — koagppuyuenm ounamuunocmu nazpysxu.
Ilpu smux 3sHauenusx napamempos

R’ =86y (42 +1)3500000x1x1.28x1 5 589 .
€ 770242

4.18.5. Mooynb Ha HAPYHCHOM OONOIHUMENbHOM KOH)YCe
2R,

2 2\
(z1 +23)

14

te

Ipunumaem 7,=22, moeoa 2,=4x22=88. llpu smux napamempax mooyo

my = 2132089 5 912 4.

© /(227 +887)
Ilo cmanoapmy npunumaem u3z nepeozo psoa oaudcavuiee 6ovbUee 3HaUeHue
MOOYIISE Mg=3, MM.
4.18.6. Ymounenue snauenuii 2eomempuueckux napamempos nepeoavu no
NPUHAMOM)Y CIMAHOAPMHOM) 3HAYEHUIO MOOYJIL.
Cmanoapmmuoe 3HaveHue HOpMaIbHO20 MOOYss M= 3um

Yucno 3y0ve6 wecmepnu 21 = 22 (npunumaem)
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Yucno 3ybves koneca 2, =88

HenumenvHulii Ouamemp wecmepuu Ha HAPYHCHOM OONOIHUMENbHOM KOHYCe
d., =66 mm

Henumenvhulii Ouamemp Koneca Ha HAPYICHOM OONOTHUMENbHOM KOHYCe
d,, =264 mm

Buewnee konycnoe paccmosinue (cm.puc.4.19; n.4.5.2)

2 2
d d i .
_ el e2 | _ 64 = _
R~ (2) +(2) B \/gg/Jr g/ =136.0620.

. =0.3x136.062 = 40.819.mm ; npunumaem b,=42

Hlupuna xoneca by= b,=K,R
MM.
Veon 0enumenvrozo konyca:

- wecmepnus &, = arctg 1 arctg % =14.036°;
u

- Koneco &, =arctg u =arctg 4 =75.964".
4.18.7. Ilposepka 3yba Ha u32u6Hyi0 8bIHOCIUBOCTIb

2.35TY
op - F¥E < lF
m bd -

B omy ¢opmyny nodcmaeﬂmomc;z napamvempuvl mou oemanu, )y KOMOpOuU

yacmmuoe F /YF MEHbBULE.

Koaghdpuyuenm gopmur 3y6a Ye onpeoensemcsi N0 IKGUBALEHMHOM) YUCTLY
3y0bes (cm.n.4.9.4) ZU =2/C0Sd no puc. 4.28:
Z, 22

C0S0; © £0514.036°
- Koneco: Zyy = 2 _ 58 =362.864 omcrooa Yg, =3.62.
C0s6, €0s75.964°

s pewenus gonpoca, no Kakou oemanu eCmu pacdém Haxooum Yacmuule

I’F_/YFZ

- wecmepns: Ly = =22.677 omciooa Yg =3.85;

I7|: 1235
Yy 385

= 61.038:

- wecmepHs.

I;F 2_25 _g1917.
Y, 362

Tax xax 61.038<64.917, mo pacuém eedem no wecmepne, m.e. 8 gvipagice-
Hue Ol G NOOCMABIAEM 6Ce NAPAMEMPbL UECEPHU.

Kpymsiwuit momenm na wecmephe T, = 9.55x10° x 82 =93.17 Hwm.

- KoJseco:
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Ke = Kg o K Fp K Fy- Koagduyuenm mazpysku, xapaxmepuszyem OuHamude-

CKYIO COCMABIAIOWYI0 HACPY3KU HA 3)Y0bsl, NOAGNAIOWYIOCS 8CIe0CMEUe NOSPEUHO-

cmetll uzeomoenenus u coopku nepeoadu. llpunumaem:
- Kr,=1 — cmenenv mounocmu npoexmupyemoti nepedauu 7(puc.4.29);

-K rp =1.45 — koagppuyuenm xonyenmpayuu naepysku (puc.4.30);

K, =1.05 — kooppuyuenm ounamuunocmu nazpysxu (mabnuya 4.4).

Mooyne 6 cpednem cevenuu

m., = mte(1—0.5Kbe)

b
Omuouwerue Kpe=o— =0.3, mozoa m_ =3x(1-0.5%0.3) = 2.55m.

e

Hauanvnwiii ouamemp wecmepnu 6 cpeonem ceveHuu
=m_z, =255x22=56.1, MM
dm mZ1 55 56.1,
Ilpu smux danuwvlx nposepka pabomocnocobHocmu no U3eUOHOU BbIHOCIUBO-

CMu npuoouUm K ciedyrouemy 8bl800y.
o - 2.35x93170 x3.85x1x1.45x1 — 903.433 < [ 3 935 MTla.
F 2.55x 42 x56.1 F
4.18.8. Ilposepxa pabomocnocobrnocmu 3y0be6 Ha KOHMAKMHYIO
BLIHOCIUBOCTL U NPOUHOCTb NPU MAKCUMATbHBIX HACPY3KAX.

Ilpu makcumanvholx Hazpy3Kax

T -
_ max
GHmax _GH T < I;Hmax_

Gy - Oelicmeyroujue KOHmMaxmuvle Hanpsxcenus. Mz ¢opmynvr ons

30ecw
BHEUHe20 KOHYCHO20 PACCMOSHUS NOJYHAeM BblpadiceHue 0/ GblHUCTeHUsT Oell-

CMeyrueco KOHMAKniHo2co0 HANpANCEeHUA.
KR\/u2+1\/TzKHKR\/u2+1 -
= =
Reu R.

2 2
- - 86 x /4 +1\/383000 X1xL2BXLxBEX (AT 41 oo
136.062 x 4 136.062

o, =736.416< [, =770,MIla .

T —
M =1.3 - so3M0dICHAA Nepezpy3Ka (CM. 3a0anue); IFHmaX =1600 MTla.

T

Takum obpazom: Gy = 736.416x /1.3 <1600; 839.64<1600.

4.18.9. Ilposepra pabomocnocoborocmu 3y0be6 Ha U3UOHYIO NPOYHOCMb
nPU MAKCUMATILHBIX HACPY3KAX

T
_ max
GFmax =0 T

OH

< EFmax K

264.463,MIla < 960 Mlla.

203.433x1.3,MIla <960,MII4;
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4.18.10. Cunvl, oericmsyrowue 6 3ayenieHuu

Oxpyoicnhoe ycunue:
F,=-F,= 2l _ 2% _ 3321.568 ~ 3322 H .
d., 56.1
Ocesoe ycunue:
Fq = Fqtgasin &) = 3322 x1g20° xsin 14.036° = 293.247 H
Paouanvnoe ycunue:

Frl = Ftltga cos 51 =3322 xtg20° x c0s14.036° ~ 1174 H -

4.19. Ilpumep 1112.

4.19.1. 3a0anue.

Paccuumamov omxpeimyto konHuueckyo npamo3yoyro 3youamyro nepeoayy ois
nepeoauu mownocmu N=7, kBm npu uwacmome epawenus wecmepnu N;=120
00/mMuH, nepedamounom uucie U=3, pabomarnowyro nocie pedykmopa 6 yClo8UsX
3aKpLIMO20 OMANIUBAEMO20 NoMewjeHus. Pexxcum nazpyoicenuss —nézkuil, nepeoaya
pesepcusHas, mpedyemblil CPOK Cyicobl 2=5 iem, npu KodhpuyueHmax ucnoisb-
306anusi no epemenu 6 meyenue 200a K,=0.5, 6 meuenue cymox k.=0.3. B npoyec-
ce pabomol 803moxcHbl nepeepy3ku (Tmad T)= 1.3. Ilepedaua npeonasnauena ons
6HYMPEHHEe20 UCNOIb30BAHUL.

4.19.2. Buibop mamepuana u e2o mepmuyeckol 0opabomu

Ipunumaem meépoocmo 6oKo8ol (paboueli) nosepxnocmu 3y0a.:

- wecmepns 210...240HB; ons pacuéma 210HB,

- xoneco 180...210HB; ons pacuéma 180HB.

Taxyro meépoocmob obecneyusarom Hopmaiuzosanusvie cmanu. llosmomy npu-
HUMaeM:

- 0718 wecmepHu cmais 45, mepmoobpabomrka — HOpMAIU3AYUsl, 3A20MOBKA —
NOKOBKA,

- 0711 Koleca cmanv 35J1, mepmoobpabomka Hopmanuzayus, 3a20mMoeKa - On-
JIUBKA.

4.19.3. Jlonyckaemvle HanpsaxiceHus

Konuuecmeo yuxnoe nazpyscenus oemanei nepeoadu:

- mpebyemulii pecypc

t=365xzxk. x24xk, =365x5x0.5x24x0.3=6570 uacos;

- mpebyemoe Yucio Yukio8 HAcpyyiceHus 3y0a uecmepHu npu 00OHOM 3ayen-
JleHuu 3a 00un ooopom (c=1) u ny=120,06/mun

Ng, =tx60xcxn; =6570x 60x1x120 = 47304000 ~ 0.48 x10° yuxros;

- mpebyemoe YUcCio YUKILO8 HAPYAHCeHUsL 3y0a Koleca npu 0OHOM 3ayenieHul
3a 00ur obopom (c=1) u Ny=40,06/mun (Ny=n4/u)

Ng, =tx60xCcxn, =6570x60x1x 40=15768000 ~ 0.16 x10° yux1o0s.

Jlonyckaemvle HanpsaiceHus 05 pacuémos Ha U3UOHYIO
8LIHOCUBOCHIb NPU O2PAHUYEHHOM CPOKE CAYHCObI
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B smom crnyuae

I?F jE Ke tF ,;J

20e Ky, - Kkooppuyuenm ooneoseunocmu, yuumvl8arowuil Hucio Yukios

Hazpyscenus  Kg = m/h :
Nee

30ece Npy= 4 x 106 - bazo6o0e yucio YuKIo6 014 6cex cmaneu; M = 6 npu
HOpManu3ayuu;
N - paxmuueckoe uucno yuxnos nacpysrcenus.
Ipu 3a0anuu munosozo pesxcuma nazpyscenus Neg = UWeNEg.
s néakoeo pescuma nazpysicenus (cm.3aoanue) no maon.4.6. npu Hopmaiu-
sayuu m=6 u Pp =0.038.
Pacuémmnvie uucna yuxnoe nacpyorcenus:

- 07151 wecmepHU YUKI08,
- 014 KoJieca:

N, = 0.038 x0.16 x10° = 0.00608 x 10° = 0.608 x 10° yyuxz106.

Kosghgpuyuenmor ooncoseunocmu:

4x10°
-0 - Kpq =8 —— =1389:
151 WecmepHu FL1 L8x10°
4%10°
- 015 KoJleca: Ko, =9 X—G =1.369 .
0.608x10

[; _ OF/im K 0 B . 6

F FC~ onyckaembvle HANpAsNCeHUsA 0l pacdema Ha Uuscuo-
=

HYIO 6bIHOCIUBOCMb NPU HEOCPAHUUYEHHOM pecypcCe.

OFriim1 = Orsima =1.8HBMII - 20e G ., - npeden svinocusocmu 3yoves

npu useube, cCOOmeemcmayowull 6a3080My YUCTY YUKIO8 HANPANXCEHULL, Onpeoes-
emcsi no mabauye 4.7 6 3asucumocmu om 6uda mepmudeckol obpabomxu (npu-
HAMA HOPMAIU3AYUS) U MapKe CIMaiu,

SE=1.75 — koappuyuenm bezonacnocmu (mabon.4.7);

K e =0.75- kosppuyuenm, yuumvisaiowuii érusnue 08ycmoponne2o npu-

JIOJHCEHUSL Ha2py3KU (nepedada peeepcusHasl).
Ilpu nonyuennvix 3HaAUeHUSsX naApamempos O0OnycKaemvie HANPANCeHUs: OJis
pacyemos Ha U32UOHYI0 bIHOCIUBOCHLb

br ) =222 075-162 mrta;
1.75

[ ;L _18x180 25 _168.857 ~ 168 MiTa.
F 1.75
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CnedosamenvHo, O0onyckaemvle HANPANCEHUST O PACUEémo8 HA U3CUOHYI0
BLIHOCIUBOCHL NPU 3A0AHHOM CPOKE CILYAHCODL:

r1 = Kpy e 2138951622225 MiTa;

ke . =Ke, b, =1.369x168=220M1a.

Jonyckaemvle nanpsidiceHus Oist NPOBEPKU U3LUOHOU NPOYHOCTU
npU MCHOBEHHBIX (NUKOBBIX) nepezpy3Kax

mpuHB <350 R e =080 .

30ecv 6.4 =340, ,Mlla; o, =290 MIla — onpedensiiomcs no cnpagouHuxy &

3a6UCUMOCTIU O MEPMUYECKOll 00pabomKu.
} J: 0.8x340=272,MITa; } — 0.8x 290 = 232 MIla.
F max F max -

4.19.4. Onpedenenue cnabozo 36eHa nepedayu.

Pacuém eeoémcs no moii oemanu, y komopoti uacmHoe = MeHbule.

F
Honyckaemvle nanpsiicenus 051 pacuéma HA U32UOHYIO 8bIHOCIUBOCTL OJIS
Mamepuanos wecmepuu u Koaeca onpeoeienvl pavee (cm. n.4.19.3). Koagpguyu-

eHmbvl opmul 3y0a ONpedensaomcs No dKGUBALEHMHOMY HUCTLY 3Y0be8 Z,, no

puc.4.28.
U3 3a0anus:

1 o
o, =arctg—=arctg 3 =18.43" - yeon denrumenvHo2o KoHyca uiecmepHu,
u

8, =arctgu=arctg3=71.57°- yeon derumenvHo2o KoHyca Koeca.
Ilpunumaem uucno 3y6vee wecmepnu 2;=22, moz0a uucio 3yo6ves Koieca
2,=66 (z,=uz,).
Ilpu makux yucnax 3y0ves

Zy = 4 __ 2 23.189 omcrooa Yg =3.95 ;
cosd; ¢0s18.43°
Zy2 = 2 %6 208.76 omcrooa Yg, =3.6;
cosd, cos71.57°
225 229

s wecmepnu: —— ~56.962, ons konreca: —— ~63.6.
3.95 3.6

56.962 < 63.6
3Hayum pacuém 6edém no wecmepHe.
4.19.5. Mooynv u3 ycnogus u3eubHoU 8bIHOCIUBOCHIU

T, YK
—28x 1"F1F

te 3 —[2, 2
21IF+ Zl +22

m
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Kpymawuu momenm na wecmephe
T, =9.55x10° x " _557.083 ~ 558 .
120
Koogpuyuenm nazpysku Kg = KggKp, =1.35%1.08=1.458,

e0e Kgg=1.35 (cm.puc.4.30); Key =1.08 (npunumaem, umo NN<Im/c u 3y6-
yamwle Konéca 8§ cmenenu MmoyHOCMU).

Taxum obpazom nonyuaem:

m =28x3 558000 x 3.95x1.458

te 122 % 225 x /222 + 66°

Ilo cmanoapmy npunumaem m, = 6w

4.19.6. Ymounenue 3nauenuii 2eomempuieckux napamempos nepeoavu no
NPUHAMOMY CMAHOAPMHOMY 3SHAYEHUIO MOOYJIA
Cmanoapmmnoe 3sHaueHue HOpMaibHOo20 MOOYas M= 6um

Yucno 3y6ve6 wecmepnu 1y = 22 (npunumaem)

Yucno 3y6ves koneca 1, =66

=5.894 vm .

Henumenvhulii Ouamemp wecmepru Ha HaAPYICHOM OONOTHUMENLHOM KOHYCe
d,, =132 mm

Henumenvuwvliii ouamemp Koaeca Ha HAPYHCHOM OONOTHUMENbHOM KOHYCe
d,, =396 Mm

Buewmnee konycnoe paccmosinue (cm.puc.4.19; n.4.5.2)

2 2
d d 2 P
R = (elj +(92j =\/€3 +(§ = 208.710n.
e 2 2 < 2~
Hlupuna xonec by = b, =K R, =0.3x208.71=62.613, MM ; npunumaem
b=42 ymm.

Yeon oenumenvrozo xomyca:

- wecmepus &, = arctg 1 arctg 1 18.43°;
u

- Koneco &, =arctg u =arctg3=71.57".

4.19.7. llposepra pabomocnocobrocmu 3y0be8 Ha U3CUOHYIO
NPOUYHOCMb NPU MAKCUMATbHBIX HASPY3KAX

Trnax < [-Fl )
= max _’
T

20e Hanpsicenus uzeuba 6 3yoe uecmepHu

_ 2T, Y KE _ 2558000 x3.95 x1.458

mdlb 6x132 x 42

Orimax — OF1

F1

=193.216 MIla.

T
Bosmoorcnas nepeepyska r_?_ax =1.3 (cm.ucxoonvie oannvie).
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Taxum 06pa30M, B03MOJICHbBLE HAUOOIbULIUE HANpASMCEeHUA

(o3 =193.216 x1.3=251.18 <272 MIla

4.19.8. Cunsi, deticmsyrowue 8 3ayenieHuu.
Oxpyoichoe ycunue:
foop T 2XSB000 o
d, 132

Ocesoe ycunue:

Fxl = Ftltgasm 51 =8455 x1g20 " xsin18.43" =973 H

Paouanvnoe ycunue:

Frl = Ftltga cos 51 = 8455 xtg20~ xc0s18.43" = 2920 H -

Konmponwsnuie sonpocwi

1. Kaxue nanpsoiceHusi 8 MQUUHOCMPOEHUU HA3bIBAIOMCSL KOHMAKMHBIMU?

2. Xapaxmep nanpsoicenuil, 0eticmgyiouux 8 KOHMAKmMupyouux 3y0bsax 3y0uamolix
KoJéc.

3.Kak yuumvieaemcs nepemeHHOCmb Ha2py3Ku npu pacuémax 3y0uamulx Koaéc?
4.3axkpeimvle U omKpvimble nepeoavu: 4em OHU OMAUYAIOMC Opye om opyea ¢
MOYKU 3peHUsl paciémos Ha NPOYHOCb?

5. Kpumepuu pabomocnocobrnocmu 3aKpbimsix 3y04amuvlx nepeoa.

6. Kpumepuu pabomocnocobHocmu OmKpblmulx 3y04amsix nepeoadu.
7.Mamepuanvl u ux mepmooopabomxa 01 U320MosieHUst 3y04amulx Koaéc.
8.0cHo6bl pacuéma Ha KOHMAKMHYIO0 8bIHOCAUBOCb U NPOYHOCMb 3)0bes 3)0ua-
MwvlX KOJIEC.

9.Kax enusiom Ha KOHMAKMHYIO BbIHOCIUBOCHb. HASPY3KA, NEePeMEeHHOCHb
Hazpy3Ku, MoOyJib, WUPUHA, NePedamoyHoe YUCI0, OONYCcKaeMble HaNpsdHceHUus?
10.Mepwvr no npedynpesicoeruio ycmanocmuo20o 8bIKpaAwUBanus pabouux nosepx-
Hocmell 3y0bes 3aKpblmbvlX 3y04amulx nepeoai.

11.Pacuémnasn cxema u oonyweHus npu pacuémax 3yo6es 3y04amuvlx KOJIEC HA U3-
CUOHYIO BLIHOCIUBOCHb U NPOYHOCHb.

12.Kosghpuyuenm gpopmot 3y6a Ye. Om xakux napamempos u u Kax 3a8Ucum e2o
eeauyuna?

13.B kakou opme GbINOIHAIOMCA paAcyémbl HA U32UOHYIO 8bIHOCAUBOCb!? HUmo
oenams, eciu Oeticmayloujue HanpsaiCeHusi OKANCYmcs viiie 00ONycKaemvix?

14. Yem obwsacHaemcs nosviuienue Hecywel cnocoOHOCMU KOCO3Y00U YUTUHOPU-
yecKoll nepeodayu no CPABHEHUIO C NPAMO3)00u?

15.9mo makoe munoswvie pexcumvl HazpyHceHus?

16. Cronvorcenue 6 3ayennenuu. Kax ono pacnpeoensemcs no npoghunio 3y0a?

17. Ilo kakum napamempam oyeHudaemcs movHOCms 3youamotul nepeoadu?

144



—

18. Ymo maxoe namuno Kommakma, Kakoe OHO OOJIHCHO OblMb U KAK pacnoia-
eamucs Ha paboueti nogepxHocmu 3y6a?

19.9em omnuuaromesi Opye om opyea pacuémvl npu HeoePaHUueHHOM U OSPaAHU-
YEeHHOM CPOKAX CLyoicOvL?

20. UYmo peznamenmupyrom ko3¢puyuenmol Hacpy3Ku npu pacuyémax 3youamvix
nepeoau?

5. Ilepenauu ¢ 3anemienueM HoBukosa.

5.1. Heoocmamxku 360166eHmMH0O20 3aYenneHus..

OBOJIbBEHTHAsI CHUCTEMa 3alleIlJICHUs, MOJIyYMBIIAs IIMpOYaliliee paclpo-
CTpaHEHHUE, UMEET HEKOTOPbIC HEJIOCTATKHU:

- MaJible IPUBEJICHHBIC PAJINYChl KPUBU3HBI pa00YMX MOBEPXHOCTEH 3yOhEB M,
CJIeI0BATEIbHO, OTPAHUYEHHOE COMPOTHUBICHUE KOHTAKTHON YCTAIOCTH;

- TIOBBIIIEHHYIO YYBCTBUTEIIBHOCTh K MEPEKOCAM B CBSI3M C JIMHEHHBIM KOH-
TaKTOM 3yObeB;

- CKOJIb)KEHHE PaboUyuX MOBEPXHOCTEH 3yObEeB U MOITOMY IMOTEPU HA TPEHUE B
3alECIJICHUU.

Bc€ aT0 3acTaBnsieT UcKaTh COCOOBI Mepeaul SHEPTUH CBOOOIHBIE OT ITHX
U Apyrux HeaocTaTkoB. OJIHUM U3 TaKUX BAPUAHTOB SIBJISIIOTCS TEPENadd C Kpy-
TOBBIM 3arlerieHueM, paspadorannbie B 1954r. M.JI. HOBUKOBBIM.

5.2. ITpunuun paboTsl nepeaay ¢ 3amerieHueM HoBukosa.

OTU mepenauyd OTHOCATCS K TepenadaM 3alelICHHEM HEeNOCPEICTBEHHOTO
KoHTakTa. [[puMeHsIoTCs TOr1a, KOraa OCH BpallleHUs MIECTEPHU U KoJleca mapai-
JIeTBHBI UJIU TIEPECeKa0TCs B OJTHOM TIOCKOCTH, TO €CTh Mepeaya ¢ TAaKUM 3allen-
JICHUEM MOXKET OBITh HUIUHAPUYECKAS
Wi KoHu4eckas. HamOoupimee pacrpo-
CTpaHEHHE TMOYy4YWIa UIUHAPUYECKAs
nepeaayva.

[Ipodunu 3yObeB KoNéc mepenayu
OYEpUYEHBbl Jyramu OKpyx HOCTU. OIuH
W3 HHX, Yalie Bcero npodwib 3yda Be-
IYIIEro KOJIeca, BBITYKIIbIM, a Ipyron -
BOTHYTHIA. be3 Harpy3ku kacaHue Takux
3yObEB MPOUCXOJUT B TOYKE. DTO BO3-

A MOHO TOJBKO TOTJIa, KOT/Aa pagnuyc BO-

rHyToro 3yba [ Heckosibko Oouiblile,

Puc.5.1.Kacanue 3yObeB B 3alierieHun yeM Boimykiioro I1 (puc. 5.1).
Hoguxoga. B kax10M cedueHun KacaHHUe MPOUCXO-
JIUT JUIIb OJJHO MTHOBEHHE: TOCHe TO-
BOPOTa IIECTEPHU JaKE Ha CaMbIil MaJIbIM YTOJI B 3TOM CEUCHUH TOSBIIACTCS
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3a30p M TOYKa KacaHWs MO JIMHUM KOHTakTa (€€ Ha3bIBAIOT €Il¢ JTUHUEH 3alleruie-
HUS) CMeaeTcsl BAOoJb 3y0a K cieayrolieMy ero ceuenuto. [loatomy nepenauu c
3areruieHneM HoBrkoBa MOTYT OBITh TOJIBKO KOCO3YOBIMH.

Tak kak Bo Bcex ceueHusx opma v pa3Mepbl 3yObeB HE U3MEHSIOTCS,
paccTosTHUE MEXI1y KOHTAKTHOM U TIOJIFOCHOU JTMHUSIMU OCTAETCs TOCTOSIHHBIM.

llontoc — smo mouxka nepeceueHus obwjell KAcamenbHOU K HAYATbHbIM
OKPYIHCHOCMAM KOJIEC U TUHUU YEHMPO8 IMUX KONEC.

Takum oOpa3om, JTHMHUS 3alleIICHHs NapajliesIbHA TOJOCHON JIMHUU U OTCTO-

uT oT He€ Ha [ = Iy

Ecnu nuHus 3anersienus: pacronaraercs 3a MOJCHON JIMHUEW O HaIlpaBiie-
HUIO BpallleHHs Beayllen mecTepHu (cM. puc.5.1), To 3anernieHue Has3bIBaloT 3a-
MOJIFOCHBIM, @ €CJIM JIMHMS 3alleTUICHUs PACIIONIOKEHA O MOJIIOCHOW — JIOTOJIOC-
HbIM. [Ipr3HaKOM 3aMmoJIFOCHOTO 3alleTUICHUS SBIISICTCS BBIMYKJIBIN MPOMHIb BEay-
IIEW [MIECTEPHU W BOTHYTBHIM BEIOMOIO Kojieca. Y IOIOJIOCHOTO 3alCIUICHUS] BCE
HAa00OPOT: BOTHYTHIM MpodrIb y Beaylel MEeCTepHU W BBIMYKIBIA Yy BEIOMOTO
koJsieca. [lomydaercs, 4To 0J1Ha U Ta KE Mapa MOXKET UMETh 3aMOJIFOCHOE WM J0-
TOJIFOCHOE 3AIICIUICHUE B 3aBUCUMOCTH OT TOTO, KAKOE€ U3 KOJEC SBIIAETCS BEIY-

IIUM.

Ecnu BbImosHUTE 3y0 Tak, 4TOOBI OJHA YacTh €ro Npoduiid ObLIa BBITYKIOH,
a pyrasi — BOTHYTOH, TO 3yObsl OyAyT 3aLEIUIITHCS U 3a MOJIFOCOM, M JI0 MOJI0Cca
(puc.5.2).

Takoe 3areruieHue Ha3EBIBa-
I0T J103aI0JIIOCHBIM. 3yObsl KOJIEC
B ATOM CJIly4ae UMEIOT OJIMHAKO-
BbII MPOQWIb BBIMYKJIBIA y TO-
JIOBKM Y BOTHYTBIM y HOXKHU. 3a-
LEIUICHUE MPOUCXOAUT MO JIBYM
JIMHUSM OJTHOBPEMEHHO: Y OJTHOU
napel B 3alEIUICHUH HaXOIATCS
rOJIOBKA IIECTEPHU U HOXKKA KO-
jJeca - 3TO 3alOJIIOCHOE 3alerie-
HUE, a y JpPYrou Mmapbl — HOXKA
3y0a IIecCTepHU M TroJIOBKa 3y0a
BEJIOMOr0 KoJjieca — 3TO JIONO-
mocHoe 3aneruienue. KoHTakThI
nap CMEIIEHbl OTHOCUTEIBHO

JIPYT JIpyTa.

Puc.5.2. Jo3zanomrocHoe 3anemienue HoBrukosa

[Tocne mpupabOTKU W TMOJ HArpy3KOW B pe3ysbTaTe ynpyrux aedopmanuii
KOHTaKT 3yOheB B Tepenaye ¢ 3arerieHneM HoBuKoBa mepexoauT U3 TOYEUHOTO B
KOHTAKT MO MATHY. DTO MATHO MEPEMENIAETCSA IO OJHOM JIMHUM KOHTAKTa Y 3aIlo-
JIIOCHOTO WJIM JIOTIOJTFOCHOTO 3anieryieHu# (puc.5.3a), u mo IByM JIMHUSAM KOHTAKTa
y J103aIoIF0CHOT0 3anerieHus (puc.5.3.0).
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Bo BTOpOM citydae KOHTaKTHPYIOT
a) b OJTHOBPEMEHHO JIBE Pa3HbIC Mapbl
3y0ObeB, MOITOMY Ha pUCYHKE 5.3.0

BEpXHEE MATHO KOHTAKTa MOKa3aHO
a| J{L . e YCIIOBHO IITPUXOBOH JTMHHEH.
4 N IHHHA Taxkum 06pa3zoM, Bo BpeMs pabOThI
e IPOMCXOIUT NepeKaThIBaHue POoPu-
b Jed mapHbIX 3yObEeB BAOJb JIMHUHU
0) - 3aleIyIeHUs
b o by CkopocTh nepekarbiBanus Vi mpe-
gt Pbﬁ;\ [— }\3/BIIHaeT OKPYXKHYIO CKOPOCTh KoJieca
a V - _E{] SalcIlICHHA _
R / "q\ JIHHUS V=V ctg p,
I SANCIICHIA rae P - yrom Hakiona 3y0a.

BekTop 3TOM CKOpPOCTH HAmNpaBJIeH
MOYTH TNEPHEHIUKYJSPHO JIMHUHU
HAYaJIbHOIO KOHTaKTa 3yObeB. JTO
CO3/1aéT ONarompusITHbIE YCJIOBUS i 0Opa30BaHUSI MEXIY KOHTaAKTUPYIOIIMMU
MOBEPXHOCTSIMHU 3yObeB MacisiHOro kivHa. B pesynbrare nossimaercs KIIJ[ nepe-
JTavu.

Ho BbIcOKHE CKOPOCTH OTHOCUTEIBHOTO JBHKEHHSI 3yObeB U JEHCTBYIOIINE
HAarpy3Kd NOPUBOJAT K HArpeBy S3JIEMEHTOB IMepenaurd HOBUKOBa W yCUIIMBAIOT
CKJIOHHOCTb K 3a€1aHUIO.

5.3. Bozmoorcnocmu nepedau c 3ayennenuem Hosukosa.

WcnbiTanust mokaszaiu, 4TO HeECyIIas CIIOCOOHOCThH BBIIIE y J03aMOJIFOCHON
nepeIadr Mo CPaBHEHHIO C 3aMOIOCHOM (IOTIOMFOCHON) IO KOHTAKTHOW U U3THO0-
HOW BBIHOCJIIMBOCTH. B 103amoJitoCHON Tiepenaye MEHBIIE JTUCIIPOIOPIUS MEXKITY
KOHTAaKTHOW W W3TMOHOM MPOYHOCTHIO 3yObeB M OHA Oojee HaAEKHA TPHU Tepe-
MEHHBIX Harpy3kax, MEHEE€ CKJIOHHA K 3a€JaHUI0 BCJIEICTBHUE MOTPEIIHOCTEH BO
B3aMMHOM PAacIOJIOKeHUH 3yObeB, MeHee BUOpoakTuBHA. [[1s1 Hape3aHus 3yOneB
JI03aIOJI0OCHON Tiepeaur He0OXO0UM OJIMH MHCTPYMEHT, TaK Kak 3yObs IIECTEPHU
Y KOJIeCa UMEIOT OJIMHAKOBBIA Mpo¢uib. Bc€ 3TO MoCIy uino npuynuHoO TOro, 4To
MIPUMEHEHHE J03aMOJIOCHOTO 3ALEIIJICHUS SIBJISIETCS TPEANOYTUTEIbHBIM.

B cpaBHeHMM C ABOJBLBEHTHBIM 3alleIJICHUEM HArpy304Hasi CIOCOOHOCThH J10-
3amoIIOCHOTO 3anemieHusa B 1.5...1.7 pa3a BbIe 110 KOHTAKTHOM BBIHOCJIIMBOCTH,
HO HECKOJIbKO HUXKe 110 n3rudy 3yoda. [ToaTomy nepenaun ¢ 3aneninenueM HoBuko-
Ba CIIeyeT MPUMEHSTH TOT/Ia, KOoraa pab0TOCTIOCOOHOCTD Mepeadnl OMpeeseTCs
KOHTaKTHOW yCTAJIOCTHIO 3yObeB.

CrayibHble MUIMHAPUYECKUE MEpPeladynd C OJTHOW JIMHHEW KOHTaKTa MPUMEHSI-
I0T TIpU paboTe C TOCTOSHHON WM MaJOU3MEHSIONICHCS] Harpy3KOM Mpu CKOPO-
cTax no 12m/c. Jlns obecnedeHuss mpupaObOTKU M YIPYrux jaegopMaiiuii B 30HE
KOHTaKTa TBEPAOCTh PAOOUUX MOBEPXHOCTEH 3yOhEB ClIeNyeT OrpaHUYNBATh BEJIH-
yyuHOM He mnpesblmatomeit HB < 350. O6b4HO MOJyNIh TaKUX Iepeayd He BbIIIEe
12MmM.

Puc.5.3. IIatHO KOHTAKTa B 3alCIJIEHUNA
HosBuxoga.
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Ilepenaun ¢ AByMsI TUHUSIMU 3aLEIUICHUS] MPUMEHSIOT MPU MEPEMEHHBIX IO
BEJIMYMHE Harpyskax, ckopoctd 1o 20m/c, TBEPAOCTH paboOuuMx MOBEPXHOCTEHN
3yoneB He Bbilie HB < 350, monynb He Gosiee 16MM.

B03MOXHOCTH 110 MOUTHOCTH U MEPEIATOYHOMY YHCITY aHAJIOTHYHBI KOCO3Y-
OBbIM LIUJTMHAPUUECKUM 3BOJIbBEHTHBIM niepenadam. KI1/] napsl MOXHO MpUHUMATD
0.98...0.99.

Ilepenaua BecbMa YyBCTBUTENbHA K U3MEHEHUIO MEKOCEBOTO PACCTOSTHUS.
5.4. Ocobennocmu pacuéma nepeoau c 3ayeniernuem Hosurxosa.

5.4.1. 'eoMeTpuueckue napameTpbl

3yOuarpie Konéca ¢ 3amerienneM HoBukoBa 0OBIYHO Hape3arT 0e3 cMele-
HUSI HHCTPYMEHTA.

JIs1 703aMoI0CHOrO 3alEIUICHUS] TEOMETPUUECKUE MapaMeTpbl OMPEAEIISIOT-
Csl CJIEIYIOLIMMU BBIPAKEHUSIMU (CM. pHUC.5.2):

- Ha4aJbHbIA AUAMETP - di = ngi; YHCIIO0 3yObEB LIECTEPHU PEKOMEH-
JyeTcsi IPUHUMATh - Zl =13...20;

- Hapy>KHBIN JUAMETP - dai = di + Zha’ BHYTPEHHUH - dﬁ = di — 2hf X

- BBICOTA F'OJIOBKH 3y0a - ha = O.9mn, HOXKH - hf =1.05mn;

+
- MEKOCEBOE PACCTOSHUE - A = My (2,+2,) ;
2c0sf3
o &,
- MIUpUHA KOoJleca -0, =,
sinf3

I71€ - 0CEBOM KOA(PPUIMEHT NEPEKPHITUS, TPUHUMAETCS 8[3 > 1.3 wm 2.3,

HauOoJiee pacIpoOCTPaHEHO 8[3 =1.3...14; yron nakioHa 3yba - 3 =10...22°

- paauyc npoguisi BOTHYTOro 3y0a - r2 R (12 . 13)r ;

[TonpoOHBIA pacdéT reoOMEeTPUUECKUX MapaMeTpOB IO3AMOIIOCHBIX TMepenad
Hosukosa npusenen B OCT 17744-72.

5.4.2. Marepuainbl

Jlna nepenay HoBukoBa MPUMEHSIOT T€ K€ MaTepUaNbl, YTO M JJS IBOJIb-
BEeHTHBIX. Hanbonee pacnpocTpaneHbl MaTepHalibl, 00eCTIeYnBaloIIUe MOCe Tep-
M000OpaboTKH TBEPAOCTH paboumnx moBepxHocTei 3yobeB HB < 350 xoTs Ob1 st
OJIHOTO W3 3aueruistonuxcs kojiéc. [IpuMenenne maTepuanoB ¢ BRICOKOH TBEPIO-
CTBIO, HE 00ECTIEUNBAIONINX MPUPAOOTKH U yNpyrux AedopmMainii 3yOpeB BO Bpe-
Ms paboThI iepenaun, He 3HPEKTUBHO.

5.4.3. Pac4€Thl Ha MPOYHOCTH

VYcnoBus KOHTakTa 3yObeB B Iepenadax c 3aueruieHueM HoBukoBa cyiie-
CTBEHHO OTJIMYAIOTCS OT yCJIOBMHM KOHTakra mo I'epuy. Pazmeps! minomanok KoH-
TaKTa 371eCh COU3MEPHUMBI C pazMepamu 3yobeB. [103ToMy pacu€r o KOHTaKTHBIM
HanpspKeHUsM 1o ['epity ams 9TUX mepeaad MpUMEHsIeTCsl YCJIOBHO U BeIETCS aHa-
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JIOTUYHO Pacy€Ty Mepesay ¢ SBOJbBEHTHBIM 3alleIlJIEHUEM, HO C YYETOM OCOOEH-
HocTed 3aneruieHuss HoBukoBa. OCOOEHHOCTH YUYHUTBHIBAIOTCS KO3(PGUIIMEHTAMU,
OTPENICTIIEMBIMH TI0 TTOTYIMIUPUIECKUM 3aBUCUMOCTSIM, TTOJIYYEHHBIM B PE3YJib-
TaTe CTCH/IOBBIX HUCITBITAHUN Iepe/iay.

Pacuér 3yObeB 1O HaNpsOKCHUSM HM3ru0a PEKOMEHAYETCS IPOBOAUTH 10
HaIpPsDKCHUSAM B 3yObsX IIECTEPHHU.

OOGBIYHO TIpU MPOEKTUPOBaHUHU TMepenauyn HoBukoBa mpenBapUTEIBLHO BbI-
TIOJTHSFOT TPUOIMKCHHBIA PacuéT Ha KOHTAKTHYIO MW M3THOHYIO BBIHOCIHUBOCTD.
3aTeM BBINOJHAIOT MPOBEPOUYHBIE PACUETHI M0 MPUHSITHIM MapaMeTpaM IMepe/iayu.
[Tpu HEOOXOIUMOCTH BHOCST KOPPEKTHBBI B COOTBETCTBYIOIIUE TTAPaAMETPHI.

PacuétHbie 3aBUCHMOCTH ISl MPOEKTUPOBAHUS J103AIIOJIIOCHOTO 3alleTUICHUS
Hosukosa npuenenst B [OCT 15023 — 76.

C nmpumMepoM pacuéTa nepenadd c 3anemieHueM HoBHKOBa MOKHO O3HAKO-
MUTBCS B TOCOOMU 3TUX ke aBTOpoB «Ilepenaun c 3anernenuem HosukoBa. Pac-
4&T U KoHCTpyupoBaHnue». [locodue pasmemeno Ha caite IO JAI'TY B 2010 ro-
1y, pETUCTPAlMOHHBIA HOMEp 582.

5.5. Ilpumep I113.
5.5.1. HcxozHbre faHHBIE:

- MOMEHT Ha BEJOMOH JJe€Ta/JlH T>=11000HM;

- HArpy3Ka peBEePCHBHAS;

- KO3QQHIJHEHT JHHAMHYHOCTH K;< 1.3;

- IepesaToqYHoe IYHCI0 u=6.875;

- YacTOoTa BPalJeHHS KOJIeca nz=25o06/muH;

- TpebyeMbIH pecypc =20000 4ac.;

-YCJIOBHSA PAOOTHI — 0TaIJIMBAeMOe [TOMEIEHHE;

- DEXXUM PAOOThI — CPEJHHH PaBHOBEPOSATHBIH 110

I'OCT21354- 87.
5.5.2. By 3anen/ieHud — 103ar0JIF0CHOE.
5.5.3. MaTepraipl 3y64aThix KOJIEC:
mecrepHa: craib 40XH, T.O. - 3akazika TBY, HRC,40...45;
koseco: ctasib 40XH, T.0. - yayymenune, HB320...340.
5.5.4. /lonyckaemble HANPI)KEHHUS
5.5.4.1. /lonyckaempie HAMP)XK€HHUA /IS PpACYETA HA KOHTAKTHYIO
BBIHOCJIHBOCTbD
/s pac4yéra jonyckaeMpIx HAPSXKEHHH HIeCTEPHH MPHHATHI !
- TBEPAOCTH paboyYeH MNoBEPXHOCTH 3y0a - 40HRC;,;
- KO3Q@HUIIHEHT 6€30MacHOCTH - Sy=1.2;
- wepoxosamocmov paboueli nogepxnocmu 3y6a Ry=2.5...1.25 mxm, nosmomy
ZR:OQS,

- npeononazaem okpycHyro ckopocmov N <S5m/c u nosmomy Zy =1.

Y iy =17+ Hy +200=17-40-+ 200 =880, MiTa;
J, o - Yumiy .z 880 0,95 1= 696.6 ~ 696, MITa;
=Sy 1.2
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- Koo Puyuenm 0on206e4HOCMU.

Ky =6 M’
I\IHE

20e 6az3080e YUCIO YUKIO08
Ny =30 HB?* =30x 40024 =52730006 ~5.273x10" :
Gakmuueckoe Hucio YUKI08 HaspyHceHus 3y0a onpeoeisiemcsi no GbipadiceHuio
N, = 4,60cnt,
2oe My =0.25- KO3 Puyuenm, onpeoensiemcs no 3a0aHHOMY PedrCUM) pa-

bomovl no mabauye 4.6;
N1=N,.u=25.6.875=171.875 06/mun — vacmoma 8paujeHus uieCmepHu,

t=20000uac - mpebyemvlil pecypc nepedauu,

N HEL™ 0.25.60-1-171.875- 20000 = 51562670~ 5.156-10"

| 107

Kpy g = 5.273 107 1003
5.156-10

} ,=696-1.003=698MIla.

s pacuéma oonyckaemvix HANPAXCEHUL KOJleca NPUHSMbL:

- TBEPAOCTH pabo4Y€H NOBEPXHOCTH 3y6a — 320HB;

- KO3Q@HIJHEHT 0€30I1aCHOCTH - Sy=1.1;

- wepoxosamocms paboueil nosepxHocmu 3y6a R,=2.5...1.25 mxm, nosmomy

Zr=0.95;
- npeononazaem okpydcHyro ckopocmov N <S5m/c u nosmomy Zy =1.
YHIimb2 = 2-H,+70=2-320+70=710, Mlla;

1
~ _ YHiim _ 710 ~ .
b=z, 2, =17 0951~ 613, Mo
6613080@ YUCI0 YUKITI06

Ny =30 HB%* =30x 32024 = 30866060 ~ 3.086 10"

(axmuueckoe YUCIO YUKI08 HAZpYIiceHUs 3y0a Koeca npu
Hypy =0.25; N,=25 06/mun — wacmoma épaujeHust Koieca,
t=20000uac ;

N HEo = 0-25-60-1-25-20000= 7500070~ 0.75-10"

13.086-107
Kpy o =8 3.086 107 1965
0.75-10
b ,=6131.265=775.445~ 775 MIla.

B xauecmse donycmemoeo KOHMAKMHO2O0 HAaNpAMNCEHUA NPUHUMAEM MEHb-
wiee us 06_)/)(? NOJIYYEHHbIX NO 3Ad6UCUMOCMAM .
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F. =045, + F., , =045-(698 +775) = 662.85 ~ 662 <1.23-698

s pacuémos npunumaem lJ'H =662 MIla.
5.5.4.2 Jlonyckaemvle Hanpsicenusi Onsi pacuéma no MaKCUMAIbHbLIM KOH-
MAKMHBIM HANPSAHCCHUAM
Tockonvbky mamepuain Kojieca no08epeaemcs Yay4ueHuo, mo
=28-0,=28-760= 2128 Mll1a.
lTHmax -

5.5.4.3.ﬂ0nyc;<aejwbze Hanpsdicerus: Ol pacyéma Ha U32UOHYIO BbIHOCIIU-
80CMb

Ilockonvky 6ce ghopmynvl nocmpoenvl Ha napamempax wiecmepHu, onpeoes-
eM Oonyckaemvle HANPAXNCEHUSI MOAbKO O wecmepHu. [loomomy unoexc 1 6o
8Cex BbIPAdCEHUAX ONYCKAEMCA.

:K . "
b =Kp b

“Flimb 900
lrF = s Kee _1.750 75=385MIla,

2oe
TElimb = 900 MIla — npeden uzeubHoti 8biHOCIUBOCTU,

Sp =175~ Koahuyuenm bezonacuocmu |

Ko =0.75- KOdGhhuyuenm, yuumvlearoujuil pesepcusHoCnb HA2py3KuU |

N
KeL =
FE

N FO = 4 -106 - 6a3060€ YUCTO YUKTO8;

NFE =HE 60cnt =0.1-60-1-181.875- 20000 = 21805000~ 2.18-107

M=9- max xax mepmoobpabomka — 3aKaixa,

K =9£=06 Ipunumaem Ko, =1
"L V218107 FL

- =1-385=385MIla.

5.5.4.4. Jlonyckaemvle Hanpsoicenus 0ns pacuéma no MaKCuUMAaibHbiM U3SU-
OaroWUM HANPAHCEHUAM

Tax xax meépoocms paboueti nogepxnocmu 3yoa wecmepuu HB>350, mo
by =060, =06-981=588MIla.

4.5. Onpeodenenue ouamempa edyujeti demanu ( uecmepHu)
El‘[p TlK HV K BZ]_(U +1)
['H Jjg’ﬂ ucosp

» MM,

d1 =0.623
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_ 5 2.
20e EHp =2.10%, H/mm*;
T, =1632. 10°Hwum;

K =1.02 (npunumaem: cmeneHb mouyHocmu nepeoadu — 6, Mmeép-

HV
docmwb paboueil nogepxnocmu 3y6a rxoneca meuwvute 350HB, ckopocms V<2wm/c,
onpedensiem no maoauye 4.4);

Kg =0.15 (npunumaem.: [ =15°, onpedensem no madbauye 4.4);
!

!
; I (npunumaem & 5 1.3, mozoa ) 1);

Zy =20 (01 edxceonesHOl MHO204aco8ol pabomwul), moeoa Z;=20-
6.875=137.5, npunumaem 2,=137.
IIposepsiem omxnonenue obwe2o nepedamouno20 yucio U om 3a0aHH020

z, 137 6.875-6.85

u="2-""-685  Mu=—""""""100% = 0.3636% < 5%.
zy 20 6.875
, 2-105-1632-103-1.02-0.15-20-(6.875+1)
d. =0.623 5 —86.36 M.
662 1.6.875- cosl5

5.5.6. Mooynv nepeoauu
djcosf _ g6.36c0s15

z1 20

Ilo I'OCT14186-69 mooicHo npunsams aubo u3z nepeoco psaoa M=5um, 1bo u3
6mopo2o paoa M=4.3 mm. [Ipeononodxicum, umo Hys*CHO NOAYUUMb nepeoavy ¢ 2a-
oapumamu kax mModcHo menvute. Toeoa npunumaem moodyib m=4.3.

5.5.7. ¥Ymounenue napamempos 3ayennenus
My 2y)_430204137) _gu05

2COSB 2cosl5
Ipunumaem a=350mm u ymounsem Y201 HAKIOHA B

m = =4.171mm.

a

3 =arc cos 4.3(20+137) _ 15.33°
Hpu maKux 3HaAYeHUAX
R NPT
c0s15.33
5= ﬂ —610.80 1y
c0s15.33

9.5.8. Dakmuueckoe KOHMAKMHOE HANPANCEHUE
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1 EHpTlKHV Bl(u+1)

o, = 0.488d—
1 ﬂucosﬂ

_ 04881 \/2-105-1632-1031.02-0.15-20(6.875+1)
78917 89.17-1-6.875-c0s15.33

=608.8MIla;

o, =608.8MIIA < F,, =662 MIIA.

5.5.9.1lposepka 3y6a Ha uzeubHY0 BLIHOCIUBOCHIDL
_ iKpyKyuy l '
3 = 2F
Mpz1€ gYE
=1.05 - KoaghPuyuenm ouHamuyeckol Hazpy3Ku Npu pacyémax Ha

F
2oe KFV

Z/l32u6Hyl0 6bIHOCIUBOCNTb onpedeﬂﬂemc;l no ma@mue 6,'

KH = 0.2 - ko3pPpuyuenm, 3agucawuti om yaia HaKI0Ha 364, onpeoensemcs

no epaghuxy pucyuka 5.4 npu yene naxioua 3yoves f§ =15.33°;
!
v =013 - kooghguyuenm, 3asucswuii om pasHocmu Ae=¢ ; —& iz onpede-

JISIeMCsL O 2pagpuKy pucynka 5.4 npu npuHsamom yeie HaKioHa 3y0be
B =15.33°;
YF — K03(Puyuenm npounocmu 3y0Le8 003aNONIOCHO20 3aYeNnieHUs; Onpeoes-
emcsi no maobauye 5.1 6 3asucumocmu om npuseodeHHo20 yucia 3y06es
z 20
Z,q = % =g =223,
"~ cos" B cos 15.33

=1.02

Tabnuya 5.1

Zy 14 15 16 17 18 19 20 21 24 26

Ye 092 1093 |09 |09 |097 1098 1099 |1.0 1.03 |1.04

Taxum obpazom

1632000-1.05-0.2-0.13
y F = 3
4.3720-1.31.02
5.5.10. IIposepkra npounocmu 3y6be6 npu Oeticmsuu nepecpy30K
5.5.10.1. I[Iposepka 3y6be6 Ha KOHMAKMHYIO NPOUHOCb NPU OELiCMBUU MCHO-

BEHHbIX NUKOBbLX nepecpy3oK

-
Smax._ oKy = 608.8+/1.3 = 693.2 < 2128 MIla
T \

-2113< |¢ =385M114.

O =0

Hmax H
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Ku

Wk
Ko
0J7 / 2,4
0,6 - 2,2
| /
05 — /’ 2
0,4 1,8
//
0,3 .
- /I/ 1,6
02 == 4 1,4
' Ku MWk ’
O B 22
01 — g : ! 1,2
I i
] | |
o 10 20 3¢ 4 P

——
0 01 02 03 04 A
Puc.5.4. 3asucumocmu pacuémmuuix Kod¢uyuenmos om yena HakioHa 3y0b-
es [} u pasnocmu .

5.5.10.2. IIlposepxa 3y6be6 HA U3LUOHYIO NPOUHOCbL NPU OCUCTNEUU MCHOBEH-
HbIX NUKOBbIX HA2PY30K

T

=0 MK — 5 k =21.13-1.3=27.47 <588 MIla
F T F o

5.5.11. Haepyska na eanvi.

%Fmax

2Ty 21632000

5.5.11.1. Oxpyacnoe ycunue F. = =3660MIla;

d;  89.17

Rt 3660-tg30
5.5.11.2.Paouanvnoe ycunue Fr _ 9y o 2191MI11,

cos#  €0s15.33
5.5.11.3.0cesoe ycunue F, = Ft9/ =3660tg15.33 = 1003 MIla;

5.5.12.Ilapamempuol nepedauu
a =350mm; B =15.33°;
d,=89.17mm; 2,=20; dal = d1 +2m=89.17+2-4.3 =97.77mm;
d,=616.8 um; 2,=137; dpp,=d, +2m = 616.8+2.4.3 = 625.4mm;
o _ B’ 133145243
2 sins sin15.33
bl = b2 +1.5m=67+1.5-4.3=73.45~ 74 mm.

=66.43~ 67 mum;
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5.6. 3ybouamuie nepedauu ¢ coenaco8aHHbIMU NOBEPXHOCAMU KOHMAKMA

3y0be8.

Kak yxasbiBasioch BblIlie, 3y0uarsie nepegaun M.JI. HoBukoBa, umerot He-
HBOJIbBEHTHBIN MpOoQuiib 3y0a C TEOPETHUECKH TOYEUHBIM 3allerieHneM. B aTux
nepeaayax, Kak mpu Hapy>KHOM, TaK ¥ IIPU BHYTPEHHEM 3alleIJIeHUH, o0ecreuynBa-
€TCsl KOHTAKT BBIMTYKJIOTO U BOTHYTOr0 npoduiieit 3yobeB B Touke. OJIHAKO, BBUY
TOTO, YTO MPO(UIN 3TUX 3yObEeB UMEIOT MPOU3BOJILHOE OYEPTAaHUE, U OHHU HE SB-
JSIFOTCSL COMPSKEHHBIMU, HArpy304Hasi COcOOHOCTh nepenad HoBukoBa Mo KoH-
TAaKTHOM BBIHOCIMBOCTH pabOYMX MOBEPXHOCTEH 3yObeB, HECMOTpSI HA TEOpETUYE-
CKM TOYEYHBIA KOHTAKT, OKa3bIBaeTCs B 1,5 pasa BhIlIE, YeM Yy HBOJIbBEHTHBIX aHa-
JIOTUYHBIX TIepeiadax, MMEIOIINX JIMHEHHBIA KOHTAKT.

EcTecTBeHHBIM pa3BUTHEM YBEIWYCHHsI HECYIIEH CIIOCOOHOCTH Tepeaadu
SBJIIETCSL TIOUCK TaKOM (OpMBI ouepTaHus 3yOa, KOTOpas MO3BOJWIA MEPEUTH K
COIJIACOBAaHHBIM MTOBEPXHOCTSIM.

Pa3BuTeM cCyniecTBYIOIIMX 3yOuaThIX Mepenad, sIBUIOCh CO3JaHHE HOBOM
3youaroi nepenaun (AI'TY kad. OKM). OcHoBHOM 0COOEHHOCTHIO BHOBB IMpE-
JIOKEHHOW 3y04aToil mepegayu sBISETCS TO, YTO B HOBOM KOHCTPYKIIMH 3y0UaToro
3alleTIeHHs BIEPBbIE Y1a10Ch JOCTUYb B TOPLIEBOM CEYEHHH KOCO3yOOol nepenaun
paBEHCTBA PaJInyCOB KPUBU3HBI TOJOBKU 3y0a M COOTBETCTBYIOIIEH MeEk3yOOBOM
BITIQ/IMHBI HOXKKU compsiraemoro 3yOa. (Puc.5.5.) 3yOuaTasi mepenadya HOBOTO THIIA
COJIEPKUT Koco3yOble koiseca. [Ipodunu 3yObeB BbINOJIHEHBI B (hOpME PaHyCOB B
TOPIIEBOM CEUYEHHH IEHTPbI, KOTOPBIX HAXOMATCS HA COOTBETCTBYIOIIHUX Hadajb-
HBIX JCIUTENBHBIX OKPYXKHOCTAX. B 3TOM 3yOuaroit mape cobitomaeTcsi yCiaoBue,
IpU KOTOPOM PaJNYC TOJIOBKH 3y0a paBeH paanycy HOXKKH 3y0a, Kak Ha IIECTepHE,
TaKk U Ha compsAraeMoM Koisiece. B HOpmanmpHOM e ceueHuH 3yda mpoduib mo-
CIIETHETO MPEACTABIISECTCS JIUIMIICOM C paUalibHbIM PacHOJIOKEHUEM €ro 00Jib-
HIOM OCH, a pa3Mepbl OCel AJUIMIICAa HAXOAATCS B 3aBUCMMOCTH OT YyIJIa HAKJIOHA
3yoneB (Puc.5.6.).

o | :
Puc.5.5. O6mmii Bug 3y04aToi mepeaadu ¢ CoriacoOBaHHbIMU

IMOBECPXHOCTAMU KOHTAKTA 3Y6BCB.
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HoBas nepegaya HaMHOTO TpPOYHEE MO CPABHEHUIO C U3BECTHBIM BOJIb-
BEHTHBIM 3a1ieruieHueM. [Ipu pabote 3yObeB Ha U3rHO TOJIIMHA 3y0a T0 JIeJIH-
TEJILHOW OKPY>KHOCTU paBHA BHICOTE 3y0a, B TO BpEeMsI KaK B 3BOJIbBEHTHOU
nepejaayue — ToJNIMKUHA 3y0a moutu B 1,5 pa3za MeHblie BHICOTHI 3y0a. Kpome Toro, B
HOBOM 3alICTIJICHUU IPOYHOCTHBIE XapaKTEPUCTUKH 3y0a YBEIMYEHBI €Il U MOTO-
My, YTO OCHOBaHHE 3y0a (CUMTaIOIIeecs ONACHBIM CEUEHHUEM JIJIsl IBOJIbBEHTHOTO
3alleTNICHUs) PACIIMPEHO U3-3a OOJBIIOrO pagnuyca HOKKH 3y0a U BBUY OTCYT-
CTBUS KOHIICHTPATOPOB HAIIPSHKEHUS, IMEIONTUXCS B YBOJIBBEHTHOM 3allCIIIICHUH.

HoBoe 3anemnnienue, kak U BCE HOBOE, TpeOyeT MPOBEPKU HE TOJBKO
TEOPETUYECKIMH MEeToJaMU Ha 0a3e caMmbIX mepefoBbIX pa3paboTok. Hecymas
CIOCOOHOCTH 3y0a C AITUNTHYECKUM MPOPUIEM OMNPEACNIeTCs KOHTAKTHBIMU U
W3THOHBIMHM HANpPSDKCHUSIMU B 3y0e. VX mpakTWYecku HEBO3MOXKHO OMPENCTUTH
AKCIEPUMEHTAJIBHBIM MyTeM H3-32 OTPAHMUYEHHOTO JOCTYIa B 30HY B3aWMOJCH-
cTBUs 3yObeB. Ecim B cyliecTByOIMX MeperadyaX MaKCHUMaJIbHbIe KOHTaKTHBIC
HaIpPsHKEHUS MOKHO BBIYHMCIUTH HA OCHOBaHMM TeopuH ['epiia KOHTaKTa YIpyrux
TE€J, TO HAIPSDKCHUS B TSITHE KOHTAKTa YIPYTHX TEJ C COIVIACOBAHHBIMU MOBEPX-
HOCTSIMU MOYKHO OIIEHUTH TOJIbKO YMCIEHHBIMHU METO1aMU. YTOOBI OIEHUTH CIIOXK-
HOCTh 33Jla4d pacueTa XapaKTEPUCTHUK KOHTAKTA IS JIJUTUITHYECKOTO 3allerie-
HUS, JIOCTATOYHO B3IJIAHYTh HA MSATHO KOHTaKTa, PACCYMTAHHOE B MPOTPAMMHOM
komiutekce ANSYS (puc.5.6.).

Kpome crnoxxHOCTH pacueToB, HOBOMY 3allCIICHHUIO, W3-3a COTJIACOBAHHOTO
XapakKTepa MOBEPXHOCTEH KOHTAKTa, MPUCYITH 3(PPEKThI, KOTOPBIE OTCYTCTBYIOT Y
CYIIECTBYIOIIUX TEepeaay:

- 3HAYUTENIHOE YBEJIMYCHNE TUIONIAIU TISITHA KOHTAKTa;

- cuHepreTudeckuil 3(pPexT nprupaboTKM KOHTaKTa, Ojarogaps KOTOPOMY B
pe3ynpTaTe MepepacnpeielieHns HanpsHKEHUH B TSTHE KOHTaKTa 3HAYUTEIHHO
CHUKAETCSl YPOBEHb MAKCHUMAJIbHBIX KOHTAKTHBIX JaBJICHUM.

- YETKO BBIPOXXECHHBIA dP(HEKT MACISTHOTO KJIMHA, CHUKAIOIIUN HarpyKeH-
HOCTb ISITHA KOHTAKTa U, KaK CIEJCTBUE, BEIMYNHY KOHTAKTHBIX JIaBJICHUI;

- 3HAYUTEJIHHOE YBEIWYCHUE HECYIIeH CIOCOOHOCTH MACIISTHOW TUICHKH B
YOPYTOTUAPOJUHAMUYECKOM KOHTAKTE 32 CUET YBEJIMUEHUS CKOPOCTH BOBJICUCHUS
U JIaBJICHUS Macia, B 00JIaCTH BIyCKa MsITHA KOHTAKTa

. Jl7s OlleHKW BIMSHMS TIEPEUYMCIICHHBIX BbIIE 3(G(HEKTOB HA HECYIYIO
CTIOCOOHOCTH 3y0a B AJUIMIITUYECKON TIepeadye 1 JIJisi CPAaBHEHUS €€ C IBOJIbBEHT-
HOU mepenayeit B nporpammMHoM komiuiekce ANSYS O6butn pazpabotaHbl YKMCIICH-
HBIE MOJIETTH YIIPYTOr'0 KOHTAKTa B JTUITHYECKOM M IBOJHBEHTHOM 3aIlCTICHUSIX.
B TectoBOM mpuMepe paccMaTpUBAIMCh KOHTAKTHBIE HArPYy3KH Ha 3y0 SBOJIBBEHT-
HOM W DJUTUTITUYCCKON TIepeaaun ¢ OJMHAKOBBIM IEPEAaTOYHBIM YHUCIIOM, OJIMHA-
KOBBIM JINAMETPOM JICTUTCIBHONW OKPYKHOCTH 3yOYaThIX KOJIEC, OTMHAKOBOW BBI-
coToi 3y0a W Harpy>KeHHbIE OJMHAKOBHIMH MOMEHTamMHu. B TecTtoBOM mpumepe
pacyeTsl MOKa3ajiy, YTO B JUTUNTHYCCKOM 3alCTUICHUH TUJIOMAb MATHA YIIPYTOTO
KOHTaKTa 0oJiee 4yeM B 2,5 pa3a OoJbIle, 4YeM B SBOJILBEHTHOM.
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CymMapHbiii 3QQPeKT OT mepeuncieHHbIX BhIIIE OCOOCHHOCTEH SIUTHMTH-
YECKOTO 3alleTJICHHsI B 3yOUaThIX Mepeaadax 3aKIIFouaeTcsl B TOM, YTO B TECTOBOM
IpUMepe YUCICHHOTO IKCIEPUMEHTa M0 HArpy>KEHUIO SKBUBAJICHTHBIX O (yHK-
IIMOHATILHOMY XapaKTepy SJUIMIITHYCCKOW W SBOJIBBEHTHON Iepenad, MaKCUMaThb-
HbIC KOHTAKTHBIC TaBIICHUS B }1py2om KOHTAKTE JUISl JUTHIITUYECKOTO 3alleTUICHHUS
OKa3aJmch B 2 - 2.5 pasza MEHBIIE, YEM B 3BOJILBEHTHOM.

N3rubHbple HAMpsHKEHHS B 3y0€ AJUTUNITHYECKOTO 3alleIUICHUS OKa3aluCh B
1,5 pasa meHblile, yeM B 3anerienun HoBukosa.

OTHOCHUTEIBHO CBOMCTB YIPYTOTHAPOIMHAMHYECKOTO KOHTAKTA B JUTUITHU-
YECKOM 3aIICTUICHUH B HACTOSIIEE BPEMs MOKHO yYTBEPXKIATh, UTO OH XapaKTepH-
3yeTcsl TeM, UTO MaclisiHas IJICHKa B HeM Ooliee 4yeM B 4 pasa ToJIle, YeM B 3BOJIb-
BEHTHOM 3aIlCTICHU.

OddexT macigHOrO KIMHA BO3HHKAET HM3-3a2 COTJIACOBAHHOTO XapakTepa
MOBEPXHOCTEH KOHTAKTa, KOTOPbIe 00pa3yloT B 30HE MATHA KOHTAKTa OUYEHb «OCT-
pBI» KIWH C IUIOHIAAbI0 TOPSAKAa YETBEPTH IUIOMAAM IOBEPXHOCTH 3y0a
(puc.5.8).

Hamop macna B wimHe oOecreynmBaeTcsi BBICOKOM CKOPOCTBIO JBHXKECHUS
MsITHA KOHTAKTa MoIepeK 3yoa.

O6nacTtb macnsHHoOro
KnuHa

Puc.5.8. O6macth MacIIHOTO KJIMHA MEPE] IBIKYIIIUMCS TIITHOM KOHTaKTa
CO CKOpOCThIO V.,
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[IaTHO YyIIPYroro KOHTaKTa MPAaKTHYECKU HE MEHSETCS B TpoIlecce paboThI B
ABOJILBEHTHOM 3aIlCTNICHUH; HEKOTOPBIH Mpoliecc MpupabOTKH UMEET MECTO B Tie-
pemnauax HoBukoBa, 1 sIpKoO BBIpaKeH dPPEKT caMOOpraHU3alliy MsTHA KOHTAKTa B
IUTUNTHYECKUX TIepeaadax.

310t 3ddexT HabmoaaNICS B CTEHJOBBIX PECYPCHBIX HCHBITAHUIX PEAYK-
TOpa, UCTIOIB3YIOIIETO LIUITHYECKOE 3alleTUICHHE, KOT 1A MOBBIIIEHHBIN [ITyM ITe-
penaun nucyes yepe3 20 4acoB pabOTHI peIyKTOpa Ha CTEHJIE.

B TecTtoBOoM mpumepe pacdera yrmpyroro KOHTaKTa B AJUIANITHYECKOM 3a-
HEIUICHUH OBLJIO TOKa3aHO, 4YTO MpHUpabOTKa MATHA KOHTAKTa JIOJDKHA OCYIIIe-
CTBUTBHCS B TPOIECCE M3HOCA MOBEPXHOCTH 3y0a, MaKCHUMAaJIbHAsI BEJIMYMHA KOTO-
poro (M3HOCAa) HE TpeBbIaeT 2 MKM. [Ipy 3TOM IPOUCXOIUT TIepepacIpeaesicHue
KOHTaKTHBIX JIaBJICHUW TIO TSATHY KOHTAKTa TaK, YTO MAaKCHUMaJbHBIC IaBICHUS
yMmeHbInatoresa B 2,1 pasza. [IpuBenenHbie pe3ylbTaThl MOTYYEHBI B MPEIIOIOKE-
HUH, 4TO

- U3HOC y4acTKa MOBEPXHOCTH MPOIMOPIMOHANIEH padoTe CHUJI TPEHUsS Ha
ATOM YYaCTKE;

- TIPUBEJICHHBIC KOHTAKTHBIC JABJICHHUS HAa TOHKOM MOBEPXHOCTHOM CJIO€
(HOpMUpOBaHHBIE HA MAKCUMAJLHOE JIABJICHHE B CJIOE), MapajuieIbHOM OCH 3y0a,
HE MEHSIIOTCS B MPOLIECCE 3HOCA

B mpuHImme ot BTOpOTro MPEANONOKEHHS MOXKHO OTKAa3aThCs, MOCTPOWB
UTEPAIIMOHHBIN MTPOIIECC pacueTa BETUIHHBI H3HOCA, HO JUISI 3TOTO HYXKHO MCTIOJb-
30BaTh 3HAYUTEIBHO 00JIee MOIITHBIC BRIYUCIIUTEIBHBIE CPEICTBA, UEM T€, KOTOPHIS
UCIIOJIb30BAJIMCh B TECTOBOM pacuere.

[Ipennaraemoe 3yOuaToe 3alleryieHHe HECPaBHEHHO 0OJiee TEXHOJIOTHYHO,
TaK KaK OJJHUM M TE€M K€ PEKYIINM HHCTPYMEHTOM (Hampumep, 4epBIIHON (pe-
30H, paboTaromieit MeToIoM 00KaTKH), MOKHO 00pabaThiBaTh KakK MIECTEPHIO, TaK
u 3yOuaroe kojeco. Kpome TOro, 3HaUMTENHHO YIYUYIIAIOTCS YCJIOBHUS CMa3Ku
3yObEB B 3allCTICHUH, CYIIIECTBEHHO YMEHbIIIAETCA IIyM MIpu paboTe 3yOouarou mna-
pbl. HoBast reomeTpusi KOHTAaKTUPYIOIIEH Mapbl MCKIIIOYAaeT BO3MOXKHOCTh 3aefa-
HUs (3aKJIMHUBAHUS) 3yO0UaTol nepenayu.

Konmponwvuwie eonpocoi.
5.1. Heoocmamxu 360/168eHMHO20 3aUeNICHUA.
5.2. Ilpunyun pabomsi nepedau c 3ayenieHuem Hoesukosa.
5.3. Bozmooicnocmu nepeday c 3ayennienuem Hoesukosa.
5.4. Ocobennocmu pacuéma nepeoau c 3ayenienuem Hosurosa.
5.5.0cHosmnbie nonamus o 3y6uamoii nepedayu ¢ co21aco8aHHbIMU
NOBEPXHOCMAMU KOHMAKMA 3)0bes.

159



6. Ili1aneTapHble nmepexavmu.
6.1. I[lpunyun pabomor.

[InaHeTapHBIMH HA3bIBAIOT MEPENAYN, Y KOTOPBIX NIEPEMEIIAETCS B IPOCTPAH-
CTBE OCbh XOTs ObI OJTHOTO 3y04YaToOro Kojeca, a OJJHO U3 OCHOBHBIX 3BEHbEB HEIIO-
JBH>KHO.

[Ipocreiimas ogHOpsiAHAS OJNHOCTYIIEHUYATas IUIAHETApHAs Nepefaya COCTOUT
¢ u3 (puc.6.1):
= - a — LIEHTpaJbHOE (COJIHEUHOE) KOJIECO;

) o - b — meHTpasibHOE (KOPOHYATOE) HEMO-
L — wz  JBHXKHOE KOJIECO;

A\ Lo ‘D - K — meHTpampHOE KOIECO MeXaHU3Ma
D= 7 ~/ HE3aBHCHMO OT €r0 TIOJBIKHOCTH |
a - H — Boauo;

b - § — caTeJuIuThl, KOTOPBHIE COBEPIIAOT
[ JIBA IBM>KEHUS: OTHOCUTEIBHOE BOKPYT CBOEH
OCH, 3aKpEIICHHOW B BOJWIIE, U MEPEHOCHOE

BOKPYI' OCHOBHOW OCH C YTJIOBOM CKOPOCTBIO

Boauia. Yucno caremuroB 3...6, HO BCTpe-
YaroTCs TEepelayvu ¢ YUCIOM CaTeITUTOB OOJIbIIE IIECTH.

bykBamu, mpuBeIeHHBIMU B 0003HAUYECHUSIX, OOBIYHO 0003HAYAIOTCS SJIEMEHTHI
nepeaayn.

Ocp, BOKpYT KOTOPOM BpalaeTcsi BOJUIIO - OCHOBHAS OCh.

3yOuaTbie Kon€ca, y KOTOPBIX OCH BPAILEHUS COBIAJAIOT C OCHOBHOM OCBIO —
LEHTPAJIbHbIE KOJIECA.

Ocu caTe/UIUTOB 3aKperuieHbl B BOJAWIIC W BpalaroTcs BMecte ¢ HUM. [lpu
ATOM CaTEJUTUThI 00OKATHIBAIOTCS MO IEHTPAJIBHBIM KOJIECaM.

Hucno cTyneHeu IUIaHEeTapHOW IIepeladyd PaBHO YHCIY CTYIIEHEH PSA0BOM
Iepe1au, MOJYYEHHOU U3 IUIAHETAPHOU IPU YCIOBHOM OCTAHOBKE BOJWJIA.

3BEHbs Mepeaur, OCH KOTOPBIX COBNAJAIOT C  OCHOBHOM OCBhIO M OHU BOC-
MPUHAMAIOT BHEIIHWUE HArpy3Kd — OCHOBHbIC 3B€HbA. OCHOBHBIE 3BEHBbS MOTYT
OBITH MTOJABMXHBIMU U HETIOABUKHBIMH.

[InanerapHas nepenada, y KOTOpPOW IMOJBHKHBI BCE TPU OCHOBHBIE 3BEHA —
muddepennman (puc.6.2). C ero moMOIIpI0 MOXKHO CIOXKHUTH JBA JBWKEHUS, €CIIN

Puc.6.1. IInanerapnas nepenayva.

o MO/aTh BHEIIHWE KPYTSIINE MOMEHTHI Ha COJI-
f”/—
HEYHOE KOJIeCco d W, HalpuMep, Ha KOPOHYATOE
H .
. — o b, TOTJIa CyMMapHBIH MOMEHT CHHMAETCS C BO-
z 2z J | Z ZL | muna H. Moxno Pa3I0XUTh OJIHO JBUKCHHUE
o N 7z Ha JBa: HaIpuMep, MOMEHT IMOJAETcs Ha COJI-
a HEYHOE KoJiecOo A, BEJIOMBIMH OKAa3bIBAIOTCS
b
— KOPOHYATOE b u Boauno H. Takyro nepemaay
o - MO>KHO UCITOJIb30BaTh KaK KOPOOKY CKOPOCTEH,
€CIM TOPMO3UTH JJI1  HU3MEHEHHUSI CKOPOCTHU
Puc.6.2. Jlndbdepenmuan. p . p

COTBETCTBYIOIIIEE 3BEHO.
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[lnanerapHbIM MeXaHM3MaM MPHUCBAUBAIOT O00O03HAYEHHUS B COOTBETCTBUU C
0003HAUYEHUSAMHU €r0 OCHOBHBIX 3BEHbEB. EciM, HampuMmep, OCHOBHBIMU 3BEHbSIMU
TUIAHETAPHOTO MEXaHW3Ma SBIISIOTCS JIBa IIEHTPAIBHBIX Koseca 2K u Boauino H, To
oH obo3Havaetcst 2K-H. Ecnu B cxeme ruraHeTapHOT0 MeXaHU3Ma OCHOBHBIMU 3Be-
HBSIMU SIBJISTIOTCS TPU IICHTPAIBHBIX KOJieca, TO ero 00o3HavaroT 3K.

Kpome Toro, B kiaccupukanuy IUIAHETAPHBIX NEpeAay MPUHATHL €lE psij
o0o3HaueHuil. Hanpumep, HEKOTOpBIE U3 HUX.
A — mmaHetapHbiii MexaHu3M 2K — H ¢ 0/THOBEHIIOBBIM CATEJUTUTOM H C IICH-

TPAIBHBIMU KOJECAMH C BHEIIHAMH A 1 BHyTpeHHMMH D 3yObsimu (cM. puc. 6.1).

Bo3MmoskHbIEe BapuaHThl 3TUX Tepeay Aglb,AgH ’AgH , TJIe JIBa MHJEKCAa BHU3Y
0003HAYAIOT BeIyIllee U BEAOMOE 3BEHbS COOTBETCTBEHHO, MHACKC BBEPXY - 000-
3HA4YCHUE HEMOABUKHOIO 3BECHA.

B — mutanerapubiii Mmexanu3M 2K — H ¢ IByXBEHIIOBBIM CATEJLUTUTOM H C IICH-

TPAIBHBIMU KOJIECAMH C BHEIIHAME A W BHYTPeHHIMH D 3yObsMHu, caTe/uTHTh! -
guf.

C - HHaHGTapHBIﬁ MexanmsMm 2K — H ¢ ABYXBCHIIOBBIM CAaTCJIJIMTOM M C LICH-

TpAIBHBIMU KOIECAMH ¢ BHYTpeHHUMH D 1 € 3yGbsivu.

E — nnaneTapHblii MEXaHU3M C KOHMYECKMMU 3yO4aThIMU KOJECaMU M OJHO-
BEHIIOBBIM CaTEJUTUTOM.

3K — muraHeTapHBI MEXaHHM3M, OCHOBHBIMH 3BEHBSIMHU KOTOPOTO SIBIISFOTCS
TPH LIEHTPAJIBHBIX KOJIECa.
6.2./[ocmouncmea, Hedocmamku U npUMeHeHue NIaHemapHulx nepeoay.

6.2.1. JlocronHCTBA TJIAHETAPHBIX ITepeaay:

- MaJible TabapuThl U Macca (MOIIHOCTh NEpeaaéTcs M0 HECKOJIBKUM MOTOKaM
10 YHUCIIy CaTEJUINTOB, IOATOMY Harpy3Ka Ha OJIMH OTOK HEOOIbIIas);

- COOCHOCTB BEJIYILIETO U BEAOMOI'O BaJIOB;

- MEHBIIUH IIyM MPU paboTe MEXaHU3Ma, YTO CBSI3aHO C MaJbIMH pa3MepamMu
KOJIEC Y 3aMBbIKAHHEM CUJI B MEXAHU3ME;

- HeOOJIbIIINE HATPY3KHU Ha BaJibl U OTIOPHI;

- BO3MO’KHOCTh MOJy4aTh OOJbUINE MEPEJAaTOYHbIE YMcia HEOONBIIUM YHC-
JIOM 3y0YaThIX KOJEC.

6.2.2. HenocTaTku TuTaHETapHBIX TIepeaay:

- IOBBIIIIEHHbIE TPEOOBAHMS K TOUHOCTH U3TOTOBJICHUS U MOHTAXa;

- pe3koe cHkenue KIIJ[ mpu 6onpmmx nepegaTouyHbIX YUCax.

6.2.3. IIlpumeHeHne IUTaHETApHBIX NIepeaay

- KaK peIyKTOp B CHJIOBBIX Iepeavax u B mpubdopax;

- KaK KOpOoOKY CKOpPOCTEM, IepeaTOYHOe YUCI0 KOTOPO M3MEHSETCS MyTEM
MIOOYEPENHOIO TOPMOXKEHUS Pa3IMYHBIX 3BEHBEB (BOJAMJIA WM OJHOTO W3 LIECH-
TPaJIbHBIX KOJEC);

- kaKk quddepeHiran B TpaHCTIOPTHBIX MaIIMHAX U TpUOOopax.

6.3. Ilepeoamounoe uucno u KII/[ nnanemapmuulx nepedadu.

Br10op cxempl miaHeTapHOM Tiepeiauu MPOU3BOUTCS 10 TpedyeMoMy Tiepe-

narounomy uuciy u KITJI.
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6.3.1. Ilepenarounoe 4ucio.

[lepenaya He TOABKO MepeAacT BpallaloIMi MOMEHT, HO U U3MEHSET YacTOTy
BpalleHUs] BEJOMOM JeTalld B MEPEIATOYHOE YUCIO pa3. [ 0ObIUHBIX 3y0UaThIX
nepeaay nepeIaToyHoe YUCIo MOJACUUTHIBAETCS JOCTATOYHO MTPOCTO

GO N2,
0, N 243

[Tpu onpeneneHny neperaTouHOro Yrcia MIaHEeTAPHBIX Mepeiad UCTIONb3YIOT
METOJI OCTAaHOBKM Bojuja (MeTon Buiunca): mimaHeTapHO#l mepenaye MBICICHHO
COOOIIAETCS TONMOTHUTENLHOE BpPAIIEHHE C YTIIOBOW CKOPOCTHIO BOAMIIA Oy, HO B
MIPOTUBOIOJIOKHOM HarpaBieHud. [Ipu 3TOM BOAMIIO OCTaHABIMBACTCSA, & 3aKpET-
a€HHOE KoJieco ocBoOokmaercs. [lomydaeTcss oOpamEHHbIii MEXaHU3M, TIPEICTaB-
JSOMUKA cO00 OOBIYHYIO HEIUIAaHETAapHYI0 NEepenady ¢ HEMOJBHKHBIMU OCSMU
KOJIEC, B KOTOPOW CaTEJUTMTHI CTAHOBSATCS APa3UTHBIMH IIECTEPHSIMHU.

[Tpu 0003HaYeHNM NEPEIATOYHBIX YMCEN IUIAHETApPHBIX epesiad MpUHsTA Ta-
Kas CUCTEMa 3aIUCH

e

y. osHaqerve bedomozo bewa

Upp—"
. Oooswaqerue bedyuezo sbena

J171st 0OpallleHHOT0 MEeXaHU3Ma MOYKHO 3aIucaTh
D, —O n,—n z
b "H 'b "H “a
DTO paBEHCTBO MpeACTaBIseT co0ol Gopmyny Buinca, mo3BoJIsIFOILYIO CBE-
CTU KMHEMATHKY TUIAaHETApPHOTO MEXaHM3Ma K KMHEMATHKE MPOCThIX MHOTO3BEH-
HBIX MEXaHU3MOB.

B IUIAHCTAPHBIX IICPCAadax OUYCHb BAXXCH 3HAK IMMCPCAATOHYHOI'O 4YHCIIA. HpI/I-
HUMACTCA:

UoosHaqerye oomaHobrerHoz0 36eHa

- U > 0, ecu HampaBneHus BpaIieHns BEAYILErO U BEIOMOTO 3BEHBEB COB-
najaorT;

- U < 0, eciut oHI POTHBOIOTOKHBL.

Yacto 6obloe nmepeaTouHoe YUCIIO MOMy4YatoT, MPUMEHSSI MHOTOCTYTIEHY a-
ThIC TUIaHETapHbIC nepenaun. Mcmonn3ys cxemy 2K-H, mpu mpoekrupoBaHuu Ta-
KHX TIepe/iay, TEePelaTOYHOe YHCIIO PACIPEACIISIIOT MEXKIY CTYIICHIMU TaKUM 00-
pazoMm, 4TOOBI OHO YOBIBAJIO OT CTYNEHU K cTyIeHH Ha 25...30%.

PaccmoTtpum nipuMepst.

lpumep I114.

Oonocmynenuamas  nepedaya ¢  08YMS — YEHMPANbHbIMU  KOJECAMU
(cm.puc.6.1). 'V smoiti nepedauu HeNoOBUINCHO KOPOHUAMOE KOIECO, NOIMOMY

wp=0. T, pebyemcs onpedenums UgH. Ilpumenum memoo Bunnuca (m.e. ocmaro-

sum 6oouno). Toeoa xoponuamoe Koneco oceobooumcs u b6yoem epawamovcs, a
NIaHemapHas nepeoaia npespamumcst 8 00bIKHOBEHHbIL PeOyKMOop ¢ NaApa3UmHoU
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wecmepnetl. [{na 3mo2o pedykmopa MON*CHO 3anucams
ut=u_xu_,

0 ag gb
20e UOH - 006Wee nepedamoyHoe Yucio obpaujenno2o mexanuzma. llockonbky

ge 06pau/;éHHOM MEXAHUIME NAPA3UMHAA WECMEDPHA, MOJNCHO CPA3Y 3ANUCAMb

H—
Ug =Ugp

®,—0 Z
unu u, =2 H=_%=b,

®, 0Oy Zy
YV peanvnoii nnanemapmoii nepeoayu O, = 0, nosmomy

O,—0 @ Z
u, =38 H=—"84+]1=-"b.

Tax kaxk —& = UgH, omcrooa UgH =1- uaHb. Tax ceazanvl medicoy codoli

0
H
nepeoamouHbvle YUCIa NIAHemapHoll nepeoavu u eé oOpawéHHo20 Mexanu3ma.
Y obpawénnoii nepedauu U aHb = —Z—b, nosmomy U gH =1-(— Z—b) =1+ Z—b
Za Za Za
Bosmoorcnocmu makou nepedaqu U ?b =1.5...8(9) npu K11/ n=0.97...0.99.

Lpumep 1115
Tpebyemcs onpedenrums nepedamounoe Yucio 08yXCMyneHuamotl niaHemap-
nou nepedauu 2K — H ¢ nenoosusicnvim yenmpanohvlm Koponuameim koiecom b

ugH (nepedaua muna BgH’ puc.6.3). Illpumensem memoo Bunnuca, ocmanasnusa-

em goouno, m.e. nonazaem WH—=0. O6wee nepedamounoe wucio 06pawénHo20
Mexanuzma

ud=u xu

1 | 0 ag” " fb’
L | ooy _

u

' | ag
= = L F = Og—Oy  Z,
. u. =0~ On _ Zp
fo
smil Op—Oy  Z¢

Puc. 6.3. Ilepeoaua muna BZH

B peanvhoii nepeoaue yenogvle ckopocmu camennusios pagust, m.e. (0 0 = f

, U HENOOBUICHO KOPOHUAMOE KOJIleCO (Db =0. llosmomy

163



H OO _ @ o ZgZy
ab '
0 Z.Z
Omxkyoa Ug =—a =14-9%0
Oy Z,Z
Bosmoacnocmu nepedaqu UgH =7..16,n = 0.99...0.96.

Lpumep 1116.
Onpedenums nepedamounoe wucio nianemaphoil nepedaqu 3K , npu eedywem

Kkonece @, edomom Konece C, 0cmanosientom konece D (puc.6.4).
Ocobennocmu KuHemamuyeckou cxemwvl (cm. puc.6.4):
- UMEmMCcs mpu YeHMPAIbHbIX KOoJlecd.
g a, b, c;
=
5 \ - BOOUJIO0 MOJIbKO NOOOepIIcUusaem camei-
JIUMbL.
Taxum obpazom, HeobOXOOUMO onpeoerunv

|
i
|

PE—5 * = =, nepedamounoe uucio UP
. ]| 7.7, " ac”
n ] H
a Ilpumenum memoo Bunnuca, ocmanoum
b B00U0, COOOWASL BCeM DNeMEeHmam nepeoadu
_‘f OONONHUMENbHYIO Y2TI08YI0 CKOPOCHIb —
| (-0)H ). Obwee nepeoamounoe yucio

Puc.6.4. Ilepeoaua 3K . 0bpawyeHH020 Mexanusma

H_
Uo —uagxugbxungufc,

0, —0 ®,—0 0,—0 ¢ —

U3 npouzeedenus nepsvix 08yx COMHONCUMENEU HAUOEM ®,:
0 =Wy X(Dg—(DH = —Zb omciod Pa~OH = —Zb :
B peanvrom mexanusme ®, = 0, nosmomy o, - o omKyoa
H Za
z
o,=0, %
Z,+Z,

U3 npouzeedenus 6mopwix 08yX COMHOMCUMENEU HALLOEM o :
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Op—Oy  O—0 _ZgZ

Kakx ommeuanoco eovlie, 6 pealbHOM MEXAHUIME (Db — O, Kpome moco, yeio-

—® Z,7
gzﬁ)f. Hosmomy ——H- —c
OO Zp 44

8ble CKopocmu camejliunoes paeHbvl ()

Z,Z
omKyoa COCZ(DH(].—M).
Z4Zc

Yuumuwieas noJly4€HHoe pdaHee 6blpadCeHUue ona U a makKoiee mo, 4mo

H)
) Q) Z +7Z Z. Z
U2C=7a,n0ﬂquw Ugc= a =( a b)x g¢ :
o, ®, Z, (242.—2pZ¢)

Bosmooicnocmu maxkoti nepeoauu U;'CZ 20...500 npul] — 0.90...0.80.

6.3.2. KoadpuimeHT nonae3Horo AeiMCTBUS TIaHETAPHBIX Mepeaay.

[loTepu sHepruM B MJIAHETAPHBIX MEpeaadax MPOUCXOIAT MO TEM K€ MPUYH-
HaM, 4TO M B OOBIYHBIX M€pe/layax, 3TO MOTEPHU HA TPEHHE B 3allCIUICHUH, TOTEPU
Ha TPEHUE B MOALIMIHUKAX M MOTEPU HA pa3OpbI3rMBaHUE U NEPEMEIINBAHUE
cMma3kd (Tak Ha3bplBaeMble rujpasnuueckue norepu). KIIJ[ mnanerapubix nepenad
IPUHATO BBIpaXXaTh yepe3 MoTepu B 0OpaméHHoil nepenaye. [lpu aTom cunraercs,
YTO MOTEPSHHBIE MOILHOCTHU IJIAHETAPHOTO U 0OPaIIEHHOTO MEXaHU3MOB IPUOITH-
3UTEJIHO PaBHBI.

PacuétHbIiM yTéM ¢ HauOOMbIIEH JOCTOBEPHOCTHIO MOTYT OBITh OIPE/CIICHBI
NOTEepHU Ha TpeHHe B 3aueruieHusx. OHU 00yCIIOBIIEHBI, TJIaBHBIM 00pa3oM, CKOJIb-
xeHueM npoduneid. [ns oaHOM maphl 3alleruieHHusl 3TH MOTE€PU  COCTABISIOT
v, = 2.3F(1/ Zq il/zz) WU, TPUOJIMKEHHO, v, ~0.015...0.03.

[ToTepyn MOIIHOCTH B MOJAIIMITHUKAX IUIAHETAPHOM MeEpenadn [/ MeHbIIIE,

YeM B IPOCTOM, TaK KAK MPU CUMMETPUYHOM PACIOJIOKEHNUN CATEILUIUTOB CHUJIBI B
3alENJIEHUN YPABHOBEIINBAKOTCS U HE HATPYXKAKOT BaJIbl U OIOPHI.
['mapaBianyeckne nMorepu B IJIAHETAPHOM Nepenayve \|!r6om>me, TaK Kak IpH

NOTPY’KEHUH CATEJUIMTOB B MACIIIHYIO BaHHY CONPOTUBIIEHUE UX JIBUJKEHUIO 3HA-
YUTEJIBHO BBIIIE, YEM Y MPOCTOMN MEepeaayu.
Pa3nenbHast olieHKa ABYX MOCJIEIHHUX COIMPOTHUBICHUM 3aTpy/IHEHA, MOATOMY

Ha IPaKTHKE MCIOJIB3YIOT 3aBUCUMOCTE Y/ | -HUF ~0.015...0.03.

IIpn npoextupoBannu KII/] mepenaun mpuHUMAETCS MO MMEKOLIMMCS PEKO-
MEHJausIM (3T0 HamboJiee YacTo), TUOO paCCUUTHIBAETCS MO MPUHATOW KMHEMa-
THyecko cxeme. HyHO MOMHUTB, YTO MPHU OYEHb OOJIBILIOM MEPETATOYHOM YHUCIIE
pabora mianeTapHoi nepenauun yxyamaercs u e€ KI1J[ momygaeTcss HU3KuMm.
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6.4. Bvibop uucen 3y6wves.

Br16op uncna 3yObeB KOJIEC CBSI3aH ¢ KUHEMATUYECKUM PacdéToM U OOBIYHO
MPEAIIECTBYET pacuéTy Ha MPOYHOCTb.

MOXHO pPEKOMEH/IOBaTh CIEAYIOIUNA TOPSI0K pabOThl MPU OINPEICTICHUH
yuca 3yObeB Mepeadm.

6.4.1. I[lo TpebyeMoMy mepenaTOYHOMY YHUCIY BBIOpaTh KHUHEMATHUECKYIO
cCXeMy Iepeaayu.

6.4.2. HazHaunTh 9KCIIO caTeUIUTOB (0OBIYHO 3...06).

6.4.3. CocTaBUTh BBIpAKECHHE (WJIA B3ATh W3 TAOJMI]) IJIsi MEPEIATOYHOTO
YyHUCIa BBIOPAaHHOM CXEeMBbI uepes3 unciia 3yObeB KOJEC.

6.4.4. [Ipunsrte Z,. [Ipu oTCyTCTBUM OrpaHUYEHUI JTyUllle UCIIOIb30BATh KO-

néca, Hape3aHHbIE 0€3 CMEIeHUsI HHCTPYMEHTa. B 3TOM citydae mpruHUMATD

z =z . =17...30.
a m

in

6.4.5.1lonbopom no BeIpakeHUto 1.6.4.3 onpenenuth yuciaa 3yObeB OCTalb-
HBIX KOJIEC.

6.4.6. IlpoBepuTh MO YCJIOBHIO COOCHOCTH TOJYyYEHHbIE 3HAYCHUS YHCEIl
3yObeB nepenaun. [lnanerapHbie nepegayr — COOCHBIE Mepelayl U OITOMY YHCIIa
3yObEB JIOJDKHBI OBITH TAKUMHU, YTOOBI OCH IEHTPAIBHBIX KOJEC COBMAJAIU. ITO
OCHOBHOE YCJIOBHE COOCHOCTH. JIJisl Ka)X 0¥l mepenayu 3TO YCIOBHE MMEET CBOM
Bua. Hampumep, mis nepenaun mpumepa I113 (cm. puc.6.1) coBmageHue oceit

BpaliCHUA KOJIEC A U b BO3MOKHO TOJIBKO TOraa, Koraa MCxay 4ucCiiaMu 3Y6I>CB
€ro KOJIEC BBINOJIHSACTCI COOTHOIICHHUE

Z —72 =27 .
b a g

st nepenaun npumepa 1114 (cm.puc.6.3) 3TO COOTHOILIEHUE MPU OAUHAKO-
BOM MOJIyJI€ IMEET BU]T

Za -I-Zg :Zb —Z]c :
Jns mepenaun npumepa I115(cm. puc.6.4) uucna 3yObeB JAOJKHBI COOTBET-
CTBOBATh CUCTEME YPaBHEHUI

Z +27 =12
a g b
Z —71L =7 —1
b g C f
Nmeetcs B BUAY, 4TO MOAYJIM 3y0UaThIX KOJEC OJMHAKOBEI, a KOJIEca Hape3a-
HbI 0€3 CMEIIeHHs] HHCTPYMEHTA.
6.4.7. [IpoBepuTh MO YCIOBHUIO COCEACTBA MOJIYYCHHbIC 3HAUCHUS YK Cell 3yOb-
eB nepegaur. CareuiuThl MJIaHETAPHOW Mepesay pacrnojaratoTcsi, Kak MpaBuio,

0e3 CMEIleHUs BIOJIb OCEH UX BpallEHUs, T.€. B OJHON miockocTu. [Toatomy Mex-
JIy OKPY>KHOCTSIMH BBICTYIIOB COCEIHUX CATEJUTUTOB JOJKEH 00ecreunBaTbes 3a-

30p. g aToro amamerp BepHIMH 3yObEB caTejuiuTa danonmeH OBITh MEHBIIIC

PACCTOSIHUSL MEXKAY OCSIMU LIEHTPOB COCEJHUX CATEIJIUTOB { . MunumansHo JOILy-
CTUMYIO Pa3HOCTh M€Ky HUMU MOKHO IPUHATH paBHOM 0.5m.
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6.4.8. IlpoBeputh Mo yCIOBUIO COOPKHU_MOTYUYECHHBIE 3HAUCHUS YUCEN 3yObeB
nepeaadn. ITo ycjaoBue Tpedyer, yToObl NIl OJHOBEHIIOBBIX CATEIUIMTOB CyMMa
yuces 3yObeB LEHTPAbHBIX KOJIEC OblIa KpaTHOM yucity cateuuToB. [Ipu npume-
HEHUU TIepe/iay C Pa3JBOCHHBIM CATEUIUTOM HY>KHO, YTOOBI YKClia 3yOheB IICH-
TpPaJIbHBIX KOJEC ObUIM KPATHBIMU YHCIY CaTeJTUTOB. [Ipv BBIMOIHEHUH 3THX
YCIIOBUM TIepeayy C MPUHATHIM YUCIOM CaTEJUIMTOB MOXKHO COOpath: 3yObs ca-
TEJUTUTOB BOMIYT B COOTBETCTBYIOIIUE BIIAJIUHBI IEHTPAJIbHBIX KOJIEC.

6.5. Pacuém na npounocmos 3y06be8 KOJEC NIAHEMAPHbIX nepeoa.

Jliist pacuéra Ha MPOYHOCTh MPUMEHSIOTCS TE YK€ 3aBUCUMOCTH, KOTOPHIE ObI-
JI TIOJYYEHBI JJIsI pacdy€TOB MPOCTHIX mepenad. Harpy3ku co CTOPOHBI KaXIO0ro
LHEHTPAJIBHOIO KOJIECA WJIM BOAWJIA BOCIPUHUMAIOTCS OJHOBPEMEHHO HECKOJIBKU-
MU caterutamu. [loaToMy mosydaempie pa3Mephl 3y0UaThiX KOJIEC MIaHETapHOU
Mepe1adyn 3HAYNTEITLHO MEHBIIIE 110 CPABHEHUIO C MPOCTON MepeaayeH.

[Ipu nepenaye MOIIHOCTH MapaJUIEIBHO MO HECKOJBKUM MOTOKaM TpedyeTcs
BBICOKAsi TOYHOCTh M3TOTOBJICHUSI U MOHTaxa koJjiéc. O0ecreynuTh paBHOMEPHYIO
Harpy3Ky Ha J€Talu Mepeaay NpakTH4ecku He yaaércs. [loaTomy He TONbKO y4yu-
THIBAETCS YMCIIO CATEJUIMTOB, HO U BBOJIUTCA KOd(hduimeHT (), 3aBUCAUIUN OT
CXEMBbI Tepeaadn, YUcia CaTeJUIUTOB, CTEIIEHH TOYHOCTH 3yOUYaThIX KOJEC U KOH-
CTPYKTUBHBIX MEPOIPUATHUI, HAPABICHHBIX HAa BHIPABHUBAHHE HATPY3KU MEXKIY

caresutamu. [Ipu mpoeKTUPOBOYHBIX paCUETAX, €CIIM YUCIIO CATEIUIMTOB kc >3

IpY CTETICHU TOYHOCTH Tepenad 5...8 MmoxkHo mpuaumath 2 =1.1...1.3.

Ecnu 3yGuarbie kos€ca M3roToBIEHBI U3 OJIHOTO MaTepualia U MOAYJb Y BCEX
OJIMHAKOBBIM, TO JOCTATOYHO PACCUMTATh HA MPOYHOCTH 3ALICTUNICHUE COJHEYHOTO
Kojieca u caresuuta. [Ipu pasHbIX MaTepuaiaX HYXHO BBITIOJIHUTH Pacdy€T BCeX
nepeaay.

[Ipu pacu€rax mepenad moyiararoT, 4To MepeaaTOYHOE YUCIIO BCEra OTHONIE-
HUE OOJIBIIETO YUCia 3yObeB K MEHbIIIEMY.

PexoMeHntyeTcs 715 TIaHETapHBIX Mepeiad MPUHUMATh

Wpg =b/dy =0.75.

Tak kak 32 0AMH 00OPOT OJTHOBEHIIOBOI'O CATEJUIUTA MPOUCXOAUT HATPYKEHUE
o0erx aKTUBHBIX MTOBEPXHOCTEHN 3y0a, pacuéT BemyT, KaKk IPH JICUCTBUU PEBEPCHB-
HOU HAarpy3KH.

[Tpu mpoekTupoBanuM mepemay Tuma 3K pacdeT BBINOJIHSIOT JJIS BTOPOM
CTYIICHH, U MOJIYYEHHOE 3HAYEHUE MOYJISl IPUHUMAIOT JJIsI BCEX KOJIEC IIepeaauH.
Jlst oGecniedeHust paBHOIPOYHOCTH BCEX 3yOUaThIX KOJEC TIEpeiadyu MPUHUMAIOT

bg /bf =0.3...0.75

B nmnanerapHbIx mepegadax Ha OMOPHI CATEUIUTOB JACHCTBYET IEHTPOOEKHAS
cuna. [Ipu 3HaUNTENBHON YIIIOBOW CKOPOCTH BOJMJIA OHA MOYKET IIPEBBICUTH CUJIBI
B 3arieryieHnu. OHa MPUKJIIAIbIBAETCS B IIEHTPE MACC CaTeJUINTa M PaCIoJIOKEeHa B
IJIOCKOCTH JIEVCTBHS PAIUAIBHBIX COCTaBISIOMIMX HAarpy3ku. [Ipu pacuérax Basios
00s13aTeJIbHO JIOJDKHBI OBITh YUTEHBI paJiialibHble HArpy3Kd Ha BEAYIIEM U BEIO-
MOM BaJIax TMepeayu OT COCTUHUTEIIBHBIX MY(T.

C nmpumepom pacuéra IMIaHeTapHBIX Iepeiady MOXKHO O3HAKOMHUTHLCS B MOCO-
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Ooun sTuX *e aBTOpoB «[lmanerapubie mepemaun. Pacuér m KOHCTpyHpOBaHHEY.
[Tocobue pasmemiero Ha caite [[JIO JAT'TY B 2010 roay, perucTpaiiioOHHbIN HO-
Mep 672.

Konumponwvnwie éonpocel.

1.IInanemapnuvle nepedauu: ycmpoucmeo, npumeHenue, 0OCMOUHCMEd U He-
0ocmamku no CPABHEHUIO C 0OLIYHLIMU Nepedasami.

2. B kakom ciyuae nianemapHyo nepeoady Hazvlearom ougpgepeHyuaibHou?

3. llouemy 0o pacuéma Ha npoOYHOCMb HYHCHO NOO0OpamMb Yucia 3y06es 3)0-
yamulx Konéc?

4. Kakum ycnosusm 00x#CHbL Omeeuams Yucia 3y0ves 3y04amvlx KOJIEC?

5.0cobennocmu pacuémos Ha npouHOCMb 3YOUAMBIX KONEC NIAHEMAPHbLIX
nepeoau.

7. BoJiHOBBIE TIEpeaayM.
7.1. Haznauenue u npunyun pabomot.

[Ipencrapisitor coboi numuHapudeckue nepenaun (Puc.7.1), rae ogHo U3
KOJIEC MMeeT rUOKMil BeHell (2). DTOT ruOKuil BeHel nedopMHUpyeTcs TeHepaTo-
pOM BOJIH crienuajibHoi Hekpyrioi ¢opmbl (h) u BXoauT B 3alleruieHue ¢ ICH-
TpaJbHBIM KOJIECOM (J/C) B IByX 30HAX.

Kecmuoe Koreco-mc

Tubroe xoneco-2

Tenepamop eorn-h

Puc.7.1. BonHoBas 3yOuaras nepemaya.

Wnest BOTHOBBIX Mepead 3aKIF04aeTcsl B HAIMYUU HECKOJIBKUX Tap 3aIler-
JICHUS1, KOTOPBIE €NIE ¥ MePEeMEeIIAl0TCs TI0 OKPYKHOCTH, 33 CUET YETO JOCTUTACTCS
orpomHoe tiepeaarouHoe otHotmreHue (00praHO0 U60-300, n3BeCTHBI KOHCTPYKITUU
¢ U>1000). U ato B ognoit crynienu! IlpunHiun paboTel BOJTHOBOM mepenadyn aHa-
JoruyeH padoTe TIaHeTapHOM Tepeaun ¢ BHYTPEHHUM 3alleTUICHHEM U JIeOpMHU-
pyeMbim catemuToM (Puc.7.2).Takas mepemaya Oblia 3amaTeHTOBaHA aMEpHKaH-
CKUM HWHXeHepoM Maccepom B 1959 r. BomHOBBIE Nepegayn MMEIOT MEHBIIHEC
Maccy W TabapuThl, OOJBINYI0 KHHEMATHYECKYI) TOYHOCTh, MEHBIINN MEPTBBIN
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XO/l, BEICOKYIO BHOPOMPOYHOCTH 3a CUYET AeMmpupoBaHus (pacCessHUsl YHEPTUN)
KoJIeOaHUM, CO3/1at0T MEHbBIINHN IIyM. [Ipy HE0OXOAMMOCTH Takue mepeaadu Mmo3-
BOJISIIOT Te€pe/laBaTh JIBMOKEHHE B TEPMETHYHOE IPOCTPAHCTBO 0€3 NMPUMEHEHUS
VIUIOTHSIOIIUX CAJIbHUKOB, YTO OCOOEHHO IIEHHO JJIsI aBHAITMOHHON, KOCMUYECKOM
Y TIOJIBOJHOM TEXHHUKH, a TAK)Ke JIJII MAIlIMH XUMUYECKOU MPOMBIIIICHHOCTH.
CymecTByeT 00JIBIIIOE KOTUYECTBO KOHCTPYKIIMI BOJTHOBBIX MEXaHU3MOB.

OOBIYHO ATH MEXaHHM3MBI MIPEOOPa3yIOT BXOJHOE BpallaTeIbHOE IBUKCHHUE B BbI-
XOJIHO€ BpAIlaTEeJIbHOE WJIM MOCTynaTeabHOe. BOTHOBBIE MEXaHM3MBI MOXKHO pac-
CMaTpHUBaTh KaK OJIHY U3 Pa3HOBUIHOCTECH MHOTOIIOTOYHBIX IUIAHETAPHBIX MeXa-

HU3MOB, TaK KaKk OHM 00JIaJJal0T MHOTO30HHBIM, a B CiIyyae 3y04aToro me-
XaHU3Ma, U MHOTOITAPHBIM KOHTAKTOM BBIXOJHOTO 3B€HA C THOKUM KoJiecoM. MHO-
TO30HHBIA KOHTAaKT OOecrmednBaeTcs 3a cueT (HOpMBI TeHepaTopa BOJH (KyJIadyoK
qaiie ¢ AByMsI, PEAKO C TPEMs BBICTYIIaMH ), MHOTOIIAPHBIH - 32 CUET TIOJATINBO-
CTH 3y0uaToro BeHIIa TMOKOTO KoJyieca. Takoe coueTaHHe IO3BOJISIET BOJIHOBBHIM
MEXaHM3MaM IiepeaaBaTh 3HAUUTENIbHBIC HArpy3KW MPH MajbIX radapurax 3yoda-
TOro BeHIla ru0koro kosieca. [logaTauBOCTh 3y0UaTOTrO BEHIIA 0OCCIIEYUBACT J0-
CTaTOYHO PABHOMEPHOE pacIpejeicHue Harpy3Kd IO 3yObsSM, HaXOISAIIUMCS B
30HE 3areruieHus. [Ipu HoMUHAIBHBIX HArpy3Kax MPOILEHT 3yObeB HAXOIAIINXCS B
3alleTJICHUN cocTaBisieT 15-25% ot o0miero ux 4yucia.

Puc.7.2. Ilpuniun paboTsl BOJHOBOM NIepeaaydH.

[TosToMy B BOJTHOBBIX Iepeladyax MPUMEHSAETCS MEIKOMOYJIbHOE 3allerie-
HUE, a ynciia 3yOobeB Koiiec yiexkar B npezenax oT 100 mo 600. 3ona 3anemyieHus B
BOJTHOBOW 3yO4YaToW Tepenaye COBMAAAeT ¢ BEpIIMHOW BONHBI Aedopmanmu. 1o
YUCITy 30H WM BOJH NEpPEeAauu IENATCS Ha OJHOBOJIHOBBIC, BYXBOJIHOBBIE U TaK
nanee. Ilepenaun ¢ yucioM BoJiH OoJiee Tpex NMpUMEHSIOTCA penako. Pacnpenene-
HUE TIEPEaBAEMbIX YCHUIIMM MO HECKOJIBKUM 30HAM YMEHBIIAET HATPY3Ky Ha dJie-
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MCHTHI ITap U MO3BOJBICT CYIICCTBCHHO YMCHLIIATDH Fa6apI/ITHBIC pPasMEpPbI U MacCCy
MEXaHU3MOB. MHOT'030HHBIM M MHOFOHapHBIﬁ KOHTAaKT 3BCHLCB CYHICCTBCHHO
YBCIMYNBACT KCCTKOCTh MCXAdHHM3Ma, a4 3a CUCT OCPCAHCHUA omuOoOK " 3a30poOB,
YMCHbIIACT MCpTBBIfI X0O U KHHCMATUYCCKYIO IIOIPCIHIHOCTD MCXAaHU3MaA. HOBTOMY
BOJIHOBBIC MCXaHU3MBbI O6JI&,ZI8,I-OT BBICOKOM KMHEMATH4YE€CKOM TOUYHOCTBIO.

7. 2. JlocTOMHCTBA ¥ HEJOCTATKHM BOJHOBBIX IIepeaad.

JlocTonHCTBA:
1.B03MOKHOCTB peann3alivii B OJTHOM CTYIICHH MPU JIByXBOJHOBOM I'€eHEpaTope
BOJIH OOJIBIIIUX TIePEaTOYHBIX OTHOIICHHH B Auamnas3one ot 40 mo 300.
2.BbIcokast Harpy304Hast CIIOCOOHOCTb MPH OTHOCUTENILHO MaJIbIX TabapuTax U Macce.
3.Mautblii MEpTBBIA X0/ M BBICOKass KHHEMAaTHYECKasi TOUHOCTb.
4. B03MOXKHOCTb Mepe/iaun JBHKCHUS Yepe3 TePMETHUHYIO ITEPEropOIKY.
5.Mautplii, TPpUBEJICHHBIA K BXOJIHOMY Bajly MOMEHT MHEPIIUU (IJIsI MEXaHU3MOB C
JIMCKOBBIMU T€HEPATOPAMH BOJIH).
HenocraTku:
1.Menbliass TpuUBEIEHHAs K BBIXOJHOMY Bajly KpPYTWUJIbHAs >KE€CTKOCTb.
2.Cnoxnas TEXHOJIOTHS M3TrOTOBJICHUS THOKHUX 3y04aThIX KoJIecC.
3.HeBO3MOKHOCTh TOJYyYEHUS] HU3KUX 3HAYCHUW TMEpeaTOUYHBIX 4Yucen (s
CTAJIbHBIX THOKHMX KOJEC Umin~ 80, IS mI1acTMacCOBBIX —Unin? 20).
4. HeoO6X0MMMOCTb CHEIMATLHOTO HHCTPYMEHTA M OCHACTKH JIJIsl U3TOTOBJICHUS THOKO-
IO KOJIeCa, YTO 3aTPyIHAET UHANBUIYAIBHOE POU3BOICTBO U PEMOHT Mepeaay.

5.0THOCUTENBHO HU3KHUI CPOK CIIY>KOBI (CPOK CITy:KObI CTaHJAPTHBIX BOJHOBBIX
PEAYKTOPOB COCTABISET OKOJIO 10* qacos — yyTh OOJIbIIIE TO/1a HEMPEPHIBHOU pa-
00THI).

7. 3. Cmpyxmypa 80110801 3y0uamoil nepeoayu.

CtpykTypHas cxema MeXaHUu3Ma C OCTAaHOBJICHHBIM KECTKHM KOJIECOM TP THO-
KOM COEJIMHEHUH 3y0a C BaJloM THOKOI0 KOJieca MOKET OBbITh MPECTaBIICHA Clie-
JTYIOIIEM 00pa3oM.

Puc. 7.3.BonHoBas 3yOuaras nepegayda ¢ ynpyro My¢roii - crakanom (JIeBbrit
puc.). BorHoBas 3yOuarasi mepenayda ¢ BojiHOBoM 3y0uaToit mydroi (ITpaBbrit

puc.).
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1. 4. Knaccughuxkayus munogolx cmpykKmypHwIX cXem 80JIHO80U 3y0Uamot
nepeoayu.

B Tabnuue 7.1 npuBeneHsl HanbOoiee paclpoCTpaHEHHbBIE CTPYKTYPHBIE CXe-
MBI TUIIOBBIX BOJHOBBIX 3y0UaThIX MEpeiay, a TAaKkKe TUana3oHbl PEKOMEHyEeMbIX
IepeJaTOYHbIX OTHOLIEHUN U OpUueHTUpOBOUYHbIE 3HaYeHus K11/l npu stux nepe-
JATOYHBIX OTHOIICHUSIX. OCHOBHOE OTJIMYME OJTHOM CXEMBI OT IPYTOU 3aKIIrova-
eTCsl B KOHCTPYKIIMH MY(ThI COCIMHSIONIEH THOKUI 3yO0UuaThlii BEHEI[ C KOPITyCOM
WIN C BBIXOJHBIM TUXOXOJIHBIM BaJioM. B Tabnuiie moka3zaHsl TOJIBKO TpU HaubO-
Jiee pacIpOCTPaHCHHBIX PA3HOBHIHOCTH: THOKas 00004uKka B popme cTakana, Tuo-
Kas TpyOa co IIJTMIEBBIM COEIMHEHUEM U BOJIHOBas 3youaras Mmydra. Ecnu B ne-
penaye ¢ rTuOKUM KOJIECOM - KOJIBLIOM (B TPEThEN U3 pacCMaTPUBAEMBIX CXEM),
BTOPOE BOJHOBOE 3allCIVICHHE BBIMOJIHUTH KaK BOJHOBYIO 3y0Uaryro nepeaady, TO
NOJIyYUM JABYXCTYIIEHYATYIO BOJIHOBYIO 3yOUaTylo repeaayvy.

1.5. Pacuem ceomempuu 60JIHOB020 3y6qam020 3ayuenjlierHusl.

B pacuere reomeTpuu BOJIHOBOIO 3allCTUICHUSA CYLIECTBYET JIBA OCHOBHBIX
noaxoja. B mepBoM meToze uccienyercs OTHOCUTEIBHOE IBUKEHUE 3yObEB U, Ha
OCHOBE 3TOT0, pa3padaThIBAIOTCS PEKOMEHAAIMU IO BBIOOPY I€OMETPUUYECKUX Ta-
paMeTpoB 3aleruieHrus. BTopoil METOI OCHOBAaH HA HMCIOJb30BAHWU PACUETHOIO
BHYTPEHHETO 3aIIEIJICHUS] KECTKOrO0 KOJIECAa C YCJIOBHBIM PACUETHBIM KOJIECOM.
DTO KOJeco BIHUCHIBACTCS B Ae(hOPMUPOBAHHOE TMOKOE KOJECO Ha Y4acTKE BO3-
MOKHOTO 3aneruieHud. [IpenmymecTBoM nmepBoro METoJa MOKHO CYUTATh OTHO-
CUTEJBbHYI0 YHUBEPCAITBHOCTH, KOTOpPAsk MO3BOJIIET B PacUE€Te I'€OMETPUU YUUThI-
BaTh JieopMaIiii Kak THOKOT0, TaK M KECTKOTO KoJjieca o1 Harpy3Koil.

Onnako pa3paboraTth peKOMEHAAIMU AaXKe JJIT HEOOJBIIIOro KOJIMYECTBAa KOH-
crpykuuii B3I 3arpyanurensHo. BTopoit MeTo 1 mo3BOJISIET UCIIOIB30BATh JIJI pac-
yera T€OMETPUM CTAaHJAPTHBIM pAacyeT BHYTPEHHETO 3BOJIbBEHTHOTO 3alCTUICHUS
JUIs TIApbl KOJEC Zy M Zy,.

Uucno 3yObeB YCIOBHOTO KOJIeCa PAaCCUMTHIBACTCS MO CIEAyIONe gopmyre:

2= 1,/ (1=*kbxm,)

I (H my= Wo / r,- OTHOCcUTeNnbHas aedopmMaius THuOKOTro KoJjeca.
kb- xoaddunment, onpenenseMsrii yriioMm AeQOpPMHPOBAHUS KPH-
BOl THOKOro Kojeca. b - yrimoBas koopauHaTa y4acTKa HMOCTOSSHHOW KPHUBH3HBI
neopMHUpOBaHHOM KPUBOM THOKOI0 KoJIeca.
7.6. Pacuem 601108bIX 3yOUamulx nepeoat.

['mOxue konéca CHIOBBIX PEIYKTOPOB M3TOTABIMBAIOT U3 JICTUPOBAHHBIX BHI-
cokonpounbix cranieid 30XT'CA; 30XT'CH2A; 40XHMA; 50C2 u HEKOTOpBIX ApPY-
rux ¢ TepmoodpadoTkoit 10 38...45 HRC u mocnenytomieit num@oBKoit quamerpa,
MOCAJI0YHOTO Ha TOJIIUIMTHUK TeHepaTopa BOJIH. /[ M3rOTOBIEHUS OCTaIbHBIX
JeTane MPUMEHSIOTCS TE K€ MaTepUajIbl, YTO U JJIS PAIOBBIX 3yOUaThIX IMepead.
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Tadmuma 7.1

No Cmpyxkmypnas cxema B3I1 Upeo h
1. .z > 50..300 1 0.95..0.8
Un "= -2/ (24~ Z,
i\n b & ( )
S LSS
1 ml _____________ 1 ?‘?‘?‘?‘I

2. z\pg 50... 300 0.9..0.8
)
Kk uhl)K: 'Zr/ (Zm' Zr)
Pt
[
7720 142y .

2000... 10° 0.2..0.01

E

Un ™ =212/
1 (212~ 2,0Z5)

40... 300 0.85..0.7

l Ecmu z,= 74, TO

P g =l 2 2)

Pacuer BOTHOBBIX 3yOUaThIX mepenad OTIAUYAETCS OT pacdéra OOBIYHBIX 3y0Oua-
THIX TIEpE/Iay TeM, YTO YUUTHhIBAETCs nedopmarius rTiOKoro BeHIa U TeHepaTopa. 3a
KPUTEPHU PabOTOCTIOCOOHOCTH OOBIYHO TMPUHUMAIOT JOIMYCKAEMbIC HAIPSKEHUS
cvsatusa.  OCHOBHOUM MPUYMHOM BBIXOJIa M3 CTPOSI BOJHOBBIX Tepeaad sBISETCS TO-
JIOMKa THOKOTO KoJieca ¥ THOKMX KOJIEI TIOIITUITHUKA TeHepaTopa BOJIH BCIICICTBHUE
YCTAJIOCTHOTO pPa3pylIeHUs OT JEHWCTBHsI 3HAKOIIEPEMEHHBIX W3THOAOIINX HaIps-
xeHuit. [loaTomMy pazMepsl mepeaadn ONnpeaesoT UCXOS U3 Mpe/ieiaa BEIHOCITHBO-
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CTH Ha M3rubd rHOKOTO Kojeca M Hapy>KHOTO KOJIbIa MOANIUITHAKA TeHepaTOpa BOJIH.
[TpoekTHBIM pacu€ToM ompeeNsieTcss BHYTPSHHUN TuaMeTp THOKOTo KoJieca
o dhopmyiie

. 456 -T,
(0]-375-E-wey | U Wy Ve

d

rjae T, — Bpallaromuii MOMEHT Ha Bay TuOkoro koiseca, H-m; [ o]—momycka-
embie HanpspkeHust, MITa (st ctanm 30XIT'CA [o/=150...170 Mlla); E - monynb
YIPYrOCTH Marepuana konmeca (s crameil MoxHo mpuHate E=2,1:10° Mlila)
Wa=b1/d=0,15...0,20 —  xkoddduIMeHT  MUPUHBI ~ 3yOYaTOro  BCHIIA;
Wsq=S1/d=0,012...0,014 — k03 GUIUEHT TOJIIIUHBI 3y0UaTOro BEHIIA.

[Ipn ncnosp30BaHUK KYJIAYKOBOIO T€HEPATOPA BOJIH MOJTYYECHHBIM pacuéToM
TUaMETp OKPYTISETCS J0 OMMmKalIero Hapy>KHOTO JHaMeTpa THOKOTO ITOIINTI-
HuKa. Jlanee ompenemnsitoTcsl OCTajdbHBIE MapaMeTpbl 3y04aToro 3allerlieHUs II0
dbopmyram, aHAIOTMYHBIM ¢ (GOpMyIaMH IIMIMHIPUIECKUX Tepe/iay.

Paccuntannoe rubkoe KoJeco: a) MpOoBEpsIETCs MO HAIMPSKEHUSIM U3ruoda, mu3-
MEHSIOIIMMCS TI0 CHMMETPUYHOMY IIMKIY B Tpolecce AehopMHUpOBaHUS KoJieca
reHepaTopoOM BOJIH; 0) MO HAMPSHKEHUSM PACTSHKEHUS 3y04aToro BeHIla, BOZHUKA-
IOIMM OT JICHCTBHUS Ha KOJIECO TAHTECHIIUATBHBIX CUJI U U3MEHSIOIIUMCS 10 OTHY-
JICBOMY UKy, W TI0 HAMPSOKCHUSIM KPYYEHHUST 3yO0UaToro BEHIIA, BO3HUKAIOIUM
IIpH TIepeaade KPYyTAIMEro MOMEHTa THOKUM KOJIECOM BBIXOJIHOMY Bajly U M3MEHSI-
IOIIAMCS TT0 OTHYJICBOMY ITHUKITY.

P.S. B 3101 r11aBe ObLIM pacCMOTPEHBI OOIIME BOMPOCH! BOJIHOBBIX NIEpeaay.
OnHako Mpu HEOOXOAMMOCTH NPOBEACHHSI MOJPOOHO KMHEMAaTUYECKUX U IMPOU-
HOCTHBIX PacyeTOB HEOOXOJIUMO CaMOCTOSITEIbHO BOCIIOJIB30BAThCS CIIELUATbHON
JUTEPATYPONA WJIM IMPOTPAMMHBIMH MPOAYKTAMH HMEIOIIME B KAPTOTEKE «BOJHO-
BbIE TIEpEIaumy.

Koumprbeze eonpocuol .

1. latime onpedenenue 80110801 3y0uamMOU nepedayu.

2. Aensemcs au B3I paznosuonocmvio nianemapHulx MeXaHu3Mo8 Uiu 3mo 0Co-
Oblll 810 nepeday

3.Pacckasicume o oocmouncmeax u nedocmamkax B3I1.

4.Kaxkoevl ocobennocmu koncmpyxkyuu B3Il ons npeobpazosanus 0sudicenus yepes
2epMemuyHy0 CMmeHKy?

5. Kak onpeoensemcs nepeoamounoe omuouerue B3I ¢ noosusxcnvim cubkum u
JHCecmKuM Koecamu?

8. UepBsiuHbIE Nepeavmu.
8.1. Ilpunyun pabomol u 803MOAHCHOCMU NEPeOaUu.
DT0 nepeaya 3alerieHueM HEeIOCPEACTBEHHOT0 KOHTakTa. COCTOUT U3 IBYX
AJIEMEHTOB: uepBsika 1 u kojeca 2 (puc.8.1).
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Puc.8.1. UepBsiunas nepenada: a) o0 BujI; 0) KWHHEMaTHYeCKas cxeMa.

OOGBIYHO Beaylas JeTalb YepBsK, peke — Kojieco. [IpumeHnsercs Toraa, Ko-
r7la OCH BaJIOB YEPBsIKA U KoJieca CKPEIIMBAIOTCS B MIPOCTPAHCTBE. YTOJ CKPEIIU-
BaHHUS MOKET OBITH JIFOOBIM, HO YaIe Bcero 90°.

3y8 Koneca Bumax vepbaka ITockonbKy OCH BpallleHUs JaeTajnen
Ak nepeay CKPEIMBalOTCs B IPOCTPAHCTBE,
n) VAN | BUTOK YepBsAKa CKOJIB3UT IO 3y0y Koiseca
) | .
\ p | (puc. 8.2) U CKOPOCTb CKONIbKEHHS PaBHA
4
V.
% V=V +VvE =1
| K cosy

] Vew . .
rie Y — yroi nogbémMa BUHTOBOW JINHUH
Puc.8.2. CKopoCTbh CKOJIbKEHUS yepBsika, Vi U V, — OKpYKHBIE CKOPOCTH

B UEpPBAYHOM nepenaye. YyepBsiKa U KoJieca.

[lepenadyy mHOrJa HA3bIBAIOT 3yOUaTO - BUHTOBOM, TaK KAaK YEPBSIK MOMXHO
paccMaTpHuBaTh KaK BUHT, a KOJIECO — Kak yacThb raiiku. [ToaTomy sTa nepenaya 00-
JaaeT BCEMH CBOMCTBAMH BUHTOBOW mapel. C Ipyroi CTOpOHBI, YEPBAYHOE KOJIE-
CO — KOC03y00€ LHUIMHAPUUECKOE KOJIECO U TI0ATOMY UepBAYHas nepeaayda oonaaa-
€T BCEMH CBOMCTBaMU KOCO3Y0OH IUIUHIPUIECKON Mepeayn.

JlocTonHCcTBA epenavm.

- IJTABHOCTH U OECIIYMHOCTh paOOThI;

- BO3MOXKHOCTh peajn3aluy O0JbIINX MepelaTOUYHbIX YHUCEN;

- KOMITAKTHOCTb;

- BO3MOKHOCTb IOJIyYEHHUS] CAMOTOPMO3SLIENCS MapBHI.

Henocratku.

- HU3KHMHU K.I1.11.;

- U3HOC, CKJIOHHOCTb K 3a€JJaHUI0 U OO0JIbIIIOE BBIJCICHHUE TEIJIa B 30HE 3allel-
JICHUS — CIEACTBUE CKOIBKEHUS BUTKA YEpBsIKa 10 3yOy KoJjeca;

- HEOOXOAMMOCTbh NMPUMEHEHHSI AHTU(PPUKIHUOHHBIX MaTEpPHAIOB JUIsl TOTO,
YTOOBI CHU3UTh NOTEPU U YBEJIUYUTH K.I1.11.;
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- BBICOKasi CTOMMOCTh M3TOTOBJICHHUS TIO CPABHEHUIO C 3yOUaThIMU TMEpegava-
MH.
BosmoxkHOCTH Iepeaayn.
-io ckopoctu: 110 10...15m/c;
-11o MotHOCTH: He 6osiee 50 kBT, mpu Gobieli MOITHOCTH PUMEHEHHUE CTa-
HOBHTCS HEBBITOTHBIM;
- K.IL. 1. 3aBUCHT OT 4mnCIIa 3aX0/I0B YePBsAKA U COCTABIISCT:
- 0.7...0.92 g HECaMOTOPMO3SIIMXCS TIEPEAAy;
-0.4...0.6 nns caMOTOPMO3AIIMXCS MEpeiay;
- TI0 TIEPEJTATOYHOMY UYHMCIY: B CHJIOBBIX IMeperayax NnepeaToyHoe YHCIo Ya-
mie Bcero 10...80, B kunematndeckux - 10 300 u 6osee B OAHOM CTYIEHH.
PekoMeHnayercsi npUMEHATh B MPUBOJAX B KaueCTBE OBICTPOXOAHOMN CTYNEHU
U TIpeycMaTpuBaTh 3alIUTy OT meperpeBa. He pekoMenayeTcss mpu JIMTEIbHON
HEIPEPHIBHON padoTe.
8.2. Knaccugurxayus yepesaunuvix nepeoay.
8.2.1. B 3aBucumoctu OoT (pOpMBI YepBsika MOTYT OBITH TEpeaayud C IUJIMH-
JPUYECKUM YEPBSIKOM U riao0ouanbie (puc.8.3).

['moGounHas nepenaya UMEET MOBBILIEHHBIA K.II.J., Oosiee Hai&XHA U JIOJITO-
BEUHa, HeECyIlIas CIOCOOHOCTh
e€¢ B 1.5...4 paza Bbie
nepefayn ¢ IUIMHIPHUYECKAM
YEPBAKOM N3-3a crnoxHocTH
U3TOTOBJICHUSI M MOHTaxa, IMo-
BBIIICHHOTO TEMOJIOBBICICHUS
OHa  HWMEEeT  OrPaHUYEHHOE
IIPUMEHEHHUE. Hcnone3yercs
MpH TSDKENBIX Harpy3Kax B
YCTaHOBUBIITUXCS PEKUMAX
paboTHI.

HawubonsIiee pactipocTpane -
HUE TIOJIYYHIIU TIepeIayu C -
Puc.8.3. Ilepenauun: a) c HMIMHAPHU- JUHIPUYECKUM YEPBIKOM.
YECKUM, 0) C TIIO0OUIHBIM YEPBSIKAMHU.

8.2.2. B 3aBucuMocty OT (OpMbl BUHTOBOM MOBEPXHOCTU LMJIMHIPUUYECKUX
YEepPBIKOB Pa3INvaloT:
AN AN AN
S
i ‘Tﬁ.
A-4A /, — . ‘ . )
N %K% = ‘—“% W = 8-8

Puc.8.4. Pa3HOBUIHOCTH HUIUHIPUIECKUX YEPBIKOB:
a) apXuMeoB; 0) KOHBOJIIOTHBIN; B) 9BOJIbBEHTHBIH.

6)
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ApxumenoBsl 4epBsiku (puc.8.4a) UMEIOT B OCEBOM CEUEHUU TTPSIMOOOUYHYIO
Tpamneiuio, a B TOPLIEBOM ceueHuu — criupaib Apxumena (puc.8.5a). [omyunnu

Puc.8.5. IIpoduib BUTKA TUIHMHIPHUIESCKOTO YePBIKA B TOPIIEBOM CEUCHUU:
a) apxXuMezoB; 0) KOHBOJIOTHBIN; B) 9BOJIbBEHTHBIN.

HauOosblee pacnpocTpaHeHre. OHM NPOCTHI B U3TOTOBJIEHUH, €CJIM HE TpeOyeTcs
nudoBanus. s nuidoBaHUs TaKUX YEPBSIKOB HYXEH NUIMGOBAIBHBIM KPYT,
OUYEPUCHHBIN CIOXKHON KPUBOM B OCEBOM CEYEHMHM. DTO OTPAaHUYMBACT UX MpPUMeE-
HEHUE.

KouBomtoTHbeie uepBsku_(puc.8.40) UMEIOT MPSAMOJMHENHBIA Tpoduib B ce-
YEHUU HOPMAJIbHOM K BUTKY, @ B TOPLIEBOM CE€YEHUH BUTKH OYEPUEHBI yIJIMHEH-
HOM WJIM YKOPOUYEHHOU 3BOJIbBEHTOU (puc. 8.50). I maBHOE MX MPEUMYyIIECTBO 3a-
KJIFOYaeTCd B BO3MOYKHOCTM NUIM(OBAHMS KOHYCHBIMU KpyramMH Ha OOBIYHBIX
pe3poonundoBaibHBIX cTaHKaxX. [Ipu 3TOM moisiydaeTcs HenuHenWuatas OOKOBas
MOBEPXHOCTh, BEChbMa OJIM3Kasi K MOBEPXHOCTH KOHBOJIIOTHOIO 4YepBsika. A TMo-
CKOJIbKY (ppe3bl A Hape3aHUs: Koiéc HUTM(YIOT TOUHO TakKXke, MoJdydaercs mpa-
BWJIbHOE 3arieruieHue. [I[puMeHsroTes B TeX Ciiy4asx, KOT/ia YepBsIK HYKHO TEpMHU-
yecku 00paboTarh, a MOTOM HUTH(OBATH.

DBOJILBEHTHBIE YEPBAKHU_(PHUC.8.4B) UMEIOT MPSMOJIMHEIHBI TTpoduiib B ce-
YEHUH IIJIOCKOCTBIO, KACATEIBHOM K OCHOBHOMY LIMJIMHAPY YEPBSKA, @ B TOPLEBOM
CEUYCHHH BUTKH OYEPUCHBI 3BOJBBEHTOM (puc. 8.5B). Takue 4epBsSKU MOXKHO IILIH-
dboBaTh MIOCKON cTOpoHOM nuUdoBaILHOTrO Kpyra. Llnudyemsie uepBiku ciemy-
€T J1e71aTh ABOJIbBEHTHBIMH.

Hunuuapuyeckrie 4epBIKU MO CTaHAapTy 0003HAYAIOTCS:

- ZA — ApxumMenoB YepBsIK;

- ZN — KOHBOJIFOTHBII YEPBSIK;

- ZJ — >BOJIbBEHTHBIN YEPBSIK.

DKCIuTyaTallMOHHBIEC TTOKA3aTeNM y HUX MPUMEPHO OJIMHAKOBBL. BeIOOp ompe-
JEJSIETCS] TEXHOJIOTMYECKUMHU BO3MOKHOCTSIMU ITPOU3BOJICTBA.

8.2.3. B 3aBUCUMOCTH OT HaAIPaBJICHUS BUHTOBOW JIMHUU MOTYT OBITh TIPaBbIC
( BUHTOBAs JIMHUS CJIEBA BBEPX HAMPABO) U JIEBbIe (BUHTOBAS JIMHUS CIIPaBa BBEPX
HaJIEBO).

8.2.4. B 3aBUCHMOCTH OT 4HUCJIa 3aXOJI0B YepBsKa (YMCIa BUTKOB YEPBSKA)
MOTYT OBITh OJTHO- U MHOTO3axoaHble. CTanmapt pekomenayer Z;=1, 2, 4. B cme-
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IIUAJBHBIX CITy4asX YMCJIO BHUTKOB MOKET OBITH JIOOBIM, HO HE JIOJDKHO TPEBBI-
math Z;=12. HyHO MOMHUTH, YTO JIs Ka)XJOr0 YKClia BUTKOB TpeOyeTcsl CBOM
WHCTpYMEHT. HazHaueHue HeCcTaH/IapTHOrO YHCia 3aX0JI0B TpeOyeT MpUMEHEHUS
HECTaHJapPTHOTO UHCTPYMEHTA.

8.2.5. B 3aBUCMMOCTH OT PacroJIOKEHHs YepBSIKa OTHOCUTEIBHO KOJIeca MO-
I'yT ObITh TIEpPEeauu C BEPXHUM, HUKHUM, OOKOBBIM PACIOJIOKEHUEM YEpBSKa U C
BEPTUKAJILHBIM BaJIOM YEPBAYHOTO KoJseca (puc.8.6).

L]

/

Puc.8.6. HekoToppie KOMITOHOBKH YEpPBSYHBIX IIEpeIay.

0/ b/ 2/
R C L

7

8.2.6. B 3aBuCHMOCTH OT BEIMYMHBI yIiia NOABEMA BUHTOBOM JIMHUM MOTYT
ObITh camMoTOpMO3siecs (Yroi MogbEMa MEHbBIIIE yria TPEHUs) 1 HECAMOTOPMO-
3stiuecs (yroji noabEMa BUHTOBOW JIMHUM OOJIBIIIE yTiIa TPEHUS ) Iepeaayu.

8.3. OcnosHble ceomempuyecKkue u KUHeMamuieckue coOOmHOULeHUs.

B nepenave ¢ mumHApHYECKUM APXUMEIOBBIM YepBIKOM (ZA)

OcCHOBHOM mapaMeTp — MOJYJIb B OCEBOM CEUYEHUHU M - mpuHIMAaeTCs 1O

craHgapry. Bsogurca emé oauH
CTaHJApPTHBIN rapamerp

il
\ I g=—-=6.3...25- uyncio mMoxyiei B

Ms

nuaMmeTpe depBska. Orcrona

d; =gmg.
, ‘ JlenutenbHbId UUIUHADP Jie-
1 jwr BuTOK
10 BBICOTE Ha TOJIOBKY, BBICOTA KO-
TOpOM

=)
o

Puc.8.7. 'eoMeTprueckue napaMeTpbl ha :1ms , 1 HOXKKY, BBICOTA KO-

YepBsIKa. TOpOH h ; :1.2ms. Torga
(puc.8.7): nuameTp BEpIIMH BUTKOB YEpPBSIKa
djy=d; +2h =agm  +2m_ =m,(q+2);
JMaMeTp BMaJHH BUTKOB 4epBAKa dg¢y =dq —2he =m (q—2.4).
VYron (¢ = 20° - yron npodunst Hape3ku YepBsika.

Yron Y — yroa nogbéMa BUHTOBOW JTMHUM HAPE3KU YEPBSKA.
Ecnu pa3BepHyTh BUTOK YEpBsSKa Ha INIOCKOCTH 110 HAYAIIbHOMY JUAMETPY,
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no/I00HO TOMY, KaK 3TO J€Najoch ISl Pe3bObl, TO MOIYyYUM MPSIMOYTOIbHBIN Tpe-
yroneHUK (puc.8.8) ¢ kaTetamu, paBHBIMH OCeBOMY miary P W [jiiHE OKpYy»)HO-

CTH JCIUTEIIBHOTO ITUINHIpPA YepBsIKa ﬂdl. Ocesoii mar P = ZlmSTC. [TosTomy

Q| Mgy= :
- nd;  mm.q g
rae Zq - 9UCIIo 3aX040B
g, gepBsaka. O0buHO Y = 2.5...28°
B 3aBHUCHMOCTH OT YHCJIa 3aX0
Puc.8.8.Pa3BépTKa BUTKA YEepPBSIKA. JIOB M YHCJIa MOJIyJIEH B Iha-

METpE YepBAKa.
bl_ JUIMHA HAape3aHHOW 4acTH yepBska. [[puHuMaeTcs B 3aBUCHMOCTH OT Be-

JIMYMHBI CMELCHUSI MHCTPYMEHTA NpU Hape3ke. [Ipu HyneBoM cmenennu
b1 =11+ 0.0622)ms,
b1 =125+ 0.0922)mS , €CIn 2y = 4.

ecmu zy =1 Wim 2,

31ech Z2 - YHUCJIO 3yObeB UepBIYHOTO Kojeca. OO0baHO 28 < z, <120.

JlenuTenbHbIA THaMETpP KoJieca
(puc.8.9)
d,=mz,.

JnaMeTp BEpIIMH KOJIeca B CpEAHEM
I ceuenun

d,=d,+2h,.
I JnameTp BnaguH Kojieca B CpeIHEM
CEUEHUHU

- d,=d,~2h
S HauGonpmuii tuamerp xoseca

6mS

zl+2

domz

SN S, davo <dgp +

[[InpuHa BeHIIa KoJieca MPUHUMASTCS
Puc. 8.9. I'eomeTpudeckue nmapamerpsl b 5=0.75d_, mpu Z2:<3;

YCpBsAYHOI'O KoJieca .
b, =067d, mnpu Z3= 4,
b
d al —O.5mS

20- yroi oxBaTa uepBsKa UePBIUHBIM KojecoM, Sind =

OO0b1uHO 20 =~ 100...110°.
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d1+d2
2

© N 2o
HGpCI[&TO‘IHOC yucio U=—=—=—

2 N2 74
K.II. . yepBsiuHOM TIepeiaun, Mo aHAJIOTHU C BUHTOBOM MApOU,
_ togy
n=———
tg(y +p')
31eCh p' - TaK e KaK B pe3b0e, MPUBEACHHBIN Yo TPEHHUS.

m
MesxoceBoe pacCTOsSHUE a = = 23 (q+2z,)-

JUIst 4epBSYHBIX Mepeaad peKOMEHAYIOTCS COOTHOIICHHSI MEXIYy YUCIOM 3a-
XOJIOB YEPBSKA, IEPEAATOYHBIM YACIOM M K.II.J. YEPBAYHOU MMaphl, IPUBEICHHBIE B
Tabnure 8.1.

Tabnuua 8.1.
Yuciio 3ax0/10B YEPBSKA, K.I1.J. YEPBAYHOM Napbl, NEPEIaTOYHOE YHCIIO
YEPBAYHOU MEpeIaun

Z, 1 2 4
n | 0.7...0.75 1 0.75...0.82 | 0.83...0.92
u >30 15...30 8...14

8.4. Cmenenu mounocmu 4epeauHbvlx nepeoay.

Bcero miist yepBsSiUHBIX Mepenad CTaHIAPTOM YCTAHOBJICHBI ABEHAJLATh CTE-
neHe TouHocTtu. IlokazaTenu U HOPMBI TOYHOCTH UYEPBSIYHBIX ITUIUHIPUICCKUX
nepesiad OCHOBaHbI Ha T€X K€ MPUHIIUIIAX, YTO U JJIsSI 3yOUaThIx nepeaad.

Crenenn 3.,4,5 pekOMEHIYIOT AJiA Mepeaad, OT KOTOPbIX TPeOyeTcsi BHICOKAs
KMHEMaTU4YeCKasi TOYHOCTh, cTeneHu 6,7,8 u 9 npeanararoTes JIjisl CUIOBBIX Tepe-
nad. B TpaHcMuCCUSIX OOBIYHO MPUMEHSIOT:

- 7 CTENEHb: €CIIU CKOPOCTh CKOJIbXKEHUS V. < 10M/CeK; YepBsIK B ATOM CIIy-
yae 3akanén a0 tBépaoctu HRC 48...54, mmdoBaH U NOIUPOBaH; KOJIECO Hape-
3aeTcsi NUTM(GOBAHHBIMU YEpPBSIUHBIMU (hpe3aMu; OoOKaTKa mepeaadyd MoJ| Harpys-
KOM;

- 8 CTeIeHb: €CIM CKOPOCTh CKOJNBXKEHUS V< 5SM/CEK; BO3MOKHO MPUMEHE-
Hue dyepBsika ¢ HB < 350 6e3 mumndoBkm; Koeco Hape3aeTcsl NUM¢pOoBaHHON Yep-
BSYHOU (pe30il WIN «IETYIKON»; 00KaTKa peKOMEHIYeTCs MO/ Harpy3KOW;

- O cTeneHk: eciii CKOPOCTh CKOJIbKEHUS Vo < 2M/ceK; TBEPIOCTh padbouei
noBepxHocTH BUTKa yepBsika HB < 350, uepBsk He nuudyercs; kojieco Hape3aeT-
st MI0OBIM CIIOCOOOM; MCIOJIb30BaHHUE 9 CTENeHH TOYHOCTHU JJIs Mepeiad peyKTo-
POB 3ampeniaeTcs.

B 4epBsauHBIX Tlepegayax BIUSHHE OCEBOI'O CMEIECHUs KoJjieca U MU3MEHEHUS
MEXOCEBOI0 PaCCTOSIHUS BECbMa CYILIECTBEHHO, MOATOMY YCTaHABIUBAIOTCS OoJiee
CTpOTrue, 4eM B 3y04aThIX Iepeaadax JOMYCKH Ha MEXKOCEBOE PacCTOSHUE U T0-
JI0’)KEHUE CpeAHEN IJIOCKOCTU KoJieca OTHOCUTENIbHO 4epBsika. B KOHCTpyKUIMH
OOBIYHO TPEYyCMATPUBAETCS BO3ZMOXKHOCTh PETYIMPOBKHU CPEIHEN TIOCKOCTH KO-
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jJeca OTHOCUTENbHO uepBska. [lpm
MOHTaX€ 3TO TOJIOXKEHHE 00s13a-
TEJIbHO MPOBEPSETCS IO MATHY KOH-
TaKTa.
8.5. Cunvl, Oelicmsyrowue 6 3ayen-
JIeHUU.

B 4epBsiuHOM mnepenade BUTOK
YyepBsiKa CKOJIB3UT 10 3yOy KoJjeca
IIPU TOM JIaBUT HA HETO, 3aCTaBJISIS
KOJIECO BpAIaThCs. Y CUIIME YepBs-
Ka, TaK)Ke KaK U B KOCO3YOBIX 3yO-
YaThIX Mepeayax, BOCIPUHUMACTCS
HE OJHMM 3yOOM Kojeca, a He-
CKOJIbKUMH.

Jns ynpoieHus pacué€ra cuily B3a-
MMO/JICHCTBUS YEPBAKA U KOJieca
paccMaTpUBalOT KaKk COCPENOTO-
YEHHYIO U NMPUII0KEHHYIO B MOJIOCE
3aleIJICHUs 10 HOPMaJIN K KOHTaK-

Puc.8.10. Cocrasisomue CUIIbI TUPYIOIIUM IIOBEPXHOCTSM.
B3aMMOJICUCTBUS BUTKA YEPBSKA E€ packiaasIBalOT Ha TPH OPTO-
1 3y0a KoJeca. roHaJibHbIe cocTaBisue(puc.8.10):
- OKPY)KHOE YCHJIUE Ha YEPBIKE
F,= & =-F YHCJICHHO ;
t %25 paBHOE OCEBOMY YCHIIUIO Ha KOJIECE;
1
2T2
- OKPY)KHOE yCHJIUE Ha KOJece Ft2 = 9. = _Fxl’ YHCJICHHO PaBHOE OCEBOMY
2

YCHUJINIO Ha YEPBSKE;
- paaualIbHOE YCUJIME Ha YEPBIKE Frl = —Fr2 = Ft otgaL, YMCIEHHO PABHOE pajiu-

aTbHOMY YCHJIMIO Ha KOJIECE.
Yceunue Ftcherz[a HalpaBJICHO MPOTHUB  BPALICHUS YEPBSAKA, YCUIIHAEC th- 1o

BpalllCHUIO KOJIECa, YCUIINA Frl n FI'Z - 110 paanycaM 4YCPBAKA U KOJICCA K ICH-

TpaM ):[eTaneﬁ, OCCBBIC YCHUIIUA Fxll/I FX2 BCCTa HAIIPABJICHBI IIaPaJICIIbHO OCAM

BpAaIllEHUs] COOTBETCTBYIOIIMX JIeTaJICH.
8.6. Kpumepuu pabomocnocooHocmu 4epssayHoll nepeoatiu.

Butok dYepBsika CKOMB3UT MO 3yO0y KoJieca M MPU ATOM JIAaBUT Ha HETO.
Harpy3ka Ha 3y0 uMeeT nepeMeHHBIM xapakTep. Y mepeaad, U3rOTOBJIECHHBIX W3
CTOM-

KOT'O TIPOTUB 3ae/laHus MaTepHalia, BO3MOXKHO YCTaJOCTHOE BBIKpAIIMBaHUE pado-
YuX MOBEpXHOCTEH 3y0a. Tak Kak BUTOK CKOJIb3UT, TO BCJICJICTBUE TPEHHSI MIPOUC-
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XOJIUT WU3HOC 3yOheB Kojieca. Ecii OrpaHWYUThH JaBJICHHE HA PabOUYyr0 TIOBEPX-
HOCTb 3y0a, TO OrpaHUYUM HU3HOC.

Tak kak MPOMCXOAUT yTOHEHHUE 3yOa BCIEJCTBUE M3HOCA, MPU MEPEMEHHOM
Harpy>KeHUU BO3MOKHA YCTaJIOCTHAs MOJIOMKa 3y0a.

[Ipu MrHOBEHHBIX TEperpy3Kax BO3MOMHBI KOHTAKTHbIE MOBPEXKICHUS U TO-
JIOMKa BCJIEAICTBUE U3rHoa.

BcnenctBue TpeHusi BUTKa 4epBsika M0 3yOy KoJieca BBIACNSIETCS 3HaYUTEb-
HOE KOJMYeCTBO Teria. [103ToMy BO3HHKAET HEOOXOAMMOCTh IPUMEHECHUS TIPUHY-
JUTEIILHOTO OXJIAKICHUS TIepeayn.

BcenenctBue ocoOeHHOCTENH KOHCTPYKIUM PACCTOSTHUE MEXAY OMOpaMu Bajia
YepBsKa MOJYyYaeTCsl BEChMa 3HAUUTENIbHBIM. 3HAYUT HEOOXOAUMO OrpPaHUYMBATH
BEITMYMHY NMPOTHUOA ATOTO Baja Mol JSHCTBUEM HArpy30K, BOZHUKAIOIINX BO BpEeMsI
paboTHI epeayn.

Takum 00pazoM, NpHU MPOCKTUPOBAHHM YEPBIYHONU TEpenadyd HEoOXOIUMO
OIICHUTH €€ PabOTOCIIOCOOHOCTH:

- 110 KOHTAKTHON U U3rMOHON BBIHOCIIUBOCTH;

- 0 KOHTAKTHOM M M3rHOHOW MPOYHOCTU TMPH JACHCTBUU MTHOBEHHBIX IEpe-
IPY30K;

- 110 BEJIMYMHE NMPpoTruda Baja yepBsKa.

Kpome sToro, Ha ocHOBaHMHU pacyéTa Ha HarpeB, MPUHATH PEIICHUE O HEOO-
XOJUMOCTH MPUHYAUTEIHBHOTO OXJIAXKICHUS.

Pacuétsl BBIMONHSIOTCS JJ1s1 BCeX mepenad. ToJdbKo ISl OYEHb TUXOXOIHBIX
nepeady ¢ pydHbIM MPUBOJOM MOXKHO HE BBINOJHATH PACUEThl Ha KOHTAKTHYIO
BBIHOCJIUBOCTH U MPOYHOCT.

8.7. Mamepuanvel yepssaunou napol.

8.7.1.YepBsiku M3rOTOBISIOT W3 CPEIHEYTJIEPONUCTHIX WU JIETUPOBAHHBIX
craneit mapok 40,45,50,40X,40XH ¢ nmoBepXHOCTHOM MK OOBEMHOM 3aKaIKOM 10
TBEpIOCTH padoueit moBepxHocTu BUTKa 45...55HRC. Ueppsku n3 craneit 20X,
12XH3A, I8XI'T, 20XH3A ueMeHTUpPYIOT M 3aKaJuBalOT N0 TBEPAOCTU
56...63HRC. V¥ Bcex TepM0o0OpabOTaHHBIX YEPBSKOB NMUIU(PYIOT U MHOT/IA TOJIH-
pYIOT paboyue MOBEPXHOCTU BUTKOB. JIJIsl OTKPBITHIX Mepeaad WK nepenayd HeBbI-
COKOM MOIIIHOCTH MPUMEHSIOT HeNUIM(OBAHHBIC YEPBSIKU U3 CTajeil Tuma 45 c
TBEPOCTHIO paboueit moBepxHocT HB < 350.

8.7.2.YepBsiunple Koyéca Yallle BCETO COCTaBHbIE — OaHIaXMPOBAHHBIE, CO-
cTosT U3 BeHna 1 u nentpa 2 (puc.8.11).

Benen uzrotopnsieTcs u3 aHTUQPUKIIMOHHOTO MaTepuasia, IEHTp - U3 Uy-
I'yHa WY JELIEBOM CTaJIU.

banpaxupoBaHHass KOHCTPYKIIUSI TIPOCTa B M3TOTOBJICHHH. [IpumeHsercs
JUIS1 KOJIEC HEOONBIIMX AUAMETPOB B Mepe/ladyax He HAMPSHKEHHBIX B TEINIOBOM OT-
HOlIeHUU. BeHel ¢ HEHTpOM COeANHSIIOTCS 110 TOCAJKE C HATSTOM, HallpH-
Mep H7/u7.]Jlns npemoTBpaliieHrs CMEISHUS BEHIIa OTHOCUTEILHO IICHTpa KoJjeca
MEXIy CTHIKYEMBIMH 3JIEMEHTAMU BBEPTHIBAIOTCSI BUHTHI (TY>KOHBI) WA CTaBATCS
KPYTJIBbIE MTTOHKH.
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/
\ WNuornma Bewer BoIONHSIETCS ¢ (iaH-
2 IIEM U COCAMHSETCS C IIEHTPOM C IOMO-
// 4 mpl0 601TOB. Takoe MCHOJHEHHE TpUMe-
L~ HAIOT JUIi  KOJIEc  OOJBIIOrO WU
cpeadero auamerpa. HaumbGosee parmo-
HaJibHasl U HaJe)KHasg KOHCTPYKIIUS TIOJTy-
YaeTcs, KOorJia BeHell OTJIMBaeTcs B GopMy ¢
MPEABAPUTEIILHO  YCTAaHOBJICHHBIM  IICH-
TPOM.
Puc.8.11. YepBsiuHOE KOJIECO. JI1s M3roTOBIEHNS BEHIIA UCIIOIB3Y-
IOTCS B 3aBUCHMOCTH OT CKOPOCTH CKOJIb
KEHUS OPOH3BI UM UyTYHBI.
8.8. Ilopsiook npoekmno2o pacuéma wepesaunoll nepeoayul.
8.8.1. Ucxonnbie nanubie — cM.1. 4.14.1.
Tak xak 4epBsK CTalIbHOM, a KoJeco — OpoH30Boe (OoJiee cinaboe), Bce pacué-
ThI BEIYT MO KoJiecy. YepBAUyHOE KOJECO — KOCO3y0O€ IMIMHIPUYECKOE KOJIECOo,
MO3TOMY BCE€ Pacu€Thl aHAJIOTHYHBI PAcCUETy KOCO3yObIX KOJIEC ¢ yUETOM OCOOCH-
HOCTEU YEPBAYHOU MEPEIAYU.
8.8.2. OpueHTUpOBOYHOE OMPENEIEHNE CKOPOCTU CKOJBKEHUS

V_ ~45x10” 4 n 3T, wcex

2H7,/ 17

rae pasmepHocts N, - MI/IH_]', a T2 - Hwm.

8.8.3. BriObop MaTepuasoB sl U3rOTOBJICHUS YEPBSIKa U KoJieca

Yepssk — cm.m. 8.7.1.

Koneco — maTtepuan BbIOMpaeTcs B 3aBUCMMOCTH OT IMOJYYEHHOM CKOPOCTH
CKOJIB)KCHHUSI:

- eciu VCKz 5...25 m/cek — BBICOKOOJIOBSTHUCTBIE U OJIOBSIHHCTBIE OpPOH3bI

tuna bpO10®1, bpO10H1d1;
- eclu VCK < 5 M/cek — 0€30JI0BIHUCTBIE OPOH3BI, HATPUMED, ATFOMUHUEBO-

xkenesuctole TUma bpA9XK4, BbpA9XK3JL, a Takxke naryHu, Hampumep,
JI23A6K3Mu2;

- €CJIU VCKS 2 m/cek — cepoiit uyryn CH 15, CU32, ero xe UCIOIb3YIOT MpU

MIPOEKTUPOBAHUHN MEXAHU3MOB C PYYHBIM [IPUBOJIOM.

8.8.4. Onpenenenue AOMyCKaeMbIX HAMPSKEHUM
8.8.4.1.PacuyéTpl Ha KOHTAKTHYIO BEIHOCIMBOCTD U TIPOYHOCTh
_B ciyuyae npumeHeHus 0J0BSIHUCTHIX OPOH3

ko =Co bn oKL
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3nech CU - K03((OUIMEHT, YYUTHIBAIOIIUN CKOPOCTh CKOJIbXKEHUS, MPUHUMA-

€TCA 110 Ta6J'H/II_I€ B 3aBUCUMOCTH OT CKOPOCTH CKOJIbKCHUS, BOSMOKHLIC 3HAYCHH

oT CU= 1.33 npu VCK= 1m/cek, 110 CU= 0.8 mpu VCKZ 8 m/cex ( l3]ra6n.9.7);

IY H g~ Aomyckaemoe Hanpsoxenne npu N = 107 nuknos;
IH 9= (0.85...0.9)()‘B JUIST IUTU(OBAHHBIX WM TOJHPOBAHHBIX YEPBAKOB C

TBEPAOCTHIO padoueit moBepxHocTH BUTKOB 45HRC u Gonee;
Hg— 0.75c , IpH TBEPIOCTH BHKa yepBsika MeHee 45HRC.

K HL® KOA(DPUIIUEHT 10ATOBEYHOCTH
K :8—107 0.64<K,, <1.15
HL N ' TS IYHL T
HE
PaKTUUECKOE YUCIIO UUKIIOB HATPYKEHHUS N HE — “H 60n 5 Lh ( Lh cm.m.4.13.3).
[Ipu 3ananum pexxuMa HarpyKeHus ructorpamMmmoit (cMm. m. 1.4.)
T.. {.
_ 2i\4
Hy =2 (T) .
)" Ly

Ilpu 3a5aHmK THIIOBOTO PEXKMMAa KCILITyaTalluy [, ONpeeNsIeTcs mo TabIn-

e CTaHJapTra.
.
DakTUYECKOE YHUCIIO LUKIOB HArPY>KEHHUs JIOJKHO ObITh He Oozee 25x%10°.

IIpy peBBIIeHHH 3TOro 3HaueHns puanMaT N HE = 25x107.
J{nst pacu€ra No MakCMMaJIbHBIM Harpy3kKam MPUHUMAIOT

H max _: 4GT-

B ciiyyae npuMeHeHust 6€30710BIHUCTBIX OPOH3

b 5 bno-25v,

IF H Qo =300 MIla npu TBépmocTr paboueit moBepxHoCcTH uepBsika HRC, > 45,
IT H _OJ: 250 MITa npu tBEpROCTH paGoueii moBepxHOCcTH uepBsika HRC; < 45.

s pacuéra no MakCMMaJlbHbIM Harpy3kam IF Hmax — 2G .
B ciryyae npuMeHeHs 4yryHOB

bo 835V b J=175Mime fy ey =1.650 .

OOpaTtuTe BHUMaHHE: PECypC Mepeiaydl YUUTHIBAETCS TOJIBKO JIJISl OJIOBSIHHC-
THIX OpoH3. [[71s1 pyrux maTepraioB OH 3HAUEHUSI HE UMEET.
8.8.4.2. Pacuétbl Ha U3THOHYIO BHIHOCIUBOCTD U MTPOYHOCTb.

Jld Bcex maTtepuasios: IF F = IF F X KFL :
Jl1s1 1r00BIX OpOH3: ITF 0= O.256T + 0.08GB :
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JIns 4yTryHOB: I-F DJ: 0'22563 :
KoaddumumenT nonroBeunoctu

N

_ Fo . . 106, _
K. =9 N 0.55<K_ <1.5; N_ =106; N__=p_60nL .
M- ompenensercs 7100 0 TUCTOTPaMME aHAJIOTUYHO Hy
Tyivo t.
pe=x()" ",

100 1o Tabauue CTaHAapTa, €CIIM HarpyXEHUeE 3a1a€TCs TUITOBBIM PEKUMOM.
JI71s1 3TOrO YKcia MUKIOB CYIIECTBYIOT OrpaHUYEHUS

10°<N_. <25x107.

FE —
J{nst pacuéra mo MakCMMaJlbHBIM Harpy3Kam:

F max 0.8c 1 »€CIIH KOJIECO U3 0001 OPOH3HI;

- I&' Fmax — 0.75c 5 »CCITH KOJIECO U3 J1000T0 YyTyHa.

8.8.5. OnpeniesieHne MeK0CEBOI0 PACCTOSHHUSL.
Omnpenensiercs u3 pacu€Ta Ha KOHTAKTHYIO BBIHOCIUBOCTD

ToKpg

22

a'=K,, (—=+1) :

a 3722 }.?

Sl [

q
Benmmunnoit q — 3agaémces u3 cragmaaptHoro psga: 8, 10, 12.5, 16, 20. O6srdaHO
MIpU IPOCKTUPOBAHUHU MpeIBaApUTEIBHO NpruHUMaroT 10, 12.5.

3nauenue 28<Z 5= zlu <120. Ywucno 3axo070B 4epBsika Z; MPUHUMACTCS B

3aBHCHMOCTH OT TepeaaToqHoro yrcia U (cM.1abm.8.1).
[Tpu cTanpHOM YepBsike, OpoH30BOM Kojiece, koadduimente ITyaccona

V= 0.3, yIJI€ ObEMA BUHTOBOM JIMHUM Y 3100, yriIe 3anereHus o = 200, yIiIe
oxaata ueppsika koecom 20 ~100°, xos(pdurmente nepexpsitis £,~2 1 koddhduIH-

ente konebarmst ymes! smann korrtakrta K, = 0.75 ko3 PuieHT K,,=31.

Ky - xoaddummenT Harpy3ku i pacuy€ToB Ha KOHTAKTHYIO BBIHOCIIHBOCTb.
Metoauka ero onpeaesieHus pacCCMOTPEHA HUXKE.

BennunHy MexoCceBOro paccTosiHUs ONPEEsOT ¢ TOYHOCTBIO A0 COThIX. EE,
Ha JAHHOM dTare, He HY)KHO OKPYTJIATh UM IPUHUMATh TI0 CTaHIapTy.

8.8.6. Onpenenenue Moayms
, 2a'

m'. =
S
q+22

[ToydyeHHyI0 BeIMYMHY HYKHO OKPYIJIUTH 10 OJM>Kaliero OOJbIIero CTaH-

JAPTHOTO 3HA4YeHMs (Y UEpBAUHOM Mepeiayu CBOM psAJl CTaHAAPTHBIX MOYJICH:
...2.5; 3.15; 4;5;6.3;8...).
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8.8.7. YTOUHEHME napamMeTpOB MEPEAAYN.
[To nmpuHATOMY CTaHIAPTHOMY 3HAYEHUIO MOJIYJISL ONPEAEISETCS MEXOCEBOE

m
paccTosiHue a= 73 (a+25)-.

Ecnu mpoextupyercs mepenada Ais W3J€NMsS MAacCOBOIO INPOU3BOACTBA Ha
npoAaxy (Wi mepeaaya, BXOAUT B U3JIEIHE, TPEeIHA3HAYCHHOE I IPOJAXKH ), TO
HE00X0UMO, YTOOBI KaK MOXKHO OOJIbIe MapamMeTpoB OBLUTHM CTaHIAPTHBIMH.

NmeroTcs ctanaapThl HA Mg, (, Zy, a.

8.8.8. [IpoBepka 3y0a Ha KOHTAKTHYIO BBIHOCIIUBOCT.

Boinonnsiercs no gopmyiie s pacuéra nepeayd Ha KOHTAKTHYIO BBIHOCITH-
BOCTh (CM.I1.8.8.5), perieHHoi OTHOCUTENbHO O u- B 3Tu BbIpakeHHs MOJCTaB-

JISFOTCSl YTOYHEHHBIE 3HAYEHUS, T.€. 3HAUCHUS [1apaMeTpOB, TIOJyYEHHBIE 110 CTaH-
JAPTHOMY MOJYIJIIO.

JlomyckaeTrcsi Henorpy3ka IepeAadyd IO KOHTAaKTHBIM HaNpsLDKEHHSIM Ha
15...20% wnu npeBbilieHUE (GAKTHUECKUM HAIPSHKEHUEM JIOITyCKAaeMOoro He 0oJiee
yeM Ha 5%. [Ipu OonbIIMX OTKIOHEHHUAX CIEeNYEeT BbIOpATh Apyrue MaTepHalibl s
YEPBSAYHOU Maphl IMOO U3MEHUTH MEXKOCEBOE PACCTOSIHUE U IOBTOPUTH PACUET.

8.8.9. [IpoBepka 3yba Kojeca Ha U3TMOHYIO BEIHOCIHBOCT.

[ToncranoBka B hopmysy JiJisi TPOBEPKHU KOCO3YOBbIX KOJIEC HA U3TUOHYIO BhI-
HOCJIUBOCTb MOIMPABOYHBIX KOAPPUIUEHTOB, YUUTHIBAIOLINX OCOOCHHOCTH PaOOThHI
YEepBSYHOM IIEpENAYN, IPUBOIUT K BBIPAKECHUIO

1.66T2YFKF cosy -
_ L

c
F
dldzms
Koaddumment dpopmel 3yda YF OTIpEICIISIETCSl aHAJIOTUYHO KOCO3yOBIM Ii€-
z
peradam 1Mo TMPUBEACHHOMY 4HCiy 3yObeB Z,, :723 no Tabyuie s
COos™ vy

YepBAYHBIX KOJIEC.

Kr - ko3¢ duniuenT Harpy3ku 4epBIYHON Mapbl [JIs pacu€TOB HAa M3THMOHYIO
BBIHOCJIUBOCTh. MeTO/IMKa €ro OnpeesieHnsl pacCMOTPEHa HHKE.

OcTanbHble TapaMeTpbl MOHATHBI U3 TIPEIBITYIIET0 N3TI0KEHUSI.

8.8.10. TIpoBepka pabOTOCIOCOOHOCTH 3yObE€B HA KOHTAKTHYIO MPOYHOCTD
IPU MaKCHUMAaJIbHBIX Harpy3Kax.

IIpoBepka BBINOJHAETCS MO BBIPAKEHUIO, MOJydeHHOMY B 11.4.9.2. [Ipum onpe-
JICIICHNN TeHCTBYIOMINX KOHTAKTHBIX HANPSOKEHUH MCIIONB3YeTCsl BBIPAKCHHUE IS
IPOBEPOYHOTO pacuéra Ha KOHTAKTHYIO BEIHOCIMBOCTD

8.8.11.IIpoBepka paboTocriocoOHOCTH 3yObeB Ha H3TMOHYIO MPOYHOCTH

MIPU MaKCUMAJIbHBIX Harpy3Kax.

[TpoBepka BBIMOJIHSIETCS MO BEIPAXKEHUIO, MOTydeHHOMY B 1m.4.10.2.

8.8.12.0npenenenune cuil, AEMCTBYIONIMX B 3aLEIIJICHUU.

[To BeIpakeHHsIM pazzena 8.5 OnpenesstoTCsl COCTABISAIONINE YCUITUS B3aMO-
NeicTBUS 3yObeB U UX HAIpaBJICHHUE.
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8.8.13. KoHCcTpyrupoBaHUE 3JIEMEHTOB MEPEAAUH.

Ha scku3ze yepBsika U 4EpBSYHOTO KOJIECAa MPOCTABISIOTCS BCE MOJIYYEHHbBIC
r€OMETPUYECKUE pa3Mepbl, M 3alOJHICTCS CTaHAapTHas TaOnula i Hape3Ku
BUTKOB U 3yObEB.

8.8.14. PacuéT Ha )KECTKOCTb YepBsKa.

B npouiecce paboThl, BCiieICTBHE OOJIBIIOTO PACCTOSIHUS MEXKY OMOpaMu Ba-

Ja 4epBsAKa, Iporud ero Yy (pHC.8.12)

MOJKET JOCTUraTb OOJIBIINX 3HAYCHUI.
# = N [Toaromy BBIHOJI;ISICTCSI IIPOBEpKa
R/ -
Z y= R <
t -
/Ff 48E l¢q
Puc. 8.12. Ilporu® yepssika. raie R= qutz + Fr2 , TO €CTh YYUTBHIBAIOTCS

TOJIBKO TC COCTABJIAIOIIUC YCHUIINUA B33PIMOI[GﬁCTBI/I§I BHUTKaA YCPBJAKa U
3y6a KOJICCa, KOTOPBIC CO30art0T HpOFPI6 B IINTOCKOCTH, HGpHGHILHK}’J’IHpHOfI OCH €TO
BpaliCHUA,

I OPUCHTHUPOBOYHOI'O pacqéTa MOJKHO IIPHUHATD (= d2 ;

El - MOJyJIb YIPYTOCTH MaTepuaia 4epBsKa;

4
ndf

- MOMCHT MHCPIHH YCPBIKA,

len =
f1
[ = (0.005...0.01)mS - TIorycKaemasl BeJIMUMHA IMporuoa.
8.8.15. TennoBoil pacu€T 4epBSIYHOTO PETYKTOPA.
Tak kak BUTOK YepBsiKa CKOJIb3UT IO 3yOy KoJieca, MOsIBISETCS TPEHUE, a 3Ha-
YUT HArPeB DJIEMEHTOB MEPENAYM U OT HUX — HArpeB MaclIsIHOM BaHHBI. B pe3ynb-
TaTe pa3OpbI3TUBAHUS MACJIO OMBIBAE€T CTCHKU PEAYKTOpa M 4epe3 HUX TeIulo Ie-
penacTcs B OKPYKaKOILIYIO Cpeny.
KosimuecTBo BbIACISIEMOrO TEIIA

W, =N, (1-m)102,Br.

Bb

3neck N1- MouHOCTS Ha Bany ueppska, KBT.
KommnuecTBO oTZ1aBaeMoOro TEINia

W =K. (] $t,)Al+y) Br.
351ecCh:
-KT =10...17 B/(M° Tpaj)- KO3 QHIHEEHT TerIonepeaun ot Kopiyca
pPEeyKTOpa B OKPY>KaIOLIYIO CPEy;
- I_=60 ... 70°C — nonyckaemas TemnepaTypa Macia B peayKTOpE;
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- t_- TeMmeparypa OKpPYXKArOLIEH CPEIbI;

0
JOJIDKHA OBITH YKa3aHa B 3dJlaHUH Ha IIPpO-
CKTUPOBAHUC IIpuBOIA, O0OBIYHO

S| t,=15..20°C;

- A — nomanpk MOBEPXHOCTH OXJIAXKICHHUS
Koprmyca peaykTopa 0e3 ydéra IUIomaau

ero gHa, M2;
- -l -y =0.2...0.3— xo>dpduuuenr,
YUHUTHIBAIOIINN yBEJIMYEHUE TEIUIOOTAAUH

yepe3 OCHOBAaHME KOpITyca MpU YCTAaHOBKE
pEeAyKTOpa Ha METAJUIMUECKYI0 paMy WU
TUTATY.

O

Puc.8.13. Onpenenenue
BEJINYMHBI TIOBEPXHOCTHU
OXJIAXKJICHUS.

TIomans OBEpXHOCTH A MOXKHO OPHEHTHPOBOYHO ONPEIETUTD O KOMIIO-

HOBKe nepenauu (puc.8.13). Jlis 3Toro mocTpouth Mo JaHHBIM pacdyéra yepBsd-
HyIO Ileperady B JABYX Hpoekuusx. OTcrymnas OT JUHUM ACTaled Nepenadu Io
30...50 mm (Ha pucyHke 8.13 3TH JOMOJHUTEIbHBIE PACCTOSHUSA TTOMEYEHBI Kpe-
CTUKaMHu),
IIOCTPOUTH MPSAMOYTOJIbHBIA NapajulelIenUune] U 3aMEPUTH MOJYYEHHBIE Pa3MEPBI
A, B, C. Ilo atum pa3zmepaM BBIYUCISAETCS OPUEHTHUPOBOYHO IUIONIAAb TOBEPXHO-
CTH OXJIAXKICHUS.

JIOJKHO BBITIOJIHATHCA YCIIOBUE TEIJIOBOTO OajlaHca

BbIJ oTh

OTtcroma HaxoauTCsS MO0 HEoOXoAMMas MOBEPXHOCTh OXJIAXKIACHHUSA, JIHOO
TeMIiepaTypa Maciia B KapTepe peayKTopa.

Ecnau ycnoBue teruioBoro 0amaHca HE BBIMOJHSICTCS, TO MPEIyCMaTPUBACTCS
OTBOJI IOMOJTHUTEIBLHOTO Terura. CrocoObl 0TBO/IAa TEIJIa MOTYT OBITh Pa3IUnIHBIMHU
B 3aBHCHMOCTH OT BEJIUYHUHBI ero n30bITKa. [Ipr HeOOIbIION pasHUIle MEKIY BbI-
JeIseMbIM TEIIOM M OTJIaBaeMbIM BO3MOXKHO opeOpenme. Hampasienue péodep
IIPU €CTECTBEHHOM BEHTHJIAIIMM — BEPTHUKAJIbLHOE, YTOOBI HATPETHIM BO3IYX JBH-
rajics BBepx. [Ipyn 3TOM yBENMMUMBACTCS TOJBKO MOBEPXHOCTH OXJaxacHus. [Ipu
HUCKYCCTBEHHOM OXJIQXKJICHHHM pEOpa pacrojiararoTcs BIOJb ITOTOKA BO3ayXa OT
BEHTHJIATOPA, KPhLIbYaTKa KOTOPOTO HACAKUBACTCS Ha OBICTPOXOIHBIN BaJl (dare
BCET0 — BaJl YepBsKa). [Ipy 3TOM yBeIMYHMBAETCS HE TOJHKO MOBEPXHOCTH OXJIa-
XKIACHUS, HO U KO PUITMEHT Terutonepenayu. B aTom cirydae ero mpuHUMArOT

KT =20...30 Bt/(M° tpan). Ilpu pacuérax B 00OMX CIydasx B MOBEPXHOCTb

oxJiaxaeHus BrIodaroT 50% moBepxHOCTH pEdeEp.
JIisi OTBOJ@ 3HAYMTEIBHOTO KOJIMYECTBA TEIUIa MPUMEHSIOT OXJIaKICHHE
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MacJIIHOW BaHHBI (B HEE BBOJAT 3MEEBUKU C MPOTOYHOM XOJIOAHON BOAOW) WIHU
MPUMEHSIIOT LUPKYJISIIIUOHHBIE CUCTEMBI CMa3KH CO CIELUAIbHBIMU XOJIOAUIbHHU-
KaMH JUIs Maciia. B aTux cucremax macio 3a0upaeTcsi HacoCOM U3 Kaprepa, Mpo-
TOHSIETCS YePE3 XOJOUIbHUK U MOAAETCS 3TUM K€ HACOCOM B 30HY 3allCIUICHHs. B
sroMm cinydae K,=100...200B1/(M° rpax).
8.9.Koagppuyuenmol Hacpy3ku npu pacuémax yepesauHvix nepeoau.

Kosddummentr narpysku Ky u Keg BBouarcs B pacu€tHbie GopMyIibl 1is
TOTO, YTOOBI YYECTh JONOJHUTENBbHYIO HAarpys3Ky, MOSIBISIOLIYIOCS B IEpenaye
BCJIE/ICTBHE MOTPEIIHOCTEN M3TOTOBICHUS U JeopMaIuii 1eTaiei.

JI1st 9epBAYHBIX TIepeaad MPUOIMKEHHO MPUHUMAIOT

I(H:I<|::I<y X Kv,
rae K, — koo puenT KoHIeHTpay Harpy3KHy;
Ky - ko3ppunuenT ntnHaMrU4ecKo Harpy3Ku.

[TockonbKy BUTOK YepBsiKa CKOJIB3UT IO 3yOy KoJieca, TMHAMUUYeCcKas Harpy3-
Ka B YEPBAYHBIX lepeayax HeBenauka. [Ipu 10cTaToyHO BBICOKOM TOYHOCTH H3TO-
toBJieHust mpuHUMAaKOT Ky = 1 mpu V. < 3 M/cex u Ky=1...1.3 ipu V> 3 mM/cexk.

ITpn nocrossHHOM Harpyske Kod(p@QUIUEHT KOHIIeHTpauuy Harpy3ku K, = 1, a
IIPU IEPEMEHHOM ONPEIEISAETCS 10 BBIPAKECHUIO

K, =1+(z,/0)*1-Xx),

rae ®- K03 duueHT nedopMalun 4YepBsKa;
X — k03¢ HUIMEHT, YUYUTHIBAIOIINN XapaKTep U3MEHEHUs HArpy3Ku: MpU
HeGompIMX Konebannsax Harpyskn X ~ 0.6, npu 3Hauntemsrex - X ~ (.3,

Koadduunent nepopmannm ueppska 3asucut ot ( u Z1, n3meHsercs B nua-
naszone 27...168, mpuHUMaeTcs 1o TadauIle.

8.10. IIpumep I117.

8.10.1. 3a0anue

Paccuumamo 3akpuimyto uepssunyto nepedayy ¢ yunuHopuyeckum Apxumeoo-
8biM uepssaxom (LA) onsa nepedauu mownocmu N1=8, Kem npu wacmome epauye-
Hus yepesaka N1=1430 o6/mun, nepedamoyrnom yucie U=32, pabomarowyro 8 ycio-
BUSIX 3AKPBIMO20 OMANIUBAEMO20 nomewenus. Pescum Hnazcpyscenus —cpeonuii
pasnogeposmuviti no I'OCT21354-87, nepedaua pesepcuenas, mpebdyemulli CpoK
Cyocobl 2=5 nem, npu Kodppuyuenmax Ucnoab308aHusi N0 6PEMeEHU: 8 MmeyeHue
e00a K,=0.5, 6 meuenue cymok K.=0.3. B npoyecce pabomul 603M04CHbL nepecpy3-
K (Tmad T)= 1.7. [lepedaua npeonasnauena 0ns 6HympeHHe20 UCNOIb308AHUSL.

8.10.2. Crxopocmbo cronvoicenus (OpueHmupo8oyHo)

Vi = 45%x107% x ny x3/T , Hwm.

30ecw: Ny =1430, 06/mun — vacmoma eépawenus uepeésxa,

N
T, =9.55x 10° x n—2 , Hm — momenm na xonece.
2
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Mowmnocme na xonece Ny =Nyxm,  =8x0.75=6,xkem.( M, , =0.75 npu

Z, =1, npunumaemcs no mabnuye 8.1).
Yacmoma eépawenus koneca N, =N, /u=1430/32 = 44.688,00/mun

V, =4.5x107* x1430x 3/1283 = 6.99,.m/c.

8.10.3. Buvibop mamepuanog 0.1 u320MmosieHUsl YepssaKa U Kojecd
Yepssaxk — cmanv 40XH, mepmoobpabomka - 3axarka 0o 45...50HRC(0na

pacuéma 45HRC), ¢ nocaedyrowen wnughosroil.
Koneco — mak  kak opuenmuposouno cKOpocmb  cKombdicenus N

~
~

6.99,m/cex , npuHumaem blcoxoon08siHuUcmyto oponsy bpOI10DI1 (cm.n.8.8.3), om-

AUBKA UEeHMPOOeHCHAsL: Cpp = 290, MIla; o, =170, MIIa;

(I .ra61.23; I3 5a611.9.6)

8.10.4. Onpedenenue 00nycKkaemvlx HANPAHCEHULL
8.10.4.1.Pacuémul Ha KOHMAKMHYIO 8bIHOCIUBOCHb U NPOYHOCb

Ipu ucnonv308anuu 0108AHUCINBIX OPOH3
=C, o Ky -
IH — v fH g "HL
30eco  C - koapuyuenm, yuumviearoujuii CKOpOCMb CKONbICEHUSA, NPUHU-

maemces no mabauye (cm. n. 8.8.4.1) npu VCK ~6.99,m/cex C_ =0.83;

EH .Q.- donyCKaeMoe Hanp:sosicenue npu N 0 :107 UUKI1086,
b, o =(0.85..0.9)0 =0.85x 290 =245.5 ~ 245 MIla max xax meépdocms

sumxa uepesaxa oonee 45HRC.

KHL - KO3 Puyuenm doncoeeuHocmu
K =8 107 0.64<K <1.15
HL ~ m ! ST HL T

Daxmuyeckoe YUCIO YUKTIO8 HACPYIHCEHUS
N HE = MH 60n2Lh, YUKTIO8.
Pecypc uzoenus 6 uacax L, =365x5x0.5%x24x0.3=6570,4acoB (cm.n.4.13.3).
Ilpu 3a0anuu munosoeo pexcuma sxkcnayamayuu(cm.n.8.10.1) Py =02
onpeoensemcs no maodauye cmaHoapma (Cm. [3 2ma6n.9.7).
Yucno yuxknos Hazpysicenus, erusouee Ha KOHMAaKmHy blHOCIUBOCHb:
Npg = 0.2 x 60 x 44.688 x 6570 = 3520123.92 ~ 0.36 x 107, yuxna.

ITosmomy Ky =1.136.
Jlonyckaemoe nanpssicenue 0N pacuéma Ha KOHMAKmMHyo 6bIHOCIUBOCIIb

f,, =083x245%1.136~ 231 MIla.

Jna pacuéma no makcumanibHviM HA2PY3KAM

Hmax =40, =4x170= 680, Mlla.
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8.10.4.2. Pacuémul Ha u32uOHYI0 8bIHOCIUBOCMb U NPOYHOCHIb

Jnsa ecex mamepuanos: lF = IF 9 KFL'

s 1106b1X OpOH3:
Fn~ 0.256_ +0.086_ =0.25x170+0.08 x 290 ~ 65, MI1a.
¥a] T B
Kosgppuyuenm oonecoseunocmu
KeL =9 ,I::ﬂ ?
FE

: _1n06- _
30ecn: Npgg=10"; Neg =pg60n,L, 5
mabauye cmanoapma, NOCKOAbKY HASPYHCeHUe PACCUUmvléaemMol nepeoayu 3a0a-

émcs munosoim pexcumom, (cm.n.8.10.1 u [3 ma6.1.9.7).
Yucno yukios nazpysicenus, eausouee Ha u3euOHyI0 8bIHOCIUBOCTIb.

Npg =0.1x 60 44,688 x 6570 =1761600,97 ~1.76 x10° < 25x 107 yuxros.

Koaghguyuenm ooneoseunocmu:

1x10°
K ,/— =0.939
FL  \1.76x10°

ﬂonycmemoe Hanp:ioiceHue 01 pacqema Ha u32u6Hyi0 6bIHOCIUBOCNIb.

b- -65%0.939~61 MiTa.

s pacuéma Ha uzeuOHYI0 NPOYHOCHL NO MAKCUMATILHLIM HASPDY3KAM.
=0.80_ =0.8x170=136, MTla mak xax Koneco u3 OpoH3bl.

pp=0.1- onpeodensemcs no

IFmax —
8.10.5. Me:)fcoceeoe paccmosinue (onpeoensiemcs u3 pacuéma Ha KOHMAaKm-

HY'10 8bIHOCIUBOCND)

Z T,K
_Kaq(_2+1) 2 H :
9 3,222 7
(q) lH_

30ecw.- Koy =31, (em. n.8.8.5);
- 2, =23 xU=1%x32=32(cm. n.8.8.5 u ucxoonwsie dannvie);

0=12.5- npunumaemcs opuenmuposouno us cmandapmmozo psoa

(en. L raon.22; I3 ,1.9.1);

- T, =1283000, Hym (cm.n.8.10.2);
- Ky =K, Kiyy (cm.n.8.9);

z,\’ 32
K, —1+(9)(1— X) = 1+(10j(1 0.5)=1.01

0=108- (z,=32, g=10; cm. [3:,ma6ﬂ.9.4); X=0.5 (cm. [3Jma6ﬂ.9.5);
Ky =1.2 — npunumaem (cm.n.8.9).
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a':3lx( 32 +1] 1283000x1.01x1.2 _ 189 467 yuns.
3

12.5 ( j [ 2
125

Tax xax nepedaua 0151 8HympenHe20 ucnonvzosanus (cm.n.8.10.1), ne npunu-

Maem CmaHoapmuoe 3HAYeHUe MeHCOCe8020 PACCMOANUSL, A NepexoouM K onpeoe-
JIEHUIO MOOYJIAL.

8.10.6. Onpedenenue Mmooy

m = 2a =2><181'467:8.1558,MM
> q+z, 125+32

Ilo cmandapmy npurnumaem Mg =10, ym.

8.10.7. Ymounenue napamempos nepeoauu.

B oannom cnyuae no npunamomy cmanoapmuoMy 3HAUEHUI0 MOOYIS YMOUHS-
emcst MONbKO Medcocesoe paccmosiHue, maxk Kaxk nepeoada Oiisi 6HYMpeHHe20 UC-
noavzosanus (cm.n.8.10.1)

m
a= 7S(q +2,)= % €2.5+32 =2225mum,; d;=myq=10x12.5=125, yn,
dal =d1 + 2ha =125+ 2x10=145,mmMm;
dfl =d1 — th =125-2x%x1.2x10=101, mm;
d, =myz, =10x 32 =320, :u; d p =d, +2h, =320+ 2510 =340, mm;

6m 6x10 1
d <d_, S _340+ =360,MM: y—arctq’t—arctq——— = 4.57°.
aM2 ~ zl+2 1+2 y=arcl q Y
M. = tgy _ tg4.57 —0.796.

tg(y +p) tg(4.57° +1.17°)

30eco p=1.17°635mo no [;ma6ﬂ.2.9(M09lCHO no [3;ma6ﬂ.9.3).

8.10.8. Ilposepka 3y6a Ha KOHMAKMHYIO BbIHOCIUBOCHIb U NPOYHOCIb NPU
MAKCUMATILHBIX HAZPY3KAX

T
2max
GHmaX - GH thaX )

T
Joece: —2MEX _; 7 (em.n.8.10.1);
!
F. . +680H/vm?(cm.n8.10.4.1);

b. =231 Hiwd (enn8.10.4.1);
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3
TZKHYKHVK;(ZQZHJ
7 2
5)®

q

3
1283000%1.01x1.2 x 313 x[ :;2 +1J
= 12.5 =170.155 MIla < 231, MITa.

2
32
2% | 22258
12,5
Hpoqyocnﬂ) 3y6a C modyKu 3p€Hu}Z K‘OHmaKI’HHOIZ 6blHOCJIUBOoCmMu OocmamOtma.

=170.155~1.7 <680,MIla.

(o]
Hmax

Konmaxmmnas npounocms 3y6a npu MeHOBEHHbIX Nepezpy3Kax 00Cmamoutd.

8.10.9. Ilposepka 3y6a Koneca Ha U3LUOHYIO BLIHOCIUBOCHIb

dydomg )

Hpunumaem Ky=KEe.

Koaghdpuyuenm gpopmor 3y6a Yg onpedensiemcs no npusedeHHoMy Yuciy 3y0b-
es Koneca

z,, = 2 _ 32 =32.06 omcrooa Ye=1.7 (cm. l]l‘a6ﬂ-28; l3;h-9.6).

cosS Y c0s° 4.57°

1.66x1283000x1.7 x1.01x1.2 x c0os4.57"

op =
125x320x10
IIpounocms 3yb6a ¢ mouxu 3penust U3eUOHOU 8bIHOCIUBOCMU OOCMANOYHA.
8.10.10. IIposepka 3yba Ha uzeubHyr0 NPOYHOCHIb NPU MAKCUMATILHBIX
Haz2py3Kax

=50135< |- =61M11a

°Fmax ~°F 1 = lFmax K

op . =50135x17=852205< | . =136,MIla.

IIpounocms 3y6a ¢ mouxu 3penust u3eUOHOU NPOYHOCMU 0OCMAMOYHA.

8.10.11 Cunsi, Oeticmeyrowue 6 3ayenieHuu.
Oxpyoichoe ycunue Ha yepeske (ocesoe ycuiue Ha Koece)

2T.
e _2h_ F, = 24009375
125

1 4, _FX2 :
Okpyoichoe ycunue Ha Kollece (ocegoe ycuaue Ha yepssike)

=641.5,H.~ 642, H.
1
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oT
Fro " 2__f % Fo _ 2x1283000 _ g1 0 25 11 ~ 8019 .
d, X 320
Paouanvnoe ycunue
Fy =—F.» = Fiolga=8018.75x tg20° = 2818.825~ 2819, H.

8.10.12. Pacuém Ha srcecmkocms uepesKa.
IIpoeu6 eana uepssxka (cm.puc.8.12)

3
R/ < [:’

y =
48E1|f1
Mpuraen: £ =0, =360,0m; R=~/8019° + 28192 =8500,H.,

E,=2.1x 10°,MIla - MOOYJIb YAPY2OCMU MAMepuand yepssiKa,

4
- _mxdp _314x101°
f1° 64
| _=(0.005..0.0)m_ =0.05...0.1,mm - JOnycKaemas eiuduna npouoa.

~ 5105463, MM4 - MOMEHM UHEPYUU YepBsiKa,

8500 x 3603

y = - =0.0077< | =0.05..0.1
48x 2.1x10° x 5105463 B

8.10.13.Tennosou pacuém pedykmopa.
Konuuecmeso svioensiemozo menna

W, =N - )10 =8¢~ 0.75 X103 = 2000, Bm

Konuuecmeo omoasaemozco menna

W = Ko ( I -t)AL+v).Bm

30ech:
-K . =10..17 Bm/(M* 2pad)- kospduyuenm mennonepedauu om xopnyca

PEOYKMOpa 8 OKPYHCaArowyro cpeody, NPpUHUMaem K, =14, Bm/(m* 2pad);
- I_=60...90°C — donyckaemas memnepamypa mMacia 8 pedykmope;
npuHuUMaem I_=85 °C;
- 1 o~ Memnepamypa OKpYd#rcaroufeti cpeovl, NPUHUMaem tg =20 °C;

- A — naowadsb nogepxHOCMU OXJANHCOeHUsl KOpnyca pedykmopa be3 yueé-

ma niowaou ez2o Oua, m2. B coomeemcmeuu c pexomenoayusimu n.8.8.15
2
A=0.784,m".

-y =0.2— koagpuyuenm, yuumoigarowuil ygeiuueHue menioomoavu ye-

pe3 OCHOBaHue KOpnyca npu yCmaHosKke pedyKmopa Ha MemaiiuiecKyro pamy uiu

naumy.
Omoasaemoe Koauuecmeo menia
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W, =(10..17) x (60 - 20) x 0.784x (L+0.2) = 376.32..639.744, e

ﬂO]ZOlCHO 6bINOJIHAMbCA YCI0BUE MENTI0B020 6anch¢1, HO 8 OAHHOM cyuae

W >W
BBIJL OT]

Heobxooumo 8600ums uckyccmeennoe oxaaxcoenue.

Pacnonootcum no namo pédep c xaxcoou cmoponsl 8001 NOMOKA 8030YXA OM
BEHMUIAMOPA, KPbLIbYAMKA KOMOPO2O HACANCUBAEMC HA ObLCMPOXOOHbI 8A1—
san uepsska. Ilpu smom ygeruyueaemcs He mobKo HOBEPXHOCHb OXIANCOEHUS, HO
u ko3gppuyuenm mennonepedauu. Ilpunumaem K, =30 Bm/(m? 2pad). Tozoa

W, =30x (85— 20) x (0.784 + 0.5x 5x 0.350x 0.05x 2) x1.2 = 2039.81, BT,

Takum 06pa30M, oobusaemcs 6bINOJIHEHUS YyCiosus nenjiosoco bananca.

Konmponwvnwie éonpocul.

1.1Ipunyun pabomul u 603MOHNCHOCMU YEPEAUHOU NEPedayll.

2.locmouncmea u HedoCmamry YepssauHol nepeoadu.

3.Knaccughurxayus uepssunvix nepeoad.

4.’ eomempuueckue u KunemMamuyeckue cOOMHOUWEHUs 8 Yep8AuHOU nepeoa-
ye.

5.Cmenenu mouHocmu Yyepesunbix nepeoay.

6. Kpumepuu pabomocnocobHoCmu 4epesunbix nepeoau.

7.Mamepuanvl uepssauHol napbi.

8.Pacuém na sxcecmkocms eana yepssaka. Ilouemy on Heobxooum?

9. Tennosotl pacuém uepsaurnozo pedykmopa. [louemy on neobxooum?

9. PenykTOphbl.
9.1. Haznauenue.

CucreMsl niepesiad 00pa3yroT pelyKTOPbl UIH MYJIbTUILIUKATOPHI.

MynbTUILUIUKATOP 3TO MEXAHU3M C MOCTOSHHBIM NEPEeAATOYHBbIM YHUCIOM, OT
BXOJla K BBIXOAY NOBBIIIAIOIINNA YTIOBYIO CKOPOCTh U MOHMKAIOIINN BPAIAIOIIUN
MOMEHT.

PenykTop 3T0 MEXaHU3M C MOCTOSTHHBIM MEPEJATOUYHBIM YHCIOM, OT BXOJa K
BBIXO/1y ITOHVKAIOIIUI YTIOBYIO CKOPOCTh M MOBBIMIAIOIIMN BPAIAIOIINN MOMEHT.

[TockonbKY KOHCTPYKIMM ASTHUX MEXAHU3MOB B MPUHLMUIE OJUHAKOBHI, B
JanbHENIIeM U3JI0KEHUHN OYyJeM peub BECTU O PEAYKTOpax, UMesl B BUIY U PEAyK-
TOPBI, U MYJIbTUIIIIUKATOPBI.

Haznauenmne mexann3ma — obecrieueHue 3aJlaHHOM CKOPOCTH JIBMKEHHUS BBI-
XOJTHOTO BaJia MpU TpeOyeMbIX Harpy3Kax M YCIOBUAX paOOTHI.

B ciyyae HeoOX0auMOCTH PETyIupOBaHUs CKOPOCTH Ha BBIXOJIHOM Bally Me-
XaHU3Ma €ro NepeiIaToyHOe YHMCIIO MOYKHO CIENaTh CTYNEHYaTO M3MEHSIOIUMCS
3a Cu€T MepeconpsuKEeHUs HEKOTOpbIX 3y0uarsix konéc. [lepeconpspkenue 3y0Oua-
THIX KOJIEC 0oOecreunBaeTcs MO0 nepekiitoueHueM My(PT, b0 0CeBbIM CMEIICHU-
€M HEKOTOpbIX 3y0uaTsix Kos€c. [Ipu 3TOM OTAeNbHbIE IEPEeIauu U BECh MEXaHU3M
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MOTYT pa0OTaTh Kak B PEKHUME PEAYKTOpa, TaK U B PEKUME MYJBTUILIAKATOPA.
Takue KOHCTPYKIIMU HA3bIBAIOTCS KOPOOKAMH CKOPOCTEH.
9.2. Koncmpyxkyus pedyKkmopoa.

PenykTopsl cocTosT H3:

- mepenay 3yOuaThIX, YEPBSYHBIX, MJIAHETAPHBIX, BOJHOBBIX B Pa3IUUYHBIX
KOMOHMHAIIHAX;

- BaJIOB, KOTOPBIE HECYT AETAIM NIEpeaay;

- OIIOp BAJIOB — MOIIMITHUKOB KAUYEHUS WU CKOJIbKECHHUS;

- KOpITyca, 00E€CIEYMBAIOILIEr0O IOCTOSIHCTBO MOJIOKEHUS B IPOCTPAHCTBE JIETAIECH
nepenad, uxX U30JBILHAI0 OT OKPYKAFOIIEH CPeAbl U XOPOLIME YCIIOBHS VI CMA3KU.

Jlnis ynoO6cTBa MOHTaka KOPITyC PEAYKTOpa BBIMOIHAETCA Pa3bEMHBIM, COCTO-
AIIUM U3 IBYX — TpEX vacTei. J{na obecniedeHus sKCIuTyaTaly Ha KOPIyce hUme-
FOTCSI:

- CMOTPOBBIE JIFOUKHU JJI1 KOHTPOJISL COCTOSIHUSL pabOUnX MOBEPXHOCTEN 3yOb-
€B IIepe1ay;

- PBIM-O00JITHI WJIH JIPYTHE DJIEMEHTHI JJIsl TPAHCIIOPTUPOBKU PEAYKTOPA;

- MacJIOyKa3aTelib JIJIs1 KOHTPOJISl YPOBHS Maca;

- OTAYLIMHA Ui COOOILIEHUS MOJIOCTH PEAYKTOpa ¢ aTMoc(epoil, 4ToObl moj-
JIep’KUBATh J1aBJICHUE B €T0 MOJIOCTH Ha YPOBHE aTMOC(HEPHOTrO;

- mpoOKa J1JIs1 CIMBa Macia.

B xaudectBe npuMepa Ha pucyHke 9.1. mpuBeIeH peayKTOp, HAa KOTOPOM IOKa-
3aHbI BCE 3TU JJIEMEHTBHI.

9.3. Knaccugpuxayus pedykmopos.

9.3.1.11o npuHIMITY TOCTPOEHHUS PA3IUYAIOT:

- PSIIOBBIE PEIYKTOPHI C TIOCIEA0BATENbHBIM PSIIOM MEpesiady, y KOTOPbIX OCH
BpalIeHUs 3y0UaThIX KOJEC HEMOABHKHBI;

- IUTaHETapHbIE PEAYKTOPHI, Y KOTOPBIX OCh XOTS Obl OIHOTO KoJieca repeme-
1IA€TCS B IPOCTPAHCTBE.

9.3.2. Ilo TNy npUMeHsIEMbIX B PEAYKTOPE MepeIayd pa3inyaroT peayKTOPHI:

- IWIMHAPUYECKUE;

- KOHHMYECKHE;

- YEPBSIYHBIE;

- KOMOWHUPOBAHHBIE: KOHUYECKO-IIUINHAPUYECKHUE, YEPBAYHO-
UUIMHAPUYECKHE, U T.11.;

9.3.3. 1o uncny cryneHen penyKTopbl MOTYT ObITh:

- OJHOCTYIIEHYAThIE;

- MHOTOCTYTIEHYaThIE: JBYX-, TPEX- U T.J., YACIO CTYNEHEN BCceraa Ha eIMHU-
Iy MEHbIIIE YHCa BaJIOB.

9.3.4. I1o pacnoJio)KeHHI0 BaJOB B IPOCTPAHCTRE:

- TOPU30HTAJIbHBIE — BaJIbl PACIIOI0KEHBI B TOPU3OHTAIBHOM INIOCKOCTH;

- BEPTUKAJIbHBIE — CAMU BaJIbl TOPU30HTAJIBHBIE, HO CIEAYIOT JIPYT 32 APYrom
B BEPTUKAJIBHOM TNIOCKOCTH;

- PElYKTOPBI C BEPTUKAJIbHBIMH BajaMU — OCH BpaIlleHUsI TAKUX BaJIOB — BEP-

THUKaJIbHBIE.
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9.3.5. I1lo B3aMHOMY PaCHOJIOAKEHUIO OCEH BaJIOB:

- pa3BEPHYTHIE: OCH BaJIOB PACIOJIOKEHBI TIOCIEA0BATENBHO APYT 32 APYTOM;

- COOCHBIE: OCH BpallleHHsI BEAYIIETO U BEJOMOTO BaJIOB COBIIA/IAIOT.

B xauectBe mpumepa Ha pucyHkKe 9.2 MpUBEIEHbl KMHEMAaTHUYECKHUE CXEMbI
HEKOTOPBIX TUIIOB PEAYKTOPOB.

9.3.6. OnTuMH3aLKsI KOHCTPYKIUN PETYKTOPOB IIPU MPOECKTUPOBAHUH .

OnTuManbHOM cuMTaeTCs KOHCTPYKILHUS, KOTOpas 3aHMMAaeT MHUHHMMAaJIbHBIN
00BEM U cO3AaET HAWTYUIIINE YCIOBUA 1751 00ecredeHnsi CMa3Ku 3y0uaThIX KOJEc.
C 3TOM TOYKH 3peHUsI ONTUMATIbHBIMU (WJIA OJIM3KUMU K HUM) OyIyT KOHCTPYKIIHH
JIBYXCTYIIEHYaThIX PEIYKTOPOB, Y KOTOPBIX PaBHbI JHAMETPBI 3yOUaThIX KOJEC
IIEPBOM M BTOPOU CTYIIEHEW, a y TPEXCTYNIEHYATHIX PEAYKTOPOB PABHBI THAMETPBI
KOJIEC BTOPOM U TPETHEN CTYIIEHEH.

9.4. Cma3zka nepeday u NOOWUNHUKOB PeOYKMOpOs.

B GonpmmHCTBE Cily4aeB B pelayKTOpax MPUMEHSETCS KapTepHas cMasKa: B
KOpILyC penykTopa 3anuBaeTcs macio u3 pacuéra 0.3...0.71/kBt nepenaBaemoit
MOIIIHOCTH B 3yOuathix peaykropax u 0.7...1.0 n/kBt B uepssiunbix. [Ipu Takom
crioco0e cMa3Ku TUXOXOJHbIE KOJIEca IOrPyKat0TCs B Maciio Ha 4...5 Mofyseil, Ho
He Oosee ueM Ha 1/3 nuametpa kojeca. OcTajabHbIE 3J€MEHThI KOHCTPYKIUH pe-
JTYKTOpa CMa3bIBAIOTCS 3a CUET MAc/HOTO TyMaHa, BO3HMKAIOUIETo Mpu padote
€ro nepeaay.

Copt macna nogdoupaercs 1o BA3KOCTH. [Ipu BbIOOpEe cMa304HBIX MaTEPHATIOB
HEOOXOJMMO YYUTHIBaTh BEJIMYMHY HArpy3Kd M CKOpPOCTb IBHMXKEHUA. Bs3KOCTh
CMa3KH JIOJKHA OBITH TeM OO0JIbIIIe, YeM OOJIbIle Harpy3Ka U MEHbIIIE CKOPOCTh.

B 4epBsuHBIX peayKTOpax sl MOBBIIIEHUS MPOTUBO33JUPHBIX CBOWCTB B
cMa3Ky A00aBstoT )kupsl ot 3 A0 10%.

[Tpu Manoil ckopocTH 3y04aThiX KOJEC pa3OphI3ruBaHUE CMa3KU HE 00eCIeuynBaeT
CMa3Ku MOMIMHUMHUKOB. [109TOMYy TIpH OKPYKHBIX CKOPOCTSX KoJ&c 1o 2...3 m/c
NOJAIIMITHAKY CMAa3bIBAIOT IUIACTHYECKUMH CMa3KaMmu. It 3TOro B pacTOUYKy KOp-
nyca IoJ NOAIIUITHUK CO CTOPOHBI MOJIOCTH PEAYKTOpa CTaBATCS Ma3eyAepKuBa-
IolMe Iaibpl, a B MOJOCTh MOJIIMITHMKA HAOWMBAaeTCs KOHCUCTEHT-
Has(rutacTuaHas) cMazka. OOBIYHO OHA 3aHUMaeT 2/3 00bEMa pacTOUKHU MOJ TOJ-
HIUITHUK.

9.5. Cmanoapmubie pedyKmopul.

9.5.1. O6uime cBeaeHUs

[IpOMBIIIIEHHOCTBIO BBIITYCKAETCSI CEPUIUHO 3HAYUTEIBHOE KOJUYECTBO pe-
nykTopoB (6omnee 1.200.000) no pa3aMuyHbIM KUHEMATHYECKUM CXEMaM.

HyxHo oT™MeTuTh, yTo B Hactosiee Bpems B PO 6onee 40% BbImyckaeMbIX
penykropoB — uepBsunbie (B CIIIA 10...15%, B ['epmanuu 10 7% ). Tak kaxk KIIJI
YEepBSYHBIX Mepelad HHU30K, CTOJb IIMPOKOE HX MCHOJIb30BAHHE TMPUBOIUT K
OO0JBIIUM OTEPSIM MOLTHOCTH.
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Puc.9.1. LHunuuapudeckuil 0JHOCTyIEHYAThIN 3y0UaThlii peTyKTop.

3nech: 1 - Beayias mectepHsi; 2 — BEIOMOE KoJieco; 3 — BeAyInil Baj; 4 —
BEJIOMBIN BaJl; 5 — omopa Beayllero Bana; 6 — onopa BeAOMOT0 Baja; 7 — KOpILyc
peayKTOpa; 8 — KpbIIKa Kopiyca; 9 — cMOTpoBoit Jitouok; 10 — oTaymuna; 11 —
pBeIM — 607T; 12 — ykazaTenb ypoBHS cMa3ku; 13 — mpoOka 11 cmuBa Maca.

197



a
A7 )
NALL

P Y

CL—.—!L——.‘
F—ﬂr———d

FOiiidid s Ieaddiiie (dLiiileics

4

‘\___/'

]

_ e)
AN ) b
NV 0 D

I T AL LD ‘/4;-/r////////////////r//k;/

\
(

AL C A Cid iy e d¥ia

Puc. 9.2 Kunemarnueckne cXxeMbl HEKOTOPBIX TUIIOB PEYKTOPOB.

a — UMWJIMHAPUYECKUA OJHOCTYNIEHYAThI PEAYKTOP; O — HMIMHAPUYECKUN JBYX-
CTYNEHYAThIN pa3BEPHYTHIN PEAYKTOP; B — BEPTUKAJIBHBIA PEAYKTOP; T - HWJINH-
JPUYECKUM COOCHBIN PEAYKTOP; I — KOHUYECKUNW OJHOCTYEHYATBIN PETYKTOP; € —
KOHUYECKO-IUIMHIPUYECKUN TPEXCTYNICHYATBIN PEAYKTOP; K — YEPBAUHBIN OJI-
HOCTYTIEHYATBIN PEYKTOP; U — YEPBAYHO-LIWIMHAPUIECKUN PEAYKTOD; K - YeEp-
BS'YHBIM OJJHOCTYIIEHYATHINM TOPU30HTAIBHBIA PEAYKTOD

B cepuliHbIX TUIMHAPUYECKUX PEIYKTOPAX UCIOIb3YETCS HE TOIBKO 3BOJIb-
BEHTHOE 3alleIIeHue, HO U 3ailerieHue HoBukoBa, a B YepBAYHBIX - APXUMEIOBBI
YEPBSKH U TII00OWTHBIE.

BrinmyckaroTcsi CEpuiiHO TaKKe arperaThl, COCTOSIINE U3 JIEKTPOJABUTATENS U
peaykTopa — MOTOp-peayKTopbl. Kak mpaBuiio, 3TO aCUHXPOHHBIA YETBHIPEXIO-
JIOCHBIM 3nekTpoaBuratenb (T.e. ¢ N=1500 06/MuH), yCcTaHOBJICEHHBIM HaA COOC-
HbIW, YEPBIYHBIN, IJIAHETAPHBIA UM BOJITHOBOU PELYKTOP.
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VY CepuHHBIX PEIYKTOPOB M y MOTOP-PEAYKTOPOB CTAaHAAPTHIM psij Nepena-
TOYHBIX YHUCEJI, MEXKOCEBBIX PACCTOSIHUM, BBICOT OCEH BaJIOB, PA3MEPOB BBIXOIHBIX
KOHIIOB BaJOB, ra0apUTHBIX U MPUCOEIUHUTEIBHBIX Pa3MepOB, MOMEHTOB Ha Be-
JIOMOM BaJly.

IToCKOIBKY pEeLyKTOPHI BBIIIYCKAIOTCA HAa IPOJAXy, UX KOHCTPYKLIHUH JAJICKU
OT ONTUMaJIbHOCTHU. [T03TOMY, €ciM B TEXHUYECKUX TPeOOBAaHUAX HA CO3/1aBAEMYIO
MalIMHy HMMEIOTCS OTpaHUuYEHUs M0 Macce WIM rabapuraM, IOJIb30BaTbCsl UMHU
HYKHO TOJIBKO ITOCJIE 00513aTE€IbHON IIPOBEPKHU.

9.5.2. MapkupoBKa CEpUIHHBIX PEIYKTOPOB

[TostHOE 0003HAaUEHUE CEPUIHBIX PENYKTOPOB COCTOUT U3 IIECTH YacTel

/ Z 7 4 5 6

Puc. 8.3. O603HaueHNE CEPUNHBIX PEAYKTOPOB.

1 — OykBeHHO —1(pOBOE 0O03HAUCHHUH THUIIA PEAYKTOPA U YHUCIIA CTYTICHEH.

351ech NPUHSATHI TaKUE 0003HAYCHUS:

- 1 — qunuHapuydeckuit;

- K —xoHH4eckui;

- U — yepBsUHBIN;

- [I3 — nimaneTapHsIi ;

- B3 — BOJIHOBOIA;

- H — B penykxrope npumenena nepegaya HoBukoga.

Hudpe! nocne OyKBbI — YUCIIO CTYNEHEH (€IUHUIA HE TTUIIETCS).

Nuorna B 0603HaueHUN MOSIBIIsIETCS 1Udpa BrEepean dTUX OYKB — 3TO HOMEP
MOJICpHU3AIIN KOHCTPYKIIHH.

2 — TTIaBHBIN TTapaMeTp PeayKTopa B MM.

B kadecTBe riaBHOTO mapameTpa NPUHUMAIOTCS:

- 1711 OAHOCTYNEHYATHIX IIMIMHAPUICCKUX U YEPBIUHBIX PEIIYKTOPOB - MEXKO-
CEBOE PAcCTOSIHUE;

- JUTSl TUTAHETAPHBIX PEIYKTOPOB — JIETUTENBHBIA AUAMETP HEHTPAIBHOTO KO-
jieca ¢ BHyTPEHHUMH 3YObSIMU UJTU PAJINYC PACTIOIOKEHUS OCEN CaTeIITUTOB,;

- JUTSI BOJTHOBBIX PEIYKTOPOB — HAYaIbHBIA JHAMETP THOKOTO KoJjieca B HEJe-
(GhOopMUPOBAHHOM COCTOSIHUH;

- JUISI KOHWYECKHUX OJHOCTYIICHUYATBhIX PEIYKTOPOB — JEIUTEIILHBIN TUaMeTp
Ha Hapy>KHOM JIOTIOJTHUTEIILHOM KOHYCE BEIOMOTO KOJIECa,

- JUTSL TIOOBIX MHOTOCTYTIEHYATBIX PEIYKTOPOB — MEXKOCEBOE PACCTOSHUE TH-
XOXOJHOM CTYIICHH.

WNuorna 6yksa H craButcs mocine 3Tou 1iudpsl.

3 — mepeAaToyHoe YMCIIO0 PEyKTOpa.

[lepenaTounsie 4ncia peIyKTOPOB PETIAMEHTUPYIOTCS CTaHIAPTOM W TIPEI-
CTaBIIIIOT COOOM JIBa pssia ymMcen: mepsbid psaa- 1; 1.25; 1.5; 2; 2.5..., BTopoit psn
1.125; 1.375; 1.75...

4 — BapuaHT COOpPKH peAayKTOpa.
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N3 ogHuX U Tex ke AeTajedl peayKTop MOXKHO coOpaTh no-pazHomy. OTiandu-
TEJIbHBIM MPU3HAKOM 3/I€Ch SIBIIAECTCS PACHOJIOKEHUE BBIXOAHBIX KOHIIOB OBICTPO-
xonHoro b u tuxoxoanoro T BasioB. Hanpumep, ogHOCTyNeHUYATHINA IMITUHIPHUYE-
CKUN peyKTOp UMEET JIEBITh BapuaHTOB cOopku (puc.9.4). Kaxnas cxema cOopku
uMeeT cBoi HoMep. CxeMbl COOPKHU OOBIYHO MPHUBOMASTCS B ONMUCAHUU PEAyKTOpa
WM HOPMaJIM Ha HETO. DTOT HOMEP U YKa3bIBACTCS B

0003HaYEHUH PEeIYyKTOpA.
| b b Tq PEAYKTOP
/ 4 / 5 — ¢hopma BBIXOTHOTO KOHIIA
5 il 5 U7 /U pana: K — kounuecknit; 11 — nunun-
1” o/ 16 /. npudeckwii,
Y 5 g NHorma 31ech yKas3bIBaoT (Gop-
I 7 TZ 70 MY 1 BXOJHOTO, H BEIXOJIHOTO KOH-
0 I é /n é /n  LIOB BaJoB.
3 6 g 6 — KITUMaTUYECKOE UCIIOJTHE-
aue o 'OCT15150-69:
s 5 5 70
- V- 11 yMEpEHHOT0 KJIMMarTa;
Puc.9.4. CxeMbl cOOpKH OTHOCTYIIEHYATOr0 - T — JUIsl TPONMMYECKOTO KIIH-

UUJIMHIPUYECKOTO PEIYKTOpA. Mara;
- O — 00IIEKIIMMATHYECKOE;
- XU1 — 77151 XOJIOAHOTO KIIMMATa;
- M — MOpCKO€ HCTIOJIHEHHUE.

Bcst TeppuTopust ctpanbl pa3OuTa Ha 30HBI, TIOATOMY 371€Ch, KPOME KIMMAaTH-
YECKOT0 UCIIOTHEHUS, YKa3bIBACTCS 30HA IKCILTyaTalluH.

Takum obpazom, o60o3Hauenue penykropa KI[2-125H- 71-41 - K, [~ Y1
pactrpoBBIBACTCS CIAEAYIOMIMM 00pa30oM: PEIyKTOP KOHUYECKO - ITUINHApUYEe-
ckuii (K1), nByxcTynenyaTsiii (2), MEXOCEBOE PACCTOSTHUE TUXOXOTHOM CTYIIEHU -
125mM, nepenaun ¢ 3anereHnem Hosukosa (H), mepenaTounoe uncio peaykropa
- 71, BapuaHT cOOpKH - 41, BHICTYMAIONINI KOHEI[ BXOJTHOTO Bajla — KOHMYECKHA,
BBICTYNAIOIINI KOHEL BBIXOAHOTO Bajla — UIMHAPUYECKUM, PELYKTOP NpeIHa3HA-
YeH JJIs1 YMEPEHHOTr0 KJiuMara, 30Ha 1.

9.5.3. Bo1bop cepuitHBIX peTyKTOPOB

CepuiiHbie peyKTOPBI MOIOHUPAIOTCS MO MEPEIATOUYHOMY YHCITY, MAKCUMAJIb-
HOMY BpallariieMy MOMEHTY Ha TUXOXOJHOM Bajly, JOMYyCKaeMbIM paIlaIbHbIM
YCUJIUSIM Ha BBICTYMAIOMIMX KOHIIAX BEAYIIEr0 U BEOMOTO BaJIOB MPHU MIPUHATOM
pexxume skcruTyatanu. Heo0xoaumo BBIMOJHEHHE YCIOBUM

THOM Zer>I<TmaX ! RHOM = ermRmaX '

rae THOM u RHOM - HOMUHQJIBHBIE BPAIIAIOIINI MOMEHT U pajaualibHas

Harpy3Ka Ha BBICTYIIAIOIINE KOHIIBI BAJIOB, PUBOATCS B XapaKTEPUCTHKE PEIYK-
TOpa JJIs ONpeaeaEHHON TPoaokUTeIbHOCTH BKitoueHus (11B%);

T max 1 R max " TpeOyeMble Harpy3Ku Ha peAayKTop;

Koadpumuent pexxnuma padboThl
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ern( - K)IBKHBKCKHKPCB (Kq)

rae KHB - K03(ppuIMeHT, 3aBUCSIINIA OT BUA IBUTATEIIS;

Ko~ KO3 PUITMEHT, 3aBUCAIIHNI OT MPOAOJKUTEIHPHOCTHA BKIIIOUCHUS TIPH-

BOJa (pekuMa padoThl);
K- KO3 PUITMEHT, 3aBUCSIIHAA OT MPOJAODKUTEIILHOCTH PaObOThHI B TCUECHUE

CYTOK;
K - KOOQdHUIHMEHT, 3aBUCAIIMI OT XapaKTepa HArpy3KH M 9HCIIa MyCKOB B
Te4YeHHe yaca paboThl;

erB - K03((HUIIMEHT, YIUTHIBAIOLINI PEBEPCUBHOCTH HATPY3KH;

K- KO3(PUIIMEHT, KOTOPbI BBOJIUTCA CHEIUANBHO IJIsi YEPBAYHBIX pe-

JTYKTOPOB, OH YYUTBIBAET PACIIOJIOKEHUE YEPBIKA OTHOCUTEIBHO KOJIECa.

3HaueHHs yKa3aHHbIX KOA((PUIMEHTOB NPUHUMAIOTCSA 110 Ta0IuIaM, IpUBe-
JIEHHBIM B XapaKTEPUCTUKE PEAYKTOPA.

Ecnu HeoOXoauMble YCIOBHUSL HE BBIMOJIHAIOTCS, TO HYXHO MEPEXOJIUTh K
00JIbILIEMY TUIIOPA3MEPY PEAYKTOPA.

[Tpu monbope penykropa HYy>KHO MOMHUTb, YTO CEpUNHHBIE PEIYKTOPHI J10-
IIyCKAlOT KPATKOBPEMEHHYIO JIBYXKPATHYIO IIEPErpy3Ky, a pajualibHas Harpyska
IIPWIOKEHA B CEPEIUHE MTOCAJ0YHOI0 MECTA BBICTYIIAIOIIETO KOHIIA Baa.

Konmponsnwie sonpocot.
1.Ha3znauenue pedykmopog u mynbmuniukamopos.
2.Onemenmol pedykmopa u ux QyHKYUOHAIbHOE HA3HAYeHUe.
3. Knaccugurxayus pedykmopos.
4.Cmanoapmusie peOyKmopul U ux MapKuposKa.
5.Bvibop ceputinvix pedyKmopos.

10. Hennble nepeaayu.
10.1. Obwas xapakxmepucmuxa.
[lennas mepenaya 3TO mepeaada 3alerie-
7 _3’ 2 HUEM THOKOW cBsi3bio. [Ipumensiercsa mpu ma-
- - paJIENBbHBIX OCAX BaJlOB. YCJIOBHOE 0003Haye-
,?%/ 'g}g% p HUE HA KUHEMAaTUYECKUX CXEMaX MPUBEJCHO Ha
' — - - pucynke 10.1.
Cocrout u3 3B€3104€eK Beayen 1, BeaoMon 2 u
coenuHstonieit ux uenu 3. Kpome storo nennas
nepenaya MOXXeT UMETh:
2 E; - YCTPOMCTBO ISl HATSHKEHUS 1IETH;

- CMa304YHO€E YCTPOMCTBO;
- 3alIMTHOE OTPAXKICHHUE.

Puc.10.1. llennas nepenaya.
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10.2. Jlocmouncmea nepeoauu:

- 3HAUUTEJIbHBIE MEKOCEBBIE PACCTOSIHUSA (10 8M);

- OTHOCHUTEIILHO MaJible rabapuThl;

- OTCYTCTBHE CKOJIbKECHUS;

- noctato4yHo Bbicokuil KII/;

- OTHOCHUTEJIbHO HEOOJbIIINE HArPY3KH HA BAJIbI;

- BO3MOXKHOCTh MEpEJayu JIBUKEHUS OJHOW LEIMbI0 HECKOIBKHM BEIOMBIM
3BE3J0YKaM.

10.3. Heoocmamxu nepeoauu.:

- 3HAUUTEJIBHBIA M3HOC B IIApHUpPaX U, KaK CJIECACTBUE, YIJIWHEHHUE IIENH, a
3HAYUT HEOOXOAMMOCTh NMPUMEHEHHUS! HATSHKHBIX YCTPOMCTB, POJIb KOTOPBIX BCE
BpeMsI BEIOUPATH YJIJIMHEHUE 1IEMH;

- TpeOyeTcsl BBICOKAsi TOYHOCTh MOHTaXa, TAK KaK HECOBMAJIEHUE TIOCKOCTEN
3BE3/10YEK HE JOITYCKACTCH;

- CKOPOCTh JIBMDKCHHUS 1I€TTH HE MOCTOSHHA, MYJIbCAIMA CKOPOCTH T€M OOJIbIIIE,
YeM MEHBIIIE YUCIIO 3yObeB 3BE3/104ECK;

- 3HAUUTEJBHBIN IIyM B Tpoliecce paboThl, OCOOCHHO MPH MAaJbIX YHCIIAX
3yObeB 3BE3/I0YEK U OOJIBIIIOM IIare ey,

- BBICOKasi CTOUMOCTD LIETIH.

10.4. Bozmooicnocmu yennoii nepedaiu 8 npugooe.

[lenHbie mepegaur NIPUMEHSIOTCA B CTAHKAX, TPAHCIIOPTHBIX U APYTUX MalllK-
Hax JUIs Mepeladd JIBIKCHUS MEXIy NapajUlebHBIMU BajaMu, KOrja 3yOuarbie
nepeayu HEMPUTOJIHbI, @ pEMEHHBIE TIepeaau HEHAAEKHBI.

ITepenaBaemas MomiHOCTh 10 120 KBT, cKOopocTh 10 15M/c. B crenuanbHbIX
nepegayax CKOpocTh MOKeET 1oxoauth 10 30m/c. KITJ[ - 0.92...0.97.

[lepenauya MoXeT OBITh Kak OBICTPOXOJHOM, B 3TOM Cily4ae €€ mepeIaToyHoe
YHUCJIO 10 8, TaK U TUXOXOJHOW, B 3TOM CIIydyae MepeJaTOYHOE YKCIIO Jydile a0 4.
[Ipumenenue 1enHoi nepenayu Kak ObICTPOXOJIHOM TpearnosaraeT KeCTKU Kop-
MyC ¥ XOPOUIYIO OCTOSIHHYIO CMa3Ky.

Honroseunocts 1eneit 3-5000 gacoB paboTHI.

10.5. Ilpusoonuvie yenu.

10.5.1. PazHoBuHOCTH 1IETICH

ITo Ha3HaYEeHUIO LIEeNU JAENATCS Ha:

- TPY30BbIC€ MU ISl TIOABECKU U TMOAbEMA IPy30B, MPUMEHSIOTCS B IPy30-
MOABEMHBIX MaIlIMHAX;

- TSITOBBIC LIETH JIJIS IEPEMEIICHUS TPY30B B TPAHCIIOPTUPYIOIIUX MaIlIUHAX;

- TIPUBOJIHBIC LIETH VISl TepeIadyd MEXaHWYeCKOW SHEpPruu B MPHUBOJIAX pas3-
JIMYHBIX MAIIIWH.

KoncTpyrnpoBanue LemHbIX Mepeaad MPUBOJOB pPacCMaTPUBAETCA B Kypce
JIeTaJIe MaIlIKH.

B xauecTBe NpUBOAHBIX UCMIOIB3YIOTCS:

- mpuBOIHbIE posinKoBbIe 1enu (I1P);

- MpUBOIHbIE BTyJ0uHbIE LienH (I1B);

- npuBoAHBIC 3yOuaTsie renu (I13);
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- (hpacOHHO3BEHHBIE TIETIH.

Bce st nenu cranpaptuzoBanbl. OCHOBHOM mMapameTrp — mar menu. Cras-
JTapTHBINA psia maros: 9.52; 12.7; 15.875; 19.05 ...

10.5.2.11puBoIHBIE POJUKOBBIC M BTYJIOUHBIC IIEIIH.

[InacTuHYaThle POJIMKOBAs W BTYJIOYHAS LENH MPEACTAaBISAIOT coOOM moce-
JIOBATEJIbHBIA PsJl HAPYKHBIX U BHYTPEHHHX 3BEHHEB IIAPHUPHO COEIMHEHHBIX
MEXIy COOOM (pHC 10.2).

A-A
2 J
HapyXHb/E sberbs | BﬁympEHHUE beHbs 7 r&
. L 5
AR

7
.
5
L« I
A = % > 7

Puc.10.2. PonnkoBast iemb.

N

[InacTuHBl HapyXHBIX 1 M BHYTPEHHHX 2 3BEHBEB BBIIIOJIHEHBI PABHONPOY-
HBIMHU Ha pacTshkeHHe B ceueHusx 1-1 u 2-2 (puc.10.3).

Hapy»xHbie nnacTuHbl 1 )KECTKO CBA3aHBI C OCBIO

3 (cMm. puc.10.2), a BHyTpeHHHE 2 KECTKO CBSI3aHbI

7 Z
) co BTyskol 4. Ha BTyjKe CBOOOHO CUIIUT POJIMK 5.
D C) Takum 00Opa3zoM, MpH JBIKCHUU IIEMH POJHK 5 Ka-
TUTCSI IO OOKOBOM MOBEPXHOCTHU 3y0a 3BE30UKH.
2
7

PonukoBble 1enu MOTyT OBITh OOJErdy€HHbIE
onuopsiaubie (ITPJI), HopmalibHBIE OJTHOPSITHBIE
Puc.10.3. IInactrHa nenmu.

(ITP), ¢ u3ornyteimu mnactunamu (I1PN), nmuaHo3BeHHbIe 00neruénnnie (I[1P/]),
ycwinennbie (ITPY), nByx (2I1P)-, Tpéx (3I1P)- u uetbipéxpsimunie (411P).

VY Brynounoii nenu [1B ponuka wet. [losTomMy €€ BTyjKa CKOJIB3UT 1O pabo-
4yeil moBepXHOCTH 3y0a. B 3aBucMMOCTH OT mepenaBaeMoil Harpy3ku IMpPHUBOJIHbBIE
BTYJIOUHBIE LIETIH U3TOTOBIISIOT ogHOpsiAHBIMY ([1B) unu aByxpsaaeivu (211B).

10.5.3. 3y0uaThle 1enmu.

3y6uatas nens [13 B kaxxoM 3BeHe umeeT Habop miactul 1(puc.10.4), uncio
KOTOPBIX OompeenseT mupuny uenu. Kaxaas miactuHa umMeeT 1Ba 3y0a U Blau-
Hy Mexay HuMHu. OObIYHO yroJ BKIMHUBaHuA B = 60°. Ilenb oxBaThIBaeT 3BE3/104-
Ky, JOKUTCS Ha He€ cBepXy. s Toro, 4roObl LEMb HE COCKaIb3biBaja CO 3BE3-
JIOYKU OHA UMEET HAIPABJIAIOIINE TUIACTUHBI 4, TPeACTaBIIsAIOINE cO00I OOBIYHBIE
IUTACTHHBI, HO 0€3 BBIEMOK I 3yObeB 3BE3/10UCK.
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Puc.10.4. 3ybuaras 1ens.

OTU TJIACTUHBI JBWXXYTCSA IO CIElUalb-
HOW KaHABKE IOCpEIWHE 3BE3N0UYEK. B oOT-
BEPCTHUSAX TUIACTHH KaXKJOTO IapHUpa ycTa-
HABJIMBAIOTCS JIBE MIPU3MBI 2 U 3 C KPUBOJIU-
HEWHBIMU pabo4YrMH oBepxHOCTSIMU. O/1HA
W3 TIPpU3M COEQUHAETCS C IUIaCTUHAMHU
Hapy>KHOT'0 3B€HA, BTOpasl — C IUIACTUHAMU COCEJIHETO BHYTpeHHero. Takum obpa-
30M, MPU OTHOAHWH 3BE3AOYKH MPHU3MbI TIEPEKATHIBAIOTCS APYT MO APYTy KPUBO-
JMHEUHBIMU TTOBEPXHOCTSIMHU.

BcenencTBue nydmux ycJioOBUH 3alleTUICHUSI ¢ 3yObSMU 3BE3I0YEK 3TH LIENHU
paboTarOT ¢ MEHBIIMM IIYMOM. Tak Kak IIMPUHA LIETH MOXKET OBbITh JII000i, TO UX
MPUMEHSIOT JJI mepeadr OOJbIINX MolHOocTed. Ho mo cpaBHEHUIO C Jpyrumu
HEMsMU 9TU enu OoJiee TsKeNble, CII0OKHEE B U3TOTOBJICHUU U, 3HAYUT, JIOPOXKE.
[TosTOMYy MX IPUMEHEHUE OTPAHUYECHHO.

10.5.4. ®acoHHO3BEHHEBIE IENH.

PaznuuaroT nBa THma (acoOHHO3BEHHBIX Lienel: KproukoBbie (puc.10.5a) u
mteipeBbie (puc.10.5.0).

KproukoBass 1enbp cOCTOUT W3
3BEHbEB OJIMHAKOBOW (POpPMBI, OTIIH-
THIX W3 KOBKOT'O YyTr'yHa WM IITaMIIO-
BaHHBIX U3 MojocoBoi ctanu 301" 6e3
JOMOJHUTENbHBIX AeTanieil. COOpKy U
pa3doOpKy ATOM LENH OCYIIECTBIISIIOT
MyTEM B3aMMHOTO HaKJIOHA 3BEHbEB

Puc.10.5. ®acoHHO3BEHHBIEC LICIIH. Ha yroJ 60°.

B mTeipeBoii nienu 3BeHbs 1 U3 KOBKO-
ro YyryHa COEIUHSIOTCA 3alIIUIMHTOBAHHBIMU CTAJIbHBIMU OCSIMU (IUTBIpAMH) 2.
O06a Buaa 1ieneit TpUMEHSIOT JIJIsl TIepeIadyn HeOOIbIIUX MOIIHOCTEH TP MaJIbIX
ckopocTax 3 — 4 m/c, OOBIYHO B YCIIOBUSIX HECOBEPIICHHOW CMa3KU U 3alllUTHI.
brnaronapsi He0OJIBIIIONH CTOMMOCTH M JIETKOCTH PEMOHTA 3TU IEMH IIUPOKO MPH-
MEHSIIOT B CEJIbXO3MallINHAX.
10.6. Mamepuanst yeneii u 36é300uex. 1lnacTUHBI HENMU — CPEAHEYTIEPOAUCTAS
o i b unu nerupoBanHas ctaib 45,50,40X. 40XH. Tepmo-
m oOpabotka 06b14HO 3akanka 10 HRC 40...50.

Ocu, BTYJIKH, POJIMKA - U3 [IEMEHTUPYEMBIX CTa-
ne#t 15,15X,20,20X u T.11. OOBIYHO IEMEHTUPYIOTCS U
sakanuBarorcs 10 HRC 45...65. Jlis 3B€3109€K peKo-

MEHIYETCS TIPUMEHSTH YIJIEPOIUCThIC UIIH JICTUPOBAH
Hble ctaiau Mapok 40,45, HRC50...60.

SRR

st
P AN
e
5| PESNT
/75 I
b P

Puc.9.6. Konctpykunu 3BE3104€K.
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Jist 3BE€3109eK TUXOXOMHBIX mepenad (V<3M/c) MOKHO HCIIOIh30BATh TAKKE
cepbli WK MOIU(MUIIMPOBAHHBIN YYT'YH C TBEPAOCTHIO MOBEPXHOCTH JI0
HB260...300.

[Tpu G6onpmux pasmepax (d>200) 3BE310UKH JCTAIOT COCTABHBIMHU: IICHTP M3
JenéBoro MaTepuana, a Kk Hemy npusapubatoT(puc.10.6.a) unu kpenar 6oaramu
BEHEI[ U3 KauyeCTBEHHOro MeTajia (puc.10.6.0).

[lepcrieKTUBHBIM SIBJISIETCS] M3TOTOBJIEHUE 3BE3/I0UEK U3 TIaCTMAcC, MO3BO-
JSIOIMX YMEHBIIUTh JUHAMUYECKHE HArPy3KU U IIyM Iiepeaadu (puc.9.6.s).

10.7. Mexanuxa yennoii nepedauu.

10.7.1. KunemaTuka nepeaayu.

znP
CpenHsisi CKOpOCTb 1IEeNU V=" M/ C. D10 Benmumna MoCTOAHHAS.
60x1000
V \
% Tak kak CKOpPOCTb IIeNU Ha 00enX 3BE3-
Al

JIOYKax OJIMHAKOBA, TO Vl = V2 W
le’]1 = 22n , U CPENHEE NEePeIaToIHOe
_nh_2Z;
N, 243
3BEHbS LEMH, HAXOASCh B 3aLICIUICHUH C
3yObsIMU 3BE3/I0UKH, PACTIOIATalOTCs B BUJIE

CTOpOH MHOroyroJyibHuKa (puc.10.7), B KOTO-
© POM CTOPOHBI PaBHBI IIATY IEMH, 4 YUCIIO

qUCIIO0 u

Puc.10.7. Kunemartuka menu. CTOPOH PaBHO YHUCITY 3yObeB Z 3BE3I0UKHU.
CxopocTs mapHupa A paBHa OKpPYKHOU

CKOPOCTH 3BE3JI0UYKH B TOUKE, COBNAJAIOIIEH C LIEHTpOM MmapHupa. Hampasiena

OHAa NEPHEHAUKYISPHO PAIAYCY ITOU TOUKHU. E€ MOKHO pa3yIokKUTh HA JIBE CO-

crasusromue: V AL > HATIPABIICHHYIO BIIONL BETBU LICTTH (YCIIOBHO rOpU30HTAIb-

Has), U V AR HATIPABIICHHYIO NEPTICH/IMKYIAPHO BETBU LETIH (YCIOBHO BEepTHU-

KaJIbHas).
CocTaBnsromnmye CKOPOCTH 3aBUCAT OT MOJIOXKEHHS BEAYIIETO apHUpA:

VAF:VAcosoc; VAB:Vsinoc.

3neck 3HAaUeHME yria Ol H3MeHseTcs B mpefenax — <O < +§.
VYron (T ) cCOOTBETCTBYET MOMEHTY BXO/1a B 3allCIJIEHHE LIapHUpa A.

Vroa (T ) ans 5TOro *e mapHupa, HO B MOMEHT BXO/1a B 3allellJIEHUE C 3y0OM
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27

3BE3M0YKH ClIeayromero mapuupa; P = ——.

JIBrKeHuE BEJOMOM 3BE310UKH ONPEIEISETCS TOPU3OHTAIBHOW COCTABIISIIO-
A CKOPOCTH V AT Ho 310 BennumHa nepemMenHasi, mo3ToMy MTHOBEHHOE 3Ha-
_Z,C080a, )

Z,COS o,

YCHHE TIePEIaTOYHOTO YHCiIa BearnduHa rnepemenHas (U e

BeprukanbHas COCTaBIAIOIAs CKOPOCTH V Ap TIPMBOJIUT K MOTIEPEIHBIM

KoJie0aHUsIM BETBEH LIENH U K ylapaM LapHUpa LEenH O 3y0 3BE310YKH B MOMEHT
3alleIUICHNs, TaK KaK B 3TO BPEMs BEPTHKAIbHBIE COCTABIISAIOIINE CKOPOCTH LIETIN U
IIapHUPA HAIIpaBJIEHbI HaBCcTpeuy JIpyr apyry (cm.puc.10.7). Takue coynapenus
OPUBOJAT K LIyMY IIpH paboTe Nepeaadn U sIBISIFOTCS OJJHOW U3 MIPUUMH pa3pyliie-
HUS IIapHUPOB LENH U 3yObeB 3BE3/I0UKH, TaK KaK CO3/1al0T JOTIOJIHUTEIbHbBIC TH-
HAMUYECKHUE HAarpy3KHu.

[lepeuriciieHHbIE OTpULIATENBHBIE OCOOCHHOCTU PAOOTHI LIETIH MPOSIBISIOTCS
TEM CUJIbHEE, YeM OOJIbIIE IIar UENU U YeM MEHBIIIE YMCIIO0 3yObeB 3BE3I0UKU.
OOBIYHO HEMOCTOSHCTBO MEPEIATOYHOIO YUCa He npeBbimaert 1...2%, a gonon-
HUTEJIbHbIE TUHAMUYECKHE HArPY3KU COCTABISIOT HECKOJBKO MTPOLIEHTOB OT
OKPY>KHOU CHIIBL.

10.7.2. OcHOBHBIE TEOMETPUUECKHIE ITapaMETPhI epeIayn.

Kaxk oTrmedanocs panee, OCHOBHOM IapameTp rnepegauu — mwar uenu P, on
00s13aTeIbHO MPUHUMAETCS IO CTAaHAAPTY.

Jlns Bemytieit 3BE310YKH MPU OOJIBIIION YaCTOTE BPAILICHUSI YHCIIO 3YObEB Z1

MOKHO ONPEIENATH [0 BBIPAKECHUIO
2y = 29 —-2u~21..23

IIpu cpenHux yacToTax BpallleHUs MPUHUMACTCSA 4= 17...19, ipu MaJbIX —
2y = 13...15. [Ipuanmas uuncio 3yOobeB Zl’ HY>KHO YYUTBIBAaTh PEKOMEHIANU 10

IpeAeIbHON YacTOTe BPALCHUS U M0 IEpeITaTOYHOMY YHCITY.
P Yucio 3yObeB Be1oMOM 3BE310UKU

B 22 = zlu <120 JUTSL POJTUKOBOM LICTH,
Z, <140 nns sy6uaroit nemn.

.

Uucna 3y0neB 3BE3I0UEK JTyUIIIe PUHU-
MaTb HEYETHBIMU.
[[TapHupsI 1IETIM pacnoiararoTCs Mo AeIIu-

A
r
Z

TEJILHOMY AUAMETPY 3BE310UKHU d (puc.10.8),
BEJINYMHA KOTOPOTO U3 TpeyroibHuka OAB

) d=P/sin(180/z).
OcranbHble pa3Mepsl npodus 3yda
Puc.10.8. InameTp 3BE300UKH.
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U JHaMCTPbI 3BE30YKH ONpCACIIAOTCS IO COOTBETCTBYIOIIUM CTaHJAApTaM.

MesxoceBoe paccrosiare A (cm. prc.10.1) mpu mpoeKTUPOBAHKMH IIEITHOM I1€e-
peaadun OIpCACIIACTCA KOHCTPYKHI/ICI\/L T.C. U3BECCTHO, XOTA OBl OPHUCHTHUPOBOYHO.
Ecnu BenuuuHa ero He OIIPCACIIACTCA KOHCTPYKHI/Ieﬁ, TO MOJKHO IIPUHATDH

ag o~ (30...50)P, & max ~ 80P.

IIo IMPUHATOMY MCKOCCBOMY PACCTOAHUIO OIIPCACIIACTCA HOTp€6H0€ qHCJIO

2
Z, +2 2 —Z
“17%2 28 (2771 P

3BCHBEB 1ICIIU W =
2 P 2T a

[TomyuenHast BeIMUrMHA OKPYTISETCS 10 YETHOTO Yuca (TOr/Aa COSAMHUTEb-
HOE 3BEHO OYJET MPSMBIM).
[To mpuHATOMY UKCITY 3BEHHEB W YTOUHSIETCS] MEKOCEBOE PACCTOSIHHE

2 2
Za +2 Z, +2 2 —12
At fw. it ) g(27A
2T

a:E W —
4

Jiist o6ecnieyeHust HEOOXO0IMMOTO HEOOJIBIIIOTO MPOBHUCAHUS BEIOMOI BETBU
HEMY MOJIyYeHHOEe 3HaueHue ymeHnbinaior Ha 0.2...0.4%.

S
7
10.7.3. Cuitbl B IETTHOM TTepeayue

m Harspxenune Benymeﬁ BCTBHU 'Sl, HaTs2KCHUC BCIO-

w MOii BeTBH - S, (puc.9.9). Ilone3nas nepenaBaemas
S, Harpyska - Fy -

T~ [Tpu Takux 0003HAUCHUSIX
Puc. 10.9. Harpy3ka Ha uernsb. Sy =R +S,
Ft =N/V,rae N - nepenaBaeMasi MOIIHOCTh, V - CKOPOCTH IICTIH.
S,=S_+S_,
2 °q “nu
rie S q- HaTsHDKEHUE OT CUJIBI TSHKECTH BEOMOM BETBH IICIIH;

S__ - HATMHKEHHE OT LEHTPOOEIKHON CHIIBL.

HatskeHue 1enu oT mpoBHUCaHUsS BEAOMOM BETBH S q = Kf aqg .

351ecCh:
- Kf - K03 OUITUEHT TPOBUCAHMS, 3aBUCAIIUN OT yTrjia HAKJIOHA JIMHUM 1ICH-

TPOB LIEMHO¥ Mepeiaun K TOPU3OHTY: Ul TOPU3OHTAIbHBIX nepesad K = 6, nus
HAKJIOHHBIX TPH yIJIe HAKJIOHA JIMHUU LEHTPOoB He Oosee 40° Ks =3, 1715l BepTH-
KaJIbHBIX TIepeiayd Kf =1;

- 4 — JUIMHA BEJOMOM BETBH 1I€TH, MPUOJIU3UTEIHLHO OHA PaBHA MEXOCEBOMY

PaCCTOSIHHIO;
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-  — IOTOHHAs Macca Lienu, 0epeTcs U3 CTaHaapTa;
- J — YCKOPEHHE CHJIBI TSHKECTH.

. 2
Hatrspkenue oT 1EeHTpOOEKHOM CHIIBI Su =(0gV"~. OHO CTaHOBHUTCS CyIIIe-

CTBEHHBIM IIPHU CKOPOCTH IIeTH OoJiee Sm/c.

10.7.4.Harpy3ka Ha BaJibl 3BE3/I0UCK.

Harpy3ka Ha Bajbl OT paboTaromiei IemHoi mepeaayu HalpaBiieHa 10 JTUHUH
IICHTPOB B CTOPOHY COMPSDKEHHOU 3BE3IOYKH U IPUHUMACTCS

F =K F,,
B B t

rae K - KO3 (PUIIMEHT HArpy3KH Bajla, YYUTHIBAIOUIUI XapakTep Harpys3KkH,

JEHUCTBYIOLIEH Ha Baj, U PacHoOJIOKEHHUE Mepeauu: MpU HAKIOHE JIMHUH LIEHTPOB
3BE3104CK K TOpU30HTY 0...40° 1 CIIOKOMHON Harpyske K, = 1.15, mpu ynapHoii

Harpy3ke K =1.30, npu HaksioHe 6oJee 40° U CIIOKONHOM Harpy3ke K, = 1.05,
NpU yJapHOH Harpyske K =1.15.

10.8. Kpumepuu pabomocnocobrocmu yenHvix nepeoau.

B mporiecce paboThl 1iemHas nepenada MOXKET BBIMTH U3 CTPOS MO CIETyIo-
IIUM TIPUYUHAM:

- U3HOC IIAPHUPOB 1IETIH; ITO OCHOBHAS MPUYMHA BBIXOJA U3 CTPOS, B PE3yJib-
TaTe M3HOCA MEMb YJTNHACTCS, a 3TO MPUBOIUT K YBEIIMUCHHUIO II1ara Iery | MoTe-
PH €10 MPOYHOCTH, IOMYCKaeMoe yNIMHEHHE cocTaBisieT 1.5...2.5%;

- YCTaJOCTHOE pa3pyIllIeHNE TIACTHH M0 MPOYIITHHAM: YaIlle BCEro BCTPEeUaeT-
Csl Y BBICOKOCKOPOCTHBIX, TSKEIIOHATPYKEHHBIX BTYJIOYHBIX U POJMKOBBIX IIETIEH,
paboTarIIMX B YCIIOBUSIX XOPOIIIEH CMa3KH;

- BBIKPAIIIMBAHHUE U PACKAJILIBAHUE POJTUKOB;

- U3HOC 3yObEeB 3BE3I0UCK.

OcHOBHOM KpuUTEpHi pabOTOCIIOCOOHOCTH — H3HOCOCTOMKOCTD IIAPHUPOB 1ICTIH.
10.9. Pacuém yennotui nepedauu.

Meroauk pacy€ra HEenHbIX mepeaad J0ocTaTroyHo MHoro. Hambomnee mpoctoi
MPEICTABIIACTCS HIDKECTIEAYIOIIast.

10.9.1. Vicxonnble faHHbIC

- mepenaBaeMas MomHocth N ,kBT;

- IepeaTOYHOE YnCJIo U,

- 4acTOTa BpaIlleHUs OJTHOM W3 3BE3/I0UEK, HAIIpUMeEp, Ny, 00/MUH;

- YCJIOBUS U PEKUM PaOOTHI.

10.9.2.BriOpaTh THII LIETIH.

10.9.3.BbiOpaTh mar u 4ucio psiioB Lenu (Bcera peKOMEH1yeM HaulHAaTh C
OJIHOPSITHOM TIETIN ).

10.9.4.3anatecs Z,.

10.9.5. Onpenenuthb dl'

10.9.6. Haiitn nepenaBaeMblii 11ETIHI0O MOMEHT T = 9.55><106 X E, Hwmwm.
1
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10.9.7. Haiitu neicTBytolee Ha 1Ieb OKPYKHOE YCUITHE Ft = P
1

10.9.8. Haiitu koadpuIimeHT sKcIutyaTalluy, YYUTHIBAIOIIUNA peabHbIE YCII0-
BUS U PEKUM pabOTHI

k,=k kkk kk <3
r7e kﬂ - ko3 pUIMEeHT TMHAMUYHOCTH BHEITHEH HATPY3KU:
kﬂ =1 pu CIOKOWHOM Harpy3kKe, kn =1.5 npu ynapax;
ka - KO3 (DUIIMEHT MEKOCEBOTO PACCTOSHUS:
ka=1 npu a=(30...50)P,
ka =0.8 mpu a = (60...80)P,
ka =1.25 npu a<25P,
kH - K03((HUIIMEHT HAKJIOHA Tepeaadr K TOPU30HTY:

kH =1, ecnu HAKJIOH JIMHUH IIEHTPOB 3BE3I0UEK
He O6oitee 60°,

kH: 1.25, ecniv HaKJIOH JIMHKUHM IIEHTPOB Oojee 60°;

kper - k03 puImeHT crnocoda peryIupoBKU HATSHKEHUS LICTIH:

kper =1, ecnu peryiIrpoBKa HATSHKHOM 3BE3]0UKOM,

kper = 1.25, ecniu HET PETYJIUPOBKY;

kC - K03(pPpUIMEHT, 3aBUCSIINNA OT cI0cO0a CMa3KH Mepeayn:

kC = 0.8, ecnu kapTepHasi cMa3Ka WIH [TUPKYJIs-

LIUOHHA,
kC =1, ecnu kamnenbHas cMazka (20kan/mMuH),

kC =1.5 u BbIIIIE, €CITM CMa3Ka MepUoANIecKast;

kpem - KO3 PUIIUEHT MPOJOKUTEIHLHOCTH PabOTHI Mepeiaun B Tede-

HUE CYTOK: kpe>K =1 npu oTHOCMEHHOI paboTe,
K =1.25 npu nByxcMeHHOI pabore,

pex

kpe>I< =1.45 mpu TpéxcMeHHOi padoTe.

Ecnu ncxolHOE HEPABEHCTBO HE BBIIOJIHSETCS, TO HY’)KHO U3MEHUTDH YCIIOBUS
paboThI eperayn.

10.9.9. Haiitu yaenbHble JaBJICHUS B IAPHUPE U CPABHUTH UX C TAOJIMYHBIMH,
MOJIy4YeHHBIMA Ha OCHOBAHUU OTIbITA IKCILTYaTaAIINH:
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Ftka

= S__
p=—<L

3nech A — onopHasi TOBEPXHOCTh IIAPHUPA LENH: I POJUKOBOM M BTYJIOU-
HOU uenen A=d oPrr (cm.puc.10.2). Ins crangapTHBIX 1eneil A MpuBeeHO B

COOTBETCTBYIOIIIEM CTaHIAPTE.
Eciu HepaBEHCTBO HE BBIMOJHACTCS, TO HY)KHO B3STh IEMb C OOJIBIINM IIIa-
T'OM WJIA U3MEHUTD yCIOBUS paOOTHI.
10.9.10. Onpenenuth NOTPEOHOE KOJIUUECTBO 3BCHBEB 1ICTIH.
10.9.11. Onpenenutsb hakTUYECKOE MEXKOCEBOBOE PACCTOSHHE.

10.9.12. B ciryuae nepeMeHHOM Harpy3Kku (kﬂ #1) nposeputs

k=g 2K
Smax
Q — paspymiaroriee yCuine st TIPUHSITON SN, ONpeIessieTCs M0 CTaHaap-
Ty,
Smax = kz[Ft + 82 - MaKCHMaJIbHas Harpy3Ka Ha IeTib.

[(_26 — k03¢ dUITMEHT 3amaca MPOYHOCTHU, TPUHUMAETCS MO TaOJIUIIE ISt

JTAHHOM I1EIIH.

10.9.13. Ilpu ckopoctu nenu 6osee 10 mM/c BbINOTHSAETCSA MPOBEPKA MO MaK-
CUMaJIbHOMY YHCITy 000pPOTOB, 9YaCTOTE W DHEPTUU yAapOB B MOMEHT BXOJa B 3a-
TeTIICHUE.

10.9.14. KoHcTpyupoBaTh BEAYIIYIO U BEIOMYIO 3BE3JOUKH.

10.9.15. Omnpenenuth Harpy3Ky Ha BaJibl 3BE37J0UEK.

10.10. ITpumep I118.

10.10.1.3a0aHue.

Paccuumamo yennyio nepeoauy no ciedyrowum OaHHbIM:

-nepeoasaemasi MOWHOCMb (MOWHOCb HA 8edyuell 36¢300uke) N1=7,kBm;

-nepedamounoe yucio U=3;

- yacmoma epawjerus gedyueli 36¢300uku N1=150,06/mun;

- nepeodaya yCmaHasIueaemcs nocie pedykmopa u pabomaem 6 00OHy CMeH)y 8
VCI0BUAX 3AKPLIMO20 OMANIUBAEMO20 NOMEUeHUsL 8 NPUBOOE NIAHUAUObI,

- Medcocegoe paccmosiHue OpueHmuposouno a=720,mMm (nomyuyeHo u3z Kom-
NOHOBKU NPUBOOQ),

[¢]
- Y20 HAKIOHA nepeodavu K 20pu3oHmy -25 (nojyueHo u3 KOMHOHOBKU Npu-
600a),
- K03 puyuenm ounamuunocmu enewneti nazpysku K,=1.3.

10.10.2. Bvibupaem mun yenu
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Ilo cmanoapmy npunumaem yenv I1P-38.1-10000,m.e. 00HOpsOHYIO pOAUKO-
8yto yenv ¢ wazom P=38.1,um , paspywarowum ycuruem Q=100,xH, noconnvim
eecom yenu =55,H/m.

10.10.3.3a0aémcsa 21=17.

10.10.4. Juamemp sedyujeii 36€3004Ku

P 38.1

d, = 180~ 180 =207.358,Mmm
SsiIn——  SIn——
Z; 17

10.10.5.11epeoasaemviii yenvro MomeHm

T, =9.55x10° x N1 955x10° x = 445667, Fpun
ny 150

10.10.6. /leticmsytowee na yenv okpysicHoe ycuiue

F =21 - 2X 4057 4598,597 ~ 4299, H.
d,  207.358

10.10.7. Koagpgpuyuenm sxcnayamayuu, yuumoléaowuii peaivhvie YCi08Us U

pedrcum pabomol
k,=k k kK KK_ <3

J'a "H per 'c pex —
20e Ky=1.3 - kooghgpuyuenm ounamuunocmu eHewinel HA2Py3KU(CM. UCXOO-

Hble OaHHble);

k.=1.25 - koagppuyuenm mesxncocesozco paccmosinus,

K,=1- kosghgpuyuenm naxnona nepedauu K 2opuzonmy;

Kpee=1- KO2hpuyuenm cnocoba pezynuposku namsicenus yenu (nRpunu-
maem, 4mo 8 OAHHOU KOHCMPYKYUU pe2yTuUpo8Ka HaAMAMCeHUs yenu Oyoem ocy-
WeCcmenamvbCs HAMANCHOU 36€3004YKONL),;

k. =1.5- koagppuyuenm, zasucsiwuii om cnocoba cmasku nepeoaqu

(npunumaem, umo 8 OAHHOU KOHCMPYKYUU CMA3KA YenHOU nepeoadu o6yoem nepu-
00UYEeCKOlL),

Kpene=1 - KO3Duyuenm npooomxcumenvnocmu pabomuvl nepeoauu 6
meueHue Cymox (CM. UCX0OHble OaHHbIE)

k3 =1.3x1.25x1x1x1.5x1=2.4375< 3

10.10.8. Yoenvuvle oasnenus 6 wapnupe

F. k _
p = % < [ _
30ect: A=376,mm*- no cmanoapmy ons yenu ITP-38.1-10000 ;
U3 [5] umeem [p]=22.7,MIla, noosmomy

_ 4299x 2.4375

376

s mozo, umobwl ymenvbuiums yoenvHoe 0asieHue 8 WapHupe yenu, UsMeHum
VCI08USA CMA3KU. NPUHUMAEM, YMO CMA3KA yenu Oyoem KaneivHas, a He nepuoou-
yeckas (Npuoémcs npu KOHCMPYUPOBAHUU UYENHOU nepedayu npedycCMompems
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yempoticmgo 07isi obecnewenust kaneavhou cmasku). Toeoa K. =1 u, coomseem-

CMBEHHO,
k3 =13x1.25x1x1x1x1=1.625<3;

5 4299x1.625

376
10.10.9. Tpebyemoe uucno 36enves yenu

2 2
Z, +7 ZH—Z7Z —
WA 2+§+(%) E=17+51+2x720+(51 17j 1011068
T

=18579< ) =22.7,MIla .

2 P a 2 38.1 2x3.14

Hpunumaem W=102,
10.10.10. @axmuueckoe medxncocesoe paccmosiHue

2 2
Z, +Z Z, +Z 25 —17Z

ag=|W-1 "2 [fw TLTT2 | gl T2 T
4 2 2 om

2 2
%ﬂ[wz-”fﬂd(wz-“;51j —8x(51_17 ) }—1278.763,MM

2x3.14

10.10.11.7/Iposepka no xosppuyuenmy 3anaca npoyHocmu
Iockonwky Ky# Lnposepsiem

K=ct> K

Smax
20e, Q=100000,H — pa3puvisnoe ycunue yenu;

Smax=KoFt+S, — maxcumanvroe namsoicenue éemeu yenu,

Ft = 4299, H - nepedasaemoe oKpydcHoe ycuiue,

S, =Sq +S,, - HamsdIceHUe 6e00MOU 6eMBU Yenu

20e Sq = Kf aq - HamAadd#ceHue om CUibl mAaXdcecmu 6e00MOll 6emeu uenu,

30ecw:
- K¢ =6- m.x. nepedaua zopuzsonmanvras;

- a=1278.763,um — Onuna 6edomoti eemau yenu, NPUOIUIUMENTbHO OHA
pasHa medxcocesomy paccmosnuio (cm.n.10.10.10);
- Q=55 H/m — noconnas macca yenu, bepémcs uz cmanoapma (Cm. uc-
XOOHble OaHHbIe);
Sq =6x1.278763x55=421.991,H;

ZnP  17x150x 0.0381
60 60

HAmMANCEHUE Om L!eHmp06€9iCH0MV CUJlbl SH HecyuieCmeeHHo U um npeHe6peeaeM.

Siax =1.3x4299 +421.991~ 6251 H.

[( :=6, NpUHUMaemcs no cnpasoynuxy [5].

- ckopocmb yenu V = =1.619,m/ ¢ <5,m/c nosmomy
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Taxum obpazom, K= M =15.997>6.
6251

10.10.12. Haepyska na éanvl 36€300ueK
Haepyska na eanvl om pabomaroweli yenHou nepeoaqu HanpagieHa no Jiu-
HUU YEeHMPOB 8 CMOPOH)Y CONPSNCEHHOU 36E3004KU U NPUHUMAETNCSL

F, =K,F =1.15x 4299~ 4944, H

eoe K,=1.15 - xosgguyuenm nacpysxu éana.
Konmponwvnwie onpocul.
1.K kakou xamezopuu nepeday omHOCUMCs YenHas nepeoada?
2.Yempoiicmeo u npunyun pabomsl yenHou nepeoayu.
3,[{ocmouncmea u Hedocmamxku yenHou nepeoayu.
4.Bozmooicnocmu yennou nepedayu 6 npu8oOHOM YCMpOoUcCmae.
5. Yempoticmeo npusoonou poauxogoti u 6mynouHou yenu.
6. Ycmpoticmeo npugoowoti 3y6uamotl yenu.
7.Mamepuanvl yeneii u 36€3004ex.
8. Kunemamuxa yennou nepedauu. Kak cxasvieaemcs uucio 3yobes sedyujell
366300YKU HA CKOPOCMU U PABHOMEPHOCMU OBUNCEHUsL Yyenu?
9.l eomempuueckue napamempvl 08YX36E€3HOU YENHOU nepeoaiu.
10. Hamsoicenue semseti yenu 6 nepeoade.
11.Kpumepuu pabomocnocobnocmu yenHwvlx nepeoa.
12.Aneopumm pacuéma yenHoti nepedadu.

11. ®puKIHOHHBIE NIEPeIaAYH.
11.1. Ilpunyun pabomeotl.

OpUKIMOHHBIE MEpeayu ATO MNepeadl HEMOCPEICTBEHHOIO KOHTaKTa Ha OC-
HOBEe cuJl TpeHus. B oOmiem cinydae mepenaya
COCTOUT W3 Beaymiero 1 m BeaIoMoro 2 KaTKOB,
OPUKUMAEMBIX JPYr K JIpyry HOpyXUHamu 3
(puc.11.1). Ocsb Beaymiero Basia 4 HEMOJBUKHA B
npoctpaHcTBe. Onopsl BEAOMOIo Bajia 5 ycra-
HOBJIEHBI B KaMHSX 6 M MOTYT MEpeMeIaThCs
non nevictBueM npyxuH 3. Takum oOpa3om, B
npouecce paboThl MEXy KaTKaMHU BO3HUKAET
cuia TpeHus Fo,.

[Ipu nepenaum Bpamaromero Mmomenta T
¥ JuaMeTpe Beaymiero katka O; BO3HHKaeT

2T
OKpy’kHOE ycuimie R =——. OueBugHO, YTO
1

LISt
HOpMaJIbHOU PaboThl HEOOX0aMMO, uTOOKI Puc.11.1. dpuknnonHas nepemaya.
BBITIOJIHSAJIOCH YCIIOBHE FTp > Ft .

OOBIYHO BBOJIAT 3arac cleruieHus 3, Toraa FTp > BFt.
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Koaddumuent 3anmaca f =1.25...1.5 B cunoBsIx nepenavax, f > 3...5 B mpubopax.
11.2. Ocobennocmu pabomul hpuryuoHHvix nepeoay.

11.2.1. Kak u3BeCTHO cuJia TpEHUS FTp =Qf , rme Q - ycwiaue npmkarus

KaTKOB JpyT K apyry, f - kosdduiment tpenus. s ObICTPOXOAHBIX CHIIOBBIX

nepeaay, padotarommx B MacisgHoit Baude T = 0.04...0.07. Jlnsa nepenau, pado-
tarorux Beyxyito f=0.15...0.2.

F
Io ycnouio pabotocrocobroctn  Qf > BF; orcrona Q= Bf—t .

DTO U ecTh NepBasi 0COOCHHOCTH MEpPeiad Ha OCHOBE TPEHUS: Cujla MPUKATHUS,
T.€. 00CITy>KHMBAIOIEe YCWINE, 3HAYUTEIBHO OOJIBINE TOJE3HOTO MepeaBacMOro
YCUIIUSL.

11.2.2. Bropass 0COOEHHOCTh 3aKJII0YaeTCA B TOM, UTO 3TUM IepeAadyam Mpu-
cyle ckojbxeHue. OHO MPOSIBISAETCS B OTCTaBAHUM BEIOMOI0 KOJieca OT BeAyIlle-
ro. CKoJIb)XeHHE BBI3bIBACT M3HOC KAaTKOB, HArpeB, MOTEPIO YacCTH IMepeaaBaeMoi
MOIIIHOCTH, T.€. cHUkeHue KII/I.

CKoBKEHHUE MOXKET OBITh YIIPYTHM U T€OMETPUUECKUM.

Y1pyroe CKoJIbXEHHUE.

Benomprii kaTok mprKUMaeTcs K BeaylieMy Katky ycuiauem Q . 3HauuTt, 1mo-
BEPXHOCTH KAaTKOB B 30HE KOHTakTa JAe(opMHUpoBaHBI U TaM oOpa3oBajiach ILIO-
1rajika mupuHou ab (puc.11.2.).

[Ton geiicTBHEM CUJT TPEHHUS Ha IUIOIIAJKE KOHTaKTa (2 3TO TOPMO3 ISl Be-

NIYIIETO KaTkKa)  DJIEMEHTHI
Bedywuu o6oma Bemymiero katka moj-
XOJAT K HEW CXKaTbIMH, a
YXOIAT pacTIHYTBIMU. JIis
BEJIOMOI0 KaTka BCE Hao0o-
POT: CHJIBI TPEHUS TSIHYT €T0
3a 000, MOATOMY PJIIEMEHTHI
ero o00oga Ha TMOAXOAE K
IJIONIA/IKE KOHTAaKTa pacTs-
HYTBI, @ Ha BBIXOJIE — CIKATHI.

Takum o6pazom, Ha -

//
/626)

Bedomerd
KamoK MPSKEHUS B TOBEPXHOCTHBIX
CJI0SIX KaTKOB TP MPOXO0XK-
Puc.11.2. Ynpyroe cKoibXE€HHE KATKOB. JICHUH Y€PE3 TIIOIIAIKY KOH-

TaKTa MEHSIOT 3HAK
(cm.puc.11.2.a). D10 U3MEHEHNE 3HaKa HAYMHAETCA HE Cpa3y IMOCJE BCTPEUH, a OT

TOYKU C, B KOTOPOM CHUJIBI TPEHUSI CTAHOBSITCS MEHBIIEC MPUIIOKEHHOTO YCHUIIHSI.
Jledopmariiy mOBEpXHOCTHBIX CJIOEB KATKOB MPUBOJIAT K TOMY, YTO OHU HAYHMHAIOT
MIPOCKATB3bIBATH OTHOCUTEIHHO ApYT Apyra(cm.pucl1.2.6). CKOpOCTh CKOTBKEHUS
HapacTaeTt OT TO4ku C 10 MaKCUMyMa B TOUKe B.

VYrpyroe cKoJibXeHUE MPUCYIIE BCEM INepenadyaM Ha OCHOBE TpeHus. Bemnu-
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YUHA €r0 3aBUCUT OT XapaKTEPUCTUK YHOPYrOoCTH Marepuasa JAeTallell Nepeaadn u
MEPENABAEMOT0 OKPY>KHOT'O YCUIIHSL.

['eomeTpuueckoe CKOJIbKEHUE.

['eomeTpuueckoe CKONBKEHNE BO3HMKAET BCIEACTBHE HEOAUHAKOBOTO H3MeE-
HEHHUSI CKOpPOCTH Yy BEAYILIEr0 M BEAOMOrO KATKOB MO JJIMHE JIMHUU KOHTAKTa.
Hampumep, y no6oBoit nepenauu (puc.11.3.a) okpykHble CKOPOCTH BEAYLIETO U
BE-

a) 6)
Benomslii kaTok

—t

|
Bemymmit KaTOK 112 13 Sy

|I" I3

Puc.11.3. Jlo6oBas ppuxironHas nepemayda (1000Boi BapraTop).

JIOMOTO KaTKOB OJMHAKOBBI TOJILKO B TOYKE 2 JIMHUM KOHTakTa. Pa3zHuia ckopo-
cteil Touek 1 u 3 o0yciaBIuMBaeT reOMETPUYECKOE CKOJIbKeHHEe. Ero MOKHO Mak-
CUMaJIbHO YMEHBIIUTh, €CJIM 00CCIICUUTh JIMHUIO KOHTAKTa MUHUMAJIBLHOMN JIJTUHBI
(puc.11.3.6), HO TOTIa yMEHBIIAETCS IUIONIAJb KOHTAKTa W YBEJIUYMBAIOTCS
HaIpsKEHUS B 30HE KOHTAKTa.

Takum 00pa3oM, reOMETpUYECKOE CKOJIBKEHHE 3aBUCHUT OOJIbIIIE BCETO OT
KOHCTPYKIIMU 3JIEMEHTOB IMEepeIayn.

CkolnbkeHre BO (PPUKIIMOHHBIX TIEpeaadax y4YWTHIBAETCS BBEACHUEM KOd(]-

¢unuenta ckoapxenus € = 0.01...0.03.
11.3. Knaccugpuxayus opuxyuonnvix nepeoay.
- B 3aBUCHUMOCTH OT B3aUMHOTO PaCIIOJIOKEHUS OCEH BaJIOB:
- HWIMHIPUYECKHE, KOTIa OCH BpAIlleHHUs BaJIOB Mapaljie/IbHBI;
- KOHUYECKHUE UITU JIOOOBBIE, KOT'/Ia OCH BAJIOB IEPECEKAIOTCA ;
- B 3aBUCUMOCTH OT BO3MOKHOCTH PETYJIUPOBATh [I€PEIATOYHOE YNCJIO:
- C TIOCTOSIHHBIM TIEPEAATOUYHBIM YHCIIOM;
- C PEeryaupyeMbIM TEepEIaTOYHBIM YHCIOM, B 3TOM cliydae Y (pHUKIIHOH-
HBIX IIEpeiad OHO MJIABHO U3MEHSETCS, IO3TOMY TOBOPST O OECCTyNEeHYaTOM pPery-
JMPOBAHUH, JUTSI 3TOTO MPUMEHSIOTCS CIICIIHAIbHBIC MEXaHU3MbI — BAPHATOPHI;
- B 3aBUCHUMOCTH OT yCJIOBHI pabOThI BBIICTISIOT:
- mepeaaun, paboTarone B Macie, - 3aKpbIThie TIepeaadu, y 3THX Mepenad
k03 durrent tpenus f ~0.04...0.07;
- epenayu, paboTaroIfe BCYXyI0 — OTKPBITHIE Mepeiadn, y KOTOPhIX KO-
s¢pumment perns T ~0.15...0.35.
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11.4. Jlocmouncmea, nedocmamku t 603MOACHOCIU Nepeoayu.

11.4.1. JloctouHcTBa TIepeay:

- IPOCTOTA KOHCTPYKIIUH;

- OTHOCHUTEJIbHAsE PABHOMEPHOCTh U OECITYMHOCTb BpaIllCHUS;

- BO3MOXXHOCTb paboTaTh MpH OOJIBIIHUX CKOPOCTIX (J10 S0M/C);

- BO3MOXHOCTb MPeoOpa3oBaHus BpalaTeIbHOTO JBHXKEHUS B MOCTYIATElb-
HOE (KOJIECO U IOpora, MeTaJuTypruieckasi IpOMBIILIEHHOCTH);

- BO3MOXKHOCTh O€CCTYNEHYaTOro pPEryJupoOBaHUsl CKOPOCTH Ha XOOy IO
Harpy3Kou.

11.4.2. HenocraTku niepeaad:

- U3HOC PabOUYMX MOBEPXHOCTEHN KAaTKOB — CJICJICTBUE CKOJIbKCHMUS;

- OoJTBIIIIE HATPY3KHU Ha BaJIbI U OTIOPHI;

- HEBO3MO>KHOCTb MOJYUYECHUSI TOUHBIX MEPEJATOYHBIX YUCE;

- HeJb3s MPUMEHSTH MIepeaun TaMm, TJie TpedyeTcs KECTKass KUHeMaTHiecKas
CBSI3b MEXK1y BEIyIIEH U BEIOMOM JETaISIMH.

11.4.3. BO3MOXXHOCTH TIepe/Iauu:

[lepenauu ¢ MOCTOSIHHBIM MEPEAATOYHBIM YUCIOM B KaU€CTBE CHIIOBBIX MpPH-
MEHSIIOTCSI B MAlIMHOCTPOEHUU OY€Hb peako. OCHOBHOE MX NMPUMEHEHHE B pas3-
JMYHBIX MPUOOpax.

[lepenauu ¢ perynupyemMbIM NEpeIaTOYHbIM YHUCIOM — BapHATOPbl IPUMEHS-
I0TCS IOBOJIBHO LIUPOKO.

B cunoBbix Bapuatopax oObIYHO MOIIHOCTH He Oojee 20...25KBT (B MHOT'OJIUCKO-
BbIX Bapuaropax — 110 40kBT); ckopoctu j0 25 m/c; KIIJI 0.88...0.93 s 3akpsI-
ThIX Tiepenad u 0.68...0.86 1jis1 OTKPBITHIX.

11.5. Hexomopule munvl 6apuamopos.

Bapuartopsl MOryT ObITh BBIIOJIHEHBI MO pa3HbIM cxemaM (puc.11.4).

Bapuarops! ¢ pasnBuwxkHbiMU KOHycamu (puc.l1.4.B), TopoBsiii (puc.11.4.1),
NBYXKOHYCHBIN (puc.l1.4.e) uMeroT mpomexxkyTouHoe 3BeHO. PerymmupoBanue Ta-
KHX BapUaTOPOB OCYIIECTBIISETCS OJTHOBPEMEHHBIM M3MEHEHUEM pabouyux paany-
COB BEJIYIIIETO U BEIOMOTO KaTKOB Iepeaaun. Y 1mapoBoro Bapuaropa (puc.11.4.r)
U3MEHSIOTCS padoure paauychl IPOMEKYTOUHOTO 3BeHa. [IpomexyTouHOE 3BEHO
MOKET OBITh PA3JTMYHBIM: KECTKUM C MOCTOSTHHBIMH pa3MepamMu, THOKUM — PEMEHb
WJIU LEIb.

Bce sty Bapuaropsl onHocTyrneHuarsie. VX auana3oH peryjaupoBaHus OObIY-
Ho D <4. Bo3MOXHO NpHMEHEHHE IBYXCTYIEHYATHIX BAPHATOPOB, HAIPUMED,
JBYXCTyTEHYaThI 1000BOH (puc.11.4.k). niau BapuaTopoB ¢ HAOOpaMU BEIYIINX
U BEJIOMBIX JeTajeil, Hanpumep AUCKOBbIA Bapuatop (puc.ll.4.m). B 3Toil kOH-
CTPYKIIMH JJIS TIepeladil OOJIBIIION MOIIHOCTH HCIIOJIB3YETCs] IPUHITUIT MHOTOIIO-
TOYHOCTH (YUCJIO Map AUCKOB MOXeET aoxoauTh a0 100), a u3MeHeHue nepena-
TOYHOTOYMCJIA OCYIIECTBISETCS TMEPEMEIICHUEM BEAYIIETO Bajla OTHOCHTEIIBHO
BEJIOMOT'0 B HAIPABJICHUSX yKa3aHHBIX CTpesKaMu. [Ipu 3TOM M3MEHSIOTCS U pa-
oounii qua

METp, U MEXOCEBOE paccTosiHue. Jlnana3oH peryjaupoBaHUs TaKMX BapUaTO-
poB o0braHO D <8.
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Puc.11.4. HexoTopsie TUIIBI BApUATOPOB.

11.6. Ilpuuunsl 6vixo0a uz cmposi u Kpumepuu pabomocnocooHocmu.

@OpUKIHUOHHBIE IEPENAYN BBIXOAT U3 CTPOS MO CICAYIOIIUM NPUUUHAM:

- YCTAJIOCTHOE BBIKpAIIMBaHUE PAOOUUX MOBEPXHOCTEHM KaTKOB: XapaKTEPHO B
OCHOBHOM I 3aKPBITHIX Iepesiad, padoTaloluX B YCIOBUAX OOUIILHOW CMa3Ku,
CJIIEICTBUE MPUKATHUS KATKOB APYT K APYTY;

- 3aJIUPbI: BCIEJICTBUE MPOOOS MAC/ISHON IUIEHKU Ha paboyed MOBEPXHOCTH
KaTKOB BO3HUKAET MX HEMOCPEICTBCHHBINM KOHTAKT, 3aTEM CXBAThIBAHUE C MOCJIE-
JYIOIIUM OTPBIBOM CXBATUBIIUXCA YACTHUIl OT OAHOM U3 OBEPXHOCTEM;

- U3HOC: CIIEJCTBUE CKOJILKEHUS M TIPOOYKCOBKH, XapaKTEePEH sl BCEX Tepe-
na4 (0COOCHHO MJIsI OTKPBITHIX).

Bce Bunbl paspyiieHus 3aBUCAT OT BEJIMYMHBI KOHTAKTHBIX HanpsibkeHui. [1o-
ATOMY OCHOBHOW KpHUTEpUi pabOTOCIIOCOOHOCTH — KOHTAKTHAsl BBIHOCIUBOCTH
AJIEeMEHTOB Tiepenad. /[ 6opbObI ¢ 3aqupaMu IPUMEHSICTCS CIIeHaIbHAS TIPOTH-
BO3aJIMPHAs CMa3Ka.
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11.7. Mamepuanvr kamxos.

[IpumeHsieMble Il M3TOTOBJICHUS KATKOB MaTEPHAJIBI JOJDKHBI OBITh U3HOCO-
CTOMKUMH U C BBICOKUM Ko3(durmeHTomMm TpeHus. OOBIYHO MPUMEHSIOT CIICTYIO-
IIUC COYCTAHUS:

- CcTajb IIO0 CTaJM: 00a KaTKa M3 3aKaJIEHHOM cTaiM, oObraHO cTtaimu 40XH,
18XIT'T u 1.1, 3akanka 10 TBEpaocTH S50...60HRC, npuMeHSIOT /U1 3aKPBITHIX T1e-
penad, paboraromux B Macie, koddurment tpenus T ~0.04...0.07;

- TEKCTOJIUT, TETUHAKC U T.II. TI0 CTAJIA: OOBIYHO B KHHEMATHUSCKHUX TIepesa-
yax, kodddurment tpenus f ~0.2...0.25;

- YyT'yH 10 CTaJIA WIK YyTyH 10 YYT'YHY: B OTKPBITBIX THXOXOJHBIX Iepeia-
yax, koo uruent tpenus f ~0.15...0.2.

[Tpu pa3HBIX MaTepuaax KaTKOB MEHEE IMPOYHBIM BCEI/Ia JIEIA0T BEAYIIHI
KaTOK, BO M30ekaHue 00Opa30BaHMS 33 JUPOB M JIBICOK HA BEJIOMOM KaTKe IMPH €ro
POOYKCOBKE.

11.8. Pacuém ¢ghpuxyuonnvix nepedau.

OnvH 13 BapuaHTOB METOJMKH MPOCKTHOTO pacuéTa (PpUKIMOHHBIX Tepeaad
CJICTYFOLIHM:

- 110 YCIIOBUSIM U PEXKHUMY PabOTHI BBIOPATh MaTEPHAIbI KATKOB U OMPEICITUTh
KOA(PGUITUEHT TPEHHUS JIJIS IPUHATOU TPYIICHCS MaphI;

- W3 YCIIOBHUS Tepenadd TpeOyeMoro MOMEHTa OIPEAeiUTh HEoO0X0auMoe
YCHJTUE TIPHKATHS KaTKOB JPYT K APYTY;

- TI0 TIOJTYYCHHOMY YCHIIMIO TIPFDKATHUS M3 pacuéra Ha KOHTAKTHYIO BBIHOCIIH-
BOCTh OIIPEJICIUTH pa3Mephl KaTKOB;

- 110 YCHUJTUIO TIPYDKATHUS OTPECIIUTh Pa3Mephl OCTATLHBIX JJIEMEHTOB Tepeia-
4y (BaJIOB, OO, NPYKHUH U T. I1.);

- CKOHCTPYHPOBATh TI¢

Konumponwvnwie éonpocel.

1.K kaxou xamezopuu nepeoay OMHOCUMCA @OPUKYUOHHAS nepedaya?
Hpunyun pabomul hpuxyuonnoil nepedau.

2.0cobennocmu pabomol hpuxkyuoHHOU nepeoay.

3./[ocmouncmea u nedocmamxu OpUKYUOHHOU nepeoayi.

4.Bo3moxcHocmu ppuKyuoHHOU nepeoayu 8 nPU8OOHOM YCmMpoUcmae.

5.Bapuamopul. HasHaueHue u pazHOBUOHOCMU, OCHOBHblE XAPAKMEPUCTUKU
8apUAMOPO8.

6. Kpumepuu pabomocnocobrocmu hpuxyuonHvix nepeoadu.

7.Mamepuanvr kamxos.

8.Pacuém ¢puxyuonnvix nepeoau.
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12.PeméHHbIC IEpeaym.
12.1.Ilpunyun pabomei.

Peménnble nepenayumn 3To nepeaadynd Ha OCHOBE TpeHUsI THOKOH cBsi3bi0. B 06-
meM ciiydae nepeaada coctout u3 (puc.12.1): 1 — Beaymuii mKuB; 2 — BEJOMBIH
HIKKB; 3 — peMeHb; 4 - orpax/jeHue (He MOKa3aHO Ha PUCYHKE); S5- HATsHKHOE

7 2 YCTPOMCTBO (HE IIOKa3aHO Ha
PHCYHKE).

Bpamaromuii MOMEHT 11e-
pena€rcsa 3a CYET CWI TPEHUSA
MEXK]ly IIKUBOM U peMHEM. Cu-
JbI TPEHUS MOSIBISIOTCA KakK pe-
3yJAbTaT TPUXKATUS PEMHS K
IIKUBY TIPU HATSHDKEHUU PEMHS.
IToatomy B 23TOM T1Iepenaue
HATSHDKHOE YCTPOMCTBO SIBIIAETCS
00s13aTEIHHBIM.

Puc.12.1. Peménnas nepenaya,
KHMHEMaTHYeCcKas cxeMma.

12.2. Paznosuonocmu pemEénHulx nepeoay.

PemEnnble mepenaun paznuyaroTcsi B 3aBUCUMOCTH OT (DOPMBI MOMEPEUYHOTO
CCUECHUS PEMHSI.

12.2.1. TInockopemEéHHas epemaaya

B nonepeyHoM ceueHuu peMHs — NPSMOYTOJIbHUK (puc.12.2).

B cpenHeckopocTHBIX Tepeadax MCMHOJIb3yIOT PE3MHOTKAHEBbIE PEMHU: Kap-
Kac PEMHS COCTABJISIIOT MPOKIAJAKUA M3 KOPJOBOM WIIM U3 CUHTETHYECKUX TKaHEW,

Trano Pesuna Obikaadku MEXIY KOTOPBIMUA UMEIOTCS IPOCIIOUKU U3 PE3UHBI,

' YacTo W3 pe3uHbl BBITIOJHSIOTCA OOKIaaku. OHu

YBEIMYHUBAIOT KOYDPHUIIUECHT TPEHUS MEXKIY pPEeM-
HEM U IIKUBOM M CPOK CIIyKObI peMHsi. B koppoii-
HYPOBBIX PEMHSX MUMEIOTCS IIHYPbl U3 CUHTETHYE-
CKOM TKaHHW. JTO MOBBIMIAET UX HECYIIYIO CITOCO0-
HOCTh W JA€T BO3MOXKHOCTh MPUMEHSATH UX TPHU
ckopocTsx a0 40m/c.
B mocnennee BpeMsi MpOMBIIIJICHHOCTh HAUYUHACT
BBIITYCKaTh TJIOCKUE PEMHU (CUHTETUYECKHUE) B BU-
JIe 3aMKHYTOM JICHTBHI ONPENEIEHHON IJIMHBI. DTO
MO3BOJISIET 3HAYUTEIIBHO MTOBBICUTD JI0JTOBEYHOCTh
U CKOPOCTb PEMHSI.

TxkaHs Pesuna Kopdwryp

A \
o

[ X N O XN
4 S0 s
5} %o a¥0"%% %%

Puc.12.2. Ilinockue pemMHu.

bonbiioe BiusiHue Ha pa60Ty nepcaadn OKa3blBACT COCAMHCHNUC KOHIIOB PCM-
Hs1. BO3MOXXHBI CIIINBKA, cmeﬁKa, MCTAJNIMYCCKOC CKPCIJICHUC KOHITOB.
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12.2.2 KnunopemEHHas nepejayva.

B nonepeyHom ceduenun pemHs — paBHoOouHas Tpameuus (puc.12.3.a). Ha
YpOBHE HEUTpaIbHOU OCH |- pacmoioKeHbl HECKOJIBKO CIOEB KOPJOBOM TKaHU 2,
KOTOPBIE OTPEIEIISIIOT TATOBYIO CIIOCOOHOCTh PEMHSI, BBIIIE U HUXKE KOPIOTKAHU
CJIOM pPE3UHBL: 3 — CJIOW pacTsbkeHusd, 4 —
cinoit cxkarus. TkaHeBas 00€pTka 5 yBe-
JUYUBAET MTPOYHOCTh PEMHS U MPEIoXpa-
HSET €ro OT W3HOoca. BmMecTo KopmoTkaHu
B KAaueCTBE HECYIIETO 3JIEMEHTa MOJXKET
WCITOJIB30BATHCS KOPAOMHYp (1T103.2 Ha
Puc.12.3. KnuHOBBIE peMHHU. puc.12.3.0).

s mepenay oOlero Ha3HAYECHUS IO
CTaHJapTy BBHITYCKAIOT IIECTh TUIIOPA3MEPOB KIIMHOBBIX peMmHel Z, A, B, C, D, E,
OTJIMYAIONIUXCS pa3MepaMH IMONEPEUHOro ceYeHHsi. Pa3Mepnl peMHs B CEUCHUSIX
yBenuuuBaroTcs ot Z k E.

Kpome Toro, B 3aBUCHMOCTH OT cooTHOIeHUs b/h pa3nuyaroT:

- b/h = 1.4 — nopmainbHBIC peMHU;

- b/h=1.05...1.1 — y3kue pemuu;

- b/h =2...4 — mmpokue peMHHU.

JIi1st paGoTHI HA MITIKUBAX MAJIBIX TUAMETPOB BBIMYCKAIOTCS PEMHHU C 3YOBSIMHU
Ha BHYTPCHHEHW CTOPOHE PEMHS, Ha CIIOE COKATHS.

PeMHn BeImyckaroTcsi B BHZE KOJIEL ONPEACIEHHOW IIWHBL. B cranpgapre
MPUBOAATCA JJIMHBI KOJEN 10 HeUTpansHOMY cioro oT 400 1o 5000 MM.

bnarogaps tpaneneunanbHol opmMe ceUeHUs, PEMHU 3aKJIMHUBAIOTCS B Ka-
HaBKe mKkuBa. Caea0BaTeNbHO, UX TATOBAs CIIOCOOHOCTH BHINIE, YEM Yy TIJIOCKOpE-
MEHHOM MEepeIayuH.

12.2.3. Tlepenaya mOTUKIMHOBBIM PEMHEM.

PemMHU MMEIOT MpOAOJIbHBIC KJIMHOBBIE BBICTYIIBI Ha BHYTPEHHEH CTOpOHE
(puc.12.4).

Hecymmit cnoit — KOpAOLWIHYp WM CUHTETHUYE-
CKHE IIHYPBI 1, a TaKKe UMEIOTCS HECKOJIBKO CIIOEB

AT W W W -
... .. ..

pe ‘v‘v\v‘&,‘v,v,v,v‘.v'v'v’!

...;" 3 . Y ., 020608 JIUArOHAJILHO PACMOJIOKEHHON TKaHW 2, TMpHUJaro-

N 7 el peMHI0 OOJIbIIYIO MOMEPEUYHYI0 HKECTKOCTb.
‘ Brimmyckarorcst B BUI€ KOJIEl ONPEACIEHHON UIMHBI
TPEX TUIIOpPa3MepPOB nonepeunsix ceuennii K, JI, M.
OTU peMHH COYETAIOT B ce0e MOBBILIEHHOE CLEIIe-
HUE KJIIMHOBBIX PEMHEN U TMOKOCTh TJIOCKHX,
Puc.12.4. TlonukinHOBbBIE BCJIEZICTBUE YEeTo padoTaloT IpH 0osiee BBICOKUX
PemHuu. CKOPOCTSIX, Ha IIKMBAX AUAMETPOM MEHBLIE, YEM Y
KJIMHOBBIX PEMHEM.
12.2.4. 3y6uaTo — peMEHHBIC TTEpEIaYN.
3y0OuaThlii peMeHb MpeacTaBisieT co0o0il JIeHTy ¢ 3yObsiIMU Ha BHYTPEHHEH I0-
BepxHOCTH (puc.12.5).
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Hecymmuii ciioi peMHsI BBIIOJIHEH H3-
«| CTaJbHOTO MPOBOJIOYHOI'O TpOCa WJIM IIHYypa
1 U3 CUHTETUYECKOro Marepuaia 1 u smactuu-
b HOTO CBSI3yIOIEro MaTepuana. JJig mossiie-
HUS JOJTOBEYHOCTH 3yObsi pEMHsI MOKpHIBA-
I0T HEMJIOHOBOUM TKaHbIO. 3yObsi pEMHS BXO-
TR AT B 3alleIJIEHUE C COOTBETCTBYIOIIMMU
3yObsIMH IIKMBA U TaKuM 00pa3om
nepenaércs Harpyska. akTuyecku 3To
Puc.12.5. 3ybuarbie pemMHH. nepenada 3aleryieHueM THOKOW CBSI3bIO.

Ho oHa coueraer B ceOe Bce mpeuMyIecTBa
nepenay 3aleruieHneM (BbICOKash Harpy3o4yHasi ClOCOOHOCTh, AOJITOBEYHOCTH, OT-
CYTCTBHE CKOJIBKCHHS, HEOOJBIITNE HATPY3KH HA BaJIBI M OMIOPHI) M TIepeaad Ha OC-
HOBE TpeHHUsI (IJIABHOCTh, OECIIYMHOCTh, OTCYTCTBHE HEOOXOIUMOCTH B CMa3Ke).

12.2.5.KpyrnopemMénHbIe Iepeaaun

B nomnepeyHom cedeHun peMHs — KpyT, KBajpaT, IpsMOYTojdbHUK. M3roras-
JMBAIOTCS U3 XJIOMYATOOYMaKHOW TKaHM, MJIACTMACC, KOXKH, pe3uHbl, ménka. He-
cylasi CrmocoOHOCTh - HU3Kasi. OCHOBHOE MPUMEHEHHE B MPUOOpax U pa3IuIHBIX
OBITOBBIX MalllMHAX. Yaiile BCEro UCMoIb3yeTcsl Kak KWHeMaTuyeckas nepenaya. B
TOM Kypce HE U3y4aroTcs.
12.3. Bozmooicnocmu peménnotl nepedayiu.

- 110 MomTHOCTH - 70 200 xkBT;

- 1o ckopocTu - 10 15...30m/c, a moMKIMHOBEIE TIepeaaun - 10 40m/c;

- IepeJaTOYHOE YKCIIO: €CIIM Nepeiaya ogHocTyneHuaras — 1o 10, ecau nepe-
Jaya B MpUBO/Ie, TO HE Ooee 3...4;

- KITL — 0.94...0.96;

[IpumenseTcs kak nepBas CTyleHb IPUBO/IA.
12.4. Jlocmouncmea peménHoU nepedayu.

- OosIbITIE MEXKOCEBBIE paccTossHus (110 8...10Mm);

- IJITABHOCTH, OECIIYMHOCTh paOOThI;

- IPEAOXPAHSET OT NMEPEerpy3ku (BO3MOKHA TPOOYKCOBKA);

- CMSITYaeT BUOPAIMK U TOTYKH HArpy3KH;

- 1a€T BO3MOXKHOCTh PeaIn30BaTh O€CCTyNEeHYaTOe PETyIUPOBAHUE CKOPOCTH
pabouero oprasa;

- MOYKHO peaJlu30BaTh Nepeady dHEPTUU OJHUM PEMHEM HECKOJLKUM TTOTpe-
ouTensIM.
12.5. Heoocmamku peménnoi nepedayu.

- OoutblIe Ta0APUTHI;

- OOJIBIIIIEC HATPY3KHU Ha BaJIbl U OTIOPHI;

- HaJIM4YHe CKOJILKEHUS, HEMb3s MPUMEHSATh TaM, TJe TpeOyeTcs KeCcTKas KH-
HEMAaTUYECKast CBS3b MEXK/y BXOJIOM M BBIXOJIOM TIPHBOJIA;

- HA3Kas JIOJITOBEYHOCTb.
12.6. Cunsi, deticmsyrowjue Ha pemeHsb.

Jliist obecniedeHus TPeHUsI MKy IIKMBOM M PEMHEM CO3/1aéTCs MpeaBapu-
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TCJIIbHOC HATKCHUE PCMHA FO . B mokoe niau Ha X0JIOCTOM X0y HATAKCHUSA

000UX BETBEH pEeMHS OJMHAKOBBI U
6 aBHbl F nc.11.6.a).

Fo
4 [Ipu npunoxenuu paboyeit
@ Harpy3ku 1 MPOMCXOAUT mepe -
Fo __F pacupenesneHue yCWINN, JEHCTBYIOIIUX
— Ha peMeHb. Terneps Ha
Puc.12.6. Harpy3ka peMHs. BEIYLIYIO BETBb JCUCTBYET YCH -

JNC Fl’ 4 Ha BCIAOMYIO - F2

(puc.12.6.6). Ecimu cocTtaBUTh CYMMYy MOMEHTOB OTHOCHTEIBHO OCH BpAIICHHS
IIKKBA, TO MOJY4YUM (CUMTAEM MOMEHTHI 110 HAMPABICHHIO BPAIICHUSA IOJOKH-
TEJIbHBIMU, & TPOTHB - OTPHIIATEIHHBIMH)
G, % e |

T—F1?+ F27:o WA Ft7_ F1?+F2?=0 otkyna F —F, =F,.

Tak kak ycuiausi, AEHCTBYIOIIHMEC HA BETBH PEMHS pasHbIe, TO achopMarun
9THX BETBEH Toke pasHble. Ho peMeHb paboTaeT B mpejiesiax yIpyrocTu ero mMare-
puaia, Mo3ToOMy JIJIMHA €ro OCTa&TCsl MOCTOSHHOMN, TO €CTh Y/UIMHECHUE BEIyIICH
BETBH IIPH Tepejiaue Harpy3Kd KOMIICHCHPYETCS YMEHbBIIIEHHEM aedopmanuu (a
neopmanrs BeIOMOM BETBH TOXE YJIUHEHHE) BEAOMOW BeTBU. ToO eCcTh, HaTsKe-
HUC BeAylleld BETBU YBEIMYMBACTCS HACTOJBKO K€, HACKOJIBKO YMCHBIIACTCS
HaTsDKEHUE BEJIOMOM BETBU

F1 = F0 + AF
CyMMUpYs 3TH BBIPAKEHUS, TTOITYYUM F1 + F2 = 2F0.

Pemras nony4yeHHy1o cucteMy ypaBHEHUN

F-F,=F
F +F, =2F,
F F

I10JIy4aeM: F1=FO+?t 51 F2=FO—?t.

MakcuMallbHO BO3MOXHOE COOTHOILIEHHE MEXIY HATSKEHUSIMU BETBEU peMm-
Hs1 TIPH TIepeaue Bpalarolnero MoMeHnTa 1 onpenensercst popmyiioit Ditnepa

F

F)

rne - koappuHMeHT TpeHust MKy PEeMHEM U IIKUBOM;
0 - YrOJI 0XBaTa LIKWBA PEMHEM.
Ecnu ¢akTrueckoe COOTHOIIEHHE MPEBBIIAET 3Ty BEIUYUHY, TO MPOUCXO-
TUT OYKCOBaHHE PEMHS.
Kpome HatspkeHHMi HA peMeHb JCHCTBYeT emnié W IMeHTPOOEKHas cuia, Mo-
CKOJIBKY PEMEHB 3TO BpalllarolIeecs KOIbIIO,
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FH = pAv 2 ,
riae P — IJIOTHOCTh MaTe€pHaIa PEMHS;
A — n01Ia1b MOTEPEYHOTIO CEUCHHS PEMHSL.

Ota cuna oTOpachIBacT peMEHb OT IKUBA, YMEHBIIIAET TPEHUE MEXKITY HUMHU.
OnHa CTaHOBUTCS CYIIIECTBEHHOMU MPHU CKOpOCTH Oosee 20Mm/c.
12.7. Hanpsoicenus 6 ceueHusx pemHus.

W uentpoOexHas cuiia, U HaTSHXKEHUS BETBEW pEMHS MpU Mepeaye MOMEHTA
T BBI3BIBAIOT pacTsbkeHue BeTBeU. [Ipu 5ToM HampspKeHHs OT HEHTPOOSKHON CUITBI
onuHakoBbl Mo Bceu juHe pemHs (pucll.7). IlockonbKy HaTsKEHUE Beayliei
BETBU OOJIbIIIE HATSHXKEHUS BEIOMOW B HEM BO3HUKAIOT OOJBIIME O BEIHMUMHE
HanpspkeHus. Kpome storo, nmpu HaberaHUM peMHS Ha IIKUB BO3HUKAIOT HAIpPsKe-
HUS U3ruda, KOTOphIE 3aBUCAT OT IMAMETpa IIKKUBa

ol

Puc.12.7. HanpsixeHus B peMHe.

c —Ee~E—,
I/I

rae - E=63...230 MIIa — moaysb ynpyroctu MaTepuaia peMHS;
- O — TOJIIMHA PEMHS;
- d— agmamerp mikuBa.

Kak BugHO 13 3TOTO BBIpakeHUs, YeM OOJIbIIIe TUAMETP IIKKUBA, TEM MEHBIIIE
HanpspkeHus: u3ruda. MiMeHHo mo3ToMy B CTaHAApTe Ha peMEHHBIE Nepeaadn o0si-
3aTE€JIbHO YKa3bIBAETCSI MUHUMAJIbHO BO3MOKHBIA JUAMETP Majoro IIKWBa IJis
KOKJOTO TUTIOpa3Mepa peMHs. TOIbKO MPH MPUHSITHH 3TOTO JHUaMeTpa OOJIbIe
WU, B KpallHEeM cllydae, paBHbIM MHUHUMAaJIbHOMY, TapAHTUPYETCS JOJITOBEYHOCTh
PEMHHL.

12.8. ¥Ynpyeoe ckonvorcenue pemus na wKuee.

[Ipu HaGeranum peMHs Ha BEIYIIMA ITKWB BHAYaJle CEUCHUS] PEMHS JIBHKYT-
cst BMecTe co mKUBOM. [Io Mepe moBopoTa IMIKUBA CUJIbI TPEHUSI YMEHBIIAIOT
HaTsDKeHue peMHs. [[ponopluroHanbHO YMEHBUIEHUIO HArPY3KH YMEHbIIAETCS Jie-
dbopmarus. PemeHb 0TCTaET OT IIKKUBA.
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[Tpu ormbaHWM BEJOMOTO IIKWBA MPOMCXOJHWT AHAJOTUYHOE SIBJICHUE, HO
3/IECh HATSDKEHHE BEJOMOW BETBH PEMHS YBEIIMYMBACTCS, & 3HAYUT, YBEIMUUBACT-
cst ero aedopmaliust 1 peMEHb OIePeKacT IIKUB.

Jlyra, Ha KOTOpPOH peMEeHb ABMKETCS BMECTE CO IIIKUBOM — Ayra mokos. OHa
BCET/Ia PacIoIoKeHa CO CTOPOHBI HAOETaHUsl PEMHS Ha IIKHB.

Jlyra, Ha KOTOpPOW PEeMEHb OTCTAET OT IIKHWBA MM OMEPEeKAeT ero — Jayra
CKOJIBKCHUSI.

CyMMa JTyTH TIOKOSI M TyTH CKOJIBKEHHS paBHA Ayre 00XBaTa IIKUBA pEMHEM
(cm. puc.12.7. yriuel o6xBaTa o, u OLZ).

[To mepe pocTa Harpy3KH Jyra MoKosi yMEHBIIIAETCA, a Tyra CKOJIbKEHUS YBE-
nuuuBaercs. [Ipu neperpyske peMeHb U BEIOMBIN IIKHUB CTOST, 4 BEAYIINN IIIKWB
Bpaiaercs. 1o Ha3zbiBaeTcs OykcoBanuem. KIIJ[ nepenaun nagaer 10 HyJs.

CKonpXeHHEe peMHs XapakTepuszyeTcs: KodQPHUIIMEHTOM CKONIBKEHHUs €, KOTO-
PBIN TIpECTaBIsIET COO0 OTHOCUTETHHYIO MOTEPI0 CKOPOCTH Ha ITKUBAX

6= V2100-"17"2" 5004
Vi U

[Ipu HOpMansHOM pexxume paboTsl 00sruHO € =0.01...0.02 (1...2%).
12.9. Kpusble ckobotceHUs peMEHHbLX nepeoad.

JUIs OLIEHKH TATOBOM CIIOCOOHOCTH PEMEHHBIX MepeAaud CTPOST KpUBbBIE
CKOJIbYKEHUS. DTO HKCIEPUMEHTAIBHO MOIy4YeHHbIE 3aBUcUMOcTH €(¢) U n(e). [o
ocH a0CIUCC OTKJIaAbIBACTCS KOIPDUIIMEHT TATH (P, paBHBIN

oo Lt _C
F+F, 2F) 20,

ITo ocu opavHAT OTKIAABIBAETCSA OT-

a,; ?&? HocuteabHoe ckoabxeHue u KIIJ. Hccne-
’?),.-—--«:I- I S Iysl Iepeady, MOCTENEHHO MOBBIIIAIOT IM0-
4 / ' §§ \/ “éﬁ a0 JE3HYI0 HarpysKy Ft OpU  IMOCTOSIHHOM
7 o

j :/ J0Aa JTpUce] %é , A Eé Z]] MPEBAPUTEILHOM HATSHKECHUU FO' Ipn

; / S / \ §_ ” 3ToM pukcupyroT 3Hauenus € u KI1/1.
3 PN § C pocToM Harpy3Ku CKOJIbKEHUE BO3-
0= PR AU ¢ pactaer (puc.12.8). Jlo HEKOTOPOTO KPUTH-
. | YECKOT0 3HAYCHHA (D) OHO MPAMO MPOIIOp-

1

LIUOHAJIBHO Harpyske. [Ipu nanpHenmem

Puc.12.8. KpuBble CKOJIbKEHHUS. YBEJIMYEHUH HATPy3KH BO3ZHUKAET
JOTIOJTHUTEIBHOE POCKAJIb3bIBaHUE (30HA

YacTUYHOTO OyKCOBaHMs). 3areM, MNpu (P ay > HACTYMACT TIOTHOE OykcoBaHUe

pPEMHSI.

KII/ mepemaun pacT€r ¢ poCTOM Hapy3KH JO MAKCHUMAJIBbHOTO 3HAYECHUS,
a 3aTeM IaJaeT B CBSI3U C JOMOJIHUTEIbHBIMU MOTEPAMHU NPU OykcoBaHMU. Takum
o0Opa3oM, onTUMalibHbIE 3HaUeHUs noje3Hoi Harpy3ku u KII/] Haxonsrcs B 30He
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KPUTHYECKOIO 3HaueHHs KOd((QULMEHTa TATH. Y CTaHOBIEHO, 4TO JUIA IUIOCKUX
PE3MHOTKAHEBBIX peMuer (= 0.6, a na KmHOBBIX (P, =0.7...0.9.

CooTHomnieHue P Xo] 0 o0brarO 1.15...1.3. OHO XapakTepu3yeT cnocoo -

HOCTb Mepeladuu K eperpysKe.
12.10. Kunemamuuecxuii pacuém nepeoauu.
BcnenctBue cKombXEHUST pEMHS

v 1td1n1
V, = (1-€)V,, S
2 ==V & V= 1000 M
o, 2V
HOCKOHBKy Hepe,ﬂaTOque YqUucCcJIio u = —,4a O=— , TO
0)2 d

~ _ &=

u_ = = ~
d2V, Vil-e)d; (-e)d; d;

Tak KaKk CKOJBXKEHUE COCTABISET B HOPMAJIbHO padOTaroIIel nepenaye Bee-
ro 1...2%, uM yacto npeHeOperaror.
12.11. I'eomempuueckuti pacuém nepeoavu.

HuameTp BeIylIEro HIKHWBA dl OnpeJeNsieTcsl B 3aBUCUMOCTU OT Pa3MepoB

PCMH. MuHHUMaJIbHO BO3MOXKHBIN AUaAMCTP MAJIOTO HIKHBA AJII  KaXKIO0I'0 THIIO-
pa3Mepa pCMH:A IIPUBCIACH B CTAHIAPTC.

JlnameTp BEJOMOTO IIKHBA d2 = Udl(].—S).
MexoceBoe paccTrosinue d 0ObIYHO M3BECTHO M3 ICKU3HOW MPOPabOTKH Ma-
mIMHbL. PekoMeHIyemble 3HauYeHUs:

st IiockopeménHoit nepenaun - a>(1.5...2) (dl + dz) ;

IUTA KIIMHOPEMEHHOM TIepenayu -
0.55(d,+d,)+h <a<2(d,+d,).

31ech h — BbICOTA CEUCHUS pEMHSL.

ITOCKOJIBKY KJIIMHOBBIE W ITOJHKJIMHOBBIE PEMHH BBITYCKAIOT B BHIE KOJIEII
ONPEAEAEHHON JUTHHBI, MEKOCEBOE PACCTOSIHHE ISl HUX ONPEAESETCs TOCIeno-
BaTEJIbHBIMHU JEHCTBUSAMU: CHAYaja [0 MPUHATOMY B 3CKH3HOM ITPOCKTE 3HAUECHHIO

a' OTIPEEIISIOT HEOOXOUMYIO JIUTMHY PEMHS
L'=2a'+0.5n(d, +d,)+(d,—d,)*/4a".
3aTeM IO MOJIy4EHHOMY pacueTHOMY 3Hadenuro L' npumrumaercs cran-

naprHast jumHa peMusi L, a yxe 1o Heii BhIMMCIIsIeTCS MEXOCEBOE PACCTOSHHE

a=0.125 zf{-n(d2 +d1)+\/ IL-n@,+d) 28, -d)? .
I[HH 06CCHequI/IH MOHTa>xa KOHCTPYKTI/IBHO CO31aK0OT BO3MOXHOCTb HOHy-

YEHHYIO BEJTMUMHY YMEHbIIUTH Ha 1...2%, a 1y obecrieueHus: npeaBapuTeIbHOrO
HATSDKEHUSI PEMHS MPEyCMaTPUBAIOT BO3MOKHOCTh €€ yBeINUeHus Ha 5. ..6%.
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[To mpuHSTHIM BeTWYUHAM OTPEEIISETCS YTroJI 0XBaTa MaJoOro IMIKWBA PEeM-
HéM (cMm. puc.11.1) B rpagycax

d 2~ d 1
oy = 180 -57—=—,
a

s miiockopeMeHHoi nepeaadn oy>150°, 11t KMMHOPpEeMEHHOM - oy >120°.

Crnenyer MOMHUTDH, YTO C YMEHBIIIEHHEM YIJIa 00XBaTa CHUYKAETCS TATOBas
CIIOCOOHOCTH Mepeaayu.
12.12.Buowvl paspyuwenus, kpumepuu pabomocnocobOHoCmu u pacyémaol

PEMEHHbIX nepeoa.

12.12.1. TlpruuHBI BBIX0/A U3 CTPOSI PEMEHHBIX NEpeiay

PeménHbIle nepenaun BBIXOASAT M3 CTPOS TJIaBHBIM 00pa3oM M3 32 OTKa30B
pemHeil. OTKa3bl MOTYT IPOUCXOUTD IO CIECTYIONIUM IPHUYUHAM:

- YCTaJIOCTHOE pa3pylIeHUe PEMHS, BCIEICTBUE MHOTOKPATHBIX U3THOOB €T0
HAa IIKUBAX;

- TIeperpeB PeMHsl, BCIEACTBUE YIPYIOro CKOJBXKEHHS U MEeperuO0oB peMHs
Ha IIKUBAX;

- I3HOC PEMHS, BCJIEICTBUE YIIPYTOro CKOJIbXEHUSI U OYKCOBaHUS.

OCHOBHBIMU KpUTEPUSIMHU pabOTOCHOCOOHOCTH Mepeay SIBISIOTCS TArOBast
CHOCOOHOCTH (HaAEKHOCTD CLETIIEHHUSI PEMHS CO IIKUBOM) U JI0JITOBEYHOCTD PEM -
Hsl, XapakTepu3zyeMas €ro yCTajJoCTHONW NpOoYHOCThIO. [1o mepBOMy KpUTEPUIO BBI-
NOJIHAIOT MPOEKTHBIN pacyeT Nepeiayu , a o0 BTOPOMY — IPOBEPOYHBIN paCUET.

12.12.2. Pacuét peMEHHBIX NEpeay Mo TSIrOBOM CIOCOOHOCTH.

[Ipu pacuére 1mo TSIroBoM COCOOHOCTU B 3aBUCUMOCTH OT BHJIa PEMHS HAXO-
TIAIT:

- pa3Mephbl NONEPEYHOr0 CEUYEHUs PEMHS VISl INIOCKOPEMEHHOM Mepeayn;

- TUIIOpa3MEp CEUEHUs PEMHs BBIOMPAIOT U3 CTaHAapTa IO MepeaBacMoin
Harpy3Kke M BBIUHCISIOT HOTPEOHOE KOJIMYECTBO PEMHEHM MPUHATOTO CEYSHMS s
KJIMHOPEMEHHOM IIepelaun;

- TUIIOPa3MEPOM CEUEHUSI PEMHsI 3aJat0TCsl M ONpPEAETSIOT MOTPEOHOE KOIH-
4EeCTBO KJIMHBEB (T.€. LIMPUHY PEMHS) MOJUKIMHOBOM Nepeaauy;

- MOJlyJIb Mepeaaun BeIOUpaeTcs no TaldiuilaM B 3aBUCUMOCTHU OT IepeaaBae-
MO Harpy3KkH U onpeessieTcs IUpUHa peMHS 115 3y0uaTopeMEHHON niepeaun

12.12.3. Pacuét peMEHHBIX Mepeaad Ha JOITOBEYHOCTb.

JIO0JITOBEYHOCTh PEMHSI 3aBUCUT HE TOJBKO OT BEJIMYMH HANPSDKEHU, HO TaK-
e OT XapakTepa U YacTOThI LIMKJIA U3MEHEHUs ATUX HanpsbkeHuil. YactoTa nukia
M3MEHEHUS HApsDKEHUM paBHA 4acTOTe MPOOETOB PEeMHS

u=(v/L)<§.
3neck V - CKOPOCTh PEMHS;
L - nnmuHa pemHs.

Yem 6Goapmie U, TeM MeHbIIE JOJTOBEYHOCTH PeMHs. 1103TOMY BBEIEHBI
. 1
OrpaHUYEHUS: IS IDIOCKUX PEMHEM I =3...5¢7,

JUIS1 KIIMHOBBIX U TTOJMKINHOBBIX — | =10...20¢™
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12.13. Pacuém xnunopemenHou nepeoau.

12.13.1. OGuue mojaoxkeHus pacy€Ta Mo TSITOBOM CIIOCOOHOCTH

Pacuér pernamentupyercs 'OCT1284.3-80. OH cBonutTcs K BBIOOpY ceye-
HUS U ONIPEJIEIICHUIO YK CIIa PEMHE.

[TocKOJIBKY THUIIOpa3MEPOB CEYEHUN HEMHOTO, JJIsl KaXXJOTO U3 HUX JKCIIe-
PUMEHTANBHO ONpENENieHa JOIMyCcKaeMas MOIIHOCTh, IepeAaBaeMasi OJHUM peM-

HEM PO. I[OHYCKaeMaH MOITHOCTDb OIPCACIACTCA IJIA FOpI/ISOHTaJIBHOﬁ ABYyX-

IIKMBHOM NIE€pEeNauy MpHU:
- HATPSOKEHUH MPE/IBAPUTEIBHOTO HATKEHHS O ) =1.2 MITa;

- AUaMCTPC MAJIOro IIKHUBa dl, [MPUHUMACMOM II0 CTaAHAAPTY AJIA HUCIIBITBI-

BAaEMOT'O CEUCHUS PEMHS;
— 0.
- yrjie 00XBaTa Majioro MmKuBa Otl =180°;

- mepenaroynom uucine U = 1

- ckopocTH peMHs 10 M/c;

- 0a30BOi1 JyMHE peMHs Lo;

- Harpy3Ke CIIOKOMHOM, paBHOMEPHOU 0€3 PHIBKOB, TOJYKOB U yJ1apOB.

PeanbHble ycnmoBus 3KCIUTyaTalldd YYWTBHIBAIOTCS MPHU pacyETe BBEICHHEM
COOTBETCTBYIOIIMUX MOMPABOYHBIX KOA(DPHUIIMEHTOB.

12.13.2. MlcxonHble JaHHBIE

- IepeaBaeMasi MOLHOCTb;

- YaCTOTA BPAILLEHUS OJHOW U3 JIEeTaJei;

- IEpeJaTOYHOE YUCIIO;

- MEKOCEBOE PACCTOSHME, MOJYUEHHOE U3 3CKU3HOIO MPOEKTa (KOMIIOHOB-
KH) MIPUBOJIA Ao,

- YCJIOBHSI M peXUM PabOThI epeJauH.

12.13.3. BriOop TUNOpa3zMepa CeUeHHs! pEMHS.

ITo cTangapty A1 nepeaBaeMoil MOIIHOCTH PHUHSITh TUIOPA3MEP CEUCHHUS
pemHsi. OOBIYHO MapasuIebHO CUUTAIOT JIBa — TPU BapHaHTa MepeaadH.

12.13.4. BeiOop nuamMeTrpa BEAYyLIErO NIKUBA

JUist BBIOPAHHOTO pPEMHS, OPUEHTHPYSICh Ha PEKOMEHJAlMU CTaHJapTa,
HA3HAYUTH TUAMETP MAJIoro MIKUBa d;.

12.13.5. OnpenenuTh JuaMeTp BeIOMOro mkuBa d,.

12.13.6. Onpenenuts notpebHyro anuay pemus L';

12.13.7. OnpenenuTth CTAHAAPTHYIO JJIUHY PEMHS

Io cTaHmapTy, 0o MONydeHHOMy 3HaueHmio L' mpumnsits 3Hauenue L;
12.13.8. YTOYHUTH MEKOCEBOE PACCTOSHUE M0 CTAHIAPTHOM JUIMHE PEMHS
Io crannaprHOMYy 3HaueHnio L onpenenuts dakTiueckoe 3HaueHME Mexo-

CCBOI'0 pAaCCTOSAHHA a, InapaMeTpbl €ro YMCHBIICHUA JIA MOHTAKa U YBCIMYCHUA
A HATSOKCHUA PCMHA.

12.13.9. Onpenenuts yroja o6xBaTa Majaoro mKkusa Ol

12.13.10. OnpenenuTs MOIIHOCTD, IEPEIABAEMYIO OJHUM PEMHEM B
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YCIIOBUSIX IKCILTyaTalluu

Pp = POCaCLCu /Cp,

rae ;P - I0MycKaeMmask MOLHOCTB, ONPEICSCTCS 10 CTaHAapTy JUis IPHHATO-
IO CEUCHHS PEMHS;

Co- KO2(PUIMEHT, yUNTHIBAIOIMINN BIUSHUE YIJIa 00XBaTa; OMpPEeseTCs

o Tabauiam, Hanpumep, ecu o =180° - Co = I; a=120°- Co= 0.82;

a=80°- C_ =0.62

C| - K03 HIMEHT, yINTHIBAIOMIMI (aKTHICCKYIO JUTHHY PEMHS, ONpe-

JeIISIETCSI TT0 TabJIMIaM B 3aBUCUMOCTH OT cooTHomeHus L/L, Harpumep, eciu
L/L,=0.5- CL =0.86; L/Lo=1.2 - CL=1.02; L/L,=2.0 - c, =115

CU - KOB(l)(bI/IHI/IGHT IIepCaaTOYHOr0 OTHOIICHUA, OIIPCACIIACTCA I10 TabIu-

11aM, Hanpumep, eciu U=1.8 -Cu =1.12; u=3 - Cu =1.14;
C.. - ko3 pHIHEHT peXKuMa Harpy3KH, YUUTHIBAIONIUN XapaKTep HArpys3-

p
KM, OIpeAeNsieTcs 1mo TabiuiaM, HampuMep, eciu Harpy3ka crokovnas C_ =1;

p

eciii UMeroTcs ymepeHHble kosebanus C =1.1...1.3; ecnu Harpy3ka ygapHas Win

p

pe3ko nepemennas C_=1.5...1.7.

P
12.13.11. Onpenenuts NOTpeOHOE YUCTO peMHEN
2<7= N <8.
PpC 7

3nech Cz K02 (PUIIMEHT, YUYUTHIBAIOIINNA HEPABHOMEPHOCTh PACIIPEACIICHHUS

Harpy3ku MEX1y pEMHSIMMU:
Z=2..3 - CZ= 0.95;

Z=4...6 - CZ= 0.9;
Z=6...8 - C,= 0.85.

12.13.12.0npenenuts yCcuinme npeaBapuTEIbHOIO HATSHKEHUS.

VYcunue npenBapUTENbHOTO HATSXKEHUS PEMHS ONpPENENsieTcs] 0 MPUHSTON
BEJIMYMHE HANPSKEHUS NPEIBAPUTENBHOTO HATSHKEHUS. ISl KTMHOPEMEHHBIX Iie-
perad oy =1.2 MIla, nosTomy Fo =2ZAc .

3nech: A — I0IaIb ONEPEYHOTO CEYEHUS BETBH PEMHSI.

KoHTposb mpenBapuTensHOTO HATSKEHUST TPOBOSAT MO CTpeJie Mporuda BeT-
BU PEMHS TOCPEIAMHE MEKOCEBOTO PACCTOSHUS TPHU ACHCTBUU OMPENEIEHHOTO
ycwust. [Ipu aTom ctpena mporuda J0JKHA COCTABIIATh

f =1.55a/100 mm.
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12.13.13. Onpenenuts cuily JaBIEHUS Ha BaJl.

Cuna naBneHus R Ha Bas mIKMBa paBHA TEOMETPUUYECKON CyMMe CHII HATSDKe-
HUW BeTBell peMHs (puc.11.9). 13 napamie-

f;  morpamma cui cieayer

R= \/Flz +FZ + 2FF, cosy ~

~ (Fl + F2)cos(y/2) = 2F0 sinocllz

£ 31ech Y - Yroja MeXay BETBIMH PEMHS.
=" C He0oJIbII0} NOTPEIIHOCTHIO MOKHO
Puc.12.9. Harpy3ka Ha BaJl.  NIPUHSTH, 4YTO HArpy3Ka Ha Ball B IBYX3BE3I-
HOI mepeaayde HampasiieHa MO JUHUU COEU-
HAIOIIEH [IEHTPA 3BE3/I0UYEK B CTOPOHY COMPSIKEHHOMN 3BE3OUKH.
12.13.14.0npeaenuth Yuciao NpoOeroB peMHs.
12.13.15. KoHCcTpynpOBaHHE IKMBOB.
12.14. Ocobernnocmu pacuéma noIuUKIUHOBOU nepeoayu.
Pacuér BeINOMHSETCA B TOM K€ MOCJIEA0BATEIBHOCTH, YTO U KIMHOPEMEHHOM
nepeaayuu, Ipyu 3TOM YUYUTHIBAETCS Psii 0COOCHHOCTEH:

- pacy€THBI HAWMMEHBIIMA JUAMETP d1 [0 CpedHEH JMHUM KOPAOLIHYpa

npuHUMaeTcs He MmeHee i cedenuil: K — 40mm, JI — 80mm, M — 180Mm;
- IepeJaTOYHOE YMCII0 NpuHUMaeTrcs He oomnee 10;
- pacu€THas OKpYy>KHas cuja, epeaaBaeMasi OJHUM KJIMHOM PEMHS

e P, - JAOIycKaeMoe OKPYXKHOE YCHIMe, IepelaBacMoe OJIHUM KIHHOM

peMHs, peKoMeHayeTcsl puHuMath 11t cedennit: K — 23H, JI — 83H, M — 285H;
- Cq - KO3 GUIIMEHT, YYUTHIBAIOIIMK BIMSHUE yIjla 0OXBaTa Ha MajoM

IIKUBE;
- Cy- KO3(PUIIMEHT, YIUTHIBAIOIINKM BIMSHAE CKOPOCTH PEMHS Ha Tiepe/ia-

BaEMYIO Harpy3Ky;
-Cy- KOA(PPHUIIMEHT, YIUTHIBAIOIINI BIUSHUC PEKUMA U JUIMUTCIHBHOCTH pa-

OOTHI;
-Cy- KO3 UITUEHT, YIUTHIBAIONIMH BIMSHUE THAMETPa MaJIOTo IITKNBA;

-Cg- K02 PUITMEHT, YIUTHIBAIOIITNI BIMSHUE TJTUHBI PEMHS;

3HAYEHUsS] BCEX ATUX KOI(PPHUIIMEHTOB MPUHUMAIOTCA MO COOTBETCTBYIOIIUM
TadIHuIaM;

- HEOO0XOJUMOE YHCIO KIMHBEB pPEMHA (C MOCIEAYIOUUM OKPYTJICHUEM)
OTIPEETISETCS IO BHIPAKCHHIO

Pexomenyercst npuHUMATh: s ceueHmid Thma K Z = 2...36 KInHbeB;
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st ceuenuii Tuna JIu M Z=4...40;
- mmpuHa peMHss b = ZP | 31eck P — mar KiInHbeB;

- mupuna mkuea B =(Z-1)P+2a, rae a- paccrosiHue oT TopLa IIKKBA 10
€ro KpaHeu KJIMHOBOM BIAIUHBI.

12.15. Ocobennoctu pacuéra 3y04aTopeMEHHBIX nepeaay

Pacuér BhIMOTHAETCS B TOU K€ MOCIENOBATEIBHOCTH, UTO U KIMHOPEMEHHON
nepeayu, Ipyu 3TOM YIUTHIBACTCS PsIJi 0COOCHHOCTEH:

- pacuéTHBIN TIepeaBacMbIii MOMEHT OTNPEesAeTCs ¢ yuéToM Koddduimenta

JIMHAMHUYHOCTH k;[ T =Tkﬂ;

p

- B 3aBUCUMOCTH OT paC‘—IéTHOFO nepeaaBacMoro MOMCHTa 110 Ta6J'II/II_[aM Ipu-

HUMaeTCs MOAYJTh pemMHs M
- B 3aBUCUMOCTH OT MOJYJISl IPUHUMAETCS YHCJIO 3yObEeB BEIYIIETO IIKHBA
Z= 10...18, oHO HE TOJKHO OBITH KPATHBIM YHUCITY 3yObEeB PEMHS;

- ONPEJIENIACTCSA TMaMETp BEAYIIEro MKHBa dy = MZ, ;

- ONPEAEIIeTCs yro 00XBaTa Maloro LIKMBA PeMHEM OL, aHATOrHYHO KIlH-
HOPEMEHHOM Tepenaye;
- ompezensiercs F - nepenaBaeMoe okpyxkHoe yennue  Fy = 2Tp / dl;

- OmpeneNnsieTcs JomycKaemas yJeabHas OKpy>KHas CHUiia It = [_— FII’

rie f _=P,C,C, - AolycKacMasl y/ienbHas HArpy3Kka Ha PEMCHb;
P - HOMMHa/IbHasl yJeNbHAs HATPy3Ka Ha PEMEHb, ONPENCISICTCS 10 Tabmnu-

HaM B 3aBUCHUMOCTH OT MOIYJIA;

Cy- KO3(PUIIMEHT, BBOAUMBINA JUIsl YCKOPSIOIIUX TNepenad, AJid MOHUKalo-

IIUX OH PAaBEH CIUHUIIE;

- Kod(ppuumeHT ymucia 3yObeB, HAXOASAINIMXCS B 3alCTUICHUU C BEIYIIUM
ITKUBOM:

OTIPENICIISICTCS. YUCIIO 3yObEeB PEMHS, HAXOJSIIMXCS B 3alCTUICHUU C MaJlbIM

o

1

Z3aHl = 21%26,

IITKHBOM
: Z > 6 - =1:; Z >5 -C_=0.8; ec-
npuHuMaercs  C : eciu sarl> 6-C,=1;; ecmu 3aul—5 C, 0.8; ec
L >4- =0.6;
JIN 3a111_ 4 CZ 0 6,
Fu =( mV2 - IICHTPOOEIKHAsI CUJIa, IEUCTBYIOIIAs HA PEMEHB;
(- Macca OTHOro METpa JUTHHbI PEMHSI IUPHUHON OIUH CM, OTIPEALIACTCS 110

T3.6J'H/II_IaM B 3aBUCUMOCTH OT MOAYIJIA;
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F
- omnpeenseTcs noTpebHas mupuHa peMHas  Db'> 1t—'; MOJIyYEHHOE 3HAUYCHHE

t-
b' OKPYTJUTh J0 OJIMKaiIiero OOJbIIEro M3 HOpMaJM30BaHHOrO psaa: ... 10,
12.5, 16, 20, ...50,66,80,...200; npuHsATas MIMpUHA IKKWBA HE JOJKHA MPEBBIIIATH
JMaMeTpa MEHBIIIETO IITKUBA;
- IpEeIBAPUTEIILHOE HATSHKEHUE JOJDKHO OBITh HECKOJIBKO OOJIbIEe 3HAYCHHS
HATSOHKEHUS OT IIEHTPOOCIKHOMN CHITBI

Fo = (1. 139F, =(1.1.13)a,0v2

OHO HEOOXOJMMO TOJIBKO [UIsl yCTPaHEHMsI 3a30POB B 3aLCTUICHUU U NPaBUIb-
HOTO Ha0OeraHus peMHsI Ha IIIKUBHI,
- yCWIIH€, JEMCTBYIOIIEE Ha BaJibl, MOKET ObITh MPUHATO PABHBIM

R=(.0..1.2)F;
- Opu  4Yuciie 3yObEeB, BXOSIIMX B 3alCIJICHUE C MajlbiM IIKABOM
Z3au1 <= 6 , PEKOMEHTyeTCSl TPOBEPSATH JIABJIICHUE HA 3yObsIX PEMHS
p = Ft—(P S [_
Z bh -
3arl

rae (@ - Ko3QpPUUUEHT HEPABHOMEPHOCTU PACIPEICIICHUS OKPYKHON CHIIBI

MCIKIOY SY6BHMI/I PCMHA 110 OyI'C 06XBaTa, BBICOTC U JJINHC BY6I>GB PCMH,
| - JOIIYCKAaCMOC HOaBJICHHUC, YMCHbLIIACTCA C YBCIMYCHHCM YaCTOTHI

BpamieHusi Beaymero mkuBa oT 2.5 MIla npu 100 o6/mun mo 0.75 mpu 2000
00/MUH, TPUHUMAETCS 110 TaOJIHIIE.
12.16.11pumep I119.

12.16.1.3a0anue.

Paccuumamyo krunopeménnyio nepedauy no cieoyrouum OaGHHbIM:

-nepedasaemas MOWHOCHb (MOwWHOCMb Ha 6edyujem wkuse) N1=7,kBm;

-nepedamounoe yucio U=2;

- yacmoma epawjerus gedywe2o wkuea N1=1450,06/mun;

- nepeoaua ycmaHasiueaemcs nocie djieKmpoogueameisi U pabomaenm 8 0OHY
CMEHY 8 YCNIOBUAX 3AKPLIMO20 OMANIUBAEMO20 NOMEWeHUs 8 NPUBOOe NIAHUIAT-
Obl,

- Medicocegoe paccmosiHue opueHmupogouno a=720,mMm (nomyyeHo u3z Kom-
NOHOBKU NPUBOOQ);

- Yeonl HaknoHa nepedauu K 20puzonmy -25° (nonyueno uz KOMNOHOGKU npu-
600a);
- Koo Puyuenm ounamuunocmu snewretl nazpysku Ky=1.3.
12.16.2. Bvibop munopazmepa cevenus pemHus u onpeoeieHue Yucia pemuell
Ilo cmanoapmam Ons nepedagaemol MOWHOCMU, 8 COOMBEMCMEUU C NPU-
BE0CHHLIM 8blule NOPAOKOM pACYEéMAa KIUHOPEMEHHBIX nepeoad, onpeoensem u
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ceooum 6 maoauyy 1118 oannvie 01 wemvipéx, Ha Hawt 83271510, PAYUOHANbHBIX 8A-
puanmos nepeoayu

Tabnuya 1118
ezf; | peTZZ;z dy d | L'*| L*| a* | 4° | P | P, | Z*
- - MM MM | MM | MM MM | epad. | kem | kem | wumyx
1 A 125 250 |2034|2240|823.25|171.342.13|3.65| 3
2 B 140 280 | 2106|2240 |787.18|169.86|3.00 |5.11| 2
3 B; 125 250 |2034|2240|823.25|171.34|2.42|3.89| 2
4 C 200 400 | 2395|2500 | 772.53 |165.246.45|{940| 1

B mabnuye ob6o3znaueno:

- A, B, C —mun pemnsa nol OCT1284.1-89(B1 u B,- sapuanmul ¢ pemném mu-
na B),

- di- ouamemp sedyweco wikuéa (MUHUMATLHO BO3MONCHBLL OUaMemp no
cmanoapmy);

- d,=d; x U — Quamemp sedomozco wikuea,

- L'=2a"+0.5n(d, +dq) +(d, - d1)2 / 4a’ - nompebnas onuHa pemms;

- L — npunamas cmanoapmmuas onuna pemus,

- a=0.125€L - n(d, + d;) + (2L —-(d, + dy))% —8(dy —dy)2  — ghar-
MUYecKoe Mexcocesoe paccmosiHue (npu NPUHAMOU OJIUHe PeMHsL); ’

~a° —180—-5792 "%

- Y201 00x6ama 8eoyujeco WKU8a pemMHéM;

- Py — Homunanvnas mownocmo, nepedagaemasi OOHUM PEMHEM 8 YCIA0BUSIX
MUnoeou nepeoayu,

- Py =P,C,C,CL/Cp- mowmnocms, nepedasaemas 0OHuM peMHEM 6 IKC-
NIy amayuOHHbIX YCLOBUSAX,
- Cy - koappuyuenm yana obxeamas,
- C,, - koappuyuenm nepeoamounozo uucna;
- C\ - kooppuyuenm onunvl pemus;
- C - Koopuyuenm pesicuma naepysxu;
N
P,C,
- C;- k0aghhuyuenm uucna pemneil.
Bce pazmepwi co 36€300uKoti okpyenenul.
Ocmanasnusaemcs Ha eapuarnme 3, maKk Kak oM obecneuusaem Oonee pas-
HOMepHOe pacnpeoelienue Haepy3KUu no PEMHSM.

Umax, oxonuamenvHoe pewienue — 0ea pemHs muna B npu ouamempax
wkueos 125 u 250 mm, onuna pemns 2240 ymm.

-Z

< 6(8) - uucno pemneti,
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12.16.3. Ycunue npeosapumenbHo20 HAMAHCEHUS.

Ycunue npedsapumenvrnoco namsicenusi pemHs onpeoensiemcs o NPUHAMou
BeNIUYUHE HANPSNCEHUSI NPEOBAPUMETbHO20 HaAMANCeHUs. [ KIUHOPEMEHHBIX ne-
peoau cn=12 Mlla, noomomy Fy =22Ac=2x2x138x1.2=662.4,H.

2
30ecv: A =138, MM — niowade nonepeyHo2o ceuenusi 6emeu PemHs.
12.16.4. Hacpy3ka Ha 6an
Cuna dasnenusi R Ha 6an wikuea pasna 2eomempuieckol cymme Cul Hamsoice-

Hut eemeeti pemus (puc.11.9). U3 napannenocpamma cun cieoyem
R =2F,sina, /2=2x662.4xsin171.4/2~1321LH

Haepyska na éan 6 08yx36é30Hou nepedave HanpasieHa no JUHUU, COCOUHSI-
roweti yeHmpa 36€3004eK, 8 CHMOPOH)Y CONPANCEHHOU 36E300UKU.

12.16.5. Yucno npobezos pemusi.

Honzoseunocms pemus 3aucum om xapakmepa u 4acmomvl YUKIa usmeHe-
HUs Hanpsdicenutl. Yacmoma yuxkia usmeHeHus HANpAXCeHull pasHa udacmome
npobe206 pemmsi u=1(9.48/2.24)=4.232< [:

ndn;  3.14x125x1450
60 x1000 60x1000

JI15 KIUHOBbIX pemHell | =10...20¢™.

30eco V =

=9.48,m/c - ckopocmb pemnsi;

Bce ocmanvhvie pacuémol 6psio u 6b1308ym 3ampyoHeHust, NOIMOM) 30eCb He
NPUBOOSIMCAL.

Konmponvusie 6onpocul

1. IIpunyun pabomwsi peménnoti nepedauu. Ponv namsoicnozo yempoiicmea 6
peménnoil nepedaue. K xaxoii epynne nepedau 0mHocumcsi pemeénnasn nepedava?

2. Paznosuonocmu peménnvix nepedadu.

3. Jocmouncmea u nedocmamxu pemEeHHbIX nepeoa.

4. Bozmooicnocmu pemEénHot nepeday.

5. Haepyoicennocmo peménnoti nepeoauu.

6. Hanpsioicenus 6 ceuenusix pemms.

7. Cronvoicenue pemus na wikuse. Kpuevie ckonvorcenus.

8. Kunemamuxa peménnotl nepedauu.

9. Kpumepuu pabomocnocobHocmu u pacuémol peMEHHbIX nepeoad.

10.Tlopsidox pacuéma KiuHOpeMEHHOU nepeoayil.

11. Ocobennocmu pacuéma noauKIUHOBOU nepeoail.

12. Ocobennocmu pacuéma 3y64amopeménnol nepedayu.

13. Basbl 1 ocu.
13.1. Hasnauenue.

Baner u ocu mpegHa3zHaveHbI s TOAAEPKAHUS IeTajei, Bpalaromuxcsi BO-
KpYI' MX F'€OMETPUYECKUX Oceil. Baibl, KpoMe TOro, nepenaroT Bpallarollui Mo-
MEHT, a OCH HET.

13.2. Knaccugpuxayus éanos u oceti
13.2.1. ITo popme reoMeTprudecKOil OCHU pa3TUvaroOT Bajbl U OCH:
- IPSIMBIE;
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- KOJICHYATHIE;
- rulKkwue.
[Ipumeyanusi: - ocu yale BCero npsiMbie;
- TUOKUE BaJIbl TOJIBKO MIEPEIat0T BpallAlOIIUNA
MOMEHT.

13.2.2. Tlo popme HapykHOM TOBEPXHOCTH BaJIbl 1 OCU MOTYT OBITh:
- [JIaJIKUE;
- CTyIICHYATHIE.
13.2.3. TTo popme momepeyHoTo CEUCHHS:
- CILIOLIHBIE;
- TIOJIBIE.
13.2.4. Tlo creneHn MOABUKHOCTHU:
- BaJIbl BCET/1a BPAIIAIOTCS;
- OCH MOTYT OBITh TIOJIBH>KHBIE U HETIOJIBHKHBIE.
13.2.5. Tlo Ha3HauyeHuUIO:
- BaJIbI TIepe/iay: BEAYIIUNA, BEIOMBIi, TPOMEKYTOUHBIE;
- KOPEHHBIEC U CIICIIMAIbHBIE BaJbl, KOTOPBIE, KPOME JIETANIEH Mepeay, HECYT

em€ paboure OpraHbl MAlllMH WU OPYAHM, MaXOBHUKH, KPUBOIIMIIBI, 3a>KUMHBIE
MaTPOHBI U T.II.
13.3. Dnemenmul koncmpykyuti 6ano8 u oceu (puc.13.1).

13.3.1. Yuactku Bana, Jexaliyre B ornopax, Ha3bIBarOTCs HanQsbl.
[TockOMBKY 37EMEHTHI KOHCTPYKIIMK Y BAJIOB U OCEH OJIMHAKOBBI, 31€Ch U B

I[&J'IBHCIZHICM HN3JI0KCHHU, 0003Hayvas IMPHUHAOJICKHOCTD, COXpaHUM CJIOBO BaJIbl.

KH.

Handsr gensres Ha:

- WIUMBI: Hangbl HA KOHIIAX Baja;

- WEeHKH: Handsl B CpeJHEN YaCTH BaJIa;

- IATHL: Langsl, NpeJHa3HaYeHHbIe IS Nepeladyl Ha KOPIyC OCEBOM Harpys-

[1a1B1 MOTYT OBITH CIUIONTHBIE, KOJBIIEBHIE, a IPU OOJIBIIION HATPY3KE —

rpe6énuareie (puc.13.2).

Onopamu MIUIIOB U MIEEK CIYkKaT MOIITUITHUKHA, OTIOPAMU TISAT — TOAMATHUKH.
13.3.2. TlocagouHble MOBEPXHOCTU: KOHWYECKUE WIM LUIUHIPUYECKHUE I10-

BEPXHOCTH, Ha KOTOPBIE HACAXKUBAKOTCA IETANIH, NMOAACPKUBAEMbIE BAJIOM WIIU
0Cbl0. MOT'YyT UMETh IITTOHOYHBIE Ma3bl, HUTUIBI UJIU ObITh HEKPYTIIOW POpPMBI st
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noCadoyHas noBepxHocmb

2aME b JAriesUuky

i 0718 nocwunHukod
3an/e4uKy 2% g
ang nodwunHukob L CT D C = |

%
LnopHbIL OLpIMLK / welka
wioxky 6 nasax
Puc.13.1. DneMeHThl KOHCTPYKIIUM Bajia

a) ‘ F. 0 |Fx B) Fx repeiadn Bpalaruiero Mo-
MEHTA.

Ecain Bam wumMeeT HECKOJILKO
IITITOHOYHBIX KaHaBOK 1(0)
JUIMHE, TO HMX IeJIeco00pa3Ho
pa3Menars B OJJHOM MIIOCKOCTH
77 W TOpeaycMaTpuBaTh JJIsi HUX
LZ 10 BO3MOKHOCTH OJIMHAKOBYIO
MIMPUHY Ta3a, CoOoaas ycio-

BUs NpouHocTH. Ilepeman nma-

//////

dn du deg

| — | —-—

Puc.13.2. I1aTel: a-crroniHas, 0- KOJIbIeBasdt,

.. METPOB CTyIEHEeHd Bajga IIpUu
B- Tpe0&HYaTasl. P y P

ATOM JKEJNaTeNbHO JeNaTh Ta-
KUM, 9TOOBI MOKHO OBLIO MPOU3BOIUTH Pa300pKy 0€3 yJajeHus MITOHKU U3 BaJa.
[lepenaa nuaMeTpoB TOHKEH ObITh MUHUMAIbHBIM.

Bo Bcex ciydasx AuameTpbl MOCAJOYHBIX MOBEPXHOCTEH OKPYIJIAIOTCS IO
ctaugapty ('OCT 6636 — 69 «HopMainbHbIe TUHEHHBIC pa3MEPHD»).

[Tocamounbie nUaMeTphl MO MOIMIMITHUKY BCET/Ia MUJIMHAPUIECKUE TTOBEPX-
HOCTH. /lnameTp UX NMpUHHUMAETCS B COOTBETCTBUU C pa3MEPOM BBIOPAHHOIO MOJ-
IIUITHUKA.

Jlisa obecrieyeHUs HEOOXOAMMOIO KauecTBa COMPSIKEHHS MOACPKUBACMBIX
JIeTaje ¢ BaJIOM, pa3Mephl MOCAJ0YHBIX MOBEPXHOCTEH Baja JOJKHBI OBITH BHI-
MOJIHEHBI C TOYHOCTBIO, COOTBETCTBYIOLIEH 6...7, pexe 8, kBanureram. [Ipu s3Tom
IPUMEHSIOTCS MTOCAKHM C 3a30POM, €CJIM HEOOXOAMMO OOECIeUUTh JIETKYI0 CMEHY
JieTaneu, Korjaa JOMyCcKaeTcsl MPoI0IbHOE NEPEMEILECHNE IETANEH TPU PETYIUPOB-
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H8 H7 H7 H7 H7
e8 e7 f7 g6 h6
JIM HETTOABUKHOCTH z[eTaneﬁ oOecrieunBaeTcs MIIIOHKaMU, HITI/I(bTaMI/I " T.II., a IIpA
PECMOHTC HCO6XOI[I/IMBI C60pKI/I — p8.360pKI/I, TO IMMPUMCHAIOTCA IICPCXOAHBIC ITOCAO-

H7 H7.H7
js6 k6 ' né
CAUHCHUC oe3 JOIIOJIHUTCIIBHOI'O KPCIIJICHU A I[eTaneﬁ, TO IIPUMCHAIOTCA ITIOCAAKHU C

H7 . H7.H7

p6 16 s6

ke. Hanpumep, (B nmopsiike yMeHbILIEHUS 3a30pa) Ec-

k1. Hanpumep, . Eciin Heo0Xx0oaMMO NOJTy4YUTh HEMOABUKHOE CO-

HaTsroM. Hanpumep, (B mopsiike yBeJIMYEHUS HATATA)

13.3.3. YnopHble OypTHKY U 3allJICYNKH Baja.

VYnopHble OypTUKH M 3arieuukd (cM. puc.13.1) BBINOJHAIOTCS ISl OCEBOU
(bukcanuu neranei.

Pa3mepsl OypTHKa 3aBUCAT OT JUaMeTpa Bajia, pa3Mepa (pacok Ha HacaKkuBae-
MbIX netansix. OOblyHO BhIcOTa OypTuka He Oosiee 5...10 mm. Illupuna Oyprtuka
BBIINIOJIHAETCSI MAKCUMAJIbHO BO3MOYKHOH. Y3KHE€ YHOpHBIE OYpPTHUKH BBINOIHATH
HEILeJIECO00Pa3HO: ATO MPUBOAUT K YBEJIIMYEHHUIO TMaMETPOB 3arOTOBOK U K Iepe-
BOJlY B CTPY’KKY 3HaUUTEJIbHOTO KOJIMYECTBA METaJIa.

3amieyuku i YCTAaHOBKHU TMOJIIMITHUKOB JIOJDKHBI OBITh TaKOW BBICOTHI,
4TOOBI TOPIBI KOJEL MOAIIMITHUKOB UMENIN JOCTaTOUYHYIO OMOPHYIO ITOBEPXHOCTh
U, B TO >X€ BpeMs, BHYTPEHHHE KOJIbIIA TMOIIIUITHUKA JOJHKHBI BBICTYNATh
HACTOJIbKO, YTOOBI UX MOXHO OBLJIO 3aXBaTUTh CbEMHUKOM U CHATDH MOALIUITHUK.

13.3.5. IlepexoaHbie yuyacTKu

DTO y4acCTKH MEX]y IByMs CTYNE€HSIMU Pa3HbIX IMaMETPOB BaJja.

Jlns oOecrieueHus: HEOOXOAUMON TOYHOCTH YCTAaHOBKM B OCEBOM HaIlpaBlie-
HUW Haca)XMBaeMasl JIeTajb JOJDKHA MPUKUMAThCA K OypPTHKY WIM 3aIIeYUKy Ba-
na. Heo0xoauMo NpUHATH MEPHI AJI TOTO, YTOOBI CKPYIJIEHHE B MECTE Mepexo/ia
Bajia OT OJIHOTO IMaMeTpa K JApyromy He ObLIO TOMeXoH 3TomMy. B cBsi3u ¢ 3TUM, B
MeCTax Tepexo/ia BHIMONHIIOT KaHABKU JJIS BbIXOJa MHCTPYMEHTA, HampuMep —
nunoBaIbHOTO Kpyra, pe3ua u T.1. Pasmepsl u ¢opma KaHaBOK CTaHIapTU3UPO-

BaHbl. /X HECKOJIIBKO THUIIOB.

. , Hanpumep, eci mmgyeTcst TOIBKO H0cag0u
Heii quametp d (pucl3.3), kaHaBka yriayOieHa
- AS) o TOIBKO B 1uaMeTp Bana. Ilpu sTom
i d,=d—(0.3..Dmm; b, =3..5mm.
N /-(77 B B03MOHBI U IPyrHe BAPUAHTHI.

BooO1e Besikne kaHaBKH, HITIOHOYHBIE Ma3bl,
Puc.13.3. BapuanT kaHaBKH. IUTULBI U T.I1. BBI3BIBAIOT 3HAYUTEIIBbHYIO KOH-

[EHTpalUio HanpspokeHuil. [loaTomy Tam, rie 6€3 HUX MOYKHO OOOMTHUCH, BBITTOJTH -
€TCsl TANTENBHBIN MEPEX0], KOTOPhIH MOXKET OBITh MPOCTON C TAITENIbIO MTOCTOSH-
HOTO paguyca (cM. puc.13.1) unu >N THYECKON POPMBI C TaNTEIbI0 IEPEMEHHO-
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I R ro paauyca (Puc.13.4). Tanrenu nepemen-
HOT'O pajuyca JaroT IJIABHOE COMPSIKECHUE
C MHUHHUMAJIbHBIM U3 COCAMHSIEMBIX JHa-
METPOB, a 3HAYUT U MEHBIIYIO KOHIICHTPA-
LU0 HANIPSIKCHUU.

5

EE
Puc.13.4. 'anTens nepeMeHHOro
paauyca.

13.3.6.11lepoxoBaTOCTh NOBEPXHOCTEMN BaJIOB.

Basibl U3roTOBIISIIOT TOYEHUEM HA TOKAPHBIX CTaHKaxX, & B HEOOXOAUMBIX CIY-
Yasx NUMQyroT, TOJUPYIOT U T.11.

[TocagouHble TOBEPXHOCTH MO MOAMIMIHUKA OOBIYHO HUIU(DYIOTCS 0 Iie-
poxoBaroctu 7...8 kinaccoB (R1.25...0.63 Mkm).

Jlia mocaznku 3y04aThIX KOJIEC Yalle BCEro AOCTATOYHO YMCTOBOI'O TOYEHUS,
oOecrieunBaroliero 6 kiacc mepoxoraroct (R2.5 Mxm).

[ToBEpXHOCTH MOJ PE3UHOBBIE, IIACTMACCOBBIE W BOWJIOYHBIE YIUIOTHEHUS
uuudyrot u nonupyrot (R0.63..0.32).

KanaBku, (hacku, BBITOUKY U HEPAOOUYUE MOBEPXHOCTU BBINOJIHAIOT 110 4...5
kiaccaMm mepoxonaTtoctu (R40...20 Mkm).
13.4. Kpumepuu pabomocnocobrHocmu 8ano8 u ocetl.

Basibl 1 ocu HarpyxaroTcsi CUJIaMH, BO3HUKAIOLIIMMU B NIEpeadyax BO BpeMs
paboThl. DTU CHIIBI BBI3BIBAIOT MX MOMNEPEYHbI u3ru6. Tak Kak Bajbl IPU 3TOM
NepeIaoT BpalllalolIMe MOMEHTBI, TO KpOME M3ruba B UX CEUEHUSAX JCUCTBYIOT
eli€ U HaMpsSHKEHUSI KPyUEHHUS.

N3rubaromiye HanpsHKeHUsl B MOMEPEYHBIX CEYEHUSX BaJOB M BPAILAIOIIMXCS
OCEl MMEIOT NEPEMEHHBIM XapakTep, TAK KakK, Ja)Xe IPU ITOCTOSHHOM BHEIIHEU
Harpyske, Kaxjable mojJo0opoTa MEHSIOT 3HaK. KpoMme Toro, BHEIIHUE Harpy3Ku
CaMU Yallle BCETO SIBJSIIOTCA MEPEMEHHBIMU BEJIMYNHAMH.

Ecnu sxecTkocTh Bana mMaina (a ®eCcTKOCTb, KaK U3BECTHO, 3aBUCUT OT JAUAMET-
pa BaJsia), TO IPOTU0 Bajla MOXKET 0Ka3aThbCsA HACTOJBKO OOJBIINM, YTO HOpMaJIbHAs
paboTta nepenaun OyaeT HeBO3MOKHOM. [Ipu Mcnoab30BaHUM JJIMHHBIX BAJIOB, yT-
Jbl TIOBOPOTA UX OMOPHBIX CEYEHUN MOTYT OBITH CTOJIb BEJIUKHU, YTO paboTa Mmoj-
IIMITHUKOBBIX Y3JIOB 3TUX CEYEHUN MOYKET 0Ka3aThCsl HEBO3ZMOMXKHOM.

B tex ciyuasx, korjia 4yacToTa U3MEHEHHS BHEIIHEW Harpy3ku OJu3Ka K co0-
CTBEHHOH 4acTOTE Baja C HACAKEHHBIMU HAa HEro JAETANISIMU, BO3HUKAIOT PE30-
HAHCHBIE sIBJI€HUS. B pe3ynbrare 3TOro pe3ko BO3pacTaloT aMIUIUTY/bI IepemMe-
HICHU, HAMPSKEHUS B €70 CEUCHUAX U BaJl MOXKET BBIUTH U3 CTPOSL.

Takum 00pa3oM, OCHOBHBIMH KPUTEPHUSIMHU PaOOTOCIIOCOOHOCTH BajlOB SIBJISI-
IOTCSl CTaTHMYECKAasi U YCTAJIOCTHAsI MPOYHOCTh MPH M3rude ¢ KpydeHHeM, Bparia-
IOLIUXCSA OCel — cTaTMYecKas U yCTaJOCTHAas MPOYHOCTh MPU U3THOE, HETOABH K-
HBIX OCeH - cTaTU4ecKasi MPOYHOCTh P U3THOE.

B psane ciaydaeB omnpenensiomuM KputepueM paboTOCIOCOOHOCTH SBIISETCS
KECTKOCTb Bajia, a MU OOJIBIION YaCTOTE BpAIeHUsI — BUOPOYCTONUNBOCTD.
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13.5. Mamepuanwvt eanos u oceti.

JInsi M3roTOBJIEHUS BAJIOB U OCEW MPUMEHSIIOTCS CPEIHEYIJIEPOINCThIE KOH-
CTPYKLUMOHHBIE CTaJl HOPMAJIM30BaHHBIE WIH YIy4dllIeHHbIE. B Tex ciyuasx, kormaa
BaJl BBITMIOJHAETCA 3a0/HO C IIECTEpHEH (HA3bIBAETCSl BaJ-IIECTEPHS), UCIOJIb3Y-
I0TCS T€ K€ CTaJIM, YTO M JUIsl U3TOTOBJICHUS mecTepHu. Eciu TpebyeTrcst Bhicokas
U3HOCOCTOMKOCTh, MPUMEHSIOTCS LIEMEHTUPYEMbIE CcTald. B 3TOoM ciyyae
HanOOJIBIITYI0 U3HOCOCTOMKOCTh UMEIOT XPOMUPOBAHHBIE BaJIbI. /{151 M3roTOBICHUA
KOJICHYaTHIX BaJOB YaCTO MCIOJIB3YIOT BBICOKONMPOYHBIE W MOAU(PUIIMPOBAHHBIE
YYTYHBI.

OOBIYHO B KayeCTBE 3arOTOBOK JJISl CTAJIbHBIX BajJOB AuaMeTpoM 10 150 Mm
IPUMEHSIOT KPYTJIBIiA MPOKAT, a A7l BAJIOB OOJBIIETO JUaMETPa — MOKOBKH.

13.6. Pacuémmnvie cxembl 6an108 u oceil.

IIpn pacu€rax BaJIOB M OCEM OHMU PACCMATPUBAIOTCS KaK CTATHYECKU ONpeEJie-
JUMBbIe OalKy Ha JIBYX OIMOpax (B CIEIMAIBHBIX CIy4YasX MOTYT pacCMaTpPUBAThHCS
¥ MHOTOOIIOPHBIE CTATUYECKU HeompeaenuMble cucteMbl). [Ipu 3ToM B mepBom
MPUOJIMKEHUU MOKHO MPUHUMATD, YTO OTIOPBI PACIIONOKEHBI TOCPEIUHE IITUPUHBI
MOAIINITHMKA, & HArpy3Ka CO CTOPOHBI HACAKEHHBIX Ha Bajl JIeTalield nepeaacTcs
Ha HEro MOCpeauHEe CTynull 3TUX Jetaneid. CHIIbl TpeHHUSI B OMOpax M CHIIBI TSXkKe-
CTH CaMHUX BaJIOB M HACA)KCHHBIX HA HUX JETaJIel Mpu pacy€Tax Ha U3rub ¢ Kpyye-
HUEM HE YYUTHIBAIOT.

13.7. Ilopsiook pacuéma u KOHCMpPYUPOBAHUSL 8AN08 U OCEI.

Cy1iecTByeT HECKOJIBKO METOJMK pacuéra BajoB. B moOoM ciydae, B pas-
JUYHOM (hopMe BBHITIOHSIOTCS CIEAYIONINE ACHCTBHUS.

13.7.1. OpueHTUPOBOYHBIN PACUET.

OpHUEHTHPOBOYHBIN HAMETP Bajla OINpPEAENSeTCA IO IepefaBacMoMy Bpa-
HIarmeMy MOMeHTy T

rae T — nepenaBaeMblid Bpalarouid MOMEHT B HMwM;

I_=lZ...3O JH/mm?,

B sTOM cityyae ucnonbp3yercsl 3aHM>KEHHOE JOoIycKaeMoe HamnpsbkeHue. [1o-
HOe (pakTHMUecKoe HampspKeHue Mpu paboTe Bajia HA U3THO C KPYyYEHUEM HENb3s
ONPENICNIUTh — HEU3BECTHBI JIMHEWHBIE pa3MEPhI Baja: PACCTOSHHUE MEXIY Omopa-
MU, PACCTOSIHUE OT OMOPBI JO MECTA MPUIIOKEHHS HATPY3KHU.

13.7.2. OpreHTHPOBOYHBIN 1TOA00P MOAIIUITHUKOB.

Jlnst Toro, 4TOOBI OPUEHTHUPOBOYHO MOAOOpATh MOIIIUITHUK HEO0OXO0IUMO
OMPENENUThCS C ABYMS (paKkTOpaMu: TUIIOM MOJIIUITHUKA U €r0 pa3MepoM.

Tun noAmMIHUKA OTIPEEseTCs 0 COOTHOUIEHUIO BO3HUKAIOIIUX MPU pado-

T€ Mepeaay 0CEBOU Fx U pagualibHON R = 1/th + Fr2 HArpys3oK.
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I:X

Ecim —+ < 0-3, TO MOYKHO HCIIOJIb30BaTh IIAPUKOBBIM PaguaIbHbIN I10]I-
LIUITHUK.

Ecmm 0.3<F\;(Sl.5, TO MOXHO TPUMEHHUTH MIAPUKOBBIA pPAAUAIIBHO-

YHOPHBIN MOJUIUITHUK.
X . .
Ecnu >1.5, 10 NPUMEHSIETCS] POJIMKOBBINA paIaIbHO-YIIOPHBIA MOIIUII-

HUK.

[locagouHplii AWaMETp NOIIMIIHUKA OINpPEAENAeTCS MO MOJIYyYEHHOMY B
n.13.7.1 OpUEeHTHPOBOYHOMY JUAMETPY Baja, KOTOPBIM OKPYIJISIETCS B OOJBIIYIO
CTOPOHY /10 BEJIMYMHBI OJMKaWIIEero nocajgo4yHoro pazMmepa noAmunaukKa. Kemna-
TEJIbHO OPHUEHTHPOBOYHO MOJOUPATh MOAIIUITHUKY U3 cpenHen cepun. st momo-
OpaHHOTO MOJAIIMITHAKA BBIMUCHIBAIOTCS TA0apUTHBIE Pa3MEpHI.

13.7.3. KoMmoHOBKa COOpOYHON €AUHULIBI.

KoMnonoBka cOOpOYHON €IUHUIIBI BBIIOJHAETCS C LIEJbI0 MOJYyYUTh HEOO-
XOZMMBIE JJIs1 paCUETOB Ha U3rHO JIMHEWHbIE pa3Mephl BaJIOB.

HauynHaromyM MH)XEHEpaM JIydllle BCEro BBINOJHATH €€ Ha MWIIMMETPOBOU
Oymare B macmitaoe 1:1.

B kauecTtBe mpuMepa pacCMOTPUM BBIIOJHEHHE KOMIIOHOBKH JUISL IBYXCTY-
MEHYaToro HWJINHAPUYECKOro peaykropa (puc.13.5).

CHauana Ha KOMIOHOBKY HAaHOCSITCSI MEKOCEBbIE PACCTOSIHUSA, a 3aTEM - Ppa3-
Mepbl JeTaneil nepenad. Bce 3Tu BeMYMHBI M3BECTHBI U3 PACUYETOB Mepeay.

Paccrostnue Mexay Topuamu KoJieca IEpBOM CTYNEHW M IIECTEPHU BTOPOM
CTYNEHH MPUHUMAIOTCS C1=3...10MM, paccTOsIHUS MEXAYy TOpLAMH 3yOUYaThIX KO-
J€C ¥ BHYTPEHHUMH CTEHKaMH OyAylIero peaykropa npuHumaercs c,=10...15 mm.

[Ipexxne yeM yka3blBaThb Ha KOMIIOHOBKE PacIoOJIOKEHHE MOIIIMITHUKOB pe-
IYKTOpa, HYy’)KHO PELIMTh BOIPOC O crocobe ux cMmasku. Ecnu yacrora BpalieHus
3youartbix koséc peaykropa 80-100060poToB B MUHYTY U 0oJiee, TO 3TO obecTeun-
BaeT CMa3Ky MOJAMINITHUKOB MacJIsIHbIM TYMaHOM, BO3HHUKAIOIUM B PEIYKTOPE MPU
pa30pbI3ruBaHUM cMa3ku. B 3ToM ciiydyae Bce MOJUIMITHUKYN pa3MelatoT TOpLaMu
II0 JIMHWM, COOTBETCTBYIOIIEHM BHYTPEHHEW CTEHKE penykropa. Ecmau yacrora
BpallleHUs] MEHbILIE, PACCUUTHIBATH HA MACJSHBIA TyMaH HE NPUXOAUTCS, MOA-
IIMITHUKY HY>KHO CMa3bIBaTh KOHCHUCTEHTHON cMa3koil. UTOObI OHa He BhITEKaJa
U3 PAaCTOYKH MOJ MOJAIIMIIHKUK, Ha BaJlax CO CTOPOHBI MOJOCTH PEIyKTOpa ycTa-
HABJIMBAIOTCS Ma3eyAepKUBAOIINE KOJblla, a MOAIUITHUKY 3ariy0JIsiioTcsl B pac-
TOYKY KOpITyca Ha TOJIIMHY TaKoro KoJbla (8...12MMm).

Pa3zmepsl I21/I |9 IIPUHUMAIOTCS (3...4)d'.

13.7.4. IIpoekTHBIi pacu€T Baja.
3amMepuB PacCTOSIHUSI MEX]y CepeMHAaMU MOJUIMITHUKOB U CEepeIMHAMU CTY-
NI JeTalleld, HACAXKEHHBIX Ha BaJl, MOJIY4aloT JUHEHHBIE pa3Mepbl BaJIOB, HEOOXO-
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Puc.13.5. KoMmoHOBKa IByXCTYNEHYATOr0 HUJIMHIPUYECKOTO pEAYKTOpa
(cMa3ka MOAIIMITHUKOB — MACJISTHBIM TYMaHOM).

JTUMBbIE JJIs1 IOCTPOEHUs CXeM UX HarpyxkeHus (puc.13.6a): pazmepbl I, 1o, 15 -
3aMEPEHbl HA KOMIIOHOBKE, I€peaaBacMblii MOMEHT T W CHIIbI, J€UCTBYIOIIME Ha

mrectephio Fi1, Fx1, Fr1 - monyuenst B pacuérax nepenau.

ITo cxemam Harpy>keHus CTposITCs pacu€THble cxeMsl (puc.13.6.0).

Cwitel IPWIIOKEHBI K BajlaM HE Ha OCSX BPAIICHHS BajoOB, a HA PAaCCTOSHHUH
0.5d; ot Hux, rae d; — HaYaTBHBIA TUAMETP COOTBETCTBYIOIIETO 3y0UaToOro KoJeca.
[ToaTOMy WX HYKHO TIO TIpaBHJIaM TEOPETHYECKOM MEXaHWKH MEPEHECTH Ha OCH
BpaIlCHUS BaJIOB.

[Tpu mepeHoce OKpY>KHOH CHIIBI Fy TMOSBIISIETCS MOMEHT CONIPOTHUBIICHHUS Bpa-
mennto  T= 0.5Fd;, KOTOpbIi ypaBHOBEIINBACTCS BHEIIHMM MOMEHTOM T. DT0
MO3BOJISIET HOCTPOUTH SMIOPY MOMEHTOB CKpy4YMBaronux Baji (puc.13.6.B).

Janpie ynoOHO paccMaTpuBaTh Harpy>KEHUE Bajia MO TUIOCKOCTAM. Boigerns-
I0TCSI CHJIBI WJIM TPYMIBI CUJI, U3THOAIONINE BaJ B TOPU3OHTAIBHON IUIOCKOCTH
(puc.13.6.r), u crpoutca mo mnpaBuigaM Kypca «CONpOTHBIECHHUE MaTEpUATIOB)»
AIII0OPa MOMEHTOB, M3THOAIOIIUX Baj B 3TOM IIockocTu (puc.13.6.1). 3atem ToXKe
caMoe€ MPO/JICNIBIBACTCS ISl BEPTUKAIBHOM MIOCKOCTH (puc.13.6.e,%).
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3Hast u3rudaroNnMe MOMEHTHI, IEUCTBYIONINE MO IIOCKOCTSIM, MOKHO OTIpeie-

JUTh CYMMAapHBIA U3rHOAIOMU MOMEHT M 5 = N E +M 5 ,

a 3aTeM IPUBEICHHBI MOMEHT

_ a2 2
an— Z+T’

I1I0 KOTOPOMY HaAXOIAT pvaéTHBIﬁ AUaMCTpP BaJla B COOTBCTCTBYIOIICM CCUC-
HUH

J1J1st BaJIOB U3 CPETHEYTIAEPOIUCTOMN CTAIM TOMyCKaeMO€e HANpsHKEHUE B TAKUX
pacuérax NpUHUMAIOT Ir = 60...95 MlIIa.

[Ipu mocTpoeHnn TeopeTHuecKoro mpoduis Baida 3apaHee HaMeJyaroT Xapak-
TEpPHBIC CEUCHUS, B KOTOPHIX OyIET ONPenesaThCA JuaMeTp: Hanpumep, cl, c2,
c3,c4,c5 Ha pucynke 13.6.6. /luaMeTphl BajiOB, MOJYyYECHHBIE B 3THUX CEUCHUSX,
HAHOCATCS Ha PUCYHOK M TIOJYYCHHBIE TOUYKH COCAMHAIOTCS, TakuMm 0Opazom mo-
Jydaercs TeopeTrudeckuii npoduiib Bana (puc.13.6.1m).

OOpaTtuTe BHIMaHKE, BCIEICTBUE CKaYKa Ha SMIOPE MOMEHTOB M3THOAIOITIX
BaJl B TOPU30HTAJIBLHOM MIIOCKOCTH, OJTHO M TO YK€ CEYCHHE UMEET JiBa HoMmepa (c2 u
c3) Tak Kak, eclid JJBUTaThCA IO AIIOpE cleBa BelnynHa MoMeHTa M(c2), a eciu
ciupaBa — M(c3) (cm.puc.13.6.1.). COOTBETCTBEHHO B 3TOM MecTe OyAyT pa3HbIe
CyMMapHbI€ U MPUBEAEHHBIE MOMEHTHI, a HA TEOPETUUECKOM Mpodusie - ABa Iua-
meTpa Bajna (0e, 1 des Ha prc.13.6.1).

13.7.5. KonctpyupoBaHue Baa.

OcHOBO# i1 KOHCTPYUPOBAHMS Bajia CIy»KaT KOMIIOHOBKA y3j1a U TEOPETH-
yeckuil npoduib Bajga. KoMnoHoBKa y3ia - moromy, yTo Ha He€ B macmrade 1:1
HaHECEHBI BCE JETAH, KOTOPBIC TOJDKEH IOAACPKUBATH TAHHBIA BaJl U TTOIIIIHII-
HUKH, Ha KOTOpPbIC OH OyJET omupaThCs. A TeopeTHUeCKuil mpoduiab 1aéT OprueH-
TUPOBKY I10 MMPOYHOCTH BaJia: JIeNaTh BaJl B JAHHOM CEYCHHH JIUaMETPOM MEHBIIIE,
YeM TMaMeTp TEOPETHIECKOro MPO(UIS B ITOM CEUCHUH, HETb3SL.

CoBMecTUM ATH JIB€ OCHOBBI: HAHECEM TeopeTUueckui npoduiib Baja Ha
KOMIOHOBKY (puc.13.7)

[ToAmMUITHUKY OPUEHTHPOBOYHO OBUIH MOJ00PaHBI PaHbIIE, IO COCTABICHHUS
KOMITOHOBKH.

Crynenyaras (popma Bajia MpeaNoUTUTEIbHA, TaK KaK yMpoIIaeTcs: cOopka
COCIMHEHUM, MPEJOTBPANIAIOTCS MOBPEKICHUS YYACTKOB C MOBEPXHOCTSMHU TIO-
BBHITIICHHOM YHUCTOTHI 00paboTkH, opMa Basia mpuUOIKaeTCst K Opycy paBHOTO CO-
poTUBJICHUS. Pacu€THbIe MMaMeTphl MMOCAT0YHBIX MECT, B KOTOPBIX JTOJDKHA OBITh
M0CaKa C HATATOM, IIMOHOYHOE WIJIH IUIMIIEBOE COSAMHEHUS, TOJDKHBI OBITh YBe-
audeHbl Ha 5-10%, 4To0Bl yuecTh ocnabneHue 3tumu pakropamu. [IpunHsTeie pas-
Mepbl pekoMenayetcst yrounsTh no 'OCT 6636-69.
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YToOBI UCKITIOYUTH OCEBBIE 3a30PHI JJIMHY MOCAJ0YHOTO yYacTKa Baja cie-
JyeT MPUHUMATh HECKOJIbKO MeHblie (Ha 0.5...1.5MM) JUIMHBI CTYNHIIBI HACAXKUBA-
emoii neranu. J{ns yno6cTBa MOHTaKa y4acTOK BaJia MO/ MOCAJKY C HATSTOM J0JI-
KEH UMETh Ha BXoJie (hacKy uiu ckoc. [Ipu npuMeHeHnn NUIMIIEBBIX WIH pe3b00-
BBIX YYaCTKOB Ha BaJly HY>KHO MPEAYCMaTPUBATh KaHABKH JIJIsl BEIXOJIa HHCTPY-
MeHTa. J{J1s1 penienus Bornpoca 00 M3roTOBJICHUH Bajla-IIECTEPHU WIM HACATHON

HIECTEPHU HY>KHO onpenenuTs pazmep € (puc.13.8). Ecnu BeInonHs€TCS HEPABEH -
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Puc.13.6. Dntopbl Bpalaromero ¥ u3ru0arImx MOMEHTOB U
TEOpETUYECKUI PO UL BEAYIIETO Bajla peayKTopa.
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Puc.13.7. KonctpyupoBanue Bana.

ctBo € > 2.5M, 10 mecTepHIO MOXHO MPOEKTHPOBATH HACAIHOIA.
Ecnu miectepHsi BBINOJHSETCS 3a00HO C
BaJIOM, TO MaTepHall U TepMHUYecKas oOpa-
! /_\ 00TKa Bajla BBIOMpAIOTCS IO YCJIOBHSIM
Q / I npounoctu 3yOneB mecTepHu.
i dopMa BBIXOJHOTO KOHIIA Bajla MOXET
| OBITh KOHMYECKOW WM UHUIUHAPUYECKOU.
Konuueckuii KOHEl Bajga BBINOJHSATH
- T — CJIO’)KHEE, HO TaKHe COCIMHEHUs 00J1a1atoT
0oJIbIIIel HArpy304HON CIOCOOHOCTHIO,

Puc.13.8. Pa3mep €. uXx jerde cooupats u pazouparts. g Ta-
KHUX COEeIMHEHUN HeoOX0auMO co3/1aBaTh oceBoe ycuine. OOBIYHO €ro Mmoyvaror,
3aTaruBas raiiky. J[is 3Toro Ha KOHILlIE XBOCTOBHKA Bajla MPEeAyCMaTpUBAIOT Kpe-
NEXKHYIO pe3b0y.

HyXHO NOMHHUTB, YTO OKOHYATEJIbHO KOHCTPYKIIMS Baja OyneT MpHUHSTA I10-
cjie TIPOBEPKH PabOTOCIOCOOHOCTH MOAIIUITHUKOB M IIMOHOK, MPOYEpUYMBAHUS
cOOPOYHON €TUHUIIBI, TPOBEPKU BaJa, B ClIydae HEOOXOAMMOCTH, TIO0 IPYTHUM KpH-
TepusiM pabOTOCTIOCOOHOCTH.

13.8. Ilposepka 6ana Ha ycmanocmuyo npoO4HOCHb.
Pacyér Ha ycTanocTh BBINOJIHAETCS IOCJIE TOI0, KAK CKOHCTPYUPOBAH Ball,
€CIIi B PACCMaTPUBACMOM CEYCHUU OKAXKETCS

I[ -_ )
Kcs—l
rne
- €5 — MacmTabHBI KOA(hOUIIMEHT, KOTOPHIN YMEHbIIIaeTCsA(Yalie BCero 1mo
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napaboIMYeCKOMY 3aKOHY) C YBeJHMUeHHeM quamerpa Bana ot 1 mpu d = 20mm, 10
0.6 mpu d = 150MM, Tak Kak MEXaHHMYECKHUE XapaKTEPUCTUKH MaTepHalia CHIKa-
I0TCSI C YBEJIMYCHUEM pa3MEpOB JIeTajei;

- I[GﬁCTBYI-OHICC HaIIPsKCHUC B paCcCMAaTpUBACMOM CCUC-

HUU;
- 0.1 — npezael BBIHOCIMBOCTH MaTepuaa;

- K — a0 dexTuBHbI K09)hUIIEHT KOHIEHTPAINH HANPSKCHUH, 3aBUCUT
OT BHJIa KOHIIEHTPAaTOpa B pacCMaTpPUBACMOM CEUCHHH (XK€ €CIU ITO MPOCTO
IapanvHa Ha MOBEPXHOCTH BaJla) ONPEIEISICTCS MO COOTBETCTBYIOIINM TaOIHIIaM;

-S1=1.5...2.5 — xosp¢urmenT 3anaca NPOYHOCTH 1O TPEIETy BBIHOC-
JIMBOCTH.
Ecnu 370 HEpaBEHCTBO BBINOJIHAETCSA, TO ONpeAesaeTcs o0mmii ko3ppuun-
€HT 3araca MpoYHOCTH
1 -
S .= =
-1 2 2 -1-
1 1

S S

(0} T

rac SG )51 S‘E - KOB(b(bI/II_[I/IeHTI)I 3alraca IIpoO4YHOCTH 110 I/IBI‘I/I6y " I10 Kpy4dc-

_ G_4 _ s - T_4
C Kso, ’ T K ’
> %4y o — %4y 1
BS cm Be T m
rie B=1.1...1.3 - xosdpdumment ynpounenns; BBomuTCS B TEX CIIyyasX,
KOTJIa Bajl MOJABEpraeTcs ynpodHsiomeh o0padoTke (0OKaTka poJUKOM, 0O0ayBKa
IpoObI0, TEPMHUYECKasi WM XHUMHKO-TepMHUecKasi o0paboTka M T.I.), €CIU HET

HUFO S
1%a

YIPOYHEHHUS], TO le;
y_u Y- KOA(PPUIMEHTBI, XapaKTePU3YIOIINE YYBCTBUTEIBHOCTh

MaTepuana K aCHMMETPUU LUKJIA: YeM KaueCTBEHHEE CTallb, TEM BBIIIE ISl HEE
3HAUEHUA ITHX KOI(P(GUIMEHTOB; NPUHUMAIOTCA MO TabIuIaM, OOBIYHO W

=0.15...0.25,a y _=0.05...0.15;
Ga u ’Ca , O m Y ‘Cm - aMIIJIMTYJHBIC U CPCAHNUC 3HAYCHMS HAIIpsIKe-

HUM, JEUCTBYIOIIUX B pPACCMAaTPUBAEMOM CEUCHHHM BAJIA; NPU UX OMNPEACIECHUU
MPUHUMAETCS, YTO W3TUOAIOIIMEe MOMEHTHl M3MEHSIOTCS MO CHMMETPHYHOMY, a
KpYTSAIIME MO MyJbCUpYIONIeMY (OTHYJIEBOMY) ITMKJIaM, €CJIM HET APYruX ykKasza-
HUM;

b

<5_1z(0.4...0.5)<)'Bp u t_,~(05..006)c_, - mpeaensl BEIHOCTHBO-

CTM MaTepuaja Baja.
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Ecnu B uccnenyeMom cedueHHM 3amac MPOYHOCTH OKAXKETCS MEHBIIE JOMy-
CTUMOI'0, TO HEOOXOJIUMO MEPECMOTPETh KOHCTPYKIIUIO Baja, MPUHATH MEPHI K
CHIKEHMIO KOHIICHTPAIIMU HAMPsDKEHUH, IPUMEHHUTH YIIPOUHSIONTYI0 00paboTKy U
T.II.

13.9. Pacuém 8anos u oceil Ha d#cecmKocme.

Pacuétpl Ha KECTKOCTh MPOU3BOATCS B TEX CIydasx, Korjaa jaedopmaiuu
BaJIOB M OCEH MOTYT HapyIIUTh HOPMaJIbHYIO pabOTy MOJIEPKUBAECMBIX UMU JIe-
tanei. OHU BBIMOJHAIOTCA IO HOpMaM U IpaBuiiaM Kypca « ColnpoTUBIICHHE MaTe-
pHUAJOB» U 3aKJIIOYAIOTCSA B OMPENEIICHUH MPOTrHuOOB, YIIIOB MOBOPOTA, YIIOB 3a-
Kpy4HMBaHUS BaIOB. JlomyckaeMble BETWYMHBI JehOpMAIAA OMPEEISIOTCS YCII0-
BUSIMH HOPMaJIbHOW paboThI mepead, MOAMUITHUKOB U T.0I. B o0mem mammHo-
CTPOCHUU MPUHSTHI TAKKE OCPETHEHHBIE HOPMATHUBBI:

- HauOoubIMi Tporud He aoskeH npepwimars 0.0001...0.0005 nponéra Ba-
Ja;

- Iporud B MECTaX PacIOJIOKECHHS 3yO0UaThIX KOJIEC HE JIOJKEH MPEBBIIIATh
0.01...0.02 m g 3TUX KOJIEC;

- Yroj HakJoOHa Baja Ioj 3yO4yaThIMU KOJEcaMU HE JIOJDKEH IPEBBINIATH
0.001...0.002 pagunana;

- YTOJI HaKJIOHA Bajia Ha ONOpax KauyeHMs HE JOJKEH IMPEBBIIIATh JJIsl POJIU-
konoamMnHUkoB 0.0016...0.0025 paguana, a a1 mapukoBsix — 0.005 paguana;

- HauOOJBIIMK Yrod HAaKJIOHA Baja B MOJIIUIHHUKE CKOJBXCHUS
0.001panuana;

- JIONyCKAaeMbIi yroj 3aKpyuyuBaHUS TPAHCMUCCHUOHHBIX BaJloOB He Oosee
0.25...0.35 rpagyca Ha OJTUH METP JUIMHBI BaJIa.

13.10. Pacuém eanoe Ha konebanus.

OcHoBHas 3ajaua pacuéra — IpeAyNpeKIeHUE PEe30HaHCa, KOT/la COOCTBEH-
Has 4acToTa KoJiecOaHMM BaJla COBIAJAeT C YACTOTOM BHEIIHEH Harpy3ku. Bos-
MOXHBI TTOTIEPEUHbIE KOJeOaHUs OT U3rMOaroe Harpy3Ku U KpyTHIbHBIE (YTII0-
BbIE) KOJICOAHU.

CoOcTBEHHBIC YaCTOTHI BaJla ¢ HACA)KEHHBIMU HA HETO JETaIIMH ®  ompe-

JEJSIIOTCA TI0 HOpMaTUBaM U (hopmysiaM TEOpUU KOJIeOaHMiA.
Kputnueckast yactoTa BpaieHus, Ipu KOTOPOM HACTYTAeT PE30HAHC

n =600 mua?
Kp c

3ona ot 0.7 nKp no 1.3 nKp Ha3bIBACTCS KPUTUYECKOM. IIpH IIMTEIbHOM pa-

00Te B ATOI 30HE MOJIOMKA Bajia Hen3bexxHa. OOBIYHO Bajbl padOTAIOT B JOKPUTH-
YECKOW 30HE, TP OONBIIMX CKOPOCTIX — B 3akputhyeckou. [lepexon depes kpu-
TUYECKYIO 30HY OCYIIECTBIISIETCSI C MPUMEHEHHEM CICIIHAIBHBIX TacUTENICH KoJie-
OaHuM WK TMOKUX BaJIOB.
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13.11. Ilpumep 1120.
3aoanue: ckoncmpyuposamo e0ywull 8an nepeoadu, paccCHumanHol 8 npu-
mepe 119.
13.11.1. Opuenmupogounwiii pacuém.
Ban oonocen nepeoamv momenm T,=52328, Hum, nosmomy

d':3,/ 52328 =20.584, MM .
0.2x30

13.11.2. Opuenmuposounsiti N0OOOP NOOUUNHUKOS.
CoomHoutenue ocegoll u paouaibHoU Ha2py30K:
u3 pewenusi npumepa 119:

paoduanvras Hazpyska -R = ,/th + Fr2 = \/26172 +987% ~ 2797,H;
ocesas - F,=704,H;

F
COOMHOUIeHUe ?X = 277—0947 =0.252<0.3, noomomy MOIHCHO UCHOIL306AMb WAPU-

KOBblll paouanbHblll NOOUUNHUK.

Ipunumaem nocaodounvlii ouamemp NOOWUNHUKA 25.MM  (PACYUEMHDILLL
d'=20.584,mm ) u no cnpasounuxy (no I'OCT 8335-75) naxooum noowunnux
305 ons 8edyweco sana (opuenmupo8o4Ho, u3 cpeoHell cepuil):

- HapyocHblll Juamemp D=62 ,.mm;

- 6Hympennuil (nocadounwiit) ouamemp d= 25,mm;

- wupuna B=17,mm.

13.11.3.Komnonoexa c60pouHot eOUHUYbI.

Cmaska noOwunHuxos Oyoem ocCywecmeisimvcs MACIAHLIM MYMAHOM, NO-
9MOMY NOOWUNHUKU PAZMEWAIOmcs MOpYyamu Ha JTUHUU, COOmMEemcmayouell
BHYMpeHHell CmeHKe pedyKmopa.

17 17

= &
: X

48 2] b4

Puc.I119.1. ®pacmenm xomMnonosku pedykmopa (8edyujuti 8ar).

13.11.4. IIpoexmuuiti pacuém sana.

Komnonoska siensemces ocnosanuem 0151 nocmpoeHus pacuyémmuvix cxem u no-
credyrue2o pacuéma 8ana no Mum cxemam. /s npogedenus: paciéma iuHeliHvle
pasmepvl bepymcst ¢ KOMNOHO8KU (8 dannom caydae 48,106,100 mm), a cunoswvie
Gdaxmopul - uz pacuéma nepeoday(8 OAHHOM ClyHae MO nepeoasaembviti MOMeHM
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11=52328,Hmm; okpyascnoe ycunue Fu=2617,H; paouanvnoe ycunue F=987,H;
ocesoe ycunue Fn=704,H). He nyscno 3abvieamo, umo éce smu Cuibl NPUKIAObI-
8alOMcs 8 NoOCe 3ayenieHus], KOmopblil Hax00Uumcs Ha pacCmMosHUU Om OCU 8a-
na. Illosmomy ons pacuéma eana ux Ha0o nepeHecmu Ha ocob 8ana ( 6 OGHHOM Cl1Y-
yae cuivl cmeujenvl omuocumenvHo ocu ana Ha 20,.mm).Pezynomamel pacuéma
Y006HO c800ums 6 mabauyy (maoalll9.1).Ilpu pacuémax npunsamo 6 gvipadicenuu
o duamempa éana donyckaemoe Hanpsxcenue [o]=75H/mm®. ITo pezynvmamam
nocmpoeHn meopemuyeckuil npoghuns eanra (cm. puc. 1119.2).

13.11.5. Koncmpyuposanue saa.

llocmynaem mak, kaxk npeonacaemcs 6 n.13.7.5: nanocum meopemudecKuil
npoguneb 6ana Ha KOMROHOBKY U NPUOYMbIBAEM 6dJl, YHUMDbIEAs, YMO OH OOIHCEH
Hecmu 6ce NpeoHA3HaueHHble 0emanu U 8blOPAHHbBIL CHOCOO CMA3KU NOOUUNHU-
kos. llonyuennas 0nsa paccmampusaemoco Cayuds KOHCMPYKYUs npueeoeHa Ha
puc. 1119.3.

He nyosicno 3abvieams, umo 3mo opueHmupogouHoe peuienue: noKa Hem npo-
8epKU 64lA HA YCMAIOCMHYIO NPOYHOCMb, NOKA Hem NPOo8epKU pabomocnocooHo-
CMU WNOHOK U NOOWUNHUKO8 OKOHYAMeNbHOe peuleHue NPUHUMAMb Helb35.

13.11.6. Ilposepka 6ana na ycmaniocmuyo npoO4HOCHIb.

Ilockonvky smo ean-uiecmepms, mo U320MaguUuBaemcs OH U3 moeo dice mame-
puana, ymo u uiecmepts, 8 0aHHom ciyuae smo cmainv 40XH. /s eana npunuma-
eM mepmuueckyro 00pabomky — Hopmanuzayus ons obecnevenuss meépoocmu 190-
200HB.

1Iposedém nposepky Ha YCmanioCmHylo NpoyHoCcmb 6ana 6 ceyeHuu A-A
(em.puc.I119.3). 30eco eanmenvuwiii nepexoo om ouamempa Of =35.2,MM «

ouamempy d =32, um. Paouyc ecarmenu r=1.5,mm.
S €509-1 0.76x360

~114.957,H/mm? > [6] = 70...95,H / mm2

(o J
A Kcs—l 1.19x 2.0
30ecw: g5 =0.76 (mabn.48,[1]); 6_1:360,H/MM2 (mabn.46,[1]);
Kg =1.19 (mab6n.47,[1]), S 1=2 (npunumaem u3z uHmepeala

[s_,/=15..2.5).

IlockonbKy HepaseHCcmBo 6blNoOIHAEmMCs, onpeoensem oowull Kodgouyuenm
3anaca npouHocmu

1 ;

S_¢= - > > l—l E 20e SG u ST - K03ghhuyuenmol 3anaca
\/(/S(F T+ sy)

APOYHOCMU NO U32UOY U NO KPYUEHUIO

C_1 3 360

G K_o ~1.19x20.6

c a =27V 1 0.1x10.3
T¥s%m  1.1x0.76 8

=10.815;
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Tabnuya 1119.1

Momenmut useu- Juamemp
Cymmapnm. .
No barouue 6 - Bpawarowuii | Ilpuseo. eana 6
ceyerus niockocmu | MoOMeHm MOMeEHm ceyenuu
MOMEHMmM
sana g8epm. | 20pu30Hm. meop.npog.
Hwym Hwvm Hwm Hwvm Hwm MM
cl 0 0 0 0 0 0
c2 86463 39998 95267 0 95267 23.325
c3 86463 22911 89449 52328 103631 23.988
c4 0 0 0 52328 52328 19.1
cd 0 0 0 52328 52328 19.1
Pz Ha kovnonole
8 ﬁ‘r._} o 1 g
Kericmpywyos Bama
—\ Opuermypobiowy Gsdparsse
| —] i —
g | |l I - Bl S
“"--..._‘_‘_‘_‘_‘_‘_‘_
—1 \ Tegpemu~eckud npogure bong
7 13
L A I-‘:SH?
Hecmaprs meploy cmynesy 770 -
302
Puc. I119.3. Koncmpyxkyus gedywezo eanra pedykmopa.
T_ 210
_ 1 _ _
St = K.t ~1.05x3.992 =36.715,

T a

+0.05% 3.992
Bs. TW¥aTm  1.1x0.76

20e ,B =1. - kosgppuyuenm ynpounenus;,
V. =0.1 u \VTZO.OS - Koaghpuyuenmol, xapaxmepusyowue uys-
CMBUMENbHOCMb Mamepuana K acummempuu yuxia (madbauya 46, [1]);
G utT, O u T - amMnaumyomvie U cpeouue 3Ha4eHus Hanps-

JHCeHUll, OetCmMBYIOUUX 8 PACCMAMPUBAEMOM CeYeHUU 8ald, NPU UX OnpeoeneHuu
NPUHUMAEMCS, YmOo U32udarowue MOMeHmbvl USMEHAIOMC N0 CUMMEMPUUHOMY, d
Kpymsauue no nyiscupyrowemy (Ommuyneeomy) Yyukiam,

C_q = 360 u T_ 17 210,H/ MM - npeoeivbl BbIHOCIUBOCU Mamepuad-

na eana (mabauya46,[1]).
Obwuti koaguyuenm 3anaca

o 1
_1 -
\/(/10.815:2 4 (1/36.715)2

Taxum obpazom, 8an npoxooum NpoeepKy no YCmaioCmHOU NPOYHOCU.

=10374> |, =15..25.
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Konmponvnwvie éonpocol.

1.Ha3znauenue 8anos u oceu.

2.B uém paznuya mescoy eanom u ocvio?

3.Ymo naszviearom yanghoti, wunom, wetKkot, namoi?

4. [{na uezo cnysrcam 3anneduxu u OYpmuKyu Ha 8anax u ocax?

5.Kax koncmpyupytomcs nepexoomnsvie y4acmku Ha 8ANax U ocax?

6. Kak nepeoaémcs kpymsawuii Mmomenm om 0emaiu, HACAXCEHHOU HA 84l K
eany u Haobopom?

7. Kpumepuu pabomocnocobnocmu 6a.108.

8. Kpumepuu pabomocnocobrnocmu oceii.

9. llopsiook pacuéma u KOHCMPYUPOBAHUS BAN08 U OCELL.

10. 3auem HYysHCHA KOMNOHOBKA NPU KOHCMPYUPOBAHUU 8aa (ocu)?

11. Ymo senaemcs ocHo80U 015 KOHCMPYUPOBAHUS 641A 7

12. Kax onpedensemcs ouamemp 8ana npu e20 KOHCmMpyupoeaHuu?

13.Kak @vinonnsemces npogepka 6aia Ha YCmaioCmuyo NPoOYHOCmb?

14.3auem vinonnsiemes pacuém 8ana Ha HcecmrKocmn, Ha Korebanusn?

14. IlogmIMIIHUKH KaYeHHUs.

[ToAmUImHKUKY 3TO OMOPHI BaJIOB U Bpalarommxcs oceil. OHU BOCIPUHUMAIOT
Harpy3Ku, MPUJIOKEHHBIE K BaJTy WU OCH, M TIEPEIAIOT UX HA KOPITYC MAIIUHBI.

B 3aBucuMoOCTH OT pojia TPEHUS MEXKTY DJI€MEHTAMU MOIIUITHUKN JEIATCS
Ha MOJAIMIMITHUKN KAaUEHUS U TMOAIITUITHUKHN CKOJIbKCHHS.

[ToammMnHUKN KaueHHs 3TO OMOPHI BpAIIAIOIIUXCS JeTajel, paboTaromniye Ha
OCHOBE TpeHUs KaueHus. B o01ieM ciydae Tejia KaueHus YCTaHABIMBAIOTCS MEXKTY
BHYTPEHHHUM U HapY>KHBIM KOJIbIIaMU (MJIM BEPXHUM U HUXKHHUM) TMOJIIITUITHHUKA.
Tena kaueHHs yACPKUBAIOTCS HA ONPEICIEHHOM PACCTOSIHUU JIPYT OT Jipyra cemna-
pPaTopoM.

[ToamunmHUKN Ka4eHHs 3TO TOTOBBIE COOPOYHBIC €TMHMITBI, HAabOOJIee CTaH-
JapTU3MPOBAHHBIEC B MAITMHOCTPOCHUU. OHU U3TOTABIUBAIOTCS 1IEHTPAIU30BAHHO
B MAacCOBOM TIOpsI/IKE, 0OecrieunBasi B3aMMO3aMeHsIeMOCTh. B HacTosee Bpems
ATO OCHOBHOW BHU/I ONIOP B MAllTMHOCTPOCHUH.

14.1. Jlocmouncmea noowunHuKo8 KaueHusl.

- CPaBHUTEIBHO Majiasi CTOMMOCTb BCJIEJICTBHE MacCOBOTO MTPOU3BO/ICTBA;

- MaJible MOTEPHU Ha TPEHUE U HE3HAYUTEIbHBIN HArpeB;

- MaJIble IMyCKOBBIE MOMEHTBI, MaJiasi 3aBUCUMOCTb CUJI TPEHHUS OT CKOPOCTH;

- BBICOKAs CTETICHb B3aMMO3aMEHIEMOCTH;

- He TpeOyI0T 0c000r0 BHUMaHUS IPU 00CITYKUBAaHUU, MaJIbId PacXo] cMa3-
KH.

14.2. Heoocmamxu noOwunHuKo8 KaueHus.

- BBICOKME KOHTAKTHBIE HAMPSKEHUST MEXKY TeJIaMU KaueHHS U KOJIbLAMH U
MO3TOMY OTPAHUYECHHBIN CPOK CITY>KOBI TIpU OOJIBIIIOM €T0 PACCEUBAHUMY;

- BBICOKAsI YyBCTBUTEIHLHOCTH K yIAPHBIM M BUOPAIIMOHHBIM Harpy3kam
BCJIEZICTBUE OOJBITION KECTKOCTH KOHCTPYKITUU TIOIIITUITHUKA,
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- CPAaBHUTEIHHO OOJBIIINE PaAHAIbHBIE Pa3MEPHI;
- IIyM NpU OOJIBIIUX CKOPOCTSIX.
14.3. Knaccugurayus noowunHuxkoe kauerus.
14.3.1. Tlo popme Ten kadueHUS:
- IAPUKOBBIE;
- POJIUKOBBIE.
[Tpu 3TOM posku MOTYT OBITh(puc.14.1):
- a) HWJIMHJIPUYECKUE;
- 0) KOHMYECKHUE;
- B) 00YKOOOpa3HEIE;
- ') UTOJIbYATHIC;
- 1) BUTBIC [IUJTUHIAPUIECKHE.

B mocnenrem cirydae poJIMKu H3rOTOBIISIOTCS HABUBKOW IUJTMHAPA U3
MPY>KUHHOM JICHTHI PSIMOYTOJILHOTO ce4eHUsl. POTMKM MOTy4aroTcsi OTHOCUTEINb-
HO MOJIATJINBBIE.

[ITapuKOMOAMIUITHUKY B CpeTHEM 00Jiee OBICTPOXOHBIC U, B OOJBITUHCTBE
CBOEM, 00eCrieynBal0T OCEBYIO (DUKCAIUIO JIeTalle, T.e. BOCHIPUHUMAIOT OCEBYIO
Harpy3Ky.

al il b/ 2 17

—— /L]

Puc.14.1. Pa3HOBUAHOCTH POJIUKOB.

Ponukonoammnmauky UMEIOT 00Jie€ BBICOKYIO TPY30MOABEMHOCTh. OmHAKO,
MUJIUHAPUYECKUE POJIMKOTIOIIITUITHUKYA OJM3KUE K MIAPUKOBBIM IO TPY30MOIBEM-
HOCTHM HE€ MOTYT BOCIHPUHUMATH OCEBBIX HArpy30K. Te ke pOIMKONOIUIMITHUKH,
KOTOPBIE MOTYT BOCIIPUHUMATh OCEBbIE HATPY3KHU, TUXOXOHBIE.

14.3.2. Tlo Buy BOCIPUHUMAEMON HATPY3KHU Pa3IHUALOT:

- paauanbHble MOAMINITHUKN: BOCIIPUHUMAIOT TOJIBKO PaguaibHyIO Harpy3Kys;

- paauanabHO-YIOPHBIE MOJUIMITHUKU: BOCIPUHUMAIOT B OCHOBHOM pajuaib-
HYIO Harpy3Ky U B MEHBIIIEH CTENIEHU OCEBYIO;

- YIOPHO-paJuaibHbIe MOJUIUITHUKA: BOCIIPUHUMAIOT OCEBYIO Harpy3Ky W B
MEHBIIIEH CTENEHU paguaIbHYIO;

- YIIOPHBIC MOIIUITHUKA: BOCIPUHUMAIOT TOJIBKO OCEBYIO HAIPY3KY.

14.3.3. Tlo uucmy psiioB TeJ Ka4€HUs MOIUTUITHUKA MOTYT ObITh: OJTHOPSIHBIC
¥ MHOTOPSIJTHBIC.

14.3.4. 1o crtocOOHOCTH CaMOYCTaHABIMBATHCS: CAMOYCTaHABIMBAIOIINECS U
HECAMOYCTaHABJIMBAIOIIMECA. Y CaMOYCTAHABIMBAIOUIUXCS MOAIIUITHUKOB BHYT-
pPEHHSISI TTIOBEPXHOCTh HAPYKHOTO KOJIbIIA BBIMOJIHEHA MO cdepe. ITO MO3BOJSET
TeJaM KayeHUs, MePEKaThIBasACh M0 c(PpepruyecKoil MOBEPXHOCTH, CJIEIOBAThH 3a T0-
BOPOTOM OIIOPHOTO CEYEHUS BaJja.

14.3.5.11o raGapuTtam: mpu OJTHOM U TOM K€ BHYTPEHHEM (ITOCATOYHOM) JHa-
MeTpe JJIsl MOJIIUITHUKOB OJHOTO U TOTO K€ THIAa UMEIOTCS Pa3IMYHbIE CEPHUH, OT-
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JUYAIOIIHeCs: pa3MepaMu KOJIEI] U TeT KaUeHUs.

[lo pamuanbHbIM TabapUTHBIM pa3MepaM MPOMBIIUIEHHOCTh BbIMTyCKaeT (B
MOPSIJIKE YBEJIMYEHUSI Pa3MEPOB):

- CBEpXJIETKUE CEpUHU JIBE;

- 0c000 JIETKKE Cepuu JBE;

- JIETKas cepus;

- CpeIHsIsl cepus;

- TsDKENas cepus.

[To mupuHe BBITYCKAIOTCS MOIIIUITHUKHU:

- 0C000Y3KUE;

- Y3KUE;

- HOPMAJIbHBIE;

- IIIUPOKHE;

- 0c000 MIUPOKHUE.

OCHOBHOE pacnpOCTPaHEHUE MOJYUIJIM MOJAIIUITHUKA JIETKOW U CpeIHEN ce-
pui.

CooTHonieHrEe pa3MepoB MOJUIUITHUKOB PA3HbIX CEPUM HILTIOCTPUPYETCS PHU-
CyHKoM 14.2.

1-oco06o0 nérkas cepusi;
1 [2] [3] | 4 | 5 6 2 — nérkas cepus;
® g 3 — nérkas MuUpoKasi cepusi;
4 — cpenHsis cepus;
H S — CpenHssl UPOKask Cepus;

6 — Tsoxénas cepust

Puc.14.2. CooTHoIIeHNE rabapuToB cepuit
JUTSL OJTHOTO TIOCAIOYHOTO TMaMeTpa.

14.4. Mapkuposeka nooOwunHuKo8 KaueHus.
[ToaqmmnHUKYN MapKUPYIOT HAHECEHHEM Ha TOPIIbI KOJIEL HOMEpa.
Homep mogmmmnanka B 00111eM citydae COCTOUT U3 TpEX rpyni (puc.14.3):

7

7/ 7
X [ xx e ber-xx

Puc.14.3. Mapka noAmumnHuka.

1 rpymnmna — Kjaacc TOYHOCTH MOIINITHUKA;

2 rpynmna — 0003HaY€HUe TUIIA U Pa3MEPHBIX CEpU MOAIIMITHUKA;
3 rpynma — 10noJHUTEIbHAs HH(OPMAIIUS O MOAIIUITHUKE.
14.4.1. Knaccel TOYHOCTH ITOAIIHUITHUKOB.

252



Kitacc ToYHOCTH perinamMeHTUPYET BEIUYMHBI MPEAETbHBIX OTKJIOHEHUN pa3-
MepoB, GOPMBI U PACIIOJIOKEHUS JeTalei MOAIIUITHUKA U TOYHOCTh BpaIleHUs,
KOTOpasi OnpeaeIIsieTCsl paAuaibHBIMU U OOKOBBIMU OMEHUSIMU.

CrangapToM YCTaHOBJICHBI CICAYIOIINE OCHOBHBIE KIIACCHI:

- JIJI IIApUKOBBIX PaTUalibHBIX U PaJUalbHO-YIOPHBIX, a TAKXKE POJMKOBBIX
paavaibHBIX TOAIIUITHUKOB (B MOPSIKE BO3pacTaHus TOUHOCTH): 0, 6, 5,4, 2, T;

- JUTS YIIOPHBIX U YIIOpHO-paauainbHbiX: 0, 6, 5, 4, 2;

- ITIs1 pOJIMKOBBIX KoHMYeckux: 0, 6X, 6, 5, 4, 2.

Kpome 3Toro, npeaycMoTpeHbl TakKe JBa JOMOIHUTEIBHBIX Kilacca TOYHO-
ctu (8 u 7) Gosee HU3KME, YeM Kiacc TouHOCTH (. Takue MOAMUITHUKY MOTYT HM3-
rOTaBJIUBATHCS TOJBKO IO 3aKa3y MOTPEOUTEINsI U MIPUMEHSIIOTCSI B HEOTBETCTBEH-
HBIX y3JIaX.

B 3aBucumocTu OT TpeOOBaHUN K YPOBHIO JIOMYCTUMBIX JJISl MOJIIUAITHUKA
BUOpalMii MOAIMIUITHUKKA PA3CiA0T Ha TPU KATeropuu (B TOPSAKE CHIDKCHUS
YpOBHsI TpeOOBaHUM):

KaTeropus A B C

KJ1aCC TOYHOCTH 5,42, T 0,6X,6,5 8,7,0,6

OO6p14HO K Kateropuu C crieruaibHbIX TPEOOBAaHUHN HE TIPEIbSIBISETCS.

C TOBBIILIEHUEM TOYHOCTH CTOMMOCTH MOJAIIMIIHUKA BO3pacTaer, Tak mpu
YBEJIMYEHUHU TOYHOCTU OT 0 10 2 Kjacca CTOUMOCTD MOAIIUITHUKA YBEIMYUBACTCA
npuMepHo B 10 pas.

Haubonrbliee pacnpocTpaHeHue NOJIYYHIN TOAIIMIHUKY HOPMaIbHON TOYHO-
ctH, T.e. 0 Kyacca.

[Ipu npuMeHeHur TaKuX MOJAIIMITHUKOB B Mapke MOAMUIHNKA 0 0OBIYHO HE
CTaBUTCH.

14.4.2. OGo3HaueHre TUTIA U Pa3MEPHBIX CEPU MOAIIUITHUKA.

Ecnu BuyTtpennuit muamerp mommunanka d <9mm, To Ha Mecte 4 Mapku
(cm. puc.14.3) ykaspiBaeTcs (HaKTHUECKUW pa3Mep BHYTPEHHETO (IOCa0YHOTO)

nuamerpa. B 5ToM ciydae Ha BTOpoM MecTe cripaBa (Ha MecTe O) yka3biBaeTcs ce-

pusi IOJIIMITHUKA (00 ATOM 4YyTh TOTOJs), a HA TPETheM (MecTOo B) — cTaBUTCS
uudpa 0.
Ecmu mocamounsiii muamerp 9<d<20mm, To B 0003HaUYE€HHHM Ha MEPBOM H
BTOpOM MecTax cripasa (20) yxassiBaercst:
00 mpu  d =10mm; 02 npu d= 15mm;
01 mpu d=12mm; 03 mpu d=17mm.
Ecnu mocamounsiii guamerp nommunanka 20<d<495mmM, To B Mapke Ha
sTHX Mectax (20) yka3piBaeTcs yacTHOE OT JIGNIGHHS [I0CAJ0UHOTO JUAMETpa Ha 5.

Ha tpetpeMm Mecte cnipaBa (B, puc.14.3) yka3biBaeTcsi cepusi MOALIMITHUKA 110
paauanbHbBIM pa3Mepam:

- 8 unu 9 — cBepxJErkue cepuu; - 3 unu 6 — cpeHue cepuu;

- 1 wmm 7 — ocobo nérkue cepuu; - 4 — Tsxénas cepus;

- 2 unu 5 — N€rKue cepuu;
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Ha yeTBépTOM Mecte cripaBa (T, puc.14.3) yka3pIBaeTcs THUII MOAIIHITHUKA!
- 0 — paguanbHBINA MAPUKOBBIH;
- 1 — pajuanbHBINA MAPUKOBBIM CPEPUICCKUI;

- 6 — paIMaIbHO-YIIOPHBIN IAPUKOBBIH;
- / — KOHUYECKHUH POJIMKOBBIN paIMaIbHO-YIIOPHBIH;
- 8 — yIOpHBIH IaPUKOBBIN;

[IsTas u mectas mudpsl cnpasa (I u €, puc.14.3) 0603Ha4aIOT KOHCTPYKTHB-
Hbl€ 0OCOOCHHOCTU NMOJIIMITHUKA: YIoJl KOHTAaKTa [APUKOB B PaJHAIBHO-YIOPHBIX
NOJIIMITHAKAaX, HAJIMYUE CTONOPHOM KaHaBKM Ha HApyKHOM KOJIbLIE, HAJIAYUE
BCTPOEHHBIX YIUIOTHEHUH C OJHON WJIM C ABYX CTOPOH, HAaJU4YKE YIOPHOTO OypTH-
Ka U T.I. OTU 0003HAUYEHHUS BBOJATCS TOJIBKO JUISI T€X MOAIIMIIHUKOB, KOTOPbHIE
UMEIOT OTKJIOHEHUS OT KOHCTPYKLIUHA OCHOBHOI'O THIIA.

Cenbmas mudpa crpaBa (3K, puc.14.3.) o003HayaeT CepUIO MOIIUITHUKA T10
HIMPUHE:

- 1 mim 0 — HOpMaJIbHBIE;

- 2 — IIUPOKHUE ;

- 3,4, 5, 6 — ocobo mmpoxwue;

- [ — y3Kue.

OO61uiee npaBWIIO: €CiM MOJUIMITHUK pagualibHbIA IIAPUKOBBIN (T.€. €ro 00o-
3HaueHue 0) U neBee Bce OCTANbHBIE U(PPbI 0003HAYEHUS! HYJIU, TO 3T BCE HYJIHU
HE CTaBSTCH.

14.4.3. JlononauTenbHas UHPOpPMAIIKS O TOITUITHUKE.

JlononHuTenbHas uHGOPMAIUS O TOIIIUITHUKE 3TO OYKBEHHO-TIU(ppOBas
KOMOUMHaIMs, 0003Havaroas 0COOEHHOCTH MPUMEHEHHBIX MaTEPUAIOB, TEPMOOO-
pabOTKH U T.II.

KOHCTpyKITUM OCHOBHOT'O THUIIA HEKOTOPHIX MOJAIIUITHUKOB KAYEHUS MPUBEACHBI
Ha puc.14.4.
14.5. Mamepuanel s1emenmos noOwuUnHuUKo8 KaueHus.

Tena xaueHHUs M KOJbIA U3TOTOBJISIOT U3 BBHICOKOMPOUHBIX MOAMIMITHUKOBBIX
ctaneit (marpumep, [1I1X9, IIIX15) ¢ Tepmudeckoit 00paboTKOM, 0OecTiednBaroei
BbICOKYTO TBEpAOCTh (HRC, 61...66).

BoJIbIIMHCTBO cenaparopoB WITaMIYIOT W3 MATKOM JIMCTOBOM ctanu. [Ipu moBebI-
MIEHHBIX cKopocTsix (6osee 10...15 m/c) MpUMEHSIOT MacCHUBHBIE CEmapaTophl U3
JaTyHU, OPOH3BI, TIIIACTMACCHI.

14.6. Pacnpeodenerue Hacpy3xu mexcoy menamu Ka4eHus.

14.6.1. OceBas Harpy3ka.

OceBast Harpy3Ka pacnpeiesieTcsi pABHOMEPHO 0 BCEM TeJlaM KaueHUsI.

14.6.2. PagnanbHast Harpys3Ka.
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Puc.14.4. KoHCTpYyKIIMU HEKOTOPBIX TUIIOB MOIIITUITHUKOB.

a-paauajbHBIA IIAPUKOBBIA OJHOPANHBIN; O-pamuanbHbIil  chepudeckuii
JNBYXPSIAHBIN; B-yIOPHBIA IAPUKOBBIA OJHOPSIAHBIN; I-paguajbHO-YIOPHBIM IIa-
PUKOBBIN OJHOPSIAHBIN; A-pagvalibHBI IIAPUKOBBIA JABYXPAIHBIN; €-paguaibHbII
POJIMKOBBIA OJHOPAIHBIN; K-PaJUaIbHO-YIIOPHBIM POJUKOBBIM OJHOPSIHBIN; M-
UTOJIbYATHIA PANHAIBHBIN; K-KOHHYECKUH PATHAIBHO-YIIOPHBIM POJIMKOBBIM; JI-
paauanbHbBId C BUTBIMH POJIMKAMH; M-YIOPHO-PaJHAJIbHBIA C OOYKOOOpPa3HBIMU
pOJMKaMH

BcenenctBue panuanbHOro 3a3opa MEXIy KOJbIIaMU U TEJIaMU KaueHUs B BOC-
NPUATUM PAJUATIBLHON HArpy3Kd y4acTBYIOT TOJIBKO Tela Kau€HHUs, PacroJIOKEH-
HbIe Ha ayre He Oosiee 180° co CTOPOHBI, MPOTHUBOIOIOKHOW JEHCTBUIO HATPY3KU
(puc.14.5). HauGonpias BemuunHa Harpy3KH Ha TEJIO KaYCHUS

_ KR
Fmax = 7
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rne K =4...6 B3aBHCHMOCTH OT BUJIa MO/I-
LIUITHUKA,;
R - paauansHas Harpy3ka Ha ITOIIMITHHK;
Z- 9¥CII0 TeJ KAueHHUs MOAINAITHHUKA.

Puc.14.5. [lelictBue paguaibHOR
Harpy3KH.

14.7. Ilpuuunsl 8vixo0a u3z cmposi NOOUUNHUKOS Ka-
YyeHus:

- BMATHHBI Ha pab04YuX MOBEPXHOCTAX JIOPOKEK
KaueHHs: pe3yJbTaT OOJIBIIMX CTAaTHUYECKUX Harpy-

30K;

- YCTAJIOCTHOE BBIKPAILIMBAHUE PAOOUYUX MMOBEPXHOCTEH: CIEACTBUE NCUCTBUS
OOJBIINX MEPEMEHHBIX KOHTAKTHBIX HAIPSKEHUH, OOBIYHO BBIKPAIIMBATHCS HAYU-
HaIOT OEroBbI€ JOPOXKKK BHYTPEHHHUX KOJIEIL;

- CKaJbIBaHUE OYPTUKOB, pa3/laBIMBaHHE KOJICIl: CJIEJICTBHE MOTPEIIHOCTEN
MOHTa)Ka, OOJIBIIINX JTUHAMUYECKUX HArpy30K;

- aOpa3uBHBIN U3HOC KOJICIl U TEJI KaUCHHUs: CIIEJICTBUE pabOThl B aOpa3uBHOM
cpene, BO3MOXKHO IUIOXOM 3aIIMIIEHHOCTH OT JACHUCTBUS 3TOU CPEJIbI;

- pa3pylleHue cenaparopa: CJIeACTBUE ACHCTBUS HA HErO TeJ KaueHUs U ICH-
TPOOEKHBIX CUJI, XapaKTEPHO J1JIs1 OBICTPOXOAHBIX MOIIIUITHUKOB.

[TonGop MOAIMIUITHUKOB MPU MPOEKTUPOBAHUU COOPOUYHBIX €IUHUIl TPOU3BO-
JTUTCS TIO YCTAJIOCTHOM MPOYHOCTH PAO0OUYUX MOBEPXHOCTEH KOJIEIl.
14.8. Ocnosnvie xapakmepucmuku nOOWUNHUKO8 KAYEeHUs.

14.8. OcHOBHBIE XapaKTEPUCTUKHU MOAIIMITHUKOB KaUYEHHUS.

14.8.1. CtaTudeckasi rpy30MoaAbEMHOCTD Co

OTO Takas MOCTOSHHAs Harpy3ka Ha TMOJAINIUITHUK, TPU KOTOPOW oOImas jie-

dbopmarist TeN KaueHus: ¥ KoJjiel| He TpeBbiaeT 10 44 3mech d- JMaMeTp Tena Kaue-
Hust. Jledopmarms orpenenseTcs M0 KOHTAKTHBIM HANPSHKEHUSIM, KOTOPbIE TPUHSTHI
Jutst apukonoamiHaukoB 3000 Ml Ta, mist pormmkonoammmnHukoB S000 Ml Ia.

14.8.2. IlnHamuyeckast rpy30noasEMHOCTD C.

DTo Takas paauagbHas Harpyska I pagdaibHBIX M PaJHalbHO-YIOPHBIX
MOIIMITHUKOB U OCEBas JUIS YITOPHBIX U YIOPHO-PAAUAILHBIX, KOTOPYO ITOIIINTI-
HUK BBIJICPKMBAET B TEYCHHUE OJTHOTO MUJUIMOHA 000poToB. [Ipu 3TOM y pagnans-
HBIX W PaauaIbHO-YIIOPHBIX IOIIMITHUKOB BpAIllaeTCs BHYTPEHHEE KOJIBIIO, a Y
YIOPHBIX U YIOPHO-PATUATBHBIX — OJTHO U3 KOJIEII.

Obo03Hauaetcs 3Ta Harpy3ka C.

[Tpu ompeneneHny AMHaAMUYECKOM Tpy3onoabéMocTr C MPUHATHI TaKUE 3HA-
YeHUsI KOHTAaKTHBIX HAMNPSDKCHWM, MPU KOTOPBIX OJMH MWJUIMOH O0OpOTOB 6€3
MIPU3HAKOB YCTAJIIOCTH JIOJDKHBI 0TpaboTaTh HEe MeHee 90% MOAMUITHUKOB TaHHOMN
rpynmbl. Takum oOpa3oM, BEpOSTHOCTh 0€30TKa3HOW pabOTHI JJIsl TMOIIIHITHUKOB
kadueHus npunsra 0.9.
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14.8.3. DxkBUBaNIEHTHAs: JUHAMUYECKas Harpy3ka P.

Tak Kak B peajpHBIX YCIOBHAX Ha MOAIIMIIHUK JACUCTBYIOT U paauasbHasi, U
OceBas. Harpy3KM B KaKOM-TO COYETAaHUHM, HEOOXOJMMO BBECTH €Il OJIMH Mapa-
MeTp: 3KBHBaJIeHTHas (NpuBeAEHHast) Harpy3ka P. DTo Takas mocrosiHHas pajau-
anbHas (OceBasi IJIsl YIOPHBIX M YINOPHO-PaavaibHbIX MOAIIMITHUKOB) Harpys3ka,
KOoTOpasi, Oyay4u MPHIOKEHAa K paJuajbHOMYy WM PagUualbHO-YIIOPHOMY MO-
HIMITHUKY C BPAILAIOMIEMCS BHYTPEHHUM KOJIBLIOM, OOECIEYUT TaKyIO K€ JOJIrO-
BEYHOCTb, KaK U peajbHas Harpy3Ka.

B o0uiem citydae sKBUBasIEHTHAs! Harpy3Ka

P=(XVR + YF)K K+
rae  X,Y - ko3 HULIUEHTHI, XapaKTEPU3YIOLUE 1010 PaJUaIbHON U OCEBOM
Harpy3o0K; OIpeAesSOTCS 0 JaHHBIM KaTauora Jiisi BBIOpaHHOTO MOIIUITHUKA;
R,F - panuanpHas U OceBas Harpy3Ku Ha MOIIMITHUK; OMPEAEIIIIOTCS
Y3 pacu€Ta rnepeaay u Bajos;
V - ko3 puLreHT BpallieHus: €Clid BpalaeTcsi BHyTpEHHEe KOJbIIO0, TO

V =1, ecnu Bpamaetcs HapyxHOe Konbio V =1.2;
K - K03 ¢HuIMeHT 0e30IaCHOCTH, YIUTBIBAIOIIMI XapaKkTep Harpys-

KH: CIIOKOIiHass K 6=1; YMEpPECHHBIC TOJTUYKH K 6:1 .3...1.5; cunbHBIE TOTYKH
K 5 =2.5...3;

K
T
noamunHuka He npesbimaet 100°C, To K =1; mpm t=125...250°C Kt =1.05...1.4.

- TeMIiepaTypHbIil ko3 duiMeHT; eciu pabodas Temmeparypa

Tak Kak JUIst YIIOPHBIX MOIUIMITHUKOB pajavajibHas Harpyska R = 0, To mis
HUX SKBUBAJICHTHAs Harpyska OyaeT paBHa

P=F K6KT

Emé ogHOo 00CTOSATENHCTBO: BCIENCTBUE PAAHATIBEHOTO 3a30pa B MOIITUITHUKE
(cm.m.14.6.2) npu OTCYTCTBUM OCEBOW CHJIBI pajuaibHas Harpy3Ka Ha Teja Kaue-
HUS pacnpejiesieHa HepaBHOMEpHO. [Ipu HeOoIbIIOH 0CeBOM cuiie 3a30p BhIOHMpa-
€TCSl M BCE TeJla KAaUeHHs OKa3bIBAIOTCA MO/ HAarpy3Koi, MO3TOMY Harpyska Ha OJ-

HO TE€JIO Kau€HUs yMeHbIIaeTcs. Tak MPOUCXOAMT J0 TEX IMOP, MOKA BBITOIHIETCS
F
cooTHolenne — < e. B atom ciyuae npunumator X=1, Y=0.

3navyenus € HaxomsaTcs M3 TabGNMIl KaTajora s COOTBETCTBYIOLIErO IOJI-
F
IIMITHUKA 110 COOTHOILIEHUIOD —— .
o
14.8.4. CBs13b M€Ky OCHOBHBIMU XapaKTEPUCTUKAMU MOAIINITHUKA.
WcxonHbM Juist pacuéra MOAIIUITHUKOB HA JIOJITOBEYHOCTD SIBIISIETCS  ypaB-
HEHUE KPUBOW KOHTAKTHOM BBIHOCIMBOCTU. B 3TOM ypaBHEHMM YUCIO LIMKIIOB
Harpy>XeHusi U3MepsieTCsl YKCIOM MUJUTMOHOB 000poTOB L, KOTOpOe caeman moA-
IIUITHUK
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m
Mia o, L =const (puc.13.6).

Hcxons u3 onpenesieHus: JTMHaAMU-
YECKOM IPpy30MOABEMHOCTH, MOKHO
i 3anucarhb

cmLZGQMMHzCa
H C

31ech MPHHATO, YTO Gg =C“.

C yu€Tom omnpeiesieHUs SKBU-

- BAJICHTHOW Harpy3Kud MOXHO MpO -
[=TMAH 00 [ MAH 00 N —
Puc.14.6. KpuBasi BBIHOCJIMBOCTH cg] L= O'g'lMJIH. =C%=p%*L.

IIOJIIUITHUKOB Ka4YCHMUA.

ke
OTCI-OI[a L= §), rac P — »kxBuBasneHTHas Harpy3ka Ha ITOIIIMII-

HUK. Ha OCHOBaHMU TEOPETUYECKUX U SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN yCTa-
HOBJICHO, YTO I0KA3aTellb CTENEHU B ATOM BBIPAXKEHUU O =3 JJIs1 IIAPUKOIO-
MUMHUKOB U o =10/3=<3.33 111 poJMKOMOAIIUITHUKOB.

OT 4Kciia MUJUTHOHOB 000POTOB MOKHO MEPEUTH K yacam padoThl

109L
Lh = , 4aCOB.
60n

3/1ech pa3MEpHOCTh YaCTOTHI BpallleHus Bajia N - 00/MUH.

dopmyna paboraer mpu 10<n<n , TIe N - MaKcHMajbHas JJIs

JAaHHOI'O ITIOJIUIMITHUKA YaCTOTa BPpAIICHUA.

14.9. Ocobennocms onpedenerust 0cegotli Hazpy3Ku OJisl
PAOUANIbHO-YHOPHBIX HOOUUNHUKOS.

[IpennosioxkuMm, dYTO IIAPUKOBBIA PaaUAIBHO-
YHOPHBIA MOJIIUITHUK HArpy>KeH TOJIbKO paauaibHOMN
cuinoii R co crtoponsl Bana (puc.14.7). Ota Harpyska
nepenaércss BHYTPEHHEMY KOJIBIYy MOJIIUITHUKA, OT
B KOJIbIIA — T€NTy Ka4eHUsl, OT TeJla KaueHUs - Hapy>KHOMY
KOJIBI[y U OT HApY>KHOTO KOJbIla Ha KOpIyC cOOpou-
HOM €IVWHMIBI. YTOJ KOHTaKTa HApYy>KHOTO KOJIbI]A H
S Tena KaueHus 3. PaBHOIEHCTBYIONIYIO CHIT B3aUMOIEH-
J\ | CTBHSA KOJNBIA H TeNa KauCHUs MOKHO MPHIOKHUTH IO

ouccekTpuce storo yrina.Ho xaxmomy nelcTBUIO €CTh

s K paBHOE W TPOTHUBOMOJIOKHO HAMPABICHHOE MPOTUBO-
0 a neucteue. I[loaTromy, B pe3ynbraTre AEHUCTBUS TOJIBKO
pajhaJbHOM HArpy3kud Ha MOAIIMITHUK, B HEM
Puc.14.7. Cxema neiicTBUA MOSIBJISIFOTCS CUJIbI, PACTAIKUBAIOLIME TENa

clibl S. KaduCHMUs 1 KOJIbIIA.
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Touka npuoXKeHUs: OMOPHBIX PEaKIUil K Bally B 3TOM ClIy4ae 3TO TOYKa Mepe-
CEUCHMSI HOPMaJIM K TOBEPXHOCTH TeJla KaueHHUs ¢ OChio Basia (4 Ha puc.14.7).

Benuunna OQ 3aBUCUT OT T€OMETPUYECKUX PA3MEPOB U THIA MOJAIIUITHUKA.
Hampumep, 1715 IIApUKOBBIX paauaibHO-YIOPHBIX MOJIIMITHUKOB (cM. puc.14.7)
Oa =0.5B+0.5(D+d)tgB
Jlst HopManbHOM paboThl MOAIIMITHAKA HEOOXOAMMO, 4TOOBI KOJbIAa OBLIH
IpKaThI K TenaMm kadeHus. [loaToMy Ha paananbHO-yHOPHBINA MOAIIUITHUK BCETia
JIOJIKHA JICHCTBOBATH OCeBas CHia F, >S HE3aBUCHMO OT OCEBOH HArPy3KH, BO3-

HUKAFOIICH BCIICICTBHE padOTHI TIepeiay.

Tak kak BaJl yCTaHaBJIMBAETCS HAa JBYX MOAIIMIIHUKAX, TO JUISl OTIPEACIICHUS

cocTaBlsiroMX Fyy U Fypp iMeeM Tobko 0aHO ypaBHeHHE (XXx=0)
F - Fxnl + FXI‘I2 = 0;
/i€ 3a OCh X MPHUHSITA OCh BaJja.

Kpome sToro npunumaeM, 4To B OJHOM W3 MOIIMITHUKOB OCEBas CHJIa paBHA
MHUHHMAaJIbHO BO3MOXKHOM IO YCIIOBHIO HEpa3JBUTaHUs KOJIell, TO €CTh IMpUHUMA-
eM, uTo Fy, = Sj. Tak Kak HEU3BECTHO, B KAKOM M3 ITOJIITUITHUKOB BBIMOJHICTCS
ATO YCIIOBHE, 3a7a4y OIpeAeICHUs COCTaBIsomux Fy, u Fy,, pemaemM mMeToaom
noaobopa. Hampumep, mosaraem, uro Ha omope oauH Fy,;= S;. Torma momkHO
OBITH Fap = S1- F>S,.

Ecnu »T0 HEpaBEHCTBO BBIMOJHSIETCS, TO OCEBBIC CHJIBI OMpPEACIICHBI IMpa-
BuibHO. Ecim ke Fyp < S, TO 3TOT BapuaHT 0TOpackiBaeM, MpuHUMaeM Fy, = S,
1 HaXOJIHM

Fxnl = S2+ F.

B sTom ciyyae 1omKHO OBITH Fypp > S;.

[TonydeHHBIE OCEBBIC HArpy3KH HCIOJIB3YIOTCS IIPH OMNPEJCIICHUH SKBUBa-
JICHTHOM Harpy3ku P.

14.10. [1oobop noowunuuxos.

Heppamaromuecss uiau MEAJICHHO BpaIalOIIMECs TMOAIIUITHUKA C YacTOTOMN
BpamieHus: N < 106/MuUH MOAOMPAIOT MO CTaTHYECKOU rpy3onoabémMHocTu Cy, Tak
qT00Bl Py < Cy. DKBUBaJIEHTHAS CTaTHYECKAs HAarpy3Ka

PO = XOR + YOFX.
Koaddumments X U Y[ ONPENEINAIOTCA 110 KaTanoram.

[Toammmuanku, Bpamatomuecs ¢ yactotod 1 < n < 10 o6/MuH, paccUnuThHIBA-
10T 110 yacTtote BpamieHus N = 10 06/mun. IIpu 3TOM pexomMeHayeTcst cleTyouui
NOPSJIOK pabOTHI.

14.10.1. BeiOpaTh TUN MOIUIUMIIHUKA O XapaKTepy U COOTHOIICHUIO Harpy-
30K. Pexomenaanuu 3aech Takue:

- ecu F< 0.3 R, MOKHO IPUHSATH IIAPUKOBBIN paiiaibHbIN MOIIUITHUK;

- ecmm 0.3R= F, < 1.5R, MOXHO NOpUHMMATh IIAPUKOBBIA pagUaIbHO-
YHOPHBII NOJUIMITHUK C YTIIOM KOHTaKTa 3 TeM OosbiiuM, yem Ommxe Fy k 1.5;

- ecnii Fy > 1.5R , TO HY’KHO IPUHUMATHh POJIMKOBBIA paJHabHO-YIOPHBII
HOJIITUITHHK.
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14.10.2. Ilo anameTpy Baja yCTAaHOBUTH Pa3MEpPbl MOAIIUITHUKA BHIOPAHHOTO
TUIIA U BBIMTUCATH JJIs1 HEro rabapuTHbie pa3Mepbl U apameTpsl Cou C.
14.10.3. Haiitu cootHomenue Fy/ Cq 1 110 3TOMy COOTHOIIIEHUIO HAWTH B Ka-

TaJore €.

F
14.10.4. Onpenenuthb W)f Y CPaBHUTH C €.

Px

14.10.5. B 3aBUCUMOCTH OT BBINIOJIHEHUSI HEPABECHCTBA V—S € onpenenuts
HKBHUBAJICHTHYIO HAarpy3Ky ¢ Y4ETOM OCEBOM CHIIBI MK O€3 HeE.
[Ipumevanus:
- JJIA paJdajbHO YNOPHBIX MOJIIMITHUKOB MPEABAPUTENIBHO HANTH
HEOOXOMMYIO OCEBYIO HArpy3Ky;
- BCE pacuéThl BECTHU JJI1 HauboJjee Harpy>KEHHOT O TIOJIIUITHUKA.

14.10.6. OnpenenuTh NOTPEOHYIO TUHAMUYECKYIO TPY30MOIBEMHOCTD

C__=PaglL ,
p P
rae LTp - IOTPEOHOE YUCIO0 MUJIJTMOHOB OOOPOTOB MOIIUITHUKA, OMPEIEIsi-

€TCsI 110 3aJJaHHOMY CPOKY CITYOBI.
14.10.7. CpaBHHATH NOJyYEHHBIE 3HAYEHUS AUHAMHUYECKOM I'PY30I0IbEMHO-

CTH, JOJDKHO OBITh CTp <C.

Ecan 510 HCPABCHCTBO BBIIIOJIHACTCS, TO 3aJa4a PCIICHA.

Ecnu CTp> C, TO HYXHO 7TU0O0 OpaTh MOAIIMITHUK 00JIee TSHKEIION cepuw,

a1M00 Mepexo/IuTh K Bally OOJIBLIErO JWaMeTpa U MOBTOPATH MOAOOP MOALIMITHU-
KOB.

Ecmn CTp << C, TO MOXHO IIPUMEHHUTH B PACCMATPUBAEMON KOHCTPYKLIHH

MOIIUITHAKY O0Jiee TETKON CEpUH WM MEHBIIIETO JUaMeTpa.

14.11.Ilpumep I121.

14.11.1. Ilposepumsv pabomocnocoornocms noowunuuxa 305 no F'OCT 8335-
75, opuenmupo8ouHo 8bl0paAHH020 01 8edyue2o eana npumepa Nel9 npu cocmag-
JIeHUU KOMNOHOBKU.

Jna smozo noowunuuka:

uz pacuéma eanos F,=704,H, (cm.n.13.1.4);

onopuvie peakyuu. nepsas onopa: R,;=771,H; R,;;=1801,H;

emopas onopa: R,,=217,H; R,,=816,H (cm.puc.1119.2);

ounamuveckas 2py3onoovémuocmo-C=22500,H;

cmamuyeckas 2pyzonoovémuocmo- Co=11400,H (2n.2, mao6n.2,[20]);

14.11.2.Haubonee nazpyxcena nepsas onopa. /[is Heé cymmapHas paouaib-

Has Hazpyska R, = \/7712 +1801° ~1960,H.
14.11.3. Ilapamemp ocegoco HazpyiceHus e
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R 704 =0.0617 noosmomy e=0.256 (2n.1,ma6bn.18,[20],unmepnonsayus,).

C, 11400
14.11.4.Coomnowenue ocesou u paouarbHoOU HAZPY30K 8 PealbHOM Ha2py-
JHCeHUU R 704 =0.359
VR; 1x1960

14.11.5. 3nauenue X u Y 011 6b10paHH020 NOOWUNHUKA 8 DealbHOM HA2pY-

IHCEHUU

Tax kak VIT:\); =0.359>e=10.256, mo X=0.56 u Y=1.62
1

(en.1,ma6n.18,[20],unmepnonsayus).
14.11.6.Ox6usanenmnas Hazpy3ka
P=(XVR + YF)K6KT =(0.56x1x1960+1.62x 704) x1.3x1=2645H

30ecv npunamo.: K;=1.3-kos¢hgpuyuenm dezonacrnocmu,
K,,=1- memnepamypnuwiti koaghghuyuenm.
14.11.7.Konuuecmso MuiiuoHog o60pomos 8aja 3a CPoK CAyiHcoObl npueood
_ 60tn _ 60x6570x1460 _ 575,532, st 06,

™ 1000000 1000000

14.11.8.Ilompebnas ounamuueckas 2py30n00bEMHOCHb
_ _ 3 ~
CTp =P oc/LTp 2645x ¥/575.532 ~ 22000, H

Tax xkaxk nompedHas OuHamuveckas 2py30n00bEMHOCMb MeHbule, YeM md,

Komopyr umeem I’ZOaWUHHMK, mo 3adaya peutena.

KoHTpoJibHBIE BOIIPOCHI.
1.B uém npuHyunuaibHas pasHuya meicoy nOOUUNHUKAMU KA4eHUs U Nnoo-

UWUNHUKAMU CKOJIbICEHUS?

2.U3 kakux snemenmos cocmoum noOUWUnHUK KaueHus 6 ooujem ciyuae?
3. 3auem nysicen cenapamop 8 noOWUNHUKe KayeHus?
4. locmouncmea u HedoCmamku HOOUUNHUKOS KA4eHUs NO CPABHEHUIO C

NOOUUNHUKAMU CKOJIbIHCEHUSL.

HUAL.

HUAL.

5.Knaccughuxayus u npumepvl KOHCMPYKYUli NOOUWUNHUKO8 KAYEHUSL.
6.06wasn xapaxmepucmuka wapukosvlx U pPOIUKOBbIX NOOUUNHUKOS Kaye-

7. Mapkuposka noOwunHuKo8 KayeHus.

8.Mamepuanvl 31emMeHmo8 NOOWUNHUKO8 KAYEHUSL.

9.PacnpedeneHue ocegotl Hazpy3Ku O meiam KauyeHus.

10.Pacnpeodenenue paduaivbHoU Ha2py3Ku o meiam KayeHusl.

1 1. Ilpuuunsl 661x00a u3z cmposi NOOUUNHUKOB KAYEHUSL.

12. Cmamuueckas u OUHAMUYECKAsL 2PY30N00bEMHOCMU NOOUUNHUKOS KaYe-

13.Dx6usanenmuasn OuHamuyeckas Hazpy3Ka nOOWUNHUKA KAYeHUs.
14.Css3b MedHCOY OCHOBHBIMU XAPAKMEPUCUKAMU NOOUUNHUKA KAYEHUS.
15. Ocobennocmov pabomuvl paouaibHO-yNOPHBIX NOOUUNHUKO8 KAYEeHU.
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16. Ilo06op noowunuuKo8 KaweHus.

15. lloAIIMITHUKH CKOJIbKEeHHUS.
15.1. Haznauenue, ocHO8Hble 31eMeHmbl U PA3ZHOBUOHOCHU NOOUUNHUKOS.
3TO OMOpHI BpAIIAIONIMXCS WM TOCTYNATENbHO JABMXKYIIUXCS AeTalel, pabo-
TalOIIUE B YCIOBUSIX OTHOCUTEIBHOTO CKOJBXEHUSI KOHTAKTUPYIOIIUX MOBEPXHO-
cteil. Hanpumep, nanda Bana u HanpapJIsIFOIIME METAIIOPEKYIIETO CTAaHKA.
OCHOBHBIM  3JIEMEHTOM  MOJUIUITHUAKA
Koprge p CKOJIBXKCHHMS /I BPAIAIONIUXCS JeTajel sB-
\/é JSI€TCSl BKJIAJIBII, IO BHYTPEHHEH MOBEPXHO-
Bxnadyy ST KOTOPOTO CKOJB3HT nanda Bana. Bxia-
/ ———————— JIBIII YCTaHABIIMBAETCS JIMOO B CICIHAILHOM
—~ KOpIyce, Tu00 HEMOCPEJACTBEHHO B HECyLIEH
KOHCTPYKITMU MamuHbl (puc.15.1).
KOHCTpyKIIMM NOANIMITHUKOB CKOJIbXKE-
N HUSL Pa3HOOOpa3Hbl U ONPENENSIIoTca Tpebo-
By BaHUSAMU MamuHbl. OCHOBHasi Harpys3ka, s
v BOCIIPUATHS KOTOPOU OHU CITy>KaT, pajiy -
Puc.15.1. Iloamumnank anpHas. s BOCIpUATHSI OCEBOU HATPY3KHU
CKOJIbYKEHHS. BBITOJIHAIOT TOAMSATHUKHY (cM. puc.13.2).
[ToaIMUIHUKN CKOJIbKEHUSI MOTYT OBITh
pa3bEMHBIE U HEPA3bEMHBIE. Y HE -
Pa3bEMHBIX MOITUITHUKOB OCHOBHBIM 3JIe-
MEHTOM SIBJISICTCS BKJIAJIBIII, PEICTABIISIIO-
i coooit 1enbHy BTyIKy(cM.puc.15.1). B

‘ ciydae pa3bEMHOTO MO ITUITHUKA BKJIQIBITIT
COCTAaBJISIETCS M3 ABYX MOJIOBUHOK: BEPXHETO
(B A HPDKHETO BRIapiniei (puc.15.2.).
- Takas KOHCTpPyKIMS 0OJIeT4aeT MOHTaX
BaJIOB, UTO SIBJISIETCS OOJIBIIUM JJOCTOMHCTBOM

ATUX MOJAUIMIIHUKOB U OJAHOM W3 MIPUYUH UX
Puc.15.2. Bkiaapimm pa3b€MHOTO  MIUPOKOTO MPUMEHEHUS.
MOJLIMITHUKA.

15.2. Peotcumbl mpenust 8 NOOWUNHUKAX CKOJIbHCEHUSL.

. B nokoe mandga Bana JeXUT HA BHYTPEHHEH MOBEPXHO-
kpye ) ctu Bkaazeima (puc.15.3). Mexay HUMH BO3HHMKAaeT B 3TO

' BpEMsI HEIMOCPEACTBEHHBIM METAJUIMYECKUM KOHTakT. Ilpwm

IIyCKE, B HAyaJle IBWKEHUSA, OTHOCUTEIbHAs CKOPOCTh €IIE
Maja u uanda TpéTcs Mo BHYTPEHHEH MMOBEPXHOCTU BKJIAIbI-
1118 — CyX0€ TPEHUE.

[To mepe pa3rona ckOpocTh ABMKEHUSA LAI(bl BO3-

Gnadbi BepxHu

ban | o
pacTaeT, cMa3Ka 3aTSATHUBAETCS B KIIMHOBOW 3a30p M€ -
Puc.15.3.Iloamunuank XKy nandoii 1 pabodeil MOBEpXHOCTHIO BKIIAJIBIINIA,
CKOJILKEHUS B TIOKOE. TOJIIIIMHA MACTISTHOTO CJIOS YBEJIMYMBAETCS U 1anda
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BcIuibiBaeT. Ho OT/IebHBIE BHICTYIIBI OCTAIOTCSA €I1I€ HE pa3ieIEHHBIMU CMa3KOM.
DTO - OJTYKUJIKOCTHOE TPEHHUE.

[Ipn nanpHeliIeM BO3paCTaHUHM CKOPOCTU TOSABISETCA CIUIOINIHOM YCTOWYH-
BbII CJIOM CMa3KH, MOJHOCTBIO Pa3ACIISIIOIINNA MOBEPXHOCTU TPEHUSA — 3TO KUJ-
KoCcTHOE TpeHre. OHO BO3HHMKAET B CIECIMANIbHBIX MOIIIUITHUKAX TIPU COOIIOCHUU
OIPEICIIEHHBIX YCIOBUM.

BoABIIMHCTBO MOAIIMITHUKOB pabOTAeT B YCIOBUAX MOJYKHIKOCTHOTO Tpe-
HUSL.

15.3. Obaacmu npumenenuss NOOUWUNHUKOB CKOJIbHCEHUSL.

B nacTosiiee BpeMst MOJMIUITHUKN CKOJIBKEHHS] TPUMEHSIOTCS

- U151 0000 OBICTPOXOIHBIX BAJIOB;

- JUIs1 0CO00 TOYHOI'O HAMPABJICHUS BAJOB, TAK KAK OHU MOTYT OBITh U3rOTOB-
JICHBI 3HAYUTEJIBHO TOYHEE MOAMIMNITHUKOB KaueHUsI;

- U151 0C000 TSKEIO HArpyKEHHBIX BaJIOB;

- IpU yJIapHOM U BUOPAIMOHHOW Harpy3Kax;

- KOTJIa 10 YCJIOBUSIM COOPKH MOJIITUITHUKH HEOOXOIUMO BBITIOJHSITH Pa3bEM-
HBIMU;

- IPU HEOOXOIUMOCTH TIOJTYUYECHHS MAJIBIX PaIUaIbHBIX Pa3MEPOB;

- B 0COOBIX YCJIOBHSIX, KOT/Ia MOJAIIUITHUKY KayeHusi HepaboTOCOCOOHBI (B
BOJIE, B arPECCUBHBIX CpPeAax);

- BO BCIIOMOTATEJIbHBIX TUXOXOHBIX MEXaHU3MaX.

15.4. lpuuunsl 8b1xo0a u3 cmpos NOOWUNHUKOS CKOIbIHCEHUSL.

AOpa3uBHBIN U3HOC.

Bo3Hnukaer BenencTeue nonagaHui co CMa3KoM aOpa3vBHBIX YaCTHI] U HEU3-
0EXXHOT0 CyXOro TPEHHUsI MPU MyCKaxX U OCTAHOBKAX.

3aenanue.

Bo3Hukaer npu neperpeBe MOAIIMIIHUKA, TAK KaK BCJIEACTBUE TPEHUS BKJIA-
neiil 1 anda HarpeBatorcs. C MOBBIIIIEHUEM TEMITEpaTyphl TOHMKAETCS BI3KOCTh
MacJja, MacjsiHas TUIEHKa pa3pyliaeTcs, o0pa3yeTcsi HeMOCPEACTBEHHBIN MeTalIH-
YECKHIl KOHTaKT. Kak cieACcTBHE 3TOr0 BKJIABIIIN BBITUIABISIOTCS WU MTOJTHOCTHIO
3aXBaThIBAIOTCS pa3orpeToi narndomu.

YcTanocTHOE BBIKpAIIMBAHUE.

[TpoucxoauT peaKko U BCTpEeYaeTCsl IPU MyJIbCUPYIOIINX Harpy3Kax.

15.5. Mamepuanvl exnaowviwieti.

ITockonbKy 1man@sl CKOMB3AT MO BKJIAJBIIIAM, YTOOBl YMEHBIIUTh MOTEPU Ha
TpeHue, MPUMEHSIOT aHTU(PPUKIIMOHHBIE MaTepuaibl. Bansl Bcerna uz cramu. Jlis
BKJIQ/IBIIICH PUMEHSIOT:

- OpOH3BI: UCTIOJB3YIOT IPHU CPEIHUX CKOPOCTSX U OOJIBIIIMX HArpy3Kax;

- 0a0OUTHI: MOAIIUITHUKOBBIE CIJIaBhl HA OCHOBE OJIOBA WJIM CBUHIIA, JJII HUX
XapakTepHa HU3Kas TBEPAOCTD, XOPOIIIasi MPUPadaTHIBAEMOCTh; HAHOCITCS TOHKAM
cJioeM Ha pabovyr0 MOBEPXHOCTh BKJIAJBIIIA, TPUMEHSIOTCS TPU BBICOKUX CKOPO-
CTSIX KOHTAKTUPYIOUIUX TOBEPXHOCTEM;

- YyTYHBI: IPUMEHSIOTCSI B MAJIOOTBETCTBEHHBIX TUXOXO/IHBIX MEXaHU3MAaX;

- METAJJIOKEpaMHKKa: BKJIAJbIIINA U3TOTABIUBAIOT TPECCOBAHUEM M 3aTEM CIIE-
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KaHHEM MOPOIIKOB MEU WM XKelie3a ¢ JoOaBIeHHeM rpadura, 0JioBa WM CBUHIIA,
IOJyYEHHBIM MOPUCTBIM MaTepuall NIPONUTHIBAETCA MacjaoM U paboTaer 0e3 ao-
HOJIHUTEJIBHOTO MOJIBO/IA CMAa3KHU; IPUMEHSIOTCS B TUXOXOJHBIX CIa0OHArpyX eH-
HBIX MEXaHU3MaXx;

- HEMETAJJIMYECKHE MaTEpHUaJIbl: IIACTMACCHI, JPEBECHBIE MAaTEpHAIIbl U T.IL.;
YCTOMYMBBI IIPOTUB 3a€AAaHUS, XOPOLIO NPHUPadATHIBAIOTCSA, MOTYT paboTaTh IpU
CMa3Ke BOJON U B arpeCCUBHBIX CPEIAX.

15.6. YcnosHwiii pacuém noouunHuKo8 CKOJIbICEeHUS OJlsl PeNCUMAa
NOJYHCUOKOCIHO20 MPEHUSL.

15.6.1. O01mue nonoxeHus.

OCHOBHBIM KpUTEpHEM PabOTOCTIOCOOHOCTH MOJIIUITHUKOB CKOJIbKEHUS SIB-
JSIETCSl U3HOCOCTOMKOCTB, T.€. CIIOCOOHOCTH MTPOTUBOCTOATH U3HOCY U 3a€aHHUIO.

JUist onpenesieHnss Cpoka CIIy>KObl IO U3HOCY B (DOPMYJIbI JTOJKHA BXOAMTH
BEJIMYMHA U3HOCA 32 OIpeNeIEHHYI0 HapaOOTKy, KOTOpas 3aBUCUT OT Kod(hduiuu-
eHTa TpeHus. Ho koo punueHT TpeHus - BelnynHa, 3aBUCsIas OT OYeHb OO0JIbIIO-
ro yucia (akTopoB (MHOTJa TaKUX, KOTOpPbIE Y4eCTb HEBO3MOXHO). s yuéra
3TUX (HaKTOPOB TPEOYETCSI MHOTO JIOBOJIBHO JIOPOTHX U MPOTSKEHHBIX BO BPEMEHHU
HKCIEPUMEHTOB. B pe3yinbTare mojgyyuM BbIpaKE€HUs, MPUTOAHbBIE JHUIb JJIS UC-
CJIEJOBaHHBIX Pa3MEpOB MOJLIUITHUKOB B UCCIEAOBAHHBIX YCIOBHSIX.

B MammHOCTpO€HHH, MO3TOMY, OCHOBHOE NPUMEHEHHE HMEIOT YCIOBHBIE
pacy€Thl, KOTOpbIE B MpOCTEHIIel (GopMe MO3BOJISIIOT MCIOJIB30BaTh OMNBIT KOH-
CTPYUPOBaHHUS W SKCIUIyaTaluud MamuH. J[Jis OLIEHKH paboTOCIOCOOHOCTH MOI-
IIMITHUKOB B PEXUME MOJTYKUJKOCTHOTO TPEHHUS CIYXaT CpeHee YJeIbHOE JaB-

JeHHE P Ha TPYIIMXCS MOBEPXHOCTSAX M OLEHKA YICIbHOW padOThI CHUI TPEHHs

pV(3z[eCL V- OokpykHasi CKOpPOCTb IHarndbl Baa, M/C). O6a >Tu mapameTpa JaroT
KOCBEHHYIO OIIEHKY BO3MOXHOCTEH MOIIIUITHUKA: PAcUET MO YACIbHOMY JaBiie-

HUIO TapaHTHPyeT HEBBIABIMBAHHE CMa3KH, a pacuér mo mpousBeacHU0 PV-
HOPMaJIbHBIM TEIUIOBON PEXKKM, a 3HAYMT M OTCYTCTBUE 3aeJaHUsl.

JUts TIOIIUITHUKOB KHUIAKOCTHOTO TPEHMS BBIMOIHAETCS CIHEIMAIbHBIA pac-

YE€T, OJMH W3 BAPUAHTOB KOTOPOrO
Fadoas nobepxHocms IPHUBEIEH B CIEAYIOLIEM paserie.

\ / brknackiwa 15.6.2. Pacuér mo ymaeibHBIM
S N JIABIICHHSIM.

CuuraeM, 4TO YJEJIbHbIE JIaB-
JIEHHsl PACIIPEIENIEHbl PaBHOMEPHO
Ha IOJIOBHHE

Langa bana

~Aacseme dibrewte muametpa nangsr (puc.15.4). Pac-
b noduunvke p YE€T BEAYT MO HArpy3Ke, OTHECEHHOMN
" Gakmuseckoe dabyerue K TPOEKIMU mandbl Ha IJIOCKOCTD,
T MEePIICHIUKYJISIPHYIO HArpy3Ke
R -
p=—=<P,
dl -

Puc.15.4. Dnropa naBneHuil.
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rae R — omopHas peakius Bajia MU OCH;
du | — quamerp mandsl U AIUHA BTYJIKH.
B moammmnHrKax OOJBIIMHCTBA CTAllMOHAPHBIX MAIIKUH MPH OTCYTCTBHH 0CO-
ObIX TpeOoBaHUM K rabapuram [:: 1...15Mma.

Pacuér oObryHO Benércst Kak MpoBepOodHBIM. OHAKO MOXKHO 3aJ1aThCsl OTHO-

|
IICHUEM @ :a orkyna lI=pd u d=

OtHomeHue I/d KoJIeOIeTCs B IMAPOKUX Ipcaciiax: I OOJILIIMHCTBA Ma-
IInH ([):0509, B TPAHCMHUCCHUOHHBIX CAMOYCTAHABJINBAIOIINXCA IMOAIMIMUITHUKAX

o=1..2.
15.6.3. Ouenka yzaenbHON pabOThI CUIT TPEHHUS.
[IpousBeneHne pv B HEKOTOPOU CTEIIEHH XapaKTepU3yeT TEIII000pa30BaHUE B
MOJIIMUITHUKE, T.€. KOCBEHHBIM 00pa30M OLICHUBAET pabOTy B HEM CHJI TPEHHSL.
B nogmmnankax 007IbIIMHCTBA CTAIMOHAPHBIX MAILIMH:
[V: =2...15, MIlaxwm/c. [Ipu xoporiemM OXJIaXJACHUN dTa BEJIMYMHA MOXKET

OBITH IIOBBIIICHA. HaHpHMep, B aBTOMOOMJILHBIX JABHUTI'aTCIIAX [V :

=25...35MlIlaxwm/c , a B Typbunax g0 100 MIlaxwm/c.
Pacuér moanmsTHUKOB aHANOTUYEH pacuéTaM, KOTOpbIe omucaHbl BbIe. I1o-
CKOJIbKY TOJIMATHUKU HAXOJSATCSA B XYAIIUX YCIOBUAX TEIJIOOTBOMAA, TOMyCKaeMbIe

SHAYCHUA YACIbHBIX I[aB.HeHI/Iﬁ " IIPOU3BCACHUA IV JJI1 HUX IIPUHHUMAKoT Ha

20...30% meHblIE, YeM IS PaAUAIBHBIX TOAITUITHUKOB.
15.7. IHoowunuuxu H#cudKoOCmHO20 MPEHUsL.

15.7.1. O61mue cBeneHus U yCIOBHS MOSBICHHS )KUJIKOCTHOTO TPEHHUS

[Ipu XMIKOCTHOM TpeHuu paboune MOBEPXHOCTH Hamdbl Baja M BKIAJbIIIA
pa3JiesieHbl CII0eM CMa3KH, TOJIIMHA KoToporo h Gosbiie cymMMbl BBICOT R, mepo-
XOBAaTOCTEN MOBEPXHOCTEN. BHENIHIOIO HArpy3Ky BOCIPUHMUMAET MACIISIHBIN CJIOM.
ConpoTHBIIEHHE BM)KEHHUIO ONPENEISAETCS TOJIbKO BHYTPEHHUM TPEHUEM B 3TOM
cioe cMasku. 3Hauenue kodddumuenta xxuakoctaoro tpenus 0.001...0.005.

Ilepexon K XKUAKOCTHOMY TPEHHIO IPOUCXOJUT MPHU HEKOTOPOM CKOPOCTH,
KOTOPYIO Ha3bIBalOT KpUTHyeckou. IIpu 3ToM AOMKHBI OBITH COOJIONIEHBI ClEY-
IOLLKE TPU YCIOBUS:

- MEXy CKOJB3SIIMMH MMOBEPXHOCTSIMH JIOJKEH OBITh 3a30p KJIMHOBOU (op-
MBI;

;
- MacJIO COOTBETCTBYIOLIEH BA3KOCTH [l JOJDKHO HENPEPLIBHO 3aIIOJHATH 3a-
30p MEXAY CKOJIB3SAIIUMU TOBEPXHOCTSIMM;

- CKOPOCTh OTHOCHUTEIBLHOIO JIBM)KCHHUS IMOBEPXHOCTEH JOJDKHA OBITH JOCTa-
TOYHOM JJIsl TOTO, YTOOBI B MACJISTHOM CJIO€ CO3JaJIOCh JABJIECHUE, CIOCOOHOE ypaB-
HOBECHUTbH BHEIIHIOK HATrPYy3KYy.

B pammanpHBIX TOANIUMITHUKAX CKOJBXEHUS KIMHOBOUM 3a30p obOpasyercs 3a
CYET CMENICHHU LIEHTPOB Baja W BKjIaAblma. [Ipu yBenuueHuun yriioBo CKOpOCTH
HeHTp nandsl cOMMKAETCSI C IEHTPOM BKJIAJbIIIA, HO MOJHOTO COBIAJICHUS IE€H-
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TPOB OBITH HE MOXKET, TaK KaK UCYE3HET PEKUM JKUIKOCTHOTO TPCHUS.

OnopHBIM MOBEPXHOCTSIM TOJISATHUKOB MPHUAAOT TaKyr ¢GopMy, 4TOOBI 00-
paszoBaBIIMACS 3a30p uMen Gopmy kimHa (puc.15.5).

JIJis TOAIIUITHUKOB JKUIKOCTHOTO TPEHHSI MOTYT HCIIOIB30BATHCS KHUIKHE U
razoo0pasHeie Macia. Hanboiee pacrnpocTpaHeHbpl MUHEpaIbHbIE Macia (TIPOayK-
THI TIepepaboTku HedTH). BaxkHeiliniee cBOWCTBO Maces, ONMpeAessonee uX cMa-

309HYI0 CIIOCOOHOCTh B YCJOBHSIX IKHJI-
KOCTHOTO TPEHHUS — BA3KOCTb L.
PaznuuaroT BA3KOCTh TUHAMUYECKYIO U KH-

W HEMaTHUYECKYIO.
—~ JlnnamMudeckasi BSI3KOCTh — COIPOTHBIIC-
57 HUE CJIOSI CMa3Ku OTHOCUTEIHLHOMY CIBH-
~T——| pOdUaIbHOA  ty.

/70[?/7?/7?/—/[//( Kunemartuueckas BSI3KOCTH — OTHOIIIE-

KaHabxa

HUC T - HaAMHYECKON BA3KOCTH [l K
IIJIOTHOCTH JKHJI-
KOCTH p V= u/ P

Puc.15.5. llonnatauk ass paboThI
B PEXKUME KUJIKOCTHOT'O TPEHUS.

Ha npaktrke BA3KOCTH Maciia OLIEHUBAIOT KOCBEHHBIM METOJOM I10 BPEMEHU
VCTEUYEHHUSI ONPEIEIEHHOIO KOJIMYECTBA MACIIa U3 BUCKO3UMETPA.

Buckosumempur — npubopul 01151 usmepenus eazkocmu sxcuoxkocmu. Ilo npun-
yuny oeucmeusi Mo2ym Ovlmb paziuynblx munog. Yawe ececo ocHosamvl Ha npo-
MeKaHUU HeKOMopo2o 00bEMA UCCIe0YeMOl HCUOKOCIU Yepe3 Mapupo8aHtoe Ka-
nubposannoe omeepcmue. Ha euckozumempvi u memoovl pabomvl ¢ HUMU UMe-
IOMCSl CMAaHOapmul.

CMa3zouHbIE CBOMCTBAa Macesd CHJIBHO 3aBHCAT OT TEMIEPATYPbl CMa304YHOTO
cnos. IIpu xkputnueckor temrieparype, XapakTepHOM I KaXXJ0ro copra Macia,
cMa304Hasl IUIEHKa HEU30€KHO pa3pyLIaeTCs.

[Ipu nBM>KEHHM Maciia B KIIMHOBOM 3a30p€ JKUJKOCTh KaK Obl 3alIpecCOBBIBA-
€TCS B HETO M MPOTAIKUBAETCS 4epe3 3a30p. Bo3HUKaeT naBieHue cios Macia Ha
BaJI, KOTOPOE M YPAaBHOBELIMBAECT BHEIIHIO HArpy3ky. O4eBUIHO, 4TO IS TOTO,
4YTOOBI MACJIO MPOTAIKUBAJIOCh YEPE3 3a30p, HyKHA OIpeesiéHHas CKOPOCTh JBU-
YKEHUSI KOHTAKTUPYIOIIUX IETAIIEH U CMa3KH.

15.7.2. Pacy€T NOQIMMIHUKOB KUAKOCTHOTO TPEHUS (TUAPOAMHAMUYECKUX

MOJIITAITHUKOB).

HUcxonnble nanHbBIE:

- R, H — panuanbHas Harpy3ka, U3BECTHA U3 pacyETa BajioB;

- N,00/MMH — YacTOTa BpalllCHHs, U3BECTHA W3 KMHEMATHYECKOTO pacuéra
MPUBOJA;

- d,MmM — quametp 1mandbl Baia, M3BECTEH U3 pacuéTa ¥ KOHCTPYMPOBAHHS Ba-
JIOB;

- YCJIOBHS U PEKUM PaOOThl, U3BECTHBI U3 TEXHUYECKOIO 3aJ]aHusl Ha MPOEK-
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TUPOBAHUC IIPHUBOJA.

15.7.2.1. BagarsCs oraomenuem 1/d. [lonmyyuTs U NPUHATH 3HAYECHUE | u

IPOBEPUTH MPUHATHIC TTApaMeTPhl TOIIIMITHAKA 10 YACIbHBIM JIaBICHUSAM P U TIO
pou3BeAcHUI0 PV.

Kopotkue mands (|/d < (.4) obmagaror Mamoil Tpy30MOABEMHOCTBIO.

Jumannsie (1/d >1) TpeOYIOT MOBBIIIEHHON KECTKOCTH U TOYHOCTH BAJIOB.

DTa npoBepKa BBINOIHAETCS TaK e, KaK U JUIsl HOAIIUITHUKOB MOJTYKHIKOCT-
HOro tpenus. OHa IpenynpexaaeT BO3MOXKHOCTb 3a€IaHHs U IOBBIIIEHHOTO W3-
HOCa B CITydasX KpaTKOBPEMEHHOTO HapYUICHUS KUJKOCTHOTO TpeHUs (ITyCKH, Iie-
pebou B Harpy3ke, mojaue Macjia u T.I1.).

[:z 0.5..15Mlla n [v := 2.5...15MIlaxmM/c — NpUHUMAIOTCS U3 OMbITA KOHCTPY-

WUPOBaHMS M SKCIUTyaTalluH B 3aBUCHMOCTH OT MaTepHaJia BKJIaIbIIIa.

15.7.2.2. Be1OpaTh OTHOCHUTEIBHBIN 3a30D

D — pabouwnii nuameTp BKJIAIbIIIA,;

d — muamerp nandsr;

S=D-d - amameTtpanbHbIii 3a30p;

8 =S/2 - paguanbHbIi 3a30p;

v =S/d - OTHOCHTEIBHBIH 3a30p.

Hcnonb3yroT 1100 peKOMEeHIaluK JJIsl aHaJIo-
TUYHBIX KOHCTPYKILHM, TUO0 IMIUPUUYECKYIO (op-

My1y

y~0.8x107 3 x y0-2°
15.6. landa Bana. re V - OKpYy>KHasi CKOpOCTb LanQsl.

OObIYHO AJ1 BaJIOB auamMeTpoM 10 250 MM HCHOIB3YIOT JJIsi COMPSHKEHUS
nandsl U BKIAJBINIA OJHY U3 CIETYIOUIUX MOCATOK
H7 H9 H7 H9
h7 e8 e8 d9’
[ToaTOMY W KENnaTeNbHO COTJIACOBAThH C OJTHOM W3 HHX.
15.7.2.3. BeiOpaTh COPT Maciia u €ro CpeAHIO padouyro TeMIepaTypy.
Cpennsisi pabouast Temmneparypa npuHumaercs B auanazone 45...75°C. Ilo
CTAHJAPTHBIM XapaKTEPUCTHUKAM Maclia, KOTOPbIE€ MPUBOMASTCS B KOOpPAMHATAX

'[Cp— L, BeIOpaTh cOpT Macia, obecnednBarolMii TpeOyemyr paboTocrnoco0-

HOCTb TNpPU HA3HAYEHHOW TeMmIieparype (T.€. YCTAaHOBUTHh TpeOyeMylo BSI3KOCTh

macina ).
15.7.2.4. Onpeaenutb K0d(PPUIUEHT HATPY>KEHHOCTH TTOAIIUTTHAKA
_Ry?
R po/d
15.7.2.5. Onpenenuts OTHOCUTENBHBIN YKCLIEHTPUCHUTET.

ITo rpaduky B xKoopauHaTaxX ¥ - CRr, 114 NpUHATOTO paHee COOTHONICHHUS
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|/d, OIPENEIUTh TPEOYEMYIO BEITMYMHY OTHOCUTENILHOIO SKCLEHTPUCUTETA ).

15.7.2.6. Onpenennts MUHUMAIbHYIO TONIINHY MAaCISHOTO CJIOSI
h min = 0.5S(1-%)

15.7.2.7. OnpenenuTth KPUTHUECKOE 3HAUCHHUE TOJIIMHBI MACIISIHOTO CJIOS.
[Ipu 5TOM 3HaYEHUU HAPYIIAECTCS PEKUM KUIKOCTHOTO TPEHUS.

rie Rzl n R ;o - IIEPOXOBATOCTH MOBEPXHOCTEH mandbl U BKJIAJbIIIA.

[Tpuaumarorcest mo I'OCT 2789-73 B npenenax 6.3...0.2MKkMm.
MO0>XHO OpUEHTUPOBATHLCS HA TAKUE IMapaMeTPHhI.
[amda Bana:

- TOHKOE ToueHne R 1= 6.3...1.6 MKM;

- nutoBaHUE R 1~ 3.2...0.4 MKwMm;

- [IOJINPOBAHUE R21: 1.6...0.05 mxmM.

Bxnaapim:

- IPOTATUBAHUE WM pa3BEépThiBanne R,, =10...1.6 MxmMm;
- adpeHue R,, =10...3.2 MmxmMm;
- TOHKOE€ pacTauyuBaHUe R,,= 6.3...1.6 MKkMm.

Pexomennyetcs nandy oOpabaTeiBaTh HE HIDKE R Zl=3.2 MKM, a BKJIQJIBIIII -

HE HIDKE R22=6.3 MKM.

15.7.2.8. KoappuuueHt 3amnaca HaaEKHOCTH MOIIIUITHUKA

h_.

k=-Min > g~
min -
Kp

Pexomennyercs:
- ipu V> 0.5 m/c i >2;

- pu V<0.5 M/Cc - MOXXHO JJOTTYCTUTh i HECKOJIbKO MEHbIIIE, 70
1.8, Tak Kak KacaHUE BBICTYIIOB MUKPOHEPOBHOCTEH B 3TOM CiIydae HE MIPUBOJUT K
3aMETHOMY HarpeBy U U3HOCY MOIITUITHUKOB.
15.7.2.9. IIpoBepka TeMnepaTypHOro peKuMa HOIIIUITHIUKOB.
[IpoBepka BHITIOIHSAETCA 10 YPABHEHHIO TEIIOBOTO OanaHca
>
QOTI[ - QBBII[
BreigensieTcs B cekyHay
=RfV ,Ix
Q= RIV
riae f — xoaddumnueHT tpeHwms.
Koaddurment TpeHuss MOKHO ONPENeNTUTh MO COOTBETCTBYIOIIUM TabIuIIaM,
HCIOJIb3Ysl MPUHATHIC PAHBIIEC 3HAYCHU S |/ d, X V.
KonndecTBo oTHaBaeMoro TeIia OnpenesieTcsl BRIpaKCHUEM
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=Q, + K
Tac Ql - KOJIMYCCTBO TCIIJIa, OTBOAUMOC OT ITOJIIMNITHUKA MAaCJIOM,

Q2 - KOJIMYCCTBO TCILIA, OTBOAUMOC 4YCPC3 KOPIIYC U BaJ B OKPYXKaAlO-

Y10 Cpeny.
Ql = CVp(tBI)IX - tBX ) s J-—bKa
rjae C — yJenbHas TerIo€MKOCTh Macia; s HETAHBIX CMa304HbIX Macel
MOYXHO ipuHAMATh ¢=1.92x10° Jx/(krx°C);
V — 00BbEM Maciia, MPOTEKAIOIIEro Yepe3 MOAIIMITHUK B OJTHY CEKYHIY,
MOKHO ONPENETUTh MO0 COOTBETCTBYIOMUM rpaduKkaM 1O MPUHSATHIM PAHEE BEIH-

YUHAM |/d, LV, @
0 — IIOTHOCTH Macia; Ui HeQTAHBIX MAce) MOKHO IIPUHUMATD
3.
p~900 KI/M”;

tBBIX , tBX - TEMIIEpaTypa Ha BBIXOJE M Ha BXOJI€ NOAMMIHUKA, °C.

OTBOI[ TCILIOTBI YCPC3 BaJl OOBIYHO HE YUYUTBIBACTCA, TAK KdK OYCHb Mall. ITo-
9TOMY Q2 - OTO TOJIBKO TCILIOTA, OTBOAUMAA YCPEC3 KOPITYC IMOAIIHUITHHUKA.

Qp =KyAlt g — o), [r,
rme  K=9...16, BT/(M*x°C) - k03(GULIEHT TeIUonepeaads B CUTYALHH,
KOTI'/Ia HET 00/1yBa MOIIUITHUAKA;

KT =16_| Voor B1/(M°x°C) - k03 (UIHEHT Telmonepeadn B CUTYALHH,
KOTJIa €CTh 00/IyB CO CKOPOCTHIO V06)1 ;

A — muIolaab Hapy>KHOW MOBEPXHOCTH MOAIIMIIHUKA, OMbIBa€Masi BO3/1Y-
XoM, M’

Ecnu ypaBHeHue TemsioBoro 6anaHca HE BBIMOIHSETCS, TO U3MEHSIOT Ieo-
METPUYECKHE IMapaMeTphl MOIITUITHUKA, BEIOUPAIOT JIs CMa3KH Macjo ¢ OOJIbIei
JTUHAMUYECKON BS3KOCTHIO, HA3HAYAIOT JJIsi pabouux MOBEpXHOCTEW mandbsl U
BKJIAJIBIIIA MEHBIITUE IIEPOXOBATOCTH. MOKHO MEHSTH BCE OHOBPEMEHHO, YTOObI

YIYYIIUTh TEMIEPATYPHBIN PEKUM.

Konmponwvnwvie eonpocut

1.Ilpunyun pabomuel NOOWUNHUKA CKOJIbHCEHUS?

2. Konempykyus noOwunuuka cKOaIbi#CeHUs.

3. Pestcumbvl mpeHnus 8 NOOWUNHUKAX CKOJIbIHCEHUS.

4. Obaacmu npumeneHUs. NOOWUNHUKOB CKOJIbIHCEHUS.

5. llpuuunvl 8vixo0a uz cmpos NOOUUNHUKOS CKOJIbHCEHUS.

6.Mamepuanvl 6xnadviuieti NOOWUNHUKOG CKOIbIHCEHUS.

7 1louemy pacuémuvl NOOUWUNHUKOB CKOJIbIHCEHUS OJISl DEeHCUMA HNOLYHCUO-
KOCMHO20 MPeHUs ABNAIOMCL YCIOGHLIMU?

8.Kakue ycnognvle pacuémsi NOOUUNHUKOS CKOJIbHCEHUS NOTLYHCUOKOCHHO20
MpeHUsi GLINOIHAIOMCA NPU NPOEKMUPOBAHUU COOPOUHOU eOUHUYbL?
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9.Venosus nosenenus sorcuokocmmno2o mpeHnusi 8 NOOUUNHUKAX CKOTbIHCEHUSL.
10.1lopsadok pacuéma noOWUNHUKO8 CKOJIbIHCEHUSL HCUOKOCTNHO20 MPEHUSL.

16. MydThI.
16.1. Hasnauenue u pacuemuviii MOMEHM.

MydTamu B TEXHUKE HA3bIBAIOT YCTPOMCTBA, KOTOPBIEC CIYXKAT JJIA COEAUHE-
HUS KOHIIOB BaJIOB, CTEPXKHEH, TPYO, JJIEKTPUUECKUX MPOBOJIOB U T.1. B 3TOM KYp-
CEe pacCMaTpPUBAIOTCS TOJBKO MY(THI JUIsl COSAMHEHUS BajoB. Takue MyQpThl CiIy-
aT Juisl 00ecreuyeHnss KHHEMAaTUYECKOM U CHIIOBOM CBSI3U OTAENIbHBIX y3JI0B U Me-
XaHU3MOB MamrH. C UX TOMOLIBIO NepeaaéTcss KPyTIIHUA MOMEHT MEXIy BaJlaMH,
ABJIAIOIIMMUCS KaK Obl IPOJOJDKEHUEM OJIMH APYroro WM MEXAy BajoM U CHUJS-
muMH Ha HEM netansimu. [lpu 3ToM My ThI iepenaroT KpyTAIINi MOMEHT 6e3 u3-
MEHEHHUS €T0 BEJIMYMHBI U HATIPABIICHUS.

Taxum oOpa3om, nepegaBaeMblii KpyTSIIMA MOMEHT — OCHOBHAs XapaKTepHu-
ctuka MyQThl. [logbop u pacyér Myt 1 UX 3JI€MEHTOB MPOU3BOAUTCS 110 PACUET-
HOMY MOMEHTY.

PacuérHblii MOMEHT Tp OIIPEAEIACTCS BBIPAKECHUEM

T =KT
p

rae T - HOMUHAJIBHBIN, NIMTEIBHO AEUCTBYIOIINN MOMEHT;
K — ko3¢ durmeHT 1uHaMHUIHOCTH.
Jlns MalvH ¢ HeOOJBITUMH Pa3roHsAEMbIMA MacCaMU U TIPH CIIOKOHHOMN pado-

e K=1...1.5.

JIJis MalvH co CpeAHIMH MaccaMu U epeMeHHoN Harpy3koit K= 1.5...2.

JI1s ManvH ¢ 60JIBIIMMU MaccaMu U yapHoi Harpyskoi K=2.5...3 u Ooznee.

B ciywyae mpumeHeHus nBuratensi BHYTPEHHETO cropaHus 3HadeHus K mo-
BoiatoT Ha 20...30 % (OGosblye 3HaUYeHUs IPU MaJIOM YUCIIE IUIUHIIPOB).

16.2. Knaccugpuxayus mygpm.

Cy1miecTByeT MHOTO Pa3JIMYHBIX KJIACCU(PHUKAIIUNA.

[To xapaktepy paboThl My(Thl MOXKHO Pa3/IeUTh HA CIEIYIOUTUE TPYIIIIbI:

- My(QTbI IOCTOSIHHBIE, OCYILECTBIISIOLINE IOCTOSIHHOE COEMHEHNE BaJIOB;

- My(THI CIIETTHBIE YIIpaBJIsieMble, COSAUHSIONINE UIH PAa3bEIUHSIONINE BaJIbl
10 KOMaHJIe ONeparopa;

- My(QTBhI CaMOYTpaBJIsieMble, aBTOMATHUYECKH COCAUHSIONINE W Pa3beIu-
HSIOIIUE BAJIBI P OTIPEIeIEHHOM U3MEHEHUH YCIOBHIA PabOTHI.

B aToM Kypce u3ydaroTcst TOJIbKO MexaHndeckne My(pTbl. My Thl, B KOTOPBIX
UCTIONB3YIOT TIPHUHIIUIIBI CIETICHUS 3a CYET DJICKTPOMArHUTHBIX WJIM TUIAPOJAWHA-
MUYECKUX CHJI, U3YYalOT B COOTBETCTBYIONINX CHEIHAIBHBIX Kypcax.

16.3. [locmosnubie myghmol.

OHM MOCTOSIHHO COEIUHSIOT BaJbl M MOTYT OBITh:

- TITyXHE;

- KOMIIEHCUPYIOLIHE.

16.3.1. I'myxue mydToI
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CoenMHAIOT COOCHBIE BaJIbl B OJIHY KECTKYIO JIUHHIO. TpedyroT mpu MOHTaxe
U/1eaIbHOIl COOCHOCTH BaJIOB M, 4aCTO, JOCTATOYHO CTPOTOTO PABEHCTBA UX JUa-
MeTpoB. Tak Kak coeMHEHHUE KECTKOe, TO MepeJaroT He TOJIBKO BpalIaroImuii Mo-
MEHT, HO ¥ U3TUOAIOIIHI, U OCEBBIC YCUIIHSL.

['myxue MydThl MOTYT OBITH:

- BTYJIOYHbIE;

- IPO/I0JILHO-CBEPTHBIE;

- IOTIEPEYHO-CBEPTHBIE WU (IIaHIIEBHIE.

16.3.1.1. Brynounas my¢ra

Bmyma  Uinowka barm ocebo [IpencraBisier coOOM BTYNKY, HacaeH-
P HyI0 Ha 00a Bana. KpyTsamuii MOMeHT me-
Z S 1 272 penaércs ¢ MOMOIIBIO MIOHOK (puc.16.1)
WM IUIMLEB, win mtudToB. [IpumMenstoT-
El S| ¢ a1 HEGOBIIMX KPYTSIINX MOMEHTOB.
- - Cyl111ecTBEHHbII HEOCTATOK — HEOOXO01U-
@/ MOCTb IPH MOHTaX€ OCEBOI0 CMEILECHHUS
{ BTYJIKM BJOJIb OJHOIO H3 COEIUHSIEMBIX
BaJIOB.

Puc. 16.1. Brynounas mygta Matepuan BTyJIKH — KOHCTPYKIIMOHHAs

Ha IMOHKaX. ctasib. OOBIYHO NPUHUMAIOT

(em.puc.16.1): D=(1.5...1.8)d, | =
(2...4)d, a 3aTeM POBEPSIOT BTYJIKY Ha KpydeHUe u n3rud. [IpuMeHstoT Takue
My(THI B JIETKUX MallMHaX Mpu AuameTpax BajoB 10 60...70mm. Paborocnoco0-
HOCTH 00ecIeynBaeTcs pacu€éToM IMIMOHOYHOTO, IIJTUIIEBOTO WM ITH(PTOBOTO CO-
€MHEHUH (CM. COOTBETCTBYIOIIME Pa3/ieibl Kypca) U MPOBEPKOM BTYJIOK HA U3THO

U Kpy4YCHHE.
16.3.1.2. [IpononsHO-cBEPTHAS My(DTA.
Ronyrpma bonme, cmaeLbaniive

___"___74 ________ Fx F/'a’\ Fx

—
¢

Puc.16.2. IlpononbpHO-cBEPTHAS MyDTa.

MydTa npencrasisieT co00i ABE OJUHAKOBBIE MOTYMY(ThI, IPUKATHIE CTSIK-
HbIMHU OoJiTaMu K BasiaM (puc.16.2). BeaenctBue 3aTskku OOJITOB YCUITUSIMU Fy

Ha MOBEPXHOCTU KOHTAKTa MOJyMY(T C BajamMH MOSBISIOTCS CHJIbI TPEHUS FTp ,
KOTOpbI€ 00€CIIeUnBAIOT Mepeaady KpyTAIIero MoMeHTa. Takum 00pa3oMm, yclioBue
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paboTocrnocoOHOCTH MY(ThI TTp > T MO>XHO MPEACTABUTH BhIPAKEHUEM

O.SFXzfd > Tp ,

rae Z —4uciao 60JTOB, 3aKUMAIOIIUX OJIMH BaJ;

f — koadhpumeHT TpeHust MeKAY BAIOM U IOTyMypTamMu;

d — nuametp Baia.

JIoCTOMHCTBO MY(T TaKOr'0 TUIIA B TOM, YTO OHU HE TPeOYyIOT OCEBOI'O C/IBUTa BAJIOB

[Tpu mpoekTupoBaHuU ATUX My(PT MO0 33JaI0TCA YUCIOM OOJITOB U OIpe.e-
JSIFOT UX IMAMETp, TM00 3a1at0Tcsl pa3MepoM 00JITa U ONPEIEIIAI0T NOTPeOHOE KO-
JMYECTBO TAKUX OONTOB Uil nepenayu Tpedyemoro MoMeHTa. [Ipumensitores as
nepeJaud MOMEHTOB TUXOXOJHBIMU BajJaMHM, TaK Kak OaJaHCHpPOBKAa MX BeCbMa
3aTpyaHUTeNbHA. My(ThI CTaHAApTU30BAHBI.

HazBanwue cBsi3aHO ¢ pacmoI0KEHUEM TUIOCKOCTH pazbéMa Morymy(dT — BIOIb
OCH BaJiOB.

16.3.1.3. [lonepeuno-ceéptHas ((panmenas) mydra.

MydTta coctouT U3 ABYX IO-

barm de3 N7 AyMy(T, CTAHYTBIX OOJTaMHU.
. N / JInst LeHTpUpOBaHMS Ha OJ-
| HOW M3 MOJXYMY(T BBIIOJHEH BbI-
W/ CTyIl, @ Ha JPyrod — pacTouka.
KpyTsamuit MoMeHT niepenaércst oT

K BaJIOB K MOIyMy(TaM C MOMOIIbIO
ey
s | mmoHok. Crmoco0 mnepemayd Mo-

§

aD

MEHTa MEXIy MoaymydramMmu 3a-

S\ | Gomas yeranonrs

\
&%// ¢ 3azopoM (puc.16.3 BHH3Y), TO

: | MOMEHT IEPENAETCSA 38 CYET CHII
m k\QV — TPEHUS MEXIy MnoiayMydTaMu,
BO3HUKAIOIINMU

BCJIE/ICTBUE MIPEJIBAPUTEILHOM 3a

Puc.16.3. ®dnannesas mydra. TSDKKH OOJITOB, a CTEPKHU OOJITOB

PacCUMTHIBAIOTCS HA PACTSKEHUE C

KkpydeHnueM. Eciiu 601ThI ycTaHOBIIGHBI O€3 3a30pa (puc.16.3.BBepxy), TO MOMEHT
nepeaaéTcest 3a CUET MPOYHOCTH CTEPIKHA 0oJiTa, padoTaromiero Ha cpe3. B atom
clly4ae OTBEpCTHE 01 OOJIT JOJIKHO 00padaThIBATHCSI COBMECTHO B 00EUX TOJTY-
MydTax, noj pa3BEPTKY, T.€. 04eHb YUCTO. COOTBETCTBEHHO YHCTO JOJIKHA OBITH
oOpaboTana 60KOBasi IOBEPXHOCTh CTEPIKHS 00JITa.

YacTo u3 o0uiero KomyecTsa OOJATOB MOJIOBUHY (HE MEHbILIE IBYX) CTaBST B
OTBepcTHE 03 3a30pa M MPOBEPSIIOT UX HA CPE3 U CMATHE 110 TIOTHOMY PacuETHOMY
MOMEHTY. BTOpyI0 moj0BHHY OOJITOB CTaBAT C 3a30POM M HE MPOBEPSIOT BOOOIIIE,
TaK KaK MOMEHT OT CHJI TPEHHS, BO3HUKAIOIINN BCIIEICTBUE 3aTSDKKH OOJTOB, B
pacu€t He npuHUMaeTcs. Pacuétel 00TOB paccMoTpeHbl paHee. MydThl cTangap-
THU30BaHBbI.

J
@D:zx
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16.3.2. Komnencupyromme MyThI.

MammHbl coOMparoTcs U3 OTNENBHBIX arperaToB U COOPOYHBIX enuHUIl. B3a-
UMHasl YCTAaHOBKA WX TaK, YTOOBI BaJIbI OBLIIM COOCHBI HJI€ATBHO TOYHO (prcl6.4.a)
JI0OCTATOYHO JIOPOTa, Ja ¥ HE BCeraa € MOXKHO peain30BaTh. Yarie BCero Bajibl Co-
CIMHSEMBIX arperaToB U y3JI0B HE COOCHBI.

OTKJIOHEHUSI OT COOCHOCTH MOTYT OBITh paauaibHbIMU — O (puc.16.4.6), yr-
J0BbIMU — o (puc.16.4.8), oceBbIMU — A (puc.16.4.1). B peanbHbIX KOHCTPYKIHIX
OYEBHJIHO, BO3MOXKHBI Pa3TUYHBIC KOMOWHAIIUN U3 OTUX CMEIICHUM.

Kommencanuonnbsie MypThI TpeAHA3HAYEHBI JJIs1 COSTUHEHUS BAJIOB C yU4ETOM

LN o/ 8/ 2 /

!

A &

A AN

Puc.16.4. Bo3sMOXHBIE OTKJIOHEHUS OT COOCHOCTH BaJIOB.

BO3MOKHON HECOOCHOCTH UX. OHU MOTYT OBITh KECTKUE U YIPYTHE.

K ’ecTKuM KOMIEHCUPYIOIIUM My(pTaM OTHOCSTCS:

- 3y0uaTbie My(ThI;

- LIETIHBIE MY(THI;

- KPECTOBBIE MY(THI;

- [IAPHUPHBIE MY(PTHIL.

16.3.2.1. 3yOuaTbie My ThI

Mydta coctout u3 nByx oboim 3 u 4 (puc. 16.5.a) ¢ BHyTpEeHHUMHU 3BOJIb-
BEHTHBIMU 3YObsIMH, KOTOpPbIE BXOJAT B 3allCIUICHUE C HAPY>KHBIMH 3yObsIMU BTY-
JIOK 5 1 6, HacCa)XKCHHBIX Ha Baybl 1 1 2.

a/ g9 o)
JT4

| oy 2
771088

i
Puc.16.5. 3ybuaras mydra.

Jlist Toro yToObl mepenaBajcs KPYyTALIMH MOMEHT OT BTYJIOK K BajlaM H
HAa000pOT, MEKY BTYJKAMHU U BaJlaMUd YCTAHOBJIEHBI IITOHKU 7 U 8. OOOWUMBI CTSI-
HYTHl B OJTHO 1LI€JIO€ CTSXKHBIMU O0JTamMu 9, MOCaKEHHBIMU B OTBEpPCTUs O€3 3a30-
pa.

MydTa KOMOEHCUPYET paauaibHble, OCEBbIC, U YIJIOBbIE CMEUIEHUSI BaJOB
3a CU€T 3a30POB MEX]Y 3aLCTUIAIOMIMMUCS 3yObsiMU. [ yBEeIMUYEeHHsS] BOZMOXKHO-

273



CTH KOMITCHCAIIMH CMEIICHUI paJnaibHble U OOKOBBIE 3a30pbI BHITIOJIHSIIOT YBEIH-
YEHHBIMH, a 3y0uaThle BeHIIbl 00pabdatsiBatoT 1o cdepe (puc.16.5.6). JlomycTumplii
yroja TMepeKoca OCH KaxJAOW BTYJIKM OTHOCUTEIBHO OCHM 0OOWMBI He Ooliee ueM
0°30°. Jomyckaemoe painaibHOE CMEIICHHWE 3aBUCUT OT AMaMETpa Baja, yrjia Ie-
peKoca U paccTosIHUA MEeXy BTynkaMu. [Ipy MOHTaxe 37eMEHTOB MallliH Ha pas-
HBIX (pyHIaMEHTaX OHO HE JIOJKHO MpeBbIaTh 0. 7MM.

[IpakTuka KCIUTyaTalMy 3y04arblx My(T mokaszana, 4TO OCHOBHBIM KpHUTe-
pueM paboTOCIIOCOOHOCTH ATUX MY(T SBISICTCS M3HOC OOKOBBIX IMOBEPXHOCTEH
3yObeB. [y ero yMeHbIleHus: B 000MBbI 3aJTUBACTCS JKUKAsA CMa3Ka.

MydTel cTangaptuzoBanbl. [logbop cTaHmapTHBIX My(T BBITOIHSIIOT TIO
pPacu€THOMY MOMEHTY

Tp = klk 2T,

rae T - mepeaaBaeMblidl KpYTSIIANA MOMEHT;
kl- k03 HUIMEHT 6€3011aCHOCTH:

- k :l, CCJIN IIOJIOMKAa Myq)TbI HC BbI3bIBACT aBAPHUH MAIIIWUHBI;

1
- k1=l.2, €CJIM MOJIOMKa MY(ThI BEIET K aBapUH MAILLIWHBI;
- ky=1.5, ecu monomka My ThI BEIET K aBAPUH Psija MALIIHH;
- ky=1.8 , ecim monomMKa My(TEI MOXKET MPHBECTH K YCTOBEUCCKUM

KEPTBaM.
Kk 9" K03 PUIEHT yca0BHUil pabOThl My THI:

- k2 =1 npu CroOKOWHOI paboTe paBHOMEPHO HATrPY>KEHHBIX MEXaHU3-

MOB;
- k2 =1.1...1.3 pu paboTe HEpaBHOMEPHO HATPYKEHHBIX MEXaHU3MOB;

- k2 =1.3...1.5 mpu paboTte ¢ yaapamMu HEPaBHOMEPHO HArPY>KEHHBIX U

PEBEPCUBHBIX MEXAHU3MOB.
[Tocne moaOopa BBINOIHAETCS MPOBEPKa HA MPOYHOCTH 3JIEMEHTOB MY(ThI
IIpU JEUCTBUM MAaKCUMaJIbHOTO MOMEHTA Tmax < 2Tp

IIpu pacuére BajgoB HEOOXOAMMO YYECTh JOMOJHUTEIBbHBIA W3THOArONIU
MOMEHT M, ~ 0.1T ot cun TpeHus B 3yOUaTOM 3alleIVICHUH, JIEUCTBYIOIIUMA B

IJIOCKOCTU OCEU BaJIOB.

16.3.2.2. llennbie My(THI.

Mydra npencraisier co0oil 1Be OJMHAKOBBIC IIETHBIE 3BE3OYKH, Haca-
YKEHHBIE Ha COEIMHSAEMbIE Bajbl U OXBAYEHHBIE OJHOPSAHOW WIH ABYXPSIHOU po-
JIMKOBOM WJIM 3yOUaToi 1enblo. 3a Cu€T 3a30p0OB MEXKY IENbI0 U 3yObsIMU 3BE3/0-
YeK KOMIICHCUPYIOT paguaibHbie (10 1.2 MM) u yrioBeie (10 1°) cMelieHus BajioB.
N3-3a GOJBIIUX OKPY>KHBIX 3a30pOB MEXAY 3yObsSMHU 3BE3N0YEK M LEMBIO TaKue
MYy(THI HEJIb3s1 pEKOMEH0BATh I PEBEPCUBHBIX Mepeiay.

OcHOBHOE NMPUMEHEHHE UMEIOT MY(DTHI C OTHOPSAIHON Lenblo, Takue MypTh
CTaHJAapTHU30BaHBbI.
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16.3.2.3. KpectoBbie My(dTHI.

Cy1ecTBYIOT KpOME 3TOTO €1 HECKOJIbKO PaBHOLIEHHBIX Ha3BaHUM: KyJay-
KOBO-JIMCKOBas1, My(dta Onbarema, rniasatouias Mmy@ra.

My¢dT1hl npenHazHaueHbl ISl COEIMHEHUS BAJIOB CO 3HAUMUTEIBHBIM - J0
0.04d, rae d-nquameTp Basia - paTuaibHBIM CMelIeHHeM. [Ipy 3TOM OHU JAOMYCKarOT
HEOOJIBILINE OCEBBIE U YTIIOBBIE CMEIICHUS.

Mydra coctout u3 Tpéx 3meMeHTOB (pUC.16.6): ABYX OIMHAKOBBIX MOIyMYy(]T
1 12 ¥ KpecTOBHUHBI 3 MEXKIYy HUMH.

Ha ¢nannax momymyT mmeeTcss mo OJHOMY JuUaMeTpaibHOMY a3y, a Ha
KPECTOBMHE — IO OJHOMY BBICTYITy-KYyJIauKy C KaX1I0i CTOPOHBI, KOTOPBIE pacro-
JOXeHBI KpecTooOpazHo noj yriom 90°. Ila3el Ha ¢aHIax CiyKaT HaIpPaBIISAIO-
UMY I KyJadkoB. [Ipu nepegade NBUKEHUS KyJauKy CKOJIB3AT B 11a3aX, YTOObI

3 2

Y
Puc.16.6. KpecroBast mydra.

KOMIIEHCHPOBATh paJualibHOE cMelleHre BajioB. OTcroaa u3HOC OOKOBBIX - pabo-
YUX MOBEPXHOCTEHN KyJIauKOB U HEOOXOJIHMMOCTh MPUMEHSTh CMa3Ky C MMPOTHUBO3a-
JTVPHBIMU MIPUCAIKAMU.

My@dty nonbuparoT no pacyéTHOMy MOMEHTY M MPOBEPSIIOT HAa U3HOCOCTOM-

KOCTh IOBEPXHOCTEH TPEHMs IO JIABJICHUIO P, KOTOPOE paclpenensercs Ha Io-

BEPXHOCTH KyJadKa MO 3aKOHY TpPEyroJIbHHKa
P (puc.16.7). Ecnu 3aMeHUTH pacnpeneiaéHHyro

]

HArpy3Ky paBHOJECHCTBYIOUIEH, TO Harpy3Ka Ha
— OnuH KyJIau€K
= 1 D- D -
< = p=2p2 Sh=p>h.

2. 2 4
Yeunue P npuinoXeHo B LIEHTPE TKECTH
TPEYTOJIBHON 3MIOPBI, TOATOMY PACCTOSIHUE OT

q ; i OCH BpAILICHUS 10 PABHOACUCTBYIOLIEH
\L ! d 2(D-d)
a =4 =
2 3 2
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Puc.16.7.K pacu€ty kpecToBoil
MYTBHI.

MoMeHT maphl cui (T.€. MOMEHT, IepeiaBacMbIii My TOM)

T =Px2a=pgiﬁhx2x{d+3(D—d%:J2D+dXD—dmh_

P 2 3 2 12
Orcroa ycaoBue N3HOCOCTOMKOCTH MY(THI
12T, ]
p <p.

(2D +d)(D - d)h
Jlommyckaembie naBieHUs AJig MyPT ¢ 3aKajJEHHBIMH MOBEPXHOCTSIMU TPEHUS
MIPUHUMAIOTCSA [:=1 5...30 MIla.

16.3.2.4. lllapuupHbie My(THI.
MydTta cocTouT U3 AByX BWIOK 1 U 2, 1 KpecToBUHBI 3 (puc. 16.8).

Puc.16.8. lapaupuas mydra.

Oto onuHapublid mapHup ['yka. [IpumeHnsercs nis coeAMHEHHUs BaJOB, OCU

o
BpAIlCHUsT KOTOPBIX pacrooxensl mox yrmoM 0<45°. HenocraTok B TOM, 4TO
MIPU TOCTOSIHHOM YTJIOBOM CKOPOCTH BEIYIIEro Bajia ImapHupHas MmydTa nepeaact
BpallleHUE BEIOMOMY Bajly C IEPEMEHHOIN B TEUEHHUE OJTHOTO 000pOTa CKOPOCTHIO.

Yem Gosble yroi O , TeM 6oJIble HepaBHOMEPHOCTb BPAIIEHNs BEJOMOTO BaIa.
UtoObl M30€XaTh ATOTO MPUMEHSIIOT CIBOCHHYIO IIAPHUPHYIO My(DTYy WU

KapJaHHYIO nepenady (mpeajioxkeHa B 16 Bexe utanbssHckuM yuéHbim Jx. Kapna-
HO), COCTOSIIYIO U3 JIBYX MApHUPHBIX My(PT (puc.16.9).
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Puc.16.9. Kapnannas nepenayva.

B sTom ciydae 00s13aTesibHO BUIIKHA 1 IPOMEKYTOYHOTO Bajia I0JKHBI ObITh B
OJIHOM TUIOCKOCTH, OCH BEIYIIEr0 M BEJIOMOTO BaJOB MapajuieNbHbI, @ YroJ OT-
KJIOHEHUSI UX OTHOCHUTEIHLHO OCH MPOMEKYTOYHOTO Bajia JOJKEH OBITh OJIMHAKO-
BbIM. JIJ1s1 BOBMOXKHOCTH OCEBOTO CMELIEHUSI BO BpeMsi pabOThI UCIOJIB3YIOT MPHU
COCJIMHEHUU BAJIOB TEJIECKOIMUYECKUM MPOMEXYTOUHBIN Bai 4, BTyJIKa OAHOW ya-
CTH KOTOPOTO MepeMEIIaeTcs MO NUIUIIAM €ro BTOPOMl 4acTH.

[ITapaupHBIC MY(THI MPUMEHSIOT TIPH HEOOXOTUMOCTH:

- KOMIICHCAIIUX HETOYHOCTH B3aUMHOTO PACTIONOXKEHHS y3JI0B M3-3a TIOTPEI-
HOCTel cOOpKH, NehopMUPOBaHHS OCHOBaHMUS, Ae(OPMUPOBAHUS PECCOP U T.IL.;

- IepeIavn BPAIEHUs TIEPECTABHBIM BajiaMm;

- TepeAayr BpaIIeHHs 3aKOHOMEPHO IMEePEMEIIAIONIMMCS BO BpeMsi paboThI
COOpPOYHBIM €TMHHUIIAM.

MydThl pacCUUTBHIBAIOTCS 0 yJIETLHOMY JIaBJICHUIO B IIAPHUpPaX, a BUIKH U
KPECTOBUHBI - M0 MAKCUMAJILHOMY YCUJIMIO, BOZHUKAIOIEMY B My(]Te.

bricTpoxoaHbIe Ballbl ¢ MIAPHUPHBIMU My(TaMU MPOBEPSIOT HA KPUTUUECKYIO
YTJIOBYIO CKOPOCTb, TpUHUMAas KoddduineHT 3anaca e mexee 1.5.

16.3.3. Yopyrue KoMOeHCUpYIOIue My Thl.

MydTa npeactasisier coboi 1Be MoayMy(PThl, MEKIYy KOTOPHIMH YCTAHOBIICH
YOPYTUA 3JIEMEHT. DTOT YIPYTHM 3JIEMEHT IIPU IEPEMEHHBIX HAIPy3Kax akKKyMy-
JUPYET U YaCTUYHO paccenBaeT dHEpruto. Takas cBsA3b MOTyMy (T MO3BOJISET:

- CHU3UTh JUHAMHYECKYIO Harpy3KYy;

- MPEAOTBPATUTH OTACHBIC KOJCOAHMS, W3MEHSS JKECTKOCTh MPUBOJAHON CH-
CTEMBI TIPH TIEPEMEHHOM HArpyKEHUH;

- KOMITIEHCUPOBATh HEKOTOPYIO HECOOCHOCThH BaJOB.

Kpome kpytsiiero MoMeHTa 3T My(Thl XapaKTepU3yIOTCs e1lé KECTKOCTHIO
(WM TTOAATIIMBOCTHIO) YIPYToro 3jieMeHTa. MoryT ObITh My(Thl TTOCTOSHHOW U
MIEPEMEHHOMU KECTKOCTH.

[TepeMeHHO KECTKOCTHIO 00J1aat0T My(PTHI ¢ HEMETAUIMYECKUMHU YIIPYTHU-
MU 3JIEMEHTaMH, HallPUMEP PE3UHOBBIMU. DTH MaTEpHaIbl HE MOYUHSIOTCS 3aKO-
Hy ['yka. [lepemeHHYI0 )K€CTKOCTh MOKHO MPUJIATh U MydTaM ¢ METANTMYECKUMHU
YOPYTUMU DJIEMEHTaMH, KOHCTPYUPYS TaK, 9YTOOBI UX KECTKOCTh MEHSJIACH B 3aBU-
CUMOCTH OT BEJTUYHMHBI JeOpMAIIHH.

Emé onHa BakHas XapaKTepUCTHKA TaKUX My(PT — UX JAeMI(UpYoIas CIo-
cobHocth. Ilog nemndupyromel cnocoOHOCThI0O MY(GTHI MOHUMAIOT €€ CIoCco0-
HOCTh PaccemBarTh, T.€. MPEBPAIIATh B TEIUIO, SHEPTUIO MPH AePOpPMUPOBAHUH. DTO
MOKET MPOUCXOIUTH 32 CUET BHEIIHETO TPESHUS HA MIOBEPXHOCTH YIIPYTUX JIEMCH-
TOB WJIU 32 CU€T BHYTPEHHETO TPEHHUS B MX MaTepuaie. B mydrax ¢ merammndec-
KUMH YIIPYTUMU dJIEMEHTaMU OCHOBHOE — BHEIITHEE TPEHUE, B My(PpTax ¢ HeMeTall-
JUYECKUMHU yIPYTHUMH DJIEMEHTaMH OCHOBHOE — BHYTpeHHee Tpenue. [Ipu aTom
pe3UHA U MOJUypeTaH 00JIalaloT CIIOCOOHOCThIO aKKyMYJIUPOBATh YHEPTHUIO U pac-
CeuBaTh €€ Ha €UHUILY MACChl OOJIbIIIE, YEM CTAJIbHBIC MIPYKUHBI, HO PECYpPC Ta-
KHX DJIEMEHTOB MEHbIIIE, YeM CTaIbHBIX. OCHOBHOW MaTepual HeMeTaJTn4ec-
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KHUX YIOPYTHX 3JIEMEHTOB My(T — pe3rHa. YNPYTruil 3eMEHT MOXKET ObITh OJIUH B
BUJE O0OJIOUKH, 3BE3NOUYKH, JUCKA WM YHOPYTMX DJIEMEHTOB MOXET OBbITh He-
CKOJIbKO, HAaIIlpUMep, B BUJI€ HAOOPOB OTAENbHBIX KoJel. My(Thl C yIpyrumu siie-
MEHTaMH{ U3 HEMETAJUIMYECKUX MAaTEPUAJIOB IPUMEHSIOTCS ISl IEPEIadu CPEAHUX
U MaJIbIX MOMEHTOB. KOHCTpYKIIUM TakuX MyPT pa3HOOOpa3HHbI.

Metannnueckue ynpyrue 3JeMeHTbl My(PT HPeACTaBISAIOT COOOW pa3iIyHbIe
CTaJIbHBIC IIPYKUHBI WJIN ITPYKUHHBIE CTEPKHU, IUIACTUHBI, TIAKEThI IUIACTHH.

16.3.3.1. Ynpyras BrynouHno-niasibiieBast mydra (MY BII).

Mydra ynpyras Brynoyno-nanbueas (puc.16.10.a) cocTouT u3 AByx
nonymy®T 1 u 2, cTanbHBIX MabIEB 3, 3aKPEIUIEHHBIX B OAHON U3 MOTYMYy(T raii-
KaMH 4 ¢ Mocajkoy MajgbleB HAa KOHYC, U YIIPYTUX PE3HHOBBIX BTYJIOK 5, HAJAETBIX
Ha IWIMHIPUYECKYIO YacTh Maliblla. BMecTO BTYJIOK MOTYT OBITH HA0OPHI YIIPYTHX
KOJIEI] U3 TOro ke Marepuana. Mydra craHgapTH30BaHa.

Myd@ra nogdbupaercst o pacd€éTHOMY KpYTSAILIEMY MOMEHTY, a 3aTeM IpOBE-
PAIOTCA NaNbLbl HA 3TN0, KaK KOHCOJIbHBIE OAJIKU
T /0 -

po

c =——=<f,
ZD x 0.1d3 -
11

u

Puc.16.10. Yrpyrue myQThi .

a pe3MHOBBIE KOJIbLIa (WJIM BTYJIKA) — HA CMSTHE
2T

_ P -
= L <,
zD/ _d
B I
rae Z — KOJWYECTBO IMaJbIEB;
D — anameTp yCTaHOBKH MAJIBIICB;
|,— mirHa Habopa ynpyrux KoJjell Wik JJIMHA YIPYTro# BTYJIKH.
Jlommyckaemoe HampspKEeHUE B pacu€Tax Ha M3rud OOBIYHO MPUHUMACTCS
f 404050,
u T

a IONyCKaeMoe JaBJICHUE I PE3UHOBBIX BTYJIOK I»_:3MHa.
Jlonyckaemble paguaibHble cMeleHus BaioB 0.2...0.6MM, yrona nepekoca He
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ooitee 1°.

16.3.3.2. MydTta ¢ ynpyrum 3JeMEeHTOM B BUJI€ 00O0JIOUKH.

Mydrta ¢ TopounansHoi 0060s0ukoi (puc.16.10.6) cocTouT U3 ABYX OJMHAKO-
BbIX TTONIyMY(T 1 1 2, u ynpyroit 06om0uku 3, mprwkaTon K noaymydram ¢ momo-
uibio Kojen 4. Mydta 5nérko codupaercsi — pa3oupaercs JUisi 3aMEHbI YIIpy-
roro saemMenTa. OHa 10mycKaeT KOMIIEHCAIUIO 3HAYUTENbHBIX CMEIICHHUI BaJIOB:
0ceBoro 2...6 MM, paauanbHoro 1...5 MM, yrioBoro 2...4°. Mydra cranmapTu3o-
BaHHa.

Toposbie 0005109KH Takux My(PT paboTaroT Ha KpydeHue. MydTsi moabdupa -
I0TCS 110 pacuyéTHOMY MOMEHTY. HyXHO y4YUTBIBaTh, 4TO Takue My(ThI MepeaaroT
Ha BaJl pajuabHyI0 HArpy3Ky F ~ 0.45T/D, rae D - mapyxHbIil tuameTp Topa.

16.4. Cyennvle ynpasnsemvie mygmol.

Cuennble ymnpapisieMble MYyQTbl CIYy>KaT JJsi OBICTPOrO COCIUHCHUS WJIU
pa3beAMHEHNS BaJIOB B MIOKOE MJIM HAa XOJy C MOMOIIbI0 MEXaHU3Ma yIpaBJICHUS.
Takue My(dTbl MOTYT OBITh KyJIAUKOBBIC UITN (PUKIIUOHHBIE.

16.4.1 KynaukoBsie ClIETTHbIE MY(THI.

KynaukoBbie MyQThI cCOCTOSAT U3 ABYX Noaymy(pt 1 1 2 ¢ Kylauykamu Ha TOP-
1[EeBbIX MOBEPXHOCTAX (puc.16.11). [Ipu BriIItoueHnu Kyaadku 4 oqHOM nmoxymyd-

— A - A-A
, A-A
' NV~
SO a7 <
— - - | \
t C
{ | N ;;—i ...j §
A
i 3 i
A

Puc.16.11. KynaukoBas cuenHas mydTa.

TBhI BXOJST BO BIIAJIMHBI PYIOM, CO37aBas )KECTKOE CLeILIeHue. [ nmepexiroye-
HUS OIHA TOJayMy(Ta JOJKHA B OCEBOM HAIPABJIEHUHU KECTKO 3aKpPEIUIATHCS Ha
CBOEM Bally, a BTOpas NEPEMEIIATHCA C MTOMOLIBIO CIEUAIBHOIO YCTPOMCTBA —
OTBOJIKH BJOJb OCH BTOPOrO Bajla. BUJIKy OTBOAKM pacrnojiaratoT B masy 3 MOJy-
My(}THI Beromoro Bajia. HeCOOCHOCTh BajloB pe3KO CHMKAET pabOTOCHOCOOHOCTh
My(T, MO3TOMY B KOHCTPYKLHUSAX HCHOJIb3YETCA KOJbLO S5, 00ecreyuBaroliee ux
LHEHTPOBKY. Yaile Bcero Takue My(Thl pacnoJiaraloT Ha OJHOM Bajly U HMCIOJb3Y-
10T JUISI IEPEKIIIOUECHUS CKOPOCTEN.
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[Ipodunp KygaukoB MOKET OBITH TPEYTOJIbHBIM, MPSIMOYTOJIBHBIM, Tparere-
uAaIbHBIM. [ BKIIIOUEHMSI HEPEBEPCUBHBIX MEXAHU3MOB IPUMEHSIOT KYJIauKHU C
ACUMMETPUYHBIM IPOPUIEM.

BxiroueHne KynadukoBBIX MY(T BCETAa CONPOBOXKAAECTCA yIapaMH, MOITOMY
UX BKJIIOYAIOT B NIOKOE 0€3 Harpy3Ku WIN IPU OYEHb MAJIEHbKHX OTHOCHTEIBHBIX
CKOPOCTSIX ABMXKEHUS MOJIyMY(DT.

Pa3HOBUIHOCTBIO KyJAQUKOBBIX MY(T SIBJISIIOTCS CLEMHBbIE 3yOuarble MY(ThI
(puc.16.12), y koTOpbIX NOABMXKHAS oayMmy(dTa | MMeeT BHYTpeHHHE 3yObs, a He-
1 2 TOABMKHAS 2 — Hapy’)KHbIE€ IIPU OJJHOM U TOM K€
s I ey MOJTyJIe U OIMHAKOBOM YHCJIE 3yObeB.

Pacuér kymaukoBbIX MyQT 3aKIO4YacTcs B
\ MIPOBEPOYHBIX PACUETAX KYyJIAYKOB HAa H3HOCO-
CTOMKOCTB U, P HEOOXOAMMOCTH, HA TPOYHOCTb

- . IIpu I/I3FI/I6C, B IIPCAIIOJIOKCHUU paBHOMepHOﬁ
Harpy3KH. PacuéT Ha U3HOCOCTOMKOCTH BBINOJIHS-

% CTCA IIO0 YACJIIbHBIM JaBJICHHAM Ha pa60‘II/IX I10-

BCPXHOCTAX I)_. HpI/I 9TOM PCKOMCHIAYCTCA

* NN OpPUHUMATE: - IS My(]T, BKIIOYaeMbIX Ha XO.Y,
I> =30...40 MlIa; - nyst MmydT, BKIFOHaEMBIX

Puc.16.12. 3y0uaTas cuenHasi Mpu HEMOJBIXKHBIX Bajax, Iy:=80. ..120 MITa.

mydrTa. Jlomyckaemoe HamnpspKEHUE Ha U3ru0 NS Kyjad-
KOB MOKHO IIPUHUMATH '1/1 =80...120 MI]a.

16.4.2. ®pUKIMOHHBIE CLEMHBIE MY(]PTHI.

VY stux Myt nepegada KpyTSAIIETO MOMEHTA OCYILECTBIISICTCS CUJIAMH Tpe-
HUSL MEXJY KOHTaKTHPYIOIIMMHU IMOBEPXHOCTSIMM jaetaiel myprol. Menss cuiy
OPWKATUS TPYLIUXCS NOBEPXHOCTEH APYr K JIPYry, MOXKHO PEryJIMpOBaTh CHUIIbI
TpeHus, T.€. nepeaaBaeMblii MOMEHT. [lo3TomMy Takue My(ThI citykat AJs MIaBHO-
IO CLETJIEHUS BaJOB MOJ1 HATPy3KOH U Ha XO1y.

[To ¢popme paboumnx nmoBepxHocTer GPUKIIMOHHBIE MY(PTHI MOTYT OBITH:

- INCKOBBIE, paboune MOBEPXHOCTH Y KOTOPBIX — OOKOBBIE TTOBEPXHOCTH JHIC-
KOB, MOT'YT ObITh OJIHOJUCKOBBIE MYy(ThI U MHOTOAUCKOBBIE (puc.16.13.a);

- KOHYCHbI€, paboure NOBEPXHOCTH Y KOTOPBIX — KOHMUYeckue (puc.16.13.0);

- I[UIMHAPUYECKHE, padodre MOBEPXHOCTH Y KOTOPBIX — HMIHHIPHUYECKHE
(puc.16.13.B).

(=)

—

1
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Puc. 16.13. ®puKIMOHHBIE CLIETTHBIE MY(THI.

[To ycinoBusiM cMa3ku (PUKIIMOHHBIE MY(PTHI MOTYT OBITh:

- CyXH€;

- MaclisiHbIE, T.€. paboTarolre B MacisiHON BaHHE.

[To KOHCTPYKIIMK MEXaHU3Ma YIPABICHUS Pa3IudatoT My(ThI:

- HOPMAJIbHO Pa30MKHYThIE€, KOTOPBIE MTPU OCBOOOKAEHHOM (HEpaOOoTaIOIEM )
MEXaHHU3ME YIPaBICHUS PACLEIIICHbI:

- HOPMAaJIbHO 3aMKHYTbBIE, KOTOPBIE MIPH OCBOOOKIEHHOM MEXaHU3ME YIpaB-
JICHHsI CIETNICHBI IO JCHCTBUEM NPY>KHUH, U JJIs pacleruieHus MydTsl HEOOX0a1-
MO C TTOMOIIBI0 MEXaHMU3Ma YIPABICHUS MPEOJI0JIETh CUIIbI ATUX MPYKUH.

OcHOBHOE MpPUMEHEHHE UMEIOT HOPMaJIbHO Pa3oMKHYThie My Thl. Hopmais-
HO 3aMKHYTBhIE MPUMEHSIOT B TE€X CIydasx, KOI/Ia B MAIIMHAX OCYIIECTBISIFOTCS
TOJIBKO KPAaTKOBPEMEHHBIC BHIKIIIOUCHUS (KaK, HAl[pUMep, B aBTOMOOUIIE).

JUJi1 HEMOCPEICTBEHHOT'O YIPaBJIEHHsI OIlepaTOpOM HauOoJIbllIee pacnpocTpa-
HEHUE TMOJYUYUIIU TMPYKUHHO-PhIUYKHBIE MeXaHU3Mbl. [lpu HEoOXomumocTu au-
CTaHI[MOHHOT'O YIpaBjieHUsI My(PTOH yJO0OHBI THIPABIUYECKUE, THEBMATUUECKHE
WM DJIEKTPOMArHUTHBIE YCTPONCTBA.

OCHOBHBIMU KPUTEPUSIMHU pabOTOCIOCOOHOCTH (PPUKIIMOHHBIX MY(T SBISIOTCS:

- CIIOCOOHOCTH TepeaBaTh TPEOYEMbIiI MOMEHT;

- U3BHOCOCTOMKOCTH MMOBEPXHOCTEN TPEHUS;

- TEIUIOCTOMKOCTb.

B cyxux mydrax ocHOBHOE MpUMEHEHNE UMEIOT Maphl — 3aKaJIEHHAs CTalb 110
METaJUIOKepaMUYECKUM WJIU 10 (PPUKIIMOHHBIM MaTepHajiaM Ha acOecTOBOM OCHO-
Be. B atom ciywae koap¢unuent tpenus a0 0.4 u 10 0.3 COOTBETCTBEHHO, a A0-
nmyckaemoe ynenbHoe nasienue 10 0.3MIla B o6oux cimydasx.

ITpu paGote co cMa3Kkoil MPUMEHSIIOT Mapbl — CTalb 3aKaJE€HHAs 10 METaJIO-
KepaMHUYECKUM MaTepuajiaM WIH CTalb 3akaj¢HHas 1o crainu (4yryHy). B srtom
ciydae kodhdumment tpenus no 0.1 u go 0.06 (0.08), a momyckaemoe yaeabHOe
naBiienue 10 2...3MlIla u 0.5...0.7MIla cooTBETCTBEHHO.

16.4.2.1. JuckoBbie GPUKIIUOHHBIC CIICTTHBIE MY(THI.

Ot MyPTHI HIUPOKO PACTIPOCTPAHEHBI B MAIIMHOCTPOeHUU. OHU MPU MaJIbIX
rabapuTax MOTYT UMETh OOJIBIIIYIO IIOBEPXHOCTh TPEHMSI, Y HUX HEBEJIMKA MOTPEO-
Has cuia BKItoueHUs. [IpuMeHSIOT 0JHOIMCKOBbIE My(QTHI (C IBYMSI TIOBEPXHO-
CTSIMU TPEHHS]) Y MHOTOJUCKOBBIE (C HECKOJIbKUMU MOBEPXHOCTSIMU TPEHUS).

B oaHOaMCKOBBIX My(Tax AWMCK, CBSA3aHHBIA C OAHUM BaJlOM, CXKUMAETCS
MEXIy NBYyMs (IaHIlaMd, CBSI3aHHBIMH C JAPYTUM BajoM. Takwe HOpMaiabHO 3a-
MKHYTBIE MY(DTBI ITUPOKO MIPUMEHSIOTCS B aBTOMOOMIISIX.

MuoroauckoBas Mydra (cM.puc.16.13.a) cocrour wu3 MNOIyMYyQTHI
1 (kopmyca), ¢ KOTOPBIM JKECTKO CBSI3aHBI HAPY)KHBIE KOJIbIIA 5, U TOIyMY(PTHI 2, C
KOTOPOH KECTKO CBA3aHbl BHYTPEHHHE Kojbla 6. [ljist 3TOro HapyXHbIE KOJIbLIA
UMEIOT BBICTYIIBI HAa HApy)KHOM JHaMETpe, a BHYTPEHHHE — HAa BHYTPEHHEM
(puc.16.13.6). Becb HaOOp MOXKHO CKaTh HAXXUMHBIM JUCKOM 4 C TOMOIIBIO OT-
BOJIKH 3, mepemeIniaeMoi BoJib noinymy(rsl 2. B pe3ynbraTe Takoro cxaTus ycH-
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JJUEM Q Ha IMOBEPXHOCTAX KOHTAKTa NUCKOB ITOABATCA CHUJIbI TPCHUSA FTp , CO31ar0-

IIMe MOMEHTHI, POTUBOJICHCTBYIOIIKE TepenaBaeMomy T .. PaboTocrocobHOCTh My (-

D’
ThI 00ECTIEYMBAETCS IIPU YCIIOBUH BBIITOHEHUS CIIEIYIOIIMX 3aBUCUMOCTEH:
T <F OICpi F_=Qf, Q=—(D?-d)) |
p — ,Ip 2 H Tp - ] 4 R
rae T, - pacuéTHbII MOMEHT MY(THI;

p

f - ko3 dunmeHT TpeHus paboYNX MOBEPXHOCTEH MY THI;

I - 4KCi0 MOBepXHOCTEH TpeHwus (HampuMmep, Ha puc.15.13.a 1= 4);
d - cpenHuil nuamMeTp MOBEPXHOCTH KOHTAKTa TUCKOB;

cp
., =0.5(D+d),

3nech D m d HapyXHBIH W BHYTPEHHUH JMaMETPhl KOHTAKTHPYIOIIHUX IO-
BEPXHOCTEM.

MO0>XHO BOCHOJIB30BAaThCsl BBIBEJICHHBIM B II. 2.2.4 BBIpAXXECHUEM JIJII MOMEH-

Ta TPEHUS KOJIBIIEBBIX KOHTAKTUPYIOIIUX MOBEPXHOCTEN
. D%-d3.
p Q D2 _ d2

16.4.2.2. KonycHsble (prKuHOHHbIe CUENHbIE MY(TBHI.

Onny u3 nosyMmydT BBITOJHSIOT ¢ BHYTPEHHEW KOHMYECKON MOBEPXHOCTHIO
(cm.puc.15.13.B. mo3.1), a BTOpyto ¢ HapyxkHOH (1103.2). MexaHu3MOM OTBOJKHU 3
co3maércss Heooxonumoe ycunue npmwkartus Q. Bo n3bexxanne camo3axBaThIBaHUS
yTroJl HakJOHa oOpa3yrllell KOHyca MPUHUMAIOT OOJIbIle yIJIa TPEHUS TMOKOS.
OOBIYHO TPU METAJUIMYECKHX MaTephaiax KOHYCOB YroJl HakJIoHa oOpa3yromiei
8...10° a mpu Haknaakax Ha acOoecToBoi ocHOBe 12...15° u Gouee.

MydTa umeeT 3HaUUTENbHBIE paguaibHbIe Ta0apUTHI U TPEOYeT BHICOKOU CO-
OCHOCTH BaJIOB, IO3TOMY B HACTOSIIIIEE BPEMS IPUMEHSETCS BECbMa OrPAaHUYEHHO.

16.4.2.3. lunuuapudeckue MUHHO-TTHEBMATHYEeCKUE QPUKIIMOHHBIE MY(DTHI.

Tpenne B 3THX My(Tax co3gaércs NpH Mojadye IABICHUS P B PE3UHOBBIN
OaJIJIOH, CBSI3aHHBIN C OTHOM U3 nonyMy¢T (Hampumep,l Ha puc.15.13.1). Konoaku
CBS3aHbl C OAJJIOHOM W TEIUIOM30JUPOBAHBI OT HEro MAapOHUTOBOM MPOKIIAIKOM.
Ha Hux 3akperuieHbl (pUKUUOHHBIE HAKJIAJKH, BBIIOJHEHHbIE U3 acOOTKaHEBOM
JIEHTBI.

Taxue My(ThI IPUMEHSIOT B OCHOBHOM B TSDKEJIOM MAalIMHOCTPOEHHUH: B Oy-
pPOBBIX JI€OENKAaxX, B MPUBOJIAX CYAOBBIX JBUTATelNel, B 9KCKaBaTopax U Ap. TSHKE-
JbIx MamuHax. K HepocTaTkaM MX OTHOCST: 3HAUMTEIbHYIO CTOMMOCTH OaJlIOHa,
CTapE€HHE PE3UHBI, YyBCTBUTEIBHOCTD €€ K MONaJaHUI0 Macya, [EI0Yel U KUCIIOT.
16.5. Mygmuol camoynpasnsemvie (asmomamuueckue).

310 My(ThI, KOTOpblE aBTOMAaTHYECKH CpadaThIBalOT B ONPEICIEHHBIX yCIIO-
BUsAX. B 3aBHcMMOCTH OT TOTO, IpU M3MEHEHUH KAaKOro mapameTrpa cpalaThiBaeT
MydTa, pa3iInyaroT:
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- IPEJOXPaHUTEIbHBIE MY(PTHI JIJISl 3alUTHI MAIIMHBI WJIA MEXaHU3Ma OT Tie-
perpy3okK;

- 00roHHbIe WM MY(GThI CBOOOJAHOrO X0/a JUIsl Mepejadyl MOMEHTA TOJIbKO B
OJIHOM HalpaBJICHUH;

- IEHTPOOEKHBIE ISl aBTOMATUYECKOTO0 COSAMHEHUS (PAaCCOeIMHEHHUSI) BaJlOB

g 3 4 5 7 IPHU JOCTHYKCHUH BEAYIIM BaJIOM
L) 3aJJaHHOM YacTOTHI BPAIICHUSI.
/ \ {- =] = 16.5.1. IlpenoxpaHUTENIbHbBIC
Aoy — My TEL
_\ ( i - e j [IpennazHayeHbI A5 3a1UTHI
' 7 MEXaHU3Ma WK MAIIHHBI OT Iepe-
A/ | Tpy3ok. OHM MOaPA3ACISIIOTCS Ha

W — b My(TBI C pa3pylIaeMbIM UIH HE

pa3pylaeMbIM JIEMEHTaMHU.
MydTbI ¢ pazpyiiaeMbIM 3JI€MEH-
Puc.16.14. [IpegoxpanutenbHas mydra TOM INPUMEHSIOT IIPU PEAKUX
CO CpE3HBIM HITU(PTOM. neperpyskax. OHu o6nagaror
HEBBICOKON TOYHOCTBIO CpabaThI-

BaHUs U TPeOYIOT 3aMEHbI IPEJOXPAHUTENBHOIO 3JIEMEHTA 1ocie Hero. U3 mydr
TaKOI'0 THIa B OCHOBHOM MPUMEHSETCS My(PTa co Cpe3HbIMU IITHUPTAMU
(puc.16.14). Mydra cocTtout U3 AByX noaymyPT 1 1 2, COeAUHEHHBIX MEXKAY CO-
ool ctanbHbIM IWTU(TOM 3. [Ipn neperpyske WTU(T cpe3aercs, U KHHEMaTH4e-
CKad LIeTb MKy Banamu 6 u 7 paspeiBaercs. i1 Toro 4roosl TU(T OBLI Cpe3aH
B HY>)KHOM MECTE U MPH 3TOM HE MOBPEKIATUCH OJTyMY(PThI, B HUX BCTABJICHBI 3a-
KaJIEHHbIC BTYJIKU 4 1 5. Besl cucTeMa 3akphiTa 3ariylikon 8, mpenoTBpanaronen
BBINIAJICHUE 3JIEMEHTOB IITH(TA nocie cpe3a. Yaiie Bcero B Takux Myprax uc-
noJib3yeTcst oauH wtudT. Pexxe aBa unu tpu.

Bo u3bexxanue ciayyallHbIX BBIKJIFOUEHH 32 paCUETHBIM MPUHUMAIOT MOMEHT

Tp =1.25T max

T THl M3rOTOBIAIOT U3 CPEAHEYIIIEPOAUCTON yIydllIeHHON cTanu. OObIu-
HO B MECTE Cpe3a BBINOJHAIOT KAHABKY, KOTOpPAasl MOBBIIIAET TOYHOCTh cpabaThIiBa-
HUSL.

tudTe pacnonaratoT B y100HOM JJ1s1 3aMEHBI MECTE.

[IpenoxpanuTtenbHbie My(QThl ¢ HEpa3pyLIAIONIUMCS 3JIEMEHTOM MOTYT OBITh
KyJIauKOBBI€, IIAPUKOBbIE U (PpuKIMOHHBIE. Bce oHM cTanmapTuzoBanbl. Bo Bcex
TUX My(Tax Beaymias mnoiymydra cBsizaHa co CBOMM BajOM HEMOJBHM)KHO, a Be-
JloMasi, CKOJIb3S IO IIMOHKE WIH LUIMIAM, UMEET BO3MOXHOCTh OCEBOIO IepeMe-
IICHUS BJIOJIb OCH CBOETO Baja. JTa Mojiymy(dTa MOCTOSHHO MpHKaTa K Beaylel
OJTHOM WJIM HECKOJbKUMU MPYKUHAMH, CHJIAa JaBJICHUS KOTOPHIX Ha MOIYyMy(Ty
MOJKET peryiupoBatbcs. TakuM o0pa3oM ycTaHaBIMBAaeTCs BEJMYMHA MepeaaBae-
MOT'O MOMEHTA.

CueruieHre noayMy(pT OCYIIECTBIISIETCS B KyJIaUKOBOM My(Te — HEBHICOKUMU
TOPLIEBBIMHM KyJIaUKaMH, B IIAPUKOBOM — IIAPUKAMH, YCTAHOBICHHBIMH B TOpPIAX
noyyMmy(T, BO PpUKIMOHHON — CHUJIaMU TPEHUS, BOSHUKAIOIMIMMHI MEXIY AUCKAMU
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TOJT ISHCTBUEM CHUJIBI IPUKATHUS TIPYKUHBI (MU TIPYKHUH).

Oty My(THI 110 IPUHIUITY pabOTHl OYEHb MTOX0KH Ha CIICTIHbIE YIIPABIISIEMbIE,
TOJIKO BMECTO MEXaHW3Ma YIPaBJICHUS Y HUX MEXaHU3M YCTAHOBKU BEJTUYHHBI
MOMEHTa CpadaThIBaHUS.

Hanpumep, kynaukoBas npeaoxpanutenbHas Mmydra (puc.16.15). llecrepus 1
CBOOOJIHO BpamiaeTcsi Ha Baily 4 Ha MOIIMIHUKE cKoybxenus 3. Ha topre mie-
CTEepHHU | MMEIOTCS KyJauKH, TpareueuaibHoro npoduiis HeOOoIbIION BBICOTHI C
yIJI0M HakJIoOHa pabounx rpa”eit o = 45...60°. DT Kynauyku BXOJAT B 3allCTIICHUE

1 -

N

7 8 Bud A

Puc.16.15. KynaukoBas npegoxpaHuTenbHas Mmydra.

C TaKUMH k€ KyJaukamu Ha noiaymydre 2. Ilomymydra 2 cBsizana ¢ BasioMm 4
IINOHKOW S5 I mepeaady KpyTSAIIEro MOMEHTA, HO IOJ AECHCTBUEM NPYKUHBI 6
MOKET CKOJIB3UTh BJI0JIb Bajia. C MOMOLIBIO Tallku 7 PEryJupyeTcsl yCUiIue Haxa-
THUS IPY>KUHBI 6, T.€. BETUYMHA MOMEHTa cpabaTeiBaHust MyPThl. UTOOBI BO BpeMs
paboThI Taiika caMOIIPOU3BOJIBHO HE OTKPYTHIACh, €€ (DUKCUPYIOT KOHTPrakou 8.
[Tpu meperpy3ke cymma OCEBbIX COCTaBISIOLUIMX Ha IPaHsX KyJIayKOB CTAHOBUTCS
OO0JIBIIIe TPXKUMHOTO YCUIIUS TIPYKUHBI U MydTa cpadbaTsiBaet. [Ipu 3TOM pas3psi-
BAeTCsl KNHEMaTHu4ecKas enb Mexay 1ectepHeil 1 u Basiom 4, MypTa MHOTOKpAT-
HO MPOLIENKUBAET KyJauKaMH, [10/1aBasi 3ByKOBOW CUTHAJ O NIEpErpy3Ke.
[IpenoxpanutenbHbie MyQThl OAOUPAIOT [0 COOTBETCTBYIOLIUM CTaHAPTAM.
16.5.2. O6ronnbie My(DTHI.

OOroHHbie My(PTHI WK My()THI CBOOOTHOTO
X0J1a IpeIHa3HAYEHbI JJI epeJayl MOMEHTa
TOJIBKO B OJTHOM HampaBiieHUU. B Benocunenax,
HampuUMep, OHU MEePEAA0T KPYTSIIUA MOMEHT C
nejanei Ha KOJIECO U B TO YK€ BPEMsI MO3BOJISIOT
KOJIECY CBOOOTHO KPYTHUTHCSI PU HETIOBU K-
HBIX TIeasX.

[Ipocreitmas Takas mydra — XparnoBoi
MexaHu3M (puc.16.16).

Opna nonymy@dra 1 uMeet XxpanoBoe Kojeco.
Bropas 2 — cobauku 3 ¢ npy>kxuHKamu 4,
KOTOpPBIE 3aCTaBISAIOT COOAYKU MPUKUMATHCS K

Puc.16.16. XpanoBast 0OrToHHast ~ CKOILIEHHBIM 3yObsIM XparoBOTo KoJeca.
My(QTa. BcneacTBue HepaBHOMEPHOTO HArPY KCHHUS

284



cobauek xpamnoBbie My(ThI CO3AI0T 3HAUUTEIbHBIE OTIEPEUYHbIE HATPY3KH HA Ba-
b1, [Ipu 607BIIMX CKOPOCTSIX HEU30EKHBI Yaphl IPU BKIFOUEHUHU, YEM MEHBIIIE
YHCJIO KYJIAauKOB, 3yObeB U cobauek, TeM OoJbliie cuiia yuapa. Bo Bpemsi paGoThbl
co3gacTces myM (IponENKuBaHue co0avek) Mpu X0JI0CTOM X0jie. XOpoIIo padbo-
TalOT TakKue My(ThI JHIIb PU
n <100...150,06/ muH.

bonee pacnpocTpaHeHbl pOIMKOBBIE 00-
rouHbsie Myt (puc.16.17). Ecnu Benymas
neTanb 3BE€3/104Ka | 1 OHa Bpaliaercs no 4a-
COBOM CTpENKe, TO POJUKH 3 3aTATUBAOTCS
CUJIaMH TPEHUS B Y3KYIO YacTh [1a3a U 37€Ch
3akinuHUBaOTCs. O00Ma 2 OKa3bIBACTCS
CBSI3aHHOU CO 3BE3I0YKOH 1.

Ecnu ckopocTs 000#MBI 2 G0IbIIE, YeEM
CKOPOCTb 3BE3/104KH |, ninm 3BE3704YKa CTO-
UT, TO POJUK OKA3bIBACTCS B IIMPOKON YaCTH
na3a u 00oiiMa co 3BE3J0YKON pa3beIUHEHBDI.

Puc.16.17.06ronnas ponukoBas [IpyXuHKU 4 BBIMOJIHSIIOT BCIIOMOTaTEIbHYIO
mydrTa. poJib. OHU CITOCOOCTBYIOT MMOCTOSTHHOMY
KOHTAaKTy poJiuka ¢ o0oiimoi. Eciin Benymias
neTanb — 000iMa, TO BCE MPOUCXOAUT HA00OPOT. DTH My(PTHI OECIITYMHBI, MOTYT
paboTaTh mpu OONBIINX CKOPOCTAX, UMEIOT OYEHb Majbli MOPT. [l CHIKeHus
radaputoB 000MMY, POJIUKHU U 3BE310UYKY BBIMOJHSIOT C TBEPJOCTHIO HE MEHEE
60HRC.
16.5.3. LlenTpoOexHbie My(THI.
LlenTpobexxHbie MyPTHI CITy>KaT JJIsl aBTOMAaTHYECKOTO COSIUHEHHS U pas3b-
€IMHEHUS BaJIOB MPU TIOCTHKEHUU OIpeieIEHHON YacTOThI BpallleHUsI.

a d)

5
3\\ 4 3 Z
%
7 Z N
N = 2 1 N\
N,

’
.

[ DNNRNNENNEN

6
Puc.16.18. LlenTpoGexxubie MydThI (CXemMa yCTPOUCTRA).
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Ha puc. 16.18 noka3aHbl IpUHIUITHATBHBIE CXEMBbI KOJIOJOYHBIX IEHTPOOEK-
HbIX MyQT. [lo npuHuUy 1elcTBUS 3T My(ThI SBISIOTCS PPUKIMOHHBIMH, aBTO-
MaTUYECKU YTPABISIEMbIMU IIEHTPOOSKHBIMU CUJIAMU U TpykuHamu. [lepBona-
JaJbHO KOJIOAKHM 5 WiM pazxkatbl (puc.16.18.a, npyxnHa 6 BTATHUBAET KOJOIKH),
uiu ckathl (puc.16.18.6, npyXKuHBI 6 MPHKUMAIOT KOJOJKH K BEJIOMON MOJIyMy (-
te 4). Ilpu onpenenéHHoOW YacToTe BpallleHHs] BEAYIIErO Baja MOJA JCHCTBUEM
HEHTPOOEKHBIX CUI MY(PTHI COOTBETCTBEHHO BKJIIOYAIOTCS MIIM BBIKIIIOUYAIOTCS, T.€.
KOJIOAKH 5 MPIKUMAIOTCS K BeoMoil momymydre 4 (cm.puc.16.18.a) unm orxoasr
OT Be1oMOii MOIyMy(ThI 4, pa3pbiBas KWHEMATHUECKYIO LIETIb MEXTy OTyMy(Ta-
mu 3 u 4 (cm.puc.16.18.0).

HopmanbHO pazoMKHyTbIE MYy(THI UCIIONB3YIOTCS B KaYECTBE IMYCKOBBIX IS
oOJierdeHusi pa3roHa MallliH JABUTATEISIMH C MajJbIMU ITYCKOBBIMH MOMEHTaMH
(HanpuMep, aCUHXPOHHBIE JIBUTaTEIM) U IOJIYYEHHUS IUJIABHOM XapaKTEPUCTUKH
IIyCKOBOTO PEXKHUMA.

HopMmanbHO 3aMKHYTBIE MY(TBI HCIIOJIB3YIOTCS JUIsl OTPAaHUYEHUS YpE3MEPHO-
r'0 BO3pacTaHusi CKOPOCTH paboYeil MaIlIuHbI.

Konmponwvnwvie éonpocol

1.Haznauenue myghm, paccmampueaemvix 6 kypce IMuOK.

2.Pacuémmuoiii momenm O noooopa u nposepku pabomocnocooHocmu
my¢hm.

3. Knaccugpuxayus mygpm.

4. Ilocmosinnvle Myghmol u ux pazHo8uOHOCMU.

5. I'nyxue mygmul: nHaznavenue, smynounas mygma.

6.1 nyxue myghmuol: HazHaweHue, NPOOOJbLHO-CEEPMHAS My Pma.

7. I'nyxue mygmul: HaznaueHue, nonepeuHo-ceEpmuasn mygma.

8. BozmooicHble OmKIOHEeHUs Om COOCHOCMU 8a08, azpe2amos, COCMABAI0-
WUX MAUUHY UTU MEXAHUZM.

9.Heobxo0umocms NpUMEHEeHUs U PA3HOBUOHOCMU HCECMKUX KOMNEHCUPYIO-

wux mygm.
10. Heobxooumocme npumereHus u pasHo8UOHOCMU YRPY2UX KOMNEHCUPYIO-

wux mygm.
11. Mygma xynauxoso-oucrosas.
12.Mygpma ynpyeas emynouno nanvyesas (MYBII).
13.Kynauxosvie cyenmnvie myghmol.
14. Jluckosvle ppuxyuontsvle cyentvie mMyghmol.
15. Hasnauenue u pazHo8UOHOCMU ABMOMAMUYECKUX MY¢Dm.
16. Jlomarowuecs npedoxpanumenbHvle MyQmul.
17. I[Ipedoxpanumenvrvie Myghmul ¢ HEPAZPYUAIOUWUMCSL INEMEHMOM.
18. Obeonnvie mygpmot.
19.1]enmpobesichvie myghmut.
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